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A Corporate Dedication to 
Quality and Reliability 

National Semiconductor is an industry leader in the 
manufacture of high quality, high reliability integrated 
circuits. We have been the leading proponent of driv
ing down IC defects and extending product lifetimes. 
From raw material through product design, manufac
turing and shipping, our quality and reliability is second 
to none. 
We are proud of our success ... it sets a standard for 
others to achieve. Yet, our quest for perfection is on
going so that you, our customer, can continue to rely 
on National Semiconductor Corporation to produce 
high quality products for your design systems. 

Charles E. Sporck 
President, Chief Executive Officer 
National Semiconductor Corporation 



Wir fuhlen uns zu Qualitat und 
Zuverlassigkeit verpflichtet 

National Semiconductor Corporation ist fi.ihrend bei der Her
stellung von integrierten Schaltungen hoher Qualitat und 
hoher Zuverlassigkeit. National Semiconductor war schon 
immer Vorreiter, wenn es gait, die Zahl von IC Ausfallen zu 
verringern und die Lebensdauern von Produkten zu verbes
sern. Vom Rohmaterial Ober Entwurf und Herstellung bis zur 
Auslieferung, die Qualitat und die Zuverlassigkeit der Pro
dukte von National Semiconductor sind unubertroffen. 

Wir sind stolz auf unseren Erfolg, der Standards setzt, die 
fi.ir andere erstrebenswert sind. Auch ihre Anspruche steig
en standig. Sie als unser Kunde konnen sich auch weiterhin 
auf National Semiconductor verlassen. 

La Qualite et La Fiabilite: 
Une Vocation Commune Chez National 
Semiconductor Corporation 

National Semiconductor Corporation est un des leaders in
dustrials qui fabrique des circuits integres d'une tres grande 
qualite et d'une fiabiiite exceptionelle. National a ete le pre
mier a vouloir faire chuter le nombre de circuits integres 
defectueux et a augmenter la duree de vie des produits. 
Depuis les matieres premieres, en passant par la concep
tion du produit sa fabrication et son expedition, partout la 
qualite et la fiabilite chez National sont sans equivalents. 

Nous sommes fiers de notre succes et le standard ainsi 
defini devrait devenir i'objectif a atteindre par ies autres so
cietes. Et nous continuons a vouloir faire progresser notre 
recherche de la perfection; ii en resulte que VOUS, qui ates 
notre client, pouvez toujours faire confiance a National 
Semiconductor Corporation, en produisant des systemes 
d'une tres grande qualite standard. 

Charles E. Sporck 

Un lmpegno Societario di Qualita e 
Affidabilita 

National Semiconductor Corporation e un'industria al ver
tice nella costruzione di circuiti integrati di alta qualita ed 
affidabilita. National e stata ii principale promotore per l'ab
battimento della difettosita dei circuiti integrati e per l'allun
gamento della vita dei prodotti. Dal materiale grezzo attra
verso tutte le fasl di progettazione, costruzione e spedi
zione, la qualita e affidabilita National non e seconda a nes
suno. 

Noi siamo orgogliosi del nostro successo che fissa per gli 
altri un traguardo da raggiungere. II nostro desiderio di per
fezione e d'altra parte illimitato e pertanto tu, nostro cliente, 
puoi continuare ad affidarti a National Semiconductor Cor
poration per la produzione dei tuoi sistemi con elevati livelli 
di qualita. 

President, Chief Executive Officer 

National Semiconductor Corporation 
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TRADEMARKS 

Following is the most current list of National Semiconductor Corporation's trademarks and registered trademarks. 

AbuseableTM E-Z-LINK™ Naked-8™ Shelf~Chek™ 

AnadigTM 5-Star Service TM National® SPIRE™ 
ANS-A-TRAN™ GENIX™ NAX 800™ STAR™ 
APPS™ GNXTM Nitride PlusTM StarlinkTM 
Auto-Chem Deflasher™ HEX 3000TM Nitride Plus OxideTM STARPLEX™ 
Bl-FET™ HPC™ NML™ STARPLEX llTM 
Bl-FET 11™ ICM™ NOBUSTM SuperChipTM 
Bl-LINETM IN FOCH EX™ NSC800TM SuperScriptTM 
BIPLANTM Integral ISE™ NSX-16™ SYS32™ 
BLCTM lntelisplayTM NS-XC-16™ TapePak™ 
BLX™ ISETM NU RAM™ TDS™ 
Brite-Lite TM ISE/06™ OXISS™ TeleGateTM 
BTLTM ISE/08™ P2CMOS™ The National Anthem® 
CheckTrack™ ISE/16™ Perfect Watch™ Time~Chek™ 
CIMTM ISE32™ Pharm~Chek™ TINA™ 
CIMBUS™ KeyScan™ PLAN™ TLC™ 
Clock~Chek™ LMCMOS™ Polycraft™ Trapezoidal™ 
COMBOTM M2CMOS™ POSitalkerTM TRI-CODE™ 
COMBO I™ MacrobusTM Power & Control™ TRI-POLY™ 
COMBO 11™ MacrocomponentTM QUAD3000TM TRI-SAFE™ 
COPS™ microcontrollers Mea~Chek™ QUIKLOOK™ TRI-STATE® 
Datachecker® MicrobusTM data bus RAT™ TURBOTRANSCEIVER™ 
DENSPAK™ MICRO-DAG™ RTX16™ VIP™ 
DIB™ µtalkerTM SABA™ VR32™ 
Digitalker® Microtalker™ Scrip~Chek™ XMOSTM 

DISCERN™ MICROWIRE™ SCX™ XPU™ 
DISTILL™ MICROWIRE/PLUSTM SER I ES/800TM Z STAR™ 
DNRTM MOLE™ Series 3000TM 8838/RETS™ 
DPVM™ MSTTM Series 32000® 883S/RETS™ 
ELSTAR™ 

Z80® is a registered trademark of Zilog Corporation 

LIFE SUPPORT POLICY 

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR 
SYSTEMS WITHOUT THE EXPRESS WRITIEN APPROVAL OF THE PRESIDENT OF NATIONAL SEMICONDUCTOR COR
PORATION. As used herein: 

1. Life support devices or systems are devices or systems 
which, (a) are intended for surgical implant into the body, 
or (b) support or sustain life, and whose failure to per
form, when properly used in accordance with instructions 
for use provided in the labeling, can be reasonably ex
pected to result in a significant injury to the user. 

2. A critical component is any component of a life support 
device or system whose failure to perform can be reason
ably expected to cause the failure of the life support de
vice or system, or to affect its safety or effectiveness. 

NationalSemiconductorCorporation 2900 Semiconductor Drive, P.O. Box 58090, Santa Clara, California 95052-8090 (408) 721-5000 
TWX (910) 339-9240 
National does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied, and National reserves the right, at any time 
without notice, to change said circuitry or specifications. 
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CMOS Products 
Introduction 

This comprehensive databook provides information on Na
tional Semiconductor's advanced CMOS logic families 
MM54HC/74HC high speed, CD4000 and MM54C/74HC. 
The MM54HC/74HC family utilizes microCMOS technology 
to achieve the input and power supply characteristics of 
CMOS with the high speed and large output drive of low 
power Schottky. The MM54HC/74HC family has the same 
pinout as equivalent 54LS/74LS; in addition, many popular 
CD4000 series logic functions are offered where no equiva
lent TTL function exists. 

The MM54HCT/74HCT is a subfamily of MM54HC/74HC of
fering TTL inputs. These MM54HCT/74HCT devices offer 
convenient TTL level translation to CMOS for those places in 
the system where only TTL levels are provided. 

The CD4000 series is National Semiconductor's extensive 
line of CD40XXB and CD45XXB series devices. These parts 
meet the standard JEDEC "B-Series" specifications. 

The popular MM54C/74C series logic family metal-gate 
CMOS technology is pin-for-pin and function-for-function 
equivalent to the 54/74 family of TTL devices. Unique spe
cial function LSI devices in this family are compatible with 
MM54HC/74HC and CD4000 series. 

National provides the highest Quality and Reliability in CMOS 
Logic and LSI. This databook provides detailed descriptions 
of Military/ Aerospace Programs, Quality Enhancement and 
extensive Reliability Reports. We are proud of our success, 
which sets a standard for others to achieve. Our company
wide programs to achieve perfection will continue so that 
customers can continue to rely on National Semiconductor's 
integrated circuits and products. 
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a. Definition of Terms 

Data Sheet Identification 

Advance·1ntormat1an 

Product Status 

Formative or 
In Design 

First 
Production 

Full 
Production 

Definition 

This data sheet contains the design specifications for product 
development. Specifications may change in any manner without notice. 

This data sheet contains preliminary data, and supplementary data will 
be published at a later date. National Semiconductor Corporation 
reserves the right to make changes at any time without notice in order 
to improve design and supply the best possible product. 

This data sheet contains final specifications. National Semiconductor 
Corporation reserves the right to make changes at any time without 
notice in order to improve design and supply the best possible product. 

National Semiconductor Corporation reserves the right to make changes without further notice to any products herein to 
improve reliability, function or design. National does not assume any liability arising out of the application or use of any product 
or circuit described herein; neither does it convey any license under its patent rights, nor the rights of others. 
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AC Parameter Definitions 

fMAX Operating frequency. This is the fastest speed that tw Input signal pulse width. 
a circuit can be toggled. ts Input setup time. This is the time that data must be 

tPHL Propagation delay from input to output; output go- present prior to clocking input transitioning. 
ing high to low. tH Input hold time. This is the time that data must re-

tpLH Propagation delay from input to output; output go- main after clocking input has transitioned. 
ing low to high. tREM Clock removal time. This is the time that an active 

tpzH Enable propagation delay time. This is measured clear or enable signal must be removed before the 
from the input to the output going to an active high clock input transitions. (Sometimes called recovery 
level from TRI-STATE®. time.) 

tpzL Enable propagation delay time. This is measured tr Input signal rise time. 
from the input to the output going to an active low t, Input signal fall time. 
level from TRI-STATE. 

trLH Output rise time (transition time low to high). 
tPHZ Disable propagation delay time to the output going 

trHL Output fall time (transition time high to low). 
from an active high level to TRI-ST ATE. 

tpLz Disable propagation delay time to the output going 
from an active low level to TRI-STATE. 
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TRUE 
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MM54HC/MM74HC AC Switching Test 
Circuits and Timing Waveforms 

Test Circuit for Push Pull Outputs 

Vee 

DEVICE 
UNDER 
TEST 

T CL(NOTE1) 

Test Circuit for Open Drain Outputs 

Vee 

DEVICE 
UNDER 
TEST 

TL/F/5376-1 

1 CL(NDTE1) 

TL/F/5376-3 

Propagation Delay Waveforms 

Vol 

Test Circuit for TRI-STATE and Open Drain 
Output Tests (Notes 2 and 3) 

Vee S1(NOTE2) 

INPUT 
DEVICE 
UNDER 
TEST 

TL/F/5376-2 

Note 1: CL includes load and test jig capacitance. See data sheets for val
ues. 

Note 2: S1 = Vee for tpzL, and tpLz measurements. 

S1 = GND for tpzH· and tpHz measurements. 

Note 3: For open drain devices S1 = Vee and measurements are same as 
tpzL and tpLZ· 

POSITIVE 
INPUT 
PULSE 

Input Pulse Width Waveforms 

VoH NEGATIVE 

TL/F/5376-4 
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INPUT 
PULSE 

t,=6ns 

TL/F/5376-5 



MM54HC/MM74HC AC Switching Test 
Circuits and Timing Waveforms (Continued) 

Setup and Hold Time Waveforms Removal Time Waveforms 

CLOCK OR LATCH 
ENABLE INPUT 

(NOTE4) 

CLOCK 

t,=6ns 

INPUT---------·-+-----·--- GNO 

POSITIVE 
DATA 

INPUT 

NEGATIVE 
DATA 

INPUT 

OUTPUT 
CONTROL 

(LOW ENABLING) 

OUTPUT 

OUTPUT 
(NOTE 5) 

GND 

TL/F/5376-6 

(NOTE4) 

ACTIVE LOW 
CLEAR OR 

ENABLE 

ACTIVE 
HIGH CLEAR OR 

ENABLE 

TRI-STATE Output Enable and Disable Waveforms 

tPHZ . tpzH 

-------- GNO 

--------Vee 

TL/F/5376-7 

GND 

VoL 

VoH 

----------------'--------voL 
TL/F/5376-8 

Note 4: Waveform for negative edge sensitive circuits will be inverted. 

Note 5: This waveform is applicable to both TRI-STATE and open drain switching time measurements. 
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MM54HCT/MM74HCT AC Switching Test 
Circuits and Timing Waveforms 

Test Circuit for Push Pull Outputs 

Vee 

DEVICE 
UNDER 
TEST r CL(NOTE1) 

Test Circuit for Open Drain Outputs 

Vee 

DEVICE 
UNDER 
TEST 

TL/F/5376-26 

1 CL(NOTE1) 

TL/F/5376-28 

Propagation Delay Waveforms 

Vol 

Test Circuit for TRI-STATE and Open Drain Output 
Tests (Notes 2 and 3) 

INPUT 

Vee 

DEVICE 
UNDER 
TEST 

Note 1: CL includes load and test jig capacitance. 

Note 2: S1 = Vee for tpzL, and tpLZ measurements. 

S1 = GND for !pzH, and tpHz measurements. 

TC.INOTE11 

TL/F/5376-27 

Note 3: For open drain circuits S1 = Vee and measurements are the same 
as tpzL and tPLZ· 

POSITIVE 
INPUT 
PULSE 

Input Pulse Width Waveforms 

---3.0V 

10% 

VoH NEGATIVE 

TL/F/5376-9 
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MM54HCT/MM74HCT AC Switching Test 
Circuits and Timing Waveforms (Continued) 

Setup and Hold Time Waveforms Removal Time Waveforms 

CLOCK OR LATCH 
ENABLE INPUT 

(NOTE4) 

CLOCK 

t,=6ns 

INPUT--------..1·--1o--------GNO 

POSITIVE 
DATA 

INPUT 

NEGATIVE 
OATA 

INPUT 

\-

ts- '"1/ ---- .-----3.0V 

~ '" 
---GND 

Tl/F/5376-11 

(NOTE4) 

ACTIVE LOW 
CLEAR OR 

ENABLE 

ACTIVE 
HIGH CLEAR OR 

ENABLE 

TRI-STATE Output Enable and Disable Waveforms 

OUTPUT 
CONTROL 

(LOW ENABLING) 

OUTPUT 

OUTPUT 
(NOTE 5) 

tpzH 

-------- GND 

-------- 3.0V 

TL/F/5376-12 

GND 

VoL 

VoH 

-----------------------voL 

TL/F/5376-13 

Note 4: Waveform for negative edge sensitive circuits will be inverted. 

Note 5: This waveform is applicable to both TRI-STATE and open drain switching time measurments. 
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CD4000 AC Switching Test 
Circuits and Timing Waveforms 

Test Circuit for Push Pull Outputs 
Vee 

Rl (NOTE 31 
DEVICE 
UNDER 
TEST 

Tel 
':' (NOTES 1 AND 31 

TL/F/5376-15 

Test Circuit for Open Drain Outputs 
Vee 

DEVICE 
UNDER 
TEST 

Rl (NOTE 31 

Tel 
':' (NOTES 1 AND 31 

TL/F/5376-14. 

Propagation Delay Waveforms 

Yot 

Test Circuit for TRI-STATE Output Tests 

Vee S1 (NOTE 21 

~ 
Rl (NOTE 31 

DEVICE 
INPUT UNDER 

TEST 

]L 
":" NOTES 1 AND 31 

":" 

Note 1: CL includes load and test jig capacitance. 

Note 2: 51 = Vee for tpzL, and tpLZ measurements. 

51 = GND for lpzH, and IPHZ measurements. 

Note 3: See individual data sheet for component values. 

POSITIVE 
INPUT 
PULSE 

Input Pulse Width Waveforms 

TL/F/5376-16 

YoH NEGATIVE 

1-8 

INPUT 
PULSE 

t,=20 ns 

TL/F/5376-20 



CD4000 AC Switching Test 
Circuits and Timing Waveforms (Continued) 

Setup and Hold Time Waveforms Removal Time Waveforms 

CLOCK OR LATCH 
ENABLE INPUT 

(NOTE4) 

POSITIVE 
DATA 

INPUT 

NEGATIVE 
DATA 

INPUT 

OUTPUT 
CONTROL 

(LOW ENABLING) 

OUTPUT 

OUTPUT 

TL/F/5376-21 

t1=20ns 

CLOCK 
INPUT--------""··""--------GNO 

(NOTE4) 

ACTIVE LOW 
CLEAR OR 

ENABLE 

ACTIVE 
HIGH CLEAR OR 

ENABLE 

-------- GNO 

--------Vee 

TL/F/5376-22 

TRI-STATE Output Enable and Disable Waveforms 

GNO 

Vol 
IPHZ IPZH 

VoH 

._------------...1--------VoL 

TL/F/5376-23 

Note 4: Waveform for negative edge sensitive circuits will be inverted. 
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MM54C/MM74C AC Switching Test 
Circuits and Timing Waveforms 

Test Circuit for Push Pull Outputs 
Vee 

DEVICE 
UNDER 
TEST 

Tel 
':" (NOTES 1 AND 3) 

TL/F/5376-17 

Test Circuit for Open Drain Outputs 
Vee 

DEVICE 
UNDER 
TEST 

RL (NOTE 3) 

Tel 
-: (NOTES 1 AND 3) 

TL/F/5376-29 

Propagation Delay Waveforms 

Test Circuit for TRI-STATE Output Tests 

INPUT 

Vee 

DEVICE 
UNDER 
TEST 

RL (NOTE 3) 

lcl 
-!(NOTES 1 AND 3) 

Note 1: CL includes load and test jig capacitance. 

Note 2: 51 = Vee for tPZL· and tpLZ measurements. 

51 = GND for tpzH, and tpHz measurements. 

Note 3: See individual data sheet for component values. 
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Input Pulse Width Waveforms 
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MM54C/MM74C AC Switching Test 
Circuits and Timing Waveforms (Continued) 

Setup and Hold Time Waveforms Removal Time Waveforms 

CLOCK OR LATCH 
ENABLE INPUT 

(NOTE41 

POSITIVE 
DATA 

INPUT 

NEGATIVE 
DATA 

INPUT 

OUTPUT 
CONTROL 

(LOW ENABLING) 

OUTPUT 

OUTPUT 

----GND 

GND 

TL/F/5376-30 

t,=20ns 

CLOCK 
INPUT---------''·~-------- GNO 

(NOTE 41 

ACTIVE LOW 
CLEAR OR 

ENABLE 

ACTIVE 
HIGH CLEAR OR 

ENABLE 

-------- GND 

--------Vee 

TL/F/5376-31 

TRI-STATE Output Enable and Dlsable Waveforms 

GNO 

VoL 
lpHz tpzH 

Yott 

._------------....1--------voL 
TL/F/5376-32 

Note 4: Waveform for negative edge sensitive circuits will be inverted. 
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CMOS, the Ideal 
Logic Family 

INTRODUCTION 
Let's talk about the characteristics of an ideal logic family. It 
should dissipate no power, have zero propagation delay, 
controlled rise and fall times, and have noise immunity equal 
to 50% of the logic swing. 

The properties of CMOS (complementary MOS) begin to 
approach these ideal characteristics. 

First, CMOS dissipates low power. Typically, the static pow
er dissipation is 10 nW per gate which is due to the flow of 
leakage currents. The active power depends on power sup
ply voltage, frequency, output load and input rise time, but 
typically, gate dissipation at 1 MHz with a 50 pF load is less 
than 10 mW. 

Second, the propagation delays through CMOS are short, 
though not quite zero. Depending on power supply voltage, 
the delay through a typical gate is on the order of 25 ns to 
50 ns. 

Third, rise and fall times are controlled, tending to be ramps 
rather than step functions. Typically, rise and fall times tend 
to be 20 to 40% longer than the propagation delays. 

Last, but not least, the noise immunity approaches 50%, 
being typically 45% of the full logic swing. 

Besides the fact that it approaches the characteristics of an 
ideal logic family and besides the obvious low power battery 
applications, why should designers choose CMOS for new 
systems? The answer is cost. 

On a component basis, CMOS is still more expensive than 
TIL. However, system level cost may be lower. The power 
supplies in a CMOS system will be cheaper since they can 
be made smaller and with less regulation. Because of lower 
currents, the power supply distribution system can be sim
pler and therefore, cheaper. Fans and other cooling equip
ment are not needed due to the lower dissipation. Because 
of longer rise and fall times, the transmission of digital sig
nals becomes simpler making transmission techniques less 
expensive. Finally, there is no technical reason why CMOS 
prices cannot approach present day TIL prices as sales 
volume and manufacturing experience increase. So, an en
gineer about to start a new design should compare the sys
tem level cost of using CMOS or some other logic family. He 
may find that, even at today's prices, CMOS is the most 
economical choice. 

National is building two lines of CMOS. The first is a number 
of parts of the CD4000A series. The second is the 54C/7 4C 
series which National introduced and which will become the 
industry standard in the near future. 

National Semiconductor 
Application Note 77 
Stephen Calebotta 

The 54C/74C line consists of CMOS parts which are pin 
and functional equivalents of many of the most popular 
parts in the 7400 TIL series. This line is typically 50% faster 
than the 4000A series and sinks 50% more current. For 
ease of design, it is spec'd at TIL levels as well as CMOS 
levels, and there are two temperature ranges available: 
54C, -55°C to + 125°C or 74C, -4Q°C to +85°C. Table 1 

compares the port parameters of the 54C/7 4C CMOS line 
to those of the 54L/74L low power TIL line. 

CHARACTERISTICS OF CMOS 

The aim of this section is to give the system designer not 
familiar with CMOS, a good feel for how it works and how it 
behaves in a system. Much has been written about MOS 
devices in general. Therefore, we will not discuss the design 
and fabrication of CMOS transistors and circuits. 

The basic CMOS circuit is the inverter shown in Figure 2-1. 
It consists of two MOS enhancement mode transistors, the 
upper a P-channel type, the lower an N-channel type. 

Vee 

n ~PCHANNEL 
v,. ~· J-o v.,, 

u~HANNEL 
GND 

TL/F/6019-1 

FIGURE 2-1. Basic CMOS Inverter 

The power supplies for CMOS are called Voo and Vss. or 
Vee and Ground depending on the manufacturer. Voo and 
Vss are carryovers from conventional MOS circuits and 
stand for the drain and source supplies. These do not apply 
directly to CMOS since both supplies are really source sup
plies. Vee and Ground are carryovers from TIL logic and 
that nomenclature has been retained with the introduction 
of the 54C/74C line of CMOS. Vee and Ground is the no
menclature we shall use throughout this paper. 

The logic levels in a CMOS system are Vee (logic "1 ") and 
Ground (logic "O"). Since "on" MOS transistor has virtually 
no voltage drop across it if there is no current flowing 
through it, and since the input impedance to CMOS device 

TABLE I. Comparison of 54L/74L Low Power TTL and 54C/74C CMOS Port Parameters 

Family Vee V1L l1L V1H l1H Vol I VoH loH tpdO tpd1 Po1ss/Gate 
Max Max Min 2.4V Max OL Min Typ Typ Static 

54L/74L 5 0.7 0.18 mA 2.0 10 µA 0.3 2.0mA 2.4 100 µA 31 35 1 mW 
54C/74C 5 0.8 3.5 0.4 *360 µA 2.4 *100 µA 60 45 0.00001 mW 
54C/74C 10 2.0 8.0 1.0 ••10 µA 9.0 ••10 µA 25 30 0.00003 mW 

•Assumes interfacing to low power TTL. 

••Assumes interfacing to CMOS. 
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<C 
is so high (the input characteristic of an MOS transistor is 
essentially capacitive, looking like a 1012n resistor shunted 
by a 5 pF capacitor), the logic levels seen in a CMOS sys
tem will be essentially equal to the power supplies. 

Now let's look at the characteristic curves of MOS transis
tors to get an idea of how rise and fall times, propagation 
delays . and power dissipation will vary with power supply 
voltage and capacitive loading. Figure 2-2 shows the char
acteristic curves of N-channel and P-channel enhancement 
mode transistors. 

There are a number of important observations to be made 
from these curves. Refer to the curve of VGs = 15V (Gate 
to Source Voltage) for the N-channel transistor. Note that 
for a constant drive voltage VGs. the transistor behaves like 
a current source for Vos's (Drain to Source Voltage) greater 
than VGs - VT (VT is the threshold voltage of an MOS 
transistor). For Vos's below VGs - VT, the transistor be
haves essentially like a resistor. Note also that for lower 
VGs's, there are similar curves except that the magnitude of 
the los's are significantly smaller and that in fact, los in
creases approximately as the square of increasing VGS· The 
P-channel transistor.exhibits essentially identical, but com
plemented, characteristics. 
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FIGURE 2·2. Logical "1" Output Voltage 
vs Source Current 
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If we try to drive a capacitive load with these devices, we 
can see that the initial voltage change across the load will 
be ramp-like due to the current source characteristic fol
lowed by a rounding off due to the resistive characteristic 
dominating as Vos approaches zero. Referring this to our 
basic CMOS inverter in Figure 2-1, as Vos approaches zero, 
VouT will approach Vee or Ground depending on whether 
the P-channel or N-channel transistor is conducting. 

Now if we increase Vee and, therefore, VGs the inverter 
must drive the capacitor through a larger voltage swing. 
However, for this same voltage increase, the drive capability 
(los) has increased roughly as the square of VGs and, 
therefore, the rise times and the propagation delays through 
the inverter as measured in Figure 2-3 have decreased. 

So, we can see that for a given design, and therefore fixed 
capacitive load, increasing the power supply voltage will in
crease the speed of the system. Increasing Vee increases 
speed but it also increases power dissipation. This is true for 
two reasons. First, CV2f power increases. This is the power 
dissipated in a CMOS circuit, or any other circuit for that 
matter, when driving a capacitive load. 

Vee 

V1N 

10% 
GNO 

Vee 

Vour 

~{. 
. ~" 

~y ... 
GND 

TL/F/6019-4 

FIGURE 2·3. Rise and Fall Times and Propagation 
Delays as Measured In a CMOS System 

For a given capacitive load and switching frequency, power 
dissipation increases as the square of the voltage change 
across the load. 

The second reason is that the VI power dissipated in the 
CMOS circuit increases with Vee (for Vee's > 2VT). Each 
time the circuit switches, a current momentarily flows from 
Vee to Ground through both output transistors. Since the 
threshold voltages of the transistors do not change with in
creasing Vee. the input voltage range through which the 
upper and lower transistors are conducting simultaneously 
increases as Vee increases. At the same time, the higher 
Vee provides higher VGs voltages which also increase the 
magnitude of the Jos currents. lncidently, if the rise time of 
the input signal was zero, there would be no current flow 
from Vee to Ground through the circuit. This current flows 
because the input signal has a finite rise time and, therefore, 
the input voltage spends a finite amount of time passing 
through the region where both transistors conduct simulta
neously. Obviously,· input rise and fall times should be kept 
to a minimum to minimize VI power dissipation. 

Let's look at the transfer characteristics, Figure 2-4, ·as they 
vary with Vee- For the purposes of this discussion we will 
assume that both transistors in our basic inverter have iden
tical but complementary characteristics and threshold volt
ages. Assume the threshold voltages, VT, to be 2V. If Vee is 



less than the threshold voltage of 2V, neither transistor can 
ever be turned on and the circuit cannot operate. If Vee is 
equal to the threshold voltage exactly then we are on the 
curve shown on Figure 2-4a. We appear to have 100% hys
teresis. However, it is not truly hysteresis since both output 
transistors are off and the output voltage is being held on 
the gate capacitances of succeeding circuits. If Vee is 
somewhere between one and two threshold voltages (Fig
ure 2-4b), then we have diminishing amounts of "hystere
sis" as we approach Vee equal to 2Vr (Figure 2-4c). At Vee 
equal to two thresholds we have no "hysteresis" and no 
current flow through both the upper and lower transistors 
during switching. As Vee exceeds two thresholds the trans
fer curves begin to round off (Figure 2-4d). As V1N passes 
through the region where both transistors are conducting, 
the currents flowing through the transistors cause voltage 
drops across them, giving the rounded characteristic. 

Considering the subject of noise in a CMOS system, we 
must discuss at least two specs: noise immunity and noise 
margin. 

National's CMOS circuits have a typical noise immunity of 
0.45 Vee- This means that a spurious input which is 0.45 
Vee or less away from Vee or Ground typically will not prop
agate through the system as an erroneous logic level. This 
does not mean that no signal at all will appear at the output 
of the first circuit. In fact, there will be an output signal as a 
result of the spurious input, but it will be reduced in ampli
tude. As this signal propagates through the system, it will be 
attenuated even more by each circuit it passes through until 
it finally disappears. Typically, it will not change any signal to 
the opposite logic level. In a typical flip flop, a 0.45 Vee 
spurious pulse on the clock line would not cause the flop to 
change state. 
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National also guarantees that its CMOS circuits have a 1 V 
DC noise margin over the full power supply range and tem
perature range and with any combination of inputs. This is 
simply a variation of the noise immunity spec only now a 
specific set of input and output voltages have been selected 
and guaranteed. Stated verbally, the spec says that for the 
output of a circuit to be within 0.1 Vee volts of a proper logic 
level (Vee or Ground), the input can be as much as 0.1 Vee 
plus 1V away from power supply rail. Shown graphically we 
have: 
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FIGURE 2-5. Guaranteed CMOS DC margin over 
temperature as a function of Vee· 

CMOS Guarantees 1 V. 

This is similar in nature to the standard TIL noise margin 
spec which is 0.4V. 

::> 
0 

> 

; 
, 
0 

> 

A~ 

15 

10 

1 T 
Vr<Vce<2Vr 

...... .... 

.. ~ 

~ 

VoN (VOLTS) 

(b) 
TL/F/6019-6 

ir 
~ 

8 10 12 14 

V,N (VOL TSI 

(d) 
TL/F/6019-8 
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FIGURE 2-6. Guaranteed TTL DC margin over 
temperature as a function of Vee· 

TTL Guarantees 1V. 

For a complete picture of VouT vs V1N refer to the transfer 
characteristic curves in Figure 2-4. 

SYSTEM CONSIDERATIONS 

1his section describes how to handle many of the situations 
that arise in normal system design such as unused inputs, 
paralleling circuits for extra drive, data bussing, power con
siderations and interfaces to other logic families. 

Unused Inputs: Simply stated, unused inputs should not be 
left open. Because of the very high impedance ( -1012n), a 

floating input may drift back and forth between a "O" and 
"1" creating some very intriguing system problems. All un
used inputs should be tied to Vee. Ground or another used 
input. The choice is not completely arbitrary, however, since 
there will be an effect on the output drive capability of the 
circuit in question. Take, for example, a four input NANO 
gate being used as a two input gate. The internal structure is 
shown in Figure 3-1. Let inputs A and 8 be the unused 
inputs. 

If we are going to tie the unused inputs to a logic level, 
inputs A and B would have to be tied to Vee to enable the 
other inputs to function. That would turn on the lower A and 
8 transistors and turn off the upper A and B transistors. At 
most, only two of the upper transistors could ever be turned 
on. However, if inputs A and B were tied to input C, the input 
capacitance would triple, but each time C went low, the up
per A, B and C transistors would turn on, tripling the avail
able source current. If input 0 was low also, all four of the 
upper transistors would be on. 

So, tying unused NANO gate inputs to Vee (Ground for 
NOR gates) will enable them, but tying unused inputs to 
other used inputs guarantees an increase in source current 
in the case of NANO gates (sink current in the case of NOR 
gates). There is no increase in drive possible through the 
series transistors. By using this approach, a multiple input 
gate could be used to drive a heavy current load such as a 
lamp or a relay. 

Vee 

TL/F/6019-11 

FIGURE 3-1. MM74C20 Four Input NANO gate 
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Parallel gates: Depending on the type of gate, tying inputs 
together guarantees an increase in either source or sink 
current but not both. To guarantee an increase in both cur
rents, a number of gates must be paralleled as in Figure 3-2. 
This insures that there are a number of parallel combina
tions of the series string of transistors (Figure 3-1), thereby 
increasing drive in that direction also. 

TL/F/6019-12 

FIGURE 3-2. Paralleling Gates or Inverters Increases 
Output Drive In Both Directions. 

Data busslng: There are essentially two ways to do this. 
First, connect ordinary CMOS parts to a bus using transfer 
gates (Part No. CD4016C). Second, and the preferred way, 
is to use parts specifically designed with a CMOS equivalent 
of a TRI-STATE® output. 

Power supply fllterlng: Since CMOS can operate over a 
large range of power supply voltages (3V to 15V), the filter
ing necessary is minimal. The minimum power supply volt
age required will be determined by the maximum frequency 
of operation of the fastest element in the system (usually 
only a very small portion of any system operates at maxi
mum frequency). The filtering should be designed to keep 
the power supply voltage somewhere between this mini
mum voltage and the maximum rated voltage the parts can 
tolerate. However, if power dissipation is to be kept to a 
minimum, the power supply voltage should be kept as low 
as possible while still meeting all speed requirements. 

Minimizing system power dissipation: To minimize power 
consumption in a given system, it should be run at the mini
mum speed to do the job with the lowest possible power 

Vee 
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VI Power Is Given By: 

supply voltage. AC and DC transient power consumption 
both increase with frequency and power supply voltage. The 
AC power is described as CV2f power. This is the power 
dissipated in a driver driving a capacitive load. Obviously, 
AC power consumption increases directly with frequency 
and as the square of the power supply. It also increases 
with capacitive load, but this is usually defined by the sys
tem and is not alterable. The DC power is the VI power 
dissipated during switching. In any CMOS device during 
switching, there is a momentary current path from the power 
supply to ground, (when Vee > 2Vr) Figure 3-3. 

The maximum amplitude of the current is a rapidly increas
ing function of the input voltage which in turn is a direct 
function of the power supply voltage. See Figure 2-4d 

The actual amount of VI power dissipated by the system is 
determined by three things: power supply voltage, frequen
cy and input signal rise time. A very important factor is the 
input rise time. If the rise time is long, power dissipation 
increases since the current path is established for the entire 
period that the input signal is passing through the region 
between the threshold voltages of the upper and lower tran
sistors. Theoretically, if the rise time were zero, no current 
path would be established and the VI power would be zero. 
However, with a finite rise time there is always some current 
flow and this current flow increases rapidly with power sup
ply voltage. 

Just a thought about rise time and power dissipation. If a 
circuit is used to drive many loads, its output rise time will 
suffer. This will result in an increase in VI power dissipation 
in every device being driven by that circuit (but not in the 
drive circuit itself). If power consumption is critical, it may be 
necessary to improve the rise time of that circuit by buffering 
or by dividing the loads in order to reduce overall power 
consumption. 

If ALL 

TL/F/6019-14 

Pv1 = Vee x ! IMax x Rise Time to Period Ratio 
2 

Rise Time to - Vee - 2V1 x !RISE + IFALL 
Period Ratio - Vee !TOTAL 

Where -
1 

- = Frequency 
ITQTAL 

Pv1 = 112 (Vee -2V1) Ice Max (!RISE + IFALU FREQ. 

FIGURE 3-3. DC Transient Power 
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So, to summarize the effects of power supply voltage, input 
voltage, input rise time and output load capacitance on sys
tem power dissipation, we can say the following: 

1. Power supply voltage: CV2f power dissipation increases 
as the square of power supply voltage. VI power dissipa
tion increases approximately as the square of the power 
supply voltage. 

2. Input voltage level: VI power dissipation increases if the 
input voltage lies somewhere between Ground plus a 
threshold voltage and Vee minus a threshold voltage. 
The highest power dissipation occurs when ViN is at % 
Vee- CV2f dissipation is unaffected. 

3. Input rise time: VI power dissipation increases with long
er rise times since the DC current path through the device 
is established for a longer period. The CV2f power is un
affected by slow input rise times. 

4. Output load capacitance: The CV2f power dissipated in 
a circuit increases directly with load capacitance. VI pow
er in a circuit is unaffected by its output load capacitance. 
However, increasing output load capacitance will slow 
down the output rise time of a circuit which in turn will 
affect the VI power dissipation in the devices it is driving. 

INTERFACES TO OTHER LOGIC TYPES 

There are two main ideas behind all of the following inter
faces to CMOS. First, CMOS outputs should satisfy the cur
rent and voltage requirements of the other family's inputs. 
Second, and probably most important, the other family's 
outputs should swing as near as possible to the full voltage 
range of the CMOS power supplies. 

P·Channel MOS: There are a number of things to watch for 
when interfacing CMOS and P-MOS. The first is the power 
supply set. Most of the more popular P-MOS parts are spec
ified with 17V to 24V power supplies while the maximum 
power supply voltage for CMOS is 15V. Another problem is 
that unlike CMOS, the output swing of a push-pull P-MOS 
output is significantly less than the power supply voltage 
across it. P-MOS swings from very close to its more positive 
supply (Vss) to quite a few volts above its more negative 

PMOS 
SUPPLY..:.. 

!> ISV 

Vee 

CMOS 

GND 

supply (V00). So, even if P-MOS uses a 15V or lower power 
supply set, its output swing will not go low enough for a 
reliable interface to CMOS. There are a number of ways to 
solve this problem depending on the configuration of the 
system. We will discuss two solutions for systems that are 
built totally with MOS and one solution for systems that in
clude bipolar logic. 

First, MOS only. P-MOS and CMOS using the same power 
supply of less than 15V, Figure 3-4. 

In this configuration CMOS drives P-MOS directly. However, 
P-MOS cannot drive CMOS directly because of its output 
will not pull down close enough to the lower power supply 
rail. Apo (R pull down) is added to each P-MOS output to 
pull it all the way down to the lower rail. Its value is selected 
such that it is small enough to give the desired RC time 
constant when pulling down but not so small that the 
P-MOS output cannot pull it virtually all the way up to the 
upper power supply rail when it needs to. This approach will 
work with push-pull as well as open drain P-MOS outputs. 

Another approach in a purely MOS system is to build a 
cheap zener supply to bias up the lower power supply rail of 
CMOS, Figure 3-5. 

In this configuration the P-MOS supply is selected to satisfy 
the P-MOS voltage requirement. The bias supply voltage is 
selected to reduce the total voltage across the CMOS (and 
therefore its logic swing) to match the minimum swing of the 
P-MOS outputs. The CMOS can still drive P-MOS directly 
and now the P-MOS can drive CMOS with no pull-down 
resistors. The other restrictions are that the total voltage 
across the CMOS is less than 15V and that the bias supply 
can handle the current requirements of all the CMOS. This 
approach is useful if the P-MOS supply must be greater than 
15V and the CMOS current requirement is low enough to be 
done easily with a small discrete component regulator. 

If the system has bipolar logic, it will usually have at least 
two power supplies. In this case, the CMOS is run off the 
bipolar supply and it interfaces directly to P-MOS, Figure 
3-6. 

Va Vee 

PMDS CMOS 

Yoo GND 

TL/F/6019-15 

FIGURE 3·4. A One Power Supply System 
Built Entirely of CMOS and P·MOS 

Vee v .. 

CMOS PMOS 

GND 

Use a Bias supply to reduce the voltage across the CMOS to match the logic swing 
of the P-MOS. Make sure the resulting voltage across the CMOS is less than 15V. 

FIGURE 3·5. A P·MOS and CMOS System Where the 
P·MOS Supply Is Greater than 15V 
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Run the CMOS from the bipolar supply and interface directly to P-MOS. 

FIGURE 3-6. A System with CMOS, P·MOS and Bipolar Logic 

N·Channel MOS: Interfacing to N-MOS is somewhat sim
pler than interfacing to P-MOS although similar problems 
exist. First, N-MOS requires lower power supplies than P
MOS, being in the range of 5V to 12V. This is directly com
patible with CMOS. Second, N-MOS logic levels range from 
slightly above the lower supply rail to about 1 V to 2V below 
the upper rail. 

At the higher power supply voltages, N-MOS and CMOS 
can be interfaced directly since the N-MOS high logic level 
will be only about 10 to 20 percent below the upper rail. 
However, at lower supply voltages the N-MOS output will be 
down 20 to 40 percent below the upper rail and something 
may have to be done to raise it. The simplest solution is to 
add pull up resistors on the N-MOS outputs as shown in 
Figure 3-7. 

Vee Voo " ~R..., Vee 

NMOS '\ 

..:., SUPPLY CMOS NMOS CMOS 
STD UV 

GNO Vss GND 
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Both operate off same supply with pull up resistors optional from N-MOS to 
CMOS. 

FIGURE 3-7. A System with CMOS and N·MOS Only 

TTL, LPTTL, DTL: Two questions arise when interfacing 
bipolar logic families to CMOS. First, is the bipolar family's 
logic "1" output voltage high enough to drive CMOS direct
ly? 

TTL, LPTTL, and DTL can drive 74C series CMOS directly 
over the commercial temperature range without external 
pull up resistors. However, TTL and LPTTL cannot drive 
4000 series CMOS directly (DTL can) since 4000 series 
specs do not guarantee that a direct interface with no pull 
up resistors will operate properly. 

DTL and LPTTL manufactured by National (NS LPTTL pulls 
up one diode drop higher than the LPTTL of other vendors) 
will also drive 7 4C directly over the entire military tempera
ture range. LPTTL manufactured by other vendors and stan
dard TTL will drive 7 4C directly over most of the military 
temperature range. However, the TTL logic "1" drops to a 
somewhat marginal level toward the lower end of the mili
tary temperature range and a pull up resistor is recommend
ed. 
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According to the curve of DC margin vs Vee for CMOS in 
Figure 2-5, if the CMOS sees an input voltage greater than 
Vee - 1.5V (Vee = 5V), the output is guaranteed to be 
less than 0.5V from Ground. The next CMOS element will 
amplify this 0.5V level to the proper logic levels of Vee or 
Ground. The standard TTL logic "1" spec is a VouT min. of 
2.4V sourcing a current of 400 µA. This is an extremely 
conservative spec since a TTL output will only approach a 
one level of 2.4V under the extreme worst case conditions 
of lowest temperature, high input voltage (0.8V), highest 
possible leakage currents (into succeeding TTL devices), 
and Vee at the lowest allowable (Vee = 4.5V). 

Under nominal conditions (25°C, V1N = 0.4V, nominal leak
age currents into CMOS and Vee = 5V) a TTL logic "1" will 
be more like Vee - 2Vo. or Vee - 1.2V. Varying only tem
perature, the output will change by two times - 2 mV per °C, 
or -4 mV per°C. Vee -1.2V is more than enough to drive 
CMOS reliably without the use of a pull up resistor. 

If the system is such that the TTL logic "1" output can drop 
below Vee - 1.5V, use a pull up resistor to improve the 
logic "1" voltage into the CMOS. 

Vee 

..:.. 5V:t10% CMOS 

GND GND 

TL/F/6019-19 

Pull up resistor, Rpu. is needed only at the lower end of the Mil temperature 
range. 

FIGURE 3-8. TTL to CMOS Interface 

The second question is, can CMOS sink the bipolar input 
current and not exceed the maximum value of the bipolar 
logic zero input voltage? The logic "1" input is no problem. 

The LPTTL input current is small enough to allow CMOS to 
drive two loads directly. Normal power TTL input currents 
are ten times higher than those in LPTTL and consequently 
the CMOS output voltage will be well above the input logic 
"O" maximum of 0.8V. However, by carefully examining the 
CMOS output specs we will find that a two input NOR gate 
can drive one TTL load, albeit somewhat marginally. For 
example, the logical "O" output voltage for both an 
MM74COO and MM74C02 over temperature is specified at 
0.4V sinking 360 µA (about 420 µA at 25°C) with an input 
voltage of 4.0V and a Vee of 4.75V. Both schematics are 
shown in Figure 3-9. 
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Both parts have the same current sinking spec but their 
structures are different. What this means is that either of the 
lower transistors in the MM74C02 can sink the same current 
as the two lower series transistors in the MM74COO. Both 
MM74C02 transistors together can sink twice the specified 
current for a given output voltage. If we allow the output 
voltage to go to O.BV, then a MM74C02 can sink four times 
360 µA, or 1.44 mA which is nearly 1.6 mA. Actually, 1.6 mA 
is the maximum spec for the TIL input current and most 
TIL parts run at about 1 mA. Also, 360 µA is the minimum 
CMOS sink current spec, the parts will really sink some
where between 360 µA and 540 µA (between 2 and 3 
LPTIL input loads). The 360 µA sink current is specified 
with an input voltage of 4.0V. With an input voltage of 5.0V, 
the sink current will be about 560 µA over temperature, 
making it even easier to drive TIL. At room temperature 
with an input voltage of 5V, a CMOS output can sink about 

Va; 

TL/F/6019-20 

FIGURE 3-9a. MM74COO 

800 µA. A 2 input NOR gate, therefore, will sink about 1.6 
mA with a Vour of about 0.4V if both NOR gate inputs are 
at 5V. 

The main point of this discussion is that a common 2 input 
CMOS NOR gate such as an MM74C02 can be used to 
drive a normal TIL load in lieu of a special buffer. However, 
the designer must be willing to sacrifice some noise immuni
ty over temperature to do so. 

TIMING CONSIDERATIONS IN CMOS MSls 

There is one more thing to be said in closing. All the flip
flops used in CMOS designs are genuinely edge sensitive. 
This means that the J-K flip-flops do not "ones catch" and 
that some of the timing restrictions that applied to the con
trol lines on MSI functions in TIL have been relaxed in the 
74C series. 

Vee 

TL/F/6019-21 

FIGURE 3-9b. MM74C02 
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CMOS Linear Applications 

PNP and NPN bipolar transistors have been used for many 
years in "complementary" type of amplifier circuits. Now, 
with the arrival of CMOS technology, complementary 
P-channel/N-channel MOS transistors are available in 
monolithic form. The MM74C04 incorporates a P-channel 
MOS transistor and an N-channel MOS transistor connect
ed in complementary fashion to function as an inverter. 

Due to the symmetry of the P- and N-channel transistors 
negative feedback around the complementary pair wili 
cause the pair to self bias itself to approximately 1 /2 of the 
supply voltage. Figure 1 shows an idealized voltage transfer 
characteristic curve of the CMOS inverter connected with 
negative feedback. Under these conditions the inverter is 
biased for operation about the midpoint in the linear seg
ment on the steep transition of the voltage transfer charac
teristics as shown in Figure 1. 
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FIGURE 1. ldeallzed Voltage Transfer 
Characteristics of an MM74C04 Inverter 

Under AC Conditions, a positive going input will cause the 
output to swing negative and a negative going input will 
have an inverse effect. Figure 2 shows 1 /6 of a MM74C04 
inverter package connected as an AC amplifier. 

The power supply current is constant during dynamic opera
tion since the inverter is biased for Class A operation. When 
the input signal swings near the supply, the output signal will 
become distorted because the P-N channel devices are 
driven into the non-linear regions of their transfer character-

National Semiconductor 
Application Note 88 

R1 

TL/F/6020-2 

FIGURE 2. A 74CMOS Inverter Biased for 
Linear Mode Operation 

istics. If the input signal approaches the supply voltages, the 
P- or N-channel transistors become saturated and supply 
current is reduced to essentially zero and the device be
haves like the classical digital inverter. 

.... 
"' 

12.5 
>o 
I 

w 10 
~ 
cC 
:; 
c 7.5 > 
I-
::i 
~ 
I- 5.0 ::i 
c 

2.5 

2.5 5.0 7.5 10 12.5 15 

INPUT VOLTAGE - VIN 

TL/F /6020-3 

FIGURE 3. Voltage Transfer Characteristics for an 
Inverter Connected as a Linear Amplifier 

Figure 3 shows typical voltage characteristics of each in
verter at several values of the Vee. The shape of these 
transfer curves are relatively constant with temperature. 
Temperature affects for the self-biased inverter with supply 
voltage is shown in Figure 4. When the amplifier is operating 
at 3 volts, the supply current changes drastically as a func
tion of supply voltage because the MOS transistors are op
erating in the proximity of their gate-source threshold volt
ages. 
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FIGURE 4. Normalized Amplifier Supply Current 
Versus Ambient Temperature Characteristics 

Figure 5 shows typical curves of voltage gain as a function 
of operating frequency for various. supply voltages. 

Output voltages can swing within millivolts of the supplies 
with either a single or a dual supply. 
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FIGURE 5. Typical Voltage Gain Versus Frequency 
Characteristics for Amplifier Shown in Figure 2 

APPLICATIONS 

Cascading Amplifiers for Higher Gain 

By cascading the basic amplifier block .shown in Figure 2 a 
high gain amplifier can be achieved. The gain will be multi
plied by the number of stages used. If more than one invert
er is used inside the feedback loop (as in Figure 6) a higher 
open loop gain is achieved which results in more accurate 
closed loop gains. 

10M!1 

FIGURE 6. Three CMOS Inverters 
Used as an X10 AC Amplifier 

TL/F/6020-6 
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Post Amplifier for Op Amps 

A standard operational amplifier used with a CMOS inverter 
for a Post Amplifier has several advantages. The operation
al amplifier essentially sees no load condition since the in
put impedance to the inverter is very high. Secondly, the 
CMOS inverters will swing to within millivolts of either sup
ply. This gives the designer the advantage of operating the 
operational amplifier under no load conditions yet having 
the full supply swing capability on the output. Shown in Fig
ure 7 is the LM4250 micropower Op Amp used with a 7 4C04 
inverter for increased output capability while maintaining the 
low power advantage of both devices. 

+1.5V +1.5V 

1M 

TL/F/6020-7 

Po= 500nW 

FIGURE 7. MM74C04 Inverter Used as a Post 
Amplifier for a Battery Operated Op Amp 

The MM74C04 can also be used with single supply amplifier 
such as the LM324. With the circuit shown in Figure 8, the 
open loop gain is approximately 160 dB. The LM324 has 4 
amplifiers in a package and the MM7 4C04 has 6 amplifiers 
per package. · 

+12V 

IM 
100 K 

TL/F/6020-8 

FIGURE 8. Single Supply Amplifier Using a CMOS 
Cascade Post Amplifier with the LM324 

CMOS inverters can be paralleled for increased power to 
drive higher current loads. Loads of 5.0 mA per inverter can 
be expected under AC conditions. 

Other 74C devices can be used to provide greater comple
mentary current outputs. The MM74COO NANO Gate will 
provide approximately 10 mA from the V cc supply while the 



MM74C02 will supply approximately 10 mA from the nega
tive supply. Shown in Figure 9 is an operatioral amplifier 
using a CMOS power post amplifier to provide greater than 
40 mA complementary currents. 

-6.DV 

10 K lour:::: 50 mA 

Vour :::: 6.0 Vpp 
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FIGURE 9. MM74COO and MM74C02 Used as a Post 
Amplifier to Provide Increased Current Drive 

Other Applications 

Shown in Figure 10 is a variety of applications utilizing 
CMOS devices. Shown is a linear phase shift oscillator and 
an integrator which use the CMOS devices in the linear 
mode as well as a few circuit ideas for clocks and one 
shots. 

Conclusion 

Careful study of CMOS characteristics show that CMOS de
vices used in a system design can be used for linear build
ing blocks as well as digital blocks. 

Utilization of these new devices will decrease package 
count and reduce supply requirements. The circuit designer 
now can do both digital and linear designs with the same 
type of device. 
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FIGURE 10. Variety of Circuit Ideas 
Using CMOS Devices 
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~ 54C/74C Family National Semiconductor 
Application Note 90 
Thomas P. Redfern Characteristics 

INTRODUCTION 

The purpose of this 54C/74C Family Characteristics appli
cation note is to set down, in one place, all those character
istics which are common to the devices in the MM54C/ 
MM74C logic family. The characteristics which can be con
sidered to apply are: 

1. Output voltage-current characteristics 

2. Noise characteristics 

3. Power consumption 

4. Propagation delay (speed) 

5. Temperature characteristics 

With a good understanding of the above characteristics the 
designer will have the necessary tools to optimize his sys
tem. An attempt will be made to present the information in 
as simple a manner as possible to facilitate its use. This 
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coupled with the fact that 54C/7 4C has the same function 
and pin-out as standard series 54L/74L will make the appli
cation of CMOS to digital systems very straightforward. 

OUTPUT CHARACTERISTICS 

Figure 1 and Figure 2 show typical output drain characteris
tics for the basic inverter used in the 54C/74C family. For 
more detailed information on the operation of the basic in
verter the reader is directed to Application Note AN-77, 
"CMOS, The Ideal Logic Family". Although more complex 
gates, and MSI devices, may be composed of combinations 
of parallel and series transistors the considerations that 
govern the output characteristics of the basic inverter apply 
to these more complex structures as well. 
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The 54C/74C family is designed so that the output charac
teristics of all devices are matched as closely as possible. 
To ensure uniformity all devices are tested at four output 
conditions (see Figures 1 and 2 ). These points are: 

Vee= 5.ov V1N = 5.0V V1N = OV 
los ~ 1.75 mA llosl ~ 1.75 mA 
Vos~ 5.0V IVosl ~ 5.0V 

Vee= 1ov V1N = 10V V1N = OV 
los ~ 8.0 mA ilosl ~ 8.0 mA 
Vos~ 1ov IVosl ~ 1ov 

Note that each device data sheet guarantees these points 
in the table of electrical characteristics. 

The output characteristics can be used to determine the 
output voltage for any load condition. Figures 1 and 2 show 
load lines for resistive loads to Vee for sink currents and to 
GND for source currents. The intersections of this load line 
with the drain characteristic in question gives the output 
voltage. For example at Vee = 5.0V, Vour = 1.5V (typ) 
with a load of 5000. to ground. 

These figures also show the guaranteed points for driving 
two 54L/74L standard loads. As can be seen there is typi
cally ample margin at Vee = 5.0V. 

In the case where the 54C/74C device is driving another 
CMOS device the load line is coincident with the los = O 
axis and the output will then typically switch to either Vee or 
ground. 

NOISE CHARACTERISTICS 

Definition of Terms 

Noise Immunity: The noise immunity of a logic element is 
that voltage which applied to the input will cause the output 
to change its output state. 

Noise Margin: The noise margin of a logic element is the 
difference between the guaranteed logical "1" ("O") level 
output voltage and the guaranteed logical "1" ("O") level 
input voltage. 

The transfer characteristic of Figure 3 shows typical noise 
immunity and guaranteed noise margin for a 54C/74C de
vice operating at Vee = 10V. The typical noise immunity 
does not change with voltage and is 45% of Vee. 
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FIGURE 3. Typical Transfer Characteristics 

All 54C/7 4C devices are guaranteed to have a noise margin 
of 1.0V or greater over all operating conditions (see Figure 
4). 
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FIGURE 4. Guaranteed Noise Margin 
over Temperature vs Vee 

Noise immunity is an important device characteristic. How
ever, noise margin is of more use to the designer because it 
very simply defines the amount of noise a system can toler
ate under any circumstances and still maintain the integrity 
of logic levels. 

Any noise specification to be complete must define how 
measurements are to be made. Figure 5 indicates two ex
treme cases; driving all inputs simultaneously and driving 
one input at a time. Both conditions must be included be
cause each represents one worst case extreme. 

Vee 

(A) 

Vee 

Vour* 

·vouT = VouT (1) MIN, VouT (0) MAX 
VN = Allowable Noise Voltage = 1.0V 

(B) 

Vour 
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Vour 
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FIGURE 5. Noise Margin Test Circuits 

To guarantee a noise margin of 1.0V, all 54C/74C devices 
are tested under both conditions. It is important to note that 
this guarantees that every node within a system can have 
1.0V of noise, in logic "1" or logic "O" state, without mal
functioning. This could not be guaranteed without testing for 
both conditions in Figure 5. 
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POWER CONSUMPTION 
There are four sources of power consumption in CMOS de
vices: (1) leakage current; (2) transient power due to load 
capacitance; (3) transient power due to internal capacitance 
and; (4) transient power due to current spiking during 
switching. 

The first, leakage current, is the easiest to calculate and is 
simply the leakage current times Vee· The data sheet for 
each specific device specifies this leakage current. 

The second, transient power due to load capacitance, can 
be derived from the fact that the energy stored on a capaci
tor is 1 /2 CV2. Therefore every time the load capacitance is 
charged or discharged this amount of energy must be pro
vided by the CMOS device. The energy per cycle is then 
2[(1 /2) CVee2J = CVee2. Energy per unit time, or power, is 
then CVec2 f, where C is the load capacitance and f is the 
frequency. 

The third, transient power due to internal capacitance takes 
exactly the same form as the load capacitance. Every de
vice has some internal nodal capacitance which must be 
charged and discharged. This then represents another pow
er term which must be considered. 

The fourth, transient power due to switching current, is 
caused by the fact that whenever a CMOS device goes 
through a transition, with Vee ~ 2 VT, there is a time when 
both N-channel and P-channel devices are both conducting. 
An expression for this current is derived in Application Note 
AN-77. The expression is: 

1 
Pv1 = 2 (Vee - 2 VT) leC(MAX) (tRISE + tFALU f 

where: 

VT = threshold voltage 

lee(MAX) = peak non-capacitive current 
during switching 

f = frequency 

Note that this expression, like the capacitive power term is 
directly proportional to frequency. If the Pv1 term is com
bined with the term arising from the internal capacitance, a 
capacitance Cpo may be defined which closely approxi
mates the no load power consumption for a CMOS device 
when used in the following expression: 

Power (no load) = Cpo Vee2 f 

The total power consumption is then simplified to: 

Total Power= (Cpo + CtJ Vee2 f + !LEAK Vee (1) 

The procedure for obtaining Cpo is to measure the no load 
power at Vee = 10V vs frequency and calculate the value 
of Cpo which corresponds to the measured power con
sumption. This value of Cpo is given on each 54C/74C data 
sheet and with equation (1) the computation of power con
sumption is straightforward. 
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To simplify the task even further Figure 6 gives a graph of 
normalized power vs frequency for different power supply 
voltages. To obtain actual power consumption find the nor
malized power for a particular Vee and frequency, then mul
tiply by Cpo + CL. 

TL/F/6021-9 

FIGURE 6. Normalized Typical Power 
Consumption vs Frequency 

As an example let's find the total power consumption for an 
MM74COO operating at f = 100 kHz, Vee = 10V and 
CL = 50 pF. From the curve, normalized power per gate 
equals 10 µW/pF. From the data sheet Cpo = 12 pF; 
therefore, actual power per gate is: 

power= 10 µW x (12 F + 50 F) = 0.62 mW 
gate pF P P gate 

no. of gates power 
total power= k x -- + ILEAKAGE x Vee 

pac age gate 

= 4 x 0.62 mW+ 0.01µAx10V ~ 2.48 mW 

Up to this point the discussion of power consumption has 
been limited to simple gate functions. Power consumption 
for an MSI function is more complex but the same technique 
just derived applies. To demonstrate the technique let's 
compute the total power consumption of a MM74C161, 
four bit binary counter, at Vee = 1 OV, f = 1 MHz and 
CL = 50 pF on each output. 

The no load power is still given by P (no load) = Cpo 
Vee2 f. This demonstrates the usefulness of the concept of 
the internal capacitance, Cpo. Even though the circuit is 
very complex and has many nodes charging and discharg
ing at various rates, all of the effects can be easily lumped 
into one easy to use term, Cpo. 



Calculation of transient power due to load capacitance is a 
little more complex since each output is switched at one half 
the rate of the previous output: Taking this into account the 
complete expression for power consumption is: 

f f 
PTQTAL = Cpo Vee2 f + CL Vee2 2 + CL Vee2 4 

'--v---J '--v--1 '--v--1 
no load 
power 

output 2nd stage 
power of 
1st stage 

f f 
+CL Vee29 + 2CL Vee2 16 +IL Vee 

'--v--1 ' ) '-r-1 
3rd stage 

This reduces to: 

4th stage 
& carry 
output 

leakage 
term 

PrnTAL = (Cpo + Cu Vee2 f + IL Vee 

From the data sheet Cpo = 90 pF and IL = 0.05 µA. Using 
Figure 6 total power is then: 

100µW 
PTOTAL = (90 pF + 50 pF) X -- + 

pF 
0.05 x 10-6 x 10V ~ 14 mW 

This demonstrates that with more complex devices the con
cept of Cpo greatly simplifies the calculation of total power 
consumption. It becomes an easy task to compute power 
for different voltages and frequencies by use of Figure 6 and 
the equations above. 

PROPAGATION DELAY 

Propagation delay for all 54C/7 4C devices is guaranteed 
with a load of 50 pF and input rise and fall times of 20 ns. A 
50 pF load was chosen, instead of 15 pF as in the 4000 
series, because it is representative of loads commonly seen 
in CMOS systems. A good rule of thumb, in designing with 
CMOS, is to assume 10 pF of interwiring capacitance. Oper
ating at the specified propagation delay would allow 5 pF 
fanout for the 4000 series while 54C/7 4C has a fanout of 
40 pF. A fanout of 5 pF (one gate input) is all but useless, 
and specified propagation delay would most probably not be 
realized in an actual system. 

Operating at loads other than 50 pF poses a problem since 
propagation is a function of load capacitance. To simplify 
the problem Figure 7 has been generated and gives the 
slope of the propagation delay vs load capacitance line 
(iitpd/pF) as a function of power supply voltage. Because 
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FIGURE 7. Typical Propagation Delay per pF of Load 
Capacitance vs Power Supply 

the propagation delay for zero load capacitance is not zero 
and depends on the internal structure of each device, an 
offset term must be added that is unique to a particular de
vice type. Since each data sheet gives propagation delay for 
50 pF the actual delay for different loads can be computed 
with the aid of the following equation: 

tpd I = (C - 50) pF x ~ + tpd I 
CL = C p CL = 50 pF 

where: 

C = Actual load capacitance 

t d I propagation delay with 50 pF p CL= 50 pF 
load, (specified on each de-
vice data sheet) 

iitpd 
-- = Value obtained from Figure 7. 
pF 

As an example let's compute the propagation delay for an 
MM74COO driving 15 pF load and operating with a 
Vee = 5.0V. The equation gives: 

tpd = (15 - 50) pF x 0.57F + 50 ns 

I 
ns 

CL= 15 pF p 

= - 20 ns + 50 ns = 30 ns 

The same formula and curves may be applied to more com
plex devices. For example the propagation delay from data 
to output for an MM74C157 operating at Vee = 10V and 
CL= 100 pF is: 

tpd I 
CL= 100 pF 

= (100 - 50) 0.29 ns + 70 ns 

= 14.5 + 70 ~ 85 ns 
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It is significant to note that this equation and Figure 7 apply 
to a// 54C/74C devices. This is true because of the close 
match in drive characteristics of every device including MSI 
functions, i.e., the slope of the propagation delay vs load 
capacitance line at a given voltage is typically equal for all 
devices. The only exception is high fan-out buffers which 
have a smaller atpd/pF. 

Another point to consider in the design of a CMOS system is 
the effect of power supply voltage on propagation delay. 
Figure 8 shows propagation delay as a function of V cc and 
propagation delay times power consumption vs V cc for an 
MM74COO operating with 50 pF load at f = 100 kHz. 
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FIGURE 8. Speed Power Product and 
Propagation Delay vs Vee 
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Above Vee = 5.0V note the speed power pro
duct curve approaches a straight line. However the tpd 
curve starts to "flatten out". Going from Vee = 5.0V to 
Vee= 10V gives a 40% decrease in propagation delay and 
going from V cc = 1 OV to V cc = 15V only decreases prop
agation delay by 25%. Clearly for Vee > 10V a small in
crease in speed is gained by a disproportionate increase in 
power. Conversely, for small decreases in power below Vee 
= 5.0V large increases in propagation delay result. 

Obviously it is optimum to use the lowest voltage consistent 
with system speed requirements. However, in general it can 
be seen from Figure 8 that the best speed power perform
ance will be obtained in the Vee = 5.0V to Vee = 10V 
range. 

TEMPERATURE CHARACTERISTICS 

Figures 9 and 10 give temperature variations in drain char
acteristics for the N-channel and P-channel devices operat
ing at Vee = 5.0V and Vee = 10V respectively. As can be 
seen from these curves the output sink and source current 
decreases as temperature increases. The effect is almost 
linear and can be closely approximated by a temperature 
coefficient of -0.3% per degree centigrade. 

Since the tpd can be entirely attributed to rise and fall time, 
the temperature dependence of tpo is a function of the rate 
at which the output load capacitance can be charged and 
discharged. This in turn is a function of the sink/source cur
rent which was shown above to vary as -0.3% per degree 
centigrade. Consequently we can say that tpd varies as 
-0.3% per degree centigrade. Actual measurements of tpd 
with temperature verifies this number. 
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FIGURE 11. Typical Gate Transfer Characteristics 

The drain characteristics of Figures 9 and 10 show consid
erable variation with temperature. Examination of the trans
fer characteristics of Figure 11 indicates that they are al-

most independent of temperature. The transfer characteris
tic is not dependent on temperature because although both 
the N-channel and P-channel device characteristics change 
with temperature these changes track each other closely. 
The proof of this tracking is the temperature independence 
of the transfer characteristics. Noise margin and maximum/ 
minimum logic levels will then not be dependent on temper
ature. 

As discussed previously power consumption is a function of 
Cpo, CL, Vee. f and I LEAKAGE· All of these terms are essen
tially constant with temperature except ILEAKAGE· However, 
the leakage current specified on each 54C/7 4C device ap
plies across the entire temperature range and therefore rep
resents a worst case limit. 
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~ CMOS Oscillators 
< 

INTRODUCTION 

This note describes several square wave oscillators that 
can be built using CMOS logic elements. These circuits offer 
the following advantages: 
• Guaranteed startability 
• Relatively good stability with respect to power supply 

variations 
• Operation over a wide supply voltage range (3V to 15V) 
• Operation over a wide frequency range from less than 

1 Hz to about 15 MHz 
• Low power consumption (see AN-90) 
• Easy interface to other logic families and elements in-

cluding TIL 

Several RC oscillators and two crystal controlled oscillators 
are described. The stability of the RC oscillator will be suffi
cient for the bulk of applications; however, some applica
tions will probably require the stability of a crystal. Some 
applications that require a lot of stability are: 

1. Timekeeping over a long interval. A good deal of stability 
is required to duplicate the performance of an ordinary 
wrist watch (about 12 ppm). This is, of course, obtainable 
with a crystal. However, if the time interval is short and/or 
the resolution of the timekeeping device is relatively 
large, an RC oscillator may be adequate. For example: if 
a stopwatch is built with a resolution of tenths of seconds 
and the longest interval of interest is two minutes, then an 

· accuracy of 1 part in 1200 (2 minutes x 60 seconds/min
ute x 10 tenth/second) may be acceptable since any 
error is less than the resolution of the device. 

2. When logic elements are operated near their specified 
limits. It may be necessary to maintain clock frequency 
accuracy within very tight limits in order to avoid exceed
ing the limits of the logic family being used, or in which 
the timing relationships of clock signals in dynamic MOS 
memory or shift register systems must be preserved. 

3. Baud rate generators for communications equipment. 

4. Any system that must interface with other tightly specified 
systems. Particularly those that use a "handshake" tech
nique in which Request or Acknowledge pulses must be 
of specific widths. 

LOGICAL OSCILLATORS 

Before describing any specific circuits, a few words about 
logical oscillators may clear up some recurring confusion. 

National Semiconductor 
Application Note 118 
Mike Watts 

Any odd number of inverting logic gates will oscillate if they 
are tied together in a ring as shown in Figure 1. Many begin
ning logic designers have discovered this (to their chagrin) 
by inadvertently providing such a path in their designs. How
ever, some people are confused by the circuit in Figure 1 
because they are accustomed to seeing sinewave oscilla
tors implemented with positive feedback, or amplifiers with 
non-inverting gain. Since the concept of phase shift be
comes a little strained when the inverters remain in their 
linear region for such a short period, it is far more straight
forward to analyze the circuit from the standpoint of ideal 
switches with finite propagation delays rather than as ampli
fiers with 180° phase shift. It then becomes obvious that a 
"1" chases itself around the ring and the network oscillates. 

ANY EVEN NUMBER OF 
ADDITIONAL GATES 

TL/F/6022-1 

FIGURE 1. Odd Number of Inverters 
Will Always Oscillate 

The frequency of oscillation will be determined by the total 
propagation delay through the ring and is given by the fol
lowing equation. 

Where: 

1 
f=--

2nTp 

f = frequency of oscillation 

Tp = Propagation delay per gate 

n = number of gates 

This is not a practical oscillator, of course, but it does illus
trate the maximum frequency at which such an oscillator will 
run. All that must be done to make this a useful oscillator is 
to slow it down to the desired frequency. Methods of doing 
this are described later. 

To determine the frequency of oscillation, it is necessary to 
examine the propagation delay of the inverters. CMOS prop
agation delay depends on supply voltage and load capaci
tance. Several curves for propagation delay for National's 
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7 4C line of CMOS gates are reproduced in Figure 2. From 
these, the natural frequency of oscillation of an odd number 
of gates can be determined. 

An example may be instructive. 

gates could be used. This means left over portions of gate 
packages can be often used. The duty cycle will be close to 
50% and will oscillate at a frequency that is given by the 
following expression. 

Assume the supply voltage is 10V. Since only one input is 
driven by each inverter, the load capacitance on each in
verter is at most about 8 pF. Examine the curve in Figure 2c 
that is drawn for Vee = 10V and extrapolate it down to 
8 pF. We see that the curve predicts a propagation delay of 
about 17 ns. We can then calculate the frequency of oscilla
tion for three inverters using the expression mentioned 
above. Thus: 

MM74C04 MM74C04 

Vour 

v, 
TL/F/6022-2 

f = 
1 

= 9.8 MHz 
2 x 3 x 17 x 10-9 FIGURE 3. Three Gate Oscillator 

Lab work indicates this is low and that something closer to 
16 MHz can be expected. This reflects the conservative na
ture of the curves in Figure 2. 

f ~ ----------~ 
2 R1 C (0.40

5 
R

2 + 0.693) 
R1 + R2 

Since this frequency is directly controlled by propagation 
delays, it will vary a great deal with temperature, supply volt
age, and any external loading, as indicated by the graphs in 
A"gure 2. In order to build a usefully stable oscillator it is 
necessary to add passive elements that determine oscilla
tion frequency and minimize the effect of CMOS character
istics. 

Another form if this expression is: 

1 
f ~ ----------

2C (0.405 Req + 0.693 R1) 

Where: 

STABLE RC OSCILLATOR 

Figure 3 illustrates a useful oscillator made with three invert
ers. Actually, any inverting CMOS gate or combination of 
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FIGURE 2. Propagation Delay for 74C Gates 
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The following three special cases may be useful. 

If R1 = R2 = R f ~ 0·
559 

RC 

If R2 > > > R1 

If R2 < < < R1 

f ~ 0.455 
RC 

f ~ 0.722 
RC 

Figure 4 illustrates the approximate output waveform and 
the voltage V 1 at the charging node. 

3/2Vee 

Vee 

v, 
1/2 Vee 

GND 

-1/2 Vee 

Vee 

Vour 

TL/F/6022-6 

FIGURE 4. Waveforms for Oscillator In Figure 3 

Note that the voltage V2 will be clamped by input diodes 
when V1 is greater than Vee or more negative than ground. 
During this portion of the cycle current will flow through R2. 
At all other times the only current through R2 is a very mini
mal leakage term. Note also that as soon as V 1 passes 
through threshold (about 50% of supply) and the input to 
the last inverter begins to change, V1 will also change in a 
direction that reinforces the switching action; i.e., providing 
positive feedback. This further enhances the stability and 
predictability of the network. 

This oscillator is fairly insensitive to power supply variations 
due largely to the threshold tracking close to 50% of the 
supply voltage. Just how stable it is will be determined by 
the frequency of oscillation; the lower the frequency the 
more stability and vice versa. This is because propagation 
delay and the effect of threshold shifts comprise a smaller 
portion of the overall period. Stability will also be enhanced 
if R1 is made large enough to swamp any variations in the 
CMOS output resistance. 

TWO GATE OSCILLATOR WILL NOT NECESSARILY 
OSCILLATE 

A popular oscillator is shown in Figure Sa. The only undesir
able feature of this oscillator is that it may not oscillate. This 
is readily demonstrated by letting the value of C go to zero. 
The network then degenerates into Figure Sb, which obvi
ously will not oscillate. This illustrates that there is some 
value of C1 that will not force the network to oscillate. The 
real difference between this two gate oscillator and the 
three gate oscillator is that the former must be forced to 
oscillate by the capacitor while the three gate network will 
always oscillate willingly and is simply slowed down by the 
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capacitor. The three gate network will always oscillate, re
gardless of the value of C1 but the two gate oscillator will 
not oscillate when C1 is small. 

TL/F/6022-7 

(a) 

MM74C04 MM74C04 

R1 R2 

TL/F/6022-8 

(b) 

FIGURE 5. Less Than Perfect Oscillator 

The only advantage the two gate oscillator has over the 
three gate oscillator is that it uses one less inverter. This 
may or may not be a real concern, depending on the gate 
count in each user's specific application. However, the next 
section offers a real minimum parts count oscillator. 

A SINGLE SCHMITT TRIGGER MAKES AN OSCILLATOR 

Figure 6 illustrates an oscillator made from a single Schmitt 
trigger. Since the MM74C14 is a hex Schmitt trigger, this 
oscillator consumes only one sixth of a package. The re
maining 5 gates can be used either as ordinary inverters like 
the MM74C04 or their Schmitt trigger characteristics can be 
used to advantage in the normal manner. Assuming these 
five inverters can be used elsewhere in the system, Figure 6 
must represent the ultimate in low gate count oscillators. 

R 

TL/F/6022-9 

FIGURE 6. Schmitt Trigger Oscillator 

Voltage V1 is depicted in Figure land changes between the 
two thresholds of the Schmitt trigger. If these thresholds 
were constant percentages of V cc over the supply voltage 
range, the oscillator would be insensitive to variations in 
Vee- However, this is not the case. The thresholds of the 
Schmitt trigger vary enough to make the oscillator exhibit a 
good deal of sensitivity to Vee. 

Applications that do not require extreme stability or that 
have access to well regulated supplies should not be both
ered by this sensitivity to V CC· Variations in threshold can be 
expected to run as high as four or five percent when Vee 
varies from 5V to 15V. 



Vour 

GND 

Vee r---+-~~-t-~~-t-~--1~~-+~~-+-

VrH 

Vn 
GND r---+-~~-t-~~+-~--+~~-+~~-+-

TL/F/6022-10 

FIGURE 7. Waveforms for Schmitt 
Trigger Oscillator In Figure 6 

A CMOS CRYSTAL OSCILLATOR 
Figure 8 illustrates a crystal oscillator that uses only one 
CMOS inverter as the active element. Any odd number of 
inverters may be used, but the total propagation delay 
through the ring limits the highest frequency that can be 
obtained. Obviously, the fewer inverters that are used, the 
higher the maximum possible frequency. 

CONCLUSIONS 
A large number of oscillator applications can be implement
ed with the extremely simple, reliable, inexpensive and ver-

satile CMOS oscillators described in this note. These oscil
lators consume very little power compared to most other 
approaches. Each of the oscillators requires less than one 
full package of CMOS inverters of the MM74C04 variety. 
Frequently such an oscillator can be built using leftover 
gates of the MM74COO, MM74C02, MM74C10 variety. Sta
bility superior to that easily attainable with TTL oscillators is 
readily attained, particularly at lower frequencies. These os
cillators are so versatile, easy to build, and inexpensive that 
they should find their way into many diverse designs. 

VouT 
TL/F/6022-11 

FIGURE 8. Crystal Oscillator 
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Using the CMOS Dual 
Monostable Multivibrator 

INTRODUCTION 

The MM54C221/MM74C221 is a dual CMOS monostable 
multivibrator. Each one-shot has three inputs (A, B and 
CLR) and two outputs (Q and Q). The output pulse width is 
set by an external RC network. 

The A and B inputs trigger an output pulse on a negative or 
positive input transition respectively. The CLR input when 
low resets the one-shot. Once triggered the A and B inputs 
have no further control on the output. 

THEORY OF OPERATION 

Figure 1 shows that in its stable state, the one-shot clamps 
CExT to ground by turning N1 ON and holds the positive 
comparator input at Vee by turning N2 OFF. The prefix N is 
used to denote N-channel transistors. 

The signal, G, gating N2 OFF also gates the comparator 
OFF thereby keeping the internal power dissipation to an 
absolute minimum. The only power dissipation when in the 
stable state is that generated by the current through REXT· 
The bulk of this dissipation is in RExT since the voltage drop 
across N1 is very small for normal ranges of REXT· 

To trigger the one-shot the CLR input must be high. 

The gating, G, on the comparator is designed such that the 
comparator output is high when the one-shot is in its stable 

Vee 

Vee 

N2 lt-----e 

L_ CLR 
3,11 

A 
1,9 

_r B 
2,10 

National Semiconductor 
Application Note 138 
Thomas P. Redfern 

state. With the CLR input high the clear input to FF is dis
abled allowing the flip-flop to respond to the A or B input. A 
negative transition on A or a positive transition on B sets Q 
to a high state. This in turn gates N1 OFF, and N2 and the 
comparator ON. 

Gating N2 ON establishes a reference of 0.63 Vee on the 
comparator's positive input. Since the voltage on CExT can 
not change instantaneously V1 = OV at this time. The com
parator then will maintain its one level on the output. Gating 
N1 OFF allows CExT to start charging through REXT toward 
Vee exponentially. 

Assuming a perfect comparator (zero offset and infinite 
gain) when the voltage on CExr. V1, equals 0.63 Vee the 
comparator output will go from a high state to a low state 
resetting Q to a low state. Figure 2 is a timing diagram sum
marizing this sequence of events. 

This diagram is idealized by assuming zero rise and fall 
times and zero propagation delay but it shows the basic 
operation of the one-shot. Also shown is the effect of taking 
the CLR input low. Whenever CLR goes low FF is reset 
independent of all other inputs. Figure 2 also shows that 
once triggered, the output is independent of any transitions 
on B (or A) until the cycle is complete. 

CLEAR 

Q' 

FF 

TL/F/6023-1 

FIGURE 1. Monostable Multivibrator Logic Diagram 
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FIGURE 2. One-Shot Timing Diagram 

The output pulse width is determined by the following equa
tion: 

V1 =Vee (1 - e-T/RExTeEXT) = 0.63 Vee (1) 

Solving for t gives: 

T = RExT CExT In (1 /0.37) = RExT CExT (2) 

A word of caution should be given in regards to the ground 
connection of the external capacitor (CExr). It should al
ways be connected as shown in Figure 1 to pin 14 or 6 and 
never to pin 8. This is important because of the parasitic 
resistor R*. Because of the large discharge current through 
R*, if the capacitor is connected to pin 8, a four layer diode 
action can result causing the circuit to latch and possible 
damage itself. 

ACCURACY 

There are many factors which influence the accuracy of the 
one-shot. The most important are: 

a. Comparator input offset 

b. Comparator gain 

c. Comparator time delay 

d. Voltage divider R1, R2 

e. Delays in logic elements 

f. ON impedance of N1 and N2 

g. Leakage of N 1 

h. Leakage of CExT 

i. Magnitude of RExT and CExT 

The characteristics of CExT and RExT are, of course, not 
determined by the characteristics of the one-shot. In order 
to establish the accuracy of the one-shot, devices were test
ed using an external resistance of 1 O kn and various capac
itors. A resistance of 10 kn was chosen because the leak
age and ON impedance of transistor N1 have a minimal 
effect on accuracy with this value of resistance. 

Two values of CExT were chosen, 1000 pF and 0.1 µF. 
These values give pulse widths of 1 O µs and 1000 µs with 
RExT = 10 kn. 

Figures 3 and 4 show the resulting distributions of pulse 
widths at 25°C for various power supply voltages. Because 
propagation delays, at the same power supply voltage, are 
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the same independent of pulse width, the shorter the pulse 
width the more the accuracy is affected by propagation de
lay. Figures 3 and 4 clearly show this effect. As pointed out 
in Application Note AN-90, 54C/7 4C Family Characteristics, 
propagation delay is a function of Vee. Figure 3, (Pulse 
Width = 1 O µs) shows much greater variation with Vee 
than Figure 4 (Pulse Width = 1000 µs). This same informa
tion is shown in Figures 5 and 6 in a different format. In 
these figures the percent deviation from the average pulse 
width at 10V Vee is shown vs Vee. In addition to the aver
age value the 10% and 90% points are shown. These per
centage points refer to the statistical distribution of pulse 
width error. As an example, at Vee = 10V for 10 µs pulse 
width, 90% of the devices have errors of less than + 1.7% 
and 10% have errors less than - 2.1 %. In other words, 
80% have errors between + 1.7% and -2.1 %. 
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FIGURE 3. Typical Pulse Width 
Distribution for 10 µs Pulse 
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FIGURE 5. Typlcal Percentage Deviation from 
Vee= 10V Value vs Vee (PW= 10 µs) 
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FIGURE 6. Typical Percentage Deviation from 
Vee = 1ov Value vs Vee (PW = 1000 µs) 

The minimum error can be obtained by operating at the 
maximum V co A price must be paid for this and this price is, 
of course, increased power dissipation. 
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FIGURE 7. Typical Minimum Pulse Width and Power 
Dissipation vs Vee 

Figure 7 shows typical power dissipation vs Vee operating 
both sides of the one-shot at 50% duty cycle. Also shown in 
the same figure is typical minimum pulse width vs V CC· The 
minimum pulse width is a strong function of internal propa
gation delays. It is obvious from these two curves that in 
creasing V cc beyond 1 OV will not appreciably improve inac-
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curacy due to propagation delay but will greatly increase 
power dissipation. 

Accuracy is also a function of temperature. To determine 
the magnitude of its effects the one-shot was tested at tem
perature with the external resistance and capacitance main
tained at 25°C. The resulting variation is shown in Figures 8 
and 9. 
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FIGURE 8. Typlcal Pulse Width Error 
vs Temperature (PW = 10 µs) 
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FIGURE 9. Typical Pulse Width Error 
vs Temperature (PW = 1000 µs) 

Up to this point the external timing resistor, REXT· has been 
held fixed at 10 kfl. In actual applications other values may 
be necessary to achieve the desired pulse width. The ques
tion then arises as to what effect this will have on accuracy. 

Vee 

_,,NI Cexr 

"--------11~-- ov 
TL/F/6023-10 

FIGURE 10 

As RExT becomes larger and larger the leakage current on 
transistor N1 becomes an ever increasing problem. The 
equivalent circuit for this leakage is shown in Figure 10. 



v(t) is given by: 

v(t) = (Vee - IL RExT) (1 - e-tLIRExT eEXT) 

As before, when v(t) = 0.63 Vee. the output will reset. Solv
ing for tL gives: 

t - R c i' n ( Vee - IL REXT ) 
L - EXT EXT 0.37 Vee - IL REXT (3) 

Using T as defined in Equation 2 the pulse width error is: 

tL -T 
PW Error = -T- x 100% 

Substituting Equations 2 and 3 gives: 

( 
Vee-IL RExT ) 

RExT CExT i' n 0 37 v - I R -RExT CExT i' n(1 /0.37) 
PW Error = . cc L EXT 

REXT CExT i' n (1 /0.37) 

PW Error is plotted in Figure 11 for Vee = 5, 10 and 15V. 
As expected, decreasing Vee causes PW Error to increase 
with fixed IL. Note that the leakage current, although here 
assumed to flow through N1, is general and could also be 
interpreted as leakage through CEXT· See MM54C221 I 
MM74C221 data sheet for leakage limits. 
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FIGURE 11. Percentage Pulse 
Width Error Due to Leakage 
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To demonstrate the usefulness of Figure 11 an example 
will be most helpful. Let us assume that N1 has a leakage of 
250 x 10-9A, CExT has leakage of 150 x 10-9A, output 
pulse width = 0.1 sec and Vee = 5V. What RExT CExT 
should be used to guarantee an error due to leakage of less 
than 5%. 

From Figure 11 we see that to meet these conditions RExT 
IL< 0.14V. 

Then: 

REXT < 0.14/(250 + 150) X 10-9 

< 350 kn 

Choosing standard component values of 250 kn and 
0.004 µF would satisfy the above conditions. 

We have just defined the limitation on the maximum size of 
REXT· There is a corresponding limit on the minimum size 
that RExT can assume. This is brought about because of the 
finite ON impedance of N1. As RExT is made smaller and 
smaller the amount of voltage across N1 becomes signifi
cant. The voltage across N1 is: 

VNI = Vee roN/(RExT + roN) 

The output pulse width is defined by: 

v(to) = (Vee - VN1) (1 - -to1REXT eEXT) 

+ VN1 = 0.63 Vee 

Solving for to gives: 

(
Vee - VN1) 

to = REXT CExT i' n 
0.37 Vee 

Pulse Width Error is then: 

to -T 
PW Error = --T- x 100% 

Substituting Equations 2 and 4 gives: 

(
Vee - VN1) REXT CEXT i' n ~ - RExT CExT i' n (1 /0.37) 

RExT CExT i' n (1 /0.37) 

(4) 

This function is plotted in Figure 12 for roN of 50n, 25n, 
and 16.7n. These are the typical values of roN for a Vee of 
5V, 10V and 15V respectively. 

As an example, assume that the pulse width error due to 
roN must be less than 0.5% operating at Vee = 5V. The 
typical value of roN for Vee = 5V is 50n. Referring to the 
50n curve in Figure 12, RExT must be greater than 1 O kn to 
maintain this accuracy. At Vee = 10V, RExT must be great
er than 5 kn as can be seen from the 25n curve in Figure 
12. 

Although clearly shown in the MM54C221/MM74C221 data 
sheet, it is worthwhile, for the sake of clarity, to point out 
that the parasitic capacitance between pins 7(15) and 6(14) 
is typically 15 pF. This capacitor is in parallel with CExT and 
must be taken into account when accuracy is critical. 

lk !Ok 100k 1M 

RExT (0) 

TL/F/6023-12 

FIGURE 12. Percentage Pulse Width Error 
Due to Finite roN of Transistor N1 vs RExT 
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CMOS Schmitt Trigger-A 
Uniquely Versatile Design 
Component 

INTRODUCTION 

The Schmitt trigger has found many applications in numer
ous circuits, both analog and digital. The versatility of a TTL 
Schmitt is hampered by its narrow supply range, limited in
terface capability, low input impedance and unbalanced out
put characteristics. The Schmitt trigger could be built from 
discrete devices to satisfy a particular parameter, but this is 
a careful and sometimes time-consuming design. 

The CMOS Schmitt trigger, which comes six to a package, 
uses CMOS characteristics to optimize design and advance 
into areas where TTL could not go. These areas include: 
interfacing with op amps and transmission lines, which oper
ate from large split supplies, logic level conversion, linear 
operation, and special designs relying on a CMOS charac
teristic. The CMOS Schmitt trigger has the following advan
tages: 
• High impedance input(1012n typical) 
• Balanced input and output characteristics 

. . 1 
•Thresholds are typically symmetrical to 2 Vee 

• Outputs source and sink equal currents 
• Outputs drive to supply rails 

• Positive and negative-going thresholds show low varia-
tion with respect to temperature 

• Wide supply range (3V-15V), split supplies possible 
• Low power consumption, even during transitions 
• High noise immunity, 0.70 Vee typical 

Applications demonstrating how each of these characteris
tics can become a design advantage will be given later in 
the application note. 

ANALYZING THE CMOS SCHMITT 

The input of the Schmitt trigger goes through a standard 
input protection and is tied to the gates of four stacked de-

National Semiconductor 
Application Note 140 
Gerald Buurma 

vices. The upper two are P-channel and the lower two are 
N-channel. Transistors P3 and N3 are operating in the 
source follower mode and introduce hysteresis by feeding 
back the output voltage, out', to two different points in the 
stack. 

When the input is at OV, transistors P1 and P2 are ON, and 
N1, N2 and P3 are OFF. Since out' is high, N3 is ON and 
acting as a source follower, the drain of N1, which is the 
source of N2, is at Vee - Vrn. If the input voltage is 
ramped up to one threshold above ground transistor N 1 be
gins to turn ON, N1 and N3 both being ON form a voltage 
divider network biasing the source of N2 at roughly half the 
supply. When the input is a threshold above % Vee. N2 
begins to turn ON and regenerative switching is about to 
take over. Any more voltage on the input causes out' to 
drop. When out' drops, the source of N3 follows its gate, 
which is out', the influence of N3 in the voltage divider with 
N1 rapidly diminishes, bringing out' down further yet. Mean
while P3 has started to turn ON~ its gate being brought low 
by the rapidly dropping out'. P3 turning ON brings the 
source of P2 low and turns P2 OFF. With P2 OFF, out' 
crashes down. The snapping action is due to greater than 
unity loop gain through the stack caused by positive feed
back through the source follower transistors. When the in
put is brought low again an identical process occurs in the 
upper portion of the stack and the snapping action takes 
place when the lower threshold its reached. 

Out' is fed into the inverter formed by P4 and N4; another 
inverter built with very small devices, P5 and N5, forms a 
latch which stabilizes out'. The output is an inverting buffer 
capable of sinking 360 µA or two LPTTL loads. 

The typical transfer characteristics are shown in Figure 2; 
the guaranteed trip point range is shown in Figure 3. 



WHAT HYSTERESIS CAN DO FOR YOU 

Hysteresis is the difference in response due to the direction 
of input change. A noisy signal that traverses the threshold 
of a comparator can cause multiple transitions at the output, 
if the response time of the comparator is less than the time 
between spurious effects. A Schmitt trigger has two thresh
olds: any spurious effects must be greater than the thresh
old difference to cause multiple transitions. With a CMOS 
Schmitt at Vee = 1 av there is typically 3.6V of threshold 
difference, enough hysteresis to overcome almost any spu
rious signal on the input. 

A comparator is often used to recover information sent 
down an unbalanced transmission line. The threshold of the 
comparator is placed at one half the signal amplitude (See 
Figure 4b ). This is done to prevent slicing level distortion. If 

20 

2: 
Vee = 15V 

15 .... 
VT- V1+ t:I 

< :; 
0 10 :> 
I-

~ 
I-
::I 
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10 15 20 

INPUT VOLTAGE (VI 

TL/F/6024-2 

FIGURE 2. Typical CMOS Transfer Characteristics for 
Three Different Supply Voltages 

TIME (µsl 

a 4 µs wide signal is sent down a transmission line a 4 µs 
wide signal should be received or signal distortion occurs. If 
the comparator has a threshold above half the signal ampli
tude, then positive pulses sent are shorter and negative 
pulses are lengthened (See Figure 4c ). This is called slicing 
level distortion. The Schmitt trigger does have a positive 
offset, Vr +, but it also has a negative offset Vr-. In CMOS 
these offsets are approximately symmetrical to half the sig
nal level so a 4 µs wide pulse sent is also recovered (see 
Figure 4d). The recovered pulse is delayed in time but the 
length is not changed, so noise immunity is achieved and 
signal distortion is not introduced because of threshold off
sets. 

10 

15 
MM54C14 -55°C TO +125' C 
MM74C14 -40"C TO +85°C 12.9 
*MINIMUM HYSTERESIS 
SPREAD (= 0.2 Vecl 

2: 10 
.... 9.0 
t:I 
< :; 
0 6.0 :> 
I- 5 
~ 4.3 
:!:: 3.0 

2.0 2.1 

0.7 
0 

ID 15 

Vee (VI 

TL/F/6024-3 

FIGURE 3. Guaranteed Trip Point Range 

a) Received signal from transmission 
line with thresholds at different 
amplitudes. 

bl Recovered signal from comparator 
with threshold V1H has multiple 
transitions. 

cl Recovered signal from comparator 
with positive offset on threshold, V1+, 
positive pulse shorten, negative pulse 
lengthen. 

di Recovered signal with CMOS Schmitt 
trigger, Vr+ and Vr . Restores true 
waveform. 

Recovered signal from Schmitt is same 
width as comparator with threshold at 
VrH, and is only delayed in time. 

TL/F/6024-4 

FIGURE 4. CMOS Schmitt Trigger Ignores Noise 
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a) Capacitor impedance at lowest operating frequency should be much less than R II R = Y:zR. 

Vee 

+ 
TL/F/6024-6 

b) By using split supply ( ± 1.5V to ± 7.5V) direct interface is achieved. 

FIGURE 5. Sine to Square Wave Converter with Symmetrical Level Detection 

J\j\J\ 

NVVv 
IUlJ 

c 1/6 MM74C14 

o-i ..____.... 

C2 

+ 

R2 

Where R1 C1 "' 1 /IMAX and R2C2 "' response time of voltmeter 
Your~ IR2c1a where av = Vee 

TL/F/6024-7 

FIGURE 6. Diode Dump Tach Accepts any Input Waveform 

APPLICATIONS OF THE CMOS SCHMITT 

Most of the following applications use a CMOS Schmitt 
characteristic to either simplify design or increase perform
ance. Some of the applications could not be done at all with 
another logic family. 

The circuit in Figure 5a is the familiar sine to square wave 
converter. Because of input symmetry the Schmitt trigger is 
easily biased to achieve a 50% duty cycle. The high input 
impedance simplifies the selection of the biasing resistors 
and coupling capacitor. Since CMOS has a wide supply 
range the Schmitt trigger could be powered from split sup
plies (see Figure 5b). This biases the mean threshold value 
around zero and makes direct coupling from an op amp 
output possible. 

In Figure 4, we see a frequency to voltage converter that 
accepts many waveforms with no change in output voltage. 
Although the energy in the waveforms are quite different, it 
is only the frequency that determines the output voltage. 
Since the output of the CMOS Schmitt pulls completely to 
the supply rails, a constant voltage swing across capacitor 
C1 causes a current to flow through the capacitor, depen
dent only on frequency. On positive output swings, the cur
rent is dumped to ground through 01. On negative output 
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swings, current is pulled from the inverting op amp node 
through 02 and transformed into an average voltage by R2 
and C2. 

Since the CMOS Schmitt pulls completely to the supply rails 
the voltage change across the capacitor is just the supply 
voltage. 

Schmitt triggers are often used to generate fast transitions 
when a slowly varying function exceeds a predetermined 
level. In Figure 7, we see a typical circuit, a light activated 
switch. The high impedance input of the CMOS Schmitt trig
ger makes biasing very easy. Most photo cells are several 
k!l brightly illuminated and a couple Mn dark. Since CMOS 
has a 1012 typical input impedance, no effects are felt on 
the input when the output changes. The selection of the 
biasing resistor is just the solution of a voltage divider equa
tion. 

A CMOS application note wouldn't be complete without a 
low power application. Figure 8 shows a simple RC oscilla
tor. With only six R's and C's and one Hex CMOS trigger, six 
low power oscillators can be built. The square wave output 
is approximately 50% duty cycle because of the balanced 
input and output characteristics of CMOS. The output fre
quency equation assumes that t1 = t2 ~ tpdO + tpd1. 



Vee 

Vee 

Vee 

"AND" CONFIGURATION 

TL/F/6024-8 

FIGURE 7. Light activated switch couldn't be simpler. The input voltage rises as light intensity increases, when Vy+ 
Is reached, the output will go low and remain low until the intensity is reduced significantly. 

Vee 

1/UWl74C14 

10 = -RC-t' n-[-(V-ee---Vr--)-(-Vr-+ )-] 
Vee - Vr+ Vr-

TL/F/6024-9 

r /- / -· ::; 7?'0{; .. ~7.~'M• 

IR n n OUTPUT 
~ TZ- WAVEFORMS 

TL/F/6024-10 

FIGURE 8. Simplest RC Oscillator? Six R's and C's make the CMOS Schmitt into six low power oscillators. Balanced 
input and output characteristics give the output frequency a typically 50% Duty Cycle. 

1/3MM74C14 A::=; 1/4MM74C86 

D---oERRDR 

a ~ AB + AB = Error 

TL/F/6024-11 

1 /3 MM74C14 Schmitt Trigger 
1/6 MM74C04 Inverter 
3/4 MM74COO 2-lnput NANO 
1/3 MM74C10 3-lnput NANO 

Error is detected when transmission line is unbalanced in either direction. 

a) Differential Error Detector 

TL/F/6024-12 

Transmitted data appears at F as long as transmission line is balanced, 
unbalanced data is ignored and error is detected by above circuit. 

b) Differential Line Receiver 

Truth Table 

A B F 

0 0 NC 
0 1 0 
1 0 1 
1 1 NC 

NC = No Change 

FIGURE 9. Increase noise immunity by using the CMOS Schmitt trigger to demodulate a balanced transmission line. 
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::!'. We earlier saw how the CMOS Schmitt increased noise im- breakdown. The input voltage can go positive until reverse 
biased D2 breaks down through forward bias D3, which is 
35V above ground. The input voltage can go negative until 
reverse biased D1 breaks down through forward bias 02, 
which is 35V below Vee- Adequate input protection against 
static charge is still maintained. 

Z munity on an unbalanced transmission line. Figure 9 shows 
ct an application for a balanced or differential transmission 

line. The circuit in Figure 7a is CMOS EXCLUSIVE OR, the 
MM74C86, which could also be built from inverters, and 
NAND gates. If unbalanced information is generated on the 
line by signal crosstalk or external noise sources, it is recog
nized as an error. 

The circuit in Figure 9b is a differential line receiver that 
recovers balanced transmitted data but ignores unbalanced 
signals by latching up. If both circuits of Figure 9 were used 
together, the error detector could signal the transmitter to 
stop transmission and the line receiver would remember the 
last valid information bit when unbalanced signals persisted 
on the line. When balanced signals are restored, the receiv
er can pick up where it left off. 

The standard voltage range for CMOS inputs is Vee+ 0.3V 
and ground - 0.3V. This is because the input protection 
network is diode clamped to the supply rails. Any input ex
ceeding the supply rails either sources or sinks a large 
amount of current through these diodes. Many times an in
put voltage range exceeding this is desirable; for example, 
transmission lines often operate from ± 12V and op amps 
from ± 15V. A solution to this problem is found in the 
MM74C914. This new device has an uncommon input pro
tection that allows the input signal to go to 25V above 
ground, and 25V below Vee- This means that the Schmitt 
trigger in the sine to square wave converter, in Figure 5b, 
could be powered by ± 1.5V supplies and still be directly 
compatible with an op amp powered by ± 15V supplies. 

A standard input protection circuit and the new input protec
tion are shown in Figure 10. The diodes shown have a 35V 

Vee 

NORMAL 
CMOS o--1\1\.1\,.__.~----- CMOS 
INPUT INPUT 

PROTECTION 

TL/F/6024-13 

a) 

CMOS can be linear over a wide voltage range if proper 
consideration is paid to the biasing of the inputs. Figure 11 
shows a simple VCO made with a CMOS inverter, acting as 
an integrator, and a CMOS Schmitt, acting as a comparator 
with hysteresis. The inverter integrates the positive differ
ence between its threshold and the input voltage VIN· The 
inverter output ramps up until the positive threshold of the 
Schmitt trigger is reached. At that time, the Schmitt trigger 
output goes low, turning on the transistor through Rs and 
speeding up capacitor Cs. Hysteresis keeps the output low 
until the integrating capacitor C is discharged through Ro. 
Resistor Ro should be kept much smaller than RC to keep 
reset time negligible. The output frequency is given by 

to= VrH - V1N 

(Vr+ - Vr-)Ree. 
The frequency dependence with control voltage is given by 
the derivative with respect to Vin. So, 

d to = -1 
d V1N (VT+ - Vr-) RC, 

where the minus sign indicates that the output frequency 
increases as the input is brought further below the inverter 
threshold. The maximum output frequency occurs when V1N 
is at ground and the frequency will decrease as V1N is raised 
up and will finally stop oscillating at the inverter threshold, 
approximately 0.55 Vee-

Vee 

TL/F /6024-14 

b) 

FIGURE 10. Input protection diodes, in a) Normally limit the input voltage swing to 0.3V above Vee and 0.3V below 
ground. In b) 02 or 01 Is reverse biased allowing Input swings of 25V above ground or 25V below Vee· 

fo = VTH - V1N 
(VT+ - Vr) Ree 

~= -1 
d v,N (VT+ - Vr) Ree 

1/6 MM74C04 

Ro 

TL/F/6024-15 

FIGURE 11. Linear CMOS (Voltage Controller Oscillator) 
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The pulses from the VCO output are quite narrow because 
the reset time is much smaller than the integration time. 
Pulse stretching comes quite naturally to a Schmitt trigger. A 
one-shot or pulse stretcher made with an inverter and 
Schmitt trigger is shown in Figure 12. A positive pulse com
ing into the inverter causes its output to go low, discharging 
the capacitor through the diode 01. The capacitor is rapidly 
discharged, so the Schmitt input is brought low and the out
put goes positive. Check the size of the capacitor to make 
sure that inverter can fully discharge the capacitor in the 
input pulse time, or 

CAV AV 
ls1NK INVERTER > AT + R 

where AV = Vee for CMOS, and AT is the input pulse 
width. 

For very narrow pulses, under 100 ns, the capacitor can be 
omitted and a large resistor will charge up the CMOS gate 
capacitance just like a capacitor. 

When the inverter input returns to zero, the blocking diode 
prevents the inverter from charging the capacitor and the 
resistor must charge it from its supply. When the input volt
age of the Schmitt reaches Vr +, the Schmitt output will go 
low sometime after the input pulse has gone low. 

Vee 

THE SCHMITT SOLUTION 

The Schmitt trigger, built from discrete parts, is a careful and 
sometimes time-consuming design. When introduced in in
tegrated TTL, a few years ago, many circuit designers had 
renewed interest because it was a building block part. The 
input characteristics of TTL often make biasing of the trigger 
input difficult. The outputs don't source as much as they 
sink, so multivibrators don't have 50% duty cycle, and a 
limited supply range hampers interfacing with non-5V parts. 

The CMOS Schmitt has a very high input impedance with 
thresholds approximately symmetrical to one half the sup
ply. A high voltage input is available. The outputs sink and 
source equal currents and pull directly to the supply rails. 

A wide threshold range, wide supply range, high noise im
munity, low power consumption, and low board space make 
the CMOS Schmitt a uniquely versatile part. 

Use the Schmitt trigger for signal conditioning, restoration of 
levels, discriminating noisy signals, level detecting with hys
teresis, level conversion between logic families, and many 
other useful functions. 

The CMOS Schmitt is one step closer to making design 
limited only by the imagination of the designer. 

TL/F/6024-16 

T = RC f n (Vee - VsE) BE SURE THAT ls1NK INVERTER> c Vee + Vee 
Vee - VT+ t R 

FIGURE 12. Pulse Stretcher. A CMOS inverter discharges a capacitor, a blocking diode allows charging through R 
only. Schmitt trigger output goes low after the RC delay. 
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Desiging with MM74C908, 
MM74C918 Dual High 
Voltage CMOS Drivers 

INTRODUCTION 

By combining the merits of both CMOS and bipolar technol
ogies on a single silicon chip, the MM74C908, MM74C918 
provides the following distinguished features as general pur
pose high voltage drivers. 
• Wide supply voltage range (3V to 1 BV) 
• High noise immunity (typ 0.45 Vee) 
• High input impedance (typ 1012,n) 

• Extremely low standby power consumption (typ 750 nW 
at 15V) 

• Low output "ON" resistance (typ Sn) 
• High output drive capability (louT ~ 250 mA at 

VouT = Vee -3V, and TJ = 65°C) 
• High output "OFF" voltage 

Among these, the first 4 are typical and unique characteris
tics of CMOS technology which are fully utilized in this cir
cuit to achieve all the design advantages in a typical CMOS 
system. 

The high output currents and low "ON" resistance are 
achieved through the use of an NPN Darlington pair at the 
output stage. 

The MM74C908 is housed in an 8-lead epoxy dual-in-line 
package, which can dissipate at least 1.14W. The higher 
power version, MM? 4C918, comes in a 14-lead epoxy dual
in-line package, with power capability up to a minimum of 
2.27W. 

The circuitry for each of the 2 identical sections is shown in 
Figure 1. 

With both inputs sitting at logical "1" level, the output of the 
inverter is also at logical "1 ", which prevents the P-channel 
transistor from being turned "ON"; therefore, the output is in 
its "OFF" state. Only a small amount of leakage current can 
flow. 

3: 
i 3000 

National Semiconductor 
Application Note 177 
Jen-yen Huang 

INPUT 1 

INPUT 2 ...,.--..__.,,,, 

Vee 

FIGURE 1 

VouT 
TL/F/6025-1 

On the other hand, when one or both of the inputs is at 
logical "O" level, the output of the inverter is also at logical 
"O", which turns on the P-channel transistor and, hence, the 
Darlington pair. 

POWER CONSIDERATION 

To assure junction temperature of 150°C or less, the on-chip 
power consumption must be limited to within the power han
dling capability of the packages. In Figure 2, the maximum 
power dissipation on-chip is shown as a function of ambient 
temperature for both MM74C908 and MM74C918. These 
curves are generated from (1) at TJ = TJ(MAX) = 150°C. 

TJ =TA+ Po8jA (1) 

where T J = junction temperature 

111 

TA = ambient temperature 
Po = power dissipation 
BjA = thermal resistance between junction 

and ambient 

T II 
t-M1~J,;n 

0 

~ 2600 

i:i 2200 
Ci 
cc 
~ 
~ 
~ 
== x 
< 

1800 

1400 

1000 

== 600 
I 
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~ ~(OJA• 55°eiW) 

~ 
["I. 
~ 

~ ,....,._ ~ 
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TL/F/6025-2 

FIGURE 2. Maximum Power Dissipation vs Ambient Temperature 
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A general application circuit for the MM? 4C908, MM? 4C918 
is as shown in Figure 3. 

VourA 

Vee 

r----
1 
I 
I MM74C908 
I MM74e918 

L 

--, 
I 
I 
I 
I 

Vours 

TL/F/6025-3 

FIGURE3 

For both sections A and B; 

I - Vee - VL 
OUT - AoN +AL 

(2) 

The device "ON" resistance, AoN. is a function of junction 
temperature, T J· The worst-case AoN as a function of T J is 
given in (3). 

AoN = 9[1 + 0.008 (TJ - 25)] (3) 

The total power dissipation in the device also consists of 
normal CMOS power terms (due to leakage current, internal 
capacitance, switching etc.) which are insignificant com
pared to the power dissipated at the output stages. Thus, 
the output power term defines the allowable limits of opera
tion and is given by: 

PD= PoA + Pos (4) 

= 12ouTA x AoN + 12ouTB x AoN 

Given ALA and ALB• (1), (2), (3), (4) can be used to calculate 
Po, T J, etc. through iteration. 

For example, let VL = OV, Vee = 10V, ALA = 1000, 
ALB = 500, TA = 25°C, OJA = 110°C/W. 

Assume: 

AoN = 12.280 

By (2): 

I -
10 

- 0 0 A OUTA - 12.28 + 100 - . 89 

10 
lours= 

12
.
28 

+ 
50 

= 0.161A 

By (4): 

Po= (0.089)2•12.28 + (0.161)2 • 12.28 = 0.41W 

By (1): 

TJ = 10.5°C 

And by (3): 

AoN = 12.280 
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DESIGN TECHNIQUE 

In a typical design, AL must be chosen to satisy the load 
requirement (e.g., a minimum current to turn on a relay) and 
at the same time, the power consumed in the driver pack
age must be kept below its maximum power handling capa
bility. 

To minimize the design effort, a graphical technique is de
veloped, which combines all the parameters in one plot, 
which can be used efficiently to obtain an optimal design. 

Assume TA = 25°C and that both sections of the 
MM74C908 in Figure 3 are operating under identical condi
tions. The maximum allowable package dissipation is: 

Po= 2(Vee - Vour> x lour 
1 

= 110(150 -TA)= 1.14W 

(6) 

where T J = 150°C, OJA = 110°C/W are used in (1) per the 
data sheet. 

Thus, the maximum power allowed in each section is: 

Po= (Vee - Vour) x lour= 0.57W 

A constant power curve Po = 0.57W can then be plotted as 
shown in Figure 4. The circuit must operate below this 
curve. Any voltage-current combination beyond it (in the 
shaded region) will not guarantee T J to be lower than 
15o•c. 

For any given AL, a load line (7) can be superimposed on 
Figure 4. 

lour= ~L (Vee -vL)- ~L (Vee -Vour) (7) 

The slope of this load line is -1 /AL and it intersects with 
the vertical and horizontal axes at 1 /AL (Vee - Vu and 
Vee - VL respectively. 

Given Vee and VL, a minimum AL can be obtained by draw
ing the load line tangent to the constant power curve. In 
Figure 4, at Vee - VL = 5V the line intersects lour axis at 
lour= 450 mA. Thus, RL(MIN) = 5V/450 mA = 11.10. 
Any AL value below this will move the intersecting point up 
and cause a section of the load line to extend into the shad
ed region. Therefore, the junction temperature can exceed 
T J(MAX) = 150°C in the worst case if the circuit operates on 
such a section of the load line. 

Whether this situation will occur or not is determined by 
both the value of Vee - VL and the AoN range of the driv
ers. 
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FIGURE4 

By (3), at T J = 150°C, RoN(MAX) = 18n, this is a straight 
line* passing through the origin with a slope of louT/(Vee -
VouT) = 1/18 mho and intersects the load line at point A. 
Similarly, point B and C can be found for typical (- 1 on) 
and minimum ( - 5n) RoN at T J = 150°C. 

For Vee - VL = 5V, the tangent point falls between A and 
C. Hence, RL ~ 11.1 n calculated above must be satisfied; 
otherwise, part of the load line within the specified RoN 
range will extend into the shaded region and therefore, T J ~ 
150°C may occur. 

For Vee - VL = 10V, however, a section of the load line 
can go beyond the Po = 0.57W curve without affecting the 
safe operation of the circuit. By inspection of Figure 4, the 
reason is clear-the load line extends into the shaded re
gion only outside of the specified RoN range (to the right of 
point A'). Within the RoN range, the load line lies below the 
Po = 0.57W curve, thus, a safe operation. 

2-38 

To a first approximation••, the section of the load line be
tween A and C is the operating range for the circuit at 
Vee - VL = 5V and RL = 11.1 n. Hence, the available 
current and voltage ranges for this circuit are 310 mA ~ 
louT ~ 172 mA and 3.4V ~ VouT ~ 1.9V, respectively. 

Thus, by simply drawing no more than 3 straight lines, one 
obtains all of the following immediately: 

1. All the necessary design information (e.g., minimum AL, 
minimum available louT and VouT. etc.) 

2. Operating characteristics of the circuit as a whole, includ
ing the effect of different RoN values due to process vari
ations, thus, a better insight into the circuit operation. 

3. Most importantly, a guarantee that the circuit will be oper-
ating in the safe region, (TJ ~ 150°C). 

For different ambient temperatures or for different power 
considerations, Figure 4 can be applied by properly scaling 
the louT axis. (Note that louT cc T J - TA and louT cc Po). 
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FIGURE 5. Typical lour vs Typical VouT 

•strictly speaking RoN is a non-linear function of louT· A typical RoN char
acteristic at T J = 150°e is shown in A'gure 5. The non-linear characteris
tic near the origin is due to the fact that the output NPN transistor is not 
saturated. As soon as saturation is reached (lour - 150 mA) the curve 
becomes a straight line which extrapolates back to the origin. For practi
cal design purposes, it is sufficient to consider RoN as a linear function of 
lour. 

••Note that as the operating point on the load line moves away from the 
Po = 0.57W curve (away from the tangent point in this case), the actual 
junction temperature drops. Therefore, at point A, for example, the device 
is actually running cooler than T J = 1 so•e, even in the worst case. 
Hence, RoN value drops below 180 and the actual operating point is 
slightly different from A. 

To further simplify the design, a family of such curves has 
been generated as shown in Figure 6. Each of these curves 
corresponds to a particular TA and Po (per driver) as indicat
ed, and similar to the Po = 0.57W curve in Figure 4, is 
generated from (6) by using appropriate TA values. The ap
plication of these curves is illustrated as follows: 

Example 1 

1. In A'gure 3, assume that the two drivers in the 
MM74C908 package are to operate under identical condi
tions. Find minimum RL at TA = 25°C, 45°C, 65°C and 
85°C for both Vee - VL = sv and Vee - VL = 10v. 
Then plot RL(MIN) vs TA· 

TABLE I 

TA 2s0 c 
lour @ 01, 2, 3, 4 (mA) 450 

5 
11.1 RL(MIN) = I @ 01 2 3 4 (!1) 

OUT I •• 

TABLE II 

TA 2s0 c 
lour @ 01, 2, 3, 4 (mA) 261 

_ 10 n 
RL(MIN) - lour @ 01. 2, 3, 4 ( ) 38.3 
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a) Vee - VL = 5V 

By constructing the load lines tangent to the curves for 
TA = 25°C, 45°C, 65°C and 85°C, RL(MIN) for each 
case can be obtained through the vertical coordinate 
for the intersection points as shown in Figure 6. These 
are calculated in Table I. 

Note that the same results (within graphical error) can 
be obtained analytically by letting dRL/dRoN = 0. It 
can be shown that 

(Vee - VL)2 
RL(MIN) = 4X (Max Power Per Driver) (8) 

b)Vee - VL = 10V 

The RL(MIN) given in (8) may not be a true minimum if 
the tangent point does not fall inside the specified RoN 
region. The actual RL(MIN) can be obtained as shown 
in Figure 7. The calculations and results are given in 
Table II. 

Note that the RL(MIN) values in Table II are lower than 
those given by (8). This corresponds to the section on 
each of the 4 load lines in Figure 7 which extends be
yond the power limit curve at each associated temper
ature. However, this section on each load line is out
side the specified RoN range. Within the RoN range, 
load lines are below the power limits; therefore, safe 
operation is guaranteed. 

The RL(MIN) vs TA plot is as shown in Figure 8. 

All the curves generated so far are restricted to Po ~ 
0.57W due to our simplifying assumption that both driv
ers are operating identically. In Figure 9 a few more 
curves are added to account for the general situation 
in which only the restriction PoA + Pos ~ 1.14W is 
required, (i.e., PoA can be different from Pos). Applica
tion of Figure 9 is illustrated as follows: 

45°c 65°C 85°C 
375 310 240 

13.3 16.1 20.8 

45°C 65°C 85°C 
230 197 166 

43.5 50.8 60.2 
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Example 2 

In Figure 3, assume that driver A has to deliver 200 mA to its 
load while driver B needs only 100 mA. Design RLA and RLs 
for Vee - VL = 5V. 

By inspection of Figure 4, units with high RoN values will not 
be able to deliver 200 mA. However, since section B does 
not need the same amount of drive, we can reduce the pow
er consumed in this section to compensate for the higher 
power (> 0.57W) required in section A. 

The design procedure follows: 

Section A 

1. Draw a load line intersecting RoN = 180. line at lour = 
200 mA. 

2. This load line intersects the lour axis at lour = 71 O mA 
and is tangent to PoA ~ 0.9W curve, thus RLA ~ 5V I 
71 O mA = 7.1 n will guarantee both PoA ~ 0.9W and 
lourA::::: 200 mA. 

Section B 

1. Draw a load line intersecting RoN = 180. line at lour = 
100 mA. 

2. Similar to (2) above, it is seen immediately that RLs ~ 
5V/150 mA = 33.30. will guarantee louTB ::::: 100 mA 
and Pos ~ 0.18W. 

Since PoA + Pos ~ 0.9 + 0.18 < 1.14W 

RLA = 7.1.!l 

RLs = 33.30. 

satisfy all the requirements in this problem. 

The design in Example 2 illustrated the simple and 
straight-forward use of the curves and the result meets all 
the problem requirements. However, it should be noted 
that there is not much design margin left for tolerance in 
resistances and other circuit parameters. The reason is 
obvious-we are pushing at the power limit of the 
MM74C908 package-and the solutions are simple: 

a) Increase Vee supply 

b) Use the higher power package MM74C918. 

The design for higher Vee is identical to that in Example 2 
and will not be repeated here. 

For the 14-lead higher power.(2.27W) MM74C918, OjA= 
55°C/W, this is exactly half that of the 8-lead MM74C908. 
Therefore, by scaling the lour axis by a factor of 2, the 
same family of curves in Figure 9 can be applied directly. 
This is shown in Figure 10. (Note that the slope of the 
RoN = 180. line has been adjusted to the new scale). 

2000 r---r--r---r-..---.----.----.-..---.-----.---.-...---.---.----,.....--r--.---.--..--........ -r--r-..---.---.--.---r--.---.--..... 
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1600 t-1 

1500 t-

1400 

400 
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By drawing the same load lines, it is found that: 

ALA=::;; 5V/710 mA = 7.Hl 

guarantees PoA =::: 0.9W 

and 

ALB~ 5V/150 mA = 33.30 

guarantees PoB =::: 1.08W 

which is way below the maximum power 2.27W available. 
Therefore, both ALA and ALB can be lowered to account 
for tolerance in the resistors. Consider specifically the fol
lowing example: 

Example 3 

Assume driver A, B of the MM74C918 have to deliver 
250 mA and 150 mA, respectively, to its load. Design ALA 
and ALB at Vee - VL = 10V. 

Driver A 

1. In Figure 11, draw the load line intersecting AoN = 180 
at lour = 250 mA. 

2. This load line intersects the lour axis at 450 mA. Thus, 
by inspection ALA ~ 10V/450 mA ~ 22.20 guarantees 
PoA =::: 1.14W. 

Driver B 

1. Draw the load line intersecting AoN = 180 at lour = 
150 mA. 

2. This load line intersects the lour axis at 210 mA. Thus, 
by inspection ALB ~ 10V/210 mA = 47.60 guarantees 
PoB =::: 0.4W. 

Since PoA + PoB =::: 1.14 + 0.4 = 1.BW, while the pack
age is capable of delivering 2.27W, both ALA and ALB 
can be lower than the above values and the circuit still 
operates safely. By picking the closest standard resist
ance values: 

ALA= 200 

ALB= 430 

For 5% tolerance in these values, 

Thus: 

190 =:::ALA=::: 21.!l 

40.850 =::: ALB =::: 45.150 

10V 
lourA(MIN) ~ 180 + 21.!l = 256.4mA > 250 mA 

10V 
lourB(MIN) ~ 180 + 45.150 = 158.3 mA > 150 mA 

( 
10V )2 

PoA(MAX) =::: 180 + 190 x 180 = 1.31W 

( 
10V )2 

PoB(MAX) =::: 
180 

+ 
40

.
850 

X 180 = 9.52W 

PoA(MAX) + PoB(MAX) =::: 1.31 + 0.52 < 2.27W 

Therefore: 

ALA = 200(1.5W, 5%) 

ALB= 430 (1W, 5%) 

will guarantee satisfactory performance of the circuit. 
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APPLICATIONS 
Like most other drivers, the MM74C908, MM74C918 can be 
used to drive relays, lamps, speakers, etc. These are shown 
in Figure 12. (To suppress transient spikes at turn-off, a 
diode as shown as Figure 12a is recommended at the relay 
coil or any other inductive load.) 

However, the MM74C908, MM74C918 offers a unique 
CMOS feature that is not available in drivers from other logic 

INI ,.._ _ _--. 

IN2 v--..__.-

I 
I 
I 
I 

families-extremely low standby power; At Vee = 15V, 
power dissipation per package is typically 750 nW when the 
outputs are not drawing current. Thus, the drivers can be 
sitting out on line (a telephone line, for example) drawing 
essentially zero current until activated-an ideal feature for 
many applications. 

The dual feature and the NANO function of the driver design 
can also be used to advantage as shown in the following 
applications. 

-----, 
I 
I 
I 
I 
I 

OUT 

L - - _1'.!!!_M~O~~l7!:!2B_ - - --' 

I 
I 
I 
I 

FIGURE 12a. Relay Driver 

FIGURE 12b. Lamp Driver 

L - - _ 1!!M~O~M!!:!1~ - - --' 

FIGURE 12c. Speaker Driver 
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In Figure 19, the 2 drivers in the package are connected as 
a Schmitt trigger oscillator, where R1 and R2 are used to 
generate· hysteresis. R3 and C are the inverting feedback 
timing elements and R4 is the pull-down load for the first 

driver. Because of its current capability, the circuit can be 
used to drive an array of LEDs or lamps. If resistor R4 is 
replaced by an LED (plus a current limiting resistor), the 
circuit becomes a double flasher with the 2 LEDs flashing 
out of phase. This is shown in Figure 14. 

R2 
20M 

Vee= sv 

Rt 
7.SM 

e 

T"' 
R3 

240k 

20M 

~----------. 

R4 
2k 

FIGURE 13. High Drive Osclllator/Flasher 

Vee· sv 

I 
I 
I 
I 
I 
I 

TL/F/6025-15 

r---------- ------------, 
1 

I 
I 

7.SM I 
I L ___ ~4~·~4c.!!!_ __ _ 

240k 

FIGURE 14. Out of Phase Double Flasher 
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Another oscillator circuit using only 1 /2 of the package and 
4 passive components is shown in Figure 15. Assume V1 is 
slightly below the input trip point, the driver is "ON" and 
charging both Vo and V1 until V1 reaches the trip point, VT, 
when the driver starts to turn "OFF". Vo can be made much 
higher than V1 at this instance by adjusting the component 
values such that RtCt > (RoN II Ru CL. Since Vo is higher 
than V1, V1 is still going up, although the driver is "OFF" and 
Vo is ramping down. The rising V1 will eventually equal to 

Vee a 1DV 

r-----
1 

Ct 
J0.01µF 

Rf 
240k 

(a) 

-----, 

CL 

2.ZµFJ 

I 
I 
I 
I 
I 
I 

. TL/F/6025-17 

the falling Vo, and then start discharging. Then, both V1 and 
Vo discharge until V1 hits the trip point, VT, again, when the 
driver is turned "ON", charging up Vo and subsequently V1 
to complete a cycle. 

This oscillator is ideal for low cost applications like the 
1-package siren shown in Figure 16, where 1 oscillator is 
used as a VCO while the other is generating the voltage 
ramp to vary the frequency at the VCO output. 

> 

TL/F/6025-18 

(b) 

FIGURE 15. Single Driver Oscillator 

Vee = rnv 

r-----. ----- ------------, 
1 

I 
I 
I 
I 
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680k 24k 

1 '·'" -"" 
FIGURE 16. Low Cost Siren 
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The NANO functions at the input can also be used to reduce package count in applications where both high output drive and 
input NANO features are required. One such example is given in Figure 17. 

-, _ __....,_____...,____--..--- I 
o---...----~ I 

I I 
I I 
I I 
I 
L - - - t~M~O~M~1'!._ - -

I 
I 
I 
I 

------, 
I 
I 
I 
I 
I 

L ___ 1~,!:;~n~~1~e- __ --' 

FIGURE 17. High Drive RS Latch 
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Electrostatic Discharge 
Prevention-Input 
Protection Circuits and 
Handling Guide for CMOS 
Devices 

INTRODUCTION 

During the past few years, there have been significant in
crease in the usage of low-power CMOS devices in system 
designs. This has resulted in more stringent attention to 
handling techniques of these devices, due to their static 
sensitivity, than ever before. 

All CMOS devices, which are composed of complementary 
pairs of n- and p-channel MOSFETs, are susceptible to 
damage by the discharge of electrostatic energy between 
any two pins. This sensitivity to static charge is due to the 
fact that gate input capacitance (5 pF typical) in parallel with 
an extremely high input resistance (1Q12fl typical) lends it
self to a high input impedance and. hence readily builds up 
the electrostatic charges, unless proper precautionary mea
sures are taken. This voltage build-up on the gate can easily 
break down the thin (1000A) gate oxide insulator beneath 
the gate metal. Local defects such as pinholes or lattice 
defects of gate oxide can substantially reduce the dielectric 
strength from a breakdown field of 8-10 x 1 osv I cm to 
3-4x1 osv I cm. This then becomes the limiting factor on 
how much voltage can be applied safely to the gates of 
CMOS devices. 

When a higher voltage, resulting from a static discharge, is 
applied to the device, permanent damage like a short to 
substrate, Voo pin, Vss pin, or output can occur. Now static 
electricity is always present in any manufacturing environ
ment. It is generated whenever two different materials are 
rubbed together. A person walking across a production floor 
can generate a charge of thousands of volts. A person 
working at a bench, sliding around on a stool or rubbing his 
arms on the work bench can develop a high static potential. 
Table I shows the results of work done by Speakman1 on 
various static potentials developed in a common environ
ment. The ambient relative humidity, of course, has a great 
effect on the amount of static charge developed, as mois
ture tends to provide a leakage path to ground and helps 
reduce the static charge accumulation. 

TABLE I. Various Voltages Generated in 15%-30% 
Relative Humidity (after Speakman1) 

Most Common Highest 
Condition Reading Reading 

(Volts) (Volts) 

Person walking across 
12,000 39,000 

carpet 

Person walking across 
4,000 13,000 

vinyl floor 

Person working at bench 500 3,000 

16-lead DIPs in plastic 
3,500 12,000 

box 

16-lead DIPs in plastic 
500 3,000 

shipping tube 

National Semiconductor 
Application Note 248 
Vivek Kulkarni 

STANDARD INPUT PROTECTION NETWORKS 

In order to protect the gate oxide against moderate levels of 
electrostatic discharge, protective networks are provided on 
all National CMOS devices, as described below. 

Figure 1 shows the standard protection circuit used on all A, 
8, and 7 4C series CMOS devices. The series resistance of 
2000 using a P + diffusion helps limit the current when the 
input is subjected to a high-voltage zap. Associated with this 
resistance is a distributed diode network to Voo which pro
tects against positive transients. An additional diode to Vss 
helps to shunt negative surges by forward conduction. De
velopment work is currently being done at National on vari
ous other input protection schemes. 

INPUT O---'V'V'v'-1'"""1 
Diode Breakdown 

D1 = 25V 
D2 = 60V 
D3 = 100V 

*These are intrinsic diodes 

Vss 

OUTPUT 

TL/F/6029-1 

FIGURE 1. Standard Input Protection Network 

OTHER PROTECTIVE NETWORKS 

Figure 2 shows the modified protective network for 
CD4049/4050 buffer. The input diode to Voo is deleted 
here so that level shifting can be achieved where inputs are 
higher than Voo-

Diode Breakdown 
D1 = 25V 
D2 = 60V 
D3 = 1oov Vss 

*These are intrinsic diodes 

Voo 

FIGURE 2. Protective Network for 
CD4049/50 and MM74C901/2 

TL/F /6029-2 

Figure 3 shows a transmission gate with the intrinsic diode 
protection. No additional series resistors are used so the on 
resistance of the transmission gate is not affected. 

All CMOS circuits from National's CD4000 Series and 7 4C 
Series meet MIL-STD-38510 zap test requirements of 400V 
from a 100 pF charging capacitor and 1.5 kn series resist
ance. This human body simulated model of 100 pF capaci-
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IN/OUT 

Diode Breakdown 
01 = 25V 

Yoo 

Vss 

~E IN-CHANNEL) 

OUT/IN 

D2 = 60V TL/F/6029-3 
•These are intrinsic diodes 

FIGURE 3. Transmission Gate with Intrinsic 
Diodes to Protect Against Static Discharge 

tance in series with 1.5 kn series resistance was proposed 
by Lenzlinger2 and has been widely accepted by the indus
try. The set-up used to perform the zap test is shown in 
Figure 4. 

VzAP is applied to OUT in the following modes by charging 
the 100 pF capacitor to VzAP with the switch S1 in position 1 
and then switching to position 2, thus discharging the 
charge through 1.5 kn series resistance into the device un
der test. Table II shows the various modes used for testing. 

TABLE II. Modes of High-Voltage Test 

Mode +Terminal -Terminal 

1 Input Vss 

2 Voo Input 

3 Input Associated Output 

4 Associated Output Input 

Pre- and post-zap performance is monitored on the input 
leakage parameter at Voo = 18V. It has been found that all 
National's CMOS devices of CD4000 and 74C families can 
withstand 400V zap testing with above mentioned condi
tions and still be under the pre- and post-zap input leakage 
conditions of ± 1 O nA. 

HANDLING GUIDE FOR CMOS DEVICES 

From Table I, it is apparent that extremely high static volt
ages generated in a manufacturing environment can destroy 
even the optimally protected devices by reaching their 
threshold failure energy levels. For preventing such catas
trophies, simple precautions taken could save thousands of 
dollars for both the manufacturer and the user. 

In handling unmounted chips, care should be taken to avoid 
differences in voltage potential between pins. Conductive 
carriers such as conductive foams or conductive rails 
should be used in transporting devices. The following simple 
precautions should also be observed. 

1. Soldering-iron tips, metal parts of fixtures and tools, and 
handling facilities should be grounded. 

2. Devices should not be inserted into or removed from cir
cuits with the power on because transient voltages may 
cause permanent damage. 

3. Table tops should be covered with grounded conductive 
tops. Also test areas should have conductive floor mats. 
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HIGH VOLTAGE 
SUPPLY 

lOM 1 Si 2 Rs=l.Sk 
~ 

1 J100pF 

S1 =H~ - WETTED "BOUNCELESS7'RELAY 

TO DEVICE 
UNDER TEST 
(OUT) 

TL/F/6029-4 

FIGURE 4. Equivalent RC Network to Simulate Human 
Body Static Discharge (after Lenzlinger2) 

Above all, there should be static awareness amongst all 
personnel involved who handle CMOS devices or the sub
assembly boards. Automated feed mechanisms for testing 
of devices, for example, must be insulated from the device 
under test at the point where devices are connected to the 
test set. This is necessary as the transport path of devices 
can generate very high levels of static electricity due to con
tinuous sliding of devices. Proper grounding of equipment or 
presence of ionized-air blowers can eliminate all these prob
lems. 

At National all CMOS devices are handled using all the pre
cautions described above. The devices are also transported 
in anti-static rails or conductive foams. Anti-static, by 
definition3 means a container which resists generation of 
triboelectric charge (frictionally generated) as the device is 
inserted into, removed from, or allowed to slide around in it. 
It must be emphasized here that packaging problems will 
not be solved merely by using anti-static rails or containers 
as they do not necessarily shield devices from external stat
ic fields, such as those generated by a charged person. 
Commercially available static shielding bags, such as 3M 
company's low resistivity (::::104n/sq.) metallic coated poly
ester bags, will help prevent damages due to external stray 
fields. These bags work on the well-known Faraday cage 
principle. Other commercially available materials are Legge 
company's conductive wrist straps, conductive floor coat
ing, and various other grounding straps which help prevent 
against the electrostatic damage by providing conductive 
paths for the generated charge and equipotential surfaces. 

It can be concluded that electrostatic discharge prevention 
is achievable with simple awareness and careful handling of 
CMOS devices. This will mean wide and useful applications 
of CMOS in system designs. 

FOOTNOTES 

1. T.S. Speakman, "A Model for the Failure of Bipolar Sili
con Integrated Circuits Subjected to ESD," 12th Annual 
Proc. of Reliability Physics, 197 4. 

2. M. Lenzlinger, "Gate Protection of MIS Devices," IEEE 
Transac. on Electron Devices, ED-18, No. 4, April 1971. 

3. J.R. Huntsman, D.M. Yenni, G. Mueller, "Fundamental 
Requirements for Static Protective Containers." Present
ed at 1980 Nepcon/West Conference, Application 
Note-3M Static Control Systems. 
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~ Simplified Multi-Digit LED 
c1: Display Design Using 

MM74C911/MM74C912/ 
MM74C917 Display 
Controllers 

I. INTRODUCTION 

The MM74C911, MM74C912 and MM74C917 are CMOS 
display controllers that control multiplexing of 8-segment 
LED displays. These devices each have an on-chip multi
plex oscillator and associated logic to easily implement mul
ti-digit displays with minimal additional hardware. These 
controllers were designed to be easily interfaced to a micro
processor as a small 4- or 6-byte area of write-only memory 
(WOM), but they are not limited to this environment. 

The MM74C911 is the simplest of these devices. It has one 
data input for each of its eight segment outputs, allowing 
direct control of any LED segment. Both the MM74C912 
and MM74C917 have five data inputs which accept either 
BCD (MM74C912) or hexadecimal (MM74C917) data, plus 
decimal point. The MM74C911 can interface up to four 8-
segment displays and the MM7 4C912/MM7 4C917 can con
trol up to six 8-segment displays. 

K1 

K2 

g 

DP 

ADDRESS 
BUFFER 

INPUT 
DATA 

BUFFERS 

ADDRESS 
DECODE 

National Semiconductor 
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II. FUNCTIONAL DESCRIPTION-MM74C911 

The functional block diagram for the MM74C911 is shown in 
Figure 1. The eight data inputs are buffered and bussed to 
the four dual-port latches. To write data into a particular 
latch, K1 and K2 address inputs are decoded and the prop
er latch is enabled when CE and WE are taken low. 

The latch outputs are controlled by the multiplexer (MUX) 
logic. All four latch data outputs are commonly bussed, and 
are sequentially read by the MUX logic. The bussed 8-seg
ment outputs are then buffered by bipolar segment driver 
transistors, which are enabled when SOE is low, and are in 
TRI-STATE® mode when Segment Output Enable (SOE) is 
held high. This allows easy display blanking without loss of 
data. 

The multiplexer logic controls all of the timing for the 
MM74C911 and also generates the digit output strobes. The 
timing diagram is shown in Figure 2. 
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FIGURE 1. MM74C911 Block Diagram 
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FIGURE 2. MUX Timing for MM74C911 

By raising the Digit In-Out (DIO) input high, the internal oscil
lator is disabled and the digit outputs become inputs which 
control reading of the 4-digit latches. This allows the 
MM74C911 to be slaved to other multiplex timing signals. If 
both SOE and DIO are held high, both the display and oscil
lator are disabled causing the MM74C911 to be in a low
power mode where it typically draws less than 1 µA. Figure 
3 shows the truth table for these control inputs. 

DIO/OSE SOE Mode 

0 0 NORMAL DISPLAY MODE 
0 1 DISPLAY BLANKED 
1 0 WILL DISPLAY ONE DIGIT* 
1 1 LOW POWER MODE 

FIGURE 3. Operating Modes for the 
MM74C911/MM74C912/MM74C917 

(*The 74C911 Digit Outputs become Inputs) 

Ill. FUNCTIONAL DESCRIPTION
MM74C912/MM74C917 

The functional block diagram for the MM74C912 and 
MM74C917 is shown in Figure 4. These devices are very 

similar to the MM74C911. There are only five data inputs on 
the MM74C912 and MM74C917 which are buffered, then 
bussed to six 5-bit dual-port latches. The address present 
on K1, K2, and K3 will dictate which of the six latches will be 
loaded when both CE and WE are low. The outputs of all of 
the latches are commonly bussed and fed into a decoder 
ROM which converts BCD (MM74C912) or hexadecimal 
(MM74C917) code to seven segment. The fifth bit is the 
decimal point, which bypasses the ROM. The 8-segment 
bits are then buffered by eight NPN-segment drivers. Like 
the MM74C911, these outputs are TRI-STATE and will 
blank the display when SOE is held high. 

All of the multiplexing is controlled by an internal oscillator 
and control logic. The logic sequentially reads each latch 
and activates the digit outputs. The oscillator can be dis
abled by raising the Oscillator Enable (OSE) input high, but 
the digit outputs do not become inputs and thus the 
MM74C912, and MM74C917 can not be slaved. However, 
by raising both SOE and OSE high, these parts can be put 
into a low-power mode similar to the MM74C911. Figure 3 
shows the controller operating modes. 

The MM74C912 and the MM74C917 are identical except for 
the last seven ROM locations. The ROM outputs are shown 
in Figure 5 for both parts. 

IV. DISPLAY INTERFACE DESIGN 

A. Common Cathode LED's 

Since the MM74C911/MM74C912/MM74C917 contain all 
the multiplex circuitry necessary to operate a 4- or 6-digit 
display, all the designer must do is choose appropriate seg
ment resistors and digit drivers to properly illuminate the 
LEDs. A typical LED connection is shown in Figure 6. Based 
on the selected display, a certain segment current will be 
required. This current will determine the value of the seg
ment resistor and the type of digit driver necessary. The 
design for the MM74C911 is nearly the same as for the 
MM74C912/MM74C917 except that due to multiplexing the 
6-digit controllers must be designed to a higher peak current 
value. 
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FIGURE 4. MM74C912 and MM74C917 Display Controller 
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FIGURE 5. MM74C912/MM74C917 Character Fonts 
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As an example, suppose the NSN781 (2-digit, 0.7" common 
catholde LED display) has been selected. These displays 
require an average current of 8 mA per segment for good 
illumination; The MM74C911 multiplexes four digits; thus, 
any one digit is on % of the time. Each digit must have a 
peak current four times its average current to achieve the 
same brightness. The MM74C911 must supply about 32 mA 
per segment, and the MM74C912/MM74C917 would have 
to supply a current six times the average current or about 
48 mA. 

The maximum digit driver current is the maximum number of 
"on" segments multiplied by the segment current. For the 
MM74C911 design, the digit current is - 260 mA, and is 
-380 mA for the MM74C912/MM74C917. Using this digit 
current value, the digit driver can be selected. Figure 7 
shows possible digit driver ICs, but discrete transistors or 
Darlingtons may also be used, and may be desirable in 
some higher current applications. It is also important to 
keep in mind that the output voltage of the driver at the 
designed current, as this voltage can affect the.display con
trollers current drive. For most designs, an output voltage of 
< 2V is reasonable. 

Part 
Driver Type 

Number 

DS75492 Darlington Driver 
D575494 Multiple Transistor Driver 
D58646 Transistor Driver 
D58658 Transistor Driver 
D58870 Darlington Driver 
D58871/2 Transistor Driver 
D58877 Transistor Driver 
DS8920 Transistor Driver 
D58963 Darlington Driver 
D58978 Transistor Driver 
DS8692 Transistor Driver 

Once the digit driver has been chosen and the output volt
age at the desired current is known, the segment resistor, 
RsEG can be calculated using: 

VsEG - VLED - Yoo 
RsEG = I 

SEG 

where VLED is the voltage across the LED, 1.8V; Voo is the 
digit driver output voltage at the chosen current; lsEG is the 
peak segment current; and VsEG is the MM74C911 or 
MM74C912 segment driver output voltage at the peak seg
ment current, which can be determined from the curves in 
Figure 8. 

In most cases, RsEG can be more quickly determined from 
Figure 9 which plots RsEG vs. average segment current. 
These curves are plotted for various digit driver output volt
ages using current values from Figure 8. Thus, for the above 
example, if a DS75492 driver l.C. is used with the 
MM74C911 to interface to the NSB781 LEDs RsEG = 38n 
assuming the drivers output voltage is 1.0V. Note that Fig
ure 7 tabulates minimum output drive where the above Voo 
is an approximation of the DS75492s typical Voo at 
260 mA. 

Number of Minimum 
Drivers Output Drive 

6 250 mA@ 1.5V 
6 150 mA @ 0.35V 
6 84 mA@0.55V 
4 84 mA@0.55V 
6 350 mA@ 1.4V 

8/9 40 mA@0.5V 
6 35 mA@0.5V 
9 40 mA@0.5V 
8 500 mA@ 1.5V 
9 100 mA@ 0.7V 
8 350 mA@ 1.0V 

FIGURE 7. Typical LED Digit Drivers and Their Characteristics 
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FIGURE 8. Typical Segment Driver Current vs. Output Voltage for (a) MM74C911 (b) MM74C912/MM74C917 
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FIGURE 9. Average LED Segment Current vs. Segment Resistor for (a) MM74C911 (b) MM74C912/MM74C917 

Figures 10 and 11 tabulate some typical segment resistor 
values for various National LED displays. (See Optoelec
tronics Databook for detailed specifications.) This table was 
compiled for a well lit room, but variation in ambient lighting 
may require some slight modification in the typical segment 
resistor values. 

If a transistor digit driver is being used, it is sometimes desir
able to use a base current limiting resistor between the con
troller's output and the transistor's base. This will help limit 
the power dissipation of the display controller in critical situ
ations. The digit resistor, RoiG. can be calculated using: 

R - Vo1G - Vo1 
DIG - 101 

where Vo1 is the digit driver input voltage, 0.7V for a transis
tor, 101 is the desired digit driver current and Vo1G is the 

Display 

Part No. Height (In.) No. of Digits 

NSA1298 0.110 9 

NSA1558 0.140 8 

NSN381 0.3 2 

NSB3881 0.5 4 

NSN581 0.5 2 

NSB5881 0.5 4 

NSN781 0.7 2 

NSB7881 0.7 4 

controller's digit output voltage for the chosen current which 
can be found from Figure 12. 

When the MM74C911 is to be used as a "master" to drive 
another MM74C911 or other logic, the digit outputs must 
have a high output voltage of 3.0V to drive another 
MM7 4C911 or 3.5V to drive standard CMOS logic. The digit 
resistor should be> 300!l. for VoH ~ 3.0V and Ro1G > 350 
for VoH ~ 3.5V. 

A final design consideration is power dissipation. When de
signing a low-power system where the total current is to be 
minimized, the total system power consumption is simply: 

PT ~ Vee (loo + 101) 

where loo is the maximum digit driver output current, Vee is 
the power supply voltage, and 101 is the digit driver input 
current. 

Driver 
Typical Range of 

Segment Resistors 

DS75492 300!l.-1000!l. 
300!l.-2000!l.* 

DS75492 2oon-soon 
2oon-1soon• 

DS75492 
15!l.-BO!l. 

2N3904 

DS75492 
15!l.-BO!l. 

2N3904 

DS75492 
10!l.-60!l. 

2N3904 

DS75492 
10!l.-60!l. 

2N3904 

DS75492 
10!l.-50!l. 

2N3904 

DS75492 
10!l.-50!l. 

2N3904 

FIGURE 10. MM74C911 Segment Resistor Values for Various Displays (Vee = SV) 
(*Using Red LED Filter over Display) 
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Display 
Driver 

Typical Range of 

Part No. Height (In.) No. of Digits Segment Resistors 

NSA129B 0.110 9 DS75494 200!l-BOOfl 
300!l-1500!l* 

NSA155B 0.140 B DS75494 150!l-700!l 
15on-1ooon• 

NSN3B1 0.3 2 DS75492 5n-5on 

NSB5B1 0.5 2 DS75492 5n-5on 

NS5931 0.5 6 DS75492 
5!l-40!l 

2N3904 

NSN7B1 0.7 2 DS75492 
5!l-30!l 

2N3904 

FIGURE 11. MM74C912/MM74C917 Segment Resistor for Average Intensity for Various Displays 
(*Using Red LED Filter over Display) 
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FIGURE 12. Typical Digit Driver Current vs. Output Voltage for (a) MM74C911 (b) MM74C912/MM74C917 

When a circuit design employs large segment currents, the 
maximum dissipation should be calculated to ensure that 
the power consumption of the controller or digit driver is 
within the maximum limits. The display controller power dis
sipation: 

Pc= S(lsEG) (Vee - VsEG) 

where lsEG and VsEG are the peak segment current and 
segment voltage, as previously determined; and S is the 
maximum number of segments lit per digit. The maximum 
package dissipation for the controllers vs. temperature is 
shown in Figure 13. 

To gain an understanding of how segment current af
fects the controllers power dissipation, Figure 14 plots 
average and peak LED segment current vs. pack-
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age dissipation for both the MM74C911 and the 
MM74C912/MM74C917. These typical curves are plotted 
using the typical segment driver output currents and volt
ages from Figure 8. 

As the digit driver output voltage Voo becomes larger, the 
driver dissipates more power, thus the designer should also 
ensure that the driver's dissipation is not exceeded. Gener
ally, the standard digit driver IC will dissipate around %W. 
(See specific data sheets.) Driver power dissipation can be 
calculated by: 

Po = (Voo)(lo1G) 

where Voo and lo1G are the digit driver output voltage and 
current. In a standard digit driver, one output will be active 
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all the time, but if discrete transistors are used, each transis
tor is turned on 25% of the tiime. The average power dissi
pation for each discrete transistor digit driver is % of the 
above equation. 

B. Common Anode LED Display 

Although connecting the MM7 4C911/MM74C912/ 
MM74C917 to common anode displays is somewhat more 
difficult than to common cathode displays, it can be done. 
These controllers still provide all the necessary timing sig
nals, but some extra buffering must be added to ensure the 
correct logic levels and drive capability. 

To drive common anode displays, the display controller's 
segment outputs must be inverted and the digit outputs 
must be current buffered. Figure 15 shows a simple circuit 
to interface to most common anode displays. An 8-digit cal
culator digit driver IC, DS8871, is used to drive the display 
segments. Segment resistors on the controller's segment 
outputs are not necessary but may be necessary on the 
outputs of the DSB871 driver. 
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FIGURE 13. MM74C911/MM74C912/MM74C917 
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FIGURE 14. Typical Power Dissipation vs. Segment 
Current for (a) MM74C911 (b) MM74C912/MM74C917 

For higher current displays, the choice of digit driver transis
tor is important as the digit current will depend on how high 
the digit driver output of the display controller can pull up 
due to the emitter follower configuration. For good display 
brightness, a high gain medium power transistor should be 
used. 

C. Vacuum Fluorescent (VF) Displays 

The MM74C911 /MM74C912/MM74C917 are not directly 
capable of driving VF displays, but serve as a major func
tional block to ease driving 4- or 6-digit displays. The con
trollers provide the multiplex timing for this display, but the 
segment and digit outputs must be level shifted, and a fila
ment voltage must be applied. 

In Figure 16, a DSB654 or similar device is used to translate 
the segment and digit voltages to 30V to drive the segment 
plates and digit grids. The AC filament voltage is derived 
from a separate low-voltage transformer which is biased by 
a zener. Since there is no pull-down in the DS8654, pull
down resistors must be added. The exact anode and cath
ode voltages and the bias zener will depend on the display 
used, but the basic circuit is the same. 
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V. MM74C911 DISPLAY APPLICATIONS 

Of the three CMOS display controllers, the MM74C911 is 
the simplest, but also the most versatile. Since the charac
ter font is not predetermined, many non-numerical charac
ters can be displayed using standard 8-segment displays. In 
many cases, it may be desirable to enable a small micro
processor to display prompt messages where the use of 
more complicated alpha-numeric displays is not justified. 
For these cases, the M M7 4C911 is ideal, because any com
bination of segments can be controlled. Figure 17 shows 
many of the possible letters and numbers that can be dis
played along with tl:leir binary and hexadecimal values on 8-
segment displays. 

There is no reason to restrict the MM74C911 to alpha-nu
meric displays, as the controller allows direct control of indi
vidual LEDs. The MM7 4C911 can be connected to a mixture 
of numerical and discrete LEDs as typified by Figure 18. 
Thus status and numerical data can be simultaneously con
trolled. 

Taking this one step further, all the LEDs could be discrete 
as shown in Figure 19. This type of arrangement is multipur
pose. The LEDs could be configured as a 4 x 8 matrix or 
possible two-bar graphs of 16 LEDs, Figure 20, or maybe 
some sort of binary data display. There are many variations 
possible. 

VI. SLAVING THE MM74C911 

As mentioned, the MM74C911 has the unique feature of 
being able to be slaved to external multiplex logic or a 
"master" MM74C911. This feature is useful when the con- . 
troller is to be synchronized with a master. Figure 21 shows 
a typical application where two MM74C911s are used to 
drive a 16-segment alpha-numeric display. In order to drive 
this display, synchronization is required to ensure that both 
controllers are outputting the same digit information at the 
same time. 
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A more subtle advantage to slaving MM7 4C911 s occurs 
when trying to use multi-controllers to drive more digits. This 
case, illustrated in Figure 22, allows fewer, more powerful 
digit drivers to be used. This can be advantageous when 
using smaller displays that require little power to begin with. 

VII. MM74C912/MM74C917 DISPLAY APPLICATIONS 

Both the MM74C911 /MM74C912 have predetermined char
acter fonts and this limits their versatility, but greatly simpli
fies their application in hex and decimal display application. 
Still, there are a few small "tricks" that can be used to 
stretch the controller's capabilities. 

In many applications, the decimal point segment is not 
needed, particularly when the MM7 4C917 is used. General
ly, this part is used to display hexadecimal address and data 
information where decimal points are rarely needed. These 
segments could be used for status information. Figure 23 
shows a typical implementation. The status LEDs could indi
cate power, run and halt status information of a host µ.P or 
could indicate the type of instruction being executed. Al
though the MM74C912 applications would tend to use the 
decimal point more often, it is equally capable of implement
ing Figure 23. 

Another possibility, if all six digits are not required, is to use 
the unused digits for status indicators. A possible example 
using the MM74C917 is shown in Figure 24, and another 
possible implementation for the MM74C912 is shown in 
Figure 25. In both of these applications, four bits of data is 
loaded into digits 1 and/or 2. Depending on the data load
ed, various combinations of discrete LEDs would be lit. The 
tables included in these figures illustrate numerical combi
nations and their results. 
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FIGURE 17. Segment Coders for Various Characters Using 8-Segment Displays (MSB of Hex Code Is Segment a, LSB Is 
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FIGURE 25. MM74C912 (a) 4 Digit Display with Discrete LEDs (b) 1/0 Data Table 

VIII. INTERFACING TO MICROPROCESSORS 

The CMOS LED display controllers can be easily interfaced 
to most of the popular microprocessors with the addition of 
only a few ICs. Most microprocessor data and address bus 
logic is specified to be TTL compatible. A standard TTL log
ic high, VoH is supposed to be :::: 2.4V at full load which is 
not compatible with a CMOS V1H :::: 3.5V. Although micro
processor inputs will typically pull-up above 3.5V, this is not 
guaranteed over the entire temperature range. It is recom
mended that pull-up resistors be added to raise this level 
above 3.5V. Under most conditions, a 5k-1 Ok resistor 
should suffice. 

The write timing of the display controllers is illustated in Fig
ure 26. The minimum write access time is 430 ns for the 
MM74C912/MM74C917 and 450 ns for the MM74C911. A 
write to the controller is accomplished by placing the de
sired data on the data inputs, lowering the CE and WE in-
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puts, and then raising them to complete the write. Even 
though CE and WE are interchangeable, CE is usually de
rived from the address decoding logic and WE is connected 
to the CPU write strobe. Other than the slight timing differ
ences between the MM7 4C911 and the MM7 4C912/ 
MM7 4C917, the only other major microprocessor interfacing 
differences are that the MM74C912/MM74C917 have an 
additional digit address bit which must be connected to the 
microprocessors address bus, and the MM74C911 has 
eight data inputs whereas the MM7 4C912/MM7 4C917 have 
only five. 

A. Interfacing to the INS8080 

These controllers can be connected to the INS8080/ 
INS8224/INS8238 CPU group with no external logic if no 
more than a minimal amount of address decoding is re
quired. Since the INS8080 has a separate memory and 1/0 



port address spaces, one of the 1/0 port address bits could 
be directly connected to the CE input. Figure 27 illustrates 
this using an MM7 4C911. Whenever an OUT instruction is 
executed causing the I/OW (INS8080 write enable signal) to 
go low and the address is such that A7 is low, AO A1 will 
select the digit to be written. If more decoding is required, 
some external gating logic may be added to the CE input. 

The MM74C912/MM74C917 would be interfaced by con
necting the A, B, C, D and DP to bit DO-D4 of the data bus 
and connecting K1-K3 to Ao-A2. Writing data to these con
trollers would be the same as writing to the MM74C911. 

B. Interfacing to the Z80® 

To connect these display controllers to the ZBO microproc
essor, only a minor modification to the INS8080 need be 
made. The zao control signals are slightly different from the 
INS8080. Instead of the INSBOBO 1/0 write strobe, the zao 
has an 1/0 request line (IOREQ), which goes low to indicate 
an 1/0 port is to be accessed, and a write (WR) strobe 
which indicates that a memory or 1/0 write is to be done. By 
OR-ing, these together an equivalent I/OW signal is gener
ated as shown in Figure 28. 

C. Interfacing to the NSC800TM 

The NSCBOO has very different timing because the lower 
eight address bits and the data bus are multiplexed. But 
when connecting the display controllers as 1/0 ports, the 
interface is only slightly different from the INS8080 design. 
When an 1/0 instruction is executed, the port address that 
appears on AO-A7 is duplicated on AB-A15, and this ad
dress can be used directly. The controller WE input must be 
decoded from a WR (write enable) and 10/M (1/0 or memo
ry enable) as shown in Figure 29. Note that since the 
NSC800 is a CMOS microprocessor, no pull-up resistors are 
needed. 

Figure 29 uses address bit A 15 which is equivalent to bit A 7 
on the previous examples. As with the previous examples, if 
more address decoding is required, either gates or decod
ers could be connected to the CE input. 

D. Interfacing to the 6800 

When using the INS8080, Z80, or NSC800, these proces
sors have separate 1/0 and memory address spaces. This 
usually allows simpler interfaces to be designed. The 6800 
has no separate 1/0 addressing so 1/0 ports are usually 
mapped into a small block of memory. This requires more 
address decoding to ensure that memory and 1/0 don't 
overlap. 

Figure 30 shows a DM8131 6-bit address bus comparator 
whose Bn inputs are a combination of A 15-A 12 address 
bits, the <l>2 (6800 system clock) and the VMA (Valid Memo
ry Access) control signal. When these inputs equal the cor
responding T n inputs, the output goes low. The 6800 R/W 
signal is connected to the WE. 

E. Interfacing to the INS8060/INS8070 

Like the 6800, the INS8060/8070 series of microproces
sors don't have any separate 1/0 addressing, so the 
MM74C911/MM74C912/MM74C917 must be memory ad
dressed, but unlike the 6800 both the INS8070 series and 
the INS8060 have separate read/write strobes, which can 
simplify interfacing the display controllers. Figure 31 illus
trates a typical INS8060 interface. The NWDS (write enable) 
is directly connected to the MM74C912s WE input and the 
DM8131 provides the address decoding for the controller. 
The INS8060 has only 12 address bits (unless using paged 
addressing) so bits A6-A11 are decoded by the comparator. 

The INS8070 series microprocessor has the identical 
NWDS signal but has 16 address bits. Thus Figure 31 would 
connect the A10-A15 address bits to the DM8131. 

Kt.0~:~~~ _...._ ___ Ao_o_RE_s_s_vA_L_io __ __,~ 

/IAW 1•wc~ -----
~ .. ---4 I A' 

WE--1 ~mwd'~-
DATA DATA VALID -

TL/F/6030-28 

FIGURE 26. MM74C911/MM74C912/MM74C917 Timing Diagram (See data sheets for numbers) 
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F. Multiple Dlsplay Controllers 

In systems where multiple display controllers are to be 
used, the simple addressing schemes of the previous exam
ples may prove to be too costly in 1/0 capabilities, so some 
extra decoding is necessary to derive the CE signals. A typi
cal method uses a 2-4 line decoder or a 3-8 line decoder. 
Where the total time from a stable address to the write 
pulse goes inactive is :?: 1 µs, a CMOS decoder such as the 
MM74C42 or MM74C154 can be used, but if faster access
ing is required, their LS equivalents should be employed. 

Figure 32 shows a typical implementation of a 16-digit dis
play using half of a DM74LS139 decoder to provide the CE 
signals for each controller. 

G. Making the MM74C911/MM74C912/MM74C917 
Look Like RAM 

So far, the discussion of addressing the controllers has 
been to separate the devices from memory, but there are 
certain advantages to not doing this. In many instances, mi
croprocessor software requirements are such that data out
putted to the controller also must be remembered by the 
microprocessor for later use. Since data cannot be read 
from the display controllers, the processor must also write 
the data in a spare register or a memory location. This extra 

writing and "bookkeeping" software can be eliminated by 
addressing the MM74C911/MM74C912/MM74C917 over 
existing RAM. When data is written to the controller, it could 
also be stored in RAM simultaneously and can be read later 
by the CPU. 

Figure 31 shows a simple example of this using an 
MM74C912 controller and two MM2114 1k x 4 memory 
chips. A DM74LS30 is used to detect when the last eight 
bytes of this memory is being accessed and enables the 
controller display. Thus, the last eight bytes of the RAM 
contains a duplicate copy of what the display controller is 
displaying. 

IX. CONCLUSION 

All three controllers provide simple and inexpensive inter
faces to multiplexed multidigit displays. These devices are 
particularly well suited to microprocessor environments, but 
any type of CMOS compatible control hardware can be 
used. The MM74C911 /MM74C912/MM74C917 can most 
easily drive common anode displays. By providing most of 
the multiplex circuitry into one low-cost integrated circuit, 
the burden of designing discrete multiplexing has been elim
inated. 
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HC-MOS Power 
Dissipation 

If there is one single characteristic that justifies the exis
tence of CMOS, it is low power dissipation. In the quiescent 
state, high-speed CMOS draws five to seven orders of mag
nitude less power than the equivalent LSTIL function. 
When switching, the amount of power dissipated by both 
metal gate and high-speed silicon gate CMOS is directly 
proportional to the operating frequency of the device. This is 
because the higher the operating frequency, the more often 
the device is being switched. Since each transition requires 
power, power consumption increases with frequency. 

First, one will find a description of the causes of power con
sumption in HG-CMOS and LSTIL applications. Next will 
follow a comparison of MM54HC/MM74HC to LSTIL power 
dissipation. Finally, the maximum ratings for power dissipa
tion imposed by the device package will be discussed. 

Quiescent Power Consumption 

Ideally, when a CMOS integrated circuit is not switching, 
there should be no DC current paths from Vee to ground, 
and the device should not draw any supply current at all. 
However, due to the inherent nature of semiconductors, a 
small amount of leakage current flows across all reverse-bi
ased diode junctions on the integrated circuit. These leak
ages are caused by thermally-generated charge carriers in 
the diode area. As the temperature of the diode increases, 
so do the number of these unwanted charge carriers, hence 
leakage current increases. 

Leakage current is specified for all CMOS devices as Ice· 
This is the DC current that flows from Vee to ground when 
all inputs are held at either Vee or ground, and all outputs 
are open. This is known as the quiescent state. 

For the MM54HC/MM74HC family, Ice is specified at ambi
ent temperatures (TA) of 25°C, 85°C, and 125°C. There are 
three different specifications at each temperature, depend
ing on the complexity of the device. The number of diode 
junctions grows with circuit complexity, thereby increasing 
the leakage current. The worst case Ice specifications for 
the MM54HC/MM74HC family are summarized in Table I. In 
addition, it should be noted that the maximum Ice current 
will decrease as the temperature goes below 25°C. 

TABLE I. Supply Current (Ice) for MM54HC/MM74HC 
Specified at Vcc=6V 

2s0 c 
0s0 c 
12s·c 

Gate Buffer 

2.0 
20 
40 

4.0 
40 
80 

MSI 

8.0 
80 
160 

Unit 

µA 
µA 
µA 
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To obtain the quiescent power consumption for any CMOS 
device, simply multiply Ice by the supply voltage: 

Poc=lccVcc 
Sample calculations show that at room temperature the 
maximum power dissipation of gate, buffer, and MSI circuits 
at Vcc=6V are 10 µW, 20 µW, and 40 µW, respectively. 

Dynamic Power Consumption 
Dynamic power consumption is basically the result of charg
ing and discharging capacitances. It can be broken down 
into three fundamental components, which are: 

1. Load capacitance transient dissipation 

2. Internal capacitance transient dissipation 

3. Current spiking during switching. 

Load Capacitance Transient Dissipation 

The first contributor to power consumption is the charging 
and discharging of external load capacitances. Figure 1 is a 
schematic diagram of a simple CMOS inverter driving a ca
pacitive load. A simple expression for power dissipation as a 
function of load capacitance can be derived starting with: 

QL =CLVcc 

where CL is the load capacitance, and QL is the charge on 
the capacitor. If both sides of the equation are divided by 
the time required to charge and discharge the capacitor 
(one period, T, of the input signal), we obtain: 

~L = CLVcc (~) 
vee 

__rp OUTPUT 

INPUT ~L ~----I .... ~ CL 

TL/F/5021-1 

FIGURE 1. Simple CMOS Inverter Driving a 
Capacitive External Load 

Since charge per unit time is current (QL/T =I) and the in
verse of the period of a waveform is frequency (1 /T = f): 

IL =CLVccf 
To find the power dissipation, both sides of the equation 
must be multiplied by the supply voltage (P =VI), yielding: 

PL =CL Vcc2f 

)> 
z w 
0 w 



One note of caution is in order. If all the outputs of a device 
are not switching at the same frequency, then the power 
consumption must be calculated at the proper frequency for 
each output: 

PL =Vee2(Cuf1 +CL2f2+ ... +CLnfn) 
Examples of devices for which this may apply are: counters, 
dual flip-flops with independent clocks, and other integrated 
circuits containing dual, triple, etc., independent circuits. 

Internal Capacitance Transient Dissipation 

Internal capacitance transient dissipation is similar to load 
capacitance dissipation, except that the internal parasitic 
"on-chip" capacitance is being charged and discharged. 
Figure 2 is a diagram of the parasitic nodal capacitances 
associated with two CMOS inverters. 

-INVERTER 1 

Vee 

TL/F/5021-2 

FIGURE 2. Parasitic Internal Capacitances 
Associated with Two Inverters 

C1 and C2 are capacitances associated with the overlap of 
the gate area and the source and channel regions of the P
and N-channel transistors, respectively. C3 is due to the 
overlap of the gate and source (output), and is known as the 
Miller capacitance. C4 and Cs are capacitances of the para
sitic diodes from the output to Vee and ground, respectively. 
Thus the total internal capacitance seen by inverter 1 driv
ing inverter 2 is: 

C1 = C1 + C2 + 2C3 + C4 +Cs 

Since an internal capacitance may be treated identically to 
an external load capacitor for power consumption calcula
tions, the same equation may be used: 

P1=C1Vee2f 

vcc 

INPUT o----e .,..._--o OUTPUT 

GNO<V1N<Vcc Vcc>Vour>GNO 

At this point, it may be assumed that different parts of the 
internal circuitry are operating at different frequencies. Al
though this is true, each part of the circuit has a fixed fre
quency relationship between it and the rest of the device. 
Thus, one value of an effective C1 can be used to compute 
the internal power dissipation at any frequency. More will be 
said about this shortly. 

Current Spiking During Switching 

The final contributor to power consumption is current spik
ing during switching. While the input to a gate is making a 
transition between logic levels, both the P- and N-channel 
transistors are turned partially on. This creates a low imped
ance path for supply current to flow from Vee to ground, as 
illustrated in Figure 3. 

For fast input rise and fall times (shorter than 50 ns for the 
MM54HC/MM74HC family), the resulting power consump
tion is frequency dependent. This is due to the fact that the 
more often a device is switched, the more often the input is 
situated between logic levels, causing both transistors to be 
partially turned on. Since this power consumption is propor
tional to input frequency and specific to a given device in 
any application, as is C1. it can be combined with C1. The 
resulting term is called "Cpo," the no-load power dissipation 
capacitance. It is specified for every MM54HC/MM74HC 
device in the AC Electrical Characteristic section of each 
data sheet. 

It should be noted that as input rise and fall times become 
longer, the switching current power dissipation becomes 
more dependent on the amount of time that both the P- and 
N-channel transistors are turned on, and less related to Cpo 
as specified in the data sheets. Figure 4 is a representation 
of the effective value of Cpo as input rise and fall times 
increase for the MM54HC/MM74HC08, MM54HC/ 
MM74HC139, and MM54HC/MM74HC390. To get a fair 
comparison between the three curves, each is divided by 
the value of Cpo for the particular device with fast input rise 
and fall times. This is represented by "Cpoo," the value of 
Cpo specified in the data sheets for each part. This compar
ison appears in Figure 5. Cpo remains constant for input rise 
and fall times up to about 20 ns, after which it rises, ap
proaching a linear slope of 1. The graphs do not all reach a 
slope of 1 at the same time because of necessary differenc
es in circuit design for each part. The MM54HC/MM74HC08 
exhibits the greatest change in Cpo. while the MM54HC/ 
MM74HC139 shows less of an increase in Cpo at 

vcc 

RP-CHANNEL 

RN-CHANNEL 

TL/F/5021-3 TL/F/5021-4 

FIGURE 3. Equivalent schematic of a CMOS Inverter whose Input Is between logic levels 
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any given frequency. Thus, the power dissipation for most of 
the parts in the MM54HC/MM74HC family will fall within 
these two curves. One notable exception is the MM54HC/ 
MM74HCU04. 

10 pf t--+---t-_..,r---r----t 

t 
Cpo '---'----''----'---'-----' 

1 ns 1Dns lOOns lµs lOµs lOOµs 

INPUT RISE AND FALL TIME 
TL/F/5021-5 

FIGURE 4. Comparison of Typical Cpo for 
MM54HC/MM74HC08, MM54HC/MM74HC139 

MM54HC/MM74HC390 as a Function of 
Input Rise and Fall Time. 

tr1se = ttan, V cc= 5V, TA= 25°C 

11 
Cpo 
CPDo'---.___..___...___..___, 

1 ns 10ns 100ns 1 µs 10µs lOOµs 

INPUT RISE AND FALL TIME 

TL/F/5021-6 

FIGURE 5. Normalized Effective Cpo (Typical) 
for Slow Input Rise and Fall Times. 

tr1se = ttan, Vee= 5V, TA= 25°C 

This equation can be used to compute the total power con
sumption of any MM54HC/MM74HC device, as well as any 
other CMOS device, at any operating frequency. It includes 
both DC and AC contributions to power usage. Cpo and Ice 
are supplied in each data sheet for the particular device, 
and Vee and fare determined by the particular application. 

Comparing HC-CMOS to LSTTL 

Although power consumption is somewhat dependent on 
frequency in LSTIL devices, the majority of power dissipat
ed below 1 MHz is due to quiescent supply current. LSTIL 
contains many resistive paths from V cc to ground, and even 
when it is not switching, it draws several orders of magni
tude greater supply current than HC-CMOS. Figure 6 is a 
bar graph comparison of quiescent power requirements 
(Vee) x (Ice) between LSTIL and HC-CMOS devices. 

The reduction in CMOS power consumption as compared to 
LSTIL devices is illustrated in Figures 7 and 8. These 
graphs are comparisons of the typical supply current (Ice) 
required for equivalent functions in MM54HC/MM74HC, 
MM54HC/MM74C, CD4000, and 54LS/74LS logic families. 
The currents were measured at room temperature (25°C) 
with a supply voltage of 5V. 

Figure 7 represents the supply current required for a quad 
NANO gate with one gate in the package switching. The 
MM54HC/MM7 4HC family draws slightly more supply cur
rent than the 54C/74C and CD4000 series. This is mainly 
due to the large size of the output buffers necessary to 
source and sink currents characteristic of the LSTIL family. 
Other reasons include processing differences and the larger 
internal circuitry required to drive the output buffers at high 
frequencies. The frequency at which the CMOS device 
draws as much power as the LSTIL device, known as the 
power cross-over-frequency, is about 20 MHz. 

In Figure 8, which is a comparison of equivalent flip-flops 
(174) and shift registers (164) from the different logic fami
lies, the power cross-over frequency again occurs at about 
20 MHz. 

{ 

MM74HC"-0.003µW 

GATES 

LSTTl"-BmW 

{ 

MM74HC"-0.005µW 

FLIP-FLOPS 
LSTTL"-20mW 

Inputs that do not pull all the way to Vee or ground can also 
cause an increase in power consumption, for the same rea- { 
son given for slow rise and fall times If the input voltage is MSI LOGIC MM74Hc"'o. 25 µw 

between the minimum input high volt~ge and Vee. then the (CO~NJ:.Rs~ ~-----------------~ 
input N-channel transistor will have a low impedance (i.e., OCTALS, ETC.) ~------L-ST_T_L"'_s_o_-1_oo_m_w ______ ___, 

be "turned on") as expected, but the P-channel transistor 
will not be completely turned off. Similarly, if the input is 
between ground and the maximum input low voltage, the P
channel transistor will be fully on and the N-channel transis
tor will be partially on. In either case, a resistive path from 
Vee to ground will occur, resulting in an increase in power 
consumption. 

Combining all the derived equations, we arrive at the 
following: 

PrnrAL =(CL+ Cpo)Vcc2f+ Ice Vee 
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FIGURE 6. High Speed CMOS (HC-CMOS) vs. LSTTL 
Quiescent Power Consumption 
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The power cross-over frequency increases as circuit com
plexity increases. There are two major reasons for this. 
First, having more devices on an LSTTL integrated circuit · 
means that more resistive paths between Vee and ground 
will occur, and more quiescent current will be required. In a 
CMOS integrated circuit, although the supply leakage cur
rent will increase, it is of such a small magnitude (nanoAmps 
per device) that there will be very little increase in total pow
er consumption. 

1DDkHZ 1 MHZ 1DMHz 1DDMHz 

INPUT FREQUENCY 

TL/F/5021-6 

FIGURE 7. Supply Current vs. Input Frequency 
for Equivalent NANO Gates 
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FIGURE 8. Supply Current vs. Frequency 

Secondly, as system complexity increases, the precentage 
of the total system operating at the maximum frequency 
tends to decrease. Figure 9 shows block diagrams of a 
CMOS and an equivalent LSTTL system. In this abstract 
system, there is a block of parts operating at the maximum 
frequency (Fmax), a block operating at half Fmax• a block 
operating at one quarter Fmax• and so on. Let us call the 
power consumed in the first section P1. In a CMOS system, 
since power consumption is directly proportional to the op
erating frequency, the amount of power consumed by the 
second block will be (P1 )/2, and the amount used in the 
third section will be (P1)/4. If the power consumed over a 
large number of blocks is summed up, we obtain: 

ProTAL =P1 +(P1)/2+(P1)/4+ ... +(P1)/(2n-1) 

and ProrAL~2(P1) 

Now consider the LSTTL system. Again, the power con
sumed in the first block is P1. The amount of power dissipat
ed in the second block is something less than P1, but great
er than (P1 )/2. For simplicity, we can assume the best case, 
that P2 = (P1 )/2. The power consumption for all system 
blocks operating at frequencies Fmax/2 and below will be 
dominated by quiescent current, which will not change with 
frequency. The power used by blocks 3 through n will be 
approximately equal to the power dissipated by block 2, 
(P1)/2. The total power consumed in the LSTTL system is: 

ProTAL =(P1 +(P1)/2+(P1)/2+ ... +(P1)/2 

PTQTAL =P1 +(N-1)(P1)/2 

and for n>2, ProrAL>2(P1) 

Thus, an LSTTL system will draw more power than an 
equivalent HG-CMOS system. 

CMOS: 

BLOCK AT BLOCK AT BLOCK AT 
I max fmax/2 lmax/4 

POWER1 "Ii POWER2" P1 /2 POWER3"' P1/4 POWERn"P1/2(n-l) 

LSTTL: 

BLOCK AT BLOCK AT BLOCK AT 
!max lmax/2 lmax/4 

POWER1"1i POWER2~P1/2 POWER3~P1 /2 POWERn"-P1/2 

TL/F/5021-10 

FIGURE 9. Comparison of Equivalent CMOS 
and LSTTL Systems 

This effect is further illustrated in Figure 10. An arbitrary 
system is composed of 200 gates, 150 counters, and 150 
full adders, with 50 pF loads on all of the outputs. The sup
ply voltage is 5V, and the system is at room temperature. 
For this system, the worst case power consumption for 
CMOS is about an order of magnitude lower than the typical 
LSTTL power requirements. Thus, as system complexity in
creases, CMOS will save more power. 

Maximum Power Dissipation Limits 
It is important to take into consideration the maximum pow
er dissipation limits imposed on a device by the package 
when designing with high-speed CMOS. The plastic small
outline (SO) can dissipate up to 500 mW, and the ceramic 
DIP and plastic DIP can dissipate up to 700 mW. Although 
this limit will rarely be reached in typical high-speed applica
tions, the MM54HC/MM74HC family has such large output 
current source and sink capabilities that driving a resistive 
load could possibly take a device to the 500 or 700 mW 
limit. This maximum power dissipation rating should be de
rated, starting at 65°C for the plastic packages and 100°C 
for the ceramic packages. The derating factor is different for 
each package. The factor for the plastic small-outline is 
-8.83 mW/°C; the plastic DIP, -12 mW/°C; and the ce
ramic DIP, -14 mW/°C. This is illustrated in Figures 11 and 
12. Thus, if a device in a plastic DIP package is operating at 
70°C, then the maximum power dissipation rating would be 
700 mW - (70°C - 65°C) (12 mWl°C) = 640 mW. Note 
that the maximum ambient temperature is 85°C for plastic 
packages and 125°C for ceramic packages. 
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FIGURE 10. System Power vs. Frequency 
MMHC74HC vs. LSTTL 
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FIGURE 11. Plastic Package (MM74HC) 
High Temperature Power Deratlng 

for MM54HC/MM74HC Family 
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FIGURE 12. Ceramic Package (MM54HC) 
High Temperature Power Derating 

for MM54HC/MM74HC Family 

Summary 

The MM54HC/MM74HC high-speed silicon gate CMOS 
family has quiescent (standby) power consumption five to 
seven orders of magnitude lower than the equivalent LSTTL 
function. At high frequencies (30 MHz and above), both 
families consume a similar amount of power for very simple 
systems. However, as system complexity increases, HC
CMOS uses much less power than LSTTL. To keep power 
consumption low, input rise and fall times should be fast 
(less than 50 to 100 ns) and inputs should swing all the way 
to Vee and ground. 

There is an easy-to-use equation to compute the power 
consumption of any HG-CMOS device in any application: 

PTQTAL =(CL+ Cpo)Vee2f+ lee Vee 
The maximum power dissipation rating is 500 mW per pack
age at room temperature, and must be derated as tempera
ture increases. 
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High-Speed CMOS 
(MM54HC/MM74HC) 
Processing 

The MM54HC/MM74HC logic family achieves its high 
speed by utilizing microCMOSTM Technology. This is a 3.5 
silicon gate P-well CMOS process single layer poly, single 
layer metal, P-well process with oxide-isolated transistors. 
Why do silicon-gate transistors (polycrystalline) switch fast
er than metal-gate transistors? The reason is related both to 
the parasitic capacitances inherent in integrated circuits and 
the gain of the transistors. The speed at which an MOS 
transistor can switch depends on how fast its internal para
sitic capacitance, as well as its external load capacitance, 
can be charged and discharged. Capacitance takes time to 
be charged and discharged, and hence degrades a transis
tor's performance. The gain of a transistor is a measure of 
how well a transistor can charge and discharge a capacitor. 
Therefore, to increase speed, it is desirable to both de
crease parasitic capacitance and increase transistor gain. 
These advantages are achieved with National's silicon-gate 
CMOS process. To understand exactly how these improve
ments occur in silicon-gate CMOS, it is helpful to compare 
the process to the metal-gate CMOS process. 

Metal-Gate CMOS Processing 
Figure 1 through 12 are cross sections of a metal-gate 
CMOS pair of P- and N-channel transistors wi~h associated 
guard rings. Guard rings are necessary in metal-gate pro
cessing to prevent leakage currents between the sources 
and drains of separate transistors. The starting material is 
an N- type silicon substrate covered by a thin layer of ther
mally grown silicon dioxide (Si02) (Figure 1). Silicon dioxide, 
also called oxide acts as both a mask for certain processing 
steps and a dielectric insulator. Figure 2 shows 

Si02 

National Semiconductor 
Application Note 31 O 
Kenneth Karakotsios 

the addition of a lightly doped P- well in which the N-chan
nel transistors and P + guard rings will later be located. The 
P- well is ion implanted into the substrate. A thin layer of 
oxide allows ions to be implanted through it, while a thicker 
oxide will block ion implantation. 

Next, the oxide over the P- well is stripped, and a new 
layer of oxide is grown. Following this, holes are etched into 
the oxide where the P+ source, drain, and guard ring diffu
sions shall occur. The P + regions are diffused, and then 
additional oxide is grown to fill the holes created for diffu
sion (Figures 3, 4, and 5). The following step is to cut holes 
in the oxide to diffuse the N-channel sources, drains and 
guard bands. Then oxide is again thermally grown (Figures 6 
and 7). 
In the following step, the composite mask is created by 
again cutting holes in the oxide. This defines the areas 
where contacts and transistor gates will occur (Figure 8'). A 
thin layer of gate oxide is grown over these regions (Figure 
El), and alignment of this to the source and drain regions is a 
critical step. If the gate oxide overlaps the source or drain, 
this will cause additional parasitic capacitance. 

Contacts to transistor sources and drains are cut into the 
thin oxide where appropriate (Figure 10), and then the inter
connect metal is deposited (Figure 11). Depositing the met
al over the gate areas is also a critical step, for a misalign
ment will cause extra unwanted overlap capacitance. Figure 
12illustrates the final step in processing, which is to deposit 
an insulating layer of silicon dioxide over the entire surface 
of the integrated circuit. 

.. ,,., •. ,.·.::.·•·;,;;;w.;o .. ·.-: .· ........... , ........ \..:·:--'· .... · ..• ·. 
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FIGURE 1. lnltlal Oxidation, Thermally Grown Silicon 
Dioxide Layer on Silicon Substrate Surface 

FIGURE 2. P- Mask and Formation of P- Well Tub In 
Which N-Channel Devices Will Be Located 
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FIGURE 3. P- Well Oxidation, Thermally Grown Silicon 
Dioxide Layer Over P- Well Area 

FIGURE 4. P + Mask and Formation of Low Resistance P + Type Pockets in 
- Well and N-Substrate 

FIGURE 5. P + Oxidation, Thermally Grown Slllcon 
Dioxide Layer Over P + Type Pockets 

FIGURE 6. N + Mask and Formation of Low Resistance N + Type Pockets In 
P- Well and N·Substrate 

FIGURE 7. N + Oxidation, Thermally Grown Silicon 
Dioxide Layer Over N + Type Pockets 
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FIGURE 8. Composite Mask and Openings to N- and 
P-Channel Devices 

FIGURE 9. Gate Oxidation, Thermally Grown Silicon Dioxide Layer Over N- and 
P-Channel Devices 

FIGURE 10. Contact Mask and Openings to N- and 
P-Channel Devices 

FIGURE 11. Metallization, Metal Mask, Resulting in 
Gate Metal and Metal Interconnects 

FIGURE 12. Passivation Oxide, Deposited Siiicon 
Dioxide Over Entire Die Surface 
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Silicon-Gate CMOS Processing 

The silicon-gate CMOS process starts with the same two 
steps as the metal-gate process, yielding an N - substrate 
with an ion-implanted P- well (Figures 13 and 14). That, 
however, is where the similarity ends. Next, the initial oxide 
is stripped, and another layer of oxide, called pad oxide, is 
thermally grown. Also, a layer of silicon nitride is deposited 
across the surface of the wafer (Figure 15). The nitride pre
vents oxide growth on the areas it covers. Thus, in Figure 
16, the nitride is etched a,way wherever field oxide is to be 
grown. The field oxide is a very thick layer of oxide, and it is 
grown everywhere except in the transistor regions (Figure 
17). As an oxide grows in silicon, it consumes the silicon 
substrate beneath it and combines it with ambient oxygen to 
produce silicon dioxide. Growth of this very thick oxide 
causes the oxide to be recessed below the surface of the 
silicon substrate by a significant amount. A recessed field 
oxide eliminates the need for guard ring diffusions, because 
current cannot flow through the field oxide, which complete
ly isolates each transistor from every other transistor. 

The next step is to deposit a layer of polycrystalline silicon, 
also called poly, which will form both the gate areas and a 
second layer of interconnect (Figure 18). The poly is then 
etched, and any poly remaining becomes a gate if it is over 
gate oxide, and interconnect if it is over field oxide. A new 
layer of oxide is grown over the poly, which will act as an 
insulator between the poly and the metal interconnect (Fig
ure 19). The poly over the transistor areas is not as wide as 
the gate oxide. This allows the source and drain diffusions 
to be ion implanted through the gate oxide. The poly gate 
itself, along with the field oxide, is used as a mask for im
plantation. Therefore, the source and drain implants will au
tomatically be aligned to the gate poly, which is what makes 
this process a self-aligned gate process (Figure 20). 

Figure 21 illustrates the steps of cutting contacts into the 
insulating layer of oxide, so the metal may be connected to 
gate and field poly, as well as to source and drain implants. 
A layer of metal is deposited across the entire wafer, and is 
etched to produce the desired interconnection. Finally, as in 
metal-gate processing, an insulating layer of oxide is depos
ited onto the wafer (Figure 22). 

Advantages of Siiicon-Gate Processing 

There are three major ways in which silicon-gate processing 
reduces parasitic capacitance: recessed field oxide, lower 
gate overlap capacitance, and shallower junction depths. 
Figures 23 and 24 are cross sections of metal gate and 
silicon gate CMOS circuits, respectively. These figures show 

• the parasitic on-chip capacitances (C1 through C4) for each 
type of process. 

The N + and P + source and drain regions, as well as guard 
ring regions, in the metal-gate process, have two capaci
tances associated with them: periphery and area capaci
tances (C2 and C1). These capacitances are associated 
with the diode junctions between the P + regions and the 
N - substrate, as well as the N + regions and P- well. The 
finer line widths of silicon-gate CMOS, coupled with the 
shallower junction depths, act to decrease the size of these 
parasitic diodes. Capacitance is proportional to diode area, 
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hence the diode area reduction results in a significantly re
duced parasitic capacitance in silicon-gate CMOS. 

Another origin of unwanted capacitance is the area where 
the gate overlaps the source and drain regions (C4). The 
overlap is much larger in metal-gate processing than in sili
con-gate CMOS. This is due to the fact that the metal-gate 
must be made wider than the channel width to allow for 
alignment tolerances. In silicon-gate processing, since the 
gate acts as the mask for the ion implantation of the source 
and drain regions, there is no alignment error, which results 
in greatly reduced overlap. 

How does the use of polysilicon gates increase the gain of a 
MOSFET? Polysilicon may be etched to finer line widths 
than metal, permitting the fabrication of transistors with 
shorter gate lengths. The equation that describes the gain 
of a MOSFET is shown below: 

I = (Beta)(Width)[(Gate Voltage)-(ThresholdVoltage)]2 
2(Length 

Thus, a decrease in gate length will cause an increase in 
current drive capability. This, in turn, will allow the transistor 
to charge a capacitance more rapidly, therefore increasing 
the gain of the transistor. Also, the gate oxide is thinner for 
the silicon-gate CMOS process. A thinner gate oxide in
creases the Beta term in the equation, which further in
creases gain. Finally, although it is not apparent from the 
processing cross sections, the transistor threshold (turn on) 
voltage is lower. This is accomplished by the use of ion 
implants to adjust the threshold. 

There is one more advantage of silicon-gate processing that 
should be noted: the polysilicon provides for an additional 
layer of interconnect. This allows three levels of intercon
nect, which are metal, polysilicon, and the N + and P + ion
implanted regions. Having these three levels helps to keep 
the die area down, since much die area is usually taken up 
by interconnection. 

When all these advantages are summed up, the result is a 
CMOS technology that produces devices as fast as the 
equivalent LSTIL device. Figure 25 illustrates a comparison 
between the MM74HCOO buffered NANO gate and the 
MM74COO, C04011B, and OM74LSOO NANO gates. The 
MM74HCOO is about an order of magnitude faster than the 
C04011 B buffered NANO gate, and about 5 times faster 
than the unbuffered MM74COO, at 15 pF. As load capaci
tance increases, the speed differential between metal-gate 
and silicon-gate CMOS increases, with the MM74HCOO op
erating as fast as the OM74SOO at any load capacitance. 

Summary 

Polycrystalline silicon-gate CMOS has many advantages 
over metal-gate CMOS. It is faster because on-chip parasitic 
capacitances are reduced and transistor gains are in
creased. This is due mainly to a recessed field oxide and a 
self-aligned gate process. Transistor gains are increased by 
decreasing . transistor lengths and threshold voltages, and 
increasing beta. Polysilicon also allows for an extra layer of 
interconnect, which helps to keep die area down. 
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FIGURE 13. Initial Oxidation, Thermally Grown Silicon 
Dioxide on N - Silicon Substrate 

OXIDE 

FIGURE 14. Ion-Implanted P- Tub in Which N·Channel 
Devices Will Be Located 

PAD OXIDE NITRIDE 

FIGURE 15. Initial Oxide Is Stripped, Pad Oxide Is Thermally Grown, and a Layer of Sil· 
icon Nitride Is Deposited Across the Surface of the Wafer 

NITRIDE PAD OXIDE 

FIGURE 16. Nitride Is Stripped in Areas Where Field Oxide is to be Grown. Areas 
Covered by Nitride Will Become Transistor Area 
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PAD OXIDE NITRIDE 

FIGURE 17. Field Oxide Is Thermally Grown. The Nitride 
Acts as a Barrier to Oxide Growth 

GATE OXIDE POLY 

FIGURE 18. Nitride is Stripped, Pad Oxide Is Stripped Over Transistor Areas and a 
Thin Gate Oxide Is Grown Polycrystalline Silicon Is Deposited 

FIGURE 19. Polysilicon Layer Is Etched to Provide Gate and Interconnect Poly Areas. 
New Layer of Oxidation is Grown 
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P+SOURCE 
AND DRAIN 

REGIONS 

FIGURE 20. N + and P + Source and Drain Regions Are Ion Implanted, and the 
Reoxidation Is Grown Thicker to Form an Insulating Layer 

FIGURE 21. Contact Openings Are Cut in the Insulating Oxide, and a Layer of 
Metalization Is Deposited Across the Entire Wafer 

FIGURE 22. Metal Mask Is Etched to Provide Interconnect. Vapox (Si02) Is Deposited 
Over Entire Surface of Wafer 
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FIGURE 23. Cross Section of Metal Gate CMOS Process 
Showing Parasitic On-Chip Capacitances 

FIGURE 24. Cross Section of Silicon Gate CMOS Process Showing Parasitic 
On-Chip Capacitances 
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FIGURE 25. Propagation Delay vs. Load Capacitance 
for 2-lnput NANO Gate 
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DC Electrical 
Characteristics 
of MM54HC/MM74HC High
Speed CMOS Logic 

The input and output characteristics of the MM54HC/ 
MM74HC high-speed CMOS logic family were conceived to 
meet several basic goals. These goals are to provide input 
current and voltage requirements, noise immunity and qui
escent power dissipation similar to CD4000 and MM54C/ 
MM74C metal-gate CMOS logic and output current drives 
similar to low power Schottky TIL. In addition, to enable 
merging of TIL and HG-CMOS designs, the MM54HCT I 
MM74HCT sub family differs only in their input voltage re
quirements, which are the same as TIL, to ease interfacing 
between logic families. · 

In order to familiarize the user with the MM54HC/MM74HC 
logic family, its input and output characteristics are dis
cussed in this application note, as well as how these char
acteristics are affected by various parameters such as pow
er supply voltage and temperature. Also, for those users 
who have been designing with metal-gate CMOS and TIL 
logic, notable differences and features of high-speed CMOS 
are compared to those logic families. 

A Buffered CMOS Logic Family 
The MM54HC/MM74HC is a "buffered" logic family like the 
CD4000B series CMOS. Buffering CMOS logic merely de
notes designing the IC so that the output is taken from an 
inverting buffer stage. For example, the internal circuit im
plementation of a NAND gate would be a simple NAND fol
lowed by two inverting stages. An unbuffered gate would be 
implemented as a single stage. Both are shown in Figure 1. 
Most MSI logic devices are inherently buffered because 
they are inherently multi-stage circuits. Gates and similar 

vee 
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small circuits yield the greatest improvement in perform
ance by buffering. 

There are several advantages to buffering this high-speed 
CMOS family. By using a standardized buffer, the output 
characteristics for all devices are more easily made identi
cal. Multi-stage gates will have better noise immunity due to 
the higher gain caused by having several stages from input 
to output. Also, the output impedance of an unbuffered gate 
may change with input logic level voltage and input logic 
combination, whereas buffered outputs are unaffected by 
input conditions. 

Finally, single stage gates implemented in MM54HC/ 
MM74HC CMOS would require large transistors due to the 
large output drive requirements. These large devices would 
have a large input capacitance associated with them. This 
would affect the speed of circuits driving into an unbuffered 
gate, especially when driving large fanouts. Buffered gates 
have small input transistors and correspondingly small input 
capacitance. 

One may think that a major disadvantage of buffered circuits 
would be speed loss. It would seem that a two or three 
stage gate would be two to three times slower than a buff
ered one. However, internal stages are much faster than the 
output stage and the speed lost by buffering is relatively 
small. 

The one exception to buffering is the MM54HCU04/ 
MM74HCU04 hex inverter which is unbuffered to enable its 
use in various linear and crystal oscillator applications. 

Vee vee Vee 

(b) 
TL/F/5052-2 

FIGURE 1. Schematic Diagrams of (a) Unbuffered and 
(b) Buffered NANO Gate 
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CMOS Input Voltage Characteristics 
As mentioned before, MM54HC/MM74HC standard input 
levels are similar to metal-gate CMOS. This enables the 
high-speed logic family to enjoy the same wide noise margin 
of C04000 and MM54C/MM74C logic. With Vee= 5V these 
input levels are 3.5V for minimum logic "1" (ViH) and 1.0V 
for a logic "O" (VnJ. The output levels when operated at 
Vcc=5V±10% and worst case input levels, are specified 
to be Vcc-0.1 or 0.1V. The output levels will actually be 
within a few millivolts of either Vee or ground. 

When operated over the entire supply voltage range, the 
input logic levels are: V1H=0.7Vcc and V1L =0.2Vcc. Figure 
2 illustrates the input voltage levels and the noise margin of 
these circuits over the power supply range. The shaded 
area indicates the noise margin which is the difference be
tween the input and output logic levels. The logic "1" noise 
margin is 29% of Vee and the logic "O" noise margin is 
19% of Vee. Also shown for comparison are the 54LS/ 
7 4LS input levels and noise margins over their supply range. 

These input levels are specified on individual data sheets at 
Vee= 2.0V, 4.5V, 6.0V. At 2.0V the input levels are not quite 
0.7(Vcc) and 0.2(Vcc) as at low voltages transistor turn on 
thresholds become significant. This is shown in Figure 2. 
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~ 4 
ViHaD.7Vcc 

~ 

~ 
3 VaH•Z.7V 

z ·V1H•ZV 

~ V1L•D.ZVcc 
ii 1 V1L•D.IV 

VaL•D.4V 
D VaL•D.1V 

z I 
POWER SUPl'l.Y VOLTAGE fVI 

TL/F/5052-3 

FIGURE 2. Worst Case Input and Output Voltages Over 
Operating Supply Range for "HC" and "LS" Logic 

The input and output logic ·voltages and their behavior with 
temperature variation is determined by the input to output 
transfer function of the logic circuit. Figure 3a shows the 
transfer function of the MM54HCOO/MM74HCOO NANO 
gate. As can be seen, the NANO gate has Vee and ground 
output levels and a very sharp transition at about 2.25V. 
Thus, good noise immunity is achieved, since input noise of 
a volt or two will not appear on the output. The transition 
point is also very stable with temperature, drifting typically 
50 or so millivolts over the entire temperature range. As a 
comparison, the transfer function for a 54LS00/74LSOO is 
plotted in Figure 3b. LSTTL output transitions at about 1.1 V 
and the transition region varies several hundred millivolts 
over the temperature range. Also, since the transition region 
is closer to the low logic level, less ground noise can be 
tolerated on the input. 

In typical systems, noise can be capacitively coupled to the 
signal lines. The amount of voltage coupled by capacitively 
induced currents is dependent on the impedance of the out
put driving the signal line. Thus, the lower the output imped
ance the lower the induced voltage. High-speed CMOS of· 
fers improved noise immunity over C04000 in this respect 
because its output impedance is one tenth that of C04000 
and so it is about 7 times less susceptible to capacitively 
induced current noise. 
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FIGURE 3. Input/Output Transfer Characteristics for (a) 
'HCOO and (b) 'LSOO Nand Gate 

The MM54HCT/MM74HCT sub-family of MM54HC/ 
MM74HC logic provides TTL compatible input logic voltage 
levels. This will enable TTL outputs to be guaranteed to 
correctly drive CMOS inputs. An incompatibility results be
cause TTL outputs are only guaranteed to pull to a 2. 7V 
logic high level, which is not high enough to guarantee a 
valid CMOS logic high input. To design the entire family to 
be TTL compatible would compromise speed, input noise 
immunity and circuit size. This sub-family can be used to 
interface sub-systems implemented using TTL logic to 
CMOS sub-systems. The input level specifications of 
MM54HCT /MM7 4HCT circuits are the same as LSTTL. Min
imum input high level is 2.0V and the maximum low level is 
0.8V using a 5V ± 10% supply. 

A fairly simple alternative to interfacing from LSTTL is to tie 
a pull-up resistor from the TTL output to V cc. usually 
4-1 O kn. This resistor will ensure that TTL will pull up to 
Vee· (See Interfacing MM54HC/MM74HC High-Speed 
CMOS Logic application note.) 

High-Speed CMOS Input Current and Capacitance 
Both standard "HC" and TTL compatible "HCT" circuits 
maintain the ultra low input currents inherent in CMOS cir
cuits when CMOS levels are applied. This current is typically 
less than a nanoamp and is due to reverse leakages of the 
input protection diodes. Input currents are so small that they 
can usually be neglected. Since CMOS inputs present es
sentially no load, their fanout is nearly infinite. 



Each CMOS input has some capacitance associated with it, 
as do TTL inputs. This capacitance is typically 3-5 pF for 
MM54HC/MM74HC, and is due to package, input protection 
diode, and transistor gate capacitances. Capacitance infor
mation is given in the data sheets and is measured with all 
pins grounded except the test pin. This method is used be
cause it yields a fairly conservative result and avoids capaci
tance meter and power supply ground loops and decoupling 
problems. Figure 4 plots typical input capacitance versus 
input voltage for HG-CMOS logic with the device powered 
on. The small peaking at 2.2V is due to internal Miller feed
back capacitance effects. 

When comparing MM54HC/MM74HC input currents to TIL 
logic, 54LS/74LS does need significantly more input cur
rent. LSTIL requires 400 µA of current when a logic low is 
applied and 40 µA in the high state which is significantly 
more than the worst case 1 µA leakage that MM54HC/ 
MM74HC has. 
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INPUT VOLTAGE 
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FIGURE 4. Input Capacitance vs. Input Voltage 
for a Typical Device 

MM54HC/MM74HC Power Supply Voltage and 
Quiescent Current 

Figure 5 compares the operating power supply range of 
high-speed CMOS to TTL and metal-gate CMOS. As can be 
seen, MM54HC/MM74HC can operate at power supply volt
ages from 2-6V. This range is narrower than the 3-1 SV 
range of CD4000 and MM54C/MM74C CMOS. The narrow
er range is due to the silicon-gate CMOS process employed 
which has been optimized to attain high operating frequen
cies at Vcc=SV. The 2-6V range is however much wider 
than the 4.5V to 5.5V range specified for TIL circuits, and 
guaranteeing operation down to 2V is useful when operating 
CMOS off batteries in portable or battery backup applica
tions. 

The quiescent power supply current of the high-speed 
CMOS family is very similar to CD4000 and MM54C/ 
MM74C CMOS. When CMOS circuits are not switching 
there is no current path between Vee and ground, except 
for leakage currents which are typically much less than 
1 µA. These are due to diode and transistor leakages. 
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FIGURE 6. Typical Quiescent Supply Current 
Variation with Temperature 

Figure 6 illustrates how this leakage increases with temper
ature by plotting typical leakage current versus temperature 
for an MSI and SSI device. As a result of this temperature 
dependence, there is a set of standardized Ice specifica
tions which specify higher current at elevated temperatures. 
A summary of these specifications are shown in Table I. 

TABLE I. Standardized Ice Specifications for 
MM54HC/MM74HC Logic at 2s°C, 85°C and 125°C at 

Vcc=6.0V 

Temperature Gates Flip-Flops MSI 

25°C 2µA 4µA BµA 

85°C 20µA 40µA BOµA 

125°C 40µA BOµA 160 µA 



Output Characteristics 

One of the prime advantages of MM54HC/MM74HC over 
metal-gate CMOS (besides speed) is the output drive cur
rent, which is about ten times CD4000 or MM54C/MM74C 
logic. The larger output current enables high-speed CMOS 
to directly drive large fanouts of 54LS/74LS devices, and 
also enables HG-CMOS to more easily drive large capaci
tive loads. This improvement in output drive is due to a vari
ety of enhancements provided by the silicon-gate process 
used. The basic current equation for a MOSFET is: 

I= (Beta)(Width/Length)((Vg-Vt)V d-0.5(V~)) 

Where V9 is the transistor gate voltage, Vt is the transistor 
threshold voltage, and Vd is the transistor drain voltage 
which is equivalent to the circuit output voltage. This CMOS 
process, when compared to metal-gate CMOS, has in
creased transistor gains, Beta, and lower threshold volt
ages, Vt. Also, improved photolithography has reduced the 
transistor lengths, and wider transistors are also possible 
because of tighter geometries. 

Figure 7 compares the output high and low current specifi
cations of MM74HC, 74LS and metal-gate CMOS for stan
dard device outputs. High-speed CMOS has worst case out
put low current of 4 mA which is similar to low power 
Schottky TTL circuits, and offers symmetrical logic high and 
low currents as well. In addition, CMOS circuits whose func
tions make them ideal for use driving large capacitive loads 
have a larger output current of 6 mA. For example, these 
bus driver outputs are used on the octal flip-flops, latches, 
buffers, and bidirectional circuits. 
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FIGURE 7. Comparison of 74HC, 74LS and CD4000/ 74C 
Output Drive Currents, lou and loL 

Table II summarizes the various output current specifica
tions for MM54HC/MM74HC CMOS along with their equiva
lent LSTTL fanouts. As Table II shows, the output currents 
of the MM54HC/MM74HC devices are derated from the 
MM74HC devices. The derating is caused by the decrease 
in current drive of the output transistors as temperature is 
increased. To show this, Figure 8 plots typical output source 
and sink currents against temperature for both standard and 
bus driver circuits. This variation is similar to that found in 
metal-gate CMOS, and so the same -0.3% per ·c derating 
that is used to approximate temperature derating of CD4000 
and MM54C/MM74C can be applied to 54HC/74HC. As an 
example, the approximate worst case 25"C current drive 
one would expect by using the 4 mA 85"C data sheet num
ber would be about 4 mA at Vour=0.26V, and this is what 
is specified in the device data sheets. 
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FIGURE 8. Typical Output (a) Source and (b) Sink 
Current Temperature for Standard and Bus Outputs 

TABLE II. Data Sheet Output Current Specifications 
for MM54HC/MM74HC Logic 

Device Output High Output Low LS TTL 
Vcc=4.5V Current Current Fanout 

Standard 54HC 4.0 mA (Vour=3.7V) 4.0 mA (Vour=0.4V) 10 

Bus Driver 54HC 6.0 mA (Vour=3.7V) 6.0 mA (Vour=0.4V) 15 

Standard 7 4HC 4.0 mA (Vour=3.94) 4.0 mA (Vour=0.33V) 10 

Bus 74HC 6.0 mA (Vour=3.94) 6.0 mA (Vour=0.33V) 15 
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The data sheet specifications for output current are mea
sured at only one output voltage for either source or sink 
current for each of three temperature ranges, room, com
mercial, and military. The outputs can supply much larger 
currents if larger output voltages are allowed. This is shown 
in Figures 9 and 10, which plot output current versus output 
voltage for both N-channel sink current and P-channel 
source current. Both standard and bus driver outputs are 
shown. For example, a standard output would typically sink 
20 mA with Vol= 1V, and typically capable of a short circuit 
current of 50 mA. 
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FIGURE 9. Typical P·Channel Output Source Current vs. 
Output Voltage for (a) Standard and 

(b) Bus Outputs 
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The output current and voltage characteristics of a logic cir
cuit determine how well that circuit will switch its output 
when driving capacitive loads and transmission lines. The 
more current available, the faster the load can be switched. 
In order for HG-CMOS to achieve LSTTL performance, the 
outputs should have characteristics similar to LSTTL. This 
similarity is illustrated in Figure 11 by plotted typical LSTTL 
and HG-CMOS output characteristics together. 

As the supply voltage is decreased, the output currents will 
decrease. Figure 12a plots the output sink current versus 
power supply voltage with a 0.4V output voltage, and Figure 
12b plots output source current against power supply with 
an output voltage of Vcc-0.8V. It is interesting to note that 
MM54HC/MM74HC powered at Vcc=3V, typically, will still 
drive 1 O LSTTL inputs (T = 25°C). 

Absolute Maximum Ratings 

Absolute maximum ratings are a set of guidelines that de
fine the limits of operation for the MM54HC/MM74HC logic 
devices. To exceed these ratings could cause a device to 
malfunction and permanently damage itself. These limits 
are tabulated in Table Ill, and their reasons for existing are 
discussed below. 

The largest power supply voltage that should be applied to a 
device is 7V. If larger voltages are applied, the transistors 
will breakdown, or "punch through". The smallest voltage 
that should be applied to a MM54HC/MM74HC circuit is 
-0.5V. If more negative voltages are applied, a substrate 
diode would become forward biased. In both cases large 
currents could flow, damaging the device. 
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FIGURE 10. Typical N·Channel Output Sink Current vs. Output Voltage 
for (a) Standard and (b) Bus Outputs 
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FIGURE 12. Output (a) Sink and (b) Source Current 
Variation with Power Supply 

High-speed CMOS inputs should not have DC voltages ap
plied to them that exceed Vee or go below ground by more 
than 1.5V. To do so would forward bias input protection 
diodes excessive currents which may damage them. In ac
tuality the diodes are specified to withstand 20 mA current. 
Thus the input voltage can exceed 1.5V if the designer limits 
his input current to less than 20 mA. The output voltages 
should be restricted to no less than -0.5V and no greater 
than Vee+0.5V, or the current must be limited to 20 mA. 
The same limitations on the input diodes apply to the out
puts as well. This includes both standard and TRI-STATE® 
outputs. These are DC current restrictions. In normal high 
speed systems, line ringing and power supply spiking una
voidably cause the inputs or outputs to glitch above these 
limits. This will not damage these diodes or internal circuitry. 
The diodes have been specifically designed to withstand 
momentary transient currents that would normally occur in 
high speed systems. 

Additionally, there is a maximum rating on the DC output or 
supply currents as shown in Table 3. This is a restriction 
dictated by the current capability of the integrated circuit 
metal traces. Again this is a DC specification and it is ex
pected that during switching transients the output and sup
ply currents could exceed these specifications by several 
times these numbers. 

For most CD4000 and MM54C/MM74C CMOS operating at 
Vee= 5V, the designer does not need to worry about exces
sive output currents, since the output transistors usually 
cannot source or sink enough current to stress the metal or 
dissipate excessive amounts of power. The high-speed 
CMOS devices do have much improved output characteris
tics, so care should be exercised to ensure that they do not 
draw excessive currents for long durations, i.e., greater than 
0.1 seconds. It is also important to ensure that internal dissi
pation of a circuit does not exceed the package power dissi
pation. This will usually only occur when driving large cur
rents into small resistive loads. 

TABLE Ill. Absolute Maximum Ratings for 
MM54HC/MM74HC CMOS Logic 

Symbol Parameter Value Unit 

Vee DC Supply Voltage -0.5 to 7.0 v 
V1N DC Input Voltage -1.5 to Vee+ 1.5 v 

VouT DC Output Voltage -0.5 to Vee+0.5 v 
Standard ±25 mA 

louT DC Current, Per Output Pin 
Bus Driver ±35 mA 

Standard ±50 mA 
Ice DC Vee or Ground Current 

Bus Driver ±70 mA 

llK• loK Input or Output Diode Current ±20 mA 

2-89 

l> z 
I 
w .... 
w 

• 



MM54HC/MM74HC Input Protection 

As with any circuits designed with MOS transistors "HC" 
logic must be protected against damage due to excessive 
electrostatic discharges, which can sometimes occur during 
handling and assembly procedures. If no protection were 
provided, large static voltages appearing across any two 
pins of a MOS IC could cause damage. However, the new 
input protection which takes full advantage of the "HC" sili
con-gate process has been carefully designed to reduce the 
susceptibility of these high-speed CMOS circuits to oxide 
rupture due to large static voltages. In conjunction with the 
input protection, the output parasitic diodes also protect the 
circuit from large static voltages occuring between any in
put, output, or supply pin. 

Figure 13 shows a schematic of the input protection net
work employed. The network consists of three elements: a 
poly-silicon resistor, a diode connected to Vee. and a dis
tributed diode-resistor connected to ground. This high
speed process utilizes the poly resistor to more effectively 
isolate the input diodes than the diode-resistor used in met
al-gate CMOS. This resistor will slow down incoming tran
sients and dissipate some of their energy. Connected to the 
resistor are the two diodes which clamp t.he input spike and 

prevent large voltages from appearing across the transistor. 
These diodes are larger than those used in metal-gate 
CMOS to enable greater current shunting and make them 
less susceptible to damage. The input network is ringed 
by Vee and ground diffusions, which prevent substrate 
currents caused by these transients from affecting other 
circuitry. 

The parasitic output diodes (Figure 13) that isolate the out
put transistor drains from the substrate are also important in 
preventing damage. They clamp large voltages that appear 
across the output pins. These diodes are also ringed by Vee 
and ground diffusions to again shunt substrate currents, 
preventing damage to other parts of the circuit. 

Summary 

The MM54HC/MM74HC, because of many process en
hancements, does provide a combination of features from 
54LS/74LS and metal-gate CMOS logic families. High
speed CMOS gives the designer increased flexibility in pow
er supply range over LSTTL, much larger output drive than 
CMOS has previously had, wider noise immunity than 54LS/ 
7 4LS, and low CMOS power consumption. 

vee 

TL/F/5052-20 

FIGURE 13. Schematic Diagram of Input and Output Protection Structures 
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Interfacing to MM54HC/ 
MM74HC High-Speed CMOS 
Logic 

On many occasions it might be necessary to interface 
MM54HC/MM74HC logic to other types of logic or to some 
other control circuitry. HC-CMOS can easily be interfaced to 
any other logic family including 54LS/74LS TTL, MM54C/ 
MM74C, CD4000 CMOS and 10,000 ECL logic. Logic inter
facing can be sub-divided into two basic categories: inter
facing circuitry operating at the same supply voltage and 
interfacing to circuitry operating on a different voltage. In the 
latter case, some logic level translation is usually required, 
but many easily available circuits simplify this task. Usually, 
both instances require little or no external circuitry. 

Interfacing Between TTL and MM54HC/MM74HC Logic 

This high-speed CMOS family can operate from 2-6V, how
ever, in most applications which interface to TTL, both logic 
families will probably operate off the same 5V TTL supply. 
The interconnection can be broken down into two cate
gories: TTL outputs driving CMOS inputs, and CMOS out
puts driving TTL inputs. In both cases the interface is very 
simple. 

In the first case, TTL driving HC, there are some minor dif
ferences in TTL specifications for totem-pole outputs and 
high-speed CMOS input specifications. The TTL output low 
level is completely compatible with the MM54HC/MM74HC 
input low, but TTL outputs are specified to have an output 
high level of 2.4V (2.7V for LSTTL). High-speed CMOS's 

-------vee 

OUTPUT 

R3 

(a) 

National Semiconductor 
Application Note 314 
Larry Wakeman 

logic "1" input level is 3.5V (Vee= 5.0V), so TTL is not guar
anteed to pull a valid CMOS logic "1" level. If the TTL circuit 
is only driving CMOS, its output voltage is usually about 
3.5V. HC-CMOS typically recognizes levels greater than 3V 
as a logic high, so in most instances TTL can drive 
MM74HC/MM54HC. 

To see why TTL does not pull up further, Figure ta shows a 
typical standard TTL gate's output schematic. As the output 
pulls up, it can go no higher than two diode voltage drops 
below Vee due to 02 and 02. So when operating with a 5V 
supply, the TTL output cannot go much higher than about 
3.5V. Figure 1b shows an LSTTL gate, which has an output 
structure formed by 02 and 04. As the LSTTL output goes 
high, these two transistors cannot pull higher than two base
emitter voltage drops below Vee. and, as above, the output 
cannot go much higher than 3.5V. If the output of either the 
LSTTL or TTL gate is loaded or the off sink transistor has 
some collector leakages, the output voltage will be lower. 

Many LSTTL and ALSTTL circuits take R2 of Figure 2b and 
instead of connecting it to ground, it is connected to the 
output. This enables the TTL output to go to 4.3V 
(Vee=5.0V) which is more than adequate to drive CMOS. A 
simple measurement of open circuit VoH can verify this cir
cuit configuration. 

-------+- Vee 

OUTPUT 

TL/F/5053-1 

(b) 

FIGURE 1. Schematic Diagrams for Typical (a) Standard and 
(b) Low Power Schottky TTL Outputs 
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Since LSTTL specifications guarantee a 2.7V output high 
level instead of a 3.5V output high, when designing to the 
worst case characteristics greater compatibility is some
times desired. One solution to increase compatibility is to 
raise the output high level on the TTL output by placing a 
pull-up resistor from the TTL output to Vee. as shown in 
Figure 2. When the output pulls up, the resistor pulls the 
voltage very close to Vee. The value of the resistor should 
be chosen based on the LSTTL and CMOS fanout of the LS 
gate. Figure 3 shows the range of pull-up resistors values 
versus LS fanout that can be used. For example, if an 
LSTTL device is driving only CMOS circuits, the resistor val
ue is chosen from the left axis which corresponds to a zero 
LSTTL fanout. 

A second solution is to use one of the many MM54HCT I 
MM74HCT TTL input compatible devices. These circuits 
have a specially designed input circuit that is compatible 
with TTL logic levels. Their input high level is specified at 
2.0V and their input low is O.BV with Vee= 5.0V ± 10%. 
Thus LS can be directly connected to HC logic and the extra 
pull-up resistors can be eliminated. The direct interconnec
tion of the TTL to CMOS translators is shown in Figure 4. 

If TTL open collector outputs with a pull-up resistor are driv
ing MM54HC/MM74HC logic, there is no interface circuitry 
needed as the external pull-up will pull the output to a high 
level very close to Vee- The value of this pull-up for LS 
gates has the same constraints as the totem-pole outputs 
and its value can be chosen from Figure 2 as well. The 
special TTL to CMOS buffers may also be used in this case, 
but they are not necessary. 

TYPICAL 
LSTTL OUTPUT 

vcc 

Cl 
....: 
I 

a: 
c ..... 
Cl) 

V,j 
w 
a: 
c.. 
::::> _, _, 
::::> 
c.. 

16.--.....--.--...---.,.~...--.--.--....-.----. 

14~!k-,...+---+--l--l---+--+--l---l---I-~ 

12; 
%/!\ 

0 4 8 12 16 20 

LSTTL FANOUT 
TL/F/5053-2 

FIGURE 3. Range of Pull-Up Resistors for Low 
Power Schottkey TTL to CMOS Interface 

When MM54HC/MM74HC outputs are driving TTL inputs, 
as shown in Figure 5, there is no incompatibility. Both the 
high and low output voltages are compatible with TTL. The 
only restriction in high-speed CMOS driving TTL is the same 
fanout restrictions that apply when TTL is driving TTL. 

STANDARD 
HC·CMOS INPUT 

------------... --vcc....,--------------.....i~----------------' 

R1 

FIGURE 2. Interfacing LSTTL Outputs to Standard 
CMOS Inputs Using a Pull-Up Resistor 
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TYPICAL 
LSTTL OUTPUT 

-------vcc 

STTL LOGIC 

TTL TD 
CMOS LEVEL 
TRANSLATOR 

MMSCHCT/ 
MM74HCT 

STANDARD 
HC·CMOS INPUT 

HC·CMDS LOGIC 

FIGURE 4. LSTTL Outputs Directly Drives MM54HCT/MM74HCT Logic 
Directly Which Can Interface to MM54HC/MM74HC 

TYPICAL 
HC·CMOS OUTPUT 

HIGH-SPEED 
CMOS LOGIC 

vcc•llV EQUIVALENT 
LSTTLINPUT 

vcc---.--

FIGURE 5. High-Speed CMOS Can Directly Connect Up 
to LSTTL Within Its Fanout Restrictions 
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High-speed CMOS has much improved output drive com
pared to CD4000 and MM54C/MM74C metal-gate CMOS 
logic. Figure 6 tabulates the fanout capabilities for this fami
ly. MM54HC/MM74HC standard outputs have a fanout ca
pability of driving 10 LSTTL equivalent load and MM74HC 
bus driver outputs can drive up to 15 LSTTL inputs. It is 
unlikely that greater fanouts will be necessary, but several 
gates can be paralleled to increase output drive. 

MM54HC/MM74HC and NMOS/HMOS Interconnection 

With the introduction of CMOS circuits that are speed-equiv
alent to LSTTL, these fast CMOS devices will replace much 
of the bipolar support logic for many NMOS and HMOS mi
croprocessor and LSI circuits. As a group, there is no real 
standard set of input and output specifications, but most 
NMOS circuits conform to TTL logic input and output logic 
level specifications. 

NMOS outputs will typically pull close to Vee. As with 
LSTTL, standard MM54HC/MM74HC CMOS inputs will 
typically accept NMOS outputs directly. However, to 
improve compatibility the MM54HCT/MM74HCT series of 
TTL compatible circuits may be used. These devices are 
particularly useful in microprocessor systems, since many 
of the octal devices are bus oriented and have pin-outs 
with inputs and outputs on opposite sides of the package. 
As with LSTTL, a second solution is to add a pull-up 
resistor between the NMOS output and Vee. Both methods 
are shown in Figure 7. 

MM54HC/MM74HC outputs can directly drive NMOS in
puts. In fact, this situation is the same as if high-speed 
CMOS was driving itself. NMOS circuits have near zero in
put current and usually have input voltage levels that are 
TTL compatible. Thus MM54HC/MM74HC needs no addi
tional circuitry to drive NMOS and there is also virtually no 
DC fanout restriction. 

Interfacing High-Speed CMOS to MM54C/MM74C, 
CD4000 and CMOS-LSI 

MM54HC/MM74HC CMOS and metal-gate CMOS logic in
terconnection is trivial. When both families are operated for 

HC·CMOS Equivalent LS TTL 
Fanouts Min Typ 

Standard Output 
MM54HC/MM7 4HC 10 20 

Bus Driver Output 
MM54HC/MM74HC 15 30 

Min 

2 

4 

the same power supply, no interface circuitry is needed. 
MM54HC/MM74HC, CD4000 and MM54C/MM74C logic 
families are completely input and output logic level compati
ble. Since both families have very low input currents, there 
is essentially no fanout limitations for either family. 

The same input and output compatibility of the HG-CMOS 
makes it also ideal for use interfacing to CMOS-LSI circuits. 
For example, MM54HC/MM74HC can be directly connect
ed to the NSCBOO, and 80C48 microprocessors and other 
microCMOS products, as well as CMOS telecommunica
tions products. 

MM54HC/MM74HC to ECL Interconnection 

There may be some instances where an ECL logic system 
must be connected to high-speed CMOS logic. There are 
several possible methods to interconnect these families. 
Figure 8 shows one method which uses the 10125/10525 
ECL to TTL interface circuit to go from ECL to HG-CMOS 
logic and the 10124/10524 to connect CMOS outputs to 
ECL inputs. These devices allow the CMOS to operate with 
Vee=5V while the ECL circuitry uses a -5.2V supply. 

An alternate approach would be to operate the CMOS from 
the -5.2V ECL supply as shown in Figure 9. Thus CMOS 
outputs could be directly connected to ECL inputs. 

Logic Interfaces Requiring Level Translation 

There are many instances when interfacing from one logic 
family to another that the other logic family will be operating 
from a different power supply voltage. If this is the case, a 
level translation must be accomplished. There are many dif
ferent permutations of up and down level conversions that 
may be required. A few of the more likely ones are dis
cussed here. 

TTL S·TTL ALS·TTL 

Typ Min Typ Min Typ 

4 2 4 20 40 

8 3 6 30 60 

FIGURE 6. Equivalent Fanout Capabilities of 
High-Speed CMOS Logic 
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TYPICAL 
NMOSOUTPUT 

NM OS-LSI 
CIRCUITS DR 

MICROPROCESSORS 

TYPICAL 
NMOS OUTPUT 

vcc .. 5v 

(a) 

5V 

PULL-UP 
RESISTOR FDR 

IMPROVED 
COMPATIBILITY 

(b) 

TTL INPUT 
COMPATIBLE CMOS 

HIGH-SPEED 
CMOS LOGIC 

TYPICAL STANDARD 
CMOS INPUT 

FIGURE 7. Improved Compatibility NMOS to CMOS Connection Using 
(a) TTL Input Compatible Devices or (b) External Pull-Up Resistors 
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SYSTEM 

FIGURE 8. MM54HC/MM74HC to ECL and ECL to HC·CMOS Interface 

MM54HC/ 
MM74HC 

LOGIC 

-UY 

ECL 
LOGIC 

-UY 

FIGURE 9. HC·CMOS Driving ECL Logic from Same Power Supply 
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If MM54HC/MM74HC is operated in a battery back up appli
cation for a TIL system, high-speed CMOS may be operat
ed at Vee= 2-3V and can be connected to 5V TIL. CMOS 
operating at 3V can be directly connected to TIL since its 
input and output levels are compatible with TIL, and the 

TYPICAL 
LSTTL OUTPUT 

-------vcc 

LSTTL LOGIC 

HC-CMOS OUTPUT 

(a) 

TIL output levels are compatible with CMOS inputs, as 
shown in Figure 10. When high-speed CMOS is operated at 
2V, the TIL outputs will exceed the CMOS power supply 
and the CMOS outputs will just barely pull high enough to 
drive TIL, so some level translation will be necessary. 

vcc=3V 

TYPICAL 
HC·CMOS INPUT 

HC-CMOS LOGIC 

vcc=5V 

EQUIVALENT 
LSTTL INPUT 

Vee---.--

Rea 

TL/F/5053-10 

HC·CMOS LOGIC CMOS TO LSTTL LSTTL LOGIC 

(b) 

FIGURE 10. When HC·CMOS Is Operating At Vcc=3V 
No Logic Level Conversion Circuitry Is Needed 
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CD4000 and MM54C/MM74C metal-gate CMOS logic can 
be operated over a wider supply range that MM54HC/ 
MM7 4HC, and because of this there will be instances when 
metal-gate CMOS and HC-CMOS will be operated off differ
ent supply voltages. Usually 9V to 15V CD4000 logic levels 

will have to be down converted to 5V high-speed CMOS 
levels. Figure 11 shows several possible down conversion 
techniques using either a CD4049, CD4050, MM54HC4049, 
MM54HC4050, or MM54C906. 

vcc:o9-15Y 

TYPICAL 
CMOS OUTPUT 

STANDARD CMOS LOGIC 

TYPICAL 
CMOS OUTPUT 

STANDARD CMOS LOGIC 

74C901 
74C902 
CD4049 
CD4050 

54HC4049 or 
54HC4050 

/------ ---..,'\ 
( I 
I I 

(a) 

vcc .. s-1sv 

R1 

54C906 

(b) 

vcc=5V 

vcc=5Y 

TYPICAL 
HC·CMOS OUTPUT 

HC·CMOS LOGIC 

TYPICAL 
HC·CMOS INPUT 

HC·CMOS LOGIC 

FIGURE 11. CD4000 or 74C Series CMOS to HC·CMOS Connection with Logic 
Level Conversion Using (a) Special Down Converters or (b) Open Drain CMOS 
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Since CMOS has a high input impedance, another possibili
ty is to use a resistor voltage divider for down level conver
sion as shown in Figure 12. Voltage dividers will, however, 
dissipate some power. 

vcc=9-15V 

R1 

STANDARD CMDS LOGIC 

Up conversion from MM54HC/MM74HC to metal-gate 
CMOS can be accomplished as shown in Figure 13. Here an 
MM54C906 open drain buffer with a pull-up resistor tied to 
the larger power supply is used. 

RZ 

TYPICAL 
HC·CMDS INPUT 

HC-CMOS LOGIC 
TL/F/5053-14 

FIGURE 12. CMOS to "HC" CMOS Logic Level Translation 
Using Resistor Divider 

TYPICAL 
HC·CMOS OUTPUT 

HC·CMDS LOGIC 

vcc=5V 

R1 

vcc=9-1sv 

TYPICAL 
CMOS INPUT 

STANDARD CMOS LOGIC 

FIGURE 13. HC·CMOS to CD4000 or 74C Series CMOS Connection with 
Logic Level Conversion Using an Open Drain CMOS Circuit 
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12V-24V 

INDUSTRIAL 
DR 

AUTOMOTIVE 
CONTROL 

LOGIC 

vcc=sv 

12V-24V 

INDUSTRIAL 
OR 

AUTOMOTIVE 
CONTROL 

LOGIC 

TL/F/5053-16 

FIGURE 14. Interfacing Between HC-CMOS and High Voltage Control Logic 

High Voltage and Industrial Control Interfaces 

On occasion, interfacing to industrial and automotive control 
systems may be necessary. If these systems operate within 
the metal-gate CMOS supply range, interfacing MM54HC/ 
MM74HC to them is similar to interfacing to CD4000 operat
ing at a higher supply. In rugged industrial environments, 
care may be required to ensure that large transients do not 
harm the CMOS logic. Figure 14 shows a typical connection 
to a high voltage system using diode clamps for input and 
output protection. 

The higher drive of HC-CMOS can enable direct connection 
to relay circuits, but additional isolation is recommended. 
Clamp diodes should again be used to prevent spikes gen
erated by the relay from harming the CMOS device. For 
higher current drive an external transistor may be used to 
interface to high-speed CMOS. Both of these are shown in 
Figure 15. Also, the higher drive enables easy connection to 
SCR's and other power control semiconductors as shown in 
Figure 16. 

Conclusion 

Interfacing between different logic families is not at all diffi
cult. In most instances, when no logic level translation be
tween is done, no external circuitry is needed to intercon
nect logic families. Even though the wide supply range of 
MM54C/MM74C and CD4000 creates many possible logic 
level conversion interface situations, most are easily han
dled by employing a minimum of extra circuitry. Additionally, 
several special interface devices also simplify logic level 
conversion. 
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FIGURE 15. Interfacing MM54HC/MM74HC to Relays 
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AC Characteristics of 
MM54HC/MM74HC 
High-Speed CMOS 

When deciding what circuits to use for a design, speed is 
most often a very important criteria. MM54HC/MM74HC is 
intended to offer the same basic speed performance as low 
power Schottky TIL while giving the designer the low power 
and high noise immunity characteristics of CMOS. In other 
words, HC-CMOS is about ten times faster than CD4000 
and MM54C/MM74C metal-gate CMOS logic. Even though 
HC-CMOS logic does have speeds similar to LSTIL, there 
are some differences in how this family's speeds are speci
fied, and how various parameters affect circuit performance. 

To give the designer an idea of the expected performance, 
this discussion will include how the AC characteristics of 
high-speed CMOS are specified. This logic family has been 
specified so that in the majority of applications, the specifi
cations can be directly applied to the design. Since it is 
impossible to specify a device under all possible situations, 
performance variations with power supply, loading and tem
perature are discussed, and several easy methods for de
termining propagation delays in nearly any situation are also 
described. Finally, it is useful to compare the performance 
of HC-CMOS to 54LS/74LS and to CD4000. 

Data Sheet Specifications 

Even though the speeds achieved by this high-speed CMOS 
family are similar to LSTIL, the input, output and power 
supply characteristics are very similar to metal-gate CMOS. 
Because of this, the actual measurements for various timing 
parameters are not done the same way as TIL. The 
MM54HCT/MM74HCT TIL input compatible circuits are an 
exception. 

Standard HC-CMOS AC specifications are measured at 
Vee=2.0V, 4.5V, 6.0V for room, military and commercial 
temperature ranges. Also HC is specified with LS equivalent 
supply (5.0V) and load conditions to enable proper compari
son to low power Schottkey TIL. Input signal levels are 
ground to Vee with rise and fall times of 6 ns (10% to 90%). 
Since standard CMOS logic has a logic trip point at about 
mid-supply, and the outputs will transition from ground to 
Vee. timing measurements are made from the 50% points 
on input and output waveforms. This is shown in Figure 1. 
Using the mid-supply point gives a more accurate represen
tation of how high-speed CMOS. will perform in a CMOS 
system. This is different from the 1.3V measurement point 
and ground to 3V input waveforms that are used to measure 
TIL timing. 

This output loading used for data sheet specifications fall 
into two categories, depending on the output drive capability 
of the specific device. The output drive categories are stan
dard outputs (loL = 4 mA) and bus driver outputs 
(loL = 6 mA). Timing measurements for standard outputs 
are made using a 50 pF load. Bus driver circuits are mea
sured using both a 50 pF and 150 pF load. In all AC tests, 
the test load capacitance includes all stray and test jig ca
pacitances. 

TRI-STATE® measurements where the outputs go from an 
active output level to a high impedance state, are made 
using the same input waveforms described above, but the 
timing is measured to the 10% or 90% points on the output 
waveforms. The test circuit load is composed of a 50 pF 

National Semiconductor 
Application Note 317 
Larry Wakeman 

capacitor and a 1 kn resistor. To test tpHz, the resistor is 
swiched to ground, and for tpLz it is switched to Vee· The 
TRI-STATE test circuit and typical timing waveforms are 
shown in Figure 2. 

Measurements, where the output goes from the high imped
ance state to active output, are the same except that mea
surements are made to the 50% points and for bus driver 
devices both 50 pF and 150 pF capacitors are used. 
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OUTPUT 

TL/F/5067-1 
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":" r 
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(c) 
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FIGURE 1. Typical Timing Waveform for (a) Propagation 
Delays, and (b) Clocked Delays. Also Test 

Circuit (c) for These Waveforms (tr= t1=6 ns) 

2-101 

)> 
z 
I 
w ..... ....., 

• 



INPUT 

10% 10% 

OUTPUT 

OUTPUT 

TL/F/5067-4 

(a) 

vcc 

* vcc RL 

~~~~~~L OUT 
TEST 
POINT 

GND 
CL 

CL=50pF, RL=1 kQ 
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TL/F/5067-5 

(b) 

FIGURE 2. Typical TRI-STATE (a) Timing Waveforms 
and (b) Test Circuit for 54HC/74HC Devices 

Note: Some early data sheets used a different test circuit. This has been 
changed or will be changed. 

The MM54HCT/MM74HCT TTL input compatible devices 
are intended to operate with TTL devices, and so it makes 
sense to specify them the same way as TTL. Thus, as 
shown in Figure 3, typical timing input waveforms use 0-3V 
levels and timing measurements are made from the 1.3V 
levels on these signals. The test circuits used are the same 
as standard HC input circuits. This is shown in Figure 3. 
These measurements are compatible with TTL type speci
fied devices. 

Specifying standard MM54HC/MM74HC speeds using 2.5V 
input measurement levels does represent a specification in
compatibility between TTL and most RAM/ROM and micro
processor speed specifications. It should not, however, 
present a design problem. The timing difference that results 
from using different measurement points is the time it takes 
for an output to make the extra excursion from 1.3V to 2.5V. 
Thus, for a standard high-speed CMOS output, the extra 
transition time should result, worst case, in less than a 2 ns 
increase in the circuit delay measurement for a 50 pF load. 
Thus in speed critical designs adding 1-2 ns safely enables 
proper design of HC into the TTL level systems. 

Power Supply Affect on AC Performance 

The overall power supply range of MM54HC/MM74HC logic 
is not as wide as CD4000 series CMOS due to performance 
optimization for 5V operation; however, this family can oper
ate over a 2-6V range which does enable some versatility, 
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FIGURE 3. Typical Timing Waveforms for (a) 
Propagation Delays, and (b) Clocked Delays for 54HCT I 

74HCT Devices (tr=tt=6 ns) 

especially when battery operated. Like metal-gate CMOS, 
lowering the power supply voltage will result in increased 
circuit delays. Some typical delays are shown in Figure 4. As 
the supply voltage is decreased from 5V to 2V, propagation 
delays increase by about two to three times, and when the 
voltage is increased to 6V, the delays decrease by 10-15%. 
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In some designs it may be important to calculate the expect
ed propagation delays for a specific situation not covered in 
the data sheet. This can easily be accomplished by using 
the normalized curve of Figure 5 which plots propagation 
delay variation constant, t(V), versus power supply voltage 
normalized to 4.5V and 5V operation. This constant, when 
used with the following equation and the data sheet 5.0V 
specifications, yields the required delay at any power 
supply. 

tpo(V) = [t(V)] [tpo(5V)] 1.0 

Where tpo(5V) is the data sheet delay and tpo(V) is the 
resultant delay at the desired supply voltage. 
This curve can also be used for the Vee=4.5V specifica
tions. 

For example, to calculate the typical delay of the 74HCOO at 
Vee= 6V, the data sheet typical of 9 ns (15 pF load) is used. 
From Figure 5 t(V) is 0.9, so the 6V delay would be 8 ns. 
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FIGURE 5. MM54HCMM74HC Propagation Delay 
Variation Vs. Power Supply Normalized to 

Vee= 4.5V, and Vee= 5.0V 

Speed Variation with Capacitive Loading 

When high-speed CMOS is designed into a CMOS system, 
the load on a given output is essentially capacitive, and is 
the sum of the individual input capacitances, TRI-STATE 
output capacitances, and parasitic wiring capacitances. As 
the load is increased, the propagation delay increases. The 
rate of increase in delay for a particular device is due to the 
increased charge/discharge time of the output and the load. 
The rate at which the delay changes is dependent on the 
output impedance of the MM54HC/MM74HC circuit. As 
mentioned, for high-speed CMOS, there are two output 
structures: bus driver and standard. 

Figure 6 plots some typical propagation delay variations 
against load capacitance. To calculate under a particular 
load condition what the propagation delay of a circuit is, one 
need only know what the rate of change of the propagation 
delay with the load capacitance and use this number to ex
trapolate the delay from the data sheet vaue to the desired 
value. Figure 7 plots this constant, t(C), against power sup
ply voltage variation. Thus, by expanding on equation 1.0, 
the propagation delay at any load and power supply can be 
calculated using: 

tpo(C,V) = [t(C) (CL - 15 pF)] + [tpo(5V) t(V)] 1.1 
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Where t(V) is the propagation delay variation with power 
supply constant, tpo(5V) is the data sheet 4.5V (use 
(CL - = 50 pF) in equation) or 5V delay, CL is the load ca
pacitance and tpo(C,V) is the resultant propagation delay at 
the desired load and supply. This equation's first term is the 
difference in propagation delay from the desired load and 
the data sheet specification load. The second term is es
sentially equation 1.0. If the delay is to be calculated at 
Vee=5V, then t(V)=1 and t(C)= 0.042 ns/pF (standard 
output), 0.028 ns/pF (bus output). 

Using the previous 74HCOO example, the delay at Vee= 6V 
and a 100 pF load is: 

tpo(100 pF,6V) = (0.042)(100-15) + (0.9 X 9) = 11 ns 
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With Load Capacitance for 74HC04, 74HC164, 
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Speed Variations with Change 
in Temperature 

Changes in temperature will cause some change in speed. 
As with CD4000 and other metal-gate CMOS logic parts, 
MM54HC/MM74HC operates slightly slower at elevated 
temperatures, and somewhat faster at lower temperatures. 
The mechanism which causes this variation is the same as 
that which causes variations in metal-gate CMOS. This 

El 



....... ,... 
C") factor is carrier mobility, which decreases with increase in z temperature, and this causes a decrease in overall transis
< tor gain which has a corresponding affect on speed. 

Figure 8 shows some typical temperature-delay variations 
for some high-speed CMOS circuits. As can be seen, 
speeds derate fairly linearly from 25°C at about -0.3%/C. 
Thus, 125°C propagation delays will be increased about 
30% from 25°C. 54HC/74HC speeds are specified at room 
temperature, -40 to 85°C (commercial temperature range), 
and -55 to 125°C (military range). In virtually all cases the 
numbers given are for the highest temperature. 

To calculate the expected device speeds at any tempera
ture, not specified in the device data sheet, the following 
equation can be used: 

tpo(T) = [ 1 + ((T -25)(0.003))][tpo(25)] 1.2 

Where tpo(T) is the delay at the desired temperature, and 
tpo(25) is the room temperature delay. Using the 74HCOO 
example from the previous section, the expected increase in 
propagation delay when operated at Vcc=5V and 85°C is 
[1 + (85-25)(0.003))(1 O ns)] = 12 ns. The expected delay at 
some other supply can also be calculated by calculating the 
room temperature delay then calculating the delay at the 
desired temperature. 
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Output Rise and Fall, Setup and Hold Times 
and Pulse Width Performance Variations 

So far, the previous discussion has been restricted to propa
gation delay variations, and in most instances, this is the 
most important parameter to know. Output rise and fall 
times may also be important. Unlike TTL type logic families 
HC specifies these in the data sheet. High-speed CMOS 
outputs were designed to have typically symmetrical rise 
and fall times. Output rise and fall time variations track very 
closely the propagation delay variations over temperature 
and supply. Figure 9 plots rise and fall time against output 
load at V cc= 5V and at room temperature. Load variation of 
the transition time is twice the delay variation because de
lays are measured at halfway points on the waveform tran
sition. 

Setup times and pulse width performance under different 
conditions may be necessary when using clocked logic cir
cuits. These parameters are indirect measurements of in-

ternal propagation delays. Thus they exhibit the similar tem
perature and supply dependence as propagation delays. 
They are, however, independent of output load conditions. 
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FIGURE 9. Typical Output Rise or Fall Time Vs. Load For 
Standard and Bus Driver Outputs 

Input Rise and Fall Times 

Another speed consideration, though not directly related to 
propagation delays, is input rise and fall time. As with other 
high-speed logic families and also CD40008 and 54C/7 4C 
CMOS, slow input rise and fall times on input signals can 
cause logic problems. 

Typically, small signal gains for a MM54HC/MM74HC gate 
is greater than 1000 and, if input signals spend appreciable 
time between logic states, noise on the input or power sup
ply will cause the output to oscillate during this transition. 
This oscillation could cause logic errors in the user's circuit 
as well as dissipate extra power unnecessarily. For this rea
son MM54HC/MM74HC data sheets recommend that input 
rise and fall times be shorter than 500 ns at Vcc=4.5V. 

Flip-flops and other clocked circuits also should have their 
input rise and fall times faster than 500 ns at Vcc=4.5V. If 
clock input rise and fall times become too long, system 
noise can generate internal oscillations, causing the internal 
flip-flops to toggle on the wrong external clock edge. Even if 
no noise were present, internal clock skew caused by slow 
rise times could cause the logic to malfunction. 

If long rise and fall times are unavoidable, Schmitt triggers 
('HC14/'HC132) or other special devices that employ 
Schmitt trigger circuits should be used to speed up these 
input signals. 

Logic Family Performance Comparison 

To obtain a better feeling of how high-speed CMOS com
pares to bipolar and other CMOS logic families, Figure 10 
plots MM54HC/MM74HC, 54LS/74LS and CD4000B logic 
device speeds versus output loading. HC-CMOS propaga
tion delay and delay variation with load is nearly the same 
as LSTTL and about ten times faster than metal-gate 
CMOS. Utilizing a silicon-gate process enables achievement 
of LSTTL speeds, and the large output drive of this family 
enables the variation with loading to be nearly the same as 
LSTTL as well. 

When comparing to CD4000 operating at 5V, HG-CMOS is 
typically ten times faster, and about three times faster than 
CD4000 logic operating at 15V. This is shown in Figure 11. 
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FIGURE 10. Comparison of LSTTL 
and High-Speed CMOS Delays 

At 5V CD4000 has about a tenth the output drive of 
MM54HC/MM74HC and as seen in Figure 10, the capaci
tive delay variation is much larger. 

As shown in Figure 12, the temperature variation of HC
CMOS is similar to CD4000. This is due to the same physi
cal phenomenon in both families. The 54LS/74LS logic fam
ily has a very different temperature variation, which is due to 
different circuit parameter variations. One advantage to 
CMOS is that its temperature variation is predictable, but 
with LSTTL, sometimes the speed increases and other 
times speed decreases with temperature. 

The inherent symmetry of MM54HC/MM74HC's logic levels 
and rise and fall times tends to make high to low and low to 
high propagation delay very similar, thus making these parts 
easy to use. 
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Conclusion 

High-speed CMOS circuits are speed compatible with 
54LS/74LS circuits, not only on the data sheets, but even 
driving different loads. In general, HG-CMOS provides a 
large improvement in performance over older metal-gate 
CMOS. 

By using some of the equations and curves detailed here, 
along with data sheet specifications, the designer can very 
closely estimate the performance of any MM54HC/ 
MM74HC device. Even though the above examples illus
trate typical performance calculations, a more conservative 
design can be implemented by more conservatively estimat
ing various constants and using worst case data sheet lim
its. It is also possible to estimate the fastest propagation 
delays by using speeds about 0.4-0. 7 times the data sheet 
typicals and aggressively estimating the various constants. 
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Comparison of 
MM54HC/MM74HC to 
54L5/74L5, 545/745 and 
54AL5/7 4AL5 Logic 

The MM54HC/MM74HC family of high speed logic compo
nents provides a combination of speed and power charac
teristics that is not duplicated by bipolar logic families or any 
other CMOS family. This CMOS family has operating 
speeds similar to low power Schottky (54LS/74LS) technol
ogy. MM54HC/MM74HC is approximately half as fast (de
lays are twice as long) as the 54ALS/7 4ALS and 54S/7 4S 
logic. Compared to CD4000 and 54C/7 4C, this is an order 
of magnitude improvement in speed, which is achieved by 
utilizing an advanced 3.5 micron silicon gate-recessed oxide 
CMOS process. The MM54HC/MM74HC components are 
designed to retairi all the advantages of older metal gate 
CMOS, plus provide the speeds required by today's high 
speed systems. 

Another key advantage of the MM54HC/MM74HC family is 
that it provides the functions and pin outs of the popular 
54LS/7 4LS series logic components. Many functions which 
are unique to the CD4000 metal gate CMOS family have 
also been implemented in this high speed technology. In 
addition, the MM54HC/MM74HC family contains several 
special functions not previously implemented in CD4000 or 
54LS/74LS. 

Although the functions and the speeds are the same as 
54LS/74LS, some of the electrical characteristics are differ
ent from either LS-TTL, S-TTL or ALS-TTL. The following 
discusses these differences and highlights the advantages 
and disadvantages of high speed CMOS. 

AC PERFORMANCE 

As mentioned previously, the MM54HC/MM74HC logic fam
ily has been designed to have speeds equivalent to LS-TTL, 

National Semiconductor 
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and to be 8-10 times faster than CD40008 and MM54C/ 
MM74C logic. Table I compares high speed CMOS to the 
bipolar logic families. HG-CMOS gate delays are typically 
the same as LS-TTL, and ALS-TTL is two to three times 
faster. S-TTL is also about twice as fast as HG-CMOS. Flip
flop and counter speeds also follow the same pattern. 

Also, HC logic's propagation delay variation due to changes 
in capacitive loading is very similar to LS-TTL. Figure 1 illus
trates this by plotting delay versus loading for the various 
bipolar logic families and MM54HC/MM74HC. HG-CMOS 
has virtually the same speed and load-delay variation as 
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FIGURE 1. HC, LS, ALS, S Comparison of Propagation 
Delay vs Load for a NANO Gate 

TABLE I. Comparison of Typical AC Performance of LS-TTL, S·TTL, ALS·TTL and HC·CMOS 

Gates LS-TTL ALS-TTL · HC-CMOS S·TTL Units 

74XXOO Propagation Delay 8 5 8 4 ns 

74XX04 Propagation Delay 8 4 8 3 ns 

Combinational MSI 

74XX139 Propagation Delay 
Select 25 8 25 8 ns 
Enable 21 8 20 7 ns 

74XX151 Propagation Delay 
Address 27 8 26 12 ns 
Strobe 26 7 17 12 ns 

74XX240 Propagation Delay 12 3 10 5 ns 
Enable/Disable Time 20 7 17 10 ns 

Clocked MSI 

74XX174 Propagation Delay 20 7 18 13 ns 
Operating Frequency 40 50 50 100 MHz 

74XX374 Propagation Delay 19 7 16 11 ns 
Enable/Disable Time 21 9 17 11 ns 
Operating Frequency 50 50 50 100 MHz 
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LS-TTL and, as is expected, is slower than ALS and S-TTL 
logic. The slopes of these lines indicate the amount of varia
tion in speed with loading, and are dependent on the output 
impedance of the particular logic gate. The delay variation 
of LS-TTL and HC-CMOS is similar whereas ALS-TTL and 
S-TTL have slightly less variation. 

POWER DISSIPATION 

CD4000B and MM54C/MM74C CMOS devices are well 
known for extremely low quiescent power dissipation, and 
high speed CMOS retains this feature. Table II compares 
typical HC static power consumption with LS, ALS and S
TTL. Even CMOS MSI dissipation is well below 1 µW while 
LS-TTL dissipation is many milliwatts. This makes 
MM54HC/MM74HC ideal for battery operated or ultra-low 
power systems where the system may be put to "sleep" by 
shutting off the system clock. 

TABLE II. Comparison of Typical Quiescent 
Supply Current for Various Logic Families 

HC-CMOS LS-TTL ALS-TTL S·TTL 

SSI 0.0025 µW 5.0mW 2.0mW 75mW 

Flip-Flop 0.005 µW 20.0mW 10mW 150mW 

MSI 0.25 µW 90mW 40mW 470mW 

CMOS dissipation increases proportionately with operating 
frequency. Doubling the operating frequency doubles the 
current consumption. This is due to currents generated by 
charging internal and load capacitances. Figure 2 shows 
power dissipation versus frequency for a completely unload
ed NANO gate, flip-flop and counter implemented in all 4 
technologies. 

The LS, S and ALS curves are essentially flat because the 
quiescent currents mask out capacitive effects, except at 
very high frequencies. Capacitive effects are slightly lower 
for the TTL families, so that, at high frequencies, CMOS 
dissipation may actually be more than ALS and LS. Howev
er, the power crossover frequency is usually well above the 
maximum operating frequency of MM54HC/MM74HC. 
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The previously mentioned curves plot unloaded circuits. 
When considering typical system power consumption, ca
pacitive loading should also be considered. Table Ill lists 
components to implement all the support logic for a small 
microprocessor based system. By assuming a typical load 
capacitance of 50 pF, the power dissipation for these devic
es can be calculated at various average system clock fre· 
quencies. Figure 3 plots power consumption for 74HC, 
74LS, 74ALS and 74S logic implementations. Above 1 MHz, 
capacitive currents now also tend to dominate bipolar power 
dissipation as well. 

TABLE Ill. Hypothetical "Glue" Logic for a 
Typical Microprocessor System 

System Components #of ICs 

Address Decoders (' 138) 10 
Address Comparators ('688) 5 
Address/Data Buffers ('240/4) 10 
Address/Data Latches ('373/4) 20 
MSI Control/Gating ('00, '10) 30 
Misc. Counter/Shift Reg ('161, '164) 20 
Flip-Flops ('73/4) 10 

AVERAGE SYSTEM OPERATING FREQUENCY (Hz) 
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FIGURE 3. Power Consumption for Hypothetical 
Microprocessor System Support Logic 
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Since, in a typical system, some sections will operate at a 
high frequency and other parts at lower frequencies, the 
average system clock frequency is a simplification. For ex
ample, a 10 MHz microprocessor will have a bus cycle fre
quency of 2 to 5 MHz. Most system and memory compo
nents will be accessed a small amount of the time, resulting 
in effective clock frequencies on the order of 100 kHz for 
these sections. Thus, the average system clock frequency 
would be around 1 to 2 MHz, and an 8 to 1 power savings 
would be realized by using CMOS. 

Another simplification was made to calculate system power. 
CMOS circuits will dissipate much less power when TRI
STATE®, which would save much power since, in a given 
bus cycle, only a few buffers will be enabled. LS, ALS and S, 
however, actually dissipate more power when their outputs 
are disabled. 

Several interesting conclusions can be drawn from Figure 3. 
First, notice that, at higher frequencies, the bipolar logic 
families start to dissipate more power. This is a result of 
current consumption due to switching the load. As the oper
ating frequency approaches infinity, this will be the dominant 
effect. So, for extremely fast low power systems, minimizing 
load capacitance and overall operating frequency becomes 
more important. As lower power TIL logic is introduced, 
system power will be increasingly dependent on capacitive 
load effects similar to CMOS. 

Second, TIL logic has a slightly smaller logic voltage swing 
than CMOS. Thus, for a given load, TIL will actually have a 
lower average load current. So, similar to the unloaded ex
ample, at very high frequencies, CMOS could consume 
more power than TIL. As Figure 5 indicates, these frequen
cies are usually far above the 30 MHz limit of HC-CMOS or 
LS-TIL. 

INPUT VOLTAGE CHARACTERISTICS 
AND NOISE IMMUNITY 

To maintain the advantage CMOS has in noise immunity, 
the input logic levels are defined to be similar to metal gate 
CMOS. At Vee= 5V, MM54HC/MM74HC is designed to 
have input voltages of V1H = 3.5V and V1L = 1.0V. Additional
ly, input voltage over the operating supply voltage range is: 
V1H=0.7Vcc and V1L =0.2Vcc- This compares to V1H=2.0V 
and ViL = O.BV specified for LS-TIL over its supply range. 
Figure 4 illustrates the input voltage differences, and the 
greater noise immunity HC logic has over its supply range. 
Maintaining wide noise immunity gives HC-CMOS an advan
tage in many industrial, automotive, and computer applica
tions where high noise levels exist. 
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Another indication of DC noise immunity is the typical trans
fer characteristics for the logic families. Figure 5 shows the 
transfer function of the 74XXOO NANO gate for HC-CMOS, 
LS-TIL and ALS-TIL. High speed CMOS has a very sharp 
transition typically at 2.25V, and this transition point is very 
stable over temperature. The bipolar logic transfer functions 
are not as sharp and vary several hundred millivolts over 
temperature. This sharp transition is due to the large circuit 
gains provided by triple buffering the HC-CMOS gate com
pared to the single bipolar gain stage. Figure 6 compares 
the transfer function of the 'HCOB and the 'ALSOB, both of 
which are double buffered. The 'ALSOB has a sharper tran
sition, but the CMOS gate still has less temperature varia
tion and a more centered trip point. However, the TIL trip 
point is not dependent on Vee variation as CMOS is. 

The high speed CMOS input levels are not totally compati
ble with TIL output voltage specifications. To make them 
compatible would compromise noise immunity, die size, and 
significant speed. The designer may improve compatibility 
by adding a pull-up resistor to the TIL output. He may also 
utilize a series of TIL-to-CMOS level converters which are 
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being provided to ease design of mixed HC/LS/ ALS/S sys
tems. These buffers have O.BV and 2.0V TIL input voltage 
specifications, and provide CMOS compatible outputs. 
When mixing logic, the noise immunity at the TIL to CMOS 
interface is no better than LS-TTL, but a substantial savings 
in power will occur when using MM54HC/MM74HC logic. 

INPUT CURRENT 

The HC family maintains the ultra-low input currents typical 
of CMOS circuits. This current is less than 1 µA and is 
caused by input protection diode leakages. This compares 
to the much larger LS-TIL input currents of 0.4 mA for a low 
input and 40 µA for a high input. ALS-TIL input currents are 
0.2 mA and 20 µA and S-TIL input currents are 3.2 mA and 
100 µA. Figure 7 tabulates these values. The near zero in
put current of CMOS eases designing, since a typical input 
can be viewed as an open circuit. This eliminates the need 
for fanout restrictions which are necessary in TIL logic 
designs. 
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FIGURE 6. Input-Output Transfer Characteristics for 
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POWER SUPPLY RANGE 

Figure 4 also compares the supply range of MM54HC/ 
MM74HC logic and LS-TTL. The high speed CMOS family is 
specified to operate at voltages from 2V to 6V. 54LS, 54S 
and 54ALS logic is specified to operate from 4.5V to 5.5V, 
and 74LS and 74S will operate from 4.75V to 5.25V. 74ALS 
is specified over a 4.5V to 5.5V supply range. This wider 
operating range for the HC family eases power supply de
sign by eliminating costly regulators and enhances battery 
operation capabilities. 

OUTPUT DRIVE 

Since there was no speed, noise immunity, or power trade
off, standard HG-CMOS was designed to have similar high 
current output drive that is characteristic of LS-TTL and 
ALS-TTL. Schottky TTL has about 5 times the output drive 
of MM54HC/MM74HC. Thus HG-CMOS has an output low 
current specification of 4 mA at an output voltage of 0.4V. In 
keeping with CD40008 series and 54C/74C series logic, the 
source and sink currents are symmetrical. Thus HC logic 
can source 4 mA as well. This large increase in output cur
rent for high speed CMOS over CD4000B also has the add
ed advantage of reducing signal line crosstalk which can be 
of greater concern in high speed systems. Figure 8 com
pares HC, LS, and ALS specified output currents. 

Since TTL logic families do have significant input currents 
they have a limited fanout capability. Table IV illustrates the 
limitations of these families, based on their input and output 

currents. High speed CMOS is also included. MM54HC/ 
MM74HC has the same CMOS-to-CMOS fanout character
istics as CD4000B, virtually infinite. 

TABLE IV. Fanout of HC·CMOS, LS·TTL, 
ALS· TTL, S· TTL 

From, To 74HC 74LS 74ALS 

74HC 4000 10 20 
74LS * 20 40 

74ALS * 20 40 
74S * 50 100 

74S 

2 
4 
4 
10 

As another indication of the similarity of HG-CMOS to LS
TTL, Figure 9 plots typical output currents versus output 
voltage for LS and HC. The output sink current curves are 
very similar, but LS source current is somewhat different, 
due to its emitter-follower output circuitry. 

MM54HC/MM74HC bus driving circuits, namely the TRI
STA TE buffers and latches, have half again as much output 
current drive as standard outputs. These components have 
a 6 mA output drive. The 6 mA was chosen based on a 
trade-off of die size and speed-load variations. This current 
is less than the 12 mA or more specified for LS and ALS bus 
driver circuits, because the bus fanout limitations of these 
families do not apply in CMOS systems. S-TTL bus output 
sink current is 48 mA. 
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FIGURE 8. Output Current Specifications for ALS·TTL, S·TTL and HC·CMOS 
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OPERATING TEMPERATURE RANGE 

The operating temperature range and temperature effects 
on various HC-CMOS operating parameters differ from bipo
lar logic. The recommended temperature range for 74LS, 
74S, and 74ALS is o•c to 10°c, compared to -40°c to a5°c 
for the 74HC family. 54 series logic is specified from -55°C 
to 125°C for all four families. 

Temperature variation of operating parameters for the 
MM54HC/MM74HC family behaves very predictably and is 
due to the gain decreasing of MOSFET transistors as tem
perature is increased. Thus the output currents decrease 
and propagation delays increase at about 0.3% per degree 
centigrade. 

Figure 10 shows typical propagation delays for the 74XXOO 
over the - 55°C to + 125°C temperature range. The 
'HCOO's speed increases almost linearly with temperature, 
whereas the LS and ALS behave differently. 

A WORD ABOUT PLUG-IN REPLACEMENT OF TTL 

MM54HC/MM74HC logic implements TTL equivalent func
tions with the same pin outs as TTL. HC is not designed to 
be directly plug-in replaceable, but, with some care, some 
TTL systems can be converted to MM54HC/MM74HC with 
little or no modification. The replaceability of HC is deter
mined by several factors. 

One factor is the difference in input levels. In systems where 
all TTL is not being replaced and TTL outputs feed CMOS 
inputs, the input high voltages, as specified, are not totally 
compatible. Although TTL outputs will typically drive HC in
puts correctly, an external pull-up resistor should be added 
to the TTL outputs, or an MM54HCT/MM74HCT TTL com
patible circuit should be used. This incompatibility tends to 
limit the designer's ability to intermingle TTL and 
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HC-CMOS. Note, though, that HC outputs are completely 
compatible with the various TTL family's input specifica
tions; therefore, there is no problem when HC is driving TTL. 

Another source of possible problems can occur when the 
LS design floats device inputs. This practice is not recom
mended when using LS-TTL, but it is sometimes done. Usu
ally, TTL inputs float high; however, CMOS inputs may float 
either high or low depending on the static charge on the 
input. It is therefore important to always tie unused CMOS 
inputs to either Vee or ground to avoid incorrect logic func
tioning. 

A third factor to consider when replacing any TTL logic is 
AC performance. The logic functions provided by 54HC/ 
74HC are equivalent to LS-TTL, and the propagation delay, 
set-up and hold times are similar to LS. However, there are 
some differences in the way CMOS circuits are implement
ed which will cause differences in speed. For the most part, 
these differences are minor, but it is important to verify that 
they do not affect the design. 

CONCLUSION 

The MM54HC/MM74HC family represents a major step for
ward in CMOS performance. It is a full line family capable of 
being designed into virtually any application which now uses 
LS-TTL with substantial improvement in power consump
tion. ALS and S-TTL primarily offer faster speeds than HC
CMOS, but still do not have the input and output advantages 
or the lower power consumption of CMOS. Because of its 
high input impedance and large output drive, HC logic is 
actually easier to use. This, coupled with continued expan
sion of the 54HC/7 4HC, will make it an increasingly popular 
logic family. 
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National's Process 
Enhancements 
Eliminate the CMOS SCR 
Latch-Up Problem In 
54HC/74HC Logic 
INTRODUCTION 

SCR latch-up is a parasitic phenomena that has existed in 
circuits fabricated using bulk silicon. CMOS technologies. 
The latch-up mechanism, once triggered, turns on a parasit
ic SCR internal to CMOS circuits which essentially shorts 
Vee to ground. This generally destroys the CMOS IC or at 
the very least causes the system to malfunction. In order to 
make MM54HC/MM74HC high speed CMOS logic easy to 
use and reliable it is very important to eliminate latch-up. 
This has been accomplished through several layout and 
process enhancements. It is primarily several proprietary in
novations in CMOS processing that eliminates the SCR. 

First, what is "SCR latch-up?" It is a phenomena common 
to most monolithic CMOS processes, which involves "turn
ing on" a four layer thyristor structure (P-N-P-N) that ap
pears from Vee to ground. This structure is formed by the 
parasitic substrate interconnections of various circuit diffu
sions. It most commonly can be turned on by applying a 
voltage greater than Vee or less than ground any input or 
output, which forward biases the input or output protection 
diodes. Figure 1 schematically illustrates these diodes 
found in the MM54HC/MM74HC family. Standard CD4000 
and MM54C/MM74C logic also has a very similar structure. 
These diodes can act as the gate to the parasitic SCR, and 
if enough current flows the SCR will trigger. A second meth
od of turning on the SCR is to apply a very large supply 
voltage across the device. This will breakdown internal di
odes causing enough current to flow to trigger latch-up. In 
HC logic the typical Vee breakdown voltage is above 1 OV so 
this method is more uncommon. In either case, once the 
SCR is turned on a large current will flow from Vee to 
ground, causing the CMOS circuit to malfunction and possi
bly damage itself. 

CMOS SCR problems can be minimized by proper system 
design techniques or added external protection circuits, but 
obviously the reduction or elimination of latch-up in the IC 
itself would ease CMOS system design, increase system 
reliability and eliminate additional circuitry. For this reason it 
was important to eliminate this phenomena in National's 
high speed CMOS logic family. 

Characterization of this proprietary high speed CMOS pro
cess for latch up has verified the elimination of this parasitic 
mechanism. In tests conducted under worst case conditions 
(Vee=7V and TA=125°C) it has been impossible to latch
up these devices on the inputs or on the outputs. 

DIFFUSED DIODE 
RESISTOR 

DIODE 
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FIGURE 1. Schematic Diagram of Input and Output 
Protection Structures 
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In testing for latch-up, caution must be exercised when try
ing to force large currents into an IC. As with any integrated 
circuit there are maximum limitations to the current handling 
capabilities of the internal metalization, and diodes, and 
thus they can be damaged by excessive currents. This is 
discussed later in the test section. 

To enable the user to understand what latch-up is and how 
it has been eliminated, it is useful to review the operating of 
a simple discrete SCR, and then apply this to the CMOS 
SCR. Since most latch-up problems historically have been 
caused by extraneous noise and system transients, the AC 
characteristics of CMOS latch are presented. Also various 
methods of external and internal protection against latch-up 
is discussed as well as example test methods for determin
ing the latch up susceptibility of CMOS IC's. 

SIMPLE DISCRETE SCR OPERATION 

To understand the behavior of the SCR structure parasitic 
to CMOS IC's, it is first useful to review the basic static 
operation of the discrete SCR, and then apply it to the 
CMOS SCR. There are two basic trigger methods for this 
SCR. One is turning on the SCR by forcing current into its 
gate, and the second is by placing a large voltage across its 
anode and cathode. Figure 2 shows the basic four layer 
structure biased into its forward blocking state. The SCR 
action can be more easily understood if this device is mod
eled as a cross coupled PNP and NPN transistor as shown 
in Figure 3. 

In the case of latch-up caused by forward biasing a diode, if 
current is injected into the base of 02, this transistor turns 
on, and a collector current beta times its base current flows 
into the base of 01. 01 in turn amplifies this current by beta 
and feeds it back into the base of 02, where the current is 
again amplified. If the product of the two transistors' Beta 
becomes greater than one, B(NPN)xB(PNP) > 1, this current 
multiplication continues until the transistors saturate, and 
the SCR is triggered. Once the regenerative action occurs a 
large anode current flows, and the SCR will remain on even 
after the gate current is removed, if enough anode current 
flows to sustain latch-up. However, if the transistor current 
gains are small no self sustaining positive feedback will oc
cur, and when the base current is removed the collector 
current will stop. In a similar manner the SCR can be trig
gered by drawing current by forward biasing the base of 01. 

GATE 1 (G1) 

GATE 2 (G2) 

TL/F/5346-2 

FIGURE 2. Simplified SCR Structure 
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FIGURE 3. Cross-Coupled Transistor Model of SCR 

The second case, the SCR may also be triggered without 
injecting any gate current. In the forward blocking state the 
small leakage current that is present does not trigger the 
SCR, but if the voltage is increased to a point where signifi
cant leakage currents start conducting, these currents could 
also trigger the SCR, again forming a low impedance path 
through the device. The same requirement that the Beta 

vee 

product of the PNP and NPN be greater than one in order 
for the SCR to trigger applies here as well. This leakage cur
rent trigger is characteristic of Schottkey diode operation. 

THE CMOS SCR: STATIC DC OPERATION 

For discussion purposes CMOS SCR latch up characteris
tics can be divided into two areas. One is the basic opera
tion of the SCR when static DC voltages are applied, and 
the second is the behavior when transients or pulses are 
applied. 

First looking at the device statically, the parasitic SCR in 
CMOS integrated circuits is much more complex and its trig
gering is somewhat different than the simple SCR already 
discussed. However, the regenerative feedback effect is ba
sically the same. Figure 4a shows a simplified P- well 
CMOS structure illustrating only the diffusions and the re
sultant parasitic transistors. The NPN transistor is a vertical 
device whose emitter is formed by n + diffusions. The P -
well forms the base and the N - substrate forms the collec
tor of the NPN. The PNP transistor is a lateral device. Its 
emitter is formed by p + diffusions, its base is the N - sub
strate, and its collector is the P- well. 

Figure 4b illustrates a cross section of a simplified N - well 
process and its corresponding parasitic bipolar transistors. 
In this process the NPN is a lateral device and the PNP is 
vertical. Essentially the description of the P - well SCR is 
the same as the N- well version except the NPN is a low 
gain lateral device and the PNP is a high gain vertical tran
sistor. Thus the following discussion for the P- well also 
applies to the N - well with this exception. 

GND 

Q2 

R1 

N- SUBSTRATE 

TL/F/5346-6 

(a) 

vee GND 

P- SUBSTRATE 
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(b) 

FIGURE 4. Simplified Cross Section of CMOS Processes a) P- well and b) N - well 
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The transistors for the P - well CMOS process are drawn 
schematically in Figure 5, so that their cross coupled inter
connection is more easily seen. The SCR structure in Figure 
5 differs from that of Figure 3 in two ways. First, the transis
tors of Figure 5 have multiple emitters, due to the many 
diffusions on a typical die. One emitter of each transistor 
could function as the trigger input to the SCR. Secondly, R1 
and R2 have been added and are due to P- and N - sub
strate resistances between the base of each transistor and 
the substrate power supply contacts. 

Gl 

62 

GND 
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FIGURE 5. Schematic of Simple SCR Model 

Like the discrete SCR there are two basic methods of turn
ing the CMOS SCR on. The first method is however slightly 
different. In the CMOS parasitic SCR current cannot be di
rectly injected into the base of one of its transistors. Instead 
either node G 1 must be raised above V cc enough to turn on 
Q1, or node G2 must be lowered below ground enough to 
turn on 02. If G1 is brought above Vee. current is injected 
from the emitter of 01 and is swept to the collector of 01. 
The collector of 01 feeds the base of 02 and also R2. R2 
has the effect of stealing current from the base of 02, but as 
current flows through R2 a voltage will appear at the base of 
Q2. Once this voltage reaches 0.6 volts 02 will turn ori and 
feed current from its collector back into R1 and into 01. If 
0.6 volts is generated across R1, 01 then turns on even 
more. 

Again, if the two transistors have enough gain and enough 
anode current flows to sustain the SCR, it will turn on, and 
remain on even after G1 is returned to Vee- The actual re
quirements for latch up are altered by the two resistors, R1 
and R2. Since the resistors shunt some current away from 
the base of both transistors, the resistors essentially reduce· 
the effective gains of the transistors. Thus the transistors 
must actually have much higher gains in order to achieve an 
overall SCR loop gain greater than one, and hence enable 
the SCR to trigger. The actual equations to show quantita
tively how the resistors effect the SCR's behavior could be 
derived, but it is sufficient to notice that as R1 and R2 be
come smaller the SCR becomes harder to turn on. IC de
signers utilize this to reduce latch up, 

The second method of turning on the SCR mentioned earli
er also applies here. If the supply voltage is raised to a large 
value, and internal substrate diodes start breaking down ex
cessive leakage currents will flow possibly triggering the 
SCR. The resistors also affect this trigger method as well, 
since they steal some of the leakage currents from 01 and 
02, and hence it takes more current to trigger the SCR. In 
high speed CMOS tho process enhancements reduce the 
transistor betas and hence eliminate latch up by this mecha
nism as well. 

While useful, the SCR model of Figures 4 and 5 is very 
simplified, since in actuality the CMOS SCR is a structure 
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with many transistors interconnected by many resistances. 
Although still somewhat simplified, Figure 6 attempts to il
lustrate how the parasitics on a chip connect. It is important 
to remember that any transistor or diode diffusion can para
sitically form part of the SCR. In the figure transistor 01 and 
02 are single emitter transistors formed by the input protec
tion diodes. Internal P and N channel transistors have no 
external connection and are represented by 03 and 04. 05 
and 06 represent output transistor diffusions, and the sec
ond emitter corresponds to the output. All of these transis
tors are connected together by the N - substrate and P
well resistances, which are illustrated by the resistor mesh. 
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FIGURE 6. Distributed Model of CMOS SCR 

If any of the emitters associated with the trigger inputs G1-
G4 become forward biased the SCR may be triggered. Also 
due to the intertwined nature of this structure, part of the 
SCR may be initially latched up. In this case only a limited 
amount of current may flow, but this limited latch up may 
spread and cause other parts to be triggered until eventually 
the whole chip is involved. 

In general the trigger to the SCR has been conceptualized 
as a current, since ideally the CMOS input looks into the 
base of the SCR transistors. However this may not be quite 
true. There may be some resistance in series with each 
base, due to substrate or input protection resistances. In 
newer silicon gate CMOS processes, MM54HC/MM74HC 
for example, a poly-silicon resistor is used for electrostatic 
protection, and this enables larger voltages to be applied to 
the circuit pins without causing latchup. This is because the 
poly resistor actually forms a current limit resistor in series 
with the diodes. In most applications the designer is more 
concerned with accidental application of a large voltage, 
and the use of the poly resistor internally enables good volt
age resistance to latch up. CMOS outputs are directly con
nected to parasitic output diodes since no poly resistor can 
be placed on an output without degrading output current 
drive. Thus the output latch up mechanism is usually 
thought of as a current. 



Temperature variations will affect the amount of current re
quired to trigger the SCR. This is readily understandable 
since temperature effects the bipolar transistor's gain and 
the resistance of the base-emitter resistors. Generally, as 
the temperature is increased less current is needed to 
cause latch-up. This is because as temperature increases 
the bipolar transistor's base-emitter voltage decreases and 
the base-emitter resistor value increases. Figure 7 plots trig
ger current versus temperature for a sensitive CMOS input. 
This data was taken on a CMOS device without any layout 
or process enhancements to eliminate latch up. Increasing 
temperature from room to 125°C will reduce the trigger cur
rent by about a factor of three. Once the circuit is latched 
up, heating of the device die caused by SCR currents will 
actually increase the susceptibility to repeated latch up. 
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FIGURE 7. Temperature versus SCA Trigger Current for 
Special CMOS Test Structure 

OTHER LATCH UP TRIGGER METHODS 

There are some other methods of latching up CMOS cir
cuits, they are not as circuit design related and shall only be 
briefly mentioned. The first is latch up due to radiation bom
bardment. In hostile environments energetic atomic parti
cals can bombard a CMOS die freeing carriers in the sub
strate. These carriers then can cause the SCR to trigger. 
This can be of concern in high radiation environments which 
call for some sort of radiation hardened CMOS logic. 

Another latch up mechanism is the application of a fast rise 
or fall spike to the supply inputs of a CMOS device. Even if 
insufficient current is injected into the circuit the fast voltage 
change could trigger latch up. This occurs because the volt
age change across the part changes the junction depletion 
capacitances, and this change in capacitance theoretically 
could cause a current that would trigger the SCR latch. In 
actual practice this is very difficult to do because the re
sponse time of the SCA (discussed shortly) is very poor. 
This is hardly a problem since power supplies must be ade
quately decoupled anyway. 

A third latch up cause which is completely internal to the IC 
itself and is out of the control of the system designer is 
internally triggered latch up. Any internal switching node 
connects to a diode diffusion, and as these diffusions switch 
the junction depletion capacitance associated with these 
nodes changes causing a current to be generated. This cur
rent could trigger the SCR. The poor frequency response of 
the SCA tends to make this difficult, but as chip geometries 
are shrunk packing densities will increase and the gain of 
the lateral PNP transistor increase. This may increase the 
latch up susceptibility. It is up to the IC designer to ensure 
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that this doesn't happen, and care in the layout and circuit 
design of 54HC/74HC logic has ensured that this will be 
avoided. 

THE CMOS SCA: TRANSIENT BEHAVIOR 

With the introduction of fast CMOS logic the transient na
ture of the CMOS SCR phenomena becomes more impor
tant because signal line ringing and power supply transients 
are more prevalent in these systems. Older metal gate 
CMOS (CD4000 & 74HC) circuits have slow rise and fall 
times which do not cause a large amount of line ringing. 
Power supply spiking is also somewhat less, again due to 
slow switching times associated with these circuits. 

The previous discussion assumed that the trigger to the 
CMOS SCA was essentially static and was a fixed current. 
Under these conditions a certain value current will cause 
the SCR to trigger, but if the trigger is a short pulse the peak 
value of the pulse current that will trigger the SCR can be 
much larger than the static DC trigger current. This is due to 
the poor frequency characteristics of the SCA. 

For short noise pulses, < 5 µs, the peak current required to 
latch up a device is dependent on the duty cycle of the 
pulses. At these speeds it is the average current that caus
es latch-up. For example, if a 1 MHz 50% duty cycle over 
voltage pulse train is applied to a device that latched with 
20 mA DC current, then typically the peak current required 
will be about 40 mA. For a 25% duty cycle the peak current 
would be 80 mA. An example of this is shown in Figure 8 
which plots latch up current against over-voltage pulse 
width at 1 MHz. 
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FIGURE 8. Trigger Current of SCA of Input Overvoltage 
Pulses at High Repetition Rate on Special Test Unit 

If the pulse widths become long, many microseconds, the 
latch up current will approach the DC value even for low 
duty cycles. This is shown in Figure 9 which plots peak trig
ger current vs pulse width for the same test device used in 
Figure 8. The repetition rate in this case is a slow 2.5 kHz 
(period= 400 µs). These long pulse widths approach the 
trigger time of the SCR, and thus pulses lasting several mi
croseconds are long enough to appear as DC voltages to 
the SCR. This indirectly indicates the trigger speed of the 
SCR to be on the order of ten to fifteen microseconds. This 
is however dependent on the way the IC was designed and 
the processing used. 

In normal high speed systems noise spikes will typically be 
only a few nanoseconds in duration, and the average duty 
cycle will be small. So even a device that is not designed to 
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FIGURE 9. Trigger Current of Pulse on Special Test Unit 
SCA for Single Transient Overvoltage 

be latch up resistant, will probably not latch up even with 
significant line ringing on its inputs or outputs (Then again 
. . .). However, in some systems where inductive or other 
loads are used transients of several microseconds can be 
easily generated. For example, some possible applications 
are automotive and relay drivers. In other CMOS logic fami
lies spikes of this nature are much more likely to cause the 
SCR to trigger, but here again MM54HC/MM74HC high 
speed CMOS is immune. 

PREVENTING SCA LATCH UP: 
USER SYSTEM DESIGN SOLUTIONS 

SCR latch-up can be prevented either on the system level 
or on the IC level. Since National's MM54HC/MM74HC se
ries will not latch up, this eliminates the need for the system 
designer to worry about preventing latch up at the system 
level. This not only eases the design, but negates the need 
to add external diodes and resistors to protect the CMOS 
circuit, and hence additional cost. (Note however that even 
though the devices don't latch up, diode currents should be 
limited to their Absolute Maximum Ratings listed in the Data 
Sheets). 

If one is using a CMOS device that may latch up, older 
CD4000 CMOS or another vendors HC for example, and its 
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input or output voltages may forward bias the input or output 
diodes then some external circuitry may need to be added 
to eliminate possible SCR triggering. As with the previous 
discussions of latch-up preventing SCR latch-up falls into 
two categories: the static case, and the transient condition. 
Each is related but has some unique solutions. 

In the static condition to ensure SCR latch up does not oc
cur, the simplest solution is to design CMOS systems so 
that their input/output diodes don't become forward biased. 
To ease this requirement some special circuits that have 
some of their input protection diodes removed are provided, 
and this enables input voltages to exceed the supply range. 
These devices are MM54HC4049/50, CD4049/50, and 
MM54C901/2/3/4. 

If standard logic is used and input voltages will exceed the 
supply range, an external network should be added that pro
tects the device by either clamping the input voltage or by 
limiting the currents which flow through the internal diodes. 
Figure 10 illustrates various input and output diode clamping 
circuits that shunt the diode currents when excessive input 
voltages are applied. Usually either an additional input or 
output diode is required, rarely both, and if the voltages only 
exceed one supply then only one diode is necessary. If an 
external silicon diode is used the current shunt is only par
tially effective since this diode is in parallel with the internal 
silicon protection diode, and both diodes clamp to about 
0.7V. 

A second method, limiting input current, is very effective in 
preventing latch-up, and several designs are shown in 
Figure 11. The simplest approach is a series input resistor. It 
is recommended that this resistor should be as large as 
possible without causing excessive speed degradation yet 
ensure the input current is limited to a safe value. If speed is 
critical, it is better to use a combination diode-resistor net
work as shown in Figures 11b and 11c. These input net
works effectively limit input currents while using lower input 
resistors. The series resistor may not be an ideal solution for 
protecting outputs because it will reduce the effective drive 
of the output. In most cases this is only a problem when the 
output must drive a lot of current or must switch large ca~ 
pacitances quickly. 

veeDAVDD 

GNDOAVss 
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Schottky Diodes Germanium Diodes Zener Diodes 

00 ~ ~ 
FIGURE 10. External Input and Output Protection Diodes Circuits for Eliminating SCA Latch-up 
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FIGURE 11. Input Resistor and Resistor-Diode Prote""~ion Circuits for Eliminating Latch-up 
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A third approach is instead of placing resistors in series with 
the inputs to place them in series with the power supply 
lines as shown in Figure 12. The resistors must be bypassed 
by capacitors so that momentary switching currents don't 
produce large voltage transients across R1 and R2. These 
resistors can limit input currents but primarily they should be 
chosen to ensure that the supply current that can flow is 
less than the holding current of the SCR. Thus even though 
the input current can cause latch up it cannot be sustained 
and the IC will not be damaged. 

vcc 

R2 

GND 
TL/F/5346-14 

FIGURE 12. Supply Resistor-Capacitor Circuits for 
Eliminating Latch-up 

This last solution has the advantage of fewer added compo
nents, but also has some disadvantages. This method may 
not prevent latch up unless the resistors are fairly large, but 
this will greatly degrade the output current drive and switch
ing characteristics of the device. Secondly, this circuit pro
tects the IC from damage but if diodes currents are applied 
causing large supply currents, the circuits will logically mal
function where as with other schemes logic malfunction can 
be prevented as well. 

PREVENTING LATCH UP: IC DESIGN SOLUTIONS 

The previous latch up solutions involve adding extra compo
nents and hence extra cost and board space. One can 
imagine that in a microprocessor bus system if for some 
reason the designer had to protect each output of several 
CMOS devices that are driving a 16-bit address bus that up 
to 32 diodes and possibly 16 resistors may need to be add
ed. Thus for the system designer the preferable solution is 
to use logic that won't latch up. 

GND 
INPUT 
DIODE 

ADDITIONAL 
SUBSTRATE 
CD NT ACTS 

vcc 

Most methods previously employed to eliminate latch up are 
either not effective, increase the die size significantly, and/ 
or degrade MOS transistor performance. The process en
hancements employed on 54HC/74HC logic circumvent 
these problems. Primarily it is effective without degrading 
MOS performance. 

When designing CMOS integrated circuits, there are many 
ways that the SCR action of these circuits can be reduced. 
One of the several methods of eliminating the SCR is to 
reduce the effective gain of at least one of the transistors, 
thus eliminating the regenerative feedback. This can be ac
complished either by modifying the process and/or by in
serting other parasitic structures to shunt the transistor ac
tion. Also the substrate resistances modeled as R1 and R2 
in Figures 4 and 5 can be reduced. As these resistances 
approach zero more and more current is required to develop 
enough voltage across them to turn on the transistors. 

As mentioned, the current gains of the NPN and PNP para
sitic transistors directly affect the current required to trigger 
the latch. Thus some layout and process enhancements 
can be implemented to reduce the NPN and PNP Betas. In 
a P-well process the gain of the vertical NPN is determined 
by the specific CMOS process, and is dependent on junc
tion depths and doping concentrations. These parameters 
also control the performance of the N-MOS transistors as 
well and so process modification must be done without de
grading CMOS performance. To reduce the gain of the verti
cal PNP the doping levels of the P- well can be increased. 
This will decrease minority carrier lifetimes. It will also re
duce the substrate resistance lowering the NPN base-emit
ter resistance. However this will increase parasitic junction 
capacitances, and may affect NMOS threshold voltages and 
carrier mobility. The depth of the well may be increased as 
well. This will reduce layout density due to increased lateral 
diffusion, and increase processing time as it will take longer 
to drive the well deeper into the substrate. 

The lateral PNP's gain is determined by the spacing of input 
and output diode diffusions to active circuitry and minority 
carrier life times in the N - substrate. The carrier life times 
are a function of process doping levels as well, and care 
must be exercised to ensure no MOS transistor perform
ance degradation. Again the doping levels of the substrate 
can be increased, but this will increase parasitic junction 
capacitances, and may alter the PMOS threshold character• 
istics. The spacing between input/output diodes and other 
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N·CHANNEL DRAIN/ 
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ADDITIONAL 
SUBSTRATE 
CONTACTS 
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FIGURE 13. Simplified CMOS Cross Section Showing Added Latch-up Reduction Structures 
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diffusions can be increased. This will increase the PNP's 
base width, lowering its beta. This may be done only a limit
ed amount without significantly impacting die size and cost. 

Another method for enhancing the latch-up immunity of 
MM54HC/MM74HC is to short out the SCR by creating ad
ditional parasitic transistors and reducing the effective sub
strate resistances. These techniques employ the use of 
ringing structures (termed guard rings) to surround inputs 
and outputs with diffusions that are shorted to Vee or 
ground. These diffusions act to lower the substrate resist
ances, making it harder to turn on the bipolar transistors. 
They also act "dummy" collectors that shunt transistor ac
tion by collecting charges directly to either Vee or ground, 
rather than through active circuitry. Figure 13 shows a cross 
section of how this might look and Figure 14 schematically 
illustrates how these techniques ideally modify the SCR 
structure. 

Ideally, in Figure 14 if the inputs are forward biased any 
transistor action is immediately shunted to Vee or ground 
through the "dummy" collectors. Any current not collected 
will flow through the resistors, which are now much lower in 
value and will not allow the opposite transistor to turn on. 

vee 

TL/F/5346-15 

FIGURE 14. Schematic Representation of SCR with 
Improvements to Reduce Turn On. 

Unfortunately in order to reduce latch up these techniques 
add quite significantly to the die size, and still may not be 
completely effective. 

The ineffectiveness of the ringing structures at completely 
eliminating latch up is for one because the collectors are 
only surface devices and carriers can be injected very deep 
into the N - substrate. Thus they can very easily go under 
the fairly small "dummy" collectors and be collected by the 
relatively large active P- well. A possible solution might be 
to make the collector diffusions much deeper. This suffers 
from the same drawbacks as making the well deeper, as 
well as requiring additional mask steps increasing process 
complexity. Secondly, the base emitter resistances can be 
reduced only so much, but again only the surface resistanc
es are reduced. Some transistor action can occur under the 
P- well and deep in the N - bulk where these surface 
shorts are only partially effective. 

The above discussion described modifications to a P - well 
process. For an N - well process the descriptions are the 
same except that instead of a P- well an N - well is used 
resulting in a vertical PNP instead of an NPN and a lateral 
NPN instead of a PNP. 
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These methods are employed in 54HC/7 4HC CMOS logic, 
but in addition processing enhancements were made that 
effectively eliminate the PNP transistor. The primary en
hancement is a modification to the doping profile of the N -
substrate (P- well process). This lowers the conductivity of 
the substrate material while maintaining a lightly dope sur
face concentration. This allows optimum performance 
NMOS and PMOS transistors while dramatically reducing 
the gain of the PNP and its base-emitter resistance. The 
gain of the PNP is reduced because the minority carrier life
times are reduced. This modification also increases the ef
fectiveness of the "dummy" collectors by maintaining carri
ers closer to the surface. This then eliminates the SCR latch 
up mechanism. 

5.0 TESTING SCR LATCH-UP 

There are several methods and test circuits that can be 
employed to test for latch-up. The one primarily used to 
characterize the 54HC/7 4HC logic family is shown in Figure 
15. This circuit utilizes several supplies and various meters 
to either force current into the Vee diodes or force current 
out of the ground diodes. By controlling the input supply a 
current is forced into or out of an input or output of the test 
device. As the input supply voltage is increased the current 
into the diode increases. Internal transistor action may 
cause some supply current to flow, but this should not be 
considered latch up. When latch-up occurs the power sup
ply current will jump, and if the input supply is reduced to 
zero the power supply current should remain. The input trig
ger current is the input current seen just prior to the supply 
current jumping. 

Testing latch-up is a destructive test, but in order to test 
54HC/74HC devices without causing immediate damage, 
test limits for the amount of input or output currents and 
supply voltages should be observed. Even though immedi
ate damage is avoided, SCR latch-up test is a destructive 
test and the IC performance may be degraded when testing 
to these limits. Therefore parts tested to these limits should 
not be used for design or production purposes. In the case 
of National's high speed CMOS logic the definition of "latch
up proof" requires the following test limits when using the 
standard DC power supply test as is shown in Figure 15. 

1. Inputs: When testing latch-up on CMOS inputs the cur
rent into these inputs should be limited to less than 
70 mA. Application of currents greater than this may 
damage the input protection poly resistor or input metali
zation, and prevent further testing of the IC. 

2. Outputs: When testing outputs there is a limit to the met
alization's current capacity. Output test currents should 
be limited to 200 mA. This limitation is due again to met
alization short term current capabilities, similar to inputs. 
Application of currents greater than this may blow out the 
output. 

3. Supply: The power supply voltage is recommended to be 
7.0V which is at the absolute maximum limit specified in 
54HC/74HC and is the worst case voltage for testing 
latch-up. If a device latches up it will short out the power 
supply and self destruct. (Another Vendors HC may 
latch-up for example.) It is recommended that to prevent 
immediate destruction of other vendors parts that the 
power supply be current limited to less than 300 mA. 



In almost all instances at high temperature, if it is going to 
occur, latch-up will occur at current values between 
0-50mA. 

There are a few special considerations when trying to mea
sure worst case latch-up current. Measuring input latch-up 
current is straight forward, just force the inputs above or 
below the power supply, but to measure an output it must 
first be set to a high level when forcing it above Vee. or to a 
low level when forcing it below ground. When measuring Tri
state outputs, the outputs should be disabled, and when 
measuring analog switches they should be either left open 
or turned off. 

To measure the transient behavior of the test device or to 
reduce IC heating effects a pulse generator can be used in 
place of the input supply and an oscilloscope with a current 
probe should then replace the current meter. Care should 
be exercised to avoid ground loops in the test hardware as 
this may short out the supplies. 

Although there are several methods of testing latch-up, this 
method is very simple and easy to understand. It also yields 
conservative data since manually controlling the supplies is 
a slow process which causes localized heating on the chip 
prior to latch-up, and lowers the latch-up current. 

6.0 CONCLUSION 

SCR latch-up in CMOS circuits is a phenomena which when 
understood can be effectively controlled both from the inte
grated circuit and system level. National's proprietary 
CMOS process and layout considerations have eliminated 
CMOS latch-up in the MM54HC/MM74HC family. This will 
increase the ease of use and design of this family by negat
ing the need for extra SCR protection circuitry as well as 
very favorable impact system integrity and reliability. 

Testing SCR Latch-Up of HCMOS 
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FIGURE 15. Bench Test Setup for Measuring Latch-up 

2-119 

)> 
z 

I w 
w 
co 



0 
-.:I' 

~ HCMOS Crystal Oscillators 
<( 

With the advent of high speed HCMOS circuits, it is possible 
to build systems with clock rates of greater than 30 MHz. 
The familiar gate oscillator circuits used at low frequencies 
work well at higher frequencies and either L-C or crystal 
resonators maybe used depending on the stability required. 
Above 20 MHz, it becomes expensive to fabricate funda
mental mode crystals, so overtone modes are used. 

10 
..l_ C1 Co 

TL/F/5347-1 

Crystal Equivalent Circuit 
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I Fa 
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Reactance of Crystal Resonator 
FIGURE 1 
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Basic Oscillator Theory 

The equivalent circuit of a quartz crystal, and its reactance 
characteristics with frequency are shown in Figure 1. FR is 
called the resonant frequency and is where L1 and C1 are in 
series resonance and the crystal looks like a small resistor 
A 1. The frequency FA is the antiresonant frequency and is 
the point where L1 -C1 look inductive and resonate with Co 
to form the parallel resonant frequency FA• FR and FA are 
usually less than 0.1 % apart. In specifying crystals, the fre
quency FR is the oscillation frequency to the crystal in a 
series mode circuit, and FR is the parallel resonant frequen
cy. In a parallel mode circuit, the oscillation frequency will 
be slightly below FA where the inductive component of the 
L1 -C1 arm resonates with Co and the external circuit ca
pacitance. The exact frequency is often corrected by the 
crystal manufacture to a specified load capacitance, usually 
20 or 32 picofarads. 

TABLE I. Typical Crystal Parameters 

32kHz 200 kHz 2MHz 30MHz 
Parameter fundamental fundamental fundamental overtone 

R1 200k!l 2k!l 10on 2on 
L1 7000H 27H 529mH 11 mH 
C1 0.003 pF 0.024 pF 0.012 pF 0.0026 pF 
Co 1.7 pF 9 pF 4pF 6pF 
Q 100k 18k 54k 100k 

National Semiconducter 
Application Note 340 
Thomas 8. Mills 

The Pierce oscillator is one of the more popular circuits, and 
is the foundation for almost all single gate oscillators in use 
today. In this circuit, Figure 2, the signal from the input to the 
output of the amplifier is phase shifted 180 degrees. The 
crystal appears as a large inductor since it is operating in 
the parallel mode, and in conjunction with CA and Cs, forms 
a pi network that provides an additional 180 degrees of 
phase shift from output to the input. CA in series with Cs 

-A 
+ ....-------t >--------. + 

Ba 

-I 

CRYSTAL 
EQUIVALENT 

r- -L~ - R,---c;-1 

eo I 
I I L _________ J 

FIGURE 2. Pierce Oscillator 
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plus any additional stray capacitance form the load capaci
tance for the crystal. In this circuit, CA is usually made about 
the same value as Cs, and the total value of both capacitors 
in series is the load capacitance of the crystal which is gen
erally chosen to be 32 pF, making the value of each capaci
tor 64 pF. The approximation equations of the load imped
ance, Z1, presented to the output of the crystal oscillator's 
amplifier by the crystal network is: 

Where Xe= -j/wCs and AL is the series resistance of the 
crystal as shown in Table I. Also w = 27Tf where f is the 
frequency of oscillation. 

The ratio of the crystal network's input voltage to it's output 
voltage is given by: 

eA = wCs =Cs 
es wCA CA 

CA and Cs are chosen such that their series combination 
capacitance equals the load capacitance specified by the 
manufacturer, ie 20 pF or 32 pF as mentioned. In order to 
oscillate the phase shift at the desired frequency around the 
oscillator loop must be 360° and the gain of the oscillator 
loop must be greater or equal to one, or: 

(AAHAF)~ 1 

Where AA is amplifier gain and AF is crystal network voltage 
gain of the crystal 1T network: eA/es. Thus not only should 
the series combination of Cs and CA be chosen. The ratio of 
the two can be set to adjust the loop gain of the oscillator. 

For example if a 2 MHz oscillator is required. Then 
AL= 1 oon (Table I). If eA/ es= 1 and the crystal requires a 
32 pF load so Cs= 64 pF and then CA becomes 64 pF also. 
The load presented by the crystal network is ZL = (1/27T (2 
MHz) (64 pF)2)/ 100 = 16 kn. 
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The CMOS Gate Oscillator 

A CMOS gate sufficiently approaches the ideal amplifier 
shown above that it can be used in almost the same circuit. 
A review of manufacturers data sheets will reveal there are 
two types of inverting CMOS gates: 

a) Unbuffered: gates composed of a single inverting stage. 
Voltage gain in the hundreds. 

b) Buffered: gates composed of three inverting stages in 
series. Voltage gains are greater than ten thousand. 

CMOS gates must be designed to drive relatively large 
loads and must supply a fairly large amount of current. In a 
single gate structure that is biased in its linear region so 
both devices are on, supply current will be high. Buffered 
gates are designed with the first and second gates to be 
much smaller than the output gate and will dissipate little 
power. Since the gain is so high, even a small signal will 
drive the output high or low and little power is dissipated. In 
this manner, unbuffered gates will dissipate more power 
than buffered gates. 

Both buffered and unbuffered gates maybe used as crystal 
oscillators, with only slight design changes in the circuits. 

1' Ca 62 pf 

TL/F/5347-4 

FIGURE 3. Typical Gate Oscillator 

In this circuit, RF serves to bias the gate in its linear region, 
insuring oscillation, while R2 provides an impedance to add 
some additional phase shift in conjunction with Cs. It also 
serves to prevent spurious high frequency oscillations and 
isolates the output of the gate from the crystal network so a 
clean square wave can be obtained from the output of the 
gate. Its value is chosen to be roughly equal to the capaci
tive reactance of Cs at the frequency of oscillation, or the 
value of load impedance ZL calculated above. In this case, 
there will be a two to one loss in voltage from the output of 
the gate to the input of the crystal network due to the volt
age divider effect of R2 and ZL. If CA and Cs are chosen 
equal, the voltage at the input to the gate will be the same 
as that at the input to the crystal network or one half of the 
voltage at the output of the gate. In this case, the gate must 
have a voltage gain of 2 or greater to oscillate. Except at 
very high frequencies, all CMOS gates have voltage gains 
well in excess of 1 O and satisfactory operation should result. 

Theory and experiment show that unbuffered gates are 
more stable as oscillators by as much as 5 to 1. However, 
unbuffered gates draw more operating power if used in the 
same circuit as a buffered gate. Power consumption can be 
minimized by increasing feedback which forces the gate to 
operate for less time in its linear region. 
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When designing with buffered gates, the value of R2 or Cs 
may be increased by a factor of 10 or more. This will in
crease the voltage loss around the feedback loop which is 
desirable since the gain of the gate is considerably higher 
than that of an unbuffered gate. 

CA and Cs form the load capacitance for the crystal. Many 
crystals are cut for either 20 to 32 picofarad load capaci
tance. This is the capacitance that will cause the crystal to 
oscillate at its nominal frequency. Varying this capacitance 
will vary the frequency of oscillation. Generally designers 
work with crystal manufacturers to select the best value of 
load capacitance for their application, unless an off the shelf 
crystal is selected. 

High Frequency Effects 

The phase shift thru the gate may be estimated by consider
ing it's delay time: 

Phase Shift = Frequency X Time delay X 360° 

The "typical gate oscillator" works well at lower frequencies 
where phase shift thru the gate is not excessive. However, 
above 4 MHz, where 1 O nsec of time delay represents 14.4° 
of excess phase shift, R2 should be changed to a small 
capacitor to avoid the additional phase shift of R2. The val
ue of this capacitor is approximately 1 I CtJC where w = 27Tf, 
but not less than about 20 pF. 

RF::: 10 MQ 

~~ 1' Ca 62 pf J Cb ::: 62 pf 

TL/F/5347-5 

FIGURE 4. Gate Oscillator for Higher Frequencies 

Improving Oscllator Stability 

The CMOS gate makes a mediocre oscillator when com
pared to a transistor or FET: It draws more power and is 
generally less stable. However, extra gates are often avail
able and are often pressed into service as oscillators. If 
improved stability is required, especially from buffered gate 
oscillators, an approach shown in Figure 5 can be used. 

DH 
Cs::: 36 pf J Ca 40 pf J Cb ::: 300 pf 

TL/F/5347-6 

FIGURE 5. Gate oscillator with improved stability 



In this circuit, CA and Ce are made large to swamp out the 
effects of temperature and supply voltage change on the 
gate input and output impedances. A small capacitor in se
ries with the crystal acts as the crystal load and further iso
lates the crystal from the rest of the circuit. 

Overtone Crystal Oscillators 
At frequencies above 20 MHz, it becomes increasingly diffi
cult to cut or work with crystal blanks and so generally a 
crystal is used in it's overtone mode. Also, fundamental 
mode crystals above this frequency have less stability and 
greater aging rates. All crystals will exhibit the same reac
tance vs. frequency characteristics at odd overtone fre
quencies that they do at the fundamental frequency. How
ever, the overtone resonances are not exact multiples of 
the fundamental, so an overtone crystal must be specified 
as such. 

In the design of an overtone crystal oscillator, it is very im
portant to suppress the fundamental mode, or the circuit will 
try to oscillate there, or worse, at both the fundamental and 
the overtone with little predictability as to which. Basically, 
this requires that the crystal feedback network have more 
gain at the overtone frequency than the fundamental. This is 
usually done with a frequency selective network such as a 
tuned circuit. 

The circuit in Figure 6 operates in the parallel mode just as 
the Pierce oscillator above. The resonant circuit LA-Ce is 
an effective short at the fundamental frequency, and is 
tuned somewhat below the deferred crystal overtone fre
quency. Also, CL is chosen to suppress operation in the 
fundamental mode. 

The coil LA may be tuned to produce maximum output and 
will affect the oscillation frequency slightly. The crystal 
should be specified so that proper frequency is obtained at 
maximum output level from the gate. 

Some Practlcal Design Tips 
In the above circuits, some generalizations can be made 
regarding the selection of component values. 

f0 =31 MHz 
RF=10 MQ 

RF: Sets the bias point, should be as large as practical. 

R 1: Isolates the crystal network from the gate output and 
provides excess phaseshift decreasing the probability of 
spurious oscillation at high frequencies. Value should be ap
proximately equal to input impedance of the crystal network 
or reactance of Ce at the oscillator frequency. Increasing 
value will decrease the amount of feedback and improve 
stability. 

Ce: Part of load for crystal network. Often chosen to be 
twice the value of the crystal load capacitance. Increasing 
value will increase feedback. 

CA: Part of crystal load network. Often chosen to be twice 
the value of the crystal load capacitance. Increasing value 
will increase feedback. 

CL: Used in place of R1 in high frequency applications. 
Reactance should be approximately equal to crystal net
work input impedance. 

Oscillator design is an imperfect art at best. Combinations 
of theoretical and experimental design techniques should 
be used. 

A. Do not design for an excessive amount of gain around 
the feedback loop. Excessive gain will lead to instability 
and may result in the oscillator not being crystal con
trolled. 

B. Be sure to worst case the design. A resistor may be 
added in series with the crystal to simulate worst case 
crystals. The circuit should not oscillate on any frequen
cy with the crystal out of the circuit. 

C. A quick check of oscillator peformance is to measure the 
frequency stability with supply voltage variations. For 
HCMOS gates, a change of supply voltage from 2.5 to 6 
volts should result in less than 10 PPM change in fre
quency. Circuit value changes should be evaluated for 
improvements in stability. 

11 
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FIGURE 6. Parallel Mode Overtone Circuit 
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1) TIMING AND CONTROL 

a) Input and Output Thresholds 

The MM74HC942/943 may be used in a CMOS or TTL envi
ronment. In a CMOS environment, no interfacing is required. 
If the MM74HC942/943 is interfaced to NMOS or bipolar 
logic circuits, standard interface techniques may be used. 
These are discussed in detail in National Semiconductor 
Application Note AN-314. This note is included in the Na
tional Semiconductor MM54HC/7 4HC High Speed micro
CMOS Logic Family Databook. 

b) Logic States and Control Pin Function 

Transmitted Data 

TXD (pin 11) in conjunction with 0/ A selects the frequency 
of the transmitted tone and thus controls the transmitted 
data. 

TXD = Vee selects a "mark" and thus the high tone of the 
tone pair. This is discussed further in the following section. 

Originate and Answer Mode 

This is controlled by 01 A (pin 13). 0/ A = Vee selects origi
nate mode. 01 A = GND selects answer mode. These 
modes refer to the tone allocation used by the modem. 
When two modems are communicating with each other one 
will be in originate mode and one will be in answer mode. 
This assures that each modem is receiving the tone pair 
that the other modem is transmitting. The modem on the 
phone that originated the phone call is called the originate 
modem. The other modem is the answer modem. 

The other pin controlling the transmitted tone is TXD (pin 
11 ). 

4) The Hybrid ................................... 2-127 

5) The Receive Filter ............................. 2-127 

6) The FTLC Pin ................................. 2-127 

7) The Carrier Detect Circuit ....................... 2-128 

a) Operation .................................. 2-128 

b) Threshold Control ........................... 2-128 

c) Timing Control .............................. 2-128 

8) The Discriminator .............................. 2-129 

a) The Hard Limiter ............................ 2-129 

b) Discriminator Operation ...................... 2-129 

9) Power Supplies ............................... 2-129 

a) DC Levels and Analog Interface ............... 2-129 

b) Power Supply Noise ......................... 2-129 

Bell 103 Tone Allocation 

Data 
Originate Modem Answer Modem 

Transmit Receive Transmit Receive 

Space 1070 Hz 2025 Hz 2025 Hz 1070 Hz 
Mark 1270 Hz 2225 Hz 2225 Hz 1270 Hz 

Squelch Transmitter 

Transmitter squelch is achieved by putting SOT = Vee 
(SOT is pin 14). The line driver remains active in this state 
(assuming ALB = GND). 

This state is commonly used during the protocol of estab
lishing a call. The originate user initiates a phone call with its 
transmitter squelched, and waits for a tone to be received 
before beginning transmission. During the wait time, the mo
dem is active to allow tone detection, but no tone may be 
transmitted. 

The state SOT = Vee may also be used if the line driver is 
required but a signal other than modem tones (e.g., DTMF 
tones or voice) is to be transmitted. This is discussed further 
in Transmission of Externally Generated Tones (section 3d). 

Analog Loop Back 

ALB = Vee. SOT = GND selects the state "analog loop 
back". (The state ALB = SOT = Vee is discussed in the 
following section.) 

In analog loop back mode, the modulator output (at the line 
driver) is connected to the demodulator input (at the hybrid), 
and the demodulator is tuned to the transmitted frequency 
tone set. Thus the data on the TXD pin will, after some 
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delay, appear at the RXD pin. This provides a simple "self 
test" of the modem. 

The signal applied to the demodulator during analog loop 
back is sufficient to cause the carrier detect output CD to go 
low indicating receipt of carrier. 

In analog loop back mode, the modulator and transmitter 
are active, so the transmitted tone is not squelched. 

Power-Down Mode 

The state SOT= ALB= Vee puts the MM74HC942/943 in 
power-down mode. In this state, the entire circuit except the 
oscillator is disabled. (The oscillator is left running in case it 
is required for a system clock). In power-down mode the 
supply current falls from 8 mA (typ) to 180 µA (typ), and all 
outputs, both analog and digital, TRI-STATE (become Hi-Z). 

Using TRI-STATE Capablllty 

CHIP 
SELECT 

CHIPWITH 
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The ability of the outputs to TRI-STATE allows the modem 
to be connected to other circuitry in a bus-like configuration 
with the state SOT or ALB = GND being the modem chip 
select. 

c) The Oscillator 

The oscillator is a Pierce crystal oscillator. The crystal used 
in such an oscillator is a parallel resonant crystal. 

-B._ 
The Oscillator 
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The capacitors used on each end of the crystal are a combi
nation of on-chip and stray capacitances. This generally 
means the crystal is operating with less than the specified 
parallel capacitance. This causes the oscillator to run faster 
than the frequency of the crystal. This is not a problem as 
the frequency shift is small (approximately 0.1 %). 

The oscillator is designed to run with equal capacitive load
ing on each side of the crystal. This should be taken into 
consideration when designing PC layouts. This need not be 
exact. 
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If a 3.58 MHz oscillator is available, the XTALD pin may be 
driven. The internal inverter driving this pin is very weak and 
can be overpowered by any CMOS gate output. 

The Oscillator and Power-Down Mode 

When the chip powers down, all circuits except the oscilla
tor are switched off. The oscillator is left running so it may 
be used as a clock to drive other circuits within the system. 

It is possible to shut the oscillator down by clamping the 
XTALS pin to Vee or GND. This will cause the total chip 
current to fall to less than 5 µA. This may be useful in bat
tery powered systems where minimizing supply current is 
important. 

Powering Down the Oscillator 
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2) MODULATOR SECTION 

a) Operation 
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The modulator receives data from the transmit data (TXD) 
pin and synthesizes a frequency shift keyed, phase coher
ent sine wave to be transmitted by the line driver through 
the transmit analog (TXA) pin. Four different sine wave fre
quencies are generated, depending on whether the modem 
is set to the originate or answer mode and whether the data 
input to TXD is a logical high or low. See Timing and Control 
(section 1) for more information. 

The TXD and 01 A pins set the divisor of a dual modulus 
programmable divider. This produces a clock frequency 
which is sixteen times the frequency of the carrier to be 
transmitted. The clock signal is then fed to a four bit counter 
whose outputs go to the sine ROM. The ROM acts like a 
four-to-sixteen decoder that selects the appropriate tap on 
the D/ A converter to synthesize a staircase-approximated 
sine wave. A switched capacitor filter and a low pass filter 
smooth the sine wave, removing high frequency compo· 
nents and insuring that noise levels are below FCC regula
tions. 

b) Transmit Level Adjustment 

The maximum transmit level of the MM74HC943 is -9dBm. 
Since most phone lines attenuate the signal by 3 dB, the 
maximum level that will be received at the exchange is -12 
dBm. This level is also the maximum allowed by most phone 
companies. The MM74HC942 has a maximum transmit lev
el of 0 dBm, making possible adjustments for line losses up 
to -12 dB. The resistor values required to adjust the trans
mit level for both the MM74HC942 and the MM74HC943 
follow the Universal Service Order Code and can be found 
in the data sheets. 



This resistor added between the TLA pin and Vee serves to 
control the voltage reference at the top of the DI A ladder, 
adjusting output levels accordingly. 

Note that for transmission above - 9 dBm the required re
sistor must be chosen with the co-operation of the relevant 
phone company. This resistor is usually wired into the 
phone jack at the installation as the resistor value is specific 
to the particular phone line. This is called the Universal Reg
istered Jack Arrangement. This arrangement Is possible 
only with the MM74HC942 because of the dynamic range 
constraints of the MM74HC943. 

The Modulator 
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3) THE LINE DRIVER 
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The line driver is a class A power amplifier for transmitting 
the carrier signals from the modulator. It can also be used to 
transmit externally generated tones such as DTMF signals, 
as discussed in section 3d. When used for transmitting mo
dem-produced tones, the external input (EXI) pin should be 
grounded to pin 19 for both the MM74HC942 and the 
MM74HC943. The line driver output is the transmit analog 
(TXA) pin. 

The Line Driver Equivalent Schematic 
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b) Second Harmonic Distortion 

If the modem is operating in the originate mode, the line 
driver output has frequencies of 1070 Hz for a space and 
1270 Hz for mark. The second harmonic for a space fre
quency is at 2140 Hz, and this falls in the originate modem's 
receive frequency band from 2025 Hz to 2225 Hz. While the 
modulator produces very little second harmonic energy, the 
amplifier has been designed not to degrade the analog out
put any further. The result is that the second harmonic is 
below - 56 dBm. Thus it is well below the minimum carrier 
amplitude recognized by the demodulator. 

c) Dynamic Range 

The decision to use the MM74HC942 or the MM74HC943 is 
a tradeott between output dynamic range and power supply 
constraints. The power supply is discussed in another sec
tion. The MM74HC942 will transmit at O dBm while the maxi
mum transmit level of the MM74HC943 is -9 dBm. This 
level applies to externally generated tones as well as the 
standard modem tone set. 

It is important to realize that the signal levels referred to 
above, and in the data sheet's specifications, are the levels 
referred to a soon load resistor (representing the phone 
line) when driven from the external 6000. source resistor. 
Also, the transmit levels discussed previously are maximum 
values. Typical values are 1 dB to 2 dB below these. 

d) Transmission of Externally Generated Tones 

Since a phone line connection is usually made on the TXA 
pin, it may be useful to use the line driver to transmit DTMF, 
voice or other externally generated tones. Both the inverting 
and non-inverting inputs to the line driver are available for 
this purpose. A DTMF tone generator with a TRI-STATE 
output may instead be directly connected to the same node 
as the TXA pin rather than the line driver. The choice of 
which method to use depends on whether the MM74HC942 
or MM74HC943 is being used and the signal level of the 
transmission. Most phone companies allow DTMF tone gen
eration at 0 dBm. This level is the maximum that the 
MM74HC942 can produce and is beyond the range of the 
MM74HC943. 

If the line driver is to be used for external tone generation, 
the modem must be powered up and the transmission must 
be squelched by the SOT pin being held high. This will dis
able the output of the modulator section. The choice be
tween the EXI pin and OSI pin is up to the user. The EXI pin 
gives a fixed gain of about 2. The OSI input allows for ad
justable gain as a series resistor is necessary. 

Using the OSI Input 
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A better solution may be to use the power-down mode of 
the MM74HC942/943 with a DTMF tone generator that has 
a TRI-STATE output. Such a device is a TP53130 and is 
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shown in the diagram following. When the tone generator is 
not in use and the modem is not squelched, the DTMF gen
erator's output is in TRI-STATE. Rather than using the line 
driver, the tone generator's output is instead connected to 
the same node as the TXA pin. The tone generator is active 
when the modem is in power-down. Power-down TRI
ST ATEs the TXA output. 
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4) THE HYBRID 
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The MM74HC942/943 has an on-chip hybrid. (A hybrid in 
this context refers to a circuit which performs two-to-four 
wire conversion.) 

Under ideal conditions the phone line and isolation network 
have an equivalent input impedance of 600!1. Under these 
conditions the gain from the transmitter to the op amp output 

is zero, while the gain from the phone line to the op amp 
output is unity. Thus the hybrid, by subtracting the transmit
ted signal from the total signal on the phone line,· has re
moved the transmitted component. 

Unfortunately, these ideal conditions rarely exist and filter
ing is used to remove the remaining transmitted signal com
ponent. This is discussed further in the next section. 

Note that the signals into the hybrid must be referred to 
GND in the MM74HC942 and GNDA in the case of the 
MM74HC943. Thus blocking capacitors are required in the 
latter case. This is discussed further in DC Levels and Ana
log Interface (section 9a). 

5) THE RECEIVE FIL TEA 

The signal from the hybrid is a mixture of transmitted and 
received signals. The receive filter removes the transmitted 
signals so only received signal goes to the discriminator. 

The receive filter may be characterized by driving AXA 1 or 
RXA2 with a signal generator. The filter response may then 
be observed at the FTLC pin with the capacitor removed. In 
this state the output impedance of the FTLC pin is 16 kn 
nominal. 

6) THE FTLC PIN 

The FTLC pin is at the point of the circuit where the receive 
filter output goes to the hard limiter input and the carrier 
detect circuit input. 

The signal at the output of the receive filter may be as low 
as 7 mVrms. It is thus important that the wiring to the FTLC 
pin and the associated circuit be clean. Ideally the track 
from the capacitor to pin 19 (GND on the MM74HC942, 
GNDA on the MM74HC943) should be shared by no other 
devices. 

If these precautions are not observed, circuit performance 
may be unnecessarily degraded. 
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7) THE CARRIER DETECT CIRCUIT 

a) Operation 

The carrier detect circuit senses if there is carrier present on 
the line. If carrier is not present, the data output is clamped 
high. 

The RC circuit filters the DC from the output of the receive 
filter. The comparator inputs are thus the filter output, and 
the DC level of the receive filter minus the controlled offset. 
The controlled offset sets the amount that the AC signal 
must exceed the DC level (and thus the AC amplitude) be
fore the comparator switches. When this happens, the com
parator output sets a resettable one-shot which converts 
the periodic comparator output to a continuous signal. This 
signal then controls the time delay set by the CDT pin. After 
the preset time delay the CD bar output goes low. This shifts 
the comparator offset providing hysteresis to the overall cir
cuit. 

b) Threshold Control 

The carrier detect threshold may be adjusted by adjusting 
the voltage on the CDA pin. 

The carrier detect trip points are nominally set at -43 dBm 
and -46 dBm. The CDA pin sits at a nominal 1.2V. The 
carrier detect trip points are directly proportional to the volt
age on this pin, so doubling the voltage causes a 6 dB in
crease in the carrier detect trip points. Similarly, halving the 
voltage causes a 6 dB decrease in carrier detect trip points. 

Note that as the carrier detect trip point is reduced, the 
system noise will approach the carrier level, and the accura
cy and predictability of the carrier detect trip points will de
crease. 

The output impedance of the CDA pin is high. It is constant 
( ± 10%) from die to die but has a very high temperature 
coefficient. It is thus advisable, if the CDA pin is driven, to 
drive from a low source impedance. 

Because the output impedance of the CDA pin is high, ca
pacitive coupling from the adjacent XT ALO pin can present 
a problem. For this reason a 0.1 µF capacitor is usually 
connected from the CDA pin to ground. If the CDA pin is 
driven from a low impedance source, this capacitor may be 
omitted. 

If a resistor is connected from the CD bar pin to the CDA 
pin, the CDA voltage will vary depending on whether carrier 
is detected. This will effectively increase the carrier detect 
hysteresis. 

Increased Carrier Detect Hysteresis 
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Similarly an inverter and a resistor from the CD bar pin to 
the CDA pin will reduce the hysteresis. This is not recom
mended as the 3 dB nominal figure chosen is close to the 
minimum value useable for stable operation. 

c) Timing Control 

The capacitor on the CDT pin adjusts the amount of time 
that carrier must be present before the carrier is recognized 
as valid. 

Carrier Detect Block Diagram 
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This circuit is designed for a long off-to-on time compared to 
the on-to-off time. This means carrier must be present and 
stable to be acknowledged, and that if carrier is marginal it 
will be rejected quickly. 

The equations for the capacitor value are 

Ton-to-off = C X 0.54 seconds 

and 

T off-to-on = C X 6.4 seconds. 

The ratio of on-to-off and off-to-on times may be adjusted 
over a narrow range by the addition of pull-up or pull-down 
resistors on the CDT pin. 

The repeatability of the times is high from die to die at fixed 
temperature, but is strongly temperature dependent. The 
times will shift by approximately ± 30% over process and 
temperature. 

8) THE DISCRIMINATOR 

a) The Hard Limiter 
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The signal to the inverting input of the comparator has the 
same DC component as the signal to the non-inverting in
put. The differential input to the comparator is thus the AC 
component of the filter output. The comparator has very low 
input offset and so the limiter will operate with very low input 
signal levels. 

The demodulator employed requires an input signal having 
equal amplitude for a mark and a space. It also requires a 
high level signal. The hard limiter converts all signals to a 
square wave. All amplitude information is lost but frequency 
information is retained. 
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By removing the capacitor from the FTLC pin, the hard limit
er ceases to operate, but the filter output may be observed. 
This is useful for circuit evaluation and testing. 

b) Discriminator Operation 

The discriminator separates the incoming energy into mark 
and space energy. This occurs in the band pass filters which 
are tuned to the mark and space frequencies. The outputs 
of the mark and space band pass filters are rectified to ex
tract the output amplitudes. The rectifier outputs are filtered 
to remove ripple. The low pass filter outputs are compared 
to determine if the mark or space path is receiving greater 
energy, and thus if the incoming data is a mark or a space. 

The output of the discriminator is only valid if carrier is being 
received. If carrier is not being received (as determined in 
the carrier detect circuit) the RXD output is clamped high. 
This stops the discriminator from attempting to demodulate 
a signal which is too low for reliable operation. 

9) POWER SUPPLIES 

a) DC Levels and Analog Interface 

The MM74HC942 refers all analog inputs and outputs to 
GND (pin 19). The analog interface ·thus requires no DC 
blocking capacitors. 

The MM? 4HC943 refers all analog inputs and outputs to 
GNDA (pin 19) which requires a nominal 2.5V supply. The 
current requirements of GNDA are low, so the GNDA supply 
may be derived with a simple resistive divider. The GNDA 
supply can then be referenced to GND using capacitors. 
This GNDA supply will have poor load regulation so the high 
current interface must be connected to GND and a DC 
blocking capacitor used. 

As the FTLC capacitor is connected to the input of the hard 
limiter, any noise on the FTLC ground return will couple di
rectly into this circuit. The signal on FTLC may be only milli
volts, so it is important that the FTLC capacitor ground be at 
the same potential as the chip's ground reference. Thus 
when using the MM74HC943 the FTLC capacitor ground 
return should go directly to GNDA (pin 19). For both the 
MM74HC942 and MM74HC943 this ground return should 
be shared by no other circuits. Failure to observe this pre
caution could result in unnecessary reduction of dynamic 
range and carrier detect accuracy, and an increase in error 
rate. 
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b) Power Supply Noise 

It is important that the power supplies to the MM74HC942/ 
943 be stable supplies, having low noise, particularly in the 
frequency band from 50 kHz to 1 O MHz. 

The MM74HC942/943 use switched capacitor techniques 
extensively. A feature of switched capacitor circuits is their 
ability to translate noise from high frequency bands to low 
frequency bands. At the same time it is difficult to design op 
amps with high power supply rejection at high frequencies. 
(The MM74HC942/943 has 19 op amps internally.) As a 
result the high frequency PSSR of the MM74HC942/943 is 
not high, so high frequency noise on the power supply can 
degrade circuit operation. 

This should not cause a problem if the circuits are powered 
from a three terminal regulator, and no other circuitry shares 
the regulator. Power supply noise could be a problem if: 

a) One or both of the power supplies are switching regulator 
circuits. Switching regulators can produce a lot of supply 
noise. 

b) The modem shares its supply with a large digital circuit. 
Digital circuits, particularly high speed CMOS (the HC fami
ly) can produce large spikes on the supplies. These spikes 
have wide spectral content. 

Ideally the modem could have its own supply. This may not 
be cost effective, so in some applications power supply fil
ters may be necessary. These may just be RC filters but LC 
filters may be necessary depending on the extent of the 
supply noise. Miniature inductors in half watt resistor pack
ages are cheap, lend themselves to automatic insertion, 
and are ideal for these filters. 

It is difficult to set specifications for a "clean" supply be
cause spectral density considerations are important. The 
following guidelines should be taken as "rule of thumb": 

a) From 50 kHz to 20 MHz the ripple should not exceed 
-60 dBV. 

b) From DC to 50 kHz the ripple should not exceed 
-50 dBV. 
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INTRODUCTION 

The advent of low cost microprocessor based systems has 
created a strong demand for low cost, reliable means of 
data communication via the dial-up telephone network. The 
most widespread means for this task is the Bell 103 type 
modem, which has become the de facto standard of low 
speed modems. This type of modem uses frequency shift 
keying (FSK) to modulate binary data asynchronously at 
speeds up to 300 baud. 

The success of this type of modem, despite its modest 
transmission speed, is largely due to its ability to provide full 
duplex data transmission at low error rates even with uncon
ditioned telephone lines. It also has a significant cost advan
tage over the other types of modems available today. Ad
vances in CMOS and circuit design technology have made 
possible the MM74HC942-a high performance, low power, 
Bell 103 compatible single chip modem. This chip combines 
both digital and linear circuitry to bring the benefits of sys
tem level integration to modem and system designers. 

THE PROCESS-microCMOS 

The chip was designed with National's double poly CMOS 
(microCMOS) process used extensively for its line of PCM 
CODECs and filters. This is a self-aligned, silicon gate 
CMOS process with two layers of polysilicon, one of which 
is primarily used for gates of the MOS transistors. Thus 
there are three layers of interconnect available (two polysili
con and one metal layer) making possible a very dense lay
out. 
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The two polysilicon layers also offer a near perfect capacitor 
structure which is used to advantage in the linear portions of 
the chip. The self-aligned silicon gate P and N-channel 
MOSFETs combine high gain with minimal parasitic gate-to
drain overlap capacitance, facilitating the design. of opera
tional amplifiers with high gain-bandwidth product and ex
cellent dynamic range. 

CHIP ARCHITECTURE 

The chip architecture was arrived at after critically evaluat
ing several trial system partitionings of the Bell 103 type 
data set. The overriding goal was to integrate as much of 
the function as possible without sacrificing versatility and 
cost effectiveness in new applications. The resulting chip 
architecture reflects this philosophy. Since the majority of 
users of this device would probably be digital designers un
familiar with filter design and analog signal processing, in
clusion of these functions was thus mandatory. The preci
sion filters needed for a high performance modem also 
make discrete implementations expensive. On the other 
hand, the majority of new systems will typically include a 
microprocessor which is quite capable of handling the chan
nel establishment protocol. Besides, different systems may 
require different protocols. Circuitry for this task was there
fore omitted. 

A block diagram illustrating the chip architecture is shown in 
Figure 1. The on-chip line driver and line hybrid greatly sim
plify interfacing to the phone line by saving two external op 
amps. The output of the line hybrid, which is used to reduce 
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FIGURE 1. Chip Architecture of the MM74HC942 
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the effect of the local transmit signal on the received signal, 
goes to a programmable receive bandpass filter. This filter 
improves the signal-to-noise ratio at the input of the fre
quency discriminator, which performs the actual FSK de
modulation. The output of the receive filter is also monitored 
by a carrier detector which compares the amplitude of the 
received signal to an externally adjustable threshold level. 

The modulator consists of a frequency synthesizer which 
generates a clock at a frequency determined by the TXD 
(transmit data) and O/A (originate/answer) inputs. This is 
subsequently shaped by the sine converter into the final 
modulated transmit carrier signal. 

All internal clocks and control signals are derived from an 
on-chip oscillator operating from a common 3.58 MHz TV 
crystal. On-chip control logic allows the modem to be set to 
answer or originate mode operation, or to an analog loop
back mode via the O/A and ALB inputs respectively. The 
line driver can be squelched via the SOT input, which typi
cally occurs during the channel establishment sequence. 

Another feature of this design not obvious from the block 
diagram of Figure 1 is that the chip can be powered down by 
asserting the ALB and SOT inputs simultaneously, a condi
tion that does not occur during normal operation. This cuts 
power consumption to typically under 50 µA, making it very 
suitable for battery operation. 

DEMODULATOR 

Receive Filter 

This is a nine pole, switched capacitor1 .2 bandpass filter. It 
is programmable by internal logic to one of two passbands, 
corresponding to originate or answer mode operation. The 
measured frequency response of the filter is shown in Fig
ure 2. It shows that better than 60 dB of adjacent channel 
rejection has been achieved. Note also the deep notches at 
the frequencies of the locally transmitted tone pair. 
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FIGURE 2. Measured Frequency Response of the 
Receive Filter 

A key design goal was to minimize the delay distortion of the 
filter. This has also been met as evidenced by the delay 
response curves shown in Figures 3a and 3b. These curves 
have been normalized to the delays at 1170 Hz and 
2125 Hz respectively. They show that the delay distortion in 
the 1020 Hz to 1320 Hz band is approximately 70 µs, while 
that in the 1975 Hz to 2275 Hz band is approximately 110 
µs. These bands contain all the significant sidebands of a 
300 baud FSK signal. The low delay distortion of the receive 
filter translates directly into low jitter in the demodulated 
data. 

2-131 

~ 1DD 

5 
i!j 50 

~ 
~ D 
lil 

-50 

1000 

1020 Hz 

1100 1200 
FREQUENCY (Hz) 

1320 Hz 

1300 

TL/H/5532-3 

FIGURE 3a. Normalized Delay Response of the Receive 
Filter In Answer Mode 
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FIGURE 3b. Normalized Delay Response of the Receive 
Filter In Originate Mode 

An on-chip, second order, real time anti-aliasing filter pre
cedes the receive filter. This masks the sampled data na
ture of the switched capacitor design from the user, contrib
uting to the ease of use of the chip. 

Frequency Discriminator 

Referring to Figure 4, the filtered receive carrier is first hard 
limited to remove any residual amplitude modulation. It is 
then split into two parallel, functionally indentical paths, 
each consisting of a second order bandpass filter (SPF), a 
full wave detector and a post detection lowpass filter (LPF). 

The bandpass filter in the upper path is tuned to the 'mark' 
frequency, and that in the lower path to the 'space' frequen
cy. The detectors are full wave rectifier circuits which, to
gether with the post detection filters, measure the energy in 
the mark and space frequencies. These are compared by 
the trailing comparator to decide whether a mark or space 
has been received. 
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FIGURE 4. Block Diagram of the Frequency Discriminator 

Carrier Detector 

The carrier detector compares the output of the receive fil
ter against an externally adjustable threshold voltage. Re
ferring back to Figure 1, if the CDA (carrier detect adjust) pin 
is left floating, the threshold is nominally set to ON at 
-44 dBm, and OFF at -47 dBm. This can be modified by 
forcing an external voltage at the CDA input. If the received 
carrier exceeds the set threshold, the CD (carrier detect) 
output will go low after a preset time delay. This delay is set 
externally by a timing capacitor connected to the CDT (carri
er detect timing) pin. 

MODULATOR 

As shown in Figure 5, the modulator consists of a frequency 
synthesizer and a sine wave converter. The transmit data 
(TXD) and mode (0/A) inputs set the divisor of a dual modu
lus programmable divider. This produces a clock at sixteen 
times the frequency of the transmitted tone. This then 
clocks a four bit counter, whose states represent the volt
age levels corresponding to the sixteen time slots in one 
cycle of a staircase approximated sine wave. The sine ROM 
decodes the state of the counter and drives a digital-to-ana
log converter to synthesize the frequency shift keyed sine 
wave. This modulator design also preserves phase coher
ence in the transmit carrier across frequency excursions. 

CLOCK 

TXD 

Vee 

RTL.A 

PROGRAMMABLE 
DIVIDER 

MODULUS 
CONTROL 

D/ A REFERENCE 
GENERATOR 

16xlc 

YREF 

DIVIDE BY 
16 COUNTER 

TRANSMIT 
CARRIER 

(le) 

TL/H/5532-6 

FIGURE 5. Modulator Block Diagram 
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The reference voltage for the digital-to-analog converter is 
derived from a reference generator controlled by an exter
nal resistor (RTLA). This allows the transmit signal level to 
be programmable in accordance with the Universal Service 
Order Code. This code specifies the programming resist
ances corresponding to various transmit levels. If no exter
nal resistor is connected, the transmit level defaults to 
-12 dBm. 

The synthesized sine wave is filtered by a second order, real 
time low pass filter to remove spurious harmonics before 
being fed to the line driver amplifier. 

LINE INTERFACE 

Line Driver 

This is a class A power amplifier designed to drive a soon 
line through an external soon terminating resistor. With the 
proper transmit level programming resistor installed, it will 
drive the line at 0 dBm when operated from ± 5V supplies. 
The quiescent current of the output stage of the driver var
ies with the programmed transmit level to maximize the effi
ciency of the amplifier. A class A design was chosen mainly 
because it can tolerate a wider range of reactive loads. 

As shown in Figure 6, both inverting and non-inverting in
puts of the driver amplifier are accessible externally, making 
it easy to accommodate an external signal source, such as 
a tone dialer. An external capacitor can also be connected 
between the inverting input and the amplifier output to give it 
a lowpass response. 

Line Hybrid 

The line hybrid is essentially a difference amplifier which, 
when connected as shown in Figure 6, causes the transmit 
carrier to appear as common-mode signal and be cancelled 
from the output. If the termination resistor (Rr) and phone 
line impedance are perfectly matched, the output of the line 
hybrid would be just the received carrier. In practice, perfect 
matching is impossible and 10 dB to 20 dB of transmit carri
er rejection is more realistic. The residual is more than ade
quately rejected by the receive filter of the demodulator. 

TIMING AND CONTROL 

This includes an oscillator amplifier, divider chain and inter
nal control logic. The oscillator, in conjunction with an exter
nal 3.58 MHz TV crystal and the divider chain, provides all 
the internal clocks for the switched capacitor circuits and 
the frequency synthesizer. The control logic orchestrates 
the various operating modes of the chip (e.g., 'originate, an
swer or analog loop-back modes). 



APPLICATIONS 

Figure 7 shows the MM74HC942 in an acoustically coupled 
modem application. It demonstrates the simplicity of the re
sulting design and a dramatic reduction in parts count. Fig
ure 8 shows two typical direct connect modem applications. 
The simplicity of these circuits is again evident. 

TRANSMIT CARRIER 
FROM MODULATOR 

TO RECEIVE 
ALTER 

MM74HC942 

The simple power supply requirement ( ± 5V), low power 
(60 mW when transmitting at - 9 dBm, 0.5 mW standby) 
and low external component count makes the MM74HC942 
an efficient implementation of the 300 baud modem func
tion. 

Ry 
LINE 
TERMINATION 
RESISTOR 

()

PHONE 
LINE 

TL/H/5532-7 

FIGURE 6. Typical Interface Between the MM74HC942 and the Phone Line 
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FIGURE 7. Typical Implementation of an Acoustically Coupled Modem Using the MM74HC942 
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FIGURE 8. Typical Implementations of Direct Connect Modems Using the MM74HC942 

SUMMARY 

In conclusion, the MM74HC942 integrates the entire data 
path of a Bell 103 type data set into a 20-pin package with 
the following features: 

• On-chip 9 pole receive filter 

• Carrier detector with adjustable threshold 

• Analog demodulator with low bit jitter and bias 

• Phase coherent modulator with low spurious harmonics 

• 6000 line driver with adjustable transmit level 

• On-chip line hybrid 

• Full duplex originate or answer mode operation 

• Low power operation, power-down mode 

• Simple supply requirements ( ± 5V) 
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An Introduction to 
and Comparison of 
54HCT /7 4HCT TTL 
Compatible CMOS Logic 
The 54HC/74HC series of high speed CMOS logic is unique 
in that it has a sub-family of components, designated 
54HCT/74HCT. Generally, when one encounters a 54/74 
series number, the following letters designate some speed 
and power performance, usually determined by the technol
ogy used. Of course, the letters HC designate high speed 
CMOS with the same pinouts and functions as the 54LS/ 
74LS series. The sub-family of HC, called HCT, is nearly 
identical to HC with the exception that its input levels are 
compatible with TTL logic levels. 

This simple difference can, however, lead to some confu
sion as to why HCT is needed; how HCT should be used; 
how it is implemented; when it should be used; and how its 
performance compares to HC or LS. This paper will attempt 
to answer these questions. 

It should also be noted that not all HCTs are the same. That 
is, HCTs from other vendors may have some characteristics 
that are different. Thus, when discussing general character
istics this paper will directly address National Semiconduc
tor's 54HCT/74HCT which is compatible with JEDEC 
standard 7. Other vendors' ICs which also meet this stan
dard will probably have similar characteristics. 

WHY DOES HCT EXIST? 

Ideally, when a designer sits down to design a low power 
high speed system, he would like to use 54HC/74HC, and 
CMOS LSI components. Unfortunately, due to system re
quirements he may have to use NMOS microprocessors 
and their NMOS or bipolar peripherals or bipolar logic 
(54S/74S, 54F/74F, 54ALS/74ALS, or 54AS/74AS) 

TYPICAL 
LS-TTL OUTPUT 

Vee 

National Semiconductor 
Application Note 368 
Larry Wakeman 

because either the specific function does not exist in CMOS 
or the CMOS device may not have adequate performance. 
Since the system designer still desires to use HC where 
possible, he will mix HC with these products. If these devic
es are specified to be TTL compatible, incompatibilities may 
result at the interface between the TTL, NMOS, etc. and 
HC. 

More specifically, in the case of where a TTL or NMOS out
put may drive an HC input, a specification incompatibility 
results. Table I lists the output drive specifications of TTL 
compatible outputs with the input specifications of 54HC/ 
74HC. Notice that the output high level of a TTL specified 
device will not be guaranteed to have a logic high output 
voltage level that will be guaranteed to be recognized as a 
valid logic high input level by HC. A TTL output will be equal 
to or greater than 2.4V, but an HCMOS input needs at least 
3.15V. It should be noted that in an actual application the 
TTL output will pull-up probably to about Vee minus 2 diode 
voltages, and HC will accept voltages as low as 3V as a 
valid one level so that in almost all cases there is no prob
lem driving HC with TTL. 

Even with the specified incompatibility, it is possible to im
prove the TTL-CMOS interface without using HCT. Figure 1 
illustrates this solution. By merely tying a pull-up resistor 
from the TTL output to Vee. this will force the output high 
voltage to go to Vee. Thus, HC can be directly interfaced 
very easily to TTL. This works very well for systems with a 
few lines requiring pull-ups, but for many interfacing lines, 
HCT will be a better solution. 

R1 

STANDARD 
HC-CMOS INPUT 

TL/F/6751-1 

FIGURE 1. Interfacing LS-TTL Outputs to Standard 
CMOS Inputs Using a Pull-Up Resistor 

2-135 

Fii 



The input high logic level of HC is the only source of incom
patibility. 54HC/74HC can drive TTL easily and its input low 
level is TTL compatible. Again referring to Table I, the logic 
output of the TTL type device will be recognized to be a 
valid logic low (0) level, so there is no incompatibility here. 
Table II shows that the specified output drive of HC is capa
ble of driving many LS-TTL inputs, so there is no incompati
bility here either (although one should be aware of possible 
fanout restrictions similar to that encountered when design
ing with TTL). 

The question then arises: since only the input high level 
must be altered, why not design CMOS logic to be TTL com
patible? 54HC/7 4HC was designed to optimize perform
ance in all areas, and making a completely TTL compatible 
logic family would sacrifice significant performance. Most 
importantly, there is a large loss of AC noise immunity, and 
there are speed and/ or die size penalties when trying to 
design for TTL input levels. 

Thus, since it is obvious that there is a need to interface with 
TTL and TTL compatible logic, yet optimum performance 
would be sacrificed, a limited sub-family of HCT devices was 
created. It is completely TTL input compatible, which en
ables guaranteed direct connection of TTL outputs to its 
inputs. In addition, HCT still provides many of the other ad
vantages of 54HC/7 4HC. 

WHEN TO USE 54HCT/74HCT LOGIC 

The 54HCT /7 4HCT devices are primarily intended to be 
used to provide an easy method of interfacing between TTL 
compatible microprocessor and associated peripherals and 
bipolar TTL logic to 54HC/74HC. There are essentially two 
application areas where a designer will want to perform this 
interface. 

1. The first case is illustrated in Figure 2. In this case the 
system is a TTL compatible microprocessor. This figure 
shows an NS16XXX (any NMOS µP may be substituted) 
that is in a typical system and therefore must be inter
faced to 54HC/74HC. In this instance, the popular gate, 
buffer, decoder, and flip-flop functions provided in the 
54HCT /7 4HCT sub-family can be used to interface the 
many lines that come from TTL compatible outputs. It is 
also easy to upgrade this configuration to an all CMOS 
system once the CMOS version of the microprocessor is 
available by replacing the HCT with HC. 

2. A second application is, when in speed-critical situations 
a faster logic element than HC, probably ALS or AS, must 
be used in a predominantly 54HC/7 4HC system, or a 
specific logic function unique to TTL is placed into an HC 
design. This situation is illustrated in Figure 3. In this 
case, pull-up resistors on an HC input may be sufficient, 
but if not, then an HCT can be used to provide the guar
anteed interface. 

TABLE I. Output Specifications for LS· TTL and NMOS LSI 
Compared to the Input Specifications for HCT and HC 

LS Output NMOSOutput HC Inputs HCT Input 

VouT louT VouT louT V1N l1N V1N l1N 

l Output High 2.7V 400µA 2.4V 400µA 3.15V 1 µA 2.0V 1 µA Input High J 
[ Output Low 0:5V 8.0mA 0.4V 2.0mA 0.9V 1 µA O.BV 1 µA Input Low J 
Vee= 4.5V 

Note the specified incompatibility between the output levels and HC input levels. 

TABLE II. 54HC/74HC and 54HCT/74HCT Output Specifications 
Compared to 54LS/74LS TTL Input Specifications and Showing Fanout 

HCOutput HCTOutput LS Inputs 

VouT louT VouT louT V1N l1N Fanout 

Standard Output Output High 3.7V 4.0mA 3.7V 4.0mA 2.0V 40µA 
10 

Output Low 0.4V 4.0mA 0.4V 4.0mA O.BV 400µA 

Bus Output Output High 3.7V 6.0mA 3.7V 6.0mA 2.0V 40µA 
15 

Output Low 0.4V 6.0mA 0.4V 6.0mA O.BV 400µA 

Vee= 4.5V 

Both HC and HCT output specifications are the same for the two sets of output types. 
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FIGURE 2. Applications Where a TTL Compatible NMOS 
Microprocessor is Interfaced to a CMOS System 
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FIGURE 3. A Conceptual Diagram Showing How HCT May Be Used to Interface a 
Faster ALS Part or Some Unique TTL Function in a CMOS System 

The functions chosen for implementation in 54HGT/74HGT 
were chosen to avoid the undesirable situation where the 
designer is forced to add in an extra gate solely for the 
interface. A variety of HGT functions are provided to not 
only interface to HG, but to perform the desired logic func
tion at the same time. 

Although not the primary intention, a third use for 54HGT I 
7 4HGT is as a direct plug-in replacement for 54LS/7 4LS 
logic in already designed systems. If HGT is used to replace 
LS, power consumption can be greatly reduced, usually by a 
factor of 5 or so. This lower power consumption, and hence 
less heat dissipation, has the added advantage of increas
ing system reliability (in addition to the greater reliability of 
54HG/7 4HG and 54HGT /7 4HGT). This is extremely useful 
in power-critical designs and may even offer the advantage 
of reduced power supply costs. 

One note of caution: when plug-in replacing HGT for TTL, 
54HGT/74HGT (as well as 54HG/74HC) does not have 
identical propagtion delays to LS. Minor differences will oc
cur, as would between any two vendors' LS products. To be 
safe, it is recommended that the designer verify that the 
performance of HGT is acceptable. 
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PERFORMANCE COMPARISON: HCT vs HC LS· TTL 

To enable intelligent use of HGT in a design, both for the 
interface to NMOS or TTL and for TTL replacement applica
tions, it is useful to compare the various performance pa
rameters of HGT to those of HG and LS-TTL. 

Input/Output Voltages and Currents 

Table Ill tabulates the input voltages for LS-TTL and LS-TTL 
compatible IGs, HGT, and HG. Since HGT was designed to 
have TTL compatible inputs, its input voltage levels are the 
same. However, the input currents for HGT are the same as 
HG. This is an advantage over LS-TTL, since there are no 
fanout restrictions when driving into HGT as there are when 
driving into LS. 

Referring to Table 11, the output voltage and current specifi
cations for HG and HGT gates are shown. As can be seen, 
the output specifications of HGT are identical to HG. This 
was chosen since the primary purpose of HGT is to drive 
into HG as the interface from other logic. 
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~ There are some differences as to how LS-TIL, ALS-TIL z and AS-TIL outputs are specified when compared to HCT 
ct (or HC), as shown in Table IV. The military parts are easy to 

This may be a minor point since normally HCT is mixed with 
TIL and in this case the worst-case system noise margin is 
defined by the TIL circuits. If the HCT is being driven only 
by HC and not LS, then the worst-case Vee margin is deter
mined by the HC devices. This is not a normal usage, but 
may occur if, for example, some spare HCT logic can be 
utilized by HC to save chip count. Figure 4 graphs input 
noise margin for HC, HCT in an LS application and HCT 
being driven by HC. As one can see, the HC has a large Vee 
and ground noise margin, the HCT interfacing from LS has a 
margin equal to LS, and the HCT interfacing from HC has a 
skewed margin. 

compare. HC/HCT has the same loL as LS and much great
er loH· At the commercial temperature range a direct com
parison is difficult. LS has a higher output current, but also a 
higher output voltage and narrow operating temperature 
range. Taking these into account, the output drive of 74HC/ 
HGT is roughly the same as LS. 

In the HC family, there is a higher output drive specified for 
bus compatible devices. Again, HCT is identical. As can be 
seen back in Table II, the bus drive capability of both HC 
and HGT are identical, and both source and sink currents 
are symmetrical. This increased drive over standard devices 
provides better delay times when they are used in high load 
capacitance bus organized CMOS systems. 

Both HC and HCT also have another voltage/current speci
fication which is applicable to CMOS systems. This is the no 
load output voltage. In CMOS systems, usually the DC out
put drive for a device need not be greater than several µA 
since all CMOS inputs are very high impedance. For this 
reason, there is a 20 µA output voltage specification which 
says that 54HC/7 4HC and 54HCT /7 4HCT will pull to within 
100 mV of the supplies. 

NOISE MARGIN TRADEOFFS WITH HCT 
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The nominal trip point voltage for an HCT device has been 
designated to be around 1.4V, as compared to the 2.5V for 
a standard HC device. This will degrade the ground level 
noise margin for HCT by almost a volt. HC, on the other 
hand, has its trip point set to offer optimal noise margin for 
both V cc and ground. 

TL/F/6751-4 

FIGURE 4. Guaranteed and Typical Noise Margins for 
a) HC; b) HCT in TTL System; c) HCT In HC System 

TABLE Ill. A Comparison of Input Specifications for 54LS/74LS, NMOS·LSI, 54HC/74HC, and 54HCT/74HCT 

LS Inputs NMOS·LSI Input HC Inputs HCTlnput 

V1N l1N VouT louT V1N l1N V1N 

f 

Input High 2.0V 40µA 2.0V 10 µA 3.15V 1 µA 2.0V 

Input Low 0.8V 400µA 0.8V 10 µA 0.9V 1 µA 0.8V 

Vee= 4.SV 

The HCT specifications maintain the TTL compatible input voltage requirements and the HC input currents. 

TABLE IV. This Compares the Output Drive of HC and HCT to LS for both the Military 
Temperature Range and the Commercial Temperature Range Devices at Rated Output Currents 

Military Temperature Commercial Temperature* 

l1N 

1 µA 

1 µA 

HC/HCT Output LS Output HC/HCT Output LS Output 

VouT louT VouT louT VouT louT VouT louT 

[ Input High 3.7V 4.0mA 2.5V 400µA 3.84V 4.0mA 2.7V 400µA 

l Input Low 0.4V 4.0mA 0.4V 4.0mA 0.33V 4.0mA 0.5V 8.0mA · 

Vee= 4.5V 

•The commercial temperature range for HC/HCT is -40'C to + 85'C, but for LS is O'C to + 70'C. 
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POWER CONSUMPTION OF HCT 

In normal HC applications, power consumption is essentially 
zero in the quiescent state but is proportional to operating 
frequency when operating. In LS, large quiescent currents 
flow which overshadow (except at very high frequencies) 
other dynamic components. 54HCT/74HCT is a combina
tion of these, depending on the application. Both quiescent 
and frequency-dependent power can be significant. 

Referring back to Figure 1, this figure shows an LS-TIL 
output driving an HCT input. To see how quiescent current 
is drawn, notice that it is possible to have valid TIL voltages 
of 2.7V and 0.4V (ignoring the pull-up resistor). With 0.4V on 
the HCT input, we find the input N-channel transistor OFF 
and the P-channel ON. Thus, the output of this stage is high. 
Also, since one of the P- or N-channel transistors is OFF, no 
quiescent current flows. However, when the HCT input is 
high, 2.7V, the N-channel is ON and the P-channel is slightly 
ON. This will cause some current to flow through both the 
transistors, even in the static state. 

Thus in a TIL application, HCT has the unusual characteris
tic that it will draw static current only when its inputs are 
driven by TIL (and TIL-like) outputs, and only when those 
outputs are high. Thus, to calculate total power, this quies
cent power must be summed with the frequency-dependent 
component. 

When HCT is driven by HG, as it possibly might be, the HG 
outputs will have high and low levels of Vee and ground; 
never statically turning on both transistors simultaneously. 
Thus in this application, HGT will only dissipate frequency-
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FIGURE 5. Power Consumption of 74HCTOO Being 
Driven by a) Worst-Case TTL Levels; 

b) Typical TTL Levels; c) CMOS Levels 

dependent power, and Cpo calculations can be made to 
determine power (see National Semiconductor Application 
Note, AN-303). In the latter application, HCT will dissipate 
the same amount of power as HG; in the first TIL applica
tion, the power dissipated will be more since there is also a 
DC component. 

To show this, Figure 5 plots power versus frequency for an 
HCTOO being driven by HG. typical LS and worst-case LS. 
Notice that at the lower frequencies, the DC component for 
the TIL input is much greater; at higher frequencies, the two 
converge as the dynamic component becomes dominant. 

SPEED/PROPAGATION DELAY PERFORMANCE 

Of primary importance is the speed at which the compo
nents operate in a system. HGT was designed to have the 
same basic speeds as HG. This was accomplished in spite 
of the fact that HGT requires the addition of a TIL input 
translator, which will add to internal propagation delays. A 
second concern in the design was to maintain the required 
speeds while minimizing the possible power consumption of 
the input stage when driven to TIL high levels. 

These requirements dictated designing HGT on a slightly 
more advanced 3µ N-well process, as well as increasing the 
die to help compensate for speed loss. This process is 
slightly faster than the standard HG process, and this en
ables the HGT parts to have the same delays as their HG 
counterparts, while minimizing possible quiescent currents. 
Figure 6 shows a comparison of 74HCT240 and 74HC240 
propagation delays, and they are identical. 
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FIGURE 6. Typical propagation delay vs load 
for 74HC240 and 74HCT240 are virtually the same. 

Slight differences result from different 
design and processing. 
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co 
~ One interesting point is that HCT and HC speed specifica-
Z tions are measured differently. One can compare the AC 
<C test waveforms in the HC databook and see that HC is mea

sured with OV-5V input waveforms and using 2.5V points on 
these waveforms. HCT, on the other hand, is tested like LS
TIL. HCT's input waveforms are OV-3V and timing is mea
sured using the 1.3V on both the input and the output wave
forms. 

The different test conditions for HCT result because HCT 
will be primarily used in LS-TIL applications. If HCT is used 
in HC systems, the actual speeds will be slightly different, 
but the differences will be small ( < 1 ns-2 ns). 

HC and HCT speeds are not identical to LS-TIL. Some de
lays will be faster and some slightly slower. This is due to 
inherent differences in designing with CMOS versus bipolar 
logic. For an average system implemented in HC or LS-TTL, 
the same overall performance will result. On an individual 
part basis, some speeds will differ, so the designer should 
not blindly assume that HC or HCT will duplicate whatever a 
TTL IC does. 

CMOS LATCH-UP AND ELECTROSTATIC 
DISCHARGE OF 54HCT/74HCT 

These two phenomena are not strictly performance related 
in the same sense that speed or noise immunity are. In
stead, latch-up and electrostatic discharge (ESD) immunity 
impact the ease of design, insusceptibility to spurious or 
transient signals causing a failure, and general reliability of 
54HCT/74HCT. 

Latch-up is a phenomenon that is a traditional problem with 
older CMOS families; however, as with 54HC/7 4HC, latch
up has been eliminated in 54HCT 17 4HCT circuits. In older 
CMOS, it is caused by forward biasing any protection diode 
on either an IC's input or output. If enough current flows 
through the diode (as low as 1 O mA), then it is possible to 
trigger a parasitic SCA (four fayer diode) within the IC that 
will cause the Vee and ground pins to short out. Once short
ed, the supply pins will remain so even after the trigger 

source is removed, and· can only be stopped by removing 
power. Latch-up is described in much more detail in Nation
al Semiconductor Application Note AN-339, and, in particu
lar, a set of performance criteria is discussed. 

By a combination of process enhancements and some 
careful IC layout techniques, the latch-up condition cannot 
occur in 54HC/7 4HC or 54HCT /7 4HCT. If one attempts to 
cause latch-up by forcing current into the protection diodes, 
the IC will be overstressed in the same manner as over
stressing a TTL circuit. 

ESD has also been a concern with CMOS ICs. Primarily for 
historical reasons, MOS devices have always been consid• 
ered to be sensitive to damage due to static discharges. 
However, process enhancements and careful input protec
tion network design have actually improved 54HC/7 4HC 
and 54HCT /7 4HCT immunity to where it is actually better 
than bipolar logic. This includes 7 4ALS, 7 4LS, 7 4S, 7 4AS 
and 74F. ESD is measured using a standard military 38510 
ESD test circuit, which zaps the test device by discharging a 
100 pF capacitor through a 1.5 k!l. resistor into the test 
circuit. ESD test data is shown in National Semiconductor 
Reliability Report, PR-11. 

CONCLUSION 

HCT is a unique sub-family designation of HC. It is intended 
primarily for TTL level to HC interfacing, although it is far 
from restricted only to this application. HCT can be used as 
a pin-for-pin socket replacement of TTL, or can be mixed 
with HC logic. 

54HCT /7 4HCT has the same speeds as HC and LS, the 
same noise immunity as TTL and a significantly lower power 
consumption than LS-TTL, although it is slightly greater than 
HC. Additionally, by providing latch-up immunity and low 
ESD sensitivity like the 54HC/74HC family, the overall sys
tem reliability and integrity is increased. All of these per
formance parameters enable HCT's use in a wide range of 
applications. 
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High-Speed-CMOS designs 
address noise and 
1/0 levels 

National Semiconductor 
Application Note 375 
Larry Wakeman 

To maximize the benefits of high-speed CMOS, you must cope 
with environmental interactions and component limitations. 

Especially important are system noise decoupling and 
both transient and steady-state level control 

Designs using high-speed-CMOS logic, such as the 
MM54HC/74HC Series, can attain characteristics that mark 
improvements over LS-TTL designs. To optimize these 
characteristics, however, you must adopt proper design pro
cedures. This article deals with the ICs' input-output and 
noise-immunity considerations. 

High-speed CMOS logic is essentially a digital-IC family that 
combines TTL (bipolar) and CD4000 (CMOS) characteris
tics. Because of the family's high speed, you must be more 
aware of the requirements of fast systems than in the case 
of CD4000B logic. Although the 54HC/74HC IC's CMOS 
construction results in noise immunity comparable to the 
CD4000 family, its high speed necessitates system-ground
ing and supply-decoding techniques normally used in LS
TTL system design. 

The following sections discuss general usage guidelines, 
system noise susceptibility and immunity, and the 54HC/ 
7 4HC logic's power-supply-noise characteristics. Note that, 
unless specific exceptions are stated, the considerations 
discussed apply also to 54HCT/74HCT, HC's TTL-compati
ble subset. 

FOLLOW BASIC GUIDELINES 

The basic rules for designing with 54HC/7 4HC circuits are 
similar to those that apply to 7 4LS, CD40008 and 54C/7 4C 
devices. First, under normal static operating conditions, the 
input should not exceed Vee or go below ground. In normal 
high-speed systems, transients and line ringing can cause 
inputs to violate this rule momentarily, forcing the ICs to 
enter an SCR-latch-up mode. 

(b) 
INPUT DIODE OR 

Vee OUTPUT DIFFUSION Vee 

Latch-up results if either the input- or output-protection di
odes are forward biased because of voltages above V cc or 
below ground. As a result, the IC's internal parasitic SCR 
shorts Vee to ground Figure 1 shows the diodes in a CMOS 
IC, schematically {a) and in a simplified die cross section 
(b). 

Thanks to some processing refinements, SCR latch-up isn't 
a problem with the MM54HC/74HC Series. There are, how
ever, limitations on the currents that the internal metalliza
tion and protection diodes can handle, so for high-level tran
sients (pulse widths less than 20 ms and inputs above Vee 
or below ground), you must limit the current of the IC's inter
nal diode to 20 mA rms, 100 mA peak. Usually, a simple 
resistor configured in series with the input suffices. 

Powering the device is another important design concern. 
Don't power up inputs before both Vee and ground are con-
(a) , 

D1 DIFFUSED· 
DIODE DIODE 

RESISTOR 
INPUT 

POLYSILteON 
RESISTOR 

D2 

INPUT DIODE OR 
OUTPUT DIFFUSION 

D5 

Vee 

{ DJ ~~J~~: D5 

OUTPUT 

04 

':" 

TL/F/8127-1 

GNO 

N- SUBSTRATE 

TL/F/8127-2 

FIGURE 1. Essential but sometimes evil, the diodes In CMOS-logic ICs can be easily damaged by excessive 
currents. Reversed supplies or large Input or output currents can cause diode burnout. 
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nected, and don't plug or unplug pc boards into or from 
powered connectors unless input currents are short lived or 
limited in the manner already described. Both conditions 
can forward bias input diodes, resulting in excessive diode 
currents. Again, Figure 1 shows these diodes and the possi
ble current paths. If these conditions are unavoidable, add 
external current limiting to prevent damage to 54HC/7 4HC 
circuits, or use special connectors that apply power before 
signals. Some family members (notably the HC4049/50) 
have modified input structures and can survive the applica
tion of power to the input before the supply. 

Floating inputs are a frequently overlooked problem. CMOS 
inputs have extremely high impedance and, if left open, can 
float to any voltage. This situation can result in logic~func
tion mishaps and unnecessary power consumption. More
over, open inputs are susceptible to electrostatic damage. 
You should thus tie unused inputs to Vee or ground, either 
through a resistor or directly. 

Finally, for correct logic results you should use inputs with 
rise and fall times faster then 500 ns. Slower transition times 
can result in logic errors and oscillation. 

OBSERVE OUTPUT RULES 

You must observe certain usage rules for 54HC/74HC out
puts as well as for inputs. Output voltages shouldn't exceed 
the supply voltage, and currents in the output diodes 
shouldn't exceed 20 mA. Moreover, output rms drive cur
rents shouldn't exceed 25 mA for 4 mA standard-output de
vices or 35 mA for 6 mA devices. The die's metal lines 
dictate this limitation. Violations can result in long-term dete
rioration. Much larger currents (greater than 100 mA peak) 
arising from capacitive-load charging and line driving are 
normal and pose no real problem. As a rule of thumb, don't 
allow the output currant's rms value to exceed the device's 
current rating. Unlike the inputs, unused outputs should be 
left floating to allow the output to switch without drawing any 
de current. 

When testing a pc board, its often necessary to short the 
output of one CMOS device to overdrive and force a given 
level on the input of the IC driven by this output. In other 
instances, you might need to short the outputs on a one
time basis. You can do so without degrading the IC's life if 
you follow a few rules. When bench testing 54HC/7 4HC 
devices, for example, you can short one output for several 
minutes without harm. In automatic testing, you can short as 
many as eight outputs for a 1-sec duration. Here again, the 
limitation is imposed by the metallization. 

POWER-SUPPLY CAVEATS 

Now that you've looked at input and output signals, give 
some extra attention to power-supply considerations. For 
instance, supply levels affect the device's logical operation. 
You should, for example, keep the supplies within the 2 to 
6V range for HC devices and the 4.5 to 5.5V range for HCT 
devices. Voltages as high as 7V or as low as OV won't harm 
the ICs, but their performance isn't guaranteed at these lev
els. However, HCs and HCTs (with the exception of one
shots and Schmitt triggers) can typically function with sup
plies as low as about 1.4V. 

As with any IC, it's crucial that you not reverse the supply 
voltages. Doing so will forward bias a substrate diode be
tween Vee and ground (Figure 1), resulting in excessive cur
rents and damage to the IC. As with inputs and outputs, 
don't let Vee or ground rms currents exceed 50 mA for 
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FIGURE 2. The reaction of 74HCOO gates (a) to noise 
spikes is clearly seen In these scope drawings. The 

gate exhibits noise immunity of 2V or more (b). 
Furthermore, the immunity is equally good for 

positive- and negative-going noise spikes. 



4 mA devices or 70 mA for 6 mA units. Again, transients 
pose no real problem as long as their rms values stay within 
the devices' ratings. 

UNDERSTANDING NOISE 

What happens if the signals just discussed aren't clean? In 
digital-logic systems, "noise" is defined as extraneous volt
age in the signal or supply paths. For CMOS, ECL or TTL 
devices, system noise that's great enough can affect the 
logic's integrity. CMOS-logic families such as the CD4?00 
and 74C are highly immune to certain types of system noise. 
This immunity is due mainly to the nature of CMOS, but also 
to the fact that the devices' slowness reduces self-induced 
supply noise and crosstalk and prevents the logic from re
sponding to short externally induced or radiated transients. 

However, in high-speed CMOS (which is about 1 O times 
faster than CD4000 logic), crosstalk, induced supply noise 
and noise transients become factors. Higher speeds allow 
the· device to respond more quickly to externally induced 
noise transients and accentuate the parasitic interconnec
tion inductances and capacitances that increase self-in
duced noise and crosstalk. 

Because HC-CMOS specifies input levels similar to those of 
CD4000 logic, its de noise rejection is also superior to LS
TTL. And because high-speed CMOS has an output imped
ance one-tenth that of CD4000 devices, it's less susceptible 
to noise currents coupled to its outputs. As a result, lower 
stray voltages are induced for a given amount of current 
coupling. 

To quantify these noise parameters, first define "noise im
munity": a device's ability to prevent noise on its input from 
being transferred to its output. More specifically, it's the 
amount of voltage that can be applied to an input without 
causing the output to change state. For HC-CMOS, this im
munity is approximately 2V; in the worst case, it's the maxi
mum input Low or High logic levels specified in the data 
sheet. 

(a) 

1---4--Vour 
74HC74 

CLK ll J5DpF 

(PRESET= CLEAR= Vee) 

TL/F/8127-7 

Vee = 4·5V TYPICAL IZJ 
S VoH :-~ GUARANTEED Cl 

v::_ VoH-~ 
VoH

V1H-
V1H-

V1L - V1H-

HC HCT 
(DRIVEN BY TTL) 

TL/F/8127-6 

FIGURE 4. Noise margins for HC·CMOS and an HCT· 
CMOS· TTL combination are Illustrated by this graph. 

You can see that the all-CMOS system exhibits the 
higher noise Immunity. 

Noise immunity is an important attribute, but noise margin 
proves more useful because it defines the amount of noise 
that a system can tolerate and still maintain correct logic 
operation. It's defined as the difference between the output 
logic Low (or High) of one gate and the input logic Low (or 
High) of the gate the given device is driving. 

For example, in HC-CMOS using a 4.5V Vee. typical output 
levels are ground and Vee. and input thresholds are 
ViH = 3.15V and V1L = 0.9V. These figures yield noise mar
gins of approximately 1300 mV (logic One) and 850 mV (log
ic Zero). LS's noise immunity is 700 and 400 mV, respec
tively. Note that 54HC/74HC input levels are skewed slight
ly toward ground, so the ICs tolerate slightly more Vee noise 
than ground noise. 
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FIGURE 3. Exhibiting high clock-noise Immunity, this 74HC74 flip flop 
(a) shows no change In output for noise spikes greater than 2V (b) 
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~ To illustrate noise margin and immunity, Figure 2 shows the z output that results when you apply several types of simulat-
<( ed noise to a 74HCOO's input. Typically, even 2V or more 

input noise produces little change in the output. Figure 3 
shows how noise affects a 74HC74's clock input. Again, no 
logic errors occur with 2V or more clock noise. 

54HCT/74HCT ICs have an input buffer specially designed 
to yield TTL input levels of 0.8 and 2V. Their noise-immunity 
characteristics are therefore substantially different from 
those of 54HC/74HC devices. In evaluating these differenc
es, note two general applications for HCT logic: in a TTL or 
NMOS (eg, XMOS, HOMS) system; or in an all-CMOS, HC 
or HCT system. 

In the first case, the HCT inputs get driven by outputs that 
are essentially TIL and specify output levels of 0.4 and 2.4V 
(or 0.5 and 2.7V). In this situation, the specified noise mar
gin is similar to the TTL margin: 400 mV for a logic Zero and 
either 400 or 700 mV for a logic One. These values, shown 
in Figure 4, are significantly less than those of an all-HC 
system. 

Now examine the second case. When using HCT with HC, 
output logic levels are almost equal to power-supply levels. 
Therefore, HCT's specified noise margin is approximately 
700 mV for a logic Zero and 2.4V for a logic One. At first 
glance, the high noise margin for Ones might seem strange, 
but this situation presents a tradeoff against the Zero-level 
margin. Compare the two gate-transfer functions in Figure 5; 
the HCT device has a logic trip point at 1.4V, while the HC 
gate trips at 2.4V. Thus, HC's typical performance is twice 
that of HCT for ground noise; for Vee noise, HCT is about 
50% better. 

The conclusion? In a normal system (including all-CMOS 
systems), HC provides better noise immunity than HCT. The 
one case where HCT could prove more helpful is in systems 
that are designed with noiseless ground and dirty Vee- Nat
urally, this design approach isn't good. A second fact high
lighted by these transfer functions, HC is conservatively 
specified for its input and output logic levels, whereas HCT 
is specified more tightly. So even though data-sheet limits 
for HCT seem better, actual system performance indicates 
that HC provides better overall noise margins. 

Vee 

INPUT '· STEP__/ . 

112 

mTYPICAL Vee =4.5V 
> 
.LI 5 CJ GUARANTEED 
;.:I 
..: 

lJ ~ 
~ 
g 
:c 
::> 

~ 
HC HCT 

(DRIVEN BY 
HC DR HCT) 

TL/F/8127-9 

FIGURE 5. Comparing HC and HCT logic, this graph 
shows noise immunity of the respective families. HC 

wins for ground noise, HCT for Vee noise. 

CONSIDER SYSTEM NOISE 

Now take a closer look at system noise, which you can 
group into several categories, depending on the source. The 
type of noise dictates the appropriate noise-supression 
technique. 

• Power-supply Ice noise, generated in the power-supply 
line, comes from logic switching in CMOS circuits. 

• Transmission-line reflections, unwanted ringing and over
shoot phenomena arise from signals propagating down 
improperly terminated transmission and signal lines. 

• Signal crosstalk is caused by capacitive or inductive cou
pling of extraneous voltages from one signal line to an
other or to the power-supply line. 

• Radiated noise, an RF phenomenon that originates with
in a high-speed-logic system, emits to other systems. It 
arises from the high-frequency energy emitted when log
ic toggles. This noise, not a major problem with regard to 
logic integrity, can interfere with other systems. 

TL/F/8127-10 

FIGURE 6. This schematic shows the currents in a 74HCOO gate that result when applying a positive 
input step. Also shown are the internal parasitic and external load capacitances. 
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Power-supply spiking is perhaps the most important contrib
utor to system noise. When any element switches logic 
states, it generates a current spike that produces a voltage 
transient. If these transients become too large, they can 
cause logic errors because the supply-voltage drop upsets 
internal logic, or because a supply spike on one circuit's 
output feeds an extraneous noise voltage into the next de
vice's input. 

With CMOS logic in its quiescent state, essentially no cur
rent flows between Vee and ground. But when an internal 

(a) 

(b) 

Vee 

Ice 

(d) 
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r•· 
' 

, .. 
J 

..... /' ... ...... La. . ,, ... 

20 mV 

TL/F/8127-11 

TL/F/8127-12 

TL/F/8127-14 

gate or an output buffer switches state, a momentary cur
rent flows from Vee to ground. This current has two compo
nents: the current required to charge and discharge any 
stray or load capacitance, and the current that flows directly 
from Vee to ground when the p- and n-channel transistors 
turn on momentarily during an input transition. 

Figure 6 shows the paths for these current components 
within a 74HCOO upon application of a positive step to the 
device's input. Cp1, Cp2. and Cp3 represent the internal par
asitic capacitances; CL is the external load capacitance. In, 
lr2 and IT3 correspond to the currents that flow through 
both the n- and p-channel transistors during switching. lep1, 
lep2 and lep3 are the charging currents for the capacitances. 

The switching transient caused by an unloaded output 
changing state typically equals 40 mA peak. Figure 7b 
shows the current and voltage spikes resulting from switch
ing a single unloaded NANO gate. Figures 7c through {e) 
show the current spike's increase due to the addition of 15-, 
50- and 100-pF loads. The large amount of ringing results 
from the test circuit's transmission-line effects. 

This ringing occurs partly because the CMOS gate switches 
from a very high impedance to a very low one and back 

(c) 
5V 500 mV 100 ns 

l [ l 
la ... 11,, 11.a ••• Vee 
II' ,. 11r ' 
, ... 11' ,, 11. . 

~-- ' 
Ice 

20 mV 
TL/F/8127-13 

(e) 
5V 500 mV 100 ns 

T r l 
l 

Vee 
Ila n I~ .. 
rr I i'" 

~ 
Ice 

..., ... ,l. 

20 mV 
TL/F/8127-15 

FIGURE 7. The effects of capacitive loads are seen in these drawings; (b) through (e) show 
the spikes resulting with no load and with 15·, 50· and 100-pf loads, respectively. 

The ringing arises from the test circuit's transmission-line effects. 
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FIGURE 8. On-chip circuitry before a 74HCOO's output stage (a) generates little current spiking, 
as shown in the drawing {b). In the test circuit, one Input is switching (but not the output). 

Note the very small power-supply glitches provoked by the input-circuit transitions. 

again. Note that, even for medium-size loads, load-capaci
tance current becomes a major current contributor, verified 
by the dramatic increase in current from the unloaded to the 
100-pF-load case. 

Although internal logic generates current spikes when 
switching, the bulk of a spike's current comes from output
circuit transitions. Why? Because the outputs have the larg
est p- and n-channel currents and the greatest parasitic and 
load capacitances. Figure 8 shows the Ice current for a 
74HCOO gate with one input switching, the other at ground 
(thus, with no output transitions). 

The best way to reduce noise-voltage transients is to imple
ment good power-supply busing. You should maintain a low 
ac impedance from each circuit's Vee to ground. In one 
model for a supply bus (Figure 9), both Vee and ground 
traces exhibit inductances, resistances and capacitances. 

Lp Lp 

To reduce voltage transients, keep the supply line's parasit
ic inductances as low as possible by reducing trace lengths, 
using wide traces, ground planes, strip-line or microstrip 
transmission-line techniques and by decoupling the supply 
with bypass capacitors. 

For effective supply decoupling, bypass capacitors must 
supply the charge required by the current spike for its dura
tion with minimal voltage change. You can determine a by
pass capacitor's approximate value from the expression: 

ldt (SPIKE CURRENT) (SPIKE DURATION) 
CsvPASS = dV = (ALLOWABLE DROOP VOLTAGE) 

Consider this example: A typical MM54HC/74HC has an Ice 
transient of about 20 mA, lasting approximately 20 ns (ex
cluding ringing). If you allow 400 mV peak noise, the re
quired bypass capacitance is about (20 mA)(20ns)/0.4V=1 
nF per output. 

Lp 

TL/F/8127-17 

FIGURE 9. This equivalent circuit for a power-supply bus emphasizes both the Vcc's and the ground's series 
inductances.Try to minimize these inductances through careful circuit layout. 
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FIGURE 10. Demonstrating the Importance of bypassing, drawings (b) through (e) show power-supply transients 
that occur when a 74HCOO is decoupled with 1·, 4.7-, 10· and 100-nF capacitors, respectively. 
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FIGURE 11. Showing results similar to those depicted in Figure 10, these drawings show the effects of bypassing a 
74HC74 flip flop with capacitors of 1 (b) to 10 nF (d). You can see that the 10 nF bypass yields supply spiking 

approximately 40% lower than that of the 1-nF capacitor. 

In order to prevent additional voltage spiking, this local by
pass capacitor must exhibit low inductive reactance. You 
should therefore use high-frequency ceramic capacitors and 
place them very near the IC to minimize wiring inductance. 
The approximate amount of tolerable inductance is given 
by: 

Vdt 
LsuPPLY =di= 

(SPIKE VOLTAGE) (SPIKE RISE OR FALL TIME) 

(SPIKE CURRENT) 

For example, restricting the inductive noise spike to 100 mV 
peak with 20 mA current and 4 ns rise time yields (0.4V)(4 
ns)/20 mA=80 nH max. Note that, in addition to localized 
decoupling of very fast transients, you also need bulk de
coupling of spikes generated by the board's ICs. To decou
ple, provide a high-value capacitor for smoothing long time 
periods. 

To show how decoupling affects supply noise in real-world 
situations, Figure 10 depicts the power-supply transients 
that result when you choose different values of decoupling 
capacitors. In this example, one gate of a 74HCOO toggles, 
and 1-, 4.7-, 10- and 100-nF capacitors have approximately 
10 cm of wiring between them and the supply. Figure 11 
presents similar results, obtained with the 74HC74 circuit. 
Note in both cases (although the unbypassed situation isn't 
depicted) that a .1 nF capacitor greatly reduces the voltage 
transient. 

Based on empirical and theoretical considerations, you can 
determine a set of guidelines. These practical maxims serve 
only as a foundation for a system that should yield good 
results. Consequently, there's some leeway in following 
them for particular designs. As a rule of thumb, it's generally 
good design practice to restrict both Vee and ground noise 
to less than 250 mV. 
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FIGURE 12. Tailor bypassing to the system's supply scheme. Circuit diagram (a) shows the method to 
use with local regulators; (b) shows the scheme to adopt with a centralized regulated supply. 

Use tantalum- or aluminum-electrolytic capacitors. 

Before presenting the guidelines, examine some compara
tive attributes of earlier CMOS, HG, HGT and LS-TTL devic
es. First, because of higher speeds and larger output cur
rents, the supply-bypassing requirements of HG devices are 
more rigorous than those of earlier metal-gate-CMOS ICs. 
Compared with those of LS-TTL, the requirements for 
HC/HCT are similar or a little more stringent, depending on 
the application. 

Furthermore, for random logic, 54HC/7 4HC and 
54LS/74LS are similar, but in bus-driving applications HG 
devices can produce larger spikes. Finally, HGT logic needs 
better grounding than HG logic. In fact, its design considera
tions closely follow those of LS-TTL. However, as with HG, 
HGT exhibits greater Vee spiking in bus-driving applications. 

Now you're ready for the guidelines: 

• Keep Vee-bus routing short. When using double-sided or 
multilayer circuit boards, use strip-line, transmission-line 
or ground-plane techniques. 

• Keep ground lines short, and on pc boards make them as 
wide as possible, even if trace width varies. Use separate 
ground traces to supply high-current devices such as re
lay and transmission-line drivers. 

• In systems mixing linear and logic functions and where 
supply noise is critical to the analog components' per
formance, provide separate supply buses or even sepa
rate supplies. 

• If you use local regulators, bypass their inputs with a tan
talum capacitor of at least 1 µF (Figure 12a), and bypass 
their outputs with a 10- to 50-µF tantalum- or alumium
electrolytic capacitor (b). 

• If the system uses a centralized regulated power supply, 
use a 10- to 20-µF tantalum-electrolytic capacitor or a 
50- to 100-µF aluminum-electrolytic capacitor to decou
ple the Vee bus connected to the circuit board (Figure 
12b). 

• Provide localized decoupling. For random logic, a rule of 
thumb dictates approximately 10 nF (spaced within 12 
cm) per every two to five packages, and 100 nF for every 
10 packages. You can group these capacitances, but it's 
more effective to distribute them among the !Cs. If the 
design has a fair amount of synchronous logic with out
puts that tend to switch simultaneously, additional decou
pling might be advisable. Octal flip flops and buffers in 
bus-oriented circuits might also require more decoupling. 
Note that wire-wrapped circuits can require more decou
pling than ground-plane or multilayer pc boards. 

• For circuits that drive transmission lines or large capaci
tive loads (µP buses, for example), use a 1 O nF ceramic 
capacitor close to the devices' supply pins. 

• Finally, terminate transmission-line grounds near the 
drivers. 
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Logic-System Design 
Techniques Reduce 
Switching-CMOS Power 

National Semiconductor 
Application Note 376 
Larry Wakeman 

By adopting certain techniques in the design of your CMOS-based logic system, 

you can effect dramatic reductions in the transitional power these 

zero-quiescent-current devices consume when switching. 

This article describes ways to reduce the power consump
tion in logic designs using high-speed CMOS ICs. The 
MM54HC/74HC logic family has near-zero power dissipa
tion when in the quiescent mode. Its only substantial power 
drain arises from dynamic switching currents. Traditional 
TTL and NMOS systems do not share this low-power fea
ture, requiring instead that you reduce power by selecting 
low-power ICs and external components. 

The CMOS device is inherently efficient, but you can greatly 
enhance system efficiency by designing around the follow
ing guidelines: 

• minimizing effective system operating frequency; 

• minimizing static de-current paths (eg, in pull-up or -down 
resistors); 

• putting the logic to sleep (by removing the clock); 

• capitalizing on power-down situations. 

Total system power dissipation is the sum of two compo
nents: static (or quiescent) and dynamic power. LS TTL sys
tems consume such a great amount of quiescent power that 
the dynamic component pales into insignificance. When us
ing 54HC/74HC logic in power-critical applications, howev
er, you must consider both components. The following sec
tions describe how to determine system power by using HC 
devices' power-dissipation-capacitance (Cpo) specs. The 
text also discusses a few power-reduction philosophies and 
some of the differences in consumption for 54HCT/74HCT 
TTL-compatible CMOS logic. Because system power is sim
ply total Ice times the supply voltage, the calculations treat 
power and current interchangeably. 

Calculating the quiescent power is just as easy-the sum of 
the de currents times the supply voltage. Thus, total system 

quiescent power is 

PsvsTEM = (lcc1 + lcc2 + ... lccnl Vee- (1) 

Vee 

In 

ICP1 

V1N---+------ rr 

The currents in this expression are caused by pull-up and 
load resistors and TTL, NMOS and linear circuits in the sys
tem. If it's appreciable-although unlikely-you can include 
the very small quiescent Ice of MM54HC/74HC devices. 
Generally, the worst-case Ice values in the CMOS ICs' data 
sheets are very conservative. Typical values range from ten 
to 100 times less than the limits; moreover, it's almost sta
tistically impossible for a system to contain all worst-case 
devices. 

As pointed out earlier, the major contributors to CMOS ICs' 
power dissipation are dynamic switching currents. Figure 1 
is a schematic diagram of one 74HCOO NANO gate, and it 
shows the dynamic currents that result from switching one 
input Low to High. When the IC is not switching, there's no 
de-current path from Vee to ground except for leakage. This 
is because whenever an n-channel device is On, its comple
mentary p-channel partner is Off. 

CMOS power consumption is caused by the transient cur
rents that charge and discharge internal and external ca
pacitances during logic transitions. As frequency increases, 
these currents naturally increase. You can't measure these 
currents or their associated capacitances individually, but 
you can measure the total current. You can equate this total 
current to a power-dissipation capacitance (Cpo) as follows: 

Ice = (Cpo + CLJ(Vcc)(f1cl. (2) 

where Ice is the supply current, Vee is the supply voltage, 
f1c is the input toggle rate and CL is the toggled load capaci
tance. Referring again to Figure 1, the load current IL results 
from switching the load capacitance. To obtain the internal 
equivalent capacitance, you must subtract the load current 
from Ice-

TL/F/8128-1 

FIGURE 1. Principal contributors to CMOS power consumption, these transient currents are the result 
of transitional charging and discharging of internal and load capacitances. The average currents are 

naturally a function of the operating frequency. 
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Using the Cpo figure spec'd in data sheets, you can esti
mate the current consumption of each device in your sys
tem if you know the toggling frequency. By multiplying both 
sides of Equation 2 by Vee. you can determine the dynamic 
power consumption. 

PoYNAMIC = (Cpo + CL)(Vcc2)(f). (3) 
As mentioned, Cpo is an indirect measure of the amount of 
switching current a circuit consumes. It depends on how 
much of the circuit's internal logic is switching and how 
many outputs are toggling. For example, a 74HC374 octal 3-
state flip flop clocked at 1 MHz dissipates much more power 
if its data inputs change every clock period than it would if 
its outputs are disabled and its inputs are tied High or Low 
during clocking. 

Figure 3 shows that when the flip flop's outputs are enabled 
and the data inputs are changing, virtually all internal nodes 
are toggling and all internal parasitic capacitances are 
charging. On the other hand, if the data is held High and the 
outputs are disabled, only the clock logic dissipates power 
(and very little at that). All other sections are static. 

As you'll see, the method of testing Cpo (see "Test Cpo in 
realistic situations") can yield various values that might or 
might not be applicable to the particular way the part is be
ing used. Fortunately, several generalizations allow reason
able approximations to Cpo's value, as discussed in the fol
lowing section. 

TEST Cpo IN REALISTIC SITUATIONS 

In 54HC/74HC data sheets, one or two Cpo values are 
specified. At best, the parameter is a simplification of the 
worst-case operating mode of a device under typical operat
ing conditions. However, because most devices have sever
al possible toggling modes (each having a different power 

- POWER -!- SUPPLY 

consumption), you might do well to characterize Cpo ·for 
your particular application. 

The nearby Figure 2 shows. a circuit for measuring Cpo. 
Normally, the IC is set up in a given toggling mode, with its 
output pins pulled out of the test socket to reduce stray-in
duced errors. For automated testing, you could use a stan
dard load (eg, 50 pF) and subtract its Ice contribution from 
the total. The ammeter in series with the Vee line is by
passed with 0.1- and 1-µF capacitors. 

For simple measurements, you can set the input's toggle 
frequency at 200 kHz, with Vee= 5V. This yields an amme
ter reading in microamps that's equal to Cpo in picofarads. 
You could use other voltages and frequencies, but little vari
ation should result. For example, JEDEC's high-speed
CMOS committee recommends 1 MHz. 

To better understand what datasheet Cpo means, the fol
lowing listing describes by part type how each IC is toggled. 
In measuring Cp0, the worst path is always chosen. More
over, within the constraints listed, as much of the internal 
circuitry and as many of the outputs as possible are toggled 
simultaneously. 

• Gates: All inputs except one are held at either Vee or 
ground, depending on which state causes the output to 
toggle. The one remaining input is toggled at a given 
frequency. Cpo is given on a per-gate basis. 

• Decoders: One input is toggled, thereby causing the out
puts to toggle at the same rate. Normally, one of the 
address-select pins is switched while the decoder is en
abled. All other inputs are tied to Vee or ground, which
ever enables operation. Cpo is expressed on a per - in
dependent - decoder basis. 

I AMMETER 

PULSE 
GENERATOR 

(NOTE 1) 

JL Vee l'_ 0.1J'F l'_ 10/'F 

-----1 INPUT(S) 
TEST IC OUTPUT(S) ----(NOTE 2) 

(NOTE 3) INPUT(S) 

GND 

TL/F/8128-2 

Notes: 1. OUTPUT = square wave with s 6-nsec rise and fall times; levels = GND and V cc· 

2. Bend all output pins from test socket, or use known load and deduct its current from measured Ice· 

3. Terminate all unused inputs to GND or Vee· 

FIGURE 2. Measure equivalent CMOS-system capacitance with this simple test circuit. The text describes how to toggle 
the various CMOS logic functions (excepting one-shots, of course, which draw de power). 
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• Multiplexers: One data input is tied high, and a second 
is tied low. The address-select lines and enable inputs 
are configured such that by toggling one address line the 
two data inputs are alternately selected, causing the out
puts to toggle. If it's a 3-state MUX, Cpo is given for 
outputs both enabled and disabled. Cpo is measured per 
multiplexer function. 

• 3-state buffers and transceivers: When the outputs 
are enabled, Cpo is measured as for simple gates; ie, on 
a per-buffer basis. The same holds true for the 3-state 
condition. Transceivers are measured per buffer as well, 
both enabled and disabled. 

• Latches: The device is clocked and data is toggled every 
other clock pulse. Other preset or clear inputs are held to 
enable output toggling. If the device has commonly 
clocked latches, the clock is toggled and one latch is 
exercised. 3-state latches are measured with their out
puts both enabled and disabled. Cpc is given on a per
latch basis. 

• Flip flops: The same as for latches. The device's inputs 
are configured to toggle, and any preset or clear inputs 
are held inactive. 

• Shift registers: The register is clocked and the serial 
data input is toggled every other clock pulse, as for latch
es and flip flops. Other clear or load pins are held inac
tive, and parallel data inputs are held at Vee or ground. 
3-state devices are measured with outputs both enabled 
and disabled. If the device takes parallel loads only, it's 
loaded with 10101010 ... and clocked to shift the data out, 
then reloaded. 

• Counters: A signal is applied to its clock input; other 
clear or load inputs are held inactive. Cpo is given for 
each counter within a package. 

• Arithmetic circuits: adders, magnitude comparators, 
encoders, parity generators, ALUs and other miscellane
ous circuits. The general rule is to exercise these parts to 
obtain the maximum number of outputs toggling simulta
neously while toggling only one or two inputs. 

• Display drivers: Cpo is generally not required for LED 
drivers, because the LEDs use so much more power they 
overshadow the drivers' Cpo; moreover, when blanked 
the drivers are rarely driven at any significant speed. If 
needed, however, Cpo is measured with outputs enabled 
and disabled, while toggling between a lamp test and 
blank (if provided), or between a display of numbers 6 
and 7. LCD drivers are tested by toggling their phase 
inputs, which control the segment and backplane wave
forms. If either of these driver types has latched inputs, 
the latches are set to a flow-through mode. 

• One-shots: In some cases, when a device's Ice is signif
icant, Cpo might not be specified. When it is, Cpo is test
ed by toggling one trigger input such that the output is a 
square wave. The timing resistor is tied to a separate 
Vee line, to eliminate its power contribution. 

FIGURING DYNAMIC SYSTEM POWER 

How do you calculate a system's dynamic power? You can 
do it on several levels, depending on the accuracy needed. 
The simplest approach is to use a Cpo model that's the sum 
of the CMOS ICs' Cpos and the load capacitances. Then, 
assuming an average frequency, plug these numbers into 
Equation 2 or Equation 3. 
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FIGURE 3. Output status determines dynamic 
dissipation in this 3-state-output flip flop. The IC 
dissipates an order-of-magnitude higher power 

with Its outputs enabled. 

The most accurate approach, however, is to determine each 
component's operating frequency and its capacitive load. 
This method is used in critical battery powered applications. 
The following section describes this approach and proposes 
simplifications. In this ·approach, system dynamic power is 
the sum of the individual circuits' power dissipation: 

Pr= P1 + P2 + P3 + P4 + ... etc, (4) 

where Pr is the total power and Pn is the power for each 
component. By substituting Equation 3 into Equation 4, the 
total system power is 

Pr= (Cp1 + CL1HVcc2)(f) + 
(Cp2 + CL2HVcc2)(f) + ... etc. (5) 

In Equation 5, load capacitances CL 1. CL2. etc are not sim
ply the sum of all individual output loads. CL is actually de
pendent on device type. Why? Different devices switch a 
different number of outputs simultaneously. What's more, 
these outputs can toggle at a different rate from that of the 
IC's clock or input. Thus, for an individual IC and its load, the 
actual power is 

Pie= Vcc2 [(Cpof) + (CL1fL1) + (CL2fL2) + ... ], (6) 

where CL is the load on each of the simultaneously toggling 
outputs, and fL is the toggle rate seen by the load. A good 
example is the power dissipation of a 4-bit CMOS counter. 
Here there are four output terms-each output switches at a 
different frequency. Accordingly, there are four (each) dis
tinct CL and fL terms. To simplify Equation 6, define an 
effective load capacitance CLE which is the actual load mul
tiplied by the ratio of the load toggle rate to the IC's toggle 
frequency: 

(7) 

Substituting Equation 7 into Equation 6 and grouping 
terms, 

Pie = Vcc2 f(Cpo + CLE1 + CLE2 + ... ). (8) 

This procedure simplifies the process because output tog
gle rates are almost exclusively a binary division of the input 
clock. Thus, for an accurate calculation of system power, 
you must calculate it for each IC using Equation 8 and take 
the total. The counter is a prime candidate for using Equa
tion 8. Here, the first stage's effective output capacitance is 
half the actual; the second, one-quarter, and so on. 



TAILOR f, C TO DEVICE TYPE 

To make practical use of the foregoing methods, the follow
ing list describes most of the CMOS-logic categories in 
terms of effective load and operating frequency: 

• Gates and buffers: Power calculations for these are 
straightforward. Cpo, given for each gate, sums directly 
with its output load. Operating frequency is the rate at 
which the output toggles. For disabled 3-steite buffers, 
the power calculation uses the 3-state-output Cpo multi
plied by the input frequency (no load capacitance includ
ed.) 

• Decoders: Each independent decoder can toggle no 
more than two outputs at a time. To calculate power con
sumption, sum Cpo with the load on two outputs. The 
frequency is the rate at which the outputs switch. 

• Multiplexers: For non-3-state devices, sum the loads on 
all used outputs and add the sum to Cp0 . The frequency 
is that at which the outputs switch. For 3-state devices, 
use only Cpo; the frequency is the inputs' toggle rate. 

• Counters: The operating frequency for each of a coun
ter's outputs is that of the previous stage divided by two. 
The loads on lower order stages contribute less current. 
So to calculate power, sum Cpo with one-half the first 
stage's load plus one-quarter the second stage's, and so 
on. For decade and other modulo counters, this proce
dure is slightly different. In general, you can neglect out
puts more than four stages removed from the clock. A 
simple approximation is to sum Cpo with the average 
output load and use the input clock frequency. 

• Latches, flip flops and shift registers: For these devic
es, the frequency is the ICs' clock rate. The outputs typi
cally change state at half the clock rate, so when calcu
lating power dissipation, add Cpo to half the output load. 
If the data inputs change more slowly, you can modify 
the effective load downward by the ratio of the data rate 
to the clock rate. Again, if the outputs are disabled, no 
load dissipation exits and you should use the 3-state 
Cpo. 

74HC04 

o-f>~ 
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R1 

~ 
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These rules notwithstanding, it's rarely necessary to go 
through a detailed analysis of each IC. In most instances, a 
simpler analysis can yield good results. In noncritical appli
cations where power consumption is used to determine the 
system's power-supply needs, the simpler analysis suffices. 
Using this method, you estimate the average operating fre
quency for major sections of the system. Next, sum all the 
Cpos and effective loads in each section: 

PsLOCK = vcc2 fAvG [(Cp1 + CLE1) + 
(Cp2 + CLE2) + ... + (Cpn + CLEn)l. (9) 

Thus, to approximate the total system's power consump
tion, you must approximate the effective loads for each 
group of devices (or the entire system) and add them to
gether. 

Consider a microprocessor-based system using an 8 MHz 
clock frequency. In this example, you might determine that 
the bus operates at approximately 2 MHz, random control 
logic at 4 MHz, and the RAM and 1/0 devices at 100 kHz. 
You could estimate an overall system clock to be 1 to 
2 MHz, depending on the actual size of each block. Next, 
you'd sum the Cpo and the effective load capacitances
say 2000 and 1000 pF, respectively. The ballpark estimate 
for system power is 

P = (5)2 (1 MHz)(2000 pF + 1000 pF) = 75 mW. (10) 

Exceptions to the above rules are one-shot ICs and gates 
configured as oscillators, which use CMOS in an essentially 
linear manner. Their power consumption is not strictly attrib
utable to negligible quiescent currents or dynamic switching 
currents. 

Consider one-shots, some of which draw de current continu
ously, some only when the output pulse is triggered (check 
data sheets for the device type you're using). The culprits 
are the ICs' internal linear CMOS comparators that use de 
bias circuits. HC one-shots use several design approaches. 
One (the 'HC123A/221Al423A) uses a comparator that 
shuts off after a pulse times out; the second (the 'HC4538) 
leaves the comparators on at all times. 

74HC04 

(b) 

R1 

74HC04 

R2 

TL/F/8128-4 
(d) 

FIGURE 4. Drawing higher-than-calculated power, these CMOS oscillator configurations suffer 
from "soft" logic levels at their gates' inputs. Circuits (a) through (d) are 3-inverter, 

2-inverter, Schmitt-trigger and crystal oscillators, respectively. 
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A one-shot's overall power consumption is its quiescent 
power plus the power consumed by its timing elements and 
Cpo. If the comparators turn off, you multiply the quiescent 
current by the duty cycle of the output pulse. Thus, the over
all expression for one-shot power consumption is 

Pos = (lccHVcc)(D) + (CEXT + CL + Cpo)(Vcc2)(f), (11) 

where Pos is the total power, D the one-shot's duty cycle, 
CExT the timing capacitor, CL the load on both outputs, and 
f the operating frequency. In general, the Cpo term is small 
at lower frequencies; you can safely set it to zero to simplify 
the equation. 

What about oscillators? The circuits shown in Figure 4 draw 
more current at a given operating frequency than you'd cal
culate using only Cp0 . This is because in these applications, 
the inputs to some of the gates are at "soft" logic levels for 
significant amounts of time. This causes both p- and n
channel transistors to conduct simultaneously and hence 
draw de current. · · 

1 

Figure 5a plots current vs input voltage for the 7 4HCOO gate 
and gives an idea of the amount of current typically drawn 
when soft logic levels are applied. The large spike at 2.3V is 
the result of the output's switching. At low frequencies, the 
oscillator's supply current can be several milliamps higher 
than you might expect because of the amount of de current 
drawn. 

The same is true of a 74HC14 used as an oscillator. Figure 
5b shows the supply current vs input voltage for the 
74HC14 and the 74C14 (or CD40106). Because the actual 
power consumed vaires with frequency and component val
ues, it's best to determine it empirically. As with the one
shots, the oscillator timing capacitor's contribution to power 
dissipation can be expressed by P = Vcc<Ct)f. 

MM54HC/74HC logic uses bigger devices and lower tran
sistor thresholds than metal-gate CMOS, so it might be 
more desirable to use either CD4000 or MM54C/74C logic 
for lower power oscillators (if operating frequency and out
put-drive requirements permit.) 

MORE SPECIAL CASES: HCT 

Because of their unique applications in TIL and NMOS sys
tems, 54HCT /7 4HCT devices have some additional traits 
that you should consider in designing systems. In TIL sys
tems, the HCT ICs' inputs are driven under worst-case con
ditions by TIL levels of 0.5 and 2.4V. With these input levels 
applied, HCT consumes significant quiescent current: about 
200 to 500 µA per input. You must consider this de current 
when calculating power. 

To see the origins of this quiescent current, refer to Figure 
6, which shows a typical HCT's input. With a 2.4V input 
level, the n-channel transistor turns fully on; the p-channel 
device turns slightly on. This scenario results in a quiescent 
current dependent on the number of logic-One inputs ap
plied. The 0.5V level is close enough to ground to cause the 
n-channel transistor to turn off, so HCT ICs draw quiescent 
current only when its inputs are at a high state. 

The Ice values with these logic levels are specified in the 
HCT data sheets. It's specified on a per-input basis-this 
allows you some flexibility in determining quiescent power 
when an IC is driven by both CMOS and TIL. The specified 
quiescent-current value results in calculated Ice values of 
several milliamps per IC, significantly less than that of LS 
TIL circuits. 

Note, however, that using this data-sheet approach yields 
current values roughly five times higher than that actually 
seen in system designs. The reason for this is that the Ice 
test is spec'd at Vee= 5.5V and V1N = 2.4V, but even worst
case TIL output-High levels are at least 3.4V under these 
conditions. Output levels can only attain a low 2.4V with 
Vee= 4.5V. Moreover, both TIL and NMOS outputs typical
ly assume levels closer to 3V (at Vcc=4.5V), lowering qui
escent current more. The point is, don't let Ice specs scare 
you into thinking CMOS is a power hog. 
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FIGURE 5. "Soft" logic levels cause high currents in a 74HCOO Inverter (a) and a 74HC14 connected as an oscillator 
(b,c). Because the power varies with frequency and component values, It's best to determine Its value empirically. 
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In mixed TTL-CMOS applications, the calculation of power 
consumed by the HCT logic must take into account both the 
dynamic and the quiescent currents.The dynamic portion is 
the same as that for HC logic-in fact, Cpo is measured with 
0 and 5V input levels to exclude any quiescent current. The 
static portion is the sum of the number of TTL logic-One 
inputs times their High-period duty cycle times the current 
per input. For a single IC, the power consumption is 

Pie = (VccHlcc)(N)(D) + Vcc2 f(Cpo + CLE). (12) 

where CLE is defined as before, N is the number of TTL-driv
en inputs and D is the logic-High duty cycle. 

Ice is the data sheet's per-input spec. This expression can 
then be one term in Equation 4. If you're using the pack
age-level quiescent current, the terms N and D drop out. 

What about a situation in which HC drives HCT? In this sce
nario, ground and Vee levels are applied, thereby ensuring 
that the p- and n-channel transistors don't turn on simulta
neously. You can thus determine HCT power dissipation just 
as for HC by using Cpo. 

SUBSYSTEM SECTIONS 

(a) 

Vee 

l"HcT -

INruT+c 
L_ 

GNO 

TO INTERNAL 
LOGIC 
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TL/F/8128-6 

FIGURE 6. TTL-compatible CMOS is a special case. This 
schematic shows the 54HCT/74HCT family's input 

buffer. With a 2.4V input applied, then-channel 
transistor is fully On; the p-channel, slightly On. 

SUBSYSTEM SECTIONS 
TL/F/8128-7 

(b) 

FIGURE 7. Reducing clock rate-but not throughput-this scheme allows you to reduce power by clocking a system's 
n subsections only as fast as needed, instead of clocking all system blocks at the full clock frequency 
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NOW LET'S REDUCE POWER 

When designing low-power CMOS systems, there are sev
eral ways to minimize power. These methods involve reduc
ing operating frequencies, cutting system load capacitanc
es, using fast input transition times and minimizing any dc
current paths. 

First, for low-power system implementations, it's important 
not to overdesign the operating frequency. Very simply put, 
it makes no sense to clock a counter at 20 MHz when 5 
MHz will suffice. 

Note that a reduction in overall system clock frequency 
doesn't necessarily entail a reduction in throughput. For ex
ample, consider a system consisting of four subsections, 
clocked at 8 MHz (Figure la). Rather than clocking all sec
tions in parallel, you can reduce power by clocking each 
section only as fast as need be (Figure lb). A second exam
ple of reducing the overall system clock rate is shown in 
Figure 8. 

In (a), a CMOS memory array is driven directly from the 
CPU's address bus. Here, every memory is driven at the bus 
frequency. If, however, the address is latched by each mem
ory block only when that block is being accessed (b), then 
only the block currently being accessed is clocked. This is 
why some CMOS RAMs incorporate on-chip address latch
es. 

Another way to operate a system at the minimum possible 
frequency is to switch the system clock. The system is thus 
made to operate at the highest frequency only when need-

ADDRESS 
BUS 

I 
L 

4-PAGE 
MEMORY 

ARRAY 

DATA BUS 

(a) 

ed. Figure 9 shows the logic used to implement this scheme 
for a CMOS µP system. In this method, there are two oscil
lators, either of which can feed a divide-by-two circuit that 
provides a square-wave output. The flip flop's output is the 
system clock. The system's µP can set or reset the flip flop 
so that it can operate at either frequency. 

Besides frequency reduction, there are several other meth
ods to save power, including· reducing load capacitances. 
You can accomplish this by reducing wiring capacitance (es
pecially in high-frequency sections) through good layout 
practices, and by maintaining close proximity between inter
related high-frequency sections. In some instances where 
you might instinctively parallel several unused inputs, you 
can achieve lower load capacitance by tying the unused 
inputs to a supply. In another example, when using RC oscil
lators, it's best to use the smallest capacitor and the largest 
resistor possible. 

Slow input transitions can cause extra dissipation. If an input 
signal rises slowly, it causes both input transistors to con
duct for a longer time, thereby causing more current to flow. 
One rule of thumb is if rise and fall times are shorter than 25 
nsec, minimal current will flow. But don't go overboard. Be 
aware that slow transitions are more tolerable in slower op
erating sections because the transitions occur less often. 
Therefore, weigh the importance of the extra dissipation 
against the cost of speeding signals up. 

It's important to point out that floating inputs can result in 
unnecessary power dissipation. If inputs are open, the input 
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TL/F/8128-8 

FIGURE 8. Latching memories' addresses {b) can reduce syslem power. In (a), every memory is driven at the bus 
frequency. By contrast, In {b)'s configuration, only the memory block being addresed Is clocked. 
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FIGURE 9. Switch your system's clock frequency for reduced power consumption. The circuit 
shown is a software-selectable oscillator for a microprocessor system. 

voltage can float to an indeterminate and intermediate level; 
thus, don't float CMOS Inputs. This action can turn on both 
p- and n-channel transistors, resulting in supply-current 
drain. In bus-oriented systems, don't allow the bus to be
come completely 3-stated or float for extended periods be
cause this will have the same effect as leaving inputs open. 

Bus structures subject to prolonged 3-state conditions 
should be terminated to ensure that the bus lines pull to 
either Vee or ground. For short durations, the bus capaci
tance can maintain valid logic levels, so for short-time float
ing, pull-up or -down resistors might not be necessary. 

Finally, make sure your design ensures solid Vee and 
ground logic levels at 54HC/74HC inputs. If the logic Low is 
greater than 0.5V or the logic High is lower than Vcc-0.5V, 
then the normally Off p- or n-channel transistor can actually 
conduct slightly, causing additional Ice to flow (similarly to 
the previously discussed HGT "soft" levels). 

BE WARY OF STATIC LOADS 

Previous sections discussed the effects of capacitive loads 
on system power dissipation. What about resistive loads? In 
ultra-low-power systems, their contribution can be signifi
cant, so it's important to find ways to eliminate or minimize 
their detrimental effects. The loads could be pull-up resis
tors, bus terminators, displays, relays or peripheral drivers. 
Of course, the most obvious way to reduce power is to se
lect low-power relays or displays, for example, and to make 
resistor values as high as possible. In addition, you can 
switch these loads out of the circuit when not needed. 

Figure 10 shows a circuit that dissipates no static power; 
you can use it to terminate a 3-state bus to the last active 
logic level seen on the bus. This technique is useful to en
sure the bus doesn't float when 3-stated. The circuit uses a 
74HC244 whose input is tied to its output. If the terminating 
resistors must be completely turned off, use the 3-state En
able. 
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100 !1 < R < 200k 

FIGURE 10. Dissipating zero static power, this scheme 
can serve to terminate a 3-state bus to the last active 

logic level seen on the bus. To disconnect the 
terminating resistors, use the 3-state Enable command. 
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Figure 11 illustrates a method of controlling a series of pull
up resistors using the output of an HC gate or 3-state buffer. 
Because HC outputs can pull up to Vee. you can use them 
as an enable for many pull-ups, as long as the parallel com
bination of the pull-up resistors exceeds 2 kn. You can also 
use the method for pull-down resistors. 

R1 R2 R3 R4 

TL/F/8128-11 

FIGURE 11. Enable or disable pull-up resistors with this 
configuration. You can use an HC device's outputs to 
enable several pull-ups. The scheme Is also applicable 

to pull-down resistors. 

POWER 
CONTROL 

LOGIC 

MAIN -
SUPPLY-

BACK-UP -
SUPPLY-

(a) 

Vee =4.3V TD UNPOWERED 
Vee LINE AND 

When considering whether you should add circuitry to dis
able pull-up resistors, remember that in CMOS systems, the 
pull-ups only dissipate power when the driving output is low. 
No power is consumed when the driving output is high or at 
the 3-state level (disabled). 

THE FINAL SOLUTION: POWER DOWN 
When all else fails, the best way to reduce system power is 
to shut off the system or unnecessary parts. Before you do 
this, keep in mind that turning off the clock to a section of 
the system is almost tantamount to turning the section off 
(thanks to the ICs' low leakage currents). The advantage of 
the clock-killing approach? It avoids the complications of 
the power-down methods that follow. 

Still, there are occasions in which parts of a system are 
powered down. When all or part of a system is shut off, or 
when one of several interconnected systems is powered 
down, you should respect several criteria to avoid spurious 
signals during the power-down period, and to eliminate pos
sibly fatal conditions. 

One condition that requires very careful consideration is the 
application of high-level signals to unpowered HC devices. 
Figure 12a shows in block form the basic concepts of pow
ering down part of a system. In this scenario, it's possible to 
apply a logic One to the unpowered CMOS logic. If this 
happens to either an input (b} or a 3-state output (c), the 
device will still be powered. 

POWERED 
SUBSYSTEM 

':" 

UNPOWERED 
SUBSYSTEM 

TO UNPOWERED 
Vee LINE AND 

OTHER COMPONENTS OTHER COMPONENTS 

t-
V1N =5V 

POWERED INPUT 

t-
TD SYSTEM TO SYSTEM 
GROUND GROUND 

TYPICAL CMOS INPUT STAGE TYPICAL CMOS OUTPUT STAGE 
TL/F/8128-12 

(b) (c) 

FIGURE 12. This basic power-up and -down system (a) presents dangers to CMOS-logic ICs. As the 
Input (b) and output (c) schematics show, a logic One can actually power up the "unpowered" system, 

thereby causing damage to input and output diodes. 
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FIGURE 13. Solutions to the problems in Figure 12, these configurations protect CMOS circuits' inputs and outputs in power-down situations. 
The brute-force solution in (a) limits input currents; (b)'s scheme forces inputs to ground; in (c), 3-state gates disable the inputs. 

In (d), 74HC4049 or -4050 level translators isolate inputs from the power supply. 
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~ Referring again to Figures 12b and 12c, the input protection >,·'"bookkeeping operations to prepare for power-down before z diodes and the output parasitic diodes form a path to the · ·the minimum correct operating voltage (V3) is attained. 
<C Vee pin. The voltage at this pin will be V1N-0.7V. The "un- At v3, the system cannot be guaranteed to function correct-

powered" system is really powered up by the logic signal ly-therefore, powered logic should disable all signals that 
through these diodes. If the "unpowered" Vee line accepts might affect the powered or battery-backed subsystem. 
appreciable current, diode damage can (and usually does) Once stable power is restored to the minimum operating 
result. voltage (V 4), the signals should be re-enabled. 
Figure 13 shows several solutions to the signal-powered Clearly, there is more to shutting off a system (while leaving 
"unpowered" problem. A resistor in series with each input · part of it powered by a backup battery) than just switching 
(a) limits the current to 20 mA max. This low-cost, brute- the power supplies. The primordial design consideration 
force solution has the undesirable tendency, however, to when powering down a system is to ensure that spurious 
dissipate power from the supply. signals do not destroy valuable data or logic conditions in 
To avoid extra power consumption, you can use the meth- the battery-operated subsystem. 
ods in Figures 13b to 13d Upon removal of power, addition: 
al logic can force all inputs to ground (b). Alternatively, 3- ' 
state logic can disable the signals by presenting an open 
circuit (c). The third possible solution (d) is to use a 
74HC4049 or 74HC4050-circuits that lack a Vee diode. In 
this case, even when power is removed the inputs are iso
lated from the power supply. 

A situation analogous to the previous section's might occur 
on bidirectional buses or in "party-line" media, where 3-
state output devices are powered down on the bus. In this 
case, power down all but the 3-state buffer, as shown in 
Figure 14. Because the buffers inputs are shut off, the IC 
draws negligible extra power. 

In addition to ensuring that power-down proceeds smoothly, 
it's important to guarantee that spurious signals from the 
subsystem that's shutting down do not cause logic errors in 
the powered section. For example, battery-backed memory 
must be controlled to prevent spurious writes by the host 
processor that's shutting off. 

Figure 15 illustrates a method for eliminating spurious oper
ation upon loss of power. First, the system detects the loss 
of system power prior to the system's malfunction by com
paring the system voltage to an arbitrary minimum voltage 
(V2), or by directly monitoring the ac line for loss of 50 or 60 
Hz. Having detected this loss, the system should perform all 
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®NORMAL SYSTEM OPERATION 

FIGURE 15. Prevent spurious host-processor write 
operations In battery-backup systems by using this 

graph's concepts. To sum up, the system should 
prepare Itself for power-down before minimum

operating voltage V3 ls reached, and re-enable signals 
when V 4 is attained upon power-up. 
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FIGURE 14. Powering down all but the 3-state buffer, this method protects CMOS ICs' 
output-protection diodes. The buffers draw negligible system power. 
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DC Noise Immunity 
of CMOS Logic Gates 

Introduction 
The immunity of a CMOS logic gate to noise signals is a 
function of many variables, such as individual chip differenc
es, fan-in and fan-out, stray inductance and capacitance, 
supply voltage, location of the noise, shape of the noise 
signal, and temperature. Moreover, the immunity of a sys
tem of gates usually differs from that of any individual gate; 
thus a generalized analysis of the noise immunity of a logic 
circuit becomes a very complex process when one takes all 
the above parameters into consideration. 

The complementary structure of the inverter results in a 
near-ideal input-output characteristic with switching point 
midway (45%-55%) between the "O" and "1" output logic 
levels. The result is a high noise immunity (defined as the 
maximum noise voltage which can appear on the input with
out switching an inverter from one state to another). Nation
al's CMOS circuits have a typical noise immunity of 0.45 
Vee. This means that a spurious input which is 45% of the 
power supply voltage typically will not propagate through 
the circuit. However, the standard guaranteed value through 
the industry is 30%. 

This note describes the variation of the transfer region (or 
DC noise immunity) of a multiple-input gate in conjunction 
with the gate configuration-a consideration important in 
the system design. 
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FIGURE 1. Minimum and Maximum Transfer 
Characteristics for (a) Inverting Logic Function and (b) 

Nonlnvertlng Logic Function 

National Semiconductor 
Application Note 377 
Vivek Kulkarni 

Transfer Characteristics 
FIGURE 1 illustrates minimum and maximum transfer char
acteristics useful for defining noise immunity for an inverter 
and a non-inverter. Some definitions are as follows: 

V1H min= the minimum input voltage high-level input 
for which the output logic level does not change 
state. 

Then: 

VNL =V1Lmax="low level" noise immunity 

VNH=Voo-V1H="high level" noise immunity 

VoHmin =minimum high level output voltage for rated 
VNL [for inverting function as in Figure 1(a)] 

Table 1 shows the UB and B series noise immunity and 
noise margin ratings determined by the Joint Electron De
vices Engineering Council (JEDEC). B series ratings are 
slightly higher than the UB series because of the buffered 
nature of these gates. 

TABLE I. UB and B Series DC Noise Immunity 
and Noise Margin (TA= 25°C) 

Test 
Input 

Characteristics 
Conditions 

Voltage 
Vo Voo (V) 
(V) (V) 

Input Low Voltage 

v1Lmax 
B types 0.5/4.5 5 1.5 

1/9 10 3 
1.5/13.5 15 4 

UB types 0.5/4.5 5 1 
1/9 10 2 

1.5/13.5 15 2.5 

Input High Voltage 
V1Hmin 

B types 0.5/4.5 5 3.5 
1/9 10 7 

1.5/13.5 15 11 

UB types 0.5/4.5 5 4 
1/9 10 8 

1.5/13.5 15 12.5 
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Since the MOS transistors are voltage-controlled resistors, 
the transfer characteristics and consequently the DC noise 
immunity are determined by the parallel series combination 
of the transistor impedances in conjunction with the input 
voltages, the number of inputs, and the gate circuit configu
ration. This consideration becomes more important for a 
system designer who has harsh-noise-prone applications. 

The value of the standard transistor ON resistance may vary 
from 10 Mn down to almost 300. (depending on the dimen
sions of the MOS-FET and applied voltages). For different 
input conditions, different combinations of the impedances 
of the N-channel transistors connected in parallel and the 
P-channel transistors connected in series will come into 
play for a NOR gate. This is illustrated in Figure 2. For a 
NANO gate, similar considerations hold good and give rise to 
varying transfer characteristics as shown in Figure 3. 

Example of CD4001 

--------... -+Voo 
A=B=O 

TL/F/6129-3 

A=1, B=O ---------- +Voo 

Vour=O 

TL/F/6129-4 

+Voo 
A=O, B=1 

I sooo 

l>10MO 

Vour=O 

110000 l>10MO 

TL/F/8129-5 

+Voo 
A=B=1 

l>10MO 

t!±r>-Vour l>10MO 

B 
Vour=O 

I 10000 

TL/F/6129-6 

FIGURE 2. Typical Transfer ON/OFF Resistances for 
Various Input Combinations for CD4001 
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Analysis 
The DC transfer characteristics of the CMOS inverter can 
be calculated from the simplified DC current-voltage charac
teristics of the N- and P-channel MOS devices. 

In the transfer region, where both transistors are in satura
tion, the following relationships can be used for an inverter. 

N-channel drain current will be: 

Kn 
lctsn = 2 (V1N - VTN)2 (1) 

P-channel drain current will be: 

K 
- lctsp = ~ (V1N - Voo - Vrp)2 (2) 

where: 

K = µn Cox Wn K = µp Cox Wp 
n Ln , p Lp 

Taking the ratio of (2) and (1 ): 

~ _ ~ (V1N - VDD - Vrp)2 
lctsn - Kn . (V1N - VrN)2 

~ = ildspl (V1N - VTN)2 

Kn lctsn · MN - Voo - Vrp)2 (3) 

Studies made at National show good correlations between 
the process monitor pattern and actual device on a wafer 
for drive currents. Thus the ratio Kp/Kn can be calculated 
for the actual device if one knows drive currents for the test 
pattern, widths of N- and P-channel devices and threshold 
voltages from a given process. 

The transition voltage is calculated from basic current equa
tions and from the fact that some current has to flow 
through P- and N-channel devices. Equating saturation cur
rents and rearranging terms, one can obtain1: 

Transition Voltage= V1N* 

(4) 
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By selecting IVTPI = VTN and Kp =Kn. transition voltage can 
be designed to fall midway between OV and Voo-an ideal 
situation for obtaining excellent noise immunity. However, it 
is not always possible to obtain equal threshold voltages 
because of process variations. Also, W/L ratio for a P-chan
nel device must be made 2 or 3 times larger than W/L ratio 
for an N-channel device to take into account mobility varia
tions. The designer should consider these factors when de
signing for the best noise immunity characteristics. 

In equation (4), the value of Kp/Kn substituted is obtained 
from equation (3). With different gate configurations, effec
tive Wp and Wn values change; also, Kp/Kn ratio changes 
and a shift in transfer characteristics results. 

For the 4-input NOR gate like CD4002, an empirical relation 
for the low noise margin VNL has been obtained, which is as 
follows: 

VNL::::: Voo[--
1
-N-· - 0.1] 

1.5 + _J_ 
Nm 

where: 

Ni= number of used inputs/gate 

Nm=total number of inputs/gate 

(5) 

The input voltage high noise margin VNH can be calcu

lated by: 

VNH ::::: Voo[0.9 - --
1
-N-· ] 

1.5 + _J_ 
Nm 

Similar equations can be derived for a NANO gate. 

(6) 

From equations (5) and (6), one can see that the low noise 
margin VNL will decrease as a function of the number of 
controlled inputs, while it will increase for a NANO gate. The 
input HIGH noise margin will increase as a function of the 
number of controlled inputs for the NOR gate; for the NANO 
gate it will decrease. 

Figure 4 depicts VouT= f (V1N) for different configurations 
for NOR and NANO gates. The system designer can thus 
use these facts effectively in his design and obtain the best 
possible configuration for the desired noise immunity with 
National's logic family. 
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Your 

v ~ ·~· viP-
]>- '·' ?-
~ ,, p-

i....__....10 ... 3--..0 ... 7--NO-RM....IA·U~ 0.3 D.• NOOMA~h 
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FIGURE 4. Example of Transfer Voltage Variation for NOR and NANO Gates for Various Input Combinations 

1. Carr, W.N., and Mize, J.P., MOS/LSI Design and Application, Texas Instruments Electronic Series, 1972 
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Follow PC-Board 
Design Guidelines 
for Lowest CMOS EMI 
Radiation 

National Semiconductor 
Application Note 389 
Roger Kozlowski 

The application of such high-speed CMOS-logic circuits as the 54HC/74HC 
family (as compared w11h CD4000 metal-gate logic) 

requires special attention to pc-board design 
to minimize conducted and radiated noise. 

The need to reduce a logic system's noise emission is be
coming ever more apparent with the increased use of high
speed electronics, and with the progressive tightening of 
regulations covering the amount of permissible radiated sys
tem noise. This article presents empirical and analytical 
techniques for effective EMI control of 54HC/74HC high
speed CMOS-logic circuitry. 

Several sources conduct or radiate EMI from electronic ap
paratus. Among these are 

• antenna loops formed by ICs and their decoupling capac
itors 

• pc-board traces carrying driving-and driven-chip currents 

• common-impedance coupling and crosstalk. 

To minimize EMl-related problems, you must reduce all ex
traneous system noise, reduce the effects of parasitic pc
board trace antennas, and employ effective system shield
ing. The following sections examine these EMI sources and 
present techniques of minimizing them for high-speed 
CMOS logic. 

BEWARE COMMON IMPEDANCES 
The most obvious precaution to take in any analog or digital 
design is to minimize the extent of common-impedance 
paths. Figure 1 gives a generalized representation of a logic 
layout in which the earth ground and the signal ground are 
not common. Methods of reducing EMI focus on the mini
mization of common-impedance paths, shown here primarily 
as ground-line impedances Z1 through z4. Signal-line im
pedances, though not shown here, could also come into 
play. 

These common impedances result in noise emission, arising 
from the ground-line voltage drops that occur during current 
switching; you can generally reduce the drops by enlarging 
the ground conductor in order to reduce its effective imped
ance. This action has a secondary advantage: The ground 
trace can form a shield that reduces emission by other cir
cuit traces, particularly in multilayer circuit boards. 

Stray coupling capacitances (shown in Figure 1 as C1 and 
C2) that effectively "bridge" signals from one trace to an
other constitute a second source of noise. These paths can 
occur as the result of coupling from one pc-board trace to 
another or, alternatively, from an IC package to the pc 
board. 

Impedances z1 through Z4 are functions of the thickness of 
the copper pc-board foil, circuit switching speeds and the 
effective lengths of the traces. The common-impedance 
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paths provide the coupling by which noise currents are in
jected, circulated and finally returned to any package on the 
pc board. 

The amount of voltage generated by the noise/switching 
currents multiplied by the impedances is difficult to predict. 
However, the higher the impedances, the higher the radiat
ed noise. An easy empirical method that can serve as a 
general rule is to render the pc board as optically opaque as 
possible by making ground and supply trace areas as large 
as possible (Figure 3 ). This measure lowers the trace im
pedances. As a side benefit, it helps to conserve the etch
ant bath in the manufacturing process. 

MEASURE PC-BOARD NOISE FOR EMI CONTROL 
A simple but effective technique for isolating noisy circuit 
areas is to use a wideband(> 100 MHz) oscilloscope with a 
differential-amplifier front end, as shown in Figure 2. You 
use the scope to "snoop" along the various circuit paths, 
looking for noisy elements on the pc board. 

Noise appears as a small signal voltage across common-im
pedance paths, as well as along supply traces. Figure 2 
shows the impedance coupling occurs at ground C-8 toward 
ground 8-A; ie, noise will likely propagate from package A 
toward package C. 

vcc 

Z3 

PARASITIC C3 - PC BOARD C4 PARASITIC 

(PC aoARDc~~Al~l~~fi, T._ ___ ~-~GR_ou_N_D ___ T ftl~g~:~~ij CHASSIS) 

JCHASSIS //7f GROUND 

TL/F/6417-1 

FIGURE 1. Common-Impedance paths contribute to 
EMI emissions. They give rise to ground-line voltage 

drops, as do stray coupling capacitances. 
The solution? Beef up ground traces; 
cover the board with them, If possible. 
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Vee-supply coupling occurs from package A toward pack
age C. In like manner, coupling occurs from Vee supplies F 
to C, E to B and D to A. Check all paths to determine the 
overall noise level of the circuit layout under maximum 
clocking conditions and data-transfer rates. 

This technique helps you look at the overall 'qualitative noise 
level of the pc board and helps isolate areas of potential 
noise upset. It's not, however, a substitute for the use of a 
qualified EMI facility. Only by rigid testing and measurement 
under FCC specified conditions can you be assured of EMl
limit certification for electronic equipment. 

Typical Switching Characteristics 
(Assume sv at 25°C) 

Logic Family 
Edge Speed Input Capacitance 

V/NSEC (pf) 

74C/CD4000 0.05 5 

74LS 0.38 6 

74HC 0.42 5 

74S 1.0 4 

TRANSITION TIMES AFFECT EMI 

CdV/dt 
(mA) 

0.2 

2.3 

2.1 

4.0 

The edge rate of an IC's power-supply spike is primarily a 
function of its signal rise and fall times and its capacitive 
load, expressed by C(dV /dt). The edge rate is usually ex
pressed in milliamperes per millisecond. For a fixed signal
line or power-supply-trace inductance, the faster the IC's 
signal rise and fall times, the greater the potential for radiat
ed noise. 

The table shows typical speed values for some popular log
ic families. C(dV/dt) is a measure of the inherent emission 

behavior-ie, the higher the switching current, the greater 
the likelihood of noise-energy emission. You can establish a 
benchmark of the relative emission by taking the edge rate 
times the typical input capacitance. As the table shows, HC 
has a slightly higher edge rate but a slightly lower input ca
pacitance than LS TIL, resulting in a C(dV/dt) figure similar 
to the latter's. 

This conclusion, however, does not take into account other 
internal spike currents not associated with output loading. 
These actually increase HC noise slightly. However, HC still 
achieves approximately the same inherent-noise level as LS 
TIL, and about 1 O times that of CD4000. Don't fall into the 
trap of believing that because CD4000 and 7 4C logic use 
CMOS technology and have low EMI characteristics, HC 
CMOS logic has low EMI as well. 

As seen, the C(dV/dt) figure for the signal lines of 
54HC/7 4HC is about the same as that of LS TIL. Its rela
tive noise is thus about the same. Note that the inherent 
Vee noise generated by high-speed CMOS is somewhat 
higher than LS TIL's. This is due to the impedance mis
match of the power supply to the IC's supply lines, and to 
the slightly greater internal spiking in 54HC/7 4HC circuits. 
In spite of this higher noise potential, however, proper layout 
and supply decoupling yield CMOS EMI characteristics simi
lar to those of LS TIL. 

An effective method for reducing EMI is to decouple the 
power supply by adding bypass capacitors between Vee 
and ground. This technique is, of course, closely related to 
general power-supply decoupling, the goal of which is to 
maintain correct logic levels. The design of effective decou
pling and bypass schemes centers on maximizing the 
charge stored in circuit bypass loops while minimizing the 
inductances in these loops. 

WIDEBAND 
OSCILLOSCOPE 

A= DIFFERENTIAL AMPLIFIER 

LOW IMPEDANCE PROBE 

VCC(A-B) VCC(B-C) 

~e, ~e~ 

b fu b q IS q 
GNDD GNDE GNDF 

VG(F-E) 
TL/F/8417-2 

FIGURE 2. This simple setup for evaluating board noise allows you to Isolate problem areas qualitatively. The high· 
speed oscilloscope's differential-amplifier input detects voltage drops along ground and supply lines. 
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The high decoupling charge levels ensure adequate short
term supply current during supply spiking that's provoked by 
logic-element switching. Low shunt inductances guarantee 
minimum voltage drops arising from transients with fast 
edge rates. 

What are the basic requirements for decoupling a power 
supply? First, you must match the power supply's imped
ance to that of the individual components. Any power supply 
presents a low source impedance to other circuitry, whether 
it be individual components on the same board, or other 
boards in a multiboard system. These components or 
boards can comprise logic, memory, microprocessors, ana
log functions or combinations thereof. You must match the 
supply's impedance to the components' in order to lessen 
the potential for voltage drops caused by IC edge rates, 
ground- or signal-level shifting, noise-induced currents or 
voltage reflections. 

To minimize this mismatch, it's important to use a suitable 
high-frequency capacitor for bulk decoupling of major cir
cuitry sections, or for entire pc boards in multiboard sys
tems. This capacitor is typically placed at the supply's entry 
point to the board. It should be an aluminum- or tantalum
electrolytic type having both low equivalent series resist
ance (ESR) and low equivalent series inductance (ESL). 
ESR values should range from 1.2 to 4!1, ESL impedance 
from 2 to 3!1 (at the system's operating frequency). This 
capacitor's value is typically 10 to 47 µF. You might addi
tionally need a 0.1 µF high frequency ceramic capacitor if 
supply noise continues to be a problem. 

There exists a second class of decoupling that requires 
careful examination-that of the ICs themselves. Figure 4 
gives a typical IC's decoupling-circuit model; it shows the 
parasitic inductances resulting from various lead and trace 
inductances. The total voltage caused by the switching cur
rents at the IC's pins is the voltage stored in the capacitor, 
Vee. minus the drops across the capacitor's ESR and series 
inductances: 

di 
Vic = Vee - (l)(ESR) + dt (ESL) + LL + Lpc + Lie. 

Because a capacitor's ESR is typically much smaller than its 
high-frequency reactance, you can consider the (l)(ESR) 
term to be negligible. Rearranging the equation and group
ing all inductances together yields 

di 
Vic= Vee - dt (ESL)+ LrnTAL· 

SUPPLY 

\ 
EXTRA-WIDE 

HCXX SUPPLY AND 

---"'---~--...&.1-,'J""" 
RETURN 

TL/F/8417-3 

FIGURE 3. Extra-wide supply and return traces 
help reduce EMI emissions. Make your boards 

as "optically opaque" as possible. 
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Using this second equation, you can calculate a circuit's 
maximum allowable decoupling inductance, given the IC's 
edge rate and the maximum allowable transient voltage 
drop. This calculation is applicable to general logic-level 
noise computations as well. For example, for a 500 mV max 
drop at Vee= 5V and dl/dt = mA/ms, the total inductance 
must not exceed 100 nH. You can then use this calculation 
to determine the maximum distance between the IC and the 
bypass capacitor if you know the trace inductance per centi
meter. 

The foregoing considerations apply to the reduction of noise 
for suppressing EMI. However, minimizing noise will also 
help retain maximum logic-level noise immunity. Most popu
lar bipolar-logic families require 0.01- to 0.1 µF RF-grade 
capacitor placement roughly every two to five packages, de
pending on the exact application. For high-speed CMOS 
logic, a good rule of thumb is to place these bypasses every 
three to five ICs, depending on supply-voltage, operating
speed and EMI requirements. In some cases, moreover, it 
might be helpful to add 1 µF tantalums at major supply
trace branches, particularly on large pc boards. 

In addition to reducing the effects of pc-board trace induc
tance by bypassing, you should observe careful layout pro
cedures to minimize these inductances. You must therefore 
maintain the close proximity of ICs and decoupling capaci
tors. In a specific "how-not-to" example, Figure 5a shows a 
poor power-rail layout that even the best decoupling capaci
tor can not clean up; (b) shows the circuit's equivalent se
ries inductances. 

In this horror-show scenario, the layout of power-supply and 
return traces is poor. They're too widely separated, resulting 
in a large parasitic-antenna loop area, and hence large in
ductances and much emitted energy. These inductances 
can result in a significant voltage drop (that the 54HC/74HC 
logic might tolerate), and they can result in excessive noise 
generation. 

LJN 
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1 
DECOUPLING I 

CAPACITOR I 

t 
Vee 

t 

Notes: 

I 
I 

I 
L 

L1N ~ Total Input Inductance 

LL 

LL = Total Capacitor-Lead Inductance 

Lpc = Total PC-Board-Trace Inductance 

Lie = Total IC-Lead Inductance 

Lpc LJC 

TL/F/8417-4 

FIGURE 4. Decoupling is no simple matter, as 
borne out by this equivalent circuit. The bypass 
capacitor's ESR and ESL and the supply line's 
series inductance all play a detrimental role. 
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~ Figure 6 shows methods for reducing the pc-board traces' 
:Z inductive effects. The power-rail layout in (a) has a low se-
<C ries inductance, thanks to the smaller loop area and the 

close proximity of the ground and power-supply traces. 
These factors result in a lower characteristic impedance, 
which in turn reduces the line-voltage drop. Part (b) shows 
an alternate orthogonal placement; this geometry results in 
a similar loop-area reduction (hence EMI reduction), but it 
needs a greater amount of layout area. 

CONTROLLING IMPEDANCES 

Along with power-supply decoupling, you must consider ef
fective line lengths and terminations in order to reduce 
noise emission caused by line reflections and mismatch-in
duced ringing. Because of the fast edge rates discussed 
earlier, signal-line lengths and transmission-line effects be
come important factors.· When the signal's transit time is 

DECOUPLING 
CAPACITOR 

GND~-1111--~~~~~~~~~~ .... ~~~~~GND 

TL/F/8417-5 

(a) 

greater than the logic's switching time, source and load ter
minations become critical in long trace runs. A pc board with 
a dielectric constant of 2 to 3, for example, produces delays 
of approximately 0.05 ns/cm. To determine the line lengths 
at which these considerations become important, use the 
following equation: 

L < 10~, 
where L = interconnect-trace length in centimeters; tR = 

logic rise time in nanoseconds; and N is the number of driv
en logic inputs. Thus, for a 54HC/7 4HC logic device driving 
six other devices, the allowable trace length is 10(6 ns)/6 = 

10 cm. This figure represents the maximum allowed trace 
length to avoid waveform distortion. Implicit in the trace
length calculation is the minimization of pulse reflections, 
ringing and harmonic generation, which can add to EMI. 

8 TO 12nH 

8 TO 12nH 
(1 CM TRACE LENGTH) 

TL/F/8417-6 

(b) 

FIGURE 5. This "how-not-to" hookup (a) shows the wrong way to decouple an IC. The layout produces a large loop
antenna area for emitted noise. The equivalent circuit for this configuration is shown In (b). 

GND 

(b) 

TL/F/8417-7 

(a) 

FIGURE 6. These recommended supply and return layouts help reduce EMI. The reason? They minimize loop area 
and characteristic impedance, thanks to the proximity of the supply and return lines. The orthogonal arrangement 

In (b) requires more area than (a)'s lateral layout, but it produces similarly effective results. 
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PLACEMENT IS IMPORTANT 

Printed-circuit boards using 54HC/74HC could contain sec
tions of high-speed circuitry combined with sections of low
speed circuitry. Figure 7 shows the recommended place
ment of these sections for both single-board (a) and multi
board (b) systems. In the former situation, it's preferable to 
group all the high-speed circuitry close together. Grouping 
the system by speed reduces the overall trace lengths in the 
high-frequency section, which is critical to reducing the 
overall EMI. 

This line-length reduction cuts line reflections, cross-talk, 
common-impedance coupling and ringing. Note that the 
higher speed sections are grouped near the power supply 
as well. The reason? Switching power supplies can be large 
sources of radiation; external shielding of both the supply 
and the high-speed circuitry is therefore advisable. 

Relative circuit speeds play the important role here. Conse
quently, the example doesn't give typical values for low, me
dium or high frequencies. One possible criterion would be to 
examine the corner frequency or bandwidth of each IC. 
Also, you must give consideration to IC-interconnection 
paths. Grouping logic by speed tends to minimize intercon
nection lengths in general. Depending on the design, how
ever, this point might not be entirely true in some cases. 

Figure lb shows the grouping of ICs on a pc board used in a 
multiboard system. In this case, the high-speed circuitry is 
grouped near the bus connector. The reason for this is that 
the bus connector usually carries very-high-speed signals; 
grouping high-frequency circuitry near it minimizes circuit 
trace lengths. As shown, the lower speed sections are 
placed further from the edge connector. 

SHIELD THE SYSTEM 

Even though good layout and pc-board design techniques 
can greatly reduce EMI, in some cases they're not enough; 
you must shield the internal circuitry to reduce emissions 
further. The exact design requirements for effective shield
ing are beyond the scope of this article. However, the topic 
deserves brief mention. Typically, shielding is accomplished 
by enclosing the high-speed circuitry in a metal enclosure 
that has a good earth- and system-ground connection. 
Ideally, the enclosure completely seals the internal circuitry. 

In practice, however, the system enclosure will have 
"holes" appearing at the places where the system interfac
es to the real world. For example, a display, keyboard or 

disk drive might require enclosure cutouts to allow cables to 
enter the system's box. Moreover, vents and fans might be 
required for cooling. 

It's important in critical situations to minimize these holes. In 
this respect, 54HC/74HC has an advantage over other logic 
families. Thanks to its lower power consumption, you can in 
many cases eliminate vents and fans, and thus seal the 
enclosure more effectively. 

POWER !I 
SUPPLY HIGH-SPEED 

1--......I DEVICES 
(ALS, S, AS) 

~------
MEDIUM-SPEED 

DEVICES 
(74LS, 74HC) 

1-------

LOW-SPEED 
DEVICES 

(74C, CD4000) 

(a) 

LOW-SPEED 
DEVICES 

(74C, CD4000) 

MEDIUM-SPEED 
DEVICES 

(74LS, 74HC) 

(b) TL/F/8417-9 

FIGURE 7. Grouping ICs by frequency can help. 
In (a)'s single-board layout, the high-speed circuitry 

Is placed closest to the power supply. In (b)'s 
miltiboard system, the high-speed units are the 

closest to the board connector. 
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Understanding 300 Baud 
Modem Specifications 

Understanding the specifications commonly used for 300 
Baud modems presents a major hurdle for first time modem 
buyers. Not only are some specifications subtle, but few 
standards exist, so apparently similar specifications may re
flect vastly different performance. Understanding the condi
tions under which a modem is actually tested, and how 
those conditions will affect performance, will allow these 
specifications to provide useful insight into modem perform
ance. 

A MODEM EVALUATION SYSTEM 

A typical modem test system is illustrated in Figure 1. The 
setup consists of two modems, the "standard" modem 
which is mainly used to transmit data, and the Modem Un
der Test (MUT) which demodulates this data. The data pat
tern for this transfer is generated by data pattern generator 
# 1, and the transmitted and received data may be com
pared in the data analyzer. The storage oscilloscope may be 
used to compare transmitted and received data for distor
tion which is too small to cause errors detectable by the 
data analyzer. 

A phone line simulator and noise generator may be inserted 
into the signal path to simulate a noisy phone line, so the 
MUT may be analyzed under operating conditions closely 
resembling actual conditions. 

The data pattern generator # 2 is used to exercise the MUT 
so it is operating under full duplex conditions. As the MUT's 
modulator and demodulator may interact, it is necessary 
that the MUT's modulator be fully exercised during modem 
evaluation. 

It is possible to buy equipment which is capable of perform
ing all the functions of data generation, data comparison 
and data quality analysis (the task of the storage oscillo
scope) in one unit. Such equipment is made by several ma
jor manufacturers and greatly simplifies modem evaluation. 
This discussion will not combine these tasks into one unit as 
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National Semiconductor 
Application Note 392 
Peter Single 

this allows greater insight into the parameters being mea
sured and their relevance to the overall system. 

It is common to use a modem which is identical to the MUT 
as the "standard" modem. This allows the total distortion, in 
both the modulator and demodulator to be evaluated in one 
measurement. As there is no accepted industry standard 
"ideal" modem, it is difficult to find a better alternative for 
the "standard" modem. 

TELEPHONE LINE SIMULATORS 

Modem performance will vary depending on the phone line 
through which it transmits. An "ideal phone line" consisting 
of a resistive "T" network will give generally better perform
ance than a typical phone line, or a very bad phone line, due 
to the amplitude, phase, harmonic and echo distortion pro
duced by phone lines. Telephone line simulators allow rea
sonable representation of actual conditions and are control
lable in an engineering environment. 

There are two types of phone line simulators commonly 
available. One class of phone line simulators only simulate 
the amplitude and phase characteristics of a phone line. 
Although these simulators are designed to operate in a 
soon system, their input impedance is not representative of 
a typical phone line. (See paper by Gresh (7) in reading list 
at end of this article). Some modems have a dynamic range 
which is sensitive to the impedance "seen" looking into the 
phone line. (This occurs because a mismatch between the 
modem and the phone line causes modulation sidebands of 
the modulator to be reflected back into the demodulator and 
thus degrade the received signal to noise ratio). Thus these 
simulators are not particularly suitable for modeling the mo
dem to phone line interface. This type of simulator is avail
able as a sealed unit with input and output terminals. They 
are available with "typical", "worst case" and other charac
teristics. An advantage of this type of simulator is that they 
are simple to use and specify. Some normalized frequency 
response plots of these simulators are shown in Figure 2. 

EXT TRIGGER 
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FIGURE 1. Modem Evaluation Block Diagram 
TL/F/8423-1 
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FIGURE 2. Response of Noise Weighting Filter and Phone Lines 

A second class of simulators is capable of simulating a wide 
range of phone lines. These simulate amplitude, phase and 
input impedance characteristics. They consist of many units 
each representing a section of phone line wire. These can 
be interconnected at will to simulate a wide variety of phone 
line lengths, gauges, and configurations, including tapped 
and loaded lines. Although this type of simulator is flexible, 
no modem testing standards exist describing how it should 
be connected for writing specifications. 

Neither of these simulators allow much flexibility in control
ling attenuation through the line, or for adding noise to the 
line. Thus the final line simulator used will generally consist 
of a commercially available unit with some added hardware 
to allow controlled noise mixing and signal attenuation. 

THE NOISE GENERATOR 

The noise generator is used to simulate noise on the phone 
line which might adversely affect modem performance. 
Noise generators must be accurately specified before their 
effect on a given circuit can be evaluated meaningfully. 

The spectral properties of noise have considerable influ
ence on its effect on modem performance. Only noise with 
frequency components close to the tones used by modems 
will interfere with their operation. Noise with spectral com
ponents far from the modem tones will contribute to the 
noise power in the system and will thus affect a noise mea
surement, but it will not affect modem performance. It is 
thus necessary to use noise with well defined frequency 
characteristics in order to achieve a meaningful noise mea
surement. 

A common choice of noise bandwidth is called "C-Message 
Weighted". The C-Weighted frequency response is shown 
in Figure 2. This response was chosen to allow comparison 
of noise power in relation to its effect on the perceived noise 
of a phone line, i.e., it is a combination of the effect of a 
telephone earpiece and the human ear. It is thus not entirely 
appropriate to modem characterization. A disadvantage of 
the C-Weighted response is the complexity of the filter re
quired to generate it. In spite of these disadvantages the 
C-Weighted response has become almost the de facto 
standard of modem testing. 

It is important that the noise mixer be on the MUT side of 
the phone line simulator. If this is not done the phone line 
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simulator will modify the bandwidth of the noise reaching 
the MUT. The main effect of this is to reduce the amplitude 
of the noise at the skirts of the C-Weight bandwidth. This 
causes the noise to be concentrated around the received 
signal tones, and thus causes an apparent degradation of 
performance. This performance degradation is often errone
ously attributed to the gain and phase distortion produced 
by the phone line simulator. This is discussed further in the 
discussion of bit error rate testing later in this article. 

THE E.l.A. RS-334-A SPECIFICATION 

The RS-334-A specification "Signal Quality at Interface Be
tween Data Terminal Equipment and Synchronous Data Cir
cuit-Terminating Equipment for Serial Data Transmission" 
published by the Electronic Industries Association (E.l.A.) 
gives valuable information on the measurement and specifi
cation of data distortion. 

Unfortunately, many manufacturers do not specify their mo
dems in a manner consistent with E.1.A. RS-334-A. This 
document discusses "isochronous distortion" of data, which 
is a measure of the total distortion of a serial data pattern. 

Many modem manufacturers, however, prefer to discuss the 
data distortion in terms of "bias" and "jitter", which are 
more intuitive terms than isochronous distortion. Isochro
nous distortion can be found by summing the effects of bias 
distortion and jitter, so it is possible to calculate RS-334-A 
compatible specifications from this data. 

El.A. make a very important point regarding all bias, jitter 
and bit error rate measurements and specifications: 

"The result of the measurement should be completed by an 
indication of the period, usually limited, of the observation. 
For a prolonged modulation (or restitution) it will be appro
priate to consider the probability that an assigned value of 
the degree of distortion will be exceeded." 

This is a consequence of measurements made in the pres
ence of random signals, and is typical of most modem pa
rameters. Modems are designed to operate in conditions 
which are better described by probabilities (e.g. the proba
bility that the input impedance of a phone line will fall inside 
certain limits, or that the signal to noise ratio at the modem 
will have a certain value). Thus it is important when writing 
modem specifications to carefully describe, and be able to 
interpret, test conditions. 

Ell 



ISOCHRONOUS DISTORTION 

Isochronous distortion can be measured with the configura
tion of Figure 1. A long pseudo-random data string is trans
mitted by the "Standard" modem and demodulated by the 
MUT. This test is usually performed with no noise added to 
the system. As time progresses a pattern will develop on the 
storage oscilloscope. This buildup is demonstrated in Figure 
3 which shows the pattern at four successive time instants. 
As the scope was triggered by the data clock, the time Ti 
represents a range of times it took the data edges to propa
gate through the system. This is a distortion of the data 
edges as it represents a time in which the modem output is 
indeterminate, and carries no information. During the re
maining time of the bit cells, however, the modem output is 
fixed at a mark or a space, and thus carries information. 

_J [ 

II 1111 II 

11111 t 1111 1111 

TL/F/8423-3 

FIGURE 3. Isochronous Distortion Pattern Buildup 

From this pattern the isochronous distortion is defined to be 

D = _!t x 100% 
B 

where B is the bit time, and Ti is the total spread of data 
transitions. 

BIT BIAS 

"Bit bias" refers to the propensity of a modem demodulator 
to favor a mark or a space. It is most commonly measured 
using the setup of Figure 1 with an alternate (1010 ... ) pat-

BIT CELLS BOUNDARIES 

tern from the data pattern generator # 1. Note that an alter
nate pattern is equivalent to a 50% duty cycle square wave 
at half the baud rate. 

After this pattern is sent for some period, a pattern as 
shown in Figure 4 will build up. The rising and falling edges 
of the pattern do not occur at the same time relative to the 
data clock (the oscilloscope trigger input) and so a range of 
edges at the data transition are recorded. If the modem 
produces bias distortion the average position of the tran
sitions will differ from the edge of the bit cell. This bias will 
cause the modem to show an average duty cycle at the 
demodulator output which differs from 50%. 

From this pattern, bias as a percentage may be defined. A 
definition consistent with RS-334-A would be 

Bias= I~ Ix 100 (%). 

This may be manipulated into an equivalent definition: 

Bias= I Average Duty Cycle - 50 I x 2.0 (%) 

Some modem manufacturers have used the alternate defini
tion 

Bias = \-2L I x 100 (%). 
2XB 

There does not appear to be any apparent reason for the 
variation of specifications used. One possible justification 
for dividing by two bit times is that the distortion Tb of Figure 
4 could be considered as distortion to both the mark and the 
following space. Thus the distortion should be divided be
tween the two data bits. When reviewing modem specifica
tions it is important to know which bias definition is being 
used. 

The MM74HC942 and MM74HC943 300 baud modems use 
the second definition so as to be consistent with other man
ufacturers of modem components. 

Bit bias is amplitude dependant for some modem designs. 
This makes it difficult to decide under what conditions bias 
should be specified. Figures 5 and 6 show the bias for the 
MM74HC942, the MM74HC943 and another modem plotted 
against signal strength. Note that for the other modem the 
bias is signal strength dependant, whereas for the 
MM74HC942 and MM74HC943 it is not. This demonstrates 
the necessity for specifying the conditions under which bias 
is measured, and the extent to which it is design dependent. 
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FIGURE 4. Modem Output Pattern for Blas Measurement 
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FIGURE 6. Bit Blas vs Received Signal (Answer Mode) 

BIT JITTER 

Bit Jitter refers to variation of propagation delay through the 
data path. The term "jitter" comes from apparent move
ment of the data edges observed on an oscilloscope. Figure 
7 shows the pattern which will build up on the storage oscil
loscope of Figure 1 if an alternate pattern is being generat
ed by data generator # 1. The rising and falling edges of the 
pattern do not occur at the same time relative to the data 
clock, producing the variation Ti of these edges. This varia
tion is bit jitter. 
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FIGURE 7. Modem Output Pattern Showing Jitter 

2-173 

There are several distinct mechanisms contributing to bit 
jitter; 

1) Intermodulation between data and carrier. 300 baud mo
dems are asynchronous. This means the data can 
change at any time during a carrier cycle. The ability of a 
demodulator to detect this data change can vary depend
ing on the time of the data change relative to the carrier. 
Thus the demodulator response varies, and jitter is pro
duced. 

2) Noise. This may come from internal circuitry, or from the 
phone line. When jitter is evaluated it is usually done with 
external noise sources squelched, so the modem, rather 
than the test circuit, may be evaluated. 

3) Time quantization (this refers to the finite switching speed 
of sampled data systems). As the data is not sychronized 
to the modem clock, the modem may not recognize a 
data change for an entire clock cycle. This will cause a 
variation of response. 
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4) Data history. This contributes jitter because most demod
ulator circuits have memory. This is demonstrated by the 
circuit of Figure 8 whose response to various input sig
nals is shown in Figure 9. In Case A the data input con
sists of one mark. The RC network does not have time to 
reach equilibrium. In Case B however, the input consists 
of a sequence of marks followed by a space. In this case 
the RC network has equilibrated at the m;uk state. Thus 
the time it takes the falling edge to propagate is different 
in the two cases. 

In summarizing these causes of jitter they may be divided 
into two groups. 

A) Random Jitter. This comes from causes 1-3. It is purely 
random and cannot be influenced by the test pattern. 

B) Inter Bit Distortion. This is jitter caused by data history 
and can be measured using the patterns of Figure 9 
which represent extremes of data history. 

As these forms of distortion are very similar in their final 
results. They can only be distinguished using long data pat
terns and statistical analysis. Note that, referring to Figure 7, 
the jitter depicted is random jitter only since the data pattern 
is a square wave. 

Discriminating between these different jitter mechanisms is 
valuable to a modem designer but not to a user. However, it 
is important that the user be aware that a jitter specification 
may be measured with an alternate pattern, and thus may 
only reflect random jitter. 

Expressing bit jitter as a percentage suffers from alternate 
definitions as does bit bias. An RS-334-A consistent defini
tion would be: 

Jitter= Ii I x 100% 

but many manufacturers use the definition: 

Jitter= 1--2!__ I x 100%. 
2XB 
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FIGURE 8. Circuit for Inter-Bit Distortion Demonstration 
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FIGURE 9. Waveforms for lnt'er·Bit Distortion 
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Again, the reasons for the differences are not clear but 
could follow similar lines to those for bias. 

For this reason jitter may be specified with less ambiguity by 
specifying the peak to peak jitter in micro-seconds. Alter
nately, if jitter is to be expressed as a percentage, the defini
tion should be provided. 

Bit jitter, like bit bias, is phone line dependent. For single 
chip modems it is often measured with an ideal (resistive) 
phone line as this can be easily performed on currently 
available integrated circuit test equipment. This will general
ly give "best case" results. 

Some measurements of bit jitter are illustrated in Figures 10 
and 11. Note the mode and signal strength dependence of 
the measurements. This data was taken on the 
MM74HC942 and MM74HC943 monolithic 300 Baud mo
dems using an ideal (resistive) phone line and in full duplex 
mode, transmitting at -12 dBm. 

ISOCHRONOUS DISTORTION, BIAS AND JITTER 

For the modem user, isochronous distortion is probably the 
most meaningful specification of data distortion. However, 
some modem manufacturers only provide information on 

bias and jitter. Thus a conversion from these terms to isoch
ronous distortion would be useful. 

Isochronous distortion, being a measure of total distortion, 
is approximately the sum of bias, random jitter and inter-bit 
distortion. Before these numbers can be added, it must be 
assured they have been measured and defined in the man
ner consistent with specification RS-334-A. 

BIAS, JITTER AND UART PERFORMANCE 

Data distortion is only important insofar as it affects the in
terface between a modem and the computers which are 
communicating through it. Generally a computer interfaces 
to a modem through a UART (Universal Asynchronous Re
ceiver Transmitter). This UART takes byte wide data from 
the computer and serializes them so they are suitable for 
transmitting through the modem. The UART at the receiving 
modem takes this serial data and converts it back into paral
lel form. Referring to Figure 1, UART operation is performed 
internally by the data generator and analyzer. 

Before the effect of data distortion on a UART can be esti
mated the technique by which a UART performs serial to 
parallel data conversion must be understood. This is illus
trated in Figures 12 and 13. 
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FIGURE 10. Jitter vs RX Signal (Originate Mode) 
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FIGURE 12. Serial Data Input to UART 
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FIGURE 13. De-Serializing Section on UART 

The UART de-serializes data by first synchronizing itself to 
the incoming sequence. After a long "mark," a falling edge, 
and then a period of "space" occurs. This period is known 
as the "start bit". The UART starts a timing generator on the 
falling edge at the beginning of the start bit. From this timing 
generator the UART can find the ideal times to sample the 
Incoming data, i.e. at the center of each data bit. Each bit is 
strobed into the shift register at the center of the bit cell as 
determined by the timing generator. When the entire word 
has been shifted, the UART returns to waiting for a start bit, 
and the data in the shift register can be read as a parallel 
word. Most UARTs do more than this, they also serialize 
data to be transmitted, perform parity generation, insertion 
and validation, 1/0 control and many other functions. How
ever these extra functions do not provide insight into the 
modem to UART interface, so are not discussed here. 

Bit bias and jitter are important to modems because they 
are forms of distortion which may interfere with the ability of 
the UART to de-serialize the incoming data. Bias and jitter 
alter the timing relations between the edges of an incoming 
word. If an output data edge moves with respect to the start 
bit, the UART may sample the demodulator output at the 
wrong time, and an error may result. 

There are several ways in which bias, jitter and inter-bit dis
tortion can interfere with the UART. Jitter affects the UART 
at both the synchronization at the start bit and at the data 
sampling. Jitter at the start bit causes all the UART samples 
to be offset from the center of the data bits. This reduces 
the amount a data edge can move before an error occurs. 
Inter-bit distortion can aggravate this situation. The modem 
in its "wait" state is at a perpetual mark. This is the condi
tion under which inter-bit distortion shows itself. Inter-bit dis
tortion will thus shorten the length of the start bit. This can 
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be aggravated by a modem showing marking bias. The start 
bit can become so short that the UART fails to synchronize 
on it. This can cause catastrophic failure of the system, as it 
can cause complete breakdown of the modem to UART in
terface. This phenomenon may be reduced by lengthening 
the start bit to 1.5 or 2 bit times (possible options on many 
UARTs). Thus this breakdown may be start bit length sensi
tive. 

A further variable that affects the modem to UART interface 
is the resolution of the UART. Some UARTs operate the 
timing generator at 8 times the baud rate, some use a factor 
of 16 or more. The finite resolution introduces quantization 
error which is worse for the UART operating at the lower 
factor. 

DYNAMIC RANGE 

Dynamic Range, like most modem specifications, is very 
definition sensitive. In general it refers to the range of re
ceived signals for which the modem operates. However a 
definition of "operation" must be found. A suitable definition 
would be "capable of receiving 1000 bits without an error". 

Maximum received signal is usually the limit at which the 
receiver of the modem is overloaded. A modem which is 
always connected to a Bell system will receive a maximum 
signal of -12 dBm, as this is a Bell specification. This is the 
reason for the maximum receive signal specification of -12 
dBm on the MM74HC942/943 integrated circuits. On the 
other hand, a modem which is to be operated in a non-Bell 
system may be expected to operate with larger signals than 
this. So in designing a modem system it may be necessary 
to add gain or attenuation at the interface to the phone line 
so the maximum signal presented to the modem internal 
circuitry does not exceed manufacturer's recommendations. 



It is difficult to measure the maximum signal at which a mo
dem will operate. The mechanism of overload in a modem is 
highly design sensitive, and results from a complex interac
tion between the hybrid, the phone line, and the modem's 
receive filter. This analysis is well beyond the scope of this 
application note. Many modems will, on the bench, exceed 
their specification. It is still unwise to operate a modem at a 
level exceeding the manufacturer's specification, as these 
designs may fail to operate under some conditions. 

Minimum received signal is usually the signal at which the 
modem begins to make errors in the absence of noise. This 
may be measured using the circuit of Figure 1. The signal is 
progressively attenuated until the data analyzer begins to 
record errors. This breakdown of performance is often ab
rupt; the modem may make no errors at one signal strength, 
and make only errors when the signal is reduced a further 1 
dB. 

A modem's dynamic range is often sensitive to the operat
ing mode. Many modems operate to a lower signal level if 
their transmitter is squelched, or if the transmitter is sending 
no data but is running, than if the transmitter is sending 
data. The MM74HC942/943 work to approximately -46 
dBm in full duplex mode, and often work to - 53 dBm in half 
duplex operation. The parts are specified to -40 dBm in full 
duplex conditions and - 48 dBm in half duplex conditions. 

: 1 
: 1 

As noise can cause a modem to make errors when there is 
good signal strength, dynamic range measurements are al
ways made in the absence of noise. Dynamic range can 
occasionally be phone line sensitive so conditions should 
again be specified. 

MODEM FILTER SPECIFICATIONS 

Some modem manufacturers provide data on their receive 
filter designs. This data is of more interest to modem de
signers than modem users. 

The "receive filter gain error" refers to the flatness of the 
receive filter characteristic. It is generally measured be
tween the "mark" and "space" frequencies. As modems 
transmit data as the frequency of the tone, amplitude errors 
generally have little effect on performance. The only place 
this specification may be observed to have effect is in carri
er detect circuits. As these circuits follow the receive filter, a 
filter gain error will cause the trip points to shift depending 
on the tone transmitted. 

The receive filter group delay distortion refers to the group 
delay difference between the mark and space frequencies. 
Group delay refers to the time energy takes to pass through 
a filter. Thus group delay error causes the "mark" energy 
and the "space" energy to take different times to propagate 
through the receive filter. As is illustrated in Figure 14 this 
causes data to become scrambled, as the period at the data 
change either has neither mark nor space energy, or has 
both. 
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FIGURE 14. Affect of Group Delay on FSK Signals 
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The main effect of group delay distortion is an increase in bit 
jitter. This in turn will show up in bit error rate measure
ments. Group delay distortion does not have as strong an 
effect on performance as other aspects of modem design, 
and for this reason is often of little interest, particularly if bit 
error rates and bit jitter specifications are available. 

Note that group delay of the entire system consists of the 
sum of the group delay of the transmitter, phone line and 
receive filter. As the group delay of the phone line varies 
from one line to another there is a lower limit to this distor
tion which can be achieved. Many modems which do not 
have the receive filter output available do not specify this 
parameter. 

TRANSMITTER SPECIFICATIONS 

Transmitter specifications are usually fairly simple to inter
pret, but there are some small traps for the unwary. 

The second harmonic of the transmitter is more important 
for some tones than for others. The second harmonic of the 
originate mode space tone (1070 Hz) falls in the middle of 
the band in which the originate modem is receiving. This is 
thus the most important tone for a second harmonic specifi
cation. The originate mode mark tone (1270) has a second 
harmonic outside the band in which the modem is receiving, 
but it is near enough to this band to have a small effect. The 
second harmonics of the answer band transmitted tones are 
both above 4 kHz, and thus only constitute "out of band 
noise". Many modems thus have their answer band second 
harmonic specified by the out of band noise requirements. 

Out of band noise should meet the Federal Communica
tions Commission (F.C.C.) Specifications. This allows the 
modem design to meet the F.C.C. requirements without ex
ternal filtering. However, as most modem designs couple to 
the phone line through a transformer having limited high 
frequency response, the noise above about 1 MHz is usually 
irrelevant. 

Modem transmitters, if of poor design, can contribute to bit 
jitter and thus to isochronous distortion. This may occur due 
to a variety of mechanisms. However, for 300 Baud mo
dems the modulator design task is not difficult, and most 
commercial designs contribute little distortion in their trans
mitter. Thus few manufacturers specify this parameter. 

CARRIER DETECT TRIP POINTS 

Carrier detect trip points are measured by adjusting the level 
of the standard modem output until the carrier detect output 
of the MUT responds, indicating either receipt of, or loss of 
carrier. The signal levels at which these occur indicate the 
carrier detect trip points. These trip points are usually cen
tered about -45 dBm and are thus very difficult to measure, 
as a small amount of noise in the test system can consider
ably effect the result. 

The conditions under which carrier detect levels should be 
measured are difficult to define. As is determined by the 
handshake protocol, the originating modem waits for carrier 
with its transmitter squelched, while the answer modem 
waits for carrier with its transmitter running. If the carrier 
level drops during data transmission, the carrier detect cir
cuit may register loss of carrier and interrupt transmission. 
In this case the loss of carrier has occurred while each mo
dem has been transmitting data. Carrier detect levels often 
change slightly depending on the exact condition of the mo
dem when they are measured. Thus attempting to specify 
them accurately can be difficult. 

The carrier detect circuit provides some indication that the 
signal strength is acceptable for modem operation so trip 
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points should be reasonably predictable. The presence of 
carrier is not, however, a complete assurance that there is 
another modem on the line (the circuit may trip on noise or 
speech), or that data present is of acceptable quality (mo
dem performance is often a stronger function of S.N.R. than 
of signal level, and the carrier detect circuit measures signal 
level, not S.N.R.). 

Some modems, e.g. "dumb" stand alone modems, have 
only the carrier detect circuit to provide information on the 
quality of the data being received. For these modems the 
carrier detect trip point should indicate loss of carrier at the 
lower limit of the modem's dynamic range. Note that this 
dynamic range will depend on the operating conditions of 
the modem, so an adjustable carrier detect trip point is an 
advantage, allowing the user to optimize the carrier detect 
trip point for the application. 

Some "smart" modems can use more sophisticated data 
validation techniques than simply measuring the carrier lev
el. For example if the modem has a UART, and the UART 
has a parity error flag, the modem can directly assess the bit 
error rate of the line, and judge the line depending on the 
data quality. 

It is thus difficult to assess what constitutes "acceptable" 
carrier detect operation, as this depends strongly on the 
modem application. 

A non-flat receive filter can cause the carrier detect trip 
point to be mode and tone dependent. This variation con
tributes to the modem mode dependence discussed above. 

BIT ERROR RATE MEASUREMENTS 

The bit error rate of a modem is usually measured using the 
setup of Figure 1. The data generator # 1 generates a long 
pseudo-random binary (PRB) data stream. The data analyz
er receives the data from the modem under test, and com
pares the received data to the transmitted data to detect 
and count errors as they occur. The bit error rate (B.E.R.) of 
a modem is a measure of the rate at which errors occur in 
the data being transmitted through the modem/phone line/ 
modem transmission path. 

Most modems produce no errors if they are operating within 
their dynamic range, and if no noise is present. Thus B.E.R. 
is a measure of the modem's ability to correctly demodulate 
data in the presence of noise. 

Bit error rates are the real test of modem performance. 
When a user is sending data, the bit bias, bit jitter and all 
other parameters are irrelevant, as long as data is being 
transferred reliably. Bit jitter and bit bias are useful for quick 
analysis of modem performance, and they somewhat reflect 
bit error rate (B.E.R.) performance. Measuring B.E.R. is a 
time consuming process, and the final results reflect the test 
setup as much as the modem. Before B.E.R. measurements 
can be compared, the conditions of measurement must be 
carefully studied. 

SYNCHRONOUS OR ASYNCHRONOUS OPERATION 

The B.E.R. of a modem will vary depending on whether the 
system has a synchronous or asynchronous system for the 
serial to parallel conversion following demodulation. 

A typical configuration for a synchronous data analyzer is 
shown in Figure 15. The delay is adjusted and the data from 
the modem is sampled at the center of each bit cell. The 
EXOR gate will produce a logic 1 if the modem's output is 
different from the reference data. The errors may then be 
simply counted at the flip flop's Q output. Note that in most 



modem systems using a UART, the data clock is not avail
able. 

Systems using a UART must synchronize the data rate 
clock from the falling edge at the beginning of the start bit, 
and thus distortion of this edge will adversely affect the abili
ty of the UART to accurately de-serialize the data. Perform
ance is thus not as good as the case of synchronous opera
tion. Thus measuring a modem with synchronous data will 
not give meaningful data on how the modem will operate 
with a UART (asynchronous data). As most 300 Baud mo
dems operate with a UART, this test configuration (i.e. asyn
chronous operation) is the most meaningful way to evaluate 
them. 

DATA CLOCK 

REFERENCE ADJUSTABLE 
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DATA DELAY 

OUTPUT DATA 

or t.4UT 

COUNTER 
D 
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FIGURE 15. Synchronous Data Analyzer 

When testing with a UART the word length, parity, start and 
stop bit length need to be defined. These have less effect 
on modem performance than noise measurement or deseri
alization technique. 

BIT ERROR RATE AND BLOCK ERROR RATE 

Modem specifications vary as to the method of specifying 
bit errors. If the modem is operating with a UART a noise 
burst may cause the UART to synchronize incorrectly, caus
ing an entire byte or frame to be received incorrectly. Con
versely, multiple bit errors within a byte of data usually only 
invalidate that single byte. This may be of little significance 
to the user as many communication protocols require re
transmission of the entire block if an error is detected. Some 
manufacturers thus specify their modems in terms of block 
error rate rather than bit error rate. This is rare, however. 

FURTHER VARIABLES IN MODEM EVALUATION 

As is implied by dynamic range specifications, signal ampli
tude can affect modem performance. This can result from 
several phenomena. A modem's receive filter has limited 
dynamic range, with its lower limit set by the filter's noise 
floor. Thus reducing the signal will affect the S.N.R. at the 
demodulator, although the S.N.R. at the phone line may re
main unaltered. Signal amplitude may also affect modem 
performance as the hard limiter or A.G.C. (Automatic Gain 
Control) circuits in the receive path generally have limited 
dynamic range. 

In summary, many variations of configuration can affect mo
dem performance measurements. Unless test conditions 
are accurately specified the results are virtually meaning
less. 

Bit error rate measurements were made on the 
MM74HC943 monolithic 300 Baud modem. The conditions 
under which they were made is summarized in Table I. 
These conditions accurately reflect the conditions under 
which the modem is designed to operate, and are all rele
vant to the test results. 
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TABLE I 

BIT ERROR RATE MEASUREMENT CONDITIONS 

Parameter 
Noise Bandwidth: 
Data Format: 

Data Pattern 
Phone Line Simulation 
Counted Errors: 
UART Clock Rate 
Standard Modem (transmitter) 
MUT Transmitter 

MUT Transmitter Amplitude 

Condition 
C-Weighted 
Asynchronous 
8 Bit words 
Even Parity 
One Start Bit 
511 Bit pseudo-random 
Resistive line 
All data bits 
16 • Data Rate 
Identical to M.U.T. 
Transmitting 300 Baud 
PRB Data 
Set for "permissive" 
characteristics 

DISCUSSION OF BIT ERROR RATE CURVES 

The results of these bit error rate measurements are shown 
in Figure 16. From these curves the signal to noise ratio for 
a bit error rate of 1.0E-5 can be interpolated. (This is a com
mon value to specify.) It is 3.5 dB in answer mode and 5 dB 
in originate mode. Note the degree to which the measured 
points diverge from the curves. This is due to the statistical 
nature of the test and due to the difficulty of measuring 
noise using a digital volt meter. 

Several different line simulators were tried and bit error rate 
measurements made for a fixed signal to noise of 3.4 dB. 
They were 4.7E-5 for a resistive line, 4.3E-5 for an average 
line, and 4.87E-5 for a worst case line. These measure
ments differ by less than the accuracy of the test system, 
indicating the minimal effect of the phone line on the overall 
system. 

SOME MANUFACTURERS OF MODEM TEST 
EQUIPMENT 

(This list is by no means comprehensive.) 

Phoenix Microsystems, Inc. 
8290 Whitesburg Drive South 
P.O. Box 4206 
Huntsville, AL 35802 

Comstron Corporation 
200 East Sunrise Highway 
Freeport 
N.Y. 11520 

Hewlett Packard Corporation 
1820 Embarcadero Rd 
Palo Alto 
CA 94303 

FURTHER READING 

(1) Data Sheets for MM74HC942 and MM74HC943 Mono
lithic 300 Baud Modems, National Semiconductor Corp, 
2900 Semiconductor Dr, Santa Clara, CA 95051. 

(2) "Transmission Parameters Affecting Voiceband Data 
Transmission-Measuring Techniques" Bell System Data 
Communications Technical Reference, May '75. 

(3) "Data Communications Using Voiceband Private Line 
Channels" Bell System Technical Reference, Pub 41004, 
Oct., 73. 
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Transmission-Line Effects 
Influence High-Speed 
CMOS 

National Semiconductor 
Application Note 393 
Larry Wakeman 

Unlike low-power, metal-gate CMOS, high-speed 54HC/74HC devices 
readily drive long cable runs and backplanes. While the family 

maintains CMOS's traditional noise immunity, you must 
watch transmission-line effects in such applications. 

Because of 54HC/74HC high-speed CMOS's short propa- A 54HC/74HC device's output rise and fall times can be as 
gation delays and fast rise and fall times, you must under- short as 5 ns, and transmission-line effects can become 
stand its transmission-line behavior when driving lines as noticeable when lines longer than a foot or two are driven. 
short as even a foot or two, whether thostl lines are coaxial The length of the signal line at which transmission-line ring-
cables, twisted pairs or backplanes. Moreover, the devices' ing should be considered is: 
fast edge rates increase the likelihood of crosstalk among MAXIMUM LINE LENGTH 
interconnecting cables. OUTPUT RISE/FALL TIME 
Despite the need, however, to take design precautions that 
minimize adverse effects related to high-speed operation, 
54HC/74HC logic-unlike slower metal-gate CMOS-in
cludes many features that suit it to driving transmission 
lines. For example, its symmetrical push-pull outputs result 
in stiff logic levels, and its high output drive allows fast bit 
rates. 

Another advantage of high-speed-CMOS designs is that 
they don't prove to be as difficult as those based on other 
high-speed logic families. In general, high-speed CMOS 
doesn't require the detailed attention to pc-board layout and 

2(DELAY PER UNIT LENGTH) 

The signal delay per unit of line length (tpo) depends on the 
line's characteristic impedance and the load on the line. For 
a typical pc-board trace with a groundplane, 

tp0 = 1.017\I0.47ER + 0.67ns/ft, 

where ER is the relative dielectric constant. Loading the 
trace with inputs to other gates alters the tpo. 

r.CiN 
tpo (AL TEAED) = tpo" 1 • Co' 

transmission-line characteristics that Schottky TTL or ECL where C1N is the total input capacitance associated with the 
designs do. Furthermore, controlling unwanted reflections is line, and Co is the line capacitance per unit of length. 
easier in the CMOS designs, because 54HC/74HC devices' 
electrostatic-protection diodes tend to clamp the reflected 
voltages to the power-supply levels. 

MISMATCHES CREATE REFLECTIONS 

Transmission-line effects come into play when signal-line 
lengths are so long that the signal delay down the line and 
back becomes longer than the waveform's rise or fall time. 
Mismatches between the line's characteristic impedance 
and either the driver's output or the receiver's input imped
ance create signal-line reflections. These in turn cause 
overshoot and undershoot, which can reduce noise margins 
and cause excessive delay. Figure 1 shows various trans
mission media and their impedances. 

( 

If you know the characteristics of the transmission line, you 
can use these equations to find the signal-transit time. This 
time is typically between 1.5 and 2.4 ns/ft for an unloaded 
line. 

In addition to the line's transit time, you need to find its 
characteristic impedance: 

z0 = L0 /Co, 

where Lo and Co are the wire's inductance and capaci
tance per unit of length. When a 54HC/7 4HC device drives 
a transmission line (Figure 2), the driver's output looks into 
the equivalent line impedance. When the output switches, 
the signal propagated is the result of the voltage divider 
created by the line and the driver's impedance. 

COAXIAL CABLE Z0 = 50, 75, 125!1 

TWISTED PAIR Z0 = 50 TO 1000 

/ rh WIRE OVER GROUND 60 ( 4h) 
Z0 =./ER In d 
TYPICALLY 20 = 120 TO 200!1 

lf.--w~ 

E Lm;z~::rGG::~:~NE MICROSTRIPLINE 

rrCsrn:::~~;. STAIPLINE 

TL/F/8424-1 

87 ( 5.98 ) Z ----In --
o - ~ER+ 1.41 0.Bw +t 
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60 [ 4b ] 
Z0 =~In t 

A 0.671TW(0.8 + -) 
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w 
--< 0.35 AND t/b < 0.25 
(b-t) 
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FIGURE 1. By using the impedances for various types of signal-transmission lines, you can determine 
the amount of ringing you'll experience. (Note that ER is the relative dielectric constant.) 
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If the line's electrical length is long compared with the sig
nal's rise time, the mismatch of the line and the CMOS input 
creates a reflection when the signal reaches the other end 
of the line. The reflection's magnitude depends on the inci
dent signal's voltage (V1Nd and the reflection coefficient 
(p), where 

R1N - Zo 
p = R1N + Zo' 

The reflected signal is therefore 

VA = Vo (1 + p). 

HIGH INPUT IMPEDANCE DOUBLES REFLECTION 

Because a 54HC/74HC device's input impedance is high 
compared with the line's (p = 1.0), the reflected voltage at 
the receiver doubles. This reflection propagates back to the 
driver, where another reflection is generated (depending on 
the driver's output impedance). Typical 54HC/74HC output 
impedances result in reflection coefficients of -0.3 to 
-0.7. 

A simplified analysis based on the preceding equations, 
however, fails to take into account nonlinearity in a 
54HC/74HC gate's output impedance. Also, the input of a 
54HC/74HC gates has diodes to Vee and ground; these 
diodes clamp the reflected signal as it tries to exceed the 
supply level. 

A load-line graphic technique overcomes these drawbacks. 
Illustrating the technique, Figures 3 and 4 plot the input and 
output characteristics for a standard and a bus-driver 
54HC/74HC IC at Vee= SV. These plots include the effect 
of the input and output diodes. With these curves, you can 
approximately determine the ringing for various line imped
ances when one 54HC/74HC gates drives another. 

An example based on a High-to-Low transition on a 200.n 
line illustrates how to use the graphs. Starting at the quies
cent 5V, OA point on the logic-One output's curve (Figure 3), 
draw a load line with a slope of -1 /Zo to the logic-Zero 
output's curve. The voltage at this intersection is the initial 
output voltage that drives the line after the transition. Then 
draw a line with a + 1 /Zo slope to the input curve. This 
intersection yields the signal's voltage, including the reflec
tion, when it reaches the receiver. Next, draw another line 
back to the logic-Zero output curve. This intersection indi
cates the voltage at the driver when the reflection returns. 
This process continues until the zigzag load line converges 
on the OV, OA intersection. 

Figure 5 plots the Figure 3 example's voltages vs propaga
tion delay. Figure 6 shows real-world waveforms for a 
7 4HCOO device driving another gate through a wire poised 
above a groundplane (Zo = 200.!l). Notice that the driver's 
output level swings further toward the opposite logic level 
than the graphic method initially predicts, resulting in slightly 

t_!RANSMISSION LINE_J 
I- (IMPEDANCE = Z0)1 

l 
TL/F/8424-2 

FIGURE 2. When a high-speed CMOS driver/receiver 
pair communicates over distances longer than a foot or 

two, transmission-line effects come into play. 
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more-ringing at the receiver as well. This additional ringing 
is due to either a lower output impedance or a slightly higher 
line impedance than that used in the paper analysis. 

Although line reflections aren't a problem for most designs, 
you may have to reduce ringing for certain applications, 
such as those including long cables, backplanes and sensi
tive circuits that can't tolerate radiated noise and crosstalk. 
You can use several techniques to reduce ringing. One solu
tion is to use series-terminating resistors (Figure la). Series 
termination places a resistor in series with the driver's out
put to match the output impedance of the driver to that of 
the line. This procedure eliminates overshoot at the receiv
er's end of the line but slows down the output signal, and it 
won't work with buses or backplanes. 
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FIGURE 3. This plot of input and output transfer 
functions for standard 54HC/74HC high-speed CMOS 

logic includes the effects of input-protection and 
parasitic diodes. It provides the basis for a graphic 

method of determining ringing and overshoot. 
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FIGURE 4. Bus-output drivers in the 54HC/74HC high
speed CMOS family exhibit different input and output 
transfer functions than do the standard parts whose 

characteristics are shown in Figure 3. 



PARALLEL TERMINATIONS CAN OVERLOAD CMOS 

Parallel termination (Figure 7b and 7c) connects a resistor 
at the receiver's end of the line to either Vee or ground or to 
a voltage divider between Vee and ground. The resistor val
ue (or the eqL1ivalent resistance of the resistor pair) should 
match the line's impedance. Normally, a system backplane 
has one termination per signal line. Some very-high-speed 
buses, however, can include two termination networks at 
each end of the backplane for each line. 

One problem with parallel termination is that the termination 
consumes large amounts of power, negating the reason for 
choosing 54HC/74HC devices to begin with. Moreover, be
cause the termination network must match the line's imped
ance, parallel termination can overload a 54HC/74HC de
vice's outputs and prevent them from driving the bus to a 
valid logic level. 

Consider, for example, a 150D. TTL bus with a single termi
nation and the equivalent of a 150D. termination resistor 
connected to a 3.5V supply. The worst-case output imped
ance of a 54HC/74HC bus driver is 1oon. The de output 
voltage for the 54HC/74HC driving a TTL bus to a low level 
would be Vour = 3.5V (1 OOD./250D.) = 1.2V, which is too 
high to represent a valid logic-Zero output. You can use 
such de-termination schemes only if a 54HC/74HC device 
can pull the termination network to within 0.5V of the supply 
rails (HCT parts work between 0.4 and 2.4V). 

Aside from such brute-force power considerations, a subtle 
problem arises from reflections in certain cases. If the line is 
long enough to exhibit a significant delay down the line, the 
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FIGURE 5. Using the plots shown in Figures 3 and 4 
along with the graphic method described in the text, 

you can construct the driver (b) and receiver (c) 
waveforms resulting from an input (a). 
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ability of the receiving logic element to switch on the original 
incident-wave front becomes important. If the incident wave 
isn't of the proper magnitude, the receiver must wait for the 
reflection before sensing the change at its input. The volt
age at the receiver equals the driver's output voltage divid
ed across the driver's output impedance and the line's char
acteristic impedance. 54HC/74HC gates typically have 40 
to 50D. output impedances, so 54HC/74HC receivers switch 
on the incident-wave transitions if the line impedances are 
greater than 150D. typically. 

In general, when replacing LS components with 
54HC/74HC units, avoid driving buses with a termination 
network whose equivalent impedance is less than 500D. 
(worst case) terminated to Vee or ground, or 250D. terminat
ed to 3V. 

The TTL termination's impedance isn't the only problem in
volved in substituting 54HC/74HC parts for TTL. For exam
ple, consider the voltages that the termination networks are 
tied to. Usually, TTL termination networks look like their 
equivalent impedance tied between 2.5 and 3.5V. Conse
quently, when these TTL buses are in the high-impedance 
state, they float toward these voltages, causing the 
54HC/74HC circuits to draw Ice currents that are large 
compared with the currents generated when the bus is ter
minated to Vee or ground. Also note that some logic errors 
might develop because the 2.5 to 3.5V range is not a valid 
54HC/74HC logic level. 
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FIGURE 6. A high-speed CMOS device driving another 
gate through a 28-gauge wire poised above a 

groundplane (Z0 = 200n) exhibits higher ringing and 
overshoot than predicted in Figure 5, thus indicating a 
lower output impedance or higher line impedance than 

that used in the prediction. 
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FIGURE 7. The three termination techniques 
shown here in (a), (b), and (c) work best for 
conventional TTL. For high-speed CMOS, 

(d) might provide the best solution. 
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~ Using the termination network shown in Figure 7d, which 
I z couples the signal to the termination network with a small 

< capacitor, avoids this problem. The capacitor blocks the DC 
currents while acting as a short circuit during signal tran
sitions. This termination scheme doesn't draw any DC pow
er, although it does draw additional AC (dynamic) power. 
Furthermore, if the bus goes to a high-impedance state, the 
termination capacitors hold the bus at the last logic level for 
a short time (perhaps a millisecond), avoiding excessive Ice 
currents. If the bus has the potential to float for long peri
ods, you might have to add large-value pull-up resistors to 
ensure that bus leakages don't cause spurious behavior. 

These considerations apply to 54HC/7 4HC outputs. 
54HC/74HC inputs interface easily to any type of bus or 
transmission line that meets the 54HC/74HC input-voltage 
requirements. 

Eliminating troublesome reflections only handles problems 
involving a single transmitter/receiver pair. Seldom, howev
er, do transmitter/receiver pairs exist in isolation; they more 
commonly occur in groups, and the possibility of crosstalk 
always exists. Parasitic mutual inductance and capacitance 
associated with system interconnections cause crosstalk. 

IL 

TL/F/6424-6 

FIGURE 8. Ringing and overshoot from impedance 
mismatches aren't the only problems you can 

encounter in applying high-speed CMOS. Parasitic 
coupling arising from distributed capacitance 
and inductance of parallel wires or pc-board 

traces can cause crosstalk. 
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FIGURE 9. This simplified representation (a) of Figure 
B's parasitic coupling impedances yields the 

equivalent circuit shown in (b). 

Figures 8 and 9 illustrate these inductances and capacitanc
es. Their magnitudes depend on the length, spacing, 
amount of shielding and type of wiring used. Generally, 
crosstalk isn't necessarily a concern unless two or more 
signal lines run in parallel over long distances. Even when 
using long signal runs, 54HC/74HC devices' noise immunity 
eases the requirements for crosstalk minimization. 

Although you can analyze crosstalk by finding the current 
coupling caused by distributed capacitance and inductance, 
the simpler approach based on Figure 9's scheme suffices. 
Figure 9a shows two signal lines with an impedance of Zo1 
and Zo2 coupled by Zc. At the point of coupling, the signal 
voltage VL2 induced into the second line is essentially due 
to the voltage divider formed by Zo1• Zo2 and Zc (b). The 
voltage VL 1 results from Vour of the first inverter driving the 
voltage divider formed by the second inverter's Rour and 
Zo1. If the driving gate's output impedance is small, then 
Vour =Vu =Vee and Zo1 = Zo2 = Zo. Then the equiv
alent impedance model of (b) leads to 

Zo212 1 Zo 
VL2 (z ) (z ) xVour=2 z +z Vcc-

Zc + ...Ql + _Qg c o 
2 2 

When the signal reaches the receiver, the reflection causes 
the signal's level to double, and V1N = 2(VL2). 

Qualitatively, you can see that crosstalk increases as Zc 
decreases. Zc in turn decreases with increasing coupling 
length (decreasing the spacing between the two connec
tors) and poor shielding. Lowering Zo decreases crosstalk 
but not as dramatically as changing Zc does. Notice that as 
Zc becomes small (which indicates a lot of cross coupling), 
changing Zo has little effect with respect to reducing cross
talk. However, adding shielding to the cable both lowers Zo 
and raises Zc and consequently proves effective in reduc
ing crosstalk. 

Figures 10, 11 and 12 illustrate crosstalk effects for several 
conductor configurations. Figure 10 shows the relative cou
pling between two pc-board traces alone and also with vari
ous guarding schemes. Figure 11 illustrates oscilloscope 
traces of a 1-MHz signal in a 2 meter bundled cable with 
various numbers of wires connected to ground. Notice the 
dramatic reduction in crosstalk between two wires when a 
third wire is grounded in the cable. Figure 12 shows the 
same schemes for various configurations of wire in a ribbon 
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FIGURE 10. Grounding scheme can significantly reduce 
crosstalk. For example, separating pc-board 

signal conductors with grounded ones 
reduces relative coupling from 1 to 0.2. 
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FIGURE 11. The effectiveness of guarding techniques in reducing crosstalk isn't limited to 
pc boards, as results based on a 6-wire bundled-cable test circuit illustrate {a). 

Grounding unused wires at both ends yields the best performance (b). 
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FIGURE 12. To reduce crosstalk between two conductors in a ribbon cable, separating 
the signal-carrying conductors with ones grounded at both ends proves to be effective. 
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~ cable. Here, the lowest crosstalk comes from separating the z two signal lines by a ground cable. The most crosstalk oc
< curs when the two cables are adjacent to each other and no 

other cable is grounded. 

LOW VOLTAGES INCREASE DELAYS 

Although the bulk of the applications for high-speed CMOS 
involve a 5V power supply, some applications can use 2V
the low end of 54HC/74HC devices' power-supply operat
ing range. At 2V, a 54HC/74HC device has approximately 
one-third to one-fifth the output drive and about three to five 
times the circuit delays and transition times of the same !Cs 
powered by 5V supplies. At Vee = 2V, output transition 
times are about 30 nsec, which tends to ease signal-line 
routing and termination requirements. Because rise and fall 
times are so long, reflections and ringing are insignificant. 
Crosstalk and general signal-line to signal-line noise cou
pling are also reduced by a factor of three to five, limiting 
internally generated noise coupling. However, by using a 
lower supply voltage, the de noise immunity is approximate
ly halved, and overall immunity to external noise is reduced. 

Thus, for 2V designs, transmission-line noise and ringing are 
essentially eliminated, and crosstalk is reduced by a factor 

of two (when device noise-immunity reduction is included). 
Designing with high-speed CMOS at 2V can best be de
scribed as almost identical to trying to design with older 
CMOS logic at 5V. 
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Monolithic Modem Chip 
Eases µP's Phone Access 

National Semiconductor 
Application Note 394 
Steve Munich 

When mated with a handful of CMOS peripheral /Cs, a single-chip 
CMOS modem device allows you to configure simple, inexpensive 

microprocessor-telephone interface systems with 
autodial and autoanswer capabilities 

Integrated-circuit modems represent the final link in the 
chain of devices that connect the digital world of the micro
processor bus to the analog world of the telephone line. The 
MM74HC943 is such an IC; it's a single-chip and -supply 
Bell-103 modem whose on-chip analog filtering, carrier-de
tect circuitry and complete hybrid function spare you the 
complexities of analog design. 

Linked with such CMOS peripheral ICs as the NSC858 
UART, the TP5088 DTMF dialer and some 74HC logic, the 
IC allows the design of relatively inexpensive systems that 
can profit from the intelligence and flexibility of microproces
sor control. What's more, its silicon-gate CMOS process 
suits the IC to applications in portable, battery-powered, re
mote and harsh-environment systems. With little difficulty, 
you can easily integrate the IC into an auto-originate, au
toanswer modem in a µP-based system. 

Figure 1 shows the basic functional blocks needed to con
nect a microprocessor bus to a telephone line. The bus de
coders are necessary to assign a unique set of addresses to 
the UART (universal asynchronous receiver/transmitter) 
and dialer circuit. The dialer circuit must be bus compatible; 
i.e., it must be capable of accepting binary inputs from the 
data bus. The dialer can create pulses, as with rotary-dial 
phones, or it can send DTMF (dual-tone multifrequency) sig
nals to the central office to establish a connection with an
other phone. 

When the modem operates with the dialer to call another 
system, the calling modem is said to be in the originate 

mode. When the microcomputer receives a call through the 
modem interface, the ring-indicator circuit serves to inter
rupt the microprocessor to answer the call automatically. In 
this case, the modem goes to the answer mode. The block 
denoted "hook-switch control" is a logic-controlled relay 
that connects the system to or disconnects it from the 
phone line. 

Protective circuitry is needed to isolate the microcomputer 
user from hazards (e.g., lightning) transmitted by the phone 
line and also to protect the public phone system from any
thing potentially damaging that may emanate from the us
er's computer equipment. This circuit also provides a 2-sec 
billing delay when an incoming call is answered. During this 
period, data may not be sent or received. These protective
circuitry functions are required (and must be approved) by 
the FCC (a later section discusses them in detail). The de
picted hybrid block performs 2-to-4 wire conversion, neces
sary because both send and receive frequency bands use 
the same pair of wires and it's necessary to separate the 
received signal from the transmitted one. 

The next functional block is the modem itself. Modems have 
only recently become available in integrated-circuit form; 
two standards currently prevail in the U.S. The 103 standard 
is for 300-baud, full-duplex communication; the 202 stan
dard allows 1200-baud transmission while receiving at 5 
baud, and vice versa. Another standard, the 212, specifies 
full-duplex, 1200-baud operation. 

TL/F/6425-1 

FIGU.RE 1. A basic microprocessor/telephone-line interface comprises the blocks shown 
In this diagram. The modem assumes the task of generating and decoding the sine-wave 

signals that represent marks and spaces in digital communications. 
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In addition to the ICs that satisfy U.S. standards, there are 
integrated-circuit solutions that conform to European 
(CCITT) standards. These devices use bit rates that are sim
ilar to those for the Bell standards, but they also use a 
slightly altered set of frequency bands; moreover, they send 
an extra tone to disable the European phone system's echo 
suppressors. 

Figure 1 also shows a block for an external receive filter that 
may or may not be needed, depending on which manufac
turer's modem chip is used. The modem basically receives 
a frequency-shift-keyed (FSK) mark (logical One) or a space 
(logical Zero), and sends serial Ones and Zeros to the 
UART. At the same time, the modem also receives serial 
data and synthesizes a phase-continuous sine wave to send 
to another modem at the other end of the phone line. 

Finally, the UART takes parallel data from the microproces
sor and feeds a serial data stream to the modem. It also 
configures the modem's serial output to form a parallel word 
on the bus. The UART must add start, stop and parity bits to 
the data word from the bus before transmission of the char
acter and then strip off these same bits at the reception of a 
character. UARTs have long been available in IC form; they 
offer various degrees of programmability as well as such 
features as on-chip baud-rate generation and advanced mo
dem-interface capabilities. 

Moving from a block diagram to a specific one, consider the 
all-CMOS, intelligent-modem board shown in Figure 2. This 
system interfaces with the NSC800 bus; however, you could 
use any mutiplexed-bus microprocessor. The two -HC688s 
are bus comparators that are hard wired to generate chip
select signals to the dialer and UART upon accessing the 
proper memory location. The first -HC688 decodes the eight 
MSBs from the bus to activate the TP5088 tone generator. 
When a call is originated, the digits of the phone number are 
retrieved one at a time from system RAM. 

With the modem chip's transmitter squelched, the TP5088 
uses the OSI (drive-summing input) pin to the -HC943's line 
driver for tone transmission. In order to avoid clipping, you 
must be sure that the TP5088's output signal level does not 
exceed the transmit level selected by the TLA resistor. Writ
ing the data on bus lines ADo through AD3 to the tone-gen
erator address causes the TP5088's tone-enable input to 
switch high through the NOR gate. A low-going WR from the 
bus latches the four bits into the DTMF generator. 

When the -HC688's output enables tone generation, it 
simultaneously fires one of the -HC123 dual one-shots onto 
the NSC800 bus's Wait line for 80 msec. Thus, one of 16 
possible tone combinations feeds through to the central of
fice for 80 ms. Before the generation of the next tone, a 
software wait loop serves to turn the generator off for 80 
ms, i.e., until transmission of the next DTMF tone pair. This 
action allows for an 80-ms-On, 80-ms-Off make-break ratio, 
one that works with almost any central-office receiving 
equipment. You can change this make-break ratio to suit 
any requirement by altering the software timing and the one
shot's external-component values. 

The same bus comparator pulls in the relay to take the 
phone off-hook. A read to the address of the first -HC688 
does not affect the TP5088; instead, it clocks flip flop 1 of 
the -HC74 dual D flip flop. This action controls the on-/off
hook relay for answering or hanging up the phone connec-
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tion. Clocking the -HC7 4 flips the relay into its opposite 
state; resetting the NSC800 on power-up causes Reset-Out 
on the bus to become active. This signal, fed into the Clear 
input of the -HC74's flip flop 1, keeps the connection on
hook when power is first applied to the system. For micro
processors lacking this Reset-Out signal, a power-on reset 
circuit could provide this function. 

Directly connected to the phone line, the ring-indicator cir
cuit tells the microprocessor that the line is ringing locally. 
When this happens, the optocoupler's transistor toggles on 
and off, resulting in a long positive pulse from the normally 
low Schmitt-trigger NANO output. This signal routes to the 
RC network and Schmitt-trigger NANO gate, which form a 
simple one-shot. The resistor and capacitor values are such 
as to convert the ring signal from a series of low-going 
spikes into a constantly low logic level. 

The first pulse sets off the one-shot, which in turn drives the 
UART's input. The UART can then interrupt the processor 
as detailed in a later section. The 6000. 1: 1 transformer 
isolates the line from hazards. The transformer and ring-in
dicator circuit connect directly to the phone line; therefore, 
their designs must follow the isolation guidelines in FCC 
Rules, part 68. 

The NSC858 UART (Figure 3), a member of the NSC800TM 
family, features an on-chip baud-rate generator, a power
down mode and extensive interrupt capabilities. It also has 
two modem-control outputs (DTR and RTS) and three mo
dem-control inputs, (DCD, DSR] and CTS). The absence of 
an RS-232C connection in this application removes the 
need for most of these protocols. As a result, except for 
DCD, these controls serve as general-purpose 1/0 controls 
for the modem's SQT and O/A pins and as interrupt inputs. 

The NSC858 has internal registers that monitor the status of 
these inputs; if enabled, the registers cause the UART to 
interrupt the processor if a data set change occurs (i.e., if a 
logic level changes on one of the modem-control inputs). 
This is how the ring-indicator circuit in Figure 2 is able to 
generate an interrupt. The UART's DCD input is connected 
to the -HC943's carrier-detect (CD) output to generate an 
interrupt upon the loss of carrier to the modem. To see 
which status change is responsible for the interrupt, soft
ware can check the UART's modem-status register. 

In this application, the ATS output pin serves to control the 
O/A pin on the -HC943. The DTR output enters the billing
delay circuit shown in Figure 4; its function is to activate or 
deactivate the squelching function for the -HC943's modula
tor. Software squelches the modem only by asserting a logi
cal Zero on DTR whenever its intent is to open the 3-state 
output of the modem's sine-wave synthesizer (Figure 1) and 
to allow the tone generator to use the line driver for exter
nally generated tones. 

When PD goes Low, the -HC943 and -HC858 power down. 
The TP5088 is in its low-power mode whenever it is not 
producing tones. PD on the NSC800 bus is actually an input 
to power down the NSC800; therefore, it's assumed that 
another power-saving control device powers down the 
whole system. One example of such a device is a real-time 
clock (for example, the MM58167A) with an alarm-compare 
interrupt output that can interrupt the processor once during 
a selected time period. 
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FIGURE 3. Interface between the modem and the µP bus, the UART (Universal Asynchronous Receiver/Transmitter) 
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The modem, UART and DTMF dialer chip can use a 
3.579545 MHz TV color-burst crystal. Figure 2 shows the 
UART's crystal oscillator driving the other two devices. 
Schmitt triggers serve to square up the signals to the other 
devices. The added input capacitance from the Schmitt trig
gers slightly alters the oscillator frequency, but not appreci
ably (less than 0.1 % ). Note that it's important to balance 
any added capacitance on both sides of the crystal. 

FCC-REGISTERED PROTECTION 

Be warned that before you can legally connect any modem 
to the phone lines, you must obtain FCC approval of the 
protective circuitry (once known as the data-access ar
rangement). Figure Zs subsystem is registered as a "data
terminal device"; it must be able to withstand the high volt
ages specified in part 68 of the FCC's Rules and Regula
tions. Hybrid modules to perform the protective functions 
are available from various manufacturers; some come with 
FCC approval. 

Some of the available modules perform the ring-indicator, 
billing-delay, filtering, and hybrid functions (as well as other 
functions). Note, however, that these devices are too ex
pensive for high-volume modem systems. In many cases, 
moreover, the devices include unneeded or redundant func
tions. The configuration in Figure 2 uses a custom protec
tive circuit that includes only the necessary functions, but be 
aware that the circuit has not undergone the FCC approval 
process, so it carries no guarantees. For any protective-cir
cuit design, you'd be well advised to obtain the assistance 
of a qualified consultant in procuring FCC approval. 

PD 

SQT 

HC943 

r----t___/=>---1 ALB 

The billing-delay circuitry is shown in Figure 4. It uses an 
-HCOO quad NANO package, half of an -HC123 dual one
shot and half of an -HC74 dual D flip flop. This circuit keeps 
the -HC943 squelched for 2 sec after the connection goes 
off-hook in the answer mode. There is no transmission de
lay in the originate mode. The 2-sec interval allows the 
phone company to send supervisory billing tones before the 
transmission of any data. 

The UART's DTR output pin is low when the modem is to be 
squelched; this logic levei keeps the flip flop's 0 output 
cleared. This low logic level also masks the one-shot's out
put, so the signal from the NANO gates to the -HC943's 
SOT pin remains high, thereby keeping the modem 
squelched. When the UART brings DTR high, the flip flop's 
0 output stays low while the one-shot is fired. The -HC123's 
normally high Q output is now pulsed low for 2 sec; this 
action keeps the modem squelched during this time if the 
answer mode was previously selected. 

After the delay, the one-shot's output provides a rising edge 
to the flip flop's clock to transfer the high-logic-level input 
from DTR to the 0 output. The NANO gates now transfer a 
low level to the modem's SOT pin; as a result, the modem 
sends a 2025 Hz answer-mode mark. Note that if the sys
tem receives a power-down signal from PD, the modem is 
not allowed to transmit. 

If the microprocessor and firmware were included on the 
same board for submission to the FCC, separate billing-de
lay circuitry would not be necessary. A 2-sec software wait 
loop could instead provide the delay; it would act as the 
billing-delay circuitry. 

O/A 
(RTS) 

a 

HC123 

HC74 

CLK 

B 

0 
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FIGURE 4. The billing-delay circuit initiates or removes the squelch function, providing a 2-sec delay 
to allow the phone company to send supervisory billing tones before any data transmission. 
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DON'T FORGET SOFTWARE 

The hardware configuration discussed in the preceding sec
tion is, of course, useless without proper software routines 
to control it. This software comprises three phases: initiali
zation, call establishment and information transfer. Upon 
system power-up, the initialization procedure must reset the 
UART and prevent the modem from coming up in an arbi
trary mode and thereby transmitting a tone. 

The call-establishment phase can commence once the user 
makes his decision to call another modem or enables the 
system to accept an incoming call. The main program is for 
full-duplex character transfer once the phone connection is 
established and the two modems are talking. If the connec
tion is lost for one reason or another, the call-establishment 
phase is reentered. 

The initialization routine of Figure 5 serves to set up all the 
UART's registers immediately after power-up. It starts with a 
hardware reset from the microprocessor (Reset Out for the 
NSC800), thereby clearing most of the UART's internal reg
isters and disabling the modem-control pins and their asso
ciated interrupts. This register-clearing action also tempo
rarily disables transmission and reception through the 
UART; it's reenabled only after all the registers are correctly 
set up and the two modems are receiving each other's carri
ers. 

In the initialization of the transmit-mode register, the CTS 
(Clear To Send) pin is normally enabled-however, it's not 
used in this design, so it's left disabled. In both the transmit
and receive-mode registers, the same parity, data-size and 
internal-clock bits are written in the initialization word. One 
difference is that CTS is disabled in the TX mode register's 
bit 6, but in the RX mode register, bit 6 serves to enable 
DCD (data-carrier detect). 

The other difference is that the TX mode register accesses 
the transmit-abort end condition (T AEC), which decides 
whether the last character to be sent out of the UART 
(when transmission is disabled) is from the TX holding regis
ter or the TX shift register. The holding register is the first 
UART buffer to receive the data before it is sent to the shift 
register and clocked out to the modem (as shown in Figure 
3 ). T AEC selection depends on the perceived urgency of 
data reception, which is given higher priority than transmis
sion. 

The global mode register selects the clock factor ( x 16) for 
the on-chip baud-rate generator. This selection determines 
at what multiple of the baud rate data clocks into the trans
mit shift register and clocks out of the receive shift register. 
The global mode register also selects the number of trans
mit stop bits. 

The next step is to initialize the receive-transmit status mask 
register; this is used in conjunction with the receive-transmit 
status register, which is read to determine what caused the 
UART to interrupt the microprocessor. The status signals 
used to generate interrupts in this design include 

• Receiver data ready 

• Receiver overrun error (meaning data has overwritten an 
unread received character) 

• Receiver framing error (no valid stop bit detected) 

• Receiver parity error 

• Data set change 

The reason for writing to the transmit-receive status mask is 
to select those status signals that will be allowed to gener
ate interrupts. A data set change refers to a logic-level 
change on one of the modem's status input pins. The 
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BEGIN 

HARDWARE RESET: DISABLES RECEIVING, 
TRANSMITTING AND CTS PIN 

INITIALIZE TX MODE REGISTER: SELECT 
TAEC, PARITY, DATA SIZE AND INTERNAL TX 

CLOCK. LEAVE CTS DISABLED. 

INITIALIZE RX MODE REGISTER: SELECT 
PARITY, DATA SIZE AND INTERNAL RX CLOCK. 

ENABLE DCD. 

INITIALIZE RECEIVE-TRANSMIT STATUS MASK 
REGISTER: SELECT INTERRUPTS FOR: RX READY, 

DATA SET CHANGE, ERRORS (RX OVERRUN, FRAMING, 
PARITY) 

INITIALIZE MODEM STATUS MASK REGISTER: 6DCD 
(CARRIER LOSS DETECTION), 6DSR (USED FOR RING 

INDICATOR), 6BRK (RECEIVER BREAK DETECTION) 

SET BAUD-RATE GENERATOR 'DIVISOR LATCH: WRITE 
74510 TO GET 300 BAUD WITH 16 x CLOCK FACTOR 

TL/F/8425-5 

FIGURE 5. The initialization routine sets up the UART's 
registers just after power-up. A reset from the µP starts 

the sequence; it also disables transmission and 
reception through the UART until the modems receive 

each other's carriers. Additionally, it sets the clock 
factor and the baud-rate generator for the desired data 

rate. Finally, the initialization sequence selects 
autoanswer or auto-originate mode. 



UART's modem status mask register masks these signals 
to determine which ones will be allowed to create a data
set-change interrupt. 

The final area of initialization sets the baud rate for sending 
data out of the UART's transmit shift register and for clock
ing data out of the receive shift register. Writing a value of 
7 451 o into the baud-rate divisor latch gives 300-baud opera
tion with a 3.579545 MHz crystal, using the previously se
lected x 16 clock factor. 

AUTO-ORIGINATE ROUTINE 

The auto originate routine in Figure 6 begins by disabling 
interrupts to prevent an incoming call or anything else from 
taking over the processor and damaging the critical dialing 
timing. A read to the address occupied by the tone decoder 
causes the system to go off-hook. It's necessary to wait a 
suitable amount of time, depending on the phone system's 
response time, for a dial tone. Dial-tone reception is not 

AUTO-ORIGINATE 
ROUTINE 

RETRIEVE NEXT 
PHONE DIGIT 

FROM MEMORY 

DISABLE SYSTEM 
INTERRUPTS 

RE-ENABLE RING 
INDICATOR 

DR 
TRY CALL AGAIN 

acknowledged in this application, so it's best that the wait 
loop be as long as possible. 

Next, the first binary phone-number digit is retrieved from 
memory and is written onto the ADo through A03 line from 
the microprocessor bus. This action automatically puts the 
µP in wait state for 80 ms (in hardware) while the tone is 
sent. After this wait, a software wait loop gives 80 ms of 
silence between tones. The next phone-number digit is then 
retrieved from memory; the process continues until the 
number is completely dialed. 

At this point, selection of the originate mode occurs by writ
ing a Zero to bit 6 (ATS) in the command register. This 
action sets the ATS pin (which directly feeds O/A in the 
-HC943) High in the UART. Next, a wait loop occurs concur
rently with the polling of bit 5 of the modem status register. 
If, after 30 sec of waiting, no carrier is received (bit 5 = 0), 
the connection has not been established. A carrier is typi
cally detected in about 10 sec; 30 sec is the maximum. 

GO OFF·HOOK BY 
READING FROM TONE 
ENCODER'S ADDRESS 

SPACE 

PUT BINARY DATA ONTO AD0-AD3 
BY WRITING TD TPSOBB'S ADDRESS 

SPACE: BO·mSEC WAIT STATE OCCURS 
AS TONE IS SENT 

WAIT 
WHILE 

POLLING BIT 5 OF 
UART'S MODEM 

STATUS REGISTER 
FOR 30 SEC MAX 

FOR CARRIER. 

REMOVE SQUELCH FROM TRANSMITTER (UART'S 
DTR=1). THUS MODEM'S SQT=O. THIS SENDS 

ORIGINATE MODE MARK AT 1270 Hz. 

ENABLE RX & TX IN UART'S COMMAND REGISTER 
BEGIN FULL-DUPLEX COMMUNICATION 

TD MAIN 
TL/F/6425-6 

FIGURE 6. The auto-originate routine disables any interrupts during dialing. It provides 80-ms wait-state 
commands to the microprocessor while tones are sent, and 80 ms of silence between tones. If the call is not 

established within 30 sec, the sequence enables the ring indicator or tries the call again. 
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If no carrier is received, you can hang up the connection 
and call the number again, enter the autoanswer mode, or 
abandon the call. If the connection is established, and an 
answer-mode carrier is received, then writing a One to bit 7 
(DTR) of the command register removes the squelch previ
ously imposed upon the originate modem's carrier. This ac
tion causes the UART's DTR pin to switch Low; as a result, 
SOT = 0 in the modem. Now the UART's command regis
ter enables the receiver and transmitter, and full-duplex 
communication can begin through the main program. 

The autoanswer routine of Figure 7 must begin with an inter
rupt that indicates that the phone line has a ring signal on 
the answer modem's side of the telephone line. Before this 
can occur, it's necessary to enable interrupts. The hook
switch control circuit is still on-hook as it was after power
up. Writing a One to bit 7 of the UART's command register 
ensures squelching of the modem's transmitter. Writing a 
One to DSR in the modem mask register and Zeros to all 
other bits in this register prevents any other type of data
set-change interrupt from occurring. 

The system can continue to do other tasks in anticipation of 
a calling interrupt, providing the preceding conditions do not 
change. When an interrupt does occur, checking bit 7 of the 
receive-transmit status register reveals whether a data set 
change has occurred. If one hasn't occurred, then some 
other peripheral has interrupted the microprocessor. Upon 
verification of a data set change, it's necessary to check bit 
6 of the modem status register to see whether the DSR pin 
has gone high. 

Because all other bits in the modem status mask were 
masked out, it's unlikely that any other modem status pin 
has caused the interrupt. Once bit 6 is verified to be high, 
system interrupts are disabled and the processor's stack 
popped to prevent an interrupt return. Meanwhile, the phone 
line still sees a ringing signal, so a wait loop can be inserted 
for a programmed number of rings before the call is an
swered. The connection then goes off-hook as a result of 
reading the tone dialer's address space. 

Writing a One to bit 6 (RTS) of the command register se
lects the -HC943's answer mode. This action brings the mo
dem's O/A pin Low. A 2 sec wait now occurs in hardware, 

PROCESSOR IS PERFORMING OTHER SYSTEM 
TASKS RING INDICATOR CIRCUIT IS ON HOOK. 

READ RECEIVE-TRANSMIT 
STATUS REGISTER BIT 7 

(DATA SET CHANGED) MODEM'S TRANSMITTER IS SQUELCHED. 
INTERRUPTS ARE ENABLED. All DATA SET 

CHANGE INTERRUPTS ARE MASKED OUT 
EXCEPT DSR 

READ RECEIVE-TRANSMIT STATUS 
REGISTER, BIT 7 (DATA SET CHANGE) 

GO OFF-HOOK 
BY READING FROM TPSOBB's 

ADDRESS SPACE. 

ENABLE RX & TX IN UART 
COMMAND REGISTER 
BEGIN FULL DUPLEX 
COMMUNICATION. 

TO MAIN 

SELECT ANSWER MODE: 
SET UART RTS = 0 
(MODEM 0/ A= 0) 

CARRIER RECEIVED 

REMOVE SQUELCH FROM 
TRANSMITTER 

(SET UART'S DTR =1) CAUSING 
2·SEC FCC BILLING DELAY IN 
HARDWARE, THEN MODEM'S 
SOT GOES LOW TO SEND AN 

ANSWER MOOE MARK (2025 Hz) 

TIME OUT? 

GO ON-HOOK: READ FROM -------1" TONE ENCODER'S ADDRESS 
SPACE 

SQUELCH TRANSMITTER: SET UART'S 
DTR = 1, THUS MODEM'S SQT= 0) 

TL/F/8425-7 

FIGURE 7. This autoanswer routine begins with an interrupt indicating the phone line has a ring signal at the 
answer modem. The routine causes the answer modem to listen for the originate modem's carrier; If the carrier Is 
not received within 5 sec, the answer modem's carrier is suppressed and the originate side can attempt a recall. 
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as previously discussed. The originate modem is now wait
ing in silence. Writing a One to bit 7 (DTR) of the command 
register now removes the squelch imposed upon the an
swer modem's transmitter. This operation forces the -
HC943's squelch (SOT) pin Low and causes transmission of 
a 2025 Hz answer-mode mark. 

The answer modem is now anticipating the originate mo
dem's 1270 Hz carrier. During a 5 sec max wait, bit 5 (DCD) 
of the UART's modem-status register is polled for a logical 
One. If DCD does not go high in this time, the connection 
goes on-hook and the answer modem's carrier is sup
pressed by the squelch circuit. The originate modem can 
now attempt a recall. If the modem receives a carrier within 
the 5 sec limit, bits 0 and 1 in the command register both go 
High, enabling both transmission and reception. Full-duplex 
communication can now begin, and access to the main pro
gram for this operation now occurs. 

MAIN 

REMOTE ANO LOCAL MODEMS 
BOTH ACTIVE (NO SQUELCH); CARRIERS 

. DETECTED BY BOTH MODEMS. 
INTERRUPTS ARE ENABLED AND 

ARE SERVICED BELOW 

THE MAIN RX/TX PROGRAM 

After establishing the phone connection between the two 
modems, the main program of Figure 8 controls the recep
tion and transmission of data. The routine begins with the 
enabling of system interrupts. Transmission uses a well
known polling technique that checks the receive-transmit 
status register whenever a character is ready for transmis
sion. If the TXBE (transmit buffer empty) bit is Zero, polling 
of the bit continues until it reads logical One. A character is 
then written into the transmit holding register and the pro
cess continues. The character is also transferred to and 
clocked out of the transmit shift register and sent to the 
-HC943; this final process is transparent to the software. 

Data reception receives a higher priority than does trans
mission, in most cases, because a character will be over-

CONTINUE WITH OTHER SYSTEM TASKS 

BIT1 =1 

WRITE CHARACTER TD TRANSMITTER 
HOLDING REGISTER 

TRANSMITTER BUFFER FULL 

TL/F/8425-8 

FIGURE 8. After the establishment of a phone connection, this communications program takes over the management 
of the modem-to-modem conversation. Because reception Is accorded a higher priority than is transmission, it's 

interrupt driven; I.e., receiving a data word gets top priority. The routine checks for errors and allows for 
retransmission when an error is detected. In the case of loss of carrier, the sequence arranges for both modems to 

revert to their autoanswer and auto-originate modes. 
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written in the UART if it is not read promptly enough. Thus, 
reception is interrupt-driven. Other UART-oriented functions 
are interrupt-driven in the main program, but reception of a 
data word receives top priority. 

A read of the receive-transmit status register serves to poll 
six of its important bits. Bit O (Receiver Data Ready) is 
polled first; if it's a logical One, a read of the RX holding 
register takes place. This action is followed by an interrupt 
return that transfers control back to the transmission mode. 
If bit O yields no information, bits 3, 4 and 5 are read in 
order. If one of these bits reads logical One, this means a 
receiver-overrun, framing or parity error has occurred; the 
incoming data is defective and must be retransmitted. 

A suitable means of requesting a retransmission of the last 
block of characters is to transmit a break, which is a contin
uous string of logical Zeros. Variable break lengths are pro
grammable on the NSC858. If the three bits yield no error 
information, then a check of bit 3 (BAK) reveals whether the 
remote modem has received an error and is requesting a 
block resend. The two modems must agree upon both 
break length and block size in order to honor retransmission 
requests. 

Finally, if none of these bits yields any information on the 
cause of the interrupt, the only remaining possibility is loss 
of carrier. This loss is verifiable by looking for a logical Zero 
on bit 5 of the modem status mask. If carrier loss occurs, 
communication must be reestablished. Both modems are 
put back in their originate or answer modes, as applicable. 

Note in Figure 8 that a full RX buffer or an RX error does not 
require a stack pop, because the transmission of data can 
continue undisturbed. If, instead, a break is received (imply
ing loss of carrier), then the stack must be popped because 
data transmission is in error or has been broken off-so 
there's no sense in returning to the transmit mode. 

HOW MUCH POWER? 

Hardware and software requirements satisfied, it's impor
tant to consider the worldly question of power consumption. 
It's easy to calculate the consumption of Figure 2's system. 
The -HC688s, the -HC123 and the -HC74 switch at a very 
slow rate, so you can use their quiescent-Ice specs. At 
25°C, the worst-case Ice for these devices is 8 µA. The 
other logic chips (i.e., the quad NOR and Schmitt NANO) 
are also 74HC devices; they consume only 2 µA per pack
age at 25°C. 

r - -M"M74HC9421943 - - , 
I 
I 

-------iALB 
I 
I 

-+ ..... -----1 SQT 

1N401, 
1N417, 

ETC 

I XTALD 

I XTALS 
I ._ ___________ _ 
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FIGURE 9. This simple power-down circuit 
puts the crystal oscillator to sleep, reducing the 

modem's quiescent current by 245 µA. 
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The consumption of the -HC devices is insignificant in com
parison with that of the larger circuits in Figure 2. The 
NSC858 uses 5 mA when operating at 300 baud, and it 
uses, at most, approximately 200 µA in power-down mode. 
The -HC943 consumes 9 mA max when transmitting at 
- 9 dBm; Ice drops to 250 µA in power-down mode. The 
resistor divider for the -HC943's analog-ground connection 
consumes approximately 1 mA. This current is not required 
by the -HC942; moreover, using an op-amp-generated refer
ence instead of a divider can eliminate it for the -HC943. 

Because the TP5088 never operates at the same time as 
the modem, and because the modem consumes more pow
er, only the DTMF generator's idle-mode (no tones sent) 
current of 100 µA is needed. The hook-switch relay typically 
consumes about 5 mA, but this figure is strongly dependent 
on the type of relay used. The ring-indicator circuit is· 1ine 
powered; therefore, you need not include its consumption in 
these calculations. 

The total worst-case current at 25°C is 20 mA when the 
modem is transmitting, 1.5 mA when the system is in the 
power-down state. This power-down current is roughly 
equivalent to the current consumed by a single low-power 
Schottky-logic gate. Figure 9 shows a method of powering 
down the crystal oscillator, reducing the power-down cur
rent for the -HC943 and the system in Figure 2 by 245 µA. 
Note that the microprocessor's power calculations, and 
those of the system memory or other peripherals, are not 
included in these computations. 

APPLICATIONS AREAS 

Where can you apply the modem system described in this 
article? The most obvious application area is perhaps the 
area of personal computers. But this design is suitable for 
many other microprocessor-controlled systems. For exam
ple, Figure 10 shows a µP-based electronic-funds-transfer 
(EFT) terminal (using public telephone lines) at a gasoline 
station. The system comprises a magnetic-card reader 
linked to a display, and several gasoline pumps, each with 
its own display. 

The pumps are connected to the system controller, which is 
a µP-based system with memory, data-encryption firmware, 
pump-control electronics and a modem board. Because 
transactions are executed upon the request of the debit
card holder (and not on the request of the bank), the mo-

ELECTRONIC· 
FUNDS

TRANSFER 
TERMINAL 

TO NETWORK 
CONTROLLER ....... 
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FIGURE 10. An electronic-funds-transfer system 
allows for gasoline purchases in this example. The gas 

pumps connect to a system controller that protects 
data by using an encryption technique. The system 
uses public phone lines instead of expensive leased 

lines. The preferred data rate for such proposed 
systems Is 300 baud. 



dem circuit of Figure 2 would be configured as an originate
only system. The answer-routine software and the ring-indi
cator circuit are not needed. 

For central-office receiving equipment that operates on 
pulses rather than on DTMF tones, the tone-dialing circuitry 
(TP5088, -HC688 and -HC123) is also unneeded. The mi
croprocessor could toggle the logic-controlled relay to send 
the dialing pulses while software wait loops control the 
pulse duration. 

For a large number of EFT terminals linked to one system, a 
subset of the terminals could interface with a network con
troller that would communicate with the central computer at 
a much higher data rate than that of any one terminal. The 
network controller would multiplex the data from the termi
nals in its local cluster. This configuration would reduce the 
number of leased lines used from one per terminal to one 
per controller, substantially reducing system cost. 

Most of the risk of opening the public phone system to elec
tronic-funds transfer could be eliminated by using data en
cryption, with a key that's easily changed electronically (and 
it should be changed as often as possible). Data encryption 
handled in hardware would offer the speediest operation. 
Such networks are common today, except that usually only 
leased lines are used for EFT. Standards for EFT over the 
public phone system are currently in development. 

In using public phone lines for EFT, the data-transfer rate 
would necessarily be 300 baud for reliable operation over all 
the lines in the system. The 212A standard could also apply 
(it would be as reliable as the 103 standard because it has a 
300-baud FSK backup mode), but a single-chip 212A IC 
could easily attain ten times the cost of the 300-baud 
-HC943 because of the IC's much greater die size. A small
er number of applications would derive much benefit from 
the more expensive 212A IC; applications in which very 
short blocks of data are transferred would glean the least 
benefit of all. 

For example, if the total number of characters (bytes of 
data) to be transferred is 60, then the transmission time is 2 
sec at 300 baud. Using the 212A standard (1200 baud; full 
duplex), this time would be reduced to 0.5 sec, for a 1.5-sec 
savings. This time savings is minimal in terms of billing time. 
And when you consider the total calling time, this 1.5-sec 
decreased delay does not make the EFT terminal or credit
verification system appreciably more convenient. 

Long-distance dialing with a conventional pulse or rotary 
system can take as long as 10 sec, while DTMF dialing 
takes 1 sec. The interoffice switching time from dialing com
pletion to remote ring can be as long as 12 sec. Finally, for 
every data transmission over the phone system, the FCC 
requires a 2-sec billing delay before data can be sent. So, 
the total transmission time can be as long as 1 Bsec with 
DTMF dialing; 26 sec with pulses. It's now evident why the 
savings of 1.5 out of 18 or 26 sec does not justify the much 
greater cost of a 212A system in applications using short 
blocks of data. For a properly engineered EFT system, a 60-
character block of data per transaction in both directions is 
not unreasonably restrictive. 

Finally, there are many other applications that could use the 
public phone lines to transmit data and that could benefit 
from the advantages of 1-chip modems. These areas in
clude credit-verification terminals, security systems, acous
tic modems, cellular telephones, vending machines, elec
tronic-mail terminals and remote utility-metering devices. 

2-197 

ANATOMY OF A 1-CHIP MODEM 

The Bell 103 standard specifies the frequency bands for 
FSK marks and spaces. If the modem originates the call, it 
transmits a space as a 1070 Hz; sine wave; a mark is at 
1270 Hz. It receives a mark as 2225 Hz and a space as 
2025 Hz. Consequently, the answer modem receives marks 
at 1270 Hz and spaces at 1070 Hz; it transmits them at 
2225 and 2025 Hz, respectively. Originate and answer 
modes are selectable on the -HC943's 0/A pin (Figure A). 

The transmission level is set by a resistor to the TLA (trans
mit-level adjust) pin. The resistor values and attendant 
transmit levels ·follow the Universal Service Order Code, as 
shown in the -HC943's data sheet. Raising the SOT pin pro
duces a squelch, causing the modem's sine-wave synthe
sizer to assume open 3-state outputs. A squelch action is 
needed when the modem's line driver is being used to send 
externally generated dial tones, voice transmission or other 
signals. 

The modem IC also has an analog loopback (ALB) pin that, 
when taken high, allows input data on pin TXD to come out 
on the RXD pin after a short delay. Analog loopback is use
ful as a diagnostic tool. When both SOT and ALB are taken 
high, the -HC943 goes into its power-down mode-Ice 
drops to 250 µA and the line-driver's 3-state output as
sumes the open state. 

The -HC943 has an on-chip carrier-detect circuit that signals 
the reception of an adequate carrier (signal from the modem 
at the other end of the line). When no carrier is present, the 
modem's CD output assumes a logical One. When a carrier 
at or above -44 dBm is received, CD goes low after a time 
delay that's controllable by the CDT input. 

The carrier-detect trip point then drops 3 dB, providing hys
teresis to stabilize the CD output. Varying the capacitor on 
the CDT pin changes the carrier-detect turn-on time delay. 
This capacitor similarly affects carrier-detect turn-off time. 
The carrier-detect off-to-on times are set to be longer than 
the on-to-off times. This means the carrier must be present 
and stable to be acknowledged; and that if the carrier 
changes from a stable level to a marginal one, it will be 
quickly rejected. 

The -HC943 offers several advantages over other ap
proaches to modem design. One beneficial feature is the 
fact that the receive filter, carrier-detect circuit and hybrid 
function are included on the chip (Figure A). This inclusion 
lowers parts count, saves board space and makes the part 
easy to design in and use. 

The IC is also very economical with power, using only 8 mA 
when transmitting at - 9 dBm. It also includes a power
down mode that reduces Ice to 250 µA The device oper
ates from one 5V supply; this span gives the modem a typi
cal output transmit range of -9 to -12 dBm. A variation, 
the -HC942, has an output transmit range of O to -12 dBm 
typ when operating from ± 5V supplies. 

The -HC943 performs well in the presence of noise. In tests 
using the industry-standard C-message-weighted noise in
jected over a resistive phone-line simulator and with the mo
dem's transmitter sending pseudorandom data, the IC re
ceived a 511-bit pseudorandom pattern with a bit-error rate 
of 10-s, or one error in 1Q5 bits sent. These tests were 
conducted with 4.5-dB signal-to-noise ratio. Further bit-er
ror-rate tests are under way; the results will be published 
soon. 
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FIGURE A. A 1-chip CMOS modem IC handles 300-baud communications. It generates and receives (and filters) 
the needed 1070-, 1270-, 2025- and 2225-Hz mark and space signals. Other features include 

analog loopback, on-chip carrier-detect circuitry, line-interface circuits, and, of course, modulation and 
demodulation sections. The IC consumes B mA in active mode; 250 µA when powered down. 
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Optimum Hybrid Design 

Optimizing the interface between the phone line and a mo
dem can significantly improve modem performance. An in
crease of 6 dB in transmitted tone rejection can often be 
achieved. Depending on the modem design this can provide 
a similar or greater improvement in dynamic range. 

The analysis described in this article uses the properties of 
conformal mappings to produce a solution which is valid for 
an entire locus of circuits, rather than a single one as is 
generally the result of circuit analyses. 

PART I: PRACTICAL CONSIDERATIONS 

Most low speed, full duplex modems use the phone line for 
transmitting and receiving signals simultaneously. A large 
part of the circuitry in a Bell 103 modem is devoted to sepa
rating the transmitted from the received signals. The tele
phone line hybrid performs some of this function. By sub
tracting the transmitted from the received signal some 
transmitted signal component in the receive path can be 
eliminated. The receive filter removes much of the remain
ing transmitted tone but is incapable of removing modula
tion sidebands and harmonic distortion products of the 
transmitter. Most receive filters have limited dynamic range 
specifications, so optimizing the hybrid allows maximum sig
nal to be presented to the receive filter and thus optimizes 
the overall modem dynamic range. 

The analysis presented in this article is performed at two 
frequencies, 1 kHz and 3 kHz. This was done due to the 
availability of data on the phone line input impedance at 

MO OEM 
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HYBRID 
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these frequencies. The format of the analysis is general, 
however, and can be applied to any available data. 

A block diagram of the phone line, data access arrange
ment (D.A.A.) and hybrid is shown in Figure 1. The D.A.A. 
provides interfacing between the phone line and the hybrid. 
A circuit of a typical D.A.A. is shown in Figure 2. Many of its 
components do not affect the A.C. performance of the sys
tem, being included to draw line current, provide on/off 
hook control and perform other similar functions. The hybrid 
performs two to four wire conversion. 

The most common hybrid circuit is shown in Figure 3. This 
circuit is the one used in National Semiconductor's 
MM74HC942 and MM74HC943 single chip 300 baud mo
dems. Analysis of this circuit reveals it nulls the transmitted 
signal only for the case where the D.A.A. input impedance is 
6000.. The phone line input impedance, and thus the D.A.A. 
input impedance varies from line to line, and this ideal case 
is rare. 

By optimizing the hybrid circuit, performance improvements 
can be achieved. For modems for the consumer market the 
extra component cost may not justify the performance im
provements. For the industrial market however, the perform
ance improvements may outweigh the cost. 

The variety of phone line impedances are demonstrated in 
Figure 4a. and Figure 4b. As can be seen the impedance 
varies over a wide range, and 6000. is not a good approxi
mation of the value. The data for these graphs is from 
Gresh(2). 
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FIGURE 1. Hybrid, D.A.A. and Phone Line 
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Improved Hybrid Topology 

A common variation of the circuit of Figure 3 is to replace 
R2 with an RC network. This does allow the hybrid to be 
optimized, but causes the circuit to have a non-flat frequen
cy response from the phone line to the hybrid output. This 
causes little change in actual performance, but does cause 
the modem's carrier amplitude detect circuit to trip at differ
ent points depending on the mode of the modem (Answer or 
Originate). This is undesirable. 

An improved hybrid circuit is shown in Figure 5. This circuit 
has fixed gain from the phone line to the modem output, and 
achieves good performance after optimum selection of the 
components. 

This article includes a computer program which optimizes 
the component values of this circuit. It is possible to use this 
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FIGURE 4A. Input Impedance of Phone Line at 3 kHz 
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program without fully understanding the details of its opera
tion, however some of its operation must be understood. 

The Hybrid Design Problem 

The aim of the hybrid is to minimize the hybrid gain G from 
the transmitter output to the modem input. Generally, a val
ue Gmax will be chosen that is the maximum tolerable gain. 
Phase shift does not affect modem performance so the gain 
G can be a complex number. Thus the modem design goal 
can be expressed by the equation 

I GI< Gmax (Eqn.1). 

Obviously minimizing Gmax would also be a benefit. This 
equation is the equation of a circle. The range of values of G 
in complex space is called the "gain space". 
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FIGURE 6. Design Solution Space 

Due to some mathematics described in Part 2 of this article, 
for any hybrid or D.A.A. design the range of phone line im
pedances for which Eqn.1 is satisfied falls inside a circle. 
This means this hybrid design meets its design goal for all 
the impedances enclosed by this circle. This is illustrated in 
Figure6. 

As the circle of impedances for which the design goal is met 
depends on the hybrid design, this design may be altered to 
move the circle of phone line impedances for which the 
design goal is satisfied. This is to some extent a reverse 
way of looking at the problem. A hybrid design is chosen, 
and analysis of its performance shows it meets its design 
goal for a circular disk of phone line impedances. This circu
lar range of impedances may not include many of the possi
ble phone line input impedances. In this case it is necessary 
to adjust the hybrid design until the circle of impedances for 
which the design goal is met is a reasonable approximation 
of the range of phone line impedances. 

In practice it is easier to solve the problem in a more direct 
manner. Since the design will meet its goal for a range of 
impedances in the form of a circle, as the first step of the 
hybrid· design this circle may be chosen. For the range of 
impedances described by this circle the hybrid will show a 
range of gain values which will be a circle, but may not be of 
the form of Eqn.1, the design goal. The hybrid may then be 
adjusted until, for the range of phone line impedances cho
sen, the gain is of the form of Eqn.1. At this point the radius 
of the circle Gmax, is evaluated. This gives the best possi
ble design goal based on the range of impedances of the 
analysis. 

The design problem is thus one of choosing R1, R2 and C2 
so the circle of impedances for which Eqn.1 is satisfied en
closes the areas of phone line impedances of interest. The 
constraints applying to the choice of the circle representing 
the phone line is discussed in the worked example. 

The Effect of the D.A.A. 

Before the circuit can be optimized the effect of any circuitry 
between the hybrid and the phone line must be taken into 
consideration. This is not difficult because, just as the hybrid 
generated a circular range of impedances for which the de
sign goal was satisfied, the D.A.A. input impedance, for a 
circular range of load impedances, will cover a circular 
range. 

Understanding exactly the relation between the phone line 
input impedance and the D.A.A. input impedance is a diffi
cult task. This task is sidestepped by evaluating the effect of 
the D.A.A. at three points for each frequency of analysis. 
These points are chosen to provide all the necessary data 
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on the effect of the D.A.A. This is demonstrated in the ex
ample and explained fully in Part 2. 

HYBRID DESIGN EXAMPLE 

This example covers the complete design of a hybrid. The 
design example uses a MIDCOM 671-0017 transformer, but 
the technique is applicable to any D.A.A circuit. 

Step 1: Designing the D.A.A. Input Impedance 

It is necessary that the final circuit, when measured from the 
phone line, have an input impedance of 600.0. ± 10% to 
meet F.C.C. specifications. This impedance should be resis
tive. Several components of the D.A.A. affect the final cir
cuit's input impedance. These must be identified and the 
necessary components adjusted until the design meets its 
goal. 

From Figure 2 it can be seen that few components of the 
D.A.A. affect the A.C. performance of the system. The resis
tor R3 is usually very large and can be ignored. The transis
tors 01, 02 and 03 form a current source which does not 
have any effect on A.C. The diodes DZ1 and DZ2 are for 
surge suppression and may also be ignored. Thus the only 
components which affect the A.C. performance of the 
D.A.A. are the transformer, the capacitor C1, the hybrid out
put impedance R1, and the phone line input impedance ZL. 

By adjusting R1 and C1 it is possible to adjust the input 
impedance of the circuit to meet the specification. This may 
be done using the simplified circuit shown in Figure 1. It 
should be done at about 2 kHz so optimum performance is 
achieved across the 300-3 kHz band of the phone line. 

Some modem designers find the value of R1 simply by mea
suring the D.C. resistance of the transformer and subtract
ing it from 600.0.. This will not compensate for incomplete 
coupling between transformer windings, or a transformer 
with an unequal number of turns on the primary and second
ary sides. Thus optimum designs can only be achieved with 
an impedance analyzer and actual measurements of circuit 
performance. 

The values of R1 and C1 should consist of "preferred" val
ues for ease of manufacture of the finished circuit. The val
ue of R1 in Figure 7 consists of the parallel value of Rr and 
RF of the improved hybrid circuit of Figure 5. At this point RF 
can be chosen, the only real constraint being that it be 
much greater than 600.0. so it has minimal effect on the rest 
of the circuit. A value of 20 k.O. is suitable for most applica
tions. 

By trial and error it was found that the value of the capacitor 
C1 required for the MIDCOM 671-0017 transformer is 
.01 µF. This brings the phase of the transformer input im
pedance to less than 1 degree. A resistor R1 of value 601 n. 
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FIGURE 7. Designing D.A.A. Input Impedance 

(20k in parallel with 620fi) gave an input impedance of the 
network of 603n. It could be argued that these adjustments 
are unnecessary, as a 600n resistor and no capacitor will 
provide an input impedance which is within the F.C.C. speci
fications. However, some transformers, particulary low qual
ity miniature ones, will. cause the final design to fall outside 
of F.C.C. specifications if these adjustments are not includ
ed. They were thus included for completeness. 

Step 2: Characterizing the Phone Line 

The range of impedances seen looking into the phone line 
must be defined. Since the final circuit works for a circular 

-1DDD 
(300. )120) 

-500 

(300. )780) 

range of impedances, this range of phone line impedances 
must be chosen. This is chosen by drawing a circle on a plot 
of phone line input impedances. This circle is chosen to 
enclose most values in an efficient manner. This is demon
strated in Figure 8. 

At this point some engineering discretion must be applied. 
As a small circle represents a small range of phone line 
input impedance variation, it is intuitive that an optimized 
design should have high performance, and the measure of 
hybrid performance Gmax will be small, indicating high 
transmitter rejection. Thus the circle chosen should be 
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FIGURE 8. Phone Line Input Impedance Circles 
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small. On the other hand, the smaller the circle, the smaller 
the percentage of possible phone line input impedances en
closed by it, and the Jess meaningful the final design be
comes. 

Phone line input impedance circles should be chosen at 
both 1 kHz and 3 kHz, the two frequencies at which data is 
available. 

Three points on the perimeter of each of these circles are 
then chosen. As three points define a circle, these six points 
define the range of phone line impedances at the two fre
quencies. These points contain all the information of the 
circles which were drawn. The values chosen by the author 
from the data of Figure 8 are given in Table I, together with 
R and C combinations which produce these impedances. 

Combinations of resistors and capacitors are then selected 
to simulate these impedances. These RC networks are 
used as a crude phone line simulator in the proceeding 
analysis as is shown in Figure 9. 

Step 3: Characterizing the D.A.A. 

The RC networks simulating the phone line are placed on 
the phone line side of the D.A.A. The input impedance of 
the D.A.A. is then measured for each RC network at the 
relevant frequency. This is illustrated in Figure 9. The six 
impedance values measured at this point now completely 
specify the D.A.A. and phone line. These values are used as 
inputs for the hybrid optimization program. 

TABLE I. 
Phone Line and D.A.A. Characterization Impedances 

Freq. ZpL R c ZoAA 

1 kHz 290-j 500 290 0.33 µF 419-j 564 

1 kHz 800-j 850 800 0.18 µF 970-j 870 

1 kHz 500 500 0 594-j 10 

3 kHz 300-j 120 300 0.44 µF 390-j 115 

3 kHz 300-j 780 300 0.68 nF 344-j 812 

3 kHz 620-j 450 620 0.12 µF 651-j 511 

Step 4: Running the Optimization Routine 

The program included in Part 2 can now be run. This pro
gram is written in HP Basic (3). This code used in this pro
gram is very similar to FORTRAN so if users do not have 
access to a machine capable of running HP Basic, transla
tion to FORTRAN should be straightforward. The author has 
been running the program on the HP98XX series desktop 
computers. An example of the program output is provided 
as a guide. The program provides all the necessary 
prompts. The steps are: 

1) Enter the program and begin execution. 

IMPEDANCE 
ANALYZER 

D.A.A. 

2) Enter the value of the resistor Rr of Figure 5 as deter
mined in the section "Designing the Hybrid Input Imped
ance". 

3) Enter the real and imaginary parts of the 6 measurements 
from "Characterizing the D.A.A." So long as the values 
are entered for the correct frequency class the order is 
unimportant. These are echoed by the program, including 
the center and radius of the circle defined by them. 

The program will then print the transmitter gain for the hy
brid circuit which has been optimized for a 6000. load. This 
is the "Transmitter rejection for A = 0.25". In the example 
given this was 11 dB at 1 kHz and only 5 dB at 3 kHz. 

The program then also prints the "Best transmitter rejec
tion". This is the optimum performance which can be 
achieved under the worst conditions within the range cho
sen. Most loads within the range will show better perform
ance than this. As can be seen from the example this is 
considerably more rejection than provided by the simple cir
cuit, providing an extra 6 dB at 1 kHz and 7.5 dB at 3 kHz. 

The "Optimized A Value" refers to the gain to the non-in
verting input of the op-amp for optimum performance. 

The "Gain Circle Center" and "Gain Circle Radius" refer to 
the circle of Eqn.1. These values were calculated inside the 
program and demonstrate that the final solution has the 
form of Eqn.1: a drcle centered at the origin. 

4) Enter a value for R1 of Figure 5. This value is arbitrary, 
but will affect the final values of R2 and C2. 20 kn is 
usually suitable. 

The program will then return optimum values of R2 and C2 
for each frequency. A compromise depending on the actual 
final design is chosen. For example, suppose the modem 
was "Originate only", then high frequency performance is 
more important than low, as the modem receives on the 
high frequency band. Thus resistor and capacitor values 
should be chosen to optimize performance at high frequen
cies. For an "Answer or Originate" modem the values 
should be chosen for the frequency at which performance is 
poorest, as this can least be compromised. At this point 
component values should be rounded off to "preferred val
ues". 

The program will then print the actual performance based 
on the final chosen values. As can be seen in the example 
the effect of the compromise is not great, as the final values 
are worse by approximately 2 dB at 1 kHz and 0.2 dB at 
3 kHz than the best possible. 

Step 5: The Final Circuit 

Figure 10 shows the final hybrid circuit while Figure 11 
shows a complete modem circuit with an optimized hybrid 
and employing the MM74HC943 single chip modem. As can 
be seen the additional circuitry required to provide an opti· 
mized hybrid is small. 
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FIGURE 9. Characterizing the D.A.A. 
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FIGURE 11. Complete Stand Alone Modem With Optimized Hybrid 

PART 2: PROBLEM ANAL VSIS 

This presents the analysis of the hybrid design problem, and 
discusses the techniques to optimize the design. The analy· 
sis proceeds by first evaluating a performance criterion for a 
given hybrid design. Then, using a computer program, this 
performance is optimized. 

A block diagram of the functions from the phone line to the 
modem is shown in Figure 1. The analysis of the hybrid 
optimization problem consists of four parts: 

1) Stating the Design Goal 

2) Analyzing the Hybrid, D.A.A. and Phone Line Interaction 
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3) Optimizing the Hybrid Design 

4) Realizing the Optimized Hybrid Design 

1) The Design Goal 
From Figure 5, assuming RF ~ Rr the gain from the trans
mitter output to the hybrid output is: 

G=2.0XA-~ 
ZL + Rr (Eqn.2), 

where A= R2 
R1 + R2 + sR1 R2C2 (Eqn.3). 
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is the non-inverting gain from the transmitter to the op-amp, 
ZL is the Thevenin equivalent input impedance of the D.A.A. 
and s is the Laplace Transform variable. 

Note that the transmitter signal is completely rejected in the 
case RT = ZL = 600, A = 0.25. This is the case of the 
resistive hybrid designed for an "ideal" phone line. 

Since the purpose of the hybrid is to reject transmitted 
tones, a figure of merit of the hybrid is the transmitter rejec
tion, the reciprocal of the hybrid gain. The task of optimizing 
the hybird design is to minimize G for the entire locus of ZL 
For this locus of ZL there will exist Gmax, a scalar equal to 
the absolute value of the worst case gain of the hybrid. As G 
may be a complex number the design goal may now be 
written 

I GI< Gmax (Eqn.4). 

(This is Eqn.1 of Part 1 and is repeated here for complete
ness). The locus of G satisfying this equation will lie inside 
the circle. 

I GI= Gmax (Eqn.5). 

The goal of the hybrid design is to find the value of A such 
that Gmax is minimized, and Eqn.4 is satisfied for the entire 
locus of the hybrid load ZL. 

Mathematica! Tools 

Before the hybrid can be optimized the mathematics of the 
problem must be further defined. 

The relationship Eqn.2 states that for fixed A, for each load 
ZL there exists a gain G satisfying Eqn.2. This equation may 
be considered a transform mapping the Load Space onto 
the Hybrid Gain Space. 

This transform is of a very clearly defined nature. It is a 
Linear Fractional Transformation, which is a special case of 
a Conformal Mapping (1 ). Conformal Mappings have the fol
lowing properties: 

1) They map circles onto circles 

2) They have inverses 

3) Their inverses are Conformal Mappings 

4) The combination of two conformal mappings is a confor-
mal mapping · 

Many relationships between various aspects of linear net
works are conformal mappings. For example, the relation
ship between the input impedance of a linear two-port and 
the termination impedance of the two-port is a conformal 
mapping. 

IMAGINARY 
AXIS 

The mapping of a circle by a conformal mapping may be 
characterized by evaluating its affect on three arbitary 
points on the perimeter of the circle. These points will lie on 
the perimeter of the circle to which this circle is mapped. 
The center and radius of the new circle may then be found 
using simple algebra. This is illustrated in Figure 12. 

The Hybrid, D.A.A. and Phone Line Interaction 

The information available to the hybrid designer consists of: 

(i) The hybrid topology is known. Only one complex num-
ber A is required to define the hybrid electrical charac
teristics at a given frequency. 

(ii) The electrical characteristics of the D.A.A. can be mea
sured. The D.A.A. design is based on phone-line inter
face constraints. Once these are met the D.A.A. can be 
characterized. 

(iii) The locus of the phone line input impedance is available (2). 

From this information the analysis proceeds by: 

(i) The locus of D.A.A. input impedances is evaluated. This 
is done by sidestepping the complex problem of fully ana
lyzing the D.A.A. The final form of the design goal is in the 
form of a circle. As the hybrid may be represented by a 
conformal mapping, and the D.A.A. is a linear network, 
the relation between its input impedance and the phone 
line input impedance is a conformal mapping. Thus by 
Conformal Mapping Property No. 4 the locus of phone 
line input impedances for which the hybrid meets its de
sign goal will be a circle. 

The range of phone line input impedances for which the 
hybrid will be optimized may be chosen. The basic tradeoffs 
made in this task are discussed in the section "Characteriz
ing the Phone Line". 

Once these circles have been chosen the effect of the 
D.A.A. is evaluated to find the locus of D.A.A. input imped
ances. The final form of this locus for the purposes of this 
analysis is a circle. This circle may be found by terminating 
the D.A.A. with three impedances, these impedances hav
ing been chosen to lie on the perimeter of the. circles of 
phone line input impedance. With each of these impedances 
on the D.A.A., its input impedance is measured. The three 
input impedances will lie on a circle, and this circle will de
fine the locus of D.A.A. input impedances. This second cir
cle may be evaluated for its center and radius using simple 
algebra. This procedure is repeated at each frequency for 
which impedance data is available. 

Thus the problem of characterizing the D.A.A. has been re
duced to measuring its affect on three points at each fre-
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FIGURE 12. The Conformal Mapping of a Circle 
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quency of analysis. These points were carefully chosen to 
contain all the information necessary for the problem solu
tion so detailed D.A.A. circuit analysis is not necessary. 

Maximum Hybrid Gain 

Once the circles representing the loci of loads have been 
defined the maximum hybrid gain may be calculated for the 
given hybrid parameters. The three points of possible loads 
defining each load circle are transformed to Gain Space 
using Eqn.2 and Eqn.3. The three points in Gain Space now 
define the circle of possible hybrid gain. 

Thus the entire range of circuit gains for the entire range of 
phone line input impedances have been evaluated. This 
was performed by the two conformal mappings, one from 
the phone line to the D.A.A. input impedance via the D.A.A. 
and the second from the D.A.A. input impedance to the hy
brid gain via Eqns. 2 and 3. 

Once the points defining the circles of possible hybrid gain 
have been found, they may be solved for their centers and 
radii. The maximum hybrid gain may be evaluated. By in
spection of Figure 13 the maximum transmit path gain is 

Gmax = I Cx + jCy I + R (Eqn.6). 

The analysis thus yields a unique number characterizing the 
hybrid at each frequency. This number is th13 worst possible 
performance for the entire locus of loads selected for the 
analysis. 

Optimizing the Hybrid 

As the performance of a hybrid can now be evaluated for 
any amplifier gain the problem remains to choose the value 
of A which optimizes hybrid performance. This is done using 
a simple numerical search algorithm. 

First a value of amplifier gain is arbitarily chosen. Four 
points around this value are then chosen. The distance be-

lm(G) 

tween the central point and the outer points is arbitrary. The 
hybrid performance is then evaluated at each of these five 
points. Based on the behavior at each of these points a 
search routine may be implemented. This is illustrated in 
Figure 14. 

If the best value of A is found to be one of the outer four 
points, this point is chosen as the central point for another 
matrix of gain values. 

If the best value of A is the central point, the best possible 
hybrid is inside the area defined by the outer points, so the 
search increment Ainc is halved. This allows greater resolu
tion for the search. The search then continues using the 
new value of Ainc· 

This process is repeated until the value of Ainc is so small 
that the optimum value for A is known to be inside a precise
ly defined area. At this point A is known to within the re
quired accuracy. 

Although the optimization routine minimizes Gmax, the final 
form of the solution is of the form of Eqn.4 and Eqn.5. i.e., 
the range of hybrid gains for the range of loads is a circle 
with its center at the origin. Intuitively this is reasonable as 
the optimum hybrid design will be one that makes most effi
cient use of the gain space. A proof of this is beyond the 
scope of this analysis. 

Designing the Hybrid 

The final problem to be solved is to find a circuit which has 
the optimum gains A at each of the frequencies of the analy
sis. The circuit used in Part 1 was found to give sufficient 
accuracy for engineering purposes. Solving this circuit at 
one frequency for a necessary gain is straightforward. How
ever, this circuit is not capable of realizing arbitrary gains at 
each frequency. For this reason a compromise is made. The 

MAXIMUM 
HYBRID GAIN 

TL/F/8428-15 

FIGURE 13. The Maximum Hybrid Gain 
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FIGURE 14. Matrix of Points for Numerical Search 
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circuit components for optimum performance may differ for 
each frequency. This is due to the complex nature of the 
phone line input impedance. The circuit performance degra
dation from choosing fixed values for these components is 
small as was demonstrated in the example. If desired, a 
more complex hybrid circuit, capable of realizing the opti
mum gain at each frequency could be designed. This would 
not be a difficult task. However, the extra performance m'ay 
not justify the increased complexity. 

Thus, by utilizing a combination of complex number analy
sis, computer programming and engineering discretion, an 
apparently intractable problem has been reduced to a sim
ple procedure for optimum hybrid design. 

HYBRID OPTIMIZATION ANALYSIS 

Transformer termination resistance 620 
Load circle points at l kHz. 
x = 419 y = -564 
x = 970 y = -870 
x = 594 y = -10 

REFERENCES 
(1) W. R. Derrick "Introductory Complex Analysis and Ap
plications" Academic Press 1972. 

(2) P. A. Gresh "Physical and Transmission Characteris
tics of Customer Loop Plant" Bell Syst. Tech. Journal, Dec. 
1969. 

(3) "Basic Language Reference With Extensions 2.0 for 
the HP Series Desktop Computers", Hewlett Packard Desk
top Computer Division, 3404 East Harmony Road, Fort Col
lins, Colorado 80525. 

Load Circle Center at X= 869.603733515 Y= -401.698832789 
Load Circle Radius 478.941952156 
Transmitter rejection for A=0.25 = -11.2550722066 dB 
Best transmitter rejection -17.19882266 dB 
Optimized A value .285309791565 -.0578956604004 j 
Gain circle center X= 8.19033644646E-7 Y= -8.34107354335E-7 
Gain circle radius .138055969327 

Load circle points at 3 KHz. 
x = 390 y = -115 
x = 344 y = -812 
x = 651 y = -511 

Load Circle Center at X= 298.967509106 Y= -459.010050816 
Load Circle Radius 355.850852831 
Transmitter rejection for A:0.25 = -4.96739666758 dB 
Best transmitter rejection -12.4830101726 dB 
Optimized A value .193202972412 -.153240203857 
Gain circle center X= -7.65881406104E-8 Y= 2.89917098934E-7 
Gain circle radius .237601371549 

Optimum hybrid component values at 1000 Hz. 
Rl = 20000 
R2 = 8451.85356886 
C2 = 5.43598278096E-9 
Optimum hybrid component values at 3000 Hz. 
Rl = 20000 
R2 = 9186.276873 
C2 = 6.6844698044E-9 
Chosen values ; R2= 9100 C2 = 6.8E-9 
At l KHz 
A value for chosen components .291873289127 
Transmitter rejection -14.8780162632 

At 3 KHz 
A value for chosen components .19037172402 
Transmitter rejection -12.2735391061 

-.0779940607259 
dB 

-.152612770919 
dB 
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100 
110 

120 
130 

HYBRID DESIGN PROGRAM 

P.s. Sept '83 

140 This program finds a value of the gain A in the non inverting path of 
150 a hybrid for optimum operation of the hybrid. The hybrid is optimized 
160 for an entire locus of loads. 
170 The locus of loads is assumed to be enclosed by a circle. Three points 
180 on the perimeter of the circle are used as inputs and these points define 
190 the circles. This is performed at two frequencies, l and 3 kHz. 
200 
210 This program is written in HP (Hewlett Packard) Basic 2.0. 
220 The following variable conventions are used 
230 

a load point (Z-space) 240 First letter Z 
250 First letter A 
260 First letter G 
270 Subscript x 

the gain to the non-inv. input of the op-amp (A-space) 
a hybrid gain point (G-space) 
Real part of a complex variable. 

280 Subscript y Imaginary part of a complex variable. 
290 
300 REAL Ax(3),Ay(3) 
310 COM /Z/ REAL Zlx(l:3,l:3),Zly(l:3,l:3),K 
320 COM /Circle/ Cx,Cy,R 
330 COM /Rtermc/ Rterm 
340 
350 
360 

PRINT • 
PRINT • 

HYBRID OPTIMIZATION ANALYSIS n 

370 
380 INPUT •Enter transformer termination resistance•,Rterm 
390 PRINT 
400 PRINT • Transformer termination resistance",Rterm 
410 PRINT 
420 
430 Read load circle values 
440 CALL Readz (Zlx(*) ,Zly(*),Rterm) 
450 
460 FOR K=l TO 3 STEP 2 ! Step through two frequencies. 
470 
480 
490 
500 
510 
520 
530 
540 
550 
560 
570 
580 
590 
600 
610 
620 

PRINT •Load circle points at ";K;• KHz." 
PRINT • • 
FOR K3:l TO 3 

PRINT • X = ";Zlx(K,K3) ;" Y • ;Zly(K,K3) 
NEXT K3 
CALL Cir (Rx,Ry,R,Zlx(K,l) ,Zly(K,l) ,Zlx(K,2) ,Zly(K,2) ,Zlx(K,3) ,Zly(K,3)) 
PRINT •Load Circle Center at X: ";Rx;" Y= •;Ry 
PRINT •Load Circle Radius ";R 

PRINT " " 
CALL Gmax(Gohl,.25,0.,Gohdb) 
Gohldb:20.*LGT(Gohl) 
PRINT "Transmitter rejection for A=0.25 
PRINT " " 
CALL Search (Gmin,Ax(K) ,Ay(K)) 
CALL Gmax(Goh,Ax(K) ,Ay(K),Gohdb) 

n ;Gohdb ;" dB• 

PRINT "Best transmitter rejection ";Gohdb;" dB" 
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630 
640 
650 
660 

PRINT "Optimized A value • ;Ax(K) ;" n ;Ay(K) ;" j n 

PRINT 
PRINT "Gain circle center X= •;ex," Y= •;Cy 
PRINT "Gain circle radius •;R 

670 PRINT •--------------------------------------------------------" 
680 PRINT 
690 NEXT K 
700 
710 CALL Pllrc(Ax(l),Ay(l),Ax(3),Ay(3)) 
720 END 
730 
740 SUB Search(Gmin,Acenx,Aceny) 
750 
760 Search in amplifier gain space (A-space) for 
770 the amplifier gain constant yielding 
780 optimum hybrid performance. 
790 The amplifier gain at this point is 
800 (Acenx,Aceny) and the hybrid gain is Gmin 
810 at the worst point. 
820 
830 REAL Gs(l:5),Ax(l:5),Ay(l:5) 
840 
850 
860 
870 
880 

Acenx=3. 
Aceny:O. 
Ainc =.5 

Choose arbitrary value to begin search 
Arbitrary y value 
Gain increment: sets size of search area 

890 FOR J=l TO 1000 ! Dummy loop for search. 
900 Ax(l)=Acenx ! Center of pattern of points 
910 
920 
930 
940 
950 

Ay(l)=Aceny 
Ax(2):Acenx+Ainc 
Ay(2)=Aceny 
Ax(3)=Acenx-Ainc 
Ay(3)=Aceny 

960 Ax(4)=Acenx 
970 Ay(4)=Aceny+Ainc 
980 Ax(5)=Acenx 
990 Ay(5)=Aceny-Ainc 
1000 

These statements 
create the matrix 
of points of 
Figure 13. 

1010 FOR K=l TO 5 ! Evaluate performance at points of matrix 
1020 CALL Gmax(Gs(K),Ax(K),Ay(K) ,Gsdb) 
1030 NEXT K 
1040 
1050 Gmin=MIN(Gs(l),Gs(2),Gs(3),Gs(4),Gs(5)) ! Find best point 
1060 
1070 IF (Gmin=Gs(l)) THEN ! Center point is best 
1080 IF (Ainc<l.OE-6) THEN Finish ! Search accuracy is O.K. 
1090 Ainc:Ainc/2.0 ! Increase search accuracy 
1100 
1110 ELSE ! Find which point is best 
1120 FOR L=2 TO 5 ! Loop thru perimeter points of matrix 
1130 IF (Gmin:Gs(L)) THEN ! Best point located 
1140 Acenx=Ax(L) 
1150 Aceny:Ay(L) 
1160 END IF 
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1170 NEXT L 
1180 END IF 
1190 NEXT J 
1200 Finish: 
1210 SUBEND 
1220 

1230 !------------------------------------------
1240 
1250 SUB Gmax(Goh,Ax,Ay,Gohdb) 
1260 
1270 COM /Circle/ Cx,Cy,R 
1280 COM /Z/ Zlx(*) ,Zly(*) ,Khz 
1290 
1300 This sub finds the maximum gain of the hybrid with gain Ax,Ay 
1310 for the locus of loads defined by Zlxl,Zlyl ••• 
1320 
1330 CALL Zltog(Ax,Ay,Zlx(Khz,l),Zly(Khz,l),Gxl,Gyl) 
1340 CALL Zltog(Ax,Ay,Zlx(Khz,2) ,Zly(Khz,2) ,Gx2,Gy2) 
1350 CALL Zltog(Ax,Ay,Zlx(Khz,3) ,Zly(Khz,3) ,Gx3,Gy3) 
1360 

Find points in Gain 
space for each load 
for given A value. 

1370 CALL Cir(Cx,Cy,R,Gxl,Gyl,Gx2,Gy2,Gx3,Gy3) ! Find circle in G space 
1380 Goh=R+SQR(Cx/\2+Cy/\2) ! Evaluate maximum gain 
1390 Gohdb=20.*LGT(Goh) 
1400 

1410 SUBEND! --------------------------------------------------------------
1420 
1430 SUB Cir(Cx,Cy,R,Xl,Yl,X2,Y2,X3,Y3) 
1440 ! Solves for circle passing thru (Xl,Yl) ••• for center Cx,Cy and radius R 
1450 
1460 Varl:X2/\2-Xl/\ 2+Y2/\ 2-Yl/\ 2 
1470 Var2=X3/\2-X2/\ 2+Y3/\2-Y2/\ 2 
1480 Mll:2.*(X2-Xl) 
1490 Ml2:2.*(Y2-Yl) 
1500 M21=2.*(X3-X2) 
1510 M22=2.*(Y3-Y2) 
1520 Mdet=Mll*M22-Ml2*M2l 
1530 Cx=(M22*Varl-Ml2*Var2)/Mdet Circle center 
1540 Cy:(Mll*Var2-M2l*Varl)/Mdet Circle center 
1550 R=SQR( (Xl-Cx) /\2+(Yl-Cy) /\2) Circle radius 

1560 SUBEND!------------------------------------------
1570 
1580 SUB Zltog(Ax,Ay,Zlx,Zly,Gx,Gy) 
1590 
1600 COM /Rtermc/ Rterm 
1610 This calculates the gain from the transmitter to the hybrid output. 
1620 Ax and Ay are the real and imaginary parts of the gain to the non-inv 
1630 input of the op-amp. The value of the line transformer terminating 
1640 resistor is the variable rterm, passed through common. 
1650 
1660 Compute inverting gain 
1670 Rden=Zlx+Rterm 
1680 Iden=Zly 
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ct 
1710 
1720 
1730 
1740 
1750 
1760 
1770 
1780 
1790 
1800 
1810 
1820 
1830 
1840 
1850 
1860 
1870 
1880 
1890 
1900 
1910 
1920 
1930 
1940 
1950 
1960 
1970 
1980 
1990 
2000 
2010 
2020 
2030 
2040 
2050 
2060 
2070 
2080 
2090 
2100 
2110 
2120 
2130 
2140 
2150 
2160 

Absden:Rden /\ 2+Iden /\ 2 
Gxi=(Zlx*(Zlx+Rterm)+Zly/\2)/Absden 
Gyi=Rterm*Zly/Absden 

Gx=2.0*Ax-Gxi ! Sum non inverting and inverting 
Gy=2.0*Ay-Gyi ! gains 

SUBEND!------------------------------------------------

SUB Readz(Zlx(*) ,Zly(*) ,Zterm) ! Reads impedance values 
INPUT "Enter 1 Khz impedance no 1 ",Zlx(l,1) ,Zly(l,l) 
INPUT "Enter 1 Khz impedance no 2 n ,Zlx(l,2) ,Zly(l,2) 
INPUT "Enter 1 Khz impedance no 3 n ,Zlx(l,3) ,Zly(l,3) 
INPUT "Enter 3 Khz impedance no 1 ",Zlx(3,l) ,Zly(3,l) 
INPUT "Enter 3 Khz impedance no 2 ",Zlx(3,2) ,Zly(3,2) 
INPUT "Enter 3 Khz impedance no 3 ",Zlx(3,3) ,Zly(3,3) 

SUBEND!------------------------------------------------

from user 

SUB Pllrc(Al,Bl,A3,B3) ! Handles choice of R&C in non-inv. path 

COM /Z/ Zlx(*) ,Zly(*) ,Khz 
INPUT " Enter input resistor value",Rl 

CALL Rc(Al,Bl,1000.,Rl,R2,C2) 
CALL Rc(A3,B3,3000.,Rl,R2,C2) 

INPUT "Enter desired values of R2,C2 ",R2,C2 
PRINT" Chosen values ; R2= ";R2;" C2 = ";C2 
FOR Khz:l TO 3 STEP 2 

! Khz is passed through common 
PRINT " " 
PRINT "At ";Khz;" KHz" 
CALL Eval (Rl,R2,C2,lOOO.*Khz,A,B) 

NEXT Khz 

SUBEND !------------------------------------------------------

SUB Rc(A,B,F,Rl,R2,C2) ! Finds R2,C2 to give gain A+jB at F Hz. 

Denom=A /\ 2+B /\ 2 
Theta=A/Denom 
Phi=-1.0*B/Denom 

R2=Rl/(Theta-l) 
C2=Phi/Rl/2./PI/F 

PRINT " " 
PRINT" Optimum hybrid component values at ";F;" Hz." 
PRINT" Rl = ";Rl 
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2170 PRINT" R2 = •;R2 
2180 PRINT" C2 = ";C2 
2190 

2200 SU BEND !-------------------------------------------------------
2210 
2220 SUB Eval (Rl,R2,C2,F,A,B) ! Evaluates hybrid of Rl,R2,C2 at F 
2230 
2240 Theta=Rl/R2+1. 
2250 Phi:F•2•pI•c2•R1 
2260 Denom=Theta /\ 2+Phi /\ 2 
2270 A=Theta/Denom 
2280 
2290 
2300 
2310 . 
2320 

B:-1.o•Phi/Denom 
PRINT" A value for chosen components ";A;" ";B;" j" 
CALL Gmax(Goh,A,B,Gohdb) 
PRINT" Transmitter rejection ";Gohdb;" dB" 

2330 SUBEND !-----------------------------------------------------
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~ MM54C/MM74C Voltage 

Translation Buffering 

National Semiconductor 
Memory Brief 18 
John Jorgensen 
Thomas P. Redfern 

INTRODUCTION 

A new series of MM54C/MM74C buffers has been designed 
to interface systems operating at different voltage levels. In 
addition to performing voltage translation, the MM54C901 I 
MM74C901 through MM54C904/MM74C904 hex buffers 
can drive two standard TTL loads at Vee = 5V. This is an 
increase of ten times over the two LpTTL loads that the 
standard MM54C/MM74C gate can drive. These new devic
es greatly increase the flexibility of the MM54C/MM74C 
family when interfacing to other logic systems. 

PMOS TO CMOS INTERFACE 

Since most PMOS outputs normally can pull more negative 
than ground, the conventional CMOS input diode clamp 
from input to ground poses problems. The least of these is 
increased power consumption. Even though the output 
would be clamped at one diode drop (-0.6V), all the current 
that flows comes from the PMOS negative supply. For TTL 
compatible PMOS this is -12V. A PMOS output designed 
to drive one TTL load will typically sink 5 mA. The 

(+SV) 
Vee 

FIGURE 1 

-=-Vee 

b 

STD CMOS INPUT 

TL/F/6034-1 

Vss 

PMOS 

Voo 

total power per TTL output is then 5 mA x 12V = 60 mW. 
The second problem is more serious. Currents of 5 mA or 
greater from a CMOS input clamp diode can cause four-lay
er diode action on the CMOS device. This, at best, will total
ly disrupt normal circuit operation and, at worst, will cause 
catastrophic failure. 

To overcome this problem the MM74C903 and MM74C904 
have been designed with a clamp diode from inputs to Vee 
only. This single diode provides adequate static discharge 
protection and, at the same time, allows voltages of up to 
-17V on any input. Since there is essentially no current 
without the diode, both the high power dissipation and latch 
up problems are eliminated. 

To demonstrate the above characteristics, Figures 1, 2, and 
3 show typical TTL compatible PMOS circuits driving stan
dard CMOS with two clamp diodes, TTL compatible PMOS 
driving MM74C903/MM74C904, and the TTL compatible 
PMOS to CMOS system interface, respectively. 

Vee 
(+SV) 

,.._J .. ~SINK 
......... -0 mA 

TYPICAL PMDS TIL ..., I I 
PUSH-PULL OUTPUT b I I 

Voo 
(-12V) I I 

FIGURE2 

Vee 

CMOS 

GND 

MM74C903/MM74C904 

TL/F/6034-2 

NOTE: Vee + Voo ~ 17V 
Vee~ 15V 

[
MM54C903/MM74C903 or] 
MM54C904/MM74C904 

TL/F/6034-3 

FIGURE 3. PMOS to CMOS or TTL Interface 
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CMOS TO CMOS OR TTL INTERFACE 

When a CMOS system which is operating at Vee = 10V 
must provide signals to a CMOS system whose Vee = 5V, 
a problem similar to that found in PMOS-to-CMOS interface 
occurs. That is, current would flow through the upper input 
diode of the device operating at the lower Vee. This current 
could be in excess of 1 O mA on a typical 7 4C device, as 
shown in Figure 4. Again, this will cause increased power as 
well as possible four layer diode action. 

CMOS 
@Vee•IOV 

FIGURE4 

FIGURE 5 

STD CMOS 
@Vee• 5V 

Vee 
(•5VI 

j 
~ 

J 
I+ 

TL/F/6034-4 

MM74C901/MM74C902 
@Vee•5V 

TL/F/6034-5 

Using the MM74C901 or MM74C902 will eliminate this prob
lem. This occurs simply because these parts are designed 
with the upper diode removed, as shown in Figure 5. With 
this diode removed the current being sourced goes from 
about 10 mA to the leakage current of the reverse biased 
input diode. 

Since the MM74C901 and MM74C902 are capable of driv
ing two standard TTL loads with only normal input levels, 
the output can be used to directly drive TTL. With the exam
ple shown, the inputs of the MM74C901 are in excess of 5V. 
Therefore, they can drive more than two TTL loads. In this 
case the device would drive four loads with V1N = 10V. If 
the MM74C902 were used, the output drive would not in· 
crease with increased input voltage. This is because the 
gate of the output n-channel device is always being driven 
by an internal inverter whose output equals that of Vee of 
the device. 

The example used was for systems of Vee = 10V on one 
system and Vee = 5V on the second, but the MM74C901 
and MM74C902 are capable of using any combination of 
supplies up to 15V and greater than 3V, as long as Vee1 is 
greater than or equal to Vee2 and grounds are common. 
Figure 6 diagrams this configuration. 

Vee 

CMOS 

GNO 

Note: Vcc1 = Vcc2 

Vee 

TTL 
OR 

CMOS 

GNO 

-:- \_IMMMc1011MM1cc101 ••J 
MMMC902/MM74C902 

TL/F/6034-6 

FIGURE 6. CMOS to TTL or CMOS at a Lower Vee 
The inputs on these devices are adequately protected with 
the single diode, but, as with all MOS devices, normal care 
in handling should be observed. 
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~National 
~Semiconductor 

MM54HCOO/MM7 4HCOO 
Quad 2-lnput NANO Gate 

General Description 
These NANO gates utilize advanced silicon-gate CMOS 
technology to achieve operating speeds similar to LS-TTL 
gates with the low power consumption of standard CMOS 
integrated circuits. All gates have buffered outputs. All de
vices have high noise immunity and the ability to drive 10 
LS-TTL loads. The 54HC/74HC logic family is functionally 
as well as pin-out compatible with the standard 54LS/74LS 
logic family. All inputs are protected from damage due to 
static discharge by internal diode clamps to Vee and 
ground. 

Connection and Logic Diagrams 

Features 
• Typical propagation delay: 8 ns 
• Wide power supply range: 2-6V 
• Low quiescent current: 20 µA maximum (74HC Series) 
• Low input current: 1 µA maximum 
• Fanout of 10 LS-TTL loads 

Dual-In-Line Package 

v c 
14 

A1 

B4 A4 Y4 

11 

Top View 

B3 A3 Y3 

8 

Order Number MM54HCOO* or MM74HCOO* 
*Please look into Section B, Appendix D for availability of various package types. 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
If Miiitary/Aerospace specified devices are required, Min Max 
contact the National Semiconductor Sales Office/ Supply Voltage (Vee) 2 6 
Distributors for availability and specifications. 

DC Input or Output Voltage 0 Vee 
Supply Voltage (Vee) -0.5 to + 7.0V 

MN· Vour) 
DC Input Voltage MN) -1.5 to Vee+ 1.5V 

Operating Temp. Range (TA) 
DC Output Voltage (Vour) -0.5 to Vcc+0.5V MM74HC -40 +85 
Clamp Diode Current U1K. loK) ±20mA MM54HC -55 +125 
DC Output Current, per pin (lour) ±25mA 

Input Rise or Fall Times 
DC Vee or GND Current, per pin (Ice) ±50mA (tr, t1) Vcc=2V 1000 
Storage Temperature Range (T srn) -65°C to + 15o•c Vcc=4.5V 500 
Power Dissipation (Po) Vcc=6.0V 400 

(Note3) 600mW 
S.O. Package only 500mW 

Lead Temperature (TL) 

(Soldering 1 O seconds) 260°c 

DC Electrical Characteristics (Note 4) 

74HC 54HC 

Symbol Parameter Conditions Vee 
TA=2s·c 

TA= - 40 to es•c TA= -ssto 12s0 c 

Typ 

V1H Minimum High Level 2.0V 1.5 
Input Voltage 4.5V 3.15 

6.0V 4.2 

V1L Maximum Low Level 2.0V 0.5 
Input Voltage** 4.5V 1.35 

6.0V 1.8 

VoH Minimum High Level V1N=V1H orV1L 
Output Voltage I louTI ~ 20 µA 2.0V 2.0 1.9 

4.5V 4.5 4.4 
6.0V 6.0 5.9 

V1N = V1H or V1L 
l1ourl~4.0 mA 4.5V 4.2 3.98 

l1ourl~5.2 mA 6.0V 5.7 5.48 

VoL Maximum Low Level V1N=V1H 
Output Voltage llourl~20 µA 2.0V 0 0.1 

4.5V 0 0.1 
6.0V 0 0.1 

V1N=V1H 
l1ourl::>:4.0 mA 4.5V 0.2 0.26 

l1ourl~5.2 mA 6.0V 0.2 0.26 

l1N Maximum Input V1N=Vcc or GND 6.0V ±0.1 
Current 

Ice Maximum Quiescent V1N=Vcc or GND 6.0V 2.0 
Supply Current louT=O µA 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Guaranteed Limits 

1.5 1.5 
3.15 3.15 
4.2 4.2 

0.5 0.5 
1.35 1.35 
1.8 1.8 

1.9 1.9 
4.4 4.4 
5.9 5.9 

3.84 3.7 
5.34 5.2 

0.1 0.1 
0.1 0.1 
0.1 0.1 

0.33 0.4 
0.33 0.4 

±1.0 ±1.0 

20 40 

Units 
v 
v 

·c 
·c 

ns 
ns 
ns 

Units 

v 
v 
v 
v 
v 
v 

v 
v 
v 

v 
v 

v 
v 
v 

v 
v 

µA 

µA 

Note 3: Power Dissipation temperature derating- plastic "N" package: -12 mW /'C from 65'C to B5'C; ceramic "J" package: -12 mW/'C from 1 oo·c to 125'C. 

Note 4: For a power supply of 5V ± 10% the worst case output voltages (VoH. and Vou occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case V1H and VrL occur at Vee= 5.5V and 4.5V respectively. (The VrH value at 5.5V is 3.B5V.) The worst case leakage current (l1N. 
Ice. and loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 

••vrL limits are currently tested at 20% of Vee- The above V1L specification (30% of Vee) will be implemented no later than 01, CY'B9. 
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AC Electrical Characteristics Vee=5V,TA=25°c,cL=15pF,tr=t1=6ns 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

tPHL• tPLH Maximum Propagation 8 15 ns 
Delay 

AC Electrical Characteristics Vee= 2.0V to 6.0V, CL= 50 pF, tr= t1=6 ns (unless otherwise specified) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee TA= -40 to 85°C TA= - 55 to 125°C Units 

Typ Guaranteed Limits 

tpHL• tpLH Maximum Propagation 2.0V 45 90 113 134 ns 
Delay 4.5V 9 18 23 27 ns 

6.0V 8 15 19 23 ns 

tTLH• tTHL Maximum Output Rise 2.0V 30 75 95 110 ns 
and Fall Time 4.5V 8 15 19 22 ns 

6.0V 7 13 16 19 ns 

Cpo Power Dissipation (per gate) 20 pF 
Capacitance (Note 5) 

C1N Maximum Input 5 10 10 10 pF 
Capacitance 

Note 5: Cpo determines the no load dynamic power consumption, Po=Cpo Vcc2 I+ Ice Vee. and the no load dynamic current consumption, ls=Cpo Vee I+ Ice-
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~National 
U Semiconductor 
MM54HC02/MM74HC02 Quad 2-lnput 
NOR Gate 

General Description Features 
• Typical· propagation delay: B ns 
• Wide power supply range: 2-6V 

These NOR gates utilize advanced silicon-gate CMOS tech
nology to achieve operating speeds similar to LS-TIL gates 
with the low power consumption of standard CMOS inte
grated circuits. All gates have buffered outputs, providing 
high noise immunity and the ability to drive 10 LS-TIL loads. 
The 54HC/7 4HC logic family is functionally as well as pin
out compatible with the standard 54LS/74LS logic family. 
All inputs are protected from damage due to static dis
charge by internal diode clamps to Vee and ground. 

• Low quiescent supply current: 20 µA maximum 
(7 4HC Series) 

• Low input current: 1 µA maximum 
• High output current: 4 mA minimum 

Connection and Logic Diagrams 

vcc 

14 

Y1 

Dual-In-Line Package 
Y4 B4 A4 Y3 B3 

13 12 11 10 9 

2 3 4 5 6 

A1 81 Y2 A2 82 

Top View 

Order Number MM54HC02* or MM74HC02* 

A3 

8 

7 

GND 

•Please look into Section 8, Appendix D for availability of various package types. 

A 

B 
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Absolute Maximum Ratings (Notes 1 & 2) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for avallablllty and specifications. 

Supply Voltage (Vee) -0.5 to+ 7.0V 

DC Input Voltage (V1N) 

DC Output Voltage (Vour) 

Clamp Diode Current (l1K. loK) 

DC Output Current, per pin (lour) 

-1.5 to Vee+ 1.5V 

-0.5 to Vcc+0.5V 

DC Vee or GND Current, per pin (led 

Storage Temperature Range (T srn) 
Power Dissipation (Po) 

±20mA 

±25mA 

±50mA 

- 65°C to + 15o•c 

(Note3) 
S.O. Package only 

600mW 
500mW 

Lead Temp. (TL) (Soldering 10 seconds) 260°c 

DC Electrical Characteristics (Note 4) 

Symbol Parameter Conditions Vee 

V1H Minimum High Level 2.0V 
Input Voltage 4.5V 

6.0V 

V1L Maximum Low Level 2.0V 
Input Voltage** 4.5V 

6.0V 

VoH Minimum High Level V1N=V1L 
Output Voltage llourl !>:20 µA 2.0V 

4.5V 
6.0V 

V1N=V1L 
Houri !>:4.0 mA 4.5V 
I lour I !>: 5.2 mA 6.0V 

VoL Maximum Low Level V1N = V1H or V1L 
Output Voltage llourl !>:20 µA 2.0V 

4.5V 
6.0V 

V1N = V1H or V1L 
llourl !>:4.0 mA 4.5V 
I lour I !>: 5.2 mA 6.0V 

l1N Maximum Input V1N =Vee or GND 6.0V 
Current 

Ice Maximum Quiescent V1N =Vee or GND 6.0V 
Supply Current lour=O µA 

Operating Conditions 
Min Max 

Supply Voltage (Vee) 2 6 

DC Input or Output Voltage 0 Vee 
(VIN· Vour) 

Operating Temp. Range (TA) 
MM74HC -40 +85 
MM54HC -55 +125 

Input Rise or Fall Times 
(tr,t1) Vcc=2.0V 1000 

Vcc=4.5V 500 
Vcc=6.0V 400 

TA=2s0 c 
74HC 54HC 

TA= - 40 to as·c TA= -55to 12s0 c 

Typ Guaranteed Limits 

1.5 1.5 1.5 
3.15 3.15 3.15 
4.2 4.2 4.2 

0.5 0.5 0.5 
1.35 1.35 1.35 
1.8 1.8 1.8 

2.0 1.9 1.9 1.9 
4.5 4.4 4.4 4.4 
6.0 5.9 5.9 5.9 

4.2 3.98 3.84 3.7 
5.7 5.48 5.34 5.2 

0 0.1 0.1 0.1 
0 0.1 0.1 0.1 
0 0.1 0.1 0.1 

0.2 0.26 0.33 0.4 
0.2 0.26 0.33 0.4 

±0.1 ±1.0 ± 1.0 

2.0 20 40 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 

Units 
v 
v 

·c 
·c 

ns 
ns 
ns 

Units 

v 
v 
v 
v 
v 
v 

v 
v 
v 

v 
v 

v 
v 
v 

v 
v 

µA 

µA 

Note 3: Power Dissipation temperaturederating-plastic "N" package: -12 mW/'e from 65°Cto 85'C; ceramic "J" package: -12 mW/'C from 100'C to 125'C. 
Note 4: For a power supply of 5V ± 10% the worst case output voltages (VoH. and Vm) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case V1H and V1L occur at Vee= 5.5V and 4.5V respectively. (The V1H value at 5.5V is 3.85V.) The worst case leakage current (11N. 
Ice. and lozl occur for CMOS at the higher voltage and so the 6.0V values should be used. 
••v1L limits are currently tested at 20% of Vee- The above V1L specification (30% of Vee) will be implemented no later than 01, eY'89. 
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~ AC Electrical Characteristics Vee=5V, TA=25°C,CL =15 pF, tr=t,=6 ns 
~ ..... 
:E 
:E ...... 
N 
0 
0 
:c 
~ 
an 

Symbol 

tPHL• tPLH 

Parameter Conditions 

Maximum Propagation 
Delay 

: 
Guaranteed 

Typ 
Limit 

Units 

8 15 ns 

:E 
:E AC Electrical Characteristics Vee= 2.0V to 6.0V, CL= 50 pF, tr= tf = 6 ns (unless otherwise specified) 

TA=2s·c 
74HC 54HC 

Symbol Parameter Conditions Vee TA= -40toss·c TA= -ssto 12s0 c 
Typ Guaranteed Limits 

tPHL• tPLH Maximum Propagation 2.0V 45 90 113 134 
Delay 4.5V 9 18 23 27 

6.0V 8 15 19 23 

trLH• lTHL Maximum Output Rise 2.0V 30 75 95 110 
and Fall Time 4.5V 8 15 19 22 

6.0V 7 13 16 19 

Cpo Power Dissipation (per gate) 20 
Capacitance (Note 5) 

C1N Maximum Input 5 10 10 10 
Capacitance 

Units 

ns 
ns 
ns 

ns 
ns 
ns 

pF 

pF 

Note 5: epo determines the no load dynamic power consumption, Po= epo Vcc2- f + Ice V cc. and the no load dynamic current consumption, Is= Cpo V cc I+ Ice. 
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~National 
~Semiconductor 

MM54HC03/MM74HC03 Quad 2-lnput 
Open Drain NANO Gate 

General Description Features 
These NAND gates utilize advanced silicon-gate CMOS 
technology to achieve operating speeds similar to LS-TTL 
gates with the low power consumption of standard CMOS 
integrated circuits. All gates have buffered outputs. All de
vices have high noise immunity and the ability to drive 1 O 
LS-TTL loads. The 54HC/74HC logic family is functionally 
as well as pin-out compatible with the standard 54LS/7 4LS 
logic family. All inputs are protected from damage due to 
static discharge by internal diode clamps to Vee and 
ground. 

• Typical propagation delay: 12 ns 
• Wide power supply range: 2-6V 
• Low quiescent current: 20 µA maximum (74HC Series) 
• Low input current: 1 µA maximum 
• Fanout of 10 LS-TTL loads 

As with standard 54HC/7 4HC push-pull outputs there are 
diodes to both Vee and ground. Therefore the output should 
not be pulled above Vee as it would be clamped to one 
diode voltage above Vee. This diode is added to enhance 
electrostatic protection. 

Connection and Logic Diagrams 
Dual-In-Line Package 

v c 
14 

A1 

84 A4 Y4 83 A3 

81 Y1 

11 

A2 

Top View 

82 

Y3 

8 

7 

Order Number MM54HC03* or MM74HC03* 
•Please look into Section 8, Appendix D for availability of various package types. 

TL/F/5295-1 

TL/F/5295-2 
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C") 
0 
0 Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions :c 
-.:I' If Miiitary/Aerospace specified devices are required, Min Max Units 

" ::E contact the National Semiconductor Sales Office/ Supply Voltage (Vee) 2 6 v 
::E Distributors for avallablllty and specifications. 

DC Input or Output Voltage 0 Vee v ..... 
Supply Voltage (Vee) -0.5 to + 7.0V C") 

MN. Your) 0 DC Input Voltage MN) -1.5 to Vee+ 1.5V 0 
:c DC Output Voltage (Vour) -0.5 to Vec+0.5V Operating Temp. Range (T pJ 
-.:I' Clamp Diode Current (l1K. loK) ±20mA MM74HC -40 +85 oc 
l.t) 

::E DC Output Current, per pin (lour) ±25mA MM54HC -55 +125 oc 

::E DC Vee or GND Current, per pin (Ice) ±50mA Input Rise or Fall Times 
Storage Temperature Range (T srn) - 65°C to + 15o•c (tr, tr) Vcc=2.0V 1000 ns 
Power Dissipation (Po) Vcc=4.5V 500 ns 

(Note 3) 600mW Vcc=6.0V 400 ns 
S.O. Package only 500mW 

Lead Temp. (TL) (Soldering 10 seconds) 260°c 

DC Electrical Characteristics (Note 4) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee TA= - 40 to 85°C TA= -55to125°C Units 

Typ Guaranteed Limits 

V1H Minimum High Level 2.0V 1.5 1.5 1.5 v 
Input Voltage 4.5V 3.15 3.15 3.15 v 

6.0V 4.2 4.2 4.2 v 
V1L Maximum Low Level 2.0V 0.5 0.5 0.5 v 

Input Voltage** 4.5V 1.35 1.35 1.35 v 
6.0V 1.B 1.B 1.B v 

VoL Minimum Low Level V1N=V1H 
Output Voltage llourl:s:20 µA 2.0V 0 0.1 0.1 0.1 v 

RL =co 4.5V 0 0.1 0.1 0.1 v 
6.0V 0 0.1 0.1 0.1 v 

V1N=V1H 
I lour I :s: 4.0 mA 4.5V 0.2 0.26 0.33 0.4 v 
l1ourl:s:5.2 mA 6.0V 0.2 0.26 0.33 0.4 v 

ILKG Maximum High Level V1N=V1HorV1L 6.0V 0.5 5 10 µA 
Output Leakage Current Vour=Vee 

l1N Maximum Input V1N =Vee or GND 6.0V ±0.1 ±1.0 ±1.0 µA 
Current 

Ice Maximum Quiescent V1N=Vcc or GND 6.0V 2.0 20 40 µA 
Supply Current lour=O µA 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mW /'C from 65'C to BS'C; ceramic "J" package: -12 mW /'C from 1 oo·c to 125°C. 
Note 4: For a power supply of SV ± 10% the worst case output voltages (VoH• and Voll occur for HC at 4.SV. Thus the 4.SV values should be used when designing 
with this supply. Worst case V1H and v1L occur at Vee= 5.SV and 4.SV respectively. (The V1H value at 5.SV is 3.BSV.) The worst case leakage current !11N• Ice. and 
loz) occur for CMOS at the higher voltage and so the 6.0V values should be used . 
.. VIL limits are currently tested at 20% of Vee· The above V1L specification (30% of Vee) will be implemented no later than 01, CY'89. 
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AC Electrical Characteristics Vcc=5V,TA=25°c,cL=15pF,tr=t1=6ns 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

tpzL, tpLZ Maximum Propagation RL = 1 Kn 10 20 ns 
Delay 

AC Electrical Characteristics 
Vcc=2.0V to 6.0V, CL =50 pF, tr=t1=6 ns (unless otherwise specified) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee TA= -40to85°C TA= - 55 to 125°C Units 

Typ Guaranteed Limits 

tpLz, tpzL Maximum Propagation RL =1 Kn 2.0V 63 125 158 186 ns 
Delay 4.5V 13 25 32 37 ns 

6.0V 11 21 27 32 ns 

trnL Maximum Output 2.0V 30 75 95 110 ns 
Fall Time 4.5V 8 15 19 22 ns 

6.0V 7 13 16 19 ns 

Cpo Power Dissipation (per gate) 20 pF 
Capacitance (Note 5) 

C1N Maximum Input 5 10 10 10 pF 
Capacitance 

Note 5: Cpo determines the no load dynamic power consumption, Po= Cpo V cc2 f+ Ice V cc. and the no load dynamic current consumption, Is= Cpo V cc f+ Ice. 
The power dissipated by AL is not included. 
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~National a Semiconductor 
MM54HC04/MM74HC04 Hex Inverter 

General Description Features 
These inverters utilize advanced silicon-gate CMOS tech
nology to achieve operating speeds similar to LS-TIL gates 
with the low power consumption of standard CMOS inte
grated circuits. 

• Typical propagation delay: 8 ns 

• Fan out of 10 LS-TIL loads 
• Quiescent power consumption: 10 µW maximum at 

room temperature 
The MM54HC04/MM74HC04 is a triple buffered inverter. It 
has high noise immunity and the ability to drive 10 LS-TIL 
loads. The 54HC/7 4HC logic family is functionally as well as 
pin-out compatible with the standard 54LS/7 4LS logic fami
ly. All inputs are protected from damage due to static dis
charge by internal diode clamps to Vee and ground. 

• Low input current: 1 µA maximum 

Connection and Logic Diagrams 

Dual-In-Line Package 

Vee A6 Y6 

14 13 12 

A1 Y1 A2 

AS 

11 

Y2 

Top View 

vs 

10 

A3 

A4 Y4 

Y3 GND 

Order Number MM54HC04* or MM74HC04* 
•Please look into Section 8, Appendix D for availability of various package types. 

1 of 6 Inverters 

TL/F/5069-2 
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Absolute Maximum Ratings (Notes 1 & 2) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for avallablllty and specifications. 

Supply Voltage (Vee) -0.5 to + 7.0V 

DC Input Voltage (V1N) -1.5 to Vee+ 1.5V 

DC Output Voltage (Vour) 

Clamp Diode Current (l1K. loK) 

DC Output Current, per pin (lour) 

DC Vee or GND Current, per pin (Ice) 

Storage Temperature Range (T srn) 

Power Dissipation (Po) 
(Note3) 
S.O. Package only 

Lead Temperature (TL) 
(Soldering 10 seconds) 

-0.5 to Vcc+0.5V 

±20mA 

±25mA 

±50mA 

- 65°C to + 15o•c 

600mW 
500mW 

260°c 

DC Electrical Characteristics (Note 4) 

Operating Conditions 
Min Max 

Supply Voltage (Vee) 2 6 

DC Input or Output Voltage 0 Vee 
(V1N. Vour) 

Operating Temp. Range (TA) 
MM74HC -40 +85 
MM54HC -55 +125 

Input Rise or Fall Times 

(tr,t1) Vcc=2.0V 1000 
Vcc=4.5V 500 
Vcc=6.0V 400 

74HC 54HC 

Symbol Parameter Conditions Vee 
TA=2s·c 

TA= -40toss·c TA= -ss to 12s0 c 

Typ 

V1H Minimum High Level 2.0V 1.5 
Input Voltage 4.5V 3.15 

6.0V 4.2 

V1L Maximum Low Level 2.0V 0.5 
Input Voltage** 4.5V 1.35 

6.0V 1.8 

VoH Minimum High Level V1N=V1L 
Output Voltage l1ourl:5:20 µA 2.0V 2.0 1.9 

4.5V 4.5 4.4 
6.0V 6.0 5.9 

V1N=V1L 
llourl :5:4.0 mA 4.5V 4.2 3.98 
l1ourl:5:5.2 mA 6.0V 5.7 5.48 

Vol Maximum Low Level V1N=V1H 
Output Voltage l1ourl:5:20 µA 2.0V 0 0.1 

4.5V 0 0.1 
6.0V 0 0.1 

V1N=V1H 
I lourl :5: 4.0 mA 4.5V 0.2 0.26 

I lour I :5: 5.2 mA 6.0V 0.2 0.26 

l1N Maximum Input V1N=VccorGND 6.0V ±0.1 
Current 

Ice Maximum Quiescent V1N=Vcc or GND 6.0V 2.0 
Supply Current lour=O µA 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Guaranteed Limits 

1.5 1.5 
3.15 3.15 
4.2 4.2 

0.5 0.5 
1.35 1.35 
1.8 1.8 

1.9 1.9 
4.4 4.4 
5.9 5.9 

3.84 3.7 
5.34 5.2 

0.1 0.1 
0.1 0.1 
0.1 0.1 

0.33 0.4 
0.33 0.4 

±1.0 ±1.0 

20 40 

Units 
v 
v 

·c 
·c 

ns 
ns 
ns 

Units 

v 
v 
v 
v 
v 
v 

v 
v 
v 

v 
v 

v 
v 
v 

v 
v 

µA 

µA 

Note 3: Power Dissipation temperature derating- plastic "N" package: -12 mWl°C from 65'C to BS'C; ceramic "J" package: -12 mWl°C from 100'C to 125'C. 

Note 4: For a power supply of SV ± 10% the worst case output voltages (VOH• and Vou occur for HC at 4.SV. Thus the 4.SV values should be used when designing 
with this supply. Worst case V1H and V1L occur at Vcc=5.5V and 4.SV respectively. (The V1H value at 5.5Vis 3.BSV.) The worst case leakage current (l1N. Ice. and 
loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 

• 'V1L limits are currently tested at 20% of Vee· The above V1L specification (30% of Vee) will be implemented no later than 01, CY'B9. 
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AC Electrical Characteristics Vcc=5V, TA=25°C, CL =15 pF, tr=tt=6 ns 

Symbol Parameter 

Maximum Propagation 
Delay 

Conditions Typ 

8 

Guaranteed 
Limit 

15 

Units 

ns 

AC Electrical Characteristics Vcc=2.0Vto 6.0V, CL =50 pF, tr=tt=6 ns (unless otherwise specified) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee TA= -40 to 85°C TA= -55to 125°C 

Typ Guaranteed Limits 

tPHL• tPLH Maximum Propagation 2.0V 55 95 120 145. 
Delay 4.5V 11 19 24 29 

6.0V 9 16 20 24 

trLH· trnL Maximum Output Rise 2.0V 30 75 95 110 
and Fall Time 4.5V 8 15 19 22 

6.0V 7 13 16 19 

Cpo Power Dissipation (per gate) 20 
Capacitance (Note 5) 

C1N Maximum Input 5 10 10 10 
Capacitance 

Units 

ns 
ns 
ns 

ns 
ns 
ns 

pF 

pF 

Note 5: Cpo determines the no load dynamic power consumption, Po= Cpo V cc2 f + Ice V cc. and the no load dynamic current consumption, Is= Cpo V cc f + Ice-
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~National 
~Semiconductor 

MM54HCU04/MM74HCU04 Hex Inverter 

General Description 
These inverters utilize advanced silicon-gate CMOS tech
nology to achieve operating speeds similar to LS-TTL gates 
with the low power consumption of standard CMOS inte
grated circuits. 

logic family. All inputs are protected from damage due to 
static discharge by internal diode clamps to Vee and 
ground. 

Features The MM54HCU04/MM74HCU04 is an unbuffered inverter. 
It has high noise immunity and the ability to drive 15 LS-TTL 
loads. The 54HCU/74HCU logic family is functionally as 
well as pin-out compatible with the standard 54LS/74LS 

• Typical propagation delay: 7 ns 
• Fanout of 15 LS-TTL loads 
• Quiescent power consumption: 10 p.A maximum at 

room temperature 
• Low input current: 1 µA maximum 

Connection and Schematic Diagrams 

Vee 

14 

A1 

A6 

13 

V1 

Dual-In-Line Package 

vs 

12 

A2 

AS 

11 

V2 

Top View 

VS 

10 

A3 

A4 

V3 

Order Number MM54HCU04* or MM74HCU04* 

V4 

GND 

'Please look into Section 8, Appendix D for availability of various package types. 

TL/F/5296-2 
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Absolute Maximum Ratings (Notes 1 & 2> 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Supply Voltage (Vee) -0.5 to + 7.0V 

DC Input Voltage MN) -1.5 to Vee+ 1.5V 

DC Output Voltage (VouT) -0.5 to Vcc+0.5V 

Clamp Diode Current (l1K. loK) 

DC Output Current, per pin UouT) 

DC Vee or GND Current, per pin (Ice) 

Storage Temperature Range (Tsrn) 

Power Dissipation (Po) 
(Note3) 
S.O. Package only 

Lead Temp. (TL) (Soldering 10 seconds) 

±20mA 

±25mA 

±50mA 

- 65°C to + 15o•c 

600mW 
500mW 

260°c 

DC Electrical Characteristics (Note 4) 

Operating Conditions 
Min 

Supply Voltage (Vee) 2 

DC Input or Output Voltage O 

(VIN· VouT) 

Operating Temp. Range (TA) 
MM74HCU -40 

MM54HCU -55 

Max 
6 

Vee 

+85 
+125 

74HCU 54HCU 

Units 
v 
v 

·c 
·c 

Symbol Parameter Conditions Vee 
TA=25°C 

TA= - 40 to B5°C TA= - 55 to 125•c Units 

Vol 

Ice 

Minimum High Level 
Input Voltage 

Maximum Low Level 
Input Voltage 

Minimum High Level 
Output Voltage 

Maximum Low Level 
Output Voltage 

Maximum Input 

Current 

Maximum Quiescent 
Supply Current 

V1N=V1L 
I louTI ::;;: 20 µA 

V1N=GND 

llouTI ::;;4,0 mA 
l1ouTl::;;5.2 mA 

V1N=V1H 
I louTI ::;;: 20 µA 

V1N=Vcc 
I louTI::;;: 6.0 mA 
llouTI ::;;1.8 mA 

V1N =Vee or GND 

V1N=Vcc or GND 
louT=O µA 

2.0V 
4.5V 
6.0V 

2.0V 
4.5V 

6.0V 

2.0V 
4.5V 
6.0V 

Typ 

2.0 

4.5 
6.0 

4.5V 4.2 
6.0V 5.7 

2.0V 
4.5V 

6.0V 

4.5V 
6.0V 

6.0V 

6.0V 

0 
0 

0 

0.2 
0.2 

1.7 
3.6 
4.8 

0.3 
0.8 
1.1 

1.8 

4.0 
5.5 

3.98 
5.48 

0.2 
0.5 

0.5 

0.26 
0.26 

±0.1 

2.0 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Guaranteed Limits 

1.7 
3.6 
4.8 

0.3 
0.8 
1.1 

1.8 

4.0 
5.5 

3.84 
5.34 

0.2 
0.5 

0.5 

0.33 
0.33 

±1.0 

20 

1.7 
3.6 
4.8 

0.3 

0.8 
1.1 

1.8 

4.0 
5.5 

3.7 
5.2 

0.2 
0.5 
0.5 

0.4 
0.4 

±1.0 

40 

v 
v 
v 
v 
v 
v 

v 
v 
v 

v 
v 

v 
v 
v 

v 
v 

µA 

µA 

Note 3: Power Dissipation temperature derating- plastic "N" package: -12 mW/'C from 65'C to 85'C; ceramic "J" package: -12 mW/'C from 100°c to 125'C. 

Note 4: For a power supply of 5V ± 10% the worst case output voltages (YOH• and You occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case V1H and Vil occur at Vee= 5.5V and 4.5V respectively. (The ViH value at 5.5V is 3.85V.) The worst case leakage current (l1N. Ice. and 
loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics Vee= 5V, TA= 25°C, CL= 15 pF, tr= t1=6 ns 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

tPHL• tPLH Maximum Propagation 7 13 ns 
Delay 

AC Electrical Characteristics Vee= 2.0V to 6.0V, CL= 50 pF, tr= t1= 6 ns (unless otherwise specified) 

TA=25°C 
'74HCU 54HCU 

Symbol Parameter Conditions Vee TA= - 40 to 85°C TA= -55to125°C Units 

Typ Guaranteed Limits 

tPHL• tPLH Maximum Propagation 2.0V 49 82 103 120 ns 
Delay 4.5V 9.9 16 21 24 ns 

6.0V 8.4 14 18 20 ns 

trLH· trHL Maximum Output Rise 2.0V 30 75 95 110 ns 
and Fall Time 4.5V 8 15 19 22 ns 

6.0V 7 13 16 19 ns 

Cpo Power Dissipation (per gate) 90 pF 
Capacitance (Note 5) 

CtN Maximum Input 8 15 15 15 pF 
Capacitance 

Note 5: Cpo determines the no load dynamic power consumption, Po=Cpo Vcc2 I+ Ice Vee. and the no load dynamic current consumption, ls=Cpo Vee f+ Ice-

Typical Applications 

TL/F/5296-4 

Vour 
TL/F/5296-3 

FIGURE 1. Crystal Oscillator 

R1 
VtN-Y'N 

FIGURE 3. Schmitt Trigger 

3-17 
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II) 
C) 

~ ~National 
5e U Semiconductor 
:::E 
....... 

B MM54HC05/MM74HC05 
~ Hex Inverter {Open Drain) 
II) 

~ General Description Features 
The MM54HC05/MM74HC05 are logic functions fabricated 
by using advanced silicon-gate CMOS technology, which 
provides the inherent benefits of CMOS-low quiescent 
power and wide power supply range. These devices are 
also functionally and pin-out compatible with standard 
DM54LS/DM74LS logic families. The MM54HC05/ 
MM74HC05 open drain Hex Inverter requires the addition of 
an external resistor to perto.rm a wire-NOR function. 

• Open drain for wire-NOR function 
• Fanout of 10 LS-TIL loads 
• Typical propagation delays: 

tpzL (with 1 kn resistor) 8 ns 
tpLz (with 1 kn resistor) 13 ns 

• Low input current: 1 µA maximum 

All inputs are protected from static discharge damage by 
internal diodes to Vee and ground. 

Connection Diagram 
Dual-In-Line Package 

Vee A6 Y6 AS vs 

14 13 12 11 10 

A1 Y1 A2 Y2 A3 

Top View 

A4 ,. 

Y3 

Order Number MM54HC05* or MM74HC05* 

Y4 

GND 

•Please look into Section 8, Appendix D for availability of various package types. 

Logic Diagram 

~OUTPUT 

'"'"'~9 
TL/F/9388-2 

Typical Application 
Yee 

- ~- ~. _·:~ 
·~· 

TL/F/9388-1 

Note: Can be extended to more than 2 inputs. 
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Absolute Maximum Ratings (Notes 1 & 2) 

If Mllltary/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for avallablllty and specifications. 

Supply Voltage (Vee) -0.5V to + 7.0V 

DC Input Voltage MN) -1.5V to Vee+ 1.5V 

DC Output Voltage (Vour) -0.5V to Vee+ 0.5V 

Clamp Diode Current (l1K. loK) 

DC Output Current, per pin (lour) 

DC Vee or GND Current, per pin (Ice) 

Storage Temperature Range (T srn) 

Power Dissipation (Po) 
(Note 3) 
S.O. Package only 

Lead Temperature (TL) 
(Soldering 10 seconds) 

±20mA 

±25mA 

±50mA 

-65°C to + 150°C 

.600mW 
500mW 

260°C 

DC Electrical Characteristics (Note 4) 

Operating Conditions 
Min 

Supply Voltage (Vee) 2 
DC Input or Output Voltage 0 

MN. Vour) 
Operating Temp. Range (TA) 

MM74HC -40 
MM54HC -55 

Input Rise or Fall Times 
(tr, t1) V cc = 2.0V 

Vee= 4.5V 
Vee= 6.0V 

74HC 

Max Units 
6 v 

Vee v 

+85 oc 
+125 oc 

1000 ns 
500 ns 
400 ns 

54HC 
Symbol Parameter Conditions Vee 

TA=25°C 
TA= - 40°C to + 85°C TA=-55°Cto +125°C Units 

Typ 

V1H Minimum High Level 2.0V 1.5 
Input Voltage 4.5V 3.15 

6.0V 4.2 

V1L Maximum Low Level 2.0V 0.5 
Input Voltage** 4.5V 1.35 

6.0V 1.8 

VoL Maximum Low Level V1N=V1H 
Output Voltage I lour I ::;: 20 µA 2.0V 0 0.1 

RL = oo 4.5V 0 0.1 
6.0V 0 0.1 

V1N=V1H 
ilourl ::;:4.0 mA 4.5V 0.2 0.26 
!lour!::;: 5.2 mA 6.0V 0.2 0.26 

ILKG Maximum High Level V1N = V1H or V1L 6.0V 
0.5 

Output Leakage Current Vour=Vcc 

l1N Maximum Input V1N =Vee or GND 6.0V 
±0.1 

Current 

Ice Maximum Quiescent V1N=Vcc or GND 6.0V 
2.0 

Supply Current lour=O µA 
Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Guaranteed Limits 

1.5 1.5 v 
3.15 3.15 v 
4.2 4.2 v 
0.5 0.5 v 
1.35 1.35 v 
1.8 1.8 v 

0.1 0.1 v 
0.1 0.1 v 
0.1 0.1 v 

0.33 0.4 v 
0.33 0.4 v 

5 10 µA 

±1.0 ±1.0 µA 

20 40 µA 

Note 3: Power Dissipation temperature derating- plastic "N" package: -12 mW/'C from 65'C to 85'C; ceramic "J" package: -12 mW/'C from 100'C to 125'C. 

Note 4: For a power supply of 5V ± 10% the wor.;t case output voltages (VoH and Voll occur for HG at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case V1H and V1L occur at Vee = 5.5V and 4.5V respectively. (The V1H value at 5.5V is 3.B5V.) The worst case leakage current 
OiN· Ice. and loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 

••v1L limits are currently tested at 20% of Vee- The above V1L specification (30% of Vee) will be implemented no later than 01, CY'89. 
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AC Electrical Characteristics Vcc=5V,TA=25°c,cL=15pF,tr=t,=6ns 

Symbol Parameter Conditions 

Maximum Propagation Delay 

Typ 

8 

Guaranteed 
Limit 

Units 

ns 

AC Electrical Characteristics Vcc=2.0Vto6.0V, CL =50 pF, tr=t1=6 ns unless otherwise specified 

TA=2s·c 
74HC 54HC 

Symbol Parameter Conditions Vee TA= -40°cto +as·c TA= - ss·c to + 12s0 c 
Typ Guaranteed Limits 

tpzL Maximum Propagation AL =1 kn 2.0V 30 75 95 110 
Delay 4.5V 8 15 19 22 

6.0V 7 13 16 19 

tpLz Maximum Propagation AL =1 kn 2.0V 30 90 115 135 
Delay 4.5V 13 18 23 27 

6.0V 12 15 20 23 

trHL Maximum Output 2.0V 30 75 95 110 
Fall Time 4.5V 8 15 19 22 

6.0V 7 13 16 19 

CPO Power Dissipation (per gate) 
8 

Capacitance (Note 5) 

C1N Maximum Input 
5 10 10 10 

Capacitance 

Units 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

pF 

pF 

Note 5: Cpo determines the no load dynamic power consumption, Po=Cpo Vcc2 t+ Ice Vee. and the no load dynamic current consumption, ls=Cpo Vee f+ Ice-
The power dissipated by RL is not included. 
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'?JI National 
~Semiconductor 

MM54HC08/MM7 4HC08 
Quad 2-lnput AND Gate 

General Description Features 
These AND gates utilize advanced silicon-gate CMOS tech
nology to achieve operating speeds similar to LS-TTL gates 
with the low power consumption of standard CMOS inte
grated circuits. The HCOB has buffered outputs, providing 
high noise immunity and the ability to drive 1 O LS-TTL loads. 
The 54HC/7 4HC logic family is functionally as well as pin
out compatible with the standard 54LS/74LS logic family. 
All inputs are protected from damage due to static dis
charge by internal diode clamps to Vee and ground. 

11 Typical propagation delay: 7 ns (tPHU· 12 ns (tPLH) 

Connection Diagram 

• Fanout of 10 LS-TTL loads 
• Quiescent power consumption: 2 µA maximum at room 

temperature 
• Low input current: 1 µA maximum 

Dual-In-Line Package 

Vee 84 A4 

14 13 12 

1 

A1 81 

2 3 

Y1 

Y4 

11 

4 

A2 

Top View 

83 

10 

5 

82 

A3 

9 

Y3 

8 

6 ,1 
Y2 GND 

Order Number MM54HC08 or MM74HC08 
*Please look into Section 8, Appendix D for availability of various package typ.es. 
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Absolute Maximum Ratings (Notes 1 & 2) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage (Vee) -0.5 to + 7.0V 

DC Input Voltage MN) -1.5 to Vee+ 1.5V 

DC Output Voltage (VouT) 

Clamp Diode Current (l1K. loK) 

DC Output Current, per pin (louT) 

DC Vee or GND Current, per pin (Ice) 

Storage Temperature Range (TsTG) 

Power Dissipation (Po) 
(Note3) 
S.O. Package only 

Lead Temp. (TL) (Soldering 1 o seconds) 

-0.5 to Vcc+0.5V 

±20mA 

±25mA 

±50mA 

-65°C to+ 150°C 

600mW 
500mW 

260°C 

DC Electrical Characteristics (Note 4) 

Operating Condition3 
Min 

Supply Voltage (Vee) 2 

DC Input or Output Voltage 0 

MN. VouT) 

Operating Temp. Range (TA) 
MM74HC -40 
MM54HC -55 

Input Rise or Fall Times 

(tr, t1) Vcc=2.0V 
Vcc=4.5V 
Vcc=6.0V 

Max 
6 

Vee 

+85 
+125 

1000 
500 
400 

74HC 54HC 

Units 
v 
v 

oc 
oc 

ns 
ns 
ns 

Symbol Parameter Conditions Vee TA= -40to85°C TA= -55to 125°C Units 

VoH 

Vol 

Ice 

Minimum High Level 
Input Voltage 

Maximum Low Level 
Input Voltage** 

Minimum High Level 
Output Voltage 

Maximum Low Level 
Output Voltage 

Maximum Input 
Current 

Maximum Quiescent 
Supply Current 

V1N=V1H 
I lour I s 20 µA 

V1N=V1H 
llouTI s4.0 mA 
I louTI s 5.2 mA 

V1N = V1H or V1L 
I lour I s 20 µA 

V1N = V1H or V1L 
l1ouTls4.0 mA 
I lour I s 5.2 mA 

V1N =Vee or GND 

V1N =Vee or GND 
lour=O µA 

2.0V 
4.5V 
6.0V 

2.0V 
4.5V 
6.0V 

2.0V 

Typ 

2.0 
4.5V 4.5 
6.0V 6.0 

4.5V 4.2 
6.0V 5.7 

2.0V 
4.5V 
6.0V 

0 

0 
0 

4.5V 0.2 
6.0V 0.2 

6.0V 

6.0V 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 
5.9 

3.98 
5.48 

0.1 
0.1 
0.1 

0.26 
0.26 

±0.1 

2.0 

Note 1: Absolute Maximum Ratings are those val~es beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Guaranteed Limits 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 
5.9 

3.84 
5.34 

0.1 
0.1 
0.1 

0.33 
0.33 

±1.0 

20 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 
5.9 

3.7 
5.2 

0.1 
0.1 
0.1 

0.4 
0.4 

±1.0 

40 

v 
v 
v 

v 
v 
v 

v 
v 
v 

v 
v 

v 
v 
v 

v 
v 

µA 

µA 

Note 3: Power Dissipation temperature derating-plastic "N" package: -12 mW/'C from 65'C to 85'C; ceramic "J" package: -12 mW/'C from 100'C to 125'C. 

Note 4: For a power supply of 5V ± 10% the worst case output voltages (VoH. and Voll occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case V1H and V1L occur at Vcc=5.5V and 4.5V respectively. (The V1H value at 5.5V is 3.85V.) The worst case leakage current (l1N. Ice. and 
lozl occur for CMOS at the higher voltage and so the 6.0V values should be used. 

*'V1L limits are currently tested at 20% of Vee· The above V1L specification (30% of Vee) will be implemented no later than 01, CY'89. 
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AC Electrical Characteristics Vee=5V, TA=25°C, CL =15 pF, tr=t1=6 ns 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

tPHL Maximum Propagation 12 20 ns 
Delay, Output High to Low 

tPLH Maximum Propagation 7 15 ns 
Delay, Output Low to High 

AC Electrical Characteristics Vee= 2.0V to 6.0V, CL= 50 pF, tr= t1=6 ns (unless otherwise specified) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee TA= -40 to 85°C TA= - 55 to 125°C Units 

Typ Guaranteed Limits 

tPHL Maximum Propagation 2.0V 77 121 151 175 ns 
Delay, Output High to Low 4.5V 15 24 30 35 ns 

6.0V 13 20 25 30 ns 

tPLH Maximum Propagation 2.0V 30 90 113 134 ns 
Delay, Output 4.5V 10 18 23 27 ns 
Low to High 6.0V 8 15 19 23 ns 

trLH· trHL Maximum Output Rise 2.0V 30 75 95 110 ns 
and Fall Time 4.5V 8 15 19 22 ns 

6.0V 7 13 16 19 ns 

Cpo Power Dissipation (per gate) 38 pF 

Capacitance (Note 5) 

C1N Maximum Input 4 10 10 10 pF 

Capacitance 

Note 5: Cpo determines the no load dynamic power consumption, Po= Cpo Vec2 f +Ice Vee. and the no load dynamic current consumption, Is= Cpo Vee f +Ice-
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~National · 
~Semiconductor 

MM54HC10/MM74HC10 
Triple 3-lnput NANO Gate 

General Description Features 
These NANO gates utilize advanced silicon-gate CMOS 
technology to achieve operating speeds similar to LS-TTL 
gates with the low power consumption of standard CMOS 
integrated circuits. All gates have buffered outputs. All de
vices have high noise immunity and the ability to drive 10 
LS-TTL loads. The 54HC/7 4HC logic family is functionally 
as well as pin-out compatible with the standard 54LS/74LS 
logic family. All inputs are protected from damage due to 
static discharge by internal diode clamps to Vee and 
ground. 

• Typical propagation delay: 8 ns 
• Wide power supply range: 2-6V 
• Low quiescent current: 20 µA maximum (7 4HC Series) 
• Low input current: 1 µA maximum 
• Fanout of 10 LS-TTL loads 

Connection and Logic Diagrams 

Dual·ln·Llne Package 

Vee 

14 

A1 

C1 

B1 

Y1 

13 12 

C3 

11 

4 

82 

Top View 

83 A3 

C2 Y2 

Order Number MM54HC10* or MM74HC10* 

Y3 

8 

7 

GND 

•Please look into Section 8, Appendix D for availability of various package types. 

Y=ABC 

TL/F/5153-2 
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Absolute Maximum Ratings (Notes 1 & 2) 

If Military/ Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage (Vee) -0.5 to+ 7.0V 

DC Input Voltage (V1N) -1.5 to Vee+ 1.5V 

DC Output Voltage (Vour) -0.5 to Vcc+0.5V 

Clamp Diode Current (l1K. loK) 

DC Output Current, per pin (lour) 

DC Vee or GND Current, per pin (Ice) 

Storage Temperature Range (T srn) 
Power Dissipation (Po) 

(Note3) 
S.O. Package only 

Lead Temperature (T d 
(Soldering 10 seconds) 

±20mA 

±25mA 

±50mA 

- 65°C to + 150°c 

600mW 
500mW 

260°c 

DC Electrical Characteristics (Note 4) 

Operating Conditions 
Min 

Supply Voltage (Vee) 2 

DC Input or Output Voltage 0 

(VIN· Vour) 

Operating Temp. Range (TA) 
MM74HC -40 
MM54HC -55 

Input Rise or Fall Times 
(tr, tf) Vee= 2.0V 

Vcc=4.5V 
Vcc=6.0V 

Max 
6 

Vee 

+85 
+125 

1000 
500 
400 

74HC 54HC 

Units 
v 
v 

·c 
·c 

ns 
ns 
ns 

Symbol Parameter Conditions Vee TA=-40toas0c TA=-55to125°C Units 

VoL 

Ice 

Minimum High Level 
Input Voltage 

Maximum Low Level 
Input Voltage** 

Minimum High Level 
Output Voltage 

Maximum Low Level 
Output Voltage 

Maximum Input 
Current 

Maximum Quiescent 
Supply Current 

V1N = V1H or V1L 
llourl::;:2oµA 

V1N = V1H or V1L 
I lour I:::;: 4.0 mA 
I lourl :::;: 5.2 mA 

V1N=V1H 
llourl::;:20 µA 

V1N=V1H 
I lour I :::;: 4.0 mA 
I lour I :::;: 5.2 mA 

V1N=Vcc or GND 

V1N =Vee or GND 
lour=O µA 

2.0V 
4.5V 
6.0V 

2.0V 
4.5V 
6.0V 

2.0V 

Typ 

2.0 
4.5V 4.5 
6.0V 6.0 

4.5V 4.2 
6.0V 5.7 

2.0V 
4.5V 
6.0V 

0 
0 
0 

4.5V 0.2 
6.0V 0.2 

6.0V 

6.0V 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 
5.9 

3.98 
5.48 

0.1 
0.1 
0.1 

0.26 
0.26 

±0.1 

2.0 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Guaranteed Limits 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 
5.9 

3.84 
5.34 

0.1 
0.1 
0.1 

0.33 
0.33 

±1.0 

20 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 
5.9 

3.7 
5.2 

0.1 
0.1 
0.1 

0.4 
0.4 

±1.0 

40 

v 
v 
v 
v 
v 
v 

v 
v 
v 

v 
v 

v 
v 
v 

v 
v 

µA 

µA 

Note 3: Power Dissipation temperature derating-plastic "N" package: -12 mW/'C from 65'C to 85'C; ceramic "'J" package: -12 mW/'C from 100'C to 125'C. 

Note 4: For a power supply of 5V ± 10% the worst case output voltages (VOH· and Voll occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case v1H and v1L occur at Vee= 5.SV and 4.SV respectively. (The V1H value at 5.SV is 3.85V.) The worst case leakage current (l1N• Ice. and 
loz) occur for CMOS at the higher voltage and so the 6.0V values should be used . 

.. VIL limits are currently tested at 20% of Vee· The above V1L specification (30% of Vee) will be implemented no later than 01, CY'89. 
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AC Electrical Characteristics Vee= 5V, TA= 25°C, CL= 15 pF, tr= t1= 6 ns 

Symbol Parameter 

Maximum Propagation 
Delay 

Conditions Typ 

8 

Guaranteed 
Limit 

15 

Units 

ns 

AC Electrical Characteristics Vee= 2.0V to 6.0V, CL= 50 pF, tr= t1= 6 ns (unless otherwise specified) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee TA= - 40 to 85°C TA= - 55 to 125°C 

Typ Guaranteed Limits 

tpHL• tPLH Maximum Propagation 2.0V 48 90 113 134 
Delay 4.5V 10 18 23 27 

6.0V 8 15 19 23 

trLH· trHL Maximum Output Rise 2.0V 30 75 95 110 
and Fall Time 4.5V 8 15 19 22 

6.0V 7 13 16 19 

Cpo Power Dissipation (per gate) 20 
Capacitance (Note 5) 

C1N Maximum Input 5 10 10 10 
Capacitance 

Units 

ns 
ns 
ns 

ns 
ns 
ns 

pF 

pF 

Note 5: Cpo determines the no load dynamic power consumption, Po=Cpo Vcc2 I+ Ice Vee. and the no load dynamic current consumption, ls=Cpo Vee !+Ice-
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~National 
~Semiconductor 

MM54HC11/MM74HC11 
Triple 3-lnput AND Gate 

General Description Features 
These AND gates utilize advanced silicon-gate CMOS tech
nology to achieve operating speeds similar to LS-TIL gates 
with the low power consumption of standard CMOS inte
grated circuits. All gates have buffered outputs, providing 
high noise immunity and the ability to drive 10 LS-TIL loads. 
The 54HC/74HC logic family is functionally as well as pin
out compatible with the standard 54LS/74LS logic family. 
All inputs are protected from damage due to static dis
charge by internal diode clamps to Vee and ground. 

• Typical propagation delay: 12 ns 

• Wide power supply range: 2-6V 
• Low quiescent current: 20 µA maximum (74HC Series) 
• Low input current: 1 µA maximum 

• Fanout of 10 LS-TIL loads 

Connection and Logic Diagrams 

Dual-In-Line Package 

Vee e1 Y1 e3 

14 13 12 11 

2 3 4 

A1 B1 A2 82 e2 Y2 GND 
TL/F/5298-1 

Top View 

Order Number MM54HC11 * or MM74HC11 * 
•Please look into Section 8, Appendix D for availability of various package types. 

TL/F/5298-2 

(1OF3 GATES) 
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Absolute Maximum Ratings (Notes 1 & 2) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage (Vee) -0.5 to + 7.0V 

DC Input Voltage MN) 

DC Output Voltage (VouT) 

Clamp Diode Current (l1K. loK) 

DC Output Current, per pin (louT) 

DC Vee or GND Current, per pin (Ice) 

Storage Temperature Range (T srn) 

Power Dissipation (Po) 
(Note 3) 
S.O. Package only 

Lead Temperature (TL) 

(Soldering 10 seconds) 

-1.5 to Vee+ 1.5V 

-0.5 to Vcc+0.5V 

±20mA 

±25mA 

±50mA 

- 65°C to + 150°C 

600mW 
500mW 

260°C 

DC Electrical Characteristics (Note 4) 

Operating Conditions 
Min 

Supply Voltage (Vee) 2 

DC Input or Output Voltage O 

(V1N1 VouT) 

Operating Temp. Range (TA) 
MM74HC -40 
MM54HC -55 

Input Rise or Fall Times 

(tr, tr) Vee= 2.0V 
Vcc=4.5V 
Vcc=6.0V 

Max 
6 

Vee 

+85 
+125 

1000 
500 
400 

74HC 54HC 

Units 
v 
v 

oc 
oc 

ns 

ns 
ns 

Symbol Parameter Conditions Vee TA= - 40 to 85°C TA= - 55 to 125°C Units 

Ice 

Minimum High Level 
Input Voltage 

Maximum Low Level 
Input Voltage•• 

Minimum High Level 
Output Voltage 

Maximum Low Level 
Output Voltage 

Maximum Input 

Current 

Maximum Quiescent 
Supply Current 

V1N=V1H 
J louTI s 20 µA 

V1N=V1H 
liouTI s4.0 mA 
liouTI s 5.2 mA 

V1N=V1H orV1L 

llouTI s20 µA 

V1N=V1H orV1L 
1 louTI s 4.0 mA 
I louTI s 5.2 mA 

V1N =Vee or GND 

V1N =Vee or GND 

louT=O µA 

2.0V 
4.5V 
6.0V 

2.0V 
4.5V 
6.0V 

2.0V 

Typ 

2.0 

4.5V 4.5 
6.0V 6.0 

4.5V 4.2 

6.0V 5.7 

2.0V 
4.5V 
6.0V 

0 
0 
0 

4.5V 0.2 
6.0V 0.2 

6.0V 

6.0V 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 
5.9 

3.98 
5.48 

0.1 
0.1 
0.1 

0.26 

0.26 

±0.1 

2.0 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Guaranteed Limits 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 

5.9 

3.84 
5.34 

0.1 
0.1 
0.1 

0.33 
0.33 

±1.0 

20 

1.5 
3.15 

4.2 

0.5 

1.35 
1.8 

1.9 
4.4 
5.9 

3.7 
5.2 

0.1 

0.1 
0.1 

0.4 
0.4 

±1.0 

40 

v 
v 
v 
v 
v 
v 

v 
v 
v 

v 
v 

v 
v 
v 

v 
v 

µA 

µA 

Note 3: Power Dissipation temperature derating-plastic "N" package: -12 mWl°C from 65°C to 85°C; ceramic "J" package: -12 mW/°C from 100°C to 125°C. 

Note 4: For a power supply of 5V ± 10% the worst case output voltages (VoH. and Voll occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case V1H and Vil occur at Vee=5.5V and 4.5V respectively. (The V1H value at 5.5V is 3.85V.) The worst case leakage current (11N. lee. and 
loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 

••v1L limits are currently tested at 20% of Vee- The above V1L specification (30% of Vee) will be implemented no later than 01, CY'89. 
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AC Electrical Characteristics Vcc=5V, TA=25°C, CL= 15 pF, tr=t1=6 ns 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

tPHL• tPLH Maximum Propagation 12 20 ns 
Delay 

AC Electrical Characteristics 
Vcc=2.0V to 6.0V, CL =50 pF, tr=t1=6 ns (unless otherwise specified) 

TA=2s·c 
74HC 54HC 

Symbol Parameter Conditions Vee TA= - 40 to as·c TA= -ssto 12s·c Units 

Typ Guaranteed Limits 

tPHL• tPLH Maximum Propagation 2.0V 48 125 156 190 ns 
Delay 4.5V 18 25 31 38 ns 

6.0V 15 21 27 31 ns 

trLH· trHL Maximum Output Rise 2.0V 30 75 95 110 ns 
and Fall Time 4.5V 8 15 19 22 ns 

6.0V 7 13 16 19 ns 

Cpo Power Dissipation (per gate) 35 pF 
Capacitance (Note 5) 

C1N Maximum Input 5 10 10 10 pF 
Capacitance 

Note 5: Cpo determines the no load dynamic power consumption, Po=Cpo Vcc2 I+ Ice Vee. and the no load dynamic current consumption, Is= Cpo Vee I+ Ice-
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~National 
~Semiconductor 

MM54HC14/MM74HC14 
Hex Inverting Schmitt Trigger 

General Description 
The MM54HC14/MM74HC14 utilizes advanced silicon-gate 
CMOS technology to achieve the low power dissipation and 
high noise immunity of standard CMOS, as well as the capa
bility to drive 10 LS-TTL loads. 

The 54HC/74HC logic family is functionally and pinout com
patible with the standard 54LS/74LS logic family. All inputs 
are protected from damage due to static discharge by inter
nal diode clamps to Vee and ground. 

Connection and Schematic Diagrams 

Features 
• Typical propagation delay: 13 ns 
• Wide power supply range: 2-6V 
• Low quiescent current: 20 µA maximum (7 4HC Series) 
• Low input current: 1 µA maximum 
• Fanout of 10 LS-TTL loads 
• Typical hysteresis voltage: 0.9V at Vec=4.5V 

Dual-In-Line Package 

GND 
TL/F/5105-1 

Top View 

Order Number MM54HC14* or MM74HC14* 
*Please look into Section B, Appendix D for availability of various package types. 

Vee 

Vee Vee 

y 

TL/F/5105-2 
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Absolute Maximum Ratings (Notes 1 & 2) 

If Military I Aerospace specified devices are required, Power Dissipation (Po) 
contact the National Semiconductor Sales Office/ (Note3) 600mW 
Distributors for availability and specifications. S.O. Package only 500mW 

Supply Voltage (Vee) -0.5 to + 7.0V Lead Temp. (TL) (Soldering 10 seconds) 260°c 

DC Input Voltage MN) -1.5toVcc+1.5V 
Operating Conditions DC Output Voltage (Vour) -0.5 to Vee+ 0.5V 

Clamp Diode Current (l1K. loK) ±20mA Min Max Units 

DC Output Current, per pin (lour) ±25mA 
Supply Voltage (Vee) 2 6 v 

DC Vee or GND Current, per pin (Ice) ±50mA 
DC Input or Output Voltage 0 Vee v 

(V1N. Vour) 
Storage Temperature Range (T srn) - 65°C to + 150°C 

Operating Temp. Range (TA) 
MM74HC -40 +85 ·c 
MM54HC -55 +125 ·c 

DC Electrical Characteristics (Note 4) 

TA=2s0 c 74HC 54HC 
Symbol Parameter Conditions Vee TA= - 40 to as0 c TA= - ss to 12s0 c Units 

Typ Guaranteed Limits 

Vr+ Positive Going Minimum 2.0V 1.2 1.0 1.0 1.0 v 
Threshold Voltage 4.5V 2.7 2.0 2.0 2.0 v 

6.0V 3.2 3.0 3.0 3.0 v 
Maximum 2.0V 1.2 1.5 1.5 1.5 v 

4.5V 2.7 3.15 3.15 3.15 v 
6.0V 3.2 4.2 4.2 4.2 v 

Vr- Negative Going Minimum 2.0V 0.7 0.3 0.3 0.3 v 
Threshold Voltage 4.5V 1.8 0.9 0.9 0.9 v 

6.0V 2.2 1.2 1.2 1.2 v 
Maximum 2.0V 0.7 1.0 1.0 1.0 v 

4.5V 1.8 2.2 2.2 2.2 v 
6.0V 2.2 3.0 3.0 3.0 v 

VH Hysteresis Voltage Minimum 2.0V 0.5 0.2 0.2 0.2 v 
4.5V 0.9 0.4 0.4 0.4 v 
6.0V 1.0 0.5 0.5 0.5 v 

Maximum 2.0V 0.5 1.0 1.0 1.0 v 
4.5V 0.9 1.4 1.4 1.4 v 
6.0V 1.0 1.5 1.5 1.5 v 

VoH Minimum High Level V1N=V1L 
Output Voltage liourl=20 µA 2.0V 2.0 1.9 1.9 1.9 v 

4.5V 4.5 4.4 4.4 4.4 v 
6.0V 6.0 5.9 5.9 5.9 v 

V1N=V1L 
I lourl = 4.0 mA 4.5V 4.2 3.98 3.84 3.7 v 
llourl = 5.2 mA 6.0V 5.7 5.48 5.34 5.2 v 

I 

Vol Maximum Low Level V1N=V1H 
Output Voltage I lourl = 20 µA 2.0V 0 0.1 0.1 0.1 v 

4.5V 0 0.1 0.1 0.1 v • 6.0V 0 0.1 0.1 0.1 v 
V1N=V1H 
I lour I= 4.0 mA 4.5V 0.2 0.26 0.33 0.4 v 
llourl = 5.2 mA 6.0V 0.2 0.26 0.33 0.4 v 

l1N Maximum Input V1N=Vcc or GND 6.0V ±0.1 ±1.0 ±1.0 µA 
Current 

Ice Maximum Quiescent V1N=VccorGND 6.0V 2.0 20 40 µA 
Supply Current lour=O µA 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating- plastic "N" package: -12 mW/'C from 65'C to 85'C; ceramic "J" package: -12 mW/'C from 100'C to 125'C. 

Note 4: For a power supply of 5V ± 10% the worst case output voltages (VoH. and Voll occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case V1H and v1L occur at Vee= 5.5V and 4.5V respectively. (The V1H value at 5.5V is 3.85V.) The worst case leakage current (11N, 
Ice. and loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics Vcc=5V,TA=25°c,cL=15pF,tr=tr=6ns 

Symbol Parameter Conditions Typ Guaranteed Limit Units 

Maximum Propagation Delay 12 22 ns 

AC Electrical Characteristics Vcc=2.0Vto6.0V, CL =50pF, tr=t,=6 ns (unless otherwise specified) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee TA= - 40 to as·c TA= -55to 125°C Units 

Typ Guaranteed Limits 

tPHL• tPLH Maximum Propagation 2.0V 60 125 156 188 ns 
Delay 4.5V 13 25 31 38 ns 

6.0V 11 21 26 32 ns 

trLH· trHL Maximum Output Rise 2.0V 30 75 95 110 ns 
and Fall Time 4.5V 8 15 19 22 ns 

6.0V 7 13 16 19 ns 

Cpo Power Dissipation (per gate) 27 pF 
Capacitance (Note 5) 

C1N Maximum Input Capacitance 5 10 10 10 pF 

Note 5: Cpo determines the no load dynamic power consumption, Po = Cpo Vcc2 I+ Ice Vee. and the no load dynamic current consumption, Is = 
Cpo Vee !+Ice-

Typical Performance Characteristics 
Input Threshold, Vr +, Vr-, 
vs Power Supply Voltage 

4.0 ' 

E ! 3.0 t---+--...-tt---+----4 

> 

~ 2.0 1---.j--,,~~ 
~ 
i: 
~ 1.0 

:!: 
0 ...___......_ _ _._ _ ___._ _ __, 

2.0 3.0 4.0 5.0 6.0 

POWER SUPPLY VOLTAGE (V) 

Typical Applications 
1'' 

Low Power Oscillator 

TL/F/5105-3 

TL/F/5105-5 

t1=RCln Vr+ 
Vr-,. 

t2=RCln Vcc-Vr
Vcc-Vr+ 

f::: 1 
RC In Vr+(Vcc-Vr-) 

Vr- (Vcc-Vr+) 

Note: The equations assume t1 +t2»tpdo+tpd1 
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~National 
~Semiconductor 

MM54HC20/MM74HC20 
Dual 4-lnput NANO Gate 

General Description Features 
• Typical propagation delay: 8 ns 
• Wide power supply range: 2-6V 

These NANO gates utilize advanced silicon-gate CMOS 
technology to achieve operating speeds similar to LS-TTL 
gates with the low power consumption of standard CMOS 
integrated circuits. All gates have buffered outputs. All de
vices have high noise immunity and the ability to drive 10 
LS-TTL loads. The 54HC/74HC logic family is functionally 
as well as pin-out compatible with the standard 54LS/74LS 
logic family. All inputs are protected from damage due to 
static discharge by internal diode clamps to V cc and 
ground. 

• Low quiescent current: 20 µA maximum (74HC Series) 
• Low input current: 1 µA maximum 
• Fanout of 10 LS-TTL loads 

Connection and Logic Diagrams 

vcc 
14 

1 

A1 

02 

13 

2 

81 

Dual-In-Line Package 

C2 

12 

3 

NC 

NC 

11 

4 

C1 
Top View 

82 

10 

5 

01 

A2 

9 

6 

Y1 

Order Number MM54HC20* or MM74HC20* 

Y2 

8 

7 

ONO 

0 Please look into Section 8, Appendix D for availability of various package types. 

TL/F/5299-2 
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Absolute Maximum Ratings (Notes 1 & 2> 

If Military I Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage (Vee) -0.5 to + 7.0V 

DC Input Voltage MN> -1.5 to Vee+ 1.5V 

DC Output Voltage (Vour) -0.5 to Vcc+0.5V 

Clamp Diode Current (l1K. loK) 

DC Output Current, per pin (lour) 

DC Vee or GND Current, per pin (Ice) 

Storage Temperature Range (T srn) 

Power Dissipation (Po) 
(Note3) 
S.O. Package only 

Lead Temp. (TL) (Soldering 10 seconds) 

±20mA 

±25mA 

±50mA 

- 65°C to + 150°C 

600mW 
500mW 

260°C 

DC Electrical Characteristics (Note 4l 

Operating Conditions 
Min 

Supply Voltage (Vee) 2 

DC Input or Output Voltage 0 

MN. Vour) 

Operating Temp. Range (TA) 
MM74HC -40 
MM54HC -55 

Input Rise or Fall Times 
(tr, t1) Vcc=2.0V 

Vcc=4.5V 
Vcc=6.0V 

Max 
6 

Vee 

+85 
+125 

1000 
500 
400 

74HC 54HC 

Units 
v 
v 

oc 
oc 

ns 
ns 
ns 

Symbol Parameter Conditions Vee TA= - 40 to 85°C TA= - 55 to 125°C Units 

Ice 

Minimum High Level 
Input Voltage 

Maximum Low Level 
Input Voltage** 

Minimum High Level 
Output Voltage 

Maximum Low Level 
Output Voltage 

Maximum Input 
Current 

Maximum Quiescent 
Supply Current 

V1N = V1H or V1L 
I lourl ~ 20 µA 

V1N = V1H or V1L 
llourl ~4.0 mA 
I lour I ~ 5.2 mA 

V1N=V1H 
I lour I ~ 20 µA 

V1N=V1H 
I lour I ~ 4.0 mA 
l1ourl~5.2 mA 

V1N=VccorGND 
lour=O µA 

2.0V 
4.5V 
6.0V 

2.0V 
4.5V 
6.0V 

2.0V 

Typ 

2.0 
4.5V 4.5 
6.0V 6.0 

4.5V 4.2 
6.0V 5.7 

2.0V 
4.5V 
6.0V 

0 
0 
0 

4.5V 0.2 
6.0V 0.2 

6.0V 

6.0V 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 
5.9 

3.98 
5.48 

0.1 
0.1 
0.1 

0.26 
0.26 

±0.1 

2.0 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Guaranteed Limits 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 
5.9 

3.84 
5.34 

0.1 
0.1 
0.1 

0.33 
0.33 

±1.0 

20 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 
5.9 

3.7 
5.2 

0.1 
0.1 
0.1 

0.4 
0.4 

±1.0 

40 

v 
v 
v 
v 
v 
v 

v 
v 
v 

v 
v 

v 
v 
v 

v 
v 

µA 

µA 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mW/'C from 65'C to B5'C; ceramic "J" package: -12 mW /'C from 1 OO'C to 125'C. 

Note 4: For a power supply of 5V ± 10% the worst case output voltages (VOH· and Voll occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case v1H and Vil occur at Vee= 5.5V and 4.5V respectively. (The V1H value at 5.5V is 3.85V.) The worst case leakage current (l1N. 
Ice. and lozl occur for CMOS at the higher voltage and so the 6.0V values should be used. 

''VIL limits are currently tested at 20% of Vee. The above ViL specification (30% of Vee) will be implemented no later than 01, CY'B9. 
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AC Electrical Characteristics Vee=5V, TA=25°C, CL= 15 pF, tr=t1=6 ns 

Symbol Parameter 

Maximum Propagation 
Delay 

Conditions Typ 

8 

Guaranteed 
Limit 

15 

Units 

ns 

AC Electrical Characteristics Vee= 2.0V to 6.0V, CL= 50 pF, tr= t1= 6 ns (unless otherwise specified) 

TA=2s·c 
74HC 54HC 

Symbol Parameter Conditions Vee TA= - 40 to ss·c TA= - ss to 12s·c 

Typ Guaranteed Limits 

tPHL• tPLH Maximum Propagation 2.0V 45 90 113 134 
Delay 4.5V 9 18 23 27 

6.0V 8 15 19 23 

trLH· trHL Maximum Output Rise 2.0V 30 75 95 110 
and Fall Time 4.5V 8 15 19 22 

6.0V 7 13 16 19 

Cpo Power Dissipation (per gate) 20 
Capacitance (Note 5) 

C1N Maximum Input 5 10 10 10 
Capacitance 

Units 

ns 
ns 
ns 

ns . 
ns 
ns 

pF 

pF 

Note 5: ep0 determines the no load dynamic power consumption, Po= Cpo V cc2 f + Ice V cc. and the no load dynamic current consumption, Is= Cpo V cc f + Ice-
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~National a Semiconductor 
MM54HC27 /MM74HC27 
Triple 3-lnput NOR Gate 

General Description Features 
• Typical propagation delay: 8 ns These NOR gates utilize advanced silicon-gate CMOS tech

nology, to achieve operating speeds similar to LS-TIL gates 
with the low power consumption of standard CMOS inte
grated circuits. All gates have buffered outputs, providing 
high noise immunity and the ability to drive 10 LS-TIL loads. 
The 54HC/74HC logic family is functionally as well as pin
out compatible with the standard 54LS/74LS logic family. 
All inputs are protected from damage due to static dis
charge by internal diode clamps to Vee and ground. 

• Wide operating supply voltage range: 2-6V 
• Low input current: < 1 µA 
• Low quiescent supply current: 20 µA maximum 

(7 4HC Series) 
• Fanout of 10 LS-TIL Loads 

Connection and Logic Diagrams 

Dual-In-Line Package 

Vee e1 Y1 e3 83 A3 Y3 

14 13 12 11_ 

2 3 4 

A1 81 A2 82 Y2 
TL/F/5300-1 

Top View 

Order Number MM54HC27* or MM74HC27* 
•Please look into Section 8, Appendix D for availability of various package types. 

Y=A+B+C 

(1of3) 
TL/F/5300-2 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
If Miiitary I Aerospace specified devices are required, Min Max 
contact the National Semiconductor Sales Office/ Supply Voltage (Vee) 2 6 
Distributors for avallablllty and specifications. 

DC Input or Output Voltage 0 Vee 
Supply Voltage (Vee) -0.5 to + 7.0V 

MN.Vour) 
DC Input Voltage CViN) -1.5 to Vee+ 1.5V 

Operating Temp. Range (TA) 
DC Output Voltage (Vour) -0.5 to Vcc+0.5V MM74HC -40 +85 
Clamp Diode Current (l1K. loK) ±20mA MM54HC -55 +125 
DC Output Current, per pin (lour) ±25mA 

Input Rise or Fall Times 
DC Vee or GND Current, per pin (Ice) ±50mA (tr,t1) Vcc=2.0V 1000 
Storage Temperature Range (T srn) - 65°C to + 15o·c Vcc=4.5V 500 
Power Dissipation (Po) Vcc=6.0V 400 

(Note 3) 600mW 
S.O. Package only 500mW 

Lead Temperature (TL) 
(Soldering 1 O seconds) 260°c 

DC Electrical Characteristics (Note 4) 

74HC 54HC 

Symbol Parameter Conditions Vee 
TA=25°C 

TA= - 40 to 85°C TA= -55 to 125•c 

Typ 

V1H Minimum High Level 2.0V 1.5 
Input Voltage 4.5V 3.15 

6.0V 4.2 

V1L Maximum Low Level 2.0V 0.5 
Input Voltage•• 4.5V 1.35 

6.0V 1.8 

VoH Minimum High Level V1N=V1L 
Output Voltage I lour I~ 20 µA 2.0V 2.0 1.9 

4.5V 4.5 4.4 
6.0V 6.0 5.9 

V1N=V1L 
llouTI ~4.0 mA 4.5V 4.2 3.98 

llouTI ~5.2 mA 6.0V 5.7 5.48 

VoL Maximum Low Level V1N = V1H or V1L 
Output Voltage llouTI ~20 µA 2.0V 0 0.1 

4.5V 0 0.1 
6.0V 0 0.1 

V1N = V1H or V1L 
I louTI ~ 4.0 mA 4.5V 0.2 0.26 

I louTI ~ 5.2 mA 6.0V 0.2 0.26 

l1N Maximum Input V1N=VccorGND 6.0V ±0.1 

Current 

Ice Maximum Quiescent V1N =Vee or GND 6.0V 2.0 
Supply Current lour=O µA 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Guaranteed Limits 

1.5 1.5 
3.15 3.15 
4.2 4.2 

0.5 0.5 
1.35 1.35 
1.8 1.8 

1.9 1.9 
4.4 4.4 
5.9 5.9 

3.84 3.7 
5.34 5.2 

0.1 0.1 
0.1 0.1 
0.1 0.1 

0.33 0.4 
0.33 0.4 

±1.0 ±1.0 

20 40 

Units 
v 
v 

·c 
·c 

ns 
ns 
ns 

Units 

v 
v 
v 
v 
v 
v 

v 
v 
v 

v 
v 

v 
v 
v 

v 
v 

µA 

µA 

Note 3: Power Dissipation temperaturederating-plastic "N" package: -12 mWl°C from 65'C to 85'C; ceramic "J" package: -12 mW/'C from 100'C to 125'C. 

Note 4: For a power supply of 5V ± 10% the worst case output voltages (VOH• and Voll occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case v1H and V1L occur at Vee= 5.5V and 4.5V respectively. (The V1H value at 5.5V is 3.85V.) The worst case leakage current (l1N• Ice. and 
loz) occur for CMOS at the higher voltage and so the 6.0V values should be used . 

.. VIL limits are currently tested at 20% of Vee. The above V1L specification (30% of Vee) will be implemented no later than 01, CY'B9. 
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AC Electrical Characteristics Vee=5V, TA=25°C, CL =15 pF, tr=tt=6 ns 

Symbol Parameter 

Maximum Propagation 
Delay 

Conditions Typ 

8 

Guaranteed 
Limit 

15 

Units 

ns 

AC Electrical Characteristics Vee= 2.0V to 6.0V, CL= 50 pF, tr= tt= 6 ns (unless otherwise specified) 

TA=2s·c 
74HC 54HC 

Symbol Parameter Conditions Vee TA= -40 to es·c TA= -ssto 12s·c 

Typ Guaranteed Limits 

tPHL• tPLH Maximum Propagation 2.0V 45 90 113 134 
Delay 4.5V 9 18 23 27 

6.0V 8 15 19 23 

tTLH• tTHL Maximum Output Rise 2.0V 30 75 95 110 
and Fall Time 4.5V 8 15 19 22 

6.0V 7 13 16 19 

Cpo Power Dissipation (per gate) 36 
Capacitance (Note 5) 

C1N Maximum Input 5 10 10 10 
Capacitance 

Units 

ns 
ns 
ns 

ns 
ns 
ns 

pF 

pF 

Note 5: Cpo determines the no load dynamic power consumption, Po= Cpo Vcc2 I+ Ice Vee. and the no load dynamic current consumption, Is= Cpo Vee I+ Ice-
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~National a Semiconductor 
MM54HC30/MM74HC30 8-lnput NANO Gate 

General Description Features 
• Typical propagation delay: 20 ns 
• Wide power supply range: 2-6V 

This NANO gate utilizes advanced silicon-gate CMOS tech
nology to achieve operating speeds similar to LS-TIL gates 
with the low power consumption of standard CMOS inte
grated circuits. This device has high noise immunity and the 
ability to drive 10 LS-TIL loads. The 54HC/7 4HC logic fami
ly is functionally as well as pin-out compatible with the stan
dard 54LS/74LS logic family. All inputs are protected from 
damage due to static discharge by internal diode clamps to 
V cc and ground. 

• Low quiescent current: 20 µA maximum (74HC Series) 
• Low input current: 1 µA maximum 
• Fanout of 10 LS-TIL loads 

Connection and Logic Diagrams 

vcc 

14 

A 

Dual-In-Line Package 
NC H G NC NC 

13 12 11· 10 

B c D E F 

Top View 

y 

GND 

Order Number MM54HC30* or MM74HC30* 

TL/F/5133-1 

•Please look into Section B, Appendix D for availability of various package types. 

Y=ABCDEFGH 

TL/F/5133-2 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
If Miiitary I Aerospace specified devices are required, Min Max Units 
contact the National Semiconductor Sales Office/ DC Supply Voltage (Vee) 2 6 v 
Distributors for avallablllty and specifications. 

DC Input or Output Voltage 
Supply Voltage (Vee) -0.5 to + 7.0V 

(V1N1 VouT) 0 Vee v 
DC Input Voltage (V1N) -1.5 to Vee+ 1.5V 

Operating Temp. Range (TA) 
DC Output Voltage (VouT) -o.5 to Vee+ 0.5V MM74HC -40 +85 oc 
Clamp Diode Current (lco) ±20mA MM54HC -55 +125 oc 
DC Output Current, per pin (lour) ±25mA Input Rise/Fall Times 
DC Vee or GND Current, per pin (Ice) ±50mA (tr, tt) Vcc=2.0V 1000 ns 
Storage Temperature Range (T srn) -65°C to + 150°C Vcc=4.5V 500 ns 
Power Dissipation (Po) Vcc=6.0V 400 ns 

(Note3) 600mW 
S.O. Package only 500mW 

lead Temp. (TL) (Soldering, 10 seconds) 260°C 

DC Electrical Characteristics (Note 4) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee TA= -40to85°C TA= -55to 125°C Units 

Typ Guaranteed Limits 

V1H Minimum High level Input 2.0V 1.5 1.5 1.5 v 
Voltage 4.5V 3.15 3.15 3.15 v 

6.0V 4.2 4.2 4.2 v 
V1L Maximum low Level Input 2.0V 0.5 0.5 0.5 v 

Voltage** 4.5V 1.35 1.35 1.35 v 
6.0V 1.8 1.8 1.8 v 

VoH Minimum High Level Output V1N=V1H orV1L 
Voltage I louTI :::;; 20 µA 2.0V 2.0 1.9 1.9 1.9 v 

4.5V 4.5 4.4 4.4 4.4 v 
6.0V 6.0 5.9 5.9 5.9 v 

V1N = V1H or V1L 
llourl::-;;4.0 mA 4.5V 4.2 3.98 3.84 3.7 v 
llouTl::-;;5.2 mA 6.0V 5.7 5.48 5.34 5.2 v 

Vol Maximum Low level Output V1N=V1H 
Voltage llouTl::-;;20 µA 2.0V 0 0.1 0.1 0.1 v 

4.5V 0 0.1 0.1 0.1 v 
6.0V 0 0.1 0.1 0.1 v 

V1N=V1H 
llouTl::-;;4 mA 4.5V 0.2 0.26 0.33 0.4 v 
llouTl::-;;5.2 mA 6.0V 0.2 0.26 0.33 0.4 v 

l1N Maximum Input Current V1N=VccorGND 6.0V ±0.1 ±1.0 ±1.0 µA 

Ice Maximum Quiescent Supply V1N=VccorGND 6.0V 2.0 20 40 µA 
Current louT=O µA 

Note 1: Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating-plastic "N" package: -12 mW/'Cfrom 65'C to 85'C; ceramic "J" package: -12 mW/'C from 100'C to 125'C. 
Note 4: For a power supply of 5V ± 10% the worst case output voltages (VOH· and Vou occur for HC at 4.5V. Thus the 4.5Vvalues should be used when designing 
with this supply. Worst case V1H and V1L occur at Vee=5.5Vand 4.5V respectively. (The V1H value at 5.5V is 3.85V.) The worst case leakage current (l1N. lee. and 
loz) occur for CMOS at the higher voltage and so the 6.0V values should be used . 
.. VIL limits are currently tested at 20% of Vee. The above Vil specification (30% of Vecl will be implemented no later than 01, CY'89. 
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AC Electrical Characteristics Vee=5V, TA=25°C, CL= 15 pF, tr=tt=6 ns 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

tPHL• tPLH Maximum Propagation Delay 20 30 ns 

AC Electrical Characteristics Vee= 2.ov to 6.ov, CL= 50 pF, tr~ tt= 6tns (unless otherwise specified) 

TA=2s·c 
74HC 54HC 

Symbol Parameter Conditions Vee TA= -40toas·c TA= -ssto 12s·c Units 

Typ Guaranteed Limits 

tPHL• tPLH Maximum Propagation 2.0V 66 160 190 220 ns 
Delay 4.5V 23 35 42 49 ns 

6.0V 18 30 36 42 ns 

trLH· trHL Maximum Output 2.0V 30 75 95 110 ns 
Rise and Fall 4.5V 8 15 19 22 ns 
Time 6.0V 7 13 16 19 ns 

Cpo Power Dissipation 34 pF 
Capacitance (Note 5) 

C1N Maximum Input 5 10 10 10 pF 
Capacitance 

Note 5: Cpo determines the no load dynamic power consumption, Po=Cpo Vcc2 !+Ice Vee. and the no load dynamic current consumption, ls=Cpo Vee I+ Ice· 
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~National 
~Semiconductor 

MM54HC32/MM74HC32 
Quad 2-lnput OR Gate 

General Description 
These OR gates utilize advanced silicon-gate CMOS tech
nology to achieve operating speeds similar to LS-TIL gates 
with the low power consumption of standard CMOS inte
grated circuits. All gates have buffered outputs, providing 
high noise immunity and the ability to drive 10 LS-TIL loads. 
The 54HC/7 4HC logic family is functionally as well as pin
out compatible with the standard 54LS/74LS logic family. 
All inputs are protected from damage due to static dis
charge by internal diode clamps to Vee and ground. 

Connection and Logic Diagrams 

Features 
• Typical propagation delay: 1 O ns 
• Wide power supply range: 2-6V 
• Low quiescent current: 20 µA maximum (74HC Series) 
• Low input current: 1 µA maximum 
• Fanout of 10 LS-TIL loads 

Dual·ln·Llne Package 

vee 84 Y4 83 

14 13 11 

3 

A1 81 Y1 A2 82 

Top View 

A3 

6 

Y2 

Y3 

8 

7 

GND 
TL/F/5132-1 

Order Number MM54HC32* or MM74HC32* 
•Please look into Section 8, Appendix D for availability of various package types. 

A Y=A+B 

8 
TL/F/5132-2 

(1of4) 
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Absolute Maximum Ratings (Notes 1 & 2) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

SupplyVoltage(Vcc) -0.5to +7.0V 

DC Input Voltage (V1N) -1.5 to Vee+ 1.5V 

DC Output Voltage (Vour) -0.5 to Vcc+0.5V 

Clamp Diode Current (l1K· loK) 

DC Output Current, per pin (lour) 

DC Vee or GND Current, per pin (Ice) 

Storage Temperature Range (T srn) 
Power Dissipation (Po) 

±20mA 

±25mA 

±50mA 

- 65°C to + 15o•c 

(Note3) 
S.O. Package only 

Lead Temperature (TL} 

(Soldering 1 O seconds) 

600mW 
500mW 

260°c 

DC Electrical Characteristics (Note 4) 

Symbol Parameter Conditions Vee 

V1H Minimum High Level 2.0V 
Input Voltage 4.5V 

6.0V 

V1L Maximum Low Level 2.0V 
Input Voltage•• 4.5V 

6.0V 

VoH Minimum High Level V1N = V1H or V1L 
Output Voltage llourl:o::20 µA 2.0V 

4.5V 
6.0V 

V1N = V1H or V1L 
l1ourl:o::4.0 mA 4.5V 
l1ourl:o::5.2 mA 6.0V 

VoL Maximum Low Level V1N=V1L 
Output Voltage ilourl :0::20 µA 2.0V 

4.5V 
6.0V 

V1N=V1L 
I lour I :o:: 4.0 mA 4.5V 
Houri :o:: 5.2 mA 6.0V 

l1N Maximum Input V1N =Vee or GND 6.0V 
Current 

Ice Maximum Quiescent V1N =Vee or GND 6.0V 
Supply Current lour=O µA 

Operating Conditions 
Min Max 

Supply Voltage (Vee) 2 6 

DC Input or Output Voltage 0 Vee 
(V1N. Vour) 

Operating Temp. Range (TA) 
MM74HC -40 +85 
MM54HC -55 +125 

Input Rise or Fall Times 
(tr.tt) Vcc=2.0V 1000 

Vcc=4.5V 500 
Vcc=6.0V 400 

TA=2s·c 
74HC 54HC 

TA= - 40 to ss·c ·rA = -ss to 12s·c 

Typ Guaranteed Limits 

1.5 1.5 1.5 
3.15 3.15 3.15 
4.2 4.2 4.2 

0.5 0.5 0.5 
1.35 1.35 1.35 
1.8 1.8 1.8 

2.0 1.9 1.9 1.9 
4.5 4.4 4.4 4.4 
6.0 5.9 5.9 5.9 

4.7 3.98 3.84 3.7 
5.2 5.48 5.34 5.2 

0 0.1 0.1 0.1 
0 0.1 0.1 0.1 
0 0.1 0.1 0.1 

0.2 0.26 0.33 0.4 
0.2 0.26 0.33 0.4 

±0.1 ±1.0 ±1.0 

2.0 20 40 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 

Units 
v 
v 

•c 
·c 

ns 
ns 
ns 

Units 

v 
v 
v 
v 
v 
v 

v 
v 
v 

v 
v 

v 
v 
v 

v 
v 

µA 

µA 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mW /'C from 65'C to 85'C; ceramic "J" package: -12 mW /'C from 1 oo•c to 125'C. 
Note 4: For a power supply of 5V ± 10% the worst case output voltages (VoH· and Vou occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case V1H and V1L occur at Vee= 5.5V and 4.5V respectively. (The V1H value at 5.5V is 3.85V.) The worst case leakage current (l1N. 
Ice. and lozl occur for CMOS at the higher voltage and so the 6.0V values should be used. 
••v1L limits are currently tested at 20% of Vee. The above Vil specification (30% of Vee) will be implemented no later than 01, CY'89. 
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C'll 
Cf) 

~ AC Electrical Characteristics Vcc=5V, TA=25°C, CL= 15 pF, tr=tt=6 ns 
"'1::1' ,..... 
:E 
:E ....... 
C'll 
Cf) 

0 ::c 
"'1::1' ..., 
:E 
:E 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

tPHL• tPLH Maximum Propagation 10 18 ns 
Delay 

AC Electrical Characteristics 
Vcc=2.0V to 6.0V, CL =50 pF, tr=tt=6 ns (unless otherwise specified) 

TA=25°C 
74HC 

Symbol Parameter Conditions Vee TA= -40toss·c 
54HC 

TA= - ss to 12s·c 

Typ Guaranteed Limits 

tPHL• tPLH Maximum Propagation 2.0V 30 100 125 150 
Delay 4.5V 12 20 25 30 

6.0V 9 17 21 25 

trLH· trHL Maximum Output Rise 2.0V 30 75 95 110 
and Fall Time 4.5V 8 15 19 22 

6.0V -7 13 16 19 

Cpo Power Dissipation (per gate) 50 
Capacitance (Note 5) 

C1N Maximum Input 5 10 10 10 
Capacitance 

Units 

ns 
ns 
ns 

ns 
ns 
ns 

pF 

pF 

Note 5: Cpo determines the no load dynamic power consumption, Po=Cpo Vcc2 f+ Ice Vee. and the no load dynamic current consumption, ls=Cpo Vee f+ Ice-
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~National 
~Semiconductor 

MM54HC34/MM74HC34 Non-Inverter 

General Description 
The MM54HC34/MM74HC34 are logic functions fabricated 
by using advanced silicon-gate CMOS technology which 
provides the inherent benefits of CMOS-low quiescent 
power and wide power supply range, but are functionally as 
well as pin-out compatible with standard DM54LS/74LS de
vices. The MM54HC34/MM74HC34 feature low power dis-

sipation and fast switching times. All inputs are protected 
from static discharge by internal diodes to Vee and ground. 

Connection Diagram 

Features 
• Fast switching: tPLH• tPHL = 10 ns (typ) 
• High fanout: :::::: 1 O LS loads 

Dual-In-Line Package 
Vee A6 Y6. AS vs A4 Y4 

14 13 12 11 10 9 8 

2 

A1 Y1 

3 

A2 

4 

Y2 

Top View 

s 
A3 

6 7 

Y3 GND 

Order Number MM54HC34* or MM74HC34* 

TL/F/9389-1 

•Please look into Section 8, Appendix D for availability of various package types. 
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Absolute Maximum Ratings (Notes 1 & 2) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage (Vee) -0.5Vto +7.0V 

DC Input Voltage MN) -1.5V to Vee + 1.5V 

DC Output Voltage (Vour) 

Clamp Diode Current (l1K. loK) 

DC Output Current, per pin (lour) 

DC Vee or GND Current, per pin (lice> 

Storage Temperature Range (T srn) 

Power Dissipation (Po) 
(Note 3) 
S.O. Package only 

Lead Temperature (T iJ 
(Soldering 10 seconds) 

-0.5VtoVcc +0.5V 

±20mA 

±25mA 

±50mA 

- 65°C to + 15o•c 

600mW 
500mW 

260°c 

DC Electrical Characteristics (Note 4) 

Operating Conditions 

Supply Voltage (Vee) 
DC Input or Output Voltage 

MN. Vour) 
Operating Temp. Range (TA) 

MM74HC 
MM54HC 

Input Rise or Fall Times 
(tr, tt) Vee= 2.0V 

Vee= 4.5V 
Vee= 6.ov 

74HC 

Min 
2 
0 

-40 
-55 

Max Units 
6 v 

Vee v 

+85 ·c 
+125 ·c 

1000 ns 
500 ns 
400 ns 

54HC 
Symbol Parameter Conditions Vee 

TA= 25·c. 
TA = - 40 to + 85°C TA = - 55 to + 125•c Units 

VoH 

VoL 

Ice 

Minimum High Level 
Input Voltage 

Maximum Low Level 
Input Voltage** 

Minimum High Level 
Output Voltage 

V1N = V1L 
llourl s 20 µA 

V1N = V1L 
I lourl s 4.0 mA 
1 lourl s 5.2 mA 

Maximum Low Level V1N = V1H 
Output Voltage llourl s 20 µA 

V1N = V1H 
I lourl s 4.0 mA 
1 lourl s 5.2 mA 

2.0V 
4.5V 
6.0V 

2.0V 
4.5V 
6.0V 

2.0V 

Typ 

2.0 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.5V 4.5 4.4 
6.0V 6.0 5.9 

4.5V 4.2 3.98 
6.0V 5. 7 5.48 

2.0V 0 
4.5V 0 
6.0V 0 

0.1 
0.1 
0.1 

4.5V 0.2 0.26 
6.0V 0.2 0.26 

Maximum Input 
Current 

V1N = Vee or GND 6.0V ±0.1 

Maximum Quiescent V1N = Vee or GND 6.0V 2.0 
Supply Current lour = 0 µA 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Guaranteed Limits 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 
5.9 

3.84 
5.34 

0.1 
0.1 
0.1 

0.33 
0.33 

±1.0 

20 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 
5.9 

3.7 
5.2 

0.1 
0.1 
0.1 

0.4 
0.4 

±1.0 

40 

v 
v 
v 
v 
v 
v 

v 
v 
v 

v 
v 

v 
v 
v 

v 
v 

µA 

µA 

Note 3: Power Dissipation temperature derating-plastic "N" package: -12 mW !°C from 65°C to 85°C, ceramic "J" package: -12 mW /°C from 100°C to 125°C. 

Note 4: For a power supply of 5V ± 10% the worst case output voltages (VoH. and Vou occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case V1H and V1L occur at Vee = 5.5V and 4.5V respectively. (The V1H value at 5.5V is 3.85V.) The worst case leakage current (11N, Ice and 
lozl occur for CMOS at the higher voltage and so the 6.0V values should be used . 

.. VIL limits are currently tested at 20% of Vee. The above V1L specification (30% of Vee) will be implemented no later than 01, CY'89. 
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AC Electrical Characteristics Vee = 5V, TA = 25°C, CL = 15 pF, tr = t1 = 6 ns 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

tPHL• tPLH Maximum Propagation 
10 ns 

Delay 

AC Electrical Characteristics Vee = 2.0V to 6.0V, CL = 50 pF, tr = t, = 6 ns (unless otherwise specified) 

TA= 2s·c 
74HC 54HC 

Symbol Parameter Conditions Vee TA= -40°c to +as·c TA= -ss·c to+ 12s·c Units 

Typ Guaranteed Limits 

tPHL, tPLH Minimum Propagation 2.0V 30 80 100 120 ns 
Delay 4.5V 10 16 20 24 ns 

6.0V 8 14 17 20 ns 

trLH· trHL Maximum Output Rise 2.0V 50 75 95 110 ns 
and Fall Time 4.5V 10 75 19 22 ns 

6.0V 8 13 16 19 ns 

Cpo Power Dissipation (per gate) 
26 pF 

Capacitance (Note 5) 

C1N Maximum Input 
5 10 10 10 pF 

Capacitance 

Note 5: Cpo determines the no load dynamic power consumption. Po = Cpo Vcc2 I + Ice Vee. and the no load dynamic current consumption, Is = Cpo Vee I + 
~ . 
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'?'A National 
~Semiconductor 

MM54HC42/MM74HC42 
BCD-to-Decimal Decoder 
General Description 
This decoder utilizes advanced silicon-gate CMOS technol
ogy. Data on the four input pins select one of the 10 outputs 
corresponding to the value of the BCD number on the in
puts. An output will go low when selected, otherwise it re
mains high. If the input data is not a valid BCD number all 
outputs will remain high. The circuit has high noise immunity 
and low power consumption usually associated with CMOS 
circuitry, yet also has speeds comparable to low power 
Schottky TTL (LS-TTL) circuits, and is capable of driving 10 
LS-TTL equivalent loads. 

Connection Diagram 
Dual-In-line Package 

INPUTS OUTPUTS 

Vee A B c D 9 

116 15 14 13 12 11 10 9 

1:L _O_ 

rO P.J 

-v <;r r:; 9 c;> <1 

1 2 3 4 5 6 7 18 
0 GND 

OUTPUTS TL/F/5301-1 

Top View 

Order Number MM54HC42* or MM74HC42* 
•Please look into Section 8, Appendix D 
for availability of various package types. 

Logic Diagram 

All inputs are protected from damage due to static dis
charge by diodes to Vee and ground. 

Features 
• Typical propagation delay: 15 ns 
• Wide supply range: 2V-6V 
• Low quiescent current: 80 µA (74HC) 
• Fanout of 10 LS-TTL loads 

Truth Table 

No. 
Inputs Outputs 

D C B A 0 1 2 3 4 5 6 7 8 9 

0 L L L L L H H H H H H H H H 
1 L L L H H L H H H H H H H H 
2 L L H L H H L H H H H H H H 
3 L L H H H H H L H H H H H H 
4 L H L L H H H H L H H H H H 

5 L H L H H H H H H L H H H H 
6 L H H L H H H H H H L H H H 
7 L H H H H H H H H H H L H H 
8 H L L L H H H H H H H H L H 
9 H L L H H H H H H H H H H L 

H L H L H H H H H H H H H H 
H L H H H H H H H H H H H H 

INVALID 
H H L L H H H H H H H H H H 
H H L H H H H H H H H H H H 
H H H L H H H H H H H H H H 
H H H H H H H H H H H H H H 

H = High Level, L = Low Level 

TL/F/5301-2 
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Absolute Maximum Ratings (Notes 1 & 2) 

If Miiitary I Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for avallablllty and specifications. 

Supply Voltage (Vee) -0.5 to +7.0V 

DC Input Voltage (V1N) -1.5 to Vee+ 1.5V 

DC Output Voltage (Vour) -0.5 to Vcc+0.5V 

Clamp Diode Current (l1K· loK) ± 20 mA 

DC Output Current, per pin (lour) ± 25 mA 

DC Vee or GND Current, per pin (Ice) ± 50 mA 

Storage Temperature Range (T srn) - 65°C to + 150°C 

Power Dissipation (Po) 
(Note 3) 
S.O. Package only 

Lead Temp. (Tu (Soldering 10 seconds) 

600mW 
500mW 

260°C 

DC Electrical Characteristics (Note 4) 

Operating Conditions 
Min Max 

Supply Voltage (Vee) 2 6 

DC Input or Output Voltage 0 Vee 
(VIN· Vour) 

Operating Temp. Range (TA) 
MM74HC -40 +85 
MM54HC -55 +125 

Input Rise or Fall Times 

(tr. tf) Vcc=2.0V 1000 
Vcc=4.5V 500 
Vcc=6.0V 400 

74HC 54HC 

Symbol Parameter Conditions Vee 
TA=25°C 

TA= -40 to 85°C TA= -55to12s0 c 
Typ 

V1H Minimum High Level 2.0V 1.5 
Input Voltage 4.5V 3.15 

6.0V 4.2 

V1L Maximum Low Level 2.0V 0.5 
Input Voltage** 4.5V 1.35 

6.0V 1.8 

VoH Minimum High Level V1N = V1H or V1L 
Output Voltage I lour I ~ 20 µA 2.0V 2.0 1.9 

4.5V 4.5 4.4 
6.0V 6.0 5.9 

V1N = V1H or V1L 
llourl ~4.0 mA 4.5V 4.2 3.98 
l1ourl~5.2 mA 6.0V 5.7 5.48 

VoL Minimum Low Level V1N = V1H or V1L 
Output Voltage llourl ~20 µA 2.0V 0 0.1 

4.5V 0 0.1 
6.0V 0 0.1 

V1N = V1H or V1L 
llourl ~4.0 mA 4.5V 0.2 0.26 

l1ourl~5.2 mA 6.0V 0.2 0.26 

l1N Maximum Input V1N =Vee or GND 6.0V ±0.1 
Current 

Ice Maximum Quiescent V1N=VccorGND 6.0V 8.0 
Supply Current lour=O µA 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Guaranteed Limits 

1.5 1.5 
3.15 3.15 
4.2 4.2 

0.5 0.5 
1.35 1.35 
1.8 1.8 

1.9 1.9 
4.4 4.4 
5.9 5.9 

3.84 3.7 
5.34 5.2 

0.1 0.1 
0.1 0.1 
0.1 0.1 

0.33 0.4 
0.33 0.4 

±1.0 ±1.0 

80 160 

Units 
v 
v 

oc 
oc 

ns 
ns 
ns 

Units 

v 
v 
v 
v 
v 
v 

v 
v 
v 

v 
v 

v 
v 
v 

v 
v 

µA 

µA 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mW /'C from 65'C to 85'C; ceramic "J" package: -12 mW /'C from 1 OO'C to 125'C. 

Note 4: For a power supply of 5V ± 10% the worst case output voltages (VOH· and Vou occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case V1H and V1L occur at Vee= 5.5V and 4.5V respectively. (The V1H value at 5.5V is 3.85V.) The worst case leakage current (11N. 
Ice. and lozl occur for CMOS at the higher voltage and so the 6.0V values should be used . 

.. VIL limits are currently tested at 20% of Vee· The above v1L specification (30% of Vee) will be implemented no later than 01, CY'B9. 
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AC Electrical Characteristics Vee=5V, TA=25°C, CL =15 pF, tr=t,=6 ns 

Symbol Parameter 

Maximum Propagation 
Delay 

Conditions Typ 

15 

Guaranteed 
Limit 

25 

Units 

ns 

AC Electrical Characteristics Vee= 2.0V to 6.0V, CL= 50 pF, tr= t, = 6 ns (unless otherwise specified) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee TA= -40 to 85°C TA= -55to125•c 

Typ Guaranteed Limits 

tPHL• tPLH Maximum Propagation 2.0V 75 150 189 224 
Delay 4.5V 17 30 38 45 

6.0V 15 26 32 38 

tTLH• trHL Maximum Output Rise 2.0V 30 75 95 110 
and Fall Time 4.5V 8 15 19 22 

6.0V 7 13 16 19 

Cpo Power Dissipation (per package) 62 
Capacitance (Note 5) 

C1N Maximum Input 5 10 10 10 
Capacitance 

Units 

ns 
ns 
ns 

ns 
ns 
ns 

pF 

pF 

Note 5: Cpo determines the no load dynamic power consumption, Po=Cpo Vcc2 I+ Ice Vee. and the no load dynamic current consumption, ls=Cpo Vee I+ Ice· 
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~National 
D Semiconductor 
MM54HC51/MM74HC51 Dual AND-OR-Invert Gate 
MM54HC58/MM74HC58 Dual AND-OR Gate 

General Description Features 
These gates utilize advanced silicon-gate CMOS technology 
to achieve operating speeds similar to LS-TIL gates with 
the low power consumption of standard CMOS integrated 
circuits. All gates have buffered outputs, providing high 
noise immunity and the ability to drive 10 LS-TIL loads. The 
54HC/7 4HC logic family is functionally as well as pin-out 
compatible with the standard 54LS/74LS logic family. All 
inputs are protected from damage due to static discharge by 
internal diode clamps to Vee and ground. 

• Typical propagation delay: 1 o ns 

Connection Diagrams 

Vee 

A1 

• Wide power supply range: 2-6V 
• Low quiescent supply current: 20 µA maximum 

(74 Series) 
• Low input current: 1 µA maximum 
• High output current: 4 mA minimum 

Dual-In-Line Package 
C1 81 F1 E1 01 Y1 

A2 82 C2 

Top View 

02 

9 8 

6 7 

Y2 GNO 
TL/F/5302-1 

Order Number MM54HC51* or MM74HC51* 

Vee 
14 

A1 

Dual-In-Line Package 
e1 81 F1 E1 01 

2 

A2 82 C2 

Top View 

02 

9 

6 

Y2 

Y1 

8 

7 

GNO 

Order Number MM54HC58* or MM74HC58* 

TL/F/5302-2 

•p1ease look into Section 8, Appendix D for availability of various package types. 
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Absolute Maximum Ratings (Notes 1 & 2) 

If Miiitary/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage (Vee) -0.5 to + 7.0V 

DC Input Voltage MN) -1.5 to Vee+ 1.5V 

DC Output Voltage (VouT) -0.5 to Vee+ 0.5V 

Clamp Diode Current Cl1K. loK) ± 20 mA 

DC Output Current, per pin (louT) ±25 mA 

DC V cc or GND Current, per pin (Ice) ± 50 mA 

Storage Temperature Range (TsTG) -65°C to+ 150°C 

Power Dissipation (Po) 
(Note 3) 
S.O. Package only 

Lead Temp. (TL) (Soldering 10 seconds) 

600mW 
500mW 

2so·c 

DC Electrical Characteristics (Note 4) 

Symbol 

VoH 

Parameter 

Minimum High Level 
Input Voltage 

Maximum Low Level 
Input Voltage** 

Minimum High Level 
Output Voltage 

Conditions 

V1N = V1H or V1L 
ilouTI ~20 µA 

Vee 

2.0V 
4.5V 
6.0V 

2.0V 
4.5V 
6.0V 

2.0V 
4.5V 
6.0V 

Typ 

2.0 
4.5 
6.0 

Operating Conditions 
Min Max 

Supply Voltage (Vee) 2 6 

DC Input or Output Voltage 0 Vee 

MN. VouT) 

Operating Temp. Range (TA) 
MM74HC -40 +85 
MM54HC -55 +125 

Input Rise or Fall Times 
(tr, t1) Vcc=2.0V 

Vcc=4.5V 
Vcc=6.0V 

1000 
500 
400 

74HC 54HC 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 
5.9 

TA= -40 to ss·c TA= -ss to 12s·c 

Guaranteed Limits 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 
5.9 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 
5.9 

V1N = V1H or V1L 
l1ouTl~4.0 mA 
l1ouTl~5.2 mA 

4.5V 4.2 3.98 3.84 
5.34 

3.7 
5.2 

Ice 

Maximum Low Level 
Output Voltage 

Maximum Input 
Current 

Maximum Quiescent 
Supply Current 

V1N = V1H or V1L 
ilouTl;,;20 µA 

V1N = V1H or V1L 
l1ouTl~4.0 mA 
I louTI ~ 5.2 mA 

V1N=VccorGND 
louT=O µA 

6.0V 5.7 5.48 

2.0V 
4.5V 
6.0V 

0 
0 
0 

0.1 
0.1 
0.1 

4.5V 0.2 0.26 
6.0V 0.2 0.26 

6.0V ±0.1 

6.0V 2.0 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

0.1 
0.1 
0.1 

0.33 
0.33 

±1.0 

20 

0.1 
0.1 
0.1 

0.4 
0.4 

±1.0 

40 

Units 
v 
v 

ns 
ns 
ns 

Units 

v 
v 
v 
v 
v 
v 

v 
v 
v 

v 
v 

v 
v 
v 

v 
v 

µA 

µA 

Note 3: Power Dissipation temperature derating-plastic "N" package: -12 mW/'C from 65'C to 85'C; ceramic "J" package: -12 mW/'C from 100'C to 125°C. 

Note 4: For a power supply of 5V ± 10% the worst case output voltages (VoH• and Vou occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case V1H and V1L occur at Vee= 5.5V and 4.5V respectively. (The \i1H value at 5.5V is 3.85V.) The worst case leakage current (11N, Ice. and 
loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 

••v1L limits are currently tested at 20% of Vee. The above Vil specification (30% of Vee) will be implemented no later than 01, CY'89. 
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AC Electrical Characteristics Vec=5V, TA=25°C, CL =15 pF, tr=t,=6 ns 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

tPHL• tPLH Maximum Propagation 10 20 ns 
Delay 

AC Electrical Characteristics Vee= 2.0V to 6.0V, CL= 50 pF, tr=t,=6 ns (unless otherwise specified) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee TA= -40 to a5•c TA= -55 to 125•c Units 

Typ Guaranteed Limits 

tPHL• tPLH Maximum Propagation 2.0V 63 125 158 186 ns 
Delay 4.5V 13 25 32 37 ns 

6.0V 11 21 27 32 ns 

trLH1 trHL Maximum Output Rise 2.0V 30 75 95 110 ns 
and Fall Time 4.5V 8 15 19 22 ns 

6.0V 7 13 16 19 ns 

Cpo Power Dissipation (per AND-OR-Gate) 20 pF 
Capacitance (Note 5) 

C1N Maximum Input 5 10 10 10 pF 
Capacitance 

Note 5: Cpo determines the no load dynamic power consumption, Po=Cpo Vcc2 !+Ice Vee, and the no load dynamic current consumption, ls=Cpo Vee I+ Ice· 
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~National 
D Semiconductor 
MM54HC73/MM74HC73 
Dual J-K Flip-Flops with Clear 

General Description 
These J-K Flip-Flops utilize advanced silicon-gate CMOS 
technology. They possess the high noise immunity and low 
power dissipation of standard CMOS integrated circuits. 
These devices can drive 1 O LS-TIL loads. · 

These flip-flops are edge sensitive to the clock input and 
change state on the negative going transition of the clock 
pulse. Each one has independent, J, K, CLOCK, and 
CLEAR inputs and Q and Q outputs. CLEAR is independent 
of the clock and accomplished by a low level on the input. 

The 54HC/74HC logic family is functionally as well as pin
out compatible with the standard 54LS/74LS logic family. 

Connection and Logic Diagrams 

Dual-In-Line Package 

J1 01 01 GND K2 02 02 

eLK 1 eLR 1 K1 Vee eLK 2 eLR 2 J2 

Top View TL/F/5012-1 

Order Number MM54HC73* or MM74HC73* 
*Please look into Section 8, Appendix D 
for availability of various package types. 

K 

CL CL 

CLOCK--{>o-i-{>o-1 

(1of2) 

All inputs are protected from damage due to static dis
charge by internal diode clamps to Vee and ground. 

Features 
• Typical propagation delay: 16 ns 
• Wide operating voltage range: 2-6V 
• Low input current: 1 µA maximum 
• Low quiescent current: 40 µA (7 4HC Series) 

• High output drive: 10 LS-TIL loads 

Truth Table 

Inputs Outputs 

CLR CLK J K Q Q 

L x x x L H 

H ! L L QO QO 
H ! H L H L 
H ! L H L H 

H ! H H TOGGLE 

H H x x QO 00 

Q 

TL/F/5072-2 TL/F/5072-3 
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Absolute Maximum Ratings (Notes 1 & 2) 

If Miiitary/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for avallablllty and specifications. 

Supply Voltage (Vee) -0.5 to + 7.0V 

DC Input Voltage <VIN) -1.5 to Vee+ 1.5V 

DC Output Voltage (Vour) 

Clamp Diode Current (l1K. loK) 

DC Output Current, per pin (lour) 

DC Vee or GND Current, per pin (Ice) 

Storage Temperature Range (T srn) 
Power Dissipation (Po) 

-o.s to Vcc+o.sv 

±20mA 

±25mA 

±50mA 

- 65°C to + 15o•c 

(Note3) 
S.O. Package only 

Lead Temperature (TL) 
(Soldering 10 seconds) 

600mW 
500mW 

260°c 

DC Electrical Characteristics (Note 4) 

Symbol Parameter Conditions Vee 

V1H · Minimum High Level 2.0V 
Input Voltage 4.5V 

6.0V 

V1L Maximum Low Level 2.0V 
Input Voltage** 4.5V 

6.0V 

VoH Minimum High Level V1N = V1H or V1L 
Output Voltage ilourl~20 µA 2.0V 

4.5V 
6.0V 

V1N = V1H or V1L 
I lour I~ 4.0 mA 4.5V 
i lourl ~ 5.2 mA 6.0V 

VoL Maximum Low Level V1N = V1H or V1L 
Output Voltage I lour I ~ 20 µA 2.0V 

4.5V 
6.0V 

V1N=V1H orV1L 
ilourl ~4.0 mA 4.5V 

i lourl ~ 5.2 mA 6.0V 

l1N Maximum Input V1N=VccorGND 6.0V 
Current 

Ice Maximum Quiescent V1N=Vcc or GND 6.0V 
Supply Current lour=O µA 

Operating Conditions 
Min Max 

Supply Voltage (Vee) 2 6 

DC Input or Output Voltage 0 Vee 
(VIN· Vour) 

Operating Temp. Range (TA) 
MM74HC -40 +85 
MM54HC -55 +125 

Input Rise or Fall Times 
(tr,t1) Vee=2.0V 1000 

Vee=4.5V 500 
Vee=6.0V 400 

TA=2s·c 
74HC 54HC 

TA= - 40 to as·c TA= - 55 to 12s·c 

Typ Guaranteed Limits 

1.5 1.5 1.5 
3.15 3.15 3.15 
4.2 4.2 4.2 

0.5 0.5 0.5 
1.35 1.35 1.35 
1.8 1.8 1.8 

2.0 1.9 1.9 1.9 
4.5 4.4 4.4 4.4 
6.0 5.9 5.9 5.9 

4.2 3.98 3.84 3.7 
5.7 5.48 5.34 5.2 

0 0.1 0.1 0.1 
0 0.1 . 0.1 0.1 
0 0.1 0.1 0.1 

0.2 0.26 0.33 0.4 
0.2 0.26 0.33 0.4 

±0.1 ± 1.0 ±1.0 

4.0 40 80 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 

Units 
v 

v 

·c 
·c 

ns 
ns 
ns 

Units 

v 
v 
v 

v 
v 
v 

v 
v 
v 

v 
v 

v 
v 
v 

v 
v 

µA 

µA 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mW l°C from 65°C to 85°C; ceramic "J" package: -12 mW l°C from 1 oo•c to 125°C. 
Note 4: For a power supply of 5V ± 10% the worst case output voltages (VoH. and Vou occur for HG at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case V1H and V1L occur at Vee=5.5V and 4.5V respectively. (The V1H value at 5.5V is 3.85V.) The worst case leakage current (l1N• Ice. and 
loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
••v1L limits are currently tested at 20% of Vee- The above Vil specification (30% of Vee) will be implemented no later than 01, CY'89. 
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AC Electrical Characteristics Vcc=5V,TA=25°c,cL=15pF,tr=t1=6ns 

Symbol Parameter Conditions Typ Guaranteed Limit Units 

fMAX Maximum Operating 50 30 MHz 
Frequency 

tPHL• tPLH Maximum Propagation 16 21 ns 
Delay Clock to Q or Q 

tPHL• tpLH Maximum Propagation 21 26 ns 
Delay Clear to Q or Q 

tREM Minimum Removal Time, 10 20 ns 
Clear to Clock 

ts Minimum Setup Time, 14 20 ns 
J or K to Clock 

tH Minimum Hold Time -3 0 ns 
J or K to Clock 

tw Minimum Pulse Width, 10 16 ns 
Clock or Clear 

AC Electrical Characteristics CL =50 pF, tr=t1=6 ns (unless otherwise specified) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee TA= - 40 to 85°C TA= -55 to 125•c Units 

Typ Guaranteed Limits 

fMAX Maximum Operating 2.0V 9 5 4 3 MHz 
Frequency 4.5V 45 27 21 18 MHz 

6.0V 53 32 25 21 MHz 

tPHLr tPLH Maximum Propagation 2.0V 70 126 160 185 ns 
Delay Clock to Q or Q 4.5V 18 25 32 37 ns 

6.0V 15 21 27 32 ns 

tPHLr tPLH Maximum Propagation 2.0V 126 155 194 250 ns 
Delay Clear to Q or Q 4.5V 25 31 39 47 ns 

6.0V 21 26 32 40 ns 

tREM Minimum Removal Time 2.0V 55 100 125 150 ns 
Clear to Clock 4.5V 11 20 25 30 ns 

6.0V 9 17 21 25 ns 

ts Minimum Setup Time 2.0V 77 100 125 150 ns 
J or K to Clock 4.5V 15.4 20 25 30 ns 

6.0V 13 17 21 25 ns 

tH Minimum Hold Time 2.0V -3 0 0 0 ns 
J or K from Clock 4.5V -3 0 0 0 ns 

6.0V -3 0 0 0 ns 

tw Minimum Pulse Width 2.0V 55 80 100 120 ns 
Clock or Clear 4.5V 11 16 20 24 ns 

6.0V 9 14 18 21 ns 

trLHr trHL Maximum Output Rise 2.0V 30 75 95 110 ns 
and Fall Time 4.5V 8 15 19 22 ns 

6.0V 7 13 16 19 ns 

tr, tt Maximum Input Rise and 2.0V 1000 1000 1000 ns 
Fall Time 4.5V 500 500 500 ns 

6.0V 400 400 400 ns 

Cpo Power Dissipation (per flip-flop) 80 pF 
Capacitance (Note 5) 

C1N Maximum Input 5 10 10 10 pF 
Capacitance 

Note 5: Cpo determines the no load dynamic power consumption, Po=Cpo Vcc2 I+ Ice Vee. and the no load dynamic current consumption, ls=Cpo Vee f+ Ice-
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Typical Applications 

N Bit Binary Ripple Counter with Enable and Reset 

COUNTER ENABLE 

RESET -- --I I 
r-- a CLEAR J 1--4~ ....-- a CLEAR J 1--4~ ....-- a CLEAR 

J~~ 

••• 
Q 

CLOCK K~ a CLOCK K~ a CLOCK K t--
TO 

1 1 -0-
NEXT BIT 

CLOCK 

BIT 3 BIT2 LSB 
TL/F/5072-4 

N Bit Shift Register with Clear 

CLEAR 

DATA CLEAR CLEAR CLEAR J a J a J a 

••• 
K CLOCK a K CLOCK a K CLOCK a 

CLOCK 

TL/F/5072-5 
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~National 
~Semiconductor 

MM54HC7 4A/MM7 4HC7 4A 
Dual D Flip-Flop with Preset and Clear 

General Description 
The MM54HC74A/MM74HC74A utilizes advanced silicon
gate CMOS technology to achieve operating speeds similar 
to the equivalent LS-TTL part. It possesses the high noise 
immunity and low power consumption of standard CMOS 
integrated circuits, along with the ability to drive 10 LS-TTL 
loads. 

This flip-flop has independent data, preset, clear, and clock 
inputs and Q and Q outputs. The logic level present at the 
data input is transferred to the output during the positive-go
ing transition of the clock pulse. Preset and clear are inde
pendent of the clock and accomplished by a low level at the 
appropriate input. 

Connection and Logic Diagrams 

Vee CLR2 

CLR1 01 

Dual-In-Line Package 

02 

CLK1 PR1 

TOP VIEW 

PR2 

01 

02 02 

01 GNO 

TL/F/5106-1 

Order Number MM54HC74A* or MM74HC74A* 
•Please look into Section 8, Appendix D 
for availability of various package types. 

DATA 

The 54HC/74HC logic family is functionally and pinout com
patible with the standard 54LS/74LS logic family. All inputs 
are protected from damage due to static discharge by inter
nal diode clamps to Vee and ground. 

Features 
• Typical propagation delay: 20 ns 

• Wide power supply range: 2-6V 
• Low quiescent current: 40 µA maximum (7 4HC Series) 
• Low input current: 1 µA maximum 

• Fanout of 10 LS-TTL loads 

Truth Table 
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Inputs Outputs 

PR CLR CLK D Q Q 

L H x x H L 
H L x x L H 
L L x x H• H• 
H H t H H L 

H H t L L H 
H H L x QO QO 

Note: QO =the level of Q before the indicated input condi· 
lions were established. 

• This configuration is nonstable; that is, it will not persist 
when preset and clear inputs return to their inactive (high) 
level. 

TL/F/5106-2 



Absolute Maximum Ratings (Notes 1 & 2) 

If Mllltary/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for avallablllty and specifications. 

SupplyVoltage(Vcc) -0.5to +7.0V 

DC Input Voltage MN) -1.5 to V cc+ 1.5V 

DC Output Voltage (Your) -0.5 to Vcc+0.5V 

Clamp Diode Current (l1K· loK) 

DC Output Current, per pin Oour) 

DC Vee or GND Current, per pin (Ice) 

Storage Temperature Range (T srn) 
Power Dissipation (Po) 

(Note 3) 
S.O. Package only 

Lead Temp. (TL) (Soldering 10 seconds) 

±20mA 

±25mA 

±50mA 

- 65°C to + 150°C 

600mW 
500mW 

260°C 

DC Electrical Characteristics (Note 4) 

Operating Conditions 
Min 

Supply Voltage (Vee) 2 

DC Input or Output Voltage 0 
(V1N. our) 

Operating Temp. Range (TA) 
MM74HC -40 
MM54HC -55 

Input Rise or Fall Times 
(tr. t1) Vcc=2.0V 

Vcc=4.5V 
Vcc=6.0V 

Max 
6 

Vee 

+85 
+125 

1000 
500 
400 

74HC 54HC 

Units 
v 
v 

oc 
oc 

ns 
ns 
ns 

Symbol Parameter Conditions Vee TA=-40to85°C TA=-55to125°C Units 

Ice 

Minimum High Level 
Input Voltage 

Maximum Low Level 
Input Voltage** 

Minimum High Level 
Output Voltage 

Maximum Low Level 

Output Voltage 

Maximum Input 
Current 

Maximum Quiescent 

Supply Current 

V1N = V1H or V1L 
llourl~20 µA 

V1N=V1H orV1L 
l1ourl~4.0 mA 
l1ourl~5.2 mA 

V1N=V1H orV1L 
ilourl~20 µA 

V1N=V1H orV1L 
l1ourl~4.0 mA 
l1ourl~5.2 mA 

V1N=Vcc or GND 

lour=O µA 

2.0V 
4.5V 
6.0V 

2.0V 
4.5V 

6.0V 

2.0V 

4.5V 

6.0V 

Typ 

2.0 
4.5 
6.0 

4.5V 4.3 

6.0V 5.2 

2.0V 
4.5V 

6.0V 

0 
0 
0 

4.5V 0.2 

6.0V 0.2 

6.0V 

6.0V 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 
5.9 

3.98 
5.48 

0.1 

0.1 
0.1 

0.26 
0.26 

±0.1 

4.0 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Guaranteed Limits 

1.5 
3.15 
4.2 

0.5 

1.35 
1.8 

1.9 
4.4 

5.9 

3.84 
5.34 

0.1 
0.1 
0.1 

0.33 

0.33 

±1.0 

40 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 
5.9 

3.7 
5.2 

0.1 
0.1 
0.1 

0.4 
0.4 

±1.0 

80 

v 
v 
v 
v 
v 
v 

v 
v 
v 

v 
v 

v 
v 
v 

v 
v 

µA 

µA 

Note 3: Power Dissipation temperature derating-plastic "N" package: -12 mWl°C from 65'C to 85'C; ceramic "J" package: -12 mW/'C from 100'C to 125'C. 

Note 4: For a power supply of 5V ± 10% the worst case output voltages (VoH· and VoL.l occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case ViH and Vil occur at Vee= 5.5V and 4.5V respectively. (The V1H value at 5.5V is 3.85V.) The worst case leakage current (l1N• Ice. and 
loz) occur for CMOS at the higher voltage and so the 6.0V values should be used: 

••v1L limits are currently tested at 20% of Vee· The above V1L specification (30% of Vee) will be implemented no later than 01, CY'B9. 
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AC Electrical Characteristics Vcc=5V,TA=25°c,cL=15pF,tr=tr=6ns 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

fMAX Maximum Operating 72 30 MHz 
Frequency 

tPHL• tPLH . Maximum Propagation 10 30 ns 
Delay Clock to Q or Q 

tPHL• tPLH Maximum Propagation 17 40 ns 
Delay Preset or Clear to Q or Q 

tREM Minimum Removal Time, 6 5 ns 
Preset or Clear to Clock 

ts Minimum Setup Time 10 20 ns 
Data to Clock 

tH Minimum Hold Time 0 0 . ns 
Clock to Data 

tw Minimum Pulse Width 8 16 ns 
Clock, Preset or Clear 

AC Electrical Characteristics CL= 50 pF, tr= tr= 6 ns (unless otherwise specified) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee TA= - 40 to 85°C TA= -55 to 125°C Units 

Typ Guaranteed Limits 

fMAX Maximum Operating 2.0V 22 6 5 4 MHz 
Frequency 4.5V 72 30 24 20 MHz 

6.0V 94 35 28 24 MHz 

tPHL• tPLH Maximum Propagation 2.0V 34 110 140 165 ns 
Delay Clock to Q or Q 4.5V 12 22 28 33 ns 

6.0V 10 19 24 28 ns 

tpHL• tPLH Maximum Propagation 2.0V 66 150 190 225 ns 
Delay Preset or Clear 4.5V 20 30 38 45 ns 
ToQorQ 6.0V 16 26 33 38 ns 

tREM Minimum Removal Time 2.0V 20 50 65 75 ns 
Preset or Clear 4.5V 6 10 13 15 ns 
To Clock 6.0V 5 9 11 13 ns 

ts Minimum Setup Time 2.0V 35 80 100 120 ns 
Data to Clock 4.5V 10 16 20 24 ns 

6.0V 8 14 17 20 ns 

tH Minimum Hold Time 2.0V 0 0 0 ns 
Clock to Data 4.5V 0 0 0 ns 

6.0V 0 0 0 ns 

tw Minimum, Pulse Width 2.0V 30 80 101 119 ns 
Clock, Preset or Clear 4.5V 9 16 20 24 ns 

6.0V 8 14 17 20 ns 

tTLH• tTHL Maximum Output 2.0V 25 75 95 110 ns 
Rise and Fall Time 4.5V 7 15 19 22 ns 

6.0V 6 13 16 19 ns 

tr,tf Maximum Input Rise and 2.0V 1000 1000 1000 ns 
Fall Time 4.5V 500 500 500 ns 

6.0V 400 400 400 ns 

Cpo Power Dissipation (per flip-flop) 80 pF 
Capacitance (Note 5) 

C1N Maximum Input 5 10 10 10 pF 
Capacitance 

Note 5: Cpo determines the no load dynamic power consumption, Po=Cpo Ver:!- f+ Ice Vee. and the no load dynamic current consumption, ls=Cpo Vee f+ Ice· 
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~National 
a Semiconductor 
MM54HC75/MM74HC75 
4-Bit Bistable Latch with Q and Q Output 

General Description 
This 4-bit latch utilizes advanced silicon-gate CMOS tech
nology to achieve the high noise immunity and low power 
consumption normally associated with standard CMOS inte
grated circuits. These devices can drive 10 LS-TTL loads. 

The 54HC/7 4HC logic family is functionally as well as pin
out compatible with the standard 54LS/74LS logic family. 
All inputs are protected from damage due to static dis
charge by internal diode clamps to Vee and ground. 

Features 
This latch is ideally suited for use as temporary storage for 
binary information processing, input/output, and indicator 
units. Information present at the data (D) input is transferred 
to the Q output when the enable (G) is high. The Q output 
will follow the data input as long as the enable remains high. 
When the enable goes low, the information that was present 
at the data input at the time the transition occurred is re
tained at the Q output until the enable is permitted to go 
high again. 

• Typical operating frequency: 50 MHz 

Connection and Logic Diagrams 

10 20 

10 10 

Dual-In-Line Package 
ENABLE 

20 1-2 GNO 30 

20 ENABLE Vee 30 
3·4 

TOP VIEW 

30 40 

TL/F/5303-1 

Order Number MM54HC75* or MM74HC75* 
*Please look into Section 8, Appendix D 
for availability of various package types. 

• Typical propagation delay: 12 ns 
• Wide operating supply voltage range: 2-6V 
• Low input current: 1 µA maximum 
• Low quiescent supply current: 80 µA maximum 

(7 4HC Series) 
• Fanout of 10 LS-TTL loads 

Truth Table 

Inputs Outputs 

D G Q 

L H L 
H H H 
x L Oo 

H = High Level: L=Low Level 

X = Don't Care 

Q 

H 
L 

Oo 

Oo = The level of Q before the transition of G 

(1of4 latches) 

G 

TO OTHER 
LATCH 
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Absolute Maximum Ratings (Notes 1 & 2) 

If Military I Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage (Vee) -0.5 to + 7.0V 

DC Input Voltage (V1N) -1.5 to Vee+ 1.5V 

DC Output Voltage (VouT) -0.5 to Vee+ 0.5V 

Clamp Diode Current (l1K. loK) 

DC Output Current, per pin (louT) 

DC Vee or GND Current, per pin (Ice) 

Storage Temperature Range (T sTG) 

Power Dissipation (Po) 
(Note 3) 
S.O. Package only 

Lead Temp. (TL) (Soldering 10 seconds) 

±20mA 

±25mA 

±50mA 

- 65°C to + 15o•c 

600mW 
500mW 

260°c 

DC Electrical Characteristics (Note 4) 

Operating Conditions 
Min 

Supply Voltage (Vee) 2 

DC Input or Output Voltage 0 
(V1N. VouT) 

Operating Temp. Range (TA) 
MM74HC -40 
MM54HC -55 

Input Rise or Fall Times 
(tr, tt) Vcc=2.0V 

Vcc=4.5V 
Vcc=6.0V 

Max 
6 

Vee 

+85 
+125 

1000 
500 
400 

74HC 54HC 

Units 
v 
v 

·c 
·c 

ns 
ns 
ns 

Symbol Parameter Conditions Vee TA=-40to85°C TA=-55to125°C Units 

Ice 

Minimum High Level 
Input Voltage 

Maximum Low Level 
Input Voltage** 

Minimum High Level 
Output Voltage 

Maximum Low Level 

Output Voltage 

Maximum Input 
Current 

Maximum Quiescent 
Supply Current 

V1N = V1H or V1L 
JlouTl:0:20 µA 

V1N = V1H or V1L 
JlouTI :0:4.0 mA 
JlouTl:0:5.2 mA 

V1N=V1H orV1L 
J louTI ::;: 20 µA 

V1N = V1H or V1L 
JlouTI :S:4.0 mA 
JlouTl:0:5.2 mA 

V1N =Vee or GND 

V1N =Vee or GND 
louT=O µA 

2.0V 

4.5V 
6.0V 

2.0V 
4.5V 

6.0V 

2.0V 

4.5V 
6.0V 

Typ 

2.0 

4.5 
6.0 

1.5 

3.15 
4.2 

0.5 

1.35 
1.8 

1.9 
4.4 

5.9 

4.5V 4.2 3.98 

6.0V 5.7 5.48 

2.0V 

4.5V 
6.0V 

0 
0 
0 

0.1 
0.1 

0.1 

4.5V 0.2 0.26 

6.0V 0.2 0.26 

6.0V ±0.1 

6.0V 4.0 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Guaranteed Limits 

1.5 
3.15 
4.2 

0.5 
1.35 

1.8 

1.9 
4.4 

5.9 

3.84 
5.34 

0.1 
0.1 

0.1 

0.33 

0.33 

±1.0 

40 

1.5 

3.15 
4.2 

0.5 

1.35 
1.8 

1.9 

4.4 
5.9 

3.7 

5.2 

0.1 

0.1 
0.1 

0.4 

0.4 

±1.0 

80 

v 
v 
v 
v 
v 
v 

v 
v 
v 

v 
v 

v 
v 
v 

v 
v 

µA 

µA 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mW l°C from 65°C to 85°C; ceramic "J" package: -12 mW l°C from 1 oo•c to 125°C. 

Note 4: For a power supply of 5V ± 10% the worst case output voltages (VoH. and Vou occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case V1H and V1L occur at Vee= 5.5V and 4.5V respectively. (The ViH value at 5.5V is 3.85V.) The worst case leakage current (11N, Ice. and 
loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 

''V1L limits are currently tested at 20% of Vee- The above V1L specification (30% of Vee) will be implemented no later than 01, CY'89. 
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:!: 
AC Electrical Characteristics Vcc=5V, TA =25°C, CL= 15 pF, tr=t1=6 ns 

::: 
c.n 
~ 

Guaranteed :I: 
Symbol Parameter Conditions Typ Units (') 

Limit ...... 
c.n 

tPHL• tPLH Maximum Propagation 14 23 ns ........ 

Delay, Data to Q :!: 
:!: 

tPHL• tPLH Maximum Propagation 10 20 ns ...... 
~ 

Delay, Data to Q :I: 
(') 

tPHL• tPLH Maximum Propagation 16 27 ns ...... 
Delay, Enable to Q 

c.n 

tpHL• tPLH Maximum Propagation 11 23 ns 
Delay, Enable to Q 

ts Minimum Set Up Time 20 ns 

tH Minimum Hold Time -2 0 ns 

tw Minimum Pulse Width 16 ns 

AC Electrical Characteristics CL =50 pF, tr=t1=6 ns (unless otherwise specified) 

TA=2s·c 
74HC 54HC 

Symbol Parameter Conditions Vee TA= - 40 to as·c TA= - ss to 12s·c Units 

Typ Guaranteed Limits 

tPHL· tPLH Maximum Propagation 2.0V 37 125 156 188 ns 
Delay, Data to Q 4.5V 15 25 32 38 ns 

6.0V 14 24 27 32 ns 

tPHL• tPLH Maximum Propagation 2.0V 29 110 138 165 ns 
Delay, Data to Q 4.5V 12 22 28 33 ns 

6.0V 11 19 24 29 ns 

tPHL• tPLH Maximum Propagation 2.0V 40 145 181 218 ns 
Delay, Enable to Q 4.5V 18 29 36 44 ns 

6.0V 16 25 31 38 ns 

tPHL• tPLH Maximum Propagation 2.0V 36 125 156 188 ns 
Delay, Enable to Q 4.5V 15 25 31 38 ns 

6.0V 14 22 28 33 ns 

ts Minimum Set Up Time 2.0V 40 100 125 150 ns 

Data to Enable 4.5V 10 20 25 30 ns 
6.0V 9 17 21 25 ns 

tH Minimum Hold Time 2.0V -10 0 0 0 ns 

Enable to Data 4.5V -2 0 0 0 ns 
6.0V -2 0 0 0 ns 

tw Minimum Enable Pulse Width 2.0V 40 80 100 120 ns 

4.5V 11 16 20 24 ns 

6.0V 9 14 18 21 ns 

trLH· trHL Maximum Output 2.0V 25 75 95 110 ns 
Rise and Fall Time 4.5V 7 15 19 22 ns 

6.0V 6 13 16 19 ns 

Cpo Power Dissipation (per commonly 40 pF 

Capacitance (Note 5) clocked latched 

pair) 

C1N Maximum Input 5 10 10 10 pF 

Capacitance 

Note 5: Cpo determines the no load dynamic power consumption, Po=Cpo Vcc2- I+ Ice Vee. and the no load dynamic current consumption, ls=Cpo Vee I+ Ice-
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~National 
D Semiconductor 
MM54HC76/MM74HC76 Dual J-K Flip-Flops 
with Preset and Clear 

General Description 
These high speed (30 MHz minimum) J-K Flip-Flops utilize 
advanced silicon-gate CMOS technology to achieve, the low 
power consumption and high noise immunity of standard 
CMOS integrated circuits, along with the ability to drive 1 o 
LS-TTL loads. 

Each flip-flop has independent J, K, PRESET, CLEAR, and 
CLOCK inputs and Q and 0 outputs. These devices are 
edge sensitive to the clock input and change state on the 
negative going transition of the clock pulse. Clear and pre
set are independent of the clock and accomplished by a low 
logic level on the corresponding input. 

Connection and Logic Diagrams 

K1 

16 

01 
Dual-In-Line Package 

01 GND K2 02 02 J2 

CLK 1 PR 1 CLR 1 J 1 V CC CLK 2 PR 2 CLR 2 
TL/F/5074-1 

Top View 

Order Number MM54HC76* or MM74HC76* 
"Please look into Section 8, Appendix D 
for availability of various package types. 

(1of2) 

The 54HC/74HC logic family is functionally as well as pin
out compatible with the standard 54LS/74LS logic family. 
All inputs are protected from damage due to static dis
charge by internal diode clamps to Vee and ground. 

Features 
• Typical propagation delay: 16 ns 
• Wide operating voltage range 
• Low input current: 1 µA maximum 
• Low quiescent current: 40 µA maximum (7 4HC Series) 
• High output drive: 10 LS-TTL loads 

Truth Table 

Inputs Outputs 

PR CLR CLK J L Q Q 

L H x x x H L 
H L x x x L H 
L L x x x L* L* 
H H ! L L ao 00 
H H ! H L H L 
H H ! L H L H 
H H J, H H TOGGLE 
H H H x x ao 00 

"This is an unstable condition, and Is not guaranteed 

mm 
CL CL 
T T 

TL/F/5074-3 

TL/F/5074-2 
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Absolute Maximum Ratings (Notes 1 & 2) 

If Miiitary/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for avallablllty and specifications. 

Supply Voltage (Vee) -0.5 to + 7.0V 

DC Input Voltage MN> -1.5 to Vee+ 1.5V 
DC Output Voltage (Vour) -0.5 to Vee+ 0.5V 

Clamp Diode Current (l1K. loK) 

DC Output Current, per pin (lour) 

±20mA 

±25mA 

±50mA DC Vee or GND Current, per pin (Ice) 

Storage Temperature Range <Tsrn) 
Power Dissipation (Po) 

- 65°C to + 15o·c 

(Note 3) 
S.O. Package only 

Lead Temp. (TL.) (Soldering 10 seconds) 

600mW 
500mW 

260°C 

DC Electrical Characteristics <Note 4) 

Symbol Parameter Conditions Vee 

V1H Minimum High Level 2.0V 
Input Voltage 4.5V 

6.0V 

V1L Maximum Low Level 2.0V 
Input Voltage•• 4.5V 

6.0V 

VoH Minimum High Level V1N=V1H orV1L 
Output Voltage llourl :5:20 µA 2.0V 

4.5V 
6.0V 

V1N = V1H or V1L 
llourl :5:4.0 mA 4.5V 
llourl :5: 5.2 mA 6.0V 

VoL Maximum Low Level V1N = V1H or V1L 
Output Voltage l1ourl:5:20 µA 2.0V 

4.5V 
6.0V 

V1N = V1H or V1L 
llourl :5:4.0 mA 4.5V 
llourl :5:5.2 mA 6.0V 

l1N Maximum Input V1N =Vee or GND 6.0V 
Current 

Ice Maximum Quiescent V1N=VccorGND 6.0V 
Supply Current lour=O µA 

Operating Conditions 
Min Max 

Supply Voltage (Vee) 2 6 

DC Input or Output Voltage 0 Vee 
(VIN· Vour) 

Operating Temp. Range (TA) 
MM74HC -40 +85 
MM54HC -55 +125 

Input Rise or Fall Times 
(tr, t1) Vcc=2.0V 1000 

Vcc=4.5V 500 
Vce=6.0V 400 

TA=25°c 
74HC 54HC 

TA= -40 to 85°C TA= -55 to 125°C 

Typ Guaranteed Limits 

1.5 1.5 1.5 
3.15 3.15 3.15 
4.2 4.2 4.2 

0.5 0.5 0.5 
1.35 1.35 1.35 
1.8 1.8 1.8 

2.0 1.9 1.9 1.9 
4.5 4.4 4.4 4.4 
6.0 5.9 5.9 5.9 

4.2 3.98 3.84 3.7 
5.7 5.48 5.34 5.2 

0 0.1 0.1 0.1 
0 0.1 0.1 0.1 
0 0.1 0.1 0.1 

0.2 0.26 0.33 0.4 
0.2 0.26 0.33 0.4 

±0.1 ±1.0 ±1.0 

4 40 80 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 

Units 
v 
v 

oc 

·c 

ns 
ns 
ns 

Units 

v 
v 
v 
v 
v 
v 

v 
v 
v 

v 
v 

v 
v 
v 

v 
v 

µA 

µA 

Note 3: Power Dissipation temperature derating-plastic "N" package: -12 mW/'C from 65°C to as•c; ceramic "J" package: -12 mW/'C from 1oo·c to 125°C. 
Note 4: For a power supply of 5V ± 10% the worst case output voltages (VoH. and VoiJ occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case ViH and v1L occur at Vee= 5.5V and 4.5V respectively. (The ViH value at 5.5V is 3.B5V.) The worst case leakage current (l1N. Ice. and 
loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
••v1L limits are currently tested at 20% of Vee. The above Vil specification (30% of Vee) will be implemented no later than 01, CY'B9. 
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AC Electrical Characteristics vcc=5V,TA=25°c,cL=15pF,tr=t1=6ns 

Symbol Parameter Conditions Typ Guaranteed Limit Units 

fMAX Maximum Operating Frequency 50 30 MHz 

tPHL• tPLH Maximum Propagation Delay Clock to Q or Q 16 21 ns 

lPHL• tPLH Maximum Propagation Delay Clear to Q or Q 21 26 ns 

tPHL• tPLH Maximum Propagation Delay Preset to Q or Q 23 28 ns 

tREM Minimum Removal Time 10 20 ns 

ts Minimum Setup Time J or K to Clock 14 20 ns 

tH Minimum Hold Time J or K to Clock -3 0 ns 

tw Minimum Pulse Width Preset, Clear or Clock 10 16 ns 

AC Electrical Characteristics CL =50 pF, tr=t1=6 ns (unless otherwise specified) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee TA= -40 to B5°C TA= -55 to 125°C Units 

Typ Guaranteed Limits 

fMAX Maximum Operating 2.0V 9 5 4 3 MHz 
Frequency 4.5V 45 27 21 18 MHz 

6.0V 53 31 24 20 MHz 

tPHL• lPLH Maximum Propagation 2.0V 100 126 160 183 ns 
Delay Clock to Q or Q 4.5V 20 25 31 37 ns 

6.0V 17 21 27 32 ns 

tPHL• tPLH Maximum Propagation 2.0V 126 155 191 250 ns 
Delay Clear to Q or Q 4.5V 25 31 39 47 ns 

6.0V 21 26 33 40 ns 

tPHL• tPLH Maximum Propagation 2.0V 137 165 210 240 ns 
Delay, Preset to Q or Q 4.5V 27 33 41 50 ns 

6.0V 23 28 35 40 ns 

tREM Minimum Removal Time 2.0V 55 100 125 150 ns 
Preset or Clear 4.5V 11 20 25 30 ns 
to Clock 6.0V 9 17 21 25 ns 

ts Minimum Setup Time 2.0V 77 100 125 150 ns 
J or K to Clock 4.5V 15 20 25 30 ns 

6.0V 13 17 21 25 ns 

tH Minimum Hold Time 2.0V -3 0 0 0 ns 
J or K from Clock 4.5V -3 0 0 0 ns 

6.0V -3 0 0 0 ns 

tw Minimum, Pulse Width, 2.0V 55 80 100 120 ns 
Preset, Clear or Clock 4.5V 11 16 20 24 ns 

6.0V 9 14 18 21 ns 

trLH· trHL Maximum Output Rise 2.0V 30 75 95 110 ns 
and Fall Time 4.5V 8 15 19 22 ns 

6.0V 7 13 16 19 ns 

tr, t1 Maximum Input Rise and 2.0V 1000 1000 1000 ns 
Fall Time 4.5V 500 500 500 ns 

6.0V 400 400 400 ns 

Cpo Power Dissipation (per flip-flop) 80 pF 
Capacitance (Note 5) 

C1N Maximum Input 5 10 10 10 pF 
Capacitance 

Note 5: Cpo determines the no load dynamic power consumption, Po=Cpo Vcc2 f+ Ice Vee. and the no load dynamic current consumption, ls=Cpo Vee f+ Ice. 
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Typical Applications 

N Bit Presettable Ripple Counter with Enable and Reset 

DATA C DATA B DATAA 

COUNTER ENABLE l l 
__( I 

r-- Q 
PRESET 

J~ r-- Q 
PRESET 

Ji----. r-- Q 
PRESET 

J 

••• CLEAR p... CLEAR p., CLEAR p.-, 

TO a a K lo-I a NEXT BIT CLOCK K~ t-- CLOCK ..... CLOCK K 

y I 

CLOCK 

RESET 

BIT 3 BIT 2 LSB 
TL/F/5074-4 

N Bit Parallel Load/Serial Load Shift Register with Clear 

DATA A DATA B DATA C 

DATA PRESET Q J 
PRESET a J 

PRESET a J 

CLEAR CLEAR CLEAR ••• 
K CLOCK a K CLOCK a K CLOCK a 

CLOCK 

CLEAR 
TL/F/5074-5 
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~National a Semiconductor 
MM54HC85/MM74HC85 
4-Bit Magnitude Comparator 
General Description 
The MM54HC85/MM74HC85 is a 4-bit magnitude compara
tor that utilizes advanced silicon-gate CMOS technology. It 
is designed for high speed comparison of two four bit words. 
This circuit has eight comparison inputs, 4 for each word; 
three cascade inputs (A<B, A>B, A=B); and three deci
sion outputs (A< B, A> B, A= B). The result of a comparison 
is indicated by a high level on one of the decision outputs. 
Thus it may be determined whether one word is "greater 
than," "less than," or "equal to" the other word. By con
necting the outputs of the least significant stage to the cas
cade inputs of the next stage, words of greater than four bits 
can be compared. In addition the least significant stage 
must have a high level applied to the A= B input, and a low 
level to the A<B, and A>B inputs. 

The comparator's outputs can drive 1 O low power Schottky 
TTL (LS-TTL) equivalent loads, and is functionally, and pin 
equivalent to the 54LS85/74LS85. All inputs are protected 
from damage due to static discharge by diodes to Vee and 
ground. 

Features 
• Typical propagation delay: 27 ns 
• Wide operating voltage range: 2-6V 
• Low input current: 1 µA maximum 
• Low quiescent current: 80 µA maximum (7 4HC Series) 
• Output drive capability: 10 LS-TTL loads 

Connection Diagram 

A3 

15 

A3 

)rB3 
A<B 

IN 

• 

Dual-In-Line Package 
DATA INPUTS 

BZ AZ A1 B1 

14 13 1Z 11 

BZ AZ A1 B1 

A=B A>B A>B A=B 
IN IN OUT OUT 

AO 

10 

AO 

BO 

BO I-

A<B 
OUT 

1a 
D~~A \.A<B A=B A>B A>B A=B A<B GND 

INPUT CASCADE INPUTS OUTPUTS 

TOP VIEW 

Order Number MM54HC85* or MM74HC85* 

TL/F/5205-1 

•Please look into Section 8, Appendix D for availability of various package types. 

Truth Table 
Comparing Cascading 

Inputs Inputs 

A3,83 A2,82 A1, 81 A0,80 A>8 A<8 A=8 A>8 

A3 > B3 x x x x x x H 
A3 < B3 x x x x x x L 
A3 = B3 A2 > B2 x x x x x H 
A3 = B3 A2 < B2 x x x x x L 
A3 = B3 A2 = B2 A1 > B1 x x x x H 
A3 = B3 A2 = B2 A1 < B1 x x x x L 
A3 = B3 A2 = B2 A1 = B1 AO> BO x x x H 
A3 = B3 A2 = B2 A1 = B1 AO< 80 x x x L 
A3 = B3 A2 = B2 A1 = B1 AO= BO H L L H 
A3 = B3 A2 = B2 A1 = B1 AO= BO L H L L 
A3 = B3 A2 = B2 A1 = B1 AO= BO x x H L 
A3 = 83 A2 = B2 A1 = B1 AO= BO H H L L 
A3 = 83 A2 = B2 A1 = B1 AO= BO L L L H 
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Absolute Maximum Ratings (Notes 1 & 2) 

If Miiitary I Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for avallablllty and specifications. 

Supply Voltage (Vee) -0.5 to + 7.0V 

DC Input Voltage MN) -1.5 to Vee+ 1.5V 

DC Output Voltage (Vour) -0.5 to Vee+0.5V 

Clamp Diode Current U1K. loK) 

DC Output Current, per pin (lour) 

±20mA 

±25mA 

±50mA DC Vee or GND Current, per pin (lee) 

Storage Temperature Range (Tsrn) 

Power Dissipation (Po) 

-65°Cto +150°C 

(Note3) 
S.O. Package only 

600mW 
500mW 

Lead Temp. (Tu (Soldering 10 seconds) 260"C 

DC Electrical Characteristics (Note 4) 

Symbol Parameter Conditions Vee 

V1H Minimum High Level 2.0V 
Input Voltage 4.5V 

6.0V 

V1L Maximum Low Level 2.0V 
Input Voltage•• 4.5V 

6.0V 

VoH Minimum High Level V1N=V1H orV1L 
Output Voltage llourl s;20 µA 2.0V 

4.5V 
6.0V 

V1N = V1H or V1L 
llourl s;4.0 mA 4.5V 
I lourl s; 5.2 mA 6.0V 

VoL Maximum Low Level V1N = V1H or V1L 
Output Voltage llourl s;20 µA 2.0V 

4.5V 
6.0V 

V1N = V1H or V1L 
llourl s;4.0 mA 4.5V 

llourl s;5.2 mA 6.0V 

l1N Maximum Input V1N=VeeorGND 6.0V 
Current 

lee Maximum Quiescent V1N=VeeorGND 6.0V 
Supply Current lour=O µA 

Operating Conditions 
Min Max 

Supply Voltage (Vee) 2 6 

DC Input or Output Voltage 0 Vee 
MN. Vour) 

Operating Temp. Range (TA) 
MM74HC -40 +85 
MM54HC -55 +125 

Input Rise or Fall Times 
(tr,t1) Vee=2.0V 1000 

Vee=4.5V 500 
Vee=6.0V 400 

TA=25°C 
74HC 54HC 

TA= - 40 to ss·c TA= -55to125"C 

Typ Guaranteed Limits 

1.5 1.5 1.5 
3.15 3.15 3.15 
4.2 4.2 4.2 

0.5 0.5 0.5 
1.35 1.35 1.35 
1.8 1.8 1.8 

2.0 1.9 1.9 1.9 
4.5 4.4 4.4 4.4 
6.0 5.9 5.9 5.9 

4.2 3.98 3.84 3.7 
5.7 5.48 5.34 5.2 

0 0.1 0.1 0.1 
0 0.1 0.1 0.1 
0 0.1 0.1 0.1 

0.2 0.26 0.33 0.4 
0.2 0.26 0.33 0.4 

±0.1 ±1.0 ±1.0 

8.0 80 160 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 

Units 
v 
v 

·c 
·c 

ns 
ns 
ns 

Units 

v 
v 
v 
v 
v 
v 

v 
v 
v 

v 
v 

v 
v 
v 

v 
v 

µA 

µA 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mW /°C from 65°C to B5'C; ceramic "J" package: -12 mW /'C from 1 OO"C to 125'C. 
Note 4: For a power supply of 5V ± 10% the worst case output voltages (VOH· and Vou occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case V1H and V1L occur at Vee= 5.5V and 4.5V respectively. (The V1H value at 5.5V is 3.85V.) The worst case leakage current (l1N• Ice. and 
loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
••v1L limits are currently tested at 20% of Vee· The above V1L specification (30% of Vee) will be implemented no later than 01, CY'89. 
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AC Electrical Characteristics Vcc=5V, TA=25°C, CL =15 pF, tr=t1=6 ns 

Symbol Parameter Conditions Typ Limit Units 

tpHL• tpLH Maximum Propagation Delay Data Input to A< B or A> B 20 36 ns 

tpHL• tpLH Maximum Propagation Delay A= B Input to A= B Output 12 20 ns 

tpHL· tpLH Maximum Propagation Delay Cascade input to Output 13 26 ns 

tpHL1 tPLH Maximum Propagation Delay Data Input to A= B 20 30 ns 

AC Electrical Characteristics CL =50 pF, tr=t1=6 ns (unless otherwise specified) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee TA= - 40 to 85°C TA= -55to125°C Units 
Typ Guaranteed Limits 

tpHL• tPLH Maximum Propagation 2.0V 100 210 265 313 ns 
Delay Data Input to 4.5V 21 42 53 63 ns 
Output 6.0V 18 36 45 53 ns 

tPHL• tPLH Maximum Propagation Delay 2.0V 88 175 221 261 ns 
Data Input to A= B Output 4.5V 18 35 44 52 ns 

6.0V 15 30 37 44 ns 

tpHL• tPLH Maximum Propagation Delay 2.0V 63 125 158 186 ns 
A=B lnputtoA=B Output 4.5V 13 25 32 37 ns 

6.0V 11 21 27 32 ns 

tPHL• tPLH Maximum Propagation 2.0V 70 155 195 231 ns 
Delay Cascade Input 4.5V 16 31 39 46 ns 
to Output (except A= B) 6.0V 13 26 33 39 ns 

trLH· trHL Maximum Output Rise 2.0V 25 75 95 110 ns 
and Fall Time 4.5V 7 15 19 22 ns 

6.0V 6 13 16 19 ns 

C1N Maximum Input Capacitance 5 10 10 10 pF 

Cpo Power Dissipation Capacitance (Note5) 80 pF 
Note 5: Cpo determines the no load dynamic power consumption, Po = Cpo V cc2 f + Ice V cc. and the no load dynamic c.urrent consumption, 
Is= Cpo Vee f + Ice-

Typical Application 
GND- A>BJN 

Cascading Comparators 

Vee- A=BJN 
GND- A<BIN 

AD-
A1-
A2- 'HC85 ~·~-Ti A3-

4-BITWDRDS BO-
81- A>Bour ...,_ A>B1N 
82- A=Bour 1-- A=BJN 
83- A<Bour ...,_ A<BJN 

A4 
AS 
AS 'HC85 

A7 
84 
85 A>Bour t- A>B1N 
86 A= BOUT 1-- A=B1N 
87 A<BOUT t- A<B1N 

r 
A9 

A10 'HC85 

MOST SIGNIFICANT A11 
4-BIT WORDS 88 

89 A> Bour ~ }ouT~TS 810 A= BOUT 
811 A< Bour 

TL/F/5205-4 
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Logic Diagram 
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~National 
a Semiconductor 
MM54HC86/MM74HC86 
Quad 2-lnput Exclusive OR Gate 

General Description 
This EXCLUSIVE OR gate utilizes advanced silicon-gate 
CMOS technology to achieve operating speeds similar to 
equivalent LS-TTL gates while maintaining the low power 
consumption and high noise immunity characteristic of stan
dard CMOS integrated circuits. These gates are fully buff
ered and have a fanout of 10 LS-TTL loads. The MM54HC/ 
74HC logic family is functionally as well as pin out compati
ble with the standard 54LS/7 4LS logic family. All inputs are 
protected from damage due to static discharge by internal 
diode clamps to Vee and ground. 

Connection Diagram 

Features 
• Typical propagation delay: 9 ns 
• Wide operating voltage range: 2-6V 
• Low input current: 1 µA maximum 
• Low quiescent current: 20 µA maximum (7 4 Series) 
• Output drive capability: 10 LS-TTL loads 

Dual-In-Line Package 

Truth Table 

vee 

14 

A1 

84 

81 

A4 

Y1 

Y4 

11 

A2 

Top View 

83 A3 Y3 

10 

82 Y2 GND 

Order Number MM54HC86* or MM74HC86* 

TL/F/5305-1 

•Ptease look into Section 8, Appendix D for availability of various package types. 

Inputs Outputs 

A B y 

L L L 
L H H 
H L H 
H H L 

Y=A m B=AB + AB 
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Absolute Maximum Ratings (Notes 1 & 2) 

If Miiitary/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage (Vee) -0.5 to + 7.0V 

DC Input Voltage (V1N) 

DC Output Voltage (Your) 

Clamp Diode Current (l1K. loK) 

DC Output Current, per pin (lour) 

DC Vee or GND Current, per pin (Ice) 

Storage Temperature Range (T sTG) 

Power Dissipation (Po) 
(Note 3) 
S.O. Package only 

Lead Temperature (TL.) 
(Soldering 10 seconds) 

-1.5 to Vee+ 1.5V 

-0.5 to Vcc+0.5V 

±20mA 

±25mA 

±50mA 

- 65°C to + 150°C 

600mW 
500mW 

260°C 

DC Electrical Characteristics (Note 4) 

Operating Conditions 
Min Max 

Supply Voltage (Vee) 2 6 

DC Input or Output Voltage 0 Vee 
(V1N. Vour) 

Operating Temp. Range (TA) 
MM74HC -40 +85 
MM54HC -55 +125 

Input Rise or Fall Times 
(tr,t1) Vcc=2.0V 1000 

Vcc=4.5V 500 
Vcc=6.0V 400 

74HC 54HC 

Symbol Parameter Conditions Vee 
TA=25°C 

TA= - 40 to 85°C TA= -55to 125°C 

Typ 

V1H Minimum High Level 2.0V 1.5 
Input Voltage 4.5V 3.15 

6.0V 4.2 

V1L Maximum Low Level 2.0V 0.5 
Input Voltage** 4.5V 1.35 

6.0V 1.8 

VoH Minimum High Level V1N = V1H or V1L 
Output Voltage Jlourl ::;;20 µA 2.0V 2.0 1.9 

4.5V 4.5 4.4 
6.0V 6.0 5.9 

V1N = V1H or V1L 
I lour I ::;; 4.0 mA 4.5V 4.2 3.98 

I lour I ::;; 5.2 mA 6.0V 5.7 5.48 

Vol Maximum Low Level V1N = V1H or V1L 
Output Voltage Jlourl ::;;20 µA 2.0V 0 0.1 

4.5V 0 0.1 
6.0V 0 0.1 

V1N = V1H or V1L 
I lour I ::;; 4.0 mA 4.5V 0.2 0.26 

I lour I ::;; 5.2 mA 6.0V 0.2 0.26 

l1N Maximum Input V1N =Vee or GND 6.0V ±0.1 

Current 

Ice Maximum Quiescent V1N =Vee or GND 6.0V 2.0 
Supply Current lour=O µA 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Guaranteed Limits 

1.5 1.5 
3.15 3.15 
4.2 4.2 

0.5 0.5 
1.35 1.35 
1.8 1.8 

1.9 1.9 
4.4 4.4 
5.9 5.9 

3.84 3.7 
5.34 5.2 

0.1 0.1 
0.1 0.1 
0.1 0.1 

0.33 0.4 
0.33 0.4 

±1.0 ±1.0 

20 40 

Units 
v 
v 

oc 
oc 

ns 
ns 
ns 

Units 

v 
v 
v 
v 
v 
v 

v 
v 
v 

v 
v 

v 
v 
v 

v 
v 

µA 

µA 

Note 3: Power Dissipation temperature derating-plastic "N'" package: -12 mW/'C from 65'C to 85'C; ceramic "J" package: -12 mW/'C from 100'C to 125'C. 

Note 4: For a power supply of 5V ± 10% the worst case output voltages (VoH. and Vrn) occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case V1H and V1L occur at Vee= 5.5V and 4.5V respectively. (The V1H value at 5.5V is 3.85V.) The worst case leakage current (l1N. Ice. and 
loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 

••v1L limits are currently tested at 20% of Vee- The above Vil specification (30% of Vee) will be implemented no later than 01, CY'89. 
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CD 
co 
~ AC Electrical Characteristics Vcc=5V,TA=25°c,cL=15pF,tr=tr=6ns 
~ 
""
:!: 
:E ..... 
CD 
co 
0 :c 
~ 
LI) 

Symbol 

tpHL• tPLH 

Parameter Conditions 

Maximum Propagation 
Delay 

Typ 
Guaranteed 

Units 
Limit 

12 20 ns 

::!: 
:E AC Electrical Characteristics Vee= 2.ov to 6.ov, CL= 50 pF, tr=tr=6 ns (unless otherwise specified) 

TA=2s·c 
74HC 54HC 

Symbol Parameter Conditions Vee TA= - 40 to ss·c TA= -55to 12s·c. 

Typ Guaranteed Limits 

tPHL• tPLH Maximum Propagation 2.0V 60 120 151 179 
Delay 4.5V 12 24 30 36 

6.0V 10 20 26 30 

trLH· trHL Maximum Output Rise 2.0V 30 75 95 110 
and Fall Time 4.5V 8 15 19 22 

6.0V 7 13 16 19 

Cpo Power Dissipation (per gate) 25 
Capacitance (Note 5) 

C1N Maximum Input 5 10 10 10 
Capacitance 

Units 

ns 
ns 
ns 

ns 
ns 
ns 

pF 

pF 

Note 5: Cpo determines the no load dynamic power consumption, Po= Cpo Vcc2 f+ Ice Vee. and the no load dynamic current consumption, Is= Cpo Vee f +Ice-
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~National 
D Semiconductor 
MM54HC 107 /MM74HC107 
Dual J-K Flip-Flops with Clear 

General Description 
These J-K Flip-Flops utilize advanced silicon-gate CMOS 
technology to achieve the high noise immunity and low pow
er dissipation of standard CMOS integrated circuits. These 
devices can drive 10 LS-TTL loads. 

These flip-flops are edge sensitive to the clock input and 
change state on the negative going transition of the clock 
pulse. Each one has independent J, K, CLOCK, and CLEAR 
inputs and Q and 0 outputs. CLEAR is independent of the 
clock and accomplished by a low level on the input. 

The 54HC/7 4HC logic family is functionally as well as pin
out compatible with the standard 54LS/74LS logic family. 
All inputs are protected from damage due to static dis
charge by internal diode clamps to Vee and ground. 

Connection Diagram . 
Dual-In-Line Package 

Vee CLR 1 CLK 1 K2 CLR 2 CLK 2 J2 

14 

J1 01 01 K1 

5 

02 02 

8 

7 

GND 
TL/F/5304-1 

Order Number MM54HC107* or MM74HC107* 
•Please look into Section 8, Appendix D 
for availability of various package types. 

Logic Diagram 

K 

CL CL 

CLOCK--£>o-1-l>o-1' 

Features 
• Typical propagation delay: 16 ns 
• Wide operating voltage range: 2-6V 
• Low input current: 1 µA maximum 
• Low quiescent current: 40 µA (74HC series) 
• High output drive: 10 LS-TTL loads 

Truth Table 

Inputs Outputs 

CLR CLK J K Q Q 

L x x x L H 
H ! L L QO 00 
H ! H L H L 
H ! L H L H 
H ! H H TOGGLE 
H H x x QO 00 

Q mr m 
CL CL 
T T 

TL/F/5304-3 

TL/F/5304-2 
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Absolute Maximum Ratings (Notes 1 & 2) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage (Vee) -0.5 to + 7.0V 

DC Input Voltage (ViN) -1.5 to Vee+ 1.5V 

DC Output Voltage (Vour) -0.5 to Vee+0.5V 

Clamp Diode Current (l1K. loK) 

DC Output Current, per pin (lour) 

DC Vee or GND Current, per pin (lee) 

Storage Temperature Range (T srn) 
Power Dissipation (Po) 

(Note3) 
S.O. Package only 

Lead Temperature (TL) 

(Soldering 10 seconds) 

±20mA 

±25mA 

±50mA 

- 65°C to + 150°C 

600mW 
500mW 

260°C 

DC Electrical Characteristics (Note 4) 

Operating Conditions 
Min 

Supply Voltage (Vee) 2 

DC Input or Output Voltage o 
MN· Vour) 

Operating Temp. Range (TA) 
MM74HC -40 
MM54HC -55 

Input Rise or Fall Times 
(tr. t1) Vee=2.0V 

Vee=4.5V 
Vee=6.0V 

Max 
6 

Vee 

+85 
+125 

1000 
500 
400 

74HC 54HC 

Units 
v 
v 

oc 
oc 

ns 
ns 
ns 

Symbol Parameter Conditions Vee TA=-40to85°C TA=-55to125°C Units 

Vol 

lee 

Minimum High Level 
Input Voltage 

Maximum Low Level 

Input Voltage** 

Minimum High Level 

Output Voltage 

Maximum Low Level 

Output Voltage 

Maximum Input 
Current 

Maximum Quiescent 
Supply Current 

V1N = V1H or V1L 
llourl :::::20 µA 

V1N = V1H or V1L 
I lour I ::::: 4.0 mA 
llourl:s::5.2 mA 

V1N = V1H or V1L 

llourl:::::20 µA 

V1N = V1H or V1L 
llourl :S::4.0 mA 
llourl :::::5.2 mA 

V1N=Vee or GND 
lour=O µA 

2.0V 
4.5V 
6.0V 

2.0V 
4.5V 
6.0V 

2.0V 

Typ 

2.0 

4.5V 4.5 
6.0V 6.0 

4.5V 
6.0V 

2.0V 
4.5V 

6.0V 

0 
0 
0 

4.5V 0.2 
6.0V 0.2 

6.0V 

6.0V 

1.5 
3.15 
4.2 

0.5 
1.35 

1.8 

1.9 
4A 
5.9 

3.98 
5.48 

0.1 
0.1 

0.1 

0.26 
0.26 

±0.1 

4.0 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Guaranteed Limits 

1.5 
3.15 
4.2 

0.5 
1.35 

1.8 

1.9 
4.4 
5.9 

3.84 
5.34 

0.1 

0.1 
0.1 

0.33 
0.33 

±1.0 

40 

1.5 
3.15 
4.2 

0.5 
1.35 

1.8 

1.9 
4.4 
5.9 

3.7 
5.2 

0.1 

0.1 
0.1 

0.4 
0.4 

±1.0 

80 

v 
v 
v 
v 
v 
v 

v 
v 
v 

v 
v 

v 
v 
v 

v 
v 

µA 

µA 

Note 3: Power Dissipationtemperaturederating-plastic "N" package: -12 mW/'C from 65'C to 85'C; ceramic "J" package: -12 mW/'C from 100'C to 125'C. 

Note 4: For a power supply of 5V ± 10% the worst case output voltages (VOH· and Vou occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case V1H and V1L occur at Vee= 5.5V and 4.5V respectively. (The V1H value at 5.5V is 3.B5V.) The worst case leakage current (l1N. Ice. and 
loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 

••v1L limits are currently tested at 20% of Vee. The above V1L specification (30% of Vee) will be implemented no later than 01, CY'B9. 
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AC Electrical Characteristics Vcc=5V, TA=25°C, CL =15pF, tr=t1=6 ns 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

fMAX Maximum Operating 50 30 MHz 
Frequency 

tPHL• tPLH Maximum Propagation 16 21 ns 
Delay Clock to Q or Q 

tPHL• tPLH Maximum Propagation 21 26 ns 
Delay Clear to Q or Q 

tREM Minimum Removal Time, 10 20 ns 
Clear to Clock 

ts Minimum Setup Time, 14 20 ns 
J or K to Clock 

tH Minimum Hold Time -3 0 ns 
J or K from Clock 

tw Minimum Pulse Width, 10 16 ns 
Clock or Clear 

AC Electrical Characteristics CL =50 pF, tr=t1=6 ns (unless otherwise specified) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee TA= - 40 to B5°C TA= -55 to 12s·c Units 

Typ Guaranteed Limits 

fMAX Maximum Operating 2.0V 9 5 4 3 MHz 
Frequency 4.5V 45 27 21 18 MHz 

6.0V 53 31 24 20 MHz 

tPHL• tPLH Maximum Propagation 2.0V 70 126 160 185 ns 
Delay Clock to Q or Q 4.5V 18 25 32 37 ns 

6.0V 16 21 27 32 ns 

tPHL• tPLH Maximum Propagation 2.0V 126 155 194 250 ns 
Delay Clear to Q or Q 4.5V 25 31 39 47 ns 

6.0V 21 26 32 40 ns 

tREM Minimum Removal Time 2.0V 55 100 125 150 ns 
Clear to Clock 4.5V 11 20 25 30 ns 

6.0V 9 17 21 25 ns 

ts Minimum Setup Time 2.0V 77 100 125 150 ns 
J or K to Clock 4.5V 15 20 25 30 ns 

6.0V 13 17 21 25 ns 

tH Minimum Hold Time 2.0V -3 0 0 0 ns 
J or K to Clock 4.5V -3 0 0 0 ns 

6.0V -3 0 0 0 ns 

tw Minimum Pulse Width 2.0V 55 80 100 120 ns 
Clear or Clock 4.5V 11 16 20 24 ns 

6.0V 10 14 18 21 ns 

tTLH• tTHL Maximum Output Rise 2.0V 30 75 95 110 ns 
and Fall Time 4.5V 8 15 19 22 ns 

6.0V 7 13 16 19 ns 

tr, t1 Maximum Input Rise and 2.0V 1000 1000 1000 ns 
Fall Time 4.5V 500 500 500 ns 

6.0V 400 400 400 ns 

Cpo Power Dissipation (per flip-flop) 80 pF 
Capacitance (Note 5) 

C1N Maximum Input 5 10 10 10 pF 
Capacitance 

Note 5: Cpo determines the no load dynamic power consumption, Po=Cpo Vec2 f+lee Vee. and the no load dynamic current consumption, ls=Cpo Veef+lee-
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Typical Applications 

N Bit Binary Ripple Counter with Enable and Reset 

COUNTER ENABLE 

RESET - -
I I 

,....._ a CLEAR J t--o r-- a CLEAR J~~ r-- a CLEAR 
J~~ 

••• 
Q 

CLOCK 
K ..,__ a CLOCK K~ a CLOCK K 1--" 

TO 

l -y 1 
NEXT BIT --
CLOCK 

BIT3 BIT2 LSB 

TL/F/5304-4 

N Bit Shift Register with Clear 

CLEAR 

DATA CLEAR J a J 
INPUT 

CLEAR a J CLEAR Q 

••• 
K CLOCK a K CLOCK a K CLOCK a 

CLOCK 

TL/F/5304-5 
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~National 
~Semiconductor 

MM54HC 109A/MM74HC109A 
Dual J-K Flip-Flops with Preset and Clear 

General Description 
These J-K FLIP-FLOPS utilize advanced silicon-gate CMOS 
technology to achieve the low power consumption and high 
noise immunity of standard CMOS integrated circuits, along 
with the ability to drive 10 LS-TTL loads. 

Each flip flop has independent J, K PRESET, CLEAR and 
CLOCK inputs and Q and Q outputs. These devices are 
edge sensitive to the clock input and change state on the 
positive going transition of the clock pulse. Clear and preset 
are independent of the clock and accomplished by a low 
logic level on the corresponding input. 

Connection Diagram 

The 54HC/74HC logic family is functionally as well as pin
out compatible with the standard 54LS/74LS logic family. 
All inputs are protected from damage due to static dis
charge by internal diode clamps to V cc and ground. 

Features 
• Typical propagation delay: 20 ns 
• Wide operating voltage range: 2-6V 
• Low input current: 1 µA maximum 
• Low quiescent current: 40 µA maximum (74HC Series) 
• Output drive capability: 10 LS-TTL loads 

Dual-In-Line Package 

Function Table 

Vee CLR 2 J2 K2 CLK 2 PR 2 02 02 

l1s 15 14 113 12 11 10 9 

c _o_ 
PR 

~ 
J QI-' 

CLR_ 
._ ~eLK 

r-- i< a t---i - a .__K 
l>CLK CLR 

J an --g 
PR 
-Q. 

l 
1 2 13 14 5 6 7 Ta 

CLR 1 J1 K 1 CLK 1 PR 1 Q 1 01 GND 

Top View 

Order Number MM54HC109A* or MM74HC109A* 
•Please look into Section 8, Appendix D for availability of various package types. 

Inputs Outputs 

PR CLR CLK J K Q Q 

L H x x x H L 
H L x x x L H 
L L x x x H* H* 
H H t L L L H 
H H t H L TOGGLE 
H H t L H 00 00 
H H t H H H L 
H H L x x QO QO 

•This is an unstable condition, and is not guaranteed. 
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Absolute Maximum Ratings (Notes 1 & 2) 

If Miiitary/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for avallablllty and specifications. 
Supply Voltage (Vee) -0.5 to + 7.0V 

DC Input Voltage (V1N) -1.5 to Vee+ 1.5V 

DC Output Voltage (VouT) -0.5 to Vee+ 0.5V 

Clamp Diode Current (l1K• loK) 

DC Output Current, per pin ClouT) 

DC Vee or GND Current, per pin (Ice) 

Storage Temperature Range (T sm) 
Power Dissipation (Po) 

(Note3) 
S.O. Package only 

Lead Temp. (T tJ (Soldering 10 seconds) 

±20mA 

±25mA 

±50mA 

- 65°C to + 150°C 

600mW 
500mW 

260°C 

DC Electrical Characteristics (Note 4) 

Operating Conditions 
Min 

Supply Voltage (Vee) 2 

DC Input or Output Voltage 0 
CViN. VouT) 

Operating Temp. Range (TA) 
MM74HC -40 
MM54HC -55 

Input Rise or Fall Times 
(tr. t1) Vee= 2.0V 

Vcc=4.5V 
Vcc=6.0V 

Max 
6 

Vee 

+85 
+125 

1000 
500 
400 

74HC 54HC 

Units 
v 
v 

oc 
oc 

ns 
ns 
ns 

Symbol Parameter Conditions Vee TA=-40to85°C TA=-55to125°C Units 

VoH 

Vm 

Ice 

Minimum High Level 
Input Voltage 

Maximum Low Level 
Input Voltage .. 

Minimum High Level 
Output Voltage 

Maximum Low Level 

Output Voltage 

Maximum Input 

Current 

Maximum Quiescent 
Supply Current 

v1N = v1H or v1L 

llouTI ::;:20 µA 

V1N = V1H or v,L 
l1ouTl::;:4.0 mA 
l1ouTl::;:5.2mA 

v,N = v,H or V1L 
llouTI ::;:20 µA 

v,N = v,H or v,L 
llouTI ::;:4,0 mA 

1louTI::;:5.2 mA 

V1N=VccorGND 
louT=O µA 

2.0V 
4.5V 
6.0V 

2.0V 
4.5V 

6.0V 

2.0V 

Typ 

2.0 
4.5V 4.5 

6.0V 6.0 

4.5V 
6.0V 

2.0V 
4.5V 

6.0V 

4.5V 

6.0V 

6.0V 

6.0V 

0 
0 
0 

1.5 
3.15 
4.2 

0.5 

1.35 

1.8 

1.9 
4.4 
5.9 

3.98 
5.48 

0.1 
0.1 
0.1 

0.26 
0.26 

±0.1 

4.0 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Guaranteed Limits 

1.5 
3.15 
4.2 

0.5 
1.35 

1.8 

1.9 
4.4 

5.9 

3.84 
5.34 

0.1 
0.1 

0.1 

0.33 
0.33 

±1.0 

40 

1.5 
3.15 
4.2 

0.5 

1.35 
1.8 

1.9 
4.4 
5.9 

3.7 
5.2 

0.1 

0.1 
0.1 

0.4 
0.4 

±1.0 

80 

v 
v 
v 
v 
v 
v 

v 
v 
v 

v 
v 

v 
v 
v 

v 
v 

µA 

µA 

Note 3: Power Dissipation temperature derating-plastic "N" package: -12 mW/'C from 65°C to 85'C; ceramic "J" package: -12mW/'Cfrom100'Cto 125'C. 

Note 4: For a power supply of 5V ± 10% the worst case output voltages (VoH• and You occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case V1H and V1L occur at Vcc=5.5Vand 4.5V respectively. (The V1H value at 5.SV is 3.BSV.) The worst case leakage current (l1N. Ice. and 
loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 

••v1L limits are currently tested at 20% of Vee· The above V1L specification (30% of Vee) will be implemented no later than 01, CY'B9. 
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AC Electrical Characteristics Vee= 5V, TA= 25°C, CL= 15 pF, tr= t1=6 ns 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

fMAX Maximum Operating Frequency 50 30 MHz 

tpHL• tPLH Maximum Propagation 16 30 ns 
Delay, Clock to Q or Q 

tPHL• tPLH Maximum Propagation 21 42 ns 
Delay, Preset or Clear to Q or Q 

tREM Minimum Removal Time, Preset or Clear to Clock 5 ns 

ts Minimum Setup Time, J or K to Clock 20 ns 

tH Minimum Hold Time, J or K to Clock 0 ns 

tw Minimum Pulse Width: Preset, Clear or Clock 9 16 ns 

AC Electrical Characteristics CL =50 pF, tr=t1=6 ns (unless otherwise specified) 

TA=2s·c 
74HC 54HC 

Symbol Parameter Conditions Vee TA= - 40 to as·c TA= - 55 to 12s0 c Units 

Typ Guaranteed Limits 

fMAX Maximum Operating 2.0V 5 4 4 MHz 
Frequency 4.5V 27 21 18 MHz 

6.0V 31 24 20 MHz 

tPHL• tPLH Maximum Propagation 2.0V 88 175 221 261 ns 
Delay, Clock to Q or Q 4.5V 18 35 44 52 ns 

6.0V 15 30 37 44 ns 

tPHL• tpLH Maximum Propagation 2.0V 115 230 290 343 ns 
Delay, Preset or Clear 4.5V 23 46 58 69 ns 
toQorQ 6.0V 20 39 49 58 ns 

tREM Minimum Removal Time 2.0V 25 32 37 ns 
Preset or Clear 4.5V 5 6 7 ns 
to Clock 6.0V 4 5 6 ns 

ts Minimum Setup Time 2.0V 100 126 149 ns 
J or K to Clock 4.5V 20 25 30 ns 

6.0V 17 21 25 ns 

tH Minimum Hold Time 2.0V 0 0 0 ns 
Clock to J or K 4.5V 0 0 0 ns 

6.0V 0 0 0 ns 

tw Minimum Pulse Width 2.0V 30 80 100 120 ns 
Clock, Preset or Clear 4.5V 9 16 20 24 ns 

6.0V 8 14 18 20 ns 

trLH· trHL Output Rise and 2.0V 25 75 95 110 ns 
Fall Time 4.5V 7 15 19 22 ns 

6.0V 6 13 16 19 ns 

tr. t1 Maximum Input Rise and 2.0V 1000 1000 1000 ns 
Fall Time 4.5V 500 500 500 ns 

6.0V 400 400 400 ns 

Cpo Power Dissipation (per flip-flop) 80 pF 
El 

Capacitance (Note 5) 

C1N Maximum Input 5 10 10 10 pF 
Capacitance 

Note 5: Cpo determines the no load dynamic power consumption, Po=Cpo Vcc2 f+ Ice Vee. and the no load dynamic current consumption, ls=Cpo Vee f+ Ice-
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~National 
~Semiconductor 

MM54HC112/MM74HC112 
Dual J-K Flip-Flops with Preset and Clear 

General Description 
These high speed (30 MHz minimum) J-K Flip-Flops utilize 
advanced silicon-gate CMOS technology to achieve the low 
power consumption and high noise immunity of standard 
CMOS integrated circuits, along with the ability to drive 10 
LS·TIL loads. 

Each flip-flop has independent J, K, PRESET, CLEAR, and 
CLOCK inputs and 0 and 0 outputs. These devices are 
edge sensitive to the clock input and change state on the 
negative going transition of the clock pulse. Clear and pre
set are independent of the clock and accomplished by a low 
logic level on the corresponding input. 

Connection and Logic Diagrams 

Dual·ln·Llne Package 

Vee eLR 1 eLR 2 eLK 2 K2 J2 PR 2 02 

eLK 1 K1 J1 PR 1 01 01 02 GND 

TL/F/5307-1 

Top View 

Order Number MM54HC112* or MM74HC112* 
•Please look into Section 8, Appendix D 
for availability of various package types. 

TL/F/5307-2 

The 54HC/74HC logic family is functionally as well as pin
out compatible with the standard 54LS/74LS logic family. 
All inputs are protected from damage due to static dis
charge by internal diode clamps to Vee and ground. 

Features 
• Typical propagation delay: 16 ns 
• Wide operating voltage range 
• Low input current: 1 µA maximum 
• Low quiescent current: 40 µA (7 4HC Series) 
• High output drive: 10 LS-TIL loads 

Truth Table 

Inputs Outputs 

PR CLR CLK J K Q Q 

L H x x x H L 
H L x x x L H 
L L x x x L* L* 
H H ! L L 00 00 
H H ! H L H L 
H H ! L H L H 
H H ! H H TOGGLE 
H H H x x 00 00 

•This is an unstable condition, and is not guaranteed 

mm 
Ci: CL 
T T 

TL/F/5307-3 
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Absolute Maximum Ratings (Notes 1 & 2) 

If Mllltary I Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for avallablllty and specifications. 

Supply Voltage (Vee) -0.5 to + 7.0V 

DC Input Voltage (V1N) -1.5 to Vee+ 1.5V 

DC Output Voltage (Vour) -0.5 to Vee+ 0.5V 

Clamp Diode Current (l1K. loK) 

DC Output Current, per pin (lour) 

±20mA 

±25mA 

±50mA DC Vee or GND Current, per pin (Ice) 

Storage Temperature Range CTsTG) 
Power Dissipation (Po) 

- 65°C to + 150°c 

(Note3) 
S.O. Package only 

600mW 
500mW 

Lead Temp. (T tJ (Soldering 10 seconds) 260°c 

DC Electrical Characteristics (Note 4) 

Symbol Parameter Conditions Vee 

V1H Minimum High Level 2.0V 
Input Voltage 4.5V 

6.0V 

V1L Maximum Low Level 2.0V 
Input Voltage•• 4.5V 

6.0V 

VoH Minimum High Level V1N = V1H or V1L 
Output Voltage I lour I ::;;: 20 µA 2.0V 

4.5V 
6.0V 

V1N = V1H or V1L 
I lour I::;;: 4.0 mA 4.5V 
llourl ::;:5.2 mA 6.0V 

Vm Maximum Low Level V1N = V1H or V1L 
Output Voltage llourl ::;:20 µA 2.0V 

4.5V 
6.0V 

V1N = V1H or V1L 
l1ourl::;:4.0 mA 4.5V 
l1ourl::;:5.2 mA 6.0V 

l1N Maximum Input V1N=VccorGND 6.0V 
Current 

Ice Maximum Quiescent V1N=Vcc or GND 6.0V 
Supply Current lour=O µA 

Operating Conditions 
Min Max 

Supply Voltage (Vee) 2 6 

DC Input or Output Voltage 0 Vee 
(V1N. Vour) 

Operating Temp. Range (TA) 
MM74HC -40 +85 
MM54HC -55 +125 

Input Rise or Fall Times 
(tr,t1) Vcc=2.0V 1000 

Vcc=4.5V 500 
Vcc=6.0V 400 

TA=25°c 
74HC 54HC 

TA= - 40 to 85°C TA= -55to125•c 

Typ Guaranteed Limits 

1.5 1.5 1.5 
3.15 3.15 3.15 
4.2 4.2 4.2 

0.5 0.5 0.5 
1.35 1.35 1.35 
1.8 1.8 1.8 

2.0 1.9 1.9 1.9 
4.5 4.4 4.4 4.4 
6.0 5.9 5.9 5.9 

4.2 3.98 3.84 3.7 
5.7 5.48 5.34 5.2 

0 0.1 0.1 0.1 
0 0.1 0.1 0.1 
0 0.1 0.1 0.1 

0.2 0.26 0.33 0.4 
0.2 0.26 0.33 0.4 

±0.1 ±1.0 ± 1.0 

4.0 40 80 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 

Units 
v 
v 

·c 
·c 

ns 
ns 
ns 

Units 

v 
v 
v 
v 
v 
v 

v 
v 
v 

v 
v 

v 
v 
v 

v 
v 

µA 

µA 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mW /'C from 65'C to 85'C; ceramic "J" package: -12 mW /'C from 1 oo·c to 125'C. 
Note 4: For a power supply of 5V ± 10% the worst case output voltages (YOH• and Vou occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case V1H and v1L occur at Vee= 5.5V and 4.5V respectively. (The V1H value at 5.5V is 3.85V.) The worst case leakage current 01N. Ice. and 
lozl occur for CMOS at the higher voltage and so the 6.0V values should be used . 
.. VIL limits are currently tested at 20% of Vee. The above V1L specification (30% of Vee) will be implemented no later than 01, CY'89. 
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AC Electrical Characteristics Vcc=5V, TA=25°C, CL =15pF, tr=t1=6 ns 

Symbol Parameter Conditions Typ Guaranteed Limit Units 

fMAX Maximum Operating 50 30 MHz 
Frequency 

tPHL• tPLH Maximum Propagation 16 21 ns 
Delay, Clock to Q or Q 

tPHL• tPLH Maximum Propagation 21 26 ns 
Delay, Clear to Q or Q 

tPHL• lPLH Maximum Propagation 23 2B ns 
Delay, Preset to Q or Q 

tREM Minimum Removal Time, 10 20 ns 
Preset or Clear to Clock 

ts Minimum Setup Time 14 20 ns 
J or K to Clock 

tH Minimum Hold Time -3 0 ns 
J or K from Clock 

tw Minimum Pulse Width 10 16 ns 
Clock Preset or Clear 

AC Electrical Characteristics CL =50 pF, tr=t1=6 ns (unless otherwise specified) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee TA= - 40 to 85°C TA= -55 to 125°C Units 

Typ Guaranteed Limits 

fMAX Maximum Operating 2.0V 9 5 4 3 MHz 
Frequency 4.5V 45 27 21 1B MHz 

6.0V 53 31 24 20 MHz 

tPHL• tpLH Maximum Propagation 2.0V 100 126 160 183 ns 
Delay, Clock to Q or Q 4.5V 20 25 32 37 ns 

6.0V 17 21 27 32 ns 

tPHL• tpLH Maximum Propagation 2.0V 126 155 191 250 ns 
Delay, Clear to Q or Q 4.5V 25 31 39 47 ns 

6.0V 21 26 33 40 ns 

tPHL• tpLH Maximum Propagation 2.0V 137 165 210 240 ns 
Delay, Preset to Q or Q 4.5V 27 33 41 50 ns 

6.0V 23 2B 35 40 ns 

tREM Minimum Removal Time 2.0V 55 100 125 150 ns 
Preset or Clear 4.5V 11 20 25 30 ns 
to Clock 6.0V 9.4 17 21 25 ns 

ts Minimum Setup Time 2.0V 77 100 125 150 ns 
J or K to Clock 4.5V 15 20 25 30 ns 

6.0V 13 17 21 25 ns 

tH Minimum Hold Time 2.0V -3 0 0 0 ns 
J or K from Clock 4.5V -3 0 0 0 ns 

6.0V -3 0 0 0 ns 

tw Minimum Pulse Width 2.0V 55 BO 100 120 ns 
Preset, Clear or Clock 4.5V 11 16 20 24 ns 

6.0V 9 14 1B 20 ns 

trLH· trHL Maximum Output Rise 2.0V 30 75 95 110 ns 
and Fall Time 4.5V B 15 19 22 ns 

6.0V 7 13 16 19 . ns 

tr, t1 Maximum Input Rise and 2.0V 1000 1000 1000 ns 
Fall Time 4.5V 500 500 500 ns 

6.0V 400 400 400 ns 

Cpo Power Dissipation (per flip-flop) BO pF 
Capacitance (Note 5) 

C1N Maximum Input Capacitance 5 10 10 10 pF 

Note 5: Cpo determines the no load dynamic power consumption, Po= Cpo V cc2 f + Ice V cc. and the no load dynamic current consumption, Is= Cpo Vee f + Ice-
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Typical Applications 

COUNTER ENABLE 

••• 
TO 
NEXT BIT 

CLOCK 

RESET 

BIT3 

DATA 

CLOCK 

CLEAR 

Q 

J 

K 

N Bit Presettable Ripple Counter with Enable and Reset 

DATAC DATAB 

PRESET 
J a PRESET 

J Q 

CLEAR CLEAR 

CLOCK K CLOCK K 

BIT2 LSB 

N Bit Parallel Load/Serial Load Shift Register with Clear 

DATA A DATAB 

PRESET 
Q J 

PRESET 
Q J 

CLEAR CLEAR 

CLOCK a K CLOCK 
Q K 
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~National 
~Semiconductor 
MM54HC113/MM74HC113 
Dual J-K Flip-Flops with Preset 
General Description 
These high speed J-K Flip-Flops utilize advanced silicon
gate CMOS technology to achieve the high noise immunity 
and low power dissipation of standard CMOS integrated cir
cuits. These devices can drive 1 O LS-TTL loads. 

These flip-flops are edge sensitive to the clock input and 
change state on the negative going transition of the clock 
pulse. Each one has independent J, K, CLOCK, and PRE
SET inputs and Q and 0 inputs. PRESET is independent of 
the clock and accomplished by a low level on the input. 

The 54HC/74HC logic family is functionally as well as pin-

Connection Diagram and Truth Table 

Vee CLK 2 

CK1 K1 

Dual-In-Line Package 
K2 J2 

J1 PR1 Q1 

Top View 

PR2 

CK 
K 

10 

Q2 Q2 

PR Q 

a 

Q1 GND 

TL/F/5073-1 

Order Number MM54HC113* or MM74HC113* 
•Please look into Section 8, Appendix D 
for availability of various package types. 

Logic Diagram 

K 

CL CL 
..._ t ..._ t PRESET 

CLOCK --po--po--' 

out compatible with the standard 54LS/74LS logic family. 
All inputs are protected from damage . due to static dis
charge by internal diode clamps to Vee and ground. 

Features 
• Typical propagation delay: 16 ns 
• Wide operating voltage range: 2-6V 
• Low input current: 1 µA maximum 
• Low quiescent current: 40 µA (74HC Series) 
• High output drive: 10 LS-TTL loads 

Inputs Outputs 

PR CLK J K 0 Q 

L x x x H L 
H ! L L 00 00 
H ! H L H L 
H ! L H L H 
H ! H H TOGGLE 
H H x x QO 00 

~~ 
CL CL 

T 
TL/F/5073-2 

(1 of 2) 
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Absolute Maximum Ratings (Notes 1 & 2) 

If Miiitary I Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for avallablllty and specifications. 

SupplyVoltage(Vec) -0.5to +7.0V 

DC Input Voltage CViN) -1.5 to Vee+ 1.5V 

DC Output Voltage (Vour) -0.5 to Vee+ 0.5V 

Clamp Diode Current 01K. loK) 

DC Output Current, per pin (lour) 

±20mA 

±25mA 

±50mA DC Vee or GND Current, per pin (Ice) 

Storage Temperature Range (T srG) 

Power Dissipation (Po) 

- 65°C to + 15o·c 

(Note 3) 
S.O. Package only 

600mW 
500mW 

Lead Temp. (TL.) (Soldering 10 seconds) 260°c 

DC Electrical Characteristics (Note 4) 

Symbol Parameter Conditions Vee 

V1H Minimum High Level 2.0V 
Input Voltage 4.5V 

6.0V 

V1L Maximum Low Level 2.0V 
Input Voltage•• 4.5V 

6.0V 

VoH Minimum High Level V1N=V1H orV1L 
Output Voltage llourl~20 µA 2.0V 

4.5V 
6.0V 

V1N = V1H or V1L 
llourl~4.0 mA 4.5V 

llourl ~5.2 mA 6.0V 

Vol Maximum Low Level V1N = V1H or V1L 
Output Voltage ilourl ~20 µA 2.0V 

4.5V 
6.0V 

V1N = V1H or V1L 
l1ourl~4.0 mA 4.5V 

ilourl ~ 5.2 mA 6.0V 

l1N Maximum Input V1N=Vec or GND 6.0V 
Current 

Ice Maximum Quiescent V1N=Vcc or GND 6.0V 
Supply Current lour=O µA 

Operating Conditions 
Min Max 

Supply Voltage (Vee) 2 6 

DC Input or Output Voltage 0 Vee 
(VIN· Vour) 

Operating Temp. Range (T Al 
MM74HC -40 +85 
MM54HC -55 +125 

Input Rise or Fall Times 
(tr.ti) Vee=2.0V 1000 

Vec=4.5V 500 
Vee=6.0V 400 

TA=25°C 
74HC 54HC 

TA= - 40 to B5°C TA= -55to125·c 

Typ Guaranteed Limits 

1.5 1.5 1.5 
3.15 3.15 3.15 
4.2 4.2 4.2 

0.5 0.5 0.5 
1.35 1.35 1.35 
1.8 1.8 1.8 

2.0 1.9 1.9 1.9 
4.5 4.4 4.4 4.4 
6.0 5.9 5.9 5.9 

4.2 3.98 3.84 3.7 
5.7 5.48 5.34 5.2 

0 0.1 0.1 0.1 

0 0.1 0.1 0.1 
0 0.1 0.1 0.1 

0.2 0.26 0.33 0.4 
0.2 0.26 0.33 0.4 

±0.1 ±1.0 ±1.0 

4.0 40 80 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 

Units 
v 
v 

·c 
·c 

ns 
ns 
ns 

Units 

v 
v 
v 
v 
v 
v 

v 
v 
v 

v 
v 

v 
v 
v 

v 
v 

µA 

µA 

Note 3: Power Dissipation temperature derating-plastic "N" package: -12 mW/'C from 65°C to 85°C; ceramic "J" package: -12 mW/°C from 100°C to 125°C. 
Note 4: For a power supply of 5V ± 10% the worst case output voltages (VoH. and Voll occur for HG at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case V1H and V1L occur at Vee= 5.5V and 4.5V respectively. (The V1H value at 5.5V is 3.85V.) The worst case leakage current (l1N· Ice. and 
loz) occur for CMOS at the higher voltage and so the 6.0V values should be used . 
.. VIL limits are currently tested at 20% of Vee. The above ViL specification (30% of Vee) will be implemented no later than 01, CY'89. 
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AC Electrical Characteristics Vee= 5V, TA= 25°C, CL= 15 pF, tr= tt= 6 ns 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

fMAX Maximum Operating 50 30 MHz 
Frequency 

tPHL• tpLH Maximum Propagation Delay, 16 21 ns 
Clock to Q or Q 

tPHL• tPLH Maximum Propagation Delay, 23 28 ns 
Preset to Q or Q 

tREM Minimum Removal Time, 10 20 ns 
Preset to Clock 

ts Minimum Setup Time, 14 20 ns 
J or K to Clock 

tH Minimum Hold Time, -3 0 ns 
J or K from Clock 

tw Minimum Pulse Width, 10 16 ns 
Preset, Clear or Clock 

AC Electrical Characteristics CL= 50 pF, tr=tt=6 ns (unless otherwise specified) 

TA=2s·c 
74HC 54HC 

Symbol Parameter Conditions Vee TA= -40 to ss·c TA= -ssto 12s·c Units 

Typ Guaranteed Limits 

fMAX Maximum Operating 2.0V 9 5 4 3 MHz 
Frequency 4.5V 45 27 21 18 MHz 

6.0V 53 31 24 20 MHz 

tPHL• tPLH Maximum Propagation 2.0V 100 125 160 183 ns 
Delay, Clock to Q or Q 4.5V 20 25 32 37 ns 

6.0V 17 33 27 32 ns 

tPHL• tPLH Maximum Propagation 2.0V 137 165 206 239 ns 
Delay, Preset to Q or Q 4.5V 27 33 41 47 ns 

6.0V 23 28 35 40 ns 

tREM Minimum Removal Time 2.0V 55 100 125 150 ns 
Preset to Clock 4.5V 11 20 25 30 ns 

6.0V 9 17 21 25 ns 

ts Minimum Setup Time 2.0V 77 100 125 150 ns 
J or K to Clock 4.5V 15 20 25 30 ns 

6.0V 13 17 21 25 ns 

tH Minimum Hold Time 2.0V -3 0 0 0 ns 
J or K from Clock 4.5V -3 0 0 0 ns 

6.0V -3 0 0 0 ns 

tw Minimum Pulse Width, 2.0V 55 80 100 120 ns 
Preset, Clear or Clock 4.5V 11 16 20 24 ns 

6.0V 9 14 18 20 ns 

trLH· trHL Maximum Output Rise 2.0V 30 75 95 110 ns 
and Fall Time 4.5V 8 15 19 22 ns 

6.0V 7 13 16 19 ns 

tr, t1 Maximum Input Rise and 2.0V 1000 1000 1000 ns 
Fall Time 4.5V 500 500 500 ns 

6.0V 400 400 400 ns 

Cpo Power Dissipation (per flip-flop) 80 pF 
Capacitance (Note 5) 

C1N Maximum Input Capacitance 5 10 10 10 pF 

Note 5: Cpo determines the no load dynamic power consumption, Po= Cpo Vcc2 f +Ice Vee. and the no load dynamic current consumption, Is= Cpo Vee f+ Ice· 
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Typical Applications 

N Bit Presettable Binary Ripple Counter with Enable 

DATAC DATAB DATA A 
COUNTER ENABLE 

_f)_ :>._ (~ 

r-- Q 
PRESET 

J t-"4~ PRESET PRESET ~ Q J~P r---i a J 1--4~ 

••• 
TO 

Q a NEXT BIT CLOCK Kt-- CLOCK Kt-- a K~ -- CLOCK -- ~ 

CLOCK 

BIT3 BIT2 LSB 
TL/F/5073-3 

N Bit Parallel Load/Serial Load Shift Register 

DATAA DATA B DATAC 

DATA 
J 

PRESET Q J 
PRESET Q J 

PRESET 
Q 

••• 

K CLOCK a K CLOCK a K CLOCK a 

CLOCK 

TL/F/5073-4 

• 
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~National 
a Semiconductor. 
MM54HC123A/MM74HC123A 
Dual Retriggerable Monostable Multivibrator 

General Description 
The MM54/74HC123A high speed monostable multivibra
tors (one shots) utilize advanced silicon-gate CMOS tech
nology. They feature speeds comparable to low power 
Schottky TTL circuitry while retaining the low power and 
high noise immunity characteristic of CMOS circuits. 

Each multivibrator features both a negative, A, and a posi
tive, B, transition triggered input, either of which can be 
used as an inhibit input. Also included is a clear input that 
when taken low resets the one shot. The 'HC123 can be 
triggered on the positive transition of the clear while A is 
held low and B is held high. 

The 'HC123A is retriggerable. That is it may be triggered 
repeatedly while their outputs are generating a pulse and 
the pulse will be extended. 

Pulse width stability over a wide range of temperature and 
supply is achieved using linear CMOS techniques. The out-

Connection Diagram 
Dual-In-Line Package 

Rem 
Vee Cexr Cem 02 CLR2 

16 15 14 12 

CLR 

Cem Rem GND 
Cm 

TL/F/5206-1 

Top View 
Order Number MM54HC123A* or MM74HC123A* 

•p1ease look into Section 8, Appendix D 
for availability of various package types. 

Truth Table 
Inputs Outputs 

Clear A B Q Q 

L x x L H 
x H x L H 
x x L L H 
H L t SL l..J 
H J, H SL l..J 

t L H SL l..J 

put pulse equation is simply: PW= (RExr) (CExr); where PW 
is in seconds, R is in ohms, and C is in farads. All inputs are 
protected from damage due to static discharge by diodes to 
Vee and ground. 

Features 
• Typical propagation delay: 25 ns 
• Wide power supply range: 2V-6V 
• Low quiescent current: 80 µA maximum (7 4HC Series) 
• Low input current: 1 µA maximum 
• Fanout of 10 LS-TTL loads 
• Simple pulse width formula T = RC 
• Wide pulse range: 400 ns to oo (typ) 
• Part to part variation: ± 5% (typ) 
• Schmitt Trigger A & B inputs enable infinite signal input 

rise and fall times. 

Timing Component 

Vee 

~~ 
TD Coo TD R/Coo 

TERMINAL TERMINAL 
TL/F/5206-2 

H = High Level 

L = Low Level 

f = Transition from Low to High 

! = Transition from High to Low 

...rt..= One High Level Pulse 

u= One Low Level Pulse 

X = Irrelevant 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
If Miiitary/Aerospace specified devices are required, Min Max Units 
contact the National Semiconductor Sales Office/ Supply Voltage (Vee) 2 6 v 
Distributors for avallablllty and specifications. DC Input or Output Voltage 0 Vee v 
Supply Voltage (Vee) -0.5V to + 7.0V MN· Vour) 
DC Input Voltage MN) -1.5V to Vee+ 1.5V Operating Temp. Range (TA) 
DC Output Voltage (Vour) -0.5V to Vcc+0.5V MM74HC -40 +65 oc 

Clamp Diode Current (IJK• loK) ±20mA MM54HC -55 +125 oc 

DC Output Current, per pin (lour) ±25mA Input Rise or Fall Times 
(Clear Input) 

DC Vee or GND Current, per pin (Ice) ±50mA (tr, tf) Vcc=2.ov 1000 ns 
Storage Temperature Range (T srn) - 65°C to + 15o•c Vcc=4.5V 500 ns 
Power Dissipation (Po) Vcc=6.0V 400 ns 

(Note 3) 600mW 
S.O. Package only 500mW 

Lead Temperature (TL) 
(Soldering 10 seconds) 260°c 

DC Electrical Characteristics (Note 4) 

TA=25°c 
74HC 54HC 

Symbol Parameter Conditions Vee TA= -40 to 85°C TA= -55to125·c Units 

Typ Guaranteed Limits 

V1H Minimum High Level Input 2.0V 1.5 1.5 1.5 v 
Voltage 4.5V 3.15 3.15 3.15 v 

6.0V 4.2 4.2 4.2 v 

V1L Maximum Low Level Input 2.0V 0.3 0.3 0.3 v 
Voltage 4.5V 0.9 0.9 0.9 v 

6.0V 1.2 1.2 1.2 v 

VoH Minimum High Level V1N = V1H or V1L 
Output Voltage llourl ~ 20 µA 2.0V 2.0 1.9 1.9 1.9 v 

4.5V 4.5 4.4 4.4 4.4 v 
6.0V 6.0 5.9 5.9 5.9 v 

V1N = V1H or V1L v 
llourl ~ 4.0 mA 4.5V 4.2 3.96 3.64 3.7 v 
llourl ~ 5.2 mA 6.0V 5.7 5.46 5.34 5.2 v 

Vol Maximum Low Level V1N = V1H or V1L 
Output Voltage llourl~20 µA 2.0V 0 0.1 0.1 0.1 v 

4.5V 0 0.1 0.1 0.1 v 
6.0V 0 0.1 0.1 0.1 v 

V1N = V1H or V1L v 
l1ourl~4 mA 4.5V 0.2 0.26 0.33 0.4 v 
I lour I ~ 5.2 mA 6.0V 0.2 0.26 0.33 0.4 v 

l1N Maximum Input Current V1N =Vee or GND 6.0V ±0.5 ±5.0 ±5.0 µA 
(Pins 7, 15) 

l1N Maximum Input Current V1N=Vcc or GND 6.0V ±0.1 ±1.0 ±1.0 µA 
(all other pins) El 

Ice Maximum Quiescent Supply V1N=VccorGND 6.0V 6.0 60 160 µA 
Current (standby) lour=o µA 

Ice Maximum Active Supply V1N=Vcc or GND 2.0V 36 60 110 130 µA 
Current (per R/CExr=0.5Vcc 4.5V 0.33 1.0 1.3 1.6 mA 
monostable) 6.0V 0.7 2.0 2.6 3.2 mA 

Note 1: Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation Temperature Derating: 

Plastic "N" Package: -12mw1·c from 65°C to as·c 
Ceramic "J" Package: -12mW/'C from 1oo·c to 12s·c. 

Note 4: For a power supply of 5V ± 10% the worst-case output voltages (VoH• Vou occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst-case v1H and V1L occur at Vcc=5.5V and 4.5V respectively. (The V1H value at 5.5V is 3.85V.) The worst-case leakage current (l1N. Ice. and 
lozl occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics Vcc=5V, TA=25°C, CL =15pF, tr=t1=6 ns 

Symbol Parameter Conditions Typ Limit Units 

tPLH Maximum Trigger Propagation Delay 22 33 ns 
A, B or Clear to Q 

tPHL Maximum Trigger Propagation Delay 25 42 ns 
A, B or Clear to Q 

tPHL Maximum Propagation Delay, Clear to Q 20 27 ns 

tpLH Maximum Propagation Delay, Clear to Q 22 33 ns 

tw Minimum Pulse Width, A, B or Clear 14 26 ns 

tREM Minimum Clear Removal Time 0 ns 

twa(MIN) Minimum Output Pulse Width CExr=28 pF 400 ns 

RExr=2 kn 

two Output Pulse Width CExr= 1000 pF 10 µs 

RExr=10 kn 

AC Electrical Characteristics CL =50 pF tr=t1=6 ns (unless otherwise specified) 

_ 
0 

74HC 54HC 

Symbol Parameter Conditions Vee TA - 25 c TA= - 40 to 85°C TA= - 55 to 125°C Units 

Typ Guaranteed Limits 

tPLH Maximum Trigger Propagation 2.0V 77 169 194 210 ns 
Delay, A, B or Clear to Q 4.5V 26 42 51 57 ns 

6.0V 21 32 39 44 ns 

tPHL Maximum Trigger Propagation 2.0V 88 197 229 250 ns 
Delay, A, B or Clear to Q 4.5V 29 48 60 67 ns 

6.0V 24 38 46 51 ns 

tPHL Maximum Propagation Delay 2.0V 54 114 132 143 ns 
Clear to Q 4.5V 23 34 41 45 ns 

6.0V 19 28 33 36 ns 

tPLH Maximum Propagation Delay 2.0V 56 116 135 147 ns 
CleartoQ 4.5V 25 36 42 46 ns 

6.0V 20 29 34 37 ns 

tw Minimum Pulse Width 2.0V 57 123 144 157 ns 
A, B, Clear 4.5V 17 30 37 42 ns 

6.0V 12 21 27 30 ns 

tREM Minimum Clear 2.0V 0 0 0 ns 
Removal Time 4.5V 0 0 0 ns 

6.0V 0 0 0 ns 

trLH· trHL Maximum Output 2.0V 30 75 95 110 ns 
Rise and Fall Time 4.5V 8 15 19 22 ns 

6.0V 7 13 16 19 ns 

twa(MIN) Minimum Output CExr=28 pF 2.0V 1.5 µs 
Pulse Width RExr=2 kn 4.5V 450 ns 

RExr=6 kn (Vcc=2V) 6.0V 380 ns 

twa Output Pulse Width CExr=0.1 µF Min 5.0V 1 0.9 0.86 0.85 ms 

RExr=10 kn Max 5.0V 1 1.1 1.14 1.15 ms 

C1N Maximum Input 12 20 20 20 pF 
Capacitance (Pins 7 & 15) 

C1N Maximum Input 6 10 10 10 pF 
Capacitance (other inputs) 

Cpo Power Dissipation (Note5) 70 pF 
Capacitance 

Note 5: Cpo determines the no load dynamic power consumption, Po = Cpo Vcc2 f + Ice Vee. and the no load dynamic current consumption, Is = Cpo 
Vee t +Ice-
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Logic Diagram 

ruAR-""-...r'"-
IO-+--~-+--~~~~ 

TL/F/5206-5 

Theory of Operation 

CD 0 © 
A__Jl------~--~rt.rl _____ ri __________ _ 

© 
LJ 

--------------------------------------~® © CLEAR -------

R/Cm 

_ ___.I LJ I __ 
~T-l l-r-1 

TL/F/5206-6 

<D POSITIVE EDGE TRIGGER © POSITIVE EDGE RE-TRIGGER (PULSE LENGTHENING) 

@ NEGATIVE EDGE TRIGGER ® RESET PULSE SHORTENING 

@ POSITIVE EDGE TRIGGER @ CLEAR TRIGGER 

FIGURE 1 

TRIGGER OPERATION 

As shown in Figure 1 and the logic diagram before an input 
trigger occurs, the one shot is in the quiescent state with the 
Q output low, and the timing capacitor CExT completely 
charged to Vee- When the trigger input A goes from Vee to 
GND (while inputs Band clear are held to Vee) a valid trig
ger is recognized, which turns on comparator C1 and N-

channel transistor N1 ©.At the same time the output latch 
is set. With transistor N1 on, the capacitor CExT rapidly dis
charges toward GND until VREF1 is reached. At this point 
the output of compar,ator C1 changes state and transistor 
N1 turns off. Comparator C1 then turns off while at the 
same time comparator C2 turns on. With transistor N1 off, 
the capacitor CEXT begins to charge through the timing re-
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sistor, RExT. toward Vee- When the voltage across CExT 
equals VREF2· comparator C2 changes state causing the 
output latch to reset (Q goes low) while at the same time 
disabling comparator C2. This ends the timing cycle with the 
monostable in the quiescent state, waiting for the next trig
ger. 

A valid trigger is also recognized when trigger input B goes 
from GND to Vee (while input A is at GND and input clear is 
at Vee@). The 'HC123A can also be triggered when clear 
goes from GND to Vee (while A is at GND and B is at 
Vee©). 

It should be noted that in the quiescent state CEXT is fully 
charged to Vee causing the current through resistor RExT to 
be zero. Both comparators are "off" with the total device 
current due only to reverse junction leakages. An added 
feature of the 'HC123A is that the output latch is set via the in
put trigger without regard to the capacitor voltage. Thus, prop
agation delay from trigger to Q is independent of the value 
of CEXT· REXT· or the duty cycle of the input waveform. 

RETRIGGER OPERATION 

The 'HC123A is retriggered if a valid trigger occurs ® fol
lowed by another trigger © before the Q output has re
turned to the quiescent (zero) state. Any retrigger, after the 
timing node voltage at the R/CExT pin has begun to rise 
from VREF1, but has not yet reached VREF2· will cause an 
increase in output pulse width T. When a valid retrigger is 
initiated ©,the voltage at the R/CExT pin will again drop to 
VREF1 before progressing along the RC charging curve 

toward Vee. The Q output will remain high until time T, after 
the last valid retrigger. 

Because the trigger-control circuit flip-flop resets shortly af
ter Cx has discharged to the reference voltage of the lower 
reference circuit, the minimum retrigger time, trr is a function 
of internal propagation delays and the discharge time of Cx: 

187 565 + (0.256 Vee) Cx 
trr ::::: 20 + + ----'------=-=-_..;,..; 

Vee - 0.7 [Vee - 0.7)2 

Another removal/retrigger time occurs when a short clear 
pulse is used. Upon receipt of a clear, the one shot must 
charge the capacitor up to the upper trip point before the 
one shot is ready to receive the next trigger. This time is 
dependent on the capacitor used and is approximately: 

640 522 + (0.3 Vee) Cx 
trr = 196 + + ns 

Vee - 0.7 (Vee - 0.7)2 

RESET OPERATION 

These one shots may be reset during the generation of the 
output pulse. In the reset mode of operation, an input pulse 
on clear sets the reset latch and causes the capacitor to be 
fast charged to Vee by turning on transistor 01 ®. When 
the voltage on the capacitor reaches VREF2· the reset latch 
will clear and then be ready to accept another pulse. If the 
clear input is held low, any trigger inputs that occur will be 
inhibited and the Q and Q outputs of the output latch will 
not change. Since the Q output is reset when an input low 
level is detected on the Clear input, the output pulse T can 
be made significantly shorter than the minimum pulse width 
specification. 

Typical Output Pulse Width vs. 
Timing Components 

Typical Distribution of Output 
Pulse Width, Part to Part 

Typical 1 ms Pulse Width 
Variation vs. Supply · 

1000p 0.01µ 0.1µ 1µ 

TIMING CAPACITOR (F) 
TL/F/5206-7 

Minimum REXT vs. 
Supply Voltage 

r: 
l5 0.8 

>-

i ::: 
w 
> 0.2 

~ 

Vee =5V 
TA =25°C 
Rm =10 k!l V1 I\ Cexr =0.1 µF 

~ ~ 
~ l 

-' 
lJ' ~ 

0.92 0.96 1.00 1.04 1.06 

OUTPUT PULSE WIDTH (ms) 
TL/F/5206-8 

1.0 

0.8 

§: 0.6 

~ 0.4 

~ 0.2 

~ 0 
:: -0.2 
z 
~ -0.4 

~ -0.6 

-0.8 

-1.0 

TA =25°C 
Rm =10 k!l 
Cexr = 0.1 µF -+--+---+--1 

~ 
~ -~ .A"' i =; i---~~r~~+"--~t----r----i 
- -3 ~-1---4-----f--+--+---t 

-4 1---1---4-----f--+--+---t 
-5 ,____,__...___. _ _.__....._ __ 

1 4 5 

POWER SUPPLY (V) 

Typical 1 ms Pulse Width 
Variation vs. Temperature 

~ 
ts;J 

i"o ~ N 
N 

~ 

TL/F/5206-9 

4 -55 -15 25 65 105 125 

POWER SUPPLY (V) TL/F/5206-10 TEMPERATURE (°C) TL/F/5206-11 

Note: R and C are not subjected to temperature. The C is polypropylene. 
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~National a Semiconductor 

MM54HC 125/MM74HC125 
MM54HC126/MM74HC126 
TRI-STATE® Quad Buffers 

General Description 
These are general purpose TRI-ST ATE high speed non-in
verting buffers utilizing advanced silicon-gate CMOS tech
nology. They have high drive current outputs which enable 
high speed operation even when driving large bus capaci
tances. These circuits possess the low power dissipation of 
CMOS circuitry, yet have speeds comparable to low power 
Schottky TTL circuits. Both circuits are capable of driving up 
to 15 low power Schottky inputs. 

The MM54HC125/MM74HC125 require the TRI-STATE 
control input C to be taken high to put the output into the 
high impedance condition, whereas the MM54HC126/ 
MM74HC126 require the control input to be low to put the 
output into high impedance. 

All inputs are protected from damage due. to static dis
charge by diodes to Vee and ground. 

Connection Diagrams 
Dual-In-Line Package 

Vee C4 A4 Y4 C3 A3 

14 13 12 11 10 9 

3 4 6 

Y3 

8 

7 

C1 

2 

A1 Y1 C2 

5 

A2 Y2 GND 
TL/F/5306-1 

Top View 

Order Number MM54He125* or MM74He125* 
•Please look into Section 8, Appendix D 
for availability of various package types. 

Truth Tables 
Inputs Output 

A c y 

H L H 
L L L 
x H z 

Features 
11 Typical propagation delay: 13 ns 
• Wide operating voltage range: 2-6V 
• Low input current: 1 µA maximum 
• Low quiescent current: 80 µA maximum (7 4HC) 
l!I Fanout of 15 LS-TTL loads 

Dual-In-Line Package 

Vee e4 A4 Y4 C3 A3 

14 13 12 11 10 9 

2 3 5 6 

Y3 

8 

7 

C1 A1 Y1 

4 

C2 A2 Y2 GND 
TL/F/5306-2 

Top View 

Order Number MM54HC126* or MM74HC126* 
'Please look into Section 8, Appendix D 
for availability of various package types. 

Inputs Output 

A c y 

H H H 
L H L 
x L z 
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Absolute Maximum Ratings (Notes 1 & 2) 

If Mllltary/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for avallablllty and specifications. 

Supply Voltage (Vee) -0.5 to + 7.0V 

DC Input Voltage MN> -1.5 to Vee+ 1.5V 

DC Output Voltage (VouT) -0.5 to Vcc+0.5V 

Clamp Diode Current U1K. loK) ± 20 mA 

DC Output Current, per pin (louT) 

DC Vee or GND Current, per pin (Ice) 

Storage Temperature Range (Tsrn) 

Power Dissipation (Po) 
(Note 3) 
S.O. Package only 

Lead Temp. (TL) (Soldering 10 seconds) 

±35mA 

±70mA 

- 65°C to + 15o•c 

600mW 
500mW 

260°c 

DC Electrical Characteristics (Note 4) 

Operating Conditions 
Min Max 

Supply Voltage (Vee) 2 6 

DC Input or Output Voltage O Vee 
(V1N1 VouT) 

Operating Temp. Range (TA) 
MM74HC -40 +85 
MM54HC -55 +125 

Input Rise or Fall Times 
(tr. tt} Vcc=2.0V 

Vec=4.5V 
Vee=6.0V 

74HC 

1000 
500 
400 

54HC 

Units 
v 
v 

·c 
·c 

ns 
ns 
ns 

Symbol Parameter Conditions 
TA=2s·c 

Vee i---....---__._T_..A ..... =_-_4_o_to_s_s·_c........__T A_=_-_s_s_t_o_1_2_s·_c--l Units 

loz 

Ice 

Minimum High Level 
Input Voltage 

Maximum Low Level 

Input Voltage** 

Minimum High Level 
Output Voltage 

Maximum Low Level 

Output Voltage 

Maximum TRI-STATE 

Output Leakage 

Current 

Maximum Input 
Current 

Maximum Quiescent 

Supply Current 

V1N=V1H orV1L 
llouTl::;;20 µA 

V1N = V1H or V1L 
l1ouTl::;;6.0 mA 
l1ouTl::;;7.8 mA 

V1N = V1H or V1L 
llouTl::;;20 µA 

V1N = V1H or V1L 
l1ouTl::;;6.0 mA 
llouTl::;;7.8 mA 

V1N = V1H or V1L 
VouT=VccorGND 
Cn = Disabled 

V1N =Vee or GND 

louT=O µA 

2.0V 
4.5V 

6.0V 

2.0V 

4.5V 
6.0V 

Typ 

2.0V 2.0 
4.5V 4.5 

6.0V 6.0 

1.5 
3.15 
4.2 

0.5 

1.35 
1.8 

1.9 
4.4 
5.9 

4.5V 4.2 3.98 
6.0V 5.7 5.48 

2.0V 0 
4.5V 0 

6.0V 0 

0.1 

0.1 
0.1 

4.5V 0.2 0.26 
6.0V 0.2 0.26 

6.0V ±0.5 

6.0V ±0.1 

6.0V 8.0 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Guaranteed Limits 

1.5 
3.15 

4.2 

0.5 

1.35 
1.8 

1.9 
4.4 
5.9 

3.84 
5.34 

0.1 

0.1 

0.1 

0.33 
0.33 

±5 

±1.0 

80 

1.5 
3.15 
4.2 

0.5 

1.35 
1.8 

1.9 
4.4 

5.9 

3.7 
5.2 

0.1 

0.1 
0.1 

0.4 
0.4 

±10 

±1.0 

160 

v 
v 
v 
v 
v 
v 

v 
v 
v 

v 
v 

v 
v 
v 

v 
v 

µA 

µA 

µA 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mW l°C from 65'C to 85'C; ceramic "J" package: -12 mW /'C from 1 OD°C to 125'C. 

Note 4: For a power supply of 5V ± 10% the worst case output voltages (VoH. and VotJ occur for HC at 4.5V. Thus the 4.5Vvalues should be used when designing 
with this supply. Worst case V1H and V1L occur at Vee=5.5Vand 4.5Vrespectively. (The V1H value at 5.5V Is 3.85V.) The worst case leakage current (l1N. lee. and 
loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 

••v1L limits are currently tested at 20% of Vee- The above Vil specification (30% of Vee) will be Implemented no later than 01, CY'89. 
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AC Electrical Characteristics Vee=5V, TA=25°C, CL =45 pF, tr=t1=6 ns 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

tPHL• tPLH Maximum 13 18 ns 
Propagation Delay Time 

tpzH Maximum RL =1 kn 13 25 ns 
Output Enable Time to High Level 

tpHz Maximum RL =1 kn 17 25 ns 
Output Disable Time from High Level CL =5 pF 

tpzL Maximum RL = 1 kO. 18 25 ns 
Output Enable Time to Low Level 

tpLZ Maximum RL = 1 kO. 13 25 ns 
Output Disable Time from Low Level CL=5 pF 

AC Electrical Characteristics Vee= 2.0V to 6.0V, CL= 50 pF, tr= t1= 6 ns (unless otherwise specified) 

Temperature ·c 

Symbol Parameter Conditions Vee 
54HC/74HC 74HC 54HC 

Units 
TA=2s·c -40 to ss·c -ss to 12s·c 

Typ Guaranteed Limits 

tPHL• tPLH Maximum Propagation 2.0V 40 100 125 150 ns 
Delay Time 4.5V 14 20 25 30 ns 

6.0V 12 17 21 25 ns 

tPLH• tPHL Maximum Propagation CL =150 pF 2.0V 35 130 163 195 ns 
Delay Time 4.5V 14 26 33 39 ns 

6.0V 12 22 28 33 ns 

tpzH, tpzL Maximum Output RL =1 k!l 2.0V 25 125 156 188 ns 
Enable Time 4.5V 14 25 31 38 ns 

6.0V 12 21 26 31 ns 

tpHz, tpLz Maximum Output RL =1 kn 2.0V 25 125 156 188 ns 

Disable Time 4.5V 14 25 31 38 ns 
6.0V 12 21 26 31 ns 

tpzL, tpzH Maximum Output CL=150 pF 2.0V 35 140 175 210 ns 

Enable Time RL =1 kO. 4.5V 15 28 35 42 ns 

6.0V 13 24 30 36 ns 

tTLH• tTHL Maximum Output CL=50 pF 2.0V 30 60 75 90 ns 
Rise and Fall Time 4.5V 7 12 15 18 ns 

6.0V 6 10 13 15 ns 

C1N Input Capacitance 5 10 10 10 pF 

CouT Output Capacitance Outputs 15 20 20 20 pF 

Cpo Power Dissipation (per gate) 
Capacitance (Note 5) Enabled 45 pF 

Disabled 6 pF 

Note 5: Cpo determines the no load dynamic power consumption, Po= Cpo V cc2 I+ Ice V cc. and the no load dynamic current consumption, Is= epo V cc I+ Ice. 
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~National 
D Semiconductor 
MM54HC132/MM74HC132 Quad 2-lnput 
NANO Schmitt Trigger 

General Description Features 

PRELIMINARY 

The MM54HC132/MM74HC132 utilizes advanced silicon
gate CMOS technology to achieve the low power dissipation 
and high noise immunity of standard CMOS, as well as the 
capability to drive 10 LS-TIL loads. 

• Typical propagation delay: 12 ns 

The 54HC/74HC logic family is functionally and pinout com
patible with the standard 54LS/74LS logic family. All inputs 
are protected from damage due to static discharge by inter
nal diode clamps to Vee and ground. 

Connection and Logic Diagrams 

• Wide power supply range: 2V-6V 
• Low quiescent current: 20 µA maximum (74HC Series) 
• Low input current: 1 µA maximum 
• Fanout of 10 LS-TIL loads 
• Typical hysteresis voltage: 0.9V at Vee=4.5V 

Dual-In-Line Package 

Vee 84 A4 Y4 83 A3 Y3 

14 13 

3 6 7 

A1 81 Y1 A2 82 Y2 GND 
TL/F/5309-1 

Top View 

Order Number MM54HC132* or MM74HC132* 
•Please look into Section 8, Appendix D for availability of various package types. 

TL/F/5309-2 
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3: 
Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 3: 

U1 
If Military/ Aerospace specified devices are required, Min Max Units .i:i. 

contact the National Semiconductor Sales Office/ Supply Voltage (Vee) 2 6 v :::c 
(") 

Distributors for availability and specifications. DC Input or Output Voltage 0 Vee v ...... 
w 

Supply Voltage (Vee) -0.5 to +7.0V MN. Vour) N 
........ 

DC Input Voltage (V1N) -1.5 to Vee+ 1.5V Operating Temp. Range (TA) 3: 
DC Output Voltage (Vour) -0.5 to Vcc+0.5V MM74HC -40 +85 oc 3: 

MM54HC -55 oc ....... 
Clamp Diode Current (l1K. loK) ±20mA +125 .i:i. 

:::c 
DC Output Current, per pin (lour) ±25mA (") ...... 
DC Vee or GND Current, per pin (Ice) ±50mA w 

N 
Storage Temperature Range (T srn) -65°Cto +150°C 
Power Dissipation (Po) 

(Note3) 600mW 
S.O. Package only 500mW 

Lead Temperature (Tt) 

(Soldering 10 seconds) 260°C 

DC Electrical Characteristics (Note 4) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee TA= - 40 to 85°C TA= -55 to 125°C Units 
Typ Guaranteed Limits 

Vr+ Positive Min 2.0V 1.0 1.0 1.0 v 
Going Threshold Voltage 4.5V 2.0 2.0 2.0 v 

6.0V 3.0 3.0 3.0 v 
Max 2.0V 1.5 1.5 1.5 v 

4.5V 3.15 3.15 3.15 v 
6.0V 4.2 4.2 4.2 v 

Vr- Negative Going Min 2.0V 0.3 0.3 0.3 v 
Threshold Voltage 4.5V 0.9 0.9 0.9 v 

6.0V 1.2 1.2 1.2 v 
Max 2.0V 1.0 1.0 1.0 v 

4.5V 2.2 2.2 2.2 v 
6.0V 3.0 3.0 3.0 v 

VH Hysteresis Voltage Min 2.0V 0.2 0.2 0.2 v 
4.5V 0.4 0.4 0.4 v 
6.0V 0.5 0.5 0.5 v 

Max 2.0V 1.0 1.0 1.0 v 
4.5V 1.4 1.4 1.4 v 
6.0V 1.5 1.5 1.5 v 

VoH Minimum High Level V1N = V1H or V1L 
Output Voltage I lour I ::;: 20 µA 2.0V 2.0 1.9 1.9 1.9 v 

4.5V 4.5 4.4 4.4 4.4 v 
6.0V 6.0 5.9 5.9 5.9 v 

V1N=V1H orV1L 
I lour I::;: 4.0 mA 4.5V 4.2 3.98 3.84 3.7 v • lour ::;:5.2 mA 6.0V 5.7 5.48 5.34 5.2 v 

Vm Maximum Low Level V1N = V1H or VtL 
Output Voltage llourl::;:20 µA 2.0V 0 0.1 0.1 0.1 v 

4.5V 0 0.1 0.1 0.1 v 
6.0V 0 0.1 0.1 0.1 v 

V1N=V1H orV1L 
I lour I ::;: 4.0 mA 4.5V 0.2 0.26 0.33 0.4 v 
lour ::;:5.2 mA 6.0V 0.2 0.26 0.33 0.4 v 

ltN Maximum Input V1N =Vee or GND 6.0V ±0.1 ±1.0 ±1.0 µA 
Current 

Ice Maximum Quiescent V1N=Vcc or GND 6.0V 2.0 20 40 µA 
Supply Current lour=O µA 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating-plastic "N" package: -12 mW/'C from 65'C to 85'C; ceramic "J" package: -12 mW/'C from 100'C to 125'C. 
Note 4: For a power supply of 5V ± 10% the worst case output voltages (VoH• and Vou occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case V1H and V1L occur at Vee= 5.5V and 4.5V respectively. (The V1H value at 5.5V is 3.85V.) The worst case leakage current (l1N. Ice. and 
loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics Vcc=5V.TA=25°C, CL =15 pF, tr=t1=6 ns 

Symbol Parameter 

Maximum Propagation 
Delay 

Conditions Typ 

12 

Guaranteed 
Limit 

20 

Units 

ns 

AC Electrical Characteristics Vcc=2.0V to 6.0V, CL =50 pF, tr=t1=6 ns (unless otherwise specified) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee TA= -40 to 85°C TA= -55to 12s0c 
Typ Guaranteed Limits 

tPHL• tPLH Maximum Propagation 2.0V 63 125 158 186 
Delay 4.5V 13 25 32 37 

6.0V 11 21 27 32 

trLH· trHL Maximum Output Rise 2.0V 30 75 95 110 
and Fall Time 4.5V 8 15 19 22 

6.0V 7 13 16 19 

Cpo Power Dissipation (per gate) 130 
Capacitance (Note 5) 

C1N Maximum Input 5 10 10 
Capacitance 

Units 

ns 
ns 
ns 

ns 
ns 
ns 

pF 

pF 

Note 5: Cpo determines the no load dynamic power consumption, Po=Cpo Vec2 f+lee Vee. and the no load dynamic current consumption, ls=Cpo Vee f+lee· 
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~National 
U Semiconductor 
MM54HC133/MM74HC133 13-lnput NANO Gate 
General Description 
This NANO gate utilizes advanced silicon-gate CMOS tech
nology to achieve operating speeds similar to LS-TIL gates 
with the low power consumption of standard CMOS inte
grated circuits. All gates have buffered outputs. All devices 
have high noise immunity and the ability to drive 10 LS-TIL 
loads. The 54HC/7 4HC logic family is functionally as well as 
pin-out compatible with the standard 54LS/74LS logic fami
ly. All inputs are protected from damage due to static dis
charge by internal diode clamps to Vee and ground. 

Connection and Logic Diagrams 

Features 
• Typical propagation delay: 20 ns 

• Wide power supply range: 2-6V 
• Low quiescent current: 20 µA maximum (74HC Series) 

• Low input current: 1 µA maximum 

• Fanout of 10 LS-TIL loads 

Dual-In-Line Package 

vee M L K H y 

J1a 15 14 13 12 11 110 9 

i 
)o-

c; 
1 2 3 4 5 8 11 la 

A B e D E G GND 
TL/F/5134-1 

Top View 

Order Number MM54HC133• or MM74HC133* 
•p1ease look into Section 6, Appendix D for availability of various package types. 

TL/F/5134-2 
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Absolute Maximum Ratings (Notes 1 & 2) 

If Military I Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage (Vee) -0.5 to + 7.0V 

DC Input Voltage (V1N) 

DC Output Voltage (Vour) 

Clamp Diode Current (l1K. loK) 

DC Output Current, per pin (lour) 

DC Vee or GND Current, per pin (Ice) 

Storage Temperature Range (T srn) 
Power Dissipation (Po) 

(Note 3) 
S.O. Package only 

Lead Temperature (TL) 
(Soldering 10 seconds) 

-1.5 to Vcc+1.5V 

-0.5 to Vcc+0.5V 

±20mA 

±25mA 

±50mA 

- 65°C to + 15o•c 

600mW 
500mW 

260°c 

DC Electrical Characteristics (Note 4) 

Operating Conditions 
Min 

Supply Voltage (Vee) 2 

DC Input or Output Voltage O 
MN· Vour). 

Operating Temp. Range (TA) 
MM74HC -40 
MM54HC -55 

Input Rise or Fall Times 
(tr, t1) Vcc=2.0V 

Vcc=4.5V 
Vcc=6.0V 

Max 
6 

Vee 

+85 
+125 

1000 
500 
400 

74HC 54HC 

Units 
v 
v 

·c 
·c 

ns 
ns 
ns 

Symbol Parameter Conditions Vee TA= -40 to 85°C TA= -55to125•c Units 

Vol 

Ice 

Minimum High Level 
Input Voltage 

Maximum Low Level 
Input Voltage** 

Minimum High Level 
Output Voltage 

Maximum Low Level 
Output Voltage 

Maximum Input 
Current 

Maximum Quiescent 
Supply Current 

V1N=V1H orV1L 
ilourls20 µA 

V1N = V1H or V1L 
ilourl s4.0 mA 
I lour Is 5.2 mA 

V1N=V1H 
llourls20 µA 

V1N=V1H 
l1ourls4.0 mA 
ilourl s 5.2 mA 

V1N=VccorGND 
lour=O µA 

2.0V 
4.5V 
6.0V 

2.0V 
4.5V 
6.0V 

2.0V 

Typ 

2.0 
4.5V 4.5 
6.0V 6.0 

4.5V 4.2 
6.0V 5.7 

2.0V 
4.5V 
6.0V 

0 
0 
0 

4.5V 0.2 
6.0V 0.2 

6.0V 

6.0V 

1.5 
3.15 
4.2 

0,5 
1.35 
1.8 

1.9 
4.4 
5.9 

3.98 
5.48 

0.1 
0.1 
0.1 

0.26 
0.26 

±0.1 

2.0 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Guaranteed Limits 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 
5.9 

3.84 
5.34 

0.1 
0.1 
0.1 

0.33 
0.33 

±1.0 

20 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 
5.9 

3.7 
5.2 

0.1 
0.1 
0.1 

0.4 
0.4 

±1.0 

40 

v 
v 
v 
v 
v 
v 

v 
v 
v 

v 
v 

v 
v 
v 

v 
v 

µA 

µA 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mW /'C from 65'C to 85'C; ceramic "J" package: -12 mW /'C from 1 OO'C to 125'C. 

Note 4: For a power supply of 5V ± 10% the worst case output voltages (VoH. and VoiJ occur for HG at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case V1H and V1L occur at Vcc=5.5Vand 4.5V respectively. (The V1H value at 5.5V is 3.85V.) The worst case leakage current (l1N. Ice. and 
loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 

*'V1L limits are currently tested at 20% of Vee· The above v1L specification (30% of Vee) will be implemented no later than 01, CY'89. 
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AC Electrical Characteristics Vee=5V, TA=25°C, CL= 15 pF, tr=t,=6 ns 

Symbol Parameter Conditions Typ 

tPHL• tPLH Maximum Propagation Delay 20 

Guaranteed 
Limit 

30 

Units 

ns 

AC Electrical Characteristics Vee= 2.0V to 6.0V, CL= 50 pF, tr= t, = 6 ns (unless otherwise ~pecified) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee TA= - 40 to 85°C TA= - 55 to 125°C 

Typ Guaranteed Limits 

tPHL• Maximum Propagation 2.0V 66 160 190 220 

tPLH Delay 4.5V 23 35 42 49 

6.0V 18 30 36 42 

tTLH• Maximum 2.0V 25 75 95 110 

tTHL Output Rise and 4.5V 7 15 19 22 

Fall Time 6.0V 6 13 16 19 

Cpo Power Dissipation 34 

Capacitance (Note 5) 

C1N Maximum Input Capacitance 5 10 10 10 

Units 

ns 

ns 
ns 

ns 
ns 
ns 

pF 

pF 

Note 5: Cp0 determines the no load dynamic power consumption, Po=Cpo Vcc2 I+ Ice Vee. and the no load dynamic current consumption, Is= Cpo Vee I+ Ice-
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The 54HC/7 4HC logic family is speed, function and pin-out 
compatible with the standard 54LS/7 4LS logic family. All 
inputs are protected from damage due to static discharge by 
diodes to Vee and ground. 

Features 
• Typical propagation delay: 20 ns 
• Wide supply range: 2-6V 
• Latched inputs for easy interfacing. 
• Fanout of 10 LS-TTL loads. 

Connection and Functional Block Diagrams 

Dual-In-Line Package 

DATA OUTPUTS 

Vee YD Y1 Y2 Y3 Y4 Y5 Y6 

10 9 

YO Y1 Y2 Y3 Y4 Y5 

A YB 

C GI 02 61 Y7 

1 

A 61 Y7 6ND .__.. ..__ 
SELECT ENABLE OUTPUT 

TL/F/5310-1 

Order Number MM54HC137* 
or MM74HC137* 

*Please look into Section 8, Appendix D 
for availability of various package types. 
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Absolute Maximum Ratings (Notes 1 & 2) 

If Military I Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage (Vee) -0.5 to + 7.0V 

DC Input Voltage MN) -1.5 to Vee+ 1.5V 

DC Output Voltage (Vour) -0.5 to Vcc+0.5V 

Clamp Diode Current (11K. loK) 

DC Output Current, per pin (lour) 

DC Vee or GND Current, per pin (Ice) 

Storage Temperature Range (Tsrn) 

Power Dissipation (Po) 
(Note3) 
S.O. Package only 

Lead Temperature (T d 
(Soldering 10 seconds) 

±20mA 

±25mA 

±50mA 

- 65°C to + 15o·c 

600mW 
500mW 

260°c 

DC Electrical Characteristics (Note 4) 

Operating Conditions 
Min 

Supply Voltage (Vee) 2 

DC Input or Output Voltage 0 
(V1N. Vour) 

Operating Temp. Range (TA) 
MM74HC -40 
MM54HC -55 

Input Rise or Fall Times 
(tr. t1) Vee= 2.0V 

Vcc=4.5V 
Vcc=6.0V 

Max 
6 

Vee 

+85 
+125 

1000 
500 
400 

74HC 54HC 

Units 
v 
v 

·c 
·c 

ns 
ns 
ns 

Symbol Parameter Conditions Vee TA= -40 to 85°C TA= -55 to 125°C Units 

Ice 

Minimum High Level 
Input Voltage 

Maximum Low Level 
Input Voltage** 

Minimum High Level 
Output Voltage 

Maximum Low Level 
Output Voltage 

Maximum Input 
Current 

Maximum Quiescent 
Supply Current 

V1N = V1H or V1L 
ilourl s20 µA 

V1N=V1HorV1L 
llourl s4.0 mA 
ilourl s5.2 mA 

V1N = V1H or V1L 
llourl :s::20 µA 

V1N = V1H or V1L 
l1ourls4.0 mA 
ilourl s5.2 mA 

V1N=Vcc or GND 
lour=O µA 

2.0V 
4.5V 
6.0V 

2.0V 
4.5V 
6.0V 

2.0V 

Typ 

2.0 
4.5V 4.5 
6.0V 6.0 

4.5V 
6.0V 

2.0V 
4.5V 
6.0V 

4.5V 
6.0V 

6.0V 

6.0V 

0 
0 
0 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 
5.9 

3.98 
5.48 

0.1 
0.1 
0.1 

0.26 
0.26 

±0.1 

8.0 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Guaranteed Limits 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 
5.9 

3.84 
5.34 

0.1 
0.1 
0.1 

0.33 
0.33 

±1.0 

80 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 
5.9 

3.7 
5.2 

0.1 
0.1 
0.1 

0.4 
0.4 

±1.0 

160 

v 
v 
v 
v 
v 
v 

v 
v 
v 

v 
v 

v 
v 
v 

v 
v 

µA 

µA 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mW /'C from 65'C to 85'C; ceramic "J" package: -12 mW /'C from 1 OO'C to 125'C. 

Note 4: For a power supply of 5V ± 10% the worst case output voltages (VoH. and VoL.l occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case V1H and V1L occur at Vcc=5.5V and 4.5Vrespectively. (The V1H value at 5.5V is 3.85V.) The worst case leakage current (l1N• Ice. and 
lozl occur for CMOS at the higher voltage and so the 6.0V values should be used . 

.. VIL limits are currently tested at 20% of Vee· The above V1L specification (30% of Vee) will be implemented no later than 01, CY'B9. 
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AC Electrical Characteristics Vee= 5V, TA= 25°C, CL= 15 pF, tr= t1= 6 ns 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

tPLH Maximum Propagation Delay, A, B or C to any Y Output 14 29 ns 

tPHL Maximum Propagation Delay, A, B or C to any Y Output 20 42 ns 

tPLH Maximum Propagation Delay G2 to any Y Output 12 22 ns 

tPHL Maximum Propagation Delay G2 to any Y Output 15 34 ns 

tPLH Maximum Propagation Delay G1 to any Output 13 25 ns 

tPHL Maximum Propagation Delay GL to any Output 17 34 ns 

tPLH Maximum Propagation GL to Output 15 30 ns 

tPHL Maximum Propagation Delay GL to Output 22 34 ns 

ts Minimum Setup Time at A, B and C Inputs 20 ns 

tH Minimum Hold Time at A, B and C Inputs 0 ns 

tw Minimum Pulse Width of Enabling Pulse at GL 16 ns 

AC Electrical Characteristics CL= 50 pF, tr=t1=6 ns (unless otherwise specified) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee TA= -40 to 85°C TA= -55 to 125°C Units 

Typ Guaranteed Limits 

tPLH Maximum Propagation Delay 2.0V 85 170 214 253 ns 
A, B or C to any Y Output 4.5V 17 34 43 51 ns 

6.0V 14 29 36 43 ns 

tPHL Maximum Propagation Delay 2.0V 120 240 302 358 ns 
A, B or C to any Y Output 4.5V 24 48 60 72 ns 

6.0V 20 41 51 61 ns 

tPLH ~aximum Propagation Delay 2.0V 65 130 164 .194 ns 
G2 to any Y Output 4.5V 13 26 33 39 ns 

6.0V 11 22 28 33 ns 

tPLH Maximum Propagation 2.0V 75 150 189 224 ns 
Delay G1 to Output 4.5V 15 30 38 45 ns 

6.0V 13 26 32 38 ns 

tPHL Maximum Propagation 2.0V 98 195 246 291 ns 
Delay G 1 to Output 4.5V 20 39 49 58 ns 

6.0V 17 33 42 49 ns 

tPLH Maximum Propagation 2.0V 88 175 221 261 ns 
Delay GL to Output 4.5V 18 35 44 52 ns 

6.0V 15 30 37 44 ns 

tPHL Maximum Propagation 2.0V 125 250 315 373 ns 
Delay G L to Output 4.5V 25 50 63 75 ns 

6.0V 21 43 54 63 ns 

tPHL ~aximum Propagation Delay 2.0V 98 195 246 291 ns 
G2, to any Y Output 4.5V 20 39 49 58 ns 

6.0V 17 33 42 49 ns 

ts Minimum Setup Time 2.0V 100 125 150 ns 
at A, B and C inputs 4.5V 20 25 30 ns 

6.0V 17 21 25 ns 

tH Minimum Hold Time 2.0V 50 63 75 ns 
at A, B and C inputs 4.5V 10 13 15 ns 

6.0V 8 11 13 ns 

trLH· trHL Output Rise and 2.0V 30 75 95 110 ns 
Fall Time 4.5V 8 15 19 22 ns 

6.0V 7 13 16 19 ns 

tw Minimum Pulse Width 2.0V 80 100 120 ns 
of Enabling Pulse at GL 4.5V 16 20 24 ns 

6.0V 14 18 21 ns 

Cpo Power Dissipation 75 pF 
Capacitance (Note 5) 

C1N Maximum Input Capacitance 5 10 10 10 pF 

Note 5: Cpo determines the no load dynamic power consumption, Po= Cpo V cc2 f +Ice V cc. and the no load dynamic current consumption, Is= Cpo V cc f + Ice-
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Typical Application 

STROBE--...-------------. 

DECODER ENABLE --ll------+------. 

INPUT 
ADDRESS 

XO--ll------+-----. 
XI --ll------+---. 
x2--i1------+---. 

x3-~.----...... ~-+--------..---i1-------e---+---- )o&rJo~s 
u--i----..... --+---+------..... i----i---------+--+----
x5--1----e-+--+---+-------t-i----i-----e.--+--+--+----

01234567 01234567 01234567 

OUTPUTS 

TL/F/5310-3 

6-Llne to 64-Llne Decoder with Input Address Storage 

Truth Table 

Inputs Outputs 
Enable Select 

GL G1 G2 c B A YO Y1 Y2 Y3 Y4 vs Y6 Y7 

x x H x x x H H H H H H H H 
x L x x x x H H H H H H H H 

L H L L L L L H H H H H H H 
L H L L L H H L H H H H H H 
L H L L H L H H L H H H H H 
L H L L H H H H H L H H H H 

L H L H L L H H H H L H H H 
L H L H L H H H H H H L H H 
L H L H H L H H H H H H L H 
L H L H H H H H H H H H H L 

H H L x x x Output corresponding to stored 
address L; all others, H 

H = high level, L = low level, X = irrelevant 
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~National 
~Semiconductor 

MM54HC138/MM74HC138 
3-to-8 Line Decoder 
General Description 
This decoder utilizes advanced silicon-gate CMOS technol
ogy, and is well suited to memory address decoding or data 
routing applications. The circuit features high noise immuni
ty and low power consumption usually associated with 
CMOS circuitry, yet has speeds comparable to low power 
Schottky TTL logic. 

The MM54HC138/MM74HC138 has 3 binary select inputs 
(A, 8, and C). If the device is enabled these inputs deter
mine which one of the eight normally high outputs will go 
low. Two active low and one active high enables (G1, G2A 
and G2B) are provided to ease the cascading of decoders. 

Connection and Logic Diagrams 

Dual-In-Line Package 
D.UA OUTPUTS 

Yee YO Y1 Y2 Y3 Y4 Y5 Y& 

J1s 15 14 13 12 11 10 9 

...0.. _Q_ J _Q_ 

r-- P-

~ ;> ~ 

1 2 3 4 5 6 7 1a ll2B 
m lrnl 61 Y7 GND m 

OUTPUT 
SELECT ENABLE 

TOP VIEW 
TL/F/5120-1 

Order Number MM54HC138* 
or MM74HC138* 

•please look into Section 8, Appendix D for 
availability of various package types. 

Truth Table 
Inputs 

Enable Select 

G1 G2* c B A 

x H x x x 
L x x x x 
H L L L L 
H L L L H 
H L L H L 
H L L H H 
H L H L L 
H L H L H 
H L H H L 
H L H H H 

•G2=G2A+G2B 

YO 

H 
H 
L 
H 
H 
H 
H 
H 
H 
H 

The decoder's outputs can drive 10 low power Schottky TTL 
equivalent loads, and are functionally and pin equivalent to 
the 54LS138/74LS138. All inputs are protected from dam
age due to static discharge by diodes to Vee and ground. 

Features 
• Typical propagation delay: 20 ns 
• Wide power supply range: 2V-6V 
• Low quiescent current: 80 µA maximum (7 4HC Series) 
• Low input current: 1 µA maximum 
• Fanout of 10 LS-TTL loads 

TL/F/5120-2 

Outputs 

Y1 Y2 Y3 Y4 vs Y6 Y7 

H H H H H H H 
H H H H H H H 
H H H H H H H 
L H H H H H H 
H L H H H H H 
H H L H H H H 
H H H L H H H 
H H H H L H H 
H H H H H L H 
H H H H H H L 

H =high level, L =low level, X =don't care 
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Absolute Maximum Ratings (Notes 1 & 2) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for avallablllty and specifications. 

Supply Voltage (Vee) -0.5 to + 7.0V 

DC Input Voltage (V1N) -1.5 to Vee+ 1.5V 

DC Output Voltage (Vour) -0.5 to Vcc+0.5V 

Clamp Diode Current (l1K. loK) 

DC Output Current, per pin (lour) 

±20mA 

±25mA 

±50mA DC Vee or GND Current, per pin (led 

Storage Temperature Range (T srn) 

Power Dissipation (Po) 

- 65°C to + 15o·c 

(Note3) 
S.O. Package only 

600mW 
500mW 

Lead Temp. (TL.) (Soldering 10 seconds) 260°c 

DC Electrical Characteristics (Note 4) 

Symbol Parameter Conditions Vee 

V1H Minimum High Level 2.0V 
Input Voltage 4.5V 

6.0V 

V1L Maximum Low Level 2.0V 
Input Voltage•• 4.5V 

6.0V 

VoH Minimum High Level V1N = V1H or V1L 
Output Voltage llourl~20 µA 2.0V 

4.5V 
6.0V 

V1N = V1H or V1L 
l1ourl~4.0 mA 4.5V 

l1ourl~5.2 mA 6.0V 

Vol Maximum Low Level V1N = V1H or V1L 
Output Voltage I lour I ~ 20 µA 2.0V 

4.5V 
6.0V 

V1N = V1H or V1L 
I lourl ~ 4.0 mA 4.5V 

l1ourl~5.2 mA 6.0V 

l1N Maximum Input V1N=Vcc or GND 6.0V 
Current 

Ice Maximum Quiescent V1N=Vcc or GND 6.0V 
Supply Current lour=O µA 

Operating Conditions 
Min Max 

Supply Voltage (Vee) 2 6 

DC Input or Output Voltage 0 Vee 
(V1N. Vour) 

Operating Temp. Range (TA) 
MM74HC -40 +85 
MM54HC -55 +125 

Input Rise or Fall Times 
(tr,t1) Vcc=2.0V 1000 

Vcc=4.5V 500 
Vcc=6.0V 400 

TA=2s·c 
74HC 54HC 

TA= - 40 to as·c TA= - ss to 12s0 c 

Typ Guaranteed Limits 

1.5 1.5 1.5 
3.15 3.15 3.15 
4.2 4.2 4.2 

0.5 0.5 0.5 
1.35 1.35 1.35 
1.8 1.8 1.8 

2.0 1.9 1.9 1.9 
4.5 4.4 4.4 4.4 
6.0 5.9 5.9 5.9 

4.2 3.98 3.84 3.7 
5.7 5.48 5.34 5.2 

0 0.1 0.1 0.1 
0 0.1 0.1 0.1 
0 0.1 0.1 0.1 

0.2 0.26 0.33 0.4 
0.2 0.26 0.33 0.4 

±0.1 ±1.0 ±1.0 

8.0 80 160 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Units 
v 
v 

·c 
·c 

ns 
ns 
ns 

Units 

v 
v 
v 
v 
v 
v 

v 
v 
v 

v 
v 

v 
v 
v 

v 
v 

µA 

µA 

Note 3: Power Dissipation temperature derating-plastic "N" package: -12 mW/'C from 65°C to 85°C; ceramic "J" package: -12 mW/'C from 100'C to 125°C. 

Note 4: For a power supply of 5V ± 10% the worst case output voltages (VoH. and Vou occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case V1H and V1L occur at Vee= 5.5V and 4.5V respectively. (The V1H value at 5.5V is 3.85V.) The worst case leakage current (l1N. Ice. and 
loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 

••v1L limits are currently tested at 20% of Vee- The above V1L specification (30% of Vee) will be implemented no later than 01, CY'89. 
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AC Electrical Characteristics Vcc=5V, TA=25°C, CL =15 pF, tr=t1=6 ns 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

tPLH Maximum Propagation 18 25 ns 
Delay, Binary Select to any Output 

tPHL Maximum Propagation 28 35 ns 
Delay, Binary Select to any Output 

tPHL· tPLH Maximum Propagation 18 25 ns 
Delay, G1 to any Output 

tPHL Maximum Propagation 23 30 ns 
Delay G2A or G2B to 
Output 

tPLH Maximum Propagation 18 25 ns 
Delay G2A or G2B to 
Output 

AC Electrical Characteristics CL= 50 pF, tr= tt= 6 ns (unless otherwise specified) 

TA=2s·c 
74HC 54HC 

Symbol Parameter Conditions Vee TA= -40 to ss·c TA= -ssto 12s0 c Units 

Typ Guaranteed Limits 

tPLH Maximum Propagation 2.0V 75 150 189 224 ns 
Delay Binary Select to 4.5V 15 30 38 45 ns 
any Output Low to High 6.0V 13 26 32 38 ns 

tPHL Maximum Propagation 2.0V 100 200 252 298 ns 
Delay Binary Select to any 4.5V 20 40 50 60 ns 
Output High to Low 6.0V 17 34 43 51 ns 

tPHL• tPLH Maximum Propagation 2.0V 75 150 189 224 ns 
Delay G 1 to any 4.5V 15 30 38 45 ns 
Output 6.0V 13 26 32 38 ns 

tPHL Maximum Propagation 2.0V 82 175 221 261 ns 
Delay G2A or G2B to 4.5V 28 35 44 52 ns 
Output 6.0V 22 30 37 44 ns 

tPLH Maximum Propagation 2.0V 75 150 189 224 ns 
Delay G2A or G2B to 4.5V 15 30 38 45 ns 
Output 6.0V 13 26 32 38 ns 

tTLH• trnL Output Rise and 2.0V 30 75 95 110 ns 
Fall Time 4.5V 8 15 19 22 ns 

6.0V 7 13 16 19 ns 

C1N Maximum Input 3 10 10 10 pF 
Capacitance 

Cpo Power Dissipation (Note5) 75 pF 
Capacitance 

Note 5: Cpo determines the no load dynamic power consumption, Po=Cpo Vcc2 f+ Ice Vee. and the no load dynamic current consumption, ls=Cpo Vee f+ Ice-
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~National 
~Semiconductor 

MM54HC139/MM74HC139 
Dual 2-To-4 Line Decoder 

General Description 
This decoder utilizes advanced silicon-gate CMOS technol
ogy, and is well suited to memory address decoding or data 
routing applications. It possesses the high noise immunity 
and low power consumption usually associated with CMOS 
circuitry, yet has speeds comparable to low power Schottky 
TTL logic. 

The MM54HC139/MM74HC139 contain two independent 
one-of-four decoders each with a single active low enable 
input (G 1, or G2). Data on the select inputs (A 1, and B 1 or 
A2, and 82) cause one of the four normally high outputs to 
go low. 

The decoder's outputs can drive 10 low power Schottky TTL 
equivalent loads, and are functionally as well as pin equiva-

Connection Diagram 
Dual-In-Line Package 

ENABLE 
Vee G2 

16 

ENABLE 
GI 

15 

7 
1Y3 

2Y3 

GND 

TL/F/5311-1 

Order Number MM54HC139* or MM74HC139* 
*Please look into Section 8, Appendix D 
for availability of various package types. 

Logic Diagram 

lent to the 54LS139/74LS139. All inputs are protected from 
damage due to static discharge by diodes to Vee and 
ground. 

Features 
• Typical propagation delays -

Select to outputs (4 delays): 18 ns 
Select to output (5 delays): 28 ns 
Enable to output: 20 ns 

• Low power: 40 µW quiescent supply power 
• Fanout of 10 LS-TTL devices 
• Input current maximum 1 µA, typical 10 pA 

Truth Table 
'HC139 

Inputs 
Outputs 

Enable Select 

G B A YO Y1 Y2 

H x x H H H 
L L L L H H 
L L H H L H 
L H L H H L 
L H H H H H 

H=high level, L=low level, X=don't care 

Y3 

H 
H 
H 
H 
L 

MM54HC139/MM74HC139 

ENABLE G 
Yo 

OUTPUTS 

SELECT 

TL/F/5311-2 

( 1of2) 
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Absolute Maximum Ratings (Notes 1 & 2) 

If Miiitary I Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for avallablllty and specifications. 

Supply Voltage (Vee) -0.5 to+ 7.0V 

DC Input Voltage CV1N) -1.5 to Vee+ 1.5V 

DC Output Voltage (Vour) -0.5 to Vee+0.5V 

Clamp Diode Current (l1K. loK) 

DC Output Current, per pin (lour) 

DC Vee or GND Current, per pin (lee) 

Storage Temperature Range CTsrn) 
Power Dissipation (Po) 

(Note 3) 
S.O. Package only 

Lead Temp. (TL) (Soldering 10 seconds) 

±20mA 

±25mA 

±50mA 

-65°C to + 150°C 

600mW 
500mW 

260°C 

DC Electrical Characteristics (Note 4) 

Operating Conditions 
Min 

Supply Voltage (Vee) 2 

DC Input or Output Voltage 0 
CViN. Vour) 

Operating Temp. Range (TA) 
MM74HC -40 
MM54HC -55 

Input Rise or Fall Times 
(tr. t1) Vee=2.0V 

Vee=4.5V 
Vee=6.0V 

Max 
6 

Vee 

+85 
+125 

1000 
500 
400 

74HC 54HC 

Units 
v 
v 

·c 
·c 

ns 
ns 
ns 

Symbol Parameter Conditions Vee TA=-40to85°C TA=-55to125°C Units 

VoH 

lee 

Minimum High Level 
Input Voltage 

Maximum Low Level 
Input Voltage** 

Minimum High Level 
Output Voltage 

Maximum Low Level 
Output Voltage 

Maximum Input 
Current 

Maximum Quiescent 
Supply Current 

V1N = V1H or V1L 
llourl~20 µA 

V1N=V1HorV1L 
ltouTI ~4.0 mA 
ltourl ~5.2 mA 

V1N = V1H or V1L 
llouTl~20 µA 

V1N = V1H or V1L 
ilourl ~4.0 mA 
ltouTl~5.2 mA 

V1N=VeeorGND 
lour=O µA 

2.0V 
4.5V 
6.0V 

2.0V 
4.5V 
6.0V 

2.0V 

Typ 

2.0 
4.5V 4.5 
6.0V 6.0 

4.5V 4.2 
6.0V 5.7 

2.0V 
4.5V 
6.0V 

0 
0 
0 

4.5V 0.2 
6.0V 0.2 

6.0V 

6.0V 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 
5.9 

3.98 
5.48 

0.1 
0.1 
0.1 

0.26 
0.26 

±0.1 

8.0 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Guaranteed Limits 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 
5.9 

3.84 
5.34 

0.1 
0.1 
0.1 

0.33 
0.33 

±1.0 

80 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 
5.9 

3.7 
5.2 

0.1 
0.1 
0.1 

0.4 
0.4 

±1.0 

160 

v 
v 
v 
v 
v 
v 

v 
v 
v 

v 
v 

v 
v 
v 

v 
v 

µA 

µA 

Note 3: Power Dissipation temperature derating-plastic "N" package: -12 mW/'Cfrom 65"C to es•c; ceramic "J" package: -12 mW/'Cfrom 100°Cto 125'C. 

Note 4: For a power supply of 5V ± 10% the worst case output voltages (VoH. and Vou occur for HC at 4.5V. Thus the 4.5Vvalues should be used when designing 
with this supply. Worst case V1H and V1L occur at Vee= 5.5V and 4.5V respectively. (The V1H value at 5.5V is 3.65V.) The worst case leakage current (l1N. Ice. and 
loz) occur for CMOS at the higher voltage and so the 6.0V values should be used . 

.. VIL limits are currently tested at 20% of Vee- The above v1L specification (30% of Vee) will be implemented no later than 01, CY'69. 
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3: 
AC Electrical Characteristics 3: 

U1 

Vcc=5V, TA=25°C, CL= 15 pF, tr=t1=6 ns 
~ 
:c 
0 

Guaranteed ..... 
Symbol Parameter Conditions Typ Units (,,) 

Limit co ....... 
tpHL• tPLH Maximum Propagation 18 30 ns 3: 

3: 
Delay, Binary Select to any Output ...... 
4 levels of delay ~ 

:c 
tpHL• tPLH Maximum Propagation 28 38 ns 0 ..... 

Delay, Binary Select to any Output 
(,,) 
co 

5 levels of delay 

tpHL• tpLH Maximum Propagation 19 30 ns 
Delay, Enable to any Output 

AC Electrical Characteristics CL =50 pF, tr=t1=6 ns (unless otherwise specified) 

TA=2s·c 
74HC 54HC 

Symbol Parameter Conditions Vee TA= -40toas·c TA= -ssto 12s·c Units 

Typ Guaranteed Limits 

tPHL• tPLH Maximum Propagation (Note 6) 2.0V 110 175 219 254 ns 

Delay Binary Select to 4.5V 22 35 44 51 ns 
any Output 4 levels of delay 6.0V 18 30 38 44 ns 

tPHL• tPLH Maximum Propagation (Note 7) 2.0V 165 220 275 320 ns 

Delay Binary Select to any 4.5V 33 44 55 64 ns 

Output 5 levels of delay 6.0V 28 38 47 54 ns 

tPHL• tPLH Maximum Propagation 2.0V 115 175 219 254 ns 
Delay Enable to any 4.5V 23 35 44 51 ns 

Output 6.0V 19 30 38 44 ns 

trLH· trLH Maximum Output Rise 2.0V 30 75 95 110 ns 

and Fall Time 4.5V 8 15 19 22 ns 

6.0V 7 13 16 19 ns 

C1N Maximum Input 3 10 10 10 pF 

Capacitance 

Cpo Power Dissipation (Note 5) 75 pF 

Capacitance (Note 5) 

Note 5: Cpo determines the no load dynamic power consumption, Po= Cpo V cc2 f + Ice V cc. and the no load dynamic current consumption, Is= Cpo V cc f + Ice-
Note 6: 4 levels of delay are A to Y1, Y3 and 8 to Y2, Y3. 

Note 7: 5 levels of delay are A to YO, Y2 and B to YO, Y1. 
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~National 
~Semiconductor 
MM54HC147/MM74HC147 
1 O-to-4 Line Priority Encoder 
General Description 
This high speed 10-to-4 Line Priority Encoder utilizes ad
vanced silicon-gate CMOS technology. It possesses the 
high noise immunity and low power consumption of stan
dard CMOS integrated circuits. This device is fully buffered, 
giving it a fanout of 10 LS-TIL loads. 

The MM54HC147/MM74HC147 features priority encoding 
of the inputs to ensure that only the highest order data line 
is encoded. Nine input lines are encoded to a four line BCD 
output. The implied decimal zero condition requires no input 
condition as zero is encoded when all nine data lines are at 
a high logic level. All data inputs and outputs are active at 
the low logic level. 

Connection and Logic Diagrams 

Dual-In-Line Package 

INPUTS 
(11) 

OUTPUT OUTPUT 
1 

Vee NC 0 9 A 

16 15 10 9 
(12) 

2 

0 9 

4 A (13) 

B 

(1) 

8 

6 c B GNO --INPUTS OUTPUTS (2) 

TL/F/5007-1 
5 

Top View 

Order Number MM54HC147* or MM74HC147* 
•Please look into Section 8, Appendix D 
for availability of various package types. 

Truth Table 
(4) 

Inputs Outputs 

1 2 3 4 5 6 7 8 9 D c B A 

H H H H H H H H H H H H H 
x x x x x x x x L L H H L 
x x x x x x x L H L H H H 
x x x x x x L H H H L L L 
x x x x x L H H H H L L H 
x x x x L H H H H H L H L 
x x x L H H H H H H L H H 
x x L H H H H H H H H L L 
x L H H H H H H H H H L H 
L H H H H H H H H H H H L 

H = High Logic Level, L = Low Logic Level, X = Irrelevant 

The 54HC/7 4HC logic family is functionally as well as pin
out compatible with the standard 54LS/74LS logic family. 
All inputs are protected from damage due to static dis
charge by internal diode clamps to Vee and ground. 

Features 
• Low quiescent power consumption: 40 µW maximum at 

25°C 
• High speed: 31 ns propagation delay (typical) 
• Low input current: 1 µA maximum 
• Wide supply range: 2V to 6V 

(9) 

A 

(7) 

B 

(6) 

c 

(5) 

(14) 

D 

TL/F/5007-2 
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Absolute Maximum Ratings (Notes 1 & 2) 

If Miiitary I Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for avallablllty and specifications. 

Supply Voltage (Vee) -0.5 to + 7.0V 

DC Input Voltage MN) -1.5 to Vee+ 1.5V 

DC Output Voltage (VouT) -0.5 to Vee+ 0.5V 

Clamp Diode Current U1K. loK) 

DC Output Current, per pin (louT) 

DC Vee or GND Current, per pin (Ice) 

Storage Temperature Range (T srn) 

Power Dissipation (Po) 
(Note3) 
S.O. Package only 

Lead Temp. (TL) (Soldering 10 seconds) 

±20mA 

±25mA 

±50mA 

- 65°C to + 150°C 

600mW 
500mW 

260°C 

DC Electrical Characteristics (Note 4) 

Operating Conditions 
Min 

Supply Voltage (Vee) 2 

DC Input or Output Voltage O 
MN. VouT) 

Operating Temp. Range (TA) 
MM74HC -40 
MM54HC -55 

Input Rise or Fall Times 
(tr, t1) V cc= 2.0V 

Vcc=4.5V 
Vcc=6 .. ov 

Max 
6 

Vee 

+85 
+125 

1000 
500 
400 

74HC 54HC 

Units 
v 
v 

oc 
oc 

ns 
ns 
ns 

Symbol Parameter Conditions Vee TA= -40 to 85°C TA= -55 to 125°C Units 

VoH 

Ice 

Minimum High Level 
Input Voltage 

Maximum Low Level 
Input Voltage•• 

Minimum High Level 
Output Voltage 

Maximum Low Level 
Output Voltage 

Maximum Input 
Current 

Maximum Quiescent 
Supply Current 

V1N = V1H or V1L 
J louTI ~ 20 µA 

V1N = V1H or V1L 
JlouTI ~4.0 mA 
J louTI ~ 5.2 mA 

V1N = V1H or V1L 
J louTI ~ 20 µA 

V1N=V1H orV1L 
J1ouTl~4.0 mA 
I louTI ~ 5.2 mA 

V1N=Vcc or GND 
louT=O µA 

2.0V 
4.5V 
6.0V 

2.0V 
4.5V 
6.0V 

2.0V 
4.5V 
6.0V 

Typ 

2.0 
4.5 
6.0 

4.5V 4.7 
6.0V 5.2 

2.0V 
4.5V 
6.0V 

0 
0 
0 

4.5V 0.2 
6.0V 0.2 

6.0V 

6.0V 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 
5.9 

3.98 
5.48 

0.1 
0.1 
0.1 

0.26 
0.26 

±0.1 

8.0 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Guaranteed Limits 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 
5.9 

3.84 
5.34 

0.1 
0.1 
0.1 

0.33 
0.33 

±1.0 

80 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 
5.9 

3.7 
5.2 

0.1 
0.1 
0.1 

0.4 
0.4 

±1.0 

160 

v 
v 
v 
v 
v 
v 

v 
v 
v 

v 
v 

v 
v 
v 

v 
v 

µA 

µA 

Note 3: Power Dissipation temperature derating-plastic "N" package: -12 mW/'C from es•c to 85°C; ceramic "J" package: -12 mW/'C from 1oo•c to 125°C. 

Note 4: For a power supply of 5V ± 10% the worst case output voltages (VOH• and Vou occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case V1H and V1L occur at Vee= 5.5V and 4.5V respectively. (The v1H value at 5.5V is 3.85V.) The worst case leakage current U1N• Ice. and 
loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 

••v1L limits are currently tested at 20% of Vee· The above V1L specification (30% of Vee) will be implemented no later than 01, CY'89. 
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AC Electrical Characteristics Vee=5V, TA=25°C, CL= 15 pF, tr=tr=6 ns 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

tPHL• tPLH Maximum Propagation 31 38 ns 
Delay 

AC Electrical Characteristics Vee= 2.0V to 6.0V, CL= 50 pF, tr= tr= 6 ns (unless otherwise specified) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee TA= -40 to 85°C TA= -55 to 125°C Units 

Typ Guaranteed Limits 

tPHL• tPLH Maximum Propagation 2.0V 181 220 275 319 ns 
Delay 4.5V 36 44 55 64 ns 

6.0V 31 37 47 54 ns 

trLH· trHL Maximum Output Rise 2.0V 30 75 95 110 ns 
and Fall Time 4.5V 8 15 19 22 ns 

6.0V 7 13 16 19 ns 

Cpo Power Dissipation (per package) 180 pF 
Capacitance (Note 5) 

C1N Maximum Input 5 10 10 10 pF 
Capacitance 

Note 5: Cpo determines the no load dynamic power consumption, Po=Cpo Vcc2- f+ Ice Vee. and the no load dynamic current consumption, ls=Cpo Vee f+ Ice. 
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~National 
~Semiconductor 

MM54HC 148/MM74HC148 
8-3 Line Priority Encoder 

General Description 
This priority encoder utilizes advanced silicon-gate CMOS 
technology. It has the high noise immunity and low power 
consumption typical of CMOS circuits, as well as the speeds 
and output drive similar to LB-TTL 

All inputs are protected from damage due to static dis
charge by internal diode clamps to Vee and ground. 

Features 
This priority encoder accepts 8 input request lines 0-7 and 
outputs 3 lines AO-A2. The priority encoding ensures that 
only the highest order data line is encoded. Cascading cir
cuitry (enable input El and enable output EO) has been pro
vided to allow octal expansion without the need for external 
circuitry. All data inputs and outputs are active at the low 
logic level. 

• Typical propagation delay: 13 ns 
• Wide supply voltage range: 2V-6V 

Connection Diagram 

Truth Table 

[0 

16 15 

Dual-In-Line Package 

GS 

14 13 12 

AO 

11 10 9 

'---:> 1;>----

T 2 3 4 s 6 7 18 
El A2 Al GND 

Order Number MM54HC148* or MM74HC148* 
•Please look into Section s. Appendix D for availability of various package types. 

Inputs Outputs 

El 0 1 2 3 4 5 6 7 A2 A1 AO GS EO 

H x x x x x x x x H H H H H 
L H H H H H H H H H H H H L 
L x x x x x x x L L L L L H 
L x x x x x x L H L L H L H 
L x x x x x L H H L H L L H 
L x x x x L H H H L H H L H 
L x x x L H H H H H L L L H 
L x x L H H H H H H L H L H 
L x L H H H H H H H H L L H 
L L H H H H H H H H H H L H 

H = High, L = Low, X = irrelevant 
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Absolute Maximum Ratings (Notes 1 & 2) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage (Vee) -0.5 to + 7.0V 

DC Input Voltage <ViN) 

DC Output Voltage (Vour) 

Clamp Diode Current (l1K. loK) 

DC Output Current, per pin (lour) 

DC Vee or GND Current, per pin (Ice) 

Storage Temperature Range (T srn) 
Power Dissipation (Po) 

(Note3) 
S.O. Package only 

Lead Temperature (TL) 
(Soldering 1 O sec.) 

-1.5 to Vee+ 1.5V 

-0.5 to Vee +0.5V 

±20mA 

±25mA 

±50mA 

- 65°C to + 150°C 

600mW 
500mW 

260°C 

DC Electrical Characteristics (Note 4) 

Operation Conditions 

Supply Voltage (Vee) 
DC Input or Output Voltage 

(V1N. Vour) 
Operating Temperature Range (TA) 

MM74HC 
MM54HC 

Input Rise or Fall Times 
(tr,t1) Vee= 2.ov 

Vee= 4.5V 
Vee= 6.0V 

74HC 

Min Max Units 
2 6 v 
0 Vee v 

-40 +85 oc 
-55 +125 oc 

1000 ns 
500 ns 
400 ns 

54HC 

Sym!Jol Parameter Conditions Vee 
TA= 25°C 

TA= -40 to 85°C TA= -55to 12s0 c Units 

Typ Guaranteed Limits 

V1H Minimum High Level 2.0V 1.5 1.5 1.5 v 
Input Voltage 4.5V 3.15 3.15 3.15 v 

6.0V 4.2 4.2 4.2 v 

V1L Maximum Low Level 2.0V 0.5 0.5 0.5 v 
Input Voltage** 4.5V 1.35 1.35 1.35 v 

6.0V 1.8 1.8 1.8 v 
VoH Minimum High Level V1N = V1H or V1L 

Output Voltage I lourl :::;;: 20 µA 2.0V 2.0 1.9 1.9 1.9 v 
4.5V 4.5 4.4 4.4 4.4 v 
6.0V 6.0 5.9 5.9 5.9 v 

V1N = V1H or V1L 
I lourl :::;;: 4.0 mA 4.5V 4.7 3.96 3.84 3.7 v 
llourl:::;;: 5.2 mA 6.0V 5.2 5.48 5.34 5.2 v 

Vol Maximum Low Level V1N = V1H or V1L 
Output Voltage I lourl :::;;: 20 µA 2.0V 0 0.1 0.1 0.1 v 

4.5V 0 0.1 0.1 0.1 v 
6.0V 0 0.1 0.1 0.1 v 

V1N = V1H or V1L 
llourl:::;;: 4.0 mA 4.5V 0.2 0.26 0.33 0.4 v 
I lourl :::;;: 5.2 mA 6.0V 0.2 0.26 0.33 0.4 v 

l1N Maximum Input V1N = Vee or GND 6.0V ±0.1 ±1.0 ±1.0 µA 
Current 

Ice Maximum Quiescent V1N = Vee or GND 6.0V 8.0 80 160 µA 
Supply Current lour= o µA 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating-plastic "N" package: -12 mW /'C from 65°C to 85°C, ceramic "J" package: -12 mW /'C from 1 oo·c to 125°C. 
Note 4: For a power supply of 5V ± 10% the worst case output voltages {VoH. and Vou occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case v1H and v1L occur at Vee = 5.5V and 4.5V respectively. {The V1H value at 5.5V is 3.85V.) The worst case leakage current (l1N. Ice. and 
loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
••v1L limits are currently tested at 20% of Vee. The above V1L specification (30% of Vee) will be implemented no later than 01, CY'89. 
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AC Electrical Characteristics Vee = 5V, TA = 25°C, CL = 15 pF, tr = t1 = 6 ns 

Symbol Parameter Conditions Typ Units 

tPHL• tPLH Maximum Propagation Delay, 
14 ns 

Any Input to Any Output 

AC Electrical Characteristics Vee = 2.0V to 6.0V, CL = 50 pF, tr = t1 = 6 ns (unless otherwise specified) 

TA= 2s0 c 
74HC 54HC 

Symbol Parameter Vee -40°cto +as·c - ss·c to + 12s·c Units 

Typ Guaranteed Limits 

tpHL• tPLH Inputs 0-7 2.0V 140 175 210 ns 

to Outputs 4.5V 14 28 35 42 ns 

AO, A1, A2 6.0V 24 30 36 ns 

tPHL• tpLH Inputs 0-7 2.0V 140 175 210 ns 

to 4.5V 15 28 35 42 ns 

OutputEO 6.0V 24 30 36 ns 

tpHL• tPLH Inputs 0-7 2.0V 160 200 240 ns 

to 4.5V 17 32 40 48 ns 

Output GS 6.0V 27 34 41 ns 

tpHL• tPLH Input El 2.0V 160 200 240 ns 

to Outputs 4.5V 17 32 40 48 ns 

AO, A1, A2 6.0V 27 34 41 ns 

tPHL• tpLH Input El 2.0V 100 125 150 ns 

to 4.5V 12 20 25 30 ns 

Output GS 6.0V 17 21 26 ns 

tPHL• tpLH Input El 2.0V 100 125 150 ns 

to 4.5V 12 20 25 30 ns 

Output EO 6.0V 17 21 26 ns 

t1, tr Maximum 2.0V 75 95 110 ns 

Output Rise 4.5V 7 15 19 22 ns 

and Fall Time 6.0V 13 16 19 ns 

Cpd Power Dissipation 
52 pF 

Capacitance (Note 5) 

Cin Maximum Input 
5 10 10 10 pF 

Capacitance 

Note 5: Cpd determines the no load dynamic power consumption, and the no load dynamic current consumption. 

• 
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Logic Diagram 

0 (10) 

1 (11) 

2 (12) 

3 (13) 

4 (1) 

5 (2) 

6 (3) 

7 (4) 

El (S) 

TL/F/9390-2 
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~National 
~Semiconductor 

MM54HC149/MM74HC149 
8 Line to 8 Line Priority Encoder 

General Description Features 
• Propagation delay: 15 ns typical 
• Wide power supply range: 2-6V 

This priority encoder utilizes advanced silicon-gate CMOS 
technology. It has the high noise immunity and low power 
consumption typical of CMOS circuits, as well as the speeds 
and output drive similar to LS-TTL. 

• Low quiescent current: 80 µA max (74HC Series) 
• Wide input noise immunity 

This priority encoder accepts 8 input request lines, R17-RIO, 
and outputs 8 lines, R07-ROO. Only one request output 
can be low at a time. The output that is low is dependent on 
the highest priority request that is low. The order of priority 
is RI? highest and RIO lowest. Also provided is and enable 
input, ROE, which when high forces all outputs high. A re
quest output is also provided, RQP, which goes low when 
any Rln is active. 

All inputs to this device are protected from damage due to 
electrostatic discharge by diodes to Vee and ground. 

Connection Diagram 
Dual-In-Line Package 

Vee lil!i! iiOi ROZ iili3 R04 R05 RO& iili7 
20 19 

iiiii 

18 17 16 15 14 13 

4 
lfjj 

OUTPUT BUFFERS 

PRIORITY LOGIC 

INPUT BUFFERS 

Top View 

7 

m 
8 

m 

Order Number MM54HC149* or MM74HC149* 
•Please look into Section 8, Appendix D for availability of various package types. 

Truth Table 
Inputs Outputs 

0 1 2 3 4 5 6 7 RQE 0 1 2 3 4 5 6 7 

x x x x x x x x H H H H H H H H H 
H H H H H H H H L H H H H H H H H 
x x x x x x x L L H H H H H H H L 
x x x x x x L H L H H H H H H L H 
x x x x x L H H L H H H H H L H H 
x x x x L H H H L H H H H L H H H 
x x x L H H H H L H H H L H H H H 
x x L H H H H H L H H L H H H H H 
x L H H H H H H L H L H H H H H H 
L H H H H H H H L L H H H H H H H 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
If Mllltary/Aerospace specified devices are required, Min Max Units 
contact the National Semiconductor Sales Office/ Supply Voltage (Vee) 2 6 v 
Distributors for avallablllty and specifications. DC Input or Output Voltage 0 Vee v 
Supply Voltage (Vee) -0.5 to + 7.0V MN· Vour) 
DC Input Voltage (V1N) -1.5 to Vee+ 1.5V Operating Temp. Range (TA) 

DC Output Voltage (Vour) -0.5 to Vcc+0.5V MM74HC -40 +85 oc 
Clamp Diode Current UIK• loK) ±20mA MM54HC -55 +125 oc 

DC Output Current, per pin (lour) ±25mA Input Rise or Fall Times 
(tr,t1) Vcc=2.ov 1000 ns 

DC Vee or GND Current, per pin (Ice) ±50mA Vcc=4.5V 500 ns 
Storage Temperature Range (T srn) - 65°C to + 150°C Vyc=6.0V 400 ns 
Power Dissipation (Po) 

(Note 3) 600mW 
S.O. Package only 500mW 

Lead Temperature (TL.) 

(Soldering 1 O seconds) 260°C 

DC Electrical Characteristics (Note 4) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee TA= - 40 to 85°C TA= - 55 to 125°C Units 

Typ Guaranteed Limits 

V1H Minimum High Level 2.0V 1.5 1.5 1.5 v 
Input Voltage 4.5V 3.15 3.15 3.15 v 

6.0V 4.2 4.2 4.2 v 

V1L Maximum Low Level 2.0V 0.5 0.5 0.5 v 
Input Voltage•• 4.5V 1.35 1.35 1.35 v 

6.0V 1.8 1.8 1.8 v 

VoH Minimum High Level V1N = V1H or V1L 
Output Voltage llourl s:20 µA 2.0V 2.0 1.9 1.9 1.9 v 

4.5V 4.5 4.4 4.4 4.4 v 
6.0V 6.0 5.9 5.9 5.9 v 

V1N = V1H or V1L 
llourl S:4.0 mA 4.5V 4.2 3.98 3.84 3.7 v 
llourl s:5.2 mA 6.0V 5.7 5.48 5.34 5.2 v 

VoL Maximum Low Level V1N = V1H or V1L 
'\ 

Output Voltage llourl s:20 µA 2.0V 0 0.1 0.1 0.1 v 
4.5V 0 0.1 0.1 0.1 v 
6.0V 0 0.1 0.1 0.1 v 

V1N = V1H or V1L 
llourl S:4.0 mA 4.5V 0.2 0.26 0.33 0.4 v 
I louTI s: 5.2 mA 6.0V 0.2 0.26 '\ 0.33 0.4 v 

l1N Maximum Input V1N=VccorGND 6.0V ±0.1' ±1.0 ± 1.0 µA 
Current 

Ice Maximum Quiescent V1N=VccorGND 6.0V 8.0 80 160 µA 
Supply Current lour=O µA 

El 
I 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mW /'C from 65'C to B5'C; ceramic "J" package: -12 mW /'C from 1 OO'C to 125'C. 
Note 4: For a power supply of 5V ± 10% the worst case output voltages (VoH. a~d Vou occur for HC at4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case v1H and V1L occur at Vee= 5.5V and 4.5V respectively. (The V1H value at 5.5V is 3.85V.) The worst case leakage current (l1N· Ice. and 
loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
••v1L limits are currently tested at 20% of Vee. The above ViL specification (30% of Vee) will be implemented no later than 01, CY'B9. 

AC Electrical Characteristics Vcc=5V, TA=25°C, CL= 15 pF, tr=t1=6 ns (Note 6) 

Symbol Parameter Conditions Typ Guaranteed Limit Units 

tPHL• tPLH Maximum Propagation Delay, Any Input 
To Any Output 20 33 ns 
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AC Electrical Characteristics Vcc=2.0Vto6.0V, CL =50 pF, tr=t1=6 ns (unless otherwise specified) 

TA=2s·c 
74HC 54HC 

Symbol Parameter Conditions Vee TA= -40toas·c TA= -ssto 12s0 c Units 

Typ Guaranteed Limits 

tPHL• tPLH Maximum Propagation 2.0V 73 205 255 310 ns 
Delay Any Input To Any 4.5V 25 41 51 62 ns 
Output 6.0V 21 35 43 53 ns 

trLH· trHL Maximum Output Rise 2.0V 30 75 95 110 ns 
and Fall Time 4.5V 8 15 19 22 ns 

6.0V 7 13 16 19 ns 

Cpo Power Dissipation 50 pF 
Capacitance (Note 5) 

C1N Maximum Input 7 10 10 10 pF 
Capacitance 

Note 5: Cpo determines the no load dynamic power consumption, Po= Cpo V cc2 I+ Ice V cc. and the no load dynamic current consumption, Is= Cpo V cc I+ Ice-

Simplified Logic Diagram 

ii02 
iiT2 

iiOi 
iITT 

iiiiii 
RiD 

ROE 
iiQP 

TL/F/5312-2 
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~National 
~Semiconductor 
MM54HC151/MM74HC151 8-Channel 
Digital Multiplexer 
General Description 
This high speed Digital multiplexer utilizes advanced silicon
gate CMOS technology. Along with the high noise immunity 
and low power dissipation of standard CMOS integrated cir
cuits, it possesses the ability to drive 1 O LS-TIL loads. The 
MM54HC151/MM74HC151 selects one of the 8 data sourc
es, depending on the address presented on the A, B, and C 
inputs. It features both true (Y) and complement (W) out
puts. The STROBE input must be at a low logic level to 
enable this multiplexer. A high logic level at the STROBE 
forces the W output high and the Y output low. 

The 54HC/7 4HC logic family is functionally as well as pin
out compatible with the standard 54LS/74LS logic family. 

Connection and Logic Diagrams 
Dual-In-Line Package 

DATA INPUTS DATA SELECT 

Vee 4 5 6 7 A B c 

16 15 14 13 12 11 10 9 

D4 D5 D6 D7 A B 

D3 c 

D2 D1 DO y w s 

3 4 5 8 

3 0 Y W STROBE GND --..-
DATA INPUTS OUTPUTS TL/F/5313-1 

Top View 

Order Number MM54HC151 * or MM74HC151 * 
•Please look into Section B, Appendix D 
for availability of various package types. 

Do~~r======i==::::::f~ 

A 

02~~~~~H:::=t:±:r~ 

All inputs are protected from damage due to static dis
charge by internal diode clamps to Vee and ground. 

Features 
• Typical propagation delay 

data select to output Y: 26 ns 
• Wide operating supply voltage range: 2-6V 
• Low input current: 1 µA maximum 
• Low quiescent supply current: 80 µA maximum (7 4HC) 
• High output drive current: 4 mA minimum 

Truth Table 

Inputs Outputs 

Select Strobe 

c B A s y 

x x x H L 
L L L L DO 
L L H L D1 
L H L L D2 
L H H L D3 
H L L L D4 
H L H L D5 
H H L L D6 
H H H L D7 

H = High Level, L = Low Level, X = Don't Care 

DO, D1 ... D7 = the level of the respective D input 

w 

H 
DO 
D1 
D2 
D3 
D4 
D5 
D6 
D7 

TL/F/5313-2 
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Absolute Maximum Ratings (Notes 1 & 2) 

If Military I Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage (Vee) -0.5 to + 7.0V 

DC Input Voltage MN) -1.5 to Vee+ 1.5V 

DC Output Voltage (VouT) 

Clamp Diode Current (l1K. loK) 

DC Output Current, per pin (louT) 

DC Vee or GND Current, per pin (Ice) 

Storage Temperature Range (T sTG) 

Power Dissipation (Po) 
(Note3) 
S.O. Package only 

Lead Temp. (TL) (Soldering 10 seconds) 

-0.5 to Vcc+0.5V 

±20mA 

±25mA 

±50mA 

-65°C to+ 150°C 

600mW 
500mW 

260°C 

DC Electrical Characteristics (Note 4) 

Operating Conditions 
Min 

Supply Voltage (Vee) 2 

DC Input or Output Voltage 0 
(V1N1 VouT) 

Operating Temp. Range (TA) 
MM74HC -40 
MM54HC -55 

Input Rise or Fall Times 
(tr. tt) Vcc=2.0V 

Vcc=4.5V 
Vcc=6.0V 

Max 
6 

Vee 

+85 
+125 

1000 
500 
400 

74HC 54HC 

Units 
v 
v 

oc 
oc 

ns 
ns 
ns 

Symbol Parameter Conditions Vee TA=-40to85°C TA=-55to125°C Units 

VoH 

Vol 

Ice 

Minimum High Level 
Input Voltage 

Maximum Low Level 
Input Voltage** 

Minimum High Level 
Output Voltage 

Maximum Low Level 
Output Voltage 

Maximum Input 
Current 

Maximum Quiescent 
Supply Current 

V1N=V1HorV1L 
J louTI :s: 20 µA 

V1N = V1H or V1L 
JlouTI :s:4.0 mA 
J louTI :s: 5.2 mA 

V1N = V1H or V1L 
J louTI :s: 20 µA 

V1N = V1H or V1L 
llouTI :s:4.0 mA 
I louTI :s: 5.2 mA 

V1N=VccorGND 
louT=O µA 

2.0V 
4.5V 
6.0V 

2.0V 
4.5V 
6.0V 

2.0V 
4.5V 

Typ 

2.0 
4.5 

6.0V 6.0 

4.5V 4.2 
6.0V 5.7 

2.0V 
4.5V 
6.0V 

0 
0 
0 

4.5V 0.2 
6.0V 0.2 

6.0V 

6.0V 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 
5.9 

3.98 
5.48 

0.1 
0.1 
0.1 

0.26 
0.26 

±0.1 

8.0 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Guaranteed Limits 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 
5.9 

3.84 
5.34 

0.1 
0.1 
0.1 

0.33 
0.33 

±1.0 

80 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 
5.9 

3.7 
5.2 

0.1 
0.1 
0.1 

0.4 
0.4 

±1.0 

160 

v 
v 
v 
v 
v 
v 

v 
v 
v 

v 
v 

v 
v 
v 

v 
v 

µA 

µA 

Note 3: Power Dissipation temperature derating-plastic "N" package: -12 mW/'C from 65'C to 85'C; ceramic "J" package: -12 mW/'Cfrom 100'Cto 125'C. 

Note 4: For a power supply of 5V ± 10% the worst case output voltages (VoH. and Vou occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case V1H and V1L occur at Vee= 5.5V and 4.5V respectively. (The V1H value at 5.5V is 3.85V.) The worst case leakage current (11N. Ice. and 
loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 

''V1L limits are currently tested at 20% of Vee. The above V1L specification (30% of Vee) will be implemented no later than 01, CY'89. 
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AC Electrical Characteristics Vcc=5V,TA=25°c,cL=15pF,tr=t1=6ns 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

tPHL• tPLH Maximum Propagation Delay 26 35 ns 
A, B orCtoY 

tPHL• tPLH Maximum Propagation Delay 27 35 ns 
A, B orCto W 

tPHL• tPLH Maximum Propagation Delay 22 29 ns 
Any D to Y 

tpHL• tpLH Maximum Propagation Delay 24 32 ns 
anyDtoW 

tPHL• tPLH Maximum Propagation Delay 17 23 ns 
Strobe to Y 

tPHL• tpLH Maximum Propagation Delay 16 21 ns 
Strobe to W 

AC Electrical Characteristics CL =50 pF, tr=t1=6 ns (unless otherwise specified) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee TA= - 40 to 85°C TA= -55to125°C Units 

Typ Guaranteed Limits 

tpHL· tPLH Maximum Propagation Delay 2.0V 90 205 256 300 ns 
A, B orCtoY 4.5V 31 41 51 60 ns 

6.0V 26 35 44 51 ns 

tPHL· tPLH Maximum Propagation Delay 2.0V 95 205 256 300 ns 
A, B orCtoW 4.5V 32 41 51 60 ns 

6.0V 27 35 44 51 ns 

tPHL• tPLH Maximum Propagation Delay 2.0V 70 195 244 283 ns 
any D to Y 4.5V 27 39 49 57 ns 

6.0V 23 33 41 48 ns 

tPHL• tPLH Maximum Propagation Delay 2.0V 75 185 231 268 ns 

any DtoW 4.5V 29 37 46 54 ns 

6.0V 25 32 40 46 ns 

tPHL• tPLH Maximum Propagation Delay 2.0V 50 140 175 203 ns 

Strobe to Y 4.5V 21 28 35 41 ns 

6.0V 18 24 30 35 ns 

tPHL• tPLH Maximum Propagation Delay 2.0V 45 127 159 185 ns 

StrobetoW 4.5V 20 25 32 37 ns 

6.0V 17 22 28 32 ns 

trLH· trHL Maximum Output Rise 2.0V 30 75 95 110 ns 

and Fall Time 4.5V 8 15 19 22 ns 

6.0V 7 13 16 19 ns 

Cpo Power Dissipation (per package) 110 pF 

Capacitance (Note 5) 

C1N Maximum Input 5 10 10 10 pF 

Capacitance 

Note 5: Cpo determines the no load dynamic power consumption, P0 =Cpo Vcc2 I+ Ice Vee. and the no load dynamic current consumption, ls=Cpo Vee I+ Ice· 
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~ ~National 
~ D Semiconductor 
::& 

~ MM54HC153/MM74HC153 ,.. 
~ Dual 4-lnput Multiplexer 
~ 

~ General Description 
::& This 4-to-1 line multiplexer utilizes advanced silicon-gate 

CMOS technology. It has the low power consumption and 
high noise immunity of standard CMOS integrated circuits. 
This device is fully buffered, allowing it to drive 10 LS-TTL 
loads. Information on the data inputs of each multiplexer is 
selected by the address on the A and B inputs, and is pre
sented on the Y outputs. Each multiplexer possesses a 
strobe input which enables it when taken to a low logic lev
el. When a high logic level is applied to a strobe input, the 
output of its associated multiplexer is taken low. 

are protected from damage due to static discharge by inter
nal diode clamps to Vee and ground. 

Features 
• Typical propagation delay: 24 ns 
• Wide power supply range: 2V-6V 
• Low quiescent current: 80 µA maximum (7 4HC Series) 

• Low input current: 1 µA maximum 

• Fanout of 10 LS-TTL loads 

The 54HC/7 4HC logic family is functionally and pinout com
patible with the standard 54LS/74LS logic family. All inputs 

Connection Diagram 
Dual-In-Line Package 

DATA INPUTS 

2C2 

12 

2C1 

11 

B ii A l{ 

B Ii A l{ 

OUTPUT 
2CO 2Y 

10 

STROBE B 1C3 1C2 1C1 1CO OUTPUT GND 
10 SELECT ----..-----J 1Y 

DATA INPUTS 

Top View 

Order Number MM54HC153" or MM74HC153" 

TL/F/5107-1 

•Please look into Section 8, Appendix D for availability of various package types. 

Truth Table 
Select 

Data Inputs Strobe 
Inputs 

B A co C1 C2 C3 

x x x x x x 
L ·L L x x x 
L L H x x x 
L H x L x x 
L H x H x x 
H L x x L x 
H L x x H x 
H H x x x L 
H H x x x H 

Select inputs A and B are common to both sections. 

H = high level, L = low level, X = don't care. 
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Absolute Maximum Ratings (Notes 1 & 2) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Supply Voltage (Vee) -0.5 to + 7.0V 

DC Input Voltage (V1N) -1.5 to Vee+ 1.5V 

DC Output Voltage (Vour) -0.5 to Vee+ 0.5V 

Clamp Diode Current (l1K. loK) 

DC Output Current, per pin (lour) 

DC Vee or GND Current, per pin (Ice) 

Storage Temperature Range (T sTG) 

Power Dissipation (Po) 
(Note3) 
S.O. Package only 

Lead Temperature (Tu 
(Soldering 10 seconds) 

±20mA 

±25mA 

±50mA 

- 65°C to + 150°C 

600mW 
500mW 

260°C 

DC Electrical Characteristics (Note 4) 

Operating Conditions 
Min 

Supply Voltage (Vee) 2 

DC Input or Output Voltage O 
(VIN· Vour) 

Operating Temp. Range (TA) 
MM74HC -40 
MM54HC -55 

Input Rise or Fall Times 
(tr, tt) Vcc=2.0V 

Vce=4.5V 
Vee=6.0V 

Max 
6 

Vee 

+85 
+125 

1000 
500 
400 

74HC 54HC 

Units 
v 
v 

oc 
oc 

ns 
ns 
ns 

Symbol Parameter Conditions Vee TA=-40to85°C TA=-55to125°C Units 

VoH 

Vol 

Ice 

Minimum High Level 
Input Voltage 

Maximum Low Level 
Input Voltage** 

Minimum High Level 
Output Voltage 

Maximum Low Level 
Output Voltage 

Maximum Input 
Current 

Maximum Quiescent 
Supply Current 

V1N = V1H or V1L 
ilourls:20 µA 

V1N=V1H orV1L 
l1ourls:4.0 mA 
l1ourls:5.2 mA 

V1N=V1H orV1L 
ilourls:20 µA 

V1N = V1H or V1L 
l1ourls:4.0 mA 
ilourl s:5.2 mA 

V1N =Vee or GND 

V1N =Vee or GND 
lour=O µA 

2.0V 
4.5V 
6.0V 

2.0V 
4.5V 
6.0V 

2.0V 
4.5V 
6.0V 

Typ 

2.0 
4.5 
6.0 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 
5.9 

4.5V 4.2 3.98 
6.0V 5.3 5.48 

2.0V 
4.5V 
6.0V 

4.5V 
6.0V 

6.0V 

6.0V 

0 
0 
0 

0.2 
0.2 

0.1 
0.1 
0.1 

0.26 
0.26 

±0.1 

8.0 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Guaranteed Limits 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 
5.9 

3.84 
5.34 

0.1 
0.1 
0.1 

0.33 
0.33 

±1.0 

80 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 

5.9 

3.7 
5.2 

0.1 
0.1 
0.1 

0.4 
0.4 

±1.0 

160 

v 
v 
v 
v 
v 
v 

v 
v 
v 

v 
v 

v 
v 
v 

v 
v 

µA 

µA 

Note 3: Power Dissipation temperature derating-plastic "N" package: -12 mW/'C from 65'C to 85'C; ceramic "J" package: -12 mW/'C from 100'Cto 125'C. 

Note 4: For a power supply of SV ± 10% the worst case output voltages (VoH. and VoJ occur for HC at 4.SV. Thus the 4.SV values should be used when designing 
with this supply. Worst case V1H and ViL occur at Vcc=S.SV and 4.SV respectively. (The ViH value at 5.SV is 3.BSV.) The worst case leakage current (l1N. Ice and 
loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 

••v1L limits are currently tested at 20% of Vee· The above V1L specification (30% of Vee) will be implemented no later than 01, CY'89. 
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AC Electrical Characteristics Vcc=5V, TA=25°C, CL =15 pF, tr=t1=6 ns 

Symbol Parameter Conditions Typ Guaranteed Limit Units 

tPHL• tPLH Maximum Propagation Delay, Select A or B to Y 
:~ ' 

26 30 ns 

tPHL• tpLH Maximum Propagation Delay, any Data to Y 20 23 ns 

tPHL• tPLH Maximum Propagation Delay, Strobe to Y 8 15 ns 

AC Electrical Characteristics CL =50 pF, tr=t1=6 ns (unless otherwise specified) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee TA= -40to85°C TA= -55 to 125°C Units 

Typ Guaranteed Limits 

tpHL• tPLH Maximum Propagation 2.0V 131 158 198 237 ns 
Delay, Select A or B to Y 4.5V 29 35 44 52 ns 

6.0V 25 30 38 45 ns 

tPHL• tpLH Maximum Propagation 2.0V 99 126 158 189 ns 
Delay, any Data to Y 4.5V 22 28 35 42 ns 

6.0V 19 23 29 35 ns 

tPHL• tpLH Maximum Propagation 2.0V 50 86 108 129 ns 
Delay, Strobe to Y 4.5V 12 19 24 29 ns 

6.0V 10 16 20 24 ns 

trLH· trHL Maximum Output 2.0V 30 75 95 110 ns 
Rise and Fall Time 4.5V 8 15 19 22 ns 

6.0V 7 13 16 19 ns 

C1N Maximum Input Capacitance 5 10 10 10 pF 

Cpo Power Dissipation (Note 5)(per package) 
Capacitance Outputs Enabled 90 pF 

Outputs Disabled 25 pF 

Note 5: Cpo determines the no load dynamic power consumption, Po= Cpo V cc2 f + Ice V CC• and the no load dynamic current consumption, Is= Cpo V cc f +Ice. 

Logic Diagram 

1C3 

1C2 

DATA 1 

1C1 

1CD 

2C3 

2C2 

DATA2 

2C1 Y2 

2CD 

SELECT { 

A-t> 

a-£> 
TL/F/5107-2 
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~National 
a Semiconductor 
M M54HC 154/M M74HC154 
4-to-16 Line Decoder 
General Description 
This decoder utilizes advanced silicon-gate CMOS technol
ogy, and is well suited to memory address decoding or data 
routing applications. It possesses high noise immunity, and 
low power consumption of CMOS with speeds similar to low 
power Schottky TTL circuits. 

The MM54HC154/MM74HC154 have 4 binary select inputs 
(A, B, C, and D). If the device is enabled these inputs deter
mine which one of the 16 normally high outputs will go low. 
Two active low enables (G1 and G2) are provided to ease 
cascading of decoders with little or no external logic. 

Each output can drive 10 low power Schottky TTL equiva
lent loads, and is functionally and pin equivalent to the 
54LS154/74LS154. All inputs are protected from damage 
due to static discharge by diodes to Vee and ground. 

Features 
• Typical propagation delay: 21 ns 
• Power supply quiescent current: 80 µA (7 4HC) 

• Wide power supply voltage range: 2-6V 
• Low input current: 1 µA maximum 

Connection Diagram Dual-In-Line Package 
INPUTS OUTPUTS 

B C J 
A D G2 G1 15 14 13 12 11 

24 23 22 21 20 19 18 17 16 15 14 13 

_o_ ~ _o_ :L _o_ 

jO jo-.J 

0 0 0 ( ~ 0 0 ~ 

1 2 3 4 5 6 7 8 9 10 11112 

0 3 4 5 6 7 8 9 10 GND 

OUTPUTS TL/F/5122-1 

Top View 
Order Number MM54HC154* or MM74HC154* 

•Please look into Section 8, Appendix D for availability of various package types. 

Truth Table 
Inputs Low 

G1 G2 D c B A Output• 

L L L L L L 0 
L L L L L H 1 
L L L L H L 2 
L L L L H H 3 
L L L H L L 4 
L L L H L H 5 
L L L H H L 6 
L L L H H H 7 
L L H L L L 8 
L L H L L H 9 
L L H L H L 10 
L L H L H H 11 
L L H H L L 12 
L L H H L H 13 
L L H H H L 14 
L L H H H H 15 
L H x x x x -
H L x x x x -
H H x x x x -

'All others high 

3-131 

• I 



Absolute Maximum Ratings (Notes 1 & 2) 
If Military I Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

SupplyVoltage(Vcc) -0.5to +7.0V 

DC Input Voltage (V1N) -1.5 to Vee+ 1.5V 

DC Output Voltage (VouT) -0.5 to Vcc+0.5V 

Clamp Diode Current (l1K. loK) 

DC Output Current, per pin (louT) 

±20mA 

±25mA 

±50mA DC Vee or GND Current, per pin (Ice) 

Storage Temperature Range (TsTG) 

Power Dissipation (Po) 

- 65°C to + 15o•c 

(Note 3) 
S.O. Package only 

Lead Temp. (T iJ (Soldering 10 seconds) 

600mW 
500mW 

260°c 

DC Electrical Characteristics (Note 4) 

Symbol Parameter Conditions Vee 

V1H Minimum High 2.0V 
Level Input 4.5V 
Voltage 6.0V 

V1L Maximum Low 2.0V 
Level Input 4.5V 
Voltage** 6.0V 

VoH Minimum High V1N = V1H or V1L 
Level Output llourl ~20 µA 2.0V 
Voltage 4.5V 

6.0V 

V1N = V1H or V1L 
l1ourl~4.0 mA 4.5V 
l1ouTl~5.2 mA 6.0V 

VoL Maximum Low V1N = V1H or V1L 
Level Output llourl~20 µA 2.0V 
Voltage 4.5V 

6.0V 

V1N = V1H or V1L 
l1ourl~4.0 mA 4.5V 
l1ourl~5.2 mA 6.0V 

l1N Maximum V1N=Vcc or GND 6.0V 
Input Current 

Ice Maximum V1N=Vcc or GND 6.0V 
Quiescent louT=O µA 
Supply Current 

Operating Conditions 
Min Max 

Supply Voltage (Vee) 2 6 

DC Input or Output Voltage 0 Vee 
MN. Vour) 

Operating Temp. Range (TA) 
MM74HC -40 +85 
MM54HC -55 +125 

Input Rise or Fall Times 
(tr,tt) Vcc=2.0V 1000 

Vcc=4.5V 500 
Vcc=6.0V 400 

TA=25°C 
74HC 54HC 

TA= - 40 to 85°C TA= - 55 to 125·c 

Typ Guaranteed Limits 

1.5 1.5 1.5 
3.15 3.15 3.15 
4.2 4.2 4.2 

0.5 0.5 0.5 
1.35 1.35 1.35 
1.8 1.8 1.8 

2.0 1.9 1.9 1.9 
4.5 4.4 4.4 4.4 
6.0 5.9 5.9 5.9 

4.2 3.98 3.84 3.7 
5.7 5.48 5.34 5.2 

0 0.1 0.1 0.1 
0 0.1 0.1 0.1 
0 0.1 0.1 0.1 

0.2 0.26 0.33 0.4 
0.2 0.26 0.33 0.4 

±0.1 ±1.0 ±1.0 

8.0 80 160 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 

Units 
v 
v 

·c 
·c 

ns 
ns 
ns 

Units 

v 
v 
v 
v 
v 
v 

v 
v 
v 

v 
v 

v 
v 
v 

v 
v 

µA 

µA 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mW /'C from 65°C to 85°C; ceramic "J" package: -12 mW /°C from 100°C to 125°C. 
Note 4: For a power supply of 5V ± 10% the worst case output voltages (VOH• and VotJ occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case v1H and v1L occur at Vee= 5.5V and 4.5V respectively. (The V1H value at 5.5V is 3.85V.) The worst case leakage current (l1N• Ice. and 
lozl occur for CMOS at the higher voltage and so the. 6.0V values should be used. 
••v1L limits are currently tested at 20% of Vee· The above v1L specification (30% of Vee) will be implemented no later than 01, CY'89. 
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AC Electrical Characteristics Vee=5V, TA=25°c, cL =15 pF, tr=t1=6ns 

Symbol Parameter Conditions Typ Guaranteed Limit Units 

Maximum Propagation Delay, G1, G2 or A, 8, C, D 21 32 ns 

AC Electrical Characteristics Vee= 2.0V to 6.0V, CL= 50 pF, tr= tr= 6 ns (unless otherwise specified) 

TA=2s·c 
74HC 54HC 

Symbol Parameter Conditions Vee TA= - 40 to ss·c TA= -ssto 12s·c Units 

Typ Guaranteed Limits 

tPHL• tPLH Maximum Propagation 2.0V 63 160 190 220 ns 
Delay, G1 or G2 4.5V 24 36 42 46 ns 
orA,8,C,D 6.0V 20 30 35 39 ns 

trLH· trHL Maximum Output 2.0V 25 75 95 110 ns 
Rise and Fall Time 4.5V 7 15 19 22 ns 

6.0V 6 13 16 19 ns 

Cpo Power Dissipation 90 pF 
Capacitance (Note 5) 

C1N Maximum Input 5 10 10 10 pF 
Capacitance 

Note 5: epo determines the no load dynamic power consumption, Po=Cpo Vcc2 f+lcc Vee. and the no load dynamic current consumption, ls=Cpo Vee f+ Ice· 

Ill 
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~National 
~Semiconductor 
MM54HC155/MM74HC155 Dual 2-To-4 
Line Decoder/Demultiplexers 
General Description 
The MM54HC155/MM74HC155 is a high speed silicon-gate 
CMOS decoder/demultiplexer. It utilizes advanced silicon
gate CMOS technology and features dual 1-line-to-4-line 
demultiplexers with independent strobes and common bina
ry-address inputs. When both sections are enabled by the 

The device is capable of driving 10 low power Schottky TTL 
equivalent loads. 

The MM54HC155/MM? 4HC155 is functionally and pin 
equivalent to the 54LS155/74LS155 with the advantage of 
reduced power consumption. 

strobes, the common address inputs sequentially select and Features 
route associated input data to the appropriate output of 
each section. The individual strobes permit activating or in
hibiting each of the 4-bit sections as desired. Data applied 
to input C1 is inverted at its outputs and data applied to C2 
is non-inverted at its outputs. The inverter following the C1 
data input permits use as a 3-to-8-line decoder, or 1-to-8-
line demultiplexer, without gating. 

All inputs to the decoder are protected from damage due to 
electrostatic discharge by diodes to Vee and Ground. 

Connect and Logic Diagram 

Vee 

SELECT OUTPUTS 
DATA STROBE INPUT 

C2 G2 A 

Order Number MM54HC155* or 
MM74HC155* 

*Please look into Section B, Appendix D 
for availability of various package types. 

TL/F/8364-1 

• Applications 
Dual 2-to-4-line decoder 
Dual 1-to-4-line demultiplexer 
3-to-8-line decoder 
1-to-8-line demultiplexer 

• Typical propagation delay: 22 ns 

• Low quiescent current: 80 µA maximum 
(74HC series) 

a Wide operating range: 2V-6V 

Truth Tables 
2-to-4-Line Decoder 

or 1-Line to 4-line Demultiplexer 

Inputs Outputs 

Select Strobe Data 

8 A G1 C1 1YO 1Y1 1Y2 

x x H x H H H 
L L L H L H H 
L H L H H L H 
H L L H H H L 
H H L H H H H 
x x x L H H H 

Inputs Outputs 

Select Strobe Data 

1Y3 

H 
H 
H 
H 
L 
H 

8 A G2 C2 2YO 2Y1 2Y2 2Y3 

x x H x H H H 
L L L L L H H 
L H L L H L H 
H L L L H H L 
H H L L H H H 
x x x H H H H 

3-Line-to-8-Line Decoder 
or 1-Line-to-8-Line Demultiplexer 

Inputs Outputs 

Select 
Strobe 

(0) (1) (2) (3) (4) (5) 
Or Data 

IC 8 A IG 2YO 2Y1 2Y2 2Y3 1YO 1Y1 

x xx H H H H 
L L L L L H H 
L L H L H L H 
L H L L H H L 
L H H L H H H 
H L L L H H H 
H L H L H H H 
H H L L H H H 
H H H L H H H 

IC = inputs C1 and C2 connected together 
IG = inputs G1 and G2 connected together 
H = high level L = low level X = don't care 

H H H 
H H H 
H H H 
H H H 
L H H 
H L H 
H H L 
H H H 
H H H 

H 
H 
H 
H 
L 
H 

(6) (7) 

1Y2 1Y3 

H H 
H H 
H H 
H H 
H H 
H H 
H H 
L H 
H L 
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Absolute Maximum Ratings (Notes 1 and 2) 

If Miiitary/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage (Vee) -0.5V to+ 7.0V 

DC lnputVoltage(V1N) -1.5VtoVcc +1.5V 

DC Output Voltage (Vour) -0.5 to Vee +0.5V 

Clamp Diode yurrent (l1K. loK) 

DC Output Current, per pin (lour) 

DC Vee or GND Current, per Pin (Ice) 

Storage Temperature Range CTsrn) 
Power Dissipation (Po) 

(Note3) 
S.O. Package only 

Lead Temp. CT1) (Soldering 10 sec) 

20mA 

25mA 

50mA 

-65°C to + 150°c 

600mW 
500mW 

260°c 

DC Electrical Characteristics (Note 4) 

Operating Conditions 

Supply Voltage (Vee) 
DC Input or Output Voltage 

CViN. Vour> 
Operating Temperature Range (TA) 

MM74HC 
MM54HC 

Input Rise/Fall Time Vee= 2.0V 
(tr, tt) Vee= 4.5V 

Vee= 6.ov 

74HC 

Min Max 
2 6 

0 Vee 

-40 +85 
-55 +125 

1000 
500 
400 

54HC 
Symbol Parameter Conditions Vee TA= 2s·c TA= -40° to +es·c TA = - 55° to + 12s0 c 

Typ Guaranteed Limits 

V1H Minimum High Level 2.0V 1.5 1.5 1.5 
Input Voltage 4.5V 3.15 3.15 3.15 

6.0V 4.2 4.2 4.2 

V1L Maximum Low Level 2.0V 0.5 0.5 0.5 
Input Voltage** 4.5V 1.35 1.35 1.35 

6.0V 1.8 1.8 1.8 

VoH Minimum High Level V1N = V1H or V1L 2.0V 2.0 1.9 1.9 1.9 
Output Voltage I lourl ::;; 20 µA 4.5V 4.5 4.4 4.4 4.4 

6.0V 6.0 5.9 5.9 5.9 

V1N = V1H or V1L 4.5V 4.2 3.98 3.84 3.7 
I lourl ::;; 4.0 mA 6.0V 5.7 5.48 5.34 5.2 
I lourl ::;; 5.2 mA 

VoL Maximum Low Level V1N = V1H or V1L 2.0V 0 0.1 0.1 0.1 
Output Voltage llourl::;; 20 µA 4.5V 0 0.1 0.1 0.1 

6.0V 0 0.1 0.1 0.1 

V1N = V1H or V1L 4.5V 0.2 0.26 0.33 0.4 
llourl ::;; 4.0 mA 
llourl ::;; 5.2 mA 

6.0V 0.2 0.26 0.33 0.4 

l1N Maximum Input V1N = Vee or GND 6.0V ±0.1 ±1.0 ±1.0 
Current 

Ice Maximum Quiescent V1N = Vee or GND 6.0V 8.0 80 160 
Supply Current lour= o µA 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified, all voltages are referenced to ground. 

Unit 
v 

v 

c 
c 
ns 
ns 
ns 

Units 

v 
v 
v 

v 
v 
v 

v 
v 
v 
v 
v 

v 
v 
v 

v 
v 

µA 

µA 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mW /'C from 65°C to B5°C; ceramic "J" package: -12 mW /'C from 100°C to 125°. 
Note 4: For a power supply of 5V ± 10% the worst case output voltages (VoH and VoJ occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case V1H and V1L occur at Vee = 5.5V and 4.5V respectively. (The V1H value at 5.5V is 3.85V.) The worst case leakage current (1 1N, Ice and 
lozl occur for CMOS at the higher voltage and so the 6.0V values should be used. 
• •v1L limits are currently tested at 20% of Vee· The above Vil specification (30% of Vee) will be implemented no later than 01, CY'B9. 
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AC Electrical Characteristics Vee = 5V, TA = 25°C, CL = 15 pF, tr = t, = 6 ns 

Symbol Parameter Conditions Typ Units 

tpHL• tPLH Maximum Propagation 18 ns 
Delay, Binary Select to any Output 
4 Levels of Delay 

AC Electrical Characteristics (Note 6) CL = 50 pF, tr = t, = 6 ns (unless otherwise specified) 

TA= 25•c 
74HC 54HC 

Symbol Parameter Conditions Vee TA= -40to +B5°C TA= -55to+125°C Units 

Typ Guaranteed Limits 

tPHL• tpLH Maximum Propagation 2.0V 110 175 219 254 ns 
Delay Binary Select to 4.5V 22 35 44 51 ns 
any Output 4 Levels of Delay 6.0 18 30 38 44 ns 

trLH· trLH Maximum Output Rise 2.0V 30 75 95 110 ns 
and FallTime 4.5V 8 15 19 22 ns 

6.0V 7 13 16 19 ns 

C1N Maximum Input 3 10 10 10 pF 
Capacitance 

Cpo Power Dissipation (Note5) 47 pF 
Capacitance (Note 5) 

Note 5: CPC determines the no load dynamic power consumption, Pd = Cpo Vcc2f + Ice. and the no load dynamic current consumption, Is Q Cpo Vccf + Ice-

Logic Diagram 
STROBE <2l 

G1 ----. 

DATA (lS) C2 __ _ 

STROBE <14l G2 __ __. 

TL/F/8364-2 
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~National 
~Semiconductor 

MM54HC157/MM74HC157 Quad 2-lnput Multiplexer 
MM54HC158/MM74HC158 Quad 2-lnput Multiplexer 
(Inverted Output) 

;::: General Description 
~ These high speed Quad 2-to-1 Line data selector/Multiplex-

~ · ~~:s~~~~h:d~i~~c~~is~li:~-~~~ ~n~~:w t~~~:~l~~~s~~~ 
The 54HC/74HC logic family is functionally as well as pin
out compatible with the standard 54LS/74LS logic family. 
All inputs are protected from damage due to static dis
charge by internal diode clamps to Vee and ground. " tion of standard CMOS integrated circuits, as well as the 

~ ability to drive 10 LS-TTL loads. 
...... 
" Lt> 

"'"" 0 
::c 
~ 
Lt> 

== == 

Features These devices each consist of four 2-input digital multiplex
ers with common select and STROBE inputs. On the 
MM54HC157/MM74HC157, when the STROBE input is at 
logical "O" the four outputs assume the values as selected 
from the inputs. When the STROBE input is at a logical "1" 
the outputs assume logical "O". The MM54HC158/ 
MM74HC158 operates in the same manner, except that its 
outputs are inverted. Select decoding is done internally re
sulting in a single select input only. If enabled, the select 
input determines whether the A or B inputs get routed to 
their corresponding Y outputs . 

• Typical propagation delay: 14 ns data to any output 
• Wide power supply range: 2-6V 
• Low power supply quiescent current: 80 µA maximum 

(7 4HC Series) 
• Fan-out of 10 LS-TTL loads 
• Low input current: 1 µA maximum 

. Connection Diagrams 
Dual-In-Line Packages 

INPUTS OUTPUT INPUTS OUTPUT INPUTS OUTPUT INPUTS OUTPUT -- -- 3Y Vee STROBE 4A 48 4Y 3A 38 

l16 15 14 13 12 11 10 9 

G 4A 48 4Y 3A 38 

3Y !---" 

1A 18 1Y 2A 28 2Y 

3 4 5 6 rs 
SELECT 1A 18 1Y 2A 28 2Y GND 

-- --Vee STROBE 4A 48 4Y 3A 38 

l16 15 14. 13 12 11 10 

3Y 

9 

G 4A 48 4Y 3A 38 

,........ s 3Y P-' 
1A 18 1Y 2A 28 2Y 

~ 

3 4 5 6 Ta 
SELECT 1A 18 1Y 2A 28 2Y GND -- -- -- --INPUTS OUTPUT INPUTS OUTPUT INPUTS OUTPUT INPUTS OUTPUT 

Top View TLtF/5314-1 Top View TLIF/5314-2 

Order Number MM54HC157/158* or MM74HC157/158* 
*Please look into Section 8, Appendix D for availability of various package types. 

Function Table 
Inputs Output Y 

Strobe Select A B HC157 HC158 

H x x x L H 
L L L x L H 
L L H x H L 
L H x L L H 
L H x H H L 

H = High Level, L = Low Level, X = Irrelevant 
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Absolute Maximum Ratings (Notes 1 & 2) 

If Miiitary/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for avallablllty and specifications. 

Supply Voltage (Vee) -0.5 to + 7.0V 

DC Input Voltage MN) -1.5 to Vee+ 1.5V 

DC Output Voltage (Vour) -0.5 to Vcc+0.5V 

Clamp Diode Current (l1K. loK) ± 20 mA 

DC Output Current, per pin (lour) ± 25 mA 

DC Vee or GND Current, per pin (Ice) ± 50 mA 

Storage Temperature Range (T srn) - 65°C to + 150°C 

Power Dissipation (Po) 
(Note 3) 
S.O. Package only 

Lead Temp. (TL).(Soldering 10 seconds) 

600mW 
500mW 

260°c 

DC Electrical Characteristics (Note 4) 

Symbol 

VoH 

Parameter 

Minimum High Level 
Input Voltage 

Maximum Low Level 
Input Voltage** 

Minimum High Level 
Output Voltage 

Conditions 

V1N = V1H or V1L 
llourl:::;:20 µA 

Vee 

2.0V 
4.5V 
6.0V 

2.0V 
4.5V 
6.0V 

2.0V 
4.5V 
6.0V 

Typ 

2.0 
4.5 
6.0 

V1N=V1H orV1L 
l1ourl:::;:4.0 mA 
l1ourl:::;:5.2 mA 

4.5V 4.2 

VoL 

Ice 

Maximum Low Level 
Output Voltage 

Maximum Input 
Current 

Maximum Quiescent 
Supply Current 

V1N = V1H or V1L 
I lour I :::;: 20 µA 

V1N=V1H orV1L 
llourl :::;:4.0 mA 
I lour I:::;: 5.2 mA 

6.0V 5.7 

2.0V 
4.5V 
6.0V 

0 
0 
0 

4.5V 0.2 
6.0V 0.2 

V1N =Vee or GND 6.0V 

V1N=VccorGND 
lour=O µA 

6.0V 

Operating Conditions 
Min Max 

Supply Voltage (Vee) 2 6 

DC Input or Output Voltage 0 Vee 
(V1N. Vour) 

Operating Temp. Range (TA) 
MM74HC -40 +85 
MM54HC - 55 + 125 

Input Rise or Fall Times 
(tr, tt) Vcc=2.0V 

Vcc=4.5V 
Vcc=6.0V 

1000 
500 
400 

74HC 54HC 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 

5.9 

3.98 
5.48 

0.1 
0.1 
0.1 

0.26 
0.26 

±0.1 

8.0 

TA= -40 to ss·c TA= -55 to 125°C 

Guaranteed Limits 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 
5.9 

3.84 
5.34 

0.1 
0.1 
0.1 

0.33 
0.33 

± 1.0 

80 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 
5.9 

3.7 
5.2 

0.1 
0.1 
0.1 

0.4 
0.4 

±1.0 

160 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Units 
v 
v 

·c 
·c 

ns 
ns 
ns 

Units 

v 
v 
v 
v 
v 
v 

v 
v 
v 

v 
v 

v 
v 
v 

v 
v 

µA 

µA 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mWl°C from 65'C to 85'C; ceramic "J" package: -12 mW /'C from 1 OO'C to 125'C. 

Note 4: For a power supply of 5V ± 10% the worst case output voltages (VoH. and Vou occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case V1H and V1L occur at Vee= 5.5V and 4.5V respectively. (The V1H value at 5.5V Is 3.85V.) The worst case leakage current 01N. 
Ice. and loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 

••v1L limits are currently tested at 20% of Vee. The above ViL specification (30% of Vee) will be Implemented no later than 01, CY'B9. 
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AC Electrical Characteristics Vcc=5V, TA=25°C, CL= 15 pF, tr=t,=6 ns 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

tPHL• tPLH Maximum Propagation 14 20 ns 
Delay, Data to Output 

tPHL• tpLH Maximum Propagation 14 20 ns 
Delay, Select to Output 

tPHL• tPLH Maximum Propagation 12 18 ns 
Delay, Strobe to Output 

AC Electrical Characteristics CL= 50 pF, tr= t1= 6 ns (unless otherwise specified) 

TA=2s·c 
74HC 54HC 

Symbol Parameter Conditions Vee TA= -40 to ss·c TA= -ssto 12s·c Units 

Typ Guaranteed Limits 

tPHL• tPLH Maximum Propagation 2.0V 63 125 158 186 ns 

Delay, Data to Output 4.5V 13 25 32 37 ns 

6.0V 11 21 27 32 ns 

tPHL• tPLH Maximum Propagation 2.0V 63 125 158 186 ns 

Delay, Select to Output 4.5V 13 25 32 37 ns 
6.0V 11 21 27 32 ns 

tPHL• tPLH Maximum Propagation 2.0V 58 115 145 171 ns 

Delay, Strobe to Output 4.5V 12 23 29 34 ns 
6.0V 10 20 25 29 ns 

trLH· trHL Maximum Output Rise 2.0V 30 75 95 110 ns 
and Fall Time 4.5V 8 15 19 22 ns 

6.0V 7 13 16 19 ns 

C1N Maximum Input 5 10 10 10 pF 

Capacitance 

Cpo Power Dissipation (per 57 pF 

Capacitance (Note 5) Multiplexer) 

Note 5: Cpo determines the no load dynamic power consumption, Po=Cpo Vcc2 f+ Ice Vee. and the no load dynamic current consumption, ls=Cpo Vee I+ Ice. 
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Logic Diagrams 

A
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111 
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(15) 

STROBE (
1
) 
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'HC158 
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STROBE (
1
) 
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~National 
~Semiconductor 

PRELIMINARY 

MM54HC160/MM74HC160 Synchronous 
Decade Counter with Asynchronous Clear 
MM54HC161/MM74HC161 Synchronous 
Binary Counter with Asynchronous Clear 
MM54HC162/MM74HC162 Synchronous 
Decade Counter with Synchronous Clear 
MM54HC163/MM74HC163 Synchronous 
Binary Counter with Synchronous Clear 
General Description 
The MM54HC160/MM74HC160, MM54HC161/ 
MM74HC161, MM54HC162/MM74HC162, and 
MM54HC163/MM74HC163 synchronous presettable count
ers utilize advanced silicon-gate CMOS technology and in
ternal look-ahead carry logic for use in high speed counting 
applications. They offer the high noise immunity and low 
power consumption inherent to CMOS with speeds similar 
to low power Schottky TTL. The 'HC160 and the 'HC162 are 
4 bit decade counters, and the 'HC161 and the 'HC163 are 
4 bit binary counters. All flip-flops are clocked simultaneous
ly on the low to high transition (positive edge) of the CLOCK 
input waveform. 

These counters may be preset using the LOAD input. Pre
setting of all four flip-flops is synchronous to the rising edge 
of CLOCK. When LOAD is held low counting is disabled and 
the data on the A, B, C, and D inputs is loaded into the 
counter on the rising edge of CLOCK. If the load input is 
taken high before the positive edge of CLOCK the count 
operation will be unaffected. 

All of these counters may be cleared by utilizing the CLEAR 
input. The clear function on the MM54HC162/MM74HC162 
and MM54HC163/MM74HC163 counters are synchronous 
to the clock. That is, the counters are cleared on the posi
tive edge of CLOCK while the clear input is held low. 

Connection Diagram 
RIPPLE OUTPUTS 
CARRY ENABLE 

Vee OUTPUT QA QB Oc Oo T LOAD 

16 15 14 13 12 11 10 9 

RIPPLE QA aB Oc 
CARRY 

OUTPUT 
CLEAR 

A B c 

CLEAR CLOCK A B C 

DATA INPUTS 

Oo ENABLE 
T 

LOAD 

ENABLE 
D p 

8 

0 ENABLE GND 
p 

TL/F/5008-1 

Order Number MM54HC160/161/162/163* 
or MM74HC160/161/162/163* 
*Please look into Section 8, Appendix D 
for availability of various package types. 

The MM54HC160/MM74HC160 and MM54HC161 I 
MM74HC161 counters are cleared asynchronously. When 
the CLEAR is taken low the counter is cleared immediately 
regardless of the CLOCK. 

Two active high enable inputs (ENP and ENT) and a RIP
PLE CARRY (RC) output are provided to enable easy cas
cading of counters. Both ENABLE inputs must be high to 
count. The ENT input also enables the RC output. When 
enabled, the RC outputs a positive pulse when the counter 
overflows. This pulse is approximately equal in duration to 
the high level portion of the QA output. The RC output is fed 
to successive cascaded stages to facilitate easy implemen
tation of N-bit counters. 

All inputs are protected from damage due to static dis
charge by diodes to Vee and ground. 

Features 
• Typical operating frequency: 40 MHz 
• Typical propagation delay; clock to Q: 18 ns 
• Low quiescent current: 80 µA maximum (74HC Series) 
• Low input current: 1 µA maximum 
• Wide power supply range: 2-6V 

Truth Tables 
'HC160/HC161 

CLK CLR ENP ENT Load Function 

x L x x x Clear 
x H H L H Count & RC disabled 
x H L H H Count disabled 
x H L L H Count & RC disabled 
i H x x L Load 
i H H H H Increment Counter 

H = high level, L = low level 
X = don't care, t = low to high transition 

'HC162/HC163 

CLK CLR ENP ENT Load Function 

i L x x x Clear 
x H H L H Count & RC disabled 
x H L H H Count disabled 
x H L L H Count & RC disabled 
i H x x L Load 
i H H H H Increment Counter 
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Absolute Maximum Ratings (Notes 1 & 2) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage (Vee) -0.5 to+ 7.0V 

DC Input Voltage (V1N) 

DC Output Voltage (Vour) 

Clamp Diode Current (l1K. loK) 

DC Output Current, per pin (lour) 

DC Vee or GND Current, per pin (Ice) 

Storage Temperature Range (T sTG) 

Power Dissipation (Po) 
(Note3) 
S.O. Package only 

Lead Temp. (TL) (Soldering 10 seconds) 

-1.5 to Vee+ 1.5V 

-0.5 to Vcc+0.5V 

±20mA 

±25mA 

±50mA 

- 65°C to + 150°C 

600mW 
500mW 

260°C 

DC Electrical Characteristics (Note 4) 

Symbol Parameter 

Minimum High Level 

Input Voltage 

Maximum Low Level 
Input Voltage** 

Minimum High Level 

Output Voltage 

Conditions 

V1N=V1H orV1L 
llourl :::::20 µ.A 

Vee 

2.0V 
4.5V 

6.0V 

2.0V 
4.5V 
6.0V 

2.0V 

Typ 

2.0 
4.5V 4.5 

Ice 

Maximum Low Level 

Output Voltage 

Maximum Input 
Current 

Maximum Quiescent 
Supply Current 

V1N=V1HorV1L 
llourl :>:4.0 mA 
llourl :::::5.2 mA 

V1N = V1H or V1L 
llourl :::::20 µA 

V1N = V1H or V1L 
llourl :>:4.0 mA 

llourl :::::5.2 mA 

6.0V 6.0 

4.5V 4.2 

6.0V 5.7 

2.0V 
4.5V 
6.0V 

0 
0 
0 

4.5V 0.2 
6.0V 0.2 

V1N=VccorGND 6.0V 

V1N=VccorGND 

lour=O µA 

6.0V 

Operating Conditions 

Supply Voltage (Vee) 

DC Input or Output Voltage 

(V1N. Vourl 

Operating Temp. Range (T Al 
MM74HC 
MM54HC 

Input Rise or Fall Times 
(tr. t1) Vcc=2.0V 

Vcc=4.5V 
Vcc=6.0V 

Min 
2 

0 

-40 
-55 

Max 
6 

Vee 

+85 
+125 

1000 
500 
400 

74HC 54HC 

1.5 

3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 

5.9 

3.98 
5.48 

0.1 
0.1 
0.1 

0.29 
0.26 

±0.1 

8.0 

TA= -40 to 85°C TA= -55 to 125°C 

Guaranteed Limits 

1.5 

3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 
5.9 

3.84 
5.34 

0.1 

0.1 
0.1 

0.33 

0.33 

±1.0 

80 

1.5 
3.15 
4.2 

0.5 

1.35 
1.8 

1.9 
4.4 

5.9 

3.7 
5.2 

0.1 
0.1 
0.1 

0.4 

0.4 

± 1.0 

160 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Units 
v 
v 

oc 
oc 

ns 
ns 
ns 

Units 

v 
v 
v 
v 
v 
v 

v 
v 
v 

v 
v 

v 
v 
v 

v 
v 

µ.A 

µ.A 

Note 3: Power Dissipation temperature derating - plastic "N" package: - 12 mW /°C from 65°C to 85°C; ceramic "J" package: - 12 mW /°C from 100°C to 125°C. 

Note 4: For a power supply of 5V ± 10% the worst case output voltages (VoH. and Voll occur for HC at"4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case V1H and V1L occur at Vee= 5.5V and 4.5V respectively. (The V1H value at 5.5V is 3.85V.) The worst case leakage current (1 1N, Ice. and 
lozl occur for CMOS at the higher voltage and so the 6.0V values should be used. 

''V1L limits are currently tested at 20% of Vee· The above V1L specification (30% of Vee) will be implemented no later than 01, CY'89. 
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AC Electrical Characteristics Vcc=5V, TA=25°C, CL= 15 pF, tr=tt=6 ns 

Symbol Parameter Conditions Typ Guaranteed Limit Units 

fMAX Maximum Operating Frequency 43 30 MHz 

tPHL• tPLH Maximum Propagation Delay, Clock to RC 30 35 ns 

tPHL• tPLH Maximum Propagation Delay, Clock to Q 29 34 ns 

tPHL• tPLH Maximum Propagation Delay, ENT to RC 18 32 ns 

tPHL Maximum Propagation Delay, Clear to Q or RC 27 38 ns 

tREM Minimum Removal Time, Clear to Clock 10 20 ns 

ts Minimum Set Up Time Clear, Load, 30 ns 
Enable or Data to Clock 

tH Minimum Hold Time, Data from Clock 5 ns 

tw Minimum Pulse Width Clock, 16 ns 
Clear, or Load 

AC Electrical Characteristics CL= 50 pF, tr= tt = 6 ns (unless otherwise specified) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee TA= - 40 to as·c TA= - 55 to 125·c Units 

Typ Guaranteed Limits 

fMAX Maximum Operating 2.0V 10 5 4 4 MHz 
Frequency 4.5V 40 27 21 18 MHz 

6.0V 45 32 25 21 MHz 

tPHL Maximum Propagation 2.0V 100 215 271 320 ns 
Delay, Clock to RC 4.5V 32 43 54 64 ns 

6.0V 28 37 46 54 ns 

tPLH Maximum Propagation 2.0V 88 175 220 260 ns 
Delay, Clock to RC 4.5V 18 35 44 52 ns 

6.0V 15 30 37 44 ns 

tPHL Maximum Propagation 2.0V 95 205 258 305 ns 
Delay, Clock to Q . 4.5V 30 41 52 61 ns 

6.0V 26 35 44 52 ns 

tPLH Maximum Propagation 2.0V 85 170 214 253 ns 
Delay, Clock to Q 4.5V 17 34 43 51 ns 

6.0V 14 29 36 43 ns 

tPHL Maximum Propagation 2.0V 90 195 246 291 ns 
Delay, ENT to RC 4.5V 28 39 49 58 ns 

6.0V 24 33 42 49 ns 

tPLH Maximum Propagation 2.0V 80 160 202 238 ns 
Delay, ENT to RC 4.5V 16 32 40 48 ns 

6.0V 14 27 34 41 ns 

tPHL Maximum Propagation 2.0V 100 220 275 325 ns 
Delay, Clear to RC 4.5V 32 44 55 66 ns 

6.0V 28 37 47 55 ns 

tPHL Maximum Propagation 2.0V 100 210 260 315 ns 
Delay, Clear to Q 4.5V 32 42 52 63 ns 

6.0V 28 36 45 54 ns 

tREM Minimum Removal Time 2.0V 125 158 186 ns 
Clear to Clock 4.5V 25 32 37 ns 

6.0V 21 27 32 ns 

ts Minimum Setup 2.0V 150 190 225 ns 
Time Clear or Data 4.5V 30 38 45 ns 
to Clock 6.0V 26 32 38 ns 

ts Minimum Setup 2.0V 135 170 200 ns 
Time Load 4.5V 27 34 41 ns 
to Clock 6.0V 23 29 35 ns 

tH Minimum Hold Time 2.0V 50 63 75 ns 
Data from Clock 4.5V 10 13 15 ns 

6.0V 9 11 13 ns 

tH Minimum Hold Time 2.0V 0 0 0 ns 
Enable, Load or Clear 4.5V 0 0 0 ns 
to Clock 6.0V 0 0 0 ns 
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AC Electrical Characteristics (Continued) CL= 50 pF, tr= t1= 6 ns (unless otherwise specified) 

74HC 54HC 
Symbol Parameter Conditions Vee 

TA=25°C 
TA= - 40 to 85°C TA= - 55 to 125°C Units 

Typ Guaranteed Limits 

tw Minimum Pulse Width 2.0V 80 100 120 ns 
Clock, Clear, or 4.5V 16 20 24 ns 
Load 6.0V 14 17 20 ns 

trLH· trHL Maximum 2.0V 40 75 95 110 ns 
Output Rise and 4.5V 8 15 19 22 ns 
Fall Time 6.0V 7 13 16 19 ns 

tr, t1 Maximum Input Rise and 2.0V 1000 1000 1000 ns 
Fall Time 4.5V 500 500 500 ns 

6.0V 400 400 400 ns 

Cpo Power Dissipation (per package) 90 pF 
Capacitance (Note 5) 

C1N Maximum Input Capacitance 5 10 10 10 pF 

Note 5: Cpo determines the no load dynamic power consumption, Po= Cpo V cc2 I+ Ice V cc. and the no load dynamic current consumption, 
ls=Cpo Vee !+Ice-

Logic Diagrams 
MM54HC160/MM74HC160 or MM54HC162/MM74HC162 

LOAD~L 

14 

OA 

CK 

CLR 

T jj 

CK 

CLR 

T jj 

LOAD oJ!4>o-l>o-- L 

CLEAR O-:.;.:...i><>, --
(1110NLY) r - v-I,,...,-,__, 

* 
(3) 

ae 
(13) 

iie 

CK 

CIR 

(4) 
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Logic Waveforms 
160, 162 Synchronous Decade Counters Typical Clear, Preset, Count and Inhibit Sequences 

CLEAR 
160 

CLEAR 
162 

LOAD 

INPUTS C 
DATA{: 

r--------------D ___ -+-_ __. 

CLOCK----
160 

CLOCK 
162 

ENABLE P ____ _ 

OUTPUTS{::~~ ac== 
CD== --t--+-~ 

RIPPLE0~~~~~ ----+---I~-+-__. 

Sequence: 
CLEAR PRESET 

(1) Clear outputs to zero 
(2) Preset to BCD seven 
(3) Count to eight, nine, zero, one, two, and three 
(4) Inhibit 

__ _.,14---INHIBIT-

TL/F/5008-4 

161, 163 Synchronous Binary Counters Typical Clear, Preset, Count and Inhibit Sequences 
CLEAR 

161 
CLEAR 

163 
LOAD----

,.--------------

{

A ,.--------------
DATA B---------------

INPUTS C ------+--L=== = = ======= = = ----...... --------------
D 

CLOCK ---+--o 
161 

CLOCK 
163 

RIPPLE CARRY ----+--""12...-+..1""'3...,1""'4.....,. 
OUTPUT COUNT--+t---INHIBIT-

Sequence: 
CLEAR PRESET 

(1) Clear outputs to zero 
(2) Preset to binary twelve 
(3) Count to thirteen, fourteen, fifteen, zero, one and two 
(4) Inhibit 
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~National 
~Semiconductor 

MM54HC164/MM74HC164 
8-Bit Serial-in/Parallel-out Shift Register 

General Description 
The MM54HC164/MM74HC164 utilizes advanced silicon
gate CMOS technology. It has the high noise immunity and 
low consumption of standard CMOS integrated circuits. It 
also offers speeds comparable to low power Schottky de
vices. 

This 8-Bit shift register has gated serial inputs and CLEAR. 
Each register bit is a D-type master/slave flip flop. Inputs A 
& B permit complete control over the incoming data. A low 
at either or both inputs inhibits entry of new data and resets 
the first flip flop to the low level at the next clock pulse. A 
high level on one input enables the other input which will 
then determine the state of the first flip flop. Data at the 
serial inputs may be changed while the clock is high or low, 
but only information meeting the setup and hold time re
quirements will be entered. Data is serially shifted in and out 
of the 8-Bit register during the positive going transition of 
the clock pulse. Clear is independent of the clock and ac
complished by a low level at the CLEAR input. 

Connection and Logic Diagrams 
Dual-In-Line Package 

OUTPUTS 

Vee OH Oo Of OE CLEAR CLOCK 

l1• 13 12 11 10 9 8 

r-1 4--

1 2 3 4 5 8 T1 
~ o._A __ aa __ o_c __ o_,o GND 

SERIAL INPUTS OUTPUTS TL/F/5315-1 

Top View 

Order Number MM54HC164* or MM74HC164* 
•Please look into Section 8, Appendix D 
for availability of various package types .. 

CLOCK 

SERIAL l A 
INPUTS B o----t_~ 

CLEAR 

OA oe 

The 54HC/74HC logic family is functionally as well as pin
out compatible with the standard 54LS/74LS logic family. 
All inputs are protected from damage due to static dis
charge by internal diode clamps to Vee and ground. 

Features 
• Typical operating frequency: 50 MHz 
• Typical propagation delay: 19 ns (clock to Q) 

• Wide operating supply voltage range: 2-6V 
• Low input current: 1 µA maximum 
• Low quiescent supply current: 80 µA maximum (7 4HC 

Series) 

• Fanout of 10 LS-TTL loads 

Truth Table 

Inputs Outputs 

Clear Clock A B QA ae ... QH 

L x x x L L 
H L x x 0Ao Oso 
H t H H H 0An 
H t L x L OAn 
H t x L L OAn 

H = High Level (steady state), L = Low Level (steady state) 

X = Irrelevant (any input, including transitions) 

t = Transition from low to high level. 

L 

OHO 
0Gn 
0Gn 
0Gn 

OAO· Oao. OHo = the level of QA, 09, or OH, respectively, before the 
indicated steady state input conditions were established. 

OAn• OGn = The level of QA or OG before the most recent t transition of 
the clock; indicated a one-bit shift. 

oc oo Of OG OH 

TL/F/5315-2 
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Absolute Maximum Ratings (Notes 1 & 2) 

If Miiitary/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for avallablllty and specifications. 

Supply Voltage CV cc) -0.5 to + 7.0V 

DC Input Voltage (V1N) -1.5 to Vee+ 1.5V 

DC Output Voltage (VouT) -0.5 to Vcc+0.5V 

Clamp Diode Current (l1K· loK) 

DC Output Current, per pin (louT) 

DC Vee or GND Current, per pin (Ice) 

Storage Temperature Range <TsTG) 

Power Dissipation (Po) 

±20mA 

±25mA 

±50mA 

- 65°C to + 150°C 

(Note 3) 
S.O. Package only 

Lead Temp. (Tu 
(Soldering 10 seconds) 

600mW 
500mW 

260°C 

DC Electrical Characteristics <Note 4) 

Symbol Parameter . Conditions Vee 

V1H Minimum High Level 2.0V 
Input Voltage 4.5V 

6.0V 

V1L Maximum Low Level 2.0V 
Input Voltage** 4.5V 

6.0V 

VoH Minimum High Level V1N = V1H or V1L 
Output Voltage llouTl::;;20 µA 2.0V 

4.5V 
6.0V 

V1N = V1H or V1L 
l1ouTl::;;4.0 mA 4.5V 
l1ouTl::;;5.2 mA 6.0V 

VoL Maximum Low Level V1N = V1H or V1L 
Output Voltage llouTl::;;20 µA 2.0V 

4.5V 
6.0V 

V1N = V1H or V1L 
l1ouTl::;;4.0 mA 4.5V 
I louTI::;; 5.2 mA 6.0V 

l1N Maximum Input V1N=VccorGND 6.0V 
Current 

Ice Maximum Quiescent V1N=VccorGND 6.0V 
Supply Current louT=O µA 

Operating Conditions 
Min Max 

Supply Voltage (Vee) 2 6 

DC Input or Output Voltage 0 Vee 
CViN1 VouT) 

Operating Temp. Range (TA) 
MM74HC -40 +85 
MM54HC -55 +125 

Input Rise or Fall Times 
(tr, tf) Vcc=2.0V 1000 

Vcc=4.5V 500 
Vcc=6.0V 400 

TA=25°C 
74HC 54HC 

TA= -40 to 85°C TA= -55 to 125°C 

Typ Guaranteed Limits 

1.5 1.5 1.5 
3.15 3.15 3.15 
4.2 4.2 4.2 

0.5 0.5 0.5 
1.35 1.35 1.35 
1.8 1.8 1.8 

2.0 1.9 1.9 1.9 
4.5 4.4 4.4 4.4 
6.0 5.9 5.9 5.9 

4.2 3.98 3.84 3.7 
5.7 5.48 5.34 5.2 

0 0.1 0.1 0.1 
0 0.1 0.1 0.1 
0 0.1 0.1 0.1 

0.2 0.26 0.33 0.4 
0.2 0.26 0.33 0.4 

±0.1 ±1.0 ±1.0 

8.0 80 160 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 

Units 
v 
v 

oc 
oc 

ns 
ns 
ns 

Units 

v 
v 
v 
v 
v 
v 

v 
v 
v 

v 
v 

v 
v 
v 

v 
v 

µA 

µA 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mW t•c from 65°C to 85°C; ceramic "J" package: -12 mW l°C from 1 oo•c to 125°C. 
Note 4: For a power supply of 5V ± 10% the worst case output voltages (VoH• and Voll occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case V1H and ViL occur at Vcc=5.5V and 4.5V respectively. (The V1H value at 5.5V is 3.85V.) The worst case leakage current U1N. Ice. and 
loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
••v1L limits are currently tested at 20% of Vee· The above V1L specification (30% of Vee) will be implemented no later than 01, CY'89. 
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AC Electrical Characteristics Vcc=5V, TA=25°C, CL= 15 pF, tr=t1=6 ns 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

fMAX Maximum Operating 30 MHz 
Frequency 

tPHL• tPLH Maximum Propagation 19 30 ns 
Delay, Clock to Output 

tPHL• tPLH Maximum Propagation 23 35 ns 
Delay, Clear to Output 

tREM Minimum Removal Time, -2 0 ns 
Clear to Clock 

ts Minimum Setup Time 12 20 ns 
Data to Clock 

tH Minimum Hold Time 1 5 ns 
Clock to Data 

tw Minimum Pulse Width 10 16 ns 
Clear or Clock 

AC Electrical Characteristics CL =50 pF, tr=t1=6 ns (unless otherwise specified) 

TA=2s·c 
74HC 54HC 

Symbol Parameter Conditions Vee TA= - 40 to as·c TA= -55to 12s·c Units 

Typ Guaranteed Limits 

fMAX Maximum Operating 2.0V 5 4 3 MHz 
Frequency 4.5V 27 21 18 MHz 

6.0V 31 24 20 MHz 

tPHL• tPLH Maximum Propagation 2.0V 115 175 218 254 ns 
Delay, Clock to Output 4.5V 13 35 44 51 ns 

6.0V 20 30 38 44 ns 

tPHL• tpLH Maximum Propagation 2.0V 140 205 256 297 ns 
Delay, Clear to Output 4.5V 28 41 51 59 ns 

6.0V 24 35 44 51 ns 

tREM Minimum Removal Time 2.0V -7 0 0 0 ns 
Clear to Clock 4.5V -3 0 0 0 ns 

6.0V -2 0 0 0 ns 

ts Minimum Setup Time 2.0V 25 100 125 150 ns 
Data to Clock 4.5V 14 20 25 30 ns 

6.0V 12 17 21 25 ns 

tH Minimum Hold Time 2.0V -2 5 5 5 ns 
Clock to Data 4.5V 0 5 5 5 ns 

6.0V 1 5 5 5 ns 

tw Minimum Pulse Width 2.0V 22 80 100 120 ns 
Clear or Clock 4.5V 11 16 20 24 ns 

6.0V 10 14 18 20 ns 

tTHL• tTLH Maximum Output 2.0V 75 95 110 ns 
Rise and Fall Time 4.5V 15 19 22 ns 

6.0V 13 16 19 ns El 
tr, t1 Maximum Input Rise and 2.0V 1000 1000 1000 ns 

Fall Time 4.5V 500 500 500 ns 
6.0V 400 400 400 ns 

Cpo Power Dissipation (per package) 5.0V 150 pF 
Capacitance (Note 5) 

C1N Maximum Input 5 10 10 10 pF 
Capacitance 

Note 5: Cpo determines the no load dynamic power consumption, Po=Cpo Vee2 !+lee Vee. and the no load dynamic current consumption, ls=Cpo Vccf+lcc· 
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~National · 
D Semiconductor 
MM54HC165/MM74HC165 
Parallel-in/Serial-out 8-Bit Shift Register 

General Description 
The MM54HC165/MM74HC165 high speed PARALLEL-IN/ 
SERIAL-OUT SHIFT REGISTER utilizes advanced silicon
gate CMOS technology. It has the low power consumption 
and high noise immunity of standard CMOS integrated cir
cuits, along with the ability to drive 10 LS-TTL loads. 

This 8-bit serial shift register shifts data from QA to QH when 
clocked. Parallel inputs to each stage are enabled by a low 
level at the SHIFT /LOAD input. Also included is a gated 
CLOCK input and a complementary output from the eighth 
bit. 

Clocking is accomplished through a 2-input NOR gate per
mitting one input to be used as a CLOCK INHIBIT function. 
Holding either of the CLOCK inputs high inhibits clocking, 
and holding either CLOCK input low with the SHIFT /LOAD 
input high enables the other CLOCK input. Data transfer 
occurs on the positive going edge of the clock. Parallel load-

Connection Diagram 
Dual-In-Line Package 

PARALLEL INPUTS 
CLOCK SERIAL OUTPUT 

V CC INHIBIT D c B A INPUT OH 

16 11 10 9 

CLOCK D c B A SERIAL 
INHIBIT IN 

SHIFT/ 
OH LOAD 

CK 
G H OH 

8 

SHIFT I CLOCK E G H OUTPUT GND 
OH LOAD ..._~~...-~~__, 

PARALLEL INPUTS 

TL/F/5316-1 

Top View 

Order Number MM54HC165* or MM74HC165* 
*Please look into Section 8, Appendix D 
for availability of various package types. 

ing is inhibited as long as the SHIFT /LOAD input is high. 
When taken low, data at the parallel inputs is loaded directly 
into the register independent of the state of the clock. 

The 54HC/74HC logic family is functionally as well as pin
out compatible with the standard 54LS/74LS logic family. 
All inputs are protected from damage due to static dis
charge by internal diode clamps to Vee and ground. 

Features 
11 Typical propagation delay: 20 ns (clock to Q) 
a Wide operating supply voltage range: 2-6V 
• Low input current: 1 µA maximum 
11 Low quiescent supply current: 80 µA maximum 

(74HC Series) 
a Fanout of 10 LS-TTL loads 

Function Table 
Inputs Internal 

Shift/ Clock Parallel Outputs 
Clock Serial 

Load Inhibit A ••• H QA Oe 

L x x x a ... h a b 
H L L x x OAo Oso 
H L t H x H QAN 
H L t L x L QAN 
H H x x x OAo Oso 

H = High Level (steady state), L = Low Level (steady state) 

X = Irrelevant (any input, including transitions) 

j = Transition from low to high level 

Output 
QH 

h 

OHo 
QGN 
QGN 
OHo 

QAO· Qso. QHO ;,,, The level of QA, Q9, or QH, respectively, before the 
indicated steady-state input conditions were established. 

QAN· QGN = The level of QA or QG before the most recent j transition of 
the clock; indicates a one-bit shift. 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
If Military I Aerospace specified devices are required, Min Max 
contact the National Semiconductor Sales Office/ Supply Voltage (Vee) 2 6 
Distributors for availability and specifications. DC Input or Output Voltage 0 Vee 
Supply Voltage (V cd -0.5 to + 7.0V MN· Vour) 
DC Input Voltage MN) -1.5 to Vee+ 1.5V Operating Temp. Range (TA) 

DC Output Voltage (Your) -0.5 to Vcc+0.5V MM74HC -40 +85 
MM54HC -55 +125 

Clamp Diode Current (llK· loK) ±20mA 

DC Output Current, per pin (lour) ±25mA Input Rise or Fall Times 
(tr, t1) Vcc=2.0V 1000 

DC Vee or GND Current, per pin (Ice) ±50mA Vcc=4.5V 500 
Storage Temperature Range (Tsrn) - 65°C to + 150°C Vcc=6.0V 400 
Power Dissipation (Po) 

(Note 3) 600mW 
S.O. Package only 500mW 

Lead Temperature (TL) 
(Soldering 10 seconds) 260°C 

DC Electrical Characteristics (Note 4) 

74HC 54HC 

Symbol Parameter Conditions Vee 
TA=25°C 

TA= -40 to 85°C TA= -55to 125°C 

Typ 

V1H Minimum High Level 2.0V 1.5 
Input Voltage 4.5V 3.15 

6.0V 4.2 

V1L Maximum Low Level 2.0V 0.5 
Input Voltage** 4.5V 1.35 

6.0V 1.8 

VoH Minimum High Level V1N = V1H or V1L 
Output Voltage llourl~20 µA 2.0V 2.0 1.9 

4.5V 4.5 4.4 
6.0V 6.0 5.9 

V1N = V1H or V1L 
llourl ~4.0 mA 4.5V 4.2 3.98 

llourl~5.2 mA 6.0V 5.7 5.48 

VoL Maximum Low Level V1N=V1HorV1L 
Output Voltage llourl~20 µA 2.0V 0 0.1 

4.5V 0 0.1 
6.0V 0 0.1 

V1N = V1H or V1L 
l1ourl~4.0 mA 4.5V 0.2 0.26 

llourl ~5.2 mA 6.0V 0.2 0.26 

l1N Maximum Input V1N=VccorGND 6.0V ±0.1 
Current Vcc=2-6V 

lee Maximum Quiescent V1N=Vcc or GND 6.0V 8.0 
Supply Current lour=O µA 

Vcc=2-6V 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Guaranteed Limits 

1.5 1.5 
3.15 3.15 
4.2 4.2 

0.5 0.5 
1.35 1.35 
1.8 1.8 

1.9 1.9 
4.4 4.4 
5.9 5.9 

3.84 3.7 
5.34 5.2 

0.1 0.1 
0.1 0.1 
0.1 0.1 

0.33 0.4 
0.33 0.4 

±1.0 ± 1.0 

80 160 

Units 
v 
v 

oc 
oc 

ns 
ns 
ns 

Units 

v 
v 
v 
v 
v 
v 

v 
v 
v 

v 
v 

v 
v 
v 

v 
v 

µA 

µA 

Note 3: Power Dissipation temperature derating-plastic "N" package: -12 mW/'C from 65'C to 85'C; ceramic "J" package: -12 mW/'C from 100'C to 125'C. 

Note 4: For a power supply of SV ± 10% the worst case output voltages (VoH. and Vod occur for HG at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case ViH and Vil occur at Vee= 5.SV and 4.5V respectively. (The V1H value at 5.5V is 3.85V.) The worst case leakage current (l1N. Ice. and 
loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 

••v1L limits are currently tested at 20% of Vee- The above Vil specification (30% of Vee) will be implemented no later than 01, CY'89. 
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·Symbol Parameter Conditions Typ Guaranteed Limit 

fMAX Maximum Operating Frequency 50 30 

tPHL• tPLH Maximum Propagation Delay H to QH or QH 15 25 

tPHL• tPLH Maximum Propagation Delay 13 25 
Serial Shift/Parallel Load to QH 

tPHL• tPLH Maximum Propagation Delay 15 25 
Clock to Output 

ts Minimum Setup Time Serial Input 10 20 
to Clock, Parallel or Data to Shift/Load 

ts Minimum Setup Time Shift/Load to Clock 11 20 

ts Minimum Setup Time Clock Inhibit to Clock 10 20 

tH Minimum Hold Time Serial 0 
Input to Clock or 
Parallel Data to Shift/Load 

tw Minimum Pulse Width Clock 16 

AC Electrical Characteristics CL =50 pF, tr=tt=6 ns (unless otherwise specified) 

TA=25°c 
74HC 54HC 

Symbol Parameter Conditions Vee TA= - 40 to s5·c TA= - 55 to 125•c 

Typ Guaranteed Limits 

fMAX Maximum Operating 2.0V 10 5 4 4 
Frequency 4.5V 45 27 21 18 

6.0V 50 32 25 21 

tPHL• tPLH Maximum Propag~tion 2.0V 70 150 189 225 
Delay H to QH or QH 4.5V 21 30 38 45 

6.0V 18 26 33 39 

tPHL• tPLH Maximum Propagation 2.0V 70 175 220 260 
Delay Serial Shift/ 4.5V 21 35 44 52 
Parallel Load to OH 6.0V 18 30 37 44 

tPHL• tPLH Maximum Propagation 2.0V 70 150 189 225 
Delay Clock to Output 4.5V 21 30 38 45 

6.0V 18 26 33 39 

ts Minimum Setup Time 2.0V 35 100 125 150 
Serial Input to Clock, 4.5V 11 20 25 30 
or Parallel Data to Shift/Load 6.0V 9 17 21 25 

ts Minimum Setup Time 2.0V 38 100 125 150 
Shift/Load to Clock 4.5V 12 20 25 30 

6.0V 9 17 21 25 

ts Minimum Setup Time 2.0V 35 100 125 150 
Clock Inhibit to Clock 4.5V 11 20 25 30 

6.0V 9 17 21 25 

tH Minimum Hold Time Serial 2.0V 0 0 0 
Input to Clock or 4.5V 0 0 0 
Parallel Data to Shift/Load 6.0V 0 0 0 

tw Minimum Pulse Width, 2.0V 30 80 100 120 
Clock 4.5V 9 16 20 24 

6.0V 8 14 18 20 

trHL· trLH Maximum Output 2.0V 30 75 95 110 
Rise and Fall Time 4.5V 9 15 19 22 

6.0V 8 13 16 19 

tr, tt Maximum Input Rise and 2.0V 1000 1000 1000 
Fall Time 4.5V 500 500 500 

6.0V 400 400 400 

Cpo Power Dissipation (per package) 100 
Capacitance (Note 5) 

C1N Maximum Input Capacitance 5 10 10 10 

Units 

MHz 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Units 

MHz 
MHz 
MHz 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

pF 

pF 

Note 5: Cpo determines the no load dynamic power consumption, Po=Cpo Vce2 f+lee Vee. and the no load dynamic current consumption, ls=Cpo Vee I+ lee. 
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~National 
D Semiconductor 
MM54HC 166/M M74HC166 
8-Bit Parallel In/Serial Out Shift Registers 
General Description 
The MM54HC166/MM74HC166 high speed 8-BIT PARAL
LEL-IN/SERIAL-OUT SHIFT REGISTER utilizes advanced 
silicon-gate CMOS technology. It has low power consump
tion and high noise immunity of standard CMOS integrated 
circuits, along with the ability to drive 1 o LS-TTL loads. 

These Parallel-In or Serial-In, Serial-Out shift registers fea
ture gated CLOCK inputs and an overriding CLEAR input. 
The load mode is established by the SHIFT/LOAD input. 
When high, this input enables the SERIAL INPUT and cou
ples the eight flip-flops for serial shifting with each clock 
pulse. When low, the PARALLEL INPUTS are enabled and 
synchronous loading occurs on the next clock pulse. During 
parallel loading, serial data flow is inhibited. Clocking is ac
complished on the low-to-high level edge of the CLOCK 
pulse through a 2-input NOR gate, permitting one input to 
be used as a clock enable or CLOCK INHIBIT function. 
Holding either of the clock inputs high inhibits clocking; 
holding either low enables the other clock input. This allows 
the system clock to be free running, and the register can be 

Connection Diagram 

Dual-In-Line Package 

16 

r--

1 

SERIAL 
INPUT 

PARALLEL 
SHIFT INPUT OUTPUT 
LOAD H OH 

15 14 13 

2 3 4 

PARALLEL IN PUTS 

PARALLEL INPUTS 

CLEAR 

12 11 10 9 

~ 

A 

5 6 7 18 
CLOCK CLOCK GND 
INHIBIT 

TL/F/5770-1 

Order Number MM54HC166* or MM74HC166* 
*Please look into Section 8, Appendix D 
for availability of various package types. 

stopped on command with the other clock input. The 
CLOCK INHIBIT input should be changed to the high level 
only while the clock input is high. A direct CLEAR input over
rides all other inputs, including the CLOCK, and sets all flip
flops to zero. 

The 54HC/7 4HC logic family is functionally as well as pin 
out compatible with the standard 54LS/74LS logic family. 
All inputs are protected from damage due to static dis
charge by internal diode clamps to Vee and Ground. 

Features 
• Typical propagation delay: 
• Wide operating supply voltage range: 2V-6V 
• Low input current: < 1 µA 
• Low quiescent supply current: 80 µA maximum 

(7 4HC Series) 
• Fanout of 10 LS-TTL loads 

Function Table 
Inputs Internal 

Shift/ Clock Parallel Outputs 
Clear 

Load Inhibit 
Clock Serial 

A .•. H QA Oe 

L x x x x x L L 
H x L L x x OAo Oso 
H L L t x a ... h a b 
H H L t H x H OAn 
H H L t L x L OAn 
H x H t x x OAo Oso 

H = High Level (steady state), L = Low Level (steady state) 

X = Don't Care (any input, including transitions) 

j = Transition from low to high level 

Output 

QH 

L 

OHo 
h 

0Gn 
0Gn 
OHo 

a ... h = The level of steady.state input at inputs A through H, respectively 

QAO• Oso. 0Ho = The level of QA, 09, QH, respectively, before the indicated 
steady·state input conditions were established 

OAn• Oan = The level of QA, Qa, respectively, before the most recent j 
transition of the clock 
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Absolute Maximum Ratings (Notes 1 & 2) 

If Miiitary/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for avallablllty and specifications. 

Supply Voltage (Vee) -0.5V to+ 7.0V 

DC Input Voltage (V1N) -1.5V to Vee+ 1.5V 

DC Output Voltage (VouT) -0.5V to Vcc+0.5V 

Clamp Diode Current U1K. loK) 

DC Output Current, per Pin (louT) 

DC Vee or GND Current, per Pin (Ice) 

Storage Temperature Range (T sTG) 

Power Dissipation (Po) 
(Note3) 
S.O. Package only 

Lead Temperature (Tu 
(Soldering, 10 seconds) 

±20mA 

±25mA 

±50mA 

- 65°C to + 15o•c 

600mW 
500mW 

260°c 

DC Electrical Characteristics (Note 4) 

Operating Conditions 
Min 

Supply Voltage (Vee) 2 
DC Input or Output Voltage 

(VIN· VouT) 0 
Operating Temp. Range (TA) 

MM74HC -40 
MM54HC -55 

Input Rise or Fall Times (tr, tf) 

Vee= 2.ov 
Vee= 4.5V 
Vee= 6.ov 

74HC 54HC 

Max 
6 

Vee 

+85 
+125 

1000 
500 
400 

Units 
v 

v 

·c 
·c 

ns 
ns 
ns 

Symbol Parameter Conditions Vee TA=-40°Cto +ss·c TA=-55°Cto +125°C units 

Vol 

Ice 

Minimum High 
Level Input 
Voltage 

Maximum Low 
Level Input 
Voltage** 

Minimum High 
Level Output 
Voltage 

Maximum Low 
Level Output 
Voltage 

Maximum 
Input Current 

Maximum 
Quiescent 
Supply Current 

V1N=V1H orV1L 
I louTI :s: 20 µA 

V1N = V1H or V1L 
l1ouTl:s:4.0 mA 
I louTI :s: 5.2 mA 

V1N = V1H or V1L 
I louTI :s: 20 µA 

V1N = V1H or V1L 
l1ouTl:s:4.0 mA 
I louTI :s: 5.2 mA 

V1N=Vcc or GND 
Vee= 2V-6V 

V1N=Vcc or GND 
louT=O µA 
Vee= 2V-6V 

2.0V 
4.5V 
6.0V 

2.0V 
4.5V 
6.0V 

Typ 

2.0V 2.0 
4.5V 4.5 
6.0V 6.0 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 
5.9 

4.5V 4.2 3.98 
6.0V 5. 7 5.48 

2.0V 
4.5V 
6.0V 

4.5V 
6.0V 

6.0V 

6.0V 

0 
0 
0 

0.2 
0.2 

0.1 
0.1 
0.1 

0.26 
0.26 

±0.1 

8.0 

Guaranteed Limits 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 
5.9 

3.84 
5.34 

0.1 
0.1 
0.1 

0.33 
0.33 

±1.0 

80 

Note 1: Absolute Maximum ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 
5.9 

3.7 
5.2 

0.1 
0.1 
0.1 

0.4 
0.4 

±1.0 

160 

v 
v 
v 
v 
v 
v 

v 
v 
v 

v 
v 

v 
v 
v 

v 
v 

µA 

µA 

Note 3: Power dissipation temperature derating-plastic "N" package: -12 mW/'C from 65'C to 85'C; ceramic "J" package: -12 mW/'C from 100'C to 125'C. 

Note 4: For a power supply of 5V±10%, the worst-case output voltages (VoH and VotJ occur for HC at 4.5V. Thus, the 4.5V values should be used when 
designing with this supply. Worst-case V1H and V1L occur at Vee = 5.5V and 4.5V, respectively. (The V1H value at 5.5V is 3.85V.) The worst-case leakage current 
(l1N. Ice. and lozl occur for CMOS at the higher voltage and so the 6.0V values should be used. 

••v1L limits are currently tested at 20% of Vee· The above V1L specification (30% of Vee) will be implemented no later than 01, CY'B9. 
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AC Electrical Characteristics CL = 50 pF, tr = t1 = 6 ns unless otherwise noted 

TA=2s0 c 
74HC 54HC 

Symbol Parameter Vee TA= -40°c to + ss0 c TA= - ss0 c to + 12s0 c Units 

Typ Guaranteed Limits 

fMAX Maximum 2.0V 6 5 4.2 MHz 
Operating Frequency 4.5V 31 25 21 MHz 

6.0V 36 29 25 MHz 

tPHL/ Maximum Propagation 2.0V 140 175 210 ns 
tPLH Delay Clock to aH 4.5V 14 28 35 42 ns 

6.0V 24 30 36 ns 

tPHL/ Maximum Propagation 2.0V 130 165 195 ns 
tPLH Delay Clear to ah 4.5V 11 26 35 39 ns 

6.0V 22 30 33 ns 

tsu Minimum Setup Time 2.0V 80 100 120 ns 
Shift/Load to Clock 4.5V 16 20 24 ns 

6.0V 14 18 20 ns 

tsu Minimum Setup Time 2.0V 80 100 120 ns 
Data before Clock 4.5V 16 20 24 ns 

6.0V 14 18 20 ns 

tREM Minimum Removal 2.0V 0 0 0 ns 
Time Clear to Clock 4.5V 0 0 0 ns 

6.0V 0 0 0 ns 

th Maximum Hold Time 2.0V 0 0 0 ns 
Data after Clock 4.5V 0 0 0 ns 

6.0V 0 0 0 ns 

tr, t1 Maximum Output 2.0V 75 95 110 ns 
Rise and Fall Time 4.5V 7 15 19 22 ns 

6.0V 13 16 19 ns 

tw Minimum Pulse 2.0V 80 100 120 ns 
Width Clock or Clear 4.5V 16 20 24 ns 

6.0V 14 16 20 ns 

Cpd Power Dissipation (per 
100 pF Capacitance (Note 5) package) 

Cin Maximum Input 
5 10 10 10 pF Capacitance 

AC Electrical Characteristics Vee = 5V, CL = 15 pF, TA = 25°C, tr = t1 = 6 ns unless otherwise noted 

Symbol Parameter Typical Guaranteed Limits Units 

fMAX Maximum 
31 MHz Operating Frequency 

tPHL/ Maximum Propagation 
16 ns 

tPLH Delay Clock to ah 

tPHL/ Maximum Propagation 
12 ns 

tPLH Delay Clear to ah 

tsu Minimum Setup Time 
Shift/Load High 16 
to Clock 

ns 

tsu Minimum Setup Time 
16 ns 

Data before Clock 

tREM Minimum Removal Time 
0 ns 

Clear to Clock 

th Maximum Hold Time 
0 

Data after Clock 
ns 

tw Minimum Pulse 
16 

Width Clock or Clear 
ns 

Note 5: Cpd determines the no load dynamic power consumption, Po = Cpo Vcc2 J + Ice Vee. and the no load dynamic current consumption, ls = Cpo Vee J + 
Ice-
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~National 
~Semiconductor 

MM54HC173/MM74HC173 
TRI-STATE® Quad D Flip-Flop 

General Description 
The MM54HC173/MM74HC173 is a high speed TRI-STATE 
QUAD D TYPE FLIP-FLOP that utilizes advanced silicon
gate CMOS technology. It possesses the low power con
sumption and high noise immunity of standard CMOS inte
grated circuits, and can operate at speeds comparable to 
the equivalent low power Schottky device. The outputs are 
buffered, allowing this circuit to drive 15 LS-TTL loads. The 
large output drive capability and TRI-STATE feature make 
this part ideally suited for interfacing with bus lines in a bus 
oriented system. 

The four D TYPE FLIP-FLOPS operate synchronously from 
a common clock. The TRI-STATE outputs allow the device 
to be used in bus organized systems. The outputs are 
placed in the TRI-ST ATE mode when either of the two out
put disable pins are in the logic "1" level. The input disable 
allows the flip-flops to remain in their present states without 
having to disrupt the clock. If either of the 2 input disables 
are taken to a logic "1" level, the Q outputs are fed back to 

Connection Diagram 

Dual-In-Line Package 

Vee CLEAR 1D 

l1s 1s 14 

CLEAR 1D 

OUTPUT 
CONTROL 10 

11 
M N 

3 

10 -OUTPUT CONTROL 

DATA INPUTS 
DATA ENABLE 

INPUTS --2D 3D 4D G2 G1 

13 12 11 10 19 

2D 3D 

20 30 

4 5 

20 30 

OUTPUTS 

Top View 

4D 

40 

DATA 
ENABLE 
CK 

_J_ 

6 7 18 
40 CLOCK GND 

TL/F/5317-1 

Order Number MM54HC173* or MM74HC173* 

the inputs, forcing the flip flops to remain in the same state. 
Clearing is enabled by taking the CLEAR input to a logic "1" 
level. The data outputs change state on the positive going 
edge of the clock. 

The 54HC/74HC logic family is functionally as well as pin
out compatible with the standard 54LS/74LS logic family. 
All inputs are protected from damage due to static dis
charge by internal diode clamps to Vee and ground. 

Features 
11 Typical propagation delay: 18 ns 
a Wide operating supply voltage range: 2-6V 
11 TRI-STATE outputs 
a Low input current: 1 µA maximum 
a Low quiescent supply current: 80 µA maximum (74HC) 
a High output drive current: 6 mA minimum 

Truth Table 

Inputs 

Data Enable Data Output 
Clear Clock Q 

G1 G2 D 

H x x x x L 
L L x x x Oo 
L i H x x Oo 
L i x H x Oo 
L i L L L L 
L i L L H H 

When either M or N (or both) is (are) high the out
put is disabled to the high-impedance state: how
ever, sequential operation of the flip-flops is not 
affected. 

H = high level (steady state) 

L = low level (steady state) 

i = low-to-high level transition 

X = don't care (any input including transitions) 

Oo = the level of Q before the indicated steady state input condi
tions were established 

*Please look into Section 8, Appendix D for availability of various package types. 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
If Miiitary/Aerospace specified devices are required, Min Max Units 
contact the National Semiconductor Sales Office/ Supply Voltage (Vee) 2 6 v 
Distributors for availability and specifications. DC Input or Output Voltage 0 Vee v 
Supply Voltage (Vee) -0.5to +7.0V MN· Vour) 
DC Input Voltage MN) -1.5 to Vee+ 1.5V Operating Temp. Range (TA) 

DC Output Voltage (Vour) -o.5 to Vcc+0.5V MM74HC -40 +85 •c 

Clamp Diode Current 01K• loK) ±20mA MM54HC -55 +125 ·c 

DC Output Current, per pin (lour) ±35mA Input Rise or Fall Times 
(tr,tf) Vcc=2.0V 1000 ns 

DC Vee or GND Current, per pin (Ice) ±70mA Vce=4.5V 500 ns 
Storage Temperature Range (Tsrn) - 65°C to + 15o·c Vcc=6.0V 400 ns 
Power Dissipation (Po) 

(Note 3) 600mW 
S.O. Package only 500mW 

Lead Temperature (TL.) 
(Soldering 1 o seconds) 260°c 

DC Electrical Characteristics (Note 4) 

TA=2s·c 
74HC 54HC 

Symbol Parameter Conditions Vee TA= -40 to ss•c TA= -ssto 12s·c Units 

Typ Guaranteed Limits 

V1H Minimum High Level 2.0V 1.5 1.5 1.5 v 
Input Voltage 4.5V 3.15 3.15 3.15 v 

6.0V 4.2 4.2 4.2 v 
V1L Maximum Low Level 2.0V 0.5 0.5 0.5 v 

Input Voltage** 4.5V 1.35 1.35 1.35 v 
6.0V 1.8 1.8 1.8 v 

VoH Minimum High Level V1N = V1H or V1L 
Output Voltage llourl~20 µA 2.0V 2.0 1.9 1.9 1.9 v 

4.5V 4.5 4.4 4.4 4.4 v 
6.0V 6.0 5.9 5.9 5.9 v 

V1N = V1H or V1L 
l1ourl~6.0 mA 4.5V 3.98 3.84 3.7 v 
l1ourl~7.8 mA 6.0V 5.48 5.34 5.2 v 

Vol Maximum Low Level V1N = V1H or V1L 
Output Voltage llourl~20 µA 2.0V 0 0.1 0.1 0.1 v 

4.5V 0 0.1 0.1 0.1 v 
6.0V 0 0.1 0.1 0.1 v 

V1N = V1H or V1L 
l1ourl~6.0 mA 4.5V 0.26 0.33 0.4 v 
l1ourl~7.8 mA 6.0V 0.26 0.33 0.4 v 

l1N Maximum Input V1N=Vcc or GND 6.0V ±0.1 ±1.0 ±1.0 µA 
Current 

loz Maximum TRI-STATE Vour=VceorGND 6.0V ±0.5 ±5.0 ±10 µA 
Output Leakage Enable=V1H 

Ice Maximum Quiescent V1N=VccorGND 6.0V 8.0 80 160 µA 
Supply Current lour=O µA 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipationtemperaturederating-plastic "N" package: -12 mW/°C from 65°C to es•c; ceramic "J" package: -12 mW/°C from 10Cl°C to 12s•c. 
Note 4: For a power supply of 5V ± 10% the worst case output voltages (VoH. and Vou occur for HC at4.5V. Thus the 4.5Vvalues should be used when designing 
with this supply. Worst case V1H and v1L occur at Vee= 5.5V and 4.SV respectively. (The v1H value at 5.SV is 3.BSV.) The worst case leakage current (l1N. Ice. and 
loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
••v1L limits are currently tested at 20% of Vee· The above V1L specification (30% of Vee) will be implemented no later than 01, CY'B9. 
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AC Electrical Characteristics Vcc=5V, TA=25°C, CL =45 pF, tr=t1=6 ns 

Symbol Parameter Conditions Typ Guaranteed Limit Units 

fMAX Maximum Operating Frequency 45 30 MHz 

tPHL• tPLH Maximum Propagation 31 ns 
Delay: Clock to Q 

tPHL Maximum Propagation 18 27 ns 
Delay: Clear to Q 

tpzH, tpzL Maximum Output Enable Time AL =1 kn 18 28 ns 

tPHZ• tpLz Maximum Output Disable AL= 1 kn 16 25 ns 
Time CL =5 pF 

ts Minimum Data Setup Time 20 ns 

ts Minimum Data Enable Setup Time 20 ns 

tH Minimum Data Hold Time 0 ns 

tH Minimum Data Enable Hold Time 0 ns 

tw Minimum Clock Pulse Width 16 ns 

AC Electrical Characteristics Vcc=2.0Vto6.0V, CL =50 pF, tr=t1=6 ns (unless otherwise specified) 

TA=2s·c 
74HC 54HC 

Symbol Parameter Conditions Vee TA= -40 to ss·c TA= -55 to 12s·c Units 

Typ Guaranteed Limits 

fMAX Maximum Operating CL =50 pF 2.0V 10 5 4 4 MHz 
Frequency 4.5V 45 27 21 18 MHz 

6.0V 55 32 25 21 MHz 

tPHL• tPLH Maximum Propagation CL =50 pF 2.0V 80 175 220 262 ns 
Delay from Clock to Q CL =150 pF 2.0V 110 225 280 338 ns 

CL =50 pF 4.5V 23 35 44 53 ns 
CL=150 pF 4.5V 28 45 56 68 ns 

CL =50 pF 6.0V 21 30 38 45 ns 
CL =150 pF 6.0V 26 38 48 57 ns 

tPHL Maximum Propagation CL =50 pF 2.0V 70 150 189 224 ns 
Delay from Clear to Q CL =150 pF 2.0V 100 200 252 298 ns 

CL =50 pF 4.5V 20 30 38 45 ns 
CL =150 pF 4.5V 25 40 50 60 ns 

CL =50 pF 6.0V 17 26 32 38 ns 
CL =150 pF 6.0V 22 34 43 51 ns 

tpzH. tpzL Maximum Output AL =1 kn 
Enable Time CL =50 pF 2.0V 70 150 189 224 ns 

CL =150 pF 2.0V 100 200 252 298 ns 
CL =50 pF 4.5V 20 30 38 45 ns 
CL =150 pF 4.5V 25 40 50 60 ns 
CL =50 pF 6.0V 17 26 32 38 ns 
CL =150 pF 6.0V 22 34 43 51 ns 

tpHz, tpLZ Maximum Output Disable RL=1 kn 2.0V 70 150 189 224 ns 
Time CL=50 pF 4.5V 20 30 38 45 ns 

6.0V 17 26 32 38 ns • ts Minimum Data or Data 2.0V 100 125 150 ns I 

Enable Setup Time 4.5V 20 25 30 ns 
6.0V 17 21 25 ns 

tREM Minimum Removal 2.0V 90 112 135 ns 
Time 4.5V 18 22 26 ns 

6.0V 15 19 22 ns 

tH Minimum Data or Data Enable 2.0V 0 0 0 ns 
Hold Time 4.5V 0 0 0 ns 

6.0V 0 0 0 ns 

tw Minimum Clear or Clock 2.0V 30 80 100 120 ns 
Pulse Width 4.5V 9 16 20 24 ns 

6.0V 8 14 17 20 ns 
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AC Electrical Characteristics (Continued) 
Vcc=2.0V to 6.0V, CL =50 pF, tr=t,=6 ns (unless otherwise specified) 

TA=25°c 
74HC 54HC 

Symbol Parameter Conditions Vee TA= -40 to 85°C TA= -55 to 125°C Units 

Typ Guaranteed Limits 

trHL· trLH Maximum Output 2.0V 25 60 75 90 ns 
Rise and Fall Time 4.5V 7 12 15 18 ns 

6.0V 5 10 13 15 ns 

tr, tt Maximum Input Rise and 2.0V 1000 1000 1000 ns 
Fall Time 4.5V 500 500 500 ns 

6.0V 400 400 400 ns 

Cpo Power Dissipation Capacitance (per flop) 80 pF 

C1N Maximum Input Capacitance 5 10 10 10 pF 

Cour Maximum Output 10 20 20 20 pF 
Capacitance 

Note 5: Cpo determines the no load dynamic power consumption, Po= Cpo V cc2 f + Ice V CC• and the no load dynamic current consumption, Is= Cpo V cc 
f+lcc· 
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~National 
~Semiconductor 

MM54HC174/MM74HC174 
Hex D Flip-Flops with Clear 

General Description Features 
• Typical propagation delay: 16 ns 
• Wide operating voltage range: 2-6V 
• Low input current: 1 µA maximum 

These edge triggered flip-flops utilize advanced silicon-gate 
CMOS technology to implement D-type flip-flops. They pos
sess high noise immunity, low power, and speeds compara
ble to low power Schottky TTL circuits. This device contains 
6 master-slave flip-flops with a common clock and common 
clear. Data on the D input having the specified setup and 
hold times is transferred to the Q output on the low to high 
transition of the CLOCK input. The CLEAR input when low, 
sets all outputs to a low state. 

• Low quiescent current: 80 µA (74HC Series) 

Each output can drive 10 low power Schottky TTL equiva
lent loads. The MM54HC174/MM74HC174 is functionally 
as well as pin compatible to the 54LS174/74LS174. All in
puts are protected from damage due to static discharge by 
diodes to Vee and ground. 

Connection and Logic Diagrams 

vcc 
16 

Dual-In-Line Package 

CLOCK 

• Output drive: 1 O LSTTL loads 

CLEAR GNO 
TL/F/5318-1 

Order Number MM54HC174* or MM74HC174* 
•Please look into Section 6, Appendix D for availability of various package types. 

Truth Table 
(Each Flip-Flop) 

Clear 

L 
H 
H 
H 

Inputs 

Clock 

x 
i 
i 
L 

H = High level (steady state) 
L = Low level (steady state) 
X = Don't Care 

D 

x 
H 
L 
x 

t = Transition from low to high level 

Outputs 

Q 

L 
H 
L 

Oo 

Oo = The level of Q before the indicated steady state 
input conditions were established. 
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Absolute Maximum Ratings (Notes 1 & 2) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage (Vee) -0.5 to+ 7.0V 

DC Input Voltage CV1N) -1.5 to Vee+ 1.5V 

DC Output Voltage (VouT) -0.5 to Vee+ 0.5V 

Clamp Diode Current (IJK, loK) 

DC Output Current, per pin ClouT) 

DC Vee or GND Current, per pin (Ice) 

Storage Temperature Range (Tsrn) 

Power Dissipation (Po) 
(Note3) 
S.O. Package only 

Lead Temperature (TL) 
(Soldering 10 seconds) 

±20mA 

±25mA 

±50mA 

- 65°C to + 150°C 

600mW 
500mW 

260°C 

DC Electrical Characteristics (Note 4) 

Operating Conditions 
Min 

Supply Voltage (Vee) 2 

DC Input or Output Voltage 0 
MN. VouT) 

Operating Temp. Range (TA) 
MM74HC -40 
MM54HC -55 

Input Rise or Fall Times 
(tr, t1) Vcc=2.0V 

Vcc=4.5V 
Vcc=6.0V 

Max 
6 

Vee 

+85 
+125 

1000 
500 
400 

74HC 54HC 

Units 
v 
v 

oc 
oc 

ns 
ns 
ns 

Symbol Parameter Conditions Vee TA= -40 to 85°C TA= -55to125°C Units 

VoH 

VoL 

Ice 

Minimum High Level 
Input Voltage 

Maximum Low Level 
Input Voltage** 

Minimum High Level 
Output Voltage 

Maximum Low Level 
Output Voltage 

Maximum Input 
Current 

Maximum Quiescent 
Supply Current 

V1N = V1H or V1L 
JlouTI :5:20 µA 

V1N = V1H or V1L 
l1ouTl:5:4.0 mA 
J louTI :5: 5.2 mA 

V1N = V1H or V1L 
J1ouTl:5:20 µA 

V1N = V1H or V1L 
l1ouTl:5:4.0 mA 
l1ouTl:5:5.2 mA 

V1N=Vcc or GND 
louT=O µA 

2.0V 
4.5V 
6.0V 

2.0V 
4.5V 
6.0V 

2.0V 

Typ 

2.0 
4.5V 4.5 
6.0V 6.0 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 
5.9 

4.5V 4.2 3.98 
6.0V 5.7 5.48 

2.0V 
4.5V 
6.0V 

0 
0 
0 

0.1 
0.1 
0.1 

4.5V 0.2 0.26 
6.0V 0.2 0.26 

6.0V ±0.1 

6.0V 8.0 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Guaranteed Limits 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 
5.9 

3.84 
5.34 

0.1 
0.1 
0.1 

0.33 
0.33 

±1.0 

80 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 
5.9 

3.7 
5.2 

0.1 
0.1 
0.1 

0.4 
0.4 

±1.0 

160 

v 
v 
v 
v 
v 
v 

v 
v 
v 

v 
v 

v 
v 
v 

v 
v 

µA 

µA 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mW /°C from 65°C to 85°C; ceramic "J" package: -12 mW l°C from 1 OO"C to 125"C. 

Note 4: For a power supply of 5V ± 10% the worst case output voltages (VoH. and Vou occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case V1H and V1L occur at Vee= 5.5Vand 4.5V respectively. (The V1H value at 5.5V is 3.85V.) The worst case leakage current (l1N• 
Ice. and loz) occur for CMOS at the higher voltage and so the 6.0V values should be used . 

.. VIL limits are currently tested at 20% of Vee· The above V1L specification (30% of Vee) will be implemented no later than 01, CY'B9. 
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AC Electrical Characteristics Vcc=5V,TA=25°c,cL=15pF,tr=t1=6ns 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

fMAX Maximum Operating 50 30 MHz 
Frequency 

tPHL• tPLH Maximum Propagation 16 30 ns 
Delay, Clock or Clear to Output 

tREM Minimum Removal Time, -2 5 ns 
Clear to Clock 

ts Minimum Setup Time 10 20 ns 
Data to Clock 

tH Minimum Hold Time 0 5 ns 
Clock to Data 

tw Minimum Pulse Width 10 16 ns 
Clock or Clear 

AC Electrical Characteristics CL =50 pF, tr=t1=6 ns (unless otherwise specified) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee TA= - 40 to 85°C TA= -55to125°C Units 

Typ Guaranteed Limits 

fMAX Maximum Operating 2.0V 5 4 3 MHz 
Frequency 4.5V 27 21 18 MHz 

6.0V 31 24 20 MHz 

tpHL• tpLH Maximum Propagation 2.0V 55 165 206 248 ns 
Delay Clock or Clear to Output 4.5V 18 33 41 49 ns 

6.0V 16 28 35 42 ns 

tREM Minimum Removal Time 2.0V 1 5 5 5 ns 
Clear to Clock 4.5V 1 5 5 5 ns 

6.0V 1 5 5 5 ns 

ts Minimum Setup Time 2.0V 42 100 125 150 ns 
Data to Clock 4.5V 12 20 25 30 ns 

6.0V 10 17 21 25 ns 

tH Minimum Hold Time 2.0V 1 5 5 5 ns 
Clock to Data 4.5V 1 5 5 5 ns 

6.0V 1 5 5 5 ns 

tw Minimum Pulse Width 2.0V 35 80 106 120 ns 
Clock or Clear 4.5V 10 16 20 24 ns 

6.0V 8 14 18 20 ns 

trLH· trHL Maximum Output Rise 2.0V 30 75 95 110 ns 
and Fall Time 4.5V 8 15 19 22 ns 

6.0V 7 13 16 19 ns 
-·· 

tr, t1 Maximum Input Rise and 2.0V 1000 1000 1000 ns 
Fall Time 4.5V 500 500 500 ns 

6.0V 400 400 400 ns 

Cpo Power Dissipation (per package) 136 pF 
Capacitance (Note 5) 

C1N Maximum Input 5 10 10 10 pF 
Capacitance 

Note 5: Cpo determines the no load dynamic power consumption, Po= Cpo V eel- f + Ice Vee. and the no load dynamic current consu(11ption, Is= Cpo V cc f + Ice· 
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~National 
~Semiconductor 

MM54HC175/MM74HC175 
Quad D-Type Flip-Flop With Clear 

General Description 
This high speed D-TYPE FLIP-FLOP with complementary 
outputs utilizes advanced silicon-gate CMOS technology to 
achieve the high noise immunity and low power consump
tion of standard CMOS integrated circuits, along with the 
ability to drive 10 LS-TTL loads. 

The 54HC/7 4HC logic family is functionally as well as pin
out compatible with the standard 54LS/74LS logic family. 
All inputs are protected from damage due to static dis
charge by internal diode clamps to Vee and ground. 

Features Information at the D inputs of the MM54HC175/ 
MM74HC175 is transferred to the Q and Q outputs on the 
positive going edge of the clock pulse. Both true and com
plement outputs from each flip flop are externally available. 
All four flip flops are controlled by a common clock and a 
common CLEAR. Clearing is accomplished by a negative 
pulse at the CLEAR input. All four Q outputs are cleared to a 
logical "O" and all four Q outputs to a logical "1." 

• Typical propagation delay: 15 ns 
• Wide operating supply voltage range: 2-6V 
• Low input current: 1 µA maximum 
• Low quiescent supply current: 80 µA maximum (7 4HC) 
• High output drive current: 4 mA minimum (74HC) 

Connection Diagram 

Truth Table 
(Each Flip-Flop) 

Dual-In-Line Package 

Vee 40 40 40 30 30 30 CLOCK 

CLEAR 10 10 20 20 GNO 

Top View 

Order Number MM54HC175* or MM74HC175* 
'Please look into Section 8, Appendix D for availability of various package types. 

Inputs 

Clear Clock D 

L x x 
H t H 
H t L 

H L x 
H = high level (steady state) 

L = low level (steady state) 

X = irrelevant 

Outputs 

Q Q 

L H 
H L 
L H 

Oo Cio 

i = transition from low to high level 

0 0 = the level of Q before the indicated 

steady-state input conditions were established 
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Absolute Maximum Ratings (Notes 1 & 2) 

If Mllltary I Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for avallablllty and specifications. 

Supply Voltage (Vee) -0.5 to + 7.0V 

DC Input Voltage <V1N) -1.5 to Vee+ 1.5V 

DC Output Voltage (Vour) -0.5 to Vee+ 0.5V 

Clamp Diode Current (l1K. loK) 

DC Output Current, per pin (lour) 

DC Vee or GND Current, per pin (Ice) 

Storage Temperature Range (T srn) 

Power Dissipation (Po) 
(Note 3) 
S.O. Package only 

Lead Temperature (T LJ 

±20mA 

±25mA 

±50mA 

- 65°C to + 150°c 

600mW 
500mW 

(Soldering 1 O seconds) 260°C 

DC Electrical Characteristics (Note 4) 

Operating Conditions 
Min 

Supply Voltage (Vee) 2 

DC Input or Output Voltage O 

<ViN.Vour) 

Operating Temp. Range (TA) 
MM74HC -40 
MM54HC -55 

Input Rise or Fall Times 
(tr. t1) Vcc=2.0V 

Vcc=4.5V 
Vcc=6.0V 

Max 
6 

Vee 

+85 
+125 

1000 
500 
400 

74HC 54HC 

Units 
v 
v 

·c 
·c 

ns 
ns 
ns 

Symbol Parameter Conditions Vee TA= -40 to as·c TA= -55 to 12s0 c units 

Ice 

Minimum High Level 
Input Voltage 

Maximum Low Level 
Input Voltage•• 

Minimum High Level 
Output Voltage 

Maximum Low Level 
Output Voltage 

Maximum Input 
Current 

Maximum Quiescent 
Supply Current 

V1N = V1H or V1L 
I lourl ~ 20 µA 

V1N=V1H orV1L 
I lour I~ 4.0 mA 
l1ouTl~5.2 mA 

V1N = V1H or V1L 
llourl~20 µA 

V1N=V1H orV1L 

2.0V 
4.5V 
6.0V 

2.0V 
4.5V 
6.0V 

2.0V 
4.5V 
6.0V 

Typ 

2.0 
4.5 
6.0 

4.5V 4.2 
6.0V 5.7 

2.0V 
4.5V 
6.0V 

0 
0 
0 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 
5.9 

3.98 
5.48 

0.1 
0.1 
0.1 

llourl ~4.0 mA 4.5V 0.2 0.26 
l1ourl~5.2 mA 6.0V 0.2 0.26 

V1N=VceorGND 6.0V ±0.1 

V1N =Vee or GND 
lour=O µA 

6.0V 8 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Guaranteed Limits 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 
5.9 

3.84 
5.34 

0.1 
0.1 
0.1 

0.33 
0.33 

±1.0 

80 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 
5.9 

3.7 
5.2 

0.1 
0.1 
0.1 

0.4 
0.4 

±1.0 

160 

v 
v 
v 
v 
v 
v 

v 
v 
v 

v 
v 

v 
v 
v 

v 
v 

µA 

µA 

Note 3: Power Dissipation temperature derating-plastic "N" package: -12 mW/'C from 65°C to 85°C; ceramic "J" package: -12 mW/'C from 10o·c to 125°C. 

Note 4: For a power supply of 5V ± 10% the worst case output voltages (VoH• and Vou occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case V1H and V1L occur at Vee= 5.5V and 4.5V respectively. (The V1H value at 5.5V is 3.85V.) The worst case leakage current U1N. Ice. and 
lozl occur for CMOS at the higher voltage and so the 6.0V values should be used . 

.. VIL limits are currently tested at 20% of Vee· The above V1L specification (30% of Vee) will be implemented no later than 01, CY'89. 
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AC Electrical Characteristics Vee=5V, TA=25°C, CL= 15 pF, tr=t,=6 ns 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

fMAX Maximum Operating 60 35 MHz 
Frequency 

tPHL• tPLH Maximum Propagation 15 25 ns 
Delay, Clock to Q or Q 

tPHL• tPLH Maximum Propagation 
Delay, Reset to Q or Q 

13 21 ns 

tREC Minimum Removal 20 ns 
Time, Clear to Clock 

ts Minimum Setup Time, Data to Clock 20 ns 

tH Minimum Hold Time, Data from Clock 0 ns 

tw Minimum Pulse Width, Clock or Clear 10 16 ns 

AC Electrical Characteristics Vee= 2.0V to 6.0V, CL= 50 pF, tr= tt = 6 ns (unless otherwise specified) 

TA=2s·c 
74HC 54HC 

Symbol Parameter Conditions Vee TA= - 40 to a5•c TA= -ssto 12s·c Units 

Typ Guaranteed Limits 

fMAX Maximum Operating 2.0V 12 6 5 4 MHz 
Frequency 4.5V 60 30 24 20 MHz 

6.0V 70 35 28 24 MHz 

tPHL• tpLH Maximum Propagati~ 2.0V 80 150 190 225 ns 
Delay, Clock to Q or Q 4.5V 15 30 38 45 ns 

6.0V 13 26 32 38 ns 

tPHL• tPLH Maximum Propagatio_!! 2.0V 64 125 158 186 ns 
Delay, Reset to Q or Q 4.5V 14 25 32 37 ns 

6.0V 12 21 27 32 ns 

tREM Minimum Removal Time 2.0V 100 125 150 ns 
Clear to Clock 4.5V 20 25 30 ns 

6.0V 17 21 25 ns 

ts Minimum Setup Time 2.0V 100 125 150 ns 
Data to Clock 4.5V 20 25 30 ns 

6.0V 17 21 25 ns 

tH Minimum Hold Time 2.0V 0 0 0 ns 
Data from Clock 4.5V 0 0 0 ns 

6.0V 0 0 0 ns 

tw Minimum Pulse Width 2.0V 30 80 100 120 ns 
Clear or Clock 4.5V 9 16 20 24 ns 

6.0V 8 14 17 20 ns 

tr, tt Maximum Input Rise and 2.0V 1000 1000 1000 ns 
Fall Time 4.5V 500 500 500 ns 

6.0V 400 400 400 ns 

trLH· trHL Maximum 2.0V 30 75 95 110 ns 
Output Rise and 4.5V 9 15 19 22 ns 
Fall Time 6.0V 8 13 16 19 ns ---

Cpo Power Dissipation (per 150 pF 
Capacitance (Note 5) package) 

C1N Maximum Input 5 10 10 10 pF 
Capacitance 

Note 5: Cpo determines the no load dynamic power consumption, Po= Cpo Vcc2 f+ Ice Vee. and the no load dynamic current consumption, Is= Cpo Vee f+ Ice· 
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Logic Diagram 

TL/F/5319-2 

3-169 

:!: 
:!: 
U1 
.i:a. 
:c 
0 ..... 
........ 
U1 ...... 
:!: 
:s: 
........ 
.i:a. 
:c 
0 ..... 
........ 
U1 



~National 
~Semiconductor 

MM54HC181/MM74HC181 
Arithmetic Logic Units/Function Generators 

General Description 
These arithmetic logic units (ALU)/function generators uti
lize advanced silicon-gate CMOS technology. They possess 
the high noise immunity and low power consumption of 
standard CMOS integrated circuits, as well as the ability to 
drive 10 LS-TIL loads. 

The MM54HC181/MM74HC181 are arithmetic logic unit 
(ALU)/function generators that have a complexity of 75 
equivalent gates on a monolithic chip. These circuits per
form 16 binary arithmetic operations on two 4-bit words as 
shown in Tables 1 and 2. These operations are selected by 
the four function-select lines (SO, S1, S2, S3) and include 
addition, subtraction, decrement, and straight transfer. 
When performing arithmetic manipulations, the internal car
ries must be enabled by applying a low-level voltage to the 
mode control input (M). A full carry look-ahead scheme is 
made available in these devices for fast, simultaneous carry 
generation by means of two cascade-outputs (pins 15 and 
17) for the four bits in the package. When used in conjunc
tion with the MM54HC182 or MM74HC182, full carry look
ahead circuits, high-speed arithmetic operations can be per
formed. The method of cascading HC182 circuits with these 
ALU's to provide multi-level full carry look-ahead is illustrat
ed under typical applications data for the MM54HC182/ 
MM74HC182. 

Connection Diagram 

Dual-In-Line Package 

INPUTS OUTPUTS 
.J> 

Vee A1 81 A2 82 A3 83 G Cn+4 p A=B F3 

l 24 23 22 21 20 19 18 17 16 15 14 13 

Q Q q Q 

2 3 4 5 6 7 8 

... so AO S3 S2 S 1 SO Cn M 

INPUTS 

Top View 

9 10 11112 

FO F1 F2 GND 
..I 

OUTPUTS 
TL/F/5320-1 

Order Number MM54HC181* or MM74HC181* 
*Please look into Section 8, Appendix D 
for availability of various package types. 

If high speed is not of importance, a ripple-carry input (Cn) 
and a ripple-carry output (Cn + 4) are available. However, 
the ripple-carry delay has also been minimized so that arith
metic manipulations for small word lengths can be per
formed without external circuitry. 

Features 
• Full look-ahead for high-speed operations on 

long words 
• Arithmetic operating modes: 

Addition 
Subtraction 
Shift operand a one position magnitude comparison 
Plus twelve other arithmetic operations 

• Logic function modes: 
Exclusive-OR 
Comparator 
AND,NAND,OR,NOR 
Plus ten other logic operations 

• Wide operating voltage range: 2V-6V 
• Low input current: 1 µA maximum 
• Low quiescent current: 80 µA maximum 

Pin Designations 

Designation Pin Nos. Function 

A3, A2, A1, AO 19, 21, 23, 2 Word A Inputs 

83,82,81,80 18,20,22, 1 Word 8 Inputs 

S3, S2, S1, SO 3,4,5,6 
Function-Select 

Inputs 

Cn 7 Inv. Carry Input 

M 8 
Mode Control 

Input 

F3,F2,F1,FO 13, 11, 10, 9 Function Outputs 

A=8 14 Comparator Outputs 

p 15 
Carry Propagate 

Output 

Cn+4 16 Inv. Carry Output 

G 17 
Carry Generate 

Output 

Vee 24 Supply Voltage 

GND 12 Ground 
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General Description (Continued) 

These circuits will accommodate active-high or active-low 
data, if the pin designations are interpreted as shown below. 

Subtraction is accomplished by 1 's complement addition 
where the 1 's complement of the subtrahend is generated 
internally. The resultant output is A-B-1, which requires 
an end-around or forced carry to produce A-B. 

The 181 can also be utilized as a comparator. The A= B 
output is internally decoded from the function outputs (FO, 
F1, F2, F3) so that when two words of equal magnitude are 
applied at the A and B inputs, it will assume a high level to 
indicate equality (A= B). The ALU should be in the subtract 
mode with Cn = H when performing this comparison. The 
A= B output is open-drain so that it can be wire-AND con
nected to give a comparison for more than four bits. The 
carry output (Cn + 4) can also be used to supply relative 
magnitude information. Again, the ALU should be placed in 
the subtract mode by placing the function select inputs S3, 
S2, S1, SO at L, H, H, L, respectively. · 

These circuits have been designed to not only incorporate 
all of the designer's requirements for arithmetic operations, 

Pin Number 2 1 23 22 21 

Active-High Data (Table 1) AO BO A1 B1 A2 

Active-Low Data (Table 1) AO BO A1 81 A2 

20 

B2 

82 

but also to provide 16 possible functions of two Boolean 
variables without the use of external circuitry. These logic 
functions are selected by use of the four function-select in
puts (SO, S1, S2, S3) with the mode-control input (M) at a 
high level to disable the internal carry. The 16 logic func
tions are detailed in Tables 1 and 2 and include exclusive
OR, NAND, AND, NOR, and OR functions. 

ALU SIGNAL DESIGNATIONS 

The MM54HC181 /MM74HC181 can be used with the signal 
designations of either Figure 1 or Figure 2. 

The logic functions and arithmetic operations obtained with 
signal designations as in Figure 1 are given in Table 1; those 
obtained with the signal designations of Figure 2 are given 
in Table 2. 

The 54HC/7 4HC logic family is speed, function, and pinout 
compatible with the standard 54LS/74LS logic family. All 
inputs are protected from damage due to static discharge by 
internal diode clamps to Vee and ground. 

19 18 9 10 11 13 7 16 15 17 

A3 B3 FO F1 F2 F3 Cn Cn+4 x y 

A3 83 FO F1 F2 F3 Cn Cn+4 p G 

Input Output Active-High Data Active-Low Data 

Cn Cn+4 (Figure 1) (Figure 2) 

H H A:s:B A:e:B 
H L A>B A<B 
L H A<B A>B 
L L A~B A:S:B 

Table I 
(2) (I) (23) (22) (21) (20) (19) (18) 

Selection 
Active High Data 

AO BO Al 81 A2 82 A3 83 
(7) Cn 

M=H M = L; Arithmetic Operations 
Logic 

HC181 A=B (14) 
S3 S2 S1 so Functions Cn = H (no carry) Cn = L (with carry) 

(8) M 
FO F1 F2 F3 Cn+4 y x L L L L F=A F=A F=A Plus 1 

(9) (10) (11) (13) (16) (17) (15) 
L L L H F=A + B F=A + B F=(A + B) Plus 1 
L L H L F=AB F=A+ B F=(A + B) Plus 1 

(3) (4) (1) (2) (14)(15) (5) (6) 
L L H H F=O F =Minus 1 (2's Compl) F=Zero 
L H L L F=AB F=A Plus AB F=A Plus AB Plus 1 

YO XO Y1 X1 Y2 X2 Y3 X3 L H L H F=B F=(A + B) Plus AB F= (A+ B) Plus AB Plus 1 
x (7) L H H L F=A Ea B F =A Minus B Minus 1 F=A Minus B 

Cn HC182 
(13) 

(10) 

L H H H F=AB F=AB Minus 1 F=AB 
H L L L F=A + B F=A Plus AB F=A Plus AB Plus 1 

Cn+x Cn+y Cn+z H L L H F=A m B F=A Plus B F=A Plus B Plus 1 
H L H L F=B F=(A + B) Plus AB F= (A + B) Plus AB Plus 1 

(12) (11) (9) 
H L H H F=AB F=AB Minus 1 F=AB 

TL/F/5320-2 
H H L L F=1 F=A Plus A* F=A Plus A Plus 1 

FIGURE 1 H H L H F=A + B F=(A + B) Plus A F=(A + B) Plus A Plus 1 
H H H L F=A + B F=(A + B) Plus A F=(A + B) Plus A Plus 1 
H H H H F=A F=A Minus 1 F=A 

•Each bit is shifted to the next more significant position. 
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General Description (Continued) 0 
:c (2) (1) (23) (22) (21) (20) (19) (18) 
~ ...... 
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FIGURE 2 

Table II 

Selection 
Active Low Data 

M=H M = L; Arithmetic Operations 
Logic 

S3 S2 S1 so Functions Cn = L {no carry) Cn = H {with carry) 

L L L L F=A F=A Minus 1 F=A 
L L L H F =AB F=AB Minus 1 F=AB 
L L H L F=A + B F=ABMinus 1 F=(AB) 
L L H H F=1 F =Minus 1 (2's Compl) F=Zero 
L H L L F=A + B F=A Plus (A+ B) F=A Plus (A+ B) Plus 1 
L H L H F=B F=AB Plus (A+ 8) F=AB Plus (A+ B) Plus 1 
L H H L F=A + B F =A Minus B Minus 1 F=AMinusB 
L H H H F=A+ B F=A + B F=(A + B Plus 1 
H L L L F=AB F=A Plus (A+ B) F=A Plus (A+ B) Plus 1 
H L L H F=A+ B F=A PlusB F=A Plus B Plus 1 
H L H L F=B F=AB Plus (A+ 8) F=AB Plus (A+ 8) Plus 1 
H L H H F=A + B F=A + 8 F=(A + 8) Plus 1 
H H L L F=O F=A Plus A* F= A Plus A Plus 1 
H H L H F=AB F=AB Plus A F=AB Plus A Plus 1 
H H H L F=AB F=AB Plus A F=AB Plus A Plus 1 
H H H H F=A F=A F=A Plus 1 

*Each bit is shifted to the next more significant position. 

Number Package Count Carry Method 
of Typical Between 

Addition Times Arithmetic/ Look Ahead 
Bits Logic Units Carry Generators ALU's 

1to4 20ns 1 0 None 
5to 8 30ns 2 0 Ripple 
9to16 30 ns 3 or4 1 Full Look-Ahead 
17 to 64 50 ns 5to16 2to 5 Full Look-Ahead 
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Absolute Maximum Ratings (Notes 1 & 2) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage (Vee) -0.5 to + 7.0V 

DC Input Voltage MN) -1.5 to Vee+ 1.5V 

DC Output Voltage (Vour) -0.5 to Vcc+0.5V 

Clamp Diode Current (l1K. loK) ±20 mA 

DC Output Current, per pin (lour) ± 25 mA 

DC Vee or GND Current, per pin (Ice) ± 50 mA 

Storage Temperature Range (T srn) - 65°C to + 150°C 

Power Dissipation (Po) 
(Note3) 
S.O. Package only 

Lead Temperature (Tu 

(Soldering 10 seconds) 

600mW 
500mW 

260°c 

DC Electrical Characteristics (Note 4) 

Operating Conditions 
Min 

Supply Voltage (Vee) 2 

DC Input or Output Voltage 0 
(VIN· Vour) 

Operating Temp. Range (TA) 
MM74HC -40 
MM54HC -55 

Input Rise or Fall Times 
(tr.tr) Vcc=2.0V 

Vcc=4.5V 
Vcc=6.0V 

74HC 

Max 
6 

Vee 

+85 
+125 

1000 
500 
400 

54HC 

Symbol Parameter Conditions Vee 
TA=2s·c 

TA= -40 to ss·c TA= -ss to 12s0 c 

Typ 

V1H Minimum High Level 2.0V 1.5 
Input Voltage 4.5V 3.15 

6.0V 4.2 

V1L Maximum Low Level 2.0V 0.5 
Input Voltage•• 4.5V 1.35 

6.0V 1.8 

VoH Minimum High Level V1N = V1H or V1L 
Output Voltage I lour I ::;; 20 µA 2.0V 2.0 1.9 
(any output except 4.5V 4.5 4.4 
A=B) 6.0V 6.0 5.9 

V1N = V1H or V1L 
l1ourl::;;4.0 mA 4.5V 4.2 3.98 
l1ourl::;;5.2 mA 6.0V 5.7 5.48 

ILKG Maximum Leakage V1N = V1H or V1L 6.0V 0.5 
Open Drain Output Current Vour=Vcc 
(A= B Output) 

Vol Maximum Low Level V1N = V1H or V1L 
Output Voltage llourl ::;;20 µA 2.0V 0 0.1 

4.5V 0 0.1 
6.0V 0 0.1 

V1N=V1H orV1L 
l1ourl::;;4.0 mA 4.5V 0.2 0.26 
I lourl ::;; 5.2 mA 6.0V 0.2 0.26 

l1N Maximum Input V1N=VccorGND 6.0V ±0.1 
Current 

Ice Maximum Quiescent V1N=VccorGND 6.0V 8.0 
Supply Current lour=O µA 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Guaranteed Limits 

1.5 1.5 
3.15 3.15 
4.2 4.2 

0.5 0.5 
1.35 1.35 
1.8 1.8 

1.9 1.9 
4.4 4.4 
5.9 5.9 

3.84 3.7 
5.34 5.2 

5.0 10 

0.1 0.1 
0.1 0.1 
0.1 0.1 

0.33 0.4 
0.33 0.4 

±1.0 ±1.0 

80 160 

Units 
v 
v 

·c 
·c 

ns 
ns 
ns 

Units 

v 
v 
v 
v 
v 
v 

v 
v 
v 

v 
v 

µA 

v 
v 
v 

v 
v 

µA 

µA 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mW l°C from 65°C to B5°C; ceramic "J" package: -12 mW /'C from 1 OO"C to 125°C. 

Note 4: For a power supply of 5V ± 10% the worst case output voltages (VoH. and VoL.) occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case V1H and V1L occur at Vee= 5.5V and 4.5V respectively. (The V1H value at 5.5V is 3.85V.) The worst case leakage current (l1N. Ice, and 
loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 

•• V1L limits are currently tested at 20% of Vee· The above V1L specification (30% of Vee) will be implemented no later than 01, CY'89. 
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AC Electrical Characteristics Vee = 5V, TA = 25°C, CL = 15 pF, tr = tt = 6 ns 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

tPHL• tPLH Maximum Propagation 13 20 ns 

Delay from Cn to Cn + 4 

tPHL• tPLH Maximum Propagation M=OV, SO=S3=Vee 30 45 ns 
Delay from any S1 =SO=OV 

Aor8toCN+4 (Sum mode) 

tPHL· tPLH Maximum Propagation M=OV, SO=S3=0V 30 45 ns 
Delay from any S1 =S2=Vee 
Aor8 to CN+4 (Diff. mode) 

tPHL• tPLH Maximum Propagation M=OV 20 30 ns 
Delay from Cn to any F (Sum or 

Diff. mode) 

tPHL• tPLH Maximum Propagation M=OV,SO= 20 30 ns 
Delay from any S3=Vee 
Aor 8 to G S1 =S2=.0V 

(Sum mode) 

tPHL• tPLH Maximum Propagation M=OV,SO= 20 30 ns 
Delay from any S3=0V 
Aor8 to G S1 =S2=Vee 

(Diff mode) 

tPHL• tPLH Maximum Propagation M=OV,SO= 27 41 ns 
Delay from any S3=Vee 
A or 8 to P S1 =S2=0V 

(Sum mode) 

tPHL• tPLH Maximum Propagation M=OV,SO= 24 37 ns 
Delay from any S3=0V 
A or 8 to P S1 =S2=Vee 

(Diff mode) 

IPHL• tPLH Maximum Propagation M=OV,SO= 20 30 ns 

Delay from A1 or 81 to F1 S3=Vee 
S1 =S2=0V 
(Sum mode) 

tPHL• tPLH Maximum Propagation M=OV,SO= 19 29 ns 

Delay from A1 or 81 to F1 S3=0V 

S1 =S2=Vee 
(Diff mode) 

tPHL• tPLH Maximum Propagation M=Vee 25 37 ns 

Delay from A1 or 81 to F1 (Logic mode) 

tPHL• tPLH Maximum Propagation M=OV,SO= 25 37 ns 

Delay from any S3=0V 
A or 8 toA=8 S1 =S2=Vee 

(Diff mode) 
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AC Electrical Characteristics CL = 50 pF, tr = tt = 6 ns (unless otherwise specified) 

TA=25°C 74HC 54HC 
Symbol Parameter Conditions Vee TA= -40 to 85°C TA= -55to125°C Units 

Typ Guaranteed Limits 

tpHL• tpLH Maximum Propagation 2.0V 125 155 190 ns 
Delay from Cn to Cn + 4 4.5V 25 31 38 ns 

6.0V 22 28 33 ns 

tPHL• tPLH Maximum Propagation M=OV,SO= 2.0V 110 250 325 375 ns 
Delay from any S3=Vcc 4.5V 35 50 63 75 ns 
Aor8 to Cn+4 S1=S2=0V 6.0V 30 43 53 65 ns 

(Sum mode) 

tPHL• tpLH Maximum Propagation M=OV,SO= 2.0V 250 325 375 ns 
Delay from any S3=0V 4.5V 50 63 75 ns 
Aor8 to Cn+4 S1 =S2=Vcc 6.0V 43 53 65 ns 

(Diff mode) 

tPHL• tPLH Maximum Propagation M=OV 2.0V 65 150 190 225 ns 
Delay from Cn to any F (Sum or 4.5V 22 32 40 48 ns 

Diffmode) 6.0V 14 28 35 42 ns 

tPHL• tpLH Maximum Propagation M=OV,SO= 2.0V 70 175 220 263 ns 
Delay from any S3=Vcc. 4.5V 20 35 44 53 ns 
Aor8 to G S1 =S2=0V 6.0V 12 30 38 45 ns 

(Sum mode) 

tPHL• tPLH Maximum Propagation M=OV,SO= 2.0V 65 165 210 250 ns 
Delay from any S3=0V 4.5V 23 33 42 50 ns 
Aor8 toG S1 =S2 6.0V 16 29 37 44 ns 

(Diff mode) 

tpHL• tpLH Maximum Propagation M=OV,SO= 2.0V 80 220 275 330 ns 
Delay from any S3=Vcc 4.5V 30 44 55 66 ns 
A or 8 to P S1 =S2=0V 6.0V 25 37 47 56 ns 

(Sum mode) 

tpHL• tPLH Maximum Propagation M=OV,SO= 2.0V 75 195 244 293 ns 
Delay from any S3=0V 4.5V 27 39 49 60 ns 
A or 8 to P S1 =S2=Vcc 6.0V 24 34 43 51 ns 

(Diffmode) 

tpHL• tpLH Maximum Propagation M=OV,SO= 2.0V 70 180 225 270 ns 
Delay from A1 or 81 to F1 S3=Vcc 4.5V 26 36 45 54 ns 

S1 =S2=0V 6.0V 21 31 39 47 ns 
(Sum mode) 

tPHL• tPLH Maximum Propagation M=OV,SO= 2.0V 160 200 290 ns 
Delay from A1 or 81 to F1 S3=0V 4.5V 32 40 48 ns 

S1 =S2=Vcc 6.0V 27 34 41 ns 
(Diff mode) 

tPHL• tpLH Maximum Propagation M=Vcc 2.0V 180 200 250 300 ns 
Delay from A1 or 81 to F1 (Logic mode) 4.5V 30 40 50 60 ns 

6.0V 23 34 43 51 ns 

tPHL• tPLH Maximum Propagation M=OV,SO= 2.0V 180 200 250 300 ns 
Delay from any S3=0V 4.5V 30 40 50 60 ns 
A or 8 to A=8 S1 =S2=Vcc 6.0V 23 34 43 51 ns 

(Diffmode) 

trLH· trHL Maximum Output Rise 2.0V 30 75 95 110 ns 
and Fall Time 4.5V 8 15 19 22 ns 

6.0V 7 13 16 19 ns 

Cpo Power Dissipation 300 pF 
Capacitance (Note 5) 

C1N Maximum Input 5 15 15 15 pF 
Capacitance 

Note 5: Cpo determines the no load dynamic power consumption, Po=Cpo Vcc2 f+ Ice Vee. and the no load dynamic current consumption, ls=Cpo Vee I+ Ice· 
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Parameter Measurement Information 
Logic Mode Test Table Function Inputs: S1 =S2=M=Vcc. SO=S3=0 V 

Other Input 
Other Data Inputs 

Input Same Bit 
Parameter Under Apply Apply Apply Apply 

Test 
Vee GND Vee GND 

tpHL• tpLH A1 81 None None 
Remaining 
Aand 8, Cn 

tpHL• tpLH 81 A1 None None 
Remaining 
Aand 8, Cn 

SUM Mode Test Table Function Inputs: SO=S3=Vcc S1=S2=M=OV 

Other Input Other Data Inputs 
Input Same Bit 

Parameter Under Apply Apply Apply Apply 
Test 

Vee GND Vee GND 

tpHL· tpLH A1 81 None 
Remaining 

Cn Aand8 

tpHL• tpLH 81 A1 None 
Remaining 

Cn Aand8 

tPHL• tpLH A1 81 None None 
Remaining 
Aand 8, Cn 

tpHL• tpLH 81 A1 None None 
Remaining 
Aand 8, Cn 

tpHL• tPLH A1 None 81 
Remaining Remaining 

8 A,Cn 

tpHL• tpLH 81 None A1 
Remaining Remaining 

8 A,C0 

tpHL• tpLH Cn None None 
All All 
A 8 

tpHL• tpLH A1 Nono 81 
Remaining Remaining 

8 A,C0 

tPHL• tPLH 81 None A1 
Remaining Remaining 

8 A,Cn 

Dlff Mode Test Table Function Inputs: S 1 = S2 = V cc. SO= S3 = M = 0 V 

Other Input Other Data Inputs 
Input Same Bit 

Parameter Under Apply Apply Apply Apply 
Test 

Vee GND Vee GND 

tpHL• lPLH A1 None 81 
Remaining Remaining 

A 8,Cn 

tpHL• tpLH 81 A1 None 
Remaining Remaining 

A 8,Cn 

tpHL• tpLH A1 None 81 None 
Remaining 
Aand8,Cn 

tpHL• tPLH 81 A1 None None 
Remaining 
A and 8, Cn 

tpHL• tpLH A1 81 None None 
Remaining 
A and 8, Cn 

tpHL• tpLH 81 None A1 None 
Remaining 
Aand 8, Cn 

tpHL• tpLH A1 None 81 
Remaining Remaining 

A 8,C0 

tpHL• tpLH 81 A1 None 
Remaining Remaining 

A 8,Cn 

tpHL• tpLH Cn None None 
All 

None 
Aand8 

tPHL• tpLH A1 81 None None 
Remaining 

A,8,Cn 

tpHL• tpLH 81 None A1 None 
Remaining 

A,8,Cn 
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Output 
Under Output 

Test Waveform 

F1 Out-of-Phase 

F1 Out-of-Phase 

Output 
Under Output 

Test Waveform 

F1 In-Phase 

F1 In-Phase 

p In-Phase 

p In-Phase 

G In-Phase 

G In-Phase 

AnyF 
In-Phase 

orC0 +4 

C0 +4 Out-of-Phase 

C0 +4 Out-of-Phase 

Output 
Under Output 

Test Waveform 

F1 In-Phase 

F1 Out-of-Phase 

p In-Phase 

p Out-of-Phase 

G In-Phase 

G Out-of-Phase 

A=8 In-Phase 

A=8 Out-of-Phase 

C0 +4 In-Phase 
or any F 

C0 +4 Out-of-Phase 

C0 +4 In-Phase 



Logic Diagram 
(31 

53 (4) 

52 (5) 

!~.;.;(15~1--...., 

ii3~~::C~-+-+-Ht-t-. 
(18) 

A3----+--f-1-+-+---t 
(10) 

iii -'-c•~-+-+-+-1--+ .. 
(22) 

i1----+-+-+-l_.,--1 
(23) 

3-177 

Vee= PIN 24 

GND = PIN 12 
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~National 
~Semiconductor 

MM54HC 182/M M74HC182 
Look-Ahead Carry Generator 

General Description 
The MM54HC182/MM74HC182 is a high speed LOOK
AHEAD CARRY GENERATOR utilize advanced silicon-gate 
CMOS technology. It has the low power consumption and 
high noise immunity of standard CMOS integrated circuits, 
along with the ability to drive 10 LS-TIL loads. 

These circuits are capable of anticipating a carry across four 
binary adders or groups of adders. They are cascadable to 
perform full look-ahead across n-bit adders. Carry, gener
ate-carry, and propagate-carry functions are provided as 
shown in the pin designation table. 

When used in conjunction with the HC181 arithmetic logic 
unit, these generators provide high-speed carry look-ahead 
capability for any word length. Each HC182 generates the 
look-ahead (anticipated carry) across a group of four ALU's 
and, in addition, other carry look-ahead circuits may be em
ployed to anticipate carry across sections of four look
ahead packages up to n-bits. The method of cascading cir
cuits to perform multi-level look-ahead is illustrated under 
typical application data. 

Connection Diagram 

Carry input and output of the ALU's are in their true form, 
and the carry propagate (P) and. carry generate (G) are in 
negated form; therefore, the carry functions (inputs, outputs, 
generate, and propagate) of the look-ahead generators are 
implemented in the compatible forms for direct connection 
to the ALU. Reinterpretations of carry functions as ex
plained on the HC181 data sheet are also applicable to and 
compatible with the look-ahead generator. 

Features 
• TIL pinout compatible 
• Typical propagation delay: 18 ns (clock to Q) 

• Wide operating supply voltage range: 2-6V 
• Low input current: 1 µA maximum 
• Low quiescent supply current: 80 µA maximum (74HC 

Series) 
• Fanout of 10 LS-TIL loads 

Dual-In-Line Package 

INPUTS OUTPUTS 
~ 

Cn Cn+x Cn+y G Cn+z 

15 14 13 12 11 10 9 

Jl Jl 

2 6 7 

G1 P1 P3 P 

4 

PO 

5 

G3 1..-------------- OUTPUT 
INPUTS 

Top View 

Order Number MM54HC182* or MM74HC182* 

f e 
GND 

•Please look into Section B, Appendix D for availability of various package types. 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
If Military I Aerospace specified devices are required, Min Max Units 
contact the National Semiconductor Sales Office/ Supply Voltage (Vee) 2 6 v 
Distributors for availability and specifications. DC Input or Output Voltage 0 Vee v 
Supply Voltage (Vee) -0.5 to+ 7.0V MN. Vour) 
DC Input Voltage MN) -1.5 to Vee+ 1.5V Operating Temp. Range (TA) 
DC Output Voltage (Vour) -0.5 to Vce+0.5V MM74HC -40 +85 ·c 
Clamp Diode Current (l1K. loK) ±20mA MM54HC -55 +125 ·c 
DC Output Current, per pin (lour) ±25mA 

Input Rise or Fall Times 
DC Vee or GND Current, per pin (Ice) ±50mA 

(tr.ti) Vec=2.0V 1000 
Storage Temperature Range (T sTG) - 65°C to + 15o•c 

ns 

Power Dissipation (Po) Vce=4.5V 500 ns 

(Note 3) 600mW 
Vce=6.0V 400 ns 

S.O. Package only 500mW 
Lead Temperature 

(TL) (Soldering 10 seconds) 260°c 

DC Electrical Characteristics (Note 4) 

TA=2s·c 
74HC 54HC 

Symbol Parameter Conditions Vee TA= -40 to as·c TA= -ss to 12s0 c Units 

Typ Guaranteed Limits 

V1H Minimum High Level 2.0V 1.5 1.5 1.5 v 
Input Voltage 4.5V 3.15 3.15 3.15 v 

6.0V 4.2 4.2 4.2 v 
V1L Maximum Low Level 2.0V 0.5 0.5 0.5 v 

Input Voltage•• 4.5V 1.35 1.35 1.35 v 
6.0V 1.8 1.8 1.8 v 

VoH Minimum High Level V1N = V1H or V1L 
Output Voltage llourl ::::20 µA 2.0V 2.0 1.9 1.9 1.9 v 

4.5V 4.5 4.4 4.4 4.4 v 
6.0V 6.0 5.9 5.9 5.9 v 

V1N = V1H or V1L 
llourl::::4.0 mA 4.5V 4.2 3.98 3.84 3.7 v 
l1ourl::::5.2 mA 6.0V 5.7 5.48 5.34 5.2 v 

VoL Maximum Low Level V1N = V1H or V1L 
Output Voltage llourl::::20 µA 2.0V 0 0.1 0.1 0.1 v 

4.5V 0 0.1 0.1 0.1 v 
6.0V 0 0.1 0.1 0.1 v 

V1N = V1H or V1L 
llourl :5:4.0 mA 4.5V 0.2 0.26 0.33 0.4 v 
I lourl ::::: 5.2 mA 6.0V 0.2 0.26 0.33 0.4 v 

l1N Maximum Input V1N=Vee or GND 6.0V ±0.1 ±1.0 ±1.0 µA 
Current 

Ice Maximum Quiescent V1N=Vcc or GND 6.0V 8.0 80 160 µA 
Supply Current lour=O µA 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature de rating - plastic "N" package: -12 mW /'C from 65'C to 85°C; ceramic "J" package: -12 mW/'C from 1 oo·c to 125°C. 
Note 4: For a power supply of 5V ± 10% the worst case output voltages (VoH. and Vou occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case VtH and VtL occur at Vee= 5.5V and 4.5V respectively. (The VtH value at 5.5V Is 3.B5V.) The worst case leakage current (ltN• 
Ice. and loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
•• VtL limits are currently tested at 20% of Vee· The above VtL specification (30% of Vee) will be Implemented no later than 01, CY'B9. 

AC Electrical Characteristics Vcc=5V, TA=25°C, CL= 15 pF, tr=t1=6 ns 

Symbol Parameter Conditions Typ Guaranteed Limit Units 

tpHL• tPLH Maximum Propagation Delay - Pn to P 16 24 ns 

tPHL• tpLH Maximum Propagation Delay - Cn to any output 18 27 ns 

tPHL• tPLH Maximum Propagation 23 35 ns 
Delay- Pn or Gn to any output 
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AC Electrical Characteristics Vee= 2.0V to 6.0V, CL= 50 pF, tr= t1= 6 ns (unless otherwise specified) 

TA=2s·c 
74HC 54HC 

Symbol Parameter Conditions Vee TA= -40 to es·c TA= -ss to 12s·c Units 

Typ Guaranteed Limits 

tPHL• tPLH Maximum Propagation 2.0V 45 112 140 162 ns 
Delay 4.5V 18 28 35 40 ns 
PntoP 6.0V 15 22 27 32 ns 

tpHL• tpLH Maximum Propagation 2.0V 50 125 156 182 ns 
Delay 4.5V 20 .30 37 44 ns 
Cn to any output 6.0V 16 24 30 35 ns 

tpHL• tpLH Maximum Propagation 2.0V 62 155 194 225 ns 
Delay 4.5V 25 37 46 54 ns 
Pn or G n to any output 6.0V 22 33 42 48 ns 

trLH· trHL Maximum Output Rise 2.0V 25 75 95 110 ns 
and Fall Time 4.5V 7 15 19 22 ns 

6.0V 6 13 16 19 ns 

Cpo Power Dissipation Capacitance 150 pF 

C1N Maximum Input Capacitance 5 10 10 10 pF 

Note 5: Cpo determines the no load dynamic power consumption, Po= Cpo Vcc2 f +Ice V cc. and the no load dynamic current consumption, Is= Cpo Vee f + Ice· 

Logic Equations 
Cn+x=GO+PO Cn Cn+x=YO (XO+Cn) 

Cn+y=G1 +P1 GO+P1 PO Cn Cn+y=Y1 [X1 +YO (XO+Cn>l 

Cn+z=G2+P2G1+P2P1 POCn or Cn+z=Y2 {X2+Y1 [X1+YO (XO+Cn>ll 

G=G3+P3 G2+P3 P2 G1 +P3 P2 P1 GO Y=Y3 (X3+Y2) (X3+X2+Y1) (X3+X2+X1+YO) 

P=P3 P2 P1 PO X'=X3+X2+X1 +XO 

FUNCTION TABLE FUNCTION TABLE 
FUNCTION TABLE FOR G OUTPUT FORPOUTPUT FOR Cn + x OUTPUT 

INPUTS OUTPUT INPUTS OUTPUT INPUTS OUTPUT 

G3 62 G1 GO P3 P2 P1 G P3 P2 P1 PO p GO PO Cn Cn+x 

L x x x x x x L L L L L L L x x H 
x L x x L x x L All other H x L H H 
x x L x L L x L combinations All other L x x x L L L L L combinations 

All other combinations H 

FUNCTION TABLE 
FUNCTION TABLE FOR Cn+z OUTPUT FOR Cn + y OUTPUT 

INPUTS OUTPUT INPUTS OUTPUT 

G2 G1 GO P2 P1 PO Cn Cn+z G1 GO P1 PO Cn Cn+y 
L x x x x x x H L x x x x H x L x L x x x H x L L x x H x x L L L x x H x x L L H H x x x L L L H H All other 

All other combinations L combinations 
L 

H = high level L=lowlevel X =irrelevant 
Any inputs not shown in a given table are irrelevant with respect to that output. 
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Logic Diagram 

li 

Cn+z 

Cn+y 

TL/F/5321-2 

Typical Application 
64-BIT ALU, FULL-CARRY LOOK AHEAD IN THREE LEVELS 

181 

A and B Inputs, and F outputs of 181 are not shown. TL/F/5321-3 
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~National 
~Semiconductor 
MM54HC190/MM74HC190 Synchronous 
Decade Up/Down Counters with Mode 
Control MM54HC191/MM74HC191 
Synchronous Binary Up/Down Counters 
with Mode Control 
General Description 
These high speed synchronous counters utilize advanced 
silicon-gate CMOS technology. They possess the high noise 
immunity and low power consumption of CMOS technology, 
along with the speeds of low power Schottky TIL. 

These circuits are synchronous, reversible, up/down count
ers. The MM54HC191/MM74HC191 are 4-bit binary count
ers and the MM54HC190/MM74HC190 are BCD counters. 
Synchronous operation is provided by having all flip-flops 
clocked simultaneously, so that the outputs change simulta
neously when so instructed by the steering logic. This mode 
of operation eliminates the output counting spikes normally 
associated with asynchronous (ripple clock) counters. 

The outputs of the four master-slave flip-flops are triggered 
on a low-to-high level transition of the clock input, if the 
enable input is low. A high at the enable input inhibits count
ing. The direction of the count is determined by the level of 
the down/up input. When low, the counter counts up and 
when high, it counts down. 

These counters are fully programmable; that is, the outputs 
may be preset to either level by placing a low on the load 
input and entering the desired data at the data inputs. The 
output will change independent of the level of the clock in
put. This feature allows the counters to be used as modulo-

Connection Diagram 

1 

DATA 
B 

Dual-In-Line Package 
UAIA Rll'l'Lf MAX/ DATA 

A CLOCK CLOCK MIN LOAD C 

Os DA ENABLE DOWN I De Do 
G UP 

Top View 

GND 

TL/F/5322-1 

N dividers by simply modifying the count length with the 
preset inputs . 

Two outputs have been made available to perform the cas
cading function: ripple clock and maximum/minimum count. 
The latter output produces a high-level output pulse with a 
duration approximately equal to one complete cycle of the 
clock when the counter overflows or underflows. The ripple 
clock output produces a low-level output pulse equal in 
width to the low-level portion of the clock input when an 
overflow or underflow condition exists. The counters can be 
easily cascaded by feeding the ripple clock output to the 
enable input of the succeeding counter if parallel clocking is 
used, or to the clock input if parallel enabling is used. The 
maximum/minimum count output can be used to accom
plish look-ahead for high-speed operation. 

Features 
• Level changes on Enable or Down/Up can be made re

gardless of the level of the clock input 
• Wide power supply range: 2-6V 
• Low quiescent supply current: 80 µA maximum 

(74HC Series) 
• Low input current: 1 µA maximum 

Load 

H 
H 
L 
H 

Enable Down/ 
Clock Function 

G Up 

L L t Count Up 
L H t Count Down 
x x x Load 
H x x No Change 

Asynchronous inputs Low input to load sets QA = A, 

Os = B, Oc = C, and Oo = D 

Order Number MM54HC190/191* or MM74HC190/191* 
•p1ease look into Section 8, Appendix D 
for availability of various package types. 
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Absolute Maximum Ratings (Notes 1 & 2) 
If Miiitary I Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

SupplyVoltage(Vec) -0.5to +7.0V 

DC Input Voltage (V1N) -1.5 to Vee+ 1.5V 

DC Output Voltage (Vour) -0.5 to Vce+0.5V 

Clamp Diode Current (l1K· loK) ± 20 mA 

DC Output Current, per pin (lour) ± 25 mA 

DC Vee or GND Current, per pin (Ice) ± 50 mA 

Storage Temperature Range (T srn) 
Power Dissipation (Po) 

- 65°C to + 150°c 

(Note 3) 
S.O. Package only 

Lead Temp. (TL) (Soldering 10 seconds) 

600mW 
500mW 

260°c 

DC Electrical Characteristics (Note 4) 

Symbol Parameter 

Minimum High Level 
Input Voltage 

Maximum Low Level 
Input Voltage** 

Minimum High Level 
Output Voltage 

Conditions 

V1N = V1H or V1L 
llourl~20 µA 

Vee 

2.0V 
4.5V 
6.0V 

2.0V 
4.5V 
6.0V 

2.0V 

Typ 

2.0 
4.5V 4.5 
6.0V 6.0 

Operating Conditions 
Min Max 

Supply Voltage (Vee) 2 6 

DC Input or Output Voltage O Vee 
(VIN· Vour) 

Operating Temp. Range (TA) 
MM74HC -40 +85 
MM54HC - 55 + 125 

Input Rise or Fall Times 
(tr. t1) Vec=2.0V 

Vcc=4.5V 
Vec=6.0V 

1000 
500 
400 

74HC 54HC 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 
5.9 

TA= - 40 to as·c TA= - 55 to 125·c 

Guaranteed Limits 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 
5.9 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 
5.9 

V1N = V1H or V1L 
l1ourl~4.0 mA 
llourl ~ 5.2 mA 

4.5V 4.2 3.98 3.84 
5.34 

3.7 
5.2 

Ice 

Maximum Low Level 
Output Voltage 

Maximum Input 
Current 

Maximum Quiescent 
Supply Current 

V1N = V1H or V1L 
I lour! ~ 20 µA 

V1N = V1H or V1L 
llourl ~4.0 mA 
I lour! ~ 5.2 mA 

V1N=VccorGND 
lour=O µA 

6.0V 5. 7 5.48 

2.0V 
4.5V 
6.0V 

0 
0 
0 

0.1 
0.1 
0.1 

4.5V 0.2 0.26 
6.0V 0.2 0.26 

6.0V ±0.1 

6.0V 8.0 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

0.1 
0.1 
0.1 

0.33 
0.33 

±1.0 

80 

0.1 
0.1 
0.1 

0.4 
0.4 

±1.0 

160 

Units 
v 
v 

·c 
·c 

ns 
ns 
ns 

Units 

v 
v 
v 
v 
v 
v 

v 
v 
v 

v 
v 

v 
v 
v 

v 
v 

µA 

µA 

Note 3: Power Dissipation temperature derating-plastic "N" package: -12 mWl°C from 65'C to 85'C; ceramic "J" package: -12 mW/'C from 100'C to 125'C. 

Note 4: For a power supply of 5V ± 10% the worst case output voltages (VOH· and VotJ occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case V1H and V1L occur at Vee= 5.5V and 4.5V respectively. (The V1H value at 5.5V is 3.85V.) The worst case leakage current 01N. lee. and 
loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 

••v1L limits are currently tested at 20% of Vee. The above V1L specification (30% of Vee) will be implemented no later than 01, CY'B9. 
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AC Electrical Characteristics TA=25°C, Vee=5.0V, tr=t1=6 ns, CL= 15 pF (unless otherwise specified) 

Symbol Parameter 
From To 

Typ Units 
(Input) (Output) 

fMAX Maximum Clock 40 ·MHz 

Frequency 

tPLH• tPHL Maximum Propagation Delay Time Load QA,QS 30 ns 

Oe.Oo 

tpLH• tPHL Maximum Propagation Delay Time Data A, QA, Os 27 ns 
B,C,D Oe.Oo 

tPLH· tPHL Maximum Propagation Delay Time Clock Ripple 16 ns 
Clock 

tpLH• tPHL Maximum Propagation Delay Time Clock 0A,0s 24 ns 

Oe,Oo 

tpLH• tPHL Maximum Propagation Delay Time Clock Max/Min 30 ns 

lPLH• lPHL Maximum Propagation Delay Time Down/Up Ripple 29 ns 
Clock 

lPLH• lPHL Maximum Propagation Delay Time Down/Up Max/Min 22 ns 

tpHL• tPLH Maximum Propagation Delay Time Enable Ripple Clock 22 ns 

tw Minimum Clock, Clear or Load 10 ns 
Input Pulse Width 

AC Electrical Characteristics Vee= 2.0V to 6.0V, CL= 50 pF, tr=tt= 6 ns (unless otherwise specified) 

From To TA=25°C 
74HC 54HC 

Symbol Parameter 
(Input) (Output) Vee TA= - 40 to 85°C TA= - 55 to 125°C Units 

Typ Guaranteed Limits 

fMAX Maximum Clock 2.0V 9 4.0 3.5 2.6 MHz 

Frequency 4.5V 30 20 16 13 MHz 
6.0V 36 24 19 15 MHz 

tPLH• tPHL Maximum Propagation Load QA,QS 2.0V 80 220 275 330 ns 
Delay Time Oe,Oo 4.5V 27 44 55 66 ns 

6.0V 21 37 47 56 ns 

tPLH• tPHL Maximum Propagation Data A, QA, Os 2.0V 71 200 250 300 ns 
Delay Time B,C,D Oe,Oo 4.5V 25 40 50 60 ns 

6.0V 19 34 43 51 ns 

tPLH• tPHL Maximum Propagation Clock Ripple 2.0V 44 125 155 190 ns 
Delay Time Clock 4.5V 25 25 31 38 ns 

6.0V 14 21 26 32 ns 

tPLH• tPHL Maximum Propagation Clock QA,QS 2.0V 83 215 270 325 ns 
Delay Time Oe,Oo 4.5V 29 43 54 65 ns 

6.0V 22 37 46 55 ns 
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AC Electrical Characteristics (Continued) 

From To TA=25°C 
74HC 54HC 

Symbol Parameter 
(Input) (Output) 

Conditions Vee TA= - 40 to B5°C TA= - 55 to 125·c Units 

Typ Guaranteed Limits 

tPLH• tPHL Maximum Propagation Clock Max/Min 2.0V 125 255 320 385 ns 
Delay Time 4.5V 41 51 64 77 ns 

6.0V 31 43 54 65 ns 

tPLH, tPHL Maximum Propagation Down/Up Ripple 2.0V 90 210 265 315 ns 
Delay Time Clock 4.5V 30 42 53 63 ns 

6.0V 24 36 45 54 ns 

tPLH,tPHL Maximum Propagation Down/Up Max/Min 2.0V 88 190 240 285 ns 
Delay Time 4.5V 30 38 48 57 ns 

6.0V 23 32 41 48 ns 

tPHL• tPLH Maximum Propagation Enable Ripple 2.0V 50 125 155 190 ns 
Delay Time Clock 4.5V 18 25 31 38 ns 

6.0V 14 21 26 32 ns 

tw Minimum Clock, Load or 2.0V 36 125 155 190 ns 
Clear Input Pulse Width 4.5V 12 25 31 38 ns 

6.0V 9 21 26 32 ns 

ts Minimum Setup Time Data Load 2.0V 50 100 125 150 ns 
4.5V 14 20 25 30 ns 

6.0V 10 17 21 26 ns 

tH Data Hold Time Load Data 2.0V -16 25 30 40 ns 

4.5V -3 5 6 8 ns 

6.0V -2 5 6 7 ns 

ts Minimum Setup Time Down/Up Clock 2.0V 62 150 190 225 ns 

4.5V 18 30 38 48 ns 
6.0V 14 26 33 38 ns 

tH Minimum Hold Time Clock Down/Up 2.0V -23 0 0 0 ns 

4.5V -5 0 0 0 ns 

6.0V -4 0 0 0 ns 

ts Minimum Setup Time Enable Clock 2.0V 28 100 125 150 ns 
4.5V 10 20 25 30 ns 

6.0V 7 17 21 26 ns 

tH Minimum Hold Time Clock Enable 2.0V -11 0 0 0 ns 

4.5V -5 0 0 0 ns 

6.0V -3 0 0 0 ns 

tr em Minimum Removal Time Load Clock 2.0V 1 25 30 40 ns 
4.5V 1 5 6 8 ns 

6.0V 0 5 6 7 ns 

trHL· trLH Maximum Output 2.0V 30 75 95 110 s 

Rise and Fall Time 4.5V 10 15 19 22 ns 

6.0V 9 13 16 19 ns 

tw Minimum Load 2.0V 53 100 125 150 ns 

Pulse Width 4.5V 15 20 25 30 ns 

6.0V 12 17 21 26 ns 

C1N Input Capacitance 5 10 10 10 pF 

Cpo Power Dissipation 35 pF 

Capacitance (Note 5) 

Note 5: Cpo determines the no load dynamic power consumption, Po = Cpo Vcc2 f + Ice Vee. and the no load dynamic current consumption, Is = Cpo Vee I + 
Ice· 

3-185 

~ 
~ 
U1 
.i:i. 
:c 
0 ...... 
<O 
0 
........ 
~ 
~ 
....... 
.i:i. 
:c 
0 ...... 
<O 
0 
........ 
~ 
~ 
U1 
.i:i. :c 
0 ...... 
<O ...... 
........ 
~ 
~ 
....... 
.i:i. :c 
0 ...... 
<O ...... 



Logic Diagrams 

CLDC 
114

) K 

ENABLE Gl!L[>" 
DOWN/U 

p (5) 

A (15) DAT 
INPUT A 

A (1) DAT 
INPUT B 

DATA 
INPUT C 

DATA 
INPUT D 

LOAD 

(10) 

(9) 

(11) 

'HC190 Decade Counters 

_.... _...._ -[:><>-

BJ~-- -

-~ 
V"' 

~ (13) 

~_.)"' 

- =r (12) r=i-> - -
RIPPLE CLOCK 

MAX/MIN 

-....-

r:jj' 
?/.__/ 

~" ] _r -
~ 

] J'"' --
Y>o 

L{>o 

~"' ] 1 ---V"' 

-"'-
"V' 

-
-] ;r ---

Y>~ 
>I"' v 

::)f' 
Pin (16) = Vee. Pin (8) = GND 

~ : )- L-~ D C~ ..,J!!. 
i.- t> CK 

T :-::f""'"'-J"' ---
--

~ r;.~ ~DC~~ 
~t>CK 

- :r-:=f'-J"' -
=:j-)::l ·---

-):] -

~~ --,-~ = I- D Q 

3 ~ l>-1> CK - T ~ J"' --
J:=::J-):J --

lr -
_...._ 1 

:::r 

OUTPUT 
CA 

OUTPUT 
ca 

OUTPUT 
Cc 

:I~ "'] 
-- PR 7 - ::::J )--4- D Q ( I D 

r::J -- '-t>cK c 

UTPUT 

- :1---r-::1 p -
]-):] -

TL/F/5322-2 
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Logic Diagrams (Continued) 

CLOCK 

ENABLE G 

DOWN/UP 

DATA 
INPUT A 

DATA 
INPUT B 

DATA 
INPUT C 

DATA 
INPUT D 

LOAD 

(14) 

~C> 
(5) 

(15) 

(1) 

(10) 

(9) 

(11) 

'HC191 Binary Counters 
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Timing Diagrams 
'HC190 Synchronous Decade Counters 

Typical Load, Count, and Inhibit Sequences 

LOAD~ 

A 

DATA B 
INPUTS C 

D 

CLOCK 

DOWN/UP 

ENABLE 

RIPPLE CLOCK - - ... ' ----_ __. 
171 8 9 0 12 2 2 1 0 9 8 7 
!Jb-COUNT UP--liNHiSITf I-COUNT DOWN-f 

LOAD 

Sequence: 
(1) Load (preset) to BCD seven 
(2) Count up to eight, nine, zero, one and two 
(3) Inhibit 
(4) Count down to one, zero, nine, eight, and seven 

LOAD 

A 

B 
DATA 

INPUTS C 

D 

CLOCK 

DOWN/UP 

ENABLE 

'HC191 Synchronous Binary Counters 
Typical Load, Count, and Inhibit Sequence 

I 
RIPPLE CLOCK - - r---H----. _ __. 

I 13 14 15 o 1 2 2 2 1 o 15 14 13 
!Jf--COUNT UP--liNHiBITI I-COUNT DOWN---1 

LOAD 

Sequence: 
(1) Load (preset) to binary thirteen 
(2) Count up to fourteen, fifteen, zero, one, and two 
(3) Inhibit 
(4) Count down to one, zero, fifteen, fourteen, and thirteen 
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~National 
~Semiconductor 

MM54HC 192/MM7 4HC192 
Synchronous Decade Up/Down Counters 
MM54HC193/MM74HC193 
Synchronous Binary Up/Down Counters 

General Description 
These high speed synchronous counters utilize advanced 
silicon-gate CMOS technology to achieve the high noise im
munity and low power consumption of CMOS technology, 
along with the speeds of low power Schottky TTL. The 
MM54HC192/MM74HC192 is a decade counter, and the 
MM54HC193/MM74HC193 is a binary counter. Both coun
ters have two separate clock inputs, an UP COUNT input 
and a DOWN COUNT input. All outputs of the flip-flops are 
simultaneously triggered on the low to high transition of ei
ther clock while the other input is held high. The direction of 
counting is determined by which input is clocked. 

These counters may be preset by entering the desired data 
on the DATA A, DATA B, DATA C, and DATA D inputs. 
When the LOAD input is taken low the data is loaded inde
pendently of either clock input. This feature allows the count
ers to be used as divide-by-n counters by modifying the 
count length with the preset inputs. 

In addition both counters can also be cleared. This is ac
complished by inputting a high on the CLEAR input. All 4 
internal stages are set to a low level independently of either 
COUNT input. 

Connection Diagram 

Dual-In-Line Package 

DATA DATA 
A CLEAR LOAD C 

DATA 
a 

D1 

14 

INPUT 
BUFFERS 

11 

STEERING LOGIC AND FLIP·FLDPS 

DA COUNT COUNT De 
DOWN UP 

Do GND 

TL/F/5011-1 

Order Number MM54HC192/193* or MM74HC192/193* 
•Please look into Section 8, Appendix D 
for availability of various package types. 

Both a BORROW and CARRY output are provided to en
able cascading of both up and down counting functions. The 
BORROW output produces a negative going pulse when the 
counter underflows and the CARRY outputs a pulse when 
the counter overflows. The counters can be cascaded by 
connecting the CARRY and BORROW outputs of one de
vice to the COUNT UP and COUNT DOWN inputs, respec
tively, of the next device. 

All inputs are protected from damage due to static dis
charge by diodes to Vee and ground. 

Features 
• Typical propagation delay, 

Count up to Q: 28 ns 
11 Typical operating frequency: 27 MHz 
11 Wide power supply range: 2-6V 
a Low quiescent supply current: 80 µA maximum 

(7 4HC Series) 
11 Low input current: 1 µA maximum 
11 4 mA output drive 

Truth Table 

Count 

Up Down 

i H 

H i 
x x 
x x 

H = high level 

L =low level 

Clear 

L 

L 
H 
L 

i = transition from low-to-high 

X = don't care 

Load 

H 

H 
x 
L 

Function 

Count Up 

Count Down 
Clear 

Load 
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Absolute Maximum Ratings (Notes 1 & 2) 

If Military I Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage (Vee) -0.5 to + 7.0V 

DC Input Voltage MN) -1.5 to Vee+ 1.5V 

DC Output Voltage (Vour) 

Clamp Diode Current (l1K. loK) 

DC Output Current, per pin (lour) 

DC Vee or GND Current, per pin (Ice) 

Storage Temperature Range (T srn) 
Power Dissipation (Po) 

(Note3) 
S.O. Package only 

Lead Temp. (TL) (Soldering 1 o seconds) 

-0.5 to Vcc+0.5V 

±20mA 

±25mA 

±50mA 

- 65°C to + 150°C 

600mW 
500mW 

260°C 

DC Electrical Characteristics (Note 4) 

Symbol Parameter 

Minimum High Level 
Input Voltage 

Maximum Low Level 
Input Voltage** 

Minimum High Level 
Output Voltage 

Conditions 

V1N=V1HorV1L 
J lourl::::: 20 µA 

Vee 

2.0V 
4.5V 
6.0V 

2.0V 
4.5V 
6.0V 

2.0V 
4.5V 
6.0V 

Typ 

2.0 
4.5 
6.0 

V1N = V1H or V1L 
Jlourl :::::4.0 mA 
J lourl ::::: 5.2 mA 

4.5V 4.2 

Ice 

Maximum Low Level 
Output Voltage 

Maximum Input 
Current 

Maximum Quiescent 
Supply Current 

V1N = V1H or V1L 
J lourl ::::: 20 µA 

V1N = V1H or V1L 
I lour I ::::: 4.0 mA 
J1ourl:::::5.2 mA 

V1N=Vcc or GND 
lour=O µA 

6.0V 5.7 

2.0V 
4.5V 
6.0V 

0 
0 
0 

4.5V 0.2 
6.0V 0.2 

6.0V 

6.0V 

Operating Conditions 
Min Max 

Supply Voltage (Vee) 2 6 

DC Input or Output Voltage O Vee 
(V1N. Vour) 

Operating Temp. Range (TA) 
MM74HC -40 +85 
MM54HC -55 + 125 

Input Rise or Fall Times 
(tr, tt) Vcc=2V 

Vcc=4.5V 
Vcc=6.0V 

1000 
500 
400 

74HC 54HC 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 
5.9 

3.98 
5.48 

0.1 
0.1 
0.1 

0.26 
0.26 

±0.1 

8.0 

TA= -40 to 85°C TA= -55to125°C 

Guaranteed Limits 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 
5.9 

3.84 
5.34 

0.1 
0.1 
0.1 

0.33 
0.33 

±1.0 

80 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 
5.9 

3.7 
5.2 

0.1 
0.1 
0.1 

0.4 
0.4 

±1.0 

160 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Units 
v 
v 

oc 
oc 

ns 
ns 
ns 

Units 

v 
v 
v 
v 
v 
v 

v 
v 
v 

v 
v 

v 
v 
v 

v 
v 

µA 

µA 

Note 3: Power Dissipation temperature derating-plastic "N" package: -12 mWl°C from 65'Cto 85'C; ceramic "J" package: -12 mW/'C from 100'C to 125'C. 

Note 4: For a power supply of 5V ± 10% the worst case output voltages (VoH· and VoiJ occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case V1H and V1L occur at Vcc=5.5V and 4.5V respectively. (The V1H value at 5.5V is 3.85V.) The worst case leakage current (l1N. Ice. and 
loz} occur for CMOS at the higher voltage and so the 6.0V values should be used. 

••v1L limits are currently tested at 20% of Vee. The above V1L specification (30% of Vee) will be implemented no later than 01, CY'89. 
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AC Electrical Characteristics TA=25°C, Vee= 5.0V, tr=t,=6 ns, CL= 15 pF (unless otherwise specified) 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

fMAX Maximum Clock Frequency 
Count Up 27 20 MHz 

Count Down 31 24 MHz 

tpLH Maximum Propagation Delay 17 26 ns 
Low to High 

Count Up to Carry 
tPHL Maximum Propagation Delay 18 24 ns 

High to Low 

tPLH Maximum Propagation Delay 16 24 ns 
Low to High Count Down to 

tPHL Maximum Propagation Delay Borrow 15 24 ns 
High to Low 

tPLH Maximum Propagation Delay 28 40 ns 
Low to High 

Count Up Or 
tpHL Maximum Propagation Delay DowntoQ 36 52 ns 

High to Low 

tPLH Maximum Propagation Delay 30 42 ns 
Low to High 

Data or 
LoadtoQ 

tPHL Maximum Propagation Delay 40 55 ns 
High to Low 

tPHL Maximum Propagation Delay 
Clear to Q 

35 47 ns 
High to Low 

Clear 
'HC192 40 52 ns 
'HC193 20 26 ns 

tw Minimum Pulse Width 
Load 

'HC192 40 52 ns 
'HC193 10 20 ns 

Count Up/Down 15 22 ns 

tso Minimum Setup time 
Data to Load 

10 20 ns 

tHD Minimum Hold Time -3 0 ns 

tREM Minimum Removal Time 
Clear Inactive 
to Clock 

10 ns 

AC Electrical Characteristics Vee = 2.0V to 6.0V, CL= 50 pF, tr= t1= 6 ns 

TA=25°c 
74HC 54HC 

Symbol Parameter Conditions Vee TA= - 40 to 85°C TA= - 55 to 125°C Units 

Typ Guaranteed Limits 

2.0V 5 3 2.5 2 MHz 
Count Up 4.5V 25 18 14 12 ' MHz 

fMAX Maximum Clock Frequency 
6.0V 29 20 16 13 MHz 

2.0V 5 4 3 2 MHz 
Count Down 4.5V 27 20 16 11 MHz 

6.0V 31 23 18 12 MHz 

tpLH Maximum Propagation Delay 2.0V 30 140 175 210 ns 
Low to High 4.5V 13 28 35 42 ns 

Count Up 6.0V 11 24 30 36 ns 

tPHL Maximum Propagation Delay to Carry 2.0V 39 130 163 195 ns 
High to Low 4.5V 16 26 33 39 ns 

6.0V 14 22 28 33 ns 
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AC Electrical Characteristics (Continued) Vee= 2.0V to 6.0V, CL= 50 pF, tr=t1=6 ns 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee TA= - 40 to B5°C TA= - 55 to 12s·c Units 

Typ Guaranteed Limits 

tPLH• tPHL Maximum Propagation Delay Count Down 2.0V 39 130 163 195 ns 
to Borrow 4.5V 16 26 33 39 ns 

6.0V 14 22 28 33 ns 

trLH· trHL Maximum Output Rise 2.0V 30 75 95 110 ns 
and Fall Time 4.5V 8 15 19 22 ns 

6.0V 7 13 16 19 ns 

tPLH Maximum Propagation Delay 2.0V 77 215 269 323 ns 
Low to High 4.5V 35 43 54 65 ns 

Count Up Or 6.0V 30 37 46 55 ns 

tPHL Maximum Propagation Delay DowntoQ 2.0V 95 275 344 413 ns 
High to Low 4.5V 45 55 69 83 ns 

6.0V 38 47 59 71 ns 

tPLH Maximum Propagation Delay 2.0V 85 230 288 345 ns 
Low to High 4.5V 37 46 58 69 ns 

Data or 6.0V 30 39 49 59 ns 

tPHL Maximum Propagation Delay LoadtoQ 2.0V 102 290 363 435 ns 
High to Low 4.5V 47 58 73 87 ns 

6.0V 39 49 61 74 ns 

tPHL Maximum Propagation Delay 2.0V 85 265 331 398 ns 
High to Low CleartoQ 4.5V 42 53 66 80 ns 

6.0V 38 45 56 68 ns 

Clear 2.0V 119 260 325 390 ns 
or 'HC192 4.5V 42 52 65 78 ns 
Load 6.0V 38 45 56 68 ns 

2.0V 31 100 125 150 ns 
Load 'HC193 4.5V 10 20 25 30 ns 

tw Minimum Pulse Width 6.0V 9 17 21 26 ns 

2.0V 43 110 138 165 ns 
Count Up/Down 4.5V 17 22 28 33 ns 

6.0V 15 19 24 29 ns 

2.0V 70 130 163 195 ns 
Clear 'HC193 4.5V 21 26 33 39 ns 

6.0V 19 22 28 33 ns 

2.0V 30 100 125 150 ns 
tso Minimum Setup Time 

Data 
4.5V 10 20 25 30 ns 

To 
6.0V 9 17 22 25 ns 

Load 2.0V -30 0 0 0 ns 
tHo Minimum Hold Time 4.5V -3 0 0 0 ns 

6.0V -3 0 0 0 ns 

tREM Minimum Removal Time Clear Inactive 2.0V -20 10 10 10 ns 
to Clock 4.5V -3 10 10 10 ns 

6.0V -2 10 10 10 ns 

Maximum Count Up or Down 
2.0V 500 500 500 ns 

tr. t1 4.5V 300 300 300 ns 
Input Rise & Fall Time 

6.0V 200 200 200 ns 

C1N Input Capacitance 5 10 10 10 pF 

Cpo Power Dissipation Capacitance (Note 5) 100 pF 

Note 5: Cpo determines the no load dynamic power consumption, Po=Cpo Vcc2 f+ Ice Vee. and the no load dynamic current consumption, ls=Cpo Vee f+lcc-
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MM54HC192/MM7 4HC192/MM54HC193/MM7 4HC193 

MM54HC193 Synchronous 4-Bit Up/Down Binary Counter 

A1N 0A BIN OB C1N Oc 
15 0 3 10 

COUNT ~ I .. I I I .. I I I 
UP 

COUNT 
DOWN 

14 
CLEAR o--+---r>o--J 

16 Q 
vcc o--J 8 

~GNO 

I '----4 »-I~ BORROW 
~.,....-our 

CARRY OUT 
12 

DIN 
9 

r-
0 
cc c;· 
c 
i" 
cc ., 
D> 
3 

OD UJ 

0 
0 
::I 

S-
c: s 

TL/F/5011-3 



Logic Waveforms 

CLEAR 

LOAD 

'HC192 Synchronous Decade Counters 
Typical Clear, Load, and Count Sequences 

~--+--i-------------------

l

A ~------------------
DATA 

.

B: _I------------ - - - -- - -

~-----------------~--+--ii------------ - - - -- - -
~------------------! 
~------------------

COUNT --+-+--+-+----. 
UP 

COUNT --+--+---t-+--1---------+---. 
DOWN 

ac 
- -I 

OUTPUTS 1:: ~ =: 

OD : --i---+--+--+--' 
CARRY 

BORROW 

Sequences: 

lol Id 
,_-/'. - ,-A-• 

CLEAR PRESET 

(1) Clear outputs to zero 
(2) Load (preset) to BCD seven. 

I a 9 o 1 2 I r-- COUNT UP ---J 

(3) Count up to eight, nine, carry, zero, one and two. 
(4) Count down to one, zero, borrow, nine, eight, and seven. 

I 1 o 9 a 1 I 
,.__COUNT DOWN 4 

'HC193 Synchronous Binary Counters 
Typical Clear, Load, and Count Sequences 

CLEAR 

LOAD 

A ~------------------! 

1 
r-t-+--+--i-------------------

..-------------------
DATA B:---+-+--+--' - - - - - - - - - - - - - - - - - - -r-t-+--+--i------------------L--------------------I r-t-+--+--i-------------------

COUNT --+-+--+-+----. 
UP 

COUNT --t--+---t-+--+---------t---. 
DOWN 

OUTPUTS 1:: ~ -: 
ac 

- -I aD: _ 
CARRY 

BORROW 

Sequence: 

lol 1131 
,,.---"--..~ 
CLEAR PRESET 

(1) Clear outputs to zero. 
(2) Load (preset) to binary thirteen 

I 14 15 o 1 21 
i-- COUNT UP --t 

(3) Count up to fourteen, fifteen, carry, zero, one, and two. 
(4) Count down to one, zero, borrow, fifteen, fourteen, and thirteen. 
Note A: Clear overrides load data, and count inputs. 

I 1 o 15 14 131 
~ COUNT DOWN -4 

TL/F/5011-4 

TL/F/5011-5 

Note B: When counting up, count-down input must be high; when counting down, count-up input must be high. 
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~National 
D Semiconductor 
M M54HC 194/MM74HC194 
4-Bit Bidirectional Universal Shift Register 

General Description 
This 4-bit high speed bidirectional shift register utilizes ad
vanced silicon-gate CMOS technology to achieve the low 
power consumption and high noise immunity of standard 
CMOS integrated circuits, along with the ability to drive 1 O 
LS-TIL loads. This device operates at speeds similar to the 
equivalent low power Schottky part. 

This bidirectional shift register is designed to incorporate 
virtually all of the features a system designer may want in a 
shift register. It features parallel inputs, parallel outputs, 
right shift and left shift serial inputs, operating mode control 
inputs, and a direct overriding clear line. The register has 
four distinct modes of operation: PARALLEL (broadside) 
LOAD; SHIFT RIGHT (in the direction QA toward Oo); 
SHIFT LEFT; INHIBIT CLOCK (do nothing). 

Synchronous parallel loading is accomplished by applying 
the four bits of data and taking both mode control inputs, SO 
and S1, high. The data are loaded into their respective flip 
flops and appear at the outputs after the positive transition 
of the CLOCK input. During loading, serial data flow is inhib
ited. Shift right is accomplished synchronously with the ris
ing edge of the clock pulse when SO is high and S1 is low. 

Serial data for this mode is entered at the SHIFT RIGHT 
data input. When SO is low and S1 is high, data shifts left 
synchronously and new data is entered at the SHIFT LEFT 
serial input. Clocking of the flip flops is inhibited when both 
mode control inputs are low. The mode control inputs 
should be changed only when the CLOCK input is high. 

The 54HC/7 4HC logic family is functionally as well as pin
out compatible with the standard 54LS/74LS logic family. 
All inputs are protected from damage due to static dis
charge by internal diode clamps to Vee and ground. 

Features 
• Typical operating frequency: 45 MHz 
• Typical propagation delay: ns (clock to Q) 
• Wide operating supply voltage range: 2-6V 
• Low input current: 1 µA maximum 
• Low quiescent supply current: 160 µA maximum 

(7 4HC Series) 
• Fanout of 10 LS-TIL loads 

Connection Diagram Dual-In Line Package 

Function Table 
Inputs 

Mode Serial 
Clear I- Clock 

S1 S2 Left Right 

L x x x x x 
H x x L x x 
H H H i x x 
H L H i x H 
H L H i x L 
H H L i H x 
H H L i L x 
H L L x x x 

Vee QA Qe Qc Qo CLOCK S1 so 
16 13 12 11 10 9 

QA Qe Qc Qo CLOCK 
S1 

CLEAR 

R A B c 

4 

CLEAR SHIFT A B c 
RIGHT 
SERIAL PARALLEL INPUTS 
INPUT 

Outputs 

Parallel 

ABCD QA ae ac ao 
xx xx L L L L 
xx xx 0Ao Oso Oeo Ooo 
a b c d a b c d 
xx xx H 0An Osn Oen 
xx xx L OAn Osn Oen 
xx xx Osn Oen Oon H 
xx xx Osn Oen Oon L 
xx xx 0Ao Oso Oeo Ooo 
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so 

D 

6 8 

D SHIFT GND 
LEFT 

SERIAL 
INPUT TL/F/5323-1 

Order Number MM54HC194* or MM74HC194* 
•Please look into Section 8, Appendix D 
for availability of various package types. 

H = high level (steady state) 

L = low level (steady state) 

X = irrelevant (any input, including transitions) 

j == transition from low to high level 

a, b, c, d = the level of steady-state input at inputs A, 8, C, or D, 
respectively. 

QAO· Oso. Oco. Ooo = the level of QA, Os. Oc. or Oo. respectively, 
before the indicated steady-state input conditions were established. 

OAn· Osn. Oen. Oon = the level of QA, 09, Oc, respectively, before 
the most-recent j transition of the clock. 



Absolute Maximum Ratings (Notes 1 & 2) 

If Mllltary/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for avallablllty and specifications. 

Supply Voltage (Vee) -0.5 to + 7.0V 

DC Input Voltage <ViN) -1.5 to Vee+ 1.5V 
DC Output Voltage (VouT) 

Clamp Diode Current (11K. loK) 

DC Output Current, per pin (lour) 

DC Vee or GND Current, per pin (Ice) 

Storage Temperature Range (T sTG) 

Power Dissipation (Po) 

-0.5 to Vcc+0.5V 

±20mA 

±25mA 

±50mA 

- 65°C to + 150°C 

(Note 3) 
S.O. Package only 

Lead Temperature (Tu 

(Soldering 10 seconds) 

600mW 
500mW 

260°C 

DC Electrical Characteristics (Note 4) 

Symbol Parameter Conditions Vee 

V1H Minimum High Level 2.0V 
Input Voltage 4.5V 

6.0V 

V1L Maximum Low Level 2.0V 
Input Voltage 0 4.5V 

6.0V 

VoH Minimum High Level V1N = V1H or V1L 
Output Voltage ilourl~20 µA 2.0V 

4.5V 
6.0V 

V1N = V1H or V1L 
l1ourl~4.0 mA 4.5V 
l1ourl~5.2 mA 6.0V 

VoL Maximum Low Level V1N = V1H or V1L 
Output Voltage llourl~20 µA 2.0V 

4.5V 
6.0V 

V1N=V1H orV1L 
l1ourl~4.0 mA 4.5V 
llourl ~ 5.2 mA 6.0V 

l1N Maximum Input V1N=Vcc or GND 6.0V 
Current 

Ice Maximum Quiescent V1N =Vee or GND 6.0V 
Supply Current lour=O µA 

Operating Conditions 
Min Max 

Supply Voltage (Vee) 2 6 

DC Input or Output Voltage 0 Vee 
(V1N. Vour) 

Operating Temp. Range (TA) 
MM74HC -40 +85 
MM54HC -55 +125 

Input Rise or Fall Times 
(tr, tt) Vcc=2.0V 1000 

Vcc=4.5V 500 
Vcc=6.0V 400 

TA=25°C 
74HC 54HC 

TA= - 40 to 85°C TA= -55 to 12s0 c 
Typ Guaranteed Limits 

1.5 1.5 1.5 
3.15 3.15 3.15 
4.2 4.2 4.2 

0.5 0.5 0.5 
1.35 1.35 1.35 
1.8 1.8 1.8 

2.0 1.9 1.9 1.9 
4.5 4.4 4.4 4.4 
6.0 5.9 5.9 5.9 

4.2 3.98 3.84 3.7 
5.7 5.48 5.34 5.2 

0 0.1 0.1 0.1 
0 0.1 0.1 0.1 
0 0.1 0.1 0.1 

0.2 0.26 0.33 0.4 
0.2 0.26 0.33 0.4 

±0.1 ±1.0 ±1.0 

8.0 80 160 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 

Units 
v 
v 

oc 
oc 

ns 
ns 
ns 

Units 

v 
v 
v 
v 
v 
v 

v 
v 
v 

v 
v 

v 
v 
v 

v 
v 

µA 

µA 

Note 3: Power Dissipation temperature derating-plastic "N"' package: -12 mW/°Cfrom 65°Cto 85°C; ceramic "'J"' package: -12 mWl°C from 100°c to 125°C. 
Note 4: For a power supply of 5V ± 10% the worst case output voltages (VoH. and VoL.) occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case V1H and V1L occur at Vcc=5.5V and 4.5V respectively. (The V1H value at 5.5V is 3.85V.) The worst case leakage current (l1N. Ice. and 
loz) occur for CMOS at the higher voltage and so the 6.0V values should be used . 
.. VIL limits are currently tested at 20% of Vee· The above V1L specification (30% of Vee) will be implemented no later than 01, CY'89. 
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AC Electrical Characteristics Vee= 5V, TA= 25°C, CL= 15 pF, tr= tt= 6 ns 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

fMAX Maximum Operating 50 35 MHz 
Frequency 

tPHL• tPLH Maximum Propagation 17 24 ns 
Delay, Clock to Q 

tPHL Maximum Propagation 19 25 ns 
Delay, Reset to Q 

tREM Minimum Removal Time, 5 ns 
Reset Inactive to Clock 

ts Minimum Setup Time 20 ns 
(A, 8, C, D to Clock) 

ts Minimum Setup Time 20 ns 
Mode Controls to Clock 

tw Minimum Pulse Width 9 16 ns 
Clock or Reset 

tH Minimum Hold Time -3 0 ns 
any Input 

AC Electrical Characteristics CL= 50 pF, tr= t1= 6 ns (unless otherwise specified) 

TA=25°c 
74HC 54HC 

Symbol Parameter Conditions Vee TA= - 40 to B5°C TA= - 55 to 125·c Units. 

Typ Guaranteed Limits 

fMAX Maximum Operating 2.0V 10 6 5 4 
Frequency 4.5V 45 30 24 20 MHz 

6.0V 50 35 28 24 MHz 

tPHL· tpLH Maximum Propagation 2.0V 70 145 183 216 ns 
Delay, Clock to Q 4.5V 15 29 37 45 ns 

6.0V 12 25 31 37 ns 
. 

tPHL Maximum Propagation 2.0V 80 150 189 216 ns 
Delay, Reset to Q 4.5V 15 30 37 45 ns 

6.0V 12 26 31 37 ns 

trHL· trLH Maximum Output Rise 2.0V 30 75 95 110 ns 
and Fall Time 4.5V 8 15 19 22 ns 

6.0V 7 13 16 19 ns 

tREM Minimum Removal Time 2.0V 5 5 5 ns 
Reset Inactive to Clock 4.5V 5 5 5 ns 

6.0V 5 5 5 ns 

ts Minimum Set Up Time 2.0V 100 125 150 ns 
(A, 8, C, or D to Clock) 4.5V 20 25 30 ns 

6.0V 17 21 25 ns 

ts Minimum Set Time 2.0V 100 125 150 ns 
Mode Controls to Clock 4.5V 20 25 30 ns 

6.0V 17 21 25 ns 

tH Minimum Hold Time 2.0V -10 0 0 0 ns 
any Input 4.5V -3 0 0 0 ns 

6.0V -3 0 0 0 ns 

tw Minimum Pulse Width 2.0V 30 80 100 120 ns 
Clock or Reset 4.5V 89 16 20 24 ns 

6.0V 8 14 18 20 ns 

tr, t1 Maximum Input Rise and 2.0V 1000 1000 1000 ns 
Fall Time 4.5V 500 500 500 ns 

6.0V 400 400 400 ns 

Cpo Power Dissipation 77 pF 
Capacitance (Note 5) 

C1N Maximum Input 5 10 10 10 pF 
Capacitance 

Note 5: Cpo determines the no load dynamic power consumption, Po=Cpo Vcc2 f+ Ice Vee. arid the no load dynamic current consumption, ls=Cpo Vee f+ Ice· 
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Logic and Timing Diagrams 
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~ ~National 
§ D Semiconductor 
:E 
~ MM54HC195/MM74HC195 
~ 4-Bit Parallel Shift Register 
"'=" 
~ General Description 
:E The MM54HC195/MM7 4HC195 is a high speed 4-bit SHIFT 

REGISTER utilizes advanced silicon-gate CMOS technolo
gy to achieve the low power consumption and high noise 
immunity of standard CMOS integrated circuits, along with 
the ability to drive 10 LS-TTL loads at LS type speeds. 

This shift register features parallel inputs, parallel outputs, J
R serial inputs, SHIFT /LOAD control input, and a direct 
overriding CLEAR. This shift register can operate in two 
modes: PARALLEL LOAD; SHIFT from QA towards Oo. 

Parallel loading is accomplished by applying the four bits of 
data, and taking the SHIFT/LOAD control input low. The 
data is loaded into the associated flip flops and appears at 
the outputs after the positive transition of the clock input. 
During parallel loading, serial data flow is inhibited. Serial 
shifting occurs synchronously when the SHIFT/LOAD con-

Connection Diagram 

trol input is high. Serial data for this mode is entered at the 
J-K inputs. These inputs allow the first stage to perform as a 
J-K or TOGGLE flip flop as shown in the truth table. 

The 54HC/7 4HC logic family is functionally as well as pin
out compatible with the standard 54LS/74LS logic family. 
All inputs are protected from damage due to static dis
charge by internal diode clamps to Vee and ground. 

Features 
• Typical operating frequency: 45 MHz 
• Typical propagation delay: 16 ns (clock to Q) 
• Wide operating supply voltage range: 2-6V 
• Low input current: 1 µA maximum 
• Low quiescent current: 80 µA maximum (7 4HC Series) 
• Fanout of 10 LS-TTL loads 

Dual-In-Line Package 

OUTPUTS 

Function Table 
Inputs 

Clear Shift/ Clock 
Serial 

Load J K 

L x x x x 
H L t x x 
H H L x x 
H H t L H 
H H t L L 
H H t H H 
H H t H L 

SHIFT/ 
Vee QA Oe Oc Oo Oo CLOCK LOAD 

J1e J1s j14 j13 J12 J11 10 9 

r0 CLEAR 

1 

CLEAR 

J 

2 

Oe 

3 

Oc 

A 

4 

A 

B c 

5 8 

B c 

v 
CK 

7 

D 

18 
GND 

SERIAL INPUTS PARALLEL INPUTS 
TL/F/5324-1 

Top View 

Order Number MM54HC195* or MM74HC195° 
•Please look into Section 8, Appendix D for availability of various package types. 

Outputs 
H = high level (steady state) 
L = low level (steady state) 

Parallel 
QA Oe Oc Oo Cio 

X = irrelevant (any input, including transitions) 
t = transition from low to high level 

ABC D a, b, c, d = the level of steady-state Input at inputs A, B, C, 
x x x x L L L L H or D, respectively. 
a b c d a b c d a OAo. Ceo. Ceo. Coo = the level of QA, Ce, Cc. or Co. 
x x x x OAo Oeo Ceo Ooo Qoo respectively, before the indicated steady-state input condi-
x x x x OAo 0Ao Oen Oen Oen tions were established. 
x x x x L 0An Oen Oen Oen OAn· Oen• Oen = the level of QA, Ce, Cc. respectively, 
x x x x H OAn Oen Oen Qen before the most-recent transition of the clock. 
x x x x 0An 0An Oen Oen Oen 
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Absolute Maximum Ratings (Notes 1 & 2) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage (Vee) -0.5 to +7.0V 

DC Input Voltage (V1N) -1.5 to Vee+ 1.5V 

DC Output Voltage (Vour) -0.5 to Vee+ 0.5V 

Clamp Diode Current (l1K. loK) 

DC Output Current, per pin (lour) 

DC Vee or GND Current, per pin (Ice) 

Storage Temperature Range (Tsrn) 

±20mA 

±25mA 

±50mA 

- 65°C to + 150°c 

. Power Dissipation (Po) 
(Note3) 
S.O. Package only 

600mW 
500mW 

Lead Temp. (T iJ (Soldering 10 seconds) 260°c 

DC Electrical Characteristics (Note 4) 

Symbol Parameter Conditions Vee 

V1H Minimum High Level 2.0V 
Input Voltage 4.5V 

6.0V 

V1L Maximum Low Level 2.0V 
Input Voltage** 4.5V 

6.0V 

VoH Minimum High Level V1N = V1H or V1L 
Output Voltage llourl :::::20 µA 2.0V 

4.5V 
6.0V 

V1N = V1H or V1L 
llourl :::::4.0 mA 4.5V 
ilourl :::::5.2 mA 6.0V 

VoL Maximum Low Level V1N = V1H or V1L 
Output Voltage I lour I::::: 20 µA 2.0V 

4.5V 
6.0V 

V1N = V1H or V1L 
I lour I::::: 4.0 mA 4.5V 
l1ourl:::::5.2mA 6.0V 

l1N Maximum Input V1N =Vee or GND 6.0V 
Current 

Ice Maximum Quiescent V1N =Vee or GND 6.0V 
Supply Current lour=O µA 

Operating Conditions 
Min Max 

Supply Voltage (Vee) 2 6 

DC Input or Output Voltage 0 Vee 
MN. Vour> 

Operating Temp. Range (TA) 
MM74HC -40 +85 
MM54HC -55 +125 

Input Rise or Fall Times 
(tr.ti) Vcc=2.0V 1000 

Vcc=4.5V 500 
Vcc=6.0V 400 

TA=25°c 
74HC 54HC 

TA= - 40 to a5°c TA= -55 to 125°C 

Typ Guaranteed Limits 

1.5 1.5 1.5 
3.15 3.15 3.15 
4.2 4.2 4.2 

0.5 0.5 0.5 
1.35 1.35 1.35 
1.8 1.8 1.8 

2.0 1.9 1.9 1.9 
4.5 4.4 4.4 4.4 
6.0 5.9 5.9 5.9 

4.2 3.98 3.84 3.7 
5.7 5.48 5.34 5.2 

0 0.1 0.1 0.1 
0 0.1 0.1 0.1 
0 0.1 0.1 0.1 

0.2 0.26 0.33 0.4 
0.2 0.26 0.33 0.4 

±0.1 ±1.0 ±1.0 

8.0 80 160 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 

Units 
v 
v 

·c 
·c 

ns 
ns 
ns 

Units 

v 
v 
v 
v 
v 
v 

v 
v 
v 

v 
v 

v 
v 
v 

v 
v 

µA 

µA 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mW /'C from 65'C to 85'C; ceramic "J" package: -12 mW/'C from 1 OO'C to 125'C. 
Note 4: For a power supply of 5V ± 10% the worst case output voltages (VoH. and Vou occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case V1H and V1L occur at Vee= 5.5V and 4.5V respectively. (The V1H value at 5.5V is 3.85V.) The worst case leakage current 01N. 
Ice. and loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
••v1L limits are currently tested at 20% of Vee- The above V1L specification (30% of Vee) will be implemented no later than 01, CY'89. 
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AC Electrical Characteristics Vcc=5V, TA=25°C,CL =15 pF, tr=t1=6 ns 

Symbol Parameter Conditions Typ Guaranteed Limit Units 

fMAX Maximum Operating Frequency 45 30 MHz 

tPHL• tPLH Maximum Propagation Delay, Clock to Q 14 24 ns 

tPHL Maximum Propagation Delay, Reset to Q 16 25 ns 

tREM Minimum Removal Time, Shift/Load to Clock 0 ns 

tREM Minimum Removal Time, Reset Inactive to Clock 5 ns 

ts Minimum Setup Time, (A, 8, C, D, J, R to Clock) 20 ns 

ts Minimum Setup Time, Shift/Load to Clock 20 ns 

tw Minimum Pulse Width Clock or Reset 16 ns 

tH Minimum Hold Time, any Input except Shift/Load 0 ns 

AC Electrical Characteristics CL =50 pF, tr=t,=6 ns (unless otherwise specified) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee TA= -40 to es·c TA= -55to 125°C. Units 

Typ Guaranteed Limits 

fMAX Maximum Operating 2.0V 10 6 5 4 MHz 
Frequency 4.5V 45 30 24 20 MHz 

6.0V 50 35 28 24 MHz 

tPHL Maximum Propagation 2.0V 70 150 189 224 ns 
Delay, Reset to Q or Q 4.5V 15 30 38 45 ns 

6.0V 12 26 32 38 ns 

tPHL• tpLH Maximum Propagati~ 2.0V 70 145 183 216 ns 
Delay, Clock to Q or Q 4.5V 15 29 37 43 ns 

6.0V 12 25 31 37 ns 

trHL· trLH Maximum Output Rise 2.0V 30 75 95 110 ns 
and Fall Time 4.5V 8 15 19 22 ns 

6.0V 7 13 16 19 ns 

tREM Minimum Removal Time, 2.0V -2 0 0 0 ns 
Shift Load to Clock 4.5V -2 0 0 0 ns 

6.0V -2 0 0 0 ns 

tREM Minimum Removal Time, 2.0V 5 5 5 ns 
Reset Inactive to Clock 4.5V 5 5 5 ns 

6.0V 5 5 5 ns 

ts Minimum Setup Time, 2.0V 100 125 150 ns 
(A, 8, C, D, J, R to Clock) 4.5V 20 25 30 ns 

6.0V 17 21 25 ns 

ts Minimum Setup Time, 2.0V 100 125 150 ns 
Shift/Load to Clock 4.5V 20 25 30 ns 

6.0V 17 21 25 ns 

tH Minimum Hold Time 2.0V -10 0 0 0 ns 
any Input except Shift/Load 4.5V -2 0 0 0 ns 

6.0V -2 0 0 0 ns 

tw Minimum Pulse Width, 2.0V 30 80 100 120 ns 
Clock or Reset 4.5V 10 16 20 24 ns 

6.0V 9 14 18 20 ns 

tr, t1 Maximum Input Rise 2.0V 1000 1000 1000 ns 
and Fall Time 4.5V 500 500 500 ns 

6.0V 400 400 400 ns 

Cpo Power Dissipation 100 pF 
Capacitance (Note 5) 

C1N Maximum Input Capacitance 5 10 10 10 pF 

Note 5: Cpo determines the no load dynamic power consumption, Po=Cpo Vcc2 I+ Ice Vee. and the no load dynamic current consumption, ls=Cpo Vee I+ Ice-
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Logic and Timing Diagrams 
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CLEAR 
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~National 
~Semiconductor 

M M54HC221A/MM74HC221 A 
Dual Non-Retriggerable Monostable Multivibrator 

General Description 
The MM54/74HC221A high speed monostable multivibra
tors (one shots) utilize advanced silicon-gate CMOS tech
nology. They feature speeds comparable to low power 
Schottky TIL circuitry while retaining the low power and 
high noise immunity characteristic of CMOS circuits. 

Each multivibrator features both a negative, A, and a posi
tive, 8, transition triggered input, either of which can be 
used as an inhibit input. Also included is a clear input that 
when taken low resets the one shot. The 'HC221A can be 
triggered on the positive transition of the clear while A is 
held low and B is held high. 

The 'HC221A is a non-retriggerable, and therefore cannot 
be retriggered until the output pulse times out. 

Pulse width stability over a wide range of temperature and 
supply is achieved using linear CMOS techniques. The out
put pulse equation is simply: PW= (RExr) (CExr); where PW 

Connection Diagram 
Dual-In-Line Package 

REXT1 
Vee Cm Cu11 01 liz CLRZ ez AZ 

16 15 14 13 12 

4 

li1 02 CEXT2 Run GNO 
Cm 

TL/F/5325-1 

Top View 

Order Number MM54HC221A* or MM74HC221A* 
•Please look into Section 8, 

Appendix D for availability of various package types. 

Truth Table 

Inputs Outputs 

Clear A B Q Q 

L x x L H 
x H x L H 
x x L L H 
H L i Jl.._ Lr 
H J, H Jl.._ Lr 
i L H Jl.._ Lr 

is in seconds, R is in ohms, and C is in farads. All inputs are 
protected from damage due to static discharge by diodes to 
Vee and ground. 

Features 
• Typical propagation delay: 40 ns 
• Wide power supply range: 2V-6V 
• Low quiescent current: 80 µA maximum (7 4HC Series) 
• Low input current: 1 µA maximum 
• Fanout of 10 LS-TIL loads 
• Simple pulse width formula T = RC 
• Wide pulse range: 400 ns to co (typ) 
• Part to part variation: ± 5% (typ) 
• Schmitt Trigger A & B inputs enable infinite signal input 

rise or fall times 

Timing Component 

Vee 

~Rm 
TO Cm TO RI Cm 

TERMINAL TERMINAL 

H = High Level 

L = Low Level 

TL/F/5325-2 

t = Transition from Low to High 

J. = Transition from High to Low 

IL= One High level Pulse 

Lr= One Low level Pulse 

X = Irrelevant 

Note: Pin 6 and Pin 14 must be hard· 
wired to GND. 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
If Miiitary/Aerospace specified devices are required, Min Max Units 
contact the National Semiconductor Sales Office/ Supply Voltage (Vee) 2 6 v 
Distributors for avallablllty and specifications. DC Input or Output Voltage 0 Vee v 
Supply Voltage (Vee) -0.5Vto +7.0V MN. VouT) 
DC Input Voltage MN) -1.5V to Vee+ 1.5V Operating Temp. Range (TA) 

DC Output Voltage (VouT) -0.5V to Vcc+0.5V MM74HC -40 +85 ·c 

Clamp Diode Current (l1K. loK) ±20mA MM54HC -55 +125 ·c 

DC Output Current, per pin (louT) ±25mA Maximum Input Rise and Fall 
Time (Clear Input) 

DC Vee or GND Current, per pin (lee) ±50mA Vcc=2.0V 1000 ns 
Storage Temperature Range (T srn) - 65°C to + 15o•c Vcc=4.5V 500 ns 
Power Dissipation (Po) Vcc=6.0V 400 ns 

(Note3) 600mW 
S.O. Package only 500mW 

Lead Temperature 
(TL) (Soldering 10 seconds) 260°c 

DC Electrical Characteristics (Note 4) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee TA= - 40 to 85°C TA= -55to125°C Units 

Typ Guaranteed Limits 

V1H Minimum High Level 2.0V 1.5 1.5 1.5 v 
Input Voltage 4.5V 3.15 3.15 3.15 v 

6.0V 4.2 4.2 4.2 v 
V1L Maximum Low Level 2.0V 0.3 0.3 0.3 v 

Input Voltage 4.5V 0.9 0.9 0.9 v 
6.0V 1.2 1.2 1.2 v 

VoH Minimum High Level V1N = V1H or V1L 
Output Voltage llouTI :s:20 µA 2.0V 2.0 1.9 1.9 1.9 v 

4.5V 4.5 4.4 4.4 4.4 v 
6.0V 6.0 5.9 5.9 5.9 v 

V1N=V1H orV1L 
l1ouTl:s:4.0 mA 4.5V 4.2 3.98 3.84 3.7 v 
llouTI :5:5.2 mA 6.0V 5.7 5.48 5.34 5.2 v 

Vol Maximum Low Level V1N = V1H or V1L 
Output Voltage llourl:s:20 µA 2.0V 0 0.1 0.1 0.1 v 

4.5V 0 0.1 0.1 0.1 v 
6.0V 0 0.1 0.1 0.1 v 

V1N = V1H or V1L 
llourl :5:4.0 mA 4.5V 0.2 0.26 0.33 0.4 v 
llourl:s:5.2 mA 6.0V 0.2 0.26 0.33 0.4 v 

l1N Maximum Input Current V1N=Vcc or GND 6.0V ±0.5 ±5.0 ±5.0 µA 
(Pins 7, 15) 

l1N Maximum Input Current V1N=Vcc or GND 6.0V ±0.1 ±1.0 ±1.0 µA 
(all other pins) 

lee Maximum Quiescent Supply V1N=Vec or GND 6.0V 8.0 BO 160 µA 
Current (standby) louT=O µA 

Ice Maximum Active Supply V1N=VccorGND 2.0V 36 80 110 130 µA 
Current (per monostable) R/CExT = 0.5Vcc 4.5V 0.33 1.0 1.3 1.6 mA 

6.0V 0.7 2.0 2.6 3.2 mA 

Note 1: Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating-plastic "N" package: -12 mW/'C from 65'C to 85'C; ceramic "J" package: -12 mW/'C from 100'C to 125'C. 
Note 4: For a power supply of 5V ±10% the worst-case output voltages (VOH• and Vou occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst-case V1H and V1L occur at Vee= 5.5V and 4.5V respectively. (The V1H value at 5.5V is 3.85V.) The worst-case leakage current (11N. 
Ice. and loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics Vcc=5V, TA=25°C,CL =15 pF, tr=tt=6 ns 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

tPLH Maximum Trigger Propagation 22 36 ns 
Delay A, B or Clear to Q 

tPHL Maximum Trigger Propagation 25 42 ns 
Delay A, B or Clear to Q 

tPHL Maximum Propagation Delay Clear to Q 20 31 ns 

tPLH Maximum Propagation Delay Clear to Q 22 33 ns 

tw Minimum Pulse Width A, B or Clear 14 26 ns 

tREM Minimum Clear Removal Time 0 ns 

two(MIN) Minimum Output Pulse Width CExT=28 pF 400 ns 
RExT=2 k!l 

two Output Pulse Width CEXT = 1000 pF 10 µs 
RExT=10 k!l 

AC Electrical Characteristics CL =50 pF, tr=tt=6 ns(unless otherwise specified) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee TA= -40 to 85°C TA= -55to125·c Units 

Typ Guaranteed Limits 

tPLH Maximum Trigger Propagation 2.0V 77 169 194 210 ns 
Delay A, B or Clear to Q 4.5V 26 42 51 57 ns 

6.0V 21 32 39 44 ns 

tPHL Maximum Trigger Propagation 2.0V 88 197 229 250 ns 
Delay A, B or Clear to Q 4.5V 29 48 60 67 ns 

6.0V 24 38 46 51 ns 

tPHL Maximum Propagation 2.0V 54 114 132 143 ns 
Delay Clear to Q 4.5V 23 34 41 45 ns 

6.0V 19 28 33 36 ns 

tPLH Maximum Propagation 2.0V 56 116 135 147 ns 
Delay Clear to Q 4.5V 25 36 42 46 ns 

6.0V 20 29 34 37 ns 

tw Minimum Pulse Width 2.0V 57 123 144 157 ns 
A, B, Clear 4.5V 17 30 37 42 ns 

6.0V 12 21 27 30 ns 

tREM Minimum Clear 2.0V 0 0 0 ns 
Removal Time 4.5V 0 0 0 ns 

6.0V 0 0 0 ns 

trLH• tTHL Maximum Output 2.0V 30 75 95 110 ns 
Rise and Fall Time 4.5V 8 15 19 22 ns 

6.0V 7 13 16 19 ns 

two(MIN) Minimum Output CExT=28 pF 2.0V 1.5 µs 
Pulse Width RExr=2 kn 4.5V 450 ns 

RExr=6 kn (Vcc=2V) 6.0V 380 ns 

two Output Pulse Width CExr=0.1 µF Min 5.0V 1 0.9 0.86 0.85 ms 
RExr= 10 k!l 

Max 5.0V 1 1.1 1.14 1.15 ms 

Cpo Power Dissipation 87 pF 
Capacitance (Note 5) 

C1N Maximum Input 12 20 20 20 pF 
Capacitance (Pins 7 & 15) 

C1N Maximum Input 6 10 10 10 pF 
Capacitance (other inputs) 

Note 5: Cpo determines the no load dynamic power consumption, Po= Cpo V cc2f + Ice V cc. and the no load dynamic current consumption, Is= Cpo V eel+ Ice. 
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Logic Diagram 
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t" _{O---.----+-+-+----+--_...,_._.. 
~Cexr 

TL/F/5325-5 

Theory of Operation 

CD 0 © 
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© 

C LEAR 

R/Cm 

LJ 
© © 

--------------------------------------L..J~---------

_ ........ I LJ _I __ 

l-r-1 l-r-1 
l __ rL..J L 

~r-1 1-r-I 
TL/F/5325-6 

<D POSITIVE EDGE TRIGGER © NO RETRIGGERING 

@ NEGATIVE EDGE TRIGGER ® RESET PULSE SHORTENING 

® POSITIVE EDGE TRIGGER @ CLEAR TRIGGER 

FIGURE 1 
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TRIGGER OPERATION 

As shown in Figure 1 and the logic diagram before an input 
trigger occurs, the monostable is in the quiescent state with 
the Q output low, and the timing capacitor CExT completely 
charged to Vee- When the trigger input A goes from Vee to 
GND (while inputs Band clear are held to Vee) a valid trig
ger is recognized, which turns on comparator C1 and N
channel transistor N1 ©. At the same time the output latch 
is set. With transistor N1 on, the capacitor CEXT rapidly dis
charges toward GND until VREF1 is reached. At this point 
the output of comparator C1 changes state and transistor 
N1 turns off. Comparator C1 then turns off while at the same 
time comparator C2 turns on. With transistor N1 off, the ca
pacitor CExT begins to charge through the timing resistor, 
RExr. toward Vee- When the voltage across CExr equals 
VREF2· comparator C2 changes state causing the output 
latch to reset (Q goes low) while at the same time disabling 
comparator C2. This ends the timing cycle with the monosta
ble in the quiescent state, waiting for the next trigger. 

A valid trigger is also recognized when trigger input B goes 
from GND to Vee (while input A is at GND and input clear is 
at Vee@). The 'HC221 can also be triggered when clear 
goes from GND to Vee (while A is at Gnd and B is at 
Vee®). 

It should be noted that in the quiescent state CEXT is fully 
charged to Vee causing the current through resistor RExT to 
be zero. Both comparators are "off" with the total device 
current due only to reverse junction leakages. An added 
feature of the 'HC221 is that the output latch is set via the 
input trigger without regard to the capacitor voltage. Thus, 
propagation delay from trigger to Q is independent of the 
value of CEXT· REXT· or the duty cycle of the input wave
form. 

The 'HC221 is non-retriggerable and will ignore input tran
sitions on A and B until it has timed out ® and · ©. 

RESET OPERATION 

These one shots may be reset during the generation of the 
output pulse. In the reset mode of operation, an input pulse 
on clear sets the reset latch and causes the capacitor to be 
fast charged to Vee by turning on transistor 01 @. When 
the voltage on the capacitor reaches VREF2· the reset latch 
will clear and then be ready to accept another pulse. If the 
clear input is held low, any trigger inputs that occur will be 
inhibited and the Q and a outputs of the output. latch will 
not change. Since the Q output is reset when an input low 
level is detected on the Clear input, the output pulse T can 
be made significantly shorter than the minimum pulse width 
specification. 

Typical Distribution of Output 
Pulse Width, Part to Part 

Typical 1 ms Pulse Width 
Variation vs. Supply 

1000p 0.01µ 0.1µ 1µ 

TIMING CAPACITOR (F) 

TL/F/5325-7 

Minimum RExT vs. 
Supply Voltage 

~ 1.2 

~ ::I 1.0 
u 
u 
~ 0.8 
a 
t i5 0.6 

a If 0.4 

!::! 0.2 

i 

Vee =5V 
TA=25°C 
Roo=10 kO VI ~ Coo=0.1 µ.F 

'11 ~ , 
J. l_ 

I ~ ' [;' ~ 
0.92 0.96 1.00 1.04 1.06 

OUTPUT PULSE WIDTH (ms) 

TL/F/5325-8 

1.0 
0.8 

g 0.6 
z 0.4 
Cl 

§ 0.2 

~ 
I- -0.2 z 
~ -0.4 
~ -0.6 

-0.8 

-1.0 

5 
TA =25°C 
Rm =10 kO 4 

g 3 Coo =0.1 µF 
z a 

.-
~ I'"' 

L 
' 

§ 
a; 
Cl 

E -1 
u -2 
CZ: 

~ -3 
-4 
-5 

1 3 4 5 
POWER SUPPLY (V) 

TL/F/5325-9 

Typical 1 ms Pulse Width 
Variation vs. Temperature 

~ 
~ 
~ 
~ 

N.. 
~ 

4 -55 -15 25 65 105 125 

POWER SUPPLY (V) 

TL/F/5325-10 

Note: A and C are not subjected to temperature. The C is polypropylene. 
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~National 
D Semiconductor 
MM54HC237 /MM7 4HC237 
3-to-8 Line Decoder With Address Latches 
General Description 
These devices utilize advanced silicon-gate CMOS technol
ogy, to implement a three-to-eight line decoder with latches 
on the three address inputs. When GL goes from low to 
high, the address present at the select inputs (A, B and C) is 
stored in the latches. As long as GL remains high no ad
dress changes will be recognized. Output enable controls, 
G1 and G2, control the state of the outputs independently of 
the select or latch-enable inputs. All of the outputs are low 
unless G1 is high and G2 is low. The 'HC237 is ideally suit
ed for the implementation of glitch-free decoders in stored
address applications in bus oriented systems. 

The 54HC/74HC logic family is speed, function and pin-out 
compatible with the standard 54LS/74LS logic family. All 
inputs are protected from damage due to static discharge by 
diodes to Vee and ground. 

Features 
• Typical propagation delay: 20 ns 
• Wide supply range: 2-6V 
• Latched inputs for easy interfacing 
• Fanout of 10 LS-TTL loads 

Connection Diagram 
Dual-In-Line Package 

DATA OUTPUTS 

Vee YO Y1 Y2 Y3 Y4 Y5 Y6 

16 15 14 13 12 11 10 9 

YO Y1 Y2 Y3 Y4 Y5 

A YB 

c GI 62 G1 Y7 

3 5 7 8 

A C GI G2 G1 Y7 GND --- ---SELECT ENABLE OUTPUT 
TL/F/5326-1 

Top View 

Order Number MM54HC237* or MM74HC237* 
*Please look into Section 8, Appendix D for availability of various package types. 

Truth Table 
INPUTS OUTPUTS 

ENABLE SELECT 

GL G1 G2 c B A YO Y1 Y2 Y3 Y4 Y5 Y6 Y7 

x x H x x x L L L L L L L L 
x L x x x x L L L L L L L L 

L H L L L L H L L L L L L L 
L H L L L H L H L L L L L L 
L H L L H L L L H L L L L L 
L H L L H H L L L H L L L L 

L H L H L L L L L L H L L L 
L H L H L H L L L L L H L L 
L H L H H L L L L L L L H L 
L H L H H H L L L L L L L H 

H H L x x x Output corresponding to stored 
address, L; all others, H 

H = high level, L = low level, X = irrelevant 
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Absolute Maximum Ratings (Notes 1 & 2> 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage (Vee) -0.5 to + 7.0V 

DC Input Voltage (V1N) -1.5 to Vee+ 1.5V 

DC Output Voltage (Vour) -0.5 to Vee+0.5V 

Clamp Diode Current (l1K. loK) 

DC Output Current, per pin (lour) 

DC Vee or GND Current, per pin (Ice) 

Storage Temperature Range (Tsrn) 

Power Dissipation (Po) 
(Note3) 
S.O. Package only 

Lead Temperature 

(TL) (Soldering 10 seconds) 

±20mA 

±25mA 

±50mA 

- 65°C to + 150°c 

600mW 
500mW 

260°c 

DC Electrical Characteristics (Note 4) 

Operating Conditions 
Min 

Supply Voltage (Vee) 2 

DC Input or Output Voltage O 
(V1N. Vour) 

Operating Temp. Range (TA) 
MM74HC -40 
MM54HC -55 

Input Rise or Fall Times 
(tr. tt) Vee=2.0V 

Vee=4.5V 
Vee=6.0V 

Max 
6 

Vee 

+85 
+125 

1000 
500 
400 

74HC 54HC 

Units 
v 
v 

·c 
·c 

ns 
ns 
ns 

Symbol Parameter Conditions Vee TA= - 40 to 85°C TA= - 55 to 125°C Units 

VoH 

Vol 

Ice 

Minimum High Level 
Input Voltage 

Maximum Low Level 
Input Voltage** 

Minimum High Level 
Output Voltage 

Maximum Low Level 
Output Voltage 

Maximum Input 
Current 

Maximum Quiescent 
Supply Current 

V1N = V1H or V1L 
I lour I ::;; 20 µA 

v1N = v1H or V1L 
llourl ::;;4.0 mA 
I lour I ::;; 5.2 mA 

V1N=V1H or V1L 
llourl ::;;20 µA 

V1N = V1H or V1L 
l1ourl::;;4.0 mA 
llourl::;;5,2 mA 

V1N=Vee or GND 
lour=O µA 

2.0V 
4.5V 
6.0V 

2.0V 
4.5V 
6.0V 

2.0V 
4.5V 
6.0V 

Typ 

2.0 
4.5 
6.0 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 
5.9 

4.5V 4.2 3.98 
6.0V 5. 7 5.48 

2.0V 
4.5V 
6.0V 

0 
0 
0 

0.1 
0.1 
0.1 

4.5V 0.2 0.26 
6.0V 0.2 0.26 

6.0V ±0.1 

6.0V 8.0 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Guaranteed Limits 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 
5.9 

3.84 
5.34 

0.1 
0.1 
0.1 

0.33 
0.33 

±1.0 

80 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 
5.9 

3.7 
5.2 

0.1 
0.1 
0.1 

0.4 
0.4 

±1.0 

160 

v 
v 
v 
v 
v 
v 

v 
v 
v 

v 
v 

v 
v 
v 

v 
v 

µA 

µA 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mW /'C from 65'C to 85'C; ceramic "J" package: -12 mW /'C from 1 OO'C to 125'C. 

Note 4: For a power supply of 5V ± 10% the worst case output voltages (VOH· and Vol) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case V1H and V1L occur at Vee= 5.5V and 4.SV respectively. (The V1H value at 5.SV is 3.85V.) The worst case leakage current (l1N. 
Ice. and loz) occur for CMOS at the higher voltage and so the 6.0V values should be used . 

.. VIL limits are currently tested at 20% of Vee- The above V1L specification (30% of Vee) will be implemented no later than 01, CY'89. 
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3: 
AC Electrical Characteristics Vcc=5V,TA=25°c,cL=15pF,tr=t1=6ns 

3: 
U1 
.i:. 

Guaranteed :::c 
Symbol Parameter Conditions Typ 

Limit 
Units 0 

N 

tPLH Maximum Propagation Delay A, B or C to any Y Output 20 41 
w 

ns ....... ...... 
tPLH Maximum Propagation Delay A, B or C to any Y Output 16 32 ns 3: 
tPLH Maximum Propagation GL to any Y Output 22 44 ns 3: 

....... 
tPHL Maximum Propagation Delay GL to any Y Output 17 33 

.i:. 
ns :::c 

tPLH Maximum Propagation Delay G1 or G2 to Output 16 35 ns 0 
N 

tPHL Maximum Propagation Delay G1 or G2 to Output 14 25 
w 

ns ....... 

ts Minimum Set Up Time at A, B and C Inputs 10 20 ns 

tH Minimum Hold Time at A, B and C Inputs -3 0 ns 

tw Minimum Pulse Width of Enabling Pulse at GL 9 16 ns 

AC Electrical Characteristics CL= 50 pF, tr= t1=6 ns (unless otherwise specified) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee TA= - 40 to 85°C TA= -55to125°C Units 

Typ Guaranteed Limits 

tPLH Maximum Propagation 2.0V 100 235 296 350 ns 
Delay, A, B or C to any Y Output 4.5V 24 47 59 70 ns 

6.0V 20 40 50 60 ns 

tPLH Maximum Propagation 2.0V 80 185 233 276 ns 
Delay, A, B or C to any Y Output 4.5V 19 37 47 55 ns 

6.0V 17 31 40 47 ns 

tPLH Maximum Propagation 2.0V 125 250 315 373 ns 
GL to any Y Output 4.5V 25 50 63 75 ns 

6.0V 20 43 54 63 ns 

tPHL Maximum Propagation Delay 2.0V 95 190 239 283 ns 
GL to any Y Output 4.5V 19 38 48 75 ns 

6.0V 16 32 41 48 ns 

tpLH Maximum Propagation 2.0V 100 200 252 298 ns 
Delay, G1 or G2 to Output 4.5V 20 40 50 60 ns 

6.0V 17 34 43 51 ns 

tPHL Maximum Propagation 2.0V 73 145 183 216 ns 
Delay G1 or G2 to Output 4.5V 15 29 37 43 ns 

6.0V 12 25 31 37 ns 

ts Minimum Set Up Time 2.0V 100 125 150 ns 
at A, B and C Inputs 4.5V 20 25 30 ns 

6.0V 17 21 25 ns 

tH Minimum Hold Time 2.0V 0 0 0 ns 
at A, B and C Inputs 4.5V (j 0 0 ns 

6.0V 0 0 0 ns 

tw Minimum Pulse Width 2.0V 30 80 100 120 ns 
of Enabling Pulse at GL 4.5V 10 16 20 24 ns 

6.0V 9 14 18 20 ns 

trLH· trHL Maximum Output Rise 2.0V 30 75 95 110 ns 
and Fall Time 4.5V 8 15 19 22 ns 

6.0V 7. 13 16 19 ns 

Cpo Power Dissipation 75 pF 
Capacitance (Note 5) 

C1N Maximum Input 5 10 10 10 pF 
Capacitance 

Note 5: Cpo determines the no load dynamic power consumption, Po=Cpo Vcc2 f+ Ice Vee. and the no load dynamic current consumption, ls=Cpo Vee f+ Ice· 
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r::: 
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:c 
~ SELECT 
::& INPUTS 

::& 

Y5 

DATA 
OUTPUTS 

TL/F/5326-2 

Typical Application 

ITROIE--.... --------------
DECODER EWLE---+-------+-----

m---+-------+----~ 

X1---+------+---~ 

u---+-------+---

INPUT 
ADDRESS 

YO Y1 

G2 61 

HC237 

xa----...... -----.... --...... --------... ---+----------.... ---+-----
u---1---... -1----t-------... -1----t----------+---+----
u----+--..... -+--+----+----------+--+---+-------e-+-+--+----

G2 61 6L C B A 62 61 C B A or 01 

HC237 HC237 HC237 

YO Y1 Y2 Y3 Y• Y5 Y8 Y7 

1 11 1 1 1 1 

OUTPUTS 

6-Llne to 64-Llne Decoder with Input Address Storage 
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~National 
~Semiconductor 

MM54HC240/MM74HC240 
Inverting Octal TRI-STATE® Buffer 
MM54HC241/MM74HC241 Octal TRI-STATE Buffer 

General Description 
These TRI-STATE buffers utilize advanced silicon-gate 
CMOS technology. They possess high drive current outputs 
which enable high speed operation even when driving large 
bus capacitances. These circuits achieve speeds compara
ble to low power Schottky devices, while retaining the ad
vantage of CMOS circuitry, i.e., high noise immunity and low 
power consumption. Each has a fanout of 15 LS-TIL equiv
alent inputs. 

The MM54HC240/MM74HC240 is an inverting buffer and 
has two active low enables (1G and 2G). Each enable inde
pendently controls 4 buffers. MM54HC241/MM74HC241 is 
a non-inverting buffer that has one active low enable and 
one active high enable, each again controlling 4 buffers. 
Neither device has Schmitt trigger inputs. 

All inputs are protected from damage due to static dis
charge by diodes to Vee and ground. 

Connection Diagrams Dual-In-Line Packages 

1Y3 2A2 1Y4 2A1 

1G 1A1 2Y4 1A2 2Y3 1A3 2Y2 1A4 2Y1 GND 

TL/L/5020-1 

Top View 
Order Number MM54HC240/241• or MM74HC240/24P 

•p1ease look into Section B, Appendix D 
for availability of various package types. 

Truth Tables 
('HC240) 

1G 1A 1Y 2G 2A 2Y 

L L H L L H 
L H L L H L 
H L z H L z 
H H z H H z 

H=high level, L=low level, Z=high impedance 

Features 
• Typical propagation delay: 12 ns 
• TRI-STATE outputs for connection to system buses 
• Wide power supply range: 2-6V 
• Low quiescent supply current: 80 µA (7 4 Series) 
• Output current: 6 mA 

1G 1A1 2Y4 1A2 2Y3 1A3 2Y2 1A4 2Y1 GND 

TL/L/5020-2 

Top View 
Order Number MM54HC240/241• or MM74HC240/241• 

•Please look into Section B, Appendix D 
for availability of various package types. 

('HC241) 

1G 1A 1V 2G 2A 2Y 

L L L L L z 
L H H L H z 
H L z H L L 
H H z H H H 
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Absolute Maximum Ratings (Notes 1 & 2) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage (Vee) -0.5 to + 7.0V 

DC Input Voltage CViN) -1.5 to Vee+ 1.5V 

DC Output Voltage (Vour) 

Clamp Diode Current (l1K. loK) 

DC Output Current, per pin (lour) 

DC Vee or GND Current, per pin (Ice) 

Storage Temperature Range (T srn) 

Power Dissipation (Po) 
(Note3) 
S.O. Package only 

Lead Temp. (T tJ (Soldering 10 seconds) 

-o.5 toVcc+0.5V 

±20mA 

±35mA 

±70mA 

-65°C to + 150°C 

600mW 
500mW 

260°c 

DC Electrical Characteristics (Note 4) 

Operating Conditions 
Min Max 

Supply Voltage (Vee) 2 6 

DC Input or Output Voltage 0 Vee 
MN· Vour) 

Operating Temp. Range (T tJ 
MM74HC -40 +85 
MM54HC -55 + 125 

Input Rise or Fall Times 
(tr. t1) Vcc=2.0V 1000 

Vcc=4.5V 500 
Vcc=6.0V 400 

74HC 54HC 

Units 
v 
v 

·c 
·c 

ns 
ns 
ns 

Symbol Parameter Conditions 
TA =25°C 

Vee 1--~-.-~--'-T~A~=~--4_o_t_o_a_s
0

_c_.__T~A_=_-_s_s_t_o_1_2_s
0

_c-1 Units 

loz 

Ice 

Minimum High Level 
Input Voltage 

Maximum Low Level 

Input Voltage** 

Minimum High Level 
Output Voltage 

Maximum Low Level 

Output Voltage 

Maximum Input 

Current 

Maximum TRI-STATE 

Output Leakage 
Current 

Maximum Quiescent 
Supply Current 

V1N = V1H or V1L 
I lour I :o;; 20 µA 

V1N = V1H or V1L 
I lour I :o;; 6.0 mA 
l1ourl:o;;7.8 mA 

V1N = V1H or V1L 

llourl :o;;20 µA 

V1N = V1H or V1L 
llourl :o;;6.0 mA 

l1ourl:o;;7.8 mA 

V1N = V1H or V1L 
Vour=Vcc or GND 

G=V1H. G=V1L 

V1N=Vcc or GND 

lour=O µA 

2.0V 
4.5V 
6.0V 

2.0V 
4.5V 

6.0V 

Typ 

2.0V 2.0 
4.5V 4.5 

6.0V 6.0 

1.5 
3.15 
4.2 

0.5 
1.35 

1.8 

1.9 
4.4 
5.9 

4.5V 4.2 3.98 
6.0V 5.7 5.48 

2.0V 
4.5V 

6.0V 

0 
0 
0 

0.1 

0.1 
0.1 

4.5V 0.2 0.26 

6.0V 0.2 0.26 

6.0V ±0.1 

6.0V ±0.5 

6.0V 8.0 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: unless otherwise specified all voltages are referenced to ground. 

Guaranteed Limits 

1.5 
3.15 

4.2 

0.5 

1.35 
1.8 

1.9 

4.4 
5.9 

3.84 
5.34 

0.1 

0.1 
0.1 

0.33 
0.33 

± 1.0 

±5 

80 

1.5 
3.15 

4.2 

0.5 
1.35 

1.8 

1.9 

4.4 
5.9 

3.7 

5.2 

0.1 

0.1 
0.1 

0.4 
0.4 

±1.0 

±10 

160 

v 
v 
v 
v 
v 
v 

v 
v 
v 

v 
v 

v 
v 
v 

v 
v 

µA 

µA 

µA 

Note 3: Power Dissipation temperature derating-plastic"N" package: -12 mW/'Cfrom 65'C to 85'C; ceramic "J" package: -12 mW/'C from 100'C to 125'C. 

Note 4: For a power supply of 5V ± 10% the worst case output voltages (VOH· and VotJ occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case v1H and V1L occur at Vee= 5.5V and 4.5V respectively. (The V1H value at 5.5V is 3.85V.) The worst case leakage current (11N. 
Ice. and lozl occur for CMOS at the higher voltage and so the 6.0V values should be used. 

••v1L limits are currently tested at 20% of Vee. The above V1L specification (30% of Vee) will be implemented no later than 01, CY'89. 
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AC Electrical Characteristics MM54HC240/MM74HC240Vcc=5V, TA=25°C, tr=t1=6 ns 

Symbol Parameter Conditions Typ Guaranteed Limit Units 

tpHL• tPLH Maximum Propagation Delay CL =45 pF 12 18 ns 

tpzH, tpzL Maximum Enable Delay RL = 1 kn 14 28 ns 
to Active Output CL =45 pF 

tpHz, tpLZ Maximum Disable Delay RL= 1 kn 13 25 ns 
from Active Output CL =5 pF 

AC Electrical Characteristics MM54Hc2401MM74Hc240 

Vcc=2.0V to 6.0V, CL =50 pF, tr=t1=6 ns (unless otherwise specified) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee TA= - 40 to 85°C TA= - 55 to 125°C Units 

Typ Guaranteed Limits 

tPHL• tPLH Maximum Propagation CL =50 pF 2.0V 55 100 126 149 ns 
Delay CL =150 pF 2.0V 80 150 190 224 ns 

CL =50 pF 4.5V 12 20 25 30 ns 
CL =150 pF 4.5V 22 30 38 45 ns 

CL =50 pF 6.0V 11 17 21 25 ns 
CL =150 pF 6.0V 28 26 32 38 ns 

tpzH. tpzL Maximum Output Enable RL = 1 kn 
Time CL=50 pF 2.0V 75 150 189 224 ns 

CL =150 pF 2.0V 100 200 252 298 ns 

CL =50 pF 4.5V 15 30 38 45 ns 
CL =150 pF 4.5V 20 40 50 60 ns 

CL =50 pF 6.0V 13 26 32 38 ns 
CL =150 pF 6.0V 17 34 43 51 ns 

tpHz, tpLZ Maximum Output Disable RL = 1 kn 2.0V 75 150 189 224 ns 
Time CL=50 pF 4.5V 15 30 38 45 ns 

6.0V 13 26 32 38 ns 

trLH· trHL Maximum Output 2.0V 60 75 90 ns 
Rise and Fall Time 4.5V 12 15 18 ns 

6.0V 10 13 15 ns 

Cpo Power Dissipation (per buffer) 
Capacitance (Note 5) G=V1H 12 pF 

G=V1L 50 pF 

C1N Maximum Input Capacitance 5 10 10 10 pF 

Cour Maximum Output Capacitance 10 20 20 20 pF El 
I 
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AC Electrical Characteristics MM54HC241/MM74HC241 Vcc=5V, TA=25°C, tr=tt=6 ns 

Symbol Parameter Conditions 

tPHL• tPLH Maximum Propagation Delay CL =45 pF 

tpzH, tpzL Maximum Enable Delay to AL =1 k!l 1G 
Active Output CL =45 pF 2G 

tPHZ• tpLZ Maximum Disable Delay AL =1 k!l 1G 
from Active Input CL =5 pF 2G 

AC Electrical Characteristics MM54Hc2411MM14Hc241 

Vcc=2.0V to 6.0V, CL =50 pF, tr=tt=6 ns (unless otherwise specified) 

Symbol Parameter Conditions Vee 
TA=25°C 

Typ 

tpHL• tPLH Maximum Propagation CL =50pF 2.0V 58 115 
Delay CL =150 pF 2.0V 83 165 

CL =50 pF 4.5V 14 23 
CL= 150 pF 4.5V 17 33 

CL =50 pF 6.0V 10 20 
CL =150 pF 6.0V 14 28 

tpzH, tpzL Maximum Output Enable AL =1 k!l 
Time CL =50 pF 2.0V 75 150 

CL= 150 pF 2.0V 100 200 

CL =50 pF 4.5V 15 30 
CL =150 pF 4.5V 20 40 

CL =50 pF 6.0V 13 26 
CL =150 pF 6.0V 17 34 

tpHz, tpLZ Maximum Output Disable AL= 1 k!l 2.0V 75 150 
Time CL =50 pF 4.5V 15 30 

6.0V 13 26 

trLH· trHL Maximum Output 2.0V 60 
Rise and Fall Time 4.5V 12 

6.0V 10 

Cpo Power Dissipation (per buffer) 
Capacitance (Note 5) G=V1L1 G=V1H 12 

G=V1H1 G=V1L 50 

C1N Maximum Input Capacitance 5 10 

Cour Maximum Output Capacitance 10 20 

Typ Guaranteed Limit Units 

13 20 ns 

17 28 ns 

17 28 ns 

15 25 ns 

13 25 ns 

74HC 54HC 
TA= -40 to 85°C TA= -55 to 125•c Units 

Guaranteed Limits 

145 171 ns 
208 246 ns 

29 34 ns 
42 49 ns 

25 29 ns 
35 42 ns 

189 224 ns 
252 298 ns 

38 45 ns 
50 60 ns 

32 38 ns 
43 51 ns 

189 224 ns 
38 45 ns 
32 38 ns 

75 90 ns 
15 18 ns 
13 15 ns 

pF 
pF 

10 10 pF 

20 20. pF 

Note 5: Cpo determines the no load dynamic power consumption, Po=Cpo Vee2 f+lee Vee. and the no load dynamic current consumption, 
ls=Cpo Vee f+lee-
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~National 
~Semiconductor 

MM54HC242/MM74HC242 
Inverting Quad TRI-STATE® Transceiver 
MM54HC243/MM74HC243 Quad TRI-STATE Transceiver 

General Description 
These TRI-STATE bidirectional inverting and non-inverting 
buffers utilize advanced silicon-gate CMOS technology and 
are intended for two-way asynchronous communication be
tween data buses. They have high drive current outputs 
which enable high speed operation when driving large bus 
capacitances. These circuits possess the low power dissi
pation and high noise immunity associated with CMOS cir
cuits, but speeds comparable to low power Schottky TIL 
circuits. They can also drive 15 LS-TIL loads. 

The MM54HC243/MM74HC243 is a non-inverting buffer 
and the MM54HC242/MM74HC242 is an inverting buffer. 
Each device has one active high enable (GBA), and one 
active low enable (GAB). GBA enables the A outputs and 

Connection Diagrams 

Dual-In-Line Package 

Vee G8A NC 18 28 38 48 

1A 2A 3A 4A GND 
TL/L/5019-1 

Top View 
Order Number MM54HC242* or MM74HC242* 

GAB enables the B outputs. This device does not have 
Schmitt trigger inputs. 

All inputs are protected from damage due to static dis
charge by diodes to Vee and ground. 

Features 
• Typical propagation delay: 12 ns 
• TRI-STATE outputs 
• Two way asynchronous communication 
• High output current: 6 mA (7 4HC) 
• Wide power supply range: 2-6V 
• Low quiescent supply current: 80 µA (7 4HC) 

Dual-In-Line Package 

Vee G8A NC 18 28 38 48 

1A 2A 3A 4A GND 
TL/L/5019-2 

Top View 
Order Number MM54HC243* or MM74HC243* 

•Please look into Section B, Appendix D for availability of various package types. 

Truth Tables 
'HC242 'HC243 

Control Inputs Data Port Status Control Inputs Data Port Status 

GAB GBA A B GAB GBA A B 

H H OUTPUT Input H H OUTPUT Input 
L H Isolated Isolated L H Isolated Isolated 
H L Isolated Isolated H L Isolated Isolated 
L L Input OUTPUT L L Input OUTPUT 
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Absolute Maximum Ratings (Notes 1 & 2) 

If Miiitary/ Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for avallablllty and specifications. 

Supply Voltage (Vee) -0.5 to + 7.0V 

DC Input Voltage (V1N) -1.5 to Vee+ 1.5V 

DC Output Voltage (Vour) -0.5 to V cc+ 0.5V 

Clamp Diode Current (l1K. loK) 

DC Output Current, per pin (lour) 

DC Vee or GND Current, per pin (lee) 

Storage Temperature Range (T srn) 
Power Dissipation (Po) 

(Note 3) 
S.O. Package only 

Lead Temp. (Tu (Soldering 10 seconds) 

±20mA 

±35mA 

±70mA 

- 55•c to + 15o•c 

600mW 
500mW 

25o•c 

DC Electrical Characteristics (Note 4) 

Operating Conditions 
Min 

Supply Voltage (Vee) 2 
DC Input or Output Voltage 0 

(V1N. Vour) 
Operating Temp. Range (T Al 

MM74HC -40 
MM54HC -55 

Input Rise or Fall Times 
(tr,t1) Vcc=2.0V 

Vcc=4.5V 
Vcc=6.0V 

74HC 

Max Units 
6 v 

Vee v 

+85 ·c 
+125 ·c 

1000 ns 
500 ns 
400 ns 

54HC 

Symbol Parameter Conditions Vee 
Typ 

TA=-40toas·c TA=-55to12s·c Units 

Guaranteed Limits 

V1H Minimum High Level 
Input Voltage 

V1L Maximum Low Level 
Input Voltage•• 

VoH 

VOL 

l1N 

loz 

tee 

Minimum High Level 
Output Voltage 

Maximum Low Level 
Output Voltage 

Maximum Input 
Current 

Maximum TRI-STATE 
Output Leakage Current 

Maximum Quiescent 
Supply Current 

V1N = V1H or V1L 
ltourl~20 µA 

V1N=V1H orV1L 
ltourl~6.0 mA 
ltourl~7.8 mA 

V1N = V1H or V1L 
ilourl~20 µA 

V1N = V1H or V1L 
ilourl ~6.0 mA 
!tour! Q.8 mA 

V1N=VccorGND 

Vour=Vcc or GND 
GAB=V1H. GBA= V1L 

V1N=VccorGND 
lour=O µA 

2.0V 1.5 
4.5V 3.15 
6.0V 4.2 

2.0V 0.5 
4.5V 1.35 
6.0V 1.8 

2.0V 2.0 ·1.9 
4.5V 4.5 4.4 
6.0V 6.0 5.9 

4.5V 4.2 3.98 
6.0V 5.7 5.48 

2.0V 0 0.1 
4.5V 0 0.1 
6.0V 0 0.1 

4.5V 0.2 0.26 
6.0V 0.2 0.26 

6.0V ±0.1 

6.0V ±0.5 

6.0V 8.0 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

1.5 1.5 v 
3.15 3.15 v 
4.2 4.2 v 
0.5 0.5 v 
1.35 1.35 v 
1.8 1.8 v 

1.9 1.9 v 
4.4 4.4 v 
5.9 5.9 v 

3.84 3.7 v 
5.34 5.2 v 

0.1 0.1 v 
0.1 0.1 v 
0.1 0.1 v 

0.33 0.4 v 
0.33 0.4 v 
±1.0 ±1.0 µA 

±5.0 ±10 µA 

80 160 µA 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mW l°C from 65'C to 85'C; ceramic "J" package: -12 mW /'C from 1 OO'C to 125'C. 

Note 4: For a power supply of 5V ± 10% the worst case output voltages (VOH· and Vou occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case V1H and Vil occur at Vee= 5.5V and 4.5V respectively. (The V1H value at 5.5V is 3.85V.) The worst case leakage current (l1N. 
Ice. and loz) occur for CMOS at the higher voltage and so the 6.0V values should be used . 

.. VIL limits are currently tested at 20% of Vee- The above V1L specification (30% of Vee) will be implemented no later than 01, CY'B9. 
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C") 
oi::t' 
N AC Electrical Characteristics (MM54Hc2421MM74HC242) (.) 
::c Vcc=5V, TA=25°C, t,=tt=6 ns 
oi::t' ...... 

Symbol Parameter Conditions Typ Guaranteed Limit Units :!: 
:!: tpHL• tPLH Maximum Propagation Delay CL =45 pF 12 18 ns ....... 
C") 
oi::t' tpzH, tpzL Maximum Output Enable AL= 1k!l 17 28 ns 
N 
(.) Time to Active Output CL =45 pF 
::c 
oi::t' tpHz, tPHL Maximum Output Disable AL =1 k!l 15 25 ns 
Lt) 

:!: Time from Active Output CL =5 pF 

:!: 
....... 
N 
oi::t' AC Electrical Characteristics (MM54Hc2421MM74HC242, MM54HC24stMM74HC243) N 
(.) Vcc=2.0V to 6.0V, CL =50 pF, t,=tt=6 ns (unless otherwise specified) ::c 
oi::t' 74HC 54HC ...... 

TA=25°C :!: TA= - 40 to 85°C TA= -55 to 125•c 
:!: Symbol Parameter Conditions Vee Units 
....... Typ Guaranteed Limits N 
oi::t' 

tpHL• tPLH Maximum Propagation CL =50 pF 2.0V 55 100 126 149 N ns 
(.) 

Delay CL =150 pF 2.0V 80 150 190 224 ns ::c 
oi::t' 

CL =50 pF 4.5V 12 20 25 30 Lt) ns 
:!: CL =150 pF 4.5V 22 30 38 45 ns 
:!: 

CL =50 pF 6.0V 11 17 21 25 ns 
CL= 150 pF 6.0V 18 26 32 38 ns 

tpzH, tpzL Maximum Output Enable AL =1 k!l 
Time to Active Output CL =50 pF 2.0V 75 150 189 224 ns 

CL =150 pF 2.0V 100 200 252 298 ns 

CL =50 pF 4.5V 15 30 38 45 ns 
CL =150 pF 4.5V 30 40 50 60 ns 

CL =50 p~ 6.0V 13 26 32 38 ns 
CL= 150 pF 6.0V 17 34 43 51 ns 

tpHz, tpLz Maximum Output Disable AL =1 k!l 2.0V 75 150 189 224 ns 
Time from Active Output CL =50 pF 4.5V 15 30 38 45 ns 

6.0V 13 26 32 38 ns 

tTLH• trHL Maximum Output 2.0V 60 75 90 ns 
Rise and Fall 4.5V 12 15 18 ns 
Time 6.0V 10 13 15 ns 

Cpo Power Dissipation (per buffer) 
Capacitance (Note 5) Outputs Disabled 12 pF 

Outputs Enabled 50 pF 

CrN Maximum Input Capacitance 5 10 10 10 pF 

Cour Maximum Output Capacitance 10 20 20 20 pF 

Note 5: Cp0 determinesthe no load dynamic power consumption, Po=Cpo Vec2 f+lce Vee. and the no load dynamic current consumption, ls=Cpo Vee !+lee. 
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~National 
~Semiconductor 

MM54HC244/MM74HC244 
Octal TRI-STATE® Buffer 

General Description Features 
• Typical propagation delay: 14 ns These TRI-STATE buffers utilize advanced silicon-gate 

CMOS technology and are general purpose high speed non
inverting buffers. They possess high drive current outputs 
which enable high speed operation even when driving large 
bus capacitances. These circuits achieve speeds compara
ble to low power Schottky devices, while retaining the ad
vantage of CMOS circuitry, i.e., high noise immunity, and 
low power consumption. All three devices have a fanout of 
15 LS-TIL equivalent inputs. 

• TRI-STATE outputs for connection to system buses 
• Wide power supply range: 2-6V 
• Low quiescent supply current: 80 µA (7 4 Series) 
• Output current: 6 mA 

The MM54HC244/MM74HC244 is a non-inverting buffer 
and has two active low enables (1 G and 2G). Each enable 
independently controls 4 buffers. This device does not have 
Schmitt trigger inputs. 

All inputs are protected from damage due to static dis
charge by diodes to Vee and ground. 

Connection Diagram 
Dual-In-Line Package 

Vee 2G 1Y1 2A4 1Y2 2A3 1Y3 2A2 1Y4 2A 1 

1G 1A1 2Y4 1A2 2Y3 1A3 2Y2 1A4 2Y1 GNO 

Top View 

Order Number MM54HC244* or MM74HC244* 
*Please look into Section 8, Appendix D for availability of various package types. 

Truth Table 
'HC244 

1G 1A 1Y 2G 2A 2Y 

L L L L L L 
L H H L H H 
H L z H L z 
H H z H H z 

H = high level, L = low level, Z = high impedance 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
If Military/Aerospace specified devices are required, Min Max Units 
contact the National Semiconductor Sales Office/ Supply Voltage (Vee) 2 6 v 
Distributors for availability and specifications. DC Input or Output Voltage 0 Vee v 
Supply Voltage (Vee) -0.5 to+ 7.0V (V1N. Vour) 

DC Input Voltage (V1N) -1.5 to Vee+ 1.5V 
Operating Temp. Range (TA) 

MM74HC -40 +85 ·c 
DC Output Voltage (Vour) -0.5 to Vcc+0.5V MM54HC -55 +125 ·c 
Clamp Diode Current (l1K. loK) ±20mA Input Rise or Fall Times 
DC Output Current, per pin (lour) ±35mA (tr,t1) Vcc=2.0V 1000 ns 

DC Vee or GND Current, per pin (Ice) ±70mA Vcc=4.5V 500 ns 
Vcc=6.0V 400 ns 

Storage Temperature Range (Tsrn) - 65°C to + 15o•c 

Power Dissipation (Po) 
(Note3) 600mW 
S.O. Package only 500mW 

Lead Temperature (TL) 

(Soldering 10 seconds) 260°c 

DC Electrical Characteristics (Note 4) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee TA= - 40 to B5°C TA= -55 to 125°C Units 

Typ Guaranteed Limits 

V1H Minimum High Level 2.0V 1.5 1.5 1.5 v 
Input Voltage 4.5V 3.15 3.15 3.15 v 

6.0V 4.2 4.2 4.2 v 
V1L Maximum Low Level 2.0V 0.5 0.5 0.5 v 

Input Voltage•• 4.5V 1.35 1.35 1.35 v 
6.0V 1.8 1.8 1.8 v 

VoH Minimum High Level V1N = V1H or V1L 
Output Voltage l1ourl:5:20 µA 2.0V 2.0 1.9 1.9 1.9 v 

4.5V 4.5 4.4 4.4 4.4 v 
I 6.0V 6.0 5.9 5.9 5.9 v 

V1N=V1H orV1L v 
I lour I :5: 6.0 mA 4.5V 4.2 3.98 3.84 3.7 v 
llourl:5:7.8 mA 6.0V 5.7 5.48 5.34 5.2 v 

Vol Maximum Low Level V1N=V1H orV1L 
Output Voltage llourl:5:20 µA 2.0V 0 0.1 0.1 0.1 v 

4.5V 0 0.1 0.1 0.1 v 
6.0V 0 0.1 0.1 0.1 v 

V1N=V1H orV1L 
l1ourl:5:6.0 mA 4.5V 0.2 0.26 0.33 0.4 v 
ilourl :5:7.8 mA 6.0V 0.2 0.26 0.33 0.4 v 

l1N Maximum Input V1N=Vcc or GND 6.0V ±0.1 ±1.0 ±1.0 µA 
Current • I 

loz Maximum TRI-STATE V1N = V1H1 or V1L 6.0V ±0.5 ±5 ±10 µA 
Output Leakage Vour=Vcc or GND 
Current G=V1H 

Ice Maximum Quiescent V1N =Vee or GND 6.0V 8.0 80 160 µA 
Supply Current lour=O µA 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating- plastic "N" package: -12 mW/'C from 65'C to 85'C; ceramic "J" package: -12 mW/'C from 100'C to 125'C. 
Note 4: For a power supply of 5V ± 10% the worst case output voltages (VOH· and VmJ occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case V1H and Vil occur at Vcc=5.5V and 4.5V respectively. (The V1H value at 5.5V is 3.85V.) The worst case leakage current (l1N• Ice. and 
loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
•• V1L limits are currently tested at 20% of Vee. The above V1L specification (30% of Vee) will be implemented no later than 01, CY'89. 
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AC Electrical Characteristics MM54HC244tMM74HC244 

Vee=5V, TA=25°C, tr=t,=6 ns 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

tPHL• tPLH Maximum Propagation CL= 45 pF 14 20 ns 
Delay 

tpzH, tpzL Maximum Enable Delay AL= 1 kfi 17 28 ns 
to Active Output CL= 45 pF 

tPHZ• tpLz Maximum Disable Delay AL= 1 kn 15 25 ns 
from Active Output CL= 5 pF 

AC Electrical Characteristics Vee= 2.0V-6.0V, CL= 50 pF, tr= t, = 6 ns (unless otherwise specified) 

TA=25°c 
74HC 54HC 

Symbol Parameter Conditions Vee TA= -40to85°C TA= - 55 to 12s0 c Units 

Typ Guaranteed Limits 

tPHL• tPLH Maximum Propagation CL =50 pF 2.0V 58 115 145 171 ns 
Delay CL =150 pF 2.0V 83 165 208 246 ns 

CL =50 pF 4.5V 14 23 29 34 ns 
CL =150 pF 4.5V 17 33 42 49 ns 

CL =50 pF 6.0V 10 20 25 29 ns 
CL =150 pF 6.0V 14 28 35 42 ns 

tpzH, tpzL Maximum Output Enable AL =1 kn 
Time CL=50 pF 2.0V 75 150 189 224 ns 

CL =150 pF 2.0V 100 200 252 298 ns 

CL =50 pF 4.5V 15 30 38 45 ns 
CL=150 pF 4.5V 30 40 50 60 ns 

CL =50 pF 6.ov 13 26 32 38 ns 
CL =150 pF 6.0V 17 34 43 51 ns 

tpHz, tpLZ Maximum Output Disable AL =1 kn 2.0V 75 150 189 224 ns 
Time CL =50 pF 4.5V 15 30 38 45 ns 

6.0V 13 26 32 38 ns 

trLH· trHL Maximum Output 2.0V 60 75 90 ns 
Rise and Fall Time 4.5V 12 15 18 ns 

6.0V 10 13 15 ns 

Cpo Power Dissipation (per buffer) 
Capacitance (Note 5) G=V1H 12 pF 

G=V1L 50 pF 

C1N Maximum Input 5 10 10 10 pF 
Capacitance 

Cour Maximum Output 10 20 20 20 pF 
Capacitance 

Note 5: Cpo determines the no load dynamic power consumption, Po=Cpo Vec2 f+lee Vee. and the no load dynamic current consumption, ls=Cpo Veef+lce· 
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~National 
~Semiconductor 

MM54HC245A/MM74HC245A 
Octal TRI-STATE® Transceiver 

General Description 
This TRI-STATE bidirectional buffer utilizes advanced sili
con-gate CMOS technology, and is intended for two-way 
asynchronous communication between data buses. It has 
high drive current outputs which enable high speed opera
tion even when driving large bus capacitances. This circuit 
possesses the low power consumption and high noise im
munity usually associated with CMOS circuitry, yet has 
speeds comparable to low power Schottky TTL circuits. 

This device can drive up to 15 LS-TTL Loads, and does not 
have Schmitt trigger inputs. All inputs are protected from 
damage due to static discharge by diodes to Vee and 
ground. 

Features 
• Typical propagation delay: 13 ns 

• Wide power supply range: 2-6V 
This device has an active low enable input G and a direction 
control input, DIR. When DIR is high, data flows from the A 
inputs to the B outputs. When DIR is low, data flows from 
the B inputs to the A outputs. The MM54HC245A/ 
MM74HC245A transfers true data from one bus to the oth
er. 

• Low quiescent current: 80 µA maximum (7 4 HC) 
• TRI-STATE outputs for connection to bus oriented 

systems 

• High output drive: 6 mA (minimum) 

• Same as the '645 

Connection Diagram 

Truth Table 

Dual-In-Line Package 
ENABLE 

Vee G B1 B2 B3 B4 BS B6 B7 BS 

DIR A1 A2 A3 A4 AS A6 A7 AS GND 

Top View 

Order Number MM54HC245A* or MM74HC245A* 
•Please look into Section 8, Appendix D for availability of various package types. 

Control 
Inputs Operation 

G DIR 

L L B data to A bus 

L H A data to B bus 
H x Isolation 

H = high level, L = low level, X = irrelevant 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
If Military/Aerospace specified devices are required, Min Max Units 
contact the National Semiconductor Sales Office/ Supply Voltage (Vee) 2 6 v 
Distributors for availability and specifications. 

DC Input or Output Voltage 
Supply Voltage (Vee) -0.5 to+ 7.0V 

(V1N. Vour) 0 Vee v 
DC Input Voltage DIR and G pins (V1N) -1.5 to Vee+ 1.5V 

Operating Temp. Range (TA) 
DC Input/Output Voltage (V1N. Vour) -0.5 to Vee+0.5V MM74HC -40 +85 ·c 
Clamp Diode Current (leo) ±20mA MM54HC -55 +125 ·c 
DC Output Current, per pin (lour) ±35mA 

Input Rise/Fall Times 
DC Vee or GND Current, per pin (Ice) ±70mA (tr,t1) Vee=2.0V 1000 ns 
Storage Temperature Range (T srn) - 65°C to + 15o•c Vec=4.5V 500 ns 
Power Dissipation (Po) Vce=6.0V 400 ns 

(Note 3) 600mW 
S.O. Package only 500mW 

Lead Temp. (TL) (Soldering 10 seconds) 260°c 

DC Electrical Characteristics (Note 4) 

TA=25°c 
74HC 54HC 

Symbol Parameter Conditions Vee TA= - 40 to 85°C TA= -55 to 125°C Units 

Typ Guaranteed Limits 

V1H Minimum High Level Input 2.0V 1.5 1.5 1.5 v 
Voltage 4.5V 3.15 3.15 3.15 v 

6.0V 4.2 4.2 4.2 v 
V1L Maximum Low Level Input 2.0V 0.5 0.5 0.5 v 

Voltage•• 4.5V 1.35 1.35 1.35 v 
6.0V 1.8 1.8 1.8 v 

VoH Minimum High Level Output V1N = V1H or V1L 
Voltage I lour I ~ 20 µA 2.0V 2.0 1.9 1.9 1.9 v 

4.5V 4.5 4.4 4.4 4.4 v 
6.0V 6.0 5.9 5.9 5.9 v 

V1N = V1H or V1L 
l1ourl~6.0 mA 4.5V 4.2 3.98 3.84' 3.7 v 
llourl~7.8 mA 6.0V 5.7 5.48 5.34 5.2 v 

VoL Maximum Low Level Output V1N = V1H or V1L . 
Voltage I lour I ~ 20 µA 2.0V 0 0.1 0.1 0.1 v 

4.5V 0 0.1 0.1 0.1 v 
6.0V 0 0.1 0.1 0;1 v 

V1N = V1H or V1L 
l1ourl~6.0 mA 4.5V 0.2 0.26 0.33 0.4 v 
llourlQ.8mA 6.0V 0.2 0.26 0.33 0.4 v 

l1N Input Leakage V1N =Vee to GND 6.0V ±0.1 ±1.0 ±1.0 µA 
Current (G and DIR) 

loz Maximum TRI-STATE Output Vour=Vee or GND 6.0V ±0.5 ±5.0 ±10 µA 
Leakage Current Enable G = V1H 

Ice Maximum Quiescent Supply V1N =Vee or GND 6.0V 8.0 80 160 µA 
Current lour=O µA 

Note 1: Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mW /°C from 65°C to 85°C; ceramic "J" package: -12 mW /'C from 1 oo·c to 125°C. 
Note 4: For a power supply of 5V ± 10% the worst case output voltages (VOH• and Vot) occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case V1H and V1L occur at Vee=5.5Vand 4.5V respectively. (The V1H value at 5.5V is 3.85V.) The worst case leakage current (l1N. lee. and 
loz) occur for CMOS at the higher voltage and so the 6.0V values should be used . 
.. VIL limits are currently tested at 20% of Vee- The above V1L specification (30%) of Vee) will be implemented no later than 01, CY'89. 0 = V1L· 
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AC Electrical Characteristics Vcc=5V, TA=25°C, tr=tt=6 ns 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

tPHL• tPLH Maximum Propagation Delay CL= 45 pF 12 17 ns 

tpzH, tpzL Maximum Output Enable Time RL = 1 kn 24 35 ns 
CL= 45 pF 

tpHz, tpLz Maximum Output Disable Time RL = 1 kn 18 25 ns 
CL= 5 pF 

AC Electrical Characteristics Vcc=2.0V to 6.0V, CL =50 pF, tr=tt=6 ns (unless otherwise specified) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee TA= - 40 to 85°C TA= -55to125°C Units 

Typ Guaranteed Limits 

tPHL• Maximum Propagation Delay CL= 50 pF 2.0V 31 90 113 135 ns 

tPLH CL= 150 pF 2.0V 41 96 116 128 ns 

CL= 50 pF 4.5V 13 18 23 27 ns 
CL= 150 pF 4.5V 17 22 28 33 ns 

CL= 50 pF 6.0V 11 15 19 23 ns 
CL= 150 pF 6.0V 14 19 23 28 ns 

tpzH, Maximum Output Enable RL = 1 kn 
tpzL Time CL= 50 pF 2.0V 71 190 240 285 ns 

CL= 150 pF 2.0V 81 240 300 360 ns 

CL= 50 pF 4.5V 26 38 48 57 ns 
CL= 150 pF 4.5V 31 48 60 72 ns 

CL= 50 pF 6.0V 21 32 41 48 ns 
CL= 150 pF 6.0V 25 41 51 61 ns 

tpHz, Maximum Output Disable RL = 1 kn 2.0V 39 135 169 203 ns 

tpLz Time CL= 50 pF 4.5V 20 27 34 41 ns 
6.0V 18 23 29 34 ns 

tTLH• tTHL Output Rise and Fall Time CL =50 pF 2.0V 20 60 75 90 ns 
4.5V 6 12 15 18 ns 
6.0V 5 10 13 15 ns 

Cpo Power Dissipation G= V1L 50 pF 
Capacitance (Note 5) G= V1H 5 pF 

C1N Maximum Input Capacitance 5 10 10 10 pF 

C1N/OUT Maximum Input/Output 15 20 20 20 pF 
Capacitance, A or B 

Note 5: Cpo determines the no load dynamic power consumption, Po= Cpo V cc2 f + Ice V cc. and the no load dynamic current consumption, Is= Cpo V cc f + Ice-
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~National 
~Semiconductor 

MM54HC251/MM74HC251 
8-Channel TRI-STATE® Multiplexer 
General Description 
This 8-channel digital multiplexer with TRI-STATE outputs 
utilizes advanced silicon-gate CMOS technology; Along with 
the high noise immunity and low power consumption of 
standard CMOS integrated circuits, it possesses the ability 
to drive 1 O LS-TTL loads. The large output drive capability 
and TRI-STATE feature make this part ideally suited for in
terfacing with bus lines in a bus oriented system. 

This multiplexer features both true (Y) and complement (W) 
outputs as well as a STROBE input. The STROBE must be 
at a low logic level to enable this device. When the STROBE 
input is high, both outputs are in the high impedance state. 
When enabled, address information on the data select in
puts determines which data input is routed to the Y and W 

Connection and Logic Diagrams 
Dual-in-Line Package 

DATA INPUTS DATA SELECT 

Vee 4 5 6 A B c 

D4 DS D6 D7 A B 

D3 c 

D2 D1 DO Y w s 

2 3 4 5 8 

3 2 0 Y W STROBE GND --DATA INPUTS OUTPUTS TL/F/5328-1 

Top View 

Order Number MM54HC251 *or MM74HC251* 

outputs. The 54HC/74HC logic family is speed, function, as 
well as pinout compatible with the standard 54LS/74LS log
ic family. All inputs are protected from damage due to static 
discharge by internal diode clamps to Vee and ground. 

Features 
• Typical propagation delay 

Data select to Y: 26 ns 
• Wide supply range: 2-6V 
• Low power supply quiescent current: 80 µA maximum 

(74HC) 
• TRI-ST ATE outputs for interface to bus oriented 

systems 

Truth Table 

Inputs Outputs 

Select 
Strobe y w 

c B A s 
x x x H z z 
L L L L DO DO 
L L H L D1 D1 
L H L L D2 D2 
L H H L D3 D3 
H L L L D4 D4 
H L H L D5 D5 
H H L L D6 D6 
H H H L D7 D7 

H = high logic level, L = logic level 

X = irrelevant, Z = high impedance (off) 

DO, 01 . . . 07 = the level of the respective D input 

•Please look into Section 8, Appendix D for availability of various package types. 

TL/F/5328-2 
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Absolute Maximum Ratings (Notes 1 & 2) 

If Military I Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage (Vee) -0.5 to + 7.0V 

DC Input Voltage (V1N) -1.5 to Vee+ 1.5V 

DC Output Voltage (Vour) -0.5 to Vee+ 0.5V 

Clamp Diode Current (l1K. loK) 

DC Output Current, per pin (lour) 

DC Vee or GND Current, per pin (Ice) 

Storage Temperature Range (T srn) 

Power Dissipation (Po) 
(Note3) 
S.O. Package only 

Lead Temp. (TL.) (Soldering 10 seconds) 

±20mA 

±25mA 

±50mA 

- 65°C to + 15o·c 

600mW 
500mW 

260°c 

DC Electrical Characteristics (Note 4) 

Operating Conditions 
Min 

Supply Voltage (Vee) 2 

DC Input or Output Voltage 0 

MN· Vour) 
Operating Temp. Range (TA) 

MM74HC -40 
MM54HC -55 

Input Rise or Fall Times 
(tr. t1) Vcc=2.0V 

Vcc=4.5V 
Vcc=6.0V 

Max 
6 

Vee 

+85 
+125 

1000 
500 
400 

74HC 54HC 

Units 
v 
v 

·c 
·c 

ns 
ns 
ns 

Symbol Parameter Conditions Vee TA= -40 to 85°C TA= -55 to 125°C Units 

VoH 

loz 

Ice 

Minimum High Level 
Input Voltage 

Maximum Low Level 
Input Voltage** 

Minimum High Level 
Output Voltage 

Maximum Low Level 
Output Voltage 

Maximum Input 
Current 

Maximum TRI
STATE Leakage 
Current 

Maximum Quiescent 
Supply Current 

V1N = V1H or V1L 
llourl ::;:20 µA 

V1N = V1H or V1L 
I lour I :::;: 4.0 mA 
I lour I :::;: 5.2 mA 

V1N = V1H or V1L 
liourl::;:20 µA 

V1N = V1H or V1L 
I lour I :::;: 4.0 mA 
I lour I :::;: 5.2 mA 

V1N=Vcc or GND 

Strobe=Vcc 

Vour=VccorGND 

V1N =Vee or GND 
lour=O µA 

2.0V 
4.5V 
6.0V 

2.0V 
4.5V 
6.0V 

2.0V 

Typ 

2.0 
4.5V 4.5 
6.0V 6.0 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 
5.9 

4.5V 4.2 3.98 
6.0V 5. 7 5.48 

2.0V 
4.5V 
6.0V 

0 
0 
0 

0.1 
0.1 
0.1 

4.5V 0.2 0.26 
6.0V 0.2 0.26 

6.0V ±0.1 

6.0V ±0.5 

6.0V 8.0 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Guaranteed Limits 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 
5.9 

3.84 
5.34 

0.1 
0.1 
0.1 

0.33 
0.33 

±1.0 

±5 

80 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 
5.9 

3.7 
5.2 

0.1 
0.1 
0.1 

0.4 
0.4 

±1.0 

±10 

160 

v 
v 
v 
v 
v 
v 

v 
v 
v 

v 
v 

v 
v 
v 

v 
v 

µA 

µA 

µA 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mW/'C from 65°C to 85'C; ceramic "J" package: -12 mW/'C from 100'C to 125'C. 

Note 4: For a power supply of 5V ± 10% the worst case output voltages (VoH. and VoLl occur for HG at 4.5V. Thus the 4.5V values should be used when designing with 
this supply. Worst case V1H and V1L occur at Vee= 5.5V and 4.5V respectively. (The V1H value at 5.5V is 3.85V.) The worst case leakage current (l1N. Ice. and loz) occur for 
CMOS at the higher voltage and so the 6.0V values should be used . 

.. VIL limits are currently tested at 20% of Vee. The above V1L specification (30% of Vee) will be implemented no later than 01, CY'89. 
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AC Electrical Characteristics Vcc=5V, TA=25°C, CL =15 pF, tr=t,=6 ns 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

tPHL• tPLH Maximum Propagation Delay 26 35 ns 
A, B orCto Y 

tPHL• tPLH Maximum Propagation 27 35 ns 
Delay, A, B or C to W 

tPHL• tPLH Maximum Propagation 22 29 ns 
Delay, Any D to Y 

tPHL• tPLH Maximum Propagation 24 32 ns 
Delay, Any D to W 

tpzH. tpzL Maximum Output Enable RL =1 kn 19 27 ns 
Time, W Output CL =50 pF 

tpzH, tpzL Maximum Output Enable RL =1 kn 19 26 ns 
Time, Y Output CL =50 pF 

tpHz, tpLZ Maximum Output Disable Time RL =1 kn 26 40 ns 
WOutput CL =5 pF 

tpHz, tpLZ Maximum Output Disable Time RL =1 kn 27 35 ns 
YOutput CL =5 pF 

AC Electrical Characteristics CL =50 pF, tr=t,=6 ns (unless otherwise specified) 

TA=2s·c 
74HC 54HC 

Symbol Parameter Conditions Vee TA= -40 to ss·c TA= -ss to 12s·c Units 

Typ Guaranteed Limits 

tPHL• tPLH Maximum Propagation Delay 2.0V 90 205 256 300 ns 
A, B orCto Y 4.5V 31 41 51 60 ns 

6.0V 26 35 44 51 ns 

tPHL• tPLH Maximum Propagation 2.0V 95 205 256 300 ns 
Delay, A, B or C to W 4.5V 32 41 51 60 ns 

6.0V 27 35 44 51 ns 

tPHL• tPLH Maximum Propagation 2.0V 70 195 244 283 ns 
Delay, any D to Y 4.5V 27 39 49 57 ns 

6.0V 23 33 41 48 ns 

tPHL• tPLH Maximum Propagation 2.0V 75 185 231 268 ns 
Delay, any D to W 4.5V 29 37 46 54 ns 

6.0V 25 32 40 46 ns 

tpzH, tpzL Maximum Output Enable Time RL =1 kn 2.0V 45 150 188 218 ns 
WOutput 4.5V 21 30 38 44 ns 

6.0V 18 26 33 38 ns 

tpzH, tpzL Maximum Output Enable Time RL =1 kn 2.0V 45 145 181 210 ns 
Y Output 4.5V 21 29 36 42 ns 

6.0V 18 25 31 36 ns 

tpHz, tpLZ Maximum Output Disable Time RL =1 kn 2.0V 60 220 275 319 ns 
WOutput 4.5V 29 44 55 64 ns 

6.0V 25 37 46 54 ns 

tpHz, tpLZ Maximum Output Disable Time RL =1 kn 2.0V 60 195 244 283 ns 
Y Output 4.5V 30 39 49 57 ns 

6.0V 26 33 41 48 ns 

trHL· trLH Maximum Output Rise 2.0V 30 75 95 110 ns 
and Fall Time 4.5V 8 15 19 22 ns 

6.0V 7 13 16 19 ns 

Cpo Power Dissipation (per package) 110 pF 
Capacitance (Note 5) 

C1N Maximum Input 5 10 10 10 pF 
Capacitance 

Note 5: Cpo determines the no load dynamic power consumption, Po=Cpo Vcc2- I+ Ice Vee. and the no load dynamic current consumption, ls=Cpo Vee I+ Ice· 
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~National 
a Semiconductor 
MM54HC253/MM7 4HC253 
Dual 4-Channel TRI-STATE® Multiplexer 

General Description 
The MM54HC253/MM74HC253 utilizes advanced silicon
gate CMOS technology to achieve the low power consump
tion and high noise immunity of standard CMOS integrated 
circuits, along with the capability to drive 10 LS-TTL loads. 
The large output drive and TRI-STATE features of this de
vice make it ideally suited for interfacing with bus lines in 
bus organized systems. When the output control input is 
taken high, the multiplexer outputs are sent into a high im
pedance state. 

The 54HC/74HC logic family is functionally and pinout com
patible with the standard 54LS/74LS logic family. All inputs 
are protected from damage due to static discharge by inter
nal diode clamps to Vee and ground. 

Features 
• Typical propagation delay: 24 ns 
• Wide power supply range: 2V-6V 

When the output control is held low, the associated multi
plexer chooses the correct output channel for the given in
put signals determined by the select A and B inputs. 

• Low quiescent current: 80 µA maximum (74HC Series) 
• Low input current: 1 µA maximum 
• Fanout of 10 LS-TTL loads 

Connection Diagram 
Dual-In-Line Package 

OUTPUT DATA INPUTS 
CONTROL A OUTPUT 

Vee 26 SELECT 2C2 2C1 2CD 2Y 

16 15 13 12 11 10 

B ii A A 

B ii A A 

OUTPUT B 1C3 1C2 1C1 1 CD OUTPUT GND 
CONTROL SELECT 

16 
'------..-------J lY 

DATA INPUTS 
TOP VIEW 

Order Number MM54HC253* or MM74HC253* 
TL/F/5108-1 

•Please look into Section 8, Appendix D for availability of various package types. 

Truth Table 
Select Data Inputs Output Output 
Inputs Control 

B A co C1 C2 C3 G v 
x x x x x x H z 
L L L x x x L L 
L L H x x x L H 
L H x L x x L L 
L H x H x x L H 
H L x x L x L L 
H L x x H x L H 
H H x x x L L L 
H H x x x H L H 

Select inputs A and B are common to both sections. 

H = high level, L = low level, X = irrelevant, Z = high impedance (off). 
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Absolute Maximum Ratings (Notes 1 & 2) 

If Miiitary/Aerospace specified devices are required, 
contact the Natlonal Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage (Vee) -0.5 to + 7.0V 

DC Input Voltage MN) -1.5 to Vee+ 1.5V 

DC Output Voltage (Vour) 

Clamp Diode Current (l1K. loK) 

DC Output Current, per pin (lour) 

DC Vee or GND Current, per pin (Ice) 

Storage Temperature Range (Tsm) 

Power Dissipation (Po) 
(Note3) 
S.O. Package only 

Lead Temperature (TL) 
(Soldering 10 seconds) 

-0.5 to Vcc+0.5V 

±20mA 

±25mA 

±50mA 

- 65°C to + 150°C 

600mW 
500mW 

260°C 

DC Electrical Characteristics (Note 4) 

Operating Conditions 
Min 

Supply Voltage (Vee) 2 

DC Input or Output Voltage 0 

MN. Vour) 

Operating Temp. Range (TA) 
MM74HC -40 
MM54HC -55 

Input Rise or Fall Times 

<tr. tt) Vcc=2.0V 
Vcc=4.5V 
Vcc=6.0V 

Max 
·6 

Vee 

+85 
+125 

1000 
500 
400 

74HC 54HC 

Units 
v 
v 

oc 
oc 

ns 
ns 
ns 

Symbol Parameter. Conditions Vee TA=-40to85°C TA=-55to125°C Units 

loz 

Ice 

Minimum High Level 
Input Voltage 

Maximum Low Level 
Input Voltage** 

Minimum High Level 
Output Voltage 

Maximum Low Level 
Output Voltage 

Maximum Input 
Current 

Maximum TRI-STATE 
Output Leakage 
Current 

Maximum Quiescent 
Supply Current 

V1N = V1H or V1L 
liourl~20 µA 

V1N = V1H or V1L 
l1ourl~4.0 mA 
I lour I~ 5.2 mA 

V1N=V1H orV1L 
I lour I ~ 20 µA 

V1N = V1H or V1L 
l1ourl~4.0 mA 
I lour I ~ 5.2 mA 

V1N =Vee or GND 

Strobe=Vcc 

Vour=VccorGND 

V1N=Vcc or GND 
lour=O µA 

2.0V 
4.5V 
6.0V 

2.0V 
4.5V 
6.0V 

Typ 

2.0V 2.0 
4.5V 4.5 
6.0V 6.0 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 
5.9 

4.5V 4.2 3.98 
6.0V 5. 7 5.48 

2.0V 
4.5V 
6.0V 

0 
0 
0 

0.1 
0.1 
0.1 

4.5V 0.2 0.26 
6.0V 0.2 0.26 

6.0V ±0.1 

6.0V ±0.5 

6.0V 8.0 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Guaranteed Limits 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 
5.9 

3.84 
5.34 

0.1 
0.1 
0.1 

0.33 
0.33 

±1.0 

±5.0 

80 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 
5.9 

3.7 
5.2 

0.1 
0.1 
0.1 

0.4 
0.4 

±1.0 

±10 

160 

v 
v 
v 
v 
v 
v 

v 
v 
v 

v 
v 

v 
v 
v 

v 
v 

µA 

µA 

µA 

Note 3: Power Dissipation temperature derating-plastic "N" package: -12 mWl°C from 65°Cto 85°C; ceramic "J" package: -12 mWl°C from 1oo·c to 125°C. 

Note 4: For a power supply of 5V ± 10% the worst case output voltages {VoH. and Vou occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case V1H and V1L occur at Vee= 5.5V and 4.5V respectively. {The v1H value at 5.5V is 3.85V.) The worst case leakage current (11N, Ice. and 
loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 

•• V1L limits are currently tested at 20% of Vee· The above V1L specification (30% of Vee) will be implemented no later than 01, CY'89. 
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AC Electrical Characteristics Vcc=5V, TA=25°C, tr=t1=6 ns, CL= 15 pF 

Symbol Parameter Conditions Typ Guaranteed Limit Units 

tPHL• tpLH Maximum Propagation 24 30 ns 
Delay, Select A or B to Y 

tPHL• tPLH Maximum Propagation 18 23 ns 
Delay, any Data to Y 

tpzH, tpzL Maximum Output Enable Time AL =1 kn 13 18 ns 
Y Output to a Logic Level 

tpHz, tpLz Maximum Output Disable Time AL =1 kn 18 27 ns 
Y Output to High Impedance State 

AC Electrical Characteristics CL =50 pF, tr=t1=6 ns (unless otherwise specified) 

TA=2s·c 
74HC 54HC 

Symbol Parameter Conditions Vee TA= -40 to es·c TA= -ssto 12s·c Units 

Typ Guaranteed Limits 

tpHL• tPLH Maximum Propagation 2.0V 131 158 198 237 ns 
Delay, Select A or B to Y 4.5V 29 35 44 53 ns 

6.0V 24 30 38 45 ns 

tPHL• tPLH Maximum Propagation 2.0V 99 126 158 189 ns 
Delay, any Data to Y 4.5V 22 28 35 42 ns 

6.0V 19 23 29 35 ns 

tpzH, tpzL Maximum Output Enable Time AL =1 kn 2.0V 63 90 113 135 ns 
4.5V 14 20 25 30 ns 
6.0V 12 17 21 26 ns 

tPHZ• tpLz Maximum Output Disable Time AL =1 kn 2.0V 90 135 169 203 ns 
4.5V 20 30 38 45 ns 
6.0V 17 25 31 38 ns 

trHL· trLH Maximum Output Rise 2.0V 30 75 95 110 ns 
and Fall Time 4.5V 8 15 19 22 ns 

6.0V 7 13 16 19 ns 

C1N Maximum Input Capacitance 5 10 10 10 pF 

Cpo Power Dissipation (per package) 
Capacitance (Note 5) Outputs Enabled 90 pF 

Outputs Disabled 25 pF 

Note 5: Cpo determines the no load dynamic power consumption, Po= Cpo V cc2 I+ Ice V cc. and the no load dynamic current consumption, Is= Cpo V cc I+ Ice-

Logic Diagram 

OUTPUT 
CONTROL 

1Q 
Vee 

["' t" 1C2 

DATAI 

1C1 

1CD 

r 2C2 

DATAZ 

2c1 

2CO 

·={. 
TL/F/5108-2 
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'?'A National 
~Semiconductor 

MM54HC257 /MM74HC257 
Quad 2-Channel TRI-STATE® Multiplexer 

General Description 
This QUAD 2-T0-1 line data selector/multiplexer utilizes ad
vanced silicon-gate CMOS technology. Along with the high 
noise immunity and low power dissipation of standard 
CMOS integrated circuits, it possesses the ability to drive up 
to 15 LS-TTL loads. The large output drive capability cou
pled with the TRI-STATE feature make this device ideal for 
interfacing with bus lines in a bus organized system. When 
the OUTPUT CONTROL input line is taken high, the outputs 
of all four multiplexers are sent into a high impedance state. 
When the OUTPUT CONTROL line is low, the SELECT in
put chooses whether the A or B input is used. 

Connection and Logic Diagrams 

Dual-In-Line Package 
. INPUTS INPUTS 

OUTPUT --.. OUTPUT OUTPUT 
Vee CONTROL 4A 48 4Y 3A 38 3Y 

16 15 14 13 12 11 10 

4A 48 4Y 3A 38 

3Y 

1A 18 1Y 2A 28 2Y 

SELECT 1A 18 1Y 2A 28 2Y GND 
OUTPUT ..__.. OUTPUT 

INPUTS INPUTS 

TL/F/5329-1 

Top View 

Order Number MM54HC257* or MM74HC257* 

The 54HC/7 4HC logic family is speed, function, and pin-out 
compatible with the standard 54LS/74LS logic family. All 
inputs are protected from damage due to static discharge by 
internal diode clamps to Vee and ground. 

Features 
• Typical propagation delay: 12 ns 
• Wide power supply range: 2V-6V 
• Low quiescent current: 80 µA maximum (7 4HC Series) 
• TRI-STATE outputs for connection to system buses. 

OUTPUT(15) 
CONTROL(2) 

1A 

18 (3) 

2A 
(5) 

28 
(6) 

3A 
(11) 

38 
(10) 

4A 
(14) 

48 
(13) 

TL/F/5329-2 
•Please look into Section 8, Appendix D for availability of various package types. 

Truth Table 
Inputs 

Output 
Select A B Output Y 

Control 

H x x x z 
L L L x L 

L L H x H 
L H x L L 
L H x H H 

H = high level, L = low level. X = irrelevant, Z = high impedance, (off) 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
If Military/Aerospace specified devices are required, Min Max 
contact the National Semiconductor Sales Office/ Supply Voltage (Vee) 2 6 
Distributors for availability and specifications. DC Input or Output Voltage 0 Vee 
Supply Voltage (Vee) -0.5 to + 7.0V (V1N. Vour) 

DC Input Voltage MN) -1.5 to Vee+ 1.5V Operating Temp. Range (TA) 

DC Output Voltage (Vour) -0.5 to Vcc+0.5V MM74HC -40 +85 
MM54HC -55 +125 Clamp Diode Current (l1K. loK) ±20mA 

DC Output Current, per pin (lour) ±35mA 
Input Rise or Fall Times 

(tr,t1) Vcc=2.0V 1000 
DC Vee or GND Current, per pin (Ice) ±70mA · Vcc=4.5V 500 
Storage Temperature Range (T sTG) -65°C to + 150°C Vcc=6.0V 400 

Power Dissipation (Po) 
(Note3) 600mW 
S.O. Package only 500mW 

Lead Temp. (Tu (Soldering 10 seconds) 260°C 

DC Electrical Characteristics (Note 4) 

74HC 54HC 

Symbol Parameter Conditions Vee 
TA=25°C 

TA= -40 to 85°C TA= - 55 to 12s0c 
Typ 

V1H Minimum High Level 2.0V 1.5 
Input Voltage 4.5V 3.15 

6.0V 4.2 

V1L Maximum Low Level 2.0V 0.5 
Input Voltage•• 4.5V 1.35 

6.0V 1.8 

VoH Minimum High Level V1N = V1H or V1L 
Output Voltage llourl:::::20 µA 2.0V 2.0 1.9 

4.5V 4.5 4.4 
6.0V 6.0 5.9 

V1N = V1H or V1L 
llourl :::::6.0 mA 4.5V 4.2 3.98 

llourl:::::?.8 mA 6.0V 5.7 5.48 

VoL Maximum Low Level V1N = V1H or V1L 
Output Voltage llourl:::::20 µA 2.0V 0 0.1 

4.5V 0 0.1 

6.0V 0 0.1 

V1N = V1H or V1L 
llourl :::::6.0 mA 4.5V 0.2 0.26 

ilourl:::::7.8mA 6.0V 0.2 0.26 

l1N Maximum Input V1N =Vee or GND 6.0V ±0.1 
Current 

loz Maximum TRI-ST ATE Vour=Vcc or GND 6.0V ±0.5 
Output Leakage OC=V1H 

Ice Maximum Quiescent V1N=VccorGND 6.0V 8.0 
Supply Current lour=O µA 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Guaranteed Limits 

1.5 1.5 
3.15 3.15 

4.2 4.2 

0.5 0.5 

1.35 1.35 
1.8 1.8 

1.9 1.9 

4.4 4.4 

5.9 5.9 

3.84 3.7 
5.34 5.2 

0.1 0.1 
0.1 0.1 
0.1 0.1 

0.33 0.4 

0.33 0.4 

±1.0 ±1.0 

±5.0 ±10 

80 160 

Units 
v 
v 

oc 
oc 

ns 
ns 
ns 

Units 

v 
v 
v 
v 
v 
v 

v 
v 
v 

v 
v 

v 
v 
v 

v 
v 

µA 

µA 

µA 

Note 3: Power Dissipation temperature derating-plastic "N" package: -12 mW/'C from 65°C to 85°C; ceramic "J" package: -12 mW/'C from 1oo·c to 125°C. 

Note 4: For a power supply of 5V ± 10% the worst case output voltages (VOH· and Vot) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case V1H and V1L occur at Vee= 5.5V and 4.5V respectively. (The V1H value at 5.5V is 3.85V.) The worst case leakage current (llN· 
Ice. and loz) occur for CMOS at the higher voltage and so the 6.0V values should be used . 

.. VIL limits are currently tested at 20% of Vee· The above ViL specification (30% of Vee) will be implemented no later than 01, CY'89. 
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AC Electrical Characteristics Vee=5V, TA=25°C, tr=t1=6 ns 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

tPHL• tPLH Maximum Propagation CL =45 pF 12 18 ns 
Delay, Select to any Y Output 

tPHL• tPLH Maximum Propagation CL =50 pF 13 21 ns 
Delay, A or B to any Y Output 

tpzH, tpzL Maximum Output Enable AL =1 kn 17 28 ns 
Time, any Y Output to a Logic Level CL =45 pF 

tPHZ• tpLz Maximum Output Disable AL =1 kn 15 25 ns 
Time, any Y Output to a High Impedance State CL =5 pF 

AC Electrical Characteristics Vee= 2.0V to 6.0V, CL= 50 pF, tr= t1=6 ns (unless otherwise specified) 

TA=2s·c 
74HC 54HC 

Symbol Parameter Conditions Vee TA= - 40 to ss·c TA= -ss to 12s·c Units 

Typ Guaranteed Limits 

tPHL• tpLH Maximum Propagation CL =50 pF 2.0V 50 100 125 150 ns 
Delay, Select to any CL= 150 pF 2.0V 70 150 189 224 ns 
Y Output CL =50 pF 4.5V 10 20 25 30 ns 

CL= 150 pF 4.5V 15 30 38 45 ns 

CL =50 pF 6.0V 9 17 21 25 ns 
CL= 150 pF 6.0V 13 26 32 38 ns 

tPHL• tpLH Maximum Propagation CL =50 pF 2.0V 50 100 125 150 ns 
Delay, A or B to any CL =150 pF 2.0V 70 150 190 221 ns 
YOutput CL =50 pF 4.5V 10 20 29 30 ns 

CL =150 pF 4.5V 15 30 38 45 ns 

CL =50 pF 6.0V 10 17 21 25 ns 
CL= 150 pF 6.0V 17 26 32 38 ns 

tpZH, tpzL Maximum Output AL =1 kn 
Enable Time, CL =50 pF 2.0V 75 150 189 224 ns 
any Y Output to a Logic Level CL= 150 pF 2.0V 100 200 252 298 ns 

CL =50 pF 4.5V 15 30 38 45 ns 
CL= 150 pF 4.5V 20 40 50 60 ns 

CL =50 pF 6.0V 13 26 32 38 ns 
CL= 150 pF 6.0V 17 34 43 51 ns 

tpHz, tpLz Maximum Output Disable AL= 1 kn 2.0V 75 150 189 224 ns 
Time, any Y Output to a High CL =50 pF 4.5V 15 30 38 45 ns 
Impedance State 6.0V 13 26 32 38 ns 

trHL· tnH Maximum Output Rise CL =50 pF 2.0V 60 75 90 ns 
and Fall Time 4.5V 12 15 18 ns 

6.0V 10 13 15 ns 

Cpo Power Dissipation (per mux) 
Capacitance (Note 5) Enable 30 pF 

Disabled 8 pF 

C1N Maximum Input 5 10 10 10 pF 
Capacitance 

Cour Maximum Output Capacitance 10 20 20 20 pF 

Note 5: epo determines the no load dynamic power consumption, Po=Cpo Vcc2 f+ Ice Vee. and the no load dynamic current consumption. ls=Cpo Vee f+ Ice-
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~National 
~Semiconductor 

MM54HC258/MM74HC258 Quad 2-Channel 
TRI-STATE® Multiplexer {Inverted Output) 

General Description 
This Quad 2-to-1 line data selector/multiplexer utilizes ad
vanced silicon-gate CMOS technology. Along with the high 
noise immunity and low power dissipation of standard 
CMOS integrated circuits, these possess the ability to drive 
LS-TT loads. The large output drive capability with the 
TRI-STATE feature make this device ideal for interfacing 
with bus lines in a bus organized system. When the Output 
Control line is taken high, the outputs of all four multiplexers 
are sent into a high impedance state. When the Output Con
trol line is low, A or B data is selected for the HC258. The 
54HC/74HC logic family is speed, function, and pin-out 
compatible with the standard 54LS/74LS logic family. 

Connection Diagram 
Dual-In-Line Package 

INPUTS INPUTS 
OUTPUT ..-- OUTPUT OUTPUT 

Vee CONTROL 4A 48 4Y 3A 38 3Y 

16 15 14 13 12 11 10 

G 4A 48 4Y 3A 38 

3Y 

1A 18 1Y 2A 28 2Y 

SELECT 1A 18 1Y 2A 28 2Y GND 
OUTPUT ._,,- OUTPUT 

INPUTS INPUTS 

TL/F/9392-1 

Top View 

Order Number MM54HC258* or MM74HC258* 
*Please look into Section 8, Appendix D 
for availability of various package types. 

Truth Table 
Inputs 

Output 
Select A B Output Y 

Control 

H x x x z 
L L L x H 
L L H x L 
L H x L H 
L H x H L 

H = high level, L = low level, X = irrelevant, Z = high impedance, (off) 

All inputs are protected from damage due to static dis
charge by internal diode clamps to Vee and ground. 

Features 
• Typical propagation delays: 16 ns 
• Wide power supply range: 2V-6V 
• Low quiescent supply current: 80 µA maximum 

(74HC Series) 
• TRI-STATE outputs for connection to system buses 

· • Added circuitry allows data input levels to float during 
TRI-STATE with no additional power consumption 

Logic Diagram 

OUTPUT(15) 
CONTROL121 

1A ~~~~~~~__,.-, 

TL/F/9392-2 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
If Miiitary/Aerospace specified devices are required, Min Max Units 
contact the National Semiconductor Sales Office/ Supply Voltage (Vee) 2 6 v 
Distributors for availability and specifications. DC Input or Output Voltage 0 Vee v 
Supply Voltage (Vee) -0.5 to + 7.0V (VIN· VouT) 
DC Input Voltage (V1N) -1.5 to V cc+ 1.5V Operating Temp. Range (TA) 

DC Output Voltage (VouT) -0.5 to Vcc+0.5V MM74HC -40 +85 oc 
Clamp Diode Current (l1K. loK) ±20mA MM54HC -55 +125 oc 

DC Output Current, per pin ClouT) ±35mA Input Rise or Fall Times 
(tr. tf) Vcc=2.0V 1000 ns 

DC Vee or GND Current, per pin (Ice) ±70mA Vcc=4.5V 500 ns 
Storage Temperature Range (T srn) - 65°C to + 150°C Vcc=6.0V 400 ns 
Power Dissipation (Po) 

(Note3) 600mW 
S.O. Package only 500mW 

Lead Temp. (TL) (Soldering, 1 O sec.) 260°C 

DC Electrical Characteristics (Note 4) 

TA=25"C 
74HC 54HC 

Symbol Parameter Conditions Vee TA= - 40 to 85°C TA= -55 to 125°C Units 

Typ Guaranteed Limits 

V1H Minimum High Level 2.ov 1.5 1.5 1.5 v 
Input Voltage 4.5V 3.15 3.15 3.15 v 

6.0V 4.2 4.2 4.2 v 
V1L Maximum Low Level 2.0V 0.5 0.5 0.5 v 

Input Voltage** 4.5V 1.35 1.35 1.35 v 
6.0V 1.8 1.8 1.8 v 

VoH Minimum High Level V1N = V1H or V1L 
Output Voltage i louTI ~ 20 µA 2.0V 2.0 1.9 1.9 1.9 v 

4.5V 4.5 4.4 4.4 4.4 v 
6.0V 6.0 5.9 5.9 5.9 v 

V1N = V1H or V1L 
l1ouTl~6.0 mA 4.5V 4.2 3.98 3.84 3.7 v 
l1ouTl~7.8 mA 6.0V 5.7 5.48 5.34 5.2 v 

Vol Maximum Low Level V1N = V1H or V1L 
Output Voltage llouTl~20 µA 2.0V 0 0.1 0.1 0.1 v 

4.5V 0 0.1 0.1 0.1 v 
6.0V 0 0.1 0.1 0.1 v 

V1N = V1H or V1L 
l1ouTl~6.0 mA 4.5V 0.2 0.26 0.33 0.4 v 
llouTI Q.8 mA 6.0V 0.2 0.26 0.33 0.4 v 

l1N Maximum Input V1N=VccorGND 6.0V ±0.1 ±1.0 ±1.0 µA 
Current 

loz Maximum TRI-STATE VouT=VccorGND 6.0V ±0.5 ±5.0 ±10 µA 
Output Leakage OC=V1H 

Ice Maximum Quiescent V1N=VccorGND 6.0V 8.0 80 160 µA 
Supply Current louT=O µA 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mW /'C from 65'C to es•c; ceramic "J" package: -12 mW /'C from 1 OO'C to 125'C. 
Note 4: For a power supply of 5V ± 10% the worst case output voltages (VoH. and VoJ occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case V1H and V1L occur at Vee= 5.5V and 4.5V respectively. (The V1H value at 5.5V is 3.85V.) The worst case leakage current (lrN· 
Ice. and loz) occur for CMOS at the higher voltage and so the 6.0V values should be used . 
.. v,L limits are currently tested at 20% of Vee- The above v1L specification (30% of Vee) will be implemented no later than 01, CY'89. 
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AC Electrical Characteristics Vee=5V, TA=25°C, tr=t1=6 ns 

Symbol Parameter Conditions Typ Units 

tPHL• tPLH Maximum Propagation CL =45 pF 
18 ns 

Delay, SELECT to any Y Output 

tPHL• tPLH Maximum Propagation CL=45pF 
16 ns 

Delay, A or B to any Y Output 

tpzH. tpzL Maximum Output Enable AL =1 k!l 
27 ns 

Time, any Y Output to a Logic Level CL =45 pF 

tpHz, tpLZ Maximum Output Disable AL =1 k!l 
14 ns 

Time, any Y Output to a High Impedance State CL =5 pF 

AC Electrical Characteristics Vee= 2.0V to 6.0V, CL= 50 pF, tr= t1=6 ns (unless otherwise specified) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee TA= - 40 to 85°C TA= - ss to 12s0 c Units 

Typ Guaranteed Limits 

tpHL• tPLH Maximum Propagation CL =50 pF 2.0V 120 150 180 ns 
Delay, SELECT to any CL =50 pF 4.5V 17 24 30 36 ns 
Y Output 

CL =50 pF 6.0V 20 26 31 ns 

tpHL• tPLH Maximum Propagation CL =50 pF 2.0V 90 115 135 ns 
Delay, A or B to any CL =50 pF 4.5V 14 18 23 27 ns 
Y Output 

CL =50 pF 6.0V 15 20 23 ns 

tpzH, tpzL Maximum Output AL =1 k!l 
Enable Time, CL =50 pF 2.0V 160 200 240 ns 
any Y Output to a Logic Level 

CL =50 pF 4.5V 25 32 40 48 ns 

CL =50 pF 6.0V 27 34 41 ns 

tpHZ• tpLz Maximum Output Disable AL =1 k!l 2.0V 120 150 180 ns 
Time, any Y Output to a High CL =50 pF 4.5V 15 24 30 36 ns 
Impedance State 6.0V 20 26 31 ns 

trHL· trLH Maximum Output Rise CL =50 pF 2.0V 60 75 90 ns 
and Fall Time 4.5V 8 12 15 18 ns 

6.0V 10 13 15 ns 

Cpo Power Dissipation (per mux) 
Capacitance (Note 5) Enable 44 pF 

Disabled 

C1N Maximum Input 
5 10 10 10 pF 

Capacitance 

Note 5: Cpo determines the no load dynamic power consumption, Po= Cpo V cc2 f + Ice V cc. and the no load dynamic current consumption, Is= Cpo V cc f + Ice-
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~National 
~Semiconductor 

MM54HC259/MM74HC259 
8-Bit Addressable Latch/3-to-8 Line Decoder 

General Description 
This device utilizes advanced silicon-gate CMOS technolo
gy to implement an 8-bit addressable latch, designed for 
general purpose storage applications in digital systems. 

The MM54HC259/MM74HC259 has a single data input (D), 
8 latch outputs (01 -08), 3 address inputs (A, B, and C), a 
common enable input (G), and a common CLEAR input. To 
operate this device as an addressable latch, data is held on 
the D input, and the address of the latch into which the data 
is to be entered is held on the A, B, and C inputs. When 
ENABLE is taken low the data flows through to the ad
dressed output. The data is stored when ENABLE tran
sitions from low to high. All unaddressed latches will remain 
unaffected. With enable in the high state the device is dese
lected, and all latches remain in their previous state, unaf
fected by changes on the data or address inputs. To elimi
nate the possibility of entering erroneous data into the latch
es, the enable should be held high (inactive) while the ad
dress lines are changing. 

Connection Diagram 
Dual-In-Line Package 

OUTPUTS 
EN- DATA 

Vee CLEAR ABLE IN Q7 Q6 as Q4 

A B c 
LATCH SELECT 

12 11 

5 6 

ao Q1 Q2 Q3 

OUTPUTS 

Top View 

8 

GND 

TL/F/5006-1 

Order Number MM54HC259* or MM74HC259* 
*Please look into Section B, Appendix D 
for availability of various package types. 

Truth Table 
Inputs Outputs of Each 

Addressed Other Function 
Clear G Latch Output 

H L D Oio Addressable Latch 
H H Oio Oio Memory 
L L D L 8-Line Decoder 
L H L L Clear 

If enable is held high and CLEAR is taken low all eight latch
es are cleared to a low state. If enable is low all latches 
except the addressed latch will be cleared. The addressed 
latch will instead follow the D input, effectively implementing 
a 3-to-8 line decoder. 

All inputs are protected from damage due to static dis
charge by diodes to Vee and ground. 

Features 
• Typical propagation delay: 18 ns 
• Wide supply range: 2-6V 
• Low input current: 1 µA maximum 
• Low quiescent current: 80 µA maximum (74HC Series) 

Latch Selection Table 

Select Inputs Latch 

c B A Addressed 

L L L 
L L H 
L H L 
L H H 
H L L 
H L H 
H H L 
H H H 

H = high level, L = low level 

D = the level at the data input 

0 
1 
2 
3 
4 
5 
6 
7 

O;o the level of O; (i = 0, 1 ... 7, as appro· 
priate) before the indicated steady-state in
put conditions were established. 
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Absolute Maximum Ratings (Notes 1 & 2) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for avallablllty and specifications. 

Supply Voltage (Vee) -0.5 to + 7.0V 

DC Input Voltage <ViN) -1.5 to Vee+ 1.5V 

DC Output Voltage (VouT) -0.5 to Vee+ 0.5V 

Clamp Diode Current (l1K. loK) 

DC Output Current, per pin (louT) 

DC Vee or GND Current, per pin (Ice) 

Storage Temperature Range (T sTG) 

Power Dissipation (Po) 

±20mA 

±25mA 

±50mA 

- 65°C to + 150°C 

(Note3) 
S.O. Package only 

Lead Temperature (TL) 
(Soldering 1 O seconds) 

600mW 
500mW 

260°C 

DC Electrical Characteristics (Note 4) 

Symbol Parameter Conditions Vee 

V1H Minimum High Level 2.0V 
Input Voltage 4.5V 

6.0V 

V1L Maximum Low Level 2.0V 
Input Voltage•• 4.5V 

6.0V 

VoH Minimum High Level V1N = V1H or V1L 
Output Voltage llouTl:o::20 µA 2.0V 

4.5V 
6.0V 

V1N = V1H or V1L 
llouTI :0::4.0 mA 4.5V 

l1ouTl:o::5.2 mA 6.0V 

VoL Maximum Low Level V1N = V1H or V1L 
Output Voltage llouTl:o::20 µA 2.0V 

4.5V 
6.0V 

V1N = V1H or V1L 
llouTI :0::4.0 mA 4.5V 

llouTI :0::5.2 mA 6.0V 

l1N Maximum Input V1N=VccorGND 6.0V 
Current 

Ice Maximum Quiescent V1N=Vcc or GND 6.0V 
Supply Current louT=O µA 

Operating Conditions 
Min Max 

Supply Voltage (Vee) 2 6 

DC Input or Output Voltage 0 Vee 
(VIN· VouT) 

Operating Temp. Range (TA) 
MM74HC -40 +85 
MM54HC -55 +125 

Input Rise or Fall Times 
(tr.ti) Vcc=2.0V 1000 

Vcc=4.5V 500 
Vcc=6.0V 400 

TA=25°C 
74HC 54HC 

TA= -40 to 85°C TA= -55 to 125°C 

Typ Guaranteed Limits 

1.5 1.5 1.5 
3.15 3.15 3.15 
4.2 4.2 4.2 

0.5 0.5 0.5 
1.35 1.35 1.35 
1.8 1.8 1.8 

2.0 1.9 1.9 1.9 
4.5 4.4 4.4 4.4 
6.0 5.9 5.9 5.9 

4.2 3.98 3.84 3.7 

5.7 5.48 5.34 5.2 

0 0.1 0.1 0.1 
0 0.1 0.1 0.1 
0 0.1 0.1 0.1 

0.2 0.26 0.33 0.4 
0.2 0.26 0.33 0.4 

±0.1 ±1.0 ±1.0 

8.0 80 160 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Units 
v 
v 

oc 
oc 

ns 
ns 
ns 

Units 

v 
v 
v 
v 
v 
v 

v 
v 
v 

v 
v 

v 
v 
v 

v 
v 

µA 

µA 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mW /'C from 65'C to 85'C; ceramic "J" package: -12 mW /'C from 1 OO'C to 125'C. 

Note 4: For a power supply of 5V ± 10% the worst case output voltages (VOH• and Vou occur for HC at 4.5V. Thus the 4.5Vvalues should be used when designing 
with this supply. Worst case v1H and v1L occur at Vee= 5.5V and 4.5V respectively. (The V1H value at 5.5V is 3.85V.) The worst case leakage current (l1N. Ice. and 
loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 

••v1L limits are currently tested at 20% of Vee· The above V1L specification (30% of Vee) will be implemented no later than 01, CY'89. 
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AC Electrical Characteristics (Vcc=5.0V, TA=25°C, tr=t1=6 ns, CL== 15 pF unless otherwise specified.) 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

tPHL• tPLH Maximum Propagation Delay 18 32 ns 
Data to Output 

tPHL• tpLH Maximum Propagation Delay 20 38 ns 
Select to Output 

tPHL• tPLH Maximum Propagation Delay 20 35 ns 
Enable to Output 

tPHL Maximum Propagation Delay 17 27 ns 
Clear to Output 

tw Minimum Enable Pulse Width 10 16 ns 

tw Minimum Clear Pulse Width 10 16 ns 

tr, t1 Maximum Input Rise and Fall Time 500 ns 

ts Minimum Setup Time Select or 15 20 ns 
Data to Enable 

tH Minimum Hold Time Data or -2 0 ns 
Address to Enable 

AC Electrical Characteristics tr=t1=6 ns, CL =50 pF, Vcc=2.0V-6.0V 

TA=2s·c 
74HC 54HC 

Symbol Parameter Conditions Vee TA= -40 to as·c TA= -55to 12s0 c Units 

Typ Guaranteed Limits 

tpHL• tPLH Maximum Propagation Delay 2.0V 60 180 225 250 ns 
Data to Output 4.5V 19 37 46 52 ns 

6.0V 17 32 40 45 ns 

tPHL• tPLH Maximum Propagation Delay 2.0V 72 220 275 310 ns 
Select to Output 4.5V 21 43 54 60 ns 

6.0V 18 37 46 52 ns 

tPHL• tPLH Maximum Propagation Delay 2.0V 65 200 250 280 ns 
Enable to Output 4.5V 27 40 50 58 ns 

6.0V 23 35 44 50 ns 

tPHL Maximum Propagation Delay 2.0V 50 150 190 210 ns 
Clear to Output 4.5V 18 31 39 44 ns 

6.0V 16 26 32 37 ns 

tw Minimum Pulse Width 2.0V 80 100 120 ns 
Clear or Enable 4.5V 16 20 24 ns 

6.0V 14 18 20 ns 

ts Minimum Setup Time Address 2.0V 100 125 150 ns 
or Data to Enable 4.5V 20 25 28 ns 

6.0V 15 19 25 ns 

tH Minimum Hold Time Address or 2.0V ~10 0 0 0 ns 
Data to Enable 4.5V _;2 0 0 0 ns 

6.0V -2 0 0 0 ns 

tTLH· tTHL Maximum Output Rise 2.0V 30 75 95 110 ns 
and Fall Time 4.5V 8 15 19 22 ns 

6.0V 7 13 16 19 ns 

C1N Input Capacitance 5 10 10 10 pF 

Cpo Power Dissipation (per package) 80 pF 
Capacitance (Note 5) 

Note 5: Cpo determines the no load dynamic power consumption, Po=Cpo Ver? I+ Ice Vee. and the no load dynamic current consumption, ls=CposVccsf+ Ice-
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~National 
~Semiconductor 

MM54HC266A/MM74HC266A Quad 2-lnput 
Exclusive NOR Gate (Open Drain) 

General Description Features 
• Typical propagation delay: 9 ns 
• Wide operating voltage range: 2-6V 
• Low input current: 1 µA maximum 

This exclusive NOR gate utilizes advanced silicon-gate 
CMOS technology to achieve operating speeds similar to 
equivalent LS-TTL gates while maintaining the low power 
consumption and high noise immunity characteristic of stan
dard CMOS integrated circuits. These gates are fully buff
ered and have a fanout of 10 LS-TTL loads. The MM54HC/ 
MM74HC logic family is functionally as well as pin out com
patible with the standard 54LS/74LS logic family. All inputs 
are protected from damage due to static discharge by inter
nal diode clamps to Vee and ground. 

• Low quiescent current: 20 µA maximum (74 Series) 
• Output drive capability: 10 LS-TTL loads 
• Open drain outputs 

Connection Diagram 

Truth Table 

Inputs Outputs 

A B y 

L L z 
L H L 
H L L 
H H z 

v =m= AB+ A8 

vcc 

14 

A1 

84 

13 

2 

81 

Dual-In-Line Package 

A4 Y4 Y3 

12 11 

4 

Y1 Y2 A2 

Top View 

83 

6 

82 

A3 

7 

GND 

Order Number MM54HC266A* or MM74HC266A* 
*Please look into Section 8, 

Appendix D for availability of various package types. 

Logic Diagram 

TL/F/6435-1 

:::j~tOUTPUT 
TL/F/6435-2 

3-246 



Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
If Military/Aerospace specified devices are required, Min Max Units 
contact the National Semiconductor Sales Office/ Supply Voltage (Vee) 2 6 v 
Distributors for availability and specifications. DC Input or Output Voltage 0 Vee v 
Supply Voltage (Vee) -0.5 to + 7.0V (VIN· Vour) 
DC Input Voltage MN) -1.5 to Vee+ 1.5V Operating Temp. Range (TA) 

DC Output Voltage (Vour) -0.5 to Vcc+0.5V MM74HC -40 +85 ·c 

Clamp Diode Current (l1K. loK) ±20mA MM54HC -55 +125 ·c 

DC Output Current, per pin (lour) ±25mA Input Rise or Fall Times 
(tr,t1) Vcc=2.0V 1000 ns 

DC Vee or GND Current, per pin (Ice) ±50mA Vcc=4.5V 500 ns 
Storage Temperature Range (T srn) - 65°C to + 15o·c Vcc=6.0V 400 ns 
Power Dissipation (Po) 

(Note3) 600mW 
S.O. Package only 500mW 

Lead Temp. (Tu (Soldering 1 O seconds) 260°c 

DC Electrical Characteristics (Note 4) 

TA=2s·c 
74HC 54HC 

Symbol Parameter Conditions Vee TA= - 40 to as·c TA= -55 to 12s·c Units 

Typ Guaranteed Limits 

V1H Minimum High Level 2.0V 1.5 1.5 1.5 v 
Input Voltage 4.5V 3.15 3.15 3.15 v 

6.0V 4.2 4.2 4.2 v 
V1L Maximum Low Level 2.0V 0.5 0.5 0.5 v 

Input Voltage** 4.5V 1.35 1.35 1.35 v 
6.0V 1.8 1.8 1.8 v 

VoH Minimum High Level V1N = V1H or V1L 
Output Voltage llourl:o:20 µA 2.0V 2.0 1.9 1.9 1.9 v 

4.5V 4.5 4.4 4.4 4.4 v 
6.0V 6.0 5.9 5.9 5.9 v 

V1N=V1L 
llourl :0:4.0 mA 4.5V 4.2 3.98 3.84 3.7 v 
I lour I :o: 5.2 mA 6.0V 5.7 5.48 5.34 5.2 v 

VoL Maximum Low Level V1N = V1H or V1L 
Output Voltage llourl:o:20 µA 2.0V 0 0.1 0.1 0.1 v 

4.5V 0 0.1 0.1 0.1 v 
6.0V 0 0.1 0.1 0.1 v 

V1N = V1H or V1L 
llourl :0::4.0 mA 4.5V 0.2 0.26 0.33 0.4 v 
I lour I :o: 5.2 mA 6.0V 0.2 0.26 0.33 0.4 v 

l1N Maximum Input V1N=Vcc or GND 6.0V ±0.1 ±1.0 ±1.0 µA 
Current 

lee Maximum Quiescent V1N=Vcc or GND 6.0V 2.0 20 40 µA 
Supply Current lour=O µA 

loz Maximum TRI-STATE® V1N = V1L or V1H 6.0V ±0.5 ±5.0 ±10.0 µA 
Leakage Current Vour= Vee or GND 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mW /'C from 65'C to 85'C; ceramic "J" package: -12 mW /°C from 1 OO'C to 125'C. 
Note 4: For a power supply of 5V ± 10% the worst case output voltages (VoH. and Vou occur for HC at 4.5V. Thus the 4.5Vvalues should be used when designing 
with this supply. Worst case V1H and V1L occur at Vee= 5.5V and 4.5V respectively. (The V1H value at 5.5V is 3.85V.) The worst case leakage current (11N. Ice. and 
loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
••v1L limits are currently tested at 20% of Vee· The above V1L specification (30% of Vee) will be implemented no later than 01, CY'89. 
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<C co 
~ AC Electrical Characteristics Vcc=5V, TA=25°C, CL= 15 pF, tr=t1=6 ns 
0 
:c 
-.::I' 
....... 
:!: 
:!: ....... 

Symbol 

tpLZ, tpzL 

Parameter 

Maximum Propagation 
Delay 

Conditions Typ 
Guaranteed 

Limit 

12 20 

Units 

ns 

<C co co 
~ AC Electrical Characteristics Vee = 2.0V to 6.0V, CL = 50 pF, tr = t1 = 6 ns (unless otherwise specified) 

:c 
-.::I' 
Lt) 

:!: 

== 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee TA= - 40 to 85°C · TA= -55 to 125°C Units 

Typ Guaranteed Limits 

tpLZ, tpzL Maximum Propagation 2.0V 60 120 151 179 ns 
Delay 4.5V 12 24 30 36 ns 

6.0V 10 20 26 30 ns 

trHL Maximum Output 2.0V 30 75 95 110 ns 
Fall Time 4.5V 8 15 19 22 ns 

6.0V 7 13 16 19 ns 

Cpo Power Dissipation (per gate) 25 pF 
Capacitance (Note 5) 

CiN Maximum Input 5 10 10 10 pF 
Capacitance 

CouT Maximum Three State 10 10 10 pF 
Output Capacitance 
Output in 
TRI-STATE 

Note 5: Cpo determines the no load dynamic power consumption, Po= Cpo V cc2 f +Ice V CC• and the no load dynamic current consumption. Is= Cpo V cc I+ Ice-
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~National 
~Semiconductor 

MM54HC273/MM74HC273 Octal D 
Flip-Flops with Clear 

General Description 
These edge triggered flip-flops utilize advanced silicon-gate 
CMOS technology to implement D-type flip-flops. They pos
sess high noise immunity, low power, and speeds compara
ble to low power Schottky TTL circuits. This device contains 
8 master-slave flip-flops with a common clock and common 
clear. Data on the D input having the specified setup and 
hold times is transferred to the Q output on the low to high 
transition of the CLOCK input. The CLEAR input when low, 
sets all outputs to a low state. 

as well as pin compatible to the 54LS273/74LS273. All in
puts are protected from damage due to static discharge by 
diodes to V cc and ground. 

Features 
• Typical propagation delay: 18 ns 
• Wide operating voltage range 
• Low input current: 1 µA maximum 

Each output can drive 10 low power Schottky TTL equiva
lent loads. The MM54HC273/MM74HC273 is functionally 

• Low quiescent current: 80 µA (7 4 Series) 

Connection Diagram 

¥cc 

20 

CWR 10 

• Output drive: 10 LS-TTL loads 

Dual-In-Line Package 

ao 7D 70 SQ SD SD 50 

1D 2D 3Q 3D 4D co 

Top View 

Order Number MM54HC273* or MM74HC273* 
•Please look into Section 8, Appendix D for availability of various package types. 

Truth Table (Each Flip-Flop) 

Inputs 

Clear Clock D 

L x x 
H t H 
H t L 
H L x 

H = high level (steady state) 
L = low level (steady state) 
X = don't care 

Outputs 

Q 

L 
H 
L 

Oo 

t = transition from low to high level 
Oo = the level of Q before the indicated steady state 

input conditions were established 
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Absolute Maximum Ratings (Notes 1 and 2> 

If Military I Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage (Vee) -0.5 to + 7.0V 

DC Input Voltage <V!N) -1.5 to Vee+ 1.5V 

DC Output Voltage (Vour) 

Clamp Diode Current (l1K· loK) 

DC Output Current, per pin (lour) 

DC Vee or GND Current, per pin (Ice) 

Storage Temperature Range (T sTG) 

Power Dissipation (Po) 
(Note3) 
S.O. Package only 

Lead Temp. (TL) (Soldering 10 seconds) 

-0.5 to Vcc+0.5V 

±20mA 

±25mA 

±50mA 

- 65°C to + 15o·c 

600mW 
500mW 

260°c 

DC Electrical Characteristics (Note 4) 

Operating Conditions 
Min 

Supply Voltage (Vee) 2 

DC Input or Output Voltage O 
(V1N. Vour) 

Operating Temp. Range (TA) 
MM74HC -40 
MM54HC -55 

Input Rise or Fall Times 
(tr. tt) Vcc=2.0V 

Vcc=4.5V 
Vcc=6.0V 

Max 
6 

Vee 

+85 
+125 

1000 
500 
400 

74HC 54HC 

Units 
v 
v 

·c 
·c 

ns 
ns 
ns 

Symbol Parameter Conditions Vee TA= - 40 to 85°C TA= - 55 to 125°C Units 

VoH 

Ice 

Minimum High Level 
Input Voltage 

Maximum Low Level 
Input Voltage** 

Minimum High Level 
Output Voltage 

Maximum Low Level 
Output Voltage 

Maximum Input 
Current 

Maximum Quiescent 
Supply Current 

V1N = V1H or V1L 
I lour I :s: 20 µA 

Y1N = V1H or V1L 
I lour I :s: 4.0 mA 
llourl :s: 5.2 mA 

V1N=V1H orV1L 
llourl :s:20 µA 

V1N=V1H orV1L 
l1ourl:s:4 mA 
I lour I :s: 5.2 mA 

V1N=Vcc or GND 

V1N=Vcc or GND 
lour=O µA 

2.0V 
4.5V 
6.0V 

2.0V 
4.5V 
6.0V 

2.0V 
4.5V 
6.0V 

Typ 

2.0 
4.5 
6.0 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 
5.9 

4.5V 4.2 3.98 
6.0V 5.7 5.48 

2.0V 
4.5V 
6.0V 

0 
0 

0 

0.1 
0.1 
0.1 

4.5V 0.2 0.26 
6.0V 0.2 0.26 

6.0V ±0.1 

6.0V 8 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Guaranteed Limits 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 
5.9 

3.84 
5.34 

0.1 
0.1 
0.1 

0.33 
0.33 

±1.0 

80 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 
5.9 

3.7 
5.2 

0.1 
0.1 
0.1 

0.4 
0.4 

±1.0 

160 

v 
v 
v 
v 
v 
v 

v 
v 
v 

v 
v 

v 
v 
v 

v 
v 

µA 

µA 

Note 3: Power Dissipation temperature derating- plastic "N" package: -12 mW/'C from 65'Cto 85'C; ceramic "J" package: -12 mW/'C from 100'C to 125'C. 

Note 4: For a power supply of 5V ± 10% the worst case output voltages (VoH. and Vou occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case V1H and V1L occur at Vee= 5.5V and 4.5V respectively. (The V1H value at 5.5V is 3.85V.) The worst case leakage current (11N. Ice. and 
lozl occur for CMOS at the higher voltage and so the 6.0V values should be used. 

••v1L limits are currently tested at 20% of Vee- The above V1L specification (30% of Vee) will be implemented no later than 01, CY'89. 
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AC Electrical Characteristics Vcc=5V,TA=25°c,cL=15pF,tr=t1=6ns 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

fMAX Maximum Operating 50 30 MHz 
Frequency 

tPHL• tPLH Maximum Propagation 18 27 ns 
Delay, Clock to Output 

tPHL Maximum Propagation 18 27 ns 
Delay, Clear to Output 

tREM Minimum Removal Time, 10 20 ns 
Clear to Clock 

ts Minimum Setup Time 10 20 ns 
Data to Clock 

tH Minimum Hold Time -2 0 ns 
Clock to Data 

tw Minimum Pulse Width 10 16 ns 
Clock or Clear 

AC Electrical Characteristics CL= 50 pF, tr= t1=6 ns (unless otherwise specified) 

TA=2s0 c 
74HC 54HC 

Symbol Parameter Conditions Vee TA= - 40 to ss·c TA= -55to 12s0 c Units 

Typ Guaranteed Limits 

fMAX Maximum Operating 2.0V 16 5 4 3 MHz 
Frequency 4.5V 74 27 21 18 MHz 

6.0V 78 31 24 20 MHz 

tPHL• tpLH Maximum Propagation 2.0V 38 135 170 205 ns 
Delay, Clock to Output 4.5V 14 27 34 41 ns 

6.0V 12 23 29 35 ns 

tPHL Maximum Propagation 2.0V 42 135 170 205 ns 
Delay, Clear to Output 4.5V 19 27 34 41 ns 

6.0V 18 23 29 35 ns 

tREM Minimum Removal Time 2.0V 0 25 32 37 ns 
Clear to Clock 4.5V 0 5 6 7 ns 

6.0V 0 4 5 6 ns 

ts Minimum Setup Time 2.0V 26 100 125 150 ns 
Data to Clock 4.5V 7 20 25 30 ns 

6.0V 5 17 21 25 ns 

tH Minimum Hold Time 2.0V -15 0 0 0 ns 
Clock to Data 4.5V -6 0 0 0 ns 

6.0V -4 0 0 0 ns 

tw Minimum Pulse Width 2.0V 34 80 100 120 ns 
Clock or Clear 4.5V 11 16 20 24 ns 

6.0V 10 14 18 20 ns 

tr.ti Maximum Input Rise and 2.0V 1000 1000 1000 ns 
Fall Time, Clock 4.5V 500 500 500 ns 

6.0V 400 400 400 ns 

trHL· trLH Maximum Output Rise 2.0V 28 75 95 110 ns 
and Fall Time 4.5V 11 15 19 22 ns 

6.0V 9 13 16 19 ns 

Cpo Power Dissipation (per flip-flop) 45 pF 
Capacitance (Note 5) 

C1N Maximum Input 7 10 10 10 pF 
Capacitance 

Note 5: Cpo determines the no load dynamic power consumption, Po=Cpo Vcc2 f+ Ice Vee. and the no load dynamic current consumption, ls=Cpo Vee f +Ice-
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Logic Diagram 

(11) 
CLOCK 

06 (14) 

07 (H) 

CLEAR -
11
-) --1:1 

CLEAR 

04 

07 

TL/F/5331-2 
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~National 
~Semiconductor 

MM54HC280/MM7 4HC280 
9-Bit Odd/Even Parity Generator/Checker 

General Description Features 
The MM54HC280/MM74HC280 utilizes advanced silicon
gate CMOS technology to achieve the high noise immunity 
and low power consumption of standard CMOS integrated 
circuits. It possesses the ability to drive 10 LS-TTL loads. 

• Typical propagation delay: 28 ns 
• Wide power supply range: 2V-6V 
• Low quiescent current: 80 µA maximum (7 4HC) 
• Low input current: 1 µA maximum 

This parity generator/checker features odd/even outputs to 
facilitate operation of either odd or even parity applications. 
The word length capability is easily expanded by cascading 
devices. The 54HC/7 4HC logic family is speed, function, 
and pinout compatible with the standard 54LS/74LS family. 
All inputs are protected from damage due to static dis
charge by internal diode clamps to Vee and ground. 

• Fanout of 10 LS-TTL loads 

Connection Diagram 

VJcc 
14 

INPUTS 

13 

Dual-In-Line Package 
INPUTS 

12 11 10 

13 
NC I I: 

INPUT EVEN 
I: 

ODD 

OUTPUTS 
TOP VIEW 

Order Number MM54HC280* or MM74HC280* 

TL/F/5121-1 

•Please look into Section 8, Appendix D for availability of various package types. 

Function Table 

Numbers of Inputs A 
thru 1 that are High 

0,2,4,6,8 
1,3,5, 7,9 

H = high level, L = low level 

Outputs 

~Even ~Odd 
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Absolute Maximum Ratings (Notes 1 & 2) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage (Vee) -0.5 to + 7.0V 

DC Input Voltage MN) -1.5 to Vee+ 1.5V 

DC Output Voltage (Vour) -0.5 to Vcc+0.5V 

Clamp Diode Current (l1K. loK) ± 20 mA 

DC Output Current, per pin (lour) ± 25 mA 

DC Vee or GND Current, per pin (Ice) ± 50 mA 

Storage Temperature Range (Tsrn) -65°C to + 150°C 

Power Dissipation (Po) 
(Note 3) 
S.O. Package only 

Lead Temp. (TL) (Soldering 10 seconds) 

600mW 
500mW 

260°c 

DC Electrical Characteristics (Note 4) 

Operating Conditions 
Min 

Supply Voltage (Vee) 2 

DC Input or Output Voltage 0 
(V1N. Vour) 

Operating Temp. Range (TA) 
MM74HC -40 
MM54HC -55 

Input Rise or Fall Times 
(tr. t1) Vcc=2.0V 

Vcc=4.5V 
Vcc=6.0V 

Max 
6 

Vee 

+85 
+125 

1000 
500 
400 

74HC 54HC 

Units 
v 
v 

·c 
·c 

ns 
ns 
ns 

Symbol Parameter Conditions Vee TA=-40toss·c TA=-55to12s·c Units 

VoH 

Vol 

Ice 

Minimum High Level 
Input Voltage 

Maximum Low Level 
Input Voltage** 

Minimum High Level 
Output Voltage 

Maximum Low Level 
Output Voltage 

Maximum Input 
Current 

Maximum Quiescent 
Supply Current 

V1N = V1H or V1L 
!lourl:::::20 µA 

V1N = V1H or V1L 
!lourl :::::4.0 mA 
l1ourl:::::5.2 mA 

V1N = V1H or V1L 
llourl:::::20 µA 

V1N = V1H or V1L 
!lourl :::::4.0 mA 
I lour I ::::: 5.2 mA 

V1N =Vee or GND 

V1N =Vee or GND 
lour=O µA 

2.0V 
4.5V 
6.0V 

2.0V 
4.5V 
6.0V 

2.0V 

Typ 

2.0 
4.5V 4.5 
6.0V 6.0 

4.5V 4.2 
6.0V 5.7 

2.0V 
4.5V 
6.0V 

0 
0 
0 

4.5V 0.2 
6.0V 0.2 

6.0V 

6.0V 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 
5.9 

3.98 
5.48 

0.1 
0.1 
0.1 

0.26 
0.26 

±0.1 

8.0 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Guaranteed Limits 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 
5.9 

3.84 
5.34 

0.1 
0.1 
0.1 

0.33 
0.33 

±1.0 

80 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 
5.9 

3.7 
5.2 

0.1 
0.1 
0.1 

0.4 
0.4 

±1.0 

160 

v 
v 
v 
v 
v 
v 

v 
v 
v 

v 
v 

v 
v 
v 

v 
v 
µA 

µA 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mW /'C from 65'C to 85'C; ceramic "J" package: -12 mW /'C from 1 OO'C to 125'C. 

Note 4: For a power supply of 5V ± 10% the worst case output voltages (VoH. and Vou occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case V1H and V1L occur at Vee= 5.5V and 4.5V respectively. (The V1H value at 5.5V is 3.85V.) The worst case leakage current (l1N. 
Ice. and loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 

'*V1L limits are currently tested at 20% of Vee. The above V1L specification (30% of Vee) will be implemented no later than 01, CY'89. 
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AC Electrical Characteristics Vee= 5V, TA= 25°C, CL= 15 pF, tr= t1=6 ns 

Symbol Parameter Conditions Typ Guaranteed Units Limit 

tPHL• tPLH Maximum Propagation 28 35 ns 
Delay, Data to ~ Even 

tPHL• tPLH Maximum Propagation 28 35 ns 
Delay, Data to ~ Odd 

AC Electrical Characteristics Vec=2.0V to 6.0V, CL =50 pF, tr=t1=6 ns (unless otherwise specified) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee TA= -40 to 85°C TA= -55 to 125°C Units 

Typ Guaranteed Limits 

tPHL• tPLH Maximum Propagation 2.0V 103 205 258 305 ns 
Delay, Data to~ Even 4.5V 21 41 52 61 ns 

6.0V 17 35 44 52 ns 

tPHL• tPLH Maximum Propagation 2.0V 103 205 258 305 ns 
Delay, Data to ~ Odd 4.5V 21 41 52 61 ns 

6.0V 17 35 44 52 ns 

trLH· trHL Maximum Output Rise 2.0V 30 75 95 110 ns 
and Fall Time 4.5V 8 15 19 22 ns 

6.0V 7 13 16 19 ns 

Cpo Power Dissipation 83 pF 
Capacitance (Note 5) 

C1N Maximum Input Capacitance 5 10 10 10 pF 

Note 5: Cpo determines the no load dynamic power consumption, Po= Cpo Vcc2 I+ Ice Vee. and the no load dynamic current consumption, ls= Cpo Vee I+ Ice-

Logic Diagram 

'HC280 
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~National 
~Semiconductor 

MM54HC283/MM74HC283 
4-Bit Binary Adder with Fast Carry 

General Description Features 
This full adder performs the addition of two 4-bit binary num
bers utilizing advanced silicon-gate CMOS technology. The 
sum (!.) outputs are provided for each bit and the resultant 
carry (C4) is obtained from the fourth bit. These adders fea
ture full internal look ahead across all four bits. This pro
vides the system designer with partial look-ahead perform
ance at the economy and reduced package count of a rip
ple-carry implementation. 

• Full-carry look-ahead across the four bits 
• Systems achieve partial look-ahead performance 

with the economy of ripple carry 
• Wide supply range: 2V to 6V 
• Low quiescent power consumption: 8 µA at 25°C 
• Low input current: 1 µA maximum 

The adder logic, including the carry, is implemented in its 
true form meaning that the end-around carry can be accom
plished without the need for logic or level inversion. All in
puts are protected from damage due to static discharge by 
internal diode clamps to Vee and ground. 

Connection Diagram 

Dual-In-Line Package 

--

83 

15 

2 

82 

A3 

14 

3 

A2 

~3 A4 

13 12 

4 5 

~1 A1 

Top View 

84 

11 

~4 C4 

10 9 

6 1 fa 
81 CO GND 

Order Number MM54HC283* or MM74HC283* 
*Please look into Section 8, Appendix D for availability of various package types. 
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Absolute Maximum Ratings (Notes 1 & 2) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage (Vee) -0.5 to+ 7.0V 

DC Input Voltage (V1N) 

DC Output Voltage (Vour) 

Clamp Diode Current (l1K. loK) 

DC Output Current, per pin (lour) 

DC Vee or GND Current, per pin (Ice) 

Storage Temperature Range (T srn) 
Power Dissipation (Po) 

(Note3) 
S.O. Package only 

Lead Temperature (Tu 

(Soldering 1 O seconds) 

-1.5 to Vee+ 1.5V 

-0.5 to Vee+ 1.5V 

±20mA 

±25mA 

±50mA 

- 65°C to + 150°c 

600mW 
500mW 

260°c 

DC Electrical Characteristics (Note 4) 

Operating Conditions 
Min 

Supply Voltage (Vee) 2 

DC Input or Output Voltage O 

(V1N. Vour) 

Operating Temp. Range (TA) 
MM74HC -40 
MM54HC -55 

Input Rise or Fall Times 

(tr, t1) Vee= 2.0V 
Vcc=4.5V 
Vcc=6.0V 

Max 
6 

Vee 

+85 
+125 

1000 
500 
400 

74HC 54HC 

Units 
v 
v 

·c 
·c 

ns 
ns 
ns 

Symbol Parameter Conditions Vee TA=-40to85°C TA=-55to125°C Units 

Ice 

Minimum High Level 
Input Voltage 

Maximum Low Level 
Input Voltage** 

Minimum High Level 
Output Voltage 

Maximum Low Level 
Output Voltage 

Maximum Input 
Current 

Maximum Quiescent 
Supply Current 

V1N=V1HorV1L 
llourl ~20 µA 

V1N = V1H or V1L 
llourl ~4.0 mA 
Houri~ 5.2 mA 

V1N = V1H or V1L 
I lour I ~ 20 µA 

V1N = V1H or V1L 
I lour I ~ 4.0 mA 
Houri ~5.2 mA 

V1N=VccorGND 

V1N=Vcc or GND 
lour=O µA 

2.0V 
4.5V 
6.0V 

2.0V 
4.5V 
6.0V 

2.0V 
4.5V 
6.0V 

Typ 

2.0 
4.5 
6.0 

4.5V 4.2 
6.0V 5.7 

2.0V 
4.5V 
6.0V 

0 
0 
0 

4.5V 0.2 
6.0V 0.2 

6.0V 

6.0V 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 
5.9 

3.98 
5.48 

0.1 
0.1 
0.1 

0.26 
0.26 

±0.1 

8.0 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Guaranteed Limits 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 
5.9 

3.84 
5.34 

0.1 
0.1 
0.1 

0.33 
0.33 

±1.0 

80 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 
5.9 

3.7 
5.2 

0.1 
0.1 
0.1 

0.4 
0.4 

±1.0 

160 

v 
v 
v 
v 
v 
v 

v 
v 
v 

v 
v 

v 
v 
v 

v 
v 

µA 

µA 

Note 3: Power Dissipation temperature derating-plastic "N" package: -12 mW/'Cfrom 65'C to 85'C; ceramic "J" package: -12 mW/'C from 100'C to 125'C. 

Note 4: For a power supply of 5V ± 10% the worst case output voltages (VOH· and Vou occur for HG at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case V1H and V1L occur at Vcc=5.5V and 4.5V respectively. (The V1H value at 5.5V is 3.85V.) The worst case leakage current (llN· Ice. and 
lozl occur for CMOS at the higher voltage and so the 6.0V values should be used. 

*'V1L limits are currently tested at 20% of Vee. The above V1L specification (30% of Vee) will be implemented no later than 01, CY'89. 
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AC Electrical Characteristics Vee= 5V, TA= 25°C, CL= 15 pF, tr= t1 = 6 ns 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

tPHL• tPLH Maximum Propagation 18 27 ns 
Delay From CO to I 1 or I2 

tPHL• tPLH Maximum Propagation 18 27 ns 
Delay From CO to I3 

tPHL• tPLH Maximum Propagation 20 30 ns 
Delay From CO to I4 

tPHL• tPLH Maximum Propagation 17 26 ns 
Delay From A 1 or 81 to I 1 

tPHL• tPLH Maximum Propagation 22 32 ns 
Delay From CO to C4 

tPHL• tPLH Maximum Propagation 22 32 ns 
Delay From A1or81 to C4 

AC Electrical Characteristics CL = 50 pF, tr = t1 = 6 ns (unless otherwise specified) 

TA=2s·c 
74HC 54HC 

Symbol Parameter Conditions Vee TA= -40 to as·c TA= -ssto 12s·c Units 

Typ Guaranteed Limits 

tPHL• tpLH Maximum Propagation 2.0V 60 150 188 225 ns 
Delay From CO to I 1 or I2 4.5V 21 30 37 45 ns 

6.0V 18 26 32 39 ns 

tPHL• tpLH Maximum Propagation 2.0V 60 150 188 225 ns 
Delay From CO to I3 4.5V 21 30 37 45 ns 

6.0V 18 26 32 39 ns 

tPHL• tpLH Maximum Propagation 2.0V 65 162 202 243 ns 
Delay From CO to I4 4.5V 24 34 43 51 ns 

6.0V 19 28 35 42 ns 

tPHL• tpLH Maximum Propagation 2.0V 60 150 188 225 ns 
Delay From A1or81 to I1 4.5V 22 33 41 50 ns 

6.0V 18 27 34 41 ns 

tPHL• tpLH Maximum Propagation 2.0V 70 175 219 263 ns 
Delay From CO to C4 4.5V 26· 39 49 59 ns 

· 6.0V 21 32 40 46 ns 

tPHL• tPLH Maximum Propagation 2.0V 70· 175 219 263 ns 
Delay From A1or81 to C4 4.5V 26 39 49 59 ns 

6.0V 21 32 40 46 ns 

trHL• trLH. Maximum Output 2.0V 28 75 95 110 ns 
Rise and Fall Time 4.5V 8 15 19 22 ns 

6.0V 7 13 16 19 ns 

C1N Maximum Input 6 10 10 10 pF 

Capacitance 

Cpo Power Dissipation 150 pF 

Capacitance (Note 5) 

Note 5: Cpo determines the no load dynamic power consumption, Po = Cpo Vcc2 f+ Ice Vee. and the no load dynamic current consumption, 
Is = Cpo Vee t+ Ice-
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Truth Table 

Output 

When When 
Input CO=L CO=H 

When When 
C2=L C2=H 

A1jA3 01103 A2}A4 82}84 I 11 I3 I2l I4 c2jc4 I1j I3 I21H c2jc4 

L L L L L L L H L L 
H L L L H L L L H L 
L H L L H L L L H L 
H H L L L H L H H L 
L L H L L H L H H L 
H L H L H H L L L H 
L H H L H H L L L H 
H H H L L L H H L H 
L L L H L H L H H L 
H L L H H H L L L H 
L H L H H H L L L H 
H H L H L L H H L H 
L L H H L L H H L H 
H L H H H L H L H H 
L H H H H L H L H H 
H H H H L H H H H H 

H = high level, L = low level 

Note: Input conditions at A1, 81, A2, 82, and CO are used to determine outputs I.1 and I.2 and the value of the 
internal carry C2. The values at C2, A3, 83, A4, and 84 are then used to determine outputs I.3, I.4, and C4 
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~National 
~Semiconductor 

MM54HC298/MM7 4HC298 
Quad 2-lnput Multiplexers With Storage 

General Description 
These high speed quad two input multiplexers with storage 
utilize advanced silicon-gate CMOS technology. Both cir
cuits feature high noise immunity and low power consump
tion associated with CMOS circuitry, along with speeds 
comparable to low power Schottky TIL logic. 

These circuits are controlled by the signals WORD SELECT 
and CLOCK. When the WORD SELECT input is taken low 
Word 1 (A 1, B 1, C1 and D1) is presented to the inputs of the 
flip-flops, and when WORD SELECT is high Word 2 (A2, 82, 
C2 and 02) is presented to the inputs of the flip-flops. The 
selected word is clocked to the output terminals on the neg
ative edge of the clock pulse. 

Connection and Logic Diagrams 

l1e 15 

r-

1 2 

82 A2 

Dual-In-Line Package 

OUTPUTS 
DATA 

WORD INPUT 
OD CLOCK SELECT C 1 00 ac 

14 13 12 11 10 9 

Jl 
\J 

I-' 

3 4 5 6 7 le 
A1 81 C2 02 01 GNO 

OATAINPUTS 
TL/F/5334-2 

Top View 

Order Number MM54HC298• or MM74HC298• 
•Please look into Section 8, Appendix D 
for availability of various package types. 

Truth Table 

Inputs Outputs 

Word 
Clock QA 00 Oc Select 

L J, a1 b1 c1 
H J, a2 b2 c2 
x H OAo Oso Oeo 

Oo 

d1 
d2 

Ooo 

All inputs are protected from damage due to static dis
charge by diodes to Vee and ground. 

Features 
• Typical propagation delay, 

clock to output: 20 ns 
• Wide power supply range: 2V-6V 
• Low quiescent current: 

80 µA maximum (7 4HC Series) 
• Low input current: 1 µA maximum 

H = High Level (steady state) 

L = Low Level (steady state) 

X = Don't Care (any input, including transitions) 

! = Transition from high to low level 

at, a2, etc. = The level of steady-state input at At, A2, etc. 

TL/F/5334-1 

OAo• Oso. etc. = The level of QA, Os. etc. entered on the most recent ! 
transition of the clock input. 
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Absolute Maximum Ratings 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
(Notes 1 & 2) 

Supply Voltage (Vee) 

DC Input Voltage MN) 

DC Output Voltage (Vour) 

Clamp Diode Current (l1K. loK) 

DC Output Current, per pin (lour) 

DC Vee or GND Current, per pin (Ice) 

Storage Temperature Range (T sTG) 

Power Dissipation (Po) 
(Note 3) 
S.O. Package only 

Lead Temp. (TL) (Soldering 10 seconds) 

-0.5 to + 7.0V 

-1.5 to Vee+ 1.5V 

-0.5 to Vce+0.5V 

±20mA 

±25mA 

±50mA 

-65°C to + 150°c 

600mW 
500mW 

260°c 

DC Electrical Characteristics (Note 4) 

Operating Conditions 
Min 

Supply Voltage (Vee) 2 

DC Input or Output Voltage 0 
MN.Vour) 

Operating Temp. Range (TA) 
MM74HC -40 
MM54HC -55 

Input Rise or Fall Times 
(tr. tr) Vec=2.0V 

Vee=4.5V 
Vee=6.0V 

Max 
6 

Vee 

+85 
+125 

1000 
500 
400 

74HC 54HC 

Units 
v 
v 

·c 
·c 

ns 
ns 
ns 

Symbol Parameter Conditions Vee TA= -40 to 85°C TA= -55 to 125°C Units 

Vol 

Ice 

Minimum High Level 

Input Voltage 

Maximum Low Level 

Input Voltage** 

Minimum High Level 

Output Voltage 

Maximum Low Level 
Output Voltage 

Maximum Input 

Current 

Maximum Quiescent 
Supply Current 

V1N = V1H or V1L 

liourl:s::20 µA 

V1N = V1H or V1L 
llourl :S::4.0 mA 

I lour I :s:: 5.2 mA 

V1N = V1H or V1L 
I lour I :s:: 20 µA 

V1N = V1H or V1L 

l1ourl:s::4 mA 
I lourl :s:: 5.2 mA 

V1N=VecorGND 

lour=O µA 

2.0V 
4.5V 

6.0V 

2.0V 

4.5V 
6.0V 

2.0V 

Typ 

2.0 
4.5V 4.5 
6.0V 6.0 

4.5V 4.2 

6.0V 5.7 

2.0V 
4.5V 

6.0V 

0 
0 
0 

1.5 
3.15 

4.2 

0.5 

1.35 
1.8 

1.9 
4.4 
5.9 

3.98 

5.48 

0.1 
0.1 

0.1 

4.5V 0.2 0.26 
6.0V 0.2 0.26 

6.0V ±0.1 

6.0V 8.0 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Guaranteed Limits 

1.5 

3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 
5.9 

3.84 
5.34 

0.1 

0.1 
0.1 

0.33 

0.33 

±1.0 

80 

1.5 

3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 
5.9 

3.7 
5.2 

0.1 

0.1 
0.1 

0.4 

0.4 

±1.0 

160 

v 
v 
v 
v 
v 
v 

v 
v 
v 

v 
v 

v 
v 
v 

v 
v 

µA 

µA 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mW /'C from 65°C to 85°C; ceramic "J" package: -12 mW /'C from 1 OO'C to 125'C. 

Note 4: For a power supply of 5V ± 10% the worst case output voltages (VoH. and Vou occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case V1H and V1L occur at Vee= 5.5V and 4.5V respectively. (The ViH value at 5.5V is 3.85V.) The worst case leakage current (liN. Ice. and 
loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 

'*V1L limits are currently tested at 20% of Vee. The above V1L specification (30% of Vee) will be implemented no later than 01, CY'89. 
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AC Electrical Characteristics Vcc=5V, TA=25°C, CL= 15 pF, tr=t1=6 ns 

Symbol 
Parameter Conditions Typ 

Guaranteed 
Units 

Limit 

tPLH Propagation Delay Time, 21 32 ns 
Low-to-High Level Output 

tPHL Propagation Delay Time, 15 32 ns 
High-to-Low Level Output 

tw Width of Clock Pulse, 10 16 ns 
High or Low Level 

tsETUP Setup Time Data 5 20 ns 

Word Select 10 20 

tHQLD Hold Time Data -2 0 ns 

Word Select -2 0 

AC Electrical Characteristics CL =50 pF, tr=t1=6 ns 

54HC/74HC 74HC 54HC 

Symbol Parameter Conditions Vee TA=25°C TA= - 40 to 85°C TA= -55 to 125°C Units 

Typ Guaranteed Limits 

tpLH Propagation Delay Time 2.0V 75 185 231 278 ns 
Low-to-High Level 4.5V 25 37 46 56 ns 

Output 6.0V 20 31 39 47 ns 

tpHL Propagation Delay Time 2.0V 75 185 231 278 ns 
High-to-Low Level 4.5V 25 37 46 56 ns 

Output 6.0V 20 31 39 47 ns 

tw Width of Clock Pulse 2.0V 35 80 100 120 ns 

High or Low Level 4.5V 10 16 20 24 ns 
6.0V 9 14 18 21 ns 

trHL· trLH Maximum Output Rise 2.0V 90 75 95 110 ns 

and Fall Time 4.5V 8 15 19 22 ns 
6.0V 7 13 16 19 ns 

tsETUP Setup Time Data 2.0V 35 100 125 150 ns 
4.5V 5 20 25 30 ns 

6.0V 4 17 21 25 ns 

Word 
Select 2.0V 40 100 125 150 ns 

4.5V 10 20 25 30 ns 

6.0V 9 17 21 25 ns 

tHOLD Hold Time Data 2.0V -10 0 0 0 ns 

4.5V -3 0 0 0 ns 
6.0V -2 0 0 0 ns 

Word 
Select 2.0V -10 0 0 0 ns 

4.5V -3 0 0 0 ns 

6.0V -2 0 0 0 ns 

Cpo Power Dissipation 
Capacitance (Note 5) 28 pF 

C1N Maximum Input 
Capacitance 5 10 10 10 pF 

Note 5: Cpo determines the no load dynamic power consumption, Po = Cpo Vcc2 + Ice Vee. and the no load dynamic current consumption, Is = Cpo Vee' + 
Ice-
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co 
O> 

~ Typical Applications 
~ Figure 1 illustrates a BCD shift register that will shift an en-
....., tire 4-bit BCD digit in one clock pulse. 

5§ When the word select input is high and the registers are 
......, clocked, the contents of Register 1 is transferred (shifted) to m Register 2, etc. In effect, the BCD digits are shifted one 
~ position. In addition, this application retains a parallel-load 
:c capability which means that new BCD data can be entered 
~ into the entire register with one clock pulse. This arrange-
:!: ment can be modified to perform the shifting of binary data 
=: for any number of bit locations. 

PARALLEL LOAD 

I 
r 

IA1 A1 
ws 

A2 QA A2 .___ 
81 "---- 81 

~ 

] 
ws 

Another function that can be implemented with the 
MM54HC298/MM74HC298 is a register that can be de
signed specifically for supporting multiplier or division opera
tions. Figure 2 is an example of a one place/two place shift 
register. 

When word select is low and the register is clocked, the 
outputs of the arithmetic/logic units (ALU's) are shifted one 
place. When word select is high and the registers are 
clocked, the data is shifted two places. 

I 
IA1 

QA A2 
"---- 81 

J 
WS 

QA 

WORD 
SELECT 

82 HC298 Qa 82 HC298 Qa 
c 1 REG 2 

82 HC298 0a 
c 1 REG 2 !..--

CLOCK 

c 1 REG 1 

C2 Oc 
D1 

D2 CL~K0o 

~. 
~ 

FO 

_____. 
DIGIT 1 

ALU 
181 

F1 F2 

...__ 

F3 

A1 A2 B1 B2 C1 C2 D1 D2 

CLOCK HC298 ws 

Os Oc 

C2 Oc 
D1 

D2 CL~Oo 

y 

FIGURE 1 

______. 
DIGIT 2 

....__ 
CZ Qc 
D1 

DZ CL~K Qo 

1 

ALU 
181 

FO F1 F2 

A1 A2 B1 B2 C1 C2 01 02 

______. 
DIGIT 3 

F3 

CLOCK HC298 ws 

Oc 

TL/F/5334-3 

CLOCK----~------11----+----+----tto---_,, 
WORD '-------.._ __ _.. __ __,~ __ ,._ __ .., __ SELECT 

TL/F /5334-4 

FIGURE 2 
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~National 
~Semiconductor 

MM54HC299/MM7 4HC299 
8-Bit TRI-STATE® Universal Shift Register 
General Description 
This 8-bit TRI-STATE shift/storage register utilizes advanced 
silicon-gate CMOS technology. Along with the low power 
consumption and high noise immunity of standard CMOS 
integrated circuits, it has the ability to drive 15 LS-TIL 
loads. This circuit also features operating speeds compara
ble to the equivalent low power Schottky device. 

The MM54HC299/MM74HC299 features multiplexed in
puts/outputs to achieve full 8-bit data handling in a single 
20-pin package. Due to the large output drive capability and 
TRI-STATE feature, this device is ideally suited for interfac
ing with bus lines in a bus oriented system. 

Two function select inputs and two output control inputs are 
used to choose the mode of operation as listed in the func
tion table. Synchronous parallel loading is accomplished by 
taking both function select lines SO and S1 high. This places 
the TRI-STATE outputs in a high impedance state, which 

Connection Diagram 

permits data applied to the input/ output lines to be clocked 
into the register. Reading out of the register can be done 
while the outputs are enabled in any mode. A direct overrid
ing CLEAR input is provided to clear the register whether 
the outputs are enabled or disabled. 

The 54HC/74HC logic family is functionally as well as pinout 
compatible with the standard 54LS/74LS logic family. All 
inputs are protected from damage due to static discharge by 
internal diode clamps to Vee and ground. 

Features 
• Typical operating frequency 40 MHz 
• Typical propagation delay: 20 ns 
• Low quiescent current: 80 µA maximum (74HC) 
• High output drive for bus applications 
• Low quiescent current: 1 µA maximum 

Dual-In-Line Package 

Vee S1 

SHIFT 
LEFT 
SL 

SHIFT 
RIGHT 

OH' HIOH F/Of D/Oo B/Os CLOCK SR 

20 19 18 17 16 . 15 14 13 12 11 

S1 SL OH H/QH F/Of D/Oo B/Os CK 

w ~ 

G G/OG EIOE C/Qc A/QA 0A CLEAR 

• 
3 10 

so iR 62 G/OG E/Oe C/Oc A/QA OA' CLEAR GND 

OUTPUT 
CONTROLS 

TOP VIEW 

Order Number MM54HC299* or MM74HC299* 
*Please look into Section B. Appendix D for availability of various package types. 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
If Military/Aerospace specified devices are required, Min Max Units 
contact the National Semiconductor Sales Office/ Supply Voltage (Vee) 2 6 v 
Distributors for avallablllty and specifications. DC Input or Output Voltage 0 Vee v 
Supply Voltage (Vee) -0.5 to+ 7.0V MN. VouT) 
DC Input Voltage (V1N) -1.5 to Vee+ 1.5V Operating Temp. Range (TA) 
DC Output Voltage (VouT) -0.5 to Vcc+0.5V MM74HC -40 +85 ·c 
Clamp Diode Current (lco) ±20mA MM54HC -55 +125 ·c 

DC Output Current, per pin (louT) ± 25 mA (QA'• 0Ho) Input Rise or Fall Times 
± 35 mA (others) (tr, tr) Vcc=2.ov 1000 ns 

DC Vee or GND Current, per pin (Ice) ±70mA Vcc=4.5V 500 ns 

Storage Temperature Range (T srn) - 65°C to + 15o•c Vcc=6.0V 400 ns 

Power Dissipation (Po) 
(Note3) 600mW 
S.O. Package only 500mW 

Lead Temp. (TL) (Soldering 10 seconds) 2so0 c 

DC Electrical Characteristics (Note 4) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee TA= - 40 to 85°C TA= -55to125•c Units 

Typ Guaranteed Limits 

V1H Minimum High Level Input 2.0V 1.5 1.5 1.5 v 
Voltage 4.5V 3.15 3.15 3.15 v 

6.0V 4.2 4.2 4.2 v 

V1L Maximum Low Level Input 2.0V 0.5 0.5 0.5 v 
Voltage** 4.5V 1.35 1.35 1.35 v 

6.0V 1.8 1.8 1.8 v 

VoH Minimum High Level V1N = V1H or V1L 
Output Voltage llouTI :>::20 µA 2.0V 2.0 1.9 1.9 1.9 v 

4.5V 4.5 4.4 4.4 4.4 v 
6.0V 6.0 5.9 5.9 5.9 v 

QA' & OH' Outputs V1N = V1H or V1L v 
I louTI :>:: 4.0 mA 4.5V 4.2 3.98 3.84 3.7 v 
I louTI :>:: 5.2 mA . 6.0V 5.7 5.48 5.34 5.2 v 

A/QA thru H/QH Outputs V1N = V1H or V1L v 
llouTI :>::6.0 mA 4.5V 4.2 3.98 3.84 3.7 v 
llouTIQ.8 mA 6.0V 5.7 5.48 5.34 5.2 v 

VoL Maximum Low Level V1N = V1H or V1L 
Output Voltage llouTl:>::20 µA 2.0V 0 0.1 0.1 0.1 v 

4.5V 0 0.1 0.1 0.1 v 
6.0V 0 0.1 0.1 0.1 v 

QA' and OH' Outputs V1N = V1H or V1L v 
l1ouTl:>::4mA 4.5V 0.2 0.26 0.33 0.4 v 
l1ouTl:>::5.2 mA 6.0V 0.2 0.26 0.33 0.4 v 

A/QA thru H/QH Outputs V1N=V1H orV1L v 
l1ouTl:>::6 mA 4.5V 0.2 0.26 0.33 0.4 v 
l1ouTl:>::7.8 mA 6.0V 0.2 0.26 0.33 0.4 v 

l1N Maximum Input Current V1N=Vcc or GND 6.0V ±0.1 ±1.0 ±1.0 µA 

loz Maximum TRI-STATE Output VouT=Vccor 6.0V ±0.5 ±0.5 ±1.0 µA 
GND 

Leakage Currrent G=V1H 

Ice Maximum Quiescent Supply V1N=Vcc or GND 6.0V 8.0 80 160 µA 
Current louT=O µA 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mW /'C from 65°C to 85'C; ceramic "J" package: -12 mW /'C from 1 oo•c to 125'C. 
Note 4: For a power supply of 5V ±10% the worst-case output voltages (VoH. and You occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst-case V1H and V1L occur at Vee= 5.5V and 4.5V respectively. (The V1H value at 5.5V is 3.85V.) The worst-case leakage current (l1N. 
Ice. and lozl occur for CMOS at the higher voltage and so the 6.0V values should be used. 
•• V1L limits are currently tested at 20% of Vee· The above v1L specification (30% of Vee) will be implemented no later than 01, CY'B9. 
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s: 
AC Electrical Characteristics Vcc=5V, TA=25°C, tr=t1=6 ns, CL =45 pF 

s: 
c.n 
.i::i. 

Guaranteed :c 
Symbol Parameter Conditions Typ Units 0 

Limit N 
CD 

fMAX Maximum Operating 40 25 MHz CD 
....... 

Frequency s: 
s: 

trHL· trLH Maximum Propagation 25 35 ns ...... 
.i::i. 

Delay, Clock to QA' or QH' :c 
0 

trHL Maximum Propagation 39 40 ns N 
CD 

Delay, Clear to QA' or QH' CD 

trHL1 trLH Maximum Propagation CL =45 pF 25 35 ns 
Delay, Clock to QA-QH 

trHL Maximum Propagation CL =45 pF 28 40 ns 
Delay, Clear to QA-QH 

trzL, trzH Maximum Enable Time CL =45 pF 10 35 ns 
AL =1 kfi 

trHZ· trLZ Maximum Disable Time CL =5 pF 18 25 ns 
AL =1 kfi 

ts Minimum Setup Select 20 ns 
Time Data 20 ns 

tH Minimum Hold Select 0 ns 
Time Data 0 ns 

tw Minimum Pulse Width 12 20 ns 

tREM Clear Removal Time 10 ns 

AC Electrical Characteristics CL =50 pF, tr=t1=6 ns unless otherwise specified 

TA=2s0 c 74HC 54HC 

Symbol Parameter Conditions Vee TA= -40 to as0 c TA= -ss to 12s0 c ·Units 

Typ Guaranteed Limits 

fMAX Maximum Operating Frequency 2.0V 5 4 3.5 MHz 
4.5V 25 20 18 MHz 
6.0V 29 23 20 MHz 

trHL· trLH Maximum Propagation 2.0V 15 170 210 240 ns 
Delay, Clock to QA' or QH' 4.5V 27 38 48 54 ns 

6.0V 25 35 44 49 ns 

trHL Maximum Propagation 2.0V 70 200 250 280 ns 
Delay, Clear to QA' or QH' 4.5V 30 44 55 62 ns • 6.0V 26 38 46 52 ns 

trHL· trLH Maximum Propagation CL =50 pF 2.0V 65 170 210 240 ns 
Delay, Clock to QA-QH CL =150 pF 2.0V 100 206 260 295 ns 

CL =50 pF 4.5V 27 38 48 54 ns 
CL =150 pF 4.5V 34 46 57 66 ns 

CL =50 pF 6.0V 25 35 44 49 ns 
CL =150 pF 6.0V 31 39 49 55 ns 

trHL Maximum Propagation CL =50 pF 2.0V 70 200 250 280 ns 
Delay, Clear to QA-QH CL =150 pF 2.0V 110 236 295 325 ns 

CL =50 pF 4.5V 30 44 55 62 ns 
CL =150 pF 4.5V 37 52 65 75 ns 

CL =50 pF 6.0V 26 38 46 52 ns 
CL =150 pF 6.0V 32 46 57 64 ns 
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AC Electrical Characteristic (Continued) CL =50 pF, tr=tt=6 ns unless otherwise specified 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee TA= - 40 to 85°C TA= - 55 to 125°C Units 

Typ Guaranteed Limits 

tpzH, tpzL Maximum Output Enable RL =1 kn 

CL =50 pF 2.0V 70 160 200 225 ns 
CL =150 pF 2.0V 90 220 275 310 ns 

CL =50 pF 4.5V 22 32 40 45 ns 
CL =150 pF 4.5V 30 44 55 62 ns 

CL =50 pF 6.0V 19 28 34 38 ns 
CL=150pF 6.0V 24 47 47 51 ns 

tpHz, tpLz Maximum Output Disable Time RL =1 kn 2.0V 70 160 200 225 ns 
CL =50 pF 4.5V 22 32 40 45 ns 

6.0V 19 28 34 38 ns 

ts Minimum Setup Time, 2.0V 100 125 140 ns 
Data Select SL or SR 4.5V 20 25 28 ns 

6.0V 17 21 25 ns 

tH Minimum Hold Time, 2.0V 0 0 0 ns 
Data Select SL or SR 4.5V 0 0 0 ns 

6.0V 0 0 0 ns 

tREM Minimum Clear Removal Time 2.0V 10 10 10 ns 
4.5V 10 10 10 ns 
6.0V 10 10 10 ns 

tw Minimum Pulse Width, 2.0V 100 125 140 ns 
Clock and Clear 4.5V 20 25 28 ns 

6.0V 17 21 25 ns 

tr, tt Maximum Input Rise 2.0V 1000 1000 100 ns 
and Fall Time 4.5V 500 500 500 ns 

6.0V 400 400 400 ns 

trHL· trLH Maximum Output Rise 2.0V 60 75 90 ns 
and Fall Time, Clock 4.5V 12 15 18 ns 

6.0V 10 13 15 ns 

Cpo Power Dissipation Outputs Enabled 240 pF 
Capacitance Outputs Disabled 110 pF 

C1N Maximum Input Capacitance 5 10 10 10 pF 
Capacitance 

Cour Maximum TRI-STATE 15 20 20 20 pF 
Output Capacitance 

Note 5: Cpo determines the no load dynamic power consumption, Po= Cpo V cc2 I+ Ice V cc. and the no load dynamic current consumption, 
ls=Cpo Vee !+Ice. 

Function Table 
Inputs Inputs/Outputs Outputs 

Function Output 
Mode Clear Select Control Clock Serial A/QA B/Qe C/Qe D/Qo E/QE F/Qf G/Qa H/QH QA' QH' 

S1 so G1t G2t SL SR 

Clear 
L x L L L x x x L L L L L L L L L L 
L L x L L x x x L L L L L L L L L L 

Hold 
H L L L L x x x OAo Oso Oeo Ooo OEo OFo 0Go OHo OAo OHo 
H x x L L LorH x x OAo Oso Oeo Ooo OEo OFo 0Go OHo 0Ao OHo 

Shift Right 
H L H L L i x H H OAn Osn Oen Oon OEn OFn 0Gn H 0GN 
H L H L L i x L L OAn Osn Oen Oon OEn OFn 0Gn L 0GN 

Shift Left 
H H L L L i H x Osn Oen Oon OEn OFn 0Gn 0Hn H Osn H 
H H L L L i L x Osn Oen Oon OEn OFn 0Gn OHn L Osn L 

Load H H H x x i x x a b c d e f g h a h 

tWhen one or both controls are high the eight input/output terminals are disabled to the high-impedance state; however, sequential operation or clearing of 
the register is not affected. 
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Logic Diagram 

r>o-
C LK~O--.CLK 

CLR-
9----[>o------· R 

20 
--Vee 

10 
--GND 

SR 

LD 
DETAIL OF DEMUX 

61 -:---------1:2----------

SL 

SHIFT .-11----t> 
RIGHT 

__ S_R ___ _ 

DEMUX 

SL 

SL 

SL 

SL 

s~~-1a _________________________ -+-----~~o--.J 
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~National 
~Semiconductor 

MM54HC354/MM74HC354/ 
MM54HC356/MM74HC356 
8-Channel TRI-STATE® Multiplexers with Latches 

General Description 
The MM54HC354/MM74HC354 and MM54HC356/ 
MM74HC356 utilize advanced silicon-gate CMOS technolo
gy. They exhibit the high noise immunity and low power dis
sipation of standard CMOS integrated circuits, along with 
the ability to drive 15 LS-TTL loads. Due to the large output 
drive capability and the TRI-STATE feature, these devices 
are ideally suited for interfacing with bus lines in a bus orga
nized system. 

These data selectors/multiplexers contain full on-chip bina
ry decoding to select one of eight data sources. The data 
select address is stored in transparent latches that are en
abled by a low level address on pin 11, SC. Data on the 8 
input lines is stored in a parallel input/output register which 
in the MM54HC354/MM74HC354 is composed of 8 trans
parent latches enabled by a low level on pin 9, DC, and in 
the MM54HC356/MM74HC356 is composed of 8 edge-trig
gered flip-flops, clocked by a low to high transition on pin 9, 
CLK. Both true (Y) and complementary (W) TRI-STATE out
puts are available on both devices. 

Connection Diagram 

The 54HC/74HC logic family is functionally as well as pin
out compatible with the standard 54LS/74LS-TTL logic fam
ily. All inputs are protected from damage due to static dis
charge by internal diode clamps to Vee and ground. 

Features 
• Transparent latches on data select inputs 
• · Choice of data registers: 

Transparent ('354) 
Edge-triggered ('356) 

• TRI-STATE complementary outputs with fanout 
of 15 LS-TTL loads 

• Typical propagation delay: 
Data to output ('354): 32 ns 
Clock to output ('346): 35 ns 

• Wide power supply range: 2V-6V 
• Low quiescent supply current: 80 µA maximum 
• Low input current: 1 µA maximum 

Dual-In-Line Package 

OUTPUT 
OUTPUTS ENABLES SELECT (SC) 

SELECT 
Vee w G3 62 61 so S1 S2 CONTROL 

10 

D7 D6 D5 D4 D3 D2 01 DD DATA GND 
-------------- CONTROL/ 

DATA CLOCK 
INPUTS (DC/CLK) 

Top View 

Order Number MM54HC354/356* or MM74HC354/356* 
•Please look into Section 8, Appendix D for availability of various package types. 
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Absolute Maximum Ratings (Notes 1 & 2) 

If Military I Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage (Vee) -0.5V to+ 7.0V 

DC Input Voltage MN) -1.5V to Vee+ 1.5V 

DC Output Voltage (Vour) 

Clamp Diode Current (lco) 

DC Output Current, per pin (lour) 

DC Vee or GND Current, per pin (Ice) 

Storage Temperature Range (T srn) 

Power Dissipation (Po) 
(Note3) 
S.O. Package only 

Lead Temp. (TL) 

(Soldering 10 seconds) 

-0.5V to Vee+ 0.5V 

±20mA 

±35mA 

±70mA 

- 65°C to + 150°C 

600mW 
500mW 

260°C 

DC Electrical Characteristics (Note 4) 

Operating Conditions 
Min 

Supply Voltage (Vee) 2 

DC Input or Output Voltage 0 
MN· Vour) 

Operating Temp. Range (TA) 
MM74HC -40 
MM54HC -55 

Input Rise or Fall Times 
(tr,t1) Vcc=2.0V 

Vcc=4.5V 
Vcc=6.0V 

74HC 

Max Units 
6 v 

Vee v 

+85 oc 
+125 oc 

1000 ns 
500 ns 
400 ns 

54HC 

Symbol Parameter Conditions Vee 
Typ 

TA= -40 to 85°C TA= -55 to 125°C Units 

Guaranteed Limits 

V1H Minimum High Level Input 
Voltage 

V1L Maximum Low Level Input 
Voltage•• 

Vol 

l1N 

loz 

Ice 

Minimum High Level Output 
Voltage 

Maximum Low Level Output 
Voltage 

Maximum Input Current 

Maximum TRI-STATE Output 
Leakage Current 

Maximum Quiescent Supply 
Current 

V1N=V1H orV1L 
I lour I :o:;: 20 µA 

V1N = V1H or V1L 
l1ourl:5:6.0 mA 
l1ourl:5:7.8 mA 

V1N = V1H or V1L 
ilourl <20 µA 

V1N = V1H or V1L 
I lour I :5:: 6.0 mA 
llourl :5::7.8 mA 

V1N=Vee or GND 

Vour=VecorGND 
G1 =V1H 

V1N =Vee or GND 
lour=O µA 

2.0V 
4.5V 
6.0V 

2.0V 
4.5V 
6.0V 

2.0V 2.0 
4.5V 4.5 
6.0V 6.0 

4.5V 4.2 
6.0V 5.7 

2.0V 0 
4.5V 0 
6.0V 0 

4.5V 0.2 
6.0V 0.2 

6.0V 

6.0V 

6.0V 

Note 1: Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 
5.9 

3.98 
5.48 

0.1 
0.1 
0.1 

0.26 
0.26 

±0.1 

±0.5 

8.0 

1.5 1.5 v 
3.15 3.15 v 
4.2 4.2 v 
0.5 0.5 v 
1.35 1.35 v 
1.8 1.8 v 

1.9 1.9 v 
4.4 4.4 v 
5.9 5.9 v 

3.84 3.7 v 
5.34 5.2 v 

0.1 0.1 v 
0.1 0.1 v 
0.1 0.1 v 

0.33 0.4 v 
0.33 0.4 v 
±1.0 ±1.0 µA 

±5.0 ±10 µA 

80 160 µA 

Note 3: Power Dissipation temperature derating-plastic "N" package: -12 mW/'C from 65°C to 85°C; ceramic "J" package: -12 mW/'C from 100°C to 125°C. 

Note 4: For a power supply of 5V ± 10% the worst case output voltages (VOH• and Vou occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case ViH and V1L occur at Vee= 5.5V and 4.5V respectively. (The V1H value at 5.5V is 3.85V.) The worst case leakage current (l1N• Ice. and 
loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 

••v1L limits are currently tested at 20% of Vee· The above Vil specification (30% of Vee) will be implemented no later than 01, CY'89. 
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~ AC Electrical Characteristics Vcc=5V, TA=25°C, tr=t,=6 ns 
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Symbol Parameter 

tPHL• tPLH Maximum Propagation 
Delay DO-D7 to either Output 

tPHL• tPLH Maximum Propagation 
Delay DC to either Output 

tPHL• tPLH Maximum Propagation 

Delay SO-S2 to either Output 

tPHL• tPLH Maximum Propagation 
Delay SC to either Output 

tpzH, tpzL Maximum Output Enable Time 

tPHZ• tpLZ Maximum Output Disable Time 

ts Minimum Setup Time 
DO-D7 to DC, S0-52 to SC 

tH Minimum Hold Time 

DO-D7 to DC, SO-S2 to SC 

tw Minimum Pulse Width, SC or DC 

MM54HC356/MM7 4HC356 

Symbol Parameter 

tPHL• tPLH Maximum Propagation 
Delay CLK to either Output 

tPHL• tPLH Maximum Propagation 
Delay SO-S2 to either Output 

tPHL• tPLH Maximum Propagation 
Delay SC to either Output 

tpzH, tpzL Maximum Output Enable Time 

tpHz, tpLz Maximum Output Disable Time 

ts Minimum Setup Time 
DO-D7 to CLK, SO-S2 to SC 

tH Minimum Hold Time 
D0-07 to CLK, SO-S2 to SC 

tw Minimum Pulse Width, SC or CLK 

Conditions 

CL =45 pF 

CL=45 pF 

CL =45pF 

CL =45 pF 

AL= 1 kn 
CL =45 pF 

AL= 1 kn 
CL =5pF 

Conditions 

CL =45 pF 

CL =45 pF 

CL=45 pF 

AL =1 kn 
CL =45pF 

AL =1 kn 
CL =5 pF 
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Typ 
Guaranteed 

Units 
Limit 

32 46 ns 

38 53 ns 

40 56 ns 

42 58 ns 

17 24 ns 

23 32 ns 

3 10 ns 

0 5 ns 

10 15 ns 

Typ 
Guaranteed 

Units 
Limit 

35 50 ns 

40 56 ns 

42 58 ns 

17 24 ns 

23 32 ns 

3 10 ns 

0 5 ns 

10 15 ns 



AC Electrical Characteristics MM54HC354/MM74HC354 (Continued) 
Vcc=2.0-6.0V, CL =50 pF, tr=tt=6 ns (unless otherwise specified) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee TA= - 40 to 85°C TA= - 55 to 125°C Units 

Typ Guaranteed Limits 

tPHL• tPLH Maximum Propagation CL =50 pF 2.0V 90 235 294 352 ns 
Delay DO-D7 to either Output CL= 150 pF 2.0V 100 275 344 412 ns 

CL =50 pF 4.5V 35 47 59 70 ns 
CL= 150 pF 4.5V 40 55 68 83 ns 

CL =50 pF 6.0V 26 40 50 60 ns 
CL =150 pF 6.0V 32 46 58 69 ns 

tPHL• tPLH Maximum Propagation CL =50 pF 2.0V 115 270 337 405 ns 
Delay DC to either Output CL= 150 pF 2.0V 125 310 387 465 ns 

CL =50 pF 4.5V 40 54 68 82 ns 
CL= 150 pF 4.5V 46 62 78 93 ns 

CL =50 pF 6.0V 32 46 58 69 ns 
CL= 150 pF 6.0V 38 52 66 78 ns 

tPHL• tpLH Maximum Propagation CL =50 pF 2.0V 120 285 356 427 ns 
Delay SO-S2 to either Output CL=150 pF 2.0V 130 325 406 488 ns 

CL =50 pF 4.5V 42 57 71 86 ns 
CL= 150 pF 4.5V 50 65 81 97 ns 

CL =50 pF 6.0V 34 48 60 72 ns 
CL= 150 pF 6.0V 40 55 69 82 ns 

tPHL• tPLH Maximum Propagation CL=50 pF 2.0V 120 300 375 450 ns 
Delay SC to either Output CL= 150 pF 2.0V 110 340 425 510 ns 

CL =50 pF 4.5V 45 60 75 90 ns 
CL= 150 pF 4.5V 52 68 85 102 ns 

CL =50 pF 6.0V 36 51 64 77 ns 
CL =150 pF 6.0V 42 58 72 87 ns 

tpzH, tpzL Maximum Output Enable Time RL=1 kn 
CL=50 pF 2.0V 50 125 156 188 ns 
CL= 150 pF 2.0V 60 165 206 248 ns 

CL =50 pF 4.5V 18 25 31 38 ns 
CL=150pF 4.5V 25 33 41 49 ns 

CL =50 pF 6.0V 15 21 26 32 ns 
CL= 150 pF 6.0V 21 28 35 42 ns 

tpHz, tpLz Maximum Output Disable Time RL = 1 kn 2.0V 68 165 206 248 ns 
CL=50 pF 4.5V 24 33 41 49 ns 

6.0V 20 28 35 42 ns 

ts Minimum Setup Time 2.0V 6 50 60 75 ns 
DO-D7 to DC, SO-S2 to SC 4.5V 3 10 13 15 ns 

6.0V 3 10 13 15 ns 

tH Minimum Hold Time 2.0V 0 5 5 5 ns 
DO-D7 to DC, SO-S2 to SC 4.5V 0 5 5 5 ns 

6.0V 0 5 5 5 ns 

tw Minimum Pulse Width 2.0V 30 80 100 120 ns 
SC or DC 4.5V 10 16 20 24 ns 

6.0V 10 15 18 20 ns 

trLH· trHL Maximum Output Rise CL =50 pF 2.0V 25 60 75 90 ns 
and Fall Time 4.5V 7 12 15 18 ns 

6.0V 6 10 13 15 ns 

Cpo Power Dissipation Capacitance (per package) 
(Note 5) Active 150 pF 

TRI-STATE 50 pF 

C1N Maximum Input Capacitance 5 10 10 10 pF 

Gour Maximum Output Capacitance 15 20 20 20 pF 

Note 5: Cpo determines the no load dynamic power consumption, Po= Cpo Vcc2 I+ Ice Vee. and the no load dynamic current consumption, ls=Cpo Vee I+ Ice-
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AC Electrical Characteristics MM54HC356/MM74HC356 (Continued) 
Vcc=2.0-6.0V, CL =50 pF, tr=tt=6 ns (unless otherwise specified) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee TA= -40 to 85°C TA= -55to 125°C Units 

Typ Guaranteed Limits 

tPHL• tPLH Maximum Propagation CL =50 pF 2.0V 100 225 318 338 ns 
Delay CLK to either Output CL= 150 pF 2.0V 110 295 369 442 ns 

CL =50 pF 4.5V 36 51 63 76 ns 
CL =150 pF 4.5V 42 59 73 90 ns 

CL =50 pF 6.0V 28 43 53 64 ns 
CL =150 pF 6.0V 34 50 63 75 ns 

tPHL• tPLH Maximum Propagation CL =50 pF 2.0V 120 285 356 427 ns 
Delay SO-S2 to either Output CL =150 pF 2.0V 130 325 406 488 ns 

CL =50 pF 4.5V 42 57 71 86 ns 
CL= 150 pF 4.5V 50 65 81 97 ns 

CL =50 pF 6.0V 34 48 60 72 ns 
CL =150 pF 6.0V 40 55 69 82 ns 

tPHL• tPLH Maximum Propagation CL =50 pF 2.0V 120 300 375 450 ns 
Delay SC to either Output CL =150 pF 2.0V 110 340 425 510 ns 

CL =50 pF 4.5V 45 60 75 90 ns 
CL =150 pF 4.5V 52 68 85 102 ns 

CL =50 pF 6.0V 36 51 64 77 ns 
CL= 150 pF 6.0V 42 58 72 87 ns 

tpzH, tpzL Maximum Output Enable Time RL =1 kn 
CL =50 pF 2.0V 50 125 156 188 ns 
CL =150 pF 2.0V 60 165 206 248 ns 

CL =50 pF 4.5V 18 25 31 38 ns 
CL =150 pF 4.5V 25 33 41 49 ns 

CL =50 pF 6.0V 15 21 26 32 ns 
CL =150 pF 6.0V 21 28 35 42 ns 

tpHz, tpLz Maximum Output Disable Time RL =1 kn 2.0V 68 165 206 248 ns 
CL =50 pF 4.5V 24 33 41 49 ns 

6.0V 20 28 35 42 ns 

ts Minimum Setup Time 2.0V 6 50 60 75 ns 
DO-D7 to CLK, SO-S2 to SC 4.5V 3 10 13 15 ns 

6.0V 3 10 13 15 ns 

tH Minimum Hold Time 2.0V 0 5 5 5 ns 
D0-07 to CLK, SO-S2 to SC 4.5V 0 5 5 5 ns 

6.0V 0 5 5 5 ns 

tw Minimum Pulse Width 2.0V 30 80 100 120 ns 
SCtoCLK 4.5V 10 16 20 24 ns 

6.0V 10 15 18 20 ns 

tr, tt Maximum Clock Input 2.0V 1000 1000 1000 ns 
Rise and Fall Time 4.5V 500 500 500 ns 

6.0V 400 400 400 ns 

trLH· trHL Maximum Output Rise CL =50 pF 2.0V 25 60 75 90 ns 
and Fall Time 4.5V 7 12 15 18 ns 

6.0V 6 10 13 15 ns 

Cpo Power Dissipation Capacitance (per package) 
(Note5) Active 150 pF 

TRI-STATE 50 pF 

C1N Maximum Input Capacitance 5 10 10 10 pF 

Cour Maximum Output Capacitance 15 20 20 20 pF 

Note 5: Cpo determines the no load dynamic power consumption, Po=Cpo Vcc2 f+ Ice Vee. and the no load dynamic current consumption, ls=Cpo Vee f+ Ice. 
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Function Table 

Inputs 

Data 
Select"t Control 

'HC354 

51 52 so DC 

x x x x 
x x x x 
x x x x 
L L L L 
L L L H 
L L H L 
L L H H 
L H L L 
L H L H 
L H H L 
L H H H 
H L L L 
H L L H 
H L H L 
H L H H 
H H L L 
H H L H 
H H H L 
H H H H 

H = high level (steady state) 

L = low level (steady state) 

Clock 
'HC356 

CLK 

x 
x 
x 
i 

HorL 

i 
HorL 

i 
H orL 

i 
H orL 

i 
H orL 

i 
Hor L 

i 
HorL 

i 
Horl 

X = irrelevant (any input, including transitions) 

Z = high-impedance state (off state) 

t = transition from low to high level 

Output Outputs 
Enables 

G1 G2 G3 w y 

H x x z z 
x H x z z 
x x L z z 
L L H DO DO 
L L H DOn DOn 
L L H 01 01 
L L H D1n D1n 
L L H 02 02 
L L H D2n D2n 
L L H 03 03 
L L H D3n D3n 
L L H 04 04 
L L H D4n D4n 
L L H 05 05 
L L H D5n D5n 
L L H 06 06 
L L H D6n D6n 
L L H 07 07 
L L H D7n D7n 

DO ... D7 = the level steady-state inputs at inputs DO through D7, respectively, at the time of the low-to-
high clock transition in the case of 'HC356 · 

DOn ... D7n = the level of steady state inputs at inputs DO through D7, respectively, before the most 
recent low-to-high transition of data control or clock. 

tThis column shows the input address set-up with SC low. 
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Logic Diagram 

'HC354 

TL/F/5208-2 
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Logic Diagram 

'HC356 

TL/F/5208-3 
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~National 
~Semiconductor 

MM54HC365/MM74HC365 Hex TRI-STATE® Buffer 
MM54HC366/MM74HC366 Inverting Hex TRI-STATE Buffer 
MM54HC367/MM74HC367 Hex TRI-STATE Buffer 
MM54HC368/MM74HC368 Inverting Hex TRI-STATE Buffer 
General Description 
These TRI-STATE buffers are general purpose high speed 
inverting and non-inverting buffers that utilize advanced sili
con-gate CMOS technology. They have high drive current 
outputs which enable high speed operation even when driv
ing large bus capacitances. These circuits possess the low 
power dissipation of CMOS circuitry, yet have speeds com
parable to low power Schottky TIL circuits. All 4 circuits are 
capable of driving up to 15 low power Schottky inputs. 

The MM54/74HC366 and the MM54/74HC368 are inverting 
buffers, where as the MM54/74HC365 and the MM54/ 
74HC367 are non-inverting buffers. The MM54/74HC365 
and the MM54/74HC366 have two TRI-STATE control in
puts (G1 and G2) which are NORed together to control all 

six gates. The MM54/74HC367 and the MM54/74HC368 
also have two output enables, but one enable (G1) controls 
4 gates and the other (G2) controls the remaining 2 gates. 

All inputs are protected from damage due to static dis
charge by diodes to Vee and ground. 

Features 
• Typical propagation delay: 15 ns 
• Wide operating voltage range: 2V-6V 
• Low input current: 1 µA maximum 
• Low quiescent current: 80 µA maximum (74 Series) 
• Output drive capability: 15 LS-TIL loads 

Connection Diagrams Dual-In-Line Packages/Top Views 
Vee ll2 AS YS A5 Y5 A4 Y4 

1S 15 14 13 12 11 10 

Gl A1 Y1 A2 Y2 A3 Y3 GND 

TL/F/5209-1 

Order Number MM54HC365* or MM74HC365* 

Vee G2 A6 Y6 A5 Y5 A4 Y4 

1S 15 14 13 12 11 10 

Gi A1 Y1 A2 Y2 A3 Y3 GND 

TL/F/5209-3 

Order Number MM54HC367* or MM74HC367* 

Vee 62 

16 15 

A1 

AS 

14 

Y1 

YS 

13 

AS 

12 

YS 

11 

A2 Y2 A3 

A4 

10 

Y4 

Y3 GND 

TL/F/5209-2 

Order Number MM54HC366* or MM74HC366* 

Vee ll2 A6 Y6 A5 Y5 A4 Y4 

16 15 14 13 12 11 10 

G1 Al Y1 A2 Y2 A3 Y3 GND 

TL/F/5209-4 

Order Number MM54HC368* or MM74HC368* 

•Please look into Section 8, Appendix D for availability of various package types. 

3-278 



Absolute Maximum Ratings (Notes 1 & 2) 

If Military I Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage (Vee) -0.5 to + 7.0V 

DC Input Voltage MN) -1.5 to Vee+ 1.5V 

DC Output Voltage (Vour) 

Clamp Diode Current (l1K· loK) 

DC Output Current, per pin (lour) 

DC Vee or GND Current, per pin (Ice) 

Storage Temperature Range (T srn) 

Power Dissipation (Po) 
(Note3) 
S.O. Package only 

Lead Temp. (TL) (Soldering 10 seconds) 

-0.5 to Vcc+0.5V 

±20mA 

±35mA 

±70mA 

-65°C to+ 150°C 

600mW 
500mW 

260°C 

DC Electrical Characteristics (Note 4) 

Operating Conditions 
Min 

Supply Voltage (Vee) 

DC Input or Output Voltage 
(VIN· Vour) 

Operating Temp. Range (TA) 
MM74HC 
MM54HC 

·Input Rise or Fall Times 
(tr. t1) Vcc=2.0V 

Vcc=4.5V 
Vcc=6.0V 

74HC 

2 

0 

-40 
-55 

Max 
6 

Vee 

+85 
+125 

1000 
500 
400 

54HC 

Units 
v 
v 

oc 
oc 

ns 
ns 
ns 

Symbol Parameter Conditions Vee 

Typ 

TA= -40to85°C TA= -55to125°C Units 

Guaranteed Limits 

V1H Minimum High Level Input 
Voltage 

V1L Maximum Low Level Input 
Voltage** 

VoH 

Vol 

Minimum High Level Output 
Voltage 

Maximum Low Level Output 
Voltage 

Maximum Input Current 

V1N = V1H or V1L 
I lour I:::: 20 µA 

V1N = V1H or V1L 
I lour I :::: 6.0 mA 
liourl::::7.8 mA 

V1N = V1H or V1L 
llourl::::20 µA 

V1N=V1H orV1L 
I lour I :::: 6.0 mA 
liourl::::7.8 mA 

2.0V 1.5 
4.5V 3.15 
6.0V 4.2 

2.0V 0.5 
4.5V 1.35 
6.0V 1.8 

2.0V 2.0 1.9 
4.5V 4.5 4.4 
6.0V 6.0 5.9 

4.5V 4.2 3.98 
6.0V 5.7 5.48 

2.0V 0 
4.5V 0 
6.0V 0 

0.1 
0.1 
0.1 

4.5V 0.2 0.26 
6.0V 0.2 0.26 

6.0V ±0.1 

loz Maximum TRI-STATE Output Vour=Vcc or GND 6.0V ±0.5 

Ice 

Leakage Current G = V1H 

Maximum Quiescent Supply 
Current 

V1N=Vcc or GND 
lour=O µA 

6.0V 

Note 1: Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

8.0 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 
5.9 

3.84 
5.34 

0.1 
0.1 
0.1 

0.33 
0.33 

±1.0 

±5.0 

80 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 
5.9 

3.7 
5.2 

0.1 
0.1 
0.1 

0.4 
0.4 

±1.0 

±10 

160 

v 
v 
v 
v 
v 
v 

v 
v 
v 

v 
v 

v 
v 
v 

v 
v 

µA 

µA 

µA 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mW /'C from 65'C to 85'C; ceramic "J" package: -12 mW /'C from 1 OO'C to 125'C. 

Note 4: For a power supply of 5V ± 10% the worst case output voltages (VoH• and Vou occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case V1H and V1L occur at Vee= 5.5V and 4.5V respectively. (The V1H value at 5.5V is 3.85V.) The worst case leakage current (l1N. Ice. and 
loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 

••v1L limits are currently tested at 20% of Vee. The above V1L specification (30% of Vee) will be implemented no later than 01, CY'89. 
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co 
co 
Cf) AC Electrical Characteristics MM54HC365/MM74HC365 0 :c Vcc=5V, TA=25°C, tr=t1=6 ns 
"111:1" 
...... 

Guaranteed 

== Symbol Parameter Conditions Typ Units 

== 
Limit 

...... 
tPHL• tPLH Maximum Propagation CL =45 pF 15 22 ...... ns 

co Delay Cf) 

0 tpzH, tpzL Maximum Output Enable RL =1 kn 29 40 ns :c 
"111:1" Time CL =45 pF 
...... 

== 
tpHz, tpLz Maximum Output Disable RL =1 kn 25 36 ns 

== 
Time CL =5 pF ...... 

co 
co 
Cf) 

0 
AC Electrical Characteristics MM54HC365/MM74HC365 :c 

"111:1" 
...... Vcc=2.0-6.0V, CL =50 pF, tr=t1=6 ns (unless otherwise specified) 

== 
== TA=2s·c 

74HC 54HC ...... Symbol Parameter Conditions Vee TA= - 40 to 85°C TA= -55to125·c Units Lt> 
co 

Typ Guaranteed Limits Cf) 

0 
tPHL• tPLH Maximum Propagation CL =50 pF 2.0V 35 105 130 150 :c ns 

"111:1" Delay CL =150 pF 2.0V 45 135 168 205 ns ...... 
CL =50 pF 4.5V 14 24 30 36 ns 

== :::!: CL =150 pF 4.5V 17 29 36 45 ns 
...... CL =50 pF 6.0V 11 19 24 28 ns 
co CL =150 pF 6.0V 15 24 30 36 ns co 
Cf) 

tpzH. tpzL Maximum Output Enable RL =1 kn 0 
:c Time CL =50 pF 2.0V 90 230 287 345 ns 
"111:1" CL=150pF 2.0V 98 245 306 367 ns Lt> 

== 
CL =50 pF 4.5V 31 44 55 66 ns 

:::!: CL =150 pF 4.5V 38 53 66 80 ns ...... CL =50 pF 6.0V 25 35 43 52 ns ...... 
co CL =150pF 6.0V 29 41 51 62 ns 
Cf) 

0 tPHZ• tpLz Maximum Output Disable AL =1 kn 2.0V 58 175 218 260 ns 
:c Time CL =50 pF 4.5V 26 44 55 66 ns 
"111:1" 
Lt> 6.0V 22 37 46 55 ns 
:::!: 

tTHL• trLH Maximum Output Rise CL =50 pF 2.0V 25 60 75 90 ns :::!: ...... and Fall Time 4.5V 7 12 15 18 ns 
co 6.0V 6 10 13 15 ns co 
Cf) 

Cpo Power Dissipation Any Enabled 45 pF 0 
:c Capacitance (Note 5) A Input 
"111:1" Any Disabled 8 pF Lt> 

== 
A Input 

:::!: C1N Maximum Input 5 10 10 10 pF ...... 
Lt> Capacitance 
co 
Cf) Gour Maximum Output 10 20 20 20 pF 
0 Capacitance :c 
"111:1" Note 5: Cpo determines the no load dynamic power consumption, Po=Cpo Vcc2 I+ Ice Vee. and the no load dynamic current consumption, ls=Cpo Vee I+ Ice. Lt> 

== 
== Truth Table 

'HC365 

Inputs Output 

G1 G2 A y 

H x x z 
x H x z 
L L H H 
L L L L 
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AC Electrical Characteristics (Continued) MM54HC366/MM74HC366 

Vcc=5V, TA=25°C, tr=tt=6 ns 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

tpHL• tPLH Maximum Propagation CL =45 pF 12 18 
Delay 

tpzL, tpzH Maximum Output Enable RL =1 kn 29 40 
Time CL =45 pF 

tpHz, tpLz Maximum Output Disable RL =1 kn 25 36 
Time CL =5 pF 

AC Electrical Characteristics MM54HC366/MM74HC366 

Vcc=2.0-6.0V, CL =50 pF, tr=tt=6 ns (unless otherwise specified) 

Symbol Parameter Conditions Vee TA=25°C 

ns 

ns 

ns 

74HC 
TA= - 40 to B5°C 

54HC 
TA= -55 to 125•c 

Typ Guaranteed Limits 

tPHL• tPLH Maximum Propagation CL =50 pF 2.0V 33 82 102 125 
Delay CL =150 pF 2.0V 43 107 134 160 

CL =50 pF 4.5V 12 19 24 30 
CL= 150 pF 4.5V 16 26 32 39 
CL =50 pF 6.0V 10 16 20 24 
CL=150pF 6.0V 14 22 27 33 

tpzH, tpzL Maximum Output Enable RL = 1 kn 
Time CL =50 pF 2.0V 90 230 287 345 

CL=150pF 2.0V 98 245 306 367 
CL =50 pF 4.5V 31 44 55 66 
CL =150pF 4.5V 38 53 66 80 
CL =50pF 6.0V 25 35 43 52 
CL= 150 pF 6.0V 29 41 51 62 

tpHz, tpLz Maximum Output Disable RL =1 kn 2.0V 58 175 218 260 
Time CL =50 pF 4.5V 26 44 55 66 

6.0V 22 37 46 55 

trHL· trLH Maximum Output Rise CL =50 pF 2.0V 25 60 75 90 
and Fall Time 4.5V 7 12 15 18 

6.0V 6 10 13 15 

Cpo Power Dissipation Any Enabled 45 
Capacitance (Note 5) A Input 

Any Disabled 6 
A Input 

C1N Maximum Input 5 10 10 10 
Capacitance 

Cour Maximum Output 10 20 20 20 
Capacitance 

Units 

ns 
ns 
ns 
ns 
ns 
ns 

ns 
ns 
ns 
ns 
ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

pF 

pF 

pF 

pF 

Note 5: Cpo determines the no load dynamic power consumption, Po=Cpo Vcc2 I+ Ice Vee. and the no load dynamic current consumption, ls=Cpo Vee I+ Ice· 

Truth Table 
'HC366 

Inputs Output 

G1 G2 A y 

H x x z 
x H x z 
L L H L 
L L L H 
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AC Electrical Characteristics (Continued) MM54HC367 tMM74HC367 

Vcc=5V, TA=25°C, tr=t1=6 ns 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

tPHL• tPLH Maximum Propagation CL =45 pF 13 22 
Delay 

tpzL, tpzH Maximum Output Enable AL =1 kn 23 37 
Time CL =45 pF 

tPHZ• tpLz Maximum Output Disable AL =1 kn 25 33 
Time CL =5 pF 

AC Electrical Characteristics MM54HC367tMM74HC367 

Vcc=2.0-6.0V, CL =50 pF, tr=t1=6 ns (unless otherwise specified) 

Symbol Parameter Conditions Vee TA=2s·c 

ns 

ns 

ns 

74HC 
TA= -40 to as·c 

54HC 
TA= -ssto 12s·c 

Typ Guaranteed Limits 

tPHL• tPLH Maximum Propagation CL =50 pF 2.0V 35 105 130 150 
Delay CL =150 pF 2.0V 45 135 168 205 

CL =50 pF 4.5V 14 24 30 36 
CL =150 pF 4.5V 17 29 36 45 
CL =50 pF 6.0V 11 19 24 28 
CL =150 pF 6.0V 15 24 30 36 

tpzH, tpzL Maximum Output Enable AL =1 kn 
Time CL =50 pF 2.0V 69 172 216 250 

CL =150 pF 2.0V 75 187 233 280 
CL =50 pF 4.5V 24 38 47 57 
CL =150 pF 4.5V 29 46 57 69 
CL =50 pF 6.0V 22 35 43 52 
CL =150 pF 6.0V 26 42 52 63 

tpHz, tpLz Maximum Output Disable AL =1 kn 2.0V 47 117 146 220 
Time CL =50 pF 4.5V 22 35 44 52 

6.0V 19 31 39 46 

tTHL• tTLH Maximum Output Rise CL =50 pF 2.0V 25 60 75 90 
and Fall Time 4.5V 7 12 15 18 

6.0V 6 10 13 15 

Cpo Power Dissipation Any Enabled 45 
Capacitance (Note 5) A Input 

Any Disabled 8 
A Input 

C1N Maximum Input 5 10 10 10 
Capacitance 

CouT Maximum Output 10 20 20 20 
Capacitance 

Units 

ns 
ns 
ns 
ns 
ns 
ns 

ns 
ns 
ns 
ns 
ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

pF 

pF 

pF 

pF 

Note 5: Cpo determines the no load dynamic power consumption, Po=Cpo Vcc2 I+ Ice Vee. and the no load dynamic current consumption, ls=Cpo Vee f+lcc· 

Truth Table 
'HC367 

Inputs Output 

G A v 
H x z 
L H H 
L L L 
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::!!: 
AC Electrical Characteristics (Continued) MM54HC368/MM74HC368 

::!!: 
U1 

Vcc=5V, TA=25°C, tr=t1=6 ns 
.i:. :c 

Guaranteed 
0 

Symbol Parameter Conditions Typ Units 
w 

Limit a> 
U1 

tPHL• tPLH Maximum Propagation CL =45 pF 11 18 ns 
...... 
::!!: 

Delay ::!!: 
tpzL, tpzH Maximum Output Enable AL= 1 kn 23 37 

U1 
ns .i:. 

Time CL =45 pF :c 
0 

tpHz, tpLz Maximum Output Disable AL =1 kn 19 33 ns w 
a> 

Time CL =5 pF a> ...... 
::!!: 
::!!: 
U1 

AC Electrical Characteristics MM54HC368tMM74HC368 .i:. 
:c 

Vcc=2.0-6.0V, CL =50 pF, tr=t1=6 ns (unless otherwise specified) 0 
w 

74HC 54HC 
a> 

TA=25°C 
....... 

Symbol Parameter Conditions Vee TA= -40 to 85°C TA= -55to 125°C Units ...... 
::!!: 

Typ Guaranteed Limits ::!!: 
U1 

tPHL• tPLH Maximum Propagation CL =50 pF 2.0V 33 82 102 125 ns .i:. 

Delay CL =150 pF 2.0V 43 107 134 160 ns :c 
0 

CL =50 pF 4.5V 12 19 24 30 ns w 
CL =150 pF 4.5V 16 26 32 39 ns a> 

CC) 
CL =50 pF 6.0V 10 16 20 24 ns ...... 
CL= 150 pF 6.0V 14 22 27 33 ns ::!!: 

Maximum Output Enable AL =1 kn 
::!!: 

tpzH, tpzL ns ....... 
Time CL =50 pF 2.0V 69 172 216 250 ns .i:. 

:c 
CL =150 pF 2.0V 75 187 233 280 ns 0 
CL =50 pF 4.5V 24 38 47 57 ns w 

a> 
CL =150 pF 4.5V 29 46 57 69 ns U1 
CL =50 pF 6.0V 22 35 43 52 ns ...... 

::!!: CL=150 pF 6.0V 26 42 52 63 ns ::!!: 
tpHz, tpLz Maximum Output Disable AL= 1 kn 2.0V 47 117 146 220 ns ....... 

.i:. 
Time CL =50 pF 4.5V 22 35 44 52 ns :c 

6.0V 19 31 39 46 ns 0 w 
tTHL• tTLH Maximum Output Rise CL =50 pF 2.0V 25 60 75 90 ns a> 

a> 
and Fall Time 4.5V 7 12 15 18 ns ...... 

6.0V 6 10 13 15 ns ::!!: 

Cpo Power Dissipation Any Enabled 45 pF 
::!!: 
....... 

Capacitance (Note 5) A Input .i:. :c 
Any Disabled 6 pF 0 
A Input w 

a> 
C1N Maximum Input 5 10 10 10 pF ....... ...... 

Capacitance ::!!: 
CouT Maximum Input 10 20 20 20 pF ::!!: 

....... 
Capacitance .i:. 

Note 5: Cpo determines the no load dynamic power consumption, Po=Cpo Vcc2 I+ Ice Vee. and the no load dynamic current consumption, ls=Cpo Vee f+ Ice-

~· CC) 

Truth Table 
'HC368 

Inputs Output 

G A v 
H x z 
L H L 
L L H 
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Logic Diagrams 
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~National 
~Semiconductor 

MM54HC373/MM7 4HC373 
TRI-STATE® Octal D-Type Latch 
General Description 
These high speed octal D-type latches utilize advanced sili
con-gate CMOS technology. They possess the high noise 
immunity and low power consumption of standard CMOS 
integrated circuits, as well as the ability to drive 15 LS-TTL 
loads. Due to the large output drive capability and the TRI
STATE feature, these devices are ideally suited for interfac
ing with bus lines in a bus organized system. 

When the LATCH ENABLE input is high, the Q outputs will 
follow the D inputs. When the LATCH ENABLE goes low, 
data at the D inputs will be retained at the outputs until 
LATCH ENABLE returns high again. When a high logic level 
is applied to the OUTPUT CONTROL input, all outputs go to 
a high impedance state, regardless of what signals are pres-

Connection Diagram 

ent at the other inputs and the state of the storage ele
ments. 

The 54HC/74HC logic family is speed, function, and pin-out 
compatible with the standard 54LS/74LS logic family. All 
inputs are protected from damage due to static discharge by 
internal diode clamps to Vee and ground. 

Features 
• Typiqal propagation delay: 18 ns 
• Wide operating voltage range: 2 to 6 volts 
• Low input current: 1 µA maximum 
• Low quiescent current: 80 µA maximum (74 Series) 
• Output drive capability: 15 LS-TTL loads 

Dual-In-Line Package 

ea 

OUTPUT 10 
CONTROL 

Truth Table 

Output 
Control 

L 
L 
L 
H 

80 70 70 60 

10 20 20 30 

Top View 

60 50 

30 40 

LATCH 
ENABLE 

SQ 6 

40 

10 

GNO 

Order Number MM54HC373* or MM74HC373* 
•Please look into Section 8, Appendix D for availability of various package types. 

Latch 
Data 

Enable 

H H 
H L 
L x 
x x 

373 
Output 

H 
L 

Oo 
z 
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H = high level, L = low level 

a0 = level of output before steady-state input 
conditions were established. 

Z = high impedance 
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Absolute Maximum Ratings (Notes 1 & 2) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage (Vee) -0.5 to + 7.0V 

DC Input Voltage (V1N) -1.5 to Vee+ 1.5V 

DC Output Voltage (Vour) -0.5 to Vcc+0.5V 

Clamp Diode Current (l1K. loK) ±20 mA 

DC Output Current, per pin (lour) ± 35 mA 

DC V cc or GND Current, per pin (Ice) ± 70 mA 

Storage Temperature Range (T sTG) - 65°C to + 150°C 

Power Dissipation (Po) 
(Note3) 
S.O. Package only 

Lead Temp. (TL) (Soldering 1 O seconds) 

DC Electrical Characteristics 

600mW 
500mW 

260°C 

Operating Conditions 
Min 

Supply Voltage (Vee) 2 

DC Input or Output Voltage 0 
MN.Vour) 

Operating Temp. Range (TA) 
MM74HC -40 
MM54HC -55 

Input Rise or Fall Times 
(tr. t1) Vcc=2.0V 

Vcc=4.5V 
Vcc=6.0V 

74HC 

Max 
6 

Vee 

+85 
+125 

1000 
500 
400 

54HC 

Units 
v 
v 

oc 
oc 

ns 
ns 
ns 

Symbol Parameter Conditions Vee 
Typ 

TA=-40to85°C TA=-55to125°C Units 

Guaranteed Limits 

Vol 

loz 

Ice 

Minimum High Level 
Input Voltage 

Maximum Low Level 
Input Voltage** 

Minimum High Level 
Output Voltage 

Maximum Low Level 
Output Voltage 

Maximum Input 
Current 

V1N = V1H or V1L 
I lour I ~ 20 µA 

V1N = V1H or V1L 
Jlourl ~6.0 mA 
llourl Q.8 mA 

V1N = V1H or V1L 
!lour! ~20 µA 

V1N=V1HorV1L 
llourl ~6.0 mA 
Jlourl Q.8 mA 

V1N =Vee or GND 

2.0V 
4.5V 
6.0V 

2.0V 
4.5V 
6.0V 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

2.0V 2.0 1.9 
4.5V 4.5 4.4 
6.0V 6.0 5.9 

4.5V 4.2 3.98 
6.0V 5. 7 5.48 

2.0V 0 
4.5V 0 
6.0V 0 

0.1 
0.1 
0.1 

4.5V 0.2 0.26 
6.0V 0.2 0.26 

6.0V ±0.1 

Maximum TRI-STATE V1N=V1H orV1L• OC=V1H 6.0V ±0.5 
Output Leakage Vour=Vcc or GND 
Current 

Maximum Quiescent 
Supply Current 

V1N=Vcc or GND 
lour=O µA 

6.0V 8.0 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 
5.9 

3.84 
5.34 

0.1 
0.1 
0.1 

0.33 
0.33 

±1.0 

±5 

80 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 
5.9 

3.7 
5.2 

0.1 
0.1 
0.1 

0.4 
0.4 

±1.0 

±10 

160 

v 
v 
v 
v 
v 
v 

v 
v 
v 

v 
v 

v 
v 
v 

v 
v 

µA 

µA 

µA 

Note 3: Power Dissipation temperature derating-plastic "N" package: -12 mW/'C from 65°Cto 85°C; ceramic "J" package: -12 mW/°Cfrom 100°Cto 125'C. 

Note 4: For a power supply of 5V ± 10% the worst case output voltages (VoH. and Voll occur for HG at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case V1H and V1L occur at Vcc=5.5V and 4.5V respectively. (The V1H value at 5.5V is 3.85V.) The worst case leakage current (l1N• 
Ice. and loz} occur for CMOS at the higher voltage and so the 6.0V values should be used. 

''V1L limits are currently tested at 20% of Vee· The above v1L specification (30% of Vee) will be implemented no later than 01, CY'89. 
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AC Electrical Characteristics Vcc=5V, TA=25°C, tr=t1=6 ns 

Symbol Parameter Conditions Typ Guaranteed Limit Units 

tPHL• tPLH Maximum Propagation Delay, Data to Q CL =45 pF 18 25 ns 

tPHL• tPLH Maximum Propagation Delay, LE to Q CL =45 pF 21 30 ns 

tpzH, tpzL Maximum Output Enable Time RL=1k!l. 20 28 ns 
CL =45 pF 

tpHz, tpLz Maximum Output Disable Time RL=1k!l. 18 25 ns 
CL =5 pF 

ts Minimum Set Up Time 5 ns 

tH Minimum Hold Time 10 ns 

tw Minimum Pulse Width 9 16 ns 

AC Electrical Characteristics Vcc=2.0-6.0V, CL =50 pF, tr=t1=6 ns (unless otherwise specified) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee TA= - 40 to 85°C TA= - 55 to 12s0 c Units 

Typ Guaranteed Limits 

tpHL• tPLH Maximum Propagation CL =50 pF 2.0V 50 150 188 225 ns 
Delay, Data to Q CL =150 pF 2.0V 80 200 250 300 ns 

CL =50 pF 4.5V 22 30 37 45 ns 
CL =150 pF 4.5V 30 40 50 60 ns 

CL =50 pF 6.0V 19 26 31 39 ns 
CL =150 pF 6.0V 26 35 44 53 ns 

tpHL• tPLH Maximum Propagation CL =50 pF 2.0V 63 175 220 263 ns 
Delay, LE to Q CL =150 pF 2.0V 110 225 280 338 ns 

CL =50 pF 4.5V 25 35 44 52 ns 
CL =150 pF 4.5V 35 45 56 68 ns 

CL =50 pF 6.0V 21 30 37 45 ns 
CL =150 pF 6.0V 28 39 49 59 ns 

tpzH, tpzL Maximum Output Enable RL =1 k!l. 
Time CL =50 pF 2.0V 50 150 188 225 ns 

CL =150 pF 2.0V 80 200 250 300 ns 

CL =50 pF 4.5V 21 30 37 45 ns 
CL =150 pF 4.5V 30 40 50 60 ns 

CL =50 pF 6.0V 19 26 31 39 ns 
CL =150 pF 6.0V 26 35 44 53 ns 

tpHZ• tpLz Maximum Output Disable RL =1 k!l. 2.0V 50 150 188 225 ns 
Time CL =50 pF 4.5V 21 30 37 45 ns 

6.0V 19 26 31 39 ns 

ts Minimum Set Up Time 2.0V 50 60 75 ns 
4.5V 9 13 15 ns 
6.0V 9 11 13 ns 

tH Minimum Hold Time 2.0V 5 5 5 ns 
4.5V 5 5 5 ns 
6.0V 5 5 5 ns • tw Minimum Pulse Width 2.0V 30 80 100 120 ns 
4.5V 10 16 20 24 ns 
6.0V 9 14 18 20 ns 

trHL· trLH Maximum Output Rise CL =50 pF 2.0V 25 60 75 90 ns 
and Fall Time 4.5V 7 12 15 18 ns 

6.0V 6 10 13 15 ns 

Cpo Power Dissipation (per latch) 
Capacitance (Note 5) OC=Vcc 30 pF 

OC=GND 50 pF 

C1N Maximum Input Capacitance 5 10 10 10 pF 

Cour Maximum Output Capacitance 15 20 20 20 pF 

Note 5: Cpo determines the no load dynamic power consumption, Po=Cpo Vcc2 f+ Ice Vee. and the no load dynamic current consumption, ls=Cpo Vee f+ Ice. 
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~National 
~Semiconductor 

MM54HC37 4/M M7 4HC37 4 
TRI-STATE® Octal D-Type Flip-Flop 

General Description 
These high speed Octal D-Type Flip-Flops utilize advanced 
silicon~gate CMOS technology. They possess the high noise 
immunity and low power consumption of standard CMOS 
integrated circuits, as well as the ability to drive 15 LS-TTL 
loads. Due to the large output drive capability and the TRI
STATE feature, these devices are ideally suited for interfac
ing with bus lines in a bus organized system. 

The 54HC/74HC logic family is speed, function, and pinout 
compatible with the standard 54LS/74LS logic family. All 
inputs are protected from damage due to static discharge by 
internal diode clamps to Vee and ground. 

These devices are positive edge triggered flip-flops. Data at 
the D inputs, meeting the setup and hold time requirements, 
are transferred to the Q outputs on positive going transitions 
of the CLOCK (CK) input. When a high logic level is applied 
to the OUTPUT CONTROL (OC) input, all outputs go to a 
high impedance state, regardless of what signals are pres
ent at the other inputs and the state of the storage ele
ments. 

Connection Diagram 

Features 
• Typical propagation delay: 20 ns 
• Wide operating voltage range: 2-6V 
• Low input current: 1 µA maximum 
• Low quiescent current: 80 µA maximum 
• Compatible with bus-oriented systems 
• Output drive capability: 15 LS-TTL loads 

Dual-In-Line Package 

Truth Table 

vcc ea 

OUTPUT 10 
CONTROL 

80 70 70 60 60 50 

10 20 20 30 30 40 

Top View 

Order Number MM54HC374* or MM74HC374* 

50 CLOCK 

10 

40 GNO 

*Please look into Section 8, Appendix D for availability of various package types. 
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L i 
L i 
L L 
H x 

Data 

H 
L 
x 
x 

Output 

H 
L 

Oo 
z 
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H = high Level, L = Low Level 

X = don•t Care 

f = transition from low-to-high 

Z = high impedance state 

Co= the level of the output before steady state 
input conditions were established 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
If Military/Aerospace specified devices are required, Min Max Units 
contact the National Semiconductor Sales Office/ Supply Voltage (Vee) 2 6 v 
Distributors for availability and specifications. DC Input or Output Voltage 0 Vee v 
Supply Voltage (Vee) -0.5 to+ 7.0V (VIN· Vour) 
DC Input Voltage MN) -1.5 to Vee+ 1.5V Operating Temp. Range (TA) 

DC Output Voltage (Vour) -0.5 to Vcc+0.5V MM74HC -40 +85 ·c 

Clamp Diode Current (l1K. loK) ±20mA 
MM54HC -55 +125 ·c 

DC Output Current, per pin (lour) ±35mA 
Input Rise or Fall Times 

(tr,t1) Vcc=2.0V 1000 ns 
DC Vee or GND Current, per pin (Ice) ±70mA Vcc=4.5V 500 ns 
Storage Temperature Range (T sTG) - 65°C to + 15o·c Vcc=6.0V 400 ns 
Power Dissipation (Po) 

(Note3) 600mW 
S.O. Package only 500mW 

Lead Temp. (TL) (Soldering 1 O seconds) 260°c 

DC Electrical Characteristics 

TA=2s·c 
74HC 54HC 

Symbol Parameter Conditions Vee TA= - 40 to ss·c TA= -ssto 12s0 c Units 

Typ Guaranteed Limits 

V1H Minimum High Level 2.0V 1.5 1.5 1.5 v 
Input Voltage 4.5V 3.15 3.15 3.15 v 

6.0V 4.2 4.2 4.2 v 
V1L Maximum Low Level 2.0V 0.5 0.5 0.5 v 

Input Voltage•• 4.5V 1.35 1.35 1.35 v 
6.0V 1.8 1.8 1.8 v 

VoH Minimum High Level V1N = V1H or V1L 
Output Voltage ilourl:::::20 µA 2.0V 2.0 1.9 1.9 1.9 v 

4.5V 4.5 4.4 4.4 4.4 v 
6.0V 6.0 5.9 5.9 5.9 v 

V1N = V1H or V1L 
l1ourl:::::6.0 mA 4.5V 4.2 3.98 3.84 3.7 v 
l1ourl:::::7.8 mA 6.0V 5.7 5.48 5.34 5.2 v 

Vol Maximum Low Level V1N = V1H or V1L 
Output Voltage ilourl:::::20 µA 2.0V 0 0.1 0.1 0.1 v 

4.5V 0 0.1 0.1 0.1 v 
6.0V 0 0.1 0.1 0.1 v 

V1N = V1H or V1L 
ilourl :::::6.0 mA 4.5V 0.2 0.26 0.33 0.4 v 
l1ourl:::::7.8 mA 6.0V 0.2 0.26 0.33 0.4 v 

l1N Maximum Input V1N=Vcc or GND 6.0V ±0.1 ±1.0 ±1.0 µA 
Current • loz Maximum TRI-STATE V1N=V1H. OC=V1H 6.0V ±0.5 ±5 ±10 µA 
Output Leakage Vour=VccorGND 
Current 

Ice Maximum Quiescent V1N=Vcc or GND 6.0V 8.0 80 160 µA 
Supply Current lour=O µA 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mW /'C from 65'C to 85'C; ceramic "J" package: -12 mW /'C from 1 OO'C to 125'C. 
Note 4: For a power supply of 5V ± 10% the worst case output voltages (VoH. and Voll occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case V1H and V1L occur at Vee= 5.5V and 4.5V respectively. (The V1H value at 5.5V is 3.85V.) The worst case leakage current (l1N• Ice. and 
loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
••v1L limits are currently tested at 20% of Vee· The above v1L specification (30% of Vee) will be implemented no later than 01, CY'89. 
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AC Electrical Characteristics Vcc=5V, TA=25°C, tr=t1=6 ns 

Symbol Parameter Conditions Typ 
Guaranteed Units 

Limit 

fMAX · Maximum Operating 50 35 MHz 
Frequency 

tpHL• tpLH Maximum Propagation CL =45 pF 20 32 ns 
Delay Clock to Q 

tpzH, tpzL Maximum Output Enable RL =kn 
Time CL =45 pF 19 28 ns 

tpHz, tpLz Maximum Output Disable RL =kn 17 25 ns 
Time CL =5 pF 

ts Minimum Setup Time 20 ns 

tH Minimum Hold Time 5 ns 

tw Minimum Pulse Width 9 16 ns 

AC Electrical Characteristics Vcc=2.0-6.0V, CL =50 pF, tr=t,=6 ns (unless otherwise specified) 

TA=2s·c 
74HC 54HC 

Symbol Parameter Conditions Vee TA= -40 to as·c TA= -55to 12s·c Units 

Typ Guaranteed Limits 

fMAX Maximum Operating CL =50 pF 2.0V 6 5 4 MHz 
Frequency 4.5V 30 24 20 MHz 

6.0V 35 28 23 MHz 

tPHL• tPLH Maximum Propagation CL =50 pF 2.0V 68 180 225 270 ns 
Delay, Clock to Q CL =150 pF 2.0V 110 230 288 345 ns 

CL =50 pF 4.5V 22 36 45 48 ns 
CL =150 pF 4.5V 30 46 57 69 ns 

CL =50 pF 6.0V 20 31 39 46 ns 
CL =150 pF 6.0V 28 40 50 60 ns 

tpzH, tpzL Maximum Output Enable RL =1 kn 
Time CL =50 pF 2.0V 50 150 189 225 ns 

CL =150 pF 2.0V 80 200 250 300 ns 

CL =50 pF 4.5V 21 30 37 45 ns 
CL =150 pF 4.5V 30 40 50 60 ns 

CL =50 pF 6.0V 19 26 31 39 ns 
CL= 150 pF 6.0V 26 35 44 53 ns 

tpHz, tpLZ Maximum Output Disable RL =1 kn 2.0V 50 150 189 225 ns 
Time CL =50 pF 4.5V 21 30 37 45 ns 

6.0V 19 26 31 39 ns 

ts Minimum Setup Time 2.0V 50 60 75 ns 
4.5V 9 13 15 ns 
6.0V 9 11 13 ns 

tH Minimum Hold Time 2.0V 5 30 5 ns 
4.5V 5 5 5 ns 
6.0V 5 5 5 ns 

tw Minimum Pulse Width 2.0V 30 80 100 120 ns 
4.5V 9 16 20 24 ns 
6.0V 8 14 18 20 ns 

trHL• tTLH Maximum Output Rise CL =50 pF 2.0V 25 60 75 90 ns 
and Fall Time 4.5V 7 12 15 18 ns 

6.0V 6 10 13 15 ns 

tr, tt Maximum Input Rise and 2.0V 1000 1000 1000 ns 
Fall Time, Clock 4.5V 500 500 500 ns 

6.0V 400 400 400 ns 

Cpo Power Dissipation (per flip-flop) 
Capacitance (Note 5) OC=Vcc 30 pF 

OC=GND 50 pF 

C1N Maximum Input Capacitance 5 10 10 10 pF 

Note 5: Cpo determines the no load dynamic power consumption, Po= Cpo V cc2 f + Ice V cc. and the no load dynamic current consumption, Is= Cpo V cc f + Ice-
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~National 
~Semiconductor 

MM54HC390/MM7 4HC390 
Dual 4-Bit Decade Counter 
MM54HC393/MM7 4HC393 
Dual 4-Bit Binary Counter 

General Description 
These counter circuits contain independent ripple carry 
counters and utilize advanced silicon-gate CMOS technolo
gy. The MM54HC390/MM74HC390 incorporate dual dec
ade counters, each composed of a divide-by-two and a di
vide-by-five counter. The divide-by-two and divide-by-five 
counters can be cascaded to form dual decade, dual bi-qui
nary, or various combinations up to a single divide-by-100 
counter. The MM54HC393/MM74HC393 contain two 4-bit 
ripple carry binary counters, which can be cascaded to cre
ate a single divide-by-256 counter. 

Each of the two 4-bit counters is incremented on the high to 
low transition (negative edge) of the clock input, and each 
has an independent clear input. When clear is set high all 
four bits of each counter are set to a low level. This enables 
count truncation and allows the implementation of divide-by
N counter configurations. 

Each of the counters outputs can drive 10 low power 
Schottky TIL equivalent loads. These counters are func-

Connection Diagrams 

Dual-In-Line Package 

2 OUTPUT OUTPUTS 

Vee 2A CLEAR 20A 2B 208 2ac 200 

16 15 11 10 

Oe Oc 

Oe 

2 5 7 8 

1A. 1 10A 1B 109 1ac 100 GNO 

OUTPUTS CLEAR OUTPUT 

TL/F/5337-1 

Top View 

Order Number MM54HC390* or MM74HC390* 
•Please look into Section 8, Appendix D 
for availability of various package types. 

tionally as well as pin equivalent to the 54LS390/7 4LS390 
and the 54LS393/74LS393, respectively. All inputs are pro
tected from damage due to static discharge by diodes to 
Vee and ground. 

Features 
• Typical operating frequency: 50 MHz 
• Typical propagation delay: 13 ns (Ck to QA) 
• Wide operating supply voltage range: 2-6V 

• Low input current: < 1 µA 
• Low quiescent supply current: 80 µA maximum 

(74HC Series) 
• Fanout of 10 LS-TIL loads 

Dual-In-Line Package 
OUTPUTS 

2 
Vee 2A CLEAR 20A 20e 20c 200 

14 13 

2 

12 11 10 9 

QA Oe 
CLEAR 

CLEAR 
QA Oe 

3 4 

A 

Oc 

5 

Oc 
A 

Oo 

6 

8 

Oo 

7 

1A 1 10A 10e 10c 100 GND 
CLEAR 

OUTPUTS 
TL/F/5337-2 

Top View 

Order Number MM54HC393* or MM74HC393* 
•p1ease look into Section 8, Appendix D 
for availability of various package types. 
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Absolute Maximum Ratings (Notes 1 & 2) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage (Vee) -0.5 to + 7.0V 

DC Input Voltage (V1N) -1.5 to Vee+ 1.5V 

DC Output Voltage (VouT) -0.5 to Vee+ 0.5V 

Clamp Diode Current (l1K. loK) 

DC Output Current, per pin (louT) 

±20mA 

±25mA 

±50mA DC Vee or GND Current, per pin (Ice) 

Storage Temperature Range (T srn) 
Power Dissipation (Po) 

- 65°C to + 15o•c 

(Note3) 
S.O. Package only 

Lead Temp. (TL) (Soldering 10 seconds) 

600mW 
500mW 

260°c 

DC Electrical Characteristics (Note 4) 

Symbol Parameter 

Minimum High Level 
Input Voltage 

Maximum Low Level 
Input Voltage** 

Minimum High Level 
Output Voltage 

Conditions 

V1N = V1H or V1L 
ilouTl~20 µA 

Vee 

2.0V 
4.5V 
6.0V 

2.0V 
4.5V 
6.0V 

2.0V 
4.5V 
6.0V 

Typ 

2.0 
4.5 
6.0 

V1N = V1H or V1L 
ilouTI ~4.0 mA 
I louTI ~ 5.2 mA 

4.5V 4.2 

Ice 

Maximum Low Level 
Output Voltage 

Maximum Input 
Current 

Maximum Quiescent 
Supply Current 

V1N = V1H or V1L 
llouTI ~20 µA 

V1N = v,H or v,L 
llouTI ~4.0 mA 
l1ouTl~5.2 mA 

V1N=Vcc or GND 
louT=O µA 

6.0V 5.7 

2.0V 
4.5V 
6.0V 

0 
0 
0 

4.5V 0.2 
6.0V 0.2 

6.0V 

6.0V 

Operating Conditions 
Min Max 

Supply Voltage (Vee) 2 6 

DC Input or Output Voltage 0 Vee 
MN. VouT) 

Operating Temp. Range (TA) 
MM74HC -40 +85 
MM54HC -55 + 125 

Input Rise or Fall Times 
(tr, tt) Vcc=2.0V 

Vcc=4.5V 
Vcc=6.0V 

1000 
500 
400 

74HC 54HC 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 
5.9 

3.98 
5.48 

0.1 
0.1 
0.1 

0.26 
0.26 

±0.1 

8.0 

TA= -40 to a5°C TA= -55 to 125•c 

Guaranteed Limits 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 
5.9 

3.84 
5.34 

0.1 
0.1 
0.1 

0.33 
0.33 

±1.0 

80 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 
5.9 

3.7 
5.2 

0.1 
0.1 
0.1 

0.4 
0.4 

±1.0 

160 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Units 
v 
v 

·c 
·c 

ns 
ns 
ns 

Units 

v 
v 
v 
v 
v 
v 

v 
v 
v 

v 
v 

v 
v 
v 

v 
v 

µA 

µA 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mW /'C from 65°C to 85°C; ceramic "J" package: -12 mW /'C from 1 OO'C to 125'C. 

Note 4: For a power supply of 5V ± 10% the worst case output voltages (VoH· and VoL.l occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case VtH and V1L occur at Vee= 5.5V and 4.5V respectively. (The V1H value at 5.5V is 3.85V.) The worst case leakage current (ltN• Ice. and 
loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 

••v1L limits are currently tested at 20% of Vee· The above V1L specification (30% of Vee) will be implemented no later than 01, CY'89. 
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3: 
AC Electrical Characteristics MM54HC39otMM74HC39o 3: 

U1 

Vcc=5V, TA=25°C, CL =15 pF, tr=ti=6 ns 
~ 
:x: 

Symbol Parameter Conditions Typ Guaranteed Limit Units 
0 w 
co 

fMAX Maximum Operating Frequency, Clock A or B 50 30 MHz 0 ....... 
tPHL• tpLH Maximum Propagation Delay, Clock A to QA Output 12 20 ns 3: 

3: 
tPHL• tpLH Maximum Propagation Delay, Clock A to Oc 32 50 ns -.J 

~ 
(QA Connected to Clock B) :x: 

0 
tpHL• tpLH Maximum Propagation Delay, Clock B to Os or Oo 15 21 ns w 

co 
tPHL• tPLH Maximum Propagation Delay, Clock B to Oc 20 32 ns 0 ....... 

tpHL Maximum Propagation Delay, Clear to any Output 15 28 ns 3: 
3: 

tREM Minimum Removal Time, Clear to Clock -2 5 ns U1 
~ 

tw Minimum Pulse Width, Clear or Clock 10 16 
:x: 

ns 0 w 
co w 

AC Electrical Characteristics CL= 50 pF, tr= ti= 6 ns (unless otherwise specified) 
....... 
3: 

74HC 54HC 
3: 

TA=2s·c -.J 
Symbol Parameter Conditions Vee TA= - 40 to ss·c TA= - ss to 12s·c Units 

~ :x: 
Typ Guaranteed Limits 0 w 

fMAX Maximum Operating 2.0V 5 4 3 MHz 
co w 

Frequency 4.5V 27 21 18 MHz 
6.0V 31 24 20 MHz 

tPHL• tPLH Maximum Propagation 2.0V 45 120 150 180 ns 
Delay, Clock A to QA 4.5V 15 24 30 35 ns 

6.0V 13 21 26 31 ns 

tPHL• tPLH Maximum Propagation 2.0V 100 290 360 430 ns 
Delay, Clock A to Oc 4.5V 35 58 72 87 ns 
(QA Connected to Clock B) 6.0V 30 50 62 75 ns 

tPHL• tPLH Maximum Propagation 2.0V 50 130 160 195 ns 
Delay, Clock B to Os or 4.5V 16 26 33 39 ns 
Oo 6.0V 13 22 28 33 ns 

tPHL• tPLH Maximum Propagation 2.0V 60 185 230 280 ns 
Delay, Clock B to Oc 4.5V 20 37 46 55 ns 

6.0V 17 32 40 48 ns 

tPHL Maximum Propagation 2.0V 55 165 210 250 ns 
Delay, Clear to any Q 4.5V 17 33 41 49 ns 

6.0V 15 28 35 42 ns 

tREM Minimum Removal Time 2.0V 25 25 25 ns 
Clear to Clock 4.5V 5 5 5 ns 

6.0V 5 5 5 ns 

tw Minimum Pulse Width 2.0V 30 80 100 120 ns El Clear or Clock 4.5V 10 16 20 24 ns 
6.0V 9 14 18 20 ns 

trHL· trLH Maximum Output Rise 2.0V 30 75 95 110 ns 
and Fall Time 4.5V 8 15 19 22 ns 

6.0V 7 13 16 19 ns 

tr, ti Maximum Input Rise 2.0V 1000 1000 1000 ns 
and Fall Time 4.5V 500 500 500 ns 

6.0V 400 400 400 ns 

Cpo Power Dissipation (per counter) 55 pF 
Capacitance (Note 5) 

C1N Maximum Input Capacitance 5 10 10 10 pF 

Note 5: Cpo determines the no load dynamic power consumption, Po-=Cpo Vcc2 i+ Ice Vee. and the no load dynamic current consumption, ls=Cpo Vee i+ Ice-
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AC Electrical Characteristics MM54HC393/MM74HC393 

Vcc=5V, TA=25°C, CL =15 pF, tr=t1=6 ns 

Symbol Parameter Conditions Typ Guaranteed Limit Units 

fMAX Maximum Operating Frequency 50 30 MHz 

tpHL• tpLH Maximum Propagation Delay, Clock A to QA 13 20 ns 

tpHL• tpLH Maximum Propagation Delay, Clock A to Os 19 35 ns 

tpHL• tPLH Maximum Propagation Delay, Clock A to Oc 23 42 ns 

tpHL· tPLH Maximum Propagation Delay, Clock A to Oo 27 50 ns 

tpHL Maximum Propagation Delay, Clear to any Q 15 28 ns 

tREM Minimum Removal Time -2 5 ns 

tw Minimum Pulse Width Clear or Clock 10 16 ns 

AC Electrical Characteristics CL= 50 pF, tr=t1=6 ns (unless otherwise specified) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee TA= -40 to a5·c TA= -55to125°C Units 

Typ Guaranteed Limits 

fMAX Maximum Operating 2.0V 5 4 3 
Frequency 4.5V 27 21 18 MHz 

6.0V 31 24 20 MHz 

tPHL• tPLH Maximum Propagation 2.0V 45 120 150 180 ns 
Delay Clock A to QA 4.5V 15 24 30 35 ns 

6.0V 13 21 26 31. ns 

tPHL• tpLH Maximum Propagation 2.0V 68 190 240 285 ns 
Delay Clock A to Os 4.5V 23 38 47 57 ns 

6.0V 20 32 40 48 ns 

tPHL• tPLH Maximum Propagation 2.0V 90 240 300 360 ns 
Delay Clock A to Oc 4.5V 30 48 60 72 ns 

6.0V 26 41 51 61 ns 

tPHL• tpLH Maximum Propagation Delay 2.0V 100 290 360. 430 ns 
Clock to Oo 4.5V 35 58 72 87 ns 

6.0V 30 50 62 75 ns 

tPHL Maximum Propagation 2.0V 54 165 210 250 ns 
Delay Clear to any Q 4.5V 18 33 41 49 ns 

6.0V 15 28 35 42 ns 

tREM Minimum Clear Removal 2.0V 25 25 25 ns 
Time 4.5V 5 5 5 ns 

6.0V 5 5 5 ns 

tw Minimum Pulse Width 2.0V 30 80 100 120 ns 
Clear or Clock 4.5V 10 16 20 24 ns 

6.0V 9 14 18 20 ns 

tTHL• trLH Maximum Output Rise 2.0V 30 75 95 110 ns 
and Fall Time 4.5V 8 15 19 22 ns 

6.0V 7 13 16 19 ns 

tr, t1 Maximum Input Rise 1000 1000 1000 ns 
and Fall Time 500 500 500 ns 

400 400 400 ns 

Cpo Power Dissipation (per counter) 42 pF 
Capacitance (Note 5) 

C1N Maximum Input Capacitance 5 10 10 10 pF 

Note 5: Cpo determines the no load dynamic power consumption, Po=Cpo Vcc2 f+ Ice Vee. and the no load dynamic current consumption, ls=Cpo Vee f+ Ice. 
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~National 
~Semiconductor 

MM54HC423A/MM7 4HC423A 
Dual Retriggerable Monostable Multivibrator 

General Description 
The MM54/74HC423A high speed monostable multivibra
tors (one shots) utilize advanced silicon-gate CMOS tech
nology. They feature speeds comparable to low power 
Schottky TIL circuitry while retaining the low power and 
high noise immunity characteristic of CMOS circuits. 

Each multivibrator features both a negative, A, and a posi
tive, 8, transition triggered input, either of which can be 
used as an inhibit input. Also included is a clear input that 
when taken low resets the one shot. The 'HC423A cannot 
be triggered from clear. 

The 'HC423A is retriggerable. That is, it may be triggered 
repeatedly while its outputs are generating a pulse and the 
pulse will be extended. 

Pulse width stability over a wide range of temperature and 
supply is achieved using linear CMOS techniques. The out
put pulse equation is simply: PW= (RExT) (CExT); where PW 

Connection Diagram 

Dual-In-Line Package 

Roo1 
Vee Coo Cexn 01 ii2 aiU BZ 

16 15 14 13 lZ 

02 Cexn Rem GND 
Coo 

TL/F/5336-1 

Top View 

Order Number MM54HC423A* or MM74HC423A* 
*Please look into Section 8, Appendix D 
for availability of various package types. 

Truth Table 
Inputs Outputs 

Clear A B Q Q 

L x x L H 
x H x L H 
x x L L H 
H L i .Jl.... L.f' 
H ! H .Jl.... L.f' 

is in seconds, R is in ohms, and C is in farads. All inputs are 
protected from damage due to static discharge by diodes to 
Vee and ground. 

Features 
• Typical propagation delay: 40 ns 
• Wide power supply range: 2V-6V 
• Low quiescent current: 80 µA maximum (7 4HC Series) 
• Low input current: 1 µA maximum 
• Fanout of 10 LS-TIL loads 
• Simple pulse width formula T = RC 
• Wide pulse range: 400 ns to oo (typ) 
• Part to part variation: ± 5% (typ) 
• Schmitt. Trigger A & B inputs allow infinite rise and fall 

times on these inputs 

Timing Component 

Vee 

~~ 
TO Cm TOR/Coo 

TERMINAL TERMINAL 

H = High Level 

L = Low Level 

TL/F/5336-2 

f = Transition from Low to High 

.J, = Transition from High to Low 

..fl..= One High Level Pulse 

lJ' = One Low Level Pulse 

X = Irrelevant 

Note: Pin 6 and Pin 14 must be hard
wired to GND. 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
If Military I Aerospace specified devices are required, Min Max Units 
contact the National Semiconductor Sales Office/ Supply Voltage (Vee) 2 6 v 
Distributors for availability and specifications. DC Input or Output Voltage 0 Vee v 
Supply Voltage (Vee) -0.5Vto +7.0V (V1N. Vour) 
DC Input Voltage <ViN) -1.5V to Vee+ 1.5V Operating Temp. Range (TA) 

DC Output Voltage (Vour) -0.5V to Vcc+0.5V MM74HC -40 +85 oc 
Clamp Diode Current (l1K. loK) ±20mA MM54HC -55 +125 oc 

DC Output Current, per pin (lour) ±25mA Maximum Input Rise and Fall Time 

DC Vee or GND Current, per pin (Ice) ±50mA (Clear Input) 

Storage Temperature Range (T srn) - 65°C to + 150°C Vcc=2.0V 1000 ns 

Power Dissipation (Po) 
Vcc=4.5V 500 ns 

(Note 3) 600mW Vcc=6.0V 400 ns 

S.O. Package only 500mW 

Lead Temp. (TL.) (Soldering 1 O seconds) 260°C 

DC Electrical Characteristics (Note 4) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee TA= - 40 to 85°C TA= -55 to 125°C Units 

Typ Guaranteed Limits 

V1H Minimum High Level Input 2.0V 1.5 1.5 1.5 v 
Voltage 4.5V 3.15 3.15 3.15 v 

6.0V 4.2 4.2 4.2 v 
V1L Maximum Low Level Input 2.0V 0.3 0.3 0.3 v 

Voltage 4.5V 0.9 0.9 0.9 v 
6.0V 1.2 1.2 1.2 v 

VoH Minimum High Level V1N=V1HorV1L 
Output Voltage ilourl ~ 20 µA 2,0V 2.0 1.9 1.9 1.9 v 

4.5V 4.5 4.4 4.4 4.4 v 
6.0V 6.0 5.9 5.9 5.9 v 

V1N=V1H orV1L v 
ilourl ~ 4.0 mA 4.5V 3.96 3.84 3.7 v 
ilourl ~ 5.2 mA 6.0V 5.46 5.34 5.2 v 

Vol Maximum Low Level V1N=V1H orV1L 
Output Voltage ilourl~20 µA 2.0V 0 0.1 0.1 0.1 v 

4.5V 0 0.1 0.1 0.1 v 
6.0V 0 0.1 0.1 0.1 v 

V1N=V1H orV1L v 
liourl~4 mA 4.5V 0.26 0.33 0.4 v 
l1ourl~5.2 mA 6.0V 0.26 0.33 0.4 v 

l1N Maximum Input Current V1N=VccorGND 5.0V 0.5 5.0 5.0 µA 
(Pins 7, 15) 

l1N Maximum Input Current V1N=Vcc or GND 6.0V ±0.1 ±1.0 ±1.0 µA 
(all other pins) 

Ice Maximum Quiescent Supply V1N=Vcc or GND 6.0V 8.0 80 160 µA 
Current (standby) lour=O µA 

Ice Maximum Active Supply V1N=Vcc or GND 2.0V 36 80 110 130 µA 
Current (per R/CExr= 0.5Vcc 4.5V 0.33 1.0 1.3 1.6 mA 
monostable) 6.0V 0.7 2.0 2.6 3.2 mA 

Note 1: Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation Temperature Derating: Plastic "N" Package: -12mW/°C from 65°C to 85°C Ceramic "J" Package: -12mWl°C from 100°C to 125°C 

Note 4: For a power supply of 5V ± 10% the worst-case output voltages (VOH· Voll o';cur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst-case V1H and V1L occur at Vee= 5.5V and 4.5V respectively. (The V1H value at 5.5V is 3.85V.) The worst-case leakage current (l1N• Ice. and 
loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics Vcc=5V, TA=25°c, cL =15 pF, tr=t1=6ns 

Symbol Parameter Conditions Typ Limit Units 

tPLH Maximum Trigger Propagation 22 33 ns 
Delay, A, B to Q 

tPHL Maximum Trigger Propagation 25 42 ns 
Delay, A, 8 to Q 

tPHL Maximum Propagation Delay, 20 27 ns 
CleartoQ 

tPLH Maximu'!!_Propagation Delay, 22 33 ns 
CleartoQ 

tw Minimum Pulse Width, A, B or 14 26 ns 
Clear 

tREM Minimum Clear Removal Tim~ 0 ns 

two(MIN) Minimum Output Pulse Width CExr=28 pF 400 ns 
RExr=2 kn 

two Output Pulse Width CEXT = 1000 pF 10 µs 
RExr=10 kn 

AC Electrical Characteristics CL =50pFtr=t1=6 ns (Unless otherwise specified) 

TA=25°c 
74HC 54HC 

Symbol Parameter Conditions Vee TA= -40to85°C TA= - 55 to 125•c Units 

Typ Guaranteed Limits 

tPLH Maximum Trigger Propagation 2.0V 77 169 194 210 ns 
Delay, A or B to Q 4.5V 26 42 51 57 ns 

6.0V 21 32 39 44 ns 

tPHL Maximum Triggei_Propagation 2.0V 88 197 229 250 ns 
Delay, A or B to Q 4.5V 29 48 60 67 ns 

6.0V 24 38 46 51 ns 

tPHL Maximum Propagation 2.0V 54 114 132 143 ns 
Delay, Clear to Q 4.5V 23 34 41 45 ns 

6.0V 19 28 33 36 ns 

tPLH Maximum Prop~ation 2.0V 56 116 135 147 ns 
Delay, Clear to Q 4.5V 25 36 42 46 ns 

6.0V 20 29 34 37 ns 

tw Minimum Pulse Width 2.0V 57 123 144 157 ns 
A, 8, Clear 4.5V 17 30 37 42 ns 

6.0V 12 21 27 30 ns 

tREM Minimum Clear 2.0V 0 0 0 0 ns 
Removal Time 4.5V 0 0 0 0 ns 

6.0V 0 0 0 0 ns 

two Output Pulse Width CExr=0.1 µF Min 5.0V 1 0.9 0.86 0.85 ms 
RExr= 10 kn 

Max 5.0V 1 1.1 1.14 1.15 ms 

trLH· trHL Maximum Output Rise 2.0V 30 75 95 110 ns 
and Fall Time 4.5V 8 15 19 22 ns 

6.0V 7 13 16 19 ns 

Cpo Power Dissipation 83 pF 
Capacitance (Note 5) 

C1N Maximum Input 12 20 20 20 pF 
Capacitance (Pins 7 & 15) 

C1N Maximum Input 6 10 10 10 pF 
Capacitance (other inputs) 

Note 5: Cpo determines the no load dynamic power consumption, Po= Cpo Vcc2 f + Ice Vee. and the no load dynamic current consumption, Is= Cpo Vccf + 
Ice· 
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Logic Diagram 

CLK 
A 

Cffiii~~_r--
10-...... ~~~-1~~~~~ .... 

Vee Vee 

t· 
_(~--+-+-+----+--~ 

~Cm 

Theory of Operation 

CLEAR 

Rt Cm 

© 
LJ 

--' LJ -'--1-r-l 1-r-I 

© 

LJl __ 
f-r-j 

<D POSITIVE EDGE TRIGGER 

a> NEGATIVE EDGE TRIGGER 

a> POSITIVE EDGE TRIGGER 

© POSITIVE EDGE RE· TRIGGER (PULSE LENGTHENING) 

a> RESET PULSE SHORTENING 

FIGURE 1 
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Theory of Operation (Continued) 

TRIGGER OPERATION 

As shown in Figure 1 and the logic diagram before an input 
trigger occurs, the one-shot is in the quiescent state with the 
Q output low, and the timing capacitor CExT completely 
charged to Vee- When the trigger input A goes from Vee to 
GND (while inputs B and clear are held to Vee) a valid trig
ger is recognized, which turns on comparator C1 and N
Channel transistor N1 ©. At the same time the output latch 
is set. With transistor N1 on, the capacitor CExT rapidly dis
charges toward GND until VREF1 is reached. At this point 
the output of comparator C1 changes state and transistor 
N1 turns off. Comparator C1 then turns off while at the 
same time comparator C2 turns on. With transistor N1 off, 
the capacitor CExT begins to charge through the timing re
sistor, REXT· toward Vee. When the voltage across CExT 
equals VREF2· comparator C2 changes state causing the 
output latch to reset (Q goes low) while at the same time 
disabling comparator C2. This ends the timing cycle with the 
one-shot in the quiescent state, waiting for the next trigger. 

A valid trigger is also recognized when trigger input B goes 
from GND to Vee (while input A is at GND and input clear is 
at Vee®.) 

It should be noted that in the quiescent state CExT is fully 
charged to Vee causing the current through resistor RExT to 
be zero. Both comparators are "off" with the total device 
current due only to reverse junction leakages. An added 
feature of the 'HC423A is that the output latch is set via the 
input trigger without regard to the capacitor voltage. Thus, 
propagation delay from trigger to Q is independent of the 
value of CEXT· REXT· or the duty cycle of the input wave
form. 

RETRIGGER OPERATION 

The 'HC423A is retriggered if a valid trigger occurs @ fol
lowed by another trigger © before the Q output has re
turned to the quiescent (zero) state. Any retrigger, after the 
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timing node voltage at pin or has begun 'to rise from VREF1, 
but has not yet reached VREF2· will cause an increase in 
output pulse width T. When a valid retrigger is initiated ©, 
the voltage at the R/CExT pin will again drop to VREF1 be
fore progressing along the RC charging curve toward Vee. 
The Q output will remain high until time T, after the last valid 
retrigger. 

Because the trigger-control circuit flip-flop resets shortly af
ter Cx has discharged to the reference voltage of the lower 
reference circuit, the minimum retrigger time, Irr is a function 
of internal propagation delays and the discharge time of Cx: 

187 565+ (0.256 Vee) Cx 
~=~+ + M 

Vee - o.7 (Vee - o.7)2 

Another removal/retrigger time occurs when a short clear 
pulse is used. Upon receipt of a clear, the one shot must 
charge the capacitor up to the upper trip point before the 
one shot is ready to receive the next trigger. This time is 
dependent on the capacitor used and is approximately: 

640 522+ (0.3 Vee) Cx 
Irr = 196 + + ns 

Vee - 0.7 (Vee - o.7)2 

RESET OPERATION 

These one shots may be reset during the generation of the 
output pulse. In the reset mode of operation, an input pulse 
on clear sets the reset latch and causes the capacitor to be 
fast charged to Vee by turning on transistor 01 ®. When 
the voltage on the capacitor reaches VREF2· the reset latch 
will clear and then be ready to accept another pulse. If the 
clear input is held low, any trigger inputs that occur will be 
inhibited and the Q and Q outputs of the output latch will not 
change. Since the Q output is reset when an input low level 
is detected on the Clear input, the output pulse T can be 
made significantly shorter than the minimum pulse width 
specification. 



Theory of Operation (Continued) 
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~National 
~Semiconductor 

MM54HC521/MM74HC521 
8-Bit Magnitude Comparator {Equality Detector) 

General Description 
This equality detector utilizes advanced silicon-gate CMOS 
technology to compare bit for bit two 8-bit words and indi
cates whether or not they are equal. The P = Q output indi
cates equality when it is low. A single active low enable is 
provided to facilitate cascading of several packages and en
able comparison of words greater than 8 bits. 

This device is useful in memory block decoding applica
tions, where memory block enable signals must be generat
ed from computer address information. 

The comparator's output can drive 1 o low power Schottky 
equivalent loads. This comparator is functionally and pin 

Connection and Logic Diagrams 

Dual-In-Line Package 

compatible to the 54LS688/7 4LS688 and the 54HC688/ 
74HC688. All inputs are protected from damage due to stat
ic discharge by diodes to Vee and ground. 

Features 
• Typical propagation delay: 20 ns 
• Wide power supply range: 2-6V 
• Low quiescent current: 80 µA (7 4 Series) 
• Large output current: 4 mA (7 4 Series) 
• Identical to 'HC688 

Vee p = a 07 P7 06 PS as PS 04 P4 07 

20 19 18 17 16 1S 14 13 12 11 

4 6 -a 9 10 

G PO 00 Pl 01 P2 02 P3 03 GND 

TL/F/6128-1 

Top View 

Order Number MM54HC521* or MM74HC521* 
*Please look into Section 8, Appendix D 
for availability of various package types. 

Truth Table 
Inputs 

Data 
Enable 

P,Q G P=Q 

P=Q L L 
p > Q L H 
P<Q L H 

x H H 
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Absolute Maximum Ratings (Notes 1 and 2) 

If Military I Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for avallablllty and specifications. 

Supply Voltage (Vee) -0.5 to + 7.0V 

DC Input Voltage MN) 

DC Output Voltage (VouT) 

Clamp Diode Current (l1K. loK) 

DC Output Current, per pin (louT) 

DC Vee or GND Current, per pin (Ice) 

Storage Temperature Range (T sTG) 

Power Dissipation (Po) 
(Note3) 
S.O. Package only 

Lead Temperature (TL) 
(Soldering 1 O seconds) 

-1.5 to Vee+ 1.5V 

-0.5 to Vcc+0.5V 

±20mA 

±25mA 

±50mA 

- 65°c to + 150°c 

600mW 
500mW 

260°c 

DC Electrical Characteristics (Note 4) 

Operating Conditions 
Min Max 

Supply Voltage (Vee) 2 6 

DC Input or Output Voltage 0 Vee 
MN. Vour) 

Operating Temp. Range (TA) 
MM74HC -40 +85 
MM54HC -55 +125 

Input Rise or Fall Times 
(tr,tt) Vcc=2.0V 1000 

Vcc=4.5V 500 
Vcc=6.0V 400 

74HC. 54HC 

Symbol Parameter Conditions Vee 
TA=2s0 c 

TA= - 40 to as·c TA= - 55 to 12s0 c 

Typ 

V1H Minimum High Level 2.0V 1.5 
Input Voltage 4.5V 3.15 

6.0V 4.2 

V1L Maximum Low Level 2.0V 0.5 
Input Voltage** 4.5V 1.35 

6.0V 1.8 

VoH Minimum High Level V1N = V1H or V1L 
Output Voltage i louTI s: 20 µA 2.0V 2.0 1.9 

4.5V 4.5 4.4 
6.0V 6.0 5.9 

V1N = V1H or V1L 
i louTI s: 4.0 mA 4.5V 4.2 3.98 

i louTI s: 5.2 mA 6.0V 5.7 5.48 

Vol Maximum Low Level V1N = V1H or V1L 
Output Voltage ilouTI s:20 µA 2.0V 0 0.1 

4.5V 0 0.1 
6.0V 0 0.1 

V1N = V1H or V1L 
l1ouTls:4.0 mA 4.5V 0.2 0.26 

i louTI s: 5.2 mA 6.0V 0.2 0.26 

l1N Maximum Input V1N=Vcc or GND 6.0V ±0.1 
Current 

Ice Maximum Quiescent V1N=Vcc or GND 6.0V 8.0 
Supply Current louT=O µA 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Guaranteed Limits 

1.5 1.5 
3.15 3.15 
4.2 4.2 

0.5 0.5 
1.35 1.35 
1.8 1.8 

1.9 1.9 
4.4 4.4 
5.9 5.9 

3.84 3.7 
5.34 5.2 

0.1 0.1 
0.1 0.1 
0.1 0.1 

0.33 0.4 
0.33 0.4 

±1.0 ± 1.0 

80 160 

Units 
v 
v 

·c 
·c 

ns 
ns 
ns 

Units 

v 
v 
v 
v 
v 
v 

v 
v 
v 

v 
v 

v 
v 
v 

v 
v 

µA 

µA 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mW l°C from 65°C to 85°C; ceramic "J" package: -12 mW /'C from 1 oo·c to 125°C. 

Note 4: For a power supply of 5V ± 10% the worst case output voltages (VoH. and Vou occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case V1H and V1L occur at Vee= 5.5V and 4.5V respectively. (The V1H value at 5.5V is 3.85V.) The worst case leakage current (l1N• 
Ice. and lozl occur for CMOS at the higher voltage and so the 6.0V values should be used . 

.. VIL limits are currently tested at 20% of Vee- The above ViL specification (30% of Vee) will be implemented no later than Q1, CY'89. 
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.,... 
N 
Lt> AC Electrical Characteristics 0 
:c Vcc=5V, TA=25°C, CL =15 pF, tr=t1=6 ns oi::I' ..... 
::!: Symbol Parameter Conditions Typ 

Guaranteed 
Units ::!: Limit ....... .,... 

tPHL• tPLH Maximum Propagation 21 30 N ns 
Lt> Delay, any P or Q to Output 0 
:c 

tPLH• tPHL Maximum Propagation oi::I' 14 20 ns 
Lt> Delay, Enable to any Output ::!: 
::!: 

AC Electrical Characteristics 
Vcc=2.0V to 6.0V, CL =50 pF, tr=tt=6 ns (unless otherwise specified) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee TA= -40 to 85°C TA= - 55 to 125°C Units 

Typ Guaranteed Limits 

tPHL• tPLH , Maximum Propagation 2.0V 60 175 220 263 ns 

Delay, P or Q to 4.5V 22 35 44 53 ns 

Output 6.0V 19 30 38 45 ns 

tPHL• tPLH Maximum Propagation 2.0V 45 120 150 180 ns 

Delay, Enable to 4.5V 15 24 30 36 ns 

Output 6.0V 13 20 25 30 ns 

tTHL• tTLH Maximum Output Rise 2.0V 30 75 95 110 ns 

and Fall Time 4.5V 8 15 19 22 ns 

6.0V 7 13 16 19 ns 

Cpo Power Dissipation 45 pF 

Capacitance (Note 5) 

C1N Maximum Input 5 10 10 10 pF 

Capacitance 

Note 5: Cpo determines the no load dynamic power consumption, Po= Cpo V cc2 f + Ice V cc. and the no load dynamic current consumption, Is= Cpo V cc I+ Ice-
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~National 
~Semiconductor 

MM54HC533/MM74HC533 
TRI-STATE® Octal D-Type Latch 
with Inverted Outputs 

General Description 
These high speed OCTAL D-TYPE LATCHES utilize ad
vanced silicon-gate CMOS technology. They possess the 
high noise immunity and low power consumption of stan
dard CMOS integrated circuits, as well as the ability to drive 
15 LS-TTL loads. Due to the large output drive capability 
and the TRI-STATE feature, these devices are ideally suited 
for interfacing with bus lines in a bus organized system. 

When the LATCH ENABLE input is high, the data present 
on the D inputs will appear inverted at the Q outputs. When 
the LATCH ENABLE goes low, the inverted data will be re
tained at the Q outputs until LATCH ENABLE returns high 
again. When a high logic level is applied to the OUTPUT 
CONTROL input, all outputs go to a high impedance state, 
regardless of what signals are present at the other inputs 
and the state of the storage elements. 

Connection Diagram 

The 54HC/74HC logic family is speed, function, and pin-out 
compatible with the standard 54LS/74LS logic family. All 
inputs are protected from damage due to static discharge by 
internal diode clamps to Vee and ground. 

Features 
• Typical propagation delay: 18 ns 
• Wide operating voltage range: 2 to 6 volts 
• Low input current: 1 µA maximum 
a Low quiescent current: 80 µA, maximum (74HC Series) 
• Compatible with bus-oriented systems 
• Output drive capability: 15 LS-TTL loads 

Dual-In-Line Package 

LATCH 
ENABLE 

Vee 80 BO 70 60 50 SQ G 

Truth Table 

OUTPUT 
CONTROL 

Output 
Control 

L 
L 
L 
H 

10 

10 20 30 40 GND 

TL/F/5339-1 

Top View 

Order Number MM54HC533* or MM74HC533* 
•Please look into Section B, Appendix D for availability of various package types. 

Latch 
Enable 

G Data 

H H 
H L 
L x 
x x 

Output 

L 
H 

Do 
z 
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H = high level, L = low level 

Oo = level of output before steady-state input conditions 
were established. 

Z = high impedance 
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Absolute Maximum Ratings (Notes 1 & 2) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage (Vee) -0.5 to + 7.0V 

DC input Voltage (V1N) -1.5 to Vee+ 1.5V 

DC Output Voltage (Vour) -0.5 to Vcc+0.5V 

Clamp Diode Current (l1K. loK) 

DC Output Current, per pin (lour) 

±20mA 

±35mA 

±70mA DC Vee or GND Current, per pin (Ice) 

Storage Temperature Range (T srn) 
Power Dissipation (Po) 

- 65°C to + 150°C 

(Note3) 
S.O. Package only 

600mW 
500mW 

Lead Temp. (TL) (Soldering 10 seconds) 260°C 

DC Electrical Characteristics 

Symbol Parameter Conditions 

V1H Minimum High Level 
Input Voltage 

V1L Maximum Low Level 
Input Voltage** 

VoH Minimum High Level V1N = V1H or V1L 
Output Voltage llourl ::::20 µA 

V1N = V1H or V1L 
llourl ::::6.0 mA 
l1ourl::::7.8 mA 

VoL Maximum Low Level V1N = V1H or V1L 
Output Voltage llourl::::20 µA 

V1N = V1H or V1L 
I lour I:::: 6.0 mA 
l1ourl::::7.8 mA 

l1N Maximum Input V1N=Vcc or GND 
Current 

loz Maximum TRI-STATE V1N=V1H or VIL• OC=V1H 
Output Leakage Vour=Vcc orGND 
Current 

Ice Maximum Quiescent V1N=Vcc or GND 
Supply Current lour=O µA 

Vee 

2.0V 
4.5V 
6.0V 

2.0V 
4.5V 
6.0V 

2.0V 
4.5V 
6.0V 

4.5V 
6.0V 

2.0V 
4.5V 
6.0V 

4.5V 
6.0V 

6.0V 

6.0V 

6.0V 

Operating Conditions 
Min Max 

Supply Voltage (Vee) 2 6 

DC Input or Output Voltage 0 Vee 
CVJN, Vour) 

Operating Temp. Range (TA) 
MM74HC -40 +85 
MM54HC -55 +125 

Input Rise or Fall Times 
(tr, tt) Vcc=2.0V 1000 

Vcc=4.5V 500 
Vcc=6.0V 400 

TA =25°C 
74HC 54HC 

TA= - 40 to 85°C TA= -55 to 12s0 c 
Typ Guaranteed Limits 

1.5 1.5 1.5 
3.15 3.15 3.15 
4.2 4.2 4.2 

0.5 0.5 0.5 
1.35 1.35 1.35 
1.8 1.8 1.8 

2.0 1.9 1.9 1.9 
4.5 4.4 4.4 4.4 
6.0 5.9 5.9 5.9 

4.2 3.98 3.84 3.7 
5.7 5.48 5.34 5.2 

0 0.1 0.1 0.1 
0 0.1 0.1 0.1 
0 0.1 0.1 0.1 

0.2 0.26 0.33 0.4 
0.2 0.26 0.33 0.4 

±0.1 ±1.0 ±1.0 

±0.5 ±5 ±10 

8.0 80 160 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 

Units 
v 
v 

oc 
oc 

ns 
ns 
ns 

Units 

v 
v 
v 
v 
v 
v 

v 
v 
v 

v 
v 

v 
v 
v 

v 
v 

µA 

µA 

µA 

Note 3: Power Dissipation temperature derating-plastic "N" package: -12 mW/°C from 65°C to BS'C; ceramic "J" package: -12 mW/'C from 100'C to 125°C. 
Note 4: For a power supply of SV ± 10% the worst case output voltages (VOH· and Voll occur for HC at 4.SV. Thus the 4.SV values should be used when designing 
with this supply. Worst case V1H and V1L occur at Vee=5.5Vand 4.SV respectively. (The V1H value at 5.SV is 3.BSV.) The worst case leakage current !11N. lee. and 
loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
••v1L limits are currently tested at 20% of Vee· The above V1L specification (30% of Vee) will be implemented no later than 01, CY'B9. 
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AC Electrical Characteristics Vcc=5V, TA=25°C, tr=t1=6 ns 

Symbol Parameter Conditions Typ Guaranteed Limit Units 

tPHL• tPLH Maximum Propagation Delay, Data to Q CL =45 pF 18 25 ns 

tPHL• tPLH Maximum Propagation Delay, Enable to Q CL=45pF 21 30 ns 

tpzH, tpzL Maximum Output Enable Time RL = 1 kfl 20 28 ns 
CL =45 pF 

tpHz, tpLZ Maximum Output Disable Time RL = 1 kfl 18 25 ns 
CL =5 pF 

ts Minimum Set Up Time 5 ns 

tH Minimum Hold Time 10 ns 

tw Minimum Pulse Width 16 ns 

AC Electrical Characteristics Vcc=2.0V-6.0V, CL =50 pF, tr=t1=6 ns (unless otherwise specified) 

TA=2s·c 
74HC 54HC 

Symbol Parameter Conditions Vee TA= -40 to ss·c TA= -55 to 12s·c Units 

Typ Guaranteed Limits 

tPHL• tPLH Maximum Propagation CL =50 pF 2.0V 50 150 188 225 ns 
Delay, Data to Q CL= 150 pF 2.0V 80 200 250 300 ns 

CL =50 pF 4.5V 22 30 37 45 ns 
CL=150pF 4.5V 30 40 50 60 ns 

CL =50 pF 6.0V 19 26 31 39 ns 
CL= 150 pF 6.0V 26 35 44 53 ns 

tPHL• tPLH Maximum Propagation CL =50pF 2.0V 63 175 220 263 ns 
Delay, Enable to Q CL =150 pF 2.0V 110 225 280 338 ns 

CL =50 pF 4.5V 25 35 44 52 ns 
CL =150pF 4.5V 35 45 56 68 ns 

CL =50 pF 6.0V 21 30 37 45 ns 
CL=150pF 6.0V 28 39 49 59 ns 

tpzH, tpzL Maximum Output Enable Time RL = 1 kfl 

CL =50 pF 2.0V 50 150 188 225 ns 
CL =150 pF 2.0V 80 200 250 300 ns 

CL =50 pF 4.5V 21 30 37 45 ns 
CL= 150 pF 4.5V 30 40 50 60 ns 

CL =50 pF 6.0V 19 26 31 39 ns 
CL =150 pF 6.0V 26 35 44 53 ns 

tpHz, tpLz Maximum Output Disable Time RL = 1 kfl 2.0V 50 150 188 225 ns 
CL =50 pF 4.5V 21 30 37 45 ns 

6.0V 19 26 31 39 ns 

ts Minimum Set Up Time 2.0V 50 60 75 ns 
4.5V 9 13 15 ns 
6.0V 9 11 13 ns 

tH Minimum Hold Time 2.0V 5 5 5 ns 
4.5V 5 5 5 ns 
6.0V 5 5 5 ns 

tw Minimum Pulse Width 2.0V 30 80 100 120 ns 
4.5V 10 16 20 24 ns 
6.0V 9 14 18 20 ns 

trHL· trLH Maximum Output Rise CL =50 pF 2.0V 25 60 75 90 ns 
and Fall Time, Clock 4.5V 7 12 15 18 ns 

6.0V 6 10 13 15 ns 

Cpo Power Dissipation Capacitance (per latch) 
(Note5) OC=Vcc 30 pF 

OC=Gnd 50 pF 

C1N Maximum Input Capacitance 5 10 10 10 pF 

Gour Maximum Output Capacitance 15 20 20 20 pF 

Note 5: Cpo determines the no load dynamic power consumption, Po=Cpo Vcc2 I+ Ice Vee. and the no load dynamic current consumption, ls=Cpo Vee I+ Ice· 
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~ ~National 
~ ~Semiconductor 
== 
~ MM54HC534/MM74HC534 
i.n 

~ TRI-STATE® Octal D-Type Flip-Flop 
~ with Inverted Outputs 
== General Description 

These high speed Octal D-Type Flip-Flops utilize advanced 
silicon-gate CMOS technology. They possess the high noise 
immunity and low power consumption of standard CMOS 
integrated circuits, as well as the ability to drive 15 LS-TIL 
loads. Due to the large output drive capability and the TRI
STATE feature, these devices are ideally suited for interfac
ing with bus lines in a bus organized system. 

These devices are positive edge triggered flip-flops. Data at 
the D inputs, meeting the setup and hold time requirements, 
are inverted and transferred to the a outputs on p'ositive 
going transitions of the CLOCK (CK) input. When a high 
logic level is applied to the OUTPUT CONTROL (QC) input, 
all outputs go to a high impedance state, regardless of what 
signals are present at the other inputs and the state of the 
storage elements. 

Connection Diagram 

The 54HC/7 4HC logic family is speed, function, and pinout 
compatible with the standard 54LS/74LS logic family. All 
inputs are protected from damage due to static discharge by 
internal diode clamps to Vee and ground. 

Features 
• Typical propagation delay: 23 ns 
• Wide operating voltage range: 2-6V 
• Low input current: 1 µA maximum 
• Low quiescent current: 80 µA maximum 
• Compatible with bus-oriented systems 
• Output drive capability: 15 LS-TIL loads 

Dual-In-Line Package 

Truth Table 

TL/F/5340-1 

Top View 

Order Number MM54HC534* or MM74HC534* 
*Please look into Section 8, Appendix D for availability of various package types. 

Output 
Clock 

Control 

L t 
L t 
L L 
H x 

Data 

H 
L 
x 
x 

Output 

L 
H 

Oo 
z 
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H = High Level, L = Low Level 

X = Don't Care 

j = Transition from low-to-high 

Z = High impedance state 

Oo = The level of the output before steady state 
input conditions were established 



Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
If Military/Aerospace specified devices are required, Min Max Units 
contact the National Semiconductor Sales Office/ Supply Voltage (Vee) 2 6 v 
Distributors for availability and specifications. DC Input or Output Voltage 0 Vee v 
Supply Voltage (Vee) -0.5 to + 7.0V MN· Vour) 
DC Input Voltage MN) -1.5 to Vee+ 1.5V Operating Temp. Range (TA) 

DC Output Voltage (Vour) -o.5 to Vcc+0.5V MM74HC -40 +85 oc 
Clamp Diode Current (l1K. loK) ±20mA 

MM54HC -55 +125 oc 

DC Output Current, per pin (lour) ±35mA 
Input Rise or Fall Times 

(tr.ti) Vcc=2.0V 1000 ns 
DC Vee or GND Current, per pin (Ice) ±70mA Vcc=4.5V 500 ns 
Storage Temperature Range (T sTG) - 65°C to + 150°C Vcc=6.0V 400 ns 
Power Dissipation (Po) 

(Note3) 600mW 
S.O. Package only 500mW 

Lead Temperature (TL) 
(Soldering 10 seconds) 260°C 

DC Electrical Characteristics (Note 4) 

TA =25°C 
74HC 54HC 

Symbol Parameter Conditions Vee TA= - 40 to 85°C TA= -55 to 12s·c Units 

Typ Guaranteed Limits 

V1H Minimum High Level 2.0V 1.5 1.5 1.5 v 
Input Voltage 4.5V 3.15 3.15 3.15 v 

6.0V 4.2 4.2 4.2 v 
V1L Maximum Low Level 2.0V 0.5 0.5 0.5 v 

Input Voltage•• 4.5V 1.35 1.35 1.35 v 
6.0V 1.8 1.8 1.8 v 

VoH Minimum High Level V1N=V1HorV1L 
Output Voltage ilourl~20 µA 2.0V 2.0 1.9 1.9 1.9 v 

4.5V 4.5 4.4 4.4 4.4 v 
6.0V 6.0 5.9 5.9 5.9 v 

V1N=V1H orV1L 
ilourl ~6.0 mA 4.5V 4.2 3.98 3.84 3.7 v 
llourl~7.8 mA 6.0V 5.7 5.48 5.34 5.2 v 

Vol Maximum Low Level V1N=V1HorV1L 
Output Voltage ilourl~20 µA 2.0V 0 0.1 0.1 0.1 v 

4.5V 0 0.1 0.1 0.1 v 
6.0V 0 0.1 0.1 0.1 v 

V1N = V1H or V1L 
l1ourl~6.0 mA 4.5V 0.2 0.26 0.33 0.4 v 
ilourl Q.8 mA 6.0V 0.2 0.26 0.33 0.4 v 

l1N Maximum Input V1N=Vcc or GND 6.0V ±0.1 ±1.0 ±1.0 µA 
Current • loz Maximum TRI-ST ATE V1N=V1H or VIL• OC=V1H 6.0V ±0.5 ±5 ±10 µA 
Output Leakage Vour=Vcc or GND 
Current 

lee Maximum Quiescent V1N=VccorGND 6.0V 8.0 80 160 µA 

Supply Current lour=O µA 
Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mW l°C from 65°C to 85°C; ceramic "J" package: -12 mW /'C from 10o·c to 125°C. 
Note 4: For a power supply of 5V ± 10% the worst case output voltages (VOH· and Vou occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case V1H and V1L occur at Vee= 5.5V and 4.5V respectively. (The V1H value at 5.5V is 3.85V.) The worst case leakage current (l1N• 
Ice. and loz) occur for CMOS at the higher voltage and so the 6.0V values should be used . 
.. VIL limits are currently tested at 20% of Vee- The above Vil specification (30% of Vee) will be implemented no later than 01, CY'89. 
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AC Electrical Characteristics Vcc=5V, TA=25°C, tr=t,=6 ns 

Symbol Parameter Conditions Typ Guaranteed Limit Units 

fMAX Maximum Operating Frequency 35 MHz 

tPHL• tPLH Maximum Propagation Delay Clock to Q CL =45 pF 23 32 ns 

tpzH, tpzL Maximum Output Enable Time RL =1 kn 21 28 ns 
CL =45 pF 

tpHz, tpLz Maximum Output Disable Time RL =1 kn 19 25 ns 
CL =5 pF 

ts Minimum Setup Time 10 20 ns 

tH Minimum Hold Time 0 5 ns 

tw Minimum Pulse Width 9 16 ns 

AC Electrical Characteristics Vcc=2.0-6.0V, CL =50 pF, tr=t,=6 ns (unless otherwise specified) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee TA= -40 to 85°C TA= -55to125°C Units 

Typ Guaranteed Limits 

fMAX Maximum Operating CL =50 pF 2.0V 6 5 4 MHz 
Frequency 4.5V 30 24 20 MHz 

6.0V 35 28 23 MHz 

tPHL• tPLH Maximum Propagation CL =50 pF 2.0V 68 180 225 270 ns 
Delay, Clock to Q CL =150 pF 2.0V 110 230 288 345 ns 

CL ~50 pF 4.5V 22 36 45 48 ns 
CL =150 pF 4.5V 30 46 57 69 ns 

CL =50 pF 6.0V 20 31 39 46 ns 
CL =150 pF 6.0V 28 40 50 60 ns 

tpzH, tpzL Maximum Output Enable Time RL =1 kn 

CL =50 pF 2.0V 50 150 189 225 ns 
CL =150 pF 2.0V 80 200 250 300 ns 

CL =50 pF 4.5V 21 30 37 45 ns 
CL =150 pF 4.5V 29 40 50 60 ns 

CL =50 pF 6.0V 19 26 31 39 ns 
CL =150 pF 6.0V 25 35 44 53 ns 

fpHz, fPLZ Maximum Output Disable Time RL =1 kn 2.0V 50 150 189 225 ns 
CL =50 pF 4.5V 21 30 37 45 ns 

6.0V 19 26 31 39 ns 

ts Minimum Setup Time 2.0V 50 60 75 ns 
4.5V 9 13 15 ns 
6.0V 9 11 13 ns 

fH Minimum Hold Time 2.0V 5 5 5 ns 
4.5V 5 5 5 ns 
6.0V 5 5 5 ns 

tw Minimum Pulse Width 2.0V 80 100 120 ns 
4 .. 5V 16 20 24 ns 
6.0V 14 18 20 ns 

trHL· trLH Maximum Output Rise CL =50 pF 2.0V 25 60 75 90 ns 
and Fall Time 4.5V 7 12 15 18 ns 

6.0V 6 10 13 15 ns 

tr, ft Maximum Input Rise and Fall Time 1000 1000 1000 ns 
Clock 500 500 500 ns 

400 400 400 ns 

Cpo Power Dissipation (per flip-flop) 
Capacitance (Note 5) OC=Vcc 30 pF 

OC=Gnd 50 pF 

C1N Maximum Input Capacitance 5 10 10 10 pF 

Gour Maximum Output Capacitance 15 20 20 20 pF 

Note 5: Cpo determines the no load dynamic power consumption, Po=Cpo Vcc2 I+ Ice Vee. and the no load dynamic current consumption, ls=Cpo Vee I+ Ice· 
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'?'A National 
~Semiconductor 
MM54HC540/MM74HC540 
Inverting Octal TRI-STATE® Buffer 
MM54HC541/MM74HC541 
Octal TRI-STATE Buffer 
General Description 
These TRI-STATE buffers utilize advanced silicon-gate 
CMOS technology. They possess high drive current outputs 
which enable high speed operation even when driving large 
bus capacitances. These circuits achieve speeds compara
ble to low power Schottky devices, while retaining the ad
vantage of CMOS circuitry, i.e., high noise immunity, and 
low power consumption. Both devices have a fanout of 15 
LS-TTL equivalent inputs. 

In order to enhance PC board layout, the 'HC540 and 
'HC541 offers a pinout having inputs and outputs on oppo
site sides of the package. All inputs are protected from dam
age due to static discharge by diodes to Vee and ground. 

Features 
• Typical propagation delay: 12 ns 
• TRI-STATE outputs for connection to system buses 

The MM54HC540/MM74HC540 is an inverting buffer and 
the MM54HC541/MM74HC541 is a non-inverting buffer. 
The TRI-STATE control gate operates as a two-input NOR 
such that if either G1 or G2 are high, all eight outputs are in 
the high-impedance state. 

• Wide power supply range: 2-6V 
• Low quiescent current: 80 µA maximum (74HC Series) 

• Output current: 6 mA 

Connection Diagrams 
Dual-In-Line Package 

Vee G2 Yl Y2 YJ Y4 Y5 Y6 Y7 YB 

ifi Al A2 AJ A4 A5 A6 A7 AB GNO 
TL/F/5341-1 

Top View 
Order Number MM54HC540* or MM74HC540* 

Vee G2 Yl Y2 YJ Y 4 Y5 Y6 Y7 YB 

ii1 Al A2 AJ A4 A5 A6 A7 AB GNO 
TL/F/5341-2 

Top View 
Order Number MM54HC541* or MM74HC541* 

*Please look into Section 8, Appendix D for availability of various package types. 
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Absolute Maximum Ratings (Notes 1 & 2) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage (Vee) -0.5 to + 7.0V 

DC Input Voltage MN) -1.5 to Vee+ 1.5V 

DC Output Voltage (Vour) -0.5 to Vcc+0.5V 

Clamp Diode Current (lco) 

DC Output Current, per pin (lour) 

±20mA 

±35mA 

±70mA DC Vee or GND Current, per pin (Ice) 

Storage Temperature Range (T srn) 
Power Dissipation (Po) 

-65°C to + 15o·c 

(Note 3) 
S.O. Package only 

600mW 
500mW 

Lead Temp. (TL.) (Soldering 10 seconds) 260°c 

DC Electrical Characteristics (Note 4) 

Symbol Parameter Conditions Vee 

V1H Minimum High Level 2.0V 
Input Voltage 4.5V 

1. 6.0V 

V1L Maximum Low Level 2.0V 
Input Voltage** 4.5V 

6.0V 

VoH Minimum High Level V1N = V1H or V1L 
Output Voltage llourl~20 µA 2.0V 

4.5V 
6.0V 

V1N = V1H or V1L 
llourl ~6.0 mA 4.5V 
llourl Q.8 mA 6.0V 

Vol Maximum Low Level V1N = V1H or V1L 
Output Voltage I lour I ~ 20 µA 2.0V 

4.5V 
6.0V 

V1N = V1H or V1L 
llourl ~6.0 mA 4.5V 
llourlQ.8 mA 6.0V 

l1N Maximum Input V1N=VccorGND 6.0V 
Current 

loz Maximum TRI-STATE V1N = V1H or V1L, G = V1H 6.0V 
Output Leakage Vour=Vcc or GND 
Current 

Ice Maximum Quiescent V1N=VceorGND 6.0V 
Supply Current lour=O µA 

Operating Conditions 
Min Max 

Supply Voltage (Vee) 2 6 

DC Input or Output Voltage 0 Vee 
(V1N. Vour) 

Operating Temp. Range (TA) 
MM74HC -40 +85 
MM54HC -55 +125 

Input Rise or Fall Times 
(tr,tf) Vcc=2.ov 1000 

Vcc=4.5V 500 
Vcc=6.0V 400 

TA=2s·c 
74HC 54HC 

TA= - 40 to ss·c TA= -ssto 12s·c 

Typ Guaranteed Limits 

1.5 1.5 1.5 
3.15 3.15 3.15 
4.2 4.2 4.2 

0.5 0.5 0.5 
1.35 1.35 1.35 
1.8 1.8 1.8 

2.0 1.9 1.9 1.9 
4.5 4.4 4.4 4A 
6.0 5.9 5.9 5.9 

4.2 3.98 3.84 3.7 
5.7 5.48 5.34 5.2 

0 0.1 0.1 0.1 
0 0.1 0.1 0.1 
0 0.1 0.1 0.1 

0.2 0.26 0.33 0.4 
0.2 0.26 0.33 0.4 

±0.1 ±1.0 ±1.0 

±0.5 ±5 ±10 

8.0 80 160 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 

Units 
v 

v 

·c 
·c 

ns 
ns 
ns 

Units 

v 
v 
v 

v 
v 
v 

v 
v 
v 

v 
v 

v 
v 
v 

v 
v 

µA 

µA 

µA 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mW/'C from 65'C to 85'C; ceramic "J" package: -12 mW /'C from 1 OO'C to 125'C. 
Note 4: For a power supply of 5V ± 10% the worst case output voltages (VoH. and VotJ occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case V1H and V1L occur at Vee= 5.5V and 4.5V respectively. (The V1H value at 5.SV is 3.85V.) The worst case leakage current (l1N. Ice. and 
lozl occur for CMOS at the higher voltage and so the 6.0V values should be used . 
.. VIL limits are currently tested at 20% of Vee- The above V1L specification (30% of Vee) will be implemented no later than 01, CY'89. 
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AC Electrical Characteristics Vcc=5V, TA=25°C, tr=t1=6 ns 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

tPHL• tPLH Maximum Propagation CL =45 pF 12 18 ns 
Delay (540) 

tPHL• tPLH Maximum Propagation CL =45 pF 14 20 ns 
Delay (541) 

tpzH, tpzL Maximum Output Enable RL = 1 kn 17 28 ns 
Time CL =45 pF 

tpHz, tpLz Maximum Output Disable RL = 1 kn 15 25 ns 
Time CL =5 pF 

AC Electrical Characteristics Vcc=2.0Vto 6.0V, CL =50 pF, tr=t1=6 ns (unless otherwise specified) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee TA= -40 to a5·c TA= - 55 to 125•c Units 

Typ Guaranteed Limits 

tPHL• tPLH Maximum Propagation CL =50 pF 2.0V 55 100 126 149 ns 
Delay (540) CL =150 pF 2.0V 83 150 190 224 ns 

CL =50 pF 4.5V 12 20 25 30 ns 
CL= 150 pF 4.5V 22 30 38 45 ns 

CL =50 pF 6.0V 11 17 21 25 ns 
CL =150 pF 6.0V 18 26 32 38 ns 

tPHL• tPLH Maximum Propagation CL =50 pF 2.0V 58 115 145 171 ns 
Delay (541) CL =150 pF 2.0V 83 165 208 246 ns 

CL =50 pF 4.5V 14 23 29 34 ns 
CL =150 pF 4.5V 17 33 42 49 ns 

CL =50 pF 6.0V 11 20 25 29 ns 
CL =150pF 6.0V 14 28 35 42 ns 

tpzH, tpzL Maximum Output Enable RL =1 kn 
Time CL =50 pF 2.0V 75 150 189 224 ns 

CL= 150 pF 2.0V 100 200 252 298 ns 

CL =50 pF 4.5V 15 30 38 45 ns 
CL =150 pF 4.5V 30 40 50 60 ns 

CL =50 pF 6.0V 13 26 32 38 ns 
CL =150 pF 6.0V 17 34 43 51 ns 

tpHz, tpLz Maximum Output Disable RL =1 kn 2.0V 75 150 189 224 ns 
Time CL =50 pF 4.5V 15 30 38 45 ns 

6.0V 13 26 32 38 ns • trHL· trLH Maximum Output Rise CL =50 pF 2.0V 25 60 75 90 ns 
and Fall Time 4.5V 7 12 15 18 ns 

6.0V 6 10 13 15 ns 

Cpo Power Dissipation G=V1H 10 pF 
Capacitance (Note 5) G=V1L 50 pF 

C1N Maximum Input 5 10 10 10 pF 
Capacitance 

Cour Maximum Output Capacitance 15 20 20 20 pF 

Note 5: Cpo determines the no load dynamic power consumption, Po=Cpo Vcc2 I+ Ice Vee. and the no load dynamic current consumption, ls=Cpo Vee f+ Ice· 
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~National 
~Semiconductor 

MM54HC563/MM74HC563 
TRI-STATE® Octal D-Type Latch with Inverted Outputs 

General Description 
These high speed octal D-type latches utilize advanced sili
con-gate CMOS technology. They possess the high noise 
immunity and low power consumption of standard CMOS 
integrated circuits, as well as the ability to drive 15 LS-TTL 
loads. Due to the large output drive capability and the 
TRI-STATE feature, these devices are ideally suited for in
terfacing with bus lines in a bus organized system. 

The 54HC/7 4HC logic family is speed, function and pin-out 
compatible with the standard 54LS/74LS logic family. All 
inputs are protected from damage due to static discharge by 
internal diode clamps to Vee and ground. 

Features 
• Typical propagation delay: 13 ns 

When the LATCH ENABLE (LE) input is high, the data pres
ent on the D inputs will appear inverted at the Q outputs. 
When the LATCH ENABLE goes low, the inverted data will 
be retained at the Q outputs until LATCH ENABLE returns 
high again. When a high logic level is applied to the OUT
PUT CONTROL (OC) input, all outputs go to a high imped
ance state, regardless of what signals are present at the 
other inputs and the state of the storage elements. 

• Wide operating voltage range: 2 to 6 volts 

Connection Diagram 

v c 
20 

OUTPUT 
CONTROL 

10 

10 

20 

20 

• Low input current: 1 µA maximum 
• Low quiescent current: 80 µA maximum (7 4 Series) 
• Compatible with bus-oriented systems 
• Output drive capability: 15 LS-TTL loads 
• Functionally compatible with '580 

Dual-In-Line Package 

30 SQ 60 70 

30 40 SD 60 70 

Top View 

BQ 

BO 

LATCH 
ENABLE 

11 

10 

GND 
TL/F/S210-1 

Order Number MM54HC563* or MM74HC563* 
•Please look into Section B, Appendix D for availability of various package types. 

Truth Table 
Output Latch 

Data Output 
Control Enable 

L H H L 
L H L H 
L L x Oo 
H x x z 

H = high level, L = low level 

Oo = level of output before steady-state Input 
conditions were established 

Z = high impedance 
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Absolute Maximum Ratings (Notes 1 & 2) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for avallablllty and specifications. 

Supply Voltage (Vee) -0.5 to+ 7.0V 

DC Input Voltage (VrN) 

DC Output Voltage (Your) 

Clamp Diode Current (Ice) 

DC Output Current, per pin (lour) 

DC Vee or GND Current, per pin (Ice) 

Storage Temperature Range (Tsm) 

Power Dissipation (Po) 
(Note3) 
S.O. Package only 

Lead Temp. (TL.) (Soldering 10 seconds) 

-1.5 to Vee+ 1.5V 

-0.5 to Vcc+0.5V 

±20mA 

±35mA 

±70mA 

- 65°C to + 15o·c 

600mW 
500mW 

260°c 

DC Electrical Characteristics (Note 4) 

Operating Conditions 
Min Max 

Supply Voltage (Vee) 2 6 

DC Input or Output Voltage 0 Vee 
(VrN. Your) 

Operating Temp. Range (TA) 
MM74HC -40 +85 
MM54HC -55 +125 

Input Rise or Fall Times 

(tr,t1) Vcc=2.0V 1000 
Vcc=4.5V 500 
Vcc=6.0V 400 

74HC 54HC 

Symbol Parameter Conditions Vee 
TA=25°C 

TA= - 40 to 85°C TA= -55 to 125°C 

Typ 

VrH Minimum High Level 2.0V 
Input Voltage 4.5V 

6.0V 

VrL Maximum Low Level Input 2.0V 
Voltage•• 4.5V 

6.0V 

VoH Minimum High Level VrN = VrH or VrL 
Output Voltage llourl ~20 µA 2.0V 2.0 

4.5V 4.5 
6.0V 6.0 

V1N=V1H orVrL 
l1ourl~6.0 mA 4.5V 4.2 

llourl Q.8 mA 6.0V 5.7 

VoL Maximum Low Level VrN = V1H or VrL 
Output Voltage I lour I ~ 20 µA 2.0V 0 

4.5V 0 
6.0V 0 

VrN = VrH or VrL 
l1ourl~6.0 mA 4.5V 0.2 

l1ourl~7.8 mA 6.0V 0.2 

lrN Maximum Input Current VrN=Vcc or GND 6.0V 

loz Maximum TRI-STATE Output Vour=Vcc or GND 6.0V 
Leakage Current OC=V1H 

Ice Maximum Quiescent Supply VrN=Vcc or GND 
Current lour=O µA 

Note 1: Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Guaranteed Limits 

1.5 1.5 1.5 
3.15 3.15 3.15 
4.2 4.2 4.2 

0.5 0.5 0.5 
1.35 1.35 1.35 
1.8 1.8 1.8 

1.9 1.9 1.9 
4.4 4.4 4.4 
5.9 5.9 5.9 

3.98 3.84 3.7 
5.48 5.34 5.2 

0.1 0.1 0.1 
0.1 0.1 0.1 
0.1 0.1 0.1 

0.26 0.33 0.4 
0.26 0.33 0.4 

±0.1 ±1.0 ±1.0 

±0.5 ±5.0 ±10 

8.0 80 160 

Units 
v 
v 

·c 
·c 

ns 
ns 
ns 

Units 

v 
v 
v 
v 
v 
v 

v 
v 
v 

v 
v 

v 
v 
v 

v 
v 

µA 

µA 

µA 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mW l°C from 65'C to 85'C; ceramic "J" package: -12 mW /'C from 1 oo•c to 125'C. 

Note 4: For a power supply of 5V ± 10% the worst case output voltages (VoH. and Voll occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case v 1H and Vil occur at Vcc=5.5V and 4.5V respectively. (The v 1H value at 5.5V is 3.85V.) The worst case leakage current (llN• Ice. and 
lozl occur for CMOS at the higher voltage and so the 6.0V values should be used . 

.. VIL limits are currently tested at 20% of Vee. The above V1L specification (30% of Vee) will be implemented no later than 01, CY'89. 
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AC Electrical Characteristics Vcc=5V, TA=25°C, tr=tt=6 ns 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

tPHL• tPLH Maximum Propagation Delay, Data to Q CL =45 pF 12 19 ns 

tPHL• tPLH Maximum Propagation Delay, LE to Q CL =45 pF 12 20 ns 

tpzH. tpzL Maximum Output Enable Time RL =1 kn 13 25 ns 
CL =45 pF 

tpHz. tpLz Maximum Output Disable Time RL =1 kn 11 20 ns 
CL =5 pF 

ts Minimum Set Up Time, Data to LE 10 15 ns 

tH Minimum Hold Time, LE to Data 2 5 ns 

tw Minimum Pulse Width, LE or Data 10 16 ns 

AC Electrical Characteristics Vcc=2.0-6.0V, tr=tt=6 ns 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee TA= - 40 to 85°C TA= - 55 to 125°C Units 

Typ Guaranteed Limits 

tPHL• tPLH Maximum Propagation CL =50 pF 2.0V 45 110 138 165 ns 
Delay, Data to Q CL =150 pF 2.0V 58 150 188 225 ns 

CL =50 pF 4.5V 14 22 28 33 ns 
CL =150 pF 4.5V 21 30 38 40 ns 

CL =50 pF 6.0V 12 19 24 29 ns 
CL =150 pF 6.0V 19 26 33 39 ns 

tPHL• tPLH Maximum Propagation CL =50 pF 2.0V 46 115 143 173 ns 
Delay, LE to Q CL =150 pF 2.0V 60 155 194 233 ns 

CL =50 pF 4.5V 14 23 29 35 ns 
CL= 150 pF 4.5V 21 31 47 47 ns 

CL =50 pF 6.0V 12 20 25 30 ns 
CL =150 pF 6.0V 19 27 34 41 ns 

tPZH· tpzL Maximum Output Enable RL =1 kn 
Time CL =50 pF 2.0V 55 140 175 210 ns 

CL= 150 pF 2.0V 67 180 225 270 ns 

CL =50 pF 4.5V 15 28 35 42 ns 
CL= 150 pF 4.5V 24 36 45 54 ns 

CL =50 pF 6.0V 14 24 30 36 ns 
CL =150 pF 6.0V 22 31 39 47 ns 

tpHz, tpLz Maximum Output Disable RL =1 kn 2.0V 40 125 156 188 ns 
Time CL =50 pF 4.5V 13 25 31 38 ns 

6.0V 12 21 27 32 ns 

ts Minimum Set Up Time 2.0V 30 75 95 110 ns 
Data to LE 4.5V 10 15 19 22 ns 

6.0V 9 13 16 19 ns 

tH Minimum Hold Time 2.0V 25 31 38 ns 
LE to Data 4.5V 5 6 7 ns 

6.0V 4 5 6 ns 

tw Minimum Pulse Width, LE 2.0V 30 80 100 120 ns 
or Data 4.5V 9 16 20 24 ns 

6.0V 8 14 18 20 ns 

trLH· trHL Maximum Output Rise CL =50 pF 2.0V 25 60 75 90 ns 
and Fall Time 4.5V 7 12 15 18 ns 

6.0V 6 10 13 15 ns 

Cpo Power Dissipation Capacitance OC=Vcc 30 pF 
(Note 5) (per latch) OC=GND 50 pF 

C1N Maximum Input Capacitance 5 10 10 10 pF 

Cour Maximum Output Capacitance 15 20 20 20 pF 

Note 5: Cpo determines the no load dynamic power consumption, Po= Cpo V cc2 f + Ice V cc. and the no load dynamic current consumption, Is= Cpo V cc f + Ice-
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~National 
~Semiconductor 

MM54HC564/MM74HC564 
TRI-STATE® Octal D-Type Edge-Triggered 
Flip-Flop with Inverted Outputs 
General Description 
These octal D-type flip-flops utilize advanced silicon-gate 
CMOS technology. They possess the high noise immunity 
and low power consumption of standard CMOS integrated 
circuits as well as the ability to drive 15 LS-TTL loads. Due 
to the large output drive capability and the TRI-STATE fea
ture, these devices are ideally suited for interfacing with bus 
lines in a bus organized system. 

These devices are positive edge triggered flip-flops. Data at 
the D inputs, meeting the set-up and hold time require
ments, are inverted and transferred to the Q outputs on 
positive going transitions of the CLOCK (CK) input. When a 
high logic level is applied to the OUTPUT CONTROL (QC) 
input, all outputs go to a high impedance state, regardless 
of what signals are present at the other inputs and the state 
of the storage elements. 

Connection Diagram 

The 54HC/74HC logic family is speed, function, and pinout 
compatible with the standard 54LS/74LS logic family. All 
inputs are protected from damage due to static discharge by 
internal diode clamps ~.o Vee and ground. 

Features 
• Typical propagation delay: 15 ns 
• Wide operating voltage range: 2V-6V 
• Low input current: 1 µA maximum 
• Low quiescent current: 80 µA maximum (74HC Series) 
• Compatible with bus-oriented systems 
• Output drive capability: 15 LS-TTL loads 
• Functionally compatible with 54/74LS576 

Dual-In-Line Package 

Truth Table 

Vee 1 ii 2ii 30 40 sii 60 70 Bii CLOCK 

OUTPUT 10 20 30 40 50 60 70 80 • GNO 
CONTROL 

TL/F/5211-1 

Order Number MM54HC564* or MM74HC564* 
'Please look into Section 8, Appendix D for availability of various package types. 

Output 
Clock 

Control 

L i 
L i 
L L 
H x 

Data Output 

H L 
L H 
x Oo 
x z 

H = High Level, L = Low Level 

X = Don't Care 

i = Transition from low-to-high 

Z = High Impedance State 

0 0 = The level of the output before steady state 

Input conditions were established 
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Absolute Maximum Ratings (Notes 1 & 2) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage (Vee) -0.5 to + 7.0V 

DC Input Voltage MN) -1.5 to Vee+ 1.5V 

DC Output Voltage (Vour) -0.5 to Vee+ 0.5V 

Clamp Diode Current (l1K. loK) ±20 mA 

DC Output Current, per pin (lour) ± 35 mA 

DC Vee or GND Current, per pin (Ice) ± 70 mA 

Storage Temperature Range (T srn) - 65°C to + 150°C 

Power Dissipation (Po) 
(Note3) 
S.O. Package only 

Lead Temp. (TL) (Soldering 10 seconds) 

600mW 
500mW 

260°C 

DC Electrical Characteristics (Note 4) 

Operating Conditions 
Min 

Supply Voltage (Vee) 2 

DC Input or Output Voltage 0 
(V1N. Vour) 

Operating Temp. Range (TA) 
MM74HC -40 
MM54HC -55 

Input Rise or Fall Times 
(tr, t1) Vcc=2.0V 

Vcc=4.5V 
Vcc=6.0V 

74HC 

Max 
6 

Vee 

+85 
+125 

1000 
500 
400 

54HC 

Units 
v 
v 

·c 
·c 

ns 
ns 
ns 

Symbol Parameter Conditions Vee 
Typ 

TA= - 40 to 85°C TA= - 55 to 12s·c Units 

Guaranteed Liinits 

Vol 

loz 

Ice 

Minimum High Level Input 
Voltage 

Maximum Low Level Input 

Voltage** 

Minimum High Level Output 
Voltage 

Maximum Low Level Output 

Voltage 

Maximum Input Current 

V1N=V1H orV1L 
liourl:s::20 µA 

V1N=V1H orV1L 
I lour I :s:: 6.0 mA 
llourl :S::7.8 mA 

V1N=V1H or V1L 
llourl :s::20 µA 

V1N=V1H orV1L 
llourl :S::6.0 mA 

llourl:s::?.8 mA 

2.0V 
4.5V 
6.0V 

2.0V 

4.5V 
6.0V 

2.0V 2.0 

4.5V 4.5 
6.0V 6.0 

1.5 
3.15 
4.2 

0.5 

1.35 
1.8 

1.9 

4.4 
5.9 

4.5V 4.2 3.98 
6.0V 5.7 5.48 

2.0V 
4.5V 

0 
0 

6.0V 0 

0.1 

0.1 
0.1 

4.5V 0.2 0.26 
6.0V 0.2 0.26 

6.0V ±0.1 

Maximum TRI-STATE Output Vour=Vcc or GND 6.0V ±0.5 

Leakage Current OC=V1H 

Maximum Quiescent Supply 
Current 

V1N=Vcc or GND 

lour=O µA 

6.0V 8.0 

Note 1: Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

1.5 
3.15 
4.2 

0.5 

1.35 
1.8 

1.9 

4.4 
5.9 

3.84 
5.34 

0.1 

0.1 
0.1 

0.33 
0.33 

±1.0 

±5.0 

80 

1.5 
3.15 

4.2 

0.5 
1.35 

1.8 

1.9 
4.4 

5.9 

3.7 
5.2 

0.1 
0.1 

0.1 

0.4 

0.4 

±1.0 

±10 

160 

v 
v 
v 
v 
v 
v 

v 
v 
v 

v 
v 

v 
v 
v 

v 
v 

µA 

µA 

µA 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mW /'C from 65°C to 85°C; ceramic "J" package: -12 mW /'C from 1 oo·c to 125°C. 

Note 4: For a power supply of 5V ± 10% the worst-case output voltages (VoH. and Voll occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst-case V1H and v 1L occur at Vee= 5.5V and 4.5V respectively. (The V1H value at 5.5V is 3.85V.) The worst-case leakage current (llN• 
Ice. and loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 

••v1L limits are currently tested at 20% of Vee. The above Vil specification (30% of Vee) will be implemented no later than 01, CY'89. 
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AC Electrical Characteristics Vcc=5V, TA=25°C, tr=t1=6 ns 

Symbol Parameter Conditions Typ Guaranteed Units Limit 

fMAX Maximum Operating Frequency 50 35 MHz 

tPHL• tPLH Maximum Propagation Delay, Clock to Q CL =45 pF 12 20 ns 

tpzH. tpzL Maximum Output Enable Time AL= 1 kn 13 25 ns 
CL =45 pF 

tpHz, tpLz Maximum Output Disable Time AL= 1 kn 11 20 ns 
CL =5 pF 

ts Minimum Setup Time, Data to Clock 10 20 ns 

tH Minimum Hold Time, Clock to Data -3 0 ns 

tw Minimum Clock Pulse Width 8 16 ns 

AC Electrical Characteristics 
Vcc=2.0-6.0V, CL =50 pF, tr=t1=6 ns (unless otherwise specified) 

TA=2s0 c 74HC 54HC 
Symbol Parameter Conditions Vee TA= - 40 to as·c TA= -55 to 12s·c Units 

Typ Guaranteed Limits 

fMAX Maximum Operating Frequency CL =50 pF 2.0V 6 5 4 MHz 
4.5V 30 24 20 MHz 
6.0V 35 28 23 MHz 

tPHL• tPLH Maximum Propagation CL =50 pF 2.0V 40 115 143 173 ns 
Delay, Clock to Q CL=150pF 2.0V 51 155 194 233 ns 

CL =50 pF 4.5V 13 23 29 35 ns 
CL =150 pF 4.5V 19 31 47 47 ns 

CL =50 pF 6.0V 12 20 25 30 ns 
CL =150 pF 6.0V 18 27 34 41 ns 

tpzH, tpzL Maximum Output Enable AL =1 kn 
Time CL =50 pF 2.0V 45 140 175 210 ns 

CL =150 pF 2.0V 59 180 225 270 ns 

CL =50 pF 4.5V 14 28 35 42 ns 
CL= 150 pF 4.5V 20 36 45 54 ns 

CL =50 pF 6.0V 12 24 30 36 ns 
CL =150 pF 6.0V 18 31 39 47 ns 

tPHZ· tpLz Maximum Output Disable Time AL =1 kn 2.0V 35 125 156 188 ns 
CL =50 pF 4.5V 12 25 31 38 ns 

6.0V 10 21 27 32 ns 

ts Minimum Setup Time 2.0V 100 125 150 ns 
Data to Clock 4.5V 20 25 30 ns 

6.0V 17 21 25 ns 

tH Minimum Hold Time 2.0V 0 0 0 ns 
Clock to Data 4.5V 0 0 0 ns 

6.0V 0 0 0 ns 

trHL· trLH Maximum Output Rise CL =50 pF 2.0V 25 60 75 90 ns 
and Fall Time 4.5V 7 12 15 18 ns • 6.0V 6 10 13 15 ns 

tw Minimum Clock Pulse Width 2.0V 30 80 100 120 ns 
4.5V 8 16 20 24 ns 
6.0V 7 14 18 20 ns 

tr, t1 Maximum Clock Input 2.0V 1000 1000 1000 ns 
Rise and Fall Time 4.5V 500 500 500 ns 

6.0V 400 400 400 ns 

Cpo Power Dissipation Capacitance OC=VCC 30 pF 
(Note 5) (per latch) OC=GND 50 pF 

C1N Maximum Input Capacitance 5 10 10 10 pF 

Gour Maximum Output Capacitance 15 20 20 20 pF 

Note 5: Cpo determines the no load dynamic power consumption, Po= Cpo V cc2 I+ Ice V cc. and the no load dynamic current consumption, Is= Cpo V cc I+ Ice· 
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~National 
D Semiconductor 
MM54HC573/MM74HC573 
TRI-STATE® Octal D-Type Latch 
General Description 
These high speed octal D-type latches utilize advanced sili
con-gate CMOS technology. They possess the high noise 
immunity and low power consumption of standard CMOS 
integrated circuits, as well as the ability to drive 15 LS-TTL 
loads. Due to the large output drive capability and the TRI
STATE feature, these devices are ideally suited for interfac
ing with bus lines in a bus organized system. 

The 54HC/7 4HC logic family is speed, function and pinout 
compatible with the standard 54LS/74LS logic family. All 
inputs are protected from damage due to static discharge by 
internal diode clamps to Vee and ground. 

Features 

When the LATCH ENABLE(LE) input is high, the Q outputs 
will follow the D inputs. When the LATCH ENABLE goes 
low, data at the D inputs will be retained at the outputs until 
LATCH ENABLE returns high again. When a high logic level 
is applied to the OUTPUT CONTROL QC input, all outputs 
go to a high impedance state, regardless of what signals are 
present at the other inputs and the state of the storage 
elements. 

•.Typical propagation delay: 13 ns 
• Wide operating voltage range: 2 to 6 volts 
• Low input current: 1 µA maximum 
• Low quiescent current: 80 µA maximum (7 4HC Series) 
• Compatible with bus-oriented systems 
• Output drive capability: 15 LS-TTL loads 

Connection Diagram 

Dual-In-Line Package 
LATCH 

Vee 10 20 30 40 50 60 70 80 ENABLE 

OUTPUT 1 D 20 30 40 50 60 70 BO GND 

CONTROL Top View TL/F/5212-1 

Order Number MM54HC573* or MM74HC573* 
*Please look into Section 8, Appendix D for availability of various package types. 

Truth Table 
Output Latch Data Output Control Enable 

L H H H 
L H L L 
L L x Oo 
H x x z 

H = high level, L = low level 
Oo = level of output before steady-state input 

conditions were established. 
Z = high impedance 
X = Don't care 
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Absolute Maximum Ratings (Notes 1 & 2) 

If Military I Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage (Vee) -0.5 to + 7.0V 

DC Input Voltage MN) -1.5 to Vee+ 1.5V 

DC Output Voltage (Vour) 

Clamp Diode Current (l1K. loK) 

DC Output Current, per pin (lour) 

DC Vee or GND Current, per pin (Ice) 

Storage Temperature Range (T srn) 

Power Dissipation (Po) 
(Note3) 
S.O. Package only 

Lead Temperature (T d 
(Soldering 1 O seconds) 

-0.5 to Vcc+0.5V 

±20mA 

±35mA 

±70mA 

- 65°C to + 15o·c 

600mW 
500mW 

260°c 

DC Electrical Characteristics (Note 4) 

Operating Conditions 
Min Max 

Supply Voltage (Vee) 2 6 

DC Input or Output Voltage 0 Vee 
MN· Vour) 

Operating Temp. Range (TA) 
MM74HC -40 +85 
MM54HC -55 +125 

Input Rise or Fall Times 
(tr,t1) Vcc=2.0V 1000 

Vcc=4.5V 500 
Vcc=6.0V 400 

74HC 54HC 

Symbol Parameter Conditions Vee 
TA=25°C 

TA= - 40 to 85°C TA= -55 to 125°C 

Typ 

V1H Minimum High Level Input 2.0V 1.5 
Voltage 4.5V 3.15 

6.0V 4.2 

V1L Maximum Low Level Input 2.0V 0.5 
Voltage** 4.5V 1.35 

6.0V 1.8 

VoH Minimum High Level Output V1N = V1H or V1L 
Voltage llourl:s::20 µA 2.0V 2.0 1.9 

4.5V 4.5 4.4 

6.0V 6.0 5.9 

V1N = V1H or V1L 
l1ourl:s::6.0 mA 4.5V 4.2 3.98 

llourl :S::7.8 mA 6.0V 5.7 5.48 

Vol Maximum Low Level Output V1N = V1H or V1L 
Voltage I lour I :s:: 20 µA 2.0V 0 0.1 

4.5V 0 0.1 
6.0V 0 0.1 

V1N = V1H or V1L 
Houri :S::6.0 mA 4.5V 0.2 0.26 

llourl :S::7.8 mA 6.0V 0.2 0.26 

l1N Maximum Input Current V1N =Vee or GND 6.0V ±0.1 

loz Maximum TRI-STATE Output Vour=Vcc or GND 
Leakage Current OC=V1H 6.0V ±0.5 

Ice Maximum Quiescent Supply V1N=Vcc or GND 
Current lour=O µA 6.0V 8.0 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Guaranteed Limits 

1.5 1.5 
3.15 3.15 
4.2 4.2 

0.5 0.5 

1.35 1.35 
1.8 1.8 

1.9 1.9 

4.4 4.4 
5.9 5.9 

3.84 3.7 
5.34 5.2 

0.1 0.1 
0.1 0.1 
0.1 0.1 

0.33 0.4 
0.33 0.4 

±1.0 ±1.0 

±5.0 ±10 

80 160 

Units 
v 
v 

·c 
·c 

ns 
ns 
ns 

Units 

v 
v 
v 
v 
v 
v 

v 
v 
v 

v 
v 

v 
v 
v 

v 
v 

µA 

µA 

µA 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mW /'C from 65°C to 85°C; ceramic "J" package: -12 mW /'C from 1 oo·c to 125°C. 

Note 4: For a power supply of 5V ± 10% the worst-case output voltages (VoH. and Voll occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst-case V1H and V1L occur at V cc= 5.5V and 4.5V respectively. (The V1H value at 5.5V is 3.85V.) The worst-case leakage current (l1N. 
Ice. and loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 

••v1L limits are currently tested at 20% of Vee- The above V1L specification (30% of Vee) will be implemented no later than 01, CY'89. 
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AC Electrical Characteristics Vcc=5V, TA=25°C, tr=t,=6 ns 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

tPHL• tPLH Maximum Propagation Delay, Data to Q CL =45 pF 12 19 ns 

tPHL• tPLH Maximum Propagation Delay, LE to Q CL =45 pF 12 20 ns 

tpzH, tpzL Maximum Output Enable Time AL =1 kn 13 25 ns 
CL =45 pF 

tpHz, tpLz Maximum Output Disable Time AL =1 kn 11 20 ns 
CL=5 pF 

ts Minimum Set Up Time, Data to LE 10 15 ns 

tH Minimum Hold Time, LE to Data 2 5 ns 

tw Minimum Pulse Width, LE or Data 10 16 ns 

AC Electrical Characteristics 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee TA= - 40 to 85°C TA= - 55 to 125°C Units 

Typ Guaranteed Limits 

tPHL• tPLH Maximum Propagation CL =50 pF 2.0V 45 110 138 165 ns 
Delay Data to Q CL =150 pF 2.0V 58 150 188 225 ns 

CL =50 pF 4.5V 14 22 28 33 ns 
CL =150 pF 4.5V 21 30 38 40 ns 

CL =50 pF 6.0V 12 19 24 29 ns 
CL=150pF 6.0V 19 26 33 39 ns 

tPHL• tPLH Maximum Propagation CL =50 pF 2.0V 46 115 143 173 ns 
Delay, Latch Enable to Q CL =150 pF 2.0V 60 155 194 233 ns 

CL =50 pF 4.5V 14 23 29 35 ns 
CL =150 pF 4.5V 21 31 47 47 ns 

CL =50 pF 6.0V 12 20 25 30 ns 
CL =150 pF 6.0V 19 27 34 41 ns 

tpzH, tpzL Maximum Output Enable AL =1 kn 
Time CL =50 pF 2.0V 55 140 175 210 ns 

CL =150pF 2.0V 67 180 225 270 ns 

CL =50 pF 4.5V 15 28 35 42 ns 
CL =150 pF 4.5V 24 36 45 54 ns 

CL =50 pF 6.0V 14 24 30 36 ns 
CL =150 pF 6.0V 22 31 39 47 ns 

tpHz, tpLz Maximum Output Disable AL =1 kn 2.0V 40 125 156 188 ns 
Time CL =50 pF 4.5V 13 25 31 38 ns 

6.0V 12 21 27 32 ns 

ts Minimum Set Up Time 2.0V 30 75 95 110 ns 
Data to LE 4.5V 10 15 19 22 ns 

6.0V 9 13 16 19 ns 

tH Minimum Hold Time 2.0V 25 31 38 ns 
LE to Data 4.5V 5 6 7 ns 

6.0V 4 5 6 ns 

tw Minimum Pulse Width LE, 2.0V 30 80 100 120 ns 
or Data 4.5V 9 16 20 24 ns 

6.0V 8 14 18 20 ns 

trLH· trHL Maximum Output Rise CL =50 pF 2.0V 25 60 75 90 ns 
and Fall Time, Clock 4.5V 7 12 15 18 ns 

6.0V 6 10 13 15 ns 

Cpo Power Dissipation Capacitance OC=Vcc 30 pF 
(Note 5) (per latch) OC=GND 50 pF 

C1N Maximum Input Capacitance 5 10 10 10 pF 

Cour Maximum Output 15 20 20 20 pF 
Capacitance 

Note 5: Cpo determines the no load dynamic power consumption, Po=Cpo Vcc2 f+ Ice Vee. and the no load dynamic current consumption, ls=Cpo Vee I+ Ice. 
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~National 
~Semiconductor 

MM54HC57 4/MM7 4HC57 4 
TRI-STATE® Octal D-Type Edge-Triggered Flip-Flop 

General Description 
These high speed octal D-type flip-flops utilize advanced 
silicon-gate CMOS technology. They possess the high noise 
immunity and low power consumption of standard CMOS 
integrated circuits, as well as the ability to drive 15 LS-TTL 
loads. Due to the large output drive capability and the 
TRI-ST ATE feature, these devices are ideally suited for in
terfacing with bus lines in a bus organized system. 

These devices are positive edge triggered flip-flops. Data at 
the D inputs, meeting the set-up and hold time require
ments, are transferred to the Q outputs on positive going 
transitions of the CLOCK (CK) input. When a high logic level 
is applied to the OUTPUT CONTROL (QC) input, all outputs 
go to a high impedance state, regardless of what signals are 
present at the other inputs and the state of the storage 
elements. 

Connection Diagram 

The 54HC/74HC logic family is speed, function, and pinout 
compatible with the standard 54LS/74LS logic family. All 
inputs are protected from damage due to static discharge by 
internal diode clamps to Vee and ground. 

Features 
• Typical propagation delay: 13 ns 
• Wide operating voltage range: 2V-6V 
• Low input current: 1 µA maximum 
• Low quiescent current: 80 µA maximum 
• Compatible with bus-oriented systems 
a Output drive capability: 15 LS-TTL loads 

Dual-In-Line Package 

Truth Table 

Output 
Control 

L 
L 
L 
H 

Vee 1Q 2Q 3Q 4Q 5Q 6Q 7Q BQ CLOCK 

OUTPUT 10 20 3D 40 50 60 70 SD GNO 
CONTROL 

TL/F/5213-1 

Top View 

Order Number MM54HC574* or MM74HC574* 
•Please look into Section B, Appendix D for availability of various package types. 

Clock Data 

i H 

i L 
L x 
x x 

Output 

H 
L 

Oo 
z 

H = high level, L = low level 

X = don't care 

j = transition from low-to-high 

Z = high impedance state 

Oo = the level of the output before steady state 

input conditions were established 
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Absolute Maximum Ratings (Notes 1 & 2) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage (Vee) -0.5 to + 7.0V 

DC Input Voltage (V1N) 

DC Output Voltage (VouT) 

Clamp Diode Current (l1K. loK) 

DC Output Current, per pin (louT) 

DC Vee or GND Current, per pin (Ice) 

Storage Temperature Range (T srn) 

Power Dissipation (Po) 
(Note 3) 
S.O. Package only 

Lead Temperature (T d 
(Soldering 10 seconds) 

-1.5 to Vee+ 1.5V 

-0.5 to Vcc+0.5V 

±20mA 

±35mA 

±70mA 

- 65°C to + 150°C 

600mW 
500mW 

260°C 

DC Electrical Characteristics (Note 4) 

Symbol Parameter 

Minimum High Level Input 
Voltage 

Maximum Low Level Input 
Voltage** 

Minimum High Level Output 
Voltage 

Maximum Low Level Output 
Voltage 

Conditions 

V1N = V1H or V1L 
I louTI :::;: 20 µA 

V1N = V1H or V1L 
I louTI :::;: 6.0 mA 
llouTI :::;:7.8 mA 

V1N=V1H orV1L 
I louTI :::;: 20 µA 

V1N = V1H or V1L 
I louTI :::;: 6.0 mA 
l1ouTl:::;:7.8 mA 

Operating Conditions 
Min 

Supply Voltage (Vee) 2 

Vee 

2.0V 
4.5V 
6.0V 

2.0V 
4.5V 
6.0V 

DC Input or Output Voltage 0 
MN.VouT) 

Operating Temp. Range (TA) 
MM74HC -40 
MM54HC -55 

Input Rise or Fall Times 
(tr. t1) Vee=2.0V 

Typ 

Vee=4.5V 
Vee=6.0V 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

Guaranteed Limits 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

2.0V 2.0 
4.5V 4.5 
6.0V 6.0 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

4.5V 4.2 3.98 
6.0V 5. 7 5.48 

2.0V 
4.5V 
6.0V 

0 
0 
0 

0.1 
0.1 
0.1 

4.5V 0.2 0.26 
6.0V 0.2 0.26 

3.84 
5.34 

0.1 
0.1 
0.1 

0.33 
0.33 

Maximum Input Current V1N=VccorGND 6.0V ±0.1 ±1.0 

loz 

Ice 

Maximum TRI-STATE Output 
Leakage Current 

Maximum Quiescent Supply 
Current 

~\9i\f cc or GND 6.0V 

V1N=Vcc or GND 
louT=O µA 6.0V 

Note 1: Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

±0.5 ±5.0 

8.0 80 

Max 
6 

Vee 

+85 
+125 

1000 
500 
400 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 
5.9 

3.7 
5.2 

0.1 
0.1 
0.1 

0.4 
0.4 

± 1.0 

±10 

160 

Units 
v 
v 

oc 
oc 

ns 
ns 
ns 

v 
v 
v 
v 
v 
v 

v 
v 
v 

v 
v 

v 
v 
v 

v 
v 

µA 

µA 

µA 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mW /'C from 65'C to 85'C; ceramic "J" package: -12 mW /'C from 1 OO'C to 125'C. 

Note 4: For a power supply of 5V ± 10% the worst-case output voltages (VoH. and Vou occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst-case v1H and Vil occur at Vee= 5.5V and 4.5V respectively. (The V1H value at 5.5V is 3.85V.) The worst-case leakage current (11N, 
Ice. and loz) occur for CMOS at the higher voltage and so the 6.0V values should be used . 

.. VIL limits are currently tested at 20% of Vee· The above V1L specification (30% of Vee) will be implemented no later than 01, CY'89. 
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:s: 
AC Electrical Characteristics Vee=5V, TA=25°C, tr=t1=6 ns 

:s: 
U1 
.i:i. 

Symbol Parameter Conditions Typ 
Guaranteed :c 

Limit 
Units 0 

U1 

fMAX Maximum Operating Frequency 50 35 MHz 
"""'1 
.i:i. ....... 

tpHL• tPLH Maximum Propagation Delay, Clock to Q CL =45 pF 12 20 ns :s: 
tpzH, trzL Maximum Output Enable Time AL =1 kn 13 25 ns s: 

"""'1 
CL =45 pF .i:i. 

Maximum Output Disable Time 
:c 

tpHz, tplz AL =1 kn 11 20 ns 0 
CL =5 pF U1 

"""'1 
ts Minimum Setup Time, Data to Clock 10 20 ns ~ 

tH Minimum Hold Time, Clock to Data -3 0 ns 

tw Minimum Pulse Clock Width 8 16 ns 

AC Electrical Characteristics Vee= 2.0-6.0V, CL= 50 pF, tr= t1=6 ns (unless otherwise specified) 

TA=2s0 c 
74HC 54HC 

Symbol Parameter Conditions Vee TA= -40toss·c TA= -55to12s·c Units 

Typ Guaranteed Limits 

fMAX Maximum Operating Frequency CL =50 pF 2.0V 6 5 4 MHz 
4.5V 30 24 20 MHz 
6.0V 35 28 23 MHz 

tPHL• tPLH Maximum Propagation CL =50 pF 2.0V 40 115 143 173 ns 
Delay, Clock to Q CL =150 pF 2.0V 51 155 194 233 ns 

CL =50 pF 4.5V 13 23 29 35 ns 
CL=150 pF 4.5V 19 31 47 47 ns 

CL =50 pF 6.0V 12 20 25 30 ns 
CL =150 pF 6.0V 18 27 34 41 ns 

tpzH, tpzL Maximum Output Enable AL =1 kn 
Time CL =50 pF 2.0V 45 140 175 210 ns 

CL=150 pF 2.0V 59 180 225 270 ns 

CL =50 pF 4.5V 14 28 35 42 ns 
CL=150 pF 4.5V 20 36 45 54 ns 

CL =50 pF 6.0V 12 24 30 36 ns 
CL =150 pF 6.0V 18 31 39 47 ns 

trHZ· tpLz Maximum Output Disable Time AL =1 kn 2.0V 35 125 156 188 ns 
CL =50 pF 4.5V 12 25 31 38 ns 

6.0V 10 21 27 32 ns 

ts Minimum Setup Time 2.0V 100 125 150 ns 
Data to Clock 4.5V 20 25 30 ns 

6.0V 17 21 25 ns 

tH Minimum Hold Time 2.0V 0 0 0 ns 
Clock to Data 4.5V 0 0 0 ns 

6.0V 0 0 0 ns 

trHL· trLH Maximum Output Rise CL =50 pF 2.0V 25 60 75 90 ns 
and Fall Time 4.5V 7 12 15 18 ns 

6.0V 6 10 13 15 ns 

tw Minimum Clock Pulse Width 2.0V 30 80 100 120 ns 
4.5V 9 16 20 24 ns 
6.0V 8 14 18 20 ns 

tr,tf Maximum Clock Input Rise 2.0V 1000 1000 1000 ns 
and Fall Time 4.5V 500 500 500 ns 

6.0V 400 400 400 ns 

Cpo Power Dissipation Capacitance OC=VCC 30 pF 
(Note 5) (per latch) OC=GND 50 pF 

C1N Maximum Input Capacitance 5 10 10 10 pF 

Cour Maximum Output Capacitance 15 20 20 20 pF 

Note 5: Cpo determines the no load dynamic power consumption, Po= Cpo V cc2 I+ Ice V cc. and the no load dynamic current consumption, Is= Cpo Vee f +Ice. 

3-325 



O> 
co 
Lt) 

0 
::c 
'1::1' 

"" :E 
:E 
........ 
O> 
co 
Lt) 

0 
::c 
'1::1' 
Lt) 

:E 
:E 

~National 
~Semiconductor 

MM54HC589/MM74HC589 
8-Bit Shift Registers with Input Latches 
and TRI-STATE® Serial Output 

General Description 
This high speed shift register utilizes advanced silicon-gate 
CMOS technology to achieve the high noise immunity and 
low power consumption of standard CMOS integrated cir
cuits, as well as the ability to drive 15 LS-TIL loads. 

The 'HC589 comes in a 16-pin package and consists of an 
8-bit storag'e latch feeding a parallel-in, serial-out 8-bit shift 
register. Data can also be entered serially the shift register 
through the SER pin. Both the storage register and shift 
register have positive-edge triggered clocks, RCK and SCK, 
respectively. SLOAD pin controls parallel LOAD or serial 
shift operations for the shift register. The shift register has a 
TRI-STATE output to enable the wire-ORing of multiple de
vices on a serial bus. 

The 54HC/7 4HC logic family is speed, function, and pin-out 
compatible with the standard 54LS/7 4LS logic family. All 
inputs are protected from damage due to static discharge by 
internal diode clamps to Vee and ground. 

Connection Diagram 

Dual-In-Line Package 

e..L '-7 i1! Vee 

c.1... r12- A 

o.1.. r!i SER 

e..!. ~SLOAO 
Fj_ ~RCK 

G.,!_ ~SCK 

H .1.. t1!L iiE 

GND .!... r!-aH 
TL/F/5368-1 

Top View 

Order Number MM54HC589* or MM74HC589* 
•Please look into Section 8, Appendix D for availability of various package types. 

Features 
• 8-bit parallel storage register inputs 
• Wide operating voltage range: 2V-6V 
• Shift register has direct overriding load 
• Guaranteed shift frequency . . . DC to 30 MHz 
• Low quiescent current: 80 µA maximum (74HC Series) 
• TRI-STATE output for 'Wire-OR' 

Truth Table 

RCK SCK SLOAD OE Function 

x x x H OH in Hi-Z State 

x x x L OH is enabled 

t x x x Data loaded into input latches 

t x L x Data loaded into shift register 
from pins 

H orL x L x Data loaded from latches to 
shift register 

x t H x Shift register is shifted. Data 
on SER pin is shifted in. 

t t H x Data is shifted in shift register, 
and data is loaded into latches 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
If Military/Aerospace specified devices are required, Min Max Units 
contact the National Semiconductor Sales Office/ Supply Voltage (Vee) 2 6 v 
Distributors for availability and specifications. DC Input or Output Voltage 0 Vee v 
Supply Voltage (Vee) -0.5 to+ 7.0V (V1N. Vour) 
DC Input Voltage (V1N) -1.5 to Vee+ 1.5V Operating Temp. Range (TA) 
DC Output Voltage (Vour) -0.5 to Vcc+0.5V 
Clamp Diode Current (l1K. loK) ±20mA 

MM74HC -40 +85 ·c 
MM54HC -55 +125 ·c 

DC Output Current, per pin (lour) ±25mA 
DC Vee or GND Current, per pin (Ice) ±50mA Input Rise or Fall Times 

(tr.ti) Vcc=2.0V 1000 Storage Temperature Range (Tsrn) - 65°C to + 15o•c ns 

Power Dissipation (Po) Vcc=4.5V 500 ns 

(Note3) 600mW Vcc=6.0V 400 ns 

S.O. Package only 500mW 
Lead Temperature (T d 

(Soldering 1 O seconds) 260°c 

DC Electrical Characteristics (Note 4) 

TA=2s·c 
74HC 54HC 

Symbol Parameter Conditions Vee TA= - 40 to as·c TA= -55to12s·c Units 

Typ Guaranteed Limits 

V1H Minimum High Level 2.0V 1.5 1.5 1.5 v 
Input Voltage 4.5V 3.15 3.15 3.15 v 

6.0V 4.2 4.2 4.2 v 
V1L Maximum Low Level 2.0V 0.5 0.5 0.5 v 

Input Voltage** 4.5V 1.35 1.35 1.35 v 
6.0V 1.8 1.8 1.8 v 

VoH Minimum High Level V1N = V1H or V1L 
Output Voltage ilourl :0::20 µA 2.0V 2.0 1.9 1.9 1.9 v 

4.5V 4.5 4.4 4.4 4.4 v 
6.0V 6.0 5.9 5.9 5.9 v 

V1N = V1H or V1L 
l1ourl:s:6.0 mA 4.5V 3.98 3.84 3.7 v 
ilourl :5:7.8 mA 6.0V 5.48 5.34 5.2 v 

Vol Maximum Low Level V1N = V1H or V1L 
Output Voltage llourl :0::20 µA 2.0V 0 0.1 0.1 0.1 v 

4.5V 0 0.1 0.1 0.1 v 
6.0V 0 0.1 0.1 0.1 v 

V1N = V1H or V1L 
ilouTI :s:6.0 mA 4.5V 0.26 0.33 0.4 v 
ilouTI :5:7.8 mA 6.0V 0.26 0.33 0.4 v 

l1N Maximum Input V1N=VceorGND 6.0V ±0.1 ±1.0 ±1.0 µA 
Current 

Ice Maximum Quiescent V1N=VceorGND 6.0V 8.0 80 160 µA 
Supply Current lour=O µA 

loz Maximum Three-State Output in High 6.0V ±0.5 ±5.0 ±10.0 µA 
Leakage Current Impedance State 

V1N = V1L or V1H 
Vour = Vee or GND 
OE= V1H 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mW /'C from 65'C to 85'C; ceramic "J" package: -12 mW /'C from 1 OO'C to 125'C. 
Note 4: For a power supply of 5V ± 10% the worst case output voltages (VoH. and Vm) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case V1H and V1L occur at Vee= 5.5V and 4.5V respectively. (The V1H value at 5.5V is 3.85V.) The worst case leakage current (JIN• 
Ice. and loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
•• V1L limits are currently tested at 20% of Vee. The above V1L specification (30% of Vee) will be implemented no later than Q1, CY'89. 

3-327 

:!: 
:!: 
U1 
~ 
:c 
0 
U1 
C> 
CD ...... 
:!: 
:!: 
........ 
~ :c 
0 
U1 
C> 
CD 

Ell 



O> 
co 
ll) AC Electrical Characteristics Vcc=5V, TA=25°C, CL= 15 pF, tr=tt=6 ns 0 
:c 
"'11:1° Symbol ,..... Parameter Conditions Typ Guaranteed Limit Units 

:E fMAX Maximum Operating Frequency for SCK 50 30 MHz 
:E 
........ tPHL• tPLH Maximum Propagation Delay from SCK to OH' 30 ns 
O> 
co 

tPHL• tPLH Maximum Propagation Delay from SLOAD to OH· 30 ns ll) 

0 
tPHL• tPLH Maximum Propagation Delay from LCK to OH' SLOAD = logic 'O' 25 45 :c ns 

"'11:1° 
ll) tpzH. tpzL Output Enable Time 
:E 

AL =1 kn 18 28 ns 

:E tpHz. tpLz Output Disable Time AL= 1 kn, CL= 5 pF 19 25 ns 

ts Minimum Setup Time from ACK to SCK 10 20 ns 

ts Minimum Setup Time from SER to SCK 10 20 ns 

ts Minimum Setup Time from Inputs A thru H to ACK 10 20 ns 

tH Minimum Hold Time 0 5 ns 

tw Minimum Pulse Width SCK, ACK, SLOAD 8 16 ns 

AC Electrical Characteristics Vcc=2.0-6V, CL =50 pF, tr=tt=6 ns (unless otherwise specified) 

TA=2s·c 
74HC 54HC 

Symbol Parameter Conditions Vee TA= -40toss·c TA= -ssto 12s·c Units 

Typ Guaranteed Limits 

fMAX Maximum Operating 2.0V 6 4.8 4 MHz 
Frequency for SCK 4.5V 30 24 20 MHz 

6.0V 35 28 24 MHz 

tPHL• tPLH Maximum Propagation 2.0V 62 175 220 265 ns 
Delay from SCK or SLOAD 4.5V 20 35 44 53 ns 
to OH 6.0V 18 30 37 45 ns 

tPHL• tPLH Maximum Propagation 2.0V 120 225 280 340 ns 
Delay from SCK or SLOAD CL =150 pF 4.5V 31 45 56 68 ns 
to OH 6.0V 28 38 48 58 ns 

tPHL• tPLH Maximum Propagation 2.0V 80 210 265 315 ns 
Delay from ACK to OH 4.5V 25 42 53 63 ns 

6.0V 21 36 45 54 ns 

tPHL• tPLH Maximum Propagation 2.0V 80 210 265 313 ns 
Delay ACK to OH CL =150 pF 4.5V 25 52 66 77 ns 

6.0V 21 44 56 66 ns 

tpzH, tpzL Output Enable Time AL =1 kn 2.0V 70 150 189 224 ns 
4.5V 22 30 38 45 ns 
6.0V 20 26 32 38 ns 

tPHZ• tpLZ Output Disable Time AL =1 kn 2.0V 70 150 189 224 ns 
4.5V 22 30 38 45 ns 
6.0V 20 26 32 38 ns 

ts Minimum Setup Time 2.0V 100 125 150 ns 
from ACK to SCK 4.5V 20 25 30 ns 

6.0V 17 22 25 ns 

ts Minimum Setup Time 2.0V 100 125 150 ns 
from SER to SCK 4.5V 20 25 30 ns 

6.0V 17 22 25 ns 

ts Minimum Setup Time 2.0V 100 125 150 ns 
from Inputs A thru H 4.5V 20 25 30 ns 
to ACK 6.0V 17 22 25 ns 

tH Minimum Hold Time 2.0V -5 5 5 5 ns 
4.5V 0 5 5 5 ns 
6.0V 5 5 5 ns 
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AC Electrical Characteristics (Continued) 

Vcc=2.0-6V, CL =50 pF, tr=t1=6 ns (unless otherwise specified) 

Symbol Parameter Conditions Vee 
TA =25°C 

Typ 

tw Minimum Pulse Width 2.0V 30 80 
SCK, RCK, SLOAD, SLOAD 4.5V 9 16 

6.0V 8 14 

tr, t1 Maximum Input Rise and 2.0V 1500 
Fall Time, Clock 4.5V 500 

6.0V 400 

trHL· trLH Maximum Output 2.UV 25 60 
Rise and Fall Time 4.5V 6 12 

6.0V 5 10 

Cpo Power Dissipation 87 
Capacitance (Note 5) 

C1N Maximum Input Capacitance 5 10 

Gour Maximum Output Capacitance 15 20 

74HC 54HC 
TA= - 40 to 85°C TA= -55 to 125°C Units 

Guaranteed Limits 

100 120 ns 
20 24 ns 
17 20 ns 

1500 1500 ns 
500 500 ns 
400 400 ns 

75 90 ns 
15 18 ns 
12 15 ns 

pF 

10 10 pF 

20 20 pF 

Note 5: Cpo determines the no load dynamic power consumption, Po= Cpo Vcc2 I+ Ice Vee. and the no load dynamic current consumption, 
ls=Cpo Vee sf+lcc-
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~ Functional Block Diagram (positive logic) 
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'?A National 
~Semiconductor 

MM54HC595/MM74HC595 
8-Bit Shift Registers with Output Latches 

General Description 
This high speed shift register utilizes advanced silicon-gate 
CMOS technology. This device possesses the high noise 
immunity and low power consumption of standard CMOS 
integrated circuits, as well as the ability to drive 15 LS-TTL 
loads. 

This device contains an 8-bit serial-in, parallel-out shift reg
ister that feeds an 8-bit D-type storage register. The storage 
register has 8 TRI-STATE® outputs. Separate clocks are 
provided for both the shift register and the storage register. 
The shift register has a direct-overriding clear, serial input, 
and serial output (standard) pins for cascading. Both the 
shift register and storage register use positive-edge trig
gered clocks. If both clocks are connected together, the 
shift register state will always be one clock pulse ahead of 
the storage register. 

The 54HC/7 4HC logic family is speed, function, and pin-out 
compatible with the standard 54LS/74LS logic family. All 
inputs are protected from damage due to static discharge by 
internal diode clamps to Vee and ground. 

Connection Diagram 

Dual-In-Line Package 

Oa ..!.. \J tl!. vcc 

De..!.. ~QA 

Do~ tli SER 

DE ..i, i!!. 6 

OF.,!. iil-RCK 

DG.!_ tllscK 

DH .l. i.!! SCLR 

GND.!. to!- Q'H 

TL/F/5342-1 

Top View 

Order Number.MM54HC595• or MM74HC595• 
•p1ease look into Section B, Appendix D for availability of various package types. 

Features 
• Low quiescent current: 80 µA maximum (74HC Series) 
• Low input current: 1 µA maximum 
• 8-bit serial-in, parallel-out shift register 

with storage 
• Wide operating voltage range: 2V-6V 
• Cascadable 
• Shift register has direct clear 
• Guaranteed shift frequency: DC to 30 MHz 

Truth Table 

RCK SCK SCLR G Function 

x x x H QA thruQH=TRl-STATE 

x x L L Shift Register cleared 
Q'H=O 

x i H L Shift Register clocked 

ON=On-1• Oo=SER 

i x H L Contents of Shift 
Register transferred 
to output latches 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
If Military/Aerospace specified devices are required, Min Max Units 
contact the National Semiconductor Sales Office/ Supply Voltage (Vee) 2 6 v 
Distributors for availability and specifications. DC Input or Output Voltage 0 Vee v 
Supply Voltage (Vee) -0.5 to + 7.0V (V1N. Vour) 
DC Input Voltage <V!N) -1.5 to Vee+ 1.5V Operating Temp. Range (TA) 

DC Output Voltage (Vour) -0.5 to Vcc+0.5V MM74HC -40 +85 oc 
Clamp Diode Current (l1K. loK) ±20mA MM54HC -55 +125 oc 
DC Output Current, per pin (lour) ±35mA Input Rise or Fall Times 

(tr. t1) Vcc=2.ov 1000 ns 
DC Vee or GND Current, per pin (Ice) ±70mA Vcc=4.5V 500 ns 
Storage Temperature Range (T sm) - 65°C to + 150°C Vcc=6.0V 400 ns 
Power Dissipation (Po) 

(Note3) 600mW 
S.O. Package only 500mW 

Lead Temp. (TL) (Soldering 1 O seconds) 260°C 

DC Electrical Characteristics (Note 4) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee TA= -40 to 85°C TA= - 55 to 125°C Units 

Typ Guaranteed Limits 

V1H Minimum High Level 2.0V 1.5 1.5 1.5 v 
Input Voltage 4.5V 3.15 3.15 3.15 v 

6.0V 4.2 4.2 4.2 v 

V1L Maximum Low Level 2.0V 0.5 0.5 0.5 v 
Input Voltage** 4.5V 1.35 1.35 1.35 v 

6.0V 1.8 1.8 1.8 v 

VoH Minimum High Level V1N = V1H or V1L 
Output Voltage !lour! ~20 µA · 2.0V 2.0 1.9 1.9 1.9 v 

4.5V 4.5 4.4 4.4 4.4 v 
6.0V 6.0 5.9 5.9 5.9 v 

Q'H V1N = V1H or V1L 
1 lourJ ~ 4.0 mA 4.5V 4.2 3.98 3.84 3.7 v 
lour ~5.2 mA 6.0V 5.2 5.48 5.34 5.2 v 

QA thruQH V1N = V1H or V1L 
1 lourJ ~ 6.0 mA 4.5V 4.2 3.98 3.84 3.7 v 
lour ~7.8 mA 6.0V 5.7 5.48 5.34 5.2 v 

Vol Maximum Low Level V1N = V1H or V1L 
Output Voltage I lour I ~ 20 µA 2.0V 0 0.1 0.1 0.1 v 

4.5V 0 0.1 0.1 0.1 v 
6.0V 0 0.1 0.1 0.1 v 

Q'H V1N = V1H or V1L 
11our1~4 mA 4.5V 0.2 0.26 0.33 0.4 v 
lour ~5.2 mA 6.0V 0.2 0.26 0.33 0.4 v 

QA thru OH V1N=V1HorV1L 
11our1 ~6.0 mA 4.5V 0.2 0.26 0.33 0.4 v 
lour ~7.8 mA 6.0V 0.2 0.26 0.33 0.4 v 

l1N Maximum Input V1N =Vee or GND 6.0V ±0.1 ±1.0 ±1.0 µA 
Current 

loz Maximum TRI-STATE Vour=VccorGND 6.0V ±0.5 ±5.0 ±10 µA 
Output Leakage G=V1H 

lee Maximum Quiescent V1N=Vcc or GND 6.0V 8.0 80 160 µA 
Supply Current lour=O µA 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mW /'C from 65°C to 85°C; ceramic "J" package: -12 mW l°C from 1 oo•c to 125°C. 
Note 4: For a power supply of 5V ± 10% the worst case output voltages (VoH. and Vod occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case V1H and V1L occur at Vee= 5.5V and 4.5V respectively. (The V1H value at 5.5V is 3.85V.) The worst case leakage current (l1N. 
Ice. and loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
*'V1L limits are currently tested at 20% of Vee· The above V1L specification (30% of Vee) will be implemented no later than 01, CY'B9. 
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AC Electrical Characteristics Vee=5V, TA=25°C, tr=t1=6 ns 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

fMAX Maximum Operating 50 30 MHz 
Frequency of SCK 

tPHL• tPLH Maximum Propagation CL =45 pF 12 20 ns 
Delay, SCK to QH' 

tPHL• tPLH Maximum Propagation CL =45 pF 18 30 ns 
Delay, RCK to QA thru QH 

tpzH, tpzL Maximum Output Enable RL =1 kn 
Time from G to QA thru QH CL =45 pF 17 28 ns 

tpHz, tpLZ Maximum Output Disable RL= kn 15 25 ns 
Time from G to QA thru QH CL =5 pF 

ts Minimum Setup Time 20 ns 
from SER to SCK 

ts Minimum Setup Time 20 ns 
from SCLR to SCK 

ts Minimum Setup Time 40 ns 
from SCK to RCK 
(See Note 5) 

tH Minimum Hold Time 0 ns 
from SER to SCK 

tw Minimum Pulse Width 16 ns 
ofSCKorRCK 

Note 5: This setup time ensures the register will see stable data from the shift-register outputs. The clocks may be 
connected together in which case the storage register state will be one clock pulse behind the shift register. 

AC Electrical Characteristics Vee= 2.0-6.0V, CL= 50 pF, tr= tr= 6 ns (unless otherwise specified) 

TA=2s·c 
74HC 54HC 

Symbol Parameter Conditions Vee TA= - 40 to as·c TA= -55to12s·c 

Typ Guaranteed Limits 

fMAX Maximum Operating CL =50pF 2.0V 10 6 4.8 4.0 
Frequency 4.5V 45 30 24 20 

6.0V 50 35 28 24 

tPHL• tPLH Maximum Propagation CL =50 pF 2.0V 58 210 265 315 
Delay from SCK to Q'H CL =150 pF 2.0V 83 294 367 441 

CL =50 pF 4.5V 14 42 53 63 
CL =150 pF 4.5V 17 58 74 88 

CL=50 pF 6.0V 10 36 45 54 
CL =150 pF 6.0V 14 50 63 76 

tPHL• tpLH Maximum Propagation CL =50 pF 2.0V 70 175 220 265 
Delay from RCK to QA thru QH CL =150 pF 2.0V 105 245 306 368 

CL =50pF 4.5V 21 35 44 53 
CL =150 pF 4.5V 28 49 61 74 

CL =50pF 6.0V 18 30 37 45 
CL =150 pF 6.0V 26 42 53 63 
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AC Electrical Characteristics 
Vee=2.0-6.0V, CL =50 pF, tr=tt=6 ns (unless otherwise specified) (Continued) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee TA= -40to85°C TA= -55to125•c Units 

Typ Guaranteed Limits 

tPHL• tPLH Maximum Propagation 2.0V 175 221 261 ns 
Delay from SCLR to Q'H 4.5V 35 44 52 ns 

6.0V 30 37 44 ns 

tpzH, tpzL Maximum Output Enable RL =1 kn 
from G to QA thru QH CL =50 pF 2.0V 75 175 220 265 ns 

CL =150 pF 2.0V . 100 245 306 368 ns 

CL =50 pF 4.5V 15 35 44 53 ns 
CL=150 pF 4.5V 20 49 61 74 ns 

CL =50 pF 6.0V 13 30 37 45 ns 
CL =150 pF 6.0V 17 42 53 63 ns 

tpHz, tpLz Maximum Output Disable RL =1 kn 2.0V 75 175 220 265 ns 
Time from G to QA thru QH CL =50 pF 4.5V 15 35 44 53 ns 

6.0V 13 30 37 45 ns 

ts Minimum Setup Time 2.0V 100 125 150 ns 
from SER to SCK 4.5V 20 25 30 ns 

6.0V 17 21 25 ns 

tR Minimum Removal Time 2.0V 50 63 75 ns 
from SCLR to SCK 4.5V 10 13 15 ns 

6.0V 9 11 13 ns 

ts Minimum Setup Time 2.0V 100 125 150 ns 
from SCK to RCK 4.5V 20 25 30 ns 

6.0V 17 21 26 ns 

tH Minimum Hold Time 2.0V 5 5 5 ns 
SER toSCK 4.5V 5 5 5 ns 

6.0V 5 5 5 ns 

tw Minimum Pulse Width 2.0V 30 80 100 120 ns 
of SCK or SCLR 4.5V 9 16 20 24 ns 

6.0V 8 14 18 22 ns 

tr, tt Maximum Input Rise and 2.0V 1000 1000 1000 ns 
Fall Time, Clock 4.5V 500 500 500 ns 

6.0V 400 400 400 ns 

tTHL• tTLH Maximum Output 2.0V 25 60 75 90 ns 
Rise and Fall Time 4.5V 7 12 15 18 ns 
QA-QH 6.0V 6 10 13 15 ns 

trHL• tTLH Maximum Output 2.0V 75 95 110 ns 
Rise & Fall Time 4.5V 15 19 22 ns 
Q'H 6.0V 13 16 19 ns 

Cpo Power Dissipation §=Vee 90 pF 
Capacitance, Outputs G=GND 150 pF 
Enabled (Note 6) 

C1N Maximum Input 5 10 10 10 pF 
Capacitance 

CouT Maximum Output 15 20 20 20 pF 
Capacitance 

Note 6: Cpo determines the no load dynamic power consumption, Po=Cpo Vcc2 I+ Ice Vee. and the no load dynamic current consumption, ls=Cpo Vee I+ Ice-
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Logic Diagram (positive logic) 
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Lt) 
O> 
Lt) Timing Diagram 0 :c 
~ MM54HC595/MM7 4HC595 

== CLK :E ...... 
Lt) 
O> SER 11 Lt) 

0 :c 
-.::t' SCLR--, Lt) 

:e 
:e 

RCK ,-, 11 r-
G 

QA IXXXI 

QA IXXXI 

Oc lxxxl 
Oo IXXXI L_ 

OE IXXXI L_ 

of' lxxxl 
OG IXXXI L_ 

OH lxxxl 
o~--i ____________________________ ____.r--t__J 

NOTE: ~ Implies that the output Is in TRI - STATE mode. 
TL/F/5342-2 
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~National 
~Semiconductor 

MM54HC597 /MM7 4HC597 
8-Bit Shift Registers with Input Latches 

General Description 
This high speed shift register utilizes advanced silicon-gale 
CMOS technology. It has the high noise immunity and low 
power consumption of standard CMOS integrated circuits, 
as well as the ability to drive 10 LS-TTL loads. 

The 'HC597 comes in a 16-pin package and consists of an 
8-bit storage latch feeding a parallel-in, serial-out 8-bit shift 
register. Both the storage register and shift register have 
positive-edge triggered clocks. The shift register also has 
direct load (from storage) and clear inputs. 

The 54HC/74HC logic family is speed, function, and pin-out 
compatible with the standard 54LS/74LS logic family. All 
inputs are protected from damage due to static discharge by 
internal diode clamps to Vee and ground. 

Connection Diagram 

Dual-In-Line Package 

BJ_ \J .,1§. Vee 

c .1.. toll A 

D .1. t-1.i SER 

E~ t-11 SLDAD 

F ...2.. t1L RCK 

G .!.., ~ SCK 

H .l., .,!!!. SCLR 

GND .JLi to!- DH 

TL/F/5343-1 

Top View 

Order Number MM54HC597* or MM74HC597* 
*Please look into Section 8, Appendix D for availability of various package types. 

Features 
= 0-bit parallel :;tcragc rcgi:;tcr inputs 
• Wide operating voltage range: 2V-6V 
• Shift register has direct overriding load and clear 
• Guaranteed shift frequency . . . DC to 30 MHz 
• Low quiescent current: 80 µA maximum 

Truth Table 

RCK SCK SLOAD SCLR Function 

i x x x Data loaded to input latches 

i x L H Data loaded from inputs to 
shift register 

No Data transferred from 
clock x L H input latches to shift 
edge register 

x x L L Invalid logic, state of 
shift register indeterminate 
when signals removed 

x x H L Shift register cleared 

x i H H Shift register clocked 

On=On·1, Oo=SER 
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Absolute Maximum Ratings (Notes 1 & 2) 

If Miiitary/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage (Vee) -0.5 to + 7.0V 

DC Input Voltage MN) -1.5 to Vee+ 1.5V 

DC Output Voltage (VouT) -0.5 to Vcc+0.5V 

Clamp Diode Current (l1K. loK) 

DC Output Current, per pin (louT) 

DC Vee or GND Current, per pin (Ice) 

Storage Temperature Range (T srn) 

Power Dissipation (Po) 
(Note3) 
S.O. Package only 

Lead Temp. (TL.} (Soldering 10 seconds) 

±20mA 

±25mA 

±50mA 

- 65°C to + 15o·c 

600mW 
500mW 

260°c 

DC Electrical Characteristics (Note 4) 

Operating Conditions 
Min 

Supply Voltage (Vee) 2 

DC Input or Output Voltage O 

MN. VouT) 
Operating Temp. Range (TA) 

MM74HC -40 
MM54HC -55 

Input Rise or Fall Times 
(tr, t1) Vcc=2.0V 

Vcc=4.5V 
Vcc=6.0V 

Max 
6 

Vee 

+85 
+125 

1000 
500 
400 

74HC 54HC 

Units 
v 
v 

·c 
·c 

ns 
ns 
ns 

Symbol Parameter Conditions Vee TA= - 40 to 85°C TA= - 55 to 125°C Units 

Vol 

Ice 

Minimum High Level 
Input Voltage 

Maximum Low Level 
Input Voltage** 

Minimum High Level 
Output Voltage 

Maximum Low Level 
Output Voltage 

Maximum Input 
Current 

Maximum Quiescent 
Supply Current 

V1N = V1H or v,L 
i louTI::;; 20 µA 

V1N=V1H orV1L 
I louTI ::;; 4.0 mA 
i louTI ::;; 5.2 mA 

V1N = V1H or V1L 
ilouTI ::;;20 µA 

V1N = V1H or V1L 
i louTI::;; 4.0 mA 

l1ouTl::;;5.2 mA 

V1N =Vee or GND 

V1N=VccorGND 

louT=O µA 

2.0V 
4.5V 

6.0V 

2.0V 
4.5V 

6.0V 

2.0V 
4.5V 

6.0V 

Typ 

2.0 
4.5 

6.0 

4.5V 4.2 

6.0V 5.7 

2.0V 

4.5V 
6.0V 

0 
0 
0 

4.5V 0.2 

6.0V 0.2 

6.0V 

6.0V 

1.5 
3.15 
4.2 

0.5 
1.35 

1.8 

1.9 
4.4 
5.9 

3.98 

5.48 

0.1 

0.1 
0.1 

0.26 

0.26 

±0.1 

8.0 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Guaranteed Limits 

1.5 
3.15 
4.2 

0.5 
1.35 

1.8 

1.9 
4.4 

5.9 

3.84 

5.34 

0.1 

0.1 
0.1 

0.33 

0.33 

±1.0 

80 

1.5 
3.15 
4.2 

0.5 
1.35 

1.8 

1.9 
4.4 
5.9 

3.7 
5.2 

0.1 

0.1 
0.1 

0.4 

0.4 

±1.0 

160 

v 
v 
v 
v 
v 
v 

v 
v 
v 

v 
v 

v 
v 
v 

v 
v 

µA 

µA 

Note 3: Power Dissipation temperature derating-plastic "N" package: -12 mW/'C from 65'C to 85'C; ceramic "J" package: -12 mW/'C from 100'C to 125'C. 

Note 4: For a power supply of 5V ± 10% the worst case output voltages (VoH. and Vou occur for HG at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case V1H and V1L occur at Vee= 5.5V and 4.5V respectively. (The V1H value at 5.5V is 3.85V.) The worst case leakage current (l1N. Ice. and 
lozl occur for CMOS at the higher voltage and so the 6.0V values should be used. 

''V1L limits are currently tested at 20% of Vee. The above V1L specification (30% of Vee) will be implemented no later than 01, CY'89. 
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AC Electrical Characteristics Vcc=5V, TA=25°C, CL= 15 pF, tr=t1=6 ns 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

fMAX Maximum Operating 50 30 MHz 
Frequency for SCK 

tPHL• tPLH Maximum Propagation 20 30 ns 
Delay from SCK to OH 

tPHL• tPLH Maximum Propagation 20 30 ns 
Delay from SLOAD to OH 

tPHL• tpLH Maximum Propagalion 25 45 ns 
Delay from RCK to OH SLOAD= logic'O' 

tPHL Maximum Propagation 20 30 ns 
Delay from SCLR to OH 

tREM Minimum Removal Time, 10 20 ns 
SCLR toSCK 

ts Minimum Setup Time 30 40 ns 
from RCK to SCK 

ts Minimum Setup Time 10 20 ns 
from SER to SCK 

ts Minimum Setup Time 10 20 ns 
from Inputs A thru H 
toRCK 

tH Minimum Hold Time -2 0 ns 

tw Minimum Pulse Width 10 16 ns 
SCK, RCK, SCLR SLOAD 

AC Electrical Characteristics Vcc=2.0-6.0V, CL =50 pF, tr=t1=6 ns (unless otherwise specified) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee TA= -40 to 85°C TA= -55 to 125°C Units 

Typ Guaranteed Limits 

fMAX Maximum Operating 2.0V 10 6.0 4.8 4.0 MHz 
Frequency for SCK 4.5V 45 30 24 20 MHz 

6.0V 50 35 28 24 MHz 

tpHL• tpLH Maximum Propagation 2.0V 62 175 220 263 ns 
Delay from SCK to OH 4.5V 20 35 44 53 ns 

6.0V 18 30 38 45 ns 

tpHL• tPLH Maximum Propagation 2.0V 65 175 220 263 ns 
Delay from SLOAD to QH 4.5V 20 35 44 53 ns 

6.0V 18 30 38 45 ns 

tpHL• tPLH Maximum Propagation 2.0V 120 205 255 310 ns 
Delay from RCK to OH SLOAD= Logic 'O' 4.5V 30 41 51 62 ns 

6.0V 28 35 43 53 ns 

tpHL Maximum Propagation 2.0V 66 175 220 263 ns 
Delay from SCLR to OH 4.5V 20 35 44 53 ns 

6.0V 18 30 38 45 ns 

tREM Minimum Removal Time 2.0V 100 125 150 ns 
SCLR toSCK 4.5V 20 25 30 ns 

6.0V 17 21 25 ns 

ts Minimum Setup Time 2.0V 200 250 300 ns 
from RCK to SCK 4.5V 40 50 60 ns 

6.0V 34 42 50 ns 

ts Minimum Setup Time 2.0V 100 125 150 ns 
from SER to SCK 4.5V 20 25 30 ns 

6.0V 17 21 25 ns 
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AC Electrical Characteristics (Continued) CL =50 pF, tr=t1=6 ns (unless otherwise specified) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee TA= -40 to 85°C TA= -55to125°C Units 

Typ Guaranteed Limits 

ts Minimum Setup Time 2.0V 100 125 150 ns 
from Inputs A thru H 4.5V 20 25 30 ns 
toRCK 6.0V 17 21 25 ns 

tH Minimum Hold Time 2.0V 0 0 0 ns 
4.5V 0 0 0 ns 

6.0V 0 0 0 ns 

tw Minimum Pulse Width 2.0V 30 80 100 120 ns 
SCK, RCK, SCLR, SLOAD 4.5V 9 16 20 24 ns 

6.0V 8 14 18 20 ns 

tr. t1 Maximum Input Rise and 2.0V 1000 1000 1000 ns 
Fall Time 4.5V 500 500 500 ns 

6.0V 400 400 400 ns 

tTHL• tTLH Maximum Output 2.0V 30 75 95 110 ns 
Rise and Fall Time 4.5V 10 15 19 22 ns 

6.0V 8 13 16 19 ns 

Cpo Power Dissipation 87 pF 
Capacitance (Note 5) 

C1N Maximum Input 5 10 10 10 pF 
Capacitance 

CouT Maximum Output 15 20 20 20 pF 
Capacitance 

Note 5: Cpo determines the no load dynamic power consumption, Po=Cpo Vcc2 f+ Ice Vee. and the no load dynamic current consumption, Is= Cpo Vee f+ Ice. 
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Functional Block Diagram (Positive Logic) 

PARALLEL DATA 
INPUTS 

----, 
I 
I 
I 
I 
I 
I 
I 

___ _J 

I 
I 
I 
I 
I 
I 
I 

c-2-----1 --- --;;G~ ---91 
03 ,------~G~-------1 

E4 r-------;;G;;.--------, 
F5 r------~G;;:.--------, 

G6 ,-------;;G;;.--------, 

I 
I 
I 

--- --'SrAoEii• -- ----, 
I 
I 

I I 
I I 

~---------------~ 
• NOTE: Stages C thru G (not shown in detail) are identical to stages A and 8 above. 
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MM54HC597 /MM74HC597 Timing Diagram 

SCK 

SER 

SCLR 1--J 
SLOAD LI LI 

RCK n n I :n 
I 1, 

I I I II 
A : H I I I IL I I 11 L 

:1 I I 11 

1 I I I II 
B IL I I I I I 11 L 

I I I 
I I I I I I 11 

I I I II 
c I I I H I I L I I 11 L 

1 I ii 

D IL I I I L I I II L 
I I I I I I II II Parallel I I I I II Data I I I I II 

Inputs 
H I I IL IH II 

I I II 
II I II 

I II I I II 
r I 

H I II 
:L 

IH II 
I 11 I II 

1 II I I II 
G II IL IL II 

I '1 '1 

:1 :1 

H 1H I 1H I 11H 
I I I I II 
I I I I I I 11 
I I 

QH I I HI H H LI H 

i Reset i S1

erlal Shift i I i ,Serial Shift, 
'shift" ' • Serial Shift 1-- Serial Shlft--11 

Register 

t t 
Load Latch Parallel Load Load Latch Parallel Load Parallel Load Latch 

Shift Register Shift Register and Shift Register 

TL/F/5343-2 
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~National 
~Semiconductor 
MM54HC620/MM74HC620 Inverting 
Octal TRI-STATE® Transceiver 
MM54HC623/MM74HC623 True 
Octal TRI-STATE Transceiver 
General Description 
These TRI-STATE bi-directional buffers utilize advanced sili
con-gate CMOS technology and are intended for two-way 
asynchronous communication between data buses. They 
have high drive current outputs which enable high speed 
operation even when driving large bus capacitances. These 
circuits possess the low power consumption and high noise 
immunity usually associated with CMOS circuitry, yet have 
speeds comparable to low power Schottky TTL circuits. 
These devices allow data transmission from the A bus to 
the B bus or from the B bus to the A bus depending on the 
logic levels at the enable inputs. Both buses can be isolated 
from each other with proper logic levels at the enable in
puts. When GAB is taken high and GBA is taken low, these 
devices store the states presently appearing at the data in
puts. The 8-bit codes appearing on the two sets of buses 
will be indentical for the 623 option or complimentary for the 
620 option. 

Connection Diagrams 
Dual-In-Line Package 

GAB A4 AS A7 AB 

TL/F/9393-1 

Top View 

Order Number MM54HC623* or MM74HC623* 
•p1ease look into Section 8, Appendix D 
for availability of various package types. 

Truth Table 
Enable Inputs Operation 

GBA GAB 

L L B data to A bus B data to A bus 

H H A data to B bus A data to B bus 

H L Isolation Isolation 

L L 
B data to A bus, B data to A bus, 
A data to B bus A data to B bus 

These devices can drive up to 15 LS-TTL loads. All inputs 
are protected from damage due to static discharge by di
odes to Vee and ground. 

Features 
• Typical propagation delays: 13 ns 
• Wide power supply range: 2V-6V 
• Low quiescent supply current: 80 µA 

maximum (7 4HC series) 
• TRI-STATE outputs for connection to system buses 
• High output drive: 6 mA (minimum) 

Dual-In-Line Package 

A4 AS A6 

Top View 

AB 

TL/F/9393-2 

Order Number MM54HC620* or MM74HC620* 
•Please look into Section 8, Appendix D 
for availability of various package types. 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
If Military/Aerospace specified devices are required, Min Max Units 
contact the National Semiconductor Sales Office/ Supply Voltage (Vee) 2 6 v 
Distributors for availability and specifications. DC Input or Output Voltage 
Supply Voltage (Vee) -0.5V to + 7.0V (V1N. Vour) 0 Vee v 
DC Input Voltage DIR and G pins (V1N) -1.5V to Vee + 1.5V Operating Temp. Range (TA) 
DC Output Voltage (VIN• Vour) -0.5 to Vee +0.5V MM74HC -40 +85 ·c 
Clamp Diode Current (lco) ±20mA MM54HC -55 +125 ·c 
DC Output Current, per pin (lour) ±35mA Input Rise/Fall Times 
DC Vee or GND Current, per pin (Ice) ±70mA (tr, t1) Vcc=2.0V 1000 ns 
Storage Temperature Range (T srn) -65°C to + 15o•c Vcc=4.5V 500 ns 

Power Dissipation (Po) Vcc=6.0V 400 ns 
(Note3) 600mW 
S.O. Package only 500mW 

Lead Temperature (T tJ 
(Soldering, 10 seconds) 260°C 

DC Electrical Characteristics (Note 4) 

TA= 2s·c 
74HC 54HC 

Symbol Parameter Conditions Vee TA= -40°cto +ss·c TA= -ss•cto +12s·c Units 

Typ Guaranteed Limits 

V1H Minimum High Level 2.0V 1.5 1.5 1.5 v 
Input Voltage 4.5V 3.15 3.15 3.15 v 

6.0V 4.2 4.2 4.2 v 
V1L Maximum Low Level 2.0V 0.5 0.5 0.5 v 

Input Voltage•• 4.5V 1.35 1.35 1.35 v 
6.0V 1.8 1.8 1.8 v 

VoH Minimum High Level V1N= V1H or V1L 
Output Voltage llourl::;;20 µA 2.0V 2.0 1.9 1.9 1.9 v 

4.5V 4.5 4.4 4.4 4.4 v 
6.0V 6.0 5.9 5.9 5.9 v 

V1N = V1H or V1L 
llourl :5:6.0 mA 4.5V 4.2 3.98 3.84 3.7 v 
l1ourl:5:7.8 mA 6.0V 5.7 5.48 5.34 5.2 v 

VoL Maximum Low Level V1N = V1H or V1L 
Output Voltage llourl::;;20 µA 2.0V 0 0.1 0.1 0.1 v 

4.5V 0 0.1 0.1 0.1 v 
6.0V 0 0.1. 0.1 0.1 v 

V1N = V1H or V1L 
llourl :5:6.0 mA 4.5V 0.2 0.26 0.33 0.4 v 
l1ourl:5:7.8 mA 6.0V 0.2 0.26 0.33 0.4 v 

l1N Input Leakage V1N =Vee or GND 
6.0V ±0.1 ±1.0 ±1.0 µA 

Current (G and DIR) 

loz Maximum TRI-STATE Vour= Vee or GND 
6.0V ±0.5 ±5.0 ±10 µA 

Output Leakage Enable G = V1H 
Current 

Ice Maximum Quiescent V1N =Vee or GND 
6.0V 8.0 80 160 µA 

Supply Current lour=O µA 
Note 1: Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power dissipation temperature derating--plastic "N" package: -12 mW/°C from 65°C to B5°C; ceramic "J" package: -12 mWl°C from 100"C to 125°C. 
Note 4: For a power supply of 5V ± 10% the worst case output voltages (VoH· and Vou occur for HC at 4.5V. Thusthe4.5V values should be used when designing 
with this supply. Worst case ViH and v1L occur at Vee = 5.5V and 4.5V respectively. (The V1H value at 5.5V is 3.85V.) The worst case leakage current (11N. Ice. and 
loz) occur for CMOS at the higher voltage and so the 6.0V values should be used . 
.. VIL limits are currently tested at 20% of Vee. The above V1L specification (30% of Vee) will be implemented no later than 01, CY'B9. 
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:s: 
AC Electrical Characteristics Vee = 5V, TA = 25°C, tr = tt = 6 ns 

:s: 
U1 
.i::o. 

Guaranteed :c 
Symbol Parameter Conditions Typ Units (") 

Limit CJ) 
N 

tPHL• tPLH Maximum Propagation Delay CL= 45 pF 15 ns 0 
........ 

tpzH, tpzL Maximum Output Enable Time RL = 1 kn 
:s: 

31 ns :s: 
CL= 45 pF ....... 

.i::o. 

tpHz, tpLz Maximum Output Disable Time RL = 1 kn ns :c 
18 (") 

CL= 5 pF CJ) 
N 
0 ....... 

AC Electrical Characteristics Vee = 2.0V to 6.0V, CL = 50 pF, tr = tt = 6 ns unless otherwise specified :s: 
:s: 

74HC 54HC U1 

TA= 2s·c .i::o. 
Symbol Parameter Conditions Vee TA= -40°c to +ss·c TA= -ss·c to+ 12s·c Units :c 

(") 

Typ Guaranteed Limits 
CJ) 
N 
(,,) 

tPHL• Maximum Propagation CL =50 pF 2.0V 85 105 130 ns ........ 
:s: 

tPLH Delay CL= 150 pF 2.0V 105 130 160 ns :s: 
CL =50 pF 4.5V 17 21 26 

....... 
ns .i::o. 

CL=150pF 4.5V 21 26 32 ns :c 
(") 

CL =50 pF 6.0V 14 18 22 ns 
CJ) 
N 

CL =150 pF 6.0V 18 22 27 ns 
(,,) 

tpzH, Maximum Output RL =1 kn 
tpzL Enable CL =50 pF 2.0V 170 215 255 ns 

CL =150 pF 2.0V 195 245 295 ns 

CL =50 pF 4.5V 34 43 51 ns 

CL =150 pF 4.5V 39 49 59 ns 

CL =50 pF 6.0V 29 37 43 ns 

CL =150 pF 6.0V 33 42 50 ns 

tpHz, Maximum Output RL =1 kn 2.0V 130 165 195 ns 

tpLZ Disable Time CL =50 pF 4.5V 26 33 39 ns 

6.0V 22 28 33 ns 

tTHL• Output Rise and CL =50 pF 2.0V 60 75 90 ns 

tTLH Fall Time 4.5V 12 15 18 ns 
6.0V 10 13 15 ns 

Cpo Power Dissipation GSA, GAB=V1L 120 pF 

Capacitance (Note 5) GSA= V1H. GAB= V1L 12 pF 

C1N Maximum Input 5 10 10 10 pF 

Capacitance 

C1N/OUT Maximum Input/Output 
15 20 20 20 pF • Capacitance, A or 8 

Note 5: Cpo determines the no load dynamic power consumption, Po= Cpo Vcc2 f+ Ice Vee. and the no load dynamic current consumption, ls=Cpo Vee f+ Ice-
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~National 
~Semiconductor 
MM54HC640/MM74HC640 
Inverting Octal TRl-STA1:E® Transceiver 
MM54HC643/MM74HC643 
True-Inverting Octal TRI-STATE Transceiver 
General Description 
These TRI-STATE bi-directional buffers utilize advanced sili
con-gate CMOS technology, and are intended for two-way 
asynchronous communication between data buses. They 
have high drive current outputs which enable high speed 
operation even when driving large bus capacitances. These 
circuits possess the low power consumption and high noise 
immunity usually associated with CMOS circuitry, yet have 
speeds comparable to low power Schottky TIL circuits. 

Each device has an active low enable G and a direction 
control input, DIR. When DIR is high, data flows from the A 
inputs to the B outputs. When DIR is low, data flows from 
the B inputs to the A outputs. The MM54HC640/ 
MM74HC640 transfers inverted data from one bus to other 
and the MM54HC643/MM74HC643 transfers inverted data 
from the A bus to the B bus and true data from the B bus to 
the A bus. 

Connection Diagrams 

Dual-In-Line Package 
ENABLE 

Vee G B 1 B2 B3 B4 BS B6 B7 BB 

DIR A1 A2 A3 A4 AS A6 A7 AB GND 

TL/F/5344-1 

Top View 

Order Number MM54HC640* or MM74HC640* 
*Please look into Section 6, Appendix D 
for availability of various package types. 

Truth Table 
Control 
Inputs 

G DIR 640 

These devices can drive up to 15 LS-TIL Loads, and all 
inputs are protected from damage due to static discharge by 
diodes to Vee and ground. 

Features 
• Typical propagation delay: 13 ns 
• Wide power supply range: 2-6V 
• Low quiescent current: 80 µA maximum (7 4 HC) 
• TRI-STATE outputs for connection to bus oriented 

systems 
• High output drive: 6 mA (min) 

Dual-In-Line Package 
ENABLE 

Vee G B1 B2 83 B4 BS B6 B7 BB 

DIR A1 A2 A3 A4 AS A6 A7 AB GND 

TL/F/5344-2 

Top View 

Order Number MM54HC643* or MM74HC643* 
*Please look into Section 8, Appendix D 
for availability of various package types. 

Operation 

643 

L L B data to A bus B data to A bus 

L H A data to B bus A data to B bus 

H x Isolation Isolation 

H = high level, L = low level, X = irrelevant 
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Absolute Maximum Ratings (Notes 1 & 2) 

If Military I Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

SupplyVoltage(Vcc) -0.5to +7.0V 

DC Input Voltage DIR and G pins MN) -1.5 to Vee+ 1.5V 

DC Output Voltage (V1N. VouT) -0.5 to Vcc+0.5V 

Clamp Diode Current (lco) ± 20 mA 

DC Output Current, per pin (louT) ± 35 mA 

DC Vee or GND Current, per pin (Ice) ±70 mA 

Storage Temperature Range (T srn) 

Power Dissipation (Po) 
(Note3) 
S.O. Package only 

Lead Temperature (TL.) 
(Soldering 10 seconds) 

- 65°C to + 1 so0 c 

600mW 
500mW 

260°c 

DC Electrical Characteristics (Note 4) 

Operating Conditions 
Min Max 

Supply Voltage (Vee) 2 6 

DC Input or Output Voltage 
MN. VouT) 0 Vee 

Operating Temp. Range (TA) 
MM74HC -40 +85 
MM54HC -55 +125 

Input Rise/Fall Times 
(tr, t1) Vcc=2.ov 1000 

Vcc=4.5V 500 
Vcc=6.0V 400 

74HC 54HC 

Symbol Parameter Conditions Vee 
TA=2s0 c 

TA= - 40 to ss·c TA= - 55 to 12s·c 

Typ 

V1H Minimum High Level Input 2.0V 
Voltage 4.5V 

6.0V 

V1L Maximum Low Level Input 2.0V 
Voltage•• 4.5V 

6.0V 

VoH Minimum High Level Output V1N = V1H or V1L 
Voltage I louTI :s: 20 µA 2.0V 2.0 

4.5V 4.5 
6.0V 6.0 

V1N = V1H or V1L 
llouTI :s:6.0 mA 4.5V 4.2 

llouTI :s:7.8 mA 6.0V 5.7 

Vol Maximum Low Level Output V1N = V1H or V1L 
Voltage llouTl:s:20 µA 2.0V 0 

4.5V 0 
6.0V 0 

V1N=V1H orV1L 
l1ouTl:s:6.0 mA 4.5V 0.2 

I louTI :s:7 .8 mA 6.0V 0.2 

l1N Input Leakage V1N =Vee or GND 6.0V 
Current (G and DIR) 

loz Maximum TRI-STATE Output VouT=Vcc or GND 6.0V 
Leakage Current Enable G = V1H 

Ice Maximum Quiescent Supply V1N=Vcc or GND 6.0V 
Current louT=O µA 

Note 1: Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Guaranteed Limits 

1.5 1.5 1.5 
3.15 3.15 3.15 
4.2 4.2 4.2 

0.5 0.5 0.5 
1.35 1.35 1.35 
1.8 1.8 1.8 

1.9 1.9 1.9 
4.4 4.4 4.4 
5.9 5.9 5.9 

3.98 3.84 3.7 
5.48 5.34 5.2 

0.1 0.1 0.1 
0.1 0.1 0.1 
0.1 0.1 0.1 

0.26 0.33 0.4 
0.26 0.33 0.4 

±0.1 ±1.0 ±1.0 

±0.5 ±5.0 ±10 

8.0 80 160 

Units 
v 

v 

·c 
·c 

ns 
ns 
ns 

Units 

v 
v 
v 

v 
v 
v 

v 
v 
v 

v 
v 

v 
v 
v 

v 
v 

µA 

µA 

µA 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mW l°C from 65'C to 85'C; ceramic "J" package: -12 mW /'C from 1 OO'C to 125'C. 

Note 4: For a power supply of 5V ± 10% the worst case output voltages (VoH• and Vou occur for HG at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case V1H and V1L occur at Vee= 5.5V and 4.5V respectively. (The V1H value at 5.5V is 3.85V.) The worst case leakage current (l1N. Ice. and 
loz} occur for CMOS at the higher voltage and so the 6.0V values should be used . 

.. VIL limits are currently tested at 20% of Vee. The above V1L specification (30% of Vee) will be implemented no later than 01, CY'89. 
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AC Electrical Characteristics Vee=5V, TA=25°C, tr=t1=6 ns 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

tPHL• tPLH Maximum Propagation Delay CL =45 pF 13 17 ns 

tpzH, tpzL Maximum Output Enable Time AL= 1 k!l 33 42 ns 
CL =45 pF 

tpHz, tpLz Maximum Output Disable Time AL= 1 k!l 32 42 ns 

CL =5 pF 

AC Electrical Characteristics Vee= 2.0V to 6.0V, CL= 50 pF, tr= t1= 6 ns (unless otherwise specified) 

TA =25°C 
74HC 54HC 

Symbol Parameter Conditions Vee TA= - 40 to 85°C TA= -55 to 125°C Units 

Typ Guaranteed Limits 

tPHL• Maximum Propagation Delay CL =50 pF 2.0V 29 72 88 96 ns 

tPLH CL =150 pF 2.0V 38 96 116 128 ns 

CL =50 pF 4.5V 14 18 22 24 ns 

CL =150 pF 4.5V 18 24 29 32 ns 

CL =50 pF 6.0V 14 18 22 24 ns 

CL =150 pF 6.0V 18 24 29 32 ns 

tpzH, Maximum Output Enable AL= 1 k!l 

tpzL CL =50 pF 2.0V 70 184 224 240 ns 

CL =150 pF 2.0V 80 216 260 284 ns 

CL =50 pF 4.5V 35 46 56 60 ns 

CL=150pF 4.5V 41 54 65 71 ns 

CL =50 pF 6.0V 31 41 50 54 ns 

CL= 150 pF 6.0V 36 47 57 62 ns 

tpHz, Maximum Output Disable AL= 1 k!l 2.0V 47 172 208 224 ns 

tpLz Time CL =50 pF 4.5V 33 43 52 56 ns 
6.0V 31 41 50 54 ns 

trHLr trLH Output Rise and Fall Time CL =50 pF 2.0V 20 60 75 90 ns 
4.5V 6 12 15 18 ns 
6.0V 5 10 13 15 ns 

Cpo Power Dissipation G=V1L 120 pF 
Capacitance (Note 5) G=V1H 12 pF 

C1N Maximum Input Capacitance 5 10 10 10 pF 

C1N/OUT Maximum Input/Output 15 20 20 20 pF 
Capacitance, A or B 

Note 5: Cpo determines the no load dynamic power consumption, P0 =Cpo Ver? f+lcc Vee. and the no load dynamic current consumption, ls=Cpo Vee f+ Ice. 
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~National 
~Semiconductor 
MM54HC646/MM74HC646 Non-Inverting 
Octal Bus Transceiver/Registers 
MM54HC648/MM74HC648 
Inverting Octal Bus Transceiver/Registers 
General Description 
These transceivers utilize advanced silicon-gate CMOS 
technology, and contain two sets of TRI-STATE® outputs, 
two sets of D-type flip-flops, and control circuitry designed 
for high speed multiplexed transmission of data. 

Six control inputs enable this device to be used as a latched 
transceiver, unlatched transceiver, or a combination of both. 
As a latched transceiver, data from one bus is· stored for 
later retrieval by the other bus. Alternately real time bus 
data (unlatched) may be directly transferred from one bus to 
another. 

Circuit operation is determined by the G, DIR, CAB, CBA, 
SAB, SBA control inputs. The enable input, G, controls 
whether any bus outputs are enabled. The direction control, 
DIR, determines which bus is enabled, and hence the direc
tion data flows: The SAB, SBA inputs control whether the 
latched data (stored in D type flip flops), or the bus data 
(from other bus input pins) is transferred. Each set of flip-

Connection Diagram 

Dual-In-Line Package 
SELECT 

CLOCK BA · ENABLE 

flops has its own clock CAB, and CBA, for storing data. Data 
is latched on the rising edge of the clock. 

Each output can drive up to 15 low power Schottky TTL 
loads. These devices are functionally and pin compatible to 
their LS-TTL counterparts. All inputs are protected from 
damage due to static discharge by diodes to V cc and 
ground. 

Features 
• Typical propagation delay: 14 ns 
• TRI-STATE outputs 
• Bidirectional communication 
• Wide power supply range: 2-6V 
• Low quiescent supply current: 160 µA 

maximum (7 4HC) 

• High output current: 6 mA (74HC) 

Vee BA GRA B1 B2 B3 B4 BS B6 B7 BS 

24 23 22 21 20 19 1S 17 16 15 14 13 

10 11 12 

CLOCK DIR A1 A2 A3 A4 AS AS A7 AS GND 
AB 

SELECT 
AB 

TL/F/5345-2 

131 1211 Ill 1231 
DIR G CAB CSA 
x H t l x x x 
x H t 

121 
SAS 
x 
x 
x 

Order Number MM54HC646/648* or 
MM74HC646/648* 

1221 
SBA 
x 
x 
x 

*Please look into Section 8, Appendix D for 
availability of various package types. 

131 1211 111 1231 121 1221 
DIR ; CAB C8A SA8 SBA 
l L X X X H 
H l X X H X 

Real-Time Transfer 
Bus Bto Bus A 

Real-Time Transfer 
Bus A to Bus B 

Storage from 
TL/F/5345-1 

Transfer Stored Data 
A, B, or A and B to A or B 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
If Military/Aerospace specified devices are required, Min Max Units 
contact the National Semiconductor Sales Office/ Supply Voltage (Vee) 2 6 v 
Distributors for availability and specifications. DC Input or Output Voltage 0 Vee v 
Supply Voltage (Vee) -0.5to +7.0V (V1N· Vour) 

DC Input Voltage MN) -1.5 to Vcc+1.5V 
Operating Temp. Range (TA) 

MM74HC -40 +85 ·c 
DC Output Voltage (Vour) -0.5 to Vcc+0.5V MM54HC -55 +125 ·c 
Clamp Diode Current (l1K. loK) ±20mA Input Rise or Fall Times 
DC Output Current, per pin (lour) ±35mA (tr, tf) Vcc=2.0V 1000 ns 

DC Vee or GND Current, per pin (Ice) ±70mA Vcc=4.5V 500 ns 
Vcc=6.0V 400 ns 

Storage Temperature Range (T srn) -65°C to+ 150°C 
Power Dissipation (Po) 

(Note 3) 600mW 
S.O. Package only 500mW 

Lead Temp. (TL.) (Soldering 10 seconds) 260°c 

DC Electrical Characteristics (Note 4) 

TA=25°C 74HC 54HC. 
Symbol Parameter Conditions Vee TA= - 40 to B5°C TA= - 55 to 125·c Units 

Typ Guaranteed Limits 

V1H Minimum High Level 2.0V 1.5 1.5 1.5 v 
Input Voltage 4.5V 3.15 3.15 3.15 v 

6.0V 4.2 4.2 4.2 v 
V1L Maximum Low Level 2.0V 0.5 0.5 0.5 v 

Input Voltage** 4.5V 1.35 1.35 1.35 v 
6.0V 1.8 1.8 1.8 v 

VoH Minimum High Level V1N = V1H or V1L 
Output Voltage llourl~20 µA 2.0V 2.0 1.9 1.9 1.9 v 

4.5V 4.5 4.4 4.4 4.4 v 
6.0V 6.0 5.9 5.9 5.9 v 

V1N = V1H or V1L 
llourj~6.0 mA 4.5V 4.2 3.96 3.84 3.7 v 
lour ~7.8 mA 6.0V 5.7 5.46 5.34 5.2 v 

VoL Maximum Low Level V1N=V1H orV1L 
Output Voltage llourl~20 µA 2.0V 0 0.1 0.1 0.1 v 

4.5V 0 0.1 0.1 0.1 v 
6.0V 0 0.1 0.1 0.1 v 

V1N=V1H orV1L 
!lour! ~6.0 mA 4.5V 0.2 0.26 0.33 0.4 v 
lour ~7.8 mA 6.0V 0.2 0.26 0.33 0.4 v 

l1N Maximum Input Current V1N =Vee or GND 6.0V ±0.1 ±1.0 ±1.0 µA 

loz Maximum TRI-ST ATE ~our=Vcc or GND 6.0V ±0.5 ±5.0 ±10 µA 
Output Leakage G=V1H 

Ice Maximum Quiescent V1N =Vee or GND 6.0V 8.0 80 160 µA 
Supply Current lour=O µA 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mW /'C from 65'C to 85'C; ceramic "J" package: -12 mW /'C from 1 OO'C to 125'C. 
Note 4: For a power supply of 5V ± 10% the worst case output voltages (VoH. and You occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case V1H and V1L occur at Vee= 5.5V and 4.5V respectively. (The V1H value at 5.5V is 3.85V.) The worst case leakage current (llN• Ice. and 
lozl occur for CMOS at the higher voltage and so the 6.0V values should be used. 
•• V1L limits are currently tested at 20% of Vee- The above V1L specification (30% of Vee) will be implemented no later than 01, CY'89. 

Truth Table 
Inputs Data 1/0 Operation or Function 

G DIR CAB CBA SAB SBA A1 Thru AB B1 Thru BB 'AL5646, 'ALS64 7 'ALS64B, 'ALS649 
'AS646 'AS64B 

x x t x x x Input Not Specified Store A, 8 Unspecified Store A, 8 Unspecified 
x x x t x x Not Specified Input Store 8, A Unspecified Store 8, A Unspecified 

H x t t x x Input Input Store A and 8 Data Store A and 8 Data 
H x H orL H orL x x Isolation, hold storage Isolation, hold storage 
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Truth Table (Continued) 

Inputs Data 1/0 Operation or Function 

G DIR CAB CBA SAB SBA A1 Thru AS 81Thru88 
'ALS646, 'ALS647 'ALS648, 'ALS649 

'AS646 'AS648 

L L x x x L 
Output Input 

Real-Time B Data to A Bus Real-Time B Data to A Bus 
L L x x x H Stored B Data to A Bus Stored B Data to A Bus 

L H x x L x 
Input Output 

Real-Time A Data to B Bus Real-Time A Data to B Bus 
L H x x H x Stored A Data to B Bus Stored A Data to B Bus 

H = High Level L = Low Level X = Irrelevant j = low-to-high level transition 
The data output functions i.e., data at the bus pins may be enabled or disabled by various signals at the G and DIR inputs. Data input functions are always enabled. 
The data output functions i.e., data at the bus pins will be stored on every low-to-high transition on the clock inputs. 

AC Electrical Characteristics MM54HC646tMM74HCs4s, MM54HC64~tMM74HC648 
Vcc=5V, TA=25°C, tr=tt=6 ns 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

fMAX Maximum Operating 45 30 MHz 
Frequency 

tPHL• tpLH Maximum Propagation CL =45 pF 14 25 ns 
Delay, A or B Input 
to B or A Output 

tPHL• tPLH Maximum Propagation CL =45 pF 31 40 ns 
Delay, CBA or CAB 
Input to A or B Output 

tpHL• tpLH Maximum Propagation CL =45 pF 35 50 ns 
Delay, SBA or SAB Input to A 
or B Output, with A or B high 

tpHL• tPLH Maximum Propagation CL =45 pF 35 50 ns 
Delay, SBA or SAB Input to A 
or B Output, with A or B low 

tpzH. tpzL Maximum Enable RL =1 k!l 18 33 ns 
Time G or DIR Input to CL =45 pF 
A orB Output 

tPHZ• tpLZ Maximum Disable RL =1 k!l 17 30 ns 
Time, G or DIR Input to CL =5 pF 
Aor B Output 

AC Electrical Characteristics MM54HC646tMM74HC646, MM54HC648tMM74HC648 

Vcc=2.0-6.0V, CL =50 pF, tr=t,=6 ns (unless otherwise specified) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee TA= - 40 to 85°C TA= -55to125°C Units 

Typ Guaranteed Limits 

fMAX Maximum Operating CL =50 pF 2.0V 5 4 3 MHz 
Frequency 4.5V 27 21 18 MHz 

6.0V 31 24 20 MHz 

tPHL• tPLH Maximum Propagation CL =50 pF 2.0V 60 180 189 225 ns 
Delay, A or B Input CL =150 pF 2.0V 80 200 250 300 ns 
to B or A Output CL =50 pF 4.5V 21 30 37 45 ns 

CL =150 pF 4.5V 30 40 50 60 ns 

CL =50 pF 6.0V 18 26 31 39 ns 
CL=150pF 6.0V 22 35 44 53 ns 

tpHL• tPLH Maximum Propagation CL =50 pF 2.0V 110 220 275 330 ns 
Delay, CBA or CAB CL=150pF 2.0V 150 270 338 405 ns 
Input to A or B Output CL =50 pF 4.5V 31 44 55 66 ns 

CL =150 pF 4.5V 40 54 68 81 ns 

CL =50 pF 6.0V 28 38 47 57 ns 
CL =150 pF 6.0V 34 47 59 71 ns 
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AC Electrical Characteristics MM54HC646/MM74HC646, MM54HC648/MM74HC648 (Continued) 

Vcc=2.0-6.0V, CL =50 pF, tr=t1=6 ns (unless otherwise specified) 

TA=2s·c 
74HC 54HC 

Symbol Parameter Conditions Vee TA= - 40 to ss·c TA= -55 to 12s0 c Units 

Typ Guaranteed Limits 

tPHL• tpLH Maximum Propagation CL =50 pF 2.0V 85 170 214 253 ns 
Delay, SBA or SAB CL =150 pF 2.0V 110 220 277 328 ns 
Input to A or B Output 

CL =50 pF 4.5V 17 34 43 51 ns 

CL= 150 pF 4.5V 22 44 55 66 ns 

CL =50 pF 6.0V 14 29 36 43 ns 
CL= 150 pF 6.0V 19 37 47 56 ns 

tpzL, tpzL Maximum Output Enable RL = 1 kn 
Time, G Input or DIR to A or B 
Output CL=50pF 2.0V 80 175 219 263 ns 

CL= 150 pF 2.0V 120 225 281 338 ns 

CL =50 pF 4.5V 23 35 44 53 ns 

CL= 150 pF 4.5V 31 45 56 68 ns 

CL =50 pF 6.0V 21 30 37 45 ns 

CL= 150 pF 6.0V 27 38 48 57 ns 

tpHz. tpLz Maximum Output Disable RL= 1 kn 2.0V 85 175 219 263 ns 

Time, G Input to A or B CL =50 pF 4.5V 23 35 44 53 ns 
Output 6.0V 21 30 37 45 ns 

trHL· trLH Maximum Output Rise 2.0V 60 75 90 ns 

and Fall Time CL=50 pF 4.5V 12 15 18 ns 

6.0V 10 13 15 ns 

ts Minimum Set Up Time 2.0V 100 125 150 ns 
4.5V 20 25 30 ns 

6.0V 17 21 25 ns 

tH Minimum Hold Time 2.0V 0 0 0 ns 

4.5V 0 0 0 ns 

6.0V 0 0 0 ns 

tw Minimum Pulse Width 2.0V 80 100 120 ns 

of Clock 4.5V 16 20 24 ns 

6.0V 14 18 21 ns 

tr,tt Maximum Input Rise and 2.0V 1000 1000 1000 ns 

Fall Time 4.5V 500 500 500 ns 

6.0V 400 400 400 ns 

Cpo 
Power Dissipation 90 pF 

Capacitance (Note 5) 

C1N Maximum Input Capacitance 5 10 10 10 pF 

Cour Maximum Output 15 20 20 20 pF 

Capacitance 

Note 5: Cpo determines the no load dynamic power consumption, Po=Cpo. Vcc2 f+ Ice. and the no load dynamic current consumption, ls=Cpo Vee f +Ice. 
Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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~National 
~Semiconductor 

MM54HC688/MM7 4HC688 
8-Bit Magnitude Comparator (Equality Detector) 

General Description 
This equality detector utilizes advanced silicon-gate CMOS 
technology to compare bit for bit two 8-bit words and indi
cates whether or not they are equal. The P = Q output indi
cates equality when it is low. A single active low enable is 
provided to facilitate cascading of several packages and en
able comparison of words greater than 8 bits. 

This device is useful in memory block decoding applica
tions, where memory block enable signals must be generat
ed from computer address information. 

The comparator's output can drive 10 low power Schottky 
equivalent loads. This comparator is functionally and pin 

Connection and Logic Diagrams 

Dual-In-Line Package 

vcc P = a a1 P7 as PS as PS a4 P4 

20 19 18 17 16 1S 14 13 12 11 

3 4 ·a 9 10 

G PO ao P1 a1 P2 a2 P3 al GNO 

TL/F/5018-1 

Top View 

Order Number MM54HC688* or MM74HC688* 
*Please look into Section 8, Appendix D 
for availability of various package types. 

Truth Table 

Inputs 

Data 
Enable 

P,Q G P=Q 

P=Q L L 
P>Q L H 
P<Q L H 

x H H 

compatible to the 54LS688/74LS688. All inputs are protect
ed from damage due to static discharge by diodes to V cc 
and ground. 

Features 
• Typical propagation delay: 20 ns 
• Wide power supply range: 2-6V 
• Low quiescent current: 80 µA (74 Series) 
• Large output current: 4 mA (74 Series) 
• Same as 'HC521 

G 111 

TL/F/5018-2 
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Absolute Maximum Ratings (Notes 1 and 2) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage (Vee) -0.5 to + 7.0V 

DC Input Voltage <ViN) -1.5 to Vee+ 1.5V 

DC Output Voltage (Vour) 

Clamp Diode Current (l1K. loK) 

DC Output Current, per pin (lour) 

DC Vee or GND Current, per pin (Ice) 

Storage Temperature Range (T srn) 

Power Dissipation (Po) 
(Note 3) 
S.O. Package only 

Lead Temp. (TL) (Soldering 10 seconds) 

-0.5 to Vcc+0.5V 

±20mA 

±25mA 

±50mA 

- 65°C to + 150°c 

600mW 
500mW 

260°c 

DC Electrical Characteristics (Note 4) 

Operating Conditions 
Min 

Supply Voltage (Vee) 2 

DC Input or Output Voltage 0 
(VIN· Vour) 

Operating Temp. Range (TA) 
MM74HC -40 
MM54HC -55 

Input Rise or Fall Times 
(tr, t1) Vcc=2.0V 

Vcc=4.5V 
Vcc=6.0V 

Max 
6 

Vee 

+85 
+125 

1000 
500 
400 

74HC 54HC 

Units 
v 
v 

·c 
·c 

ns 
ns 
ns 

Symbol Parameter Conditions Vee TA= -40 to 85°C TA= -55 to 125°C Units 

Ice 

Minimum High Level 
Input Voltage 

Maximum Low Level 
Input Voltage** 

Minimum High Level 
Output Voltage 

Maximum Low Level 
Output Voltage 

Maximum Input 
Current 

Maximum Quiescent 
Supply Current 

V1N=V1H orV1L 
I lour I ::;; 20 µA 

V1N = V1H or V1L 
l1ourl::;;4.0 mA 
I lour I ::::: 5.2 mA 

V1N = V1H or V1L 
ilourl :::::20 µA 

V1N = V1H or V1L 
Houri :::::4.0 mA 
l1ourl:::::5.2 mA 

V1N =Vee or GND 

V1N =Vee or GND 
lour=O µA 

2.0V 
4.5V 
6.0V 

2.0V 
4.5V 
6.0V 

2.0V 

Typ 

2.0 
4.5V 4.5 
6.0V 6.0 

4.5V 4.2 
6.0V 5.7 

2.0V 
4.5V 
6.0V 

0 
0 

0 

4.5V 0.2 
6.0V 0.2 

6.0V 

6.0V 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 
5.9 

3.98 
5.48 

0.1 
0.1 
0.1 

0.26 
0.26 

±0.1 

8.0 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Guaranteed Limits 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 
5.9 

3.84 
5.34 

0.1 
0.1 
0.1 

0.33 
0.33 

±1.0 

80 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 
5.9 

3.7 
5.2 

0.1 
0.1 
0.1 

0.4 
0.4 

±1.0 

160 

v 
v 
v 
v 
v 
v 

v 
v 
v 

v 
v 

v 
v 
v 

v 
v 

µA 

µA 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mW /'C from 65'C to BS'C; ceramic "J" package: -12 mW /'C from 1 OO'C to 125'C. 

Note 4: For a power supply of SV ± 10% the worst case output voltages {VoH. and VoL.) occur for HC at 4.SV. Thus the 4.SV values should be used when designing 
with this supply. Worst case V1H and V1L occur at Vee=5.5Vand 4.SV respectively. {The V1H value at 5.5Vis 3.BSV.) The worst case leakage current (11N. Ice. and 
loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 

••v1L limits are currently tested at 20% of Vee- The above V1L specification (30% of Vee) will be implemented no later than 01, CY'B9. 
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AC Electrical Characteristics 
Vcc=5V, TA=25°C, CL =15 pF, tr=t1=6 ns 

Symbol Parameter Conditions 

tPHL• tPLH Maximum Propagation 
Delay, any P or Q to Output 

tPLH• tpHL Maximum Propagation 
Delay, Enable to any Output 

AC Electrical Characteristics 

Typ 
Guaranteed 

Units 
Limit 

21 30 ns 

14 20 ns 

Vcc=2.0V to 6.0V, CL =50 pF, tr=tt=6 ns (unless otherwise specified) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee TA= -.40 to 85°C TA= -55to 125°C 

Typ Guaranteed Limits 

tPHL• tPLH Maximum Propagation 2.0V 60 175 220 263 

Delay, P or Q to 4.5V 22 35 44 53 

Output 6.0V 19 30 38 45 

tPHL• tPLH Maximum Propagation 2.0V 45 120 150 180 

Delay, Enable to 4.5V 15 24 30 36 

Output 6.0V 13 20 25 30 

trHL· trLH Maximum Output Rise 2.0V 30 75 95 110 

and Fall Time 4.5V 8 15 19 22 

6.0V 7 13 16 19 

Cpo Power Dissipation 45 
Capacitance (Note 5) 

C1N Maximum Input 5 10 10 10 

Capacitance 

Units 

ns 
ns 
ns 

ns 
ns 

ns 

ns 

ns 
ns 

pF 

pF 

Note 5: Cpo determines the no load dynamic power consumption, Po=Cpo Vcc2 I+ Ice Vee. and the no load dynamic current consumption, ls=Cpo Vee I+ Ice. 
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~National 
D Semiconductor 
MM54HC4002/MM74HC4002 
Dual 4-lnput NOR Gate 

General Description Features 
• Typical propagation delay: 8 ns These NOR gates utilize advanced silicon-gate CMOS tech

nology to achieve operating speeds similar to LS-TTL gates 
with the low power consumption of standard CMOS inte
grated circuits. All gates have buffered outputs, providing 
high noise immunity and the ability to drive 10 LS-TTL loads. 
The 54HC/7 4HC logic family is functionally as well as pin
out compatible with the standard 54LS/74LS logic family. 
The 54HC4002/74HC4002 is functionally equivalent and 
pin-out compatible with the CD4002B. All inputs are protect
ed from damage due to static discharge by internal diode 
clamps to Vee and ground. 

• Wide power supply range: 2V-6V 

Connection Diagram 

Vee 

14 

Y1 

Y2 

13 

Y=A+B+C+D 

• Low quiescent current: 20 µA maximum (7 4HC Series) 
• Low input current: 1 µA maximum 
• Fanout of 10 LS-TTL loads 

Dual-In-Line Package 
A2 82 C2 

12 11 

4 

C1 

TOP VIEW 

5 

D1 

6 

NC 

NC 

8 

7 

GND 

TL/F/5154-1 

Order Number MM54HC4002* or MM74HC4002* 
•Please look into Section 8, Appendix D for availability of various package types. 
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Absolute Maximum Ratings (Notes 1 & 2) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage (Vee) -0.5 to + 7.0V 

DC Input Voltage MN) -1.5 to Vee+ 1.5V 

DC Output Voltage (Vour) -0.5 to Vcc+0.5V 

Clamp Diode Current (i1K. loK) ±20 mA 

DC Output Current, per pin (lour) ± 25 mA 

DC Vee or GND Current, per pin (Ice) ± 50 mA 

Storage Temperature Range (T srn) - 65°C to + 150"C 

Power Dissipation (Po) 
(Note 3) 
S.O. Package only 

600mW 
500mW 

Lead Temp. (TL) (Soldering 10 seconds) 260°C 

DC Electrical Characteristics (Note 4) 

Symbol Parameter Conditions Vee 

V1H Minimum High Level 2.0V 
Input Voltage 4.5V 

6.0V 

V1L Maximum Low Level 2.0V 
Input Voltage•• 4.5V 

6.0V 

VoH Minimum High Level V1N = V1H or V1L 
Output Voltage ilourl~20 µA 2.0V 

4.5V 
6.0V 

V1N = V1H or V1L 
ilourl ~4.0 mA 4.5V 

ii our I ~ 5.2 mA 6.0V 

VoL Maximum Low Level V1N = V1H or V1L 
Output Voltage I lourl ~ 20 µA 2.0V 

4.5V 
6.0V 

V1N = V1H or V1L 
l1ourl~4 mA 4.5V 

i lourl ~ 5.2 mA 6.0V 

l1N Maximum Input V1N=VccorGND 6.0V 
Current 

Ice Maximum Quiescent V1N =Vee or GND 6.0 
Supply Current lour=O µA 

Operating Conditions 
Min Max 

Supply Voltage (Vee) 2 6 

DC Input or Output Voltage 0 Vee 
(V1N. Vour) 

Operating Temp. Range (TA) 
MM74HC -40 +85 
MM54HC -55 +125 

Input Rise or Fall Times 
(tr, t1) Vcc=2.0V 1000 

Vcc=4.5V 500 
Vcc=6.0V 400 

TA=25°C 
74HC 54HC 

TA= - 40 to 85°C TA= -55 to 125°C 

Typ Guaranteed Limits 

1.5 1.5 1.5 
3.15 3.15 3.15 
4.2 4.2 4.2 

0.5 0.5 0.5 
1.35 1.35 1.35 
1.8 1.8 1.8 

2.0 1.9 1.9 1.9 
4.5 4.4 4.4 4.4 
6.0 5.9 5.9 5.9 

4.2 3.98 3.84 3.7 
5.7 5.48 5.34 5.2 

0 0.1 0.1 0.1 
0 0.1 0.1 0.1 
0 0.1 0.1 0.1 

0.2 0.26 0.33 0.4 
0.2 0.26 0.33 0.4 

±0.1 ±1.0 ±1.0 

2.0 20 40 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Units 
v 
v 

oc 
oc 

ns 
ns 
ns 

Units 

v 
v 
v 
v 
v 
v 

v 
v 
v 

v 
v 

v 
v 
v 
v 
v 
v 

µA 

µA 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mW /'C from 65'C to 85'C; ceramic "J" package: -12 mW/'C from 1 OO'C to 125'C. 

Note 4: For a power supply of 5V ± 10% the worst case output voltages (VOH· and VoiJ occur for HG at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case V1H and V1L occur at Vee= 5.5V and 4.5V respectively. (The V1H value at 5.5V is 3.85V.) The worst case leakage current (l1N. 
Ice. and loz) occur for CMOS at the higher voltage and so the 6.0V values should be used . 

.. VIL limits are currently tested at 20% of Vee- The above V1L specification (30% of Vee) will be implemented no later than 01, CY'89. 
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AC Electrical Characteristics Vcc=5V, TA=25°C, CL= 15 pF, tr=tr=6 ns 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

tPHL• tPLH Maximum Propagation 11 20 ns 
Delay 

AC Electrical Characteristics Vcc=2.0Vto6.0V, CL =50 pF, tr=tr=6 ns 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee TA= -40 to ss·c TA= -ssto 12s0 c Units 

Typ Guaranteed Limits 

tPHL• tpLH Maximum Propagation 2.0V 40 120 151 179 ns 
Delay 4.5V 12 24 30 36 ns 

6.0V 10 20 26 30 ns 

trLH· trHL Maximum Output 2.0V 30 75 95 110 ns 
Rise and Fall 4.5V 10 15 19 22 ns 
Time 6.0V 9 13 16 19 ns 

Cpo Power Dissipation (per gate) 25 pF 
Capacitance (Note 5) 

C1N Maximum Input 5 10 10 10 pF 
Capacitance 

Note 5: Cpo determines the no load dynamic power consumption, Po= Cpo V cc2 I+ Ice V cc. and the no load dynamic current consumption, Is= Cpo Vee I+ Ice· 
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~National 
~Semiconductor 

MM54HC4016/MM74HC4016 
Quad Analog Switch 

General Description 
Thc!:c devices are digitally controlled analog switches im
plemented in advanced silicon-gate CMOS technology. 
These switches have low "on" resistance and low "off" 
leakages. They are bidirectional switches, thus any analog 
input may be used as an output and vice-versa. The '4016 
devices allow control of up to 12V (peak) analog signals 
with digital control signals of the same range. Each switch 
has its own control input which disables each switch when 
low. All analog inputs and outputs and digital inputs are pro
tected from electrostatic damage by diodes to Vee and 
ground. 

Connection Diagram 

Dual-In-Line Package 
Vee 1CTL 4CTL 41/0 40/I 30/I 31/0 

13 

2 3 4 5 6 7 

11/0 10/1 20/1 21/0 2CTL 3CTL GND 
TL/F/5350-1 

Top View 

Order Number MM54HC4016* or MM74HC4016* 
•Please look into Section 8, Appendix D 
for availability of various package types. 

Schematic Diagram 

CONTROL 

Features 
• Typical switch enable time: 15 ns 
• Wide analog input voltage range: 0-12V 
• Low "on" resistance: 500. typ. 
• Low quiescent current: 80 µA maximum (74HC) 
• Matched switch characteristics 
• Individual switch controls 

Truth Table 

Input Switch 

CTL 110-0/1 
L "OFF" 
H "ON" 

110-lll-011 

TL/F/5350-2 
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Absolute Maximum Ratings (Notes 1 & 2> Operating Conditions 
If Military I Aerospace specified devices are required, Min Max Units 
contact the National Semiconductor Sales Office/ Supply Voltage (Vee) 2 12 v 
Distributors for availability and specifications. 

DC Input or Output Voltage 0 Vee v 
Supply Voltage (Vee) -0.5to+15V (V1N. Vour) 
DC Control Input Voltage MN) -1.5 to Vee+ 1.5V Operating Temp. Range (TA) 
DC Switch 1/0 Voltage (V10) -0.5 to Vcc+0.5V MM74HC -40 +85 ·c 
Clamp Diode Current (l1K. loK) ±20mA MM54HC -55 +125 ·c 
DC Output Current, per pin (lour) ±25mA Input Rise or Fall Times 

DC Vee or GND Current, per pin (Ice) ±50mA (tr, tt) Vcc=2.ov 1000 ns 
Vcc=4.5V 500 ns 

Storage Temperature Range (Tsrn) - 65°C to + 150°C Vcc=6.0V 400 ns 
Power Dissipation (Po) 

(Note3) 600mW 
S.O. Package only 500mW 

Lead Temp. (TL) (Soldering 10 seconds) 260°c 

DC Electrical Characteristics (Note 4) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee TA= -40to85°C TA= - 55 to 125°C Units 

Typ Guaranteed Limits 

V1H Minimum High Level 2.0V 1.5 1.5 1.5 v 
Input Voltage 4.5V 3.15 3.15 3.15 v 

9.0V 6.3 6.3 6.3 v 
12.0V 8.4 8.4 8.4 v 

V1L Maximum Low Level 2.0V 0.5 0.5 0.5 v 
Input Voltage** 4.5V 1.35 1.35 1.35 v 

9.0V 2.7 2.7 2.7 v 
12.0V 3.6 3.6 3.6 v 

RoN Maximum 'ON' Resistance VcrL =V1H1 ls=2.0 mA 4.5V 100 170 200 220 n 
(See Note 5) V1s=Vcc to GND 9.0V 50 85 105 120 n 

(Figure 1) 12.0V 30 70 85 100 n 
2.0V 100 180 215 240 n 

VcrL =V1H1 ls=2.0 mA 4.5V 40 80 100 120 n 
V1s=VccorGND 9.0V 35 60 75 80 n 
(Figure 1) 12.0V 20 40 60 70 n 

RoN Maximum 'ON' Resistance VcrL =V1H 4.5V 10 15 20 20 n 
Matching V1s=Vcc to GND 9.0V 5 10 15 15 n 

12.V 5 10 15 15 n 
l1N Maximum Control V1N=VccorGND 6.0V ±0.1 ±1.0 ±1.0 µA 

Input Current 

l1z Maximum Switch 'OFF' Vos=VccorGND 6.0V ±60 ±600 ±600 nA 
Leakage Current V1s = GND or Vee 9.0V ±80 ±800 ±800 nA 

VcrL = V1L(Figure 2) 12.0V ±100 ±1000 ±1000 nA 

l1z Maximum Switch 'ON' V1s=Vcc to GND 6.0V ±40 ±150 ±150 nA 
Leakage Current VcrL =VrH· VoH =OPEN 9.0V ±50 ±200 ±200 nA 

(Figure 3) 12.0V ±60 ±300 ±300 nA 

Ice Maximum Quiescent V1N =Vee or GND 6.0V 2.0 20 40 µA 
Supply Current lour=O µA 9.0V 4.0 40 80 µA 

12.0V 8.0 80 160 µA 
Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mW /°C from 65°C to 85°C; ceramic "J" package: -12 mW l°C from 1 oo•c to 125°C. 

Note 4: For a power supply of 5V ± 10% the worst case on resistances (RoN) occurs for HC at 4.5V. Thus the 4.5V values should be used when designing with 
this supply. Worst case V1H and Vil occur at Vee= 5.5V and 4.5V respectively. (The V1H value at 5.5V is 3.85V.) The worst case leakage current occur for CMOS at 
the higher voltage and so these values should be used. 

Note 5: At supply voltages (Vee-GND) approaching 2V the analog switch on resistance becomes extremely non-linear. Therefore it is recommended that these 
devices be used to transmit digital only when using these supply voltages. 

••v1L limits are currently tested at 20% of Vee. The above V1L specification (30% of Vee) will be implemented no later than 01, CY'89. 
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AC Electrical Characteristics Vee = 2.0V-12.0V, CL = 50 pF (unless otherwise specified), (Notes 6 and 7) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee TA= - 40 to 85°C TA= -55to 125°C Units 

Typ Guaranteed Limits 

tPHL• tPLH Maximum Propagation 2.0V 25 50 62 75 ns 
Delay Switch In to 4.5V 5 10 13 15 ns 
Out 9.0V 4 8 12 14 ns 

12.0V 3 7 11 13 ns 

tpzL, tpzH Maximum Switch Turn AL =1 k!l 2.0V 32 100 125 150 ns 
"ON" Delay '1.5V B 20 25 30 ns 

9.0V 6 12 15 18 ns 
12.0V 5 10 13 15 ns 

tpHz, tpLZ Maximum Switch Turn AL= 1 k!l 2.0V 45 168 210 252 ns 
"OFF" Delay 4.5V 15 36 45 54 ns 

9.0V 10 32 40 48 ns 
12.0V 8 30 38 45 ns 

Minimum Frequency AL = 600!1, V1s = 2Vpp 4.5V 40 MHz 
Response (Figure 7) at (Vee/2) 9.0V 100 MHz 
20 log (VoslV1s) = -3 dB (Notes 6 & 7) 

Control to Switch AL = 600!1, F = 1 MHz 4.5V 100 mV 
Feedthrough Noise CL= 50 pF 9.0V 250 mV 

(Figure 8) (Notes 7 & 8) 

Crosstalk Between AL = 600!1, F = 1 MHz 
any Two Switches 4.5V -52 dB 

(Figure 9) 9.0V -50 dB 

Switch OFF Signal AL = 600!1, F = 1 MHz 
Feedthrough VerL = V1L 
Isolation (Notes 7 & 8) 4.5V -42 dB 

(Figure 10) 9.0V -44 dB 

THO Sinewave Harmonic AL= 10 k!l, CL= 50 pF, 
Distortion F = 1 kHz 

(Figure 11) Vis= 4Vpp 4.5V 0.013 % 
Vis= 8Vpp 9.0V 0.008 % 

C1N Maximum Control 5 10 10 10 pF 
Input Capacitance 

C1N Maximum Switch 15 pF 
Input Capacitance 

C1N Maximum Feedthrough VeTL =GND 5 pF 
Capacitance 

Cpo Power Dissipation (per switch) 15 pF 
Capacitance 

Note 6: Adjust O dBm for F = 1 kHz (Null RL/RoN Attenuation) 

Note 7: Vis is centered at Vcc/2 
Note 8: Adjust input for o dBm 
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AC Test Circuits and Switching Time Waveforms 

Ven-Vee ----
Vee 

CONTROL Vee 

V1s------110 1OF4 
SWITCHES 

Vm =OV ----
Vee 

011------vos 
AMMETER CONTROL Vee 

GND 
Vis= GNO OR Vee 1/0 

1OF4 
SWITCHES 0111---- Vos=VeeORGND 

GNO 

-----~t------' 

FIGURE 2. "OFF" Channel Leakage Current 
TL/F/5350-3 

FIGURE 1. "ON" Resistance 

Ven =V1H----
Vee 

AMMETER CONTROL Vee 

V1s=Vee 
TO GND 

110 1 OF 4 
SWITCHES 

GND 

O/lt----- Vos (OPENI 

TL/F/5350-5 

FIGURE 3. "ON" Channel Leakage Current 

Ven=V1H __ _ Vee 

CONTROL Vee 

110 S~l~~H~S 0111-------Vos 

GND CL l50pF 
TL/F/5350-6 

FIGURE 4. tPHL• tPLH Propagation Delay Time Signal Input to Signal Output 

Ven---- Vee 

CONTROL Vee 

Vee 

RL 
1K 

1/0 S~l~~~ES 0/1 ........ -Vos 

GND CL T50pF 
TL/F/5350-6 

FIGURE 5. tpzL, tpLZ Propagation Delay Time Control to Signal Output 
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AC Test Circuits and Switching Time Waveforms (Continued) 

Ven--- Vee lPZH lPHZ 

Vee~ Vee~ 
Yoo 

CONTROL Vee 50"!. 50°1. 

l/O S~l~~:ES Oii "~ "~ Vos 
GND CL RL VoH VoH 

T50pF lkO 
ov ov 

":" Vcc/2 

TL/F/5350-10 

FIGURE 6. tpzH, tpHz Propagation Delay Time Control to Signal Output 

Ven-----
Vee 

CONTROL Vee 

Vee 

CONTROL Vee 

IN/OUT 

GND 
OUT/IN 11----------- Vos 

SOpF 
600A I 

Vec/2 "= 

FIGURE 7. Frequency Response 

IN/OUT S~l~~H4ESOUT/IN--------vos 
GND CL 

J"'' Vos 

Vcc/2 Vcc/2 

TL/F/5350-12 

FIGURE 8. Crosstalk: Control Input to Signal Output 

3-365 

TL/F/5350-20 

TL/F/5350-11 

• CROSSTALK 

t 
TL/F/5350-13 



AC Test Circuits and Switching Time Waveforms (Continued) 

Ven(1)•Vee----
Vee 

soon CONTROL Vee 

-""""''V\1--tlN/OUT S~l~~:Es OUT /INl---t--- Vos111 

GND 

TL/F/5350-14 

Vee 
Ven121•DV-----

CONTROL Vee 

V1s121 = ov IN/OUT S~l~~:es OUT /1Nt'---tlt--Vos121 

GND 
soon RL 

soon 

"~~ 
1/1 

TL/F/5350-15 

TL/F/5350-16 

FIGURE 9. Crosstalk Between Any Two Switches 

Vee 

VeTL =V1H FIN IS A SINE WAVE 

CONTROL Yee 

FIN IN/OUT OUT/IN Vos 
600.Q 

GND so pr 
600.Q 

I 
- Vec/2 

TL/F/5350-21 

FIGURE 10. Switch OFF Signal Feedthrough Isolation 

Yee 

F1N IS A SINE WAVE 

CONTROL Yee 

IN/OUT OUT/IN1---.... --..... Vos. 
GND 

SOpF 

I 
______ .. 10k.Q 

Ycc/2 

TL/F/5350-22 

FIGURE 11. Sinewave Distortion 
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Typical Performance Characteristics 

Typical "On" Resistance Typical Frequency Response 
16Q.----.---.----.---.----.----, 0.0 ....---.---.----.---.----.-----. 

g 
~ 100 
z 
~ 
VI 

~ 80 
IX 

z 
60 p 

40 

20 

4 6 

INPUT VOLTAGE {V) 

III ..., 
z 

~ 
>o 

10 12 

TL/F/5350-19 

Typical Crosstalk Between 
Any Two Switches 

-1.0 

-2.0 

-3.0 

100K 

-30r----.---.----.---~---,----. 

! -45 

-70.__ _ _,_ __ ..__ _ _._ __ ..__ _ _._ _ __. 

100K 11.t 10t.f 1001.t 

FREQUENCY (Hz) 

Special Considerations 

11.C 10t.f. 1001.t 

FREQUENCY (Hz) 

TL/F/5350-23 

TL/F/5350-24 

In certain applications the external load-resistor current may include both Vee and signal line components. To avoid drawing 
Vee current when switch current flows into the analog switch input pins, the voltage drop across the switch must not exceed 
0.6V (calculated from the ON resistance). 
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~National 
~Semiconductor 

MM54HC4017/MM74HC4017 
Decade Counter/Divider with 10 Decoded Outputs 

General Description 
The MM54HC4017/MM74HC4017 is a 5-stage Johnson 
counter with 10 decoded outputs that utilizes advanced sili
con-gate CMOS technology. Each of the decoded outputs is 
normally low and sequentially goes high on the low to high 
transition of the clock input. Each output stays high for one 
clock period of the 10 clock period cycle. The CARRY out
put transitions low to high after OUTPUT 9 goes low, and 
can be used in conjunction with the CLOCK ENABLE to 
cascade several stages. The CLOCK ENABLE input dis
ables counting when in the high state. A RESET input is 
also provided which when taken high sets all the decoded 
outputs low except output 0. 

The MM54HC4017 /MM7 4HC4017 is functionally and pinout 
equivalent to the CD4017BM/CD4017BC. It can drive 

Connection Diagram 

up to 10 low power Schottky equivalent loads. All inputs are 
protected from damage due to static discharge by diodes 
from Vee and ground. 

Features 
• Wide power supply range: 2-6V 
• Typical operating frequency: 30 MHz 
• Fanout of 10 LS-TTL loads 
• Low quiescent current: 80 µA (74HC Series) 
• Low input current: 1.0 µA 

Dual-In-Line and Flat Package 

DECODED OUTPUT "5" 
16 

Vee 

DECODED OUTPUT "1" 
15 

RESET 

DECODED OUTPUT "O" 14 
CLDCK 

DECODED OUTPUT "2" 
13 

CLOCK ENABLE 

DECODED OUTPUT "&" 
12 

CARRY-OUT 

DECODED OUTPUT "7" 
11 

DECODED OUTPUT "9" 

DECODED OUTPUT "3" 
10 

DECODED OUTPUT "4" 

GND DECODED OUTPUT "8" 

TOP VIEW 

Order Number MM54HC4017• or MM74HC4017• 
•Please look into Section 8, Appendix D for availability of various package types. 
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Absolute Maximum Ratings (Notes 1 & 2) 

If Military I Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage (Vee) -0.5 to + 7.0V 

DC Input Voltage (ViN) -1.5 to Vee+ 1.5V 

DC Output Voltage (Vour) - 0.5 to V cc+ 0.5V 

Clamp Diode Current (l1K. loK) 

DC Output Current, per pin (lour) 

DC Vee or GND Current, per pin (Ice) 

Storage Temperature Range (T srn) 
Power Dissipation (Po) 

(Note3) 
S.O. Package only 

Lead Temperature (TL) 
(Soldering 10 seconds) 

±20mA 

±25mA 

±50mA 

- 65°C to + 150'C 

600mW 
500mW 

260°C 

DC Electrical Characteristics (Note 4) 

Operating Conditions 
Min 

Supply Voltage (Vee) 2 

DC Input or Output Voltage O 

(VIN· Vour) 

Operating Temp. Range (TA) 
MM74HC -40 
MM54HC -55 

Input Rise or Fall Times 
(tr. ti) Vcc=2.0V 

Vcc=4.5V 
Vcc=6.0V 

Max 
6 

Vee 

+85 
+125 

1000 
500 
400 

74HC 54HC 

Units 
v 
v 

oc 
oc 

ns 
ns 
n::; 

Symbol Parameter Conditions Vee 
TA=25°C 

TA=-40to85°C TA=-55to125°C Units 

Ice 

Minimum High Level 

Input Voltage 

Maximum Low Level 
Input Voltage•• 

Minimum High Level 

Output Voltage 

Maximum Low Level 

Output Voltage 

Maximum Input 

Current 

Maximum Quiescent 

Supply Current 

V1N = V1H or V1L 

I lour I s 20 µA 

V1N=V1H orV1L 

llourl s4.0 mA 

I lourl s 5.2 mA 

V1N=V1H orV1L 

llourls20 µA 

V1N = V1H or V1L 
I lourl s 4.0 mA 

llourl s 5.2 mA 

V1N =Vee or GND 

V1N=Vcc or GND 

lour=O µA 

2.0V 

4.5V 

6.0V 

2.0V 

4.5V 

6.0V 

2.0V 

4.5V 

6.0V 

Typ 

2.0 

4.5 

6.0 

4.5V 4.2 

6.0V 5.7 

2.0V 

4.5V 

6.0V 

0 
0 
0 

4.5V 0.2 

6.0V 0.2 

6.0V 

6.0V 

1.5 
3.15 

4.2 

0.5 

1.35 

1.8 

1.9 

4.4 

5.9 

3.98 

5.48 

0.1 

0.1 

0.1 

0.26 

0.26 

±0.1 

8.0 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Guaranteed Limits 

1.5 
3.15 

4.2 

0.5 

1.35 

1.8 

1.9 

4.4 

5.9 

3.84 

5.34 

0.1 

0.1 

0.1 

0.33 

0.33 

±1.0 

80 

1.5 
3.15 

4.2 

0.5 

1.35 

1.8 

1.9 

4.4 

5.9 

3.7 

5.2 

0.1 

0.1 

0.1 

0.4 

0.4 

±1.0 

160 

v 
v 
v 
v 
v 
v 

v 
v 
v 

v 
v 

v 
v 
v 

v 
v 

µA 

µA 

Note 3: Power Dissipation temperature derating-plastic "N" package: -12 mW/'C from 65°C to 85°C; ceramic "J" package: -12 mWl°C from 100°Cto 125°C. 

Note 4: For a power supply of 5V ± 10% the worst case output voltages (VoH. and Voll occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case V1H and V1L occur at Vee= 5.5V and 4.5V respectively. (The V1H value at 5.5V is 3.85V.) The worst case leakage current (llN• 
Ice. and loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 

••v1L limits are currently tested at 20% of Vee· The above V1L specification (30% of Vee) will be implemented no later than 01, CY'89. 
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AC Electrical Characteristics Vcc=5V, TA=25°C, CL= 15 pF, tr=t1=6 ns 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

fMAX Maximum Clock Frequency Measured with 50 30 MHz 
respect to carry line 

tPHL• tPLH Maximum Propagation 26 44 ns 
Delay, Enable to Carry-Out Line 

tPHL• tpLH Maximum Propagation 27 44 ns 
Delay Enable Decode-Out Lines · 

tpHL• tpLH Maximum Propagation 23 40 ns 
Delay, Reset or Clock to Decode Out 

tPHL• tpLH Maximum Propagation 23 40 ns 
Delay, Reset or Clock to Carry Out 

ts Minimum Clock Inhibit to Clock 12 20 ns 
Set-Up Time 

tw Minimum Clock or Reset Pulse Width 8 16 ns 

tREM Minimum Reset Removal Time 20 10 ns 

AC Electrical Characteristics Vcc=2.0-6.0V, CL =50 pF, tr=t1=6 ns (unless otherwise specified) 

TA =25°C 
74HC 54HC 

Symbol Parameter Conditions Vee TA= -40to85°C TA= -55to 125°C Units 

Typ Guaranteed Limits 

fMAX Maximum Clock Frequency Measured with 2.0V 6 5 4 MHz 
respect to carry line 4.5V 30 24 20 MHz 

6.0V 35 28 24 MHz 

tPHL• tPLH Maximum Propagation 2.0V 89 250 312 375 ns 
Delay, Enable to Carry-Out Line 4.5V 25 50 63 75 ns 

6.0V 20 43 54 65 ns 

tpHL• tPLH Maximum Propagation 2.0V 90 250 312 375 ns 
Delay, Enable to Decode Out Line 4.5V 25 50 63 75 ns 

6.0V 20 43 54 65 ns 

tpHL• tPLH Maximum Propagation 2.0V 82 230 288 345 ns 
Delay, Reset or Clock to Decode Out 4.5V 22 46 58 69 ns 

6.0V 18 39 49 59 ns 

tpHL• tPLH Maximum Propagation 2.0V 82 230 288 345 ns 
Delay, Reset or Clock to Carry Out 4.5V 22 46 58 69 ns 

6.0V 18 39 49 59 ns 

tw Minimum Reset, Clock, or 2.0V 30 80 100 120 ns 
Clock Enable Pulse Width 4.5V 9 16 20 24 ns 

6.0V 8 14 18 21 ns 

tREM Minimum Reset Removal Time 2.0V 100 125 150 ns 
4.5V 20 25 30 ns 
6.0V 17 21 25 ns 

ts, tH Minimum Clock Inhibit 2.0V 50 63 75 ns 
to Clock Set-Up or Hold Time 4.5V 10 13 15 ns 

6.0V 9 11 13 ns 

trHL· trLH Maximum Output Rise 2.0V 30 75 95 110 ns 
and Fall Time 4.5V 8 15 19 22 ns 

6.0V 7 13 16 19 ns 

tr, t1 Minimum Input Rise and Fall Time 2.0V 1000 1000 1000 ns 
4.5V 500 500 500 ns 
6.0V 400 400 400 ns 

Cpo Power Dissipation (per package) pF 
Capacitance (Note 5) 

C1N Maximum Input Capacitance 5 10 10 10 pF 

Note 5: Cpo determines the no load dynamic power consumption, Po=Cpo Vcc2 f+ Ice Vee. and the no load dynamic current consumption, ls=Cpo Vee f+ Ice. 
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Logic and Timing Diagrams 
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~National 
D Semiconductor· 

MM54HC4020/MM74HC4020 
14-Stage Binary Counter 
MM54HC4040/MM74HC4040 
12-Stage Binary Counter 
General Description 
The MM54HC4020/MM74HC4020, MM54HC4040/ 
MM74HC4040, are high speed binary ripple carry counters. 
These counters are implemented utilizing advanced silicon
gate CMOS technology to achieve speed performance simi
lar to LS-TIL logic while retaining the low power and high 
noise immunity of CMOS. 

These devices are pin equivalent to the CD4020 and 
CD4040 respectively. All inputs are protected from damage 
due to static discharge by protection diodes to Vee and 
ground. 

Features 
The 'HC4020 is a 14 stage counter and the 'HC4040 is a 12-
stage counter. Both devices are incremented on the falling 
edge (negative transition) of the input clock, and all their 
outputs are reset to a low level by applying a logical high on 
their reset input. 

• Typical propagation delay: 16 ns 

Connection Diagrams 

• Wide operating voltage range: 2-6V 
• Low input current: 1 µA maximum 
• Low quiescent current: 80 µA maximum (74HC Series) 
• Output drive capability: 10 LS-TTL loads 

Dual-In-Line Packages 

'HC4040 
Vee 011 010 as Q9 RESET CLOCK QI 

116 15 14 13 12 11 10 9 

_Q_ 

~r I-

1 2 3 4 5 6 7 1a 
012 013 014 06 05 07 04 GNO 

TOP VIEW TL/F/5216-1 

'HC4020 
Vee 011 010 as 09 RESET CLOCK 01 

116 15 14 13 12 11 10 9 

__Q_ 

)r I-

1 2 3 4 5 6 7 Ta 
012 06 05 07 04 03 02 GNO 

TOP VIEW TL/F/5216-3 

Order Number MM54HC4020/4040* or MM74HC4020/4040* 
•Please look into Section 8, Appendix D for availability of various package types. 
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Absolute Maximum Ratings (Notes 1 & 2) 

If Military/ Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage (Vee) -0.5 to+ 7.0V 

DC Input Voltage MN) -1.5 to Vee+ 1.5V 

DC Output Voltage (Vour) 

Clamp Diode Current (lco) 

DC Output Current, per pin (lour) 

DC Vee or GND Current, per pin (Ice) 

Storage Temperature Range (T srn) 

Power Dissipation (Po) 
(Note3) 
S.O. Package only 

Lead Temperature (TL) 
(Soldering 10 seconds) 

-0.5 to Vcc+0.5V 

±20mA 

±25mA 

±50mA 

- 65°C to + 150°c 

600mW 
500mW 

260°c 

DC Electrical Characteristics (Note 4) 

Operating Conditions 
Min 

Supply Voltage (Vee) 2 

DC Input or Output Voltage 0 

MN. Vour) 

Operating Temp. Range (TA) 
MM74HC -40 
MM54HC -55 

Input Rise or Fall Times 
(tr. t1) Vcc=2.0V 

Vcc=4.5V 
Vcc=6.0V 

74HC 

Max 
6 

Vee 

+85 
+125 

1000 
500 
400 

54HC 

Units 
v 
v 

·c 
·c 

ns 
ns 
ns 

Symbol Parameter Conditions Vee 
Typ 

TA= -40 to as·c TA= -55 to 12s·c Units 

Guaranteed Limits 

Ice 

Minimum High Level Input 
Voltage 

Maximum Low Level Input 
Voltage** 

Minimum High Level Output 

Voltage 
V1N = V1H or V1L 
llourl ::;;20 µA 

2.0V 
4.5V 
6.0V 

2.0V 
4.5V 

6.0V 

2.0V 
4.5V 
6.0V 

2.0 

4.5 
6.0 

1.5 
3.15 
4.2 

0.5 

1.35 
1.8 

1.9 
4.4 

5.9 

V1N = V1H or V1L 
llourl ::;;4_0 mA 
llourl ::;;5,2 mA 

4.5V 4.2 3.98 
6.0V 5. 7 5.48 

Maximum Low Level Output V1N = V1H or V1L 

Voltage liourl ::;;20 µA 2.0V 0 
4.5V 0 

6.0V 0 

V1N = V1H or V1L 
liourl::;;4,o mA 4.5V 
llourl ::;;5_2 mA 6.0V 

Maximum Input Current V1N=VccorGND 6.0V 

Maximum Quiescent Supply V1N = V cc or GND 6.0V 
Current lour= O µA 

0.2 
0.2 

0.1 
0.1 
0.1 

.26 

.26 

±0.1 

8.0 

Note 1: Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

1.5 
3.15 

4.2 

0.5 

1.35 
1.8 

1.9 
4.4 
5.9 

3.84 
5.34 

0.1 
0.1 
0.1 

0.33 

0.33 

±1.0 

80 

1.5 
3.15 
4.2 

0.5 
1.35 
1;8 

1.9 
4.4 
5.9 

3.7 
5.2 

0.1 
0.1 
0.1 

0.4 

0.4 

±1.0 

160 

v 
v 
v 
v 
v 
v 

v 
v 
v 

v 
v 

v 
v 
v 

v 
v 

µA 

µA 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mW /'C from 65'C to 85'C; ceramic "J" package: -12 mW /'C from 1 OO'C to 125'C. 

Note 4: For a power supply of 5V ± 10% the worst case output voltages (VoH· and You occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case V1H and V1L occur at Vee= 5.5V and 4.5V respectively. (The V1H value at 5.5V is 3.85V.) The worst case leakage current (l1N. 
Ice. and loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 

••v1L limits are currently tested at 20% of Vee. The above V1L specification (30% of Vee) will be implemented no later than 01, CY'B9. 
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AC Electrical Characteristics Vee= 5V, TA= 25°C, CL= 15 pF, tr= tt= 6 ns 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

fMAX Maximum Operating Frequency 50 30 MHz 

tPHL• tPLH Maximum Propagation (Note5) 17 35 ns 
Delay Clock to 0 

tPHL Maximum Propagation 16 40 ns 
Delay Reset to any O 

tREM Minimum Reset 10 20 ns 
Removal Time 

tw Minimum Pulse Width 10 16 ns 

AC Electrical Characteristics Vee=2.0Vto6.0V, CL =50 pF, tr=tt=6 ns (unless otherwise specified) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee TA= -40 to 85°C TA= -55 to 125°C Units 

Typ Guaranteed Limits 

fMAX Maximum Operating 2.0V 10 6 5 4 MHz 
Frequency 4.5V 40 30 24 20 MHz 

6.0V 50 35 28 24 MHz 

tpHL• tpLH Maximum Propagation 2.ov 80 210 265 313 ns 
Delay Clock to 01 4.5V 21 42 53 63 ns 

6.0V 18 36 45 53 ns 

TPHL, tPLH Maximum Propagation 2.0V 80 125 156 188 ns 
Delay Between Stages 4.5V 18 25 31 38 ns 
from On to On+ 1 6.0V 15 21 26 31 ns 

tpHL Maximum Propagation 2.0V 80 210 265 313 ns 
Delay Reset to 0 4.5V 21 42 53 63 ns 
('4024only) 6.0V 18 36 45 53 ns 

tpHL Maximum Propagation 2.0V 72 240 302 358 ns 
Delay Reset to any 0 4.5V 24 48 60 72 ns 
(' 4020 and '4040) 6.0V 20 41 51 61 ns 

tREM Minimum Reset 2.0V 100 126 149 ns 
Removal Time 4.5V 20 25 50 ns 

6.0V 16 21 25 ns 

tw Minimum Pulse Width 2.0V 90 100 120 ns 
4.5V 16 20 24 ns 
6.0V 14 18 20 ns 

trLH· trHL Maximum 2.0V 30 75 95 110 ns 
Output Rise 4.5V 10 15 19 22 ns 
and Fall Time 6.0V 9 13 16 19 ns 

tr, tt Maximum Input Rise and 1000 1000 1000 ns 
Fall Time 500 500 500 ns 

400 400 400 ns 

Cpo Power Dissipation (per package) 55 pF 
Capacitance (Note 6) 

C1N Maximum Input 5 10 10 10 pF 
Capacitance 

Note 5: Typical Propagation delay time to any output can be calculated using: Ip = 17 + 12(N-1) ns; where N is the number of the output, Ow. at Vee= 5V. 

Note 6: Cpo determines the no load dynamic power consumption, Po= Cpo V cc2 f + Ice V cc. and the no load dynamic current consumption, Is= Cpo V cc f + Ice· 
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~National 
~Semiconductor 

MM54HC4046/MM7 4HC4046 
CMOS Phase Lock Loop 

General Description 
The MM54HC4046/MM74HC4046 is a low power phase 
lock loop utilizing advanced silicon-gate CMOS technology 
to obtain high frequency operation both in the phase com
parator and VCO sections. This device contains a low power 
linear voltage controlled oscillator (VCO), a source follower, 
and three phase comparators. The three phase compara
tors have a common signal input and a common comparator 
input. The signal input has a self biasing amplifier allowing 
signals to be either capacitively coupled to the phase com
parators with a small signal or directly coupled with standard 
input logic levels. This device is similar to the CD4046 ex
cept that the Zener diode of the metal gate CMOS device 
has been replaced with a third phase comparator. 

Phase Comparator I is an exclusive OR (XOR) gate. It pro
vides a digital error signal that maintains a 90 phase shift 
between the VCO's center frequency and the input signal 
(50% duty cycle input waveforms). This phase detector is 
more susceptible to locking onto harmonics of the input fre
quency than phase comparator I, but provides better noise 
rejection. 

Phase comparator Ill is an SR flip-flop gate. It can be used 
to provide the phase comparator functions and is similar to 
the first comparator in performance. 

Phase comparator II is an edge sensitive digital sequential 
network. Two signal outputs are provided, a comparator out
put and a phase pulse output. The comparator output is a 
TRI-STATE® output that provides a signal that locks the 
VCO output signal to the input signal with 0 phase shift 

Block and Connection Diagrams 
SIGNAL 

IN 

GND-YV\l~-

GND-YV\I~--

Vee 
16 

R3 

LOW 
MSS 

------+-<>------FILTER 

TC2 
Vss 

GNO TL/F/5352-1 

between them. This comparator is more susceptible to 
noise throwing the loop out of lock, but is less likely to lock 
onto harmonics than the other two comparators. 

In a typical application any one of the three comparators 
feed an external filter network which in turn feeds the VCO 
input. This input is a very high impedance CMOS input 
which also drives the source follower. The VCO's operating 
frequency is set by three external components connected to 
the C1A, C18, R1 and R2 pins. An inhibit pin is provided to 
disable the VCO and the source follower, providing a meth
od of putting the IC in a low power state. 

The source follower is a MOS transistor whose gate is con
nected to the VCO input and whose drain connects the De
modulator output. This output normally is used by tying a 
resistor from pin 1 O to ground, and provides a means of 
looking at the VCO input without loading down modifying the 
characteristics of the PLL filter. 

Features 
• Low dynamic power consumption 
• Maximum VCO operating frequency: 

(Vcc=4.5V) 

(Vcc=4.5V) 
12 MHz 

• Fast comparator response time (Vcc=4.5V) 
Comparator I: 25 ns 
Comparator II: 30 ns 
Comparator Ill: 25 ns 

• VCO has high linearity and high temperature stability 

PHASE PULSES 

PHASE COMP I OUT 

COMPARATOR IN 

VCO OUT 

INHIBIT 

C1A 

C1e 

Vss 

Dual-In-Line Package 

16 Yoo 

15 PHASE COMP Ill OUT 

14 SIGNAL IN 

13 PHASE COMP II OUT 

12 R2 

11 R1 

10 DEMODULATOR OUT 

VCO IN 

TOP VIEW 
TL/F/5352-2 

Order Number MM54HC4046* or MM74HC4046* 
•Please look into Section B, Appendix D 
for availability of various package types. 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
If Military/Aerospace specified devices are required, Min Max Units 
contact the National Semiconductor Sales Office/ Supply Voltage (Vee) 2 6 v 
Distributors for availability and specifications. DC Input or Output Voltage 0 Vee v 
Supply Voltage (Vee) -0.5 to+ 7.0V MN. Vour) 
DC Input Voltage MN) -1.5 to Vee+ 1.5V Operating Temp. Range (TA) 
DC Output Voltage (Vour) -0.5toVcc + 0.5V MM74HC -40 +85 ·c 
Clamp Diode Current (l1K. loK) ±20mA 

MM54HC -55 +125 ·c 
DC Output Current per pin (lour) ±25mA 
DC Vee or GND Current, per pin (Ice) ±50mA Input Rise or Fall Times 

Storage Temperature Range (T srn) - 65°C + 15o•c (tr,tt) Vcc=2.0V 1000 ns 
Power Dissipation (Po) Vcc=4.5V 500 ns 

(Note3) 600mW Vcc=6.0V 400 ns 
S.O. Package only 500mW 

Lead Temperature (TL) 
(Soldering 1 O seconds) 260°C 

DC Electrical Characteristics (Note 4) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee TA= -40 to as·c TA= -ssto 12s·c Units 

Typ Guaranteed Limits 

V1H Minimum High Level Input 2.0V 1.5 1.5 1.5 v 
Voltage 4.5V 3.15 3.15 3.15 v 

6.0V 4.2 4.2 4.2 v 
V1L Maximum Low Level Input 2.0V 0.5 0.5 0.5 v 

Voltage** 4.5V 1.35 1.35 1.35 v 
6.0V 1.8 1.8 1.8 v 

VoH Minimum High Level Output V1N = V1H or V1L 
Voltage I lour I~ 20 µA 2.0V 2.0 1.9 1.9 1.9 v 

4.5V 4.5 4.4 4.4 4.4 v 
6.0V 6.0 5.9 5.9 5.9 v 

V1N=V1H orV1L 
l1ourl~4.0 mA 4.5V 4.2 3.98 3.84 3.7 v 
llourl~5.2 mA 6.0V 5.7 5.48 5.34 5.2 v 

Vol Maximum Low Level Output V1N = V1H or V1L 
Voltage I lour I ~ 20 µA 2.0V 0 0.1 0.1 0.1 v 

4.5V 0 0.1 0.1 0.1 v 
6.0V 0 0.1 0.1 0.1 v 

V1N = V1H or V1L 
ilourl~4.0 mA 4.5V 0.2 0.26 0.33 0.4 v 
I lour I ~ 5.2 mA 6.0V 0.2 0.26 0.33 0.4 v 

l1N Maximum Input Current (Pins 3,5,9) V1N =Vee or GND 6.0V ±0.1 ±1.0 ±1.0 µA 

l1N Maximum Input Current (Pin 14) V1N=VccorGND 6.0V 20 50 80 100 µA 

loz Maximum TRI-ST ATE Output Vour=Vcc or GND 6.0V ±0.5 ±5.0 ±10 µA 
Leakage Current (Pin 13) 

Ice Maximum Quiescent Supply V1N =Vee or GND 6.0V 30 80 130 160 µA 
Current lour=O µA 

V1N = Vee or GND 6.0V 600 1500 2400 3000 µA 
Pin 140pen 

Note 1: Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature deratlng - plastic "N" package: -12 mW /'C from 65'C to BS'C; ceramic "J" package: -12 mW /'C from 1 OO'C to 125'C. 
Note 4: For a power supply of SV ± 10% the worst case output voltages (VoH• and VoL.l occur for HC at 4.SV. Thus the 4.5V values should be used when 
designing with this supply. Worst case ViH and V1L occur at Vee= 5.5V and 4.5V respectively. (The V1H value at 5.SV Is 3.B5V.) The worst case leakage current (l1N. 
Ice. and loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
•• v1L limits are currently tested at 20% of Vee. The above ViL specification (30% of Vee) will be implemented no later than 01, CY'89. 
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AC Electrical Characteristics Vee=2.0to 6.0V, CL=50 pF, tr=t1=6 ns (unless otherwise specified.) 

Symbol Parameters Conditions Vee 
T=25C 74HC 54HC 

Units 
Typ Guaranteed Limits 

AC Coupled C (series) = 100 pF 2.0V 25 100 150 200 mV 
Input Sensitiv- ftN=500 kHz 4.5V 50 150 200 250 mV 
ity, Signal In 6.0V 135 250 300 350 mV 

tr, t1 Maximum Output 2.0V 30 75 95 110 ns 
Rise and Fall 4.5V 9 15 19 22 ns 
Time 6.0V 8 12 15 19 ns 

CtN Maximum Input 7 pF 
Capacitance 

Phase Comparator I 

tpHL• tpLH Maximum Prop- 2.0V 65 200 250 300 ns 
agation Delay 4.5V 25 40 50 60 ns 

6.0V 20 34 43 51 ns 

Phase Comparator II 

tpzL Maximum TRI- 2.0V 75 225 280 340 ns 
ST ATE Enable 4.5V 25 45 56 68 ns 
Time 6.0V 22 38 48 57 ns 

tpzH. tpHz Maximum TRI- 2.0V 88 240 300 360 ns 
ST ATE Enable 4.5V 30 48 60 72 ns 
Time 6.0V 25 41 51 61 ns 

tpLz Maximum TRI- 2.0V 90 240 300 360 ns 
ST ATE Disable 4.5V 32 48 60 72 ns 
Time 6.0V 28 41 51 61 ns 

tpHL• tPLH Maximum Prop- 2.0V 100 250 310 380 ns 
agation Delay 4.5V 34 50 63 75 ns 
High to Low 6.0V 27 43 53 64 ns 
to Phase Pulses 

Phase Comparator Ill 

tPHL• tPLH Maximum Prop- 2.0V 75 200 250 300 ns 
agation Delay 4.5V 25 40 50 60 ns 

6.0V 22 34 43 51 ns 

Cpo Maximum Power All Comparators 130 pF 
Dissipation VtN =Vee and GND 
Capacitance 

Voltage Controlled Oscillator (Specified to operate from Vee= 3.0V to 6.0V) 

fMAX Maximum C1 = 50 pF 
Operating R1 = 1000 4.5V 7 4.5 MHz 
Frequency R2 = oo 6.0V 11 7 MHz 

VCOin =Vee 
C1 = 0 pF 4.5V 12 MHz 
R1 = 1000 6.0 14 MHz 
VCOin =Vee 

Duty Cycle 50 % 

Demodulator Output 

Offset Voltage Rs= 20 kO 4.5V 0.75 1.3 1.5 1.6 v 
VCOin-Vdem 

Offset Rs= 20 kn 4.5V 
Variation VCOin = 1.75V 0.65 v 

2.25V 0.1 
2.75V 0.75 
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Typical Performance Characteristics 
Typical Center Frequency 
vs R1, C1 Vee= 4.5V 
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Typical Performance Characteristics ccontinued) 

HC4046 Typical VCO Power Dissipation HC4046 Typical VCO Power 
Dissipation @ fm1n vs R2 
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Typical Performance Characteristics (Continued) 

HC4046 Typical Source Follower Typical fmaxlfm1n vs R2/R1 
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Comparator I Comparator II & Ill 

R2= oo A2*oo R2= oo R2*oo 

-Given: fo -Given: fo and fL -Given: fmax -Given: fmin and fmax 
-Use fo with curve titled -Calculate fmin from the -Calculate t0 from the -Use fmin with curve titled 
center frequency vs R1, C equation fmin = f0 - fL equation f0 = fmax/2 offset frequency vs R2, 
to determine R1 and C1 -Use fmin with curve titled -Use fo with curve titled C to determine R2 and C1 

offset frequency vs R2, C center frequency vs A 1, C -Calculate fmaxlfmin 
to determine R2 and C1 to determine R1 and C1 -Use fmaxlfmin with curve 

-Calculate fmaxlfmin from titled fmaxlfmin vs R2/R1 
the equation fmaxlfmin = to determine ratio R2/R1 
f0 + fL/f0 - fL to obtain R1 

-Use fmaxlfmin with curve 
titled fmaxlfmin vs R2/R1 
to determine ratio R2/R1 
to obtain R1 

(b) 

FIGURE 1 (Continued) 

Detailed Circuit Description 
VOLTAGE CONTROLLED OSCILLATOR/SOURCE 
FOLLOWER 

The VCO requires two or three external components to op
erate. These are R1, R2, C1. Resistor R1 and capacitor C1 
are selected to determine the center frequency of the VCO. 
R1 controls the lock range. As R1 's resistance decreases 
the range of fmin to fmax increases. Thus the VCO's gain 
decreases. As C1 is changed the offset (if used) of R2, and 
the center frequency is changed. (See typical performance 
curves) R2 can be used to set the offset frequency with OV 
at VCO input. If R2 is omitted the VCO range is from OHz. As 
R2 is decreased the offset frequency is increased. The et-

feet of R2 is shown in the design information table and typi
cal performance curves. By increasing the value of R2 the 
lock range of the PLL is offset above OHz and the gain 
(Volts/rad.) does not change. In general, when offset is de
sired, R2 and C1 should be chosen first, and then R 1 should 
be chosen to obtain the proper center frequency. 

Internally the resistors set a current in a current mirror as 
shown in Figure 1. The mirrored current drives one side of 

TL/F/5352-3 

FIGURE 2. Logic Diagram for VCO 
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Detailed Circuit Description (Continued) 

the capacitor once the capacitor charges up to the thresh· 
old of the schmitt trigger the oscillator logic flips the capaci· 
tor over and causes the mirror to charge the opposite side 
of the capacitor. The output from the internal logic is then 
taken to pin 4. 

The input to the VCO is a very high impedance CMOS input 
and so it will not load down the loop filter, easing the filters 
design. In order to make signals at the VCO input accessible 
Without degrading the loop performance a source follower 
transistor is provided. This transistor can be used by con
necting a resistor to ground and its drain output will follow 
the VCO input signal. 

An inhibit signal is provided to allow disabling of the VCO 
and the source follower. This is useful if the internal VCO is 
not being used. A logic high on inhibit disables the VCO and 
source follower. 

The output of the VCO is a standard high speed CMOS 
output with an equivalent LSTIL fanout of 10. The VCO 

output is approximately a square wave. This output can ei
ther directly feed the comparator input of the phase compar
ators or feed external prescalers (counters) to enable fre
quency synthesis. 

PHASE COMPARATORS 

All three phase comparators share two inputs, Signal In and 
Comparator In. The Signal In has a special DC bias network 
that enables AC coupling of input signals. If the signals are 
not AC coupled then this input requires logic levels the 
same as standard 54HC/7 4HC. The Comparator input is a 
standard digital input. Both input structures are shown in 
Figure3. 
The outputs of these comparators are essentially standard 
54HC/74HC voltage outputs. (Comparator II is TRI-STATE.) 

r-------------, 
Vee 

SIGNAL (14) 
IN 

COMPARATOR 
IN 

I i I 
I :r I 
I -=- I 

INPUT CIRCUITRY COMMON TO ALL 

L-----C~A~~----_J 

(2) PHASE COMPARATOR I 
OUTPUT 

TL/F/5352-4 

FIGURE 3. Logic Diagram for Phase Comparator I and the common input circuit for all three comparators 

SIGNAL IN 

COMPARATOR 
IN 

PHASE COMPARATOR I 
OUTPUT 

VCD IN 
TL/F/5352-5 

FIGURE 4. Typical Phase Comparator I. Waveforms 
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Detailed Circuit Description (Continued) 

Thus in normal operation Vee and ground voltage levels are 
fed to the loop filter. This differs from some phase detectors 
which supply a current output to the loop filter and this 
should be considered in the design. (The CD4046 also pro
vides a voltage.) 

Figure 5 shows the state tables for all three comparators. 

PHASE COMPARATOR I 

This comparator is a simple XOR gate similar to the 
54/74HC86, and its operation is similar to an overdriven 
balanced modulator. To maximize lock range the input fre
quencies must have a 50% duty cycle. Typical input and 
output waveforms are shown in Figure 4. The output of the 
phase detector feeds the loop filter which averages the out
put voltage. The frequency range upon which the PLL will 
lock onto if initially out of lock is defined as the capture 
range. The capture range for phase detector I is dependent 
on the loop filter employed. The capture range can be as 
large as the lock range which is equal to the VCO frequency 
range. 

To see how the detector operates refer to Figure 4. When 
two square wave inputs are applied to this comparator, an 
output waveform whose duty cycle is dependent on the 
phase difference between the two signals results. As the 
phase difference increases the output duty cycle increases 
and the voltage after the loop filter increases. Thus in order 
to achieve lock, when the PLL input frequency increases the 

Phase Comparator State Diagrams 

VCO input voltage must increase and the phase difference 
between comparator in and signal in will increase. At an 
input frequency equal fmin· the VCO input is at OV and this 
requires the phase detector output to be ground hence the 
two input signals must be in phase. When the input frequen
cy is fmax then the VCO input must be Vee and the phase 
detector inputs must be 180° out of phase. 

The XOR is more susceptible to locking onto harmonics of 
the signal input than the digital phase detector II. This can 
be seen by noticing that a signal 2 times the VCO frequency 
results in the same output duty cycle as a signal equal the 
VCO frequency. The difference is that the output frequency 
of the 2f example is twice that of the other example. The 
loop filter and the VCO range should be designed to prevent 
locking on to harmonics. 

PHASE COMPARATOR II 
This detector is a digital memory network. It consists of four 
flip-flops and some gating logic, a three state output and a 
phase pulse output as shown in Figure 6. This comparator 
acts only on the positive edges of the input signals and is 
thus independent of signal duty cycle. 

Phase comparator II operates in such a way as to force the 
PLL into lock with 0 phase difference between the VCO 
output and the signal input positive waveform edges. Figure 
7 shows some typical loop waveforms. First assume that 
the signal input phase is leading the comparator input. This 

PHASE COMPARATOR I 

INPUT STATE 
COMPARATOR 

IN 

¢ 
SIGNAL 

IN 

PHASE COMP I OUT 

INPUT STATE 

COMPARATOR 

¢" 
SIGNAL 

IN 

PHASE COMP II OUT 

PHASE PULSES 

COMPARATOR 

¢" 
SIGNAL 

IN 

PHASE COMP Ill OUT 

1 

~ D 

I 
J_ 

0 l 1 

PHASE COMPARATOR 11 

TRI-STATE 

PHASE COMPARATOR Ill 

TL/F/5352-10 

FIGURE 5. PLL State Tables 
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(131 PHASE COMPARATOR II 
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(11 PHASE PULSES 
OUTPUT 

FRO~;~U~~l~~T~~ ------L___,J 
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FIGURE 6. Logic Diagram for Phase Comparator II 
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COMPARATOR 
IN 

COMPARATDRll -IL----.. .------------OUT · ..._. 

VCOIN _ _/ 
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FIGURE 7. Typical Phase Comparator II Output Waveforms 
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Detailed Circuit Description (Continued) 

means that the VCO's frequency must be increased to bring 
its leading edge into proper phase alignment. Thus the 
phase detector II output is set high. This will cause the loop 
filter to charge up the VCO input increasing the VCO fre
quency. Once the leading edge of the comparator input is 
detected the output goes TRI-STATE holding the VCO input 
at the loop filter voltage. If the VCO still lags the signal then 
the phase detector will again charge up to VCO input for the 
time between the leading edges of both waveforms. 

If the VCO leads the signal then when the leading edge of 
the VCO is seen lhe oulput of the phase comparator goo!> 
low. This discharges the loop filter until the leading edge of 
the signal is detected at which time the output TRI-STATE 
itself again. This has the effect of slowing down the VCO to 
again make the rising edges of both waveform coincident. 

When the PLL is out of lock the VCO will be running either 
slower or faster than the signal input. If it is running slower 
the phase detector will see more signal rising edges and so 
the output of the phase comparator will be high a majority of 
the time, raising the VCO's frequency. Conversely, if the 
VCO is running faster than the signal the output of the de
tector will be low most of the time and the VCO's output 
frequency will be decreased. 

As one can see when the PLL is locked the output of phase 
comparator II will be almost always TRI-STATE except for 
minor corrections at the leading edge of the waveforms. 
When the detector is TRI-STATE the phase pulse output is 
high. This output can be used to determine when the PLL is 
in the locked condition. 

This detector has several interesting characteristics. Over 
the entire VCO frequency range there is no phase differ
ence between the comparator input and the signal input. 
The lock range of the PLL is the same as the capture range. 

Minimal power is consumed in the loop filter since in lock 
the detector output is a high impedance. Also when no sig
nal is present the detector will see only VCO leading edges, 
and so the comparator output will stay low forcing the VCO 
to fmin operating frequency. 

Phase comparator II is more susceptible to noise causing 
the phase lock loop to unlock. If a noise pulse is seen on the 
signal input, the comparator treats it as another positive 
edge of the signal and will cause the output to go high until 
the VCO leading edge is seen, potentially for a whole signal 
input period. This would cause the VCO to speed up during 
that time. When using the phase comparator I the output of 
that phase detector would be disturbed for only the short 
duration of the noise spike and would cause less upset. 

PHASE COMPARATOR Ill 

This comparator is a simple S-R Flip-Flop which can func
tion as a phase comparator Figure 8. It has some similar 
characteristics to the edge sensitive comparator. To see 
how this detector works assume input pulses are applied to 
the signal and comparator inputs as shown in Figure 9. 
When the signal input leads the comparator input the flop is 
set. This will charge up the loop filter and cause the VCO to 
speed up, bringing the comparator into phase with the sig
nal input. When using short pulses as input this comparator 
behaves very similar to the second comparator. But one can 
see that if the signal input is a long pulse, the output of the 
comparator will be forced to a one no matter how many 
comparator input pulses are received. Also if the VCO input 
is a square wave (as it is) and the signal input is pulse then 
the VCO will force the comparator output low much of the 
time. Therefore it is ideal to condition the signal and com
parator input to short pulses. This is most easily done by 
using a series capacitor. 

TL/F/5352-11 

FIGURE 8. Phase Comparator Ill Logic Diagram 
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FIGURE 9. Typical Waveforms for Phase Comparator Ill 
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~National 
~Semiconductor 

MM54HC4049/MM74HC4049 
Hex Inverting Logic Level Down Converter 
MM54HC4050/MM7 4HC4050 
Hex Logic Level Down Converter 

General Description 
The MM54HC4049/MM74HC4049 and the MM54HC4050/ 
MM? 4HC4050 utilize advanced silicon-gate CMOS technol
ogy, and have a modified input protection structure that en
ables these parts to be used as logic level translators which 
will convert high level logic to a low level logic while operat
ing from the low logic supply. For example, 0-1 SV CMOS 
logic can be converted to 0-SV logic when using a 5V sup
ply. The modified input.protection has no diode connected 
to Vee. thus allowing the input voltage to exceed the supply. 
The lower zener diode protects the input from both positive 
and negative static voltages. In addition each part can be 
used as a simple buffer or inverter without level translation. 
The MM54HC4049/MM74HC4049 is pin and functionally 

compatible to the CD4049BM/CD40498C and the 
MM54HC4050/MM74HC4050 is compatible to the 
CD4050BM/CD4050BC 

Features 
• Typical propagation delay: 8 ns 
• Wide power supply range: 2V-6V 
• Low quiescent supply current: 20 µA maximum (7 4HC) 
• Fanout of 10 LS-TIL loads 

Connection Diagrams 

NC 

16 15 

Vee G =A 

Dual-In-Line Package Dual-In-Line Package 

14 

A 

NC K = E E D -NC L=F F NC K = E E 

13 12 

H=B 

TOP VIEW 

'HC4049 

11 10 16 15 14 

I =C GND Voo G =A A 

TL/F/5214-1 

Order Number MM54HC4049/MM54HC4050* 
or MM74HC4049/MM74HC4050* 

13 

H=B 

TOP VIEW 

'HC4050 

*Please look into Section 8, Appendix D for availability of various package types. 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
If Miiitary/Aerospace specified devices are required, Min Max Units 
contact the National Semiconductor Sales Office/ Supply Voltage (Vee) 2 6 v 
Distributors for availability and specifications. 

DC input Voltage 0 15 v 
Supply Voltage (Vee) -0.5 to +7.0V 

(V1N) 
DC Input Voltage (V1N) -1.5to + 18V 

DC Output Voltage 0 Vee v 
DC Output Voltage (Vour) -0.5 to Vce+0.5V 

(Vour) 
Clamp Diode Current (lzK, ioK) -20mA 

Operating Temp. Range (TA) 
DC Output Current, per pin (lour) ±25mA MM74HC -40 +85 ·c 
DC Vee or GND Current, per pin (ice) ±50mA MM54HC -55 +125 ·c 
Storage Temp. Range (T sTG) - 65°C to + 15o·c 

Input Rise or Fall Times 
Power Dissipation (Po) (tr, t1) Vee=2.ov 1000 ns 

(Note3) 600mW 
Vee=4.5V 500 ns 

S.O. Package only 500mW 
Vee=6.0V 400 ns 

Lead Temp. (Tu (Soldering 10 seconds) 260°c 

DC Electrical Characteristics (Note 4) 

TA=2s·c 
74HC 54HC 

Symbol Parameter Conditions Vee TA= -40°c to ss·c TA= -ss·c to 12s·c Units 

Typ Guaranteed Limits 

V1H Minimum High Level Input 2.0V 1.5 1.5 1.5 v 
Voltage 4.5V 3.15 3.15 3.15 v 

6.0V 4.2 4.2 4.2 v 
V1L Maximum Low Level Input 2.0V 0.5 0.5 0.5 v 

Voltage** 4.5V 1.35 1.35 1.35 v 
6.0V 1.8 1.8 1.8 v 

VoH Minimum High Level V1N = V1H or V1L 
Output Voltage llourl~20 µA 2.0V 2.0 1.9 1.9 1.9 v 

4.5V 4.5 4.4 4.4 4.4 v 
6.0V 6.0 5.9 5.9 5.9 v 

V1N = V1H or V1L 
l1ourl~4.0 mA 4.5V 4.2 3.98 3.84 3.7 v 
l1ourl~5.2 mA 6.0V 5.7 5.48 5.34 5.2 v 

VoL Maximum Low Level V1N = V1H or V1L 
Output Voltage llourl~20 µA 2.0V 0 0.1 0.1 0.1 v 

4.5V 0 0.1 0.1 0.1 v 
6.0V 0 0.1 0.1 0.1 v 

V1N = V1H or V1L 
l1ourl~4 mA 4.5V 0.2 0.26 0.33 0.4 v 
l1ourl~5.2 mA 6.0V 0.2 0.26 0.33 0.4 v 

l1N Maximum Input Current V1N =Vee or GND 6.0V ±0.1 ±1.0 ±1.0 µA 

V1N= 15V 2.0V ±0.5 ±5 ±5 µA 

Ice Maximum Quiescent Supply V1N =Vee or GND 6.0V 2.0 20 40 µA 
Current lour=O µA 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mW/'C from 65'C to 85°C; ceramic "J" package: -12 mW/'C from 1 oo•c to 125'C. 
Note 4: For a power supply of 5V ± 10% the worst case output voltages (VoH and Vou occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case V1H and V1L occur at Vee= 5.5V and 4.5V respectively. (The V1H value at 5.5V is 3.85V.) The worst case leakage current (l1N. 
Ice. loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
••v1L limits are currently tested at 20% of Vee. The above V1L specification (30% of Vee) will be implemented no later than 01, CY'89. 

3-389 



AC Electrical Characteristics Vee=5V, TA= 25°C, CL= 15 pF, tr=t1=6 ns 

Symbol Parameter Conditions Typ 

tPHL· tPLH Maximum Propagation Delay 8 

Guaranteed 
Limit 

15 

Units 

ns 

AC Electrical Characteristics Vee= 2.0V to 6.0V, CL= 50 pF, tr= t1= 6 ns (unless otherwise specified) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee TA= -40" to 85°C TA= -55° to 12s·c 

Typ Guaranteed Limits 

tPHL• tPLH Maximum Propagation 2.0V 30 85 100 130 
Delay 4.5V 10 17 20 26 

6.0V 9 15 18 22 

tTHL• trLH Maximum Output 2.0V 25 75 95 110 
Rise and Fall 4.5V 7 15 19 22 
Time 6.0V 6 13 16 19 

Cpo Power Dissipation (per gate) 25 
Capacitance (Note 5) 

C1N Maximum Input 5 10 10 10 
Capacitance 

Units 

ns 

ns 

ns 

ns 
ns 
ns 

pF 

pF 

Note 5: Cpo determines the no load dynamic power consumption, Po= Cpo Vcc2- f +Ice Vee. and the no load dynamic current consumption, Is= Cpo Vee I+ Ice· 
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~National 
U Semiconductor 
MM54HC4051/MM74HC4051 
8-Channel Analog Multiplexer 
MM54HC4052/MM7 4HC4052 
Dua! 4-Channel Analog Multiplexer 
MM54HC4053/MM74HC4053 
Triple 2-Channel Analog Multiplexer 

General Description 
These multiplexers are digitally controlled analog switches 
implemented in advanced silicon-gate CMOS technology. 
These switches have low "on" resistance and low "off" 
leakages. They are bidirectional switches, thus any analog 
input may be used as an output and vice-versa. Also these 
switches contain linearization circuitry which lowers the on 
resistance and increases switch linearity. These devices al
low control of up to ± 6V (peak) analog signals with digital 
control signals of 0 to 6V. Three supply pins are provided for 
Vee. ground, and VEE· This enables the connection of 0-5V 
logic signals when Vee= 5V and an analog input range of 
± 5V when VEE= 5V. All three devices also have an inhibit 
control which when high will disable all switches to their off 
state. All analog inputs and outputs and digital inputs are 
protected from electrostatic damage by diodes to Vee and 
ground. 

MM54HC4051/MM74HC4051: This device connects to
gether the outputs of 8 switches, thus achieving an 8 chan
nel Multiplexer. The binary code placed on the A, B, and C 
select lines determines which one of the eight switches is 
"on'', and connects one of the eight inputs to the common 
output. 

MM54HC4052/MM74HC4052: This device connects to
gether the outputs of 4 switches in two sets, thus achieving 

Connection Diagrams 

a pair of 4-channel multiplexers. The binary code placed on 
the A, and B select lines determine which switch in each 4 
channel section is "on", connecting one of the four inputs in 
each section to its common output. This enables the imple
mentation of a 4-channel differential multiplexer. 

MM54HC4053/MM74HC4053: This device contains 6 
switches whose outputs are connected together in pairs, 
thus implementing a triple 2 channel multiplexer, or the 
equivalent of 3 single-pole-double throw configurations. 
Each of the A, B, or C select lines independently controls 
one pair of switches, selecting one of the two switches to be 
"on". 

Features 
• Wide analog input voltage range: ± 6V 
• Low "on" resistance: 50 typ. (Vee-VEE=4.5V) 

30 typ. (Vee-VEE=9V) 
• Logic level translation to enable 5V logic with ± 5V 

analog signals 
• Low quiescent current: 80 µA maximum (7 4HC) 
• Matched Switch characteristic 

Dual-In-Line Packages 

IN/OUT 
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16 
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1 4 
Y4 Y& OUT/IN Y7 Y5 
INiOuT INiOiiT 

Top View 
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10 9 16 15 14 13 11 10 9 16 15 14 13 12 11 

"HC4052 
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Vu GND DY 2Y y 3Y 1Y INH Vu GND BY BX 

tNiiiiiT 0 UT /IN IN/OuT IN/OUT 

TL/F/5353-1 TL/F/5353-2 

Top View 

Order Number MM54HC4051 *, MM74HC4051 *, MM54HC4052*, 
MM74HC4052*, MM54HC4053* or MM74HC4053* 

•Ptease look into Section B, Appendix D for availability of various package types. 
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Absolute Maximum Ratings (Notes 1 & 2> Operating Conditions 
If Military/Aerospace specified devices are required, Min Max Units 
contact the National Semiconductor Sales Office/ Supply Voltage (Vee) 2 6 v 
Distributors for availability and specifications. Supply Voltage (VEE) 0 -6 v 
Supply Voltage (Vee) -0.5 to + 7.5V DC Input or Output Voltage 0 Vee v 
Supply Voltage (VEE) +0.5to -7.5V MN· VouT) 
Control Input Voltage MN) -1.5 to Vee+ 1.5V Operating Temp. Range (TA) 

Switch 1/0 Voltage Mo) VEE-0.5 to Vcc+0.5V MM74HC -40 +85 ·c 
Clamp Diode Current (l1K. loK) ±20mA 

MM54HC -55 +125 ·c 
Output Current, per pin (louT) ±25mA 

Input Rise or Fall Times 
(tr, tt) Vcc=2.0V 1000 ns 

Vee or GND Current, per pin (Ice) ±50mA Vcc=4.5V 500 ns 
Storage Temperature Range (T STG) -65°C to + 15o·c Vcc=6.0V 400 ns 

Power Dissipation (Po) 
(Note 3) 600mW 
S.O. Package only 500mW 

Lead Temp. (TL) (Soldering 10 seconds) 260°c 

DC Electrical Characteristics (Note 4) 

TA=25°c 
74HC . 54HC 

Symbol Parameter Conditions VEE Vee TA= -40to85°C TA= -55 to 125°C Units 

Typ Guaranteed Limits 

V1H Minimum High Level 2.0V 1.5 1.5 1.5 v 
Input Voltage 4.5V 3.15 3.15 3.15 v 

6.0V 4.2 4.2 4.2 v 
V1L Maximum Low Level 2.0V 0.5 0.5 0.5 v 

Input Voltage** 4.5V 1.35 1.35 1.35 v 
6.0V 1.8 1.8 1.8 v 

AoN Maximum "ON" Resistance V1NH =VIL· Is= 2.0 mA GND 4.5V 40 160 200 240 !l 
(Note 5) V1s=VcctoVEE -4.5V 4.5V 30 120 150 170 !l 

(Figure 1) -6.0V 6.0V 20 100 125 140 !l 

V1NH = V1L. Is= 2.0 mA GND 2.0V 100 230 280 320 !l 

V1s=VccorVEE GND 4.5V 40 110 140 170 !l 
(Figure 1) -4.5V 4.5V 20 90 120 140 !l 

-6.0V 6.0V 15 80 100 115 !l 

RoN Maximum "ON"Resistance VcrL =V1L GND 4.5V 10 20 25 25 !l 
Matching V1s=VectoGND -4.5V 4.5V 5 10 15 15 !l 

-6.0V 6.0V 5 10 12 15 !l 

l1N Maximum Control V1N=VccorGND ±0.1 ±1.0 ±1.0 µA 
Input Current Vcc=2-6V 

Ice Maximum Quiescent V1N=VecorGND GND 6.0V 8 80 160 µA 
Supply Current lour=O µA -6.0V 6.0V 16 160 320 µA 

l1z Maximum Switch "OFF" Vos=Vec or VEE GND 6.0V ±60 ±600 ±600 nA 
Leakage Current V1s=VEEOrVce -6.0V 6.0V ±100 ±1000 ±1000 nA 
(Switch Input) V1NH=V1H (Figure2) 

l1z Maximum Switch V1s =Vee to VEE GND 6.0V ±0.2 ±2.0 ±2.0 µA 
"ON" Leakage HC4051 V1NH=V1L -6.0V 6.0V ±0.4 ±4.0 ±4.0 µA 
Current (Agure3) 

V1s=Vccto VEE GND 6.0V ±0.1 . ±1.0 ±1.0 µA 
HC4052 V1NH=V1L -6.0V 6.0V ±0.2 ±2.0 ±2.0 µA 

(Figure3) 

V1s=Vec to VEE GND 6.0V ±0.1 ±1.0 ±1.0 µA 
HC4053 V1NH=V1L -6.0V 6.0V ±0.1 ±1.0 ±1.0 µA 

(Figure3) 
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DC Electrical Characteristics (Note 4) (Continued) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions VEE Vee TA= - 40 to B5°C TA= -55to 125°C Units 

Typ Guaranteed Limits 

l1z Maximum Switch Vos=Vee or VEE GND 6.0V ±0.2 ±2.0 ±2.0 µA 
"OFF" Leakage HC4051 Vis= VEE or Vee -6.0V 6.0V ±0.4 ±4.0 ±4.0 µA 
Current (Common V1NH=V1H 
Pin) 

Vos= Vee or VEE GND 6.0V ±0.1 ±1.0 ±1.0 µA 
HC4052 V1s=VEEOrVcc -6.0V 6.0V ±0.2 ±2.0 ±2.0 µA 

V1NH=V1H 

Vos= Vee or VEE GND 6.0V ±0.1 ±1.0 ±1.0 µA 
HC4053 V1s=VEEOrVcc -6.0V 6.0V ±0.1 ±1.0 ±1.0 µA 

V1NH=V1H 
Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating- plastic "N" package: -12 mW /'C from 65'C to 85'C; ceramic "J" package: -12 mW /'C from 1 OO'C to 125'C. 
Note 4: For a power supply of 5V ± 10% the worst case on resistances (RoN) occurs for HG at 4.5V. Thus the 4.5V values should be used when designing with 
this supply. Worst case V1H and V1L occur at Vee= 5.5V and 4.5V respectively. (The ViH value at 5.5V is 3.85V.) The worst case leakage current occur for CMOS at 
the higher voltage and so the 5.5V values should be used. 
Note 5: At supply voltages (Vee-VEE) approaching 2V the analog switch on resistance becomes extremely non-linear. Therefore it is recommended that these 
devices be used to transmit digital only when using these supply voltages. 
Note 6: Adjust 0 dB for f = 1 kHz (Null R1/RoN Attenuation). 
•• V1L limits are currently tested at 20% of Vee· The above ViL specification (30% of Vee) will be implemented no later than 01, CY'89. 

AC Electrical Characteristics Vcc=2.0V-6.0V, VEE=OV-6V, CL =50 pF (unless otherwise specified) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions VEE Vee TA= - 40 to a5°C TA= -55to125•c Units 

Typ Guaranteed Limits 

tPHL• tPLH Maximum Propagation GND 2.0V 25 60 75 90 ns 
Delay Switch In to GND 4.5V 5 12 15 18 ns 
Out -4.5V 4.5V 4 8 12 14 ns 

-6.0V 6.0V 3 7 11 13 ns 

tpzL, tpzH Maximum Switch Turn AL= 1 kn GND 2.0V 92 355 435 515 ns 
"ON" Delay GND 4.5V 69 87 103 ns 

-4.5V 4.5V 16 46 58 69 ns 
-6.0V 6.0V 15 41 51 62 ns 

tPHZ• tpLz Maximum Switch Turn GND 2.0V 65 290 365 435 ns 
"OFF" Delay GND 4.5V 28 58 73· 87 ns 

-4.5V 4.5V 18 37 46 56 ns 
-6.0V 6.0V 16 32 41 48 ns 

fMAX Minimum Switch GND 4.5V 30 MHz 

Frequency Response -4.5V 4.5V 35 MHz 

20 log (V1/Vo)=3 dB 

Control to Switch AL =600n, Vis= 4 Vpp ov 4.5V 1080 mV 
Feedthrough Noise f= 1 MHz, V1s = 8 Vpp -4.5V 4.5V 250 mV 

CL=50 pF 

Crosstalk between AL =600n, V1s=4 Vpp ov 4.5 -52 dB 

any Two Switches f=1 MHz V1s=8Vpp -4.5V 4.5V -50 dB 

Switch OFF Signal AL =600n, V1s=4 Vpp ov 4.5V -42 dB 
Feedthrough f= 1 MHz, V1s=8 Vpp -4.5V 4.5V -44 dB 

Isolation VcrL=V1L 

THO Sinewave Harmonic RL =10 kn, V1s=4 Vpp ov 4.5V 0.013 % 

Distortion CL =50pF, V1s=8 Vpp -4.5V 4.5V 0.008 % 

f= 1 kHz 
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AC Electrical Characteristics 
Vcc=2.0V-6.0V, VEE=OV-6V, CL =50 pF (unless otherwise specified) (Continued) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions VEE Vee TA= - 40 to B5°C TA= -55to125•c Units 

Typ Guaranteed Limits 

C1N Maximum Control 5 10 10 10 pF 
Input Capacitance 

C1N Maximum Switch Input 15 pF 
Input Capacitance 4051 Common 90 

4052Common 45 
4053Common 30 

C1N Maximum Feedthrough 5 pF 
Capacitance 

Truth Tables 
'4051 '4052 '4053 

Input "ON" Inputs "ON" Channels Input "ON" Channels 

lnh c B A Channel lnh B A x y lnh c B A c b a 

H x x x None H x x None None H x x x None None None 
L L L L YO L L L OX OY L L L L ex BX AX 
L L L H Y1 L L H 1X 1Y L L L H ex BX AY 
L L H L Y2 L H L 2X 2Y L L H L ex BY AX 
L L H H Y3 L H H 3X 3Y L L H H ex BY AY 
L H L L Y4 L H L L CY BX AX 
L H L H Y5 L H L H CY BX AY 
L H H L Y6 L H H L CY BY AX 
L H H H Y7 L H H H CY BY AY 

AC Test Circuits and Switching Time Waveforms 

Vee VrNH = v,l ___ _ 

CONTROL Vee 

Vrs----tY TEST 
SWITCH 

VEE 

011-----vos 

.._ __ -"4~ ----

TL/F/5353-4 

FIGURE 1. "ON" Resistance 

Vrs = Vee TD Vee 

OFF 
SWITCH 

ON 
SWITCH 

Vee 

AMMETER CONTROL Vee 

TEST 
SWITCH 

VEE 

---Vos - Yee OR Vu 

TL/F/5353-5 

FIGURE 2. "OFF" Channel Leakage Current 

Vos (OPEN) 

TL/F/5353-6 

FIGURE 3. "ON" Channel Leakage Current 
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AC Test Circuits and Switching Time Waveforms (Continued) 

Vee 

CONTROL Vee 

110 S~l~~H~S 01111-------- Vos 

VEE 

VEE 

Vos 

ov---ri 

Voo~ 
ov 

TL/F/5353-7 

FIGURE 4. tPHL• tPLH Propagation Delay Time Signal Input to Signal Output 

V1NH ___ _ Vee Vee 

CONTROL Vee 

1/0 S~l~~:ES 0/1 
VEE 

VEE 

Vos 

CL T50pf 

FIGURE 5. tpzL, tpLZ Propagation Delay Time Control to Signal Output 

Vee 

TL/F/5353-B 

CONTROL Vee 

Y S~~~H D/1-------- Vos 
Vu 

Vee~ 50'1. ov____:'._1C-
Vec~Voc 

50"1. 

DV~ 
VoH VoH ov DV 

TL/F/5353-9 

FIGURE 6. tpzH, tpHz Propagation Delay Time Control to Signal Output 

V1NH----.. 
Vee 

~=Bns_, L j~ ~=Bns 

R1N 
6000 

CONTROL Vee 

IN/OUT S~l~~~ES OUT/IN 11-...... ._ __ ....,..,__Vos 

VEE CL I50pf 

Ve 
v IT 90% 

ov _)f 1oo;. 

Vos 

FIGURE 7. Crosstalk: Control Input to Signal Output 
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AC Test Circuits and Switching Time Waveforms (Continued) 

V1s11J 

Vee 

CONTROL Yee 

~~HOUT/IN 
VEE 

Vos111 

V1NH(2)=0V ----
Vee .,,~ 

1/1 

Logic Diagrams 

INH 

LOGIC 
LEVEL 

CONVERSION 

GND 

LOGIC 
LEVEL 

CONVERSION 

GND 

Vee 

Vee 

Vos(2) 

FIGURE 8. Crosstalk Between Any Two Switches 

BINARY 
TO 

1 OF 8 
DECODER 

WITH 
INHIBIT 

BINARY 
TO 

1 OF 4 
DECODER 

WITH 
INHIBIT 

MM54HC4051 /MM74HC4051 

CHANNEL IN/OUT 

Y7 VG Y5 Y4 Yl Y2 YI YO 

MM54HC4052/MM74HC4052 

X CHANNELS IN/OUT 

X3 XZ XI XD 

YD YI Y2 Y3 

Y CHANNELS IN/OUT 
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Logic Diagrams (Continued) 

MM54HC4053/MM74HC4053 

Vee IN/OUT LOGIC 
LEVEL 

CONVERSION 

BINARYTO 
1 OF 2 

DECODERS 
WITH 

INHIBIT CY CX BY BX AY AX "------

INH 

GND 

Typical Performance Characteristics 

Special Considerations 

Cl 75 

! 60 

Typical "On" Resistance 
vs Input Voltage 

~ 45 t-t--1-i-+-+--t' 

~ 30 

15 l-!o-+-F+-1 

-6 -4 -2 0 2 4 
INPUT VOLTAGE (VOLTS) 
Vee= -VEE 

In certain applications the external load-resistor current may 
include both Vee and signal line components. To avoid 
drawing Vee current when switch current flows into the ana
log switch pins, the voltage drop across the switch must not 
exceed 1.2V (calculated from the ON resistance). 
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~National 
~Semiconductor 

MM54HC4060/MM74HC4060 
14 Stage Binary Counter 
General Description 
The MM54HC4060/MM74HC4060 is a high speed binary 
ripple carry counter. These counters are implemented utiliz
ing advanced silicon-gate CMOS technology to achieve 
speed performance similar to LS-TTL logic while retaining 
the low power and high noise immunity of CMOS. 

This device is pin equivalent to the CD4060. All inputs are 
protected from damage due to static discharge by protec
tion diodes to Vee and ground. 

Features 
• Typical propagation delay: 16 ns 
• Wide operating voltage range: 2-6V 
• Low input current: 1 µA maximum 

The 'HC4060 is a 14-stage counter, which device incre
ments on the falling edge (negative transition) of the input 
clock, and all their outputs are reset to a low level by apply
ing a logical high on their reset input. The 'HC4060 also has 
two additional inputs to enable easy connection of either an 
RC or crystal oscillator. 

• Low quiescent current: 80 µA maximum (7 4 Series) 
• Output drive capability: 10 LS-TTL loads 

Connection and Logic Diagrams 

eLOeK2-------. 
eLOCK1----. 

CLOCK 

Dual-In-Line Package 

Vee 010 QB 09 RESET CLOCK CLOCK 1 CLOCK 2 

116 15 14 13 12 11 10 9 

_Q_ 

Dr- t--' 

1 2 3 4 5 6 7 18 
012 013 014 06 05 07 04 GND TL/F/5354-1 

Top View 

Order Number MM54HC4060* or MM74HC4060* 
*Please look into Section 8, Appendix D for availability of various package types. 

013 012 010 09 08 
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Absolute Maximum Ratings (Notes 1 & 2> Operating Conditions 
If Military/Aerospace specified devices are required, Min Max Units 
contact the National Semiconductor Sales Office/ Supply Voltage (Vee) 2 6 v 
Distributors for availability and specifications. DC Input or Output Voltage 0 Vee v 
Supply Voltage (Vee) -0.5 to + 7.0V MN· Vour) 
DC Input Voltage (V1N) -1.5 to Vee+ 1.5V Operating Temp. Range (TA) 
DC Output Voltage (Vour) -0.5 to Vcc+0.5V MM74HCT -40 +85 ·c 
Clamp Diode Current (leo) ±20mA MM54HCT -55 +125 ·c 
DC Output Current, per pin (lour) ±25mA 
DC Vee or GND Current, per pin (Ice) ±50mA Input Rise or Fall Times 

Storage Temperature Range (T srn) -65°C to + 150°c (tr, ti> Vcc=2.0V 1000 ns 

Power Dissipation (Po) Vce=4.5V 500 ns 

(Note 3) 600mW Vce=6.0V 400 ns 

S.O. Package only 500mW 
Lead Temperature (Tu 

(Soldering 1 O seconds) 260°c 

DC Electrical Characteristics (Note4) 

TA=25°C 
74HC . 54HC 

Symbol Parameter Conditions Vee TA= - 40 to B5°C TA= -55 to 125°C Units 

Typ Guaranteed Limits 

V1H Minimum High Level 2.0V 1;5 1.5 1.5 v 
Voltage (Not Applicable 4.5V 3.15 3.15 3.15 v 
to Pins 9 & 10) 6.0V 4.2 4.2 4.2 v 

V1L Maximum Low Level Input 2.0V 0.5 0.5 0.5 v 
Voltage • • (Not Applicable 4.5V 1.35 1.35 1.35 v 
to Pins 9 & 10) 6.0V 1.8 1.8 1.8 v 

VoH Minimum High Level Output V1N = V1H or V1L 
Voltage llourl::::20 µA 2.0V 2.0 1.9 1.9 1.9 v 

4.5V 4.5 4.4 4.4 4.4 v 
6.0V 6.0 5.9 5.9 5.9 v 

Except Pins V1N = V1H orV1L 
9& 10 l1ourl::::4.0 mA 4.5V 4.2 3.98 3.84 3.7 v 

l1ourl::::5.2 mA 6.0V 5.7 5.48 5.34 5.2 v 
Pins V1N = V1H or V1L 3.98 3.84 3.7 v 
9& 10 llourl =0.4 mA 5.48 5.34 5.2 v 

llourl=0.52 mA 

VoL Maximum Low Level Output V1N = V1H or V1L 
Voltage llourl::::20 µA 2.0V 0 0.1 0.1 0.1 v 

4.5V 0 0.1 0.1 0.1 v 
6.0V 0 0.1 0.1 0.1 v 

Except Pins V1N=V1H orV1L 
9& 10 llourl ::::4.0 mA 4.5V 0.2 0.26 0.33 0.4 v 

l1ourl::::5.2 mA 6.0V 0.2 0.26 0.33 0.4 v 
Pins V1N = V1H or V1L 0.26 0.33 0.4 v 
9& 10 llourl =0.4 mA 0.26 0.33 0.4 v 

I lourl = 0.52 mA 

l1N Maximum Input Current V1N =Vee or GND 6.0V ±0.1 ±1.0 ±1.0 µA 

Ice Maximum Quiescent Supply V1N=Vcc or GND 
Current lour=O µA 6.0V 8.0 80 160 µA 

Note 1: Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating: plastic "N" package: -12 mWl°C from 65°C to as·c ceramic "J" package: -12 mW/°C from 1oo·c to 125°C 
Note 4: For a power supply of 5V ± 10% the worst case output voltages (VOH· and VotJ occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case V1H and V1L occur at Vee = 5.5V and 4.5V respectively. (The V1H value at 5.5V is 3.85V.) The worst case leakage current 
(11N. Ice. and loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
•• V1L limits are currently tested at 20% of Vee· The above V1L specification (30% of Vee) will be implemented no later than 01, CY'89. 
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0 
CD 
0 AC Electrical Characteristics ~ 
0 

Vcc=5V, TA=25°C, CL= 15 pF, tr=t1=6 ns :::c 
~ ...... 

Guaranteed :E Symbol Parameter Conditions Typ Units 
:E limit 
...... 
0 fMAX Maximum Clock Frequency 30 MHz 
CD 
0 

tPHL• tPLH Maximum Propagation (Note 5) 40 20 ~ ns 
0 Delay to 04 :::c 
~ 

tPHL• tPLH Maximum Propagation 16 40 ll) ns 
:E Delay to any 0 
:E 

tREM Minimum Reset 10 20 ns 
Removal Time 

tw Minimum Pulse Width 10 16 ns 

AC Electrical Characteristics Vcc=2.0Vto6.0V, CL =50 pF, tr=t1=6 ns (unless otherwise specified) 

TA=25°C 
TA74HC TA54HC 

Symbol Parameter Conditions Vee TA= - 40 to 85°C TA= -55to 125°C Units 

Typ Guaranteed limits 

fMAX Maximum Operating 2.0V 6 5 4 MHz 
Frequency 4.5VO 30 24 20 MHz 

6.0V 35 28 24 MHz 

tPHL• tpLH Maximum Propagation 2.0V 120 380 475 171 ns 
Delay Clock to 04 4.5V 42 76 95 114 ns 

6.0V 35 65 81 97 ns 

tPHL Maximum Propagation 2.0V 72 240 302 358 ns 
Delay Reset to any 0 4.5V 24 48 60 72 ns 

6.0V 20 41 51 61 ns 

tPHL• tpLH Maximum Propagation 2.0V 125 156 188 ns 
Delay Between Stages 4.5V 25 31 38 ns 

Ont00n+1 6.0V 21 26 31 ns 

tREM Mimimum Reset 2.0V 100 125 150 ns 
Removal Time 4.5V 20 25 30 ns 

6.0V 17 21 25 ns 

tw Mimimum Pulse Width 2.0V 80 100 120 ns 
4.5V 16 20 24 ns 
6.0V 14 17 20 ns 

tr, t1 Maximum Input Rise and 2.0V 1000 1000 1000 ns 
Fall Time 4.5V 500 500 500 ns 

6.0V 400 400 400 ns 

tTHL• tTLH Maximum Output Rise 2.0V 30 75 95 110 ns 
and Fall Time 4.5V 10 15 19 22 ns 

6.0V 9 13 16 19 ns 

Cpo Power Dissipation (per package) 55 pF 
Capacitance (Note 6) 

C1N Maximum Input 5 10 10 10 pF 
Capacitance 

Note 5: Typical Propagation delay time to any output can be calculated using: tp = 17+ 12(N-1) ns; where N is the number of the output, Ow. at Vcc=5V. 

Note 6: Cpo determines the no load dynamic power consumption, Po = Cpo Vccl- f+ Ice Vee. and the no load dynamic current consumption, 
Is = Cpo Vee I + Ice. 
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~National 
~Semiconductor 
MM54HC4066/MM74HC4066 
Quad Analog Switch 
General Description 
These devices are digitally controlled analog switches utiliz
ing advanced silicon-gate CMOS technology. These 
switches have low "on" resistance and low "off" leakages. 
They are bidirectional switches, thus any analog input may 
be used as an output and visa-versa. Also the '4066 
switches contain linearization circuitry which lowers the 
"on" resistance and increases switch linearity. The '4066 
devices allow control of up to 12V (peak) analog signals 
with digital control signals of the same range. Each switch 
has its own control input which disables each switch when 
low. All analog inputs and outputs and digital inputs are pro
tected from electrostatic damage by diodes to Vee and 
ground. 

Connection Diagram 
Dual-In-Line Package 

Vee 1CTL 4CTL 41/0 40/I 30/1 31/0 

13 

11/0 10/1 20/1 21/0 2CTL 3CTL ONO 
TL/F/5355-1 

Top View 

Order Number MM54HC4066* or MM74HC4066* 
*Please look into Section 8, Appendix D 
for availability of various package types. 

Schematic Diagram 

CONTROL 

Features 
• Typical switch enable time: 15 ns 
• Wide analog input voltage range: 0-12V 
• Low "on" resistance: 30 typ. ('4066) 
• Low quiescent current: 80 µA maximum (74HC) 
• Matched switch characteristics 
• Individual switch controls 

Truth Table 

Input Switch 

CTL 1/0-0/1 

L "OFF" 
H "ON" 

0/1 

TL/F/5355-2 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
If Miiitary/Aerospace specified devices are required, Min Max Units 
contact the National Semiconductor Sales Office/ Supply Voltage (Vee) 2 12 v 
Distributors for avallablllty and specifications. DC Input or Output Voltage 0 Vee v 
Supply Voltage (Vee) -0.5to+15V MN. Vour) 
DC Control Input Voltage MN) -1.5 to Vee+ 1.5V Operating Temp. Range (TA) 

DC Switch 110 Voltage (Vio) VEE-0.5 to Vcc+0.5V MM74HC -40 +85 ·c 
MM54HC -55 +125 ·c 

Clamp Diode Current (l1K· loK) ±20mA 
Input Rise or Fall Times 

DC Output Current, per pin (lour) ±25mA 
(tr, t1) Vcc=2.ov 1000 ns 

DC Vee or GND Current, per pin (Ice) ±50mA Vcc=4.5V 500 ns 
Storage Temperature Range (Tsrn) - 65°C to + 15o•c Vcc=9.0V 400 ns 

Power Dissipation (Po) 
(Note3) 600mW 
S.O. Package only 500mW 

Lead Temperature (TL) 
(Soldering 10 seconds) 260°c 

DC Electrical Characteristics (Note 4) 

74HC 54HC 
Symbol Parameter Conditions Vee 

TA=2s·c 
TA= - 40 to ss·c TA= -55to 12s0 c Units 

Typ 

V1H Minimum High Level 2.0V 1.5 
Input Voltage 4.5V 3.15 

9.0V 6.3 
12.0V 8.4 

V1L Maximum Low Level 2.0V 0.5 
Input Voltage** 4.5V 1.35 

9.0V 2.7 
12.0V 3.6 

RoN Maximum "ON" Resistance VcrL =V1H. 15=2.0 mA 4.5V 100 170 
(See Note 5) V1s=Vcc to GND 9.0V 50 85 

(Figure 1) 12.0 30 70 

2.0V 120 180 
VcrL =V1H· ls=2.0 mA 4.5V 50 80 
V1s=Vcc or GND 9.0V 35 60 
(Figure 1) 12.0V 20 40 

RoN Maximum "ON" Resistance VcrL =V1H 4.5V 10 15 
Matching V1s=Vcc to GND 9.0V 5 10 

12.0V 5 10 

l1N Maximum Control V1N=VccorGND ±0.1 
Input Current Vcc=2-6V 

l1z Maximum Switch "OFF" Vos=Vcc or GND 6.0V 10 ±60 
Leakage Current Vis= GND or Vee 9.0V 15 ±80 

VcrL = V1L (Figure 2) 12.0V 20 ±100 

ltz Maximum Switch "ON" V1s=Vcc to GND 6.0V 10 ±40 
Leakage Current VcrL =V1H 9.0V 15 ±50 

(Figure 3) Vos = OPEN 12.0V 20 ±60 

Ice Maximum Quiescent VtN =Vee or GND 6.0V 2.0 
Supply Current lour=O µA 9.0V 4.0 

12.0V 8.0 
Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Guaranteed Limits 

1.5 1.5 v 
3.15 3.15 v 
5.3 6.3 v 
8.4 8.4 v 

0.5 0.5 v 
1.35 1.35 v 
2.7 2.7 v 
3.6 3.6 v 

200 220 n 
105 110 n 
85 90 n 

215 240 n 
100 120 n 
75 80 n 
60 70 n 
20 20 n 
15 15 n 
15 15 n 

±1.0 ±1.0 µA 

±600 ±600 nA 
±800 ±800 nA 

±1000 ±1000 nA 

±150 ±150 nA 
±200 ±200 nA 
±300 ±300 nA 

20 40 µA 
40 80 µA 
80 160 µA 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mW /'C from 65'C to 85'C; ceramic "J" package: -12 mW /'C from 1 OO'C to 125'C. 

Note 4: For a power supply of 5V ± 10% the worst case on resistance (RoNl occurs for HC at 4.5V. Thus the 4.5V values should be used when designing with this 
supply. Worst case v1H and V1L occur at Vee= 5.5V and 4.5V respectively. (The V1H value at 5.5V is 3.85V.) The worst case leakage current occurs for CMOS at the 
higher voltage and so the 5.5V values should be used. 

Note 5: At supply voltages (Vee-GND) approaching 2V the analog switch on resistance becomes extremely non-linear. Therefore it is recommended that these 
devices be used to transmit digital only when using these supply voltages. 

•• V1L limits are currently tested at 20% of Vee- The above Vil specification (30% of Vee) will be implemented no later than 01, CY'89. 

3-403 

3: 
3: 
U1 
.i:i. 
:::c 
0 
.i:i. 
0 
O') 
O') 
....... 
3: 
3: 
....... 
.i:i. :::c 
0 
.i:i. 
0 
O') 
O') 



AC Electrical Characteristics 
Vee= 2.0V-6.0V VEE=OV-12V, CL =50 pF (unless otherwise specified) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee TA= - 40 to 85°C TA= - 55 to 125°C Units 

Typ Guaranteed Limits 

tPHL• tPLH Maximum Propagation 2.0V 25 50 30 75 ns 
Delay Switch In to 4.5V 5 10 13 15 ns 
Out 9.0V 4 8 10 12 ns 

12.0V 3 7 11 13 ns 

tpzL, tpzH Maximum Switch Turn RL =1 kn 2.0V 30 100 125 150 ns 
"ON" Delay 4.5V 12 20 25 30 ns 

9.0V 6 12 15 18 ns 
12.0V 5 10 13 15 ns 

tpHz, tpLz Maximum Switch Turn RL =1 kn 2.0V 60 168 210 252 ns 
"OFF" Delay 4.5V 25 36 45 54 ns 

9.0V 20 32 40 48 ns 
12.0V 15 30 38 45 

Minimum Frequency AL= 600n 4.5V 40 MHz 
Response (Figure 7) V1s=2 Vpp at (Vee/2) 9.0V 100 MHz 
20 log(Vo/V1) = -3 dB (Notes 6 & 7) 

Crosstalk Between RL =600n, F= 1 MHz 
any Two Switches (Notes 7 & 8) 4.5V -52 dB 
(Figure 8) 9.0V -50 dB 

Peak Control to Switch RL =600n, F= 1 MHz 4.5V 100 mV 
Feedthrough Noise CL =50 pF 9.0V 250 mV 
(Figure 9) 

Switch OFF Signal RL =600n, F= 1 MHz 
Feedthrough V(eT) V1L 
Isolation (Notes 7 & 8) 4.5V -42 dB 
(Figure 10) 9.0V -44 dB 

THO Total Harmonic RL = 10 kn, CL =50 pF, 
Distortion F=1 kHz 
(Figure 11) V1s=4 Vpp 4.5V .013 % 

V1s=8 Vpp 9.0V .008 % 

C1N Maximum Control 5 10 10 10 pF 
Input Capacitance 

C1N Maximum Switch 20 pF 
Input Capacitance 

C1N Maximum Feedthrough VeTL =GND 0.5 pF 
Capacitance 

Cpo Power Dissipation 15 pF 
Capacitance 

Note 6: Adjust 0 dBm for F = 1 kHz (Null RL/RoN Attenuation). 

Note 7: V1s is centered at Vcc/2. 

Note 8: Adjust input for O dBm. 

AC Test Circuits and Switching Time Waveforms 
Vee 

Ven -V1H 

l l Ven =V1L 
Vee 

CONTROL Vee 1 l Vis 1/0 1 OF 4 0/1 Vas 
SWITCHES 

AMMETER CONTROL Vee 
GND ....... " '" -0--~ 1/0 

1OF4 
0/1 Vos• Vce OR GND SWITCHES 

GND - ~ TL/F/5355-3 TL/F/5355-4 
FIGURE 1. "ON" Resistance FIGURE 2. "OFF" Channel Leakage Current 

3-404 



AC Test Circuits and Switching Time Waveforms (Continued) 

Ym•V1H----
Vee 

AMMETER CONTROL Vee 

V1s•Vcc 
TO GNO 

1/0 1OF4 
SWITCHES 

GND 

011----Vos 

FIGURE 3. "ON" Channel Leakage Current 
TL/F/5355-5 

Ven= Vee--- Vee 

CONTROL Vee 

1/0 S~l~~H~S 0111--.. -----Vos 
GND CL J50pF 

FIGURE 4. tPHL• tPLH Propagation Delay Time Signal Input to Signal Output 
TL/F/5355-6 

Vm---- Vee Vee lPZL lPLZ 

tpu lrLZ 

VeTL 

"'~ ~ CONTROL Vee Vm 50% 

110 s~~~:Es 011 Vos .. ~ "_:;r-GNO CL Yoo Yoo ISO pf Vos . 
Yot Vat 

'::' 

TL/F/5355-7 

FIGURE 5. tpzL, tpLZ Propagation Delay Time Control to Signal Output 

Yee lPZH 

Vee~ so~. 

ov~ 
VoH 

0 ov 

Vcc~Voo 
50~. 

ov~ 
VoH 

ov 

CONTROL Vee 

1/0 S~l~~H4ES 011------Vas 
GND CL Rt r 50 pf '::' 1 kn 

Vcc/2 

TL/F/5355-8 

FIGURE 6. tpzH, tpHz Propagation Delay Time Control to Signal Output 

Vee 
VeTL = Vee----.. 

GND 

..-e---.-Vos 

600.0. I50pF 

Vee/2 

FIGURE 7. Frequency Response 
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co co 
Q 
"'11::1' 
0 :c 
"'11::1' ,._ 
::e ::e ...... co co 
Q 
"'11::1' 
0 :c 
"'11::1' 
Ln ::e ::e 

VeTL----
Vee 

Vrs 

lltll 
llOOO 

Vcc/2 

CONTROL Vee Vm 

IN/OUT S~l~~:ESOUT/IN--------Yos 
GND 

Vcc/2 
Vcc/2 

I\ 
eoon 

CL rSOpF 

~a8ns _, t= 
Vee v 

ov----K.-10% 90% 

Vos 

FIGURE 8. Crosstalk: Control Input to Signal Output 

Vee 

BO On 
CONTROL Vee 

IN/OUT s~;~:Es OUT /IN Yos111 

GND 

":" ':" Vcc/2 

• CROSSTALK 
t 

TL/F/5355-9 

"~=B ... \J 1/1 

Yee 
YCTL(rJ•DV 

V11111 

CONTROL Vee 

Y111r1•DV Ill/OUT S~~~:ES OUT /IN 

&ND 
BOOn 

Vcc/2 

TL/F /5355-10 

FIGURE 9. Crosstalk Between Any Two Switches 

FIN IS A SINE WAVE Yee F1N IS A SINE WAVE 
Ym =Yee VCTL = GND----. 

Vee 
FIN Vos 

.,_._ __ .,_Vos 

600.Q 
GND GND 

soo.aisopr 

Yec/2 _ 

10k.a ISO pf" 

Ycc/2 _ 

TL/F/5355-21 TL/F/5355-20 

FIGURE 10. Switch OFF Signal Feedthrough Isolation FIGURE 11. Slnewave Distortion 

Typical Performance Characteristics 

Typical "ON" Resistance 
100 .---.---...--..,-----.-.....,.....-.., 

80 t--+---.1----+---t--+--i 

ro f--+--- Vee= ,,5V ~ 

.co c/-
~ Vcc=9.0V 

INPUT VOLTAGE (V) 

Special Considerations 

Typical Crosstalk Between 
Any Two Switches 

-30 .....--,....-,.---,....-,.---,....--. 

-35 f--+--l--+-~s,....-..,---1 

-.co ,___..___...__,__l----+----1 

iii' ~ -45 ,__,__ __ ,__,,,,....___,_-+--i 

>c. -so i--+--,,_-+-----+----1 
...... 
.} -55 

-ro1--e--r--+-__,1----+----1 

-65 1-#-t--f---+---f---+---t 

-70 ~__.__.....___.__.....__.....___. 
100K 1M 10M 100M 

FREQUENCY (Hz) 

Typical Frequency Response 
0.0 I 

-1.0 

...,. 
~ -2.0 ;!; 

); 
-:!' -3.0 

I I +lb I I I 

ti I ~ 
Vcc='.5v_S A ' ~cc=1'.ov~ [j 

[ 
_,.o j_ 

100K 1M 10M 100M 

FREQUENCY (Hz) 

TL/F/5355-1 B 

In certain applications the external load-resistor current may include both Vee and signal line components. To avoid drawing 
Vee current when switch current flows into the analog switch input pins, the voltage drop across the switch must not exceed 
0.6V (calculated from the ON resistance). 
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~National 
U Semiconductor 

MM54HC4075/MM74HC4075 
Triple 3-lnput OR Gate 

General Description 
These OR gates utilize advanced silicon-gate CMOS tech
nology to achieve operating speeds similar to LS-TTL gates 
with the low power consumption of standard CMOS inte
grated circuits. All gates have buffered outputs, providing 
high noise immunity and the ability to drive 10 LS-TTL loads. 
The 54HC/7 4HC logic family is functionally as well as pin
out compatible with the standard 54LS/74LS logic family. 
The 54HC4075/74HC4075 is functionally equivalent and 
pin-out compatible with the CD40758 and MC140758 metal 
gate CMOS devices. All inputs are protected from damage 
due to static discharge by internal diode clamps to Vee and 
ground. 

Connection Diagram 

Features 
• Typical propagation delay: 11 ns 
• Wide power supply range: 2V-6V 
• Low quiescent current: 20 µA maximum (74HC Series) 
• Low input current: 1 µA maximum 
• Fanout of 10 LS-TTL loads 

Dual-In-Line Package 

Y=A+B+C 

Vee 3C 38 3A 3Y 2Y 2C 

14 13 12 11 10 9 8 

2 4 5 6 7 

2A 28 1A 18 1C 1Y GND 

Top View 

Order Number MM54HC4075* or MM74HC4075* 
*Please look into Section 8, Appendix D for availability of various package types. 
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Absolute Maximum Ratings (Notes 1 & 2) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for avallablllty and specifications. 

Supply Voltage (Vee) -0.5 to + 7.0V 

DC Input Voltage MN) -1.5 to Vee+ 1.5V 

DC Output Voltage (VouT) -0.5 to Vcc+0.5V 

Clamp Diode Current (l1K. loK) 

DC Output Current, per pin (louT) 

DC Vee or GND Current, per pin (Ice) 

Storage Temperature Range (Tsrn) 

Power Dissipation (Po) 
(Note3) 
S.O. Package only 

Lead Temp. (Tu (Soldering 10 seconds) 

±20mA 

±25mA 

±50mA 

-65°C to + 15o•c 

600mW 
500mW 

260°c 

DC Electrical Characteristics (Note 4) 

Operating Conditions 
Min Max 

Supply Voltage (Vee) 2 6 

DC Input or Output Voltage 0 Vee 
MN.VouT) 

Operating Temp. Range (TA) 
MM74HC -40 +85 
MM54HC -55 +125 

Input Rise or Fall Times 
(tr.tf) Vcc=2.ov 1000 

Vcc=4.5V 500 
Vcc=6.0V 400 

74HC 54HC 

Symbol Parameter Conditions Vee 
TA=25°c 

TA= - 40 to 85°C TA= -55 to 125°C 

Typ 

V1H Minimum High Level 2.0V 1.5 
Input Voltage 4.5V 3.15 

6.0V 4.2 

V1L Maximum Low Level 2.0V 0.5 
Input Voltage** 4.5V 1.35 

6.0V 1.8 

VoH Minimum High Level V1N = V1H or V1L 
Output Voltage ilouTI :5:20 µA 2.0V 2.0 1.9 

4.5V 4.5 4.4 
6.0V 6.0 5.9 

V1N = V1H or V1L 
ilouTI :5:4.0 mA 4.5V 4.2 3.98 

ilouTI :5: 5.2 mA 6.0V 5.7 5.48 

VoL Maximum Low Level V1N = V1H or V1L 
Output Voltage i louTI :5: 20 µA 2.0V 0 0.1 

4.5V 0 0.1 
6.0V 0 0.1 

V1N = V1H or V1L 
l1ouTl:5:4.0 mA 4.5V 0.2 0.26 

ilouTI :5:5.2 mA 6.0V 0.2 0.26 

l1N Maximum Input V1N=Vcc or GND 6.0V ±0.1 
Current 

lee Maximum Quiescent V1N=Vcc or GND 6.0V 2.0 
Supply Current louT=O µA 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Guaranteed Limits 

1.5 1.5 
3.15 3.15 
4.2 4.2 

0.5 0.5 
1.35 1.35 
1.8 1.8 

1.9 1.9 
4.4 4.4 
5.9 5.9 

3.84 3.7 
5.34 5.2 

0.1 0.1 
0.1 0.1 
0.1 0.1 

0.33 0.4 
0.33 0.4 

±1.0 ±1.0 

20 40 

Units 
v 

v 

·c 
·c 

ns 
ns 
ns 

Units 

v 
v 
v 

v 
v 
v 

v 
v 
v 

v 
v 

v 
v 
v 

v 
v 

µA 

µA 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mW l°C from 65°C to 85°C; ceramic "J" package: -12 mW l°C from 1 oo•c to 125°C. 

Note 4: For a power supply of 5V ±10% the worst case output voltages !VoH. and Vou occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case V1H and V1L occur at Vee= 5.5V and 4.5V respectively. (The V1H value at 5.5V is 3.85V.) The worst case leakage current (l1N• 
Ice. and lozl occur for CMOS at the higher voltage and so the 6.0V values should be used . 

.. VIL limits are currently tested at 20% of Vee- The above V1L specification (30% of Vee) will be implemented no later than 01, CY'89. 
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AC Electrical Characteristics Vee=5V, TA=25°C, CL= 15 pF, tr=tt=6 ns 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

tPHL• tPLH Maximum Propagation 11 20 ns 
Delay 

AC Electrical Characteristics Vee= 2.0V to 6.0V, CL= 50 pF, tr= tt = 6 ns (unless otherwise specified) 

TA=2s·c 
74HC 54HC 

Symbol Parameter Conditions Vee TA= -40 to as•c TA= - 55 to 12s0 c Units 

Typ Guaranteed Limits 

tpHL• tPLH Maximum Propagation 2.0V 40 115 145 171 ns 
Delay 4.5V 12 23 29 34 ns 

6.0V 10 20 25 29 ns 

trLH· trnL Maximum Output 2.0V 30 75 95 110 ns 
Rise and Fall 4.5V 10 15 19 22 ns 
Time 6.0V 9 13 16 19 ns 

Cpo Power Dissipation (per gate) 30 pF 
Capacitance (Note 5) 

C1N Maximum Input 5 10 10 10 pF 
Capacitance 

Note 5: Cpo determines the no load dynamic power consumption, Po= Cpo V cc2 I+ Ice V cc. and the no load dynamic current consumption, Is= Cpo V cc I+ Ice-
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~National 
~Semiconductor 

MM54HC4078/MM74HC4078 
8-lnput NOR/OR Gate 

General Description Features 
• Typical propagation delay: 15 ns 
• Wide power supply range: 2-6V 

These NOR gates utilize advanced silicon-gate CMOS tech
nology to achieve operating speeds similar to LS-TTL gates 
with the low power consumption of standard CMOS inte
grated circuits. Both outputs are buffered, providing high 
noise immunity and the ability to drive 10 LS-TTL loads. The 
54HC4078/7 4HC4078 is functionally equivalent and pin-out 
compatible with the CD40788. All inputs are protected from 
damage due to static discharge by internal diode clamps to 
Vee and ground. 

• Low quiescent current: 20 µA maximum (7 4HC Series) 
• Low input current: 1 µA maximum 
• Fanout of 10 LS-TTL loads 

Connection and Logic Diagrams 
Dual-In-Line Package 

Vee y H G F E NC 

14 13 12 11 10 9 8 

2 3 4 5 6 7 

K A B c D NC GND 
TL/F/5135-1 

Top View 

Order Number MM54HC4078* or MM74HC4078* 
•Please look into Section 8, Appendix D for availability of various package types. 

A-__.-... 
e---.--~ 

c-...... ,... .... 
o---.-~ 

e----~ .... 
F---.1i-,,,,-

G-__.-... 

H-..... i-.." 

Y=A+B+C+D+E+F+G+H 
K=V 

0-K 
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Absolute Maximum Ratings 
(Notes 1 &2) 

If Miiitary/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for avallablllty and specifications. 
Supply Voltage (Vee) -0.5 to + 7.0V 

DC Input Voltage MN) -1.5 to Vee+ 1.5V 

DC Output Voltage (Vour) -0.5 to Vcc+0.5V 

Clamp Diode Current (l1K. loK) 

DC Output Current, per pin (lour) 

DC Vee or GND Current, per pin (Ice) 

Storage Temperature Range (T srn) 

Power Dissipation (Po) 
(Note3) 
S.O. Package only 

Lead Temperature (TL.) 

(Soldering 1 O seconds) 

±20mA 

±25mA 

±50mA 

- 65°C to + 150°C 

600mW 
500mW 

2so0c 

DC Electrical Characteristics (Note 4) 

Operating Conditions 
Min 

Supply Voltage (Vee) 2 

DC Input or Output Voltage O 

MN· Vour) 
Operating Temp. Range (TA) 

MM74HC -40 
MM54HC -55 

Input Rise or Fall Times 
(tr, t1) Vcc=2.0V 

Vcc=4.5V 
Vcc=6.0V 

Max 
6 

Vee 

+85 
+125 

1000 
500 
400 

74HC 54HC 

Units 
v 
v 

oc 
oc 

ns 
ns 
ns 

Symbol Parameter Conditions Vee TA=-40to85°C TA=-55to125°C Units 

Ice 

Minimum High Level 

Input Voltage 

Maximum Low Level 
Input Voltage•• 

Minimum High Level 

Output Voltage 

Maximum Low Level 

Output Voltage 

Maximum Input 
Current 

Maximum Quiescent 

Supply Current 

V1N = V1H or V1L 
liourl::;;20 µA 

V1N = V1H or V1L 
ilourl ::;;4,0 mA 

I lour I ::;; 5.2 mA 

V1N = V1H or V1L 
llourl ::;;20 µA 

V1N = V1H or V1L 
ilourl::;;4 mA 
l1ourl::;;5.2 mA 

V1N=VccorGND 

lour=O µA 

2.0V 
4.5V 

6.0V 

2.0V 
4.5V 
6.0V 

2.0V 

Typ 

2.0 
4.5V 4.5 

6.0V 6.0 

4.5V 4.2 
6.0V 5.7 

2.0V 

4.5V 
6.0V 

0 
0 
0 

4.5V 0.2 

6.0V 0.2 

6.0V 

6.0V 

1.5 
3.15 

4.2 

0.5 
1.35 
1.8 

1.9 
4.4 
5.9 

3.98 
5.48 

0.1 

0.1 
0.1 

0.26 
0.26 

±0.1 

2.0 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Guaranteed Limits 

1.5 
3.15 

4.2 

0.5 
1.35 
1.8 

1.9 
4.4 

5.9 

3.84 
5.34 

0.1 
0.1 
0.1 

0.33 
0.33 

±1.0 

20 

1.5 
3.15 
4.2 

0.5 

1.35 
1.8 

1.9 
4.4 
5.9 

3.7 
5.2 

0.1 

0.1 
0.1 

0.4 
0.4 

±1.0 

40 

v 
v 
v 
v 
v 
v 

v 
v 
v 

v 
v 

v 
v 
v 

v 
v 

µA 

µA 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mW /'C from 65'C to 85'C; ceramic "J" package: -12 mW /'C from 1 OO'C to 125'C. 

Note 4: For a power supply of 5V ± 10% the worst case output voltages {VOH· and VoL.) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case V1H and v1L occur at Vee= 5.5V and 4.5V respectively. (The V1H value at 5.5V is 3.85V.) The worst case leakage current (l1N• 
Ice. and loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 

••v1L limits are currently tested at 20% of Vee. The above Vil specification (30% of Vee) will be implemented no later than 01, CY'B9. 
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co 
...... 
~ AC Electrical Characteristics MM54HC4o7Bl74HC4o7a 

~ Vee=5V, TA=25°C, CL =15 pF, tr=tt=6 ns 
-.::!' ...... 
:E 
:E ...... 
co ...... 
0 
-.::!' 
0 
:c 
-.::!' 
LI) 

:E 
:E 

Symbol 

tPHL· tPLH 

tPHL• tPLH 

Parameter Conditions 

Maximum Propagation 
Delay, Y Output 

Maximum Propagation 
Delay, K Output 

Typ 
Guaranteed 

Units 
Limit 

14 22 ns 

16 24 ns 

AC Electrical Characteristics Vee= 2.0V to 6.0V, CL= 50 pF, tr= tt= 6 ns (unless otherwise specified) 

TA=2s·c 
74HC 54HC 

Symbol Parameter Conditions Vee TA= - 40 to as·c TA= -ssto 12s·c 

Typ Guaranteed Limits 

tPHL• tPLH Maximum Propagation 2.0V 47 130 160 195 
Delay, Y Output 4.5V 17 26 33 39 

6.0V 14 22 28 33 

tPHL• tPLH Maximum Propagation 2.0V 50 140 175 210 
Delay, K Output 4.5V 20 28 35 42 

6.0V 17 24 30 36 

trLH• tTHL Maximum Output 2.0V 30 75 95 110 
Rise and Fall 4.5V 10 15 19 22 
Time 6.0V 9 13 16 19 

Cpo Power Dissipation (per package) 100 
Capacitance (Note 5) 

C1N Maximum Input 5 10 10 10 
Capacitance 

Units 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

pF 

pF 

Note 5: Cpo determines the no load dynamic power consumption, Po= Cpo V cc2 f + Ice V cc. and the no load dynamic current consumption, Is= Cpo V cc f + Ice-
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~National 
~Semiconductor 

MM54HC4316/MM7 4HC4316 
Quad Analog Switch with Level Translator 

General Description 
These devices are digitally controlled analog switches im
plemented in advanced silicon-gate CMOS technology. 
These switches have low "on" resistance and low "off" 
leakages. They are bidirectional switches, thus any analog 
input may be used as an output and vice-versa. Three sup
ply pins are provided on the '4316 to implement a level 
translator which enables this circuit to operate with 0-6V 
logic levels and up to ±6V analog switch levels. The '4316 
also has a common enable input in addition to each switch's 
control which when low will disable all switches to their off 
state. All analog inputs and outputs and digital inputs are 
protected from electrostatic damage by diodes to Vee and 
ground. 

Connection and Logic Diagrams 
Dual-In-Line Package 

1CTL 4CTL 41/0 40/I 30/1 31/0 VEE 

15 

2 

11/0 10/1 20/1 21/0 2CTL 3CTL En GND 
TL/F/5369-1 

Top View 

Order Number MM54HC4316* or MM74HC4316* 
•Please look into Section 8, Appendix D 
for availability of various package types. 

Features 
• Typical switch enable time: 20 ns 
• Wide analog input voltage range: ± 6V 
• Low "on" resistance: 50 typ. (Vcc-VEE=4.5V) 

30 typ. (Vcc-VEE=9V) 
• Low quiescent current: 80 µA maximum (7 4HC) 
• Matched switch characteristics 
• Individual switch controls plus a common enable 

Truth Table 

Logic 
Level 
Translator 

En 

H 
L 
L 

Inputs 

CTL 

x 
L 
H 

Switch 

1/0-0/1 

"OFF" 
"OFF" 
"ON" 

TL/F/5369-2 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
If Military/Aerospace specified devices are required, Min Max Units 
contact the National Semiconductor Sales Office/ Supply Voltage (Vee) 2 6 v 
Distributors for availability and specifications. Supply Voltage (VEE) 0 -6 v 
Supply Voltage (Vee) -0.5to +7.5V DC Input or Output Voltage 0 Vee v 
Supply Voltage (VEE) +0.5to -7.5V (V1N. Vour) 
DC Control Input Voltage <VIN) -1.5toVcc+1.5V Operating Temp. Range (TA) 

DC Switch 1/0 Voltage (Vio) VEE-0.5 to Vcc+0.5V MM74HC -40 +85 ·c 
Clamp Diode Current (11K. loK) ±20mA MM54HC -55 +125 ·c 
DC Output Current, per pin (lour) ±25mA Input Rise or Fall Times 

(tr, t1) Vcc=2.ov 1000 ns 
DC Vee or GND Current, per pin (Ice) ±50mA Vcc=4.5V 500 ns 
Storage Temperature Range (TsTG) -65°Cto +150°C Vce=s.ov 400 ns 
Power Dissipation (Po) Vee= 12.ov 250 ns 

(Note3) 600mW 
S.O. Package only 500mW 

Lead Temperature (TL) 

(Soldering 1 O seconds) 260°C 

DC Electrical Characteristics (Note 4) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions VEE Vee TA= -40toas·c TA= -ssto 12s0 c Units 

Typ Guaranteed Limits 

V1H Minimum High Lev~I 2.0V 1.5 1.5 1.5 v 
Input Voltage 4.5V 3.15 3.15 3.15 v 

6.0V 4.2 4.2 4.2 v 

V1L Maximum Low Level 2.0V 0.5 0.5 0.5 v 
Input Voltage** 4:5v 1.35 1.35 1.35 v 

6.0V 1.8 1.8 1.8 v 

RoN Minimum "ON" Resistance VeTL =V1H. ls=2.0 mA GND 4.5V 100 170 200 220 .n 
(See Note 5) V1s=Vce to VEE -4.5V 4.5V 40 85 105 110 .n 

(Figure 1) -6.0V 6.0V 30 70 85 90 .n 
GND 2.0V 100 180 215 240 .n 

VeTL =V1H. ls=2.0 mA GND 4.5V 40 80 100 120 .n 
V1s=Vee or VEE -4.5V 4.5V 50 60 75 80 .n 
(Figure 1) -6.0V 6.0V 20 40 60 70 .n 

RoN Maximum "ON" Resistance VeTL =V1H GND 4.5V 10 15 20 20 .n 
Matching V1s=Vee to VEE -4.5V 4.5V 5 10 15 15 .n 

-6.0V 6.0V 5 10 15 15 .n 
l1N Maximum Control V1N=Vee or GND GND 6.0V ±0.1 ±1.0 ±1.0 µA 

Input Current 

l1z Maximum Switch "OFF" Vos=Vee or VEE GND 6.0V ±60 ±600 ±600 nA 
Leakage Current Vis= VEE or Vee -6.0V 6.0V ±100 ±1000 ±1000 nA 

VeTL = V1L (Fig 2) 

l1z Maximum Switch '.'ON" V1s=VeetoVEE GND 6.0V ±40 ±150 ±150 nA 
Leakage Current VeTL = V1H. Vos = OPEN -6.0V 6.0V ±60 ±300 ±300 nA 

(Figure 3) 

Ice Maximum Quiescent V1N=Vee or GND GND 6.0V 2.0 20 40 µA 
Supply Current lour=O µA -6.0V 6.0V 8.0 80 160 µA 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mW l°C from 65°C to 85°C; ceramic "J" package: -12 mW/°C from 100°C to 125°C. 
Note 4: For a power supply of 5V ± 10% the worst case on resistances (RoN) occurs for HC at 4.5V. Thus the 4.5V values should be used when designing with 
this supply. Worst case V1H and V1L occur at Vee= 5.5V and 4.5V respectively. (The V1H value at 5.5V is 3.B5V.) The worst case leakage current occurs for CMOS 
at the higher voltage and so the 5.5V values should be used. 
Note 5: At supply voltages <Vee-VEE) approaching 2V the analog switch on resistance becomes extremely non-linear. Therefore it is recommended that these 
devices be used to transmit digital only when using these supply voltages. 
••v1L limits are currently tested at 20% of Vee- The above V1L specification (30% of Vee) will be implemented no later than Qt, CY'B9. 
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AC Electrical Characteristics 
Vee = 2.0V-6.0V, VEE = OV-6V, CL = 50 pF (unless otherwise specified) 

74HC 54HC 

Symbol Parameter Conditions VEE Vee 
TA= +2s0 c TA=-40°c TA= -ss·c 

Units to +as·c to+ 12s0 c 

Typ Guaranteed Limits 

tPHL• tPLH Maximum Propagation GND 2.0V 25 50 63 75 ns 
Delay Switch In to GND 4.5V 5 10 13 15 ns 
Out -4.5V 4.5V 4 8 12 14 ns 

-6.0V 6.0V 3 7 11 13 ns 

tpzL, tpzH Maximum Switch Turn AL =1 kn GND 2.0V 30 165 206 250 ns 
"ON" Delay GND 4.5V 20 35 43 53 ns 
(Control) -4.5V 4.5V 15 32 39 48 ns 

-6.0V 6.0V 14 30 37 45 ns 

tpHz, tpLZ Maximum Switch Turn AL =1 kn GND 2.0V 45 250 312 375 ns 
"OFF" Delay GND 4.5V 25 50 63 75 ns 
(Control) -4.5V 4.5V 20 44 55 66 ns 

-6.0V 6.0V 20 44 55 66 

tpzL, tpzH Maximum Switch GND 2.0V 35 205 256 308 ns 
Turn "ON" Delay GND 4.5V 20 41 52 62 ns 
(Enable) -4.5V 4.5V 19 38 48 57 ns 

-6.0V 6.0V 18 36 45 54 ns 

tpLZ, tpHz Maximum Switch GND 2.0V 58 265 330 400 ns 
Turn "OFF" Delay GND 4.5V 28 53 67 79 ns 
(Enable) -4.5V 4.5V 23 47 59 70 ns 

-6.0V 6.0V 21 47 59 70 ns 

Minimum Frequency AL = 600n, Vis = 2Vpp ov 4.5 40 MHz 
Response (Figure 7) at (Vcc-VEE/2) -4.5V 4.5V 100 MHz 
20 log (VoslV1s)= -3 dB (Notes6, 7) 

Control to Switch AL = 600n, F = 1 MHz ov 4.5V 100 mV 
Feedthrough Noise CL= 50 pF -4.5V 4.5V 250 mV 
(Figure8) (Notes 7, 8) 

Crosstalk Between RL = 600n, F = 1 MHz 
any Two Switches ov 4.5V -52 dB 
(Figure El) -4.5V 4.5V -50 dB 

Switch OFF Signal RL = 600n, F = 1 MHz 
Feedthrough VcrL =VIL· ov 4.5V -42 dB 
Isolation -4.5V 4.5V -44 dB 
(Figure 1{}) (Notes 7, 8) 

THO Sinewave Harmonic RL = 10 Kn, CL= 50 pF, 
Distortion F = 1 KHz 
(Figure 11) V1s = 4Vpp ov 4.5V 0.013 % • V1s = 8Vpp -4.5V 4.5V 0.008 % 

C1N Maximum Control 5 pF 
Input Capacitance 

C1N Maximum Switch 35 pF 

Input Capacitance 

C1N Maximum Feedthrough VcrL =GND 0.5 pF 
Capacitance 

Cpo Power Dissipation 15 pF 

Capacitance 

Note 6: Adjust 0 dBm for F = 1 KHz (Null AL/Ron Attenuation). 

Note 7: V1s is centered at Vcc-Vee/2. 

Note 8: Adjust for O dBm. 
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AC Test Circuits and Switching Time Waveforms 

Ven =VtH ----
Vee 

CONTROL Vee 

Yrs __ ... __,. 110 1OF4 
SWITCHES 

Oii ....... ..., __ Vos Vcn-¥1----
Vee 

AMMETER CONTROL Vee 

Vee Yrs. GND OR Vee f/O S~~~H~S D/I ....., ___ Vos• Vee OR GMO 

----..-- t------ VEE 

TL/F/5369-3 TL/F/5369-4 

FIGURE 1. "ON" Resistance FIGURE 2. "OFF" Channel Leakage Current 

VcTL""VtH1

---

Vee 

CONTROL Vee 

Vm = V1H -----. 
Vee 

AMMETER CONTROL Vee 

Vis= Yee 
TD GNO 

110 1OF4 
SWITCHES 

VEE 

Vee 

011----Vos 

FIGURE 3. "ON" Channel Leakage Current 

Yrs 110 8~1~~H~S 0111--... -----vos 

Vee CL I5Dpf 

TL/F/5369-5 

FIGURE 4. tPHL• tPLH Propagation Delay Time Signal Input to Signal Output 

Ven----. Yee 

CONTROL Vee 

110 s~1~~:es o11 
Vee 

Vee 

Vos 

CL 

T50pF 

FIGURE 5. tpzL, tpLZ Propagation Delay Time Control to Signal Output 
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AC Test Circuits and Switching Time Waveforms (Continued) 

VerL Vee 

CONTROL Vee 
1/0 S~l~~H4ES 0/1 .__.._ _____ Vos 

VEE 

Vee 

TL/F/5369-8 

FIGURE 6. tpzH, tpHz Propagation Delay Time Control to Signal Output 

Yee 

CONTROL Yee 

IN/OUT OUT/IN t----411-----4~ Vos 

YEE 50pF 

I 
600.n 

YEE 
TL/F/5369-18 

FIGURE 7. Frequency Response 

Vee 
VcTL------. tr=Bns 

Vis 

Vcc/2 

COIHROL Vee 

IN/OUT S~l~~:EsOUT/IN ~-"--------Vos 
VEE 

Ven 

Vos . F ----------""'Iv::----------. 

FIGURE 8. Crosstalk: Control Input to Signal Output 

Vcn111 = Vee----. 
Yee 

Boon CONTROL Vee 

IN/OUT S~l~~:EsOUTllN Vos111 
Vee RL 

V1s(I) eoon 

VEE ':' 

~ C\ I 

-= 
Vee 

V1s111 

Vcn121 = OV av 1M \J 
1 If 

CONTROL Vee 

V1s(2) = OV IN/OUT S~l~~:Es OUT/IN Vos(2) 

eoon Vee RL 
eoon 

':' Vee ':' 

FIGURE 9: Crosstalk Between Any Two Switches 
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AC Test Circuits and Switching Time Waveforms (Continued) 

Vee Vee 

VeTL =Vee F1N IS A SINE WAVE Vm =GND 
FIN IS A SINE WAVE 

CONTROL Vee CONTROL Vee 

FIN IN/OUT OUT/IN Vos 
600.0. 

F1N IN/OUT OUT/IN ..__..., __ ~Vos 

VEE 50pF 
600.0. 

I 
____ 1"'9"" __ _, 10k.O. 50pF 

I 
VEE -

TL/ F / 5369- 20 TL/F/5369-19 

FIGURE 10. Switch OFF Slgnal Feedthrough lsolatlon FIGURE 11. Slnewave Distortion 

Typical Performance Characteristics 

Typlcal "ON" Resistance 
Typlcal Crosstalk Between 
Any Two Switches 

160 r---....--...,..---...---,.--...----. o.o ------.-------.--.-----. 

120 t----+----+---+----+--+----t -1.0 

tl 100 

g ~t----+----+---+----+--+----t 
<ii' 
3- -2.0 

!:! ~ 1---+---+-- Vee-VEE= 9.0V 
>o 

-3.0 

-4.0 

O,___..._ _ _._ _ _._ _ __. ___ ~ 

0 4 6 8 

INPUT VOLTAGE (V) 

10 12 100K 

TL/F/5369-21 

Typlcal Frequency Response 
-30 ----........-------.--.-----. 

~ -sot----+---- -l'J~-+----+--+----t 
~ 
~ -55 t----+--..,.,..-+---+----+--+----t 

-70 .____......._ _ _._ _ ___.__~.____....___ ..... 

100K 1M 10M 100M 

FREQUENCY {Hz) 

Special Considerations 

1M 10M 

FREQUENCY (Hz) 

TL/F/5369-23 

100M 

TL/F/5369-22 

In certain applications the external load-resistor current may include both Vee and signal line components. To avoid drawing 
Vee current when switch current flows into the analog switch input pins, the voltage drop across the switch must not exceed 
0.6V (calculated from the ON resistance). 
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~National 
~Semiconductor 

MM54HC4511/MM74HC4511 
BCD-to-7 Segment Latch/Decoder/Driver 

General Description 
This high speed latch/decoder/driver utilizes advanced sili
con-gate CMOS technology. It has the high noise immunity 
and low power consumption of standard CMOS integrated 
circuits, as well as the ability to drive 10 LS-TTL loads. The 
circuit provides the functions of a 4-bit storage latch, an 
8421 BCD-to-seven segment decoder, and an output drive 
capability. Lamp test (LT), blanking (Bi), and latch enable 
(LE) inputs are used to test the display, to turn-off or pulse 
modulate the brightness of the display, and to store a BCD 
code, respectively. It can be used with seven-segment light 
emitting diodes (LED), incandescent, fluorescent, gas dis
charge, or liquid crystal readouts either directly or indirectly. 

Applications include instrument (e.g., counter, DVM, etc.) 
display driver, computer/calculator display driver, cockpit 
display driver, and various clock, watch, and timer uses. 

The 54HC/74HC logic family is speed, function, and pinout 
compatible with the standard 54LS/74LS logic family. All 
inputs are protected from damage due to static discharge by 
internal diode clamps to Vee and ground. 

Connection Diagram 

Dual-In-Line Package 
Vee b 

i& 15 14 13 12 11 10 

LT Bl LE A GND 

TOP VIEW 
TL/F/5373-1 

Order Number MM54HC4511 * or MM74HC4511 * 
*Please look into Section B. Appendix D 
for availability of various package types. 

Features 
• Latch storage of input data 
• Blanking input 
• Lamp test input 
• Low power consumption characteristics of CMOS 

devices 
• Wide operating voltage range: 2 to 6 volts 
• Low input current: 1 µA maximum 
• Low quiescent current: 80 µA maximum over full tem

perature range (7 4 Series) 

Truth Table 

INPUTS OUTPUTS 

LE Bi LT D C B A a b c d e f g DISPLAY 

x x L x x x x H H H H H H H 8 
x L H x x x x L L L L L L L 
L H H L L L L H H H H H H L 0 
L H H L L L H L H H L L L L 1 
L H H L L H L H H L H H L H 2 

L H H L L H H H H H H L L H 3 
L H H L H L L L H H L L H H 4 
L H H L H L H H L H H L H H 5 
L H H L H H L L L H H H H H 6 
L H H L H H H H H H L L L L 7 
L H H H L L L H H H H H H H 8 
L H H H L L H H H H L L H H 9 
L H H H L H L L L L L L L L 
L H H H L H H L L L L L L L 
L H H H H L L L L L L L L L 
L H H H H L H L L L L L L L 
L H H H H H L L L L L L L L 
L H H H H H H L L L L L L L 
H H H x x x x . . 

x =Don't care 

•=Depends upon the BCD code applied during the O to 1 transition of LE. 
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Absolute Maximum Ratings (Notes 1. and 2) 

If Military I Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage (Vee) -0.5 to+ 7.0V 

DC Input Voltage (ViN) -1.5 to Vee+ 1.5V 

DC Output Voltage (VouT) 

Clamp Diode Current (l1K. loK) 

DC Output Current, per pin (louT) 

DC Vee or GND Current, per pin (Ice) 

Storage Temperature Range (T srn) 
Power Dissipation (Po) 

(Note3) 
S.O. Package only 

Lead Temp. (TL) (Soldering 10 seconds) 

-0.5 to Vcc+0.5V 

±20mA 

±25mA 

±50mA 

- 65°C to + 150°C 

600mW 
500mW 

260°C 

DC Electrical Characteristics (Note 4) 

Operating Conditions 
Min 

Supply Voltage (Vee) 2 

DC Input or Output Voltage 0 
MN. VouT) 

Operating Temp. Range (TA) 
MM74HC -40 
MM54HC -55 

Input Rise or Fall Times 
(tr. t1) Vcc=2.0V 

Vcc=4.5V 
Vcc=6.0V 

Max 
6 

Vee 

+85 
+125 

1000 
500 
400 

74HC 54HC 

Units 
v 
v 

oc 
oc 

ns 
ns 
ns 

Symbol Parameter Conditions Vee TA=-40to85°C TA=-55to125°C Units 

VoH 

Vol 

Ice 

Minimum High Level 
Input Voltage 

Maximum Low Level 
Input Voltage** 

Minimum High Level 
Output Voltage 

Maximum Low Level 
Output Voltage 

Maximum Input 
Current 

Maximum Quiescent 
Supply Current 

V1N = V1H or V1L 
llouTI ~20 µA 

V1N = V1H or V1L 
l1ouTl~6.0 mA 
l1ouTl~7.8 mA 

V1N = V1H or V1L 
I louTI ~ 20 µA 

V1N = V1H or V1L 
l1ouTl~4.0 mA 
l1ouTl~5.2 mA 

V1N=Vcc or GND 

V1N=Vcc or GND 
louT=O µA 

2.0V 
4.5V 
6.0V 

2.0V 
4.5V 
6.0V 

2.0V 

Typ 

2.0 
4.5V 4.5 
6.0V 6.0 

4.5V 4.2 
6.0V 5.7 

2.0V 
4.5V 
6.0V 

0 
0 
0 

4.5V 0.2 
6.0V 0.2 

6.0V 

6.0V 

1.5 
3.15 
4.2 

0.5 
1.35 

1.8 

1.9 
4.4 
5.9 

3.98 
5.48 

0.1 
0.1 
0.1 

0.26 
0.26 

±0.1 

8.0 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Guaranteed Limits 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 
5.9 

3.84 
5.34 

0.1 
0.1 
0.1 

0.33 
0.33 

±1.0 

80 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 
5.9 

3.7 
5.2 

0.1 
0.1 
0.1 

0.4 
0.4 

±1.0 

160 

v 
v 
v 
v 
v 
v 

v 
v 
v 

v 
v 

v 
v 
v 

v 
v 

µA 

µA 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mW /'C from 65°C to 85°C; ceramic "J" package: -12 mW /'C from 100°C to 125°C. 

Note 4: For a power supply of 5V ± 10% the worst case output voltages (VoH. and Voll occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case V1H and Vil occur at Vee= 5.5V and 4.5V respectively. (The V1H value at 5.5V is 3.85V.) The worst case leakage current (11N. 

Ice. and loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 

••v1L limits are currently tested at 20% of Vee- The above V1L specification (30% of Vee) will be implemented no later than 01, CY'89. 
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AC Electrical Characteristics Vcc=5V, TA=25°C, CL= 15 pF, tr=t1=6 ns 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

tPHL• tpLH Maximum Propagation 60 120 ns 
Delay from Inputs A thru D to any Output 

tpHL• tPLH Maximum Propagation 60 120 ns 
Delay from 81 to any Output 

tPHL• tpLH Maximum Propagation 60 120 ns 

Delay from LT to any Output 

ts Minimum Setup Time 10 20 ns 
Inputs A thru D to LE 

tH Minimum Hold Time -3 0 ns 

Inputs A thru D to LE 

tw Minimum Pulse Width 16 ns 

for LE 

AC Electrical Characteristics CL= 50 pF, tr= t1= 6 ns (unless otherwise specified) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee TA= - 40 to 85°C TA= -55 to 125·c Units 

Typ Guaranteed Limits 

tPHL• tPLH Maximum Propagation LE=OV 2.0V 300 600 756 894 ns 

Delay from Inputs LT=Vcc 4.5V 60 120 151 179 ns 

A thru D to any Output BT=Vcc 6.0V 51 102 129 152 ns 

tPHL• tPLH Maximum Propagation LT=Vcc 2.0V 300 600 756 894 ns 

Delay from BT to 4.5V 60 120 151 179 ns 

any Output 6.0V 51 102 129 152 ns 

tPHL• tPLH Maximum Propagation Bi=OV 2.0V 300 600 756 894 ns 

Delay from LT to 4.5V 60 120 151 179 ns 

any Output 6.0V 51 102 129 152 ns 

ts Minimum Setup Time 2.0V 100 126 149 ns 

Inputs A thru D to LE 4.5V 20 25 30 ns 

6.0V 17 21 25 ns 

tH Minimum Hold Time 2.0V 0 0 0 ns 

Inputs A thru D to LE 4.5V 0 0 0 ns 

6.0V 0 0 0 ns 

tw Minimum Pulse Width 2.0V 80 100 120 ns 

for LE 4.5V 16 20 24 ns 

6.0V 14 17 20 ns 

tr, t1 Maximum Input Rise and 2.0V 1000 1000 1000 ns 

Fall Time 4.5V 500 500 500 ns 

6.0V 400 400 400 ns 

Cpo Power Dissipation pF 

Capacitance (Note 5) 

C1N Maximum Input 5 10 10 10 pF 

Capacitance 

Note 5: Cpo determines the no load dynamic power consumption, Po=Cpo Vcc2 f+ Ice Vee. and the no load dynamic current consumption, ls=Cpo Vee f+ Ice. 
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INPUTS 

A, B, C, D (Pins 7, 1, 2, 6)-BCD data inputs. A (pin 7) is the 
least-significant data bit and D (pin 6) is the most significant 
bit. Hexadecimal data A-F at these inputs will cause the 
outputs to assume a logic low, offering an alternate method 
of blanking the display. 

OUTPUTS 

a-g-Decoded, buffered outputs. These outputs, unlike the 
4511, have CMOS drivers, which will produce typical CMOS 
output voltage levels. 

Output Characteristics <Vee= sv> 

-25 .....-----------
! 
ffi -20 

~ 
B -15 1-l-IA~;_...jil~~~ ... .... 
a:: g -10 ...... .,...r-"r+-i---t----t----i 

~ :::> -5 lfMI'-+--! 
C> 

l. 
4 1 

Vo-OUTPUT VOLTAGE (VI 

TL/F/5373-2 

*The expected minimum curves are not guarantees, but are design aids. 

Typical Applications 

HC 
4511 

• • • 

••• 
TL/F/5373-4 

Typical Common Cathode LED Connection 

CONTROLS 

Bi (Pin 4)-Active-low display blanking input. A logic low on 
this input will cause all outputs to be held at a logic low, 
thereby blanking the display. LT is the only input that will 
override the Bl input. 

LT (Pin 3)-Active-low lamp test. A low logic level on this 
input causes all outputs to assume a logic high. This input 
allows the user to test all segments of a display, with a 
single control input. This input is independent of all other 
inputs. 

LE (Pin 5)-Latch enable input. This input controls the 4-bit 
transparent latch. A logic high on this input latches the data 
present at the A, 8, C and D inputs; a logic low allows the 
data to be transmitted through the latch to the decoder. 

CC" 
~ 

i 
B 
:..: 
z 
Vi 

~ 
:::> 
C> 

l. 

25 

20 

15 

10 

D 

HC 
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~National 
~Semiconductor 

MM54HC4514/MM74HC4514 
4-to-16 Line Decoder with Latch 

General Description 
This utilizes advanced silicon-gate CMOS technology, which 
is well suited to memory address decoding or data routing 
application. It possesses high noise immunity and low power 
dissipation usually associated with CMOS circuitry, yet 
speeds comparable to low power Schottky TTL circuits. It 
can drive up to 10 LS-TTL loads. 

The MM54HC4514/MM74HC4514 contain a 4-to-16 line 
decoder and a 4-bit latch. The latch can store the data on 
the select inputs, thus allowing a selected output to remain 
high even though the select data has changed. When the 
LATCH ENABLE input to the latches is high the outputs will 
change with the inputs. When LATCH ENABLE goes low 
the data on the select inputs is stored in the latches. The 
four select inputs determine which output will go high pro-

Connection Diagram 

INPUTS 

Dual-In-Line Package 

OUTPUTS 

vided the INHIBIT input is low. If the INHIBIT input is high all 
outputs are held low thus disabling the decoder. 

The MM54HC4514/MM74HC4514 is functionally and pinout 
equivalent to the CD4514BM/CD4514BC and the 
MC1451BA/MC1451BC. All inputs are protected against 
damage due to static discharge diodes from Vee and 
ground. 

Features 
• Typical propagation delay: 18 ns 
• Low quiescent power: 80 µA maximum (7 4HC Series) 
• Low input current: 1 µA maximum 
• Fanout of 10 LS-TTL loads (74HC Series) 

Truth Table 

Data Inputs 

Selected 
Voo INHIBIT IND INC 510 S11 SS $9 S14 515 $12 $13 Output 

24 18 17 16 15 14 13 

4-T0-16 DECODER 

10 11 12 

STROBE IN A IN B $7 56 SS 54 53 $1 s2 so Vss 
'--~~~~~~---~~~~~~---J 

INPUTS OUTPUTS 
TL/F/5215-1 

Top View 

Order Number MM54HC4514* or MM74HC4514* 
•Please look into Section 8, Appendix D for availability of various package types. 
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Absolute Maximum Ratings (Notes 1 and 2) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for avallablllty and specifications. 

Supply Voltage (Vee) -0.5 to + 7.0V 

DC Input Voltage MN) -1.5 to Vee+ 1.5V 

DC Output Voltage (Vour) -0.5 to Vcc+0.5V 

Clamp Diode Current (l1K. loK) 

DC Output Current, per pin (lour) 

DC Vee or GND Current, per pin (Ice) 

Storage Temperature Range (T srn) 

Power Dissipation (Po) 
(Note3) 
S.O. Package only 

Lead Temperature (TL) 
(Soldering 10 seconds) 

±20mA 

±25mA 

±50mA 

- 65°C to + 15o·c 

600mW 
500mW 

260°c 

DC Electrical Characteristics (Note 4) 

Operating Conditions 
Min 

Supply Voltage (Vee) 2 

DC Input or Output Voltage 0 
MN. Vour) 

Operating Temp. Range (TA) 
MM74HC -40 
MM54HC -55 

Input Rise or Fall Times 
(tr, t1) Vcc=2.0V 

Vcc=4.5V 
Vcc=6.0V 

74HC 

Max 
6 

Vee 

+85 
+125 

1000 
500 
400 

54HC 

Units 
v 
v 

·c 
·c 

ns 
ns 
ns 

Symbol Parameter Conditions Vee 
Typ 

TA= -40 to 85°C TA= -55 to 125•c units 

Guaranteed Limits 

Ice 

Minimum High Level Input 
Voltage 

Maximum Low Level Input 
Voltage** 

Minimum High Level Output V1N = V1H or V1L 
Voltage llourl~20 µA 

V1N=V1H orV1L 
llourl ~4.0 mA 
l1ourl~5.2 mA 

Maximum Low Level Output V1N = V1H or V1L 
Voltage llourl ~20 µA 

V1N = V1H or V1L 
l1ourl~4.0 mA 
l1ourl~5.2 mA 

2.0V 
4.5V 
6.0V 

2.0V 
4.5V 
6.0V 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

2.0V 2.0 1.9 
4.5V 4.5 4.4 
6.0V 6.0 5.9 

4.5V 4.2 3.98 
6.0V 5. 7 5.48 

2.0V 0 
4.5V 0 
6.0V 0 

0.1 
0.1 
0.1 

4.5V 0.2 0.26 
6.0V 0.2 0.26 

Maximum Input Current V1N =Vee or GND 6.0V ±0.1 

Maximum Quiescent Supply V1N =Vee or GND 6.0V 8.0 
Current lour= O µA 

Note 1: Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 
5.9 

3.84 
5.34 

0.1 
0.1 
0.1 

0.33 
0.33 

±1.0 

80 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 
5.9 

3.7 
5.2 

0.1 
0.1 
0.1 

0.4 
0.4 

±1.0 

160 

v 
v 
v 
v 
v 
v 

v 
v 
v 

v 
v 

v 
v 
v 

v 
v 

µA 

µA 

Note 3: Power Dissipation temperature derating-plastic "N" package: -12 mW/'C from 65'C to 85'C; ceramic "J" package: -12 mW/'C from 1oo·c to 125'C. 

Note 4: For a power supply of 5V ± 10% the worst case output voltages (VOH· and Vot) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case V1H and V1L occur at Vee= 5.SV and 4.SV respectively. (The V1H value at 5.5V is 3.BSV.) The worst case leakage current (!IN• 
Ice. and loz} occur for CMOS at the higher voltage and so the 6.0V values should be used. 

••v1L limits are currently tested at 20% of Vee- The above V1L specification (30% of Vee) will be implemented no later than 01, CY'B9. 
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AC Electrical Characteristics Vcc=5V, TA=25°C, CL =15 pF, tr=t,=6 ns 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

tPHL• tPLH Maximum Propagation Delay Data to Output 18 30 ns 

tPHL Maximum Propagation Delay LE to Output 18 30 ns 

tPLH Maximum Propagation Delay LE to Output 24 40 ns 

tPHL Maximum Propagation Delay Inhibit to Output 16 30 ns 

tPLH Maximum Propagation Delay Inhibit to Output 24 40 ns 

ts Minimum Setup Time, Date to LE 20 ns 

tH Minimum Hold Time, LE to Data 5 ns 

tw Minimum Pulse Width, Latch Enable 16 ns 

AC Electrical Characteristics Vcc=2.0V-6.0V, CL=50 pF, tr=t,=6 ns (unless otherwise specified) 

TA=2s·c 
74HC 54HC 

Symbol Parameter Conditions Vee TA= -40toes·c TA= -ssto 12s·c Units 

Typ Guaranteed Limits 

tPHL• tPLH Maximum Propagation 2.0V 80 175 220 263 ns 
Delay Data to Output 4.5V 18 35 44 53 ns 

6.0V 16 30 38 45 ns 

tPHL Maximum Propagation 2.0V BO 175 220 263 ns 
Delay LE to Output 4.5V 19 35 44 53 ns 

6.0V 17 30 38 45 ns 

tPLH Maximum Propagation 2.0V 120 230 290 343 ns 
Delay LE to Output 4.5V 27 46 58 69 ns 

6.0V 22 39 49 58 ns 

tPHL Maximum Propagation 2.0V 70 175 220 263 ns 
Delay Inhibit to Output 4.5V 18 35 44 53 ns 

6.0V 16 30 38 45 ns 

tPLH Maximum Propagation 2.0V 120 230 290 343 ns 
Delay Inhibit to Output 4.5V 27 46 58 69 ns 

6.0V 22 39 49 58 ns 

ts Minimum Setup Time, 2.0V 100 125 150 ns 
Data to LE 4.5V 20 25 30 ns 

6.0V 17 21 25 ns 

tH Minimum Hold Time, 2.0V 5 5 5 ns 
LE to Data 4.5V 5 5 5 ns 

6.0V 5 5 5 ns 

tw Minimum Pulse Width, 2.0V 80 100 120 ns 
Latch Enable 4.5V 16 20 24 ns 

6.0V 14 17 20 ns 

Cpo Power Dissipation 
290 pF 

Capacitance 

C1N Maximum Input 
5 10 10 10 pF 

Capacitance 

Note 5: Cpo determines the no load dynamic power consumption, Po=Cpo Vcc2 f+ Ice Vee. and the no load dynamic current consumption, ls=Cpo Vee f+ Ice. 
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~National 
~Semiconductor 

MM54HC4538/MM74HC4538 Dual 
Retriggerable Monostable Multivibrator 

General Description 
The MM54HC4538/MM74HC4538 high speed monostable 
multivibrators (one shots) are implemented in advanced sili
con-gate CMOS technology. They feature speeds compara
ble to low power Schottky TTL circuitry while retaining the 
low power and high noise immunity characteristic of CMOS 
circuits. · 

Each multivibrator features both a negative, A, and a posi
tive, B, transition triggered input, either of which can be 
used as an inhibit input. Also included is a clear input that 
when taken low resets the one shot. The 'HC4538 is retrig
gerable. That is, it may be triggered repeatedly while their 
outputs are generating a pulse and the pulse will be extend
ed. 

Pulse width stability over a wide range of temperature and 
supply is achieved using linear CMOS techniques. The out-

Connection and Block Diagrams 
Dual-ln~Line Package 

As Be Oe lie 
VoD T1 B T2B CDB INPUT INPUT OUT . OUT 

16 15 14 13 10 

ii 

ii 
• 
T1A T2A CDA AA BA OA DA Vss 

INPUT INPUT OUT OUT 
TOP VIEW 

TL/F/5217-1 

Order Number MM54HC4538* or MM74HC4538* 
•Please look into Section 8, Appendix D 
for availability of various package types. 

Truth Table 
Inputs 

Clear 
L 
x 
x 
H 
H 

H = High Level 
L =Low Level 

A 
x 
H 
x 
L 

i 

t = Transition from Low to High 
! = Transition from High to Low 

B 
x 
x 
L 

! 
H 

Outputs 

Q Q 

L H 
L H 
L H 

SL -u-
SL -u-

SL = One High Level Pulse 
Lr = One Low Level Pulse 
X = Irrelevant 

put pulse equation is simply: PW=0.7(R) (C) where PW is in 
seconds, R is in ohms, and C is in farads. This device is pin 
compatible with the CD4528, and the CD4538 one shots. All 
inputs are protected from damage due to static discharge by 
diodes to Vee and ground. 

Features 
• Schmitt trigger on A and B inputs 
• Wide power supply range: 2-6V 
• Typical trigger propagation delay: 32 ns 
• Fanout of 10 LS-TTL loads (74HC) 
• Low input current: 1 µA max 

ex Rx 

voo 

T1 · Tz 
A Q 

A 

a 
Co 

ex RX 

voo 

T1 Tz 
A Q 10 

12 

11 
ii 

Co 

13 

RX AND ex ARE EXTERNAL COMPONENTS 

TL/F/5217-2 

Note: Pin 1 and Pin 15 must be hard-wired to GND. 
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3: 
Absolute Maximum Ratings (Notes 1 and 2) Operating Conditions 3: 

U1 

If Miiitary/Aerospace specified devices are required, 
~ 

Min Max Units :c 
contact the National Semiconductor Sales Office/ Supply Voltage (Vee) 2 6 v 0 
Distributors for avallablllty and specifications. ~ 

DC Input or Output Voltage 0 Vee v U1 
w 

Supply Voltage (Vee) -0.5 to + 7.0V (V1N. Vour) CX> ....... 
DC Input Voltage (V1N) -1.5 to Vee+ 1.5V Operating Temp. Range (TA) 3: 
DC Output Voltage (Vour) -0.5 to Vee+ 0.5V MM74HC -40 +85 ·c 3: 

........ 
Clamp Diode Current (l1K. loK) ±20mA MM54HC -55 +125 ·c ~ 

DC Output Current, per pin (lour) Input Rise or Fall Times :c 
±25mA 0 

DC Vee or GND Current, per pin (Ice) ±50mA (Reset only) ~ 
U1 

Storage Temperature Range (T srn) -65°C to + 150°c (tr,t1) Vcc=2.ov 1000 ns w 
CX> 

Power Dissipation (Po) 
Vcc=4.5V 500 ns 

(Note3) 600mW Vcc=6.0V 400 ns 

S.O. Package only 500mW 

Lead Temperature (TL) 
(Soldering 10 seconds) 260°c 

DC Electrical Characteristics (Note 4) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee TA= - 40 to 85°C TA= - 55 to 125·c Units 

Typ Guaranteed Limits 

V1H Minimum High Level Input 2.0V 1.5 1.5 1.5 v 
Voltage 4.5V 3.15 3.15 3.15 v 

6.0V 4.2 4.2 4.2 v 
V1L Maximum Low Level Input 2.0V 0.5 0.5 0.5 v 

Voltage•• 4.5V 1.35 1.35 1.35 v 
6.0V 1.8 1.8 1.8 v 

VoH Minimum High Level Output V1N = V1H or V1L 
Voltage llourl~20 µA 2.0V 2.0 1.9 1.9 1.9 v 

4.5V 4.5 4.4 4.4 4.4 v 
6.0V 6.0 5.9 5.9 5.9 v 

V1N = V1H or V1L 
ilourl ~4.0 mA 4.5V 3.98 3.84 3.7 v 

llourl ~ 5.2 mA 6.0V 5.48 5.34 5.2 v 

VoL Maximum Low Level Output V1N = V1H or V1L 
Voltage i lourl ~ 20 µA 2.0V 0 0.1 0.1 0.1 v 

4.5V 0 0.1 0.1 0.1 v 
6.0V 0 0.1 0.1 0.1 v 

V1N = V1H or V1L 
ilourl ~4.0 mA 4.5V 0.26 0.33 0.4 v 

ilourl ~5.2 mA 6.0V 0.26 0.33 0.4 v 
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DC Electrical Characteristics (Note 4) (Continued) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee TA= -40to85°C TA= - 55 to 125•c Units 

Typ Guaranteed Limits 

l1N Maximum Input Current V1N=VccorGND 6.0V ±0.1 ±1.0 ±1.0 µA 
(Pins 2, 14) (Note 6) 

l1N Maximum Input Current V1N=VccorGND 6.0V ±0.1 ±1.0 ±1.0 µA 
(all other pins) 

Ice Active Maximum Active Supply Pins 2, 14 = 0.5 Vee 
Current 01, 02 =High 6.0V 150 250 400 µA 

V1N = Vee or GND 

Ice Quiescent Maximum Quiescent Supply Pins 2, 14 =OPEN 
Current Q1, Q2 =Low 6.0V 130 220 350 µA 

V1N = Vee or GND 
Note 1: Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation Temperature Derating: Plastic "N" Package: -12mW/'C from 65'C to 85'C Ceramic "J" Package: -12mW/'C from 100'C to 125'C 
Note 4: For a power supply of 5V ± 10% the worst case output voltages (VOH· and Vou occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case V1H and V1L occur at Vee = 5.5V and 4.5V respectively. (The V1H value at 5.5V is 3.85V.) The worst case leakage current 
(l1N. Ice. and loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
Note 6: The device must be set up with 3 steps before measuring 11N: 

Clear A B 

1. H L H 
2. H H H 
3. H L H 

•• V1L limits are currently tested at 20% of Vee· The above V1L specification (30% of Vee) will be implemented no later than 01, CY'89. 

AC Electrical Characteristics Vcc=5V, TA=25° C, CL =15 pF, tr=tt=6 ns 

Symbol Parameter Conditions Typ Limit Units 

tPLH Maximum Propagation Delay A, or B to 0 23 45 ns 

tPHL Maximum Propagation Delay A, or B to Q 26 50 ns 

tPHL Maximum Propagation Delay Clear to Q 23 45 ns 

tPLH Maximum Propagation Delay Clear to Q 26 50 ns 

tw Minimum Pulse Width A, B or Clear 10 16 ns 

AC Electrical Characteristics CL =50 pF, tr=tt=6 ns (unless otherwise specified) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee TA= - 40 to 85°C TA= -55to125°C Units 

Typ Guaranteed Limits 

tPLH Maximum Propagation 2.0V 100 250 315 373 ns 
Delay A, or B to 0 4.5V 25 50 63 75 ns 

6.0V 21 43 54 63 ns 

tpHL Maximum Propagation 2.0V 110 275 347 410 ns 
Delay A, or B to Q 4.5V 28 55 69 82 ns 

6.0V 23 47 59 70 ns 

tpHL Maximum Propagation 2.0V 100 250 315 373 ns 
Delay Clear to 0 4.5V 25 50 63 75 ns 

6.0V 21 43 54 63 ns 

tPLH Maximum Prop~gation 2.0V 110 275 347 410 ns 
Delay Clear to 0 4.5V 28 55 69 82 ns 

6.0V 23 47 59 70 ns 

tTLH· trHL Maximum Output 2.0V 30 75 95 110 ns 
Rise and Fall 4.5V 10 15 19 22 ns 
Time 6.0V 8 13 16 19 ns 

tr. tt Maximum Input 2.0V 1000 1000 1000 ns 
Rise and Fall 4.5V 500 500 500 ns 
Time (Reset only) 6.0V 400 400 400 ns 
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AC Electrical Characteristics CL= 50 pF, tr= t1= 6 ns (unless otherwise specified) (Continued) 

TA=2s·c 
74HC 54HC 

Symbol Parameter Conditions Vee TA= - 40 to as·c TA= -55to 12s0 c Units 

Typ Guaranteed Limits 

tw Minimum Pulse Width 2.0V 80 101 119 ns 
A, 8, Clear 4.5V 16 20 24 ns 

6.0V 14 17 20 ns 

tREC Minimum Recovery 2.0V -5 0 0 0 ns 
Time, Clear 4.5V 0 0 0 ns 
Inactive to A or B 6.0V 0 0 0 ns 

two Output Pulse Width Cx= 12 pF Min 3.0V 283 190 ns 
Rx= 1 kn 5.0V 147 120 ns 

Max 3.0V 283 400 ns 
5.0V 147 185 ns 

two Output Pulse Width Cx=100pF Min 3.0V 1.2 µs 
Rx= 10 kn 5.0V 1.0 µs 

Max 3.0V 1.2 µs 
5.0V 1.0 µs 

two Output Pulse Width Cx=1000 pF Min 3.0V 10.5 9.4 µs 
Rx= 10 kn 5.0V 10.0 9.3 µs 

Max 3.0V 10.5 11.6 µs 
5.0V 10.0 10.7 µs 

two Output Pulse Width Cx=0.1µF Min 5.0V 0.63 0.602 0.595 ms 
Rx=10k Max 5.0V 0.77 0.798 0.805 ms 

C1N Maximum Input 25 pF 
Capacitance (Pins 2 & 14) 

C1N Maximum Input 5 10 10 10 pF 
Capacitance (other inputs) 

Cpo Power Dissipation (per one shot) 150 pF 
Capacitance (Note 5) 

Mwo Pulse Width Match 
Between Circuits in ±1 % 
Same Package 

Note 5: Cpo determines the no load dynamic consumption, Po = Cpo Vcc2f+ Ice Vee. and the no load dynamic current consumption, Is = Vee f + Ice-
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Logic Diagram 

Vee 

Rx 

2, 14 

r -O~T-, 
LATCH 

~a 

4~0 

- R~L.A~ - - - - ...I 

Circuit Operation 
The 'HC4538 operates as follows (refer to logic diagram). In 
the quiescent state, the external timing capacitor, Cx, is 
charged to Vee. When a trigger occurs, the Q output goes 
high and Cx discharges quickly to the lower reference volt
age (VREF Lower = % Vee). Cx then charges, through Rx. 
back up to the upper reference voltage (VREF Upper = % 
Vee), at which point the one-shot has timed out and the Q 
output goes low. 

The following, more detailed description of the circuit opera
tion refers to both the logic diagram and the timing diagram. 

QUIESCENT STATE 

In the quiescent state, before an input trigger appears, the 
output latch is high and the reset latch is high ( # 1 in logic 
diagram). 

Thus the Q output (pin 6 or 10) of the monostable multivi
brator is low (#2, timing diagram). 
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The output of the trigger-control circuit is low ( #3), and tran
sistors M1, M2, and M3 are turned off. The external timing 
capacitor, Cx. is charged to Vee ( #4), and the upper refer
ence circuit has a low output ( # 5). Transistor M4 is turned 
on and transmission gate T1 is turned off. Thus the lower 
reference circuit has Vee at the noninverting input and a 
resulting low output (#6). 

In addition, the output of the trigger-control reset circuit is 
low. 

TRIGGER OPERATION 

The 'HC4538 is triggered by either a rising-edge signal at 
input A ( # 7) or a falling-edge signal at input B ( # 8), with the 
unused trigger input and the Reset input held at the voltage 
levels shown in the Truth Table. Either trigger signal will 
cause the output of the trigger-control circuit to go high 
(#9). 



Timing Diagram 

rQUIESCENJT TRIGGER CYCLE TRIGGER CYCLE 
STATE - (AINPUT) -- (DINPUT) 

0-....... T 
TRIGGER INPUT A ·------

(PIN 4 OR 121 ___ _ 

@LJ TRIGGER INP1JT B 
(PIN 50R 11) 

...._ ______ n ___ ~ ___ n ____ n1i 
®@ ------

TRIGGER-CONTROL @ CIRCUIT OUTPUT 

---\ © 
Rx/Cx INPUT 
(PIN 2 OR 14) 

UPPER REFERENCE 
CIRCUIT 

LOWER REFERENCE 
CIRCUIT 

@ 

----"-®----------"-------~"~---LI------® 

RESET INP1JT 
(PIN 30R 13) 

RESET LATCH 

CD 
@U-® 

@LI 
Q OUTPUT ® (PIN 60R 10) I ....,l®___I .__ ___ n__J L_ 

____ ,.1-r-J 1-r-l 1-r+trr--I 

Circuit Operation (Continued) 

The trigger-control circuit going high simultaneously initiates 
three events. First, the output latch goes low, thus taking 
the Q output of the 'HC4538 to a high state ( # 10). Second, 
transistor M3 is turned on, which allows the external timing 
capacitor, Cx, to rapidly discharge toward ground ( # 11 ). 
(Note that the voltage across Cx appears at the input of the 
upper reference circuit comparator.) Third, transistor M4 is 
turned off and transmission gate T1 is turned on, thus allow
ing the voltage across Cx to also appear at the input of the 
lower reference circuit comparator. 

When Cx discharges to the reference voltage of the lower 
reference circuit ( # 12), the outputs of both reference cir
cuits will be high ( # 13). The trigger-control reset circuit 
goes high, resetting the trigger-control circuit flip-flop to a 
low state (#14). This turns transistor M3 off again, allowing 
Cx to begin to charge back up toward V cc. with a time 
constant t = RxCx ( # 15). In addition, transistor M4 is 
turned on and transmission gate T1 is turned off. Thus a 
high voltage level is applied to the input of the lower refer
ence circuit comparator, causing its output to go low ( # 16). 
The monostable multivibrator may be retriggered at any 
time after the trigger-control circuit goes low. 

When Cx charges up to the reference voltage of the upper 
reference circuit ( # 17), the output of the upper reference 
circuit goes low ( # 18). This causes the output latch to tog-
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gle, taking the Q output of the 'HC4538 to a low state ( # 19), 
and completing the time-out cycle. 

RESET OPERATION 

A low voltage applied to the Reset pin always forces the Q 
output of the 'HC4538 to a low state. 

The timing diagram illustrates the case in which reset oc
curs ( # 20) while Cx is charging up toward the reference 
voltage of the upper reference circuit ( # 21 ). When a reset 
occurs, the output of the reset latch goes low ( # 22), turning 
on transistor M1. Thus Cx is allowed to quickly charge up to 
Vee (#23) to await the next trigger signal. 

Recovery time is the required delay after reset goes inactive 
to a new trigger rising edge. On the diagram it is shown as 
(#26) to (#27). 

RETRIGGER OPERATION 

In the retriggerable mode, the 'HC4538 may be retriggered 
during timing out of the output pulse at any time after the 
trigger-control circuit flip-flop has been reset ( # 24). Be
cause the trigger-control circuit flip-flop resets shortly after 
Cx has discharged to the reference voltage of the lower 
reference circuit ( # 25), the minimum retrigger time, trr is a 
function of internal propagation delays and the discharge 
time of Cx: 

Vcc(volts) • Cx(PF) 
trr(ns) ~ 72 + 

30
.
5 

, at room temperature 



Circuit Operation (Continued) 

POWER-DOWN CONSIDERATIONS 

Large values of Cx may cause problems when powering 
down the HC4538 because of the amount of energy stored 
in the capacitor. When a system containing this device is 
powered down, the capacitor may discharge from Vee 
through the input protection diodes at pin 2 or pin 14. Cur
rent through the protection diodes must be limited to 30 mA; 
therefore, the turn-off time of the Vee power supply must 
not be faster than t = Vcc•Cx/(30 mA). For example, if 
V cc = 5V and Cx = 15 µF, the V cc supply must turn off no 
faster than t = (15V)•(15 µF)/30 mA = 2.5 ms. This is 
usually not a problem because power supplies are heavily 
filtered and cannot discharge at this rate. 

When a more rapid decrease of Vee to zero volts occurs, 
the HC4538 may sustain damage. To avoid this possibility, 
use an external clamping diode, Dx. connected from Vee to 
the Cx pin. 

SET UP RECOMMENDATIONS 

Minimum Rx = 1 kn 

Minimum Cx = O pF. 
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~National 
~Semiconductor 

MM54HC4543/MM74HC4543 
BCD-to-7 Segment Latch/Decoder/Driver 
for Liquid Crystal Displays 

General Description 
The MM54HC4543/MM74HC4543 BCD-to-7 segment 
latch/decoder/driver utilize advanced silicon-gate CMOS 
technology, and can be used either as a high speed decod
er or as a display driver. This circuit contains a 4-bit latch, 
BCD-to-7 segment decoder, and 7 output drivers. Data on 
the input pins flow through to the output when the LATCH 
ENABLE (LE) is high and is latched on the high to low tran
sition of the LE input. The PHASE input (PH) controls the 
polarity of the 7 segment outputs. When PH is low the out
puts are true 7 segment, and when PH is high the outputs 
are inverted 7 segment. When the PHASE input is driven by 
a liquid crystal display (LCD) backplane waveform the seg
ment pins output the correct segment waveform for proper 
LCD AC drive voltages. 

In addition a BLANKING INPUT (Bl) is provided, which will 
blank the display. 

Connection Diagram 
Dual-In-Line Package 

vee 1 d b 

15 13 12 10 

LE Ph Ill GND 

TL/F/5128-1 

Top View 

Order Number MM54HC4543* or MM74HC4543* 
*Please look into Section 8, Appendix D 
for availability of various package types. 

Display Format . 
,,~,b .,-,. 
d 

a 
8 9 

TL/F/5128-2 

The MM54HC4543/MM74HC4543 are functionally and pin
out equivalent to the CD4543BC/CD4543BM and the 
MC14543BA/MC14543BC. All inputs are protected from 
damage due to static discharge by diodes to V cc and 
ground. 

Features 
• Typical propagation delay: 60 ns 
• Supply voltage range: 2-6V 
• Maximum input current: 1 µA 
• Maximum quiescent supply current: 80 µA (7 4HC) 

• Display blanking 
• Low dynamic power consumption 

Truth Table 
Inputs Outputs 

LE Bl Ph* D C B A a b c d e f g Display 

x H L x x x x L L L L L L L Blank 

H L L L L L L H H H H H H L 0 
H L L L L L H L H H L L L L 1 
H L L L L H L H H L H H L H 2 
H L L L L H H H H H H L L H 3 

H L L L H L L L H H L L H H 4 
H L L L H L H H L H H L H H 5 
H L L L H H L H L H H H H H 6 
H L L L H H H H H H L L L L 7 

H L L H L L L H H H H H H H 8 
H L L H L L H H H H H L H H 9 
H L L H L H L L L L L L L L Blank 
H L L H L H H L L L L L L L Blank 

H L L H H L L L L L L L L L Blank 
H L L H H L H L L L L L L L Blank 
H L L H H H L L L L L L L L Blank 
H L L H H H H L L L L L L L Blank 

L L L x x x x ** .. 
Inverse of Output Display 

t t H t Combinations as 
Above above 

X - don't care 
"t = same as above combinations 

•=for liquid crystal readouts, apply a square wave to Ph . 

.. =depends upon the BCD code previously applied when LE-H 
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Absolute Maximum Ratings (Notes 1 & 2) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
'Distributors for availability and specifications. 

Supply Voltage (Vee) -0.5 to+ 7.0V 

DC Input Voltage MN) -1.5 to Vee+ 1.5V 

DC Output Voltage (Vour) -0.5 to Vee+ 0.5V 

Clamp Diode Current (l1K. loK) 

DC Output Current, per pin (lour) 

DC Vee or GND Current, per pin (Ice) 

Storage Temperature Range (T srn) 

Power Dissipation (Po) 
(Note3) 
S.O. Package only 

Lead Temp. (TL) (Soldering 10 seconds) 

±20mA 

±25mA 

±50mA 

- 65°C to + 150°C 

600mW 
500mW 

260°C 

DC Electrical Characteristics <Note 4) 

Operating Conditions 
Min 

Supply Voltage (Vee) 2 

DC Input or Output Voltage O 
MN. Vour) 

Operating Temp. Range (TA) 
MM74HC -40 
MM54HC -55 

Input Rise or Fall Times 
<tr. t1) Vcc=2.0V 

Vcc=4.5V 
Vcc=6.0V 

Max 
6 

Vee 

+85 
+125 

1000 
500 
400 

74HC 54HC 

Units 
v 
v 

oc 
oc 

ns 
ns 
ns 

Symbol Parameter Conditions Vee TA= -40 to 85°C TA= -55 to 125°C Units 

VoH 

Ice 

Minimum High Level 
Input Voltage 

Maximum Low Level 
Input Voltage** 

Minimum High Level 
Output Voltage 

Maximum Low Level 
Output Voltage 

Maximum Input 
Current 

Maximum Quiescent 
Supply Current 

V1N = V1H or V1L 
l1ourl:5:20 µA 

V1N = V1H or V1L 
llourl :5:0.4 mA 
I lour I ::;; 0.52 mA 

V1N=V1H orV1L 
llourl::;;20 µA 

V1N = V1H or V1L 
llourl :5:0.4 mA 
ilourl :5:0.52 mA 

V1N =Vee or GND 
louT=O µA 

2.0V 
4.5V 
6.0V 

2.0V 
4.5V 
6.0V 

2.0V 
4.5V 
6.0V 

Typ 

2.0 
4.5 
6.0 

4.5V 4.2 
6.0V 5.7 

2.0V 
4.5V 
6.0V 

0 
0 
0 

4.5V 0.2 
6.0V 0.2 

6.0V 

6.0V 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 
5.9 

3.98 
5.48 

0.1 
0.1 
0.1 

0.26 
0.26 

±0.1 

8.0 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Guaranteed Limits 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 
5.9 

3.84 
5.34 

0.1 
0.1 
0.1 

0.33 
0.33 

±1.0 

80 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 
5.9 

3.7 
5.2 

0.1 
0.1 
0.1 

0.4 
0.4 

±1.0 

160 

v 
v 
v 
v 
v 
v 

v 
v 
v 

v 
v 

v 
v 
v 

v 
v 

µA 

µA 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mW /'C from 65'C to 85'C; ceramic "J" package: -12 mW /'C from 1 OO'C to 125'C. 

Note 4: For a power supply of 5V ± 10% the worst case output voltages (VoH. and Vou occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case V1H and V1L occur at Vee= 5.5V and 4.5V respectively. (The V1H value at 5.5V is 3.85V.) The worst case leakage current !11N. 
Ice. and lozl occur for CMOS at the higher voltage and so the 6.0V values should be used. 

••v,L limits are currently tested at 20% of Vee- The above V1L specification (30% of Vee) will be implemented no later than Q1, CY'89. 
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AC Electrical Characteristics Vcc=5V, TA=25°C, CL =15 pF, tr=t1=6 ns 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

tPHL• tpLH Maximum Propagation 60 100 ns 
Delay Data LE, Bl, Ph to Output 

ts Minimum Setup Time 20 ns 
LE to Data 

tH Minimum Hold Time 10 ns 
Data to LE 

tw Minimum LE Pulse Width 16 ns 

AC Electrical Characteristics CL= 50 pF, tr= t1=6 ns (unless otherwise specified) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee TA= - 40 to a5°C TA= -55 to 125°C Units 

Typ Guaranteed Limits 

tPHL• tpLH Maximum Propagation 2.0V 300 600 760 895 ns 
Delay Data LE, Ph, Bl to Output 4.5V 60 120 151 179 ns 

6.0V 51 102 129 152 ns 

ts Minimum Setup Time 2.0V 100 125 150- ns 
LE to Data 4.5V 20 25 30 ns 

6.0V 17 21 25 ns 

tH Minimum Hold Time 2.0V 50 63 75 ns 

Data to LE 4.5V 10 13 15 ns 
6.0V 9 11 13 ns 

tw Minimum LE Pulse Width 2.0V 80 100 120 ns 
4.5V 16 20 24 ns 
6.0V 14 17 20 ns 

Cpo Power Dissipation pF 

Capacitance (Note 5) 

C1N Maximum Input 5 10 10 10 pF 

Capacitance 

Note 5: Cpo determines the no load dynamic power consumption, Po=Cp0 Vcc2 f+ Ice Vee. and the no load dynamic current consumption, ls=Cpo Vee f+ Ice. 
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Cf) 

""=" Ln 
""=" 0 
:c 
""=" ..... 
::=: 
::=: ....... 
Cf) 

""=" 
Ln 
""=" 
0 
:c 
""=" Ln 
::=: 
::=: 

Logic Diagram 

5 
A 

LSB 

3 
B 

2 
e 

Typical Applications 

-I I -I I -
I 
I 

Vee= Pin 1& 
GNO =Pini 

4 Digit LCD Display 

- I - I -

Bl 

-I I -I I -,......, BP r-1 BP r-1 BP 

lllllll lllllll lllllll 
JIITJII lIIIllI IllIIll 
abcdelg abcdelg abcdefg 

.__ Ph .._, Ph H Ph 

LE Bl A B C D LE Bl A B C D LE Bl A BCD 

1 I 1 l l l l l l 
I I 1 I I 1 

I I I 
Blanking 

Latch Enable 

Data{ Inputs 

..... ..... ..... Back Plane l y 

y y 

J 
or Phase 

C1 
R1 R2 

Cl= 0.047 µF 

R1 = R2 = 100k!I 
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~National 
~Semiconductor 

MM54HC7266/MM74HC7266 Quad 2-lnput 
Exclusive NOR Gate 

General Description Features 
This exclusive NOR gate utilizes advanced silicon-gate 
CMOS technology to achieve operating speeds similar to 
equivalent LS-TIL gates while maintaining the low power 
consumption and high noise immunity characteristic of stan
dard CMOS integrated circuits. These gates are fully buff
ered and have a fanout of 10 LS-TIL loads. The MM54HC/ 
MM74HC logic family is functionally as well as pin out com
patible with the standard 54LS/7 4LS logic family. However, 
unlike the 'LS266, which is an open collector gate, the 
'HC266 has standard CMOS push-pull outputs. All inputs 
are protected from damage due to static discharge by inter
nal diode clamps to Vee and ground. 

• Typical propagation delay: 9 ns 
• Wide operating voltage range: 2-6V 
• Low input current: 1 µA maximum 
• Low quiescent current: 20 µA maximum (7 4 Series) 
• Output drive capability: 10 LS-TIL loads 
• Push-pull output 

Connection Diagram 

Truth Table 

vcc 

14 

A1 

B4 

13 

2 

B1 

Dual-In-Line Package 
A4 

12 

3 

Y1 

Y4 

11 

4 

Y2 

Top View 

Y3 

A2 

B3 A3 

9 

6 

B2 GND 

Order Number MM54HC7266* or MM74HC7266* 
•Please look into Section 8, Appendix D for availability of various package types. 

Inputs Outputs 

A B y 

L L H 
L H L 
H L L 
H H H 

Y=Aea=AB +AB 
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Absolute Maximum Ratings (Notes 1 & 2) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage (Vee) -0.5 to + 7.0V 

DC Input Voltage CVrN) -1.5 to Vee+ 1.5V 

DC Output Voltage (VouT) -0.5 to Vcc+0.5V 

Clamp Diode Current (l1K· loK) ± 20 mA 

DC Output Current, per pin (lour) ± 25 mA 

DC Vee or GND Current, per pin (Ice) ± 50 mA 

Storage Temperature Range (T srn) -65°C to + 150°C 

Power Dissipation (Po) 
(Note 3) 
S.O. Package only 

Lead Temp. (TL) (Soldering 10 seconds) 

600mW 
500mW 

260°c 

DC Electrical Characteristics (Note 4) 

Operating Conditions 
Min 

Supply Voltage (Vee) 2 

DC Input or Output Voltage o 
(VIN· Vour) 

Operating Temp. Range (TA) 
MM74HC -40 
MM54HC -55 

Input Rise or Fall Times 
(tr, t1) Vcc=2.0V 

Vcc=4.5V 
Vcc=6.0V 

74HC 

Max 
6 

Vee 

+85 
+125 

1000 
500 
400 

54HC 

Units 
v 
v 

·c 
·c 

ns 
ns 
ns 

Symbol Parameter Conditions 
TA=2s·c 

Vee 1--~...-~__.._T_A_=~--4_o·_c_t_o_s_s_·c__.__T_A_=_-_s_s_·_c_to~1_2s_· __ c~ Units 

Ice 

Minimum High Level 
Input Voltage 

Maximum Low Level 
Input Voltage** 

Minimum High Level 
Output Voltage 

Maximum Low Level 
Output Voltage 

Maximum Input 
Current 

Maximum Quiescent 
Supply Current 

V1N=V1HorV1L 
llourl::;;20 µA 

V1N = V1H or V1L 
llourl :5:4.0 mA 
l1ourl:5:5.2 mA 

V1N = V1H or V1L 
llourl::;;20 µA 

V1N = V1H or V1L 
l1ourl:5:4.0 mA 
llourl ~5.2 mA 

V1N =Vee or GND 

V1N=VccorGND 
lour=O µA 

2.0V 
4.5V 
6.0V 

2.0V 
4.5V 
6.0V 

2.0V 
4.5V 
6.0V 

Typ 

2.0 
4.5 
6.0 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 
5.9 

4.5V 4.2 3.98 
6.0V 5.7 5.48 

2.0V 
4.5V 

0 
0 

6.0V 0 

0.1 
0.1 
0.1 

4.5V 0.2 0.26 
6.0V 0.2 0.26 

6.0V ±0.1 

6.0V 2.0 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Guaranteed Limits 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 
5.9 

3.84 
5.34 

0.1 
0.1 
0.1 

0.33 
0.33 

±1.0 

20 

1.5 
3.15 
4.2 

0.5 
1.35 
1.8 

1.9 
4.4 
5.9 

3.7 
5.2 

0.1 
0.1 
0.1 

0.4 
0.4 

±1.0 

40 

v 
v 
v 
v 
v 
v 

v 
v 
v 

v 
v 

v 
v 
v 

v 
v 

µA 

µA 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mW /'C from 65°C to 85°C; ceramic "J" package: -12 mW l°C from 100°C to 125°C. 

Note 4: For a power supply of 5V ± 10% the worst case output voltages (VOH· and Voll occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case V1H and V1L occur at Vcc=5.5V and 4.5V respectively. (The V1H value at 5.5V is 3.85V.) The worst case leakage current (l1N. Ice. and 
loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 

••v1L limits are currently tested at 20% of Vee· The above V1L specification (30% of Vee) will be implemented no later than 01, CY'89. 
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AC Electrical Characteristics Vee=5V,TA=25°c,cL=15pF,tr=t1=6ns 

Symbol Parameter 

Maximum Propagation 
Delay 

Conditions Typ 

12 

Guaranteed 

Limit 

20 

Units 

ns 

AC Electrical Characteristics Vee = 2.0V to 6.0V, CL = 50 pF, tr = t1 = 6 ns (unless otherwise specified) 

TA=2s·c 
74HC 54HC 

Symbol Parameter Conditions Vee TA= -40°c to ss·c TA= -ss·cto 12s·c Units 

Typ Guaranteed Limits 

tPHL• tPLH Maximum Propagation 2.0V 60 120 151 179 ns 
Delay 4.5V 12 24 30 36 ns 

6.0V 10 20 26 30 ns 

trHL· trLH Maximum Output Rise 2.0V 30 75 95 110 ns 
and Fall Time 4.5V 8 15 19 22 ns 

6.0V 7 13 16 19 ns 

Cpo Power Dissipation (per gate) 25 pF 
Capacitance (Note 5) 

C1N Maximum Input 5 10 10 10 pF 
Capacitance 

Note 5: Cpo determines the no load dynamic power consumption, Po=Cpo Vcc2 f+ Ice Vee. and the no load dynamic current consumption, ls=Cpo Vee f+ Ice· 
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N 
"'1::1" 

~ '?'A National 
~ ~Semiconductor 
:!: 

MM74HC942 300 Baud Modem 

General Description Features 
• Drives 600!1 at 0 dBm 
• All filters on chip 

The MM74HC942 is a full duplex low speed modem. It pro
vides a 300 baud bidirectional serial interface for data com
munication over telephone lines and other narrow band
width channels. It is Bell 103 compatible. 

• Transmit level adjustment compatible with universal 

The MM74HC942 utilizes advanced silicon-gate CMOS 
technology. Switched capacitor techniques are used to per
form analog signal processing. 

MODULATOR SECTION 

The modulator contains a frequency synthesizer and a sine 
wave synthesizer. It produces a phase coherent frequency 
shift keyed (FSK) output. 

LINE DRIVER AND HYBRID SECTION 

The line driver and hybrid are designed to facilitate connec
tion to a 600!1 phone line. They can perform two-to-four
wire conversion and drive the line at a maximum of 0 dBm. 

DEMODULATOR SECTION 

The demodulator incorporates anti-aliasing filters, a receive 
filter, limiter, discriminator, and carrier detect circuit. The 
nine pole receive filter provides 60 dB of transmitted tone 
rejection. The discriminator is fully balanced for stable 
operation. 

Connection and Block Diagrams 

Dual-In-Line Package 

service order code 
• TIL and CMOS compatible logic 
• All inputs protected against static damage 
• ± 5V supplies 
• Low power consumption 
• Full duplex answer or originate operation 
• Analog loopback for self test 
• Power down mode 

Applications 
• Built-in low speed modems 
• Remote data collection 
• Radio telemetry 
• Credit verification 
• Stand-alone modems 
• Point-of-sale terminals 
• Tone signalling systems 
• Remote process control 

Vee GND Vee XTALS XTALD 

MODULATOR 

OSI 20 TLA 

ALB 19 GND 

co 18 EXI 

TLA SINEWAVE CDT 17 TXA SYNTHESIZER TIMING 
AND 

RXD 18 RXA1 CONTROL 

2Dk 
vcc 15 RXA2 

OSI - - -CDA 14 SQT DEMODULATOR 

XTALD 13 otA. 
TXA FREQUENCY 

DISCRIMINATOR 
XTALS 12 vee 

FTLC 10 11 TXD EXI 

TL/F/5348-1 

Top View RXA2 

Order Number MM54HC942* or 
MM74HC942* CARRIER 

*Please look into Section 8, Appendix D for DETECTOR 
RXA1 

availability of various package types. 

CDA CDT FTLC 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
If Military/Aerospace specified devices are required, Min Max 
contact the National Semiconductor Sales Office/ Supply Voltage (Vee) 4.5 5.5 
Distributors for availability and specifications. Supply Voltage (V99) -4.5 -5.5 
Supply Voltage (Vee) -0.5 to +7.0V DC Input or Output Voltage 0 Vee 
Supply Voltage (V99} +0.5 to -7.0V (V1N. Vour) 
DC Input Voltage MN) V99-1.5 to Vee+ 1.5V Operating Temp. Range (TA) 

DC Output Voltage (Vour) V99 - 0.5 to V cc+ 0.5V MM74HC -40 +85 

Clamp Diode Current (l1K. loK) ±20mA Input Rise or Fall Times 

DC Output Current, per pin (lour) ±25mA (tr, t1) 500 

DC Vee or GND Current, per pin (Ice) ±50mA 
Crystal frequency 3.579 

Storage Temperature Range (T sTG) - 65°C to + 150°C 

Power Dissipation (Po) 
(Note3) 600mW 
S.O. Package only 500mW 

Lead Temp. (TL) 
(Soldering 10 seconds) 2so0c 

DC Electrical Characteristics 

T=25°C 
74HC 

Symbol Parameter Conditions T= -40 to 85°C 

Typ Guaranteed Limits 

V1H Minimum High Level 
Input Voltage 

V1L Maximum Low Level 
Input Voltage 

VoH Minimum High Level V1N=V1H orV1L 
Output Voltage ilourl =20 µA Vee 

ilourl =4.0 mA, Vcc=4.5V 

VoL Maximum Low Level V1N = V1H or V1L 
Voltage ilourl =20 µA 

ilourl =4.0 mA, Vcc=4.5V 

l1N Maximum Input V1N=VccorGND 
Current 

loz Output TRI-STATE® ALB=SQT=Vcc 
Leakage Current 
RXD and CD Outputs 

Ice. 10s Maximum Quiescent V1H =Vee. V1L = GND 8.0 
Supply Current ALBorSQT=GND 

Transmit Level = -9 dBm 

Ice. 199 Power Down Supply Current ALB=SQT=Vcc 

V1H=Vcc. V1L =GND 
Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

3.15 3.15 

1.1 1.1 

Vcc-0.1 Vcc-0.1 
3.98 3.7 

0.1 0.1 
0.26 0.4 

±0.1 ±1.0 

±5 

12.0 12.0 

300 

Units 
v 
v 
v 

oc 

ns 

MHz 

Units 

v 

v 

v 
v 

v 
v 

µA 

µA 

mA 

µA 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mW /'C from 65'C to 85'C; ceramic "J" package: -12 mW /'C from 1 OO'C to 125'C. 

•The demodulator specifications apply to the MM74HC942 operating with a modulator having frequency accuracy, phase jitter and harmonic content equal to or 
better than the MM74HC942 modulator. 
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AC Electrical Characteristics 
Unless otherwise specified, all specifications apply to the MM74HC942 over the range -40°C to +85°C using a Vee = + 5V 
±10%, a Vss = -5V ±10% and a 3.579MHz ±0.1% crystal.* 

Symbol Parameter Conditions Min 

TRANSMITIER 

FcE Carrier Frequency Error 

Power Output Vce=5.0V 1 RrLA =on -3 

AL =1.2 kn l RrLA = 5.49 kn -12 

2nd Harmonic Energy RrLA =on 

RECEIVE FILTER AND HYBRID 

Hybrid Input Impedance 50 
(Pins 15 and 16) 

FTLC Output Impedance 5 

Adjacent Channel Rejection RXA2=GND TXA=GNDorVee 60 
Input to AXA 1 

DEMODULATOR (INCORPORATING HYBRID, RECEIVE FILTER AND DISCRIMINATOR) 

Carrier Amplitude 

Bit Jitter 

Bit Bias 

Carrier Detect Trip Points 

Carrier Detect Hysteresis 

AC Specification Circuit 

SUPPLIES Vee= +5V 
Vee= -5V 

RTLA 

SNR = 30dB } Input = -38 dBm 
Baud Rate = 300 Baud 

Alternating 1-0 Pattern 

CDA=1.2V l Off to On 

Vee=5.0V l On to Off 

Vcc=5V 

3.5795 MHz± 0.1% 

a 

Vee --~llV'l----t TLA 

TXA 
RXA2 

MM74HC942 

-48 

-45 

-47 

2 

TXD DATA INPUT 

Typ Max 

4 

-1.5 0 

-10.5 -9 

-62 -56 

10 50 

-9 

100 200 

5 10 

-42 -40 

-45 -42 

3 4 

oui~~i-----.. RXD DATA OUTPUT 

600 
_..-'VV'v--.,_--1 RXA1 

CDT CDA FTLC 

O F D.1 µF J'·'·'J ·'· I"" 
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Units 

Hz 

dBm 

dBm 

dBm 

kn 

kn 

dB 

dBm 

µS 

% 

dBm 

dBm 

dB 



Description of Pin Functions 
Pin 

Name Function No. 

OSI Driver Summing Input: This may be used to 
transmit externally generated tones such as 
dual tone multifrequency (DTMF) dialing sig-
nals. 

2 ALB Analog Loop Back: A logic high on this pin 
causes the modulator output to be connect-
ed to the demodulator input so that data is 
looped back through the entire chip. This is 
used as a chip self test. If ALB and SOT are 
simultaneously held high the chip powers 
down. 

3 CD Carrier Detect: This pin goes to a logic low 
when carrier is sensed by the carrier detect 
circuit. 

4 CDT Carrier Detect Timing: A capacitor on this 
pin sets the time interval that the carrier 
must be present before the CD goes low. 

5 RXD Received Data: This is the data output pin. 

6 Vee Positive Supply Pin: A + 5V supply is recom-
mended. 

7 CDA Carrier Detect Adjust: This is used for ad-
justment of the carrier detect threshold. Car-
rier detect hysteresis is set at 3 dB. 

8 XTALD Crystal Drive: XT ALO and XT ALS connect 
to a 3.5795 MHz crystal to generate a crys-
tal locked clock for the chip. If an external 
circuit requires this clock XT ALO should be 
sensed. If a suitable clock is already avail-
able in the system, XT ALO can be driven. 

9 XTALS Crystal Sense: Refer to Pin 8 for details. 

10 FTLC Filter Test/Limiter Capacitor: This is con-
nected to a high impedance output of the 
receive filter. It may thus be used to evalu-

Functional Description 
INTRODUCTION 

A modem is a device for transmitting and receiving serial 
data over a narrow bandwidth communication channel. The 
MM74HC942 uses frequency shift keying (FSK) of an audio 
frequency tone. The tone may be transmitted over the 
switched telephone network and other voice grade chan
nels. The MM74HC942 is also capable of demodulating 
FSK signals. By suitable tone allocation and considerable 
signal processing the MM74HC942 is capable of transmit
ting and receiving data simultaneously. 

The tone allocation by the MM74HC942 and other Bell 103 
compatible modems is shown in Table I. The terms "origi
nate" and "answer" which define the frequency allocation 
come from use with telephones. The modem on the end of 
the line which initiates the call is called the originate mo
dem. The other modem is the answer modem. 

TABLE I. BELL 103 Allocation 

Data 
Originate Modem Answer Modem 

Transmit Receive Transmit Receive 

Space 1070Hz 2025Hz 2025Hz 1070Hz 

Mark 1270Hz 2225Hz 2225Hz 1270Hz 
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Pin 
No. Name Function 

11 TXD 

12 v88 

ate filter performance. This pin may also be 
driven to evaluate the demodulator. AXA 1 
and RXA2 must be grounded during this 
test. 

For normal modem operation FTLC is AC 
grounded via a 0.1 µF bypass capacitor. 

Transmitted Data: This is the data input. 

Negative Supply: The recommended supply 
is -5V. 

13 · O/A Originate/ Answer mode select: When logic 
high this pin selects the originate mode of 
operation. 

14 SOT Squelch Transmitter: This disables the mod
ulator when held high. The EXI input re
mains active. If SOT and ALB are simulta
neously held high the chip powers down. 

15 RXA2 Receive Analog # 2: RXA2 and AXA 1 are 
analog inputs. When connected as recom
mended they produce a soon hybrid. 

16 RXA1 

17 TXA 

18 EXI 

19 GND 

20 TLA 

Receive Analog # 1: See RXA2 for details. 

Transmit Analog: This is the output of the 
line driver. 

External Input: This is a high impedance in
put to the line driver. This input may be used 
to transmit externally generated tones. 
When not used for this purpose it should be 
grounded. 

Ground: This defines the chip OV. 

Transmit Level Adjust: A resistor from this 
pin to Vee sets the transmit level. 

THE LINE INTERFACE 

The line interface section performs two to four wire conver
sion and provides impedance matching between the mo
dem and the phone line. 

THE LINE DRIVER 

The line driver is a power amplifier for driving the line. If the 
modem is operating as an originate modem, the second har
monics of the transmitted tones fall close to the frequencies 
of the received tones and degrade the received signal to 
noise ratio (SNR). The line driver must thus produce low 
second harmonic distortion. 

THE HYBRID 

The voltage on the telephone line is the sum of the transmit
ted and received signals. The hybrid subtracts the transmit
ted voltage from the voltage on the telephone line. If the 
telephone line was matched to the hybrid impedance, the 
output of the hybrid would be only the received signal. This 
rarely happens because telephone line characteristic im
pedances vary considerably. The hybrid output is thus a 
mixture of transmitted and received signals. 



Functional Description (Continued) 

THE DEMODULATOR SECTION 

The Receive Filter 

The demodulator recovers the data from the received sig
nals. The signal from the hybrid is a mixture of transmitted 
signal, received signals and noise. The first stage of the 
receive filter is an anti-alias filter which attenuates high fre
quency noise before sampling occurs. The signal then goes 
to the second stage of the receive filter where the transmit
ted tones and other noise are filtered from the received sig
nal. This is a switched capacitor nine-pole filter providing at 
least SO dB of transmitted tone rejection. This also provides 
high attenuation at SO Hz, a common noise component. 

The Discriminator 

The first stage of the discriminator is a hard limiter. The hard 
limiter removes from the received signal any amplitude 
modulation which may bias the demodulator toward a mark 
or a space. It compares the output of the receive filter to the 
voltage on the 0.1 µF capacitor on the FTLC pin. 

The hard limiter output connects to two parallel bandpass 
filters in the discriminator. One filter is tuned to the mark 
frequency and the other to the space frequency. The out
puts of these filters are rectified, filtered and compared. If 
the output of the mark path exceeds the output of the space 
path the RXD output goes high. The opposite case sends 
RXD low. 

The demodulator is implemented using precision switched 
capacitor techniques. The highly critical comparators in the 
limiter and discriminator are auto-zeroed for low offset. 

Carrier Detector 

The output of the discriminator is meaningful only if there is 
sufficient carrier being received. This is established in the 
carrier detection circuit which measures the signal on the 
line. If this exceeds a certain level for a preset period (ad
justable by the CDT pin) the CD output goes low indicating 
that carrier is present. Then the carrier detect threshold is 
lowered by 3 dB. This provides hysteresis ensuring the CD 
output remains stable. If carrier is lost CD goes high after 
the preset delay and the threshold is increased by 3 dB. 

MODULATOR SECTION 

The modulator consists of a frequency synthesizer and a 
sine wave synthesizer. The frequency produces one of four 
tones depending on the 0/A and TXD pins. The frequencies 
are synthesized to high precision using a crystal oscillator 
and variable dual modulus counter. The counters used re
spond quickly to data changes; introducing negligible bit jit
ter while maintaining phase coherence. 

The sine wave synthesizer uses switched capacitors to 
"look up" the voltages of the sine wave. This sampled sig
nal is then further processed by switched capacitor and 
continuous filters to ensure the high spectral purity required 
by FCC regulations. 

Applications Information 
TRANSMIT LEVEL ADJUSTMENT 

The transmitted power levels of Table II refer to the power 
delivered to a soon load from the external soon source 
impedance. The voltage on the load is half the TXA voltage. 
This should be kept in mind when designing interface cir
cuits which do not match the load and source impedances. 
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The transmit level is programmable by placing a resistor 
from TLA to VCC. With a 5.5k resistor the line driver trans
mits a maximum of - 9 dBm. Since most lines from a phone 
installation to the exchange provide 3 dB of attenuation the 
maximum level reaching the exchange will be -12 dBm. 
This is the maximum level permitted by most telephone 
companies. Thus with this programming the MM74HC942 
will interface to most telephones. This arrangement is called 
the "permissive arrangement." The disadvantage with the 
permissive arrangement is that when the loss from a phone 
to the exchange exceeds 3 dB, no compensation is made 
and SNR may be unnecessarily degraded. 

SNR can be maximized by adjusting the transmit level until 
the level at the exchange reaches -12 dBm. This must be 
done with the cooperation of the telephone company. The 
programming resistor used is specific for a given installation 
and is often included in the telephone jack at the installa
tion. The modem is thus programmable and can be used 
with any jack correctly wired. This arrangement is called the 
universal registered jack arrangement and is possible with 
the MM74HC942. The values of resistors required to pro
gram the MM74HC942 follow the most common code in 
use; the universal service order code. The required resistors 
are given in Table II. 

TABLE II. Universal Service Order Code Resistor Values 

Line Transmit Programming 
Loss Level Resistor (RTLA) 
(dB) (dBm) (Ohms) 

0 -12 Open 
1 -11 19,800 
2 -10 9,200 
3 -9 5,490 
4 -8 3,S10 
5 -7 2,520 
s -s 1,780 
7 -5 1,240 
8 -4 8SS 
9 -3 562 
10 -2 336 
11 -1 150 
12 0 0 

CARRIER DETECT THRESHOLD ADJUSTMENT 

The carrier detect threshold is directly proportional to the 
voltage on CDA. This pin is connected internally to a high 
impedance source. This source has a nominal Thevenin 
equivalent voltage of 1.2V and output impedance of 100 kn. 

By forcing the voltage on CDA the carrier detect threshold 
may be adjusted. To find the voltage required for a given 
threshold the following equation may be used; 

VcoA = 244 x VoN 

VcoA = 345 x VoFF 

CARRIER DETECT TIMING ADJUSTMENT 

CDT: A capacitor on Pin 4 sets the time interval that the 
carrier must be present before CD goes low. It also 
sets the time interval that carrier must be removed 
before CD returns high. The relevant timing equations 
are: 

T CDL ~ S.4 x CcoT for CD going low 

T CDH ~ 0.54 x CcoT for CD going high 

Where T CDL & T CDH are in seconds, and CcoT is in µF. 



Applications Information (Continued) 

DESIGN PRECAUTIONS 

Power supplies to digital systems may contain high ampli
tude spikes and other noise. To optimize performance of the 
MM74HC942 operating in close proximity to digital systems, 
supply and ground noise should be minimized. This involves 
attention to power supply design and circuit board layout. 

Power supply decoupling close to the device is recommend
ed. Ground loops should be avoided. For further discussion 
of these subjects see the Audio/Radio Handbook published 
by National Semiconductor Corporation. 

Interface Circuits for MM74HC942 300 Baud Modem 
2WIRECONNECTION 4 WIRE CONNECTION 

Vee Vee 

r .., 
XTALD XTALS RTLA r - - .., RTLA 

TXA TLA I D'' I 
COMMUNICATION RXA2 

CHANNEL 
OR 60D 

600 TLA 

PHONE LINE I TXD DATA I INPIJT 600 or RXA1 MM74HC942 O'' I RXD DATA I OUTPUT 

':" 
COMMUNICATION 

I I CHANNEL ':" 

OR 

TXD DATA 
INPIJT 

RXA1 MM74HC942 

600 
RXD 

DATA 
OUTPIJT 

RXA2 

L _J CDT CDA FTLC L :NE: _J CDT CDA FTLC 

JCeoT J0.1~F J0.1~F JCcDT JD.1~ I0.1~F 

TL/F/5348-4 

Ccor and RrLA should be chosen to suit the application. See the Applications Information for more details. 

Complete Acoustically Coupled 300 Baud Modem 

TLA 

DSI SQT 

TXA MODE SELECT 

ALB 
R1 -----EXI 

+5V ------1 RXA2 

MM74HC942 :>-.-------------1 RXA1 

TXD +- ~~::SMITTED 

~1µF 

TL/F/5348-5 

Note: The efficiency of the acoustic coupling will set the valves of R 1 and R2. 
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MM74HC943 300 Baud Modem 

General Description Features 
• 5V supply 
• Drives 600!1 at - 9 dBm 
• All filters on chip 

The MM74HC943 is a full duplex low speed modem. It pro
vides a 300 baud bidirectional serial interface for data com
munication over telephone lines and other narrow band
width channels. It is Bell 103 compatible. • Transmit level adjustment compatible with universal 
The MM74HC943 utilizes advanced silicon-gate CMOS 
technology. Switched capacitor techniques are used to pe
form analog signal processing. 

MODULATOR SECTION 

The modulator contains a frequency synthesizer and a sine 
wave synthesizer. It produces a phase coherent frequency 
shift keyed (FSK) output. 

LINE DRIVER AND HYBRID SECTION 

The line driver and hybrid are designed to facilitate connec
tion to a 600!1 phone line. They can perform two to four wire 
conversion and drive the line at a maximum of -9 dBm. 

DEMODULATOR SECTION 

The demodulator incorporates anti-aliasing filters, a receive 
filter, limiter, discriminator, and carrier detect circuit. The 
nine-pole receive filter provides 60 dB of transmitted tone 
rejection. The discriminator is fully balanced for stable 
operation. 

Connection and Block Diagrams 

Dual-In-Line Package 

service order code 
• TTL and CMOS compatible logic 
• All inputs protected against static damage 
• Low power consumption 
• Full duplex answer or originate operation 
• Analog loopback for self test 
• Power down mode 

Applications 
• Built-in low speed modems 
• Remote data collection 
• Radio telemetry 
• Credit verification 
• Stand-alone modems 
• Point-of-sale terminals 
• Tone signaling systems 
• Remote process control 

Vee GND GNDA XTALS XTALD 

MODULATOR 
DSI 20 TLA 

ALB 19 GNDA 

'CD 18 EXI 

CDT 17 TXA 

RXD 16 RXA1 

Vee 15 RXA2 

CDA 14 SOT 

XTALD 13 Otii 

XTALS 12 GND 

me 10 11 TXD 

TOP VIEW TL/F/5349-1 

Order Number MM74HC943* 
•Please look into Section 8, Appendix D for 

availability of various package types. 

CDA CDT FTLC 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
If Military I Aerospace specified devices are required, Min Max Units 
contact the National Semiconductor Sales Office/ Supply Voltage (Vee) 4.5 5.5 v 
Distributors for availability and specifications. DC Input or Output Voltage 0 Vee v 
Supply Voltage (Vee) -0.5 to + 7.0V MN. Vour) 
DC Input Voltage (V1N) -1.5 to Vee+ 1.5V Operating Temp. Range (T tJ 
DC Output Voltage (Vour) -0.5 to Vcc+0.5V MM74HC -40 +85 oc 
Clamp Diode Current (l1K. loK) ±20mA Input Rise or Fall Times 

DC Output Current, per pin (lour) ±25mA (tr,t1) 500 ns 

DC Vee or GND Current, per pin (Ice) ±50mA Crystal frequency 3.579 MHz 

Storage Temperature Range (Tsrn) - 65°C to + 150°C 
Power Dissipation (Po) 

(Note3) 600mW 
S.O. Package only 500mW 

Lead Temp. (TL) (Soldering 10 seconds) 260°C 

DC Electrical Characteristics Vee= 5V ± 10% (unless otherwise specified) 

TA=25°C 
74HC 

Symbol Parameter Conditions TA= -40 to 85°C Units 

Typ Guaranteed Limits 

V1H Minimum High Level 3.15 3.15 v 
Input Voltage 

V1L Maximum Low Level 1.1 1.1 v 
Input Voltage 

VoH Minimum High Level V1N = V1H or V1L 
Output Voltage Jlourl=20 µA Vcc-0.05 Vcc-0.1 Vcc-0.1 v 

Jlourl=4.0 mA, Vcc=4.5V 3.84 3.7 v 
VOL Maximum Low Level V1N = V1H or V1L 

Voltage J lourl = 20 µA 0.1 0.1 v 
Jlourl =4.0 mA, Vcc=4.5V 0.33 0.4 v 

l1N Maximum Input V1N=Vcc or GND ±0.1 ±1.0 µA 
Current 

loz Output TRI-STATE® ALB=SQT=Vcc ±5 µA 
Leakage Current, 
RXD and CD Outputs 

Ice Maximum Quiescent V1H=Vcc. V1L =GND 8.0 10.0 10.0 mA 
Supply Current ALB or SQT = GND 

IGNDA Analog Ground Current Transmit Level= - 9 dBm 1.0 2.0 2.0 mA 

Ice Power Down Supply Current ALB=SQT=Vcc 300 µA 
V1H=Vcc. V1L =GND 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mW /'C from 65'C to 85'C; ceramic "J" package: -12 mW /'C from 1 OO'C to 125'C. 
*The demodulator specifications apply to the MM74HC943 operating with a modulator having frequency accuracy, phase jitter and harmonic content equal to or 
better than the MM74HC943 modulator. 
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AC Electrical Characteristics 
Unless otherwise specified, all specifications apply to the MM74HC943 over the range -40°C to +85°C using a Vee of +5V 
±10%, and a 3.579 MHz ±0.1% crystal.* 

Symbol Parameter Conditions Min 

TRANSMITTER 

FeE Carrier Frequency Error 

Power Output Vee=5.0V l RrLA = 5490!1 -12 
RL =1.2 k!l 

2nd Harmonic Energy RrLA = 5490!1 

RECEIVE FILTER AND HYBRID 

Hybrid Input Impedance 50 
(Pins 15 and 16) 

FTLC Output Impedance 5 

Adjacent Channel Rejection RXA2=GNDA, TXD=GNDorVee 60 
Input to RXA1 

DEMODULATOR (INCORPORATING HYBRID, RECEIVE FILTER AND DISCRIMINATOR) 

Carrier Amplitude 

Bit Jitter 

Bit Bias 

Carrier Detect Trip Points 

Carrier Detect Hystereisis 

AC Specification Circuit 

SUPPLIES Vee= + 5V 

RTLA 

OU~~~ -----e 

-48 

SNR = 30dB } Input= -38 dBm 
Baud Rate = 300 Baud 

Alternating 1-0 Pattern 

CDA=1.2V 1 Off to On -45 

Vee=5.0V l Onto Off -47 

Vee=5.0V 2 

2.2k 
TLA GNDA 

TXA 
RXA2 2.2k 

MM74HC943 
10µF11µF 

":' 

RXA1 

CDT CDA 

TXD 

RXD 

FTLC 

DATA INPUT 

DATA OUTPUT 

0.1 /LF 0.1 µF 0.1 µF ± 10% 

J J LGNDA 
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Typ Max Units 

4 Hz 

-10.5 -9 dBm 

-62 -56 dBm 

k!l 

10 50 k!l 

dB 

-12 dBm 

100 200 µS 

5 10 % 

-42 -40 dBm 

-45 -42 dBm 

3 4 dB 

+5V 

TL/F/5349-3 



Description of Pin Functions 
Pin 

No. 
Name Function 

1 OSI Driver Summing Input: This input may be 
used to transmit externally generated tones 
such as dual tone multifrequency (DTMF) di-
aling signals. 

2 ALB Analog Loop Back: A logic high on this pin 
causes the modulator output to be connect-
ed to the demodulator input so that data is 
looped back through the entire chip. This is 
used as a chip self test. If ALB and SOT are 
simultaneously held high the chip powers 
down. 

3 CD Carrier Detect: This pin goes to a logic low 
when carrier is sensed by the carrier detect 
circuit. 

4 CDT Carrier Detect Timing: A capacitor on this 
pin sets the time interval that the carrier 
must be present before the CD goes low. 

5 RXD Received Data: This is the data output pin. 

6 Vee Positive Supply Pin: A + 5V supply is recom-
mended. 

7 CDA Carrier Detect Adjust: This is used for ad-
justment of the carrier detect threshold. Car-
rier detect hysteresis is set at 3 dB. 

8 XTALD Crystal Drive: XTALD and XTALS connect 
to a 3.5795 MHz crystal to generate a crys-
tal locked clock for the chip. If an external 
circuit requires this clock XT ALO should be 
sensed. If a suitable clock is already avail-
able in the system. XT ALO can be driven. 

9 XTALS Crystal Sense: Refer to pin 8 for details. 

10 FTLC Filter Test/Limiter Capacitor: This is con-
nected to a high impedance output of the 
receiver filter. It may thus be used to evalu-

Functional Description 
INTRODUCTION 

A modem is a device for transmitting and receiving serial 
data over a narrow bandwidth communication channel. The 
MM74HC943 uses frequency shift keying (FSK) of audio fre
quency tone. The tone may be transmitted over the 
switched telephone network and other voice grade chan
nels. The MM74HC943 is also capable of demodulating 
FSK signals. By suitable tone allocation and considerable 
signal processing the MM74HC943 is capable of transmit
ting and receiving data simultaneously. 

The tone allocation used by the MM74HC943 and other Bell 
103 compatible modems is shown in Table I. The terms 
"originate" and "answer" which define the frequency allo
cation come from use with telephones. The modem on the 
end of the line which initiates the call is called the originate 
modem. The other modem is the answer modem. 

TABLE I. Bell 103 Tone Allocation 

Originate Modem Answer Modem 
Data 

Transmit Receive Transmit Receive 

Space 1070Hz 2025Hz 2025Hz 1070Hz 

Mark 1270Hz 2225Hz 2225Hz 1270Hz 
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Pin 

No. 
Name 

11 TXD 

12 GND 

13 O/A 

14 SOT 

15 RXA2 

16 RXA1 

17 TXA 

18 EXI 

Function 

ate filter performance. This pin may also be 
driven to evaluate the demodulator. RXA 1 
and RXA2 must be grounded during this 
test. 

For normal modem operation FTLC is AC 
grounded via a 0.1 µF bypass capacitor. 

Transmitted Data: This is the data input. 

Ground: This defines the chip OV. 

Originate/ Answer mode select: When logic 
high this pin selects the originate mode of 
operation. 

Squelch Transmitter: This disables the mod
ulator when held high. The EXI input re-
mains active. If SOT and ALB are simulta
neously held high the chip powers down. 

Receive Analog # 2: RXA2 and RXA 1 are 
analog inputs. When connected as recom
mended they produce a 6000. hybrid. 

Receive Analog # 1: See RXA2 for details. 

Transmit Analog: This is the output of the 
line driver. 

External Input: This is a high impedance in
put to the line driver. This input may be used 
to transmit externally generated tones. 
When not used for this purpose it should be 
grounded to GNDA. 

19 GNDA Analog Ground: Analog signals within the 
chip are referred to this pin. 

20 TLA Transmit Level Adjust: A resistor from this 
pin to Vee sets the transmit level. 

THE LINE INTERFACE 

The line interface section performs two to four wire conver
sion and provides impedance matching between the mo
dem and the phone line. 

THE LINE DRIVER 

The line driver is a power amplifier for driving the line. If the 
modem is operating as an originate modem, the second har
monics of the transmitted tones fall close to the frequencies 
of the received tones and degrade the received signal to 
noise ratio (SNR). The line driver must thus produce low 
second harmonic distortion. 

THE HYBRID 

The voltage on the telephone line is the sum of the transmit
ted and received signals. The hybrid subtracts the transmit
ted voltage from the voltage on the telephone line. If the 
telephone line was matched to the hybrid impedance, the 
output of the hybrid would be only the received signal. This 
rarely happens because telephone line characteristic im
pedances vary considerably. The hybrid output is thus a 
mixture of transmitted and received signals. 



Functional Description (Continued) 

THE DEMODULATOR SECTION 

The Receive Filter 

The demodulator recovers the data from the received sig
nals. The signal from the hybrid is a mixture of transmitted 
signal, received signals and noise. The first stage of the 
receive filter is an anti-alias filter which attenuates high fre
quency noise before sampling occurs. The signal then goes 
to the second stage of the receive filter where the transmit
ted tones and other noise are filtered from the received sig
nal. This is a switch capacitor nine pole filter providing at 
least 60 dB of transmitted tone rejection. This also provides 
high attenuation at 60Hz, a common noise component. 

The Discriminator 

The first stage of the discriminator is a hard limiter. The hard 
limiter removes from the received signal any amplitude 
modulation which may bias the demodulator toward a mark 
or a space. It compares the output of the receive filter to the 
voltage on the 0.1 µF capacitor on the FTLC pin. 

The hard limiter output connects to two parallel bandpass 
filters in the discriminator. One filter is tuned to the mark 
frequency and the other to the space frequency. The out
puts of these filters are rectified, filtered and compared. If 
the output of the mark path exceeds the output of the space 
path the RXD output goes high. The opposite case sends 
RXD low. 

The demodulator is implemented using precision switched 
capacitor techniques The highly critical comparators in the 
limiter and discriminator are auto-zeroed for low offset. 

Carrier Detector 

The output of the discriminator is meaningful only if there is 
sufficient carrier being received. This is established in the 
carrier detection circuit which measures the signal on the 
line. if this exceeds a certain level for a preset period (ad
justable by the CDT pin) the CD output goes low indicating 
that carrier is present. Then the carrier detect threshold is 
lowered by 3 dB. This provides hysteresis ensuring the CD 
output remains stable. If carrier is lost CD goes high after 
the preset delay and the threshold is increased by 3 dB. 

MODULATOR SECTION 

The modulator consists of a frequency synthesizer and a 
sine wave synthesizer. The frequency synthesizer produces 
one of four tones depending on the O/A and TXD pins. The 
frequencies are synthesized to high precision using a crystal 
oscillator and variable dual modulus counter. 

The counters used respond quickly to data changes, introduc
ing negligible bit jitter while maintaining phase coherence. 

The sine wave synthesizer uses switched capacitors to 
"look up" the voltages of the sine wave. This sampled sig
nal is then further processed by switched capacitor and 
continuous filters to ensure the high spectral purity required 
by FCC regulations. 

Applications Information 
TRANSMIT LEVEL ADJUSTMENT 

The transmitted power levels of Table II refer to the power 
delivered to a 6000. load from the external 6000. source 
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impedance. The voltage on the load is half the TXA voltage. 
This should be kept in mind when designing interface cir
cuits which do not match the load and source inpedances. 

The transmit level is programmable by placing a resistor 
from TLA to Vee· With a 5.5k resistor the line driver trans
mits a maximum of - 9 dBm. Since most lines from a phone 
installation to the exchange provide 3 dB of attenuation the 
maximum level reaching the exchange will be -12 dBm. 
This is the maximum level permitted by most telephone 
companies. Thus with this programming the MM74HC943 
will interface to most telephones. This arrangement is called 
the "permissive arrangement." The disadvantage with the 
permissive arrangement is that when the loss from a phone 
to the exchange exceeds 3 dB, no compensation is made 
and SNR may be unnecessarily degraded. 

TABLE II. Universal Service Order Code Resistor Values 

Line Transmit Programming 
Loss Level Resistor (RTLA) 
(dB) (dBm) (0.) 

0 -12 Open 
1 -11 19,800 
2 -10 9,200 
3 -9 5,490 

CARRIER DETECT THRESHOLD ADJUSTMENT 

The carrier detect threshold is directly proportional to the 
voltage on CDA. This pin is connected internally to a high 
impedance source. This source has a nominal Thevenin 
equivalent voltage of 1.2V and output impedance of 100 kn.. 

By forcing the voltage on CDA the carrier detect threshold 
may be adjusted. To find the voltage required for a given 
threshold the following equation may be used: 

VcoA =244 x VoN 

VcoA = 345 x VoFF 

CARRIER DETECT TIMING ADJUSTMENT 

CDT: A capacitor on Pin 4 sets the time· interval that the 
carrier must be present before CD goes low. It also 
sets the time interval that carrier must be removed 
before CD returns high. The relevant timing equations 
are: 

T COL ~ 6.4 x Ccor for CD going low 

T coH ~ 0.54 x Ccor for CD going high 

Where T COL & T coH are in seconds, and Ccor is in µF. 

DESIGN PRECAUTIONS 

Power supplies to digital systems may contain high ampli
tude spikes and other noise. To optimize performance of the 
MM74HC943 operating in close proximity to digital systems, 
supply and ground noise should be minimized. This involves 
attention to power supply design and circuit board layout. 
Power supply decoupling close to the device is recommend
ed. Ground loops should be avoided. For further discussion 
of these subjects see the Audio/Radio Handbook published 
by Nationai Semiconductor Corporation. 
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Interface Circuits for MM74HC943 300 Baud Modem 

2 Wire Connection 

XTALD XTALS 
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4 Wire Connection 
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Ccor and RrLA should be chosen to suit the application. See the Applications Information for more details. 
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_ Complete Acoustically Coupled 300 Baud Modem 

TLA 

DSI SOT 

TXA 

ALB 
EXI 

RXA2 01X 

MM74HC943 
RXA1 

TXD 

RXD 

+SV 
---... FTLC 

T114F 
2.2k 0.114F 

2.2K 
CDT CDA + I O.l 14F I 100µF 

1
0.22,.FJ o.1 14F 

Note: The efficiency of the acoustic coupling will set the values of R 1 and R2. 
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~National · 
~Semiconductor 

MM54HCTOO/MM74HCTOO 
Quad 2 Input NANO Gate 

General Description 
The MM54HCTOO/MM74HCTOO are NANO gates fabricated 
using advanced silicon-gate CMOS technology which pro
vides the inherent benefits of CMOS-low quiescent power 
and wide power supply range. These devices are input and 
output characteristic and pin-out compatible with standard 
DM54LS/7 4LS logic families. All inputs are protected from 
static discharge damage by internal diodes to Vee and 
ground. 

MM54HCT /MM7 4HCT devices are intended to interface be
tween TTL and NMOS components and standard CMOS 

Connection and· Logic Diagrams 

devices. These parts are also plug-in replacements for LS
TTL devices and can be used to reduce power consumption 
in existing designs. 

Features 
• TTL, LS pin-out and threshold compatible 

• Fast switching: tPLH· tPHL = 14 ns (typ) 
• Low power: 10 µWat DC 
• High fan out, 10 LS-TTL loads 

Dual-In-Line Package 

v c 

14 

A1 

84 A4 Y4 83 A3 

81 . Y1 

11 

A2 

Top View 

82 Y2 

Order Number MM54HCTOO* or MM74HCTOO* 

TL/F /5356-1 

•p1ease look into Section 8, Appendix D for availability of various package types. 

(1 of 4 gates) 

TL/F/5356-2 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
If Miiitary/Aerospace specified devices are required, Min Max Units 
contact the National Semiconductor Sales Office/ Supply Voltage (Vee) 4.5 5.5' v 
Distributors for availability and specifications. 

DC Input or Output Voltage 0 Vee v 
Supply Voltage (Vee) -0.5 to + 7.0V 

(V1N. VouT) 
DC Input Voltage CViN) -1.5 to Vee+ 1.5V 

Operating Temp. Range (TA) 
DC Output Voltage (VouT) -0.5 to Vcc+0.5V MM74HCT -40 +85 ·c 
Clamp Diode Current Cl1K. loK) ±20mA MM54HCT -55 +125 ·c 
DC Output Current, per pin (louT) ±25mA 

Input Rise or Fall Times 
DC Vee or GND Current, per pin (Ice) ±50mA (tr, ti) 500 ns 
Storage Temperature Range CTsrn) - 65°C to + 15o•c 

Power Dissipation (Po) 
(Note 3) 600mW 
S.O. Package only 500mW 

Lead Temp. (TL.) (Soldering 1 O seconds) 260°c 

DC Electrical Characteristics Vee= 5V ± 10% (unless otherwise specified) 

TA=25°C 
74HCT 54HCT 

Symbol Parameter Conditions TA= - 40 to as•c TA= -ssto 12s·c Units 

Typ Guaranteed Limits 

V1H Minimum High Level 2.0 2.0 2.0 v 
Input Voltage 

V1L Maximum Low Level 0.8 0.8 0.8 v 
Input Voltage 

VoH Minimum High Level V1N = V1H or V1L 
Output Voltage llouTl=20 µA Vee Vcc-0.1 Vcc-0.1 Vcc-0.1 v 

l1ouTl=4.0 mA, Vcc=4.5V 4.2 3.98 3.84 3.7 v 
l1ouTl=4.8 mA, Vcc=5.5V 5.2 4.98 4.84 4.7 v 

VoL Maximum Low Level V1N=V1H 
Voltage llouTI = 20 µA 0 0.1 0.1 0.1 v 

l1ouTl=4.0 mA, Vcc=4.5V 0.2 0.26 0.33 0.4 v 
l1ouTl=4.8 mA, Vcc=5.5V 0.2 0.26 0.33 0.4 v 

l1N Maximum Input V1N =Vee or GND, ±0.1 ±1.0 ±1.0 µA 
Current V1H orV1L 

Ice Maximum Quiescent V1N=Vee or GND, 2.0 20 40 µA 
Supply Current louT=O µA 

V1N = 2.4V or 0.5V (Note 4) 0.18 0.3 0.4 0.5 mA 

AC Electrical Characteristics Vee=5.0V, tr=t1=6 ns, CL =15 pF, TA=25°C (unless otherwise noted) 

Symbol J Parameter l Conditions l Typ l Guaranteed Limit 1 Units 

tPLH• tPHL l Maximum Propagation Delay l l 14 l 18 1 ns 

I 

\ 
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AC Electrical Characteristics Vee= 5.0V ± 10%, tr= t1=6 ns, CL= 50 pF (unless otherwise noted) 

74HCT 54HCT 

Symbol Parameter Conditions 
TA=2s·c 

TA= - 40 to as·c TA=-ssto12s·c 

Typ 

tPLH• tPHL Maximum Propagation Delay 18 23 

tTHL• trLH Maximum Output Rise & Fall Time 8 15 

Cpo Power Dissipation Capacitance (Note5) 30 

C1N Input Capacitance 5 10 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Guaranteed Limits 

29 35 

19 22 

10 10 

Units 

ns 

ns 

pF 

pF 

Note 3: Power Dissipation temperature derating- plastic "N" package: -12 mW /'C from 65"C to 85"C; ceramic "J" package: -12 mW/"C from 1 oo•c to 125"C. 

Note 4: This Is measured per input with all other inputs held at Vee or ground. 

Note 5: Cpo determines the no load dynamic power consumption, Po= Cpo V cc2 I+ Ice V cc. and the no load dynamic current consumption, Is= Cpo V cc I+ Ice. 
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~National 
~Semiconductor 

MM54HCT03/MM74HCT03 
Quad 2-lnput NANO Gate (Open Drain.) 

General Description 
The MM54HCT03/MM74HCT03 are logic functions fabri
cated by using advanced silicon-gate CMOS technology 
which provides the inherent benefits of CMOS-low quies
cent power and wide power supply range. These devices 
are input and output characteristic and pinout compatible 
with standard DM54LS/74LS logic families. All inputs are 
protected from static discharge damage by internal diodes 
to Vee and ground. 

MM54HCT /MM? 4HCT devices are intended to interface be
tween TIL and NMOS components and standard CMOS 

Connection and Logic Diagrams 

devices. These parts are also plug-in replacements for LS
TIL devices and can be used to reduce power consumption 
in existing designs. 

. Features 
• TIL, LS pin-out and threshold compatible 
• Fast switching: tPLH· tPHL = 12 ns (typ) 
• Low power: 10 µWat DC 
• High fan-out, 10 LS-TIL loads 

Dual-In-Line Package 

Vee 
14 

A1 

84 

81 

A4 

A2 

83 

82 

A3 

Y2 

7 

GND 

Order Number MM54HCT03* or MM74HCT03* 
*Please look into Section 8, Appendix D for availability of various package types. 

TL/F /9395-1 

TL/F/9395-2 
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Absolute Maximum Ratings (Notes 1 & 2) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for avallablllty and specifications. 

Supply Voltage (Vee) -0.5V to +7.0V 

DC Input Voltage (V1N) -1.5V to Vee + 1.5V 

DC Output Voltage (Vour) -0.5Vto Vee +0.5V 

Clamp Diode Current (l1K. loK) 

DC Output Current, per Pin (lour) 

DC Vee or GND Current, per Pin (Ice) 

Storage Temperature Range (T srn) 
Power Dissipation (Po) 

(Note3) 
S.O. Package only 

Lead Temperature (TL.) 
(Soldering, 10 seconds) 

±20mA 

±25mA 

±50mA 

- 65°C to + 15o·c 

600mW 
500mW 

2so·c 

Operating Conditions 

Supply Voltage (Vee) 

DC Input or Output Voltage 
(V1N. Vour) 

Operating Temperature Range (TA) 
MM74HCT 
MM54HCT 

Input Rise or Fall Times 
(tr, t1) 

DC Electrical Characteristics Vee = 5V ± 10% (unless otherwise specified) 

Min Max Units 
4.5 5.5 v 
0 Vee v 

-40 +85 ·c 
-55 +125 ·c 

500 ns 

Symbol Parameter Conditions 

74HCT 54HCT 
TA= 25·c TA= -40°c to +ss·c TA= -ss·c to+ 12s·c Units 

Ice 

Minimum High Level 
Input Voltage 

Maximum Low Level 
Input Voltage 

Maximum Low Level 
Voltage 

Maximum Input 
Current 

Minimum High Level 
Output Leakage Current 

Maximum Quiescent 
Supply Current 

Typ 

2.0 

0.8 

V1N=V1H 
l1ourl=20µA o 0.1 
l1ourl=4.0 mA, Vcc=4.5V 0.2 0.26 
ilourl =4.8 mA, Vee= 5.5V 0.2 0.26 

V1N =Vee or GND, 
V1H orV1L 

V1N = V1H or VIL· 
Vour =Vee 

V1N=VccorGND 
lour=O µA 

±0.1 

0.5 

2.0 

V1N = 2.4V or 0.5V (Note 4) 1.2 
Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Guaranteed Limits 

2.0 2.0 v 

0.8 0.8 v 

0.1 0.1 v 
0.33 0.4 v 
0.33 0.4 v 

±1.0 ±1.0 µA 

5.0 10 µA 

20 40 µA 

1.4 1.5 mA 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mW l°C from 65°C to 85°C; ceramic "J" package; -12 mW /°C from 1 oo·c to 125°C. 

Note 4: This is measured per input with all other inputs held at Vee or ground. 
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AC Electrical Characteristics Vee = 5.0V, TA = 25°C, CL = 15 pF, tr = tt = 6 ns, unless otherwise noted 

Symbol Parameter Conditions Typ Units 

tpzL Maximum Propagation Delay AL= 1 kn 7 ns 

tpLz Maximum Propagation Delay AL= 1 kn 10 ns 

AC Electrical Characteristics Vee = 5.0V ± 10%, CL = 50 pF, tr = tt = 6 ns, unless otherwise specified 

TAe2s0 74HCT 54HCT 
Symbol Parameter Conditions TA= -40°cto +ss·c TA= - ss·c to + 12s0 c Units 

Typ Guaranteed Limits 

tpzL Maximum Propagation Delay AL= 1 kn 10 20 25 30 ns 

tpLZ Maximum Propagation Delay RL = 1 kn 12 20 25 30 ns 

trHL Maximum Output Fall Time 10 15 19 22 ns 

Cpo Power Dissipation Capacitance (per gate) 
14 pF 

(Note5) RL =co 

C1N Maximum Input Capacitance 5· 10 10 pF 

Note 5: Cpo determines the no load dynamic power consumption, Po=Cpo Vcc2- f+ Ice Vee. and the no load dynamic current consumption, ls=Cpo Vee f+ Ice· 

4-8 



~National 
D Semiconductor 
MM54HCT04/MM74HCT04 Hex Inverter 

General Description Features 
The MM54HCT04/MM74HCT04 are logic functions fabri
cated by using advanced silicon-gate CMOS technology 
which provides the inherent benefits of CMOS - low quies
cent power and wide power supply range. These devices 
are input and output characteristic as well as pin-out com
patible with standard DM54LS/74LS logic families. The 
MM54HCT04/MM74HCT04, triple buffered, hex inverters, 
feature low power dissipation and fast switching times. All 
inputs are protected from static discharge by internal diodes 
to Vee and ground. 

• TTL, LS pin-out and threshold compatible 

• Fast switching: tPLH· tpHL = 12 ns (typ) 
• Low power: 10 µWat DC, 3.7 mW at 5 MHz 

MM54HCT /MM7 4HCT devices are intended to interface be
tween TTL and NMOS components and standard CMOS 
devices. These parts are also plug-in replacements for LS
TTL devices and can be used to reduce power consumption 
in existing designs. 

Connection Diagram 
Vee AS YB 

14 13 12 

• High fanout: ~ 10 LS loads 
• Inverting, triple buffered 

AS VS A4 Y4 

11 10 

6 7 

A1 Y1 A2 Y2 

Top View 

A3 Y3 GND 

Order Number MM54HCT04* or MM74HCT04* 
•Please look into Section 8, Appendix D for availability of various package types. 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
If Military/Aerospace specified devices are required, Min Max Units 
contact the National Semiconductor Sales Office/ Supply Voltage (Vee) 4.5 5.5 v 
Distributors for avallablllty and specifications. 

DC Input or Output Voltage 0 Vee v 
Supply Voltage (Vee) -0.5 to + 7.0V 

CViN. VouT) 
DC Input Voltage CViN) -1.5 to Vee+ 1.5V 

Operating Temp. Range (TA) 
DC Output Voltage (VouT) -0.5 to Vcc+0.5V 

MM74HCT -40 +85 ·c 
Clamp Diode Current (l1K• loK) ±20mA MM54HCT -55 +125 ·c 
DC Output Current, per pin ClouT) ±25mA 

Input Rise or Fall Times 
DC Vee or GND Current, per pin (Ice) ±50mA Ctr, tt) 500 ns 
Storage Temperature Range (T srn) - 65°C to + 150°c 

Power Dissipation (Po) 
(Note 3) 600mW 
S.O. Package only 500mW 

Lead Temp. (TL) (Soldering 10 seconds) 2so·c 

DC Electrical Characteristics Vcc=5V ±10% (unless otherwise specified) 

TA=25°C 
74HCT 54HCT 

Symbol Parameter Conditions TA= -40 to B5°C TA= - 55 to 125•c Units 

Typ Guaranteed Limits 

V1H Minimum High Level 2.0 2.0 2.o v 
Input Voltage 

V1L Maximum Low Level 0.8 0.8 0.8 v 
Input Voltage 

VoH Minimum High Level V1N=V1L 
Output Voltage l'our1~20 µA 

Vee Vcc-0.1 Vcc-0.1 Vcc-0.1 v 
louT =4.0 mA, Vcc=4.5V 4.2 3.98 3.84 3.7 v 
louT =4.8 mA, Vcc=5.5V 5.2 4.98 4.84 4.7 v 

Vol Maximum Low Level V1N=V1H 
Voltage l'ourl ~ 20 µA 

0 0.1 0.1 0.1 v 
louT =4.0 mA, Vcc=4.5V 0.2 0.26 0.33 0.4 v 
louT =4.8 mA, Vcc=5.5V 0.2 0.26 0.33 0.4 v 

l1N Maximum Input V1N =Vee or GND, ±0.1 ±1.0 ±1.0 µA 
Current V1H orV1L 

Ice Maximum Quiescent V1N=VccorGND 2.0 20 40 µA 
Supply Current louT=O µA 

V1N = 2.4V or 0.5V (Note 4) 0.3 0.4 0.5 mA 

AC Electrical Characteristics Vcc=5.0V, tr=t1=6 ns CL =15 pF, TA=25°C (unless otherwise noted) 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

tPLH• tPHL Maximum Propagation Delay 10 18 ns 

AC Electrical Characteristics Vcc=5.0V± 10%, tr=t1=6 ns, CL= 50 pF (unless otherwise noted) 

TA=25°c 
74HCT 54HCT 

Symbol Parameter Conditions TA= - 40 to B5°C TA= -55to 125•c Units 

Typ Guaranteed Limits 

tpLH• tPHL Maximum Propagation Delay 14 20 25 30 ns 

tTHL• tTLH Maximum Output Rise & Fall Time 8 15 19 22 ns 

Cpo Power Dissipation Capacitance (Note 5) 20 pF 

C1N Input Capacitance 5 10 10 10 pF 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note3: Power Dissipation temperature derating-plastic "N" package: -12 mW/'C from 65'Cto 85'C; ceramic "J" package: -12 mW/'C from 100'C to 125'C. 
Note 4: This is measured per input with all other inputs held at Vee or ground. 
Note 5: Cpo determines the no load dynamic power consumption, Po= Cpo V cc2 f + Ice Vee. and the no load dynamic current consumption, Is= Cpo Vee f +Ice-
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~National 
~Semiconductor 

MM54HCT05/MM74HCT05 
Hex Inverter {Open Drain) 

General Description 
The MM54HCT05/MM74HCT05 are logic functions fabri
cated by using advanced silicon-gate CMOS technology, 
which provides the inherent benefits of CMOS-low quies
cent power and wide power supply range. These devices 
are also input and output characteristic and pinout compati
ble with standard DM54LS/DM74LS logic families. The 
MM54HCT05/MM74HCT05 open drain Hex Inverter re
quires the addition of an external resistor to perform a wire
NOR function. 

MM54HCT /MM7 4HCT devices are intended to interface be
tween TIL and NMOS components and standard CMOS 
devices. These parts are also plug-in replacements for LS
TIL devices and can be used to reduce power consumption 
in existing designs. 

Features 
• Open drain for wire-NOR function 

All inputs are protected from static discharge damage by 
internal diodes to Vee and ground. 

• LS-TIL pinout and threshold compatible 
• Fanout of 10 LS-TIL loads 
• Typical propagation delays: 

tPLH (with 1 kn resistor) 10 ns 
tPHL (with 1 kn resistor) 8 ns 

Connection Diagram 
Dual-In-Line Package 

Vee A6 Y6 A5 Y5 A4 Y4 

14 13 12 11 10 

A1 Y1 A2 Y2 A3 Y3 GNO TL/F/5358-1 

Top View 

Order Number MM54HCT05* or MM74HCT05* 
*Please look into Section 8, Appendix D for availability of various package types. 

Logic Diagram Typical Application 

Vee 

J_OUTPUT 
JNPUT~:::i_ 

Vee 

. .. f, •::+i 
·~· 

TL/F/5358-2 Note: Can be extended to more than 2 inputs. 
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Absolute Maximum Ratings (Notes 1 & 2) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage (Vee) -0.5 to + 7.0V 

DC Input Voltage MN) -1.5 to Vee+ 1.5V 

DC Output Voltage (Vour) -0.5 to Vee+ 0.5V 

Clamp Diode Current (l1K. loK) 

DC Output Current, per pin (lour) 

DC Vee or GND Current, per pin (Ice) 

Storage Temperature Range (T srn) 

Power Dissipation (Po) 
(Note 3) 
S.O. Package only 

Lead Temperature (TL) 

(Soldering 1 O seconds) 

±20mA 

±25mA 

±50mA 

- 65°C to + 150°C 

600mW 
500mW 

260°C 

Operating Conditions 

Supply Voltage (Vee) 
DC Input or Output Voltage 

(V1N. Vour) 
Operating Temp. Range (TA) 

MM74HCT 
MM54HCT 

Input Rise or Fall Times 
(tr. t1) 

Min 
4.5 
0 

-40 
-55 

DC Electrical Characteristics (Vee= 5V ± 10%, unless otherwise specified) 

74HCT 

Max 
5.5 
Vee 

+85 
+125 

500 

54HCT 
Symbol Parameter Conditions 

TA=25°C 
TA= - 40 to 85°C TA= -55to 12s0 c 

Typ Guaranteed Limits 

V1H Minimum High Level 2.0 2.0 2.0 
Input Voltage 

V1L Maximum Low Level 0.8 0.8 0.8 
Input Voltage 

Vol Maximum Low Level V1N=V1H 
Voltage llourl=20 µA 0 0.1 0.1 0.1 

llourl=4.0 mA, Vcc=4.5V 0.2 0.26 0.33 0.4 
l1ourl=4.8 mA, Vce=5.5V 0.2 0.26 0.33 0.4 

l1N Maximum Input V1N =Vee or GND, ±0.1 ±1.0 ±1.0 
Current V1H orV1L 

ILKG Minimum High Level V1N=V1H or VIL, Vour=Vee 0.5 5.0 10 
Output Leakage 
Current 

lee Maximum Quiescent V1N=Vee or GND 2.0 20 40 
Supply Current lour=OµA 

V1N = 2.4V or 0.5V 0.3 0.4 0.5 
(Note4) 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 

Units 
v 
v 

oc 
oc 

ns 

Units 

v 

v 

v 
v 
v 

µA 

µA 

µA 

mA 

Note 3: Power Dissipation temperaturederating-plastic "N" package: -12 mW/°Cfrom 65'C to 85'C; ceramic "J" package: -12 mW/'C from 100°C to 125'C. 
Note 4: This is measured per Input with all other inputs held at Vee or ground. 
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AC Electrical Characteristics Vcc=5V, TA=25°C, CL =15 pF, tr=t1=6 ns unless otherwise noted. 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

tpzL Maximum Propagation Delay RL =1 kn 8 15 ns 

tpLZ Maximum Propagation Delay RL =1 kn 9 16 ns 

AC Electrical Characteristics Vcc=5V ±10%,CL=50pF,tr=t1=6nsunlessotherwisespecified 

TA=25°C 
74HCT 54HCT 

Symbol Parameter Conditions TA= - 40 to 85°C TA= -55 to 125°C Units 

Typ Guaranteed Limits 

tpzL Maximum Propagation RL =1 kn 10 22 28 33 ns 
Delay 

tpLZ Maximum Propagation RL= 1 kn 12 20 25 30 ns 
Delay 

trHL Maximum Output 10 15 19 22 ns 
Fall Time 

Cpo Power Dissipation (per gate) 20 pF 
Capacitance (Note 5) RL =co 

C1N Maximum Input 5 10 10 pF 
Capacitance 

Note 5: Cpo determines the no load dynamic power consumption, Po= Cpo Vcc2 I+ Ice Vee. and the no load dynamic current consumption, Is= Cpo Vee I+ Ice· 
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~National 
~Semiconductor 

MM54HCT08/MM74HCT08 
Quad 2-lnput AND Gate 

General Description · 
The MM54HCT08/MM74HCT08 are logic functions fabri
cated by using advanced silicon-gate CMOS technology 
which provides the inherent benefits of CMOS-low quies
cent power and wide power supply range. These devices 
are input and output characteristic and pinout compatible 
with standard DM54LS/74LS logic families. All inputs are 
protected from static discharge damage by internal diodes 
to Vee and ground. 

MM54HCT /MM7 4HCT devices are intended to interface be
tween TTL and NMOS components and standard CMOS 

Connection and Logic Diagrams 

devices. These parts are also plug-in replacements for LS
TTL devices and can be used to reduce power consumption 
in existing designs. 

Features 
• TTL, LS pin-out and threshold compatible 
• Fast switching: tPLH· tPHL = 12 ns (typ) 
• Low power: 10 µW at DC 
• High fan-out, 10 LS-TTL loads 

Dual-In-Line Package 
Vee 

14 

A1 

84 

81 

A4 Y4 

Y1 AZ 

83 A3 Y3 

11 

82 Y2 GND 

Order Number MM54HCT08* or MM74HCT08* 

TL/F/5754-1 

"Please look into Section 8, Appendix D for availability of various package types. 

A 

y 

B 

TL/F/5754-2 
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Absolute Maximum Ratings (Notes 1 & 2) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage (Vee) -0.5 to + 7.0V 

DC Input Voltage (V1N) -1.5 to Vee + 1.5V 

DC Output Voltage (Vour) 

Clamp Diode Current (l1K. loK) 

DC Output Current, per pin (lour) 

DC Vee or GND Current, per pin (Ice) 

Storage Temperature Range (T srn) 

Power Dissipation (Po) 
(Note 3) 
S.O. Package only 

-0.5 to Vee +0.5V 

±20mA 

±25mA 

±50mA 

- 65°C to + 150°C 

600mW 
500mW 

Lead Temperature (TL) (Soldering 10 seconds) 260°C 

Operating Conditions 

Supply Voltage (Vee) 
DC Input or Output Voltage 

(VIN· Vour) 
Operating Temperature Range (TA) 

MM74HCT 
MM54HCT 

Input Rise or Fall Times 

(tr.ti) 

DC Electrical Characteristics Vee= 5V ± 10% (unless otherwise specified) 

74HCT 

Min Max 
4.5 5.5 
0 Vee 

-40 +85 
-55 +125 

500 

54HCT 

Symbol Parameter Conditions 
TA=25°C 

TA= - 40 to 85°C TA= - 55 to 125°C 

Typ 

V1H Minimum High Level 2.0 
Input Voltage 

V1L Maximum Low Level 0.8 
Input Voltage 

VoH Minimum High Level V1N = V1H or V1L 
Output Voltage llourl = 20 µA Vee Vcc-0.1 

I iourl = 4.0 mA, V cc= 4.5V 4.2 3.98 

l1ourl=4.8 mA, Vcc=5.5V 5.2 4.98 

VoL Maximum Low Level V1N=V1H 
Voltage llourl = 20 µA 0 0.1 

l1ourl=4.0 mA, Vcc=4.5V 0.2 0.26 

llourl = 4.8 mA, Vee= 5.5V 0.2 0.26 

l1N Maximum Input V1N =Vee or GND, V1H or V1L ±0.1 
Current 

Ice Maximum Quiescent V1N =Vee or GND 2.0 
Supply Current lour=O µA 

V1N = 2.4V or 0.5V (Note 4) 1.2 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Guaranteed Limits 

2.0 2.0 

0.8 0.8 

Vcc-0.1 Vcc-0.1 
3.84 3.7 
4.84 4.7 

0.1 0.1 
0.33 0.4 
0.33 0.4 

±1.0 ±1.0 

20 40 

1.4 1.5 

Units 
v 
v 

oc 
oc 

ns 

Units 

v 

v 

v 
v 
v 

v 
v 
v 

µA 

µA 

mA 

Note 3: Power Dissipation temperature derating- plastic "N" package -12 mW/'C from 65'C to 85'C: ceramic "J" package 12 mW/'C from 100'C to 125'C. 

Note 4: This is measured per input with all other inputs held at Vee or ground. 
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co 

~ AC Electrical Characteristics vcc=5.oV,tr=t1=sns,cL=15pF,TA=25°c 

~ Symbol J Parameter l Conditions 1 Typ 1 Guaranteed Limit J Units 

~ 
1 
___ t_PL_H_.t_P_H~L--~J ___ M_ax __ im_u_m __ Pr_o_p_ag~a_ti_on __ D_el_ay'--......... l ____________ ~l ____ 9 ____ J.__ _______ 15 ________ .J ____ n_s __ ~ 

...... 
co 

~ ::c 
"111:1' 
Ln 
:e 
:e 

AC Electrical Characteristics Vcc=5.0V±10%, tr=t1=6 ns, CL =50 pF 

TA=25°C 
74HCT 54HCT 

Symbol Parameter Conditions TA= -40 to 85°C TA= -55 to 125•c Units 

Typ Guaranteed Limits 

lPLH• lPHL Maximum Propagation Delay 11 18 23 27 ns 

lTHL• tTLH Maximum Output Rise & Fall Time 7 15 19 22 ns 

Cpo Power Dissipation Capacitance (Note 5) 38 pF 

CrN Input Capacitance 5 10 10 10 pF 

Note 5: Cpo determines the no load dynamic power consumption. Po= Cpo Vcc2 f+ Ice Vee and the no load dynamic current consumption. Is= Cpo Vee f+ Ice. 
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'?A National 
D Semiconductor 
MM54HCT32/MM7 4HCT32 
Quad 2-lnput OR Gate 

General Description 
The MM54HCT32/MM74HCT32 are logic functions fabri
cated by using advanced silicon-gate CMOS technology, 
which provides the inherent benefits of CMOS-low quies
cent power and wide power supply range. These devices 
are input and output characteristic and pin-out compatible 
with standard DM54LS/7 4LS logic families. All inputs are 
protected from static discharge damage by internal diodes 
to V cc and ground. 

MM54HCT /MM7 4HCT devices are intended to interface be
tween TTL and NMOS components and standard CMOS 

Connection and Logic Diagrams 

devices. These parts are also plug-in replacements for LS
TTL devices and can be used to reduce power consumption 
in existing designs. 

Features 
• TIL, LS pin-out and threshold compatible 
• Fast switching: tpLH· tPHL = 10 ns (typ) 
• Low power: 10 µWat DC 
• High fan-out, 10 LS-TIL loads 

Dual·ln·Line Package 
Vee 

14 

A1 

84 

13 

81 

A4 Y4 83 

Y1 -

11 10 

4 

A2 82 

A3 

6 

Y2 

Order Number MM54HCT32* or MM74HCT32* 

7 

GND 

•Please look into Section 8, Appendix D for availability of various package types. 

A 

y 

8 
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Absolute Maximum Ratings (Notes 1 & 2) 

If Military I Aerospace specified devices are required, Lead Temperature (TL) 
contact the National Semiconductor Sales Office/ (Soldering 1 O seconds) 260°C 
Distributors for availability and specifications. 

Supply Voltage (Yee) -0.5 to + 7.0V Operating Conditions 
DC Input Voltage (Y1N) -1.5toYcc +1.5Y Min Max Units 

DC Output Voltage (YouT) -0.5 to Vee + 0.5V 
Supply Voltage (Vee) 4.5 5.5 v 
DC Input or Output Voltage 

Clamp Diode Current (l1K• loK) ±20mA 
(Y1N1 YouT) 0 Vee v 

DC Output Current, per pin (louT) ±25mA 
Operating Temperature Range (TA) 

DC V cc or G ND Current, per pin (Ice) ±50mA MM74HCT -40 +85 oc 
Storage Temperature Range (Tsrn) -65°C to + 150°C MM54HCT -55 +125 oc 
Power Dissipation (Po) Input Rise or Fall Times 

(Note 3) 600mW (tr. ti) 500 ns 
S.O. Package only 500mW 

DC Electrical Characteristics Vcc=5V ± 10% (unless otherwise specified) 

TA=25°C 
74HCT 54HCT 

Symbol Parameter Conditions TA= - 40°C to + 85°C TA= -55°C to+ 12s0 c Units 

Typ Guaranteed Limits 

Y1H Minimum High Level 
2.0 2.0 2.0 v 

Input Voltage 

Y1L Maximum Low Level 
0.8 0.8 0.8 v 

Input Voltage 

VoH Minimum High Level V1N = Y1H or Y1L 
Output Voltage l1ouTl=20 µA Vee Ycc-0.1 Ycc-0.1 Vcc-0.1 v 

l1ouTl=4.0 mA, Vcc=4.5Y 4.2 3.98 3.84 3.7 v 
l1ouTl=4.8 mA, Vcc=5.5Y 5.2 4.98 4.84 4.7 v 

VoL Maximum Low Level Y1N=V1H 
Voltage llouTI = 20 µA 0 0.1 0.1 0.1 v 

l1ouTl=4.0 mA, Vcc=4.5V 0.2 0.26 0.33 0.4 v 
l1ouTl=4.8 mA, Vcc=5.5V 0.2 0.26 0.33 0.4 v 

l1N Maximum Input Y1N =Vee or GND, V1H or Y1L ±0.1 ±1.0 ±1.0 µA 
Current 

Ice Maximum Quiescent Y1N =Vee or GND 
2.0 20 40 µA 

Supply Current louT=O µA 

V1N = 2.4V or 0.5V (Note 4) 1.2 1.4 1.5 mA 

AC Electrical Characteristics Vee= 5.0V, tr= tt = 6 ns, CL= 15 pF, TA= 25°C (unless otherwise noted) 

Symbol l Parameter J Conditions 1 Typ l Guaranteed Limit l Units 

tPLH· tPHL I Maximum Propagation Delay J I 10 I J ns 

AC Electrical Characteristics Vee= 5.0V ± 10%, tr= tt = 6 ns, CL= 50 pF (unless otherwise noted) 

TA=25°C 
74HCT 54HCT 

Symbol Parameter Conditions TA= - 40°C to + 85°C TA= -55°C to+ 12s0 c 
Typ Guaranteed Limits 

tpLH• tPHL Maximum Propagation Delay 12 20 

tTHL• trLH Maximum Output Rise & Fall Time 8 15 

Cpo Power Dissipation Capacitance (Note 5) 48 

C1N Input Capacitance 5 10 
Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

25 30 

19 22 

10 10 

Units 

ns 

ns 

pF 

pF 

Note 3: Power Dissipation temperature derating-plastic "N" package: -12 mW/'C from 65°C to 85°C; ceramic "J" package: -12 mW/'C from 100°Cto 125°C. 

Note 4: This is measured per input with all other inputs held at Vee or ground. 

Note 5:Cpo determines the no load dynamic power consumption, Po=Cpo Vcc2 f+lee Vee. and the no load dynamic current consumption, ls=Cpo Vee !+lee· 
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~National· 
~Semiconductor 

MM54HCT34/MM74HCT34 Non-Inverter 

General Description Features 
The MM54HCT34/74HCT34 are logic functions fabricated 
by using advanced silicon-gate CMOS technology which 
provides the inherent benefits of CMOS - low quiescent 
power and wide power supply range. These devices are in
put and output characteristic as well as pin-out compatible 
with standard DM54LS/74LS logic families. The 
MM54HCT34/MM74HCT34 feature low power dissipation 
and fast switching times. All inputs are protected from static 
discharge by internal diodes to Vee and ground. 

• TTL, LS pin-out and threshold compatible 
• Fast switching: tPLH· tPHL = 10 ns (typ) 
• Low power: 10 µWat DC, 3.7 mW at 5 MHz 
• High fanout: 1 O LS loads · 

MM54HCT /MM7 4HCT devices are intended to interface be
tween TTL and NMOS components and standard CMOS 
devices. These parts are also plug-in replacements for LS
TTL devices and can be used to reduce power consumption 
in existing designs. 

Connection Diagram 

Dual-In-Line Package 

Vee A6 Y6 AS vs A4 Y4 

14 13 12 11 10 9 B 

3 4 s 6 7 

A1 Y1 A2 Y2 A3 Y3 GND 

Top View 

Order Number MM54HCT34• or MM74HCT34• 

TL/F/5359-1 

*Please look into Section 8, Appendix D for availability of various package types. 
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I- Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 0 
:::c: If Military I Aerospace specified devices are required, Min Max Units 
~ 

"" contact the National Semiconductor Sales Office/ Supply Voltage (Vee) 4.5 5.5 v 
::!!: Distributors for availability and specifications. 
::!!: DC Input or Output Voltage 0 Vee v 
....... Supply Voltage (Vee) -0.5 to + 7.0V 

MN. Vour) ~ 
DC Input Voltage CViN) -1.5 to Vee+ 1.5V (") 

Operating Temp. Range (TA) I- DC Output Voltage (Vour) -0.5 to Vcc+0.5V 0 MM74HCT -40 +85 ·c 
:::c: Clamp Diode Current Cl1K· loK) ±20mA MM54HCT -55 +125 ·c ~ ..,, 

DC Output Current, per pin (lour) ±25mA 
::!!: Input Rise or Fall Times 
::!!: DC Vee or GND Current, per pin (Ice) ±50mA (tr, t1) 500 ns 

Storage Temperature Range (T srn) - 65°C to + 15o•c 

Power Dissipation (Po) 
(Note 3) 600mW 
S.O. Package only 500mW 

Lead Temperature (TL) 

(Soldering 1 O seconds) 260°c 

DC Electrical Characteristics Vcc=5V ±10% (unless otherwise specified) 

TA=2s·c 
74HCT 54HCT 

Symbol Parameter Conditions TA= -40 to ss·c TA= -ssto 12s·c Units 

Typ Guaranteed Limits 

V1H Minimum High Level 2.0 2.0 2.0 v 
Input Voltage 

V1L Maximum Low Level 0.8 0.8 0.8 v 
Input Voltage 

VoH Minimum High Level V1N=V1L 
Output Voltage llourl = 20 µA Vee Vcc-0.1 Vcc-0.1 Vcc-0.1 v 

l1ourl=4.0 mA, Vcc=4.5V 4.2 3.98 3.84 3.7 v 
l1ourl=4.8 mA, Vcc=5.5V 5.2 4.98 4.84 4.7 v 

VoL Maximum Low Level V1N=V1H 
Voltage llourl = 20 µA 0 0.1 0.1 0.1 v 

l1ourl=4.0 mA, Vcc=4.5V 0.2 0.26 0.33 0.4 v 
I lour I= 4.8 mA, Vee= 5.5V 0.2 0.26 0.33 0.4 v 

l1N Maximum Input V1N =Vee or GND, ±0.1 ±1.0 ±1.0 µA 
Current V1HorV1L 

Ice Maximum Quiescent V1N=VccorGND, 2.0 20 40 µA 
Supply Current lour=O µA 

V1N = 2.4V or 0.5V (Note 4) 0.3 0.4 0.5 mA 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mW /'C from 65'C to 85'C; ceramic "J" package: -12 mW /'C from 1 OO'C to 125'C. 

Note 4: This is measured per input with all other inputs held at Vee or ground. 
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AC Electrical Characteristics Vee=5.0V, tr=t1=6 ns, CL=15 pF, TA=25°C (unless otherwise noted) 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

tPLH• tPHL Maximum Propagation 10 20 ns 
Delay 

AC Electrical Characteristics Vee= 5.0V ± 10%, tr= t1=6 ns, CL= 50 pF (unless otherwise noted) 

TA=25°c 
74HCT 54HCT 

Symbol Parameter Conditions TA= -40 to 85°C TA= -55 to 125•c Units 

Typ Guaranteed Limits 

tpLH• tPHL Maximum Propagation Delay 10 22 29 33 ns 

trHL· trLH Maximum Output Rise & Fall Time 8 15 19 22 ns 

Cpo Power Dissipation Capacitance (Note 5) 30 pF 

C1N Input Capacitance 5 10 10 10 pF 

Note 6: Cpo determines the no load dynamic power consumption, Po=Cpo Vcc2 f+ Ice Vee. and the no load dynamic current consumption, ls=Cpo Vee f +Ice· 
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~National 
~Semiconductor 

MM54HCT7 4/MM7 4HCT7 4 
Dual D Flip-Flop with Preset and Clear 
General Description 
The MM54HCT74/MM74HCT74 utilizes advanced silicon
gate CMOS technology to achieve operation speeds similar 
to the equivalent LS-TTL part. It possesses the high noise 
immunity and low power consumption of standard CMOS 
integrated circuits, along with the ability to drive 10 LS-TTL 
loads. 

This flip-flop has independent data, preset, clear, and clock 
inputs and Q and Q outputs. The logic level present at the 
data input is transferred to the output during the positive-go
ing transition of the clock pulse. Preset and clear are inde
pendent of the clock and accomplished by a low level at the 
appropriate input. 

The 54HCT/74HCT logic family is functionally and pin-out 
compatible with the standard 54LS/74LS logic family. All 

Connection and Logic Diagrams 

Vee CLR2 

CLR1 01 

Dual-In-Line Package 

02 CLK2 PR2 

CLK1 PR1 01 
TOP VIEW 

02 02 

GNO 

TL/F/5360-1 

Order Number MM54HCT74* or MM74HCT74* 
•Please look into Section 6, Appendix D 
for availability of various package types. 

PR 

o-[> 

CLR 

CL 

CLK -t>o--t>~ CI 

inputs are protected from damage due to static discharge by 
··internal diode clamps to Vee and ground. 

MM54HCT /MM74HCT devices are intended to interface be
tween TTL and NMOS components and standard CMOS 
devices. These parts are also plug-in replacements for LS
TTL devices and can be used to reduce power consumption 
in existing designs. 

Features 
•. Typical propagation delay: 20 ns 
• Low quiescent current: 40 µA maximum (74HCT Series) 
• Low input current: 1 µA maximum 
• Fanout of 10 LS-TTL loads 
• Meta-stable hardened 

Truth Table 
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Inputs Outputs 

PR CLR CLK D Q Q 

L H x x H L 
H L x x L H 
L L x x H* H* 
H H t H H L 
H H t L L H 
H H L x QO QO 

Note: QO = the level of Q before the indicated input condi
tions were established. 

*This configuration is nonstable; that is, it will not persist 
when preset and clear inputs return to their inactive (high) 
level. 

CT 
...L 

lII T 

,-
Cl 

TL/F /5360-2 



Absolute Maximum Ratings (Notes 1 & 2) 

If Miiitary/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for avallablllty and specifications. 

Supply Voltage (Vee) -0.5 to+ 7.0V 

DC Input Voltage MN) 

DC Output Voltage (Vour) 

Clamp Diode Current (l1K· loK) 

DC Output Current, per pin (lour) 

DC Vee or GND Current, per pin (Ice) 

Storage Temperature Range (T srn) 

Power Dissipation (Po) 
(Note3) 
S.O. Package only 

Lead Temp. (TL.) (Soldering 1 O seconds) 

-1.5 to Vee+ 1.5V 

-0.5 to Vcc+0.5V 

±20mA 

±25mA 

±50mA 

- 65°C to + 150°C 

600mW 
500mW 

260°c 

Operating Conditions 
Min 

Supply Voltage (Vee) 4.5 

DC Input or Output Voltage 0 
MN. Vour) 

Operating Temp. Range (TA) 
MM74HCT -40 
MM54HCT -55 

Input Rise or Fall Times 
(tr,tt) 

DC Electrical Characteristics Vcc=5V ±10% (unless otherwise specified) 

74HCT 

Max 
5.5 

Vee 

+85 
+125 

500 

54HCT 

Symbol Parameter Conditions 
TA=25°C 

TA= - 40 to 85°C TA= - 55 to 125°C 

Typ Guaranteed Limits 

V1H Minimum High Level 2.0 2.0 2.0 
Input Voltage 

V1L Maximum Low Level 0.8 0.8 0.8 
Input Voltage 

VoH Minimum High Level V1N = V1H or v,L 
Output Voltage I lourl = 20 µA Vee Vcc-0.1 Vcc-0.1 Vcc-0.1 

l1ourl=4.0 mA, Vcc=4.5V 4.2 3.98 3.84 3.7 

I lourl = 4.8 mA, Vee= 5.5V 5.2 4.98 4.84 4.7 

VoL Maximum Low Level V1N = V1H or V1L 
Voltage l1ourl=20 µA 0 0.1 0.1 0.1 

l1ourl=4.0 mA, Vcc=4.5V 0.2 0.26 0.33 0.4 

I lour I= 4.8 mA, V cc= 5.5V 0.2 0.26 0.33 0.4 

l1N Maximum Input V1N=Vcc or GND, ±0.1 ±1.0 ±1.0 
Current V1H orV1L 

Ice Maximum Quiescent V1N =Vee or GND 
Supply Current lour=O µA 4.0 40 80 

V1N = 2.4V or 0.5V (Note 4) 0.3 0.4 0.5 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Units 
v 

v 

·c 
·c 

ns 

Units 

v 

v 

v 
v 
v 

v 
v 
v 

µA 

µA 

mA 

Note 3: Power Dissipation temperature derating-plastic "N" package: -12 mW/'C from 65'C to 85'C; ceramic "J" package: -12 mW/'C from 100'Cto 125'C. 

Note 4: This is measured per pin. All other inputs are held at Vee Ground. 
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AC Electrical Characteristics Vee= 5V, TA= 25°C, CL= 15 pF, tr= t1= 6 ns 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

fMAX Maximum Operating 50 30 MHz 
Frequency from Clock 
toQ orQ 

tpHL• tPLH Maximum Propagation 18 30 ns 
Delay Clock to Q or Q 

tpHL• tPLH Maximum Propagation 18 30 ns 
Delay from Preset or 
Clear to Q or Q 

tREM Minimum Removal Time, 20 ns 
Preset or Clear to Clock 

ts Minimum Setup Time 20 ns 
Data to Clock 

tH Minimum Hold Time -3 0 ns 
Clock to Data 

tw Minimum Pulse Width 
Clock, Preset or Clear 

8 16 ns 

AC Electrical Characteristics Vee~5.0V± 10%, CL =50 pF, tr=t1=6 ns (unless otherwise specified) 

TA=25°C 
74HCT 54HCT 

Symbol Parameter Conditions TA= -40to85°C TA= -55 to 125°C Units 

Typ Guaranteed Limits 

fMAX Maximum Operating 27 21 18 MHz 
Frequency 

tPHL• tPLH Maximum Propagation 21 35 44 52 ns 
Delay from Clock to 
QorQ 

tPHL• tPLH Maximum Propagation 21 35 44 52 ns 
Delay from Preset or 
Clear to Q or Q 

tREM Minimum Removal Time 20 25 30 ns 
Preset or Clear to Clock 

ts Minimum Setup Time 20 25 30 ns 
Data to Clock 

tH Minimum Hold Time -3 0 0 0 ns 
Clock to Data 

tw Minimum Pulse Width 9 16 20 24 ns 
Clock, Preset or Clear 

tr.ti Maximum Clock Input 500 500 500 ns 
Rise and Fall Time 

trHL• trLH Maximum Output 15 19 22 ns 
Rise and Fall Time 

Cpo Power Dissipation (per flip-flop) 10 pF 
Capacitance (Note 5) 

C1N Maximum Input 5 10 10 10 pF 
Capacitance 

Note 5: Cpo determines the no load dynamic power consumption, Po=Cpo Vcc2 f+ Ice Vee. and the no load dynamic current consumption, ls=Cpo Vee f+ Ice. 
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~National 
a Semiconductor 
MM54HCT76/MM74HCT76/ 
MM54HCT112/MM74HCT112 
Dual J-K Flip-Flops with Preset and Clear 
General Description 
These flip-flops utilize advanced silicon-gate CMOS tech
nology. They have input threshold and output drive similar to 
LS-TIL with the low standby power of CMOS. 

These flip-flops have independent J, K, preset, clear and 
clock inputs and 0 and a outputs. The flip-flops are edge
triggered and change state on the negative-going transition 
of the clock pulse. Preset and clear are independent of the 
clock and accomplished by a low logic level on the corre
sponding input. 

MM54HCT/MM74HCT devices are intended to interface 
TIL and NMOS components to CMOS components. When 
there is a LS-TIL equivalent, these parts can be used as 
plug-in replacements to reduce system power consumption 
in existing designs. 

Features 
• Typical propagation delay: 20 ns 
• Low quiescent current: 80 µA maximum (7 4HCT series) 

All inputs to this device are protected from damage due to 
electrostatic discharge by diodes to Vee and ground. 

Connection Diagram 
'HCT76 

Dual-In-Line Package 

• Fanout of 10 LS-TIL loads 

'HCT112 
Dual-In-Line Package 

K1 

16 

01 01 GND K2 02 02 J2 Vee CLR 1 CLR 2 CLK 2 K2 J2 PR 2 02 

CLK 1 PR 1 CLR 1 J 1 V CC CLK 2 PR 2 CLR 2 CLK 1 K1 J1 PR 1 01 

TL/F/5762-1 

Order Number MM54HCT76/T112* or MM74HCT76/T112* 
•Please look into Section 8, Appendix D for availability of various package types. 

Truth Table 
Inputs Outputs 

·PR CLR CLK J K Q Q 

L H x x x H L 
H L x x x L H 
L L x x x H* H* 
H H ! L L 00 ao 
H H ! H L H L 
H H ! L H L H 
H H ! H H Toggle 
H H H x x 00 ao 

Note: QO = the level of Q before the indicated input conditions were estab
lished. 

•This configuration is nonstable; that is, it will not persist when preset and 
clear inputs return to their inactive (high) level. 
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Absolute Maximum Ratings (Notes 1 and 2) Operating Conditions 
If Miiitary/Aerospace specified devices are required, Min Max Units 
contact the National Semiconductor Sales Office/ Supply Voltage (Vee) 4.5 5.5 v 
Distributors for availability and specifications. DC Input or Output Voltage 
Supply Voltage (Vee) -0.5Vto +7.0V MN. VouT) 0 Vee v 
DC Input Voltage MN) -1.5V to Vee+ 1.5V Operating Temp. Range (TA) 

DC Output Voltage (VouT) -0.5V to Vcc+0.5V MM74HCT -40 +85 oc 
Clamp Diode Current (11K. loK) ±20mA MM54HCT -55 +125 oc 
DC Output Current, per Pin (louT) ±25mA Input Rise or Fall Times 

DC Vee or GND Current, per Pin (Ice) ±50mA 
(tr.ti) 500 ns 

Storage Temperature Range (T srn) - 65°C to + 150°C 

Power Dissipation (Po) 
(Note 3) 600mW 
S.O. Package only 500mW 

Lead Temperature (TL) 

(Soldering, 10 seconds) 260°C 

DC Electrical Characteristics Vcc=5V± 10% unless otherwise specified 

TA=25°C 
74HCT 54HCT 

Symbol Parameter Conditions TA= - 40°C to 85°C TA= - 55°C to 125°C Units 

Typ Guaranteed Limits 

V1H Minimum High 2.0 2.0 2.0 v 
Level Input 
Voltage 

V1L Maximum Low 0.8 0.8 0.8 v 
Level Input 
Voltage 

VoH Minimum High V1N = V1H or V1L . 
Level Output llour1~2oµA . Vee Vcc-0.1 Vcc-0.1 Vcc-0.1 v 
Voltage louT =4.0 mA, Vcc=4.5V 4.2 . 3.98 3.84 3.7 v 

lour =4.8 mA, Vcc=5.5V 5.2 4.98 4.84 4.7 v 
VoL Maximum Low V1N = V1H or V1L . 

Level Voltage llour1~20 µA 0 0.1 0.1 0.1 v 
louT =4.0 mA, Vcc=4.5V 0.2 0.26 0.33 0.4 v 
louT =4.8 mA, Vcc=5.5V 0.2 0.26 0.33 0.4 v 

l1N Maximum Input V1N =Vee or GND, ±0.1 ±1.0 ±1.0 µA 
Current V1H orV1L 

Ice Maximum V1N =Vee or GND 4.0 40 80 µA 
Quiescent louT=O µA 
Supply Current V1N = 2.4V or 0.5V (Note 4) 0.3 0.4 0.5 mA 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power dissipation temperature derating-plastic "N" package: -12 mW /'C from 65'C to 85'C; ceramic "J" package: -12 mW /'C from 1 OO'C to 125'C. 

Note 4: Measured per pin, all other inputs held at Vee or GND. 

AC Electrical Characteristics Vcc=5V, TA=25°C, CL= 15 pF, tr=t1=6 ns 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

fMAX Maximum Operating Frequency 50 30 MHz 

tpHL• tPLH Maximum Propagation Delay from Clock to Q or Q 18 30 ns 

tpHL• tPLH Maximum Propagation Delay from Preset or Clear 18 30 ns 
toQorQ 

tREM Minimum Removal Time, Preset or Clear to Clock 20 ns 

ts Minimum Set-Up Time J or K Clock 10 20 ns 

tH Minimum Hold Time Clock to J or K -3 0 ns 

tw Minimum Pulse Width Clock, Preset or Clear 8 16 ns 

4-26 



AC Electrical Characteristics Vcc=5V±10%, CL =50 pF, tr=t1=6 nsunless otherwise specified 

TA=2s0 c 
74HCT 54HCT 

Symbol Parameter Conditions TA= -4o·c to as·c TA= - ss·c to 12s0 c Units 

Typ Guaranteed Limits 

fMAX Maximum Operating 27 22 18. MHz 
Frequency 

tpHL• tPLH Maximum Propagation 22 35 44 52 ns 
Delay from Clock to Q 

orQ 

tpHL• tpLH Maximum Propagation 22 35 44 52 ns 
Delay from Preset or 
Clear to Q or Q 

tREM Minimum Removal 20 25 30 ns 

Time Preset or Clear to 
Clock 

ts Minimum Setup Time 10 20 25 30 ns 
J or K to Clock 

tH Minimum Hold Time -3 0 0 0 ns 
Clock to J or K 

tw Minimum Pulse Width 16 20 24 ns 
Clock, Preset or Clear 

tr, t1 Maximum Clock Input 500 500 500 ns 

Rise and Fall Time 

trHL· trLH Maximum Output Rise 15 19 22 ns 

and Fall Time 

Cpo Power Dissipation (Per Flip-Flop) 35 pF 
Capacitance (Note 5) 

C1N Maximum Input 5 10 10 10 pF 

Capacitance 

Note 5: Cpo determines the no load dynamic power consumption, Po=Cp0 Vcc2 I+ Ice Vee. and the no load dynamic current consumption, ls=Cpo Vee f+ Ice. 

Logic Diagram 
Q 

CL 
.J_ 

ii rnT 
T 

CL 

n 
..L m ill f 
.,-

CL 

TL/F/5762-2 
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~National 
~Semiconductor 

MM54HCT109/MM74HCT109 
Dual J-K Flip-Flops wit~ Preset and Clear 

General Description 
These high speed J-K FLIP-FLOPS utilize advanced silicon
gate CMOS technology. They possess the low power con
sumption and high noise immunity of standard CMOS inte
grated circuits, along with the ability to drive 10 LS-TTL 
loads. 

Each flip flop has independent J, K, PRESET, CLEAR, and 
CLOCK inputs and 0 and 0 outputs. These devices are 
edge sensitive to the clock input and change state on the 
positive going transition of the clock pulse. Clear and preset 
are independent of the clock and accomplished by a low 
logic level on the corresponding input. 

The 54HCT /7 4HCT logic family is functionally as well as 
pin-out compatible with the standard 54LS/7 4LS logic fami
ly. All inputs are protected from damage due to static dis
charge by internal diode clamps to Vee and ground. 

Connection and Logic Diagrams 
Dual·ln·Llne Package 

Vee eLR 2 J2 K2 eLK 2 PR 2 Q2 02 

18 15 14 

8 

CLR 1 J1 K1 CLK 1 PR 1 Q1 01 ONO 

TL/F/5361-1 

MM54HCT /MM74HCT devices are intended to interface be
tween TTL and NMOS components and standard CMOS 
devices. These parts are also plug-in replacements for LS
TTL devices and can be used to reduce power consumption 
in existing designs. 

Features 
• Typical propagation delay: 20 ns 
• Low input current: 1 µA maximum 
• Low quiescent current: 40 µA maximum (74HCT Series) 
• Output drive capability: 1 O LS-TTL loads 

Function Table 

Inputs Outputs 

PR CLR CLK J K Q Q 

L H x x x H L 
H L x x x L H 
L L x x x H* H* 

H H i L L L H 
H H i H L TOGGLE 

H H i L H 00 00 
H H i H H H L 
H H L x x 00 00 

Order Number MM54HCT109* or MM74HCT109* 
•Please look into Section B, Appendix D 
for availability of various package types. 

TL/F/5361-2 
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Absolute Maximum Ratings (Notes 1 & 2> 

If Military I Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage (Vee) -0.5 to + 7.0V 

DC Input Voltage (V1N) -1.5 to Vee+ 1.5V 

DC Output Voltage (Vour) -0.5 to Vee+ 0.5V 

Clamp Diode Current (l1K· loK) 

DC Output Current, per pin (lour) 

DC Vee or GND Current, per pin (Ice) 

Storage Temperature Range (T srn) 
Power Dissipation (Po) 

(Note 3) 
S.O. Package only 

Lead Temperature (TL) 
(Soldering 1 O seconds) 

±20mA 

±25mA 

±50mA 

- 65°C to + 150°c 

600mW 
500mW 

260°c 

Operating Conditions 
Min 

Supply Voltage (Vee) 4.5 

DC Input or Output Voltage 0 
(V1N· Vour) 

Operating Temp. Range (TA) 
MM74HCT -40 
MM54HCT -55 

Input Rise or Fall Times 
(tr, tf) 

DC Electrical Characteristics Vee= 5V ± 10% (unless otherwise specified) 

74HCT 

Max 
5.5 

Vee 

+85 
+125 

500 

54HCT 

Symbol Parameter Conditions 
TA=2s0 c 

TA= -40 to B5°C TA= -55 to 125•c 

Typ Guaranteed Limits 

V1H Minimum High Level 2.0 2.0 2.0 
Input Voltage 

V1L Maximum Low Level 0.8 0.8 0.8 
Input Voltage 

VoH Minimum High Level V1N = V1H or V1L 
Output Voltage ilourl = 20 µA Vee Vcc-0.1 Vcc-0.1 Vcc-0.1 

l1ourl=4.0 mA, Vcc=4.5V 4.2 3.98 3.84 3.7 

l1ourl=4.B mA, Vcc=5.5V 5.2 4.98 4.84 4.7 

VoL Maximum Low Level V1N = V1H or V1L 
Voltage ilourl = 20 µA 0 0.1 0.1 0.1 

l1ourl=4.0 mA, Vcc=4.5V 0.2 0.26 0.33 0.4 

ilourl=4.B mA, Vcc=5.5V 0.2 0.26 0.33 0.4 

l1N Maximum Input V1N =Vee or GND, ±0.1 ±1.0 ±1.0 
Current V1H orV1L 

Ice Maximum Quiescent V1N=Vcc or GND 4.0 40 BO 
Supply Current lour=O µA 

V1N= 2.4Vor 0.5V (Note 4) 0.3 0.4 0.5 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 

Units 
v 
v 

·c 
·c 

ns 

Units 

v 

v 

v 
v 
v 

v 
v 
v 

µA 

µA 

mA 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mW l°C from 65°C to B5°C; ceramic "J" package: -12 mW/°C from 100°C to 125°C. 
Note 4: Measured per pin, all other inputs held at Vee or GND. 
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AC Electrical Characteristics Vcc=5V,TA=25°c,cL=15pF,tr=t1=6ns 

Symbol Parameter 

fMAX Maximum Operating 
Frequency 

tPHL· tpLH Maximum Propagation 
Delay from Clock to Q or Q 

tPHL• tpLH Maximum Propagation 

ts 

tw 

Delay from Preset or Clear to Q or Q 

Minimum Removal Time, 
Preset or Clear to Clock 

Minimum Setup Time 
J orKClock 

Minimum Hold Time 
Clock to J or R 
Minimum Pulse Width 
Clock, Preset or Clear 

Conditions Typ Gu~:::;1~eed Units 

50 30 MHz 

18 30 ns 

18 30 ns 

20 ns 

10 20 ns 

-3 0 ns 

8 16 ns 

AC Electrical Characteristics Vcc=5.0V ± 10%, CL =50 pF, tr=t,=6 ns (unless otherwise specified) 

Symbol Parameter 

Maximum Operating 
Frequency 

tPHL· tPLH Maximum Propagation 
Delay from Clock to 
QorQ 

tPHL· tPLH Maximum Propagation 
Delay from Preset 

ts 

tw 

or Clear to Q or Q 

Minimum Removal Time 
Preset or Clear to Clock 

Minimum Setup Time 
J or R to Clock 

Minimum Hold Time 
Clock to J or R 
Minimum Pulse Width 
Clock, Preset or Clear 

tr, tt Maximum Input Rise and 
Fall Time 

trHL· trLH Maximum Output 
Rise and Fall Time 

Cpo Power Dissipation 
Capacitance (Note 5) 

Maximum Input 
Capacitance 

Conditions 

Typ 

22 

22 

10 

-3 

(per flip-flop) 35 

5 

74HCT 54HCT 
TA= -40° to 85°C TA= -55°to125°C 

Guaranteed Limits 

27 22 18 

35 44 52. 

35 44 52 

20 25 30 

20 25 30 

0 0 0 

16 20 24 

500 500 500 

15 19 22 

10 10 10 

Units 

MHz 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

pF 

pF 

Note 5: Cpo determines the no load dynamic power consumption, Po=Cpo Vcc2 f+ Ice Vee. and the no load dynamic current consumption, ls=Cpo Vee f+ Ice. 
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~National 
~Semiconductor 

MM54HCT138/MM74HCT138 
3-to-8 Line Decoder 
General Description 
This decoder utilizes advanced silicon-gate CMOS technol
ogy, and are well suited to memory addre~s decoding or 
data routing applications. Both circuits feature high noise 
immunity and low power consumption usually associated 
with CMOS circuitry, yet have speeds comparable to low 
power Schottky TTL logic. 

The MM54HCT138/MM74HCT138 have 3 binary select in
puts (A, 8, and C). If the device is enabled these inputs 
determine which one of the eight normally high outputs will 
go low. Two active low and one active high enables (G1, 
G2A and G2B) are provided to ease the cascading de
coders. 

The decoders' output can drive 10 low power Schottky TTL 
equivalent loads and are functionally and pin equivalent to 

the 54LS138/74LS138. All inputs are protected from dam
age due to static discharge by diodes to Vee and ground. 

MM54HCT /MM74HCT devices are intended to interface be
tween TTL and NMOS components and standard CMOS 
devices. These parts are also plug-in replacements for LS
TTL devices and can be used to reduce power consumption 
in existing designs. 

Features 
• TTL input compatible 
• Typical propagation delay: 20 ns 
• Low quiescent current: 80 µA maximum (7 4HCT Series) 

• Low input current: 1 µA maximum 
• Fanout of 10 LS-TTL loads 

Connection Diagram 
Dual-In-Line Package 

DATA OUTPUTS 

Logic Diagram 

f 16 

,..... 

1 

15 14 13 12 11 10 9 

_.o_ _I ~ 

p. 

l I """Q" ~ 

2 3 4 5 6 7 T• 
ll2X 1l2B G1 Y7 GND 

OUTPUT 
SELECT ENABLE 

TDPYIEW 

Order Number MM54HCT138* 
or MM74HCT138* 

'Please look into Section 8, Appendix D 
for availability of various package types. 

Truth Table 
Inputs 

Enable Select 

G1 G2* c B A 

x H x x x 
L x x x x 
H L L L L 
H L L L H 
H L L H L 
H L L H H 
H L H L L 
H L H L H 
H L H H L 
H L H H H 

Outputs 

YO Y1 Y2 Y3 Y4 Y5 vs 
H H H H H H H 
H H H H H H H 
L H H H H H H 
H L H H H H H 
H H L H H H H 
H H H L H H H 
H H H H L H H 
H H H H H L H 
H H H H H H L 
H H H H H H H 

•G2 = G2A + G2B H = high level L = low level X = don't care 
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Absolute Maximum Ratings (Notes 1 & 2> 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage (Vee) -0.5 to + 7.0V 

DC Input Voltage CVrN) -1.5 to Vee+ 1.5V 

DC Output Voltage (VouT) -0.5 to V cc+ 0.5V 

Clamp Diode Current (l1K. loK) ± 20 mA 

DC Output Current, per pin (louT) ± 25 mA 

DC Vee or GND Current, per pin (lee) ±50 mA 

Storage Temperature Range (T srn) - 65°C to + 150°C 

Power Dissipation (Po) 
(Note 3) 
S.O. Package only 

Lead Temperature (TL) 

(Soldering 10 seconds) 

600mW 
500mW 

260°C 

Operating Conditions 
Min 

Supply Voltage (Vee) 4.5 

DC Input or Output Voltage 0 
CVrN. VouT) 

Operating Temp. Range (TA) 
MM74HCT -40 
MM54HCT -55 

Input Rise or Fall Times 
(tr, tt) 

DC Electrical Characteristics Vcc=5V ±10% (unless otherwise specified) 

74HCT 

Max 
5.5 

Vee 

+85 
+125 

500 

54HCT 

Symbol Parameter Conditions 
TA=25°C 

TA= -40 to 85°C TA= -55to 125°C 

Typ Guaranteed Limits 

V1H Minimum High Level 2.0 2.0 2.0 
Input Voltage 

V1L Maximum Low Level 0.8 0.8 0.8 
Input Voltage 

VoH Minimum High Level V1N=V1H orV1L 
Output Voltage llouTl=20 µA Vee Vcc-0.1 Vcc-0.1 Vcc-0.1 

llouTl=4.0 mA, Vcc=4.5V 4.2 3.98 3.84 3.7 
llouTl=4.8 mA, Vcc=5.5V 5.2 4.98 4.84 4.7 

VoL Maximum Low Level V1N = V1H or V1L 
Voltage JlouTI = 20 µA 0 0.1 0.1 0.1 

llouTI = 4.0 mA, Vee= 4.5V 0.2 0.26 0.33 0.4 
JlouTl=4.8 mA, Vcc=5.5V 0.2 0.26 0.33 0.4 

l1N Maximum Input V1N=Vcc or GND, ±0.1 ±1.0 ±1.0 
Current V1H orV1L 

lee Maximum Quiescent V1N =Vee or GND 8.0 80 160 
Supply Current louT=O µA 

V1N = 2.4V or 0.5V (Note 4) 0.3 0.4 0.5 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Units 
v 
v 

oc 
oc 

ns 

Units 

v 

v 

v 
v 
v 

v 
v 
v 

µA 

µA 

mA 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mW /'C from 65'C to 85'C; ceramic "J" package: -12 mW /'C from 1 oo·c to 125'C. 

Note 4: This is measured per input pin. All other inputs are held at Vee or ground. 
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AC Electrical Characteristics TA= 25°C, Vee= 5.0V, tr= t1=6 ns, CL= 15 pF (unless otherwise specified) 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

tPHL Maximum Propagation Delay, A, 8, or C to Output 20 35 ns 

tpLH Maximum Propagation Delay, A, 8, or C to Output 13 25 ns 

tPHL Maximum Propagation Delay, G1 to Y Output 14 25 ns 

tPLH Maximum Propagation Delay, G1 to Y Output 13 25 ns 

tPHL Maximum Propagation Delay, G2A or G28 to Y Output 17 30 ns 

tPLH Maximum Propagation Delay, G2A or G28 to Y Output 13 25 ns 

AC Electrical Characteristics Vee= 5V ± 10%, CL= 50 pF, tr= t1=6 ns (unless otherwise specified) 

TA=2s·c 
74HCT 54HCT 

Symbol Parameter Conditions TA= -40 to as·c T= -ss to 12s·c Units 

Typ Guaranteed Limits 

tPHL Maximum Propagation Delay 24 40 50 60 ns 

A, 8, or C to Output 

tPLH Maximum Propagation Delay 18 30 38 45 ns 

A, 8, or C to Output 

tPHL Maximum Propagation Delay 17 30 38 45 ns 

G 1 to Y Output 

tPLH Maximum Propagation Delay 20 30 38 45 ns 

G 1 to Y Output 

tPHL Maximum Propagation Delay 23 35 43 52 ns 
G2A or G28 to Y Output 

tpLH Maximum Propagation Delay 18 30 38 45 ns 

G2A or G28 to Y Output 

trHL· trLH Maximum Output 15 19 22 ns 

Rise and Fall Time 

C1N Input Capacitance 5 10 10 pF 

Cpo Power Dissipation 55 pF 

Capacitance (Note 5) 

Note 5: Cpo determines the no load dynamic power consumption, Po=Cpo Vcc2 I+ Ice Vee. and the no load dynamic current consumption, ls=Cpo Vee I+ Ice· 
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~Nal1onal 
~Semiconductor 

MM54HCT139/MM7 4HCT139 
Dual 2-To-4 Line Decoder 
General Description 
The MM54HCT139/MM74HCT139 is a high speed silicon
gate CMOS decoder that is well suited to memory address 
decoding or data routing applications. It possesses an input 
threshold and output drive similar to LS-TIL and the low 
standby power of CMOS logic. 

The device is comprised of two independent one-of-four de
coders each with a single active low enable input (G1 or 
G2). Data on the select inputs (A 1, 81 or A2, 82) cause one 
of the four normally high outputs to go low. 

All inputs to the decoder are protected from damage due to 
electrostatic discharge by diodes to Vee and ground. The 

Connection Diagram 
Dual-In-Line Package 

SELECT DATA OUTPUTS 
ENABLE 

Vee G2 
16 15 

ENABLE 
G1 

r----'---. 
A2 82 

14 

DUTPUT 
SELECT 

Top View 

2Y3 
1D 

DUTPUT BUFFER 

1Y3 GND 

TL/F/5363-1 

Order Number MM54HCT139* or MM74HCT139* 
•Please look into Section 8, Appendix D 
for availability of various package types. 

Logic Diagram 

device is capable ·of driving 10 low power Schottky TIL 
equivalent loads. 

The MM54HCT139/MM74HCT139 is functionally and pin 
equivalent to the 54LS139/74LS139 and can be used as a 
plug-in replacement to reduce system power consumption 
in existing systems. · 

Features 
• Typical propagation delays: 20 ns 
• Low quiescent current: 40 µA maximum (7 4HCT Series) 
• Fanout of 10 LS-TIL loads 

Truth Table 
'HCT139 

Inputs 
Outputs 

Enable Select 

G B A YO Y1 Y2 Y3 

H x x H H H H 
L L L L H H H 
L L H H L H H 
L H L H H L H 
L H H H H H L 

H =high level, L = low level, X =don't care 

MM54HCT139/MM74HCT139 

OUTPUTS 

TL/F/5363-2 

(1 of 2 Gates) 
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Absolute Maximum Ratings (Notes 1 & 2) 

If Military I Aerospace specified devices are required, 
contact the Natlonal Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage (Vee) -0.5 to + 7.0V 

DC Input Voltage (V1N) 

DC Output Voltage <Vour) 

Clamp Diode Current (l1K. loK) 

DC Output Current, per Pin (lour) 

DC Vee or GND Current, per Pin (Ice) 

Storage Temperature Range (T srn) 

Power Dissipation (Po) 
(Note 3) 
S.O. Package only 

Lead Temp. (Tu 
(Soldering 10 seconds) 

-1.5 to Vee+ 1.5V 

-0.5 to Vcc+0.5V 

20mA 

25mA 

50mA 

- 65°C to + 15o•c 

600mW 
500mW 

300°c 

DC Electrical Characteristics (Note 4) 

Symbol Parameter Conditions Vee 

Operating Conditions 
Min Max Units 

Supply Voltage (Vee) 4.5 5.5 v 
DC Input or Output Voltage 0 Vee v 

(V1N. Vour) 
Operating Temp. Range (TA) 

MM74HCT -40 +85 c 
MM54HCT -55 +125 c 

Input Rise/Fall Time 
(tr,t1) 500 ns 

Typ Guaranteed Limits 

74HCT 54HCT Units T=25°C T=25°C 
T= -40 to 85°C T= -55 to 125°C 

V1H Minimum High Level 
Input Voltage 2.0 

V1L Maximum Low Level 0.8 
Input Voltage 

VoH Minimum High Level V1N = V1H or V1L 
Output Voltage I lour I = 20 µA Vee Vee-.1 

ii our I= 4.0 mA, Vee= 4.5V 3.98 

llourl =4.8 mA, Vcc=5.5V 4.98 

VoL Maximum Low Level V1N = V1H or V1L 
Output Voltage l1ourl=20 µA 0.10 

ilourl = 4.0 mA, Vee= 4.5V 0.26 
llourl=4.8 mA, Vcc=5.5V 0.26 

l1N Maximum Input V1N =Vee or GND ±0.1 
Current V1N = V1H or V1L 

Ice Maximum Quiescent V1N =Vee or GND 
Supply Current lour=O µA (Note 4) 4 

V1N = 2.4V or 0.5V 
0.3 

lour=O µA (Note 4) 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

v 
2.0 2.0 v 
0.8 0.8 v 

v 

Vee-.1 Vec-.1 v 
3.84 3.7 v 
4.84 4.7 v 

0.10 0.1 v 
0.33 0.4 v 
0.33 0.4 v 
±1.0 ±1.0 µA 

40 80 µA 

0.4 0.5 mA 

Note 3: Power Dissipation temperature derating: plastic "N'" package: -12 mW /'C from 65'C to 85'C; ceramic "J" package: -12 mW /'C from 1 OO'e to 125'C. 

Note 4: Measured per input, other inputs at Vee or GND. 
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AC Electrical Characteristics (Vee. temperature and loading of LS-TTL) 

Vec=5V, TA=25°C, CL =15 pF, tr=t,=6 ns 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limits 

tPLH• tPHL Maximum Propagation 18 30 ns 
Delay, Binary Select 
to any Output 

tpLH• tPHL Maximum Propagation 18 30 ns 
Delay, Enable to any 
Output 

AC Electrical Characteristics 
(Full range of Vee and temperature) Vcc=5V ±10%, CL =50 pF (unless otherwise specified) 

Typ Guaranteed Limits 

Symbol Parameter Conditions TA=2s·c TA=2s·c 
74HCT 54HCT 

TA= - 40 to as·c TA= - ss to 12s·c 

tPLH• tPHL Maximum Propagation Delay, 20 35 44 51 
Binary Select to any Output 

tpLH• lPHL Maximum Propagation Delay, 21 35 44 51 
Enable to any Output 

trLH· trHL Maximum Output Rise 9 15 19 22 
and Fall Time 

Cpo Power Dissipation Note5 36 
Capacitance 

CrN Minimum Input Capacitance 5 10 10 10 

Units 

ns 

ns 

ns 

pF 

pF 

Note 5: Cpo determines the no load dynamic power consumption, Po={Cpo Vee 2) f+lee Vee. and the no load dynamic current consumption, 
ls=Cpo Vee f+lee· 
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~National 
D Semiconductor 
MM54HCT147/MM74HCT147 
1 O-to-4 Line Priority Encoder 
General Description 
This priority encoder utilizes advanced silicon-gate CMOS 
technology. It has the high noise immunity and low power 
consumption typical of CMOS circuits, as well as the speeds 
and output drive similar to LS-TIL. 

This priority encoder accepts 9 input request lines 1-9 and 
outputs 4 line BCD. The priority encoding ensures that only 
the highest order data line is encoded. The implied decimal 
zero condition requires no input condition as zero is encod
ed when all nine data lines are at a high logic level. All data 
inputs and outputs are active at low logic level. 

All inputs are protected from damage due to static dis
charge by internal diode clamps to Vee and ground. 

Connection and Logic Diagrams 

Dual-In-Line Package 
(11) 

1 

INPUTS 
OUTPUT OUTPUT 

Vee NC D 3 9 A 
(12) 

16 15 10 9 2 

D 9 (13) 

3 
4 A 

6 8 c B (1) 

8 

8 C B GND -------- --
INPUTS OUTPUTS 

TL/F/9397-1 

(3) 

PRELIMINARY 

MM54HCT/MM74HCT devices are intended to interface be
tween TIL and NMOS components and standard CMOS 
devices. These parts are also plug in replacements for LS
TIL devices and can be used to reduce power comsump
tion in existing designs. 

Features 
• Low quiescent power consumption: 

40 µW maximum at 25°C 
• High speed: 13 ns propagation delay (typical) 
• Very low input current: 10-s µA typical 

(9) 

A 

(7) 

B 

Order Number MM54HCT147* or MM74HCT147* 
•Please look into Section 8, Appendix D 

6 --t:>o--+4">o---' 

for availability of various package types. (6) 

(4) c 

Truth Table 
Inputs Outputs 

1 2 3 4 5 6 7 8 9 D c B A (5) 

H H H H H H H H H H H H H (14) 

x x x x x x x x L L H H L D 

x x x x x x x L H L H H H 
x x x x x x L H H H L L L 
x x x x x L H H H H L L H TL/F/9397-2 

x x x x L H H H H H L H L 
x x x L H H H H H H L H H 
x x L H H H H H H H H L L 
x L H H H H H H H H H L H 
L H H H H H H H H H H H L 

H = High Logic Level, L = Low Logic Level, X = Irrelevant 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
If Military I Aerospace specified devices are required, Min Max Units 
contact the National Semiconductor Sales Office/ Supply Voltage (Vee) 2 6 v 
Distributors for availability and specifications. DC Input or Output Voltage 
Supply Voltage (Vee) -0.5Vto +7.0V MN. VouT) 0 Vee v 
DC Input Voltage MN) -1.5V to Vee+ 1.5V Operating Temp. Range (TA) 

DC Output Voltage (VouT) -0.5V to Vcc+0.5V MM74HCT -40 +85 ·c 

Clamp Diode Current (l1K. loK) ±20mA 
MM54HCT -55 +125 ·c 

DC Output Current, per pin (louT) ±35mA 
Input Rise or Fall Times 

(tr, tt) 500 ns 
DC Vee or GND Current, per pin (Ice) ±75mA 

Storage Temperature Range (T srn) -65°C to + 15o·c 

Power Dissipation (Po) 
(Note3) 600mW 
S.O. Package only 500mW 

Lead Temperature (TL) 
(Soldering 10 seconds) 260°c 

DC Electrical Characteristics Vee = 5V ± 10% (unless otherwise specified) 

TA=2s·c 
74HCT 54HCT 

Symbol Parameter Conditions TA=-40°cto +ss·c TA=-ss·cto +12s·c Units 

Typ Guaranteed Limits 

V1H Minimum High Level 
2.0 2.0 2.0 v 

Input Voltage 

V1L Maximum Low Level 
0.8 0.8 0.8 v 

Input Voltage 

VoH Minimum High Level V1N = V1H or V1L 
Output Voltage llourl ~ 20 µA Vee Vcc-0.1 Vcc-0.1 Vcc-0.1 v 

louT = 4.0 mA, Vee= 4.5V 4.2 3.98 3.84 3.7 v 
louT = 4.8 mA, V cc = 5.5V 5.7 4.98 4.84 4.7 v 

VoL Maximum Low Level V1N = V1H or V1L 
Output Voltage llol!fl ~ 20 µA 0 0.1 0.1 0.1 v 

louT = 4.0 mA, Vee = 4.5V 0.2 0.26 0.33 0.4 v 
louT = 4.8 mA, Vee= 5.5V 0.2 0.26 0.33 0.4 v 

l1N Maximum Input V1N = Vee or GND, ±0.1 ±1.0 ±1.0 µA 
Current V1H orV1L 

Ice Maximum Quiescent V1N = Vee or GND 8.0 80 160 µA 
Supply Current louT = o µA 

V1N = 2.4V or 0.5V (Note 4) 2.0 2.9 3.0 mA 

AC Electrical Characteristics Vee= 5V ± 10%, CL= 50 pF, tr= tt = 6 ns (unless otherwise specified) 

TA=2s·c 
74HCT 54HCT 

Symbol Parameter - 4o·c to + ss·c - ss·c to + 12s·c Units 

Typ Guaranteed Limits 

tpo Maximum Propagation Delay 22 28 33 ns 

tr, t1 Maximum Output Rise and Fall Time 7 11 14 17 ns 

Cpo Power Dissipation Capacitance (Note 5) TBD pF 

C1N Maximum Input Capacitance 5 10 10 10 pF 

AC Electrical Characteristics Vee= 5V, TA= 25°C, CL= 15 pF, tr= tt = 6 ns 

TA=2s·c 1 74HCT 1 54HCT 
Symbol Parameter - 4o·c to + ss·c -ss·c to+ 12s·c Units 

Typ I Guaranteed Limits 

tpo Maximum Propagation Delay 11 I I I ns 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating-plastic "N" package: -12 mW/'C from 65°C to 85°C; ceramic "J" package: -12 mW/'C from 100°Cto 125°C. 
Note 4: Measured per input, other inputs held at Vee or GND. 
Note 5: Cpo determines the no load dynamic power consumption, and the no load dynamic current consumption. 
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~National 
~Semiconductor 

MM54HCT148/MM7 4HCT148 
8-3 Line Priority Encoder 

General Description 
This priority encoder utilizes advanced silicon-gate CMOS 
technology. It has the high noise immunity and low power 
consumption typical of CMOS circuits, as well as the speeds 
and output drive similar to LS-TTL. 

This priority encoder accepts B input request lines 0-7 and 
outputs 3 lines AO-A2. The priority encoding ensures that 
only the highest order data line is encoded. Cascading cir
cuitry (enable input El and enable output EO) has been pro
vided to allow octal expansion without the need for external 
circuitry. All data inputs and outputs are active at the low 
logic level. 

Connection Diagram 

PRELIMINARY 

All inputs are protected from damage due to static dis
charge by internal diode clamps to Vee and ground. 

MM54HCT /MM7 4HCT devices are ntended to interface be
tween TTL and NMOS components and standard CMOS 
devices. These parts are also plug in replacements for LS
TTL devices and can be used to reduce power consumption 
in existing designs. 

Features 
• Typical propagation delays: 
• Wide supply voltage range: 

13 ns 
2V-6V 

Dual-in-Line Package 

EO GS AO 

16 15 14 13 12 11 10 

>---

11 
El A2 A1 J: 4 

TL/F /9398-1 

Order Number MM54HCT148* or MM74HCT148* 
*Please look into Section 8, Appendix D for availability of various package types. 

Truth Table 
Inputs Outputs 

El 0 2 3 4 5 6 7 A2 A1 AO GS EO 

H x x x x x x x x H H H H H 
L H H H H H H H H H H H H L 
L x x x x x x x L L L L L H 
L x x x x x x L H L L H L H 
L x x x x x L H H L H L L H 
L x x x x L H H H L H H L H 
L x x x L H H H H H L L L H 
L x x L H H H H H H L H L H 
L x L H H H H H H H H L L H 
L L H H H H H H H H H H L H 

H = High, L = Low, X = Irrelevant 
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Absolute Maximum Ratings (Notes 1 & 2> 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage (Vee) -0.5V to + 7.0V 

DC Input Voltage (V1N) -1.5V to Vee + 1.5V 

DC Output Voltage <Vour) -0.5V to Vee + 0.5V 

Clamp Diode Current (l1K. loK) 

DC Output Current, per Pin (lour) 

DC Vee or GND Current, per Pin (Ice) 

Storage Temperature Range (T sTG) 

Power Dissipation (Po) 
(Note 3) 
S.O. Package Only 

Lead Temperature (TL) 
(Soldering, 10 sec.) 

±20mA 

±35mA 

±70mA 

- 65°C to + 15o•c 

600mW 
500mW 

260°c 

Operating Conditions 
Min 

Supply Voltage (Vee) 4.5 

DC Input or Output Voltage 0 
MN. Vour) 

Operation Temperature Range (TA) 
MM74HCT -40 
MM54HCT -55 

Input Rise or Fall Times 

DC Electrical Characteristics Vee = 5V ± 10% (unless otherwise specified) 

74HCT 

Max Units 
5.5 v 
Vee v 

+85 ·c 
+125 ·c 

500 ns 

54HCT 
Symbol Parameter Conditions 

TA= 2s·c 
TA= -4o·c to +as·c TA= -ss·c to+ 12s0 c u nits 

Typ Guaranteed Limits 

V1H Minimum High 
Level Input 2.0 2.0 
Voltage 

V1L Maximum Low 
Level Input 0.8 0.8 
Voltage 

VoH Minimum High V1N = V1H or V1L 
Level Output Jlourl = 20 µA Vee Vee - 0.1 Vee - 0.1 
Voltage Jlourl = 4.0 mA, Vee= 4.5V 4.2 3.96 

Jlourl = 4.8 mA, Vee = 5.5V 5.7 4.98 

Vol Maximum Low V1N = V1H or V1L 
Level Voltage !lour= 20 µA 0 0.1 

Jlourl = 4.0 mA, Vee = 4.5V 0.2 0.26 
Jlourl = 4.8 mA, Vee= 5.5V 0.2 0.26 

l1N Maximum Input V1N = Vee or GND, 
±0.1 

Current V1H orV1L 

Ice Maximum V1N = Vee or GND 
8.0 

Quiescent Supply lour= o µA 
Current V1N = 2.4V or 0.5V (Note 4) 2.0 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

3.84 
4.84 

0.1 
0.33 
0.33 

±1.0 

80 

2.9 

2.0 v 

0.8 v 

Vee - 0.1 v 
3.7 v 
4.7 v 

0.1 v 
0.4 v 
0.4 v 

±1.0 µA 

160 µA 

3.0 mA 

Note 3: Power Dissipation temperature derating-plastic "N" package -12 mW/'C from 6S°C to as•c, ceramic "J" package 12 mW/'C from 1oo·c to 12s·c. 
Note 4: Measured per input, other inputs held at Vee or GND. 
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AC Electrical Characteristics MM54HCT148tMM74HCT148 
Vee= 5V ±10%, CL= 50 pF, tr= tt = 6 ns (unless otherwise specified) 

TA= 2s·c 
74HCT 54HCT 

Symbol Parameter TA= -40°c to +as·c TA= -ss•cto +12s0 c Units 

Typ Guaranteed Limits 

tpd Inputs 0-7 to 
13 23 29 35 ns 

AO, A1, A2 

tpd Inputs 0-7 to 
12 22 28 33 ns 

OutputEO 

tpd Inputs 0-7 to 
14 26 33 39 ns 

Output GS 

tpd Inputs El to 
16 28 36 43 ns 

AO,A1,A2 

tpd Input El to 
11 21 27 32 ns 

Output GS 

tpd Input El to 
13 23 29 34 ns 

Output EO 

tr, t1 Maximum Output Rise 
7 11 14 17 ns 

and Fall Times 

Cpd Power Dissipation 
TBD pF 

Capacitance (Note 5) 

C1N Maximum Input 
5 10 10 10 pF 

Capacitance 

Note 5: Cpd determines the no load dynamic power consumption, and the no load dynamic current consumption. 

AC Electrical Characteristics MM54HCT148tMM74HCT148 
Vee = 5V, CL = 15 pF, tr = tt = 6 ns (unless otherwise specified) 

Symbol Parameter 
TA= 2s·c 

Units 
Typ Guaranteed Limits 

tpd Inputs 0-7 to AO, A 1, A2 12 ns 

tpd Inputs 0-7 to Output EO 11 ns 

tpd Inputs 0-7 to Output GS 13 ns 

tpd Input El to AO, A 1, A2 15 ns 

tpd Input El to Output GS 11 ns 

tpd Input El to Output EO 12 ns 

tr, tt Maximum Output Rise 
4 ns 

and Fall Times 

4-42 



Logic Diagram 

0 (10) 

1 (11) 

2 (12) 

3 (13) 

4 (1) 

5 (2) 

6 (3) 

7 (4) 

El (S) 

TL/F/9396-2 
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MM54HCT148/MM7 4HCT148 
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~National 
U Semiconductor 
MM54HCT149/MM7 4HCT149 
8 Line to 8 Line Priority Encoder 

General Description 
This priority encoder is implemented in advanced silicon
gate CMOS technology. It has the high noise immunity and 
low power consumption typical of CMOS circuits, as well as 
the speeds and output drive similar to LS-TIL. 

This priority, encoder accepts 8 input request lines, Rl7-
RIO, and outputs 8 lines, R07-ROO. Only one request out
put can be low at a time. The output that is low is dependent 
on the highest priority request input that is low. The order of 
priority is Rl7 highest and RIO lowest. Also provided is an 
enable input, ROE, which, when high, forces all outputs 
high. A request output is also provided, ROP, which goes 
low when any Ai is active. 

All inputs to this device are protected from damage due to 
electrostatic discharge by diodes to Vee and ground. 

Connection Diagram 

MM54HCT /MM7 4HCT devices are intended to interface be
tween TIL and NMOS components and standard CMOS 
devices. These parts are also plug-in replacements for LS
TIL devices and can be used to reduce power consumption 
in existing designs. 

Features 
• Typical propagation delay: 20 ns 
• Low quiescent current: 80 µA maximum (74HCT Series) 
• Low input current: 1 µA maximum 
• Fanout of 10 LS-TIL loads 
• Internal switched pull up resistors provided to reduce 

power consumption 

Dual-In-Line Package 
Vee 

20 

ROl 

18 

R02 R03 Rli4 R05 

17 16 

OUTPUT BUFFERS 

4 

iii3 

PRIORITY LOGIC 

INPUT BUFFERS 

15 

6 

lii5 

Top View 

14 

7 

liil 

Order Number MM54HCT149• or MM74HCT149• 
•Please look into Section 8, Appendix D for availability of various package types. 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
If Military/Aerospace specified devices are required, Min Max Units 
contact the National Semiconductor Sales Office/ Supply Voltage (Vee) 4.5 5.5 v 
Distributors for avallablllty and specifications. DC Input or Output Voltage 0 Vee v 
Supply Voltage (Vee) -0.5 to + 7.0V MN. Vour) 
DC Input Voltage MN) -1.5 to Vee+ 1.5V Operating Temp. Range (TA) 

DC Output Voltage (Vour) -0.5 to Vee+ 0.5V MM74HCT -40 +85 oc 
Clamp Diode Current (IJK, loK) ±20mA MM54HCT -55 +125 oc 

DC Output Current, per pin (lour) ±35mA Input Rise or Fall Times 
(tr, t1) 500 ns 

DC Vee or GND Current, per pin (Ice) ±70mA 

Storage Temperature Range (Tsrn) - 65°C to + 150°C 

Power Dissipation (Po) 
(Note3) 600mW 
S.O. Package only 500mW 

Lead Temp. (TL) (Soldering 10 seconds) 260°C 

DC Electrical Characteristics Vee= 5V ± 10% (unless otherwise specified) 

TA=25°C 
74HCT 54HCT 

Symbol Parameter Conditions TA= - 40 to 85°C TA= - 55 to 125°C Units 

Typ Guaranteed Limits 

V1H Minimum High Level 2.0 2.0 2.0 v 
Input Voltage 

V1L Maximum Low Level 0.8 0.8 0.8 v 
Input Voltage 

VoH Minimum High Level V1N = V1H or V1L 
Output Voltage llourl = 20 µA Vee Vcc-0.1 Vcc-0.1 Vcc-0.1 v 

l1ourl=4.0 mA, Vcc=4.5V 4.2 3.98 3.84 3.7 v 
l1ourl=4.8 mA, Vcc=5.5V 5.2 4.98 4.84 4.7 v 

VoL Maximum Low Level V1N=V1HorV1L 
Voltage llourl = 20 µA 0 0.1 0.1 0.1 v 

llourl =4.0 mA, Vcc=4.5V 0.2 0.26 0.33 0.4 v 
llourl = 4.8 mA, Vee= 5.5V 0.2 0.26 0.33 0.4 v 

IJN Maximum Input Current V1N=Vcc or GND, ±0.1 ±1.0 ±1.0 µA 
V1H orV1L 

Ice Maximum Quiescent V1N=Vcc or GND 8.0 80 160 µA 
Supply Current lour=O µA 

V1N = 2.4V or 0.5V (Note 4) 0.3 0.4 0.5 mA 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mW /'C from 65'C to 85'C; ceramic "J" package: -12 mW /'C from 1 OO'C to 125'C. 

Note 4: Measured per input, other inputs held at Vee or GND. 

Truth Table 

Inputs Outputs 

0 1 2 3 4 5 6 7 RQE 0 1 2 3 4 5 6 7 RQP 

x x x x x x x x H H H H H H H H H H 
H H H H H H H H L H H H H H H H H H 
x x x x x x X L L H H H H H H H L L 
x x x x x x L H L H H H H H H L H L 
X X X X X L H H L H H H H H L H H L 
X X X X L H H H L H H H H L H H H L 
x X X L H H H H L H H H L H H H H L 
x X L H H H H H L H H L H H H H H L 
X L H H H H H H L H L H H H H H H L 
L H H H H H H H L L H H H H H H H L 
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AC Electrical Characteristics Vcc=5V, TA=25°C,CL =15 pF, tr=t1=6 ns 

Symbol Parameter Conditions Typ Guaranteed Limit Units 

tpHL• tPLH Maximum Propagation Delay Any Input to ROP 20 38 ns 

tpLH• tPHL Maximum Propagation Delay Any Input to Any Other Output 20 34 ns 

AC Electrical Characteristics Vcc=5V±10%, CL =50 pftr=t1=6 ns (unless otherwise specified) 

TA=25°C 
74HCT 54HCT 

Symbol Parameter Conditions TA= - 40 to 85°C TA= -ssto 12s·c Units 

Typ Guaranteed Limits 

tpHL• tpLH Maximum Propagation Delay Any Input to RQP 30 47 59 70 ns 

tpLH• tpHL Maximum Propagation Delay Any Input 26 43 54 65 ns 
To Any Other Output 

tTHL• tTLH Maximum Output Rise and Fall Time 10 15 19 22 ns 

Cpo Power Dissipation Capacitance (Note 5) 50 pF 

C1N Maximum Input Capacitance 5 10 10 10 pF 

Note 5: Cpo determines the no load dynamic power consumption, Po=Cpo Vcc2 f+ Ice Vee. and the no load dynamic current consumption, ls=Cpo Vee f+ Ice· 

Simplified Logic Diagram 
•-· 
'·' 

ii02 
iii2 

iiOi Ill lITT 

ROO 

RiO 

iiQE 
iiQP 

TL/F/5364-2 
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~National 
~Semiconductor 
MM54HCT151/MM74HCT151 
8-Channel Digital Multiplexer 

General Description 
This high speed Digital multiplexer utilizes advanced silicon
gate CMOS technology. Along with the high noise immunity 
and low power dissipation of standard CMOS integrated cir
cuits, it possesses the ability to drive 1 0 LS-TTL loads. The 
MM54HCT151/MM74HCT151 selects one of the 8 data 
sources, depending on the address presented on the A, B, 
and C inputs. It features both true (Y) and complement (W) 
outputs. The STROBE input must be at a low logic level to 
enable this multiplexer. A high logic level at the STROBE 
forces the W output high and the Y output low. 

MM54HCT/MM74HCT devices are intended to interface be
tween TTL and NMOS components and standard CMOS 

Connection and Logic Diagrams 
Dual-In-Line Package 

DATA INPUTS DATA SELECT 

vcc 4 A B c 
16 15 14 13 12 11 10 9 

D4 DS D6 D7 A B 

D3 c 

D2 D1 DO w s 

3 8 

0 W STROBEGND -..-
DATA INPUTS OUTPUTS TL/F/9399-1 

Top View 

Order Number MM54HCT151* or MM74HCT151* 
•Please look into Section 8. Appendix D 
for availability of various package types. 

A --l>o+-t>o--t 
D2------1-r,.~~"°' 

Dr-----=;;;;;;;;;;;;;;;;;;;~_, 

devices. These parts are also plug-in replacements for LS
TTL devices and can be used to reduce power consumption 
in existing designs. 

Features 
• Typical propagation delay: 20 ns 
• Low quiescent supply current: 40 µA maximum 

(7 4HCT Series) 
• Low input current: 1 µA maximum 
• Fanout of 10 LS-TTL loads 
• TTL input compatible 

Truth Table 

Inputs Outputs 

Select Strobe 

c B A s y 

x x x H L 
L L L L DO 
L L H L D1 
L H L L D2 
L H H L D3 
H L L L D4 
H L H L D5 
H H L L D6 
H H H L D7 

H = High Level, L = Low Level, X = Don't Care 

DO, D1 ... D7 = the level of the respective D input 

w 

H 
DO 
D1 
D2 
D3 
D4 
D5 
D6 
D7 

STROBE --l>o--f">c>------------' TL/F /9399-2 
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Absolute Maximum Ratings (Notes 1 & 2) 

If Military I Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for avallablllty and specifications. 

Supply Voltage (Vee) -0.5V to + 7.0V 

DC Input Voltage <ViN) -1.5V to Vee+ 1.5V 

DC Output Voltage (Vour) -0.5V to Vee+0.5V 

Clamp Diode Current (l1K. loK) ± 20 mA 

DC Output Current, per Pin (lour) ± 25 mA 

DC Vee or GND Current, per Pin (Ice) ± 50 mA 

Storage Temperature Range (T srn) - 65°C to + 150°C 

Power Dissipation (Po) 
(Note 3) 
S.O. Package only 

Lead Temperature (TL.) 
(Soldering, 10 seconds) 

600mW 
500mW 

260°C 

DC Electrical Characteristics (Note 4) 

Operating Conditions 
Min 

Supply Voltage (Vee) 4.5 

DC Input or Output Voltage 0 
(V1N· Vour) 

Operating Temp. Range (TA) 
MM74HCT -40 
MM54HCT -55 

Input Rise or Fall Times 
(tr,t1) 

74HCT 

Max Units 
5.5 v 
Vee v 

+85 oc 
+125 oc 

500 ns 

54HCT 

Symbol Parameter Conditions Vee 
TA=25°C 

TA= -40°C to +85°C TA = - 55°C to + 125°C Units 

Typ 

V1H Minimum High Level 
2.0 

Input Voltage 

V1L Maximum Low Level 
0.8 

Input Voltage 

VoH Minimum High Level V1N = V1H or V1L 
Output Voltage llourl ~ 20 µA 4.5V 4.4 

V1N = V1H or V1L 
llourl ~ 4.0 mA 4.5V 4.2 3.98 
I lour! ~ 4.8 mA 5.5V 5.2 4.98 

Vol Maximum Low Level V1N = V1H or V1L 
Output Voltage llourl = 20 µA 0 0.1 

I lourl = 4.0 mA 4.5V 0.2 0.26 

llourl = 4.8 mA 5.5V 0.2 0.26 

l1N Maximum Input V1N = Vee or GND 6.0V 
±0.1 

Current 

Ice Maximum Quiescent V1N = Vee or GND 
8.0 

Supply Current lour= o µA 

V1N = 2.4V or 0.5V (Note 4) 0.25 0.4 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Guaranteed Limits 

2.0 2.0 v 

0.8 0.8 v 

4.4 4.4 v 

3.84 3.7 v 
4.84 4.7 v 

0.1 0.1 v 
0.33 0.4 v 
0.33 0.4 v 

±1.0 ±1.0 µA 

80 160 µA 

0.55 0.65 mA 

Note 3: Power Dissipation temperature derating-plastic "N" package: -12 mW/°C from 65°C to 85°C; ceramic "J" package: -12 mWl°C from 1oo·c to 125°C. 

Note 4: For a power supply of 5V ± 10% the worst case output voltages (VoH· and Vou occur for HCT at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case V1H and V1L occur at Vee = 5.5V and 4.5V respectively. (The V1H value at 5.5V is 3.85V.) The worst case leakage current 
(l1N• Ice. and lozl occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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..... 
U') ..... AC Electrical Characteristics Vee= 5V, TA= 25°C, CL= 15 pF, tr=tt= 6 ns I-
0 
:c 

Symbol 
Guaranteed 

~ Parameter Conditions Typ Units ...... Limit :e :e tpHL• tPLH Maximum Propagation Delay 
26 35 ns ...... A,BorCtoY ..... 

U') ..... tPHL• tPLH Maximum Propagation Delay 
I- 26 35 ns 
0 A, B orCtoW 
:c 

tpHL• tPLH Maximum Propagation Delay ~ 
22 29 U') 

Any DtoY 
ns :e :e tPHL• tPLH Maximum Propagation Delay 

anyDtoW 
22 29 ns 

tPHL• tPLH Maximum Propagation Delay 
17 23 ns 

Strobe to Y 

tpHL• tPLH Maximum Propagation Delay 
17 23 ns 

StrobetoW 

AC Electrical Characteristics Vee = 5.0V ± 10%, CL= 50 pF, tr=tt=6 ns (unless otherwise specified) 

TA=2s·c 
74HCT 54HCT 

Symbol Parameter Conditions TA= -40°c to +ss·c TA= - ss·c to + 12s0 c Units 

Typ Guaranteed Limits 

tPHL• tPLH Maximum Propagation Delay 
33 46 58 69 ns 

A, B orCto Y 

tPHL• tPLH Maximum Propagation Delay 
33 46 58 69 ns 

A, BorCtoW 

tPHL• tPLH Maximum Propagation Delay 
27 39 49 59 ns 

anyDtoY 

tPHL• tPLH Maximum Propagation Delay 
27 39 49 59 ns 

any DtoW 

tPHL• tPLH Maximum Propagation Delay 
21 28 35 42 ns 

Strobe to Y 

tPHL• tPLH Maximum Propagation Delay 
21 28 35 42 ns 

Strobe to W 

trLH· trHL Maximum Output Rise 
8 15 19 23 ns 

and Fall Time 

Cpo Power Dissipation (per package) 
110 pF 

Capacitance (Note 5) 

CrN Maximum Input 
5 10 pF 

Capacitance 

Note 5: Cpo determines the no load dynamic power consumption, Po= Cp0 V cc2 f + lee V cc. and the no load dynamic current consumption, Is= Cpo Vee f + Ice. 
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~National 
~Semiconductor 
MM54HCT153/MM7 4HCT153 
Dual 4-lnput Multiplexer 
General Description 
This 4-to-1 line multiplexer utilizes advanced silicon-gate 
CMOS technology. It has the low power consumption of 
standard CMOS integrated circuits. This device is fully buff
ered, allowing it to drive 10 LS-TTL loads. Information on 
the data inputs of each multiplexer is selected by the ad
dress on the A and B inputs, and is presented on the Y 
outputs. Each multiplexer possesses a strobe input which 
enables it when taken to a low logic level. When a high logic 
level is applied to a strobe input, the output of its associated 
multiplexer is taken low. 

are protected from damage due to static discharge by inter
nal diode clamps to Vee and ground. 

Features 
• Typical propagation delay: 24 ns 
• Low quiescent current: 80 µA maximum (74HCT Series) 
• Low input current: 1 µA maximum 
• Fanout of 10 LS-TTL loads 
• TTL Input Compatible 

The 54HC/7 4HC logic family is functionally and pin out com
patible with the standard 54LS/7 4LS logic family. All inputs 

Connection Diagram 

Truth Table 

Dual-in-Line Package 

DATA INPUTS 
OUTPUT 

2C2 2C1 2CD 2Y 

13 12 11 10 

B ii A A 

B II A A 

STROBE B 1C3 1C2 1C1 1CD OUTPUT GND 
1G SELECT '----.------' 1Y 

DATA INPUTS 

Top View 

Order Number MM54HCT153* or MM74HCT153* 
•Please look into Section 8, Appendix D for availability of various package types. 

Select 
Data Inputs Strobe 

Inputs 

B A co C1 C2 C3 G 

x x x x x x H 
L L L x x x L 
L L H x x x L 
L H x L x x L 
L H x H x x L 
H L x x L x L 
H L x x H x L 
H H x x x L L 
H H x x x ·H L 

Select inputs A and B are common to both sections. 

H=high level, L=low level, X=don't care. 
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Absolute Maximum Ratings (Notes 1 and 2) Operating Conditions 
If Military/Aerospace specified devices are required, Min 

I 
Max Units 

contact the National Semiconductor Sales Office/ Supply Voltage (Vee) 4.5 5.5 v 
Distributors for availability and specifications. DC Input or Output Voltage 
Supply Voltage (Vee) -0.5V to+ 7.0V CVrN. VouT) 0 Vee v 
DC Input Voltage CVrN) -1.5VtoVec +1.5V Operating Temp. Range (TA) 

DC Output Voltage (VouT) -0.5V to Vee + 0.5V MM74HCT -40 +85 oc 

Clamp Diode Current (lrK. loK) ±20mA MM54HCT -55 +125 oc 

Input Rise or Fall Times DC Output Current, per Pin (louT) ±25mA 
(tr. tt) 500 ns 

DC Vee or GND Current, per Pin (Ice) ±50mA 

Storage Temperature Range (TsTG) -65°C to + 150 °c 

Power Dissipation (Po) 
(Note 3) 600mW 
S.O. Package only 500mW 

Lead Temperature (TL.) 

(Soldering, 10 seconds) 260°C 

DC Electrical Characteristics Vee = 5V ± 10% unless otherwise specified 

74HCT 54HCT 
Symbol Parameter Conditions TA= -40°c to ss0 c TA= -55°Cto 125°C Units 

VrH 

VrL 

VoH 

Vol 

Ice 

Minimum High Level 
Input Voltage 

Maximum Low Level 
Input Voltage 

Minimum High Level 
Output Voltage 

Minimum Low Level 
Voltage 

Maximum Input 
Current 

Typ 

2.0 

0.8 

VrN = VrH or VrL 
llouTI = 20 µA Vee Vee -0.1 
llouTI = 4.0 mA, Vee= 4.5V 4.2 3.98 
llouTI = 4.8 mA, Vee= 5.5V 5.2 4.98 

VrN = VrH or VrL 
llouTI = 20 µA o 0.1 
llouTI = 4.0 mA, Vee= 4.5V 0.2 0.26 
llouTI = 4.8 mA, Vee= 5.5V 0.2 0.26 

VrN = Vee or GND, 
VrH orVrL 

±0.1 

Maximum Quiescent VrN = Vee or GND 8 
Supply Current louT = O µA 

VrN = 2.4V or 0.5V (Note 4) 0.6 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Guaranteed Limits 

2.0 2.0 v 

0.8 0.8 v 

Vee -0.1 Vee -0.1 v 
3.84 3.7 v 
4.84 4.7 v 

0.1 0.1 v 
0.33 0.4 v 
0.33 0.4 v 
±1.0 ±1.0 µA 

80 160 µA 

0.8 1.0 mA 

Note 3: Power dissipation temperature derating-plastic "N" package: -12 mWl°C from 65'C to BS'C; ceramic "J" package: -12 mW/'C from 1oo•c to 12s•c. 

Note 4: Measured per pin, all other inputs held at Vee or GND. 
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AC Electrical Characteristics Vee = 5V, TA = 25°C, tr = ti = 6 ns, CL = 15 pF 

Symbol Parameter Conditions Typ Units 

tPHL• tPLH Maximum Propagation 23 ns 
Delay, Select A or B to Y 

tPHL, tPLH Maximum Propagation 20 ns 
Delay, any Data to Y 

tPHL, tPLH Maximum Propagation Delay, Strobe to Y 12 ns 

AC Electrical Characteristics CL = 50 pF, tr = ti = 6 ns {unless otherwise specified) 

TA= 25°C 
74HC 54HC 

Symbol Parameter Conditions TA= -40°Cto8S°C TA= -55°Cto 125°C Units 

Min Typ Max Min Max Min Max 

tpHL• tPLH Maximum Propagation 26 40 50 60 ns 
Delay, Select A or B to Y 

tPHL• tpLH Maximum Propagation 24 35 44 53 ns 
Delay, any Data to Y 

tpzH, tpzL Maximum Output Enable AL= 1 k!l. 19 26 33 39 ns 
Time 

tPHL1 tpLH Maximum Propagation 15 22 28 33 ns 
Delay, Strobe to Y 

trLH· trHL Maximum Output 8 15 19 22 ns 
Rise and Fall Time 

C1N Maximum Input 5 10 10 10 pF 
Capacitance 

Cpo Power Dissipation {Note 5){per package) 
Capacitance Outputs Enabled 90 pF 

Outputs Disabled 25 pF 

Note 5: Cpo determines the no load dynamic power consumption, Po= Cpo V cc2 f + Ice V cc. and the no load dynamic current consumption, Is= Cpo V cc f + Ice· 

Logic Diagram 

STROBE 

DATA 1 r:::-;::::=:::++:rl 
1c1----+---+-t-r-"' 

1co--~,_..---+-+-..--, 

OATA2 
Y2 

STROBE 

TL/F/8436-2 
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~National 
~Semiconductor 
MM54HCT155/MM7 4HCT155 
Dual 2-to-4 Line Decoder/Demultiplexers 
General Description 
The MM54HCT155/MM74HCT155 is a high speed silicon 
gate CMOS decoder/demultiplexer. It features dual 1-to-4 
line demultiplexers with independent strobes and common 
binary address inputs. When both sections are enabled by 
the strobes, the common address inputs select and route 
associated input data to the appropriate output of each sec
tion. The individual strobes permit activating or inhibiting 
each of the 4-bit sections as desired. Data applied to input 
C1 is inverted at its outputs and data applied to C2 is "non
inverted" at its outputs. If the strobes (G1 and G2) are con
nected together and the Data Inputs are connected togeth
er, the device can be used as a 3-to-8 line decoder or a 1-
to-8 line demultiplexer. 

All inputs to the decoder are protected from damage due to 
electrostatic discharge by diodes to Vee and ground. The 
device is capable of driving 1 o low power Schottky TIL 
equivalent loads. 

Connection Diagram 
Dual-In-Line Package 

OUTPUTS 

2 

DATA STROBE SELECT 1Y2 lYl lYO GNO 
Cl Gl INPUT 

B OUTPUTS 

TL/F/5759·1 

The MM54HCT155/MM74HCT155 is functionally and pin 
equivalent to the 54LS155/74LS155 and can be used as a 
plug-in replacement to reduce system power consumption 
in existing systems. 

Features 
• Applications: 

Dual 2-to-4 line decoder 
Dual 1-to-4 line demultiplexer 
3-to-8 line decoder 
1-to-8 line demultiplexer 

• Typical propagation delay: 22 ns 
• Low quiescent current: 80 µA maximum (74HCT Series) 

Truth Tables 
2-T0-4 LINE DECODER OR 1·T0·4 LINE DEMULTIPLEXER 

Inputs 
Outputs 

Select Strobe Data 

B A G1 C1 1YO 1Y1 1Y2 1V3 

x x H x H H H H 
L L L H L H H H 
L H L H H L H H 
H L L H H H L H 
H H L H H H H L 
x x x L H H H H 

Inputs 
Outputs 

Select Strobe Data 

B A G2 C2 2VO 2V1 2V2 2Y3 

x x H x H H H H 
L L L L L H H H 
L H L L H L H H 
H L L L H H L H 
H H L L H H H L 
x x x H H H H H 

Order Number MM54HCT155* or MM74HCT155* 3-TO-BLINEDECODEROR 1·T0-8LINEDEMULTIPLEXER 
*Please look into Section 8, Appendix D 
for availability of various package types. 

IC= inputs Cl and C2 connected together 

IG =inputs G 1 and G2 connected together 

H = high level 

L=low level 

X =don't care 
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Inputs 

Select 
Strobe 
or Data 

IC BA IG 

x x x H 
L L L L 
L L H L 
L H L L 
L H H L 
H L L L 
H L H L 
H H L L 
H H H L 

Outputs 

(0) (1) (2) (3) (4) (5) (6) (7) 

2YO 2Y1 2Y2 2V3 1VO 1Y1 1Y2 1V3 

H H H H H H H H 
L H H H H H H H 
H L H H H H H H 
H H L H H H H H 
H H H L H H H H 
H H H H L H H H 
H H H H H L H H 
H H H H H H L H 
H H H H H H H L 



Absolute Maximum Ratings (Notes 1 and 2) 

If Miiitary I Aerospace specified devices are required, 
contact the Natlonal Semiconductor Sales Office/ 
Distributors for avallablllty and specifications. 

Supply Voltage (Vee) -0.5V to + 7.0V 

DC Input Voltage (V1N) -1.5V to Vee+ 1.5V 

DC Output \(oltage (Vour) -0.5V to Vcc+0.5V 

Clamp Diode Current (l1K. loK) 

DC Output Current, per Pin (lour) 

DC Vee or GND Current, per Pin (Ice) 

Storag~ Temperature Range (T sTG) 
Power Dissipation (Po) 

(Note 3) 
S.O. Package only 

Lead Temp. (Tu 
(Soldering, 10 seconds) 

±20mA 

±25mA 

50mA 

- 65°C to + 15o•c 

600mW 
500mW 

3oo·c 

Operating Conditions 
, Min 

Supply Voltage (Vee) 4.5 
DC Input or Output Voltage 

(VIN· Vour) 0 
Operating Temp. Range (TA) 

MM74HCT -40 
MM54HCT 

Input Rise/Fall Time 
(tr, t1) 

-55 

DC Electrical Characteristics Vee= 5V ± 10% unless otherwise specified 

Typ Guaranteed Limits 
Symbol Parameter Conditions Vee 74HCT 

Max Units 
5.5 v 

Vee v 

+85 ·c 
+125 ·c 

500 ns 

54HCT Units 
TA=2s·c TA=2s·c 

TA= -40°c to ss·c TA=-55°Cto 12s0 c 

V1H Minimum High 2.0 
Level Input 
Voltage 

V1L Maximum High 0.8 
Level Input 
Voltage 

VoH Minimum High V1N=V1H orV1L 
Level Output ilourl = 20 µA Vee Vcc-0.1 
Voltage llourl =4.0 mA, Vcc=4.5V 3.98 

ilourl =4.8 mA, Vcc=5.5V 4.98 

VoL Maximum Low V1N = V1H or V1L 
Level Output llourl =20 µA 0.10 
Voltage l1ourl=4.0 mA, Vcc=4.5V 0.26 

l1ourl=4.8 mA, Vcc=5.5V 0.26 

l1N Maximum V1N=VccorGND ±0.1 
Input Current V1N = V1H or V1L 

lee Maximum V1N=VccorGND 8 
Quiescent lour= o.o µA (Note 4) 
Supply Current V1N = 2.4V or 0.5V 

lour= o.o µA (Note 4) 0.3 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified, all voltages are referenced to ground. 

2.0 2.0 

0.8 0.8 

Vcc-0.1 Vcc-0.1 
3.84 3.7 
4.84 4.7 

0.10 0.1 
0.33 0.4 
0.33 0.4 

±1.0 ±1.0 

80 160 

0.4 0.5 

Note 3: Power dissipation temperature deratings: plastic N package: -12 mWl°C from 65'C to 85'C; ceramic J package: -12 mW/'C from 100"C to 125'C. 

Note 4: Measured per input, other inputs at Vee or GND. 
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AC Electrical Characteristics 
Vee. temperature and loading of LS-TTL; Vee= 5V, TA =25°C, CL= 15 pF, tr=t,=6 ns 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limits 

tPLH• tPHL Maximum Propagation Delay from Inputs A, B, or C2 to any Output 19 30 ns 

tPLH• tPHL Maximum Propagation Delay from Inputs G 1 or G2 to any Output 24 35 ns 

tPLH• tPHL Maximum Propagation Delay from Input C1 to any Output 25 35 ns 

AC Electrical Characteristics 
Full range of Vee and temperature; Vee=5V±10%, CL =50 pF unless otherwise specified 

Typ Guaranteed Limits 
Symbol Parameter Conditions 74HCT 54HCT Units 

T=2s0 c T=2s0 c 
T = - 40°c to ss0 c T= -ss0 c to 12s0 c 

tPLH• tPHL Maximum Propagation Delay 21 35 44 51 ns 
from Inputs A, B, or C2 to 
any Output 

tPLH• tPHL Maximum Propagation Delay 26 40 50 60 ns 

from Inputs G1 or G2 to any 
Output 

tPLH• tPHL Maximum Propagation Delay 27 40 50 60 ns 
from Input C1 to any Output 

trLH· trHL Maximum Output Rise and 15 19 22 ns 
Fall Time 

Cpo Power Dissipation Notes 45 pF 

Capacitance .. 

C1N Minimum Input Capacitance 5 10 10 10 pF 

Note 5: Cpo determines the no load dynamic power consumption, Po=Cpo Ver!- I+ Ice. and the no load dynamic current consumption, ls=Cpo Vee I+ Ice-

Logic Diagram 
STROBE _l

2
_) ---

61 

DATA 
Cl 
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OUTPUT 
1YD 

OUTPUT 
1Y1 

OUTPUT 
1Y2 

OUTPUT 
1Y3 

OUTPUT 
2YD 

TL/F /5759-2 



~National 
~Semiconductor 

MM54HCT157/MM74HCT157 Quad 
2-lnput Multiplexer 
MM54HCT158/MM7 4HCT158 
Quad 2-lnput Multiplexer {Inverted Output) 

General Description 
These high speed QUAD 2-to-1 line data selector/multiplex
ers utilize advanced silicon-gate CMOS technology. They 
possess the high noise immunity and low power consump
tion of standard CMOS integrated circuits, as well as the 
ability to drive 10 LS-TTL loads. 

These devices each consist of four 2-input digital multiplex
ers with common select and OUTPUT ENABLE inputs. On 
the MM54HCT157/MM74HCT157, when the OUTPUT EN
ABLE input is at logical "O" the four outputs assume the 
values as selected from the inputs. When the OUTPUT EN
ABLE input is at a logical "1" the outputs assume logical 
"O". The MM54HCT158/MM74HCT158 operates in the 
same manner, except that its outputs are inverted. Select 
decoding is done internally resulting in a single select input 
only. If enabled, the select input determines whether the A 
or B inputs get routed to their corresponding Y outputs. 

Connection Diagrams 
Dual-In-Line Package 

OUTPUT INPUTS OUTPUT INPUTS OUTPUT 
ENABLE-- --Vee G 4A 4B 4Y 3A 38 3Y 

116 15 14 13 12 11 10 9 

G 4A 48 4Y 3A 3B 

3Y I--

1A 1B 1Y 2A 2B 2Y 

3 4 5 6 7 18 
SELECT 1A 1B 1Y 2A 28 2Y GND -- --INPUTS OUTPUT INPUTS OUTPUT 

TL/F/5741-1 

Top View 

The 54HCT /7 4HCT logic family is functionally as well as 
pin-out compatible with the standard 54LS/7 4LS logic fami· 
ly. All inputs are protected from damage due to static dis
charge by internal diode clamps to Vee and ground. 

Features 
• Typical propagation delay: 14 ns data to any output 
• Power supply range: 5V ± 10% 
• Low power supply quiescent current: 80 µA maximum 

(7 4HCT Series) 
• Low input current: 1 µA maximum 
• Completely TTL compatible 
• High output drive current: 60 mA minimum 

Dual-In-Line Package 
OUTPUT INPUTS OUTPUT INPUTS OUTPUT 
ENABLE-- --Vee G 4A 48 4Y 3A 38 3Y 

116 15 14 13 12 11 10 9 

G 4A 48 4Y 3A 38 

,........ s 3Y P--J 
1A 1B 1Y 2A 28 2Y 

. ~ ~ 

2 4 5 6 7 18 
SELECT 1A 1B 1Y 2A 28 2Y GND -- --INPUTS OUTPUT INPUTS OUTPUT 

TL/F/5741-2 

Top View 

Order Number MM54HCT157/158* or MM74HCT157/158* 
•Please look into Section 8, Appendix D for availability of various package types. 

Function Table 
Inputs OutputY 

Strobe Select A B HCT157 HCT158 

H x x x L H 
L L L x L H 
L L H x H L 
L H x L L H 
L H x H H L 

H = High Level, L = Low Level, X = Irrelevant 
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Absolute Maximum Ratings (Notes 1 & 2) 

If Miiitary/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage (Vee) -0.5 to + 7.0V 

DC Input Voltage MN) -1.5 to Vee+ 1.5V 

DC Output Voltage (Vour) -0.5 to Vcc+0.5V 

Clamp Diode Current (11K. loK) 

DC Output Current, per pin (lour) 

±20mA 

±25mA 

±50mA DC Vee or GND Current, per pin (Ice) 

Storage Temperature Range (Tsrn) 

Power Dissipation (Po) 

- 65°C to + 15o·c 

(Note 3) 
S.O. Package only 

LMd Temperature (TL) 
(Soldering, 1 O seconds) 

600mW 
500mW 

260°c 

DC Electrical Characteristics (Note 4) 

Symbol Parameter Conditions 

V1H Minimum High Level 
Input Voltage 

V1L Maximum Low Level 
Input Voltage 

VoH Minimum High Level V1N=V1H orV1L 
Output Voltage llourl :5:20 µA 

V1N = V1H or V1L 
I lour I :5: 6.0 mA 
l1ourl:5:7.2 mA 

Vm Maximum Low Level V1N = V1H or V1L 
Voltage I lourl = 20 µA 

l1ourl=6.0 mA 
l1ourl=7.2 mA 

l1N Maximum Input V1N=Vcc or GND 
Current 

Ice Maximum Quiescent V1N =Vee or GND 
Supply Current lour=O µA 

V1N = 2.4V or 0.5V (Note 4) 

Vee 

4.5V 

4.5V 
5.5V 

4.5V 
5.5V 

6.0V 

Operating Conditions 
Min Max 

Supply Voltage (Vee) 4:5 5.5 

DC Input or Output Voltage 0 Vee 
(VIN· Vour) 

Operating Temp. Range (TA) 
MM74HCT -40 +85 
MM54HCT -55 +125 

Input Rise or Fall Times 
(tr,tt) 500 

TA=2s·c 
74HCT 54HCT 

TA= - 40 to ss·c TA= -55 to 12s0 c 

Typ Guaranteed Limits 

2.0 2.0 2.0 

0.8 0.8 0.8 

4.4 4.4 4.4 

4.2 3.98 3.84 3.7 
5.2 4.98 4.84 4.7 

0 0.1 0.1 0.1 
0.2 0.26 0.33 0.4 
0.2 0.26 0.33 0.4 

±0.1 ±1.0 ±1.0 

8.0 80 160 

1.2 1.4 1.5 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Units 
v 
v 

·c 
·c 

ns 

Units 

v 

v 

v 

v 
v 

v 
v 
v 

µA 

µA 

mA 

Note 3: Power Dissipation temperaturederating-plastic "N" package: -12 mW/'C from 65'C to 85'C; ceramic "J" package: -12 mW/'C from 100'Cto 125'C. 

Note 4: For a power supply of 5V ± 10% the worst case output voltages (VoH. and Vou occur for HCT at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case ViH and V1L occur at Vee= 5.5V and 4.5V respectively. (The V1H value at 5.5V is 3.85V.) The worst case leakage current (l1N• 
Ice. and loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 

.. 
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AC Electrical Characteristics Vcc=5V, TA=25°C, CL =15 pF, tr=t,=6 ns 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

tPHL• tPLH Maximum Propagation 14 20 ns 
Delay, Data to Output 

tPHL• tPLH Maximum Propagation 14 20 ns 
Delay, Select to Output 

tpHL• tPLH Maximum Propagation 12 18 ns 
Delay, Strobe to Output 

AC Electrical Characteristics Vcc=5V± 10%, CL =50 pF, tr=t,=6 ns (unless otherwise specified) 

TA=2s0 c 
74HCT 54HCT 

Symbol Parameter Conditions TA= -40 to as·c TA= - 55 to 12s0 c Units 

Typ Guaranteed Limits 

tPHL• tPLH Maximum Propagation 
Delay, Data to Output 13 22 28 33 ns 

tpHL• tPLH Maximum Propagation 
Delay, Select to Output 15 27 34 41 ns 

tpHL• tPLH Maximum Propagation 
Delay, OUTPUT ENABLE 
to Output 14 25 31 38 ns 

trLH· trHL Maximum Output Rise 
and Fall Time 8 15 19 22 ns 

C1N Maximum Input 
Capacitance 5 10 10 10 pF 

Cpo Power Dissipation 
Capacitance (Note 5) 48 pF 

Note 5: Cpo determines the no load dynamic power consumption, Po=Cpo Vcc2 f+ Ice Vee. and the no load dynamic current consumption, ls=Cpo Vee I+ Ice. 
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Logic Diagrams 
'HCT157 

OUTPUT ENABLE G ..:.:~...;:)--"""'"4.,_t:Jr~ 
SELECT---.--t-OL_,/ 

'HCT158 

OUTPUT ENABLE G ...;:~-:'------or~ 
SELEcr ---+--t-OL_,/ 
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~National 
~Semiconductor 
MM54HCT164/MM7 4HCT164 
8-Bit Serial-in/Parallel-out Shift Register 
General Description 
The MM54HCT164/MM74HCT164 utilizes advanced sili
con-gate CMOS technology. It has the high noise immunity 
and low consumption of standard CMOS integrated circuits. 
It also offers speeds comparable to low power Schottky de
vices. 

This 8-bit shift register has gated serial inputs and CLEAR. 
Each register bit is a D-type master/slave flip flop. Inputs A 
& B permit complete control over the incoming data. A low 
at either or both inputs inhibits entry of new data and resets 
the first flip flop to the low level at the next clock pulse. A 
high level on one input enables the other input which will 
then determine the state of the first flip flop. Data at the 
serial inputs may be changed while the clock is high or low, 
but only information meeting the setup and hold time re
quirements will be entered. Data is serially shifted in and out 
of the 8-bit register during the positive going transition of the 
clock pulse. Clear is independent of the clock and accom
plished by a low level at the CLEAR input. 

Connection Diagram 
Dual-In-Line Package 

OUTPUTS 

Vee Ott :oo °" Oe •ltLEAll CLOCK 

114 13 12 11 to G 8 

r-- •X::f-1 

1 2 3 4 5 6 f 1 

~ :0A 0a Oc IOo GND 

SERIAL INPUTS OUTP;UTS TL/F/5765-1 

Top View 

Order Number MM54HCT164* or MM74HCT164* 
•Please look into Section 8, Appendix D 
for availability of various package types. 

Logic Diagram 

CLOCK 

SERIAL t A 
INPUTS B o----t_ 

CLEAR 

Ce 

The 54HCT/74HCT logic family is functionally as well as 
pin-out compatible with the standard 54LS/74LS logic fami
ly. All inputs are protected from damage due to static dis
charge by internal diode clamps to Vee and ground. 

MM54HCT/MM74HCT devices are intended to interface be
tween TIL and NMOS components and standard CMOS 
devices. These parts are also plug-in replacements for LS
TIL devices and can be used to reduce power consumption 
in existing designs. 

Features 
• Typical propagation delay: 20 ns 
• Low quiescent current: 40 µA maximum (74HCT Series) 

• Low input current: 1 µA maximum 
• Fanout of 10 LS-TIL loads 
• TIL input compatible 

Truth Table 

Inputs Outputs 

Clear Clock A B QA Oe ... QH 

L x x x L L L 
H L x x 0Ao Oso OHO 
H i H H H OAn 0Gn 
H i L x L OAn 0Gn 
H i x L L 0An 0Gn 

H = High Level (steady state), L = Low Level (steady state) 

X = Irrelevant (any input, including transitions) 

i = Transition from low to high level. 

QAO• Oso. OHo = the level of QA, Os, or OH. respectively, before the 
indicated steady state input conditions were established. 

OAn• OGn = The level of QA or QG before the most recent i transition of 
the clock; indicated a one-bit shift. 

cc Co CG CH 

TL/F/5765-2 
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Absolute Maximum Ratings (Notes 1 & 2) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage (Vee) -0.5 to + 7.0V 

DC Input Voltage <VJN) -1.5 to Vee+ 1.5V 

DC Output Voltage (Vour) -0.5 to Vee+ 0.5V 

Clamp Diode Current (l1K. loK) 

DC Output Current, per pin (lour) 

DC Vee or GND Current, per pin (Ice) 

Storage Temperature Range (T sTG) 

Power Dissipation (Po) 
(Note3) 
S.O. Package Only 

Lead Temperature (TL) 

(Soldering 10 seconds) 

±20mA 

±25mA 

±50mA 

- 65°C to + 15o·c 

600mW 
500mW 

2so·c 

Operating Conditions 
Min 

Supply Voltage (Vee) 4.5 

DC Input or Output Voltage 0 
(V1N. Vour) 

Operating Temp. Range (TA) 
MM74HCT -40 
MM54HCT -55 

Input Rise or Fall Times 
(tr, t1) 

DC Electrical Characteristics Vcc=5V ±10% (unless otherwise specified) 

74HCT 

Max 
5.5 

Vee 

+85 
+125 

500 

54HCT 

Symbol Parameter Conditions 
TA=25°c 

TA= -40 to 85°C TA= -55 to 125·c 

Typ 

V1H Minimum High Level 2.0 
Input Voltage 

V1L Maximum Low Level 0.8 
Input Voltage 

VoH Minimum High Level V1N = v,H or V1L 
Output Voltage l1ourl=20 µA Vee Vcc-0.1 

llourl = 4.0 mA, Vee= 4.5V 4.2 3.98 

II our I= 4.8 mA, Vee= 5.5V 5.2 4.98 

VoL Maximum Low Level V1N = v,H or V1L 
Voltage I lour! = 20 µA 0 0.1 

I lour!= 4.0 mA, Vee= 4.5V 0.2 0.26 

l1ourl=4.8 mA, Vcc=5.5V 0.2 0.26 

l1N Maximum Input V1N=Vcc or GND ±0.1 
Current 

Ice Maximum Quiescent V1N=VccorGND 
Supply Current lour=O µA 8.0 

V1N = 2.4V or 0.4V (Note 4) 1.0 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Guaranteed Limits 

2.0 2.0 

0.8 0.8 

Vcc-0.1 Vcc-0.1 
3.84 3.7 
4.84 4.7 

0.1 0.1 
0.33 0.4 
0.33 0.4 

±1.0 ±1.0 

80 160 

1.3 1.5 

Units 
v 

v 

·c 
·c 

ns 

Units 

v 

v 

v 
v 
v 

v 
v 
v 

µA 

µA 

mA 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mW /'C from 65°C to as•c; ceramic "J" package: -12 mW /'C from 1 OO'C to 125°C. 

Note 4: This is measured per pin. All other inputs are held at Vee ground. 
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AC Electrical Characteristics Vee= 5V, TA= 25°C, CL= 15 pF, tr= t, = 6 ns 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

fMAX Maximum Operating 50% Duty 55 35 MHz 
Frequency from Clock to Q Cycle Clock 

tpHL. tPLH Maximum Propagation 17 27 ns 
Delay Clock to Q 

tpHL1 tPLH Maximum Propagation 23 38 ns 
Delay from Clear to Q 

tREM Minimum Removal Time, 3 6 ns 
Clear to Clock 

ts Minimum Set Up Time tH :<::: 20 ns 6 13 ns 
Data to Clock 

tH Minimum Hold Time ts::::: 20 ns 1.5 5 ns 
Clock to Data 

tw Minimum Pulse Width 9 16 ns 
Clock, Preset or Clear 

AC Electrical Characteristics Vee = 5.0V ± 10%, CL = 50 pF, tr = tf = 6 ns (unless otherwise specified) 

TA=2s·c 
74HCT 54HCT 

Symbol Parameter Conditions 
TA= - 4o·c to ss·c TA= -ss·cto 12s·c 

Units 
Typ Max Min Max Min Max 

fMAX Maximum Operating 50% Duty 45 30 25 22 MHz 
Frequency Cycle Clock 

tPHL• tPLH Maximum Propagation 20 30 38 45 ns 
Delay from Clock to Q 

tPHL Maximum Propagation 26 41 51 61 ns 
Delay from Clear to Q 

tREM Minimum Removal Time 4 8 10 14 ns 
Clear to Clock 

ts Minimum Setup Time tH :<::: 20 ns 7 15 19 23 ns 
Data to Clock 

tH Minimum Hold Time ts~ 20 ns 1.5 5 5 5 ns 
Clock to Data 

tw Minimum Pulse Width 10 18 22 27 ns 
Clock, or Clear 

tr, tf Maximum Input Rise and 500 500 500 ns 
Fall Time 

tTHL• tTLH Maximum Output 15 19 22 ns 
Rise and Fall Time 

Cpo Power Dissipation (per flip-flop) 160 pF 
Capacitance (Note 5) 

C1N Maximum Input 5 10 10 10 pF 
Capacitance 

Note 5: Cpo determines the no load dynamic power consumption, Po= Cpo Ver!- f +Ice Vee. and the no load dynamic current consumption, Is= Cpo Vee I+ Ice. 

Note 6: Refer to back of the section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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~National 
U Semiconductor 
MM54HCT166/MM7 4HCT166 
8-Bit Parallel In/Serial Out Shift Registers 

General Description 
The MM54HCT166/MM74HCT166 high speed 8-BIT 
PARALLEL-IN/SERIAL-OUT SHIFT REGISTER utilizes ad
vanced silicon-gate CMOS technology. It has an input 
threshold and output drive similar to LS-TIL low standby 
power of CMOS. 

These Parallel-In/Serial-In, Serial-Out shift registers feature 
gated CLOCK inputs and an overiding CLEAR input. The 
load mode is established by the SHIFT/LOAD input. When 
high, this input enables the SERIAL INPUT and couples the 
eight flip-flops for serial shifting with each clock pulse. When 
low, the PARALLEL INPUTS are enabled and synchronous 
loading occurs on the next clock pulse. During parallel load
ing, serial data flow is inhibited. Clocking is accomplished on 
the low-to-high level edge of the CLOCK pulse through a 2-
input NOR gate, permitting one input to be used as a clock 
enable or CLOCK INHIBIT function. Holding either of the 
clock inputs high inhibits clocking; holding either low en
ables the other clock input. This allows the system clock to 
be free running, and the register can be stopped on com
mand with the other clock input. The CLOCK INHIBIT 

Connection Diagram 
PARALLEL 

SHIFT I INPUT OUTPUT PARALLEL INPUTS 

Yee LOAD H DH G F E CLEAR 

l1s 15 14 13 12 11 10 

18 
SERIAL 
INPUT 

A D J CLOCK CLOCK GND 
'---PA-RA-L-LE ..... L-IN-P-UT_S___ INHIBIT 

TL/F/5751-1 

Top View 

Order Number MM54HCT166* or MM74HCT166* 
•Please look into Section 8, Appendix D 
for availability of various package types. 

input should be changed to the high level only while the 
clock input is high. A direct CLEAR input overrides all other 
inputs, including the CLOCK, and sets all flip-flops to zero. 

All inputs are protected from damage due to electrostatic 
discharge by diodes to Vee and ground. 

The MM54HCT /MM74HCT logic family is intended to inter
face TIL and NMOS components to CMOS components. 
These parts can be used as plug-in relacement for LS-TIL 
devices to reduce system power consumption in existing 
designs. 

Features 
• TIL input compatible 
• Low quiescent current: 80 µA max (74HCT series) 
• Low input current: 1 µA maximum 
• Fanout of 10 LS-TIL loads 

Truth Table 

Inputs Internal 

Shift/ Clock 1 Parallel Outputs Output 
Clear Load Inhibit Clock Serial QA 

08 
OH 

L 

H 

H 

H 

H 

H 

x 
x 
L 

H 

H 

x 

x 
L 

L 

L 

L 

H 

x 
L 

t 
t 
t 
t 

x 
x 
x 
H 

L 

x 

A ••• H 

x 
x 

a ... h 

x 
x 
x 

L L 
OAo Oso 
a b 

H OAn 

L OAn 

OAo Oso 

H = high level (steady-state), L = low level (steady-state) 

X = don't care (any input, including transitions) 

t = transition from low-to-high level. 

a ... h = the level of steady-state input at inputs A through H, respectively. 

OAo• 090, OHo = the level at QA, 09, or OH. respectively, before the indicat
ed steady-state input conditions were established. 

OAn• Oan = the level of QA or Oa, respectively, before the most recent t 
transition of the clock. 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
If Miiitary I Aerospace specified devices are required, Min Max Units 
contact the National Semiconductor Sales Office/ Supply Voltage (Vee) 4.5 5.5 v 
Distributors for avallablllty and specifications. DC Input or Output Voltage 
Supply Voltage (Vee) -0.5Vto +7.0V MN. Vour) 0 Vee v 
DC Input Voltage MN) -1.5V to Vee+ 1.5V Operating Temp. Range (TA) 

DC Output Voltage (Vour) - 0.5V to V cc+ 0.5V MM74HCT -40 +85 ·c 

Clamp Diode Current (l1K. loK) ±20mA MM54HCT -55 +125 ·c 

DC Output Current, per Pin (lour) ±25mA Input Rise or Fall Times 

DC Vee or GND Current, per Pin (Ice) ±50mA 
(tr, tt) 500 ns 

Storage Temperature Range (T sTG) -65°C to + 15o·c 

Power Dissipation (Po) 
(Note 3) 600mW 
S.O. Package only 500mW 

Lead Temperature (TL) 
(Soldering, 10 seconds) 260°c 

DC Electrical Characteristics Vee = 5V ± 10% (unless otherwise specified) 

TA=2s·c 
74HCT 54HCT 

Symbol Parameter Conditions TA= -40°c to + as·c TA= -ss·c to + 12s0 c Units 
Typ Guaranteed Limits 

V1H Minimum High Level 2.0 2.0 2.0 v 
Input Voltage 

V1L Maximum Low Level 0.8 0.8 0.8 v 
Input Voltage 

VoH Minimum High Level V1N = V1H or V1L 
Output Voltage l'ouTI ~ 20 µA Vee Vee -0.1 Vee -0.1 Vee -0.1 v 

lour =4.0 mA, Vcc=4.5V 4.2 3.98 3.84 3.7 v 
lour =4.8 mA, Vcc=5.5V 5.7 4.98 4.84 4.7 v 

Vol Maximum Low Level V1N = V1H or V1L 
Voltage l'our1~20 µA 0 0.1 0.1 0.1 v 

lour =4.0 mA, Vcc=4.5V 0.2 0.26 0.33 0.4 v 
lour =4.8 mA, Vcc=5.5V 0.2 0.26 0.33 0.4 v 

l1N Maximum Input V1N=VccorGND, ±0.1 ±1.0 ±1.0 µA 
Current V1H orV1L 

Ice Maximum Quiescent V1N=Vcc or GND 8.0 80 160 µA 
Supply Current lour=O µA 

V1N = 2.4V or 0.5V (Note 4) 1.2 1.4 1.5 mA 
Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power dissipation temperature derating-plastic "N" package: -12 mW /'C from 65'C to 85'C; ceramic "J" package: -12 mW /'C from 1 oo·c to 125'C. 

Note 4: Measured per input pin. All other inputs are held at Vee or ground. 

AC Electrical Characteristics Vcc=5V, CL =15 pF, TA=25°C, tr=tf=6 ns (unless otherwise noted) 

Symbol Parameter Typical Guaranteed Limits Units 

fMAX Maximum Operating Frequency 31 MHz 

tpHL• tPLH · Maximum Propagation Delay Clock to OH 16 ns 

tPHL• tPLH Maximum Propagation Delay Clear to OH 12 ns 

tsu Minimum Set-Up Time 16 ns 
Shift/Load High to Clock 

tsu Minimum Set-Up Time Data before Clock 16 ns 

tREM Minimum Removal Time Clear to Clock 0 ns 

tH Maximum Hold Time Data after Clock 0 ns 

tw Minimum Pulse Width Clock or Clear 16 ns 
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74HCT 54HCT 
Symbol Parameter TA=25°C TA= -40"C to +85°C TA= - ss·c to + 12s·c 

Typ Guaranteed Limits 

fMAX Maximum 31 25 21 
Operating 
Frequency 

tPHL• tpLH Maximum 25 34 43 51 
Propagation Delay 
Clock to OH 

tPHL• tpLH Maximum 23 33 41 50 
Propagation Delay 
Clear.to OH 

tsu Minimum Set-Up Time 9 16 20 24 
Shift/Load High to Clock 

tsu Minimum Set-Up Time 9 16 20 24 
Data before Clock 

tREM Minimum Removal Time 0 0 0 
Clear to Clock 

tH Maximum Hold Time -3 3 3 3 
Data after Clock 

tr. tr Maximum Output 15 19 22 
Rise and Fall Time 

tw Minimum 16 20 24 
Pulse Width 
Clear or Clock 

Cpo Power Dissipation 100 
Capacitance 
(Note 5) 

C1N Maximum Input 5 10 10 10 
Capacitance 

Note 5: Cpo determines the no load dynamic power consumption Po. and the no load dynamic current consumption, lg. 
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MHz 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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Timing Diagram 

CLOCK 

CLOCK INHIBIT 

CLEAR 

SERIAL INPUT 

SHIFT/LOAD 

PARALLEL 
INPUTS 

Typical Clear, Load, Inhibit, and Shift Sequences 

OUTPUTQH•- .... _,.. _____________ _ 

INHIBIT 
CLEAR LOAD 
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~National 
D Semiconductor 
MM54HCT190/MM74HCT190 Synchronous Decade Up/ 
Down Counters with Mode Control. MM54HCT191/ 
MM74HCT191 Synchronous Binary Up/Down Counters 
with Mode Control 
General Description 
These high speed synchronous counters utilize advanced 
silicon-gate CMOS technology. They possess the high noise 
immunity and low power consumption of CMOS technology, 
along with the speeds of low power Schottky TTL. These 
circuits are synchronous, reversible, up/down counters. The 
MM54HCT191/MM74HCT191 are 4-bit binary counters and 
the MM54HCT190/MM74HCT190 are BCD counters. 

Synchronous operation is provided by having all flip-flops 
clocked simultaneously so that the outputs change simulta
neously when so instructed by the steering logic. This mode 
of operation eliminates the output counting spikes normally 
associated with asynchronous (ripple clock) counters. 

The outputs of the four master-slave flip-flops are triggered 
on a low-to-high level transition of the clock input, if the 
enable input is low. A high at the enable input inhibits count
ing. The direction of the count is determined by the level of 
the down/up input. When low, the counter counts up and 
when high, it counts down. 

These counters are fully programmable; that is, the outputs 
may be preset to either level by placing a low on the load 
input and entering the desired data at the data inputs. The 
output will change independent of the level of the clock in
put. This feature allows the counters to be used as divide by 
N dividers by simply modifying the count length with the 
preset inputs. 

Connection Diagram 

DATA 
B 

Dual-In-Line Package 
DATA RIPPLE DATA 

A CLOCK CLOCK C 
15 

INPUT 
BUFFERS 

STEERING LOGIC AND FLIP-FLOPS 

Oa OA ENABLE DOWN I 
G UP 

Oo 

TL/F/5744-1 

Two outputs have been made available to perform the cas
cading function; ripple clock and maximum/minimum count. 
The latter output produces a high level output pulse with a 
duration approximately equal to one complete cycle of the 
clock when the counter overflows or underflows. The ripple 
clock output produces a low level output pulse equal in 
width to the low level portion of the clock input when an 
overflow or underflow condition exists. The counters can be 
easily cascaded by feeding the ripple clock output to the 
enable input of the succeeding counter if parallel clocking is 
used, or to the clock input if parallel enabling is used. The 
maximum/minimum count output can be used to accom
plish look-ahead for high speed operation. 

MM54HCT /MM74HCT devices are intended to interface be
tween TTL and NMOS components and standard CMOS 
devices. These parts are also plug-in replacements for LS
TTL devices can be used to reduce power consumption in 
existing designs. 

Features 
• Level changes on Enable or Down/Up can be made 

regardless of the level of the clock. 
• Low quiescent supply current: BO µA maximum 

(7 4HCT Series) 
• Low input current: 1 µA maximum 
• TTL compatible inputs 

Truth Table 

Load 

H 
H 
L 
H 

Enable Down/ 
Clock Function 

G Up 

L L t Count Up 
L H t Count Down 
x x x Load 
H x x No Change 

Order Number MM54HCT190/19P 
or MM74HCT190/191* 

•Please look into Section 8, Appendix D 
for availability of various package types. 

4-69 

3: 
3: 
(J1 
~ 
:I: 
0 
-I ...... 
co 
0 ....... 
3: 
3: 
....... 
~ 
:I: 
0 
-I ...... 
co 
0 ....... 
3: 
3: 
(J1 
~ 
:I: 

£l ...... 
co ...... 
....... 
3: 
3: 
....... 
~ 
:I: 
0 
-I ...... 
co ...... 



,... 
O> 

~ 
0 
:c 
'll:t' ...... 

== 
== ....... ,... 
O> 

fi :c 
'll:t' 
Lt) 

== 
== ....... 
0 
O> ,... 
l
o 
:c 
'll:t' 
...... 

== 
== ....... 
0 
O> ,... 
lo 
:c 
'll:t' 
Lt) 

== 
== 

Absolute Maximum Ratings (Notes 1 and 2) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage (Vee) -0.5V to + 7.0V 

DC Input Voltage MN) -1.5V to Vee + 1.5V 

DC Output Voltage (Vour) -0.5V to Vee + 0.5V 

Clamp Diode Current (l1K. loK) 

DC Output Current, per Pin (lour) 

DC Vee or GND Current, per Pin (Ice) 

Storage Temperature Range (T sTG) 

Power Dissipation (Po) 
(Note3) 
S.O. Package only 

Lead Temperature (TL) 

(Soldering, 10 seconds) 

±20mA 

±25mA 

±50mA 

-65°Cto + 15o·c 

600mW 
500mW 

260°c 

Operating Conditions 
Min 

Supply Voltage (Vee) 
DC Input or Output Voltage 

(V1N. Vour) 
Operating Temp. Range (TA) 

MM74HCT 
MM54HCT 

Input Rise or Fall Times 
(tr, tr) 

4.5 

0 

-40 
-55 

DC Electrical Characteristics Vee = 5V ± 10% unless otherwise specified 

74HCT 

Max Units 
5.5 v 

Vee v 

+85 ·c 
+125 ·c 

500 ns 

54HCT 
Symbol Parameter Conditions 

TA=2s·c 
TA= - 4o·c to ss·c TA= - ss·c to 12s0 c Units 

Typ Guaranteed Limits 

V1H Minimum High Level 2.0 2.0 2.0 v 
Input Voltage 

V1L Maximum Low Level 0.8 0.8 0.8 v 
Input Voltage 

VoH Minimum High Level V1N = V1H or V1L 
Output Voltage llourl = 20 µA Vee Vcc-0.1 Vcc-0.1 Vcc-0.1 v 

liourl = 4.0 mA, Vee = 4.5V 4.2 3.98 3.84 3.7 v 
llourl = 4.8 mA, Vee= 5.5V 5.2 4.98 4.84 4.7 v 

VoL Maximum Low Level V1N = V1H or V1L 
Voltage llourl = 20 µA 0 0.1 0.1 0.1 v 

liourl = 4.0 mA, Vee = 4.5V 0.2 0.26 0.33 0.4 v 
llourl = 4.8 mA, Vee= 5.5V 0.2 0.26 0.33 0.4 v 

l1N Maximum Input V1N = Vee or GND, ±0.1 ±1.0 ±1.0 µA 
Current V1H orV1L 

Ice Maximum Quiescent V1N = Vee or GND 8 80 160 µA 
Supply Current lour= o µA 

V1N = 2.4V or 0.5V (Note 4) 1.0 1.2 1.3 mA 
Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power dissipation temperature derating-plastic "N" package: -12 mW/'C from 65°C to 85°C; ceramic "J" package: -12 mW/'C from 1oo·c to 125°C. 

Note 4: Measured per pin, all other inputs held at Vee or GND. 
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AC Electrical Characteristics TA = 25°C, Vee = 5.0V, tr = t, = 6 ns, CL = 15 pF unless otherwise specified 

Symbol Parameter 
From To 

Conditions Typ 
Guaranteed 

Units 
Input Output Limits 

fMAX Maximum Clock Frequency 40 MHz 

tPLH• tPHL Maximum Propagation Load QA,QB 30 ns 
Delay Time Oe,Oo 

tPLH• tPHL Maximum Propagation Data A, QA,QB 27 ns 
Delay Time B,C,D Oe,Oo 

tPLH• tPHL Maximum Propagation Clock Ripple Clock 16 ns 
Delay Time 

tPLH• tPHL Maximum Propagation Clock aA.as 24 ns 
Delay Time Oc.Oo 

tPLH• tPHL Maximum Propagation Clock Max/Min 30 ns 
Delay Time 

tPLH• tPHL Maximum Propagation Down/Up Ripple Clock 29 ns 
Delay Time 

tPLH• tPHL Maximum Propagation Down/Up Max/Min 22 ns 
Delay Time 

tPHL• tPLH Maximum Propagation Enable Ripple Clock 22 ns 
Delay Time 

tw Minimum Clock or Load 10 ns 
Input Pulse Width 
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AC Electrical Characteristics Vcc=5V ± 10%, CL= 50 pF, tr= tt = 6 ns unless otherwise specified 

From To 
_ 0 74HCT 54HCT 

Symbol Parameter 
Input Output 

Conditions TA- 25 c TA= -40°c to es·c TA= -ss·c to 12s·c Units 

Typ Guaranteed Limits 

fMAX Maximum Clock 28 20 16 13 MHz 
Frequency 

tPLH• tPHL Maximum Propa~ Load QA, Os 31 44 55 66 ns 
gation Delay Time Oc,Oo 

tPLH· tPHL Maximum Propa- Data A, QA, Os 30 40 50 60 ns 
gation Delay Time B,C,D Oc,Oo 

tPLH• tPHL Maximum Propa- Clock Ripple 24 30 38 45 ns 
gation Delay Time Clock 

tPLH• tPHL Maximum Propa- Clock 0A,0s 32 43 54 65 ns 
gation Delay Time Oc.Oo 

tPLH• tPHL Maximum Propa- Clock Max/Min 45 55 69 83 ns 
gation Delay Time 

tPLH• tPHL Maximum Propa- Down/Up Ripple 42 50 63 75 ns 
gation Delay Time Clock 

tPLH• tPHL Maximum Propa- Down/Up Max/Min 30 45 56 68 ns 
gation Delay Time 

tPHL• tPLH Propagation Delay Enable Ripple 26 33 41 50 ns 
Time Clock 

tw Minimum Clock 15 25 31 38 ns 
Pulse Width 

ts Minimum Set-Up Time Data Load 10 20 25 30 ns 

tH Minimum Hold Time Load Data -3 5 6 8 ns 

ts Minimum Set-Up Time Down/Up Clock 23 30 38 45 ns 

tH Minimum Hold Time Clock Down/Up -7 0 0 0 ns 

ts Minimum Set-Up Time Enable Clock 13 20 25 30 ns 

tH Minimum Hold Time Clock Enable -5 0 0 0 ns 

tTHL• tTLH Maximum Output 10 15 19 22 ns 
Rise and Fall Time 

C1N Maximum Input Capacitance 5 pF 

Cpo Power Dissipation 35 pF 
Capacitance (Note 5) 

Note 5: Cpo determines the no load dynamic power consumption, Po = Cpo V cc2 f + Ice V cc. and the no load dynamic current consumption, Is= Cpo V cc f + Ice· 
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Timing Diagrams 

Sequence: 

Sequence: 

'HCT190 Synchronous Decade Counters 
Typical Load, Count, and Inhibit Sequences 

LOAD~ 

A 

DATA B 
INPUTS C 

D 

CLOCK 

DOWN/UP 

ENABLE 

I 
RIPPLE CLOCK - - -+-+----. 

_ _J . 

17 I 8 9 0 1 2 2 2 1 0 9 8 7 !JI--COUNT UP--liNHiBIT"I 1--COUNT DOWN-I 

LOAD 

(1) Load (preset) to BCD seven (3) Inhibit 
(2) Count up to eight, nine, zero, one and two (4) Count down to one, zero, nine, eight and seven 

LOAD 

DATA[: 
INPUTS : 

CLOCK 

DOWN/UP 

ENABLE 

'HCT191 Synchronous Binary Counters 
Typical Load, Count, and Inhibit Sequence 

I 
RIPPLE CLOCK - - r---t-t-----. _ _J 

I 13 14 15 0 1 2 2 2 1 0 15 14 13 
!jl--COUNT UP--liNHIBITI 1--COUNT DOWN --1 
LOAD 

(1) Load (preset) to binary thirteen (3) Inhibit 
(2) Count up to fourteen, fifteen, zero, one and two (4) Count down to one, zero, fifteen, fourteen and thirteen 
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Logic Diagram 
'HCT191 

l1Zl MAX/MIN L---l---r--

TL/F/5744-3 
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Logic Diagram (Continued) 

(14) 
CLOCK 

LOAD 
(11) 

'HCT190 Decade Counters 
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~National 
~Semiconductor 

MM54HCT192/MM7 4HCT192 
Synchronous Decade Up/Down Counters 

General Description 
These high speed synchronous counters utilize advanced 
silicon-gate CMOS technology to achieve the high noise im
munity and low power consumption of CMOS technology, 
along with the speeds of low power Schottky TTL The 
MM54HCT192/MM74HCT192 is a decade counter having 
two separate clock inputs, an COUNT UP input and a 
COUNT DOWN input. All outputs of the flip-flops are simul
taneously triggered on the low-to-high transition of either 
clock while the other input is held high. The direction of 
counting is determined by which input is clocked. 

This device has TTL compatible inputs. It can drive 15 LS
TTL loads. 

This counter may be preset by entering the desired data on 
the DATA A, DATA B, DATA C, and DATA D inputs; When 
the LOAD input is taken low, the data is loaded indepen
dently of either clock input. This feature allows the counter 
to be used as a divide-by-n counter by modifying the count 
length with the preset inputs. 

In addition, the HCT192 can also be cleared. This is accom
plished by inputting a high on the CLEAR input. All 4 internal 
stages are set to a low level independently of either COUNT 
input. 

Connection Diagram 

DATA 
I 

01 

Dual-In-Line Package 

DATA 
CLEAR BORROW LOAD C . 

14 11 

STEERING LOGIC ANO FLIP·FLOPS 

COUNT Oc 
UP 

Order Number MM54HCT192* 
or MM74HCT192* 

0 Please look into Section 8, Appendix D 
for availability of various package types. 

Oo GNO 

TL/F/9400-1 

Both a BORROW and CARRY output are provided to en
able cascading of both up and down counting functions. The 
BORROW output produces a negative-going pulse when 
the counter underflows and the CARRY outputs a pulse 
when the counter overflows. The counter can be cascaded 
by connecting the CARRY and BORROW outputs of one 
device to the COUNT UP and COUNT DOWN inputs, re
spectively, of the next device. 

All inputs are protected from damage due to static dis
charge by diodes to Vee and ground. 

Features 
• Low quiescent supply current: 80 µA maximum (7 4HCT 

Series) 
• Low input current: 1 µA maximum 
• TTL compatible inputs 

Truth Table 

Count 

Up Down 

i 
H 
x 
x 

H = high level 

L = low level 

H 

i 
x 
x 

Clear 

L 
L 
H 
L 

t = transition from low-to-high 

X = don't care 

I 

Load 

H 
H 
x 
L 

Function 

Count Up 
Count Down 

Clear 
Load 
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Absolute Maximum Ratings (Notes 1 and 2) 

If Military I Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage (Vee) -0.5V to + 7.0V 

DC Input Voltage <VIN) 

DC Output Voltage (Vour) 

Clamp Diode Current OiK· loK) 

DC Output Current, per Pin (lour) 

DC Vee or GND Current, per Pin(lec) 

Storage Temperature Range (T srn) 

Power Dissipation (Po) 
(Note 3) 
S.O. Package only 

Lead Temperature (TL) 
(Soldering, 10 seconds) 

-1.5VtoVee + 1.5V 

-0.5V to Vee + 0.5V 

±20mA 

±25mA 

±50mA 

-65°C to + 15o·c 

600mW 
500mW 

260°c 

Operating Conditions 
Min 

Supply Voltage (Vee) 
DC Input or Output Voltage 

MN· Vour) 
Operating Temp. Range (TA) 

MM74HCT 
MM54HCT 

Input Rise or Fall Times 
(tr.ti) 

4.5 

0 

-40 
-55 

DC Electrical Characteristics Vee = 5V ± 10% unless otherwise specified 

74HCT 

Max Units 
5.5 v 

Vee v 

+85 ·c 

+125 ·c 

500 ns 

54HCT 
Symbol Parameter Conditions 

TA=2s·c 
TA= - 4o•c to + ss·c TA= -ss·c to + 12s·c Units 

Typ 

V1H Minimum High Level 
2.0 

Input Voltage 

V1L Maximum Low Level 
0.8 

Input Voltage 

VoH Minimum High Level V1N = V1H or V1L 
Output Voltage llourl = 20 µA Vee Vee-0.1 

ltourl = 4.0 mA, Vee= 4.5V 4.2 3.98 
llourl = 4.8 mA, Vee = 5.5V 5.2 4.98 

VoL Maximum Low Level V1N = V1H or V1L 
Voltage llourl = 20 µA 0 0.1 

ltourl = 4.0 mA, Vee= 4.5V 0.2 0.26 
ltourl = 4.8 mA, Vee= 5.5V 0.2 0.26 

l1N Maximum Input V1N = Vee or GND, 
±0.1 

Current V1H orV1L 

lee Maximum Quiescent V1N = Vee or GND 
8 

Supply Current lour= o µA 

V1N = 2.4V or 0.5V (Note 4) 0.1 1.0 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Guaranteed Limits 

2.0 2.0 v 

0.8 0.8 v 

Vee-0.1 Vee-0.1 v 
3.84 3.7 v 
4.84 4.7 v 

0.1 0.1 v 
0.33 0.4 v 
0.33 0.4 v 

±1.0 ±1.0 µA 

80 160 µA 

1.2 1.3 mA 

Note 3: Power dissipation temperature derating-plastic "N" package: -12 mWl°C from 65°C to 85'C; ceramic "J" package: - 12 mW/'C from 100°C to 125'C. 

Note 4: Measured per pin, all other inputs held at Vee or GND. 
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AC Electrical Characteristics 
(Note 6) Vee = 5V, TA = 25°C, CL= 15 pF, tr= tt = 6 ns (unless otherwise specified) 

Symbol Parameter 
From To 

Conditions Typ 
Guaranteed 

Units 
(Input) (Output) Limit 

fMAX Maximum Clock 
35 MHz 

Frequency 

tpLH, PHL Maximum Propagation 
Load 

QA,QB, 
26 ns 

Delay Time QC,QD 

tPLH, PHL Maximum Propagation Data A, QA,QB, 
25 ns 

Delay Time B,C,D, QC,QD 

tPLH, PHL Maximum Propagation Count-Up QA,QB, 
26 ns 

Delay Time or-Down QC,QD 

tpLH, PHL Maximum Propagation 
Count-Up Carry 22 ns 

Delay Time 

tpLH, PHL Maximum Propagation 
Count-Down Borrow 22 ns 

Delay Time 

tpLH, PHL Maximum Propagation 
Clear 

QA,QB, 
25 ns 

Delay Time QC,QD 

AC Electrical Characteristics (Note 6) Vee= 5V ± 10%, CL= 50 pF (unless otherwise specified) 

From To T=25°C 
_ o 74HC 54HC 

Symbol Parameter (Input) (Output) 
T- 25 C T= -40°C to +as0 c T= -55°C to+ 125°C Units 

Typ Guaranteed Limits 

fMAX Maximum Clock Frequency 32 20 16 13 MHz 

tPLH, PHL Maximum Propagation 
Load 

QA,QB, 
29 44 55 66 ns 

Delay Time QC,QD 

tPLH, PHL Maximum Propagation 
DataA 

OA,QB, 
28 40 50 60 ns 

Delay Time QC,QD 

tPLH, PHL Maximum Propagation Count-Up QA,QB 
30 43 54 65 ns 

Delay Time or-Down QC,QD 

tPLH, PHL Maximum Propagation 
Count-Up Carry 25 30 38 45 ns 

Delay Time 

tPLH, PHL Maximum Propagation Count-
Borrow 25 30 38 45 ns 

Delay Time Down 

tPLH, PHL Maximum Propagation ·c1ear QA,QB 
28 35 44 53 ns 

Delay Time QC,QD 

tw Minimum Clock 
16 25 31 38 ns 

Pulse Width 

ts Minimum Setup Time Data 
20 25 30 ns 

before Load-LH 

tH Minimum Hold Time Data -3 5 6 8 ns 
after Load-LH 

tREM Minimum Removal -2 5 6 8 ns 
Time Load to Count 

tREM Minimum Removal 
2 5 6 8 ns 

Time Clear to Count 

tw Minimum Load 18 20 25 30 ns 
Pulse Width 

tw Minimum Clear 
8 20 25 30 ns 

Pulse Width 

trLH THL Output Rise or Fall Time 10 15 19 22 ns 

Cpo Power Dissipation 
40 pF 

Capacitance 

C1N Maximum Input Capacitance 5 10 10 10 pF 

Note 5: Cpo determines the no load dynamic power consumption, Po=Cpo Ver} f+lee Vee and the no load dynamic current consumption, 15 =Cpo Vee f+lee· 
Note 6: Refer to Section 1 for Typical MM54/74HCT AC Switchforms and Test Circuits. 
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'HCT192 Synchronous Decade Counters 
Typical Clear, Load, and Count Sequences 

SE CLEAR _n :E '--~~~~~~~~~~~~~~~~~~~~-

~ LOAD 
0) 

!:E~ DATA l :D -~~~:~-~:~--=~-~:~ ... ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 
~------------------1 
~------------------------------------

COUNT ---+---+----+--+---. 
UP 

COUNT --+--+---+--+---+----------1----. 
DOWN 

OUTPUTS 

CARRY 

BORROW 

Sequences: 
(1) Clear outputs to zero. 
(2) Load (preset) to BCD seven. 

,..-----/' -- ,-P----., 

CLEAR PRESET 

(3) Count up to eight, nine, carry, zero, one and two. 

I a 9 o , 21 r-- COUNT UP------. 

(4) Count down to one, zero, borrow, nine, eight, and seven. 
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~National 
D Semiconductor 
MM54HCT193/MM7 4HCT193 
Synchronous Binary Up/Down Counters 

General Description 
These high speed synchronous counters utilize advanced 
silicon-gate CMOS technology to achieve the high noise im
munity and low power consumption of CMOS technology, 
along with the speeds of low power Schottky TTL The 
MM54HCT193/MM74HCT193 is a binary counter having 
two separate clock inputs, an UP COUNT input and a 
DOWN COUNT input. All outputs of the flip-flops are simul
taneously triggered on the low-to-high transition of either 
clock while the other input is held high. The direction of 
counting is determined by which input is clocked. 

This device has TTL compatible inputs. It can drive 15 LS
TTL loads. 

This counter may be preset by entering the desired data on 
the DATA A, DATA B, DATA C, and DATA D inputs. When 
the LOAD input is taken low, the data is loaded indepen
dently of either clock input. This feature allows the counter 
to be used as a divide-by-n counter by modifying the count 
length with the preset inputs. 

In addition, the HCT193 can also be cleared. This is accom
plished by inputting a high on the CLEAR input. All 4 internal 
stages are set to a low level independently of either COUNT 
input. 

Connection Diagram 

DATA 
Vee A 

18 

DATA 
B 

Oa 

Dual-In-Line Package 

CARRY 

12 

STEERING LOGIC AND FLIP-FLOPS 

DA COUNT COUNT Oe 
DOWN UP 

DATA 
c 

Oo GND 

TL/F/5742-1 

Order Number MM54HCT193* or MM74HCT193* 
•Please look into Section 8, Appendix D 
for availability of various package types. 

Both a BORROW and CARRY output are provided to en
able cascading of both up and down counting functions. The 
BORROW output produces a negative-going pulse when 
the counter underflows and the CARRY outputs a pulse 
when the counter overflows. The counter can be cascaded 
by connecting the CARRY and BORROW outputs of one 
device to the COUNT UP and COUNT DOWN inputs, re
spectively, of the next device. 

All inputs are protected from damage due to static dis
charge by diodes to Vee and ground. 

Features 
• Low quiescent supply current: 80 µA maximum (74HCT 

Series) 
• Low input current: 1 µA maximum 
• TTL compatible inputs 

Truth Table 

Count 

Up Down 

i 
H 
x 
x 

H = high level 

L =low level 

H 

i 
x 
x 

Clear 

L 
L 
H 
L 

j = transition from low-to-high 

X = don't care 

Load 

H 
H 
x 
L 

Function 

Count Up 
Count Down 

Clear 
Load 
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Absolute Maximum Ratings (Notes 1 and 2> 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage (Vee) -0.5V to + 7.0V 

DC Input Voltage (VrN) -1.5V to Vee + 1.5V 

DC Output Voltage (VouT) -0.5V to Vee + 0.5V 

Clamp Diode Current (lrK. loK) 

DC Output Current, per Pin (f ouT) 

DC Vee or GND Current, per Pin(lee) 

Storage Temperature Range CTsrn) 
Power Dissipation (Po) 

(Note3) 
S.O. Package only 

Lead Temperature (TL.) 
(Soldering, 10 seconds) 

±20mA 

±25mA 

±50mA 

- 65°C to + 15o•c 

600mW 
500mW 

260°c 

Operating Conditions 
Min 

Supply Voltage (Vee) 
DC Input or Output Voltage 

(VrN. VouT) 
Operating Temp. Range (TA) 

MM74HCT 
MM54HCT 

Input Rise or Fall Times 

Ctr. tt) 

4.5 

0 

-40 
-55 

DC Electrical Characteristics Vee = 5V ± 10% unless otherwise specified 

74HCT 

Max Units 
5.5 v 

Vee v 

+85 ·c 
+125 ·c 

500 ns 

54HCT 
Symbol Parameter Conditions 

TA=2s·c 
TA= -4D°C to as·c TA= -ss·c to 12s·c Units 

Typ 

VrH Minimum High Level 2.0 
Input Voltage 

VrL Maximum Low Level 0.8 
Input Voltage 

VoH Minimum High Level VrN = VrH or VrL 
Output Voltage llouTI = 20 µA Vee Vee-0.1 

llouTI = 4.0 mA, Vee= 4.5V 4.2 3.98 
llouTI = 4.8 mA, Vee= 5.5V 5.2 4.98 

Vol Maximum Low Level VrN = VrH or VrL 
Voltage llouTI = 20 µA 0 0.1 

llouTI = 4.0 mA, Vee= 4.5V 0.2 0.26 
llouTI = 4.8 mA, Vee= 5.5V 0.2 0.26 

lrN Maximum Input VrN = Vee or GND, ±0.1 
' Current VrH orVrL 

lee Maximum Quiescent VrN = Vee or GND 8.0 
Supply Current louT = o µA 

VrN = 2.4V or 0.5V (Note 4) 1.0 
Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Guaranteed Limits 

2.0 2.0 v 

0.8 0.8 v 

Vee-0.1 Vee-0.1 v 
3.84 3.7 v 
4.84 4.7 v 

0.1 0.1 v 
0.33 0.4 v 
0.33 0.4 v 
±1.0 ±1.0 µA 

80 160 µA 

1.2 1.3 mA 

Note 3: Power dissipation temperature derating-plastic "N" package: -12 mW l°C from 65°C to 85°C; ceramic "J" package: - 12 mW l°C from 1 oo•c to 125°C. 

Note 4: Measured per pin, all other inputs held at Vee or GND. 
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AC Electrical Characteristics 
(Note 6) Vee = 5V, TA = 25°C, CL = 15 pF, tr = tt = 6 ns (unless otherwise specified) 

Symbol Parameter 
From To 

Conditions Typ 
Guaranteed 

Units (Input) (Output) Limit 

fMAX Maximum Clock 35 MHz 
Frequency 

tPLH, PHL Maximum Propagation Load QA,QB, 26 ns 
Delay Time QC,QD 

tPLH, PHL Maximum Propagation Data A, QA,QB, 25 ns 
Delay Time B,C,D, QC,QD 

tPLH, PHL Maximum Propagation Count-Up QA,QB, 26 ns 
Delay Time or-Down QC,QD 

tPLH, PHL Maximum Propagation Count-Up Carry 22 ns 
Delay Time 

tPLH, PHL Maximum Propagation Count-On Borrow 22 ns 
Delay Time 

tPLH, PHL Maximum Propagation Clear QA,QB, 25 ns 
Delay Time QC,QD 

AC Electrical Characteristics (Note 6) 
Vee = 5V, ± 10%, CL = 50 pF (unless otherwise specified) 

From To T=25°C T=25°C 
74HC 54HC 

Symbol Parameter (Input) (Output) 
T= -40° to 85°C T= -55° to 12s0 c Units 

Typ Guaranteed Limits 

fMAX Maximum Clock Frequency 32 20 16 13 MHz 

tPLH, PHL Maximum Propagation Load QA,QB, 29 44 55 66 ns 
Delay Time QC,QD 

tPLH, PHL Maximum Propagation Data A QA,QB, 28 40 50 60 ns 
Delay Time QC,QD 

tPLH, PHL Maximum Propagation Count-Up QA,QB 30 43 54 65 ns 
Delay Time or-Down QC,QD 

tPLH, PHL Maximum Propagation Count-Up Carry 25 30 38 45 ns 
Delay Time 

tPLH, PHL Maximum Propagation Count- Borrow 25 30 38 45 ns 
Delay Time Down 

tPLH, PHL Maximum Propagation Clear QA,QB 28 35 44 53 ns 
Delay Time QC,QD 

tw Minimum Clock 16 25 31 38 ns 
Pulse Width 

ts Minimum Setup Time Data 20 25 30 ns 
before Load-LH 

tH Minimum Hold Time Data -3 5 6 8 ns 
after Load-LH 

tREM Minimum Removal Time -2 5 6 8 ns 
Load to Count 

tREM Minimum Removal Time 2 5 6 8 ns 
Clear to Count 

tw Minimum Load 18 20 25 30 ns 
Pulse Width 

tw Minimum Clear 8 20 25 30 ns 
Pulse Width 

tTLH THL Output Rise or Fall Time 10 15 19 22 ns 

Cpo Power Dissipation 40 pF 
Capacitance 

C1N Maximum Input Capacitance 5 10 10 10 pF 

Note 5: Cpo determines the no load dynamic power consumption, Po=Cpo Vcc2 f+ Ice Vee. and the no load dynamic current consumption, 15 =Cpo Vee f+ Ice. 
Note 6: Refer to Section 1 for Typical MM54/74HCT AC Switchforms and Test Circuits. 
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MM54HCT193/MM74HCT193 Synchronous 4-Bit Up/Down Binary Counter 
AIN OA BIN OB CIN ac 

15 10 

COUNT~ 16 I 1161 I I 
UP 

4 
COUNT 0--
DOWN14 

CLEAR~ 

16 Q 
vcc~ a -rGNO 

I ~~BORROW 
~.,....--our 

MM54HCT193/MM7 4HCT193 

CARRY OUT 
12 

DrN ao 
9 
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Logic Waveforms 

CLEAR 

LOAD 

'HCT193 Synchronous Binary Counters 
Typical Clear, Load, and Count Sequences 

1
------------------------

A '-------------------1 
~------------------

DATA Ceo_ -- - -- - - - ---------- ------ -- - --- - - -- ------- - -'-------------------' ----- -- - -- - - - -- ------- - -'-------------------
COUNT --+-+--+-+---. 

UP 

COUNT --+-+---+--+--+----------+---. 
DOWN 

CARRY 

BORROW 

Sequence: 
(1) Clear outputs to zero. 
(2) Load (preset) to binary thirteen 

I 14 15 o 1 21 
~ COUNT UP ----4 

(3) Count up to fourteen, fifteen, carry, zero, one, and two. 
(4) Count down to one, zero, borrow, fifteen, fourteen, and thirteen. 
Note A: Clear overrides load data, and count inputs. 

I 1 o 15 14 131 
~ COUNT DOWN ~ 

Note B: When counting up, count-down input must be high; when counting down, count-up input must be high. 
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~National 
~Semiconductor 

MM54HCT240/MM74HCT240 
Inverting Octal TRl-ST~TE® Buffer 
MM54HCT241/MM74HCT241 Octal TRI-STATE Buffer 
MM54HCT244/MM74HCT244 Octal TRI-STATE Buffer 
General Description 
These TRI-STATE buffers utilize advanced silicon-gate 
CMOS technology and are general purpose high speed in
verting and non-inverting buffers. They possess high drive 
current outputs which enable high speed operation even 
when driving large bus capacitances. These circuits achieve 
speeds comparable to low power Schottky devices, while 
retaining the low power consumption of CMOS. All three 
devices are TTL input compatible and have a fanout of 15 
LS-TTL equivalent inputs. 

buffer. Each device has two active low enables (1 G and 
2G), and each enable independently controls 4 buffers. 
MM54HCT241/MM74HCT241 is also a non-inverting buffer 
similar to the 244 except that the 241 has one active high 
enable, each again controlling 4 buffers. 

All inputs are protected from damage due to static dis
charge by diodes to Vee and Ground. 

Features 
• TTL input compatible 
• Typical propagation delay: 14 ns 

MM54HCT /MM74HCT devices are intended to interface be
tween TTL and NMOS components and standard CMOS 
devices. These parts are also plug-in replacements for LS
TTL devices and can be used to reduce power consumption 
in existing designs. 

• TRI-ST ATE outputs for connection to system buses 

The MM54HCT240/MM74HCT240 is an inverting buffer 
and the MM54HCT244/MM74HCT244 is a non-inverting 

• Low quiescent current: 80 µA 
• High output drive current: 6 mA (min) 

Connection Diagrams Dual-In-Line Packages 

Vee 2G 1Y1 2A4 1Y2 2A3 1Y3 2A1 Vee 2G 1Y I 2A4 1Y2 2A3 IY3 2A2 IY4 2A I 

IG IA1 2Y4 1A2 2Y3 IA3 2Y2 1A4 2Y1 GNO 

Top View 
TL/F/5365-2 

1G 1A1 2Y4 1A2 2Y3 1A3 2Y2 1A4 2Y1 GND 

TL/F/5365-1 

Top View 
Order Number MM54HCT241 * or MM74HCT241 * 

Order Number MM54HCT240* or MM74HCT240* 

Vee 2G 1Y1 2A4 1Y2 2A3 1Y3 2A2 1Y4 2A1 

1G 1A1 2Y4 1A2 2Y3 1A3 2Y2 1A4 2Y1 GND 
TL/F/5365-3 

Top View 

Order Number MM54HCT244* or MM74HCT244* 
•Please look into Section 8, Appendix D for availability of various package types. 
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Absolute Maximum Ratings (Notes 1 & 2) 

If Miiitary I Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for avallablllty and specifications. 

Supply Voltage (Vee) -0.5 to+ 7.0V 

DC Input Voltage (ViN) -1.5 to Vee+ 1.5V 

DC Output Voltage (Vour) -0.5 to Vcc+0.5V 

Clamp Diode Current (l1K. loK) 

DC Output Current, per pin (lour) 

±20mA 

±35mA 

±70mA DC Vee or GND Current, per pin (Ice) 

Storage Temperature Range (T srn) 

Power Dissipation (Po) 

- 65°C to + 150°C 

(Note 3) 
S.O. Package only 

Lead Temp. (Tu (Soldering 10 seconds) 

DC Electrical Characteristics 
Vee= 5V ± 10% (unless otherwise specified) 

600mW 
500mW 

260°C 

Operating Conditions 
Min Max 

Supply Voltage (Vee) 4.5 5.5 

DC Input or Output Voltage 0 Vee 
(V1N· Vour) 

Operating Temp. Range (TA) 
MM74HCT -40 +85 
MM54HCT -55 +125 

Input Rise or Fall Times 
(tr, t1) 500 

74HCT 54HCT 
TA=25°C 

Symbol Parameter Conditions 
TA= - 40 to 85°C TA= -55 to 125°C 

Typ 

V1H Minimum High Level 2.0 
Input Voltage 

V1L Maximum Low Level 0.8 
Input Voltage 

VoH Minimum High Level V1N-EE=VIH or V1L 
Output Voltage llourl = 20 µA Vee Vcc-0.1 

l1ourl=6.0 mA, Vcc=4.5V 4.2 3.98 
l1ourl=7.2 mA, Vcc=5.5V 5.2 4.98 

Vol Maximum Low Level V1N = V1H or V1L 
Voltage llourl = 20 µA 0 0.1 

II our I= 6.0 mA, Vee= 4.5V 0.2 0.26 
llourl = 7.2 mA, Vee= 5.5V 0.2 0.26 

l1N Maximum Input V1N=VccorGND, ±0.1 
Current V1H orV1L 

loz Maximum TRI-STATE Vour=VccorGND ±0.5 
Output Leakage G=V1H 
Current G=V1L 

Ice Maximum Quiescent V1N=Vcc or GND 8.0 
Supply Current lour=O µA 

V1N = 2.4V or 0.5V (Note 4) 0.6 1.0 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Guaranteed Limits 

2.0 2.0 

0.8 0.8 

Vcc-0.1 Vcc-0.1 
3.84 3.7 
4.84 4.7 

0.1 0.1 
0.33 0.4 
0.33 0.4 

±1.0 ±1.0 

±5.0 ±10 

80 160 

1.3 1.5 

Units 
v 
v 

oc 
oc 

ns 

Units 

v 

v 

v 
v 
v 

v 
v 
v 

µA 

µA 

µA 

mA 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mW/'C from 65'C to BS'C; ceramic "J" package: -12 mW /'C from 1 oo·c to 125'C. 

Note 4: Measured per input. All other inputs at Vee or GND. 

Truth Tables 
'HCT240 

1G 1A 1Y 2G 

L L H L 
L H L L 
H L z H 
H H z H 

2A 2Y 

L H 
H L 
L z 
H z 

H =high level, L = low level, Z = high impedance 

1G 1A 

L L 
L H 
H L 
H H 

'HCT241 'HCT244 

1Y 2G 2A 2Y 1G 1A 1Y 2G 2A 2Y 

L L L z L L L L L L 
H L H z L H H L H H 
z H L L H L z H L z 
z H H H H H z H H z 
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AC Electrical Characteristics MM54HCT240tMM74HCT24o, MM54HCT2411MM74HCT241, 

MM54HCT244/MM74HCT244 Vee= 5.0V, tr= tt = 6 ns, TA= 25°C (unless otherwise specified) 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limits 

tPHL• tPLH Maximum Output CL =45 pF 14 18 ns 
Propagation Delay 

tpzL, tpzH Maximum Output CL =45 pF 20 30 ns 
Enable Time AL =1 kn 

tpLZ, tpHz Maximum Output CL =5 pF 16 25 ns 
Disable Time AL =1 kn 

AC Electrical Characteristics MM54HcT24otMM74HCT240, MM54HcT2411MM74HCT241, 

MM54HCT244/MM74HCT244 Vee= 5.0V ± 10%, tr= t1 = 6 ns (unless otherwise specified) 

TA=2s0 c 
74HCT 54HCT 

Symbol Parameter Conditions 
TA= - 40 to ss·c TA= -55to 12s·c 

Units 
Typ Guaranteed Limits 

tpHL· tpLH Maximum Output CL =50 pF 14 20 25 30 ns 
Propagation Delay CL =150 pF 20 28 35 42 ns 

tpzH, tpzL Maximum Output AL =1 kn l CL =50 pF 21 30 38 45 ns 
Enable Time l CL =150 pF 26 42 53 63 ns 

tpHz, tpLz Maximum Output AL =1 kn 16 25 32 38 ns 
Disable Time CL =50 pF 

trHL· trLH Maximum Output CL =50 pF 6 12 15 18 ns 
Rise and Fall Time 

C1N Maximum Input 10 15 15 15 pF 
Capacitance 

Cour Maximum Output 15 20 20 20 pF 
Capacitance 

Cpo Power Dissipation (per buffer) 
Capacitance (Note 5) G=Vee. G=GND 5 pF 

G=GND, G=Vcc 90 pF 

Note 5: Cpo determines the no load dynamic power consumption, Po = Cpo Vcc2 f + Ice Vee.and the no load dynamic current consumption, Is = Cpo Vee 
f+lcc. 
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Logic Diagrams 
'HCT240 

2A4o----......., ________ _, 

2A1o-----i ........, ________ __, 
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1A3o----

1 A2 o------t 

Vee 

iG 

2A4 

2A3 

2A2 

2A1 

2G 

1A4 

1A3 

1A2 

1A1 

3: 
3: 
U1 

'HCT241 ~ 
:c 

2Y4 2Y4 
0 
-I 
N 

2A40-----t ........, ________ __, 

~ 

2Y3 2Y3 
0 ....... 
3: 
3: 

2Y2 ..... 
~ :c 

2Y2 2A2 o------t 
..._ ________ __, 

0 
2Y1 2A 10------1 2Y1 -I ..._ ________ __, 

N 
~ 
0 ....... 
3: 

1Y4 1A4o-----t 1Y4 3: ......., ________ ~ 
U1 
~ 

1Y3 1A3o-----t 1Y3 
:c 
5:1 
N 

1Y2 ~ ..... 1Y2 1A2o-----t ..._ ________ __, 
....... 
3: 

Vee 3: ..... 
~ 
:c 
0 

1Y1 
-I 
N 1A1 
~ ..... 
....... 
3: 
3: 
U1 
~ 

TL/F/5365-5 :c TL/F/5365-4 
fG 

5:1 
N 
~ 'HCT244 
~ 

1Y8 ....... 
3: 
3: 

1Y7 
..... 
~ :c 
0 

1Y6 -I 
N 
~ 
~ 

1Y5 

1Y4 

1Y3 

1Y2 • Vee 

TL/F/5365-6 
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~National 
~Semiconductor 

MM54HCT245/MM74HCT245 
Octal TRI-STATE® Transceiver 

General Description 
This TRI-STATE bi-directional buffer utilizes advanced sili
con-gate CMOS technology and is intended for two-way 
asynchronous communication between data buses. It has 
high drive current outputs which enable high speed opera
tion even when driving large bus capacitances. This circuit 
possesses the low power consumption of CMOS circuitry, 
yet has speeds comparable to low power Schottky TIL cir
cuits. 

MM54HCT /MM74HCT devices are intended to interface be
tween TIL and NMOS components and standard CMOS 
devices. These parts are also plug-in replacements for LS
TIL devices and can be used to reduce power consumption 
in existing designs. 

Features 
• TIL input compatible 

This device is TIL input compatible and can drive up to 15 
LS-TIL loads, and all inputs are protected from damage due 
to static discharge by diodes to Vee and ground. 

• TRI-STATE outputs for connection to system busses 
• High output drive current: 6 mA (min) 

MM54HCT245/MM74HCT245 has one active low enable in
put (G), and a direction control (DIR). When the DIR input is 
high, data flows from the A inputs to the B outputs. When 
DIR is low, data flows from B to A. 

• High speed: 16 ns typical propagation delay 
• Low power: 80 µA (7 4HCT Series) 

Connection Diagram 

Truth Table 

ENABLE 
Vee G 01 

DIR A1 A2 

Dual-In-Line Package 

82 83 84 

A3 A4 AS 

Top View 

BS 

A6 

86 87 88 

A7 A8 GND 

Order Number MM54HCT245* or MM74HCT245* 
•Please look into Section 8, Appendix D for availability of various package types. 

Control 
Operation Inputs 

G DIR 245 

L L B data to A bus 

L H A data to B bus 

H x isolation 

H = high level L = low level, X = irrelevant 
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Absolute Maximum Ratings (Notes 1 & 2) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sa_les Office/ 
Distributors for availabllity and specifications. 

Supply Voltage (Vee) -0.5 to + 7.0V 

DC Input Voltage <V!N) -1.5 to Vee+ 1.5V 

DC Output Voltage (Vour) 

Clamp Diode Current (l1K. loK) 

DC Output Current, per pin (lour) 

DC Vee or GND Current, per pin (Ice) 

Storage Temperature Range (T srn) 

Power Dissipation (Po) 
(Note3) 
S.O. Package only 

Lead Temperature (TL.) 

(Soldering 1 O seconds) 

-0.5 to Vcc+0.5V 

±20mA 

±35mA 

±70mA 

- 65°C to + 15o·c 

600mW 
500mW 

260°c 

Operating Conditions 
Min 

Supply Voltage (Vee) 4.5 

DC Input or Output Voltage 0 
MN. Vour) 

Operating Temp. Range (TA) 
MM74HCT -40 
MM54HCT -55 

Input Rise or Fall Times 
(tr,t1) 

DC Electrical Characteristics (Vcc=5V±10%, unless otherwise specified.) 

74HCT 

Max 
5.5 

Vee 

+85 
+125 

500 

54HCT 
TA=2s·c 

Symbol Parameter Conditions 
TA= - 40 to ss·c TA= -55to 12s·c 

Typ Guaranteed Limits 

V1H Minimum High Level 2.0 2.0 2.0 
Input Voltage 

V1L Maximum Low Level 0.8 0.8 0.8 
Input Voltage 

VoH Minimum High Level V1N=V1H orV1L 
Output Voltage ilourl = 20 µA Vee Vcc-0.1 Vcc-0.1 Vcc-0.1 

i lourl = 6.0 mA, Vee= 4.5V 4.2 3.98 3.84 3.7 
ii our I= 7 .2 mA, Vee= 5.5V 5.2 4.98 4.84 4.7 

Vm Maximum Low Level V1N = V1H or V1L 
Voltage I lourl = 20 µA 0 0.1 0.1 0.1 

ilourl =6.0 mA, Vcc=4.5V 0.2 0.26 0.33 0.4 
l1ourl=7.2 mA, Vcc=5.5V 0.2 0.26 0.33 0.4 

i1N Maximum Input V1N =Vee or GND, ±0.1 ±1.0 ±1.0 
Current V1H or V1L. Pin 1 or 19 

loz Maximum TRI-ST ATE Vour=VccorGND ±0.5 ±5.0 ±10 
Output Leakage G=V1H 
Current 

Ice Maximum Quiescent V1N =Vee or GND 8 80 160 
Supply Current lour=O µA 

V1N = 2.4V or 0.5V (Note 4) 0.6 1.0 1.3 1.5 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Units 
v 
v 

·c 
·c 

ns 

Units 

v 

v 

v 
v 
v 

v 
v 
v 

µA 

µA 

µA 

mA 

Note 3: Power Dissipation temperature derating-plastic "N" package: -12 mW/'Cfrom 65'C to 85'C; ceramic "J" package: -12 mW/'C from 100°Cto 125'C. 

Note 4: Measured per input. All other inputs at Vee or ground. 
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AC Electrical Characteristics MM54HCT245tMM74HCT245 

Vee= 5.0V, tr= tt = 6 ns, TA= 25°C (unless otherwise specified) 

Symbol Parameter Conditions Typ 

tPHL• tPLH Maximum Output CL =45 pF 16 
Propagation Delay 

tpzL, tpzH Maximum Output CL =45 pF 29 
Enable Time AL =1 kn 

tpLZ, tpHz Maximum Output CL =5pF 20 
Disable Time AL =1 kn 

AC Electrical Characteristics MM54HCT245tMM74HCT245 

Vce=5.0V ±10%, tr=t,=6 ns (unless otherwise specified) 

Guaranteed 
Limit 

Units 

20 ns 

40 ns 

25 ns 

74HCT 54HCT 

Symbol Parameter Conditions 
TA= 25·c 

TA = - 40 to 85°C TA= -55 to 125°C 

Typ Guaranteed Limits 

tPHL• tPLH Maximum Output CL= 50 pF 17 23 29 34 

Propagation Delay CL= 150 pF 24 30 38 45 

tpzL Maximum Output AL= 1 kn 
31 42 53 63 

Enable Time CL= 50pF 

tpzH Maximum Output AL= 1 kn 
23 33 41 49 

Enable Time CL= 50 pF 

tpHz, tpLz Maximum Output AL= 1 kn 21 30 38 45 

Disable Time CL= 50pF 

tTHL• tTLH Maximum Output CL= 50pF 8 12 15 18 

Rise and Fall Time 

C1N Maximum Input 10 15 15 15 

Capacitance 

CouT Maximum Output/Input 20 25 25 25 

Capacitance 

Cpo Power Dissipation (Note 5) G =Vee 7 
Capacitance GND G= 100 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

pF 

pF 

pF 

pF 

Note 5: Cpo determines the no load power consumption, Po= Cpo Vcc2 I+ Ice Vee. and the no load dynamic current consumption, Is= Cpo Vee I+ Ice· 
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Logic Diagram 3: 
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~National 
~Semiconductor 
MM54HCT251/MM74HCT251 
8-Channel TRI-STATE® Multiplexer 
General Description 
This 8-channel digital multiplexer with TRI-STATE outputs 
utilizes advanced silicon-gate CMOS technology. Along with 
the high noise immunity and low power consumption of 
standard CMOS integrated circuits, it possesses the ability 
to drive 10 LS-TIL loads. The large output drive capability 
and TRI-STATE feature make this part ideally suited for in
terfacing with bus lines in a bus oriented system. 

This multiplexer features both true (Y) and complement (W) 
outputs as well as a STROBE input. The STROBE must be 
at a low logic level to enable this device. When the STROBE 
input is high, both outputs are in the high impedance state. 
When enabled, address information on the data select in
puts determines which data input is routed to the Y and W 
outputs. 

Connection and Logic Diagrams 
Dual-in-Line Package 

DATA INPUTS DATA SELECT 

Vee 4 5 6 A B c 

D4 D5 D6 D7 A B 

D3 c 

D2 D1 DO Y w s 

3 4 5 8 

3 2 0 Y W STROBE GND --DATA INPUTS OUTPUTS TL/F/9401-1 

Top View 

Order Number MM54HCT251* or MM74HCT251* 
*Please look into Section 8, Appendix D 
for availability of various package types. 

MM54HCT /MM? 4HCT devices are intended to interface be
tween TIL and NMOS components and standard CMOS 
devices. These parts are also plug-in replacements for LS
TIL devices and can be used to reduce power consumption 
in existing designs. 

Features 
• Typical propagation delay: 20 ns 
• Low quiescent current: 40 µA maximum (74HCT Series) 
• Low input current: 1 µA maximum 
• Fanout of 1 O LS-TIL loads 
• TIL input compatible 

Truth Table 

Inputs Outputs 

Select 
Strobe y w 

c B A s 
x x x H z z 
L L L L DO DO 

L L H L D1 D1 
L H L L D2 D2 

L H H L D3 D3 

H L L L D4 D4 
H L H L D5 D5 

H H L L D6 D6 
H H H L D7 D7 

H = high logic level, L = logic level 

X = irrelevant, Z = high impedance (off) 

DO, 01 . . . 07 = the level of the respective D input 

TL/F/9401-2 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
If Military/Aerospace specified devices are required, Min Max Units 
contact the National Semiconductor Sales Office/ Supply Voltage (Vee) 2 6 v 
Distributors for availability and specifications. DC Input or Output Voltage 0 Vee v 
Supply Voltage (Vee) -0.5V to + 7.0V (V1N· Vour) 
DC Input Voltage (V1N) -1.5V to Vee+ 1.5V Operating Temp. Range (TA) 

DC Output Voltage (Vour) -0.5Vto Vcc+0.5V MM74HCT -40 +85 ·c 

Clamp Diode Current Cl1K· loK) ±20mA 
MM54HCT -55 +125 ·c 

DC Output Current, per Pin (lour) ±35mA 
Input Rise or Fall Times 

(tr, t1) Vcc=4.5V 500 ns 
DC Vee or GND Current, per Pin (Ice) ±70mA 

Storage Temperature Range (T srn) - 65°C to + 150°c 

Power Dissipation (Po) 
(Note 3) 600mW 
S.O. Package only 500mW 

Lead Temp. (TL) (Soldering, 10 seconds) 260°c 

DC Electrical Characteristics (Note 4) Vee = 5V ± 10% 

TA=2s0c 
74HCT 54HCT 

Symbol Parameter Conditions TA= -40°c to +ss·c TA=-ss•cto +12s0 c Units 

Typ Guaranteed Limits 

V1H Minimum High Level 
3.15 3.15 3.15 v 

Input Voltage 

V1L Maximum Low Level 
0.9 0.9 0.9 v 

Input Voltage 

VoH Minimum High Level V1N = V1H or V1L 
Output Voltage llourls:20 µA 4.5 4.4 4.4 4.4 v 

V1N=V1H orV1L 
!lour! S:4.0 mA, Vee = 4.5V 4.2 3.98 3.84 3.7 v 
l1ourls:4.8 mA, Vee= 5.5V 5.2 4.98 4.84 4.7 v 

Vol Maximum Low Level V1N=V1H orV1L 
Output Voltage !lour! s:20 µA 0 0.1 0.1 0.1 v 

V1N=V1H orV1L 
!lour! s:4.0 mA, Vee = 4.5V 0.2 0.26 0.33 0.4 v 
!lour! s:4.8 mA, Vee = 5.5V 0.2 0.26 0.33 0.4 v 

l1N Maximum Input V1N=VccorGND 
±0.1 ±1.0 ±1.0 µA 

Current 

loz Maximum TRI-STATE Vour=Vcc or GND 
±0.5 ±5.0 ±10 µA 

Output Leakage STROBE=Vcc 

Ice Maximum Quiescent V1N=VccorGND 
8.0 80 160 µA 

Supply Current lour=O µA 

V1N = 2.4V or 0.5V 0.25 0.4 0.55 0.65 mA 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating- plastic "N" package: -12 mWl°C from 65°C to 85'C; ceramic "J" package: -12 mWl°C from 100°Cto 125°C. 

Note 4: For a power supply of 5V ± 10% the worst case output voltages (VoH. and VoL.) occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case V1H and V1L occur at Vee= 5.5V and 4.5V respectively. (The V1H value at 5.5V is 3.85V.) The worst case leakage current (l1N. Ice. and 
lozl occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics vee=5v, TA=25·c,cL =15pF,tr=t,=6ns 

Symbol Parameter Conditions Typ Guaranteed Units Limit 

tPHL• tPLH Maximum Propagation Delay 
26 35 ns 

A, B orCtoY 

tPHL• tPLH Maximum Propagation 27 35 ns 
Delay, A, B or C to W 

tPHL• tPLH Maximum Propagation 
22 31 ns 

Delay, Any D to Y 

tPHL• tPLH Maximum Propagation 
24 32 ns 

Delay, Any D to W 

tpzH, tpzL Maximum Output Enable AL =1 kn 19 27 ns 
Time, W Output CL =50 pF 

tpzH, tpzL Maximum Output Enable AL =1 kn 19 26 ns 
Time, Y Output CL =50 pF 

tpHz, tpLZ Maximum Output Disable Time AL =1 kn 26 40 ns 
WOutput CL =5pF 

tpHz, tpLz Maximum Output Disable Time AL =1 kn 27 40 ns 
Y Output CL =5 pF 

AC Electrical Characteristics Vee = 5.0V ± 10%, CL= 50 pF, tr= t,= 6 ns (unless otherwise specified) 

TA=2s·c 74HC 54HC 
Symbol Parameter Conditions TA=-40-Cto +ss·c TA= -ss·c to + 12s·c Units 

Typ Guaranteed Limits 

tPHL• tPLH Maximum Propagation Delay 
33 46 58 69 ns 

A, B orCto Y 

tPHL• tPLH Maximum Propagation 33 46 58 69 ns 
Delay, A, B or C to W 

tPHL• tPLH Maximum Propagation 
27 40 50 60 ns 

Delay, any D to Y 

tPHL• tPLH Maximum Propagation 27 40 50 60 ns 
Delay, any D to W 

tpzH, tpzL Maximum Output Enable Time AL =1 kn 21 30 38 45 ns 
WOutput 

tpzH, tpzL Maximum Output Enable Time AL= 1 kn 21 30 38 45 ns 
YOutput 

tpHz, tpLz Maximum Output Disable Time AL =1 kn 22 40 50 60 ns 
W Output 

tpHz, tpLz Maximum Output Disable Time AL =1 kn 23 40 50 60 ns 
Y Output 

tTHL• tTLH Maximum Output Rise 
8 15 19 23 ns 

and Fall Time 

Cpo Power Dissipation (per Package) 
110 pF 

Capacitance (Note 5) 

C1N Maximum Input 
5 10 pF 

Capacitance 

Note 5: Cpo determines the no load dynamic power consumption, Po= Cpo Vcc'2 I+ Ice Vee. and the no load dynamic current consumption, Is= Cpo Vee f +Ice. 
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~National 
~Semiconductor 

MM54HCT253/MM74HCT253 
Dual 4-Channel TRI-STATE® Multiplexer 

General Description 
The MM54HCT253/MM74HCT253 utilizes advanced sili
con-gate CMOS technology to achieve the low power con
sumption of standard CMOS integrated circuits, along with 
the capability to drive 10 LS-TTL loads. The large output 
drive and TRI-STATE features of this device make it ideally 
suited for interfacing with bus lines in bus organized sys
tems. When the output control input is taken high, the multi
plexer outputs are sent into a high impedance state. 

The 54HC/7 4HC logic family is functionally and pinout com
patible with the standard 54LS/74LS logic family. All inputs 
are protected from damage due to static discharge by inter
nal diode clamps to Vee and ground. 

Features 
• Typical propagation delay: 24 ns 

When the output control is held low, the associated multi
plexer chooses the correct output channel for the given in
put signals determined by the select A and B inputs. 

• Low quiescent current: 80 µA maximum (7 4HCT Series) 
• Low input current: 1 µA maximum 
• Fanout of 10 LS-TTL loads 
• TTL input compatible 

Connection Diagram 

Truth Table 

Dual-In-Line Package 

DATA INPUTS 
OUTPUT 

Vee 2C2 2C1 2CO 2Y 

16 13 12 11 10 

B ii A ll 

B Ii A ll 

OUTPUT B 1C3 1C2 1C1 1CO OUTPUT GND 
CONTROL SELECT 1Y 

16 DATA INPUTS 
TL/F /8434-1 

Top View 

Order Number MM54HCT253* or MM74HCT253* 
•Please look into Section 8, Appendix D for availability of various package types. 

Select 
Data Inputs 

Output 
Output 

Inputs Control 

B A co C1 C2 C3 G y 

x x x x x x H z 
L L L x x x L L 
L L H x x x L H 
L H x L x x L L 
L H x H x x L H 
H L x x L x L L 
H L x x H x L H 
H H x x x L L L 
H H x x x H L H 

Select inputs A and B are common to both sections. 

H = high level, L = low level, X = irrelevant, Z = high impedance (off). 
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Absolute Maximum Ratings (Notes 1 & 2) 

If Miiitary/ Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for avallablllty and specifications. 

Supply Voltage (Vee) -0.5 to + 7.0V 

DC Input Voltage MN) -1.5 to Vee + 1.5V 

DC Output Voltage (Your) -0.5 to Vee + 0.5V 

Clamp Diode Current (11K. loK) 

DC Output Current, per pin (lour) 

DC Vee or GND Current, per pin (Ice) 

Storage Temperature Range <Tsrn) 

Power Dissipation (Po) 
(Note3) 
S.O. Package only 

Lead Temp. (TL) (Soldering 10 seconds) 

±20mA 

±35mA 

±70mA 

- 65°C to + 150°c 

600mW 
500mW 

260°c 

Operating Conditions 
Min 

Supply Voltage (Vee) 4.5 

DC Input or Output Voltage 0 

(V1N. Your) 
Operating Temp. Range (TA) 

MM74HCT -40 

MM54HCT -55 

Input Rise or Fall Times 

(tr. t1) 

DC Electrical Characteristics Vee= 5V ±10% (unless otherwise specified) 

74HCT 

Max Units 

5.5 v 
Vee v 

+85 ·c 

+125 ·c 

500 ns 

54HCT 
Symbol Parameter , Conditions 

TA= 2s·c 
TA= -40°ctoas·c TA= -ss•cto 12s·c Units 

VoH 

loz 

Ice 

Minimum High Level 

Input Voltage 

Maximum Low Level 
Input Voltage 

V1N = V1H or V1L 

Typ 

2.0 

0.8 

Minimum High Level 
Output Voltage !lour! = 20 µA Vee Vcc-0.1 

llourl = 4.0 mA, Vee = 4.5V 4.2 3.98 

llourl = 4.8 mA, Vee= 5.5V 5.7 4.98 

Maximum Low Level 
Voltage 

V1N = V1H or V1L 
llourl = 20 µA o 
llourl = 4.0 mA, Vee = 4.5V 0.2 
!lour! = 4.8 mA, Vee = 5.5V 0.2 

Maximum Input V1N = Vee or GND, 

Current V1H or V1L 

Maximum TRI-STATE Your= Vee or GND 
Output Leakage Enable = V1H or V1L 
Current 

Maximum Quiescent V1N = Vee or GND 

0.1 
0.26 

0.26 

±0.1 

±0.5 

8.0 

Guaranteed Limits 

2.0 2.0 v 

0.8 0.8 v 

Vcc-0.1 Vcc-0.1 v 
3.84 3.7 v 
4.84 4.7 v 

0.1 0.1 v 
0.33 0.4 v 
0.33 0.4 v 
±1.0 ±1.0 µA 

±5.0 ±10 µA 

80 160 µA 

Supply Current 1-l..;...o..;;.ur.;..._=_O-"'-µ-A _____ -+---1----1---------+---------1---
V1N = 2.4V or 0.5V (Note 4) 0.6 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

0.8 1.0 mA 

Note 3: Power Dissipation temperature derating-plastic "N" package: -12 mW l°C from 65°C to as·c; ceramic "J" package: -12 mW /°C from 1 OO"C to 12s·c. 

Note 4: Measured per pin. All others tied to Yee or ground. 
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AC Electrical Characteristics Vee = 5V, TA = 25°C, tr = tt = 6 ns, CL = 15 pF 

Symbol Parameter Conditions Typ Units 

tpHL• tPLH Maximum Propagation 23 ns 
Delay, Select A or B to Y 

tPHL• tPLH Maximum Propagation 20 ns 
Delay, any Data to Y 

tpzH, tpzL Maximum Output Enable Time RL = 1k 15 ns 
Y Output to a Logic Level 

tpHz, tpLZ Maximum Output Disable Time RL = 1k 11 ns 
Y Output to High Impedance State 

AC Electrical Characteristics CL = 50 pF, tr = tt = 6 ns (unless otherwise specified) 

TA= 2s·c 
74HC 54HC 

Symbol Parameter Conditions TA= -40°c to as·c TA= ss·c to 12s·c Units 

Min Typ Max Min Max Min Max 

tPHL• tPLH Maximum Propagation 26 40 50 60 ns 
Delay, Select A or B to Y 

tPHL• tPLH Maximum Propagation 24 35 44 53 ns 
Delay, and Data to Y 

tpzH, tpzL Maximum Output Enable Time RL = 1 k!l 19 26 33 39 ns 

tpHz, tpLz Maximum Output Disable Time RL = 1 k!l 13 20 25 30 ns 

trHL• trLH Maximum Output Rise 8 15 19 22 ns 
and Fall Time 

C1N Maximum Input Capacitance 5 10 10 10 pF 

Cpo Power Dissipation (per package) 
Capacitance (Note 5) Output Enabled 90 pF 

Outputs Disabled 25 pF 

Note 5: Cpo determines the no load dynamic power consumption, Po= Cpo Vee 2 f+ Ice Vee. and the no load dynamic current consumption, Is= Cpo Vee f+ Ice-

Logic Diagram 

DATA 1 I :::-;::::=::::t=t: 
1c1----t----J-~~ 

1co--"1:f;=:=:$1=[:J 

DATA21:::~ 
2c1----t-t----f-t-r"""""\ 

2co--~::+:==$f=£:) 
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~National a Semiconductor 
MM54HCT257 /MM74HCT257 
Quad 2-Channel TRI-STATE® Multiplexer 
MM54HCT258/MM74HCT258 
Quad 2-Channel TRI-STATE® Multiplexer 
(Inverted Output) 
General Description 
These Quad 2-to-1 line date selector/multiplexers utilize ad
vanced silicon-gate CMOS technology. Along with the high 
noise immunity and low power dissipation of standard 
CMOS integrated circuits, these possess the ability to drive 
LS-TTL loads. The large output drive capability coupled with 
the TRI-STATE feature make these devices ideal for inter
facing with bus lines in a bus organized system. When the 
OUTPUT CONTROL input line is taken high, the outputs of 
all four multiplexers are sent into a high impedance state. 
When the OUTPUT CONTROL line is low, A or 8 data is 
selected for the HCT257 while A or B data is selected for 
the HCT258. 

The 54HCT/74HCT logic family is speed, function, and pin
out compatible with the standard 54LS/7 4LS logic family. 

Connection Diagrams 
Dual·ln·Llne Package 

OUTPUT~ OUTPUT~ OUTPUT 
VccCONTROl4A 48 4Y 3A 38 3Y 

18 15 14 13 12 11 10 9 

G 4A 4B 4Y 3A 38 

s 3Y 

1A 18 1Y 2A 28 2Y 

3 4 5 8 7 8 

SELECT 1A 18 1Y 2A 28 2Y GND 

"iNPUrS OUTPUT~ OUTPUT 

TL/F/6121-1 

Top View 

Order Number MM54HCT257* or MM74HCT257* 

All inputs are protected from damage due to static dis
charge by internal diode clamps to Vee and ground. 

Features 
• Typical propagation delay: 15 ns 
• Power supply range: 5V ± 10% 
• Low quiescent current: 80 µA maximum (7 4HC Series) 
• Completely TIL compatible 
• TRI-STATE outputs for connection to system buses 
• Added circuitry allows data input levels to float during 

TRI-STATE with no additional power consumption 
• High output drive current: 60 mA minimum 

Dual·ln·Llne Package 
INPUTS INPUTS 

OUTPUT - OUTPUT - OUTPUT 
Vee CONTROL 4A 48 4Y 3A 38 3Y 

16 14 13 12 11 10 

4A 48 4Y 3A 38 

3Y 

1A 

SELECT 1A 18 1Y 2A 28 2Y GND - OUTPUT - OUTPUT 
INPUTS INPUTS 

TL/F/6121-2 

Top View 

Order Number MM54HCT258* or MM74HCT258* 
•Please look into Section 8, Appendix D for availability of various package types. 

Truth Tables 
Inputs Inputs 

Output Select A B OutputY 
Control 

Output Select A B OutputY 
Control 

H x x x z H x x x z 
L L L x L L L L x H 
L L H x H L L H x L 
L H x L L L H x L H 
L H x H H L H x H L 

H = high level, L = low level, X = irrelevant, Z = high impedance, (off) 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
If Military/Aerospace specified devices are required, Min Max Units 
contact the National Semiconductor Sales Office/ Supply Voltage (Vee) 2 6 v 
Distributors for avallablllty and specifications. DC Input or Output Voltage 0 Vee v 
Supply Voltage (Vee) -0.5Vto +7.0V (V1N. Vour) 
DC Input Voltage (V1N) -1.5V to Vee+ 1.5V Operating Temp. Range (TA) 

DC Output Voltage (Vour) - 0.5V to V cc+ 0.5V MM74HCT -40 +85 ·c 
Clamp Diode Current (llK· loK) ±20mA MM54HCT -55 +125 ·c 

DC Output Current, per Pin (lour) ±35mA 
Input Rise or Fall Times 

<tr. t1) Vcc=4.5V 500 ns 
DC Vee or GND Current, per Pin (Ice) ±70mA 

Storage Temperature Range (Tsrn) - 65°C to + 150°c 

Power Dissipation (Po) 
(Note3) 600mW 
S.O. Package only 500mW 

Lead Temp. (TL.) (Soldering, 1 O sec.) 260°c 

DC Electrical Characteristics (Note 4) Vee= 5V ± 10% 

TA=2s·c 
74HCT 54HCT 

Symbol Parameter Conditions TA= -40°c to as·c TA= -ss·c to 12s·c Units 

Typ Guaranteed Limits 

V1H Minimum High Level 
3.15 3.15 3.15 v 

Input Voltage 

V1L Maximum Low Level 
0.9 0.9 0.9 v 

Input Voltage 

VoH Minimum High Level V1N = V1H or V1L 
Output Voltage llourl ~20 µA 4.5 4.4 4.4 4.4 v 

V1N = V1H or V1L 
l1ourl~6.0 mA, Vcc=4.5V 4.2 3.98 3.84 3.7 v 
llourlQ.2 mA, Vcc=5.5V 4.98 4.84 4.7 

Vol Maximum Low Level V1N = V1H or V1L 
Output Voltage llourl ~20 µA 0 0.1 0.1 0.1 v 

V1N = V1H or V1L 
l1ourl~6.0 mA, Vcc=4.5V 0.2 0.26 0.33 0.4 v 
llourlQ.2 mA, Vcc=5.5V 0.2 0.26 0.33 0.4 

l1N Maximum Input V1N=VccorGND 
±0.1 ±1.0 ±1.0 µA 

Current 

loz Maximum TRI-STATE Vour=VccorGND ±0.5 ±5.0 ±10 µA 
Output Leakage OC=V1H 

Ice Maximum Quiescent V1N = Vee or GND 
8.0 80 160 µA 

Supply Current lour= o µA 

V1N = 2.4V or 0.5V (Note 4) 1.2 1.4 1.5 mA 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mW t•c from es·c to as·c; ceramic "J" package: -12 mW t•c from 1 oo·c to 12s·c. 
Note 4: For a power supply of 5V ± 10% the worst case output voltages (VoH and Vot.l occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case ViH and v1L occur at Vee= 5.5V and 4.5V respectively. (The V1H value at 5.5V is 3.B5V.) The worst case leakage current (l1N. 
Ice. and lozl occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics Vcc=5V, TA=25°C, CL =45 pF, tr=t,=6 ns (unless otherwise noted) 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

tPHL• tPLH Maximum Propagation 
16 ns 

Select to any Output 

tPHL• tPLH Maximum Propagation Delay 
12 ns 

A or B to any Output 

tpzH, tpzL Maximum Enable Time AL= 1 kn 23 ns 

tpHz, tpLz Maximum Disable Time AL= 1 kn 
8 

ns 
CL= 5pF 

AC Electrical Characteristics Vcc=5V± 10%, tr=t,=6 ns, CL =50 pF (unless otherwise noted) 

TA=25°C 
74HCT 54HCT 

Symbol Parameter Conditions TA= - 40°C to + 85°C TA= - 55°C to + 125°C Units 

Typ Guaranteed Limits 

tpHL• tpLH Maximum Propagation Delay, 
18 24 30 36 ns 

Select to any Output 

tpHL• tpLH Maximum Propagation Delay, 
15 20 25 30 ns 

A or B to any Output 

tpzH, tpzL Maximum Enable to AL= 1k 
34 43 51 

any Output CL= 50 pF 
ns 

tpHz, tpLZ Maximum Disable AL= 1k 
15 21 26 32 

Time CL= 50 pF 
ns 

tTHL• tTLH Maximum Output Rise 
12 15 18 ns 

and Fall Times 

Cpo Power Dissipation 
44 pF 

Capacitance (Note 5) 

C1N Maximum Input 
5 10 10 10 pF 

Capacitance l l 
Note 5: Cpo determines the no load dynamic power consumption, Po= Cpo Vcc2 f +Ice Vee. and the no load dynamic current consumption, Is= Cpo Vee f +Ice· 
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Logic Diagrams 
'HCT257 

OUTPUT(15) 

CONTROL(2) 

1A =-~~~~~~~. 

18 
(3) 

28 
(6) 

(11) 
3A 

38 
(10) 

(14) 
4A 

(13) 
48 

'HCT258 
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~National 
~Semiconductor 

MM54HCT273/MM74HCT273 
Octal D Flip-Flop with Clear 

General Description 
The MM54HCT273/MM74HCT273 utilizes advanced sili
con-gate CMOS technology. It has an input threshold and 
output drive similar to LS-TTL with the low standby power of 
CMOS. 

MM54HCT/MM74HCT devices are intended to interface 
TTL and NMOS components to CMOS components. These 
parts can be used as plug-in replacements to reduce sys
tem power consumption in existing designs. 

Features 
• Typical propagation delay: 20 ns 

These positive edge-triggered flip-flops have a common 
clock and clear-independent Q outputs. Data on a D input, 
having the specified set-up and hold time, is transferred to 
the corresponding Q output on the positive-going transition 
of the clock pulse. The asynchronous clear forces all out
puts low when it is low. 

• Low quiescent current: 80 µA maximum (74HCT series) 
• Fanout of 10 LS-TTL loads 

All inputs to this device are protected from damage due to 
electrostatic discharge by diodes to Vee and ground. 

Connection Diagram 
Dual-In-Line Package 

as 08 07 C7 R6 06 05 

CLEAR 01 02 a2 CJ 

Top View 

C5 CLOCK 

GNO 

TL/F/5760-1 

Order Number MM54HCT273* or MM74HCT273* 
•Please look into Section 8, Appendix D for availability of various package types. 

Truth Table (Each Flip-Flop) 

Inputs 

Clear Clock 

L x 
H i 
H i 
H L 

H = high level (steady-state) 

L = low level (steady-state) 

X = don't care 

D 

x 
H 
L 
x 

t = transition from low to high level 

Outputs 

Q 

L 
H 
L 

QO 

ao = the level of Q before the indicated steady-state input 

conditions were established. 
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Absolute Maximum Ratings (Notes 1 and 2) 

If Miiitary I Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage (Vee) -0.5V to + 7.0V 

DC Input Voltage (V1N) -1.5V to Vee + 1.5V 

DC Output Voltage (Vour) -0.5V to Vee + 0.5V 

Clamp Diode Current (l1K. loK) 

DC Output Current, per Pin (lour) 

DC Vee or GND Current, per Pin (Ice) 

Storage Temperature Range (TsrG) 

Power Dissipation (Po) 
(Note3) 
S.O. Package only 

Lead Temperature (TtJ 
(Soldering, 10 seconds) 

±20mA 

±25mA 

±50mA 

- 65°C to + 15o·c 

600mW 
500mW 

260°c 

Operating Conditions 
Min 

Supply Voltage (Vee) 4.5 

DC Input or Output Voltage 

<ViN. Vour) 0 

Operating Temp. Range (TA) 
MM74HCT -40 

MM54HCT -55 

Input Rise or Fall Times 

(tr,t1) 

DC Electrical Characteristics Vee= 5V ± 10% unless otherwise specified 

74HCT 

Max Units 
5.5 v 

Vee v 

+85 ·c 

+125 ·c 

500 ns 

54HCT 
Symbol Parameter Conditions 

TA=2s·c 
TA= - 40°c to as·c TA= -ss·c to 12s0 c Units 

Typ Guaranteed Limits 

V1H Minimum High Level 2.0 2.0 2.0 v 
Input Voltage 

V1L Maximum Low Level 0.8 0.8 0.8 v 
Input Voltage 

VoH Minimum High Level V1N = V1H or V1L 
Output Voltage llourl = 20 µA Vee Vcc-0.1 Vcc-0.1 Vcc-0.1 v 

llourl = 4.0 mA, Vee= 4.5V 4.2 3.98 3.84 3.7 v 
llourl = 4.8 mA, Vee= 5.5V 5.2 4.98 4.84 4.7 v 

VoL Minimum Low Level V1N = V1H or V1L 
Voltage llourl = 20 µA 0 0.1 0.1 0.1 v 

llourl = 4.0 mA, Vee = 4.5V 0.2 0.26 0.33 0.4 v 
llourl = 4.8 mA, Vee= 5.5V 0.2 0.26 0.33 0.4 v 

l1N Maximum Input V1N = Vee or GND, ±0.1 ±1.0 ±1.0 µA 
Current V1H orV1L 

Ice Maximum Quiescent V1N = Vee or GND 8 80 160 µA 
Supply Current lour= o µA 

V1N = 2.4V or 0.5V (Note 4) 0.6 0.8 0.9 mA 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power dissipation temperature derating-plastic "N" package: -12 mW /'C from 65°C to 85°C; ceramic "J" package: -12 mW /'C from 100°C to 125°C. 

Note 4: Measured per pin, all other inputs held at Vee or GND. 
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Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limits 

fMAX Maximum Operating Frequency 68 30 MHz 

tpHL• tPLH Maximum Propagation Delay from Clock to Q 18 30 ns 

tPHL• tPLH Maximum Propagation Delay from Clear to Q 21 30 ns 

tREM Minimum Removal Time, Clear to Clock -1 5 ns 

ts Minimum Set-Up Time D to Clock 6 20 ns 

tH Minimum Hold Time Clock to D -3 5 ns 

tw Minimum Pulse Width Clock or Clear 10 16 ns 

AC Electrical Characteristics Vee = 5.0V ± 10%, CL = 50 pF, tr = tt = 6 ns unless otherwise specified 

TA=2s·c 
74HCT 54HCT 

Symbol Parameter Conditions TA= -40°c to es·c TA= -ss·cto 12s·c Units 

Typ Guaranteed Limits 

fMAX Maximum Operating 68 27 21 18 MHz 
Frequency 

tPHL• tPLH Maximum Propagation 22 37 46 56 ns 
Delay from Clock to Q 

tPHL• tPLH Maximum Propagation 25 35 44 52 ns 
Delay from Clear to Q 

tREM Minimum Removal -1 5 6 7 ns 
Time Clear to Clock 

ts Minimum Set-Up Time 6 20 25 30 ns 
DtoClock 

tH Minimum Hold Time -3 5 5 5 ns 
Clock to D 

tw Minimum Pulse Width 10 16 25 30 ns 
Clock or Clear 

tr. tt Maximum Input Rise 500 500 500 ns 
and Fall Time, Clock 

tTHL• tTLH Maximum Output Rise 11 15 19 22 ns 
and Fall Time 

Cpo Power Dissipation (Per Flip-Flop) 50 pF 
Capacitance (Note 5) 

C1N Maximum Input 6 10 10 10 pF 
Capacitance 

Note 5: Cpo determines the no load dynamic power consumption, Po = Cpo Vcc2- f + Ice V cc. and the no load dynamic current consumption, Is = Cpo V cc2 f + Ice-
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~National 
~Semiconductor 

MM54HCT373/MM74HCT373 
TRI-STATE® Octal D-Type Latch 
MM54HCT37 4/MM7 4HCT37 4 
TRI-STATE Octal D-Type Flip-Flop 

General Description 
The MM54HCT373/MM74HCT373 octal D-type latches and 
MM54HCT374/MM74HCT374 Octal D-type flip flops ad
vanced silicon-gate CMOS technology, which provides the 
inherent benefits of low power consumption and wide power 
supply range, but are LS-TTL input and output characteristic 
& pin-out compatible. The TRI-STATE outputs are capable 
of driving 15 LS-TTL loads. All inputs are protected from 
damage due to static discharge by internal diodes to V cc 
and ground. 

When the MM54HCT373/MM74HCT373 LATCH ENABLE 
input is high, the Q outputs will follow the D inputs. When 
the LATCH ENABLE goes low, data at the D inputs will be 
retained at the outputs until LATCH ENABLE returns high 
again. When a high logic level is applied to the OUTPUT 
CONTROL input, all outputs go to a high impedance state, 
regardless of what signals are present at the other inputs 
and the state of the storage elements. 

The MM54HCT374/MM74HCT374 are positive edge trig
gered flip-flops. Data at the D inputs, meeting the setup and 
hold time requirements, are transferred to the Q outputs on 

Connection Diagram 

positive going transitions of the CLOCK (CK) input. When a 
high logic level is applied to the OUTPUT CONTROL (QC) 
input, all outputs go to a high impedance state, regardless 
of what signals are present at the other inputs and the state 
of the storage elements. 

MM54HCT /MM74HCT devices are intended to interface be
tween TTL and NMOS components and standard CMOS 
devices. These parts are also plug in replacements for LS
TTL devices and can be used to reduce power consumption 
in existing designs. 

Features 
• TTL input characteristic compatible 
• Typical propagation delay: 20 ns 
• Low input current: 1 µA maximum 
• Low quiescent current: 80 µA maximum 
• Compatible with bus-oriented systems 
• Output drive capability: 15 LS-TTL loads 

Dual-In-Line Package 
LATCH 

ENABLE 
~ m m ro ~ w w ~ u 

OUTPUT 10 10 20 20 30 30 40 40 GND 
CONTROL 

oc 

Top View 

'HC373 

TL/F/5367-1 

Order Number MM54HCT373* or MM74HCT373* 

Vee 80 80 70 70 60 60 SD 50 CLOCK 

OUTPUT 10 
CONTROL 

QC 

10 20 20 30 30 40 40 GND 

Top View 

'HC374 

TL/F/5367-2 

Order Number MM54HCT374* or MM74HCT374* 

*Please look into Section B, Appendix D for availability of various package types. 
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Absolute Maximum Ratings <Notes 1 & 2> Operating Conditions 
If Miiitary/Aerospace specified devices are required, Min Max Units 
contact the National Semiconductor Sales Office/ Supply Voltage (Vee) 4.5 5.5 v 
Distributors for avallablllty and specifications. DC Input or Output Voltage 0 Vee v 
Supply Voltage (V cc> -0.5 to + 7.0V <VIN· VouT) 
DC Input Voltage CVrN) -1.5 to Vee+ 1.5V Operating Temp. Range (TA) 

DC Output Voltage (VouT) -0.5 to Vcc+0.5V MM74HCT -40 +85 ·c 
Clamp Diode Current (lrK• loK) ±20mA MM54HCT -55 +125 ·c 

DC Output Current, per pin (louT) ±35mA Input Rise or Fall Times . 
(tr. tt) 500 ns 

DC Vee or GND Current, per pin (Ice) ±70mA 

Storage Temperature Range (Tsrn) -65°C to + 150°C 

Power Dissipation (Po) 
(Note3) 600mW 
S.O. Package only 500mW 

Lead Temp. (TL) (Soldering 10 seconds) 2so·c 

DC Electrical Characteristics Vee= 5V ± 10% (unless otherwise specified) 

TA=25°C 
74HCT 54HCT 

Symbol Parameter Conditions TA=-40toss·c TA= -ssto 12s·c Units 

Typ Guaranteed Limits 

VrH Minimum High Level 2.0 2.0 2.0 v 
Input Voltage 

VrL Maximum Low Level 0.8 0.8 0.8 v 
Input Voltage 

VoH Minimum High Level VrN = VrH or VrL 
Output Voltage I louTI = 20 µA Vee Vcc-0.1 Vcc-0.1 Vcc-0.1 v 

l1ouTl=6.0 mA, Vcc=4.5V 4.2 3.98 3.84 3.7 v 
l1ouTl=7.2 mA, Vcc=5.5V 5.7 4.98 4.84 4.7 v 

VoL Maximum Low Level VrN=VrH orVrL 
Voltage llouTl=20 µA 0 0.1 0.1 0.1 v 

llouTI = 6.0 mA, Vee= 4.5V 0.2 0.26 0.33 0.4 v 
llouTI = 7.2 mA, Vee= 5.5V 0.2 0.26 0.33 0.4 v 

lrN Maximum Input VrN=VccorGND, ±0.1 ±1.0 ±1.0 µA 
Current VrH orVrL 

loz Maximum TRI-STATE VouT=VccorGND ±0.5 ±5.0 ±10 µA 
Output Leakage Enable= VrH or VIL 
Current 

Ice Maximum Quiescent VrN =Vee or GND 8.0 80 160 µA 
Supply Current louT=O µA 

VrN = 2.4V or 0.5V (Note 4) 1.0 1.3 1.5 mA 
Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mW/°C from 65'C to as•c; ceramic "J" package: -12 mW /'C from 1 OCl°C to 125'C. 

Note 4: Measured per pin. All others tied to Vee or ground. 
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AC Electrical Characteristics MM54HCT373tMM74HCT373 

Vee= 5.0V, tr= t1=6 ns TA= 25°C (unless otherwise specified) 

Symbol Parameter Conditions 

tPHL• tPLH Maximum Propagation Delay CL =45 pF 
Data to Output 

tPHL• tpLH Maximum Propagation Delay CL=45 pF 
Latch Enable to Output 

tpzH, tpzL Maximum Enable Propagation Delay CL =45 pF 
Control to Output AL =1 kO. 

tpHz, tpLZ Maximum Disable Propagation Delay CL =5 pF 
Control to Output AL =1 kO. 

tw Minimum Clock Pulse Width 

ts Minimum Setup Time Data to Clock 

tH Minimum Hold Time Clock to Data 

AC Electrical Characteristics MM54HCT373tMM74HCT373 

Vee=5.0V ±10%, tr=t1=6 ns (unless otherwise specified) 

Symbol Parameter Conditions 
TA=25°C 

Typ 

tPHL• tpLH Maximum Propagation CL =50 pF 22 30 
Delay Data to Output CL =150 pF 30 40 

tPHL• tpLH Maximum Propagation Delay CL =50 pF 25 35 
Latch Enable to Output CL =150 pF 32 45 

tpzH, tpzL Maximum Enable Propagation CL =50 pF 21 30 
Delay Control to Output CL =150 pF 30 40 

AL =1 kO. 

tpHz, tpLZ Maximum Disable Propagation CL =50pF 21 30 
Delay Control to Output AL= 1 kO. 

trHL· trLH Maximum Output Rise CL= 50 pF 8 12 
and Fall Time 

tw Minimum Clock Pulse Width 16 

ts Minimum Setup Time Data to Clock 5 

tH Minimum Hold Time Clock to Data 10 

C1N Maximum Input Capacitance 10 

Cour Maximum Output Capacitance 20 

Cpo Power Dissipation Capacitance (Note 5) OC=Vee 5 
OC=GND 52 

Typ 
Guaranteed 

Units Limit 

18 25 ns 

21 30 ns 

20 28 ns 

18 25 ns 

16 ns 

5 ns 

10 ns 

74HCT 54HCT 
TA= -40 to 85°C TA= -55to 125°C Units 

Guaranteed Limits 

37 45 ns 
50 60 ns 

44 53 ns 
56 68 ns 

37 45 ns 
50 60 ns 

37 45 ns 

15 18 ns 

20 24 ns 

6 8 ns 

13 20 ns 

10 10 pF 

20 20 pF 

pF 
pF 

Note 5: Cpo determines the no load dynamic power consumption, Po = Cpo Vcc2 f + Ice Vee. and the no load dynamic current consumption, Is = Cpo 
Vccf +Ice· 

Truth Table 
'373 

Output 
LE Data 

373 
Control Output 

L H H H 
L H L L 
L L x Oo 
H x x z 

H = high level, L = low level · 

a0 = level of output before steady-state input conditions 
were established. 

Z = high impedance 
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'374 

Output 
Clock 

Control 

L t 
L t 
L L 
H x 

H = High Level, L = Low Level 

X = Don't Care 

i = Transition from low-to-high 

Z = High impedance state 

Data 
Output 
(374) 

H H 
L L 
x Oo 
x z 

a0 = The level of the output before steady state input conditions 
were established. 



AC Electrical Characteristics MM54HCT374/MM74HCT374 

V cc= 5.0V, tr= t1=6 ns TA= 25°C (unless otherwise specified) 

Symbol Parameter Conditions 

fMAX Maximum Clock Frequency 

tpHL• tPLH Maximum Propagation Delay CL =45 pF 
to Output 

tpzH, tpzL Maximum Enable Propagation Delay CL =45 pF 
Control to Output AL =1 kn 

tpHz, tpLz Maximum Disable Propagation Delay CL =5 pF 
Control to Output AL =1 kn 

tw Minimum Clock Pulse Width 

ts Minimum Setup Time Data to Clock 

tH Minimum Hold Time Clock to Data 

AC Electrical Characteristics MM54HCT374/MM74HCT374 

Vcc=5.0V ±10%, tr=t1=6 ns (unless otherwise specified) 

Typ 
Guaranteed 

Units 
Limit 

50 30 MHz 

20 32 ns 

19 28 ns 

17 25 ns 

20 ns 

5 ns 

16 ns 

74HCT 54HCT 

Symbol Parameter Conditions 
TA=25°C 

TA= - 40 to a5•c TA= -55to125·c 

Typ Guaranteed Limits 

fMAX Maximum Clock Frequency 30 24 20 

tpHL1 tPLH Maximum Propagation Delay CL =50 pF 22 36 45 48 
to Output CL= 150 pF 30 46 57 69 

tpzH, tpzL Maximum Enable Propagation CL =50 pF 21 30 37 45 
Delay Control to Output CL= 150 pF 30 40 50 60 

AL= 1 kn 

tpHz, tpLz Maximum Disable Propagation CL =50 pF 21 30 37 45 
Delay Control to Output AL= 1 kn 

trHL1 trLH Maximum Output Rise CL= 50 pF 8 12 15 18 
and Fall Time 

tw Minimum Clock Pulse Width 16 20 24 

ts Minimum Setup Time Data to Clock 20 25 30 

tH Minimum Hold Time Clock to Data 5 5 5 

C1N Maximum Input Capacitance 10 10 10 

Cour Maximum Output Capacitance 20 20 20 

Cpo Power Dissipation Capacitance (Note 5) OC=Vcc 5 
OC=GND 58 

Units 

MHz 

ns 
ns 

ns 
ns 

ns 

ns 

ns 

ns 

ns 

pF 

pF 

pF 
pF 

Note 5: Cpo determines the no load power consumption, Po=Cpo Vcc2 f+ Ice Vee. and the no load dynamic current consumption, ls=Cpo Vee f+ Ice-
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Logic Diagrams 

LATCH 
ENABLE 
(LE) 

OUTPUT 
CONTROL 

10 20 

(OC) 1Q 

CLOCK 
(CK) 

OUTPUT 
CONTROL 

(OC) 

10 

1Q 

30 

2Q 

20 

20 

MM54HCT373/MM74HCT373 

40 50 

3Q 4Q 

MM54HCT37 4/MM7 4HCT37 4 

30 40 50 

30 40 

4-111 

60 70 

SQ 6Q 

60 70 

SQ 60 

80 

7Q 

BO 

7Q 

SQ 
TL/F/5367-4 

ea 
TL/F/5367-5 



~National a Semiconductor 
MM54HCT521/MM74HCT521 
8-Bit Magnitude Comparator 
(Equality Detector) 

General Description 
This equality detector utilizes advanced silicon-gate CMOS 
technology to compare bit for bit two 8-bit words and indi
cate whether or not they are equal. The P = Q output indi
cates equality when it is low. A single active low enable is 
provided to facilitate cascading of several packages and en
able comparison of words greater than 8 bits. 

This device is useful in memory block decoding applica
tions, where memory block enable signals must be generat
ed from computer address information. 

The comparator combines the low power consumption of 
CMOS, but inputs are compatible with TTL logic levels, and 
the output can drive 1 0 low power Schottky equivalent 
loads. 

Connection and Logic Diagrams 
Dual-In-Line Package 

MM54HCT/MM74HCT devices are intended to interface be
tween TTL. and NMOS components and standard CMOS 
devices. These parts are also plug in replacements for LS
TTL devices and can be used to reduce power consumption 
in existing designs. 

All inputs are protected from damage due to static dis
charge by diodes to Vee and ground. 

Features 
• TTL input compatible 
• Typical propagation delay: 20 ns 
• Low quiescent current: 80 µA maximum (7 4HCT Series) 
• Same as 'HCT688 

Vee p = Q 07 P7 06 P6 OS PS 04 P4 07 

20 19 18 17 16 1S 14 13 12 11 

2 3 4 s ·e 9 10 

G PO 00 P1 01 P2 02 P3 03 GND 

TL/F/6122-1 

Top View 

Order Number MM54HCT521* or MM74HCT521* 
•Please look into Section 8, Appendix D 
for availability of various package types. 

Truth Table 

Inputs 

Data Enable P=Q 

P,Q G 

P=Q L L 
P>Q L H 
P<O L H 

x H H 
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Absolute Maximum Ratings <Notes 1 & 2) 

If Miiitary/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage (Vee) -0.5 to + 7.0V 

DC Input Voltage CViN) -1.5 to Vee+ 1.5V 

DC Output Voltage (VouT) 

Clamp Diode Current (l1K. loK) 

DC Output Current, per pin (louT) 

DC Vee or GND Current, per pin (Ice) 

Storage Temperature Range (T srn) 

Power Dissipation (Po) 
(Note3) 
S.O. Package only 

Lead Temp. (TL) (Soldering 10 seconds) 

-0.5 to Vcc+0.5V 

±20mA 

±25mA 

±50mA 

- 65°C to + 15o·c 

600mW 
500mW 

260°c 

Operating Conditions 
Min 

Supply Voltage (Vee) 4.5 

DC Input or Output Voltage 0 

(V1N. VouT) 

Operating Temp. Range (TA) 
MM74HCT688 -40 

MM54HCT688 -55 

Input Rise or Fall Times 

(tr,tt) 

DC Electrical Characteristics Vcc=5V ±10% (unless otherwise specified) 

74HCT 

Max 
5.5 

Vee 

+85 
+125 

500 

54HCT 

Symbol Parameter Conditions 
TA=2s·c 

TA= - 40 to s5•c TA= - 55 to 12s0 c 

Typ Guaranteed Limits 

V1H Minimum High Level 2.0 2.0 2.0 
Input Voltage 

V1L Maximum Low Level 0.8 0.8 0.8 
Input Voltage 

VoH Minimum High Level V1N = 0.8V or 2.ov 
Output Voltage llouTI = 20 µA Vee Vcc-0.1 Vcc-0:1 Vcc-0.1 

liouTI =4.0 mA, Vcc=4.5V 4.2 3.98 3.84 3.7 

l1ouTl=4.8 mA, Vcc=5.5V 5.7 4.98 4.84 4.7 

VoL Maximum Low Level v 1N = vo.8V or 2.ov 
Voltage l1ouTl=20 µA 0 0.1 0.1 0.1 

l1ouTl=4.0 mA, Vcc=4.5V 0.2 0.26 0.33 0.4 

l1ouTl=4.8 mA, Vcc=5.5V 0.2 0.26 0.33 0.4 

l1N Maximum Input V1N=Vcc or GND ±0.1 ±1.0 ±1.0 

Current 

lee Maximum Quiescent V1N=VccorGND 8.0 80 160 

Supply Current louT=O µA 

V1N=2.4Vor0.4V (Note 4) 0.3 0.4 0.5 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 

Units 
v 

v 

·c 
·c 

ns 

Units 

v 

v 

v 
v 
v 

v 

v 
v 

µA 

µA 

mA 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mW /°C from 65°C to 85'C; ceramic "J" package: -12 mW /°C from 1 oo·c to 125'C. 

Note 4: Measured per pin. All other inputs held at Vee or ground. 

4-113 

E: 
E: 
U1 
.i:i. 
:c 
C') 
-I 
U1 
I\) ...... 
--.... 
E: 
E: 
~ 
.i:i. 
:c 
C') 
-I 
U1 
I\) ...... 

Ell 



AC Electrical Characteristics Vcc=5V, TA=25°C, CL= 15 pF, tr=t1=6 ns (unless otherwise specified) 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

tPHL Maximum Propagation 19 30 ns 
Delay - P or Q to Output 

tPLH Maximum Propagation 13 22 ns 
Delay - P or Q to Output 

tPHL Maximum Propagation 13 20 ns 

Delay - Enable to Output 

tPHL Maximum Propagation 10 18 ns 
Delay - Enable to Output 

AC Electrical Characteristics Vcc=5V ±10%, CL =50 pF, tr=t1=6 ns (unless otherwise specified) 

TA=2s·c 
74HCT 54HCT 

Symbol Parameter Conditions TA= -40 to s5•c TA= -55to125•c Units 

Typ Guaranteed Limits 

tPHL Maximum Propagation 23 35 44 53 ns 

Delay - P or Q to Output 

tpLH Maximum Propagation 16 24 30 36 ns 

Delay - P or Q to Output 

tPHL Maximum Propagation 16 24 30 36 ns 

Delay - Enable to Output 

tpLH Maximum Propagation 11 20 25 30 ns 

Delay - Enable to Output 

tTHL• tTLH Maximum Output Rise 8 15 19 22 ns 

and Fall Time 

Cpo Power Dissipation 45 pF 

Capacitance (Note 5) 

C1N Maximum Input 5 10 10 10 pF 
Capacitance 

Note 5: Cpo determines the no load dynamic power consumption, Po=Cpo Vee2 f+lee Vee. and the no load dynamic current consumption, ls=Cpo Vee+ lee. 
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~National 
~Semiconductor 

MM54HCT533/MM74HCT533 
TRI-STATE® Octal D-Type Latch with Inverted Outputs 
MM54HCT534/MM74HCT534 
TRI-STATE Octal D-Type Flip-Flop with Inverted Outputs 

General Description 
The MM54HCT533/MM74HCT533 octal D-type latches and 
MM54HCT534/MM74HCT534 Octal D-type flip-flops utilize 
advanced silicon-gate CMOS technology which provides the 
inherent benefits of low power consumption and wide power 
supply range, but are LS-TTL input and output characteristic 
& pin-out compatible. The TRI-ST ATE outputs are capable 
of driving 15 LS-TTL loads. All inputs are protected from 
damage due to static discharge by internal diodes to Vee 
and ground. 

When the MM54HCT533/MM74HCT533 LATCH ENABLE 
input is high, the data present on the D inputs will appear 
inverted at the QBar outputs. When the LATCH ENABLE 
goes low, the inverted data will be retained at the QBar 
outputs until LATCH ENABLE returns high again. When a 
high logic level is applied to the OUTPUT CONTROL input, 
all outputs go to a high impedance state, regardless of what 
signals are present at the other inputs and the state of the 
storage elements. 

The MM54HCT534/MM74HCT534 are positive edge trig
gered flip-flops. Data at the D inputs, meeting the setup and 
hold time requirements, are inverted and transferred to 

Truth Tables 

'HCT533 

Latch 
Output 

Enable Data Output 
Control 

G 

L H H L 
L H L H 
L L x Oo 
H x x z 

the Q outputs on positive going transitions of the CLOCK 
(CK) input. When a high logic level is applied to the OUT
PUT CONTROL (OC) input, all outputs go to a high imped
ance state, regardless of what signals are present at the 
other inputs and the state of the storage elements. 

MM54HCT /MM74HCT devices are intended to interface be
tween TTL and NMOS components and standard CMOS 
devices. These parts are also plug-in replacements for LS
TTL devices and can be used to reduce power consumption 
in existing designs. 

Features 
• TTL input characteristic compatible 
• Typical propagation delay: 18 ns 
• Low input current: 1 µA maximum 
• Low quiescent current: 80 µA maximum 
• Compatible with bus-oriented systems 
• Output drive capability: 15 LS-TTL loads 

'HCT534 

Output 
Clock Data Output 

Control 

L t H L 
L t L H 
L L x Oo 
H x x z 

H = High Level, L = Low Level 

X = Don't Care 

t = Transition from low-to-high 

Z = High impedance state 

Oo = The level of the output before steady state 

Input conditions were established 
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Absolute Maximum Ratings (Notes 1 & 2) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage (Vee) -0.5 to+ 7.0V 

DC Input Voltage (V1N) -1.5 to Vee+ 1.5V 

DC Output Voltage (Vour) -0.5 to Vee+0.5V 

Clamp Diode Current (IJK, loK) 

DC Output Current, per pin (lour) 

DC Vee or GND Current, per pin (Ice) 

Storage Temperature Range (T sTG) 

Power Dissipation (Po) 
(Note3) 
S.O. Package only 

Lead Temp. (TL) (Soldering 10 seconds) 

±20mA 

±35mA 

±70mA 

- 65°C to + 1 so·c 

600mW 
500mW 

260°c 

Operating Conditions 
Min 

Supply Voltage (Vee) 4.5 

DC Input or Output Voltage 0 
(V1N. Vour) 

Operating Temp. Range (TA) 
MM74HCT -40 
MM54HCT -55 

Input Rise or Fall Times 
(tr, t1) 

DC Electrical Characteristics Vee = 5V ± 10% (unless otherwise specified) 

74HCT 

Max 
5.5 

Vee 

+85 
+125 

500 

54HCT 

Symbol Parameter Conditions 
TA=25°c 

TA= -40 to e5•c TA= - 55 to 125°C 

Typ · Guaranteed Limits 

V1H Minimum High Level 2.0 2.0 2.0 
Input Voltage 

V1L Maximum Low Level 0.8 0.8 0.8 
Input Voltage 

VoH Minimum High Level V1N = V1H or V1L 
Output Voltage llourl=20 µA Vee Vcc-0.1 Vcc-0.1 Vcc-0.1 

!lour!= 6.0 mA, Vee= 4.5V 4.2 3.98 3.84 3.7 

l1ourl=7.2 mA, Vcc=5.5V 5.2 4.98 4.84 4.7 

VoL Maximum Low Level V1N = V1H or V1L 
Voltage !lour!= 20 µA 0 0.1 0.1 0.1 

l1ourl=6.0 mA, Vcc=4.5V 0.2 0.26 0.33 0.4 

l1ourl=7.2mA, Vcc=5.5V 0.2 0.26 0.33 0.4 

l1N Maximum Input V1N = V cc or GND, ±0.1 ±1.0 ±1.0 
Current V1H orV1L 

loz Maximum TRI-STATE Vour=Vcc or GND ±0.5 ±5.0 ±10 
Output Leakage Enable=V1H 
Current 

lee Maximum Quiescent V1N=VccorGND 8.0 80 160 
Supply Current lour=O µA 

V1N=2.4Vor 0.5V (Note 4) 1.0 1.3 1.5 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Units 
v 
v 

·c 
·c 

ns 

Units 

v 

v 

v 
v 
v 

v 
v 
v 

µA 

µA 

µA 

mA 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mW /'C from 65°C to as•c; ceramic "J" package: -12 mW /'C from 1 oo•c to 12s·c. 
Note 4: Measured per pin. All others tied to Vee or ground. 
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AC Electrical Characteristics MM54HCT533tMM74HCT533 

Vee= 5.0V, tr= t1=6 ns, TA= 25°C (unless otherwise specified) 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 

tpHL• tPLH Maximum Propagation Delay CL =45 pF 18 
Data to Output 

tpHL• tpLH Maximum Propagation Delay CL =45 pF 21 
Latch Enable to Output 

tpzH, tpzL Maximum Enable Propagation Delay CL =45 pF 20 
Control to Output AL =1 kn 

tpHZ· tpLZ Maximum Disable Propagation Delay CL =5 pF 18 
Control to Output AL= 1 kn 

tw Minimum Clock Pulse Width 

ts Minimum Setup Time Data to Clock 

tH Minimum Hold Time Clock to Data 

AC Electrical Characteristics MM54HCT533tMM74HCT533 

Vee=5.0V ±10%, tr=t1=6 ns (unless otherwise specified) 

Symbol Parameter Conditions 
TA=25°c 

Typ 

tPHL• tPLH Maximum Propagation CL =50 pF 22 30 
Delay Data to Output CL =150 pF 30 40 

tpHL• tPLH Maximum Propagation Delay CL =50 pF 25 35 
Latch Enable to Output CL =150 pF 32 45 

tpzH, tpzL Maximum Enable Propagation CL =50 pF 21 30 
Delay Control to Output CL =150 pF 30 40 

AL= 1 kn 

tpHz, tpLZ Maximum Disable Propagation CL =50 pF 21 30 
Delay Control to Output AL= 1 kn 

trHL· trLH Maximum Output Rise CL= 50 pF 8 12 
and Fall Time 

tw Minimum Clock Pulse Width 16 

ts Minimum Setup Time Data to Clock 5 

tH Minimum Hold Time Clock to Data 10 

C1N Maximum Input Capacitance 10 

Cour Maximum Output Capacitance 20 

Cpo Power Dissipation Capacitance (Note 5) OC=Vec 5 
OC=GND 55 

Limit 

25 ns 

30 ns 

28 ns 

25 ns 

16 ns 

5 ns 

10 ns 

74HCT 54HCT 
TA= - 40 to 85°C TA= - 55 to 12s0 c Units 

Guaranteed Limits 

37 45 ns 
50 60 ns 

44 53 ns 
56 68 ns 

37 45 ns 
50 60 ns 

37 45 ns 

15 18 ns 

20 24 ns 

6 8 ns 

13 20 ns 

10 10 pF 

20 20 pF 

pF 
pF 

Note 5: Cpo determines the no load dynamic power consumption, Po = Cpo Vcc2 f + Ice Vee. and the no load dynamic current consumption, Is = Cpo Vee f + 
Ice. 
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AC Electrical Characteristics MM54HCT534tMM74HCT534 

Vcc=5.0V, tr=t,=6 ns, TA=25°C (unless otherwise specified) 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

fMAX Maximum Clock Frequency 50 30 MHz 

tPHL• tPLH Maximum Propagation Delay CL =45 pF 20 32 ns 
to Output 

tpzH, tpzL Maximum Enable Propagation Delay CL =45 pF 19 28 ns 
Control to Output RL =1 kn 

tpHz, tPLZ Maximum Disable Propagation Delay CL =5 pF 17 25 ns 
Control to Output RL =1 kn 

tw Minimum Clock Pulse Width 20 ns 

ts Minimum Setup Time Data to Clock 5 ns 

tH Minimum Hold Time Clock to Data 16 ns 

AC Electrical Characteristics MM54HCT534tMM74HCT534 

Vcc=5.0V ±10%, tr=t,=6 ns (unless otherwise specified) 

TA=25°C 
74HCT 54HCT 

Symbol Parameter Conditions TA= - 40 to 85°C TA= - 55 to 12s·c Units 

Typ Guaranteed Limits 

fMAX Maximum Clock Frequency 30 24 20 MHz 

tPHL• tPLH Maximum Propagation Delay CL =50 pF 22 36 45 48 ns 
to Output CL =150 pF 30 46 57 69 ns 

tpzH, tpzL Maximum Enable Propagation CL =50 pF 21 30 37 45 ns 
Delay Control to Output CL =150 pF 30 40 50 60 ns 

RL =1 kn 

tpHz, tpLZ Maximum Disable Propagation CL =50 pF. 21 30 37 45 ns 
Delay Control to Output RL =1 kn 

tTHL• ITLH Maximum Output Rise CL= 50 pF 8 12 15 18 ns 
and Fall Time 

tw Minimum Clock Pulse Width 16 20 24 ns 

ts Minimum Setup Time Data to Clock 20 25 30 ns 

tH Minimum Hold Time Clock to Data 5 5 5 ns 

C1N Maximum Input Capacitance 10 10 10 pF 

CouT Maximum Output Capacitance 20 20 20 pF 

Cpo Power Dissipation Capacitance (Note 5) OC=Vcc 5 pF 
OC=GND 50 pF 

Note 5: Cpo determines the no load power consumption, Po=Cpo Vcc2 I+ Ice Vee. and the no load dynamic current consumption, ls=Cpo Vee f+ Ice· 
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Connection Diagram 
Dual-In-Line Package 

Vee 85 80 70 60 50 

20 

OUTPUT 
CONTROL 

oc 

Yee 

9 

Top View 

Order Number MM54HCT533* or MM74HCT533* 
•p1ease look into Section 8, Appendix D for availability of various package types. 

Dual-In-Line Package 
BD 7D 6D 5D 

OUTPUT 111 1D 2D 30 4D 
CONTROL 

oc 

Top View 

Order Number MM54HCT534* or MM74HCT534* 
•Please look into Section 8, Appendix D for availability of various package types. 
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~National 
~Semiconductor 

MM54HCT540/MM74HCT540 
Inverting Octal TRI-STATE®. Buffer 
MM54HCT541 /MM74HCT541 
Octal TRI-STATE Buffer 

General Description 
These TRI-STATE buffers utilize advanced silicon-gate 
CMOS technology and are general purpose high speed in
verting and non-inverting buffers. They possess high drive 
current outputs which enable high speed operation even 
when driving large bus capacitances. These circuits achieve 
speeds comparable to low power Schottky devices, while 
retaining the low power consumption of CMOS. Both devic
es are TTL input compatible and have a fanout of 15 LS
TTL equivalent inputs. 

MM54HCT /MM74HCT devices are intended to interface be
tween TTL and NMOS components and standard CMOS 
devices. These parts are also plug-in replacements for LS
TTL devices and can be used to reduce power consumption 
in existing designs. 

The MM54HCT540/MM74HCT540 is an inverting buffer 
and the MM54HCT541/MM?4HCT541 is a non-inverting 
buffer. The TRI-STATE control gate operates as a two-input 

Connection Diagrams 

NOR such that if either G1 or G2 are high, all eight outputs 
are in the high-impedance state. 

In order to enhance PC board layout, the 'HCT540 and 
'HCT541 offers a pinout having inputs and outputs on oppo
site sides of the package. All inputs are protected from dam
age due to static discharge by diodes to Vee and ground. 

Features 
• TTL input compatible 
• Typical propagation delay: 12 ns 
• TRI-STATE outputs for connection to system buses 
• Low quiescent current: 80 µA 
• Output current: 6 mA (min.) 

Dual-In-Line Package 

Vee G2 Yl Y2 Y3 Y4 Y5 Y6 Y7 YB Vee ii2 Yl Y2 Y3 Y4 Y5 Y6 Y7 YB 

ifi Al A2 A3 A4 A5 A6 A7 AS GND ifi Al A2 A3 A4 A5 A6 A7 AS GND 

TL/F/6040-1 TL/F/6040-2 

Top View Top View 

Order Number MM54HCT540* or MM74HCT540* 
•Please look into Section B, Appendix D for availability of various package types. 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
If Miiitary/Aerospace specified devices are required, Min Max Units 
contact the National Semiconductor Sales Office/ Supply Voltage (Vee) 4.5 5.5 v 
Distributors for avallablllty and specifications. DC Input or Output Voltage 0 Vee v 
Supply Voltage (Vee) -0.5 to+ 7.0V (V1N. VouT) 
DC Input Voltage (V1N) -1.5 to Vee+ 1.5V Operating Temp. Range (TA) 

DC Output Voltage (VouT) -0.5 to Vcc+0.5V MM74HCT -40 +85 oc 
Clamp Diode Current (l1K. loK) ±20mA MM54HCT -55 +125 oc 

DC Output Current, per pin ClouT) ±35mA 
Input Rise or Fall Times 

(tr, t1) 500 ns 
DC Vee or GND Current, per pin (Ice) ±70mA 

Storage Temperature Range CTsrn) - 65°C to + 150°C 

Power Dissipation (Po) 
(Note3) 600mW 
S.O. Package only 500mW 

Lead Temp. (TL) (Soldering 10 seconds) 260°C 

DC Electrical Characteristics Vcc=5V ±10% (unless otherwise specified) 

TA=25°C 
74HCT 54HCT 

Symbol Parameter Conditions TA= - 40 to B5°C TA= -55 to 125°C Units 

Typ Guaranteed Limits 

V1H Minimum High Level 2.0 2.0 2.0 v 
Input Voltage 

V1L Maximum Low Level 0.8 0.8 0.8 v 
Input Voltage 

VoH Minimum High Level V1N = V1H or V1L 
Output Voltage llouTI = 20 µA Vee Vcc-0.1 Vcc-0.1 Vcc-0.1 v 

llouTI =6.0 mA, Vcc=4.5V 4.2 3.98 3.84 3.7 v 
l1ouTl=7.2mA, Vcc=5.5V 5.2 4.98 4.84 4.7 v 

Vol Maximum Low Level V1N = V1H or V1L 
Voltage I louTI = 20 µA 0 0.1 0.1 0.1 v 

llouTI = 6.0 mA, Vee= 4.5V 0.2 0.26 0.33 0.4 v 
l1ouTl=7.2 mA, Vcc=5.5V 0.2 0.26 0.33 0.4 v 

l1N Maximum Input V1N=VccorGND ±0.1 ±1.0 ±1.0 µA 
Current 

loz Maximum TRI-STATE VouT=VccorGND ±0.5 ±5.0 ±10 µA 
Output Leakage G=V1H 
Current 

Ice Maximum Quiescent V1N=VccorGND 8.0 80 160 µA 
Supply Current louT=O µA 

V1N=2.4V or 0.5V (Note 4) 0.6 1.0 1.3 1.5 mA 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating-plastic "N" package: -12 mWl°C from 65'C to 85'C; ceramic "J" package: -12 mW/'C from 100'C to 125°C. 
Note 4: Measured per input. All other inputs at Vee or GND. 

AC Electrical Characteristics MM54HCT54otMM74HCT54o 

Vcc=5.0V, tr=t1=6 ns, TA=25°C, (unless otherwise specified) • 
Symbol Parameter Conditions Typ 

Guaranteed 
Units 

Limits 

tPHL• tPLH Maximum Output CL =45pF 12 18 ns 
Propagation Delay 

tpzL. tpzH Maximum Output CL =45 pF 14 28 ns 
Enable Time RL =1 kn 

tpLZ, tpHz Maximum Output CL =5 pF 13 25 ns 
Disable Time RL =1 kn 
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AC Electrical Characteristics MM54HCT540tMM74HCT54o 

Vcc=5.0V ±10%, tr=t1=6 ns (unless otherwise specified) 

TA=25°C 
74HCT 54HCT 

Symbol Parameter Conditions TA= -40to85°C TA= -ssto 12s·c Units 

Typ Guaranteed Limits 

tPHL• tPLH Maximum Output CL =50 pF 12 20 25 30 ns 
Propagation Delay CL =150 pF 22 30 38 45 ns 

tpzH, tpzL Maximum Output AL =1 kn l CL =50 pF 15 30 38 45 ns 
Enable Time j CL =150 pF 20 40 50 60 ns 

tpHZ• tpLz Maximum Output AL =1 kn 15 30 38 45 ns 
Disable Time CL =50 pF 

tTHL• tTLH Maximum Output CL =50 pF 6 12 15 18 ns 
Rise and Fall Time 

C1N Maximum Input 5 10 10 10 pF 
Capacitance 

CouT Maximum Output 15 20 20 20 pF 
Capacitance 

Cpo Power Dissipation (per output) G=Vcc 12 pF 
Capacitance (Note 5) G=GND 50 pF 

AC Electrical Characteristics MM54HCT541/MM74HCT541 

Vcc=5.0V, tr=t1=6 ns, TA=25°C, (unless otherwise specified) 

Symbol Parameter Conditions Typ 
Guaranteed 

Units Limits· 

tPHL• tPLH Maximum Output CL =45 pF 13 20 ns 
Propagation Delay 

· tpzL, tpzH Maximum Output CL =45 pF 17 28 ns 
Enable Time AL =1 kn 

tpLz, tpHz Maximum Output CL =5 pF 15 25 ns 
Disable Time AL= 1 kn 

AC Electrical Characteristics MM54HCT541tMM74HCT541 

Vcc=5.0V ±10%, tr=t1=6 ns (unless otherwise specified) 

TA=25°C 
74HCT 54HCT 

Symbol Parameter Conditions TA= - 40 to as·c TA= -ss to 12s•c Units 

Typ Guaranteed Limits 

tPHL• tPLH Maximum Output CL =50 pF 14 23 29 34 ns 
Propagation Delay CL =150 pF 17 33 42 49 ns 

tpzH, tpzL Maximum Output AL =1 kn 1 CL =50 pF 17 30 38 45 ns 
Enable Time j CL =150pF 22 40 50 60 ns 

tpHZ• tpLz Maximum Output AL =1 kn 17 30 38 45 ns 
Disable Time CL =50 pF 

tTHL• tTLH Maximum Output CL =50 pF 6 12 15 18 ns 
Rise and Fall Time 

C1N Maximum Input 5 10 10 10 pF 
Capacitance 

CouT Maximum Output 15 20 20 20 pF 
Capacitance 

Cpo Power Dissipation (per output) G=Vcc 12 pF 
Capacitance (Note 5) G=GND 45 pF 

Note 5: Cpo determines the no load dynamic power consumption, Po= Cpo Vcc2 f+ Ice Vee.and the no load dynamic current consumption, Is= Cpo Vee f+ Ice. 
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~National 
~Semiconductor 

MM54HCT640/MM7 4HCT640 
Inverting Octal TRI-STATE® Transceiver 
MM54HCT643/MM7 4HCT643 
True-Inverting Octal TRI-STATE Transceiver 
General Description 
These TRI-ST ATE bi-directional transceivers utilize advanced 
silicon-gate CMOS technology and are intended for two-way 
asynchronous communication between data buses. They 
have high drive current outputs which enable high speed 
operation even when driving large bus capacitances. These 
circuits possess the low power consumption of CMOS cir
cuitry, yet have speeds comparable to low power Schottky 
TTL circuits. 

All devices are TTL input compatible and can drive up to 15 
LS-TTL loads, and all inputs are protected from damage due 
to static discharge by diodes to Vee and ground. 

Both the MM54HCT640/MM74HCT640 and the 
MM54HCT643/ MM74HCT643 have one active low enable 
input (G), and a direction control (DIR). When the DIR input 
is high, data flows from the A inputs to the B outputs. When 
DIR is low, data flows from B to A. The MM54HCT640/ 

Connection Diagram 

MM74HCT640 transfers inverted data from one bus to the 
other. The MM54HCT643/MM74HCT643 transfers inverted 
data from the A bus to the B bus and non-inverted data from 
the B bus to the A bus. 

MM54HCT /MM74HCT devices are intended to interface be
tween TTL and NMOS components and standard CMOS 
devices. These parts are also plug-in replacements for LS
TTL devices and can be used to reduce power consumption 
in existing designs. 

Features 
• TTL input compatible 
a Octal TRI-STATE outputs for µP bus applications: 

6 mA, typical 
• High speed: 16 ns typical propagation delay 
• Low power: 80 µA maximum (7 4HCT) 

Dual-In-Line Packages 
ENABLE 

Vee G B 1 B2 Bl B4 BS B6 B7 BB 

DIR A1 A2 Al A4 AS A6 A7 AB GND 

TL/F/5370-1 

Top View 
Order Number MM54HCT64Q• or MM74HCT640• 

ENABLE 

Vee G B1 B2 Bl B4 BS Be 87 BB 

DIR A1 A2 Al A4 AS AB A7 AB GND 

TL/F/5370-2 

Top View 
Order Number MM54HCT643• or MM74HCT643• 

*Please look into Section 8, Appendix D for availability of various package types. 

Truth Table 
Control 

Operation 
Inputs 

G DIR 640 643 

L L B data to A bus B data to A bus 

L H A data to B bus A data to B bus 

H x Isolation Isolation. 

H =high level, L =low level, X =irrelevant 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
If Miiitary/Aerospace specified devices are required, Min Max Units 
contact the National Semiconductor Sales Office/ Supply Voltage (Vee) 4.5 5.5 v 
Distributors for availability and specifications. DC Input or Output Voltage 0 Vee v 
Supply Voltage (Vee) -0.5to +7.0V MN. VouT) 

DC Input Voltage CVrN) -1.5 to Vee+ 1.5V Operating Temp. Range (TA) 

DC Output Voltage CVouT) -0.5 to Vcc+0.5V MM74HCT -40 +85 ·c 

Clamp Diode Current (lrK. loK) ±20mA 
MM54HCT -55 +125 ·c 

DC Output Current, per pin (louT) ±35mA 
Input Rise or Fall Times 

(tr. t1) 500 ns 
DC Vee or GND Current, per pin (Ice) ±70mA 

Storage Temperature Range (T sTG) -65°C to + 15o•c 

Power Dissipation (Po) 
(Note 3) 600mW 
S.O. Package only 500mW 

Lead Temperature (TL) 

(Soldering 1 O seconds) 2so·c 

DC Electrical Characteristics Vcc=5V ±10% (unless otherwise specified) 

TA=25°c 
74HCT 54HCT 

Symbol Parameter Conditions TA= -40to85°C TA= - 55 to 125°C Units 

Typ Guaranteed Limits 

VrH Minimum High Level 2.0 2.0 2.0 v 
Input Voltage 

VrL Maximum Low Level 0.8 0.8 0.8 v 
Input Voltage 

VoH Minimum High Level VrN = VrH or VrL 
Output Voltage l1ouTl=20 µA Vee Vcc·0.1 Vcc·0.1 Vcc·0.1 v 

l1ouTl=6.0mA. Vcc=4.5V 4.2 3.98 3.84 3.7 v 
l1ouTl=7.2mA, Vcc=5.5V 5.2 4.98 4.84 4.7 v 

Vol Maximum Low Level VrN=VrH orVrL 
Voltage l1ouTl=20 µA 0 0.1 0.1 0.1 v 

l1ouTl=6.0mA, Vcc=4.5V 0.2 0.26 0.33 0.4 v 
l1ouTl=7.2mA, Vcc=5.5V 0.2 0.26 0.33 0.4 v 

lrN Maximum Input VrN =Vee or GND, ±0.1 ±1.0 ±1.0 µA 
Current VrH orVrL 

loz Maximum TRI-STATE Vour= Vee or GND ±0.5 ±5.0 ±10 µA 
Output Leakage Enable G = VrH 
Current 

Ice Maximum Quiescent VrN=VccorGND 8 80 160 µA 
Supply Current lour=OµA 

VrN=2.4Vor0.5V 0.6 1.0 1.3 1.5 mA 
(Note 4) 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature de rating - plastic "N" package: -12 mW t•c from es•c to 85°C; ceramic "J" package: -12 mW t•c from 1 oo•c to 125°C. 
Note 4: Measured per input. All other inputs held at Vee or ground. 

AC Electrical Characteristics MM54HCT640tMM74HCTs4o 
Vcc=5.0V, tr=t1=6 ns, TA=25°C (unless otherwise specified) 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limits 

tPHL• tPLH Maximum Output CL =45 pF 16 20 ns 
Propagation Delay 

tpzL, tPZH Maximum Output CL =45 pF 29 40 ns 
Enable Time AL =1 kn 

tpLZ, tpHz Maximum Output CL =5pF 20 25 ns 
Disable Time AL =1 kn 
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AC Electrical Characteristics MM54HcTs4o/MM74HCTs4o 

Vee=5.0V ± 10%, tr=t1=6 ns (unless otherwise specified) 

Symbol Parameter 

tpHL• tPLH Maximum Output 
Propagation Delay 

tpzH, tpzL Maximum Output 
Enable Time 

tpHz, tpLZ Maximum Output 
Disable Time 

trHL· trLH Maximum Output 
Rise and Fall Time 

Gour 

Cpo 

Maximum Input 
Capacitance 

Maximum Output/ 
Input Capacitance 

Power Dissipation 
Capacitance (Note 5) 

Conditions 

(per output) G=Vee 
G=GND 

Typ 

17 

24 

23 

21 

8 

10 

20 

7 
100 

23 

30 

30 

30 

12 

15 

25 

AC Electrical Characteristics MM54HCT643/MM74HCT643 

Vee=5.0V, tr=t1=6 ns, TA=25°C (unless otherwise specified) 

Symbol Parameter 

Maximum Output 
Propagation Delay 

Maximum Output 
Enable Time 

Maximum Output 
Disable Time 

Conditions 

CL =45 pF 

Typ 

16 

29 

20 

Guaranteed 
Limits 

20 

40 

25 

AC Electrical Characteristics MM54HCT643/MM74HCT643 

Vee=5.0V ± 10%, tr=t1=6 ns (unless otherwise specified) 

Symbol Parameter 

tPHL· tPLH Maximum Output 
Propagation Delay 

tpzH, tpzL Maximum Output 
Enable Time 

tpHz, tpLz Maximum Output 
Disable Time 

trHL· trLH Maximum Output 
Rise and Fall Time 

C1N Maximum Input 
Capacitance 

Gour Maximum Output/ 
Input Capacitance 

Conditions 

Cpo Power Dissipption (per output) G =Vee 
Capacitance (Note 5) G = GND 

17 

24 

23 

21 

8 

10 

20 

7 
100 

23 

30 

30 

30 

12 

15 

25 

74HCT 54HCT 
TA= -40to85°C TA= -55to 125°C 

Guaranteed Limits 

29 34 

38 45 

38 45 

38 45 

15 18 

15 15 

25 25 

Units 

ns 

ns 

ns 

74HCT 54HCT 

Units 

ns 

ns 

ns 

ns 

ns 

pF 

pF 

pF 
pF 

TA= - 40 to 85°C TA= - 55 to 125°C Units 

Guaranteed Limits 

29 34 

38 45 

38 45 

38 45 

15 18 

15 15 

25 25 

ns 

ns 

ns 

ns 
ns 

ns 

pF 

pF 

pF 
pF 

Note 5: Cpo determines the no load power consumption. Po=CpoVcc2f + lccVcc. The no load dynamic current consumption, ls=CpoVcc +Ice. 

4-125 

II 



'?A National a Semiconductor 
MM54HCT688/MM74HCT688 
8-Bit Magnitude Comparator (Equality Detector) 

General Description 
This equality detector utilizes advanced silicon-gate CMOS 
technology to compare bit for bit two 8-bit words and indi
cate whether or not they are equal. The P = Q output indi
cates equality when it is low. A single active low enable is 
provided to facilitate cascading of several packages and en
able comparison of words greater than B bits. 

This device is useful in memory block decoding applica
tions, where memory block enable signals must be generat
ed from computer address information. 

The comparator combines the low power consumption of 
CMOS, but inputs are compatible with TIL logic levels, and 
the output can drive 10 low power Schottky equivalent 
loads. 

Logic Diagrams 
P7 --.a.or-.... 

07 ....,..-....,.......,.___ 

P6 ..;_.;...t,.r--..... 

06 --,-,.__., 

MM54HCT /MM7 4HCT devices are intended to interface be
tween TIL and NMOS components and standard CMOS 
devices. These parts are also plug in replacements for LS
TIL devices and can be used to reduce power consumption 
in existing designs. 

All inputs are protected from damage due to static dis
charge by diodes to Vee and ground. 

Features 
• TIL input compatible 
• Typical propagation delay: 20 ns 
• Low quiescent current: BO µA maximum (7 4HCT Series) 
• Large output current: 4 mA 
• Same as HCT521 

TL/F/5371-2 
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Absolute Maximum Ratings (Notes 1 & 2) 

If Miiitary/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for avallablllty and specifications. 

Supply Voltage (Vee) -0.5 to + 7.0V 

DC Input Voltage (V1N) -1.5 to Vee+ 1.5V 

DC Output Voltage (Vour) -0.5 to Vcc+0.5V 

Clamp Diode Current (l1K• loK) ± 20 mA 

DC Output Current, per pin (lour) ± 25 mA 

DC Vee or GND Current, per pin (Ice) ±50 mA 

Storage Temperature Range (T srn) - 65°C to + 150°C 
Power Dissipation (Po) 

(Note3) 
S.O. Package only 

Lead Temperature (TL.) 

(Soldering 10 seconds) 

600mW 
500mW 

260°C 

Operating Conditions 
Min 

Supply Voltage (Vee) 4.5 

DC Input or Output Voltage 0 
(V1N. Vour) 

Operating Temp. Range (TA) 
MM74HCT688 -40 
MM54HCT688 -55 

Input Rise or Fall Times 
(tr, t1) 

DC Electrical Characteristics (Vcc=5V ±10% unless otherwise specified) 

74HCT 

Max 
5.5 

Vee 

+85 
+125 

500 

54HCT 

Symbol Parameter Conditions 
TA=25°C 

TA= -40 to 85°C TA= -55 to 125°C 

Typ Guaranteed Limits 

V1H Minimum High Level 2.0 2.0 2.0 
Input Voltage 

V1L Maximum Low Level 0.8 0.8 0.8 
Input Voltage 

VoH Minimum High Level V1N =a.av or 2.ov 
Output Voltage llourl = 20 µ.A Vee Vcc-0.1 Vcc-0.1 Vcc-0.1 

l1ourl=4.0 mA, Vcc=4.5V 4.2 3.98 3.84 3.7 
llourl = 4.8 mA, Vee= 5.5V 5.7 4.98 4.84 4.7 

VoL Maximum Low Level V1N = V0.8V or 2.0V 
Voltage llourl=20 µ.A 0 0.1 0.1 0.1 

llourl =4.0 mA, Vcc=4.5V 0.2 0.26 0.33 0.4 
llourl = 4.8 mA, Vee= 5.5V 0.2 0.26 0.33 0.4 

l1N Maximum Input V1N =Vee or GND ±0.1 ±1.0 ±1.0 
Current 

Ice Maximum Quiescent V1N=VccorGND 8.0 80 160 
Supply Current lour=O µ.A 

V1N = 2.4V or 0.5V (Note 4) 0.3 0.4 0.5 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Units 
v 

v 

·c 
·c 

ns 

Units 

v 

v 

v 
v 
v 

v 
v 
v 

µ.A 

µ.A 

mA 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mW /'C from 65°C to as•c; ceramic "J" package: -12 mW t•c from 1 oo·c to 125°C. 

Note 4: Measured per pin. All other inputs held at Vee or ground. 
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AC Electrical Characteristics 
Vee = 5V, TA = 25°C, CL = 15 pF, tr = tt = 6 ns (unless otherwise specified) 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

tPHL Maximum Propagation 19 30 ns 

Delay - P or Q to Output 

tPLH Maximum Propagation 13 22 ns 

Delay - P or Q to Output 

tPHL Maximum Propagation 13 20 ns 

Delay - Enable to Output 

tPHL Maximum Propagation 10 18 ns 

Delay - Enable to Output 

AC Electrical Characteristics 
Vee= 5V ±10%, CL= 50 pF, tr= tt = 6 ns (unless otherwise specified) 

TA=25°C 
74HCT 54HCT 

Symbol Parameter Conditions TA= -40to85°C TA= - 55 to 125•c Units 

Typ Guaranteed Limits 

tPHL Maximum Propagation 23 35 44 53 ns 

Delay - P or Q to Output 

tPLH Maximum Propagation 16 24 30 36 ns 

Delay - P or Q to Output 

tPHL Maximum Propagation 16 24 30 36 ns 

Delay - Enable to Output 

tPLH Maximum Propagation 11 20 25 30 ns 

Delay - Enable to Output 

tTHL• tTLH Maximum Output Rise 8 15 19 22 ns 

and Fall Time 

Cpo Power Dissipation 45 pF 

Capacitance (Note 5) 

C1N Maximum Input 5 10 10 10 pF 

Capacitance 

Note 5: epo determines the no load dynamic power consumption, Po = epo Vcc2 f + Ice Vee. and the no load dynamic current consumption, 
Is = Cpo Vee + Ice-

Connection Diagram Truth Table 
Dual-In-Line Package 

vcc P = o 01 P7 06 P6 OS PS 04 P4 Inputs 

120J19 J 1a 111 116 l 1s l 14 113 l 12 J11 Data Enable P=Q 

P,Q G 

P=Q L L 

D 
P>Q L H 
P<Q L H 

x H H 

J1 12 13 T4 Ts 16 T1 Ta 19 110 
G PO 00 P1 01 P2 02 P3 03 GND 

TL/F/5371-1 

Top View 

Order Number MM54HCT688* or MM74HCT688* 
•Please look into Section 8, Appendix D for availability of various package types. 
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~National 
D Semiconductor 
CD4000M/CD4000C Dual 3-lnput NOR Gate Plus Inverter 

General Description 
The CD4000M/CD4000C is a monolithic complementary 
MOS (CMOS) dual 2-input NOR gate plus an inverter. N
and P-channel enhancement mode transistors provide a 
symmetrical circuit with output swings essentially equal to 
the supply voltage. This results in high noise immunity over 
a wide supply voltage range. No DC power other than that 
caused by leakage current is consumed during static condi
tions. All inputs are protected against static discharge. 

Schematic and Connection Diagrams 

Features 
• Wide supply voltage range 
• Low power 
• High noise immunity 
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Absolute Maximum Ratings (Note 1) 
If Miiitary/Aerospace specified devices are required, Storage Temperature Range (Ts) -65°C to+ 150°c 
contact the National Semiconductor Sales Office/ Power Dissipation (Po) 
Distributors for availability and specifications . Dual-In-Line 700mW 
Voltage at any Pin Vss -0.3VtoVoo +0.3V Small Outline 500mW 

Operating Temperature Range (TA) Operating Voo Range Vss +3VtoVss + 15V 
CD4000M - 55°C to + 125°C Lead Temperature (Tu 
CD4000C -40°cto +a5°C (Soldering, 10 seconds) 260°c 

DC Electrical Characteristics CD4oooM (Note 2) 

Symbol Parameter Conditions 
-ss·c +2s0 c + 12s0 c 

Units 
Min Max Min Typ Max Min Max 

loo Quiescent Device v 00 = 5V 0.05 0.05 3 µA 
Current Voo = 10v 0.1 0.1 6 µA 

VoL Low Level Voo = 5V 0.05 0.05 0.05 v 
Output Voltage Voo = 1ov 0.05 0.05 0.05 v 

VoH High Level Voo = 5V 4.95 4.95 4.95 v 
Output Voltage Voo = 1ov 9.95 9.95 9.95 v 

VNL Noise Immunity Voo = 5V, Vo = 1.4V or 3.6V 1.5 1.5 1.4 v 
(Note 3) Voo = 10V, Vo= 2.8Vor7.2V 3.0 3.0 2.9 v 

VNH Noise Immunity Voo = 5V, Vo = 1.4V or 3.6V 1.4 1.5 1.5 v 
(Note3) Voo = 10V, Vo = 2.av or 7.2V 2.9 3.0 3.0 v 

loN Low Level Output Voo = 5V, Vo = 0.4V 0.5 0.4 0.28 mA 
Current (Note 4) Voo = 10V, Vo = 0.5V 1.1 0.9 0.65 mA 

lop High Level Output Voo = 5V, Vo = 2.5V -0.62 -0.5 -0.35 mA 
Current (Note 4) Voo = 10V, Vo= 9.5V -0.62 -0.5 -0.35 mA 

l1N Input Current Voo = 15V, V1N = ov -1.0 -0.1 -10-s -1.0 µA 
Voo = 15V, V1N = 15V 1.0 10-s 0.1 1.0 µA 

AC Electrical Characteristics* CD4000M TA = 25°C, CL = 50 pF, unless otherwise noted 

Symbol Parameter Conditions Min Typ Max Units 

tPHL Propagation Delay Time, Voo = 5V 40 50 ns 
High to Low Level Voo = 1ov 20 40 ns 

tPLH Propagation Delay Time Voo = 5V 50 95 ns 
Low to High Level Voo = 1ov 25 45 ns 

trHL Transition Time, Voo = sv 50 125 ns 
High to Low Level Voo = 1ov 20 70 ns 

trLH Transition Time, Voo = 5V 70 175 ns 
Low to High Level Voo = 1ov 35 75 ns 

C1 Input Capacitance Any Input 5 pF 

Cpo Power Dissipation Capacitance (Note 5) 35 pF 

*AC Parameters are guaranteed by DC correlated testing. 
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DC Electrical Characteristics CD4oooc (Note 2) 

Symbol Parameter Conditions 
-40°c +2s0 c +ss·c 

Units 
Min Max Min Typ Max Min Max 

loo Quiescent Device Voo = 5V 0.05 0.05 15 µA 
Current v 00 = 1ov 5 5 30 µA 

VoL Low Level Voo = 5V 0.05 0.05 0.05 v 
Output Voltage Voo = 1ov 0.05 0.05 0.05 v 

VoH High Level Voo = 5V 4.95 4.95 4.95 v 
Output Voltage Voo = 1ov 9.95 9.95 9.95 v 

VNL Noise Immunity Voo = 5V, Vo= 1.4Vor 3.6V 1.5 1.5 1.4 v 
(Note3) Voo = 1 ov, Vo = 2.8V or 7.2V 3.0 3.0 2.9 v 

VNH Noise Immunity Voo = 5V, Vo = 1.4V or 3.6V 1.4 1.5 1.5 v 
(Note3) Voo = 10V, Vo = 2.8V or 7.2V 2.9 3.0 3.0 v 

loL Low Level Output Voo = 5V, Vo = 0.4V 0.35 0.3 0.24 mA 
Current (Note 4) Voo = 10V, Vo= 0.5V 0.72 0.6 0.48 mA 

lop High Level Output Voo = 5V, Vo = 2.5V -0.35 -0.3 -0.24 mA 
Current (Note 4) Voo = 10V, Vo= 9.5V -0.3 -0.25 -0.2 mA 

l1N Input Current Voo = 15V, V1N = ov -0.3 -0.3 -10-s -1.0 µA 
Voo = 15V, V1N = 15V 0.3 10-s 0.1 1.0 µA 

AC Electrical Characteristics* CD4000C TA = 25°C, CL = 50 pF, unless otherwise noted 

Symbol Parameter Conditions Min Typ Max Units 

tPHL Propagation Delay Time, V00 = 5V 40 80 ns 
High to Low Level v 00 = 10v 20 55 ns 

tpLH Propagation Delay Time Voo = 5V 50 120 ns 
Low to High Level v 00 = 1ov 25 65 ns 

trHL Transition Time, Voo = 5V 50 200 ns 
High to Low Level · v 00 = 1ov 20 115 ns 

trLH Transition Time, Voo = 5V 70 300 ns 
Low to High Level Voo = 1ov 35 125 ns 

C1 Input Capacitance Any Input 5 pF 

Cpo Power Dissipation Capacitance (Note5) 35 pF 

•AC Parameters are guaranteed by DC correlated testing. 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range" 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 

Note 2: Vss = ov unless otherwise specified. 

Note 3: For the NOR gates VNH and VNL are tested at each input while all other inputs are at Vss· 

Note 4: loN and lop are tested one output at a time. 

Note 5: Cpo determines the no load AC power consumption of any CMOS device. For explanation see 54C/74C Family Characteristics Application Note, AN-90. 
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CD4001M/CD4001C Quadruple 2-lnput NOR Gate 
CD4011M/CD4011C Quadruple 2-lnput NANO Gate 

General Description 
The CD4001 M/CD4001 C, CD4011 M/CD4011 C are mono
lithic complementary MOS (CMOS) quadruple two-input 
NOR and NANO gate integrated circuits. N- and P-channel 
enhancement mode transistors provide a symmetrical cir
cuit with output swings essentially equal to the supply volt
age. This results in high noise immunity over a wide supply 
voltage range. No DC power other than that caused by leak
age current is consumed during static conditions. All inputs 
are protected against static discharge and latching condi
tions. 

Connection Diagrams 

Features 
. • Wide supply voltage range 

• Low power 
• High noise immunity 

Dual-In-Line Package 

Yoo 

14 13 12 II 10 

TL/F/5938-1 

Yoo 

Top View 
CD4011M/CD4011C 

Dual-In-Line Package 

Top View 
CD4001M/CD4001C 

Order Number CD4001 * or CD4011 * 
•Please look into Section 8, Appendix D for availability of various package types. 
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contact the National Semiconductor Sales Office/ Power Dissipation (Po) 3:: 
Distributors for avallablllty and specifications. Dual-In-Line 700mW ........ 

0 
Voltage on any Pin Vss-0.3V to Vo0 +0.3V Small Outline 500mW c 
Operating Temperature Range Operating Voo Range Vss + 3.0V to Vss + 15V 

~ 
0 

CD4001 M, CD4011 M - 55°C to + 125°C Lead Temp.(Soldering, 10 sec.) 260°C 
0 ..... 

CD4001C, CD4011C -40°C to + 85°C 0 
........ 
0 

DC Electrical Characteristics CD4001 M, cD4011 M 
c 
~ 
0 ..... 

Limits ..... 
3:: 

Symbol Parameter Conditions -55°C +25°C +125°C Units ........ 
0 

Min Max Min Typ Max Min Max c 
~ 

IL Quiescent Device Voo = 5.ov 0.05 0.001 0.05 3.0 µA 0 ..... 
Current Voo = 1ov 0.1 0.001 0.1 6.0 µA ..... 

0 
Po Quiescent Device V00 = 5.0V 0.25 0.005 0.25 15 µW 

Dissipation/Package Voo = 1ov 1.0 0.01 1.0 60 µW 

Vol Output Voltage low Voo=5.0V, V1=Voo. lo=OA 0.05 0 0.05 0.05 v 
Level Voo=10V, V1=Voo. lo=OA 0.05 0 0.05 0.05 v 

VoH Output Voltage High Voo=5.0V, V1=V55, lo=OA 4.95 4.95 5.0 4.95 v 
Level Voo= 10V, V1=V55, lo=OA 9.95 9.95 10 9.95 v 

VNL Noise Immunity Voo=5.0V, Vo=3.6V, lo=OA 1.5 1.5 2.25 1.4 v 
(All Inputs) Voo=10V, Vo=7.2V, lo=OA 3.0 3.0 4.5 2.9 v 

VNH Noise Immunity Voo=5.0V, Vo=0.95V, lo=OA 1.4 1.5 2.25 1.5 v 
(All Inputs) Voo=10V, Vo=2.9V, lo=OA 2.9 3.0 4.5 3.0 v 

loN Output Drive Current Voo=5.0V, Vo=0.4V, V1=Voo 0.5 0.40 1.0 0.28 mA 
N-Channel (4001) Voo=10V, Vo=0.5V, V1=Voo 1.1 0.9 2.5 0.65 mA 
(Note2) 

loP Output Drive Current Voo=5.0V, Vo=2.5V, V1=Vss -0.62 -0.5 -2.0 -0.35 mA 
P-Channel (4001) Voo=10V, Vo=9.5V, V1=Vss -0.62 -0.5 -1.0 -0.35 mA 
(Note 2) 

loN Output Drive Current Voo=5.0V, Vo=0.4V, V1=Voo 0.31 0.25 0.5 0.175 mA 
N-Channel (4011) Voo=10V, Vo=0.5V, V1=Voo 0.63 0.5 0.6 0.35 mA 
(Note2) 

loP Output Drive Current Voo=5.0V, Vo=2.5V, V1=Vss -0.31 -0.25 -0.5 -0.175 mA 
P-Channel (4011) Voo= 10V, Vo=9.5V, V1=Vss -0.75 -0.6 -1.2 -0.4 mA 
(Note 2) 

11 Input Current 10 pA 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range" 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 

Note 2: loN and loP are tested one output at a time. 
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DC Electrical Characteristics CD4001c, cD4011c 

Limits 

Symbol Parameter Conditions -4C>°C +25°C +es·c Units 

Min Max Min Typ Max Min Max 

IL Quiescent Device Voo = 5.ov 0.5 0.005 0.5 15 µA 
Current Voo = 1ov 5.0 0.005 5.0 30 µA 

Po Quiescent Device Voo = 5.0V 2.5 0.025 2.5 75 µW 
Dissipation/Package Voo = 1ov 50 0.05 50 300 µW 

Vol Output Voltage low Voo=5.0V, V1=Voo. lo=OA 0.05 0 0.05 0.05 v 
Level Voo=10V, V1=Voo. lo=OA 0.05 0 0.05 0.05 v 

VoH Output Voltage High Voo=5.0V, V1=Vss. lo=OA 4.95 4.95 5.0 4.95 v 
Level Voo=10V, Vr=Vss. lo=OA 9.95 9.95 10 9.95 v 

VNL Noise Immunity Voo=5.0V, Vo=3.6V, lo=OA 1.5 1.5 2.25 1.4 v 
(All Inputs) Voo= 10V, Vo=7.2V, lo=OA 3.0 3.0 4.5 2.9 v 

VNH Noise Immunity Voo=5.0V, Vo=0.95V, lo=OA 1.4 1.5 2.25 1.5 v 
(All Inputs) Voo=10V, Vo=2.9V, lo=OA 2.9 3.0 4.5 3.0 v 

loN Output Drive Current Voo=5.0V, Vo=0.4V, V1=Voo 0.35· 0.3 1.0 0.24 mA 
N-Channel (4001) Voo=10V, Vo=0.5V, V1=Voo 0.72 0.6 2.5 0.48 mA 
(Note2) 

loP Output Drive Current Voo=5.0V, Vo=2.5V, V1=Vss -0.35 -0.3 -2.0 -0.24 mA 
P-Channel (4001) Voo=10V, Vo=9.5V, V1=V55 -0.3 -0.25 -1.0 -0.2 mA 
(Note2) 

loN Output Drive Current Voo=5.0V, Vo=0.4V, V1=Voo 0.145 0.12 0.5 0.095 mA 
N-Channel (4011) v 00 =1ov, Vo=0.5V, Vr=Voo 0.3 0.25 0.6 0.2 mA 
(Note 2) 

loP Output Drive Current Voo=5.0V, Vo=2.5V, Vr=Vss -0.145 -0.12 -0.5 -0.095 mA 
P-Channel (4011) Voo= 10V, Vo=9.5V, V1=Vss -0.35 -0.3 -1.2 -0.24 mA 
(Note 2) 

Ir Input Current 10 pA 
Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range" 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 

Note 2: loN and loP are tested one output at a time. 
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AC Electrical Characteristics* TA = 25°C, CL = 15 pF, and input rise and fall times = 20 ns. 
Typical temperature coefficient for all values of Voo = 0.3%1°C 

Symbol Parameter Conditions Min Typ Max 

CD4001M 

tPHL Propagation Delay Time High to Low Level Voo = 5.0V 35 50 
Voo = 1ov 25 40 

tPLH Propagation Delay Time Low to High Level Voo = 5.0V 35 65 
Voo = 1ov 25 40 

trHL Transition Time High to Low Level Voo = 5.ov 65 125 
Voo = 1ov 35 70 

trLH Transition Time Low to High Level Voo = 5.0V 65 175 
Voo = 1ov 35 75 

C1N Input Capacitance Any Input 5.0 

CD4001C 

tPHL Propagation Delay Time High to Low Level Voo = 5.ov 35 80 
Voo = 1ov 25 55 

tPLH Propagation Delay Time Low to High Level Voo = 5.0V 35 120 
Voo = 1ov 25 65 

trHL Transition Time High to Low Level v 00 = 5.ov 65 200 
Voo = 10v. 35 115 

trLH Transition Time Low to High Level Voo = 5.0V 65 300 
Voo = 1ov 35 125 

C1N Input Capacitance Any Input 5.0 

CD4011M 

tpHL Propagation Delay Time High to Low Level Voo = 5.0V 50 75 
Voo = 1ov 25 40 

tPLH Propagation Delay Time Low to High Level Voo = 5.ov 50 75 
Voo = 1ov 25 40 

trHL Transition Time High to Low Level Voo = 5.0V 75 125 
Voo = 10v 50 75 

trLH Transition Time Low to High Level Voo = 5.ov 75 100 
Voo = 1ov 40 60 

C1N Input Capacitance Any Input 5.0 

CD4011C 

tPHL Propagation Delay Time High to Low Level Voo = 5.0V 50 100 
Voo = 10V 25 50 

tPLH Propagation Delay Time Low to High Level Voo = 5.0V 50 100 
Voo = 1ov 25 50 

trHL Transition Time High to Low Level Voo = 5.ov 75 150 
Voo = 1ov 50 100 

trLH Transition Time Low to High Level Voo = 5.0V 75 125 
Voo = 1ov 40 75 

C1N Input Capacitance Any Input 5.0 

•AC Parameters are guaranteed by DC correlated testing. 
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§ CD4001BM/CD4001BC Quad 2-lnput 
§ NOR Buffered B Series Gate 
@ CD4011BM/CD4011BC Quad 2-lnput 
~ NANO Buffered B Series Gate .... 
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General Description 
These quad gates are monolithic complementary MOS 
(CMOS) integrated circuits constructed with N- and P-c.han
nel enhancement mode transistors. They have equal source 
and sink current capabilities and conform to standard B se
ries output drive. The devices also have buffered outputs 
which improve transfer characteristics by providing very 
high gain. · 

All inputs are protected against static discharge with diodes 
to Voo and Vss. 

Schematic Diagrams 
Voo 

a• 

2 (6, 9, 13) Vss 
TL/F/5939-1 

2(6, 9, 13) 

TL/F/5939-5 

Features 
• Low power TIL Fan out of 2 driving 7 4L 

or 1 driving 7 4LS compatibility 
• 5V-10V-15V parametric ratings 
• Symmetrical output characteristics 
• Maximum input leakage 1 µA at 15V over full tempera

ture range 

CD4001BC/BM 

Voo 

Vss 
TL/F/5939-2 

% of device shown 

J=A+B 
Logical "1" = High 
Logical "O" = Low 

•All inputs protected by standard 
CMOS protection circuit. 

CD4011BC/BM 

Voo 

Vss 
TL/F/5939-6 

% of device shown 

J = AeB 
Logical "1" = High 
Logical "O" = Low 

•All inputs protected by standard 
CMOS protection circuit. 
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Absolute Maximum Ratings (Notes 1 and 2) 

If Miiitary/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Voltage at any Pin -0.5V to v00 + 0.5V 

Power Dissipation (Po) 
Dual-In-Line 
Small Outline 

Voo Range 

Storage Temperature (Ts) 

Lead Temperature (T t) 
(Soldering, 10 seconds) 

700mW 
500mW 

-0.5Voeto +18Voe 
- 65°C to + 150°c 

260°c 

Operating Conditions 
Operating Range (Voo) 

Operating Temperature Range 
CD4001BM,CD4011BM 
CD4001 BC, CD4011 BC 

3 Voe to 15 Voe 

- 55°C to + 125°C 
-40°c to + 85°C 

DC Electrical Characteristics CD4001 BM, CD4011 BM <Note 2) 

Symbol Parameter Conditions 

loo Quiescent Device Voo = 5V, V1N = Voo or Vss 
Current Voo = 10V, V1N = Voo or Vss 

Voo = 15V, V1N = Voo or Vss 

VoL Low Level Voo = 5V } 
Output Voltage Voo = 10v iloi < 1 µA 

Voo = 15V 

VoH High Level Voo = 5V } 
Output Voltage Voo = 1ov ilol < 1 µA 

Voo = 15V 

V1L Low Level Voo = 5V, Vo = 4.5V 
Input Voltage Voo = 10V, Vo = 9.0V 

Voo = 15V, Vo= 13.5V 

V1H High Level Voo = 5V, Vo = 0.5V 
Input Voltage Voo = 10V, Vo= 1.0V 

Voo = 15V, Vo= 1.5V 

loL Low Level Output Voo = 5V, Vo = 0.4V 
Current Voo = 1ov, v 0 = o.5V 
(Note 3) Voo = 15V, Vo= 1.5V 

loH High Level Output Voo = 5V, Vo = 4.6V 
Current Voo = 10V, Vo= 9.5V 
(Note 3) Voo = 15V, Vo= 13.5V 

l1N Input Current Voo = 15V, V1N = ov 
Voo = 15V, V1N = 15V 

Connection Diagrams 
CD4001 BC/CD4001 BM 
Dual-In-Line Package 

Vee 
u 11 

Top View 

Vss 
TL/F/5939-3 

-ss·c +2s0 c + 12s0c Units 
Min Max Min Typ Max Min Max 

0.25 0.004 0.25 7.5 µA 
0.50 0.005 0.50 15 µA 
1.0 0.006 1.0 30 µA 

0.05 0 0.05 0.05 v 
0.05 0 0.05 0.05 v 
0.05 0 0.05 0.05 v 

4.95 4.95 5 4.95 v 
9.95 9.95 10 9.95 v 
14.95 14.95 15 14.95 v 

1.5 2 1.5 1.5 v 
3.0 4 3.0 3.0 v 
4.0 6 4.0 4.0 v 

3.5 3.5 3 3.5 v 
7.0 7.0 6 7.0 v 
11.0 11.0 9 11.0 v 

0.64 0.51 0.88 0.36 mA 
1.6 1.3 2.25 0.9 mA 
4.2 3.4 8.8 2.4 mA 

-0.64 -0.51 -0.88 -0.36 mA 
-1.6 -1.3 -2.25 -0.9 mA 
-4.2 -3.4 -8.8 -2.4 mA 

-0.10 -10-s -0.10 -1.0 µA 
0.10 
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Yoo 

14 

10-s 0.10 

CD4011BC/CD4011BM 
Dual-In-Line Package 

11 

Top View 

1.0 µA 

Vss 

TL/F/5939-4 

Order Number CD4001B* or CD4011B* 
•Please look into Section B, Appendix D 
for availability of various package types. 
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DC Electrical Characteristics co4001 sc. co4011 sc <Note 2) 

Symbol Parameter Conditions 
-40°C +25°C' +BS°C 

Units 
Min Max Min Typ Max Min Max 

loo Quiescent Device Yoo = 5V, V1N = Yoo or Vss 1 0.004 1 7.5 µA 
Current Yoo= 1ov, Y1N = YooorYss 2 0.005 2 15 µA 

Yoo = 15V, Y1N = Yoo or Vss 4 0.006 4 30 µA 

Vol Low Level Voo ~ sv } 0.05 0 0.05 0.05 v 
Output Voltage Yoo= 1ov ilol < 1 µA 0.05 0 0.05 0.05 v 

Yoo= 15V 0.05 0 0.05 0.05 v 
YoH High Level v00 ~ sv } 4.95 4.95 5 4.95 v 

Output Voltage Yoo= 1ov llol < 1 µA 9.95 9.95 10 9.95 v 
Yoo= 15V 14.95 14.95 15 14.95 v 

Y1L Low Level Yoo = 5V, Vo = 4.5V 1.5 2 1.5 1.5 v 
Input Voltage Yoo= 10V, Vo= 9.0V 3.0 4 3.0 3.0 v 

Yoo= 15V, Vo= 13.5V 4.0 6 4.0 4.0 v 
Y1H High Level Yoo = 5V, Vo = 0.5V 3.5 3.5 3 3.5 v 

Input Voltage Yoo= 10V, Vo= 1.0V 7.0 7.0' 6 7.0 v 
Yoo= 15V, Vo= 1.5V 11.0 11.0 9 11.0 v 

loL Low Level Output Yoo = 5V, Vo = 0.4V 0.52 0.44 0.88 0.36 mA 
Current Yoo= 10V, Vo= 0.5V 1.3 1.1 2.25 0.9 mA 
(Note 3) Yoo= 15V, Vo= 1.5V 3.6 3.0 8.8 2.4 mA 

loH High Level Output Yoo = 5V, Vo = 4.6V -0.52 -0.44 -0.88 -0.36 mA 
Current Yoo= 10V, Vo= 9.5V -1.3 -1.1 -2.25 -0.9 mA 
(Note 3) Yoo= 15V, Vo= 13.5V -3.6 -3.0 -8.8 -2.4 mA 

l1N Input Current Yoo= 15V, Y1N = ov -0.30 -10-s -0.30 -1.0 µA 

Yoo= 15V, Y1N = 15V 0.30 10-s 0.30 1.0 µA 

AC Electrical Characteristics* co4001sc, cD4001sM 
TA = 25°C, Input tr; tt = 20 ns. CL = 50 pF, AL = 200k. Typical temperature coefficient is 0.3%1°C. 

Symbol Parameter Conditions Typ Max Units 

tpHL Propagation Delay Time, Yoo= 5V 120 250 ns 

High-to-Low Level Yoo= 1ov 50 100 ns 

Yoo= 15V 35 70 ns 

tPLH Propagation Delay Time, Yoo= 5V 110 250 ns 
Low-to-High Level Yoo= 1ov 50 100 ns 

Yoo= 15V 35 70 ns 

trHL• trLH Transition Time Yoo= 5V 90 200 ns 

Yoo= 1ov 50 100 ns 

Yoo= 15V 40 80 ns 

C1N Average Input Capacitance Any Input 5 7.5 pF 

Cpo Power Dissipation Capacity Any Gate 14 pF 

•AC Parameters are guaranteed by DC correlated testing. 
Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range" 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 
Note 2: All voltages measured with respect to Vss unless otherwise specified. 
Note 3: loL and loH are tested one output at a time. 
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AC Electrical Characteristics* cD4011sc, cD4011sM 
TA = 25°C, Input tr; t1 = 20 ns. CL = 50 pF, RL = 200k. Typical Temperature Coefficient is 0.3%1°C. 

Symbol Parameter Conditions 

tPHL Propagation Delay, Voo = 5V 
High-to-Law Level Voo = 1ov 

Voo = 15V 

tPLH Propagation Delay, Voo = 5V 
Low-to-High Level Voo = 1ov 

Voo = 15V 

trHL· trLH Transition Time Voo = 5V 
Yoo= 1ov 
Voo = 15V 

C1N Average Input Capacitance Any Input 

Cpo Power Dissipation Capacity Any Gate 

•AC Parameters are guaranteed by DC correlated testing. 

Typical Performance Characteristics 
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Typical Performance Characteristics (Continued) 

CD40011B 
TA=25°C 
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FIGURE 12 
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~National 
U Semiconductor 

CD4002M/CD4002C Dual 4-lnput NOR Gate 
CD4012M/CD4012C Dual 4-lnput NANO Gate 

General Description 
These NOR and NANO gates are monolithic complementa
ry MOS (CMOS) integrated circuits. The N- and P-channel 
enhancement mode transistors provide a symmetrical cir
cuit with output swings essentially equal to the supply volt
age. This results in high noise immunity over a wide supply 
voltage range. No DC power other than that caused by leak
age current is consumed during static conditions. All inputs 
are protected against static discharge and latching condi
tions. 

Connection Diagrams 

Features 
• Wide supply voltage range 
• Low power 
• High noise immunity 

Applications 
• Automotive 
• Data terminals 
• Instrumentation 
• Medical Electronics 

3.0V to 15V 
10 nW (typ.) 

0.45 Voo (typ.) 

• Alarm system 
• Industrial controls 
• Remote metering 
• Computers 

CD4002 
Dual-In-Line Package 

CD4012 
Dual-In-Line Package 

5 

Top View 

6 
NC 

NC 
8 

7 
Vss 

TL/F/5940-1 

Order Number CD4002* or CD4012* 

Top View 

•Please look into Section 8, Appendix D for availability of various package types. 
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Absolute Maximum Ratings (Note 1> 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications . 

Voltage at Any Pin Vss -0.3V to Voo + 0.3V 
Operating Temperature Range 

CD4002M, CD4012M 
CD4002C, CD4012C 

- 55°C to + 125•c 
-40°Cto +a5°C 

Storage Temperature Range (Ts) 

Power Dissipation (Po) 
Dual-In-Line 
Small Outline 

Operating Range (Voo) 
Lead Temperature (TL) 

(Soldering, 1 O seconds) 

DC Electrical Characteristics cD4002M, cD4012M 

Limits 

Symbol Parameter Conditions -ss·c +2s0 c 
Min Max Min Typ 

loo Quiescent Voo = 5.ov 0.05 0.001 
Device Current Voo = 1ov 0.1 0.001 

Po Quiescent Device Voo = 5.ov 0.25 0.005 
Dissipation/Package Voo = 1ov 1.0 0.01 

VoL Output Voltage Voo = 5.0V, v, = Voo. lo = OA 0.05 0 
Low Level Voo = 1ov, V1 = Voo. lo= OA 0.05 0 

VoH Output Voltage Voo = 5.ov, v, = Vss. lo = OA 4.95 4.95 5.0 
High Level Voo = 1ov, v, = Vss. lo= OA 9.95 9.95 . 10 

VNL Noise Immunity Voo = 5.0V, Vo = 3.6V, lo = OA 1.5 1.5 2.25 
(All Inputs) Voo = 10V, Vo= 7.2V, lo= OA 3.0 3.0 4.5 

VNH Noise Immunity Voo = 5.0V, Vo = 0.95V, lo = OA 1.4 1.5 2.25 
(All Inputs) Voo = 10V, Vo= 2.9V, lo= OA 2.9 3.0 4.5 

loN Output Drive Current Voo = 5.0V, Vo = 0.4V, V1 = Voo 0.5 0.40 1.0 
N-Channel (4002) Voo = 1ov, Vo= 0.5V, v 1 = v 00 1.1 0.9 2.5 
(Note2) 

loP Output Drive Current Voo = 5.ov, Vo = 2.5V, v 1 = Vss -0.62 -0.5 -2.0 
P-Channel (4002) Voo = 1ov, Vo= 9.5V, V1 = Vss -0.62 -0.5 -1.0 
(Note 2) 

loN Output Drive Current Voo = 5.0V, Vo = 0.4V, V1 = Voo 0.31 0.25 0.5 
N-Channel (4012) Voo = 1ov, Vo= 0.5V, V1 = Voo 0.63 0.5 0.6 
(Note2) 

loP Output Drive Current v 00 = 5.ov, v0 = 2.5V, v 1 = Vss -0.31 -0.25 -0.5 
P-Channel (4012) Voo = 1ov, Vo= 9.5V, v, = Vss -0.75 -0.6 -1.2 
(Note 2) 

11 Input Current 10 

- 65°C to + 15o•c 

700mW 
500mW 

Vss +3.0VtoVss +15V 

260°c 

+ 12s·c Units 

Max Min Max 

0.05 3.0 µA 
0.1 6 µA 

0.25 15 µW 
1.0 60 µW 

0.05 0.05 v 
0.05 0.05 v 

4.95 v 
9.95 v 

1.4 v 
2.9 v 

1.5 v 
3.0 v 

0.28 mA 
0.65 mA 

-0.35 mA 
-0.35 mA 

0.175 mA 
0.35 mA 

-0.175 mA 
-0.4 mA 

pA 
Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range" 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 

Note 2: loN and loP are tested one output at a time. 
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DC Electrical Characteristics cD4002c, CD4012c 

Limits 

Symbol Parameter Conditions -55°C +25°C +85°C Units 

Min Max Min Typ Max Min Max 

loo Quiescent Voo = 5.0V 0.5 0.005 0.5 15 µA 
Device Current Yoo= 1ov 5.0 0.005 5.0 30 µA 

Po Quiescent Device Voo = 5.ov 2.5 0.025 2.5 75 µW 
Dissipation/Package Voo = 10V 50 0.05 50 300 µW 

VoL Output Voltage Voo = 5.0V, V1 = Voo. lo = OA 0.05 0 0.05 0.05 v 
Low Level Voo = 10V, V1 = Voo. lo = OA 0.05 0 0.05 0.05 v 

VoH Output Voltage Voo = 5.0V, V1 = V55, lo = OA 4.95 4.95 5.0 4.95 v 
High Level Yoo= 10V, V1 = V55, lo= OA 9.95 9.95 10 9.95 v 

VNL Noise Immunity Voo = 5.0V, Vo :?: 3.6V, lo = OA 1.5 1.5 2.25 1.4 v 
(All Inputs) Voo = 10V, Vo:?: 7.2V, lo= OA 3.0 3.0 4.5 2.9 v 

VNH Noise Immunity Voo = 5.0V, Vo ~ 0.95V, lo = OA 1.4 1.5 2.25 1.5 v 
(All Inputs) Voo = 10V, Vo~ 2.9V, lo= OA 2.9 3.0 4.5 3.0 v 

loN Output Drive Current Voo = 5.0V, Vo = 0.4V, V1 = Voo 0.35 0.3 1.0 0.24 mA 
N-Channel (4002) Voo = 10V, Vo = 0.5V, Vi = Voo 0.72 0.6 2.5 0.48 mA 
(Note 2) 

loN Output Drive Current Voo = 5.0V, Vo = 0.4V, V1 = Voo 0.145 0.12 0.5 0.095 mA 
N-Channel (4012) Voo = 10V, Vo= 0.5V, V1 = Voo 0.3 0.25 0.6 0.2 mA 
(Note 2) 

loP Output Drive Current Voo = 5.0V, Vo = 2.5V, V1 = Vss -0.35 -0.3 -2.0 -0.24 mA 
P-Channel (4002) Voo = 10V, Vo = 9.5V, V1 = Vss -0.3 -0.25 -1.0 -0.2 mA 
(Note 2) 

loP Output Drive Current Voo = 5.0V, Vo= 2.5V, V1 = Vss -0.145 -0.12 -0.5 -0.095 mA 
P-Channel (4012) Voo = 10V, Vo = 9.5V, V1 = Vss -0.35 -0.3 -1.2 -0.24 mA 
(Note 2) 

11 Input Current 10 pA 
Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range" 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 

Note 2: loN and loP are tested one output at a time. 
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AC Electrical Characteristics* TA = 25°C, CL = 15 pF, and input rise and fall times = 20 ns. Typical 
temperature coefficient for all values of Voo = 0.3%1°C. 

Symbol I Parameter I Conditions I Min I Typ I Max I Units 
CD4002M 

tpHL Propagation Delay Time Yoo= 5.0Y 35 50 ns 
High to Low Level Yoo= 1ov 25 40 ns 

tpLH Propagation Delay Time Yoo= 5.0Y 35 50 ns 
Low to High Level Yoo= 10Y 25 40 ns 

tTHL Transition Time High Yoo= 5.0Y 65 175 ns 
to Low Level Yoo= 10Y 35 75 ns 

tTLH Transition Time Low Yoo= 5.0Y 65 125 ns 
. to High Level Yoo= 10Y 35 70 ns 

C1N Input Capacitance Any Input 5.0 pF 

CD4002C 

tpHL Propagation Delay Time Yoo= 5.ov 35 120 ns 
High to Low Level Yoo= 10Y 25 65 ns 

TPLH Propagation Delay Time Yoo= 5.0Y 35 80 ns 
Low to High Level Voo = 1ov 25 55 ns 

trHL Transition Time High Yoo= 5.0Y 65 300 ns 
to Low Level Voo = 1ov 35 125 ns 

trLH Transition Time Low Yoo= 5.0Y 65 200 ns 
to High Level Yoo= 10Y 35 115 ns 

C1N Input Capacitance Any Input 5.0 pF 
•AC Parameters are guaranteed by DC correlated testing. 

AC Electrical Characteristics* TA = 25°C, CL = 15 pF, and input rise and fall times = 20 ns. Typical 
temperature coefficient for all values of Voo = 0.3%1°C. 

Symbol I Parameter I Conditions I Min I Typ I Max I Units 
CD4012M 

tPHL Propagation Delay Time v 00 = 5.ov 50 75 ns 
High to Low Level Yoo= 10Y 25 40 ns 

tPLH Propagation Delay Time Yoo= 5.0V 50 75 ns 
Low to High Level Yoo= 10Y 25 40 ns 

trHL Transition Time High Yoo= 5.0Y 75 125 ns 
to Low Level Voo = 1ov 50 75 ns 

trLH Transition Time Low Yoo= 5.0Y 75 100 ns 
to High Level Yoo= 10Y 40 60 ns 

C1N Input Capacitance Any Input 5.0 pF 

CD4012C 

tPHL Propagation Delay Time Voo = 5.0Y 50 100 ns 
High to Low Level Voo = 1ov 25 50 ns 

TPLH Propagation Delay Time Yoo= 5.ov 50 100 ns 
Low to High Level Yoo= 1ov 25 50 ns 

tTHL Transition Time High Yoo= 5.0V 75 150 ns 
to Low Level Yoo= 10Y 50 100 ns 

tTLH Transition Time Low Voo = 5.0V 75 125 ns 
to High Level Voo = 1ov 40 75 ns 

C1N Input Capacitance Any Input 5.0 pF 
•AC Parameters are guaranteed by DC correlated testing. 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature 
Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual 
device operation. 
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~National a Semiconductor 

CD4002BM/CD4002BC Dual 4-lnput NOR Gate 
CD4012BM/CD4012BC Dual 4-lnput NANO Gate 

General Description Features 
• Wide supply voltage range 
• High noise immunity 
• Low power TTL 

compatibility 
• 5V-10V-15V parametric ratings 

3.0V to 15V 
0.45 Voo (typ.) 

fanout of 2 driving 74L 
or 1 driving 74LS 

• Symmetrical output characteristics 
• Maximum input leakage: 

These dual gates are monolithic complementary MOS 
(CMOS) integrated circuits constructed with N- and P-chan
nel enhancement mode transistors. They have equal source 
and sink current capabilities and conform to standard B se
ries output drive. The devices also have buffered outputs 
which improve transfer characteristics by providing very 
high gain. All inputs are protected against static discharge 
with doides to Voo and Vss- µA at 15V over full temperature range 

Connection Diagrams 

Yoo 
14 13 

Dual-In-Line Packages 

CD4002BM/CD4002BC CD4012BM/CD4012BC 

12 11 

Top View 

6 
NC 

NC 
8 

7 
Yss 

TL/F/5941-1 

Yoo 
14 13 

Order Number CD4002B* or CD4012B* 

12 11 

Top View 

•Please look into Section 8, Appendix D for availability of package types. 
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Absolute Maximum Ratings (Notes 1 & 2) Recommended Operating C\I .,.. 
0 If Military/Aerospace specified devices are required, Conditions (Note 2) 'OI::!' c contact the National Semiconductor Sales Office/ Supply Voltage (Voo) 3.0Vto 15V 0 Distributors for availability and specifications • ...... Input Voltage MN) OVtoVoo v :i: Supply Voltage (Voo) -0.5V to+ 18V 
m Input Voltage MN) -0.5V to Voo + 0.5V 

Operating Temperature Range (TA) 
C\I CD4002BM, CD4012BM - 55°C to + 125°C .,.. 
0 Storage Temperature Range (Ts) - 65°C to + 150°c CD4002BC, CD4012BC - 40°C to.+ 85°C 
'OI::!' c Power Dissipation (Po) 
0 Dual-In-Line 700mW ...... 

Small Outline 500mW 0 
m Lead Temperature (TL) 
C\I 
0 (soldering, 1 O seconds) 260°c 
0 
'OI::!' c 
0 DC Electrical Characteristics CD4002sM, CD4012sM (Note 2) ...... 
:i: 

-ss·c m Symbol Parameter Conditions 
+2s0 c + 125°C 

Units C\I 
0 Min Max Min Typ Max Min Max 0 
'OI::!' 

loo Quiescent Device Voo = 5V, V1N = Voo or Vss 0.25 0.004 0.25 7.5 µA c 
0 Current Voo = 10V, V1N = Voo or Vss 0.5 0.005 0.5 15 µA 

Voo = 15V, V1N = Voo or Vss 1.0 0.006 1.0 30 µA 

VoL Low Level Voo = 5V 0.05 0 0.05 0.05 v 
Output Voltage Voo = 1ov 0.05 0 0.05 0.05 v 

Voo = 15V 0.05 0 0.05 0.05 v 

VoH High Level Voo = 5V 4.95 4.95 5 4.95 v 
Output Voltage Voo = 10v 9.95 9.95 10 9.95 v 

Voo = 15V 14.95 14.95 15 14.95 v 

V1L Low Level Voo = 5V, Vo = 0.5V or 4.5V 1.5 2.25 1.5 1.5 v 
Input Voltage Voo·= 10V, Vo= 1.0Vor9.0V 3.0 4.50 3.0 3.0 v 

Voo = 15V, Vo= 1.5Vor 13.5V 4.0 6.75 4.0 4.0 v 

V1H High Level Voo = 5V, Vo = 0.5V or 4.5V 3.5 3.5 2.75 3.5 v 
Input Voltage Voo = 1 OV, Vo = 1.0V or 9.0V 7.0 7.0 5.50 7.0 v 

Voo = 15V, Vo= 1.5Vor 13.5V 11.0 11.0 8.25 11.0 v 

Im Low Level Output Voo =5V, Vo= 0.4V 0.64 0.51 0.88 0.36 mA 
Current (Note 3) Voo = 10V, Vo= 0.5V 1.6 1.3 2.20 0.90 mA 

Voo = 15V, Vo= 1.5V 4.2 3.4 8.0 2.4 mA 

loH High Level Output Voo = 5V, Vo = 4.6V -0.64 -0.51 -0.88 -0.36 mA 
Current (Note 3) Voo = 1 OV, Vo = 9.5V -1.6 -1.3 -2.20 -0.90 mA 

Voo = 15V, Vo= 13.5V -4.2 -3.4 -8.0 -2.4 mA 

l1N Input Current Voo = 15V, V1N = ov -0.10 -10-5 -0.10 -1.0 µA 
Voo = 15V, V1N = 15V 0.10 10-5 0.10 1.0 µA 

Nat~.1~ '.'Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
sl:lould be operated at these limits. The tables of "Recommended Operating Conditions" and "Electrical Characteristics" provide conditions for actual device 

. ~oeration. 
···~ Note 2: Vss = OV unless otherwise specified. 

Note 3: loL and loH are tested one output at a time. 
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DC Electrical Characteristics CD4002sc. cD4012sc (Note 2) 

Symbol Parameter Conditions 
-40°C +25°C +85°C 

Units 
Min Max Min Typ Max Min Max 

loo Quiescent Device Voo = 5V, V1N = Voo or Vss 1.0 0.004 1.0 7.5 µA 
Current Voo = 1 OV, V1N = Voo or Vss 2.0 0.005 2.0 15 µA 

Voo = 15V, V1N = Voo or Vss 4.0 0.006 4.0 30 µA 

VoL Low Level Voo = 5V 0.05 0 0.05 0.05 v 
Output Voltage Voo = 1ov 0.05 0 0.05 0.05 v 

Voo = 15V 0.05 0 0.05 0.05 v 

VoH High Level Voo = 5V 4.95 4.95 5 4.95 v 
. Output Voltage Voo = 1ov 9.95 9.95 10 9.95 v 

Voo = 15V 14.95 14.95 15 14.95 v 

V1L Low Level Voo = 5V, Vo = 0.5V or 4.5V 1.5 2.25 1.5 1.5 v 
Input Voltage Voo = 10V, Vo= 1.0Vor9.0V 3.0 4.50 3.0 3.0 v 

Voo = 15V, Vo= 1.5Vor13.5V 4.0 6.75 4.0 4.0 v 

V1H High Level Voo = 5V, Vo = 0.5V or 4.5V 3.5 3.5 2.75 3.5 v 
Input Voltage Voo = 1 ov, Vo = 1.ov or 9.0V 7.0 7.0 5.50 7.0 v 

Voo = 15V, Vo= 1.5Vor13.5V 11.0 11.0 8.25 11.0 v 

loL Low Level Output Voo = 5V, Vo = 0.4V 0.52 0.44 0.88 0.36 mA 
Current (Note 3) Voo = 10V; Vo= 0.5V 1.3 1.1 2.2 0.90 mA 

Voo = 15V, Vo= 1.5V 3.6 3.0 8.0 2.4 mA 

loH High Level Output Voo = 5V, Vo= 4.6V -0.52 -0.44 -0.88 -0.36 mA 
Current (Note 3) Voo = 10V, Vo= 9.5V -1.3 -1.1 -2.2 -0.90 mA 

Voo = 15V, Vo= 13.5V -3.6 -3.0 -8.0 -2.4 mA 

l1N Input Current Voo = 15V, V1N = ov -0.3 -10-s -0.3 -1.0 µA 

Voo = 15V, V1N = 15V 0.3 10-s 0.3 1.0 µA 

AC Electrical Characteristics* TA = 25°C, CL = 50 pF, unless otherwise noted 

Symbol Parameter Conditions Min Typ Max Units 

tPHL Propagation Delay Voo = 5V 125 250 ns 
High to Low Level Voo = 1ov 60 100 ns 

Voo = 15V 45 70 ns 

tPLH Propagation Delay Voo = 5V 125 250 ns 
Low to High Level Voo = 1ov 60 100 ns 

Voo = 15V 45 70 ns 

trHL· trLH Transition Time Voo = 5V 100 200 ns 

Voo = 1ov 50 100 ns 

Voo = 15V 40 80 ns 

C1N Average Input Capacitance Any Input 5.0 7.5 pF 

Cpo Power Dissipation Any Gate 
20 pF 

Capacitance (Note 4) 

•Ac Parameters are guaranteed by DC correlated testing. 
Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The tables of "Recommended Operating Conditions" and "Electrical Characteristics" provide conditions for actual device 
operation. 
Note 2: Vss = OV unless otherwise specified. 
Note 3: loL and loH are tested one output at a time. 
Note 4: Cp0 determines the no load AC power consumption of any CMOS device. For complete explanation see 54C/7 4C Family Characteristics, Application Note 
AN-90. 
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~National 
a Semiconductor 
CD4006BM/CD4006BC 18-Stage Static Shift Register 

General Description 
The CD4006BM/CD4006BC 18-stage static shift register is 
comprised of four separate shift register sections, two sec
tions of four stages and two sections of five stages. Each 
section has an independent data input. Outputs are avail
able at the fourth stage and the fifth stage of each section. 
A common clock signal is used for all stages. Data is shifted 
to the next stage on the negative-going transition of the 
clock. Through appropriate connections of inputs and out
puts, multiple register sections of 4, 5, 8, and 9 stages, or 
single register sections of 10, 12, 13, 14, 16, 17, and 18 
stages can be implemented using one package. 

Logic Diagrams 

DATA-l>o-DATA {>o- OUTPUT 
•-- If 4TH OR 
: STH STAGE 
I 

' TO NEXT STAGE 
D+1 

FROM 
PREVIOUS 

STAGE 
(OR DATA 

If IST STAGE) CL 

CLOCK~CL 

CL CL 
r-±-i r-±-i 

_!_r T Tl_ lJ T Tl_ 
fl.if! 11.ifl 
~-r_. ~-=r_. 

CL CL 

Truth Table 

TL/F/5942-1 

TL/F/5942-3 

D CL~ 
0 .,_ 
1 .,_ 
x _r 

Features 
• Wide supply voltage range 3.0V to 15V 
• High noise immunity 0.45 Voo (typ.) 
• Low power TIL fan out of 2 driving 74L 

compatibility or 1 driving 7 4LS 
• Low clock input capacitance 6 pF (typ.) 
• Medium speed 10 MHz (typ.) (with Voo = 1 OV) 
• Low power 
• Fully static operation 

Connection Diagram 

Dual-In-Line Package 

Yoo OUT01+4 OUT02+S OUT02+4 OUT03+4 OUT04+S OUT04+4 

14 13 12 11 10 9 8 

DATA 1 

0+1 

0 

1 

NC 

NC CLOCK DATA2 DATA4 

Top View 

Order Number CD4006B* 
•Please look into Section B, Appendix D 
for availability of various package types. 

TL/F/5942-4 

Yss 
TL/F/5942-2 

X = Don't care 

l!i. = Level change 

NC = No change 
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Absolute Maximum Ratings (Notes 1 and 2) Recommended Operating 
If Military/Aerospace specified devices are required, Conditions (Note 2) 
contact the National Semiconductor Sales Office/ 

DC Supply Voltage (Voo) + 3.0V to + 15V 
Distributors for availability and specifications. 

DC Supply Voltage (Voo) -0.5 to + 18 Voe 
Input Voltage MN) ovtoVoo Voe 
Operating Temperature Range (TA) 

Input Voltage MN) -0.5 to Voo + 0.5 Voe CD4006BM - 55°C to + 125°C 
Storage Temperature Range (Ts) - 65°C to + 150°C CD4006BC -40°Cto +85°C 
Power Dissipation (Po) 

Dual-In-Line 700mW 
Small Outline 500mW 

Lead Temperature (T tJ 
(Soldering, 1 O seconds) 260°C 

DC Electrical Characteristics CD4oo6BM (Note 2) 

Symbol Parameter Conditions 
-55°C +25°C + 12s0 c 

Units 
Min Max Min Typ Max Min Max 

loo Quiescent Voo = 5.0V, V1N = Voo or Vss 5.0 0.005 5.0 150 µ,A 
Device Current Voo = 10V, V1N = Voo or Vss 10 O.Q10 10 300 µ,A 

Voo = 15V, V1N = VooorVss 20 O.Q15 20 600 µ,A 

VoL Low Level Voo = 5.0V 0.05 0 0.05 0.05 v 
Output Voltage Voo = 10v 0.05 0 0.05 0.05 v 

Voo = 15V 0.05 0 0.05 0.05 v 

VoH High Level Voo = 5.ov 4.95 4.95 5.0 4.95 v 
Output Voltage Voo = 1ov 9.95 9.95 10 9.95 v 

Voo = 15V 14.95 14.95 15 14.95 v 

V1L Low Level Voo = 5.0V, Vo = 0.5V or 4.5V 1.5 2.25 1.5 1.5 v 
Input Voltage Voo = 10V, Vo= 1.0Vor 9.0V 3.0 4.50 3.0 3.0 v 

Voo = 15V, Vo= 1.5Vor 13.5V 4.0 6.75 4.0 4.0 v 

V1H High Level Voo = 5.0V, Vo = 0.5V or 4.5V 3.5 3.5 2.75 3.5 v 
Input Voltage Voo = 10V, Vo= 1.0Vor9.0V 7.0 7.0 5.50 7.0 v 

Voo= 15V,Vo= 1.5Vor13.5V 11.0 11.0 8.25 11.0 v 

loL Low Level Voo = 5.0V, Vo = 0.4V 0.64 0.51 0.88 0.36 mA 
Output Current Voo = 10V, Vo= 0.5V 1.6 1.3 2.25 0.9 mA 
(Note3) Voo = 15V, Vo= 1.5V 4.2 3.4 8.8 2.4 mA 

loH High Level Voo = 5.0V, Vo= 4.6V -0.64 -0.51 -0.88 -0.36 mA 
Output Current Voo = 10V, Vo= 9.5V -1.6 -1.3 -2.25 -0.9 mA 
(Note 3) Voo = 15V, Vo= 13.5V -4.2 -3.4 -8.8 -2.4 mA 

l1N Input Current Voo = 15V, V1N = ov -0.1 -0.1 -10-5 -1.0 µ,A 
Voo = 15V, V1N = 15V 0.1 10-5 0.1 1.0 µA 

DC Electrical Characteristics CD4oo6sc (Note 2) 

Symbol Parameter Conditions 
-40°C +25°C +85°C 

Units 
Min Max Min Typ Max Min Max 

loo Quiescent Voo = 5.0V, V1N = Voo or Vss 20 0.005 20 150 µ,A 
Device Current Voo = 1 ov, V1N = Voo or Vss 40 0.010 40 300 µA 

Voo = 15V, V1N = Voo orVss 80 0.015 80 600 µA 

VoL Low Level Voo = 5.ov 0.05 0 0.05 0.05 v 
Output Voltage Voo = 1ov 0.05 0 0.05 0.05 v 

Voo = 1sv 0.05 0 0.05 0.05 v 

VoH High Level Voo = 5.ov 4.95 4.95 5.0 4.95 v 
Output Voltage Voo = 1ov 9.95 9.95 10 9.95 v 

Voo = 15V 14.95 14.95 15 14.95 v 
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DC Electrical Characteristics CD4006BC (Note 2) (Continued) 

Symbol Parameter Conditions ,___-_4 ..... o·_c_--1---...-+_2_s_·c-.----T-_+_a..,s_·c_--1 Units 

Low Level 
Input Voltage 

High Level 
Input Voltage 

Low Level 
Output Current 
(Note3) 

High Level 
Output Current 
(Note 3) 

Voo = 5.0V, Vo=; 0.5Vor4.5V 
Voo = 1ov, v 0 = 1.ov or 9.ov 
Voo = 15V, Vo= 1.5Vor13.5V 

Voo = 5.0V, Vo = 0.5V or 4.5V 
Voo = 1ov, Vo= 1.0Vor 9.0V 
Voo = 15V, Vo= 1.5Vor13.5V 

Voo = 5.0V, Vo = 0.4V 
Voo = 10V, Vo= 0.5V 
Voo = 15V, Vo= 1.5V 

v,L = ov. v,H = Voo 
Voo = 5.0V, Vo = 4.6V 
Voo = 10V, Vo= 9.5V 
Voo = 15V, Vo= 13.5V 

Input Current Voo = 15V, V1N = OV 
Voo = 15V, V1N = 15V 

Min 

3.5 
7.0 
11 

0.52 
1.3 
3.6 

-0.52 
~1.3 

-3.6 

Max 

1.5 
3.0 
4.0 

-0.3 
0.3 

Min 

3.5 
7.0 
11 

0.44 
1.1 
3.0 

-0.44 
-1.1 
-3.0 

Typ 

2.25 
4.5 
6.75 

2.75 
5.5 

8.25 

0.88 
2.25 
8.8 

-0.88 
-2.25 
-8.8 

Max 

1.5 
3.0 
4.0 

-10-s -0.3 
10-s 0.3 

Min Max 

3.5 
7.0 
11 

0.36 
0.9 
2.4 

-0.36 
-0.9 
-2.4 

1.5 
3.0 
4.0 

v 
v 
v 
v 
v 
v 

mA 
mA 
mA 

mA 
mA 
mA 

-1.0 µA 
1.0 µA 

AC Electrical Characteristics* CD40068M/CD4006BC TA = 25°C, CL = 50 pF, unless otherwise noted 

Symbol Parameter 

Propagation Delay Time CtPLH = tpHL) 

Transition Time (trLH = tTHd 

Minimum Clock Pulse Width (twL = twH) 

Clock Rise and Fall Time (tRcL = tFcd 

tsu Minimum Set-Up Time 

Minimum Hold Time 

fcL Maximum Clock Frequency 

Input Capacitance 

•Ac Parameters are guaranteed by DC correlated testing. 

Conditions 

Voo = 5.0V 
Voo = 1ov 
Voo = 15V 

v 00 = 5.ov 

Voo = 10v 
Voo = 15V 

Voo = 5.0V 
Voo = 1ov 
Voo = 15V 

Voo = 5.ov 
Voo = 1ov 
Voo = 15V 

Voo = 5.0V 
V00 = 1ov 

Voo = 15V 

Voo = 5.ov 
Voo = 10v 
Voo = 15V 

Voo = 5.ov 
Voo = 1ov 
v 00 = 15V 

Data Input 
CLK Input 

Min 

2.5 
5.0 
7.0 

Typ 

200 
100 
80 

100 
50 
40 

100 
45 
35 

50 
25 
20 

55 
35 
30 

5.0 
12 
16 

5.0 
7.5 

Max 

400 
200 
150 

200 
100 
80 

200 
100 
70 

15 
15 
15 

100 
50 
40 

110 
70 
60 

Units 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

µs 
µs 
µs 

ns 
ns 
ns 

ns 
ns 
ns 

MHz 
MHz 
MHz 

pF 
pF 

Note t: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed; they are not meant to imply that the devices 
should be operated at these limits. The tables of "Recommended Operating Conditions" and "Electrical Characteristics" provide conditions for actual device 
operation. ' 

Note 2: Vss = OV unless otherwise specified. 

Note 3: loL and loH are tested one output at a time. 
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Switching Time Waveforms 

Voe 
CLOCK 

Voe 
DATA 

Vss 

Voe 
OUTPUT 

Vss 

TL/F/5942-5 
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~ ~National 
8 ~Semiconductor ....... 
:5 
....... 
g CD4007M/CD4007C Dual 
"'=" 8 Complementary Pair Plus Inverter 

General Description Features 
The CD4007M/CD4007C consists of three complementary 
pairs of N- and P-channel enhancement mode MOS transis
tors suitable for series/shunt applications. All inputs are pro
tected from static discharge by diode clamps to v00 and 
V55. 

• Wide supply voltage range 

For proper operation the voltages at all pins must be con
strained to be between Vss - 0.3V and Voo + 0.3V at all 
times. 

Connection Diagram 

• High noise immunity 

Dual-In-Line Package 

Voo 

14 13 12 11 10 

____________________ ....,_..I N 

Vss 

Top View 

Note: All P-channel substrates are connected to Voo 
and all N-channel substrates are connected to V55. 

Order Number CD4007* 
•Please look into Section 8, Appendix D for availability of various package types. 
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3.0V to 15V 

0.45 Vee (typ.) 



Absolute Maximum Ratings (Note 1> 
If Military I Aerospace specified devices are required, Storage Temperature Range - 65°C to + 150°C 
contact the National Semiconductor Sales Office/ Power Dissipation (Po) 
Distributors for avallablllty and specifications. Dual-In-Line 700mW 
Voltage at Any Pin Vss -0.3V to Voo + 0.3V Small Outline 500mW 
Operating Temperature Range Operating Voo Range Vss + 3.0V to Vss + 15V 

CD4007M - 55°C to + 125°C Lead Temperature 
CD4007C - 40°C to + 85°C (Soldering, 10 seconds) 260°c 

DC Electrical Characteristics CD4001M 

Limits 

Symbol Parameter Conditions -ss·c +25°C + 125°C Units 

Min Typ Max Min Typ Max Min Typ Max 

IL Quiescent Device Voo = 5.0V 0.05 0.001 0.05 3.0 µA 
Current Voo = 1ov 0.1 0.001 0.1 6.0 µA 

Po Quiescent Device Voo = 5.0V 0.25 0.005 0.25 15 µW 
Dissipation Package Voo = 10v 1.0 0.001 1.0 60 µW 

VoL Output Voltage Voo = 5.ov 0.05 0 0.05 0.05 v 
Low Level Voo = 1ov 0.05 0 0.05 0.05 v 

VoH Output Voltage Voo = 5.0V 4.95 4.95 5.0 4.95 v 
High Level Voo = 1ov 9.95 9.95 10 9.95 v 

VNL Noise Immunity Voo = 5.0V, Vo = 3.6V 1.5 2.25 1.5 1.4 v 
(All Inputs) Voo = 10V, Vo= 7.2V 3.0 4.5 3.0 2.9 v 

VNH Noise Immunity Voo = 50V, Vo = 0.95V 3.6 3.5 2.25 3.5 v 
(All Inputs) Voo = 10V, Vo = 2.9V 7.1 7.0 4.5 7.0 v 

loN Output Drive Current Voo = 5.0V, Vo = 0.4V, V1 = Voo 0.75 0.6 1.0 0.4 mA 
N-Channel Voo = 10V, Vo= 0.5V, V1 = Voo 1.6 1.3 2.5 0.95 mA 

loP Output Drive Current Voo = 5.0V, Vo = 2.5V, V1 = Vss -1.75 -1.4 -4.0 -1.0 mA 
P-Channel Voo = 10V, Vo= 9.5V, V1 = Vss -1.35 -1.1 -2.5 -0.75 mA 

11 Input Current 10 pA 

DC Electrical Characteristics cD4001c 

Limits 

Symbol Parameter Conditions -40°C +2s0 c +as·c Units 

Min Typ Max Min Typ Max Min Typ Max 

IL Quiescent Device Voo = 5.0V 0.5 0.005 0.05 15 µA 
Current Voo = 1ov 1.0 0.005 1.0 30 µA 

Po Quiescent Device Voo = 5.0V 2.5 0.025 2.5 75 µW 
Dissipation Package Voo = 1ov 10 0.05 10 300 µW 

VoL Output Voltage Voo = 5.0V 0.05 0 0.01 0.05 v 
Low Level Voo = 1ov 0.05 0 O.Q1 0.05 v 

VoH Output Voltage Voo = 5.0V 4.95 4.95 5.0 4.95 v 
High Level Voo = 1ov 9.95 9.95 10 9.95 v 

VNL Noise Immunity Voo = 5.0V, Vo = 3.6V 1.5 2.25 1.5 1.4 v 
(All inputs) Voo = 10V, Vo= 7.2V 3.0 4.5 3.0 2.9 v 

VNH Noise Immunity Voo = 5.0V, Vo= 0.95V 3.6 3.5 2.25 3.5 v 
(All Inputs) Voo = 1 ov, Vo = 2.9V 7.1 7.0 4.5 7.0 v 

loN Output Drive Current Voo = 5.0V, Vo = 0.4V, V1 = Voo 0.35 0.3 1.0 0.24 mA 
N-Channel Voo = 10V, Vo= 0.5V, V1 = Voo 1.2 1.0 2.5 0.8 mA 

loP Output Drive Current Voo = 5.0V, Vo = 2.5V, V1 = Vss -1.3 -1.1 -4.0 -0.9 mA 
P-Channel Voo = 10V, Vo= 9.5V, V1 = Vss -0.65 -0.55 -2.5 -0.45 mA 

11 Input Current 10 pA 

Note 1: This device should not be connected to circuits with the power on because high transient voltages may cause permanent damage. 
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g AC Electrical Characteristics* CD4oo7M 
~ TA = 25°C and CL = 15 pF and rise and fall times = 20 ns. Typical temperature coefficient for all values of Voo = 0.3%!°C 
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Symbol Parameter Conditions Min Typ Max Units 

tPLH = tPHL Propagation Delay Time Voo = 5.0V 35 60 ns 
Voo = 1ov 20 40 ns 

tTLH = tTHL Transition Time Voo = 5.0V 50 75 ns 
Voo = 1ov 30 40 ns 

C1 Input Capacitance Any Input 5.0 pF 

•AC Parameters may be generated by DC correlated testing. 

AC Electrical Characteristics* cD4oo7c 
TA = 25°C and CL = 15 pF and rise and fall times= 20 ns. Typical temperature coefficient for all values of Voo = 0.3%1°C 

Symbol Parameter 

IPLH = tPHL Propagation Delay Time 

ITLH = tTHL Transition Time 

C1 Input Capacitance 

•AC Parameters are guaranteed by DC correlated testing. 

AC Test Circuits 
Voo 

·. .J14,11 

Conditions 

Voo = 5.0V 
Voo = 1ov 

Voo = 5.0V 
Voo = 1ov 

Any Input 

Voo 
.Jt4,2 

Min 

\

IP 

INPUT h OUTPUT 

I N I15pf \

IP 
1 5 

INPUT HOUTPUT 

I N 15 pf 

1·· ~ 1;" J 
TL/F/5943-2 TL/F/5943-3 

Switching Time Waveforms 

INPUT 
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Typ Max Units 

35 75 ns 
20 50 ns 

50 100 ns 
30 50 ns 

5 pF 

Voo J14 

\

IP 
8, 13 

INPUT rr OUTPUT 

I N 15 pf 

1J 
TL/F/5943-4 

TL/F/5943-5 



~National 
a Semiconductor 
CD4008BM/CD4008BC 4-Bit Full Adder 
General Description 
The CD4008B types consist of four full-adder stages with 
fast look-ahead carry provision from stage to stage. Circuitry 
is included to provide a fast "parallel-carry-out" bit to permit 
high-speed operation in arithmetic sections using several 
CD4008B's. CD40088 inputs include the four sets of bits to 
be added, A 1 to A4 and B 1 to 84, in addition to the "Carry 
in" bit from a previous section. CD40088 outputs include 
the four sum bits, S1 and S4, in addition to the high-speed 
"parallel-carry-out" which may be utilized at a succeeding 
CD4008B section. 

All inputs are protected from damage due to static dis
charge by diode clamps to Voo and GND. 

Block Diagram 

Features 
• Wide supply voltage range 3.0V to 15V 
• High noise immunity 0.45 Vee (typ.) 
• Low power TTL Fan out of 2 driving 74L 

compatibility or 1 driving 7 4LS 
• 4 sum outputs plus parallel look-ahead carry-output 
• Quiescent current specified to 15V 
• Maximum input leakage of 1 µA at 15V (full package 

temperature range) 

Truth Table 

HIGH SPEED 
PAR. CARRY 1------14""'° Co (CARRY OUT) A1 B1 c, co SUM 

15 
840----+-+-+--t--t--t~t--t---i .... --.i 
A4o----+-f.-+-t--t--t~._..,_ ____ .i 

8JO----+-f.-+-t--t--t~~------•1 

AJo----+-+-+--t--ti--tt----------.i 

820----+-+-+--ti--tt------------.i 

A20----+-+-+-4lt--------------•1 

810----+-+------------------.. 
A1o----+-e------------------.. 

C1 (CARRY IN) n---... -----------------------

Connection Diagram 

A4 

BJ 

Al 

82 

A2 

81 

Al 

Vss 

Dual-In-Line Package 

16 Voo 

15 84 

14 
Co (CARRY OUT) 

13 S4 

12 
Sl 

11 S2 

10 SI 

g C1 (CARRY IN) 

Top View TL/F/5944-2 
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1 0 0 
0 1 0 
1 1 0 
0 0 1 
1 0 1 
0 1 1 
1 1 1 

TL/F/5944-1 

Order Number CD4008B* 

•Please look into Section 8, Appendix D 
for availability of various package types. 
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Absolute Maximum Ratings (Notes 1 & 2) Recommended Operating 
If Miiitary/Aerospace specified devices are required, Conditions (Note 2) 
contact the National Semiconductor Sales Office/ 

DC Supply Voltage (Yoo) 3 to 15 Voe 
Distributors for avallablllty and specifications . 

DC Supply Voltage (Yoo) -0.5V to+ 18 Voe 
Input Voltage (V1N) Oto Yoo Voe 

Input Voltage (V1N) -0.5V to Yoo + 0.5 Voe 
Operating Temperature Range (TA) 

CD4008BM - 55°C to + 125°C 
Storage Temperature Range (Ts) - 65°c to + 15o•c CD4008BC - 40°c to + 85°C 
Power Dissipation (Po) 

Dual-In-Line 700mW 
Small Outline 500mW 

Lead Temperature, (TL.) 
(Soldering, 10 seconds) 260°c 

DC Electrical Characteristics CD4oo8BM (Note 2> 

Symbol Parameter Conditions 
-ss·c +2s0 c + 12s·c 

Units 
Min Max Min Typ Max Min Max 

loo Quiescent Device Current Voo = 5V, V1N = Yoo or Vss 5 0.3 5 150 µA 
Voo = 1 ov, V1N = Yoo or Vss 10 0.5 10 300 µA 
Voo = 15V, V1N = Yoo or Vss 20 1.0 20 600 µA 

Vol Low Level Output Voltage J1oJ<1µA 
Yoo= 5V 0.05 0 0.05 0.05 v 
v 00 = 10v 0.05 0 0.05 0.05 v 
Yoo= 15V 0.05 0 0.05 0.05 v 

VoH High Level Output Voltage iloi < 1 µA 
Voo = 5V 4.95 4.95 5 4.95 v 
Voo = 1ov 9.95 9.95 10 9.95 v 
Voo = 15V 14.95 14.95 15 14.95 v 

V1l Low Level Input Voltage Jloi < 1 µA 
Voo=5V, Vo=0.5Vor4.5V 1.5 1.5 1.5 v 
Voo=10V, Vo=1Vor9V 3.0 3.0 3.0 v 
Yoo= 15V, Vo= 1.5Vor 13.5V 4.0 4.0 4.0 v 

V1H High Level Input Voltage Jloi < 1 µA 
Voo=5V, Vo=0.5Vor4.5V 3.5 3.5 3.5 v 
Voo=10V, Vo=1Vor9V 7.0 7.0 7.0 v 
Yoo= 15V, Vo= 1.5Vor 13.5V 11.0 11.0 11.0 v 

lol Low Level Output Current Voo=5V, Vo=0.4V 0.64 0.51 0.88 0.36 mA 
(Note3) Yoo= 10V, Vo=0.5V 1.6 1.3 2.25 0.9 mA 

Yoo= 15V, Vo= 1.5V 4.2 3.4 8.8 2.4 mA 

loH High Level Output Current Voo=5V, Vo=4.6V -0.25 -0.2 -0.35 -0.14 mA 
(Note 3) Voo=10V, Vo=9.5V -0.62 -0.5 -0.8 -0.35 mA 

Voo=15V, Vo=13.5V -1.8 -1.5 -3.5 -1.1 mA 

l1N Input Current Yoo= 15V, V1N = ov -0.1 -10-s -0.1 -1.0 µA 
Yoo= 15V, V1N = 15V 0.1 10-s 0.1 1.0 µA 

DC Electrical Characteristics CD4oo8sc (Note 2> 

Symbol Parameter Conditions 
-40°c +2s0 c +as·c 

Units 
Min Max Min Typ Max Min Max 

loo Quiescent Device Current Yoo = 5V, V1N = Yoo or Vss 20 0.5 20 150 µA 
Yoo = 1 OV, V1N = Voo or Vss 40 1 40 300 µA 
Yoo = 15V, V1N = Voo or Vss 80 5 80 600 µA 

Vol Low Level Output Voltage Jlol < 1 µA 
v 00 = 5V 0.05 0 0.05 0.05 v 
v 00 = 1ov 0.05 0 0.05 0.05 v 
Yoo= 15V 0.05 0 0.05 0.05 v 

VoH High Level Output Voltage Jloi < 1 µA 
Yoo= 5V 4.95 4.95 5 4.95 v 
Yoo= 1ov 9.95 9.95 10 9.95 v 
V00 = 15V 14.95 14.95 15 14.95 v 
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DC Electrical Characteristics co4000sc (Note 2) (Continued) 

Symbol Parameter Conditions 
-40°c +2s0 c +as·c 

Units 
Min Max Min Typ Max Min Max 

V1L Low Level Input Voltage llol < 1 µA 
Voo=5V, Vo=0.5Vor4.5V 1.5 1.5 1.5 v 
Voo= 10V, Vo= 1V or 9V 3.0 3.0 3.0 v 
Voo= 15V, Vo= 1.5Vor 13.5V 4.0 4.0 4.0 v 

V1H High Level Input Voltage llol < 1 µA 
Voo=5V, Vo=0.5Vor4.5V 3.5 3.5 3.5 v 
Voo= 10V, Vo= 1Vor 9V 7.0 7.0 7.0 v 
Voo= 15V, Vo= 1.5V or 13.5V 11.0 11.0 11.0 v 

loL Low Level Output Current Voo=5V, Vo=0.4V 0.52 0.44 0.88 0.36 mA 
(Note 3) Voo= 10V, Vo=0.5V 1.3 1.1 2.25 0.9 mA 

Voo= 15V, Vo= 1.5V 3.6 3.0 8.8 2.4 mA 

loH High Level Output Current Voo=5V, Vo=4.6V -0.2 -0.16 -0.35 -0.12 mA 
(Note 3) Voo=10V, Vo=9.5V -0.5 -0.4 -0.B -0.3 mA 

Voo=15V, Vo=13.5V -1.4 -1.2 -3.5 -1.0 mA 

l1N Input Current Voo = 15V, V1N = ov -0.3 -0.3 -1.0 µA 
Voo = 15V, V1N = 15V 0.3 0.3 1.0 µA 

AC Electrical Characteristics* 
TA = 25°C, CL= 50 pF, RL = 200k, input tr, t1=20 ns, unless otherwise specified. 

Symbol Parameter Conditions Min Typ Max Units 

tPHL or tpLH Propagation Delay Time Voo = 5V 425 750 ns 
Sum In to Sum Out Voo = 1ov 170 250 ns 

Voo = 15V 125 190 ns 

Carry In to Sum Out Voo = 5V 320 650 ns 
Voo = 1ov 125 225 ns 
Voo = 15V 95 175 ns 

Sum In to Carry Out Voo = 5V 250 500 ns 
V00 = 1ov 115 200 ns 
Voo = 15V 90 160 ns 

Carry In to Carry Out Voo = 5V 130 245 ns 
Voo = 10v 60 105 ns 
Voo = 15V 45 BO ns 

Carry In to Carry Out CL= 15 pF 
Voo = 5V 100 175 ns 
Voo = 1ov 45 75 ns 
Voo = 15V 35 60 ns 

trHL High-to-Low Transition Time Voo = 5V 100 200 ns 
V00 = 1ov 50 100 ns 
Voo = 15V 40 BO ns 

trLH Low-to-High Transition Time Voo = 5V 200 400 ns 
Voo = 10v 100 200 ns 
Voo = 15V BO 160 ns 

C1N Average Input Capacitance 5 7.5 pF 

Cpo Power Dissipation Capacitance (Note 4) 100 pF 
•AC Parameters are guaranteed by DC correlated testing. 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed; they are not meant to imply that the devices 
should be operated at these limits. The table of "Recommended Operating Conditions" and "Electrical Characteristics" provides conditions for actual device 
operation. 

Note 2: Vss = OV unless otherwise specified. 

Note 3: loH and loL are tested one output at a time. 

Note 4: Cpo determines the no load AC power consumption of any CMOS device. For complete explanation, see 54C/7 4C Family Characteristics application note, 
AN-90. 
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~National 
~Semiconductor 
CD4009M/CD4009C Hex Buffers (Inverting) 
CD4010M/CD4010C Hex Buffers (Non-Inverting) 
General Description Features 
These hex buffers are monolithic complementary MOS 
(CMOS) integrated circuits. The N- and P-channel enhance
ment mode transistors provide a symmetrical circuit with 
output swings essentially equal to the supply voltage. This 
results in high noise immunity over a wide supply voltage 
range. No DC power other than that caused by leakage cur
rent is consumed during static conditions. All inputs are pro
tected against static discharge. These gates may be used 
as hex buffers, CMOS to DTL or TTL interface or as CMOS 
current drivers. Conversion ranges are from 3V to 15V pro
viding Vee~ Voo-

• Wide supply voltage range 3.0V to 15V 
100 nW (typ.) 

0.45 Voo (typ.) 
B mA (min.) at Vo = 0.5V 

and Voo = 1ov 

• Low power 
• High noise immunity 
• High current sinking 

capability 

Applications 
• Automotive • Alarm system 
• Data terminals • Industrial controls 
• Instrumentation • Remote metering 
• Medical electronics • Computers 

Schematic and Connection Diagrams 
Dual-In-Line Package Dual-In-Line Package 

Yoo 

16 13 

Top View 

Yss 

TL/F/5945-2 

16 

Order Number CD4009* or CD4010* 

13 12 

Top View 

0 Please look into Section 8, Appendix D for availability of various package types. 

Yoo fl 
GNO.J L. A 

CD4009M/CD4009C 

Hex COS/MOS to DTL or TIL 
converter (non-inverting). 

Connect Vee to DTL or TIL supply. 

Connect Voo to COS/MOS supply. 

Yoo fl 
GNO..J L. A 

CD4010M/CD4010C 

TLIF/5945-1 Hex COS/MOS to DTL or TIL 
converter (inverting). 

Connect Vee to DTL or TIL supply. 

Connect v00 to COS/MOS supply. 
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Absolute Maximum Ratings 
If Mllltary/ Aerospace specified devices are required, Storage Temperature Range (Ts) - 65°C to + 150°c 
contact the National Semiconductor Sales Office/ Power Dissipation (Po) 
Distributors for avallablllty and specifications. Dual-In-Line 700mW 
Voltage at Any Pin (Note 1) Vss - 0.3V to Vss + 15.5V Small Outline 500mW 

Operating Temperature Range Lead Temperature (TL) 
CD40XXM - 55°C to + 125°C (Soldering, 1 O seconds) 26D°C 
CD40XXC -45°C to + 85°C Operating Range (Voo) Vss + 3V to Vss + 15V 

DC Electrical Characteristics 

Test 
Limits 

Symbol Characteristics Conditions CD40XXM CD40XXC 
Units 

(Volts) -ss·c +2s0 c + 12s·c -40°c +2s0 c +ss·c 

Vo Voo Min Max Min Typ Max Min Max; Min Ma~ Min Typ Ma~ Min Ma~ 

Ice Quiescent Device 5 0.3 0.01 0.3 20 3 0.03 3 42 µA 
Current 10 0.5 0.01 0.5 30 5 0.05 5 70 µA 

Po Quiescent Device 5 1.5 0.05 1.5 100 15 0.15 15 210 µW 
Dissipation/Package 10 5 0.1 5 300 50 0.5 50 700 µW 

Output Voltage 5 O.Q1 0 0.01 0.05 0.01 0 0.01 0.05 v 
VOL Low Level 10 O.Q1 0 0.01 0.05 0.01 0 0.01 0.05 v 
VoH High Level 5 4.99 4.99 5 4.95 4.99 4.99 5 4.95 v 

10 9.99 9.99 10 9.95 9.99 9.99 10 9.95 v 

Noise Immunity 
(All Inputs) 

VNL CD4009M { Vo~ 4.0 5 1 1 2.25 0.9 1 1 2.25 0.9 v 
Vo~ 8.0 10 2 2 4.5 1.9 2 2 4.5 1.9 v 

VNL CD4010M { Vo~ 1.5 5 1.6 1.5 2.25 1.4 1.6 1.5 2.25 1.4 v 
Vo~ 3.0 10 3.2 3 4.5 2.9 3.2 3 4.5 2.9 v 

VNH Vo~ 3.5 5 1.4 1.5 2.25 1.5 1.4 1.5 2.25 1.5 v 
Vo~ 7.0 10 2.9 3 4.5 3 2.9 3 4.5 3 v 

Output Drive Current 0.4 5 3.75 3 4 2.1 3.6 3 2.4 mA 
loN N-Channel (Note 2) 0.5 10 10 8 10 5.6 9.6 8 6.4 mA 
loP P-Channel (Note 2) 2.5 5 -1.85 -1.25 -1.75 -0.9 -1.5 -1.25 -1 mA 

9.5 10 -0.9 -0.6 -0.8 -0.4 -0.72 -0.6 -0.48 mA 

l1N Input Current 10 10 pA 
Note 1: This device should not be connected to circuits with the power on because high transient voltage may cause permanent damage. 

Note 2: loN and loP are tested one output at a time. 

AC Electrical Characteristics* 
TA = 25°c, CL = 15 pF, unless otherwise noted. Typical Temperature coefficient for all values of Voo = 0.3%1°C 

Test Limits 
Conditions CD40XXM CD40XXC 

Characteristics Units 
Yoo Min Typ Max Min Typ Max 

(Volts) 

Propagation Delay Time: 
Vee= Voo 

5 - 15 55 - 15 70 
High-to-Low Level (tPHU 10 - 10 30 - 10 40 

Voo = 1ov 
ns 

Vee= 5V - 10 25 - 10 35 

Low-to-High Level <tPLH) Vee= Voo 
5 - 50 80 - 50 100 
10 - 25 55 - 25 70 

Voo = 1ov - 15 30 - 15 40 ns 
Vee= 5V 

Transition Time: 
Vee= Voo 

5 - 20 45 - 20 60 
High-to-Low Level (tTHu 10 16 40 16 50 

ns - -
Low-to-High Level (trLH) Vee= Voo 

5 - 80 125 - 80 160 
10 50 100 50 120 

ns - -
Input Capacitance (Cr) Any Input - 5 - - 5 - pF 
•AC Parameters are guaranteed by DC correlated testing. 
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Typical Application 
Vee Voe 

Voe 

TL/F/5945-5 
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~National a Semiconductor 
CD4013BM/CD4013BC Dual D Flip-Flop 

General Description Features 
The CD4013B dual D flip-flop is a monolithic complementa
ry MOS (CMOS) integrated circuit constructed with N- and 
P-channel enhancement mode transistors. Each flip-flop 
has independent data, set, reset, and clock inputs and "Q" 
and "Q" outputs. These devices can be used for shift regis
ter applications, and by connecting "Q" output to the data 
input, for counter and toggle applications. The logic level 
present at the "D" input is transferred to the Q output during 
the positive-going transition of the clock pulse. Setting or 
resetting is independent of the clock and is accomplished 
by a high level on the set or reset line respectively. 

• Wide supply voltage range 3.0V to 15V 
0.45 Voo (typ.) 

fan out of 2 driving 7 4L 
or 1 driving 7 4LS 

Connection Diagram 

Dual-In-Line Package 

Vao Q2 D2 CLOCK2 RESET 2 

14 13 12 11 10 

F/F 
1 

Qt lit CLOCK 1 RESET 1 DATA 1 

Top View 

Truth Table 
CLt D 

__r 0 
__r 1 

"'""-- x 
x x 
x x 
x x 

No change 
t = Level change 
x = Don't care case 

DATA2 

F/F 
2 

SET 1 

R 

0 
0 
0 
1 
0 
1 

• High noise immunity 
• Low power TTL 

compatibility 

Applications 
• Automotive 
• Data terminals 
• Instrumentation 
• Medical electronics 

SET 2 

s 
0 
0 
0 
0 
1 
1 

Vss 
TL/F/5946-1 

Q 

0 
1 
Q 

0 
1 
1 

Q 

1 
0 
Q 
1 
0 
1 
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• Alarm system 
• Industrial electronics 
• Remote metering 
•Computers 

Order Number CD4013B* 
Please see Section 8, Appendix D 

for availability of various package types. 



Absolute Maximum Ratings (Notes 1 & 2> Recommended Operating 
If Miiitary/Aerospace specified devices are required, Conditions (Note 2) 
contact the National Semiconductor Sales Office/ 

DC Supply Voltage (Voo) +3 Voe to+ 15 Voe Distributors for avallablllty and specifications. 

DC Supply Voltage (Voo) -0.5 Voe to+ 18 Voe 
Input Voltage <VIN) o Voe to Voo Voe 

Input Voltage <ViN) -0.5 Voe to Voo + 0.5 Voe 
Operating Temperature Range (TA) 

CD4013BM - 55•c to + 125·c 
Storage Temp. Range (Ts) - 65°C to + 15o•c CD40138C - 4o·c to + 85°C 
Power Dissipation (Po) 

Dual-In-Line 700mW 
Small Outline 500mW 

Lead Temperature (TL) 
(Soldering, 10 seconds) 260°C 

DC Electrical Characteristics CD4013BM (Note 2) 

Symbol Parameter Conditions 
-ss·c +25°C + 12s·c Units 

Min Max Min Typ Max Min Max 

loo Quiescent Device Voo = 5V, V1N = Voo or Vss 1.0 1.0 30 µA 
Current Voo = 1 ov, V1N = Voo or Vss 2.0 2.0 60 µA 

Voo = 15V, V1N = VooorVss 4.0 4.0 120 µA 

VoL Low Level Ito!< 1.0 µA 
Output Voltage Voo = 5V 0.05 0.05 0.05 v 

Voo = 10v 0.05 0.05 0.05 v 
Voo = 15V 0.05 0.05 0.05 v 

VoH High Level !toi < 1.0 µA 
Output Voltage Voo = 5V 4.95 4.95 4.95 v 

Voo = 1ov 9.95 9.95 9.95 v 
Voo = 15V 14.95 14.95 14.95 v 

V1L Low Level Ito! < 1.0 µA 
Input Voltage Voo = 5V, Vo = 0.5V or 4.5V 1.5 1.5 1.5 v 

Voo = 1ov, Vo= 1.0Vor 9.0V 3.0 3.0 3.0 v 
Voo = 15V, Vo= 1.5V or 13.5V 4.0 4.0 4.0 v 

V1H High Level Ito! < 1.0 µA 
Input Voltage Voo = 5V, Vo = 0.5V or 4.5V 3.5 3.5 3.5 v 

Voo = 1ov, Vo= 1.0Vor9.0V 7.0 7.0 7.0 v 
Voo = 15V, Vo= 1.5Vor 13.5V 11.0 11.0 11.0 v 

loL Low Level Output Voo = 5V, Vo = 0.4V 0.64 0.51 0.88 0.36 mA 
Current (Note 3) Voo = 10V, Vo= 0.5V 1.6 1.3 2.25 0.9 mA 

Voo = 15V, Vo= 1.5V 4.2 3.4 B.B 2.4 mA 

loH High Level Output Voo = 5V, Vo = 4.6V -0.64 -0.51 -0.BB -0.36 mA 
Current (Note 3) Voo = 10V, Vo = 9.5V -1.6 -1.3 -2.25 -0.9 mA 

Voo = 15V, Vo= 13.5V -4.2 -3.4 -8.B -2.4 mA 

l1N Input Current Voo = 15V, V1N = OV -0.1 -10-s -0.1 -1.0 µA 
Voo = 15V, V1N = 15V 0.1 10-s 0.1 1.0 µA 

DC Electrical Characteristics CD4013sc (Note 2> 

Symbol Parameter Conditions 
-40°C +25°C +ss·c Units 

Min Max Min Typ Max Min Max 

loo Quiescent Device Voo = 5V, V1N = Voo or Vss 4.0 4.0 30 µA 
Current Voo = 10V, V1N = VooorVss 8.0 8.0 60 µA 

Voo = 15V, V1N = Voo or Vss 16.0 16.0 120 µA 

VoL Low Level itoi < 1.0 µA 
Output Voltage v 00 = 5V 0.05 0.05 0.05 v 

Voo = 1ov 0.05 0.05 0.05 v 
Voo = 15V 0.05 0.05 0.05 v 

VoH High Level Ito! < 1.0 µA 
Output Voltage Voo = 5V 4.95 4.95 4.95 v 

Voo = 1ov 9.95 9.95 9.95 v 
Voo = 15V 14.95 14.95 14.95 v 

V1L Low Level llol < 1.0 µA 
Input Voltage Voo = 5V, Vo = 0.5V or 4.5V 1.5 1.5 1.5 v 

Voo = 10V, Vo= 1.0Vor9.0V 3.0 3.0 3.0 v 
Voo = 15V, Vo= 1.5Vor 13.5V 4.0 4.0 4.0 v 
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DC Electrical Characteristics CD4013sc (Note 2) (Continued) 

Symbol Parameter Conditions 
-40°c +2s0 c +as·c 

Units 
Min Max Min Typ Max Min Max 

V1H High Level llol < 1.0µA 
Input Voltage Voo = 5V, Vo= 0.5Vor4.5V 3.5 3.5 3.5 v 

Voo = 1ov, v 0 = 1.ov or 9.ov 7.0 7.0 7.0 v 

Voo = 15V, Vo= 1.5Vor13.5V 11.0 11.0 11.0 v 

loL Low Level Output Voo = 5V, Vo = 0.4V 0.52 0.44 0.88 0.36 mA 

Current (Note 3) Voo = 10V, Vo = 0.5V 1.3 1.1 2.25 0.9 mA 

Voo = 15V, Vo= 1.5V 3.6 3.0 8.8 2.4 mA 

loH High Level Output Voo = 5V, Vo = 4.6V -0.52 -0.44 -0.88 -0.36 mA 

Current (Note 3) Voo = 10V, Vo= 9.5V -1.3 -1.1 -2.25 -0.9 mA 

Voo = 15V, Vo= 13.5V -3.6 -3.0 -8.8 -2.4 mA 

l1N Input Current Voo = 15V, V1N = ov -0.3 -10-s -0.3 -1.0 µA 

Voo = 15V, V1N = 15V 0.3 10-5 0.3 1.0 µA 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed, they are not meant to imply that the devices 
should be operated at these limits. The tables of "Recommended Operating Conditions" and "Electrical Characteristics" provide conditions for actual device 
operation. 
Note 2: Vss = ov unless otherwise specified. 
Note 3: loH and loL are measured one output at a time. 

AC Electrical Characteristics* TA = 25°C, CL = 50 pF, RL = 200k, unless otherwise noted 

Symbol Parameter Conditions Min Typ Max Units 

CLOCK OPERATION 

tPHL• tPLH Propagation Delay Time Voo = 5V 200 350 ns 

Voo = 1ov 80 160 ns 

Voo = 15V 65 120 ns 

trHL· trLH Transition Time Voo = 5V 100 200 ns 

Voo = 10v 50 100 ns 

Voo = 15V 40 80 ns 

twL• twH Minimum Clock Voo = 5V 100 200 ns 

Pulse Width v 00 = 10v 40 80 ns 

Voo = 15V 32 65 ns 

tRCL• tFCL Maximum Clock Rise and Voo = 5V 15 µs 

Fall Time v 00 = 1ov 10 µs 

Voo = 15V 5 µs 

tsu Minimum Set-Up Time Voo = 5V 20 40 ns 
v 00 = 1ov 15 30 ns 

Voo = 15V 12 25 ns 

fcL Maximum Clock Voo = 5V 2.5 5 MHz 

Frequency Voo = 1ov 6.2 12.5 MHz 

Voo = 15V 7.6 15.5 MHz 

SET AND RESET OPERATION 

tPHL(R)• Propagation Delay Time Voo = 5V 150 300 ns 

tPLH(S) Voo = 1ov 65 130 ns 

Voo = 15V 45 90 ns 

twH(R)• Minimum Set and Voo = 5V 90 180 ns 

twH{S) Reset Pulse Width Voo = 10v 40 80 ns 

Voo = 15V 25 50 ns 

C1N Average Input Capacitance Any Input 5 7.5 pF 

•AC Parameters are guaranteed by DC correlated testing. 
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Schematic Diagram 

MASTER SECTION 

Cl 

L 
o-11.........+-...., 
r 
CL 

Voo Voo 

~wd 
CLDCK-uqu~CL 

Vss Vss 

TL/F/5946-3 

All P·SUBSTRATES 1l !: ) CONNECTED TO Voo 

All N-SUBSTRATES (l ~ I CONNECTED TO Vss 

TL/F/5946-4 
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SLAVE SECTION 
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Logic Diagram 

DATA 

RESET<>------------------' 

Cl~ 
Switching Time Waveforms 
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~National 
~Semiconductor 

CD4014BM/CD4014BC 8-Stage Static Shift Register 

General Description 
The CD40148M/CD40148C is an 8-stage parallel input/se
rial output shift register. A parallel/serial control input en
ables individual JAM inputs to each of 8 stages. Q outputs 
are available from the sixth, seventh and eighth stages. All 
outputs have equal source and sink current capabilities and 
conform to standard "B" series output drive. 

When the parallel/serial control input is in the logical "O" 
state, data is serially shifted into the register synchronously 
with the positive transition of the clock. When the parallel/ 
serial control input is in the logical "1" state, data is jammed 
into each stage of the register synchronously with the posi
tive transition of the clock. 

Connection Diagram 
Dual-In-Line Package 

PAR IN BUF 
OUT SER 

Vaa 07 IN 

116 15 14 13 12 11 

..--

1 2 3 4 5 6 
8 06 08 

PAR BUF BUF 
IN OUT OUT PAR IN 

Top View 

Logic Diagram 

D L 
D 

PS 

PAR/ 
SER 

CLK CONT 

10 9 

..... 

7 T· 
Vss 

TL/F/5947-1 

All inputs are protected against static discharge with diodes 
to Voo and Vss. 

Features 
• Wide supply voltage range 
• High noise immunity 
• Low power TIL 

compatibility 

3.0V to 15V 
0.45 Voo (typ.) 

Fan out of 2 driving 74L 
or 1 driving 7 4LS 

• 5V-10V-15V parametric ratings 
• Symmetrical output characteristics 
• Maximum input leakage: 

1 µA at 15V over full temperature range 

Truth Table 

Serial 
Parallel/ 

Q1 
CL• 

Input 
Serial Pl 1 Pin 

(Internal) Qn 
Control 

_r x 1 0 0 0 0 
_r x 1 1 0 1 0 
_r x 1 0 1 0 1 
_r x 1 1 1 1 1 
_r 0 0 x x 0 On-1 
_r 1 0 x x 1 On-1 

"-- x x x x 01 On 

*Level change 
X = Don't care case 

Order Number CD4014B* 

*Please look into Section 8, Appendix D 
for availability of various package types. 

No Change 

TL/F/5947-2 
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Absolute Maximum Ratings (Notes 1 & 2) Recommended Operating 
If Military/Aerospace specified devices are required, Conditions (Note 2) 
contact the National Semiconductor Sales Office/ Supply Voltage (Voo) 3.0Vto 15V 
Distributors for availability and specifications. 

Supply Voltage (Voo) -0.5V to+ 18V 
Input Voltage MN) o to Voo 

Input Voltage MN) -0.5 to Voo + 0.5V 
Operating Temperature Range (TA) 

CD4014BM - 55°C to + 125°C 
Storage Temperature Range (Ts) - 65°C to + 150°C CD4014BC -40°C to + 85°C 
Power Dissipation (Po) 

Dual-In-Line 700mW 
Small Outline 500mW 

Lead Temperature (TL) 
(Soldering, 10 seconds) . 260°C 

DC Electrical Characteristics CD4014BM (Note 2) 

Symbol Parameter Conditions 
-55°C +25°C +125°C Units 

Min Max Min Typ Max Min Max 

loo Quiescent Device Voo = 5V, V1N = Voo or Vss 5 0.1 5 150 µA 
Current Voo = 1ov, V1N = VooorVss 10 0.2 10 300 µA 

Voo = 15V, V1N = VooorVss 20 0.3 20 600 µA 

Vm Low Level Voo = 5V } 0.05 0 0.05 0.05 v 
Output Voltage Voo = 1ov llol < 1 µA 0.05 0 0.05 0.05 v 

Voo = 15V 0.05 0 0.05 0.05 v 

VoH High Level Voo = 5V } 4.95 4.95 5 4.95 v 
Output Voltage Voo = 1ov llol < 1 µA 9.95 9.95 10 9.95 v 

Voo = 15V 14.95 14.95 15 14.95 v 

V1L Low Level Voo = 5V, Vo = 0.5V or 4.5V 1.5 2 1.5 1.5 v 
Input Voltage Voo = 1 ov, Vo = 1.0V or 9.0V 3.0 4 3.0 3.0 v 

Voo= 15V,Vo= 1.5Vor13.5V 4.0 6 4.0 4.0 v 

V1H High Level Voo = 5V, Vo = 0.5V or 4.5V 3.5 3.5 3 3.5 v 
Input Voltage Voo = 1ov, Vo= 1.0Vor9.0V 7.0 7.0 6 7.0 v 

Voo = 15V, Vo= 1.5Vor13.5V 11.0 11.0 9 11.0 v 

loL Low Level Output Voo = 5V, Vo = 0.4V 0.64 0.51 0.88 0.36 mA 
Current (Note 3) Voo = 10V, Vo= 0.5V 1.6 1.3 2.2 0.9 mA 

Voo = 15V, Vo= 1.5V 4.2 3.4 8 2.4 mA 

loH High Level Output Voo = 5V, Vo = 4.6V -0.64 -0.51 -0.88 -0.36 mA 
Current (Note 3) Voo = 10V, Vo= 9.5V -1.6 -1.3 -2.2 -0.9 mA 

Voo = 15V, Vo= 13.5V -4.2 -3.4 -8 -2.4 mA 

l1N Input Current Voo = 15V, V1N = ov -0.10 -10-s -0.10 -1.0 µA 
Voo = 15V, V1N = 15V 0.10 10-s 0.10 1.0 µA 

DC Electrical Characteristics CD4014sc (Note 2) 

Symbol Parameter Conditions 
-40°C +25°C +85°C Units 

Min Max Min Typ Max Min Max 

loo Quiescent Device Voo = 5V, V1N = Voo or Vss 20 0.1 20 150 µA 
Current Voo = 10V, V1N = VooorVss 40 0.2 40 300 µA 

Voo = 15V, V1N = Voo or Vss 80 0.3 80 600 µA 

Vol Low Level Voo = 5V } 0.05 0 0.05 0.05 v 
Output Voltage Voo = 1ov ilol < 1 µA 0.05 0 0.05 0.05 v 

Voo = 15V 0.05 0 0.05 0.05 v 

VoH High Level Voo = 5V } 4.95 4.95 5 4.95 v 
Output Voltage Voo = 10v . ilol < 1 µA 9.95 9.95 10 9.95 v 

Voo = 15V 14.95 14.95 15 14.95 v 

V1L Low Level Voo = 5V, Vo = 0.5V or 4.5V 1.5 2 1.5 1.5 v 
Input Voltage Voo = 10V, Vo= 1.0Vor 9.0V 3.0 4 3.0 3.0 v 

Voo = 15V, Vo= 1.5Vor 13.5V 4.0 6 4.0 4.0 v 

V1H High Level Voo = 5V, Vo = 0.5V or 4.5V 3.5 3.5 3 3.5 v 
Input Voltage Voo = 10V, Vo = 1.ov or 9.0V 7.0 7.0 6 7.0 v 

Voo = 15V, Vo= 1.5Vor 13.5V 11.0 11.0 9 11.0 v 

loL Low Level Output Voo = 5V, Vo = 0.4V 0.52 0.44 0.88 0.36 mA 
Current (Note 3) Voo = 10V, Vo= 0.5V 1.3 1.1 2.2 0.9 mA 

Voo = 15V, Vo= 1.5V 3.6 3.0 8 2.4 mA 
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DC Electrical Characteristics CD4014BC (Note 2) (Continued) 

Symbol Parameter Conditions 
-40°C +25°C +as0 c Units 

Min Max Min Typ Max Min Max 

loH High Level Output Voo = 5V, Vo = 4.6V -0.52 -0.44 -0.88 -0.36 mA 
Current (Note 3) Voo = 10V, Vo= 9.5V -1.3 -1.1 -2.2 -0.90 mA 

Voo = 15V, Vo= 13.5V -3.6 -3.0 -8 -2.4 mA 

l1N Input Current Voo = 15V, V1N = ov -0.3 -10-s -0.3 -1.0 µA 
Voo = 15V, V1N = 15V 0.3 10-s 0.3 1.0 µA 

AC Electrical Characteristics* TA = 25°C, input tr. t1 = 20 ns, CL = 50 pF, RL = 200 kn 

Symbol Parameter Conditions Min Typ Max Units 

tPHL• tPLH Propagation Delay Time Voo = 5V 200 320 ns 

Voo = 1ov 80 160 ns 

Voo = 15V 60 120 ns 

tTHL• tTLH Transition Time Voo = 5V 100 200 ns 
Voo = 1ov 50 100 ns 
Voo = 15V 40 80 ns 

fcL Maximum Clock Voo = 5V 2.8 4 MHz 
Input Frequency Voo = 1ov 6 12 MHz 

Voo = 15V 8 16 MHz 

tw Minimum Clock Voo = 5V 90 180 ns 
Pulse Width Voo = 1ov 40 80 ns 

Voo = 15V 25 50 ns 

trcL. tfcL Clock Rise and Voo = 5V 15 µs 
Fall Time (Note 4) Voo = 10v 15 µs 

Voo = 15V 15 µs 

ts Minimum Set-Up Time Voo = 5V 60 120 ns 
(Note 6) Serial Input Voo = 1ov 40 80 ns 
tH ~ 200 ns Voo = 15V 30 60 ns 

Parallel Inputs Voo = 5V 80 160 ns 
tH ~ 200 ns Voo = 1ov 40 80 ns 

Voo = 15V 30 60 ns 

Parallel/Serial Control Voo = 5V 100 200 ns 

tH ~ 200 ns Voo = 1ov 50 100 ns 

Voo = 15V 40 80 ns 

tH Minimum Hold Time Voo = 5V 0 ns 

Serial In, Parallel In, ts ~ 400 ns Voo = 1ov 10 ns 
Parallel/Serial Control Voo = 15V 15 ns 

C1 Average Input Capacitance Any Input 
5 7.5 pF 

(Note 5) 

Cpo Power Dissipation Capacitance 
110 pF 

(Note5) 

•AC Parameters are guaranteed by DC correlated testing. 
Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range" 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 
Note 2: Vss = av unless otherwise specified. 
Note 3: loL and loH are tested one output at a time. 
Note 4: If more than one unit is cascaded trcL should be made less than or equal to the fixed propagation delay of the output of the driving stage for the estimated 
capacitive load. 
Note 5: Cpo determines the no load AC power consumption of any CMOS device. For complete explanation, see 54C/7 4C family characteristics application note 
AN-90. 
Note 6: Setup times are measured with reference to clock and a fixed hold time (tH) as specified. 

5-43 

0 
c 
~ 
0 ..... 
~ 
tD 
3: ....... 
0 
c 
~ 
0 ..... 
~ 
tD 
0 



0 m 
"l:t' ,.. 
0 
"l:t' c 
0 ...... 
:E m 
"l:t' ,.. 
0 
"l:t' 
c 
0 

Typical Performance Characteristics 
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~National 
~Semiconductor 

CD4015BM/CD4015BC Dual 4-Bit Static Shift Register 

General Description 
The CD4015BM/CD4015BC contains two identical, 4-stage, 
serial-input/parallel-output registers with independent 
"Data", "Clock," and "Reset" inputs. The logic level pres
ent at the input of each stage is transferred to the output of 
that stage at each positive-going clock transition. A logic 
high on the "Reset" input resets all four stages covered by 
that input. All inputs are protected from static discharge by a 
series resistor and diode clamps to Voo and Vss. 

Features 
• Wide supply voltage range 
• High noise immunity 
• Low power TTL 

compatibility 
• Medium speed operation 
• Fully static design 

Applications 

3.0V to 18V 
0.45 Voo (typ.) 

Fan out of 2 driving 74L 
or 1 driving 74LS 

8 MHz (typ.) clock rate 
@Voo - Vss = 1ov 

• Serial-input/parallel-output data queueing 
• Serial to parallel data conversion 
• General purpose register 

Connection Diagram and Truth Table 

Voo 
16 

CLOCK0 

Dual-In-Line Package 

DATAe RESETe 
15 14 

4 
STAGES 

CL"-

_/" 

_/" 

"""--
x 

D 

0 
1 
x 
x 

R 

0 
0 
0 
1 

• Level change 

01 0 
13 

01 

0 
1 

01 
0 

X = Don't care case 

029 
12 

On 

On-1 
On-1 

On 
0 

039 
11 

4 
STAGES 

(No change) 

Order Number CD4015B* 

CLOCK A 
9 

8 

Vss 

•Please look into Section 8, Appendix D for availability of various package types. 
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0 m 
Absolute Maximum Ratings (Notes 1 & 2> Recommended Operating I.I) ,.. 

Q If Miiitary/Aerospace specified devices are required, Conditions ~ c contact the National Semiconductor Sales Office/ 
DC Supply Voltage CVoo) +3to +15Voe 0 Distributors for avallablllty and specifications . ....... Input Voltage MN) OtoVoo Voe :E DC Supply Voltage (Voo) -0.5to+18 Voe m Input Voltage (VrN) -0.5 to Voo +0.5 Voe 
Operating Temperature Range (TA) 

I.I) CD4015BM - 55°C to + 125°C ,.. 
Q Storage Temperature Range (Ts) -65°C to + 15o•c CD4015BC -40°c to + 85°C 
~ 

Power Dissipation (Po) c 
0 Dual-In-Line 700mW 

Small Outline 500mW 

Lead Temperature (TL) 
(Soldering, 10 seconds) 2so·c 

DC Electrical Characteristics cD4015BM (Note 2> 

Symbol Parameter Conditions 
-ss·c +2s0 c + 12s·c 

Units 
Min Max Min Typ Max Min Max 

loo Quiescent Device Voo = 5V, VrN = Voo or Vss 5 0.005 5 150 µA 
Current Voo = 1ov, VrN = Voo orVss 10 0.010 10 300 µA 

Voo = 15V, VrN = Voo orVss 20 0.015 20 600 µA 

VoL Low Level Voo ~ sv } 0.05 0 0.05 0.05 v 
Output Voltage Voo = 1ov llol < 1 µA 0.05 0 0.05 0.05 v 

Voo = 15V 0.05 0 0.05 0.05 v 

VoH High Level Voo ~ sv } 4.95 4.95 5 4.95 v 
Output Voltage Voo = 1ov llol < 1 µA 9.95 9.95 10 9.95 v 

Voo = 15V 14.95 14.95 15 14.95 v 

VrL Low Level Voo = 5V, Vo = 0.5V or 4.5V 1.5 2.25 1.5 1.5 v 
Input Voltage Voo = 10V, Vo= 1.0Vor9.0V 3.0 4.50 3.0 3.0 v 

Voo = 15V, v 0 = 1.5Vor13.5V 4.0 6.75 4.0 4.0 v 

VrH High Level Voo = 5V, Vo = 0.5V or 4.5V 3.5 3.5 2.75 3.5 v 
Input Voltage Voo = 1ov, v 0 = 1.0Vor9.0V 7.0 7.0 5.50 7.0 v 

Voo = 15V, Vo= 1.5Vor 13.5V 11.0 11.0 8.25 11.0 v 

loL Low Level Output Voo = 5V, Vo = 0.4V 0.64 0.51 0.88 0.36 mA 
Current (Note 3) Voo = 10V, Vo= 0.5V 1.6 1.3 2.25 0.9 mA 

Voo = 15V, Vo= 1.5V 4.2 3.4 8.8 2.4 mA 

loH High Level Output Voo = 5V, Vo = 4.6V -0.64 -0.51 -0.88 -0.36 mA 
Current (Note 3) Voo = 10V, Vo= 9.5V -1.6 -1.3 -2.25 -0.9 mA 

Voo = 15V, Vo= 13.5V -4.2 -3.4 -8.8 -2.4 mA 

lrN Input Current Voo = 15V, VrN = OV -0.1 -10-s -0.1 -1.0 µA 
Voo = 15V, VrN = 15V 0.1 10-5 0.1 1.0 µA 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed; they are not meant to imply that the devices 
should be operated at these limits. The tables of "Recommended Operating Conditions" and "Electrical Characteristics" provide conditions for actual device 
operation. 

Note 2: Vss = OV unless otherwise specified. 

Note 3: loH and loL are tested one output at a time. 
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DC Electrical Characteristics co4015sc (Note 2) 

Symbol Parameter Conditions 
-ss·c +25°c + 12s·c 

Units 
Min Max Min Typ Max Min Max 

loo Quiescent Device Voo = 5V, V1N = Voo or Vss 20 0.005 20 150 µA 
Current Voo = 1 OV, V1N = Voo or Vss 40 0.010 40 300 µA 

Voo = 15V, V1N = Voo or Vss 80 0.015 80 600 µA 

VoL Low Level Voo = 5V 0.05 0 0.05 0.05 v 
Output Voltage Voo = 1ov 0.05 0 0.05 0.05 v 

Voo = 15V 0.05 0 0.05 0.05 v 

VoH High Level Voo = 5V 4.95 4.95 5 4.95 v 
Output Voltage Voo = 1ov 9.95 9.95 10 9.95 v 

Voo = 15V 14.95 14.95 15 14.95 v 

V1L Low Level Voo = 5V, Vo = 0.5V or 4.5V 1.5 2.25 1.5 1.5 v 
Input Voltage Voo = 1 OV, Vo = 1.0V or 9.0V 3.0 4.50 3.0 3.0 v 

Voo = 15V, Vo= 1.5Vor 13.5V 4.0 6.75 4.0 4.0 v 

V1H High Level Voo = 5V, Vo = 0.5V or 4.5V 3.5 3.5 2.75 3.5 v 
Input Voltage Voo = 1ov, Vo= 1.0Vor 9.0V 7.0 7.0 5.50 7.0 v 

Voo = 15V, Vo= 1.5Vor 13.5V 11.0 11.0 8.25 11.0 v 

loL Low Level Output Voo = 5V, Vo = 0.4V 0.52 0.44 0.88 0.36 mA 
Current (Note 3) Voo = 10V, Vo= 0.5V 1.3 1.1 2.25 0.9 mA 

Voo = 15V, Vo= 1.5V 3.6 3.0 8.8 2.4 mA 

loH High Level Output Voo = 5V, Vo = 4.6V -0.52 -0.44 -0.88 -0.36 mA 
Current (Note 3) Voo = 10V, Vo= 9.5V -1.3 -1.1 -2.25 -0.9 mA 

Voo = 15V, Vo= 13.5V -3.6 -3.0 -8.8 -2.4 mA 

l1N Input Current Voo = 15V, V1N = ov -0.3 -10-s -0.3 -1.0 µA 
Voo = 15V, V1N = 15V 0.3 10-s 0.3 1.0 µA 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed; they are not meant to imply that the devices 
should be operated at these limits. The tables of "Recommended Operating Conditions" and "Electrical Characteristics" provide conditions for actual device 
operation. 

Note 2: Vss = OV unless otherwise specified. 

Note 3: loH and loL are tested one output at a time. 
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AC Electrical Characteristics* 
TA = 25°C, CL = 50 pF, AL = 200k, tr = tt = 20 ns, unless otherwise specified 

Symbol Parameter Conditions Min 

CLOCK OPERATION 

tPHL, tPLH Propagation Delay Time Voo = 5V 
Voo = 1ov 
Voo = 15V 

tTHL• trLH Transition Time Voo = 5V 
Voo = 1ov 
Voo = 15V 

twL.twM Minimum Clock Voo = 5V 
Pulse-Width Voo = 1ov 

Voo = 15V 

trCL· ttcL Clock Rise and Voo = 5V 
Fall Time Voo = 1ov 

Voo = 15V 

tsu Minimum Data Voo = 5V 
Set-Up Time Voo = 1ov 

Voo = 15V 

fcL Maximum Clock Voo = 5V 2 
Frequency Voo = 1ov 4.5 

Voo = 15V 6 

C1N Input Capacitance Clock Input 
Other Inputs 

RESET OPERATION 

tPHL(R) Propagation Delay Time Voo = 5V 
Voo = 1ov 
Voo = 15V 

twH(R) Minimum Reset Voo = 5V 
Pulse Width Voo = 1ov 

Voo = 15V 

•AC Parameters are guaranteed by DC correlated testing. 

Logic Diagrams 

0 0 0 
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Typ Max Units 

230 350 ns 
80 160 ns 
60 120 ns 

100 200 ns 
50 100 ns 
40 80 ns 

160 250 ns 
60 110 ns 
50 85 ns 

15 µs 
15 µs 
15 µs 

50 100 µs 
20 40 µs 
15 30 µs 

3.5 MHz 
8 MHz 
11 MHz 

7.5 10 pF 

5 7.5 pF 

200 400 ns 
100 200 ns 
80 160 ns 

135 250 ns 
40 80 ns 
30 60 ns 

0 

TL/F/5948-2 



Logic Diagrams (Continued) 
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~National 
~Semiconductor 

CD4016BM/CD4016BC Quad Bilateral Switch 
General Description 
The CD4016BM/CD4016BC is a quad bilateral switch in
tended for the transmission or multiplexing of analog or digi
tal signals. It is pin-for-pin compatible with CD4066BM/ 
CD4066BC. 

Features 
• Wide supply voltage range 3V to 15V 
• Wide range of digital and analog switching ±7.5 VpEAK 
• "ON" resistance for 15V operation 4000 (typ.) 
• Matched "ON" resistance over 15V 

signal input 
• High degree of linearity 

.:iRoN= 100 (typ.) 
0.4 % distortion (typ.) 

@ f1s = 1 kHz, V1s=5 VP·P• 
Voo-Vss= 10v, RL = 10 kn 

• Extremely low "OFF" switch leakage 0.1 nA (typ.) 

@ Voo - Vss= 1ov 

TA=25°C 

Schematic and Connection Diagrams 

CONTROL---..... ----1 >c~--..., 

IN/OUT---IIf-- OUT/IN 

•. Extremely high control input impedance 10120 (typ.) 
• Low crosstalk between switches - 50 dB (typ.) 

@ f1s=0.9 MHz, RL = 1 k!l 
• Frequency response, switch "ON" 40 MHz (typ.) 

Applications 
• Analog signal switching/multiplexing 

• Signal gating 
• Squelch control 
•Chopper 
• Modulator/Demodulator 
• Commutating switch 

• Digital signal switching/multiplexing 
• CMOS logic implementation 
• Analog-to-digital/ digital-to-analog conversion 
• Digital control of frequency, impedance, phase, and an

alog-signal gain 

Dual-In-Line Package 

TOP VIEW 
TL/F/5661-1 

Order Number CD4016B* 

•Please look into Section 8, Appendix D for availability of various package types. 
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Absolute Maximum Ratings Recommended Operating 
It Military/Aerospace specified devices are required, Conditions (Note 2) 
contact the National Semiconductor Sales Office/ 

Voo Supply Voltage 3Vto 15V 
Distributors for avallablllty and specifications. 

(Notes 1 and 2) V1N Input Voltage OVtoVoo 

Voo Supply Voltage -0.5Vto +18V 
TA Operating Temperature Range 

V1N Input Voltage -0.5V to Voo + 0.5V 
CD40168M - 55°C to + 125•c 

Ts Storage Temperature Range - 65°C to + 1 so·c 
CD4016BC - 4o•c to + 85°C 

Power Dissipation (Po) 
Dual-In-Line 700mW 
Small Outline 500mW 

Lead Temperature (Soldering, 10 seconds) 260°c 

DC Electrical Characteristics CD4016BM (Note 2) 

Symbol Parameter Conditions 
-ss·c 2s·c 12s·c 

Units 
Min Max Min Typ Max Min Max 

loo Quiescent Device Current Voo=5V, V1N=VooorVss. 0.25 0.01 0.25 7.5 µA 
Voo= 1ov, V1N=Voo orVss 0.5 0,01 0.5 15 µA 
Voo=15V, V1N=VooorVss 1.0 0.01 1.0 30 µA 

Signal Inputs and Outputs 

RoN "ON" Resistance RL = 10 kn to Voo-Vss 
2 

Vc=Voo. V1s=Vss orVoo 
Voo= 1ov 600 250 660 960 n 
Voo= 15V 360 200 400 600 n 

RL =10 kn to Voo-Vss 
2 

Vc=Voo 
Voo= 1ov, V1s=4.75 to 5.25V 1870 850 2000 2600 n 
Voo= 15V, V1s=7.25 to 7.75V 775 400 850 1230 n 

~AON ~"ON" Resistance AL= 10 kn to Voo-Vss 

Between any 2 of 
2 

Vc=Voo. V1s=Vss to Voo 
4 Switches Voo= 1ov 15 n 
(In Same Package) Voo=15V 10 n 

l1s Input or Output Leakage Vc=O, Voo= 15V ±50 ±0.1 ±50 ±500 nA 
Switch "OFF" V1s = 15V and ov, 

Vos=OV and 15V 

Control Inputs 

V1LC Low Level Input Voltage V1s=Vss and Voo 
Vos=Voo and Vss 
l1s=±10µA 
V00 =5V 0.9 0.7 0.5 v 
Voo= 1ov 0.9 0.7 0.5 v 
Voo=15V 0.9 0.7 0.5 v 

V1HC High Level Input Voltage v 00 =5V 3.5 3.5 3.5 v 

Voo= 1ov (see Note 6 and 7.0 7.0 7.0 v 

Voo= 15V Figure8) 11.0 11.0 11.0 v 

l1N Input Current Voo-Vss=15V ±0.1 ±10-s ±0.1 ±1.0 µA 

Voo::?:V1s::?:Vss 
Voo::?:Vc::?:Vss 
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DC Electrical Characteristics CD4016BC (Note 2) (Continued) 

Symbol Parameter Conditions ,___-_4-r-o_·_c ___ -.-_2_s_·c__, ____ s .... s_·c_---1 Units 

loo Quiescent Device Current Voo=5V, V1N=Voo orVss 
Voo= 1ov, V1N=VooorVss 
Voo= 15V, V1N=Voo orVss 

Signal Inputs and Outputs 

"ON" Resistance 

ARoN A"ON" Resistance 
Between any 2 of 
4 Switches 

(In Same Package) 

RL = 10 kn to Voo-Vss 
2 

Vc=Voo. V1s=Vss orVoo 
Voo= 1ov 
Voo= 15V 
RL =10 kn to Voo-Vss 

2 
Vc=Voo 
Voo= 1ov, V1s=4.75 to 5.25V 
Voo= 15V, V1s=7.25 to 7.75V 

RL = 10 kn to Voo-Vss 
2 

Vc=Voo. V1s=Vss to Voo 
Voo=10V 
Voo= 15V 

Min Max Min Typ Max Min Max 

1.0 0.01 1.0 7.5 
2.0 0.01 2.0 15 
4.0 0.01 4.0 30 

610 
370 

1900 
790 

275 
200 

660 840 
400 520 

850 2000 2380 
1080 400 850 

15 
10 

µA 
µA 
µA 

n 
n 

n 
n 

n 
n 

Input or Output Leakage Vc=O, Voo= 15V ±50 ±0.1 ±50 ±200 nA 
Switch "OFF" V1s = OV or 15V, 

Vos=15VorOV 

Control Inputs 

V1Lc Low Level Input Voltage 

V1Hc High Level Input Voltage 

Input Current 

V1s=Vss and Voo 
Vos=Voo and Vss 
l1s= ± 10 µA 
Voo=5V 0.9 
Voo= 1ov 0.9 
Voo= 15V 0.9 

Voo=5V 3.5 
Voo= 10V (see Note 6 and 7.0 

Voo = 15V Figure 8) 11.0 

Vcc-Vss= 15V 
Voo:?:V1s:?:Vss 
Voo:?:Vc:?:Vss 

±0.3 

3.5 
7.0 
11.0 

0.7 
0.7 
0.7 

±10-5 ±0.3 

3.5 
7.0 
11.0 

AC Electrical Characteristics* TA=25°C, tr=t,=20 nsand Vss=OVunlessotherwisespecified 

Symbol 

tpzH, tpzL 

Parameter 

Propagation Delay Time 
Signal Input to Signal Output 

Propagation Delay Time 
Control Input to Signal 
Output High Impedance to 
Logical Level 

Propagation Delay Time 
Control Input to Signal 
Output Logical Level to 
High Impedance 

Sine Wave Distortion 

Conditions 

Vc=Voo. CL =50 pF, (Figure 1) 
RL =200k 
Voo=5V 
Voo= 1ov 
Voo= 15V 

RL = 1.0 kn, CL= 50 pF, (Figures 2 
and 3) 
Voo=5V 
Voo= 1ov 
Voo= 15V 

RL = 1.0 kn, CL= 50 pF, (Figures 2 
and3) 
Voo=5V 
Voo= 1ov 
Voo=15V 
Vc=Voo=5V, Vss= -5 
RL = 10 kn, V1s=5 Vp.p, f= 1 kHz, 

(Figure4) 
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Min Typ 

58 
27 
20 

20 
18 
17 

15 
11 
10 
0.4 

Max 

100 
50 
40 

50 
40 
35 

40 
25 
22 

0.4 
0.4 
0.4 

v 
v 
v 
v 
v 
v 

±1.0 µA 

Units 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 
% 



AC Electrical Characteristics* (Continued) 

TA=25°C, tr=tt=20 ns and Vss=OV unless otherwise specified 

Symbol Parameter Conditions 

Frequency Response - Switch Vc=Voo=5V, Vss= -5V, 
"ON" (Frequency at - 3 dB) RL = 1 kn, V1s=5 Vp.p, 

20 Log10 Vos/Vos (1 kHz) -dB, 
(Figure4) 

Feedthrough - Switch "OFF" Voo=5V, Vc=Vss= -5V, 
(Frequency at - 50 dB) RL = 1 kn, V1s=5 Vp.p, 

20 Log10 (Vos/V1s) = -50 dB, 
(Figure4) 

Crosstalk Between Any Two Voo=VqA)=5V; Vss=Vc(s)= -5V, 
Switches (Frequency at - 50 dB) RL = 1 knV1s(A) = 5 Vp.p, 

20 Log10 (VoS(B)IVOs(A) )= -50 dB, 
(Figure5) 

Crosstalk; Control Input to Voo= 10V, RL= 10 kn 
Signal Output R1N= 1 kn, Vee= 10V Square Wave, 

CL= 50 pF (Figure 6) 
Maximum Control Input RL = 1 kn, CL= 50 pF, (Figure 7) 

Vos(t)= % Vos(1 kHz) 
Voo=5V 
Voo= 1ov 
Voo= 15V 

C1s Signal Input Capacitance 

Cos Signal Output Capacitance Voo= 1ov 

C1os Feedthrough Capacitance Vc=OV 

C1N Control Input Capacitance 

*AC Paramters are guaranteed by DC correlated testing. 

Min Typ Max Units 

40 MHz 

1.25 MHz 

0.9 MHz 

150 mVp.p 

6.5 MHz 
8.0 MHz 
9.0 MHz 

4 pF 

4 pF 

0.2 pF 

5 7.5 pF 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The tables of "Recommended Operating Conditions" and "Electrical Characteristics" provide conditions for actual device 
operation. 

Note 2: Vss = OV unless otherwise specified. 

Note 3: These devices should not be connected to circuits with the power "ON". 

Note 4: In all cases, there is approximately 5 pF of probe and jig capacitance on the output; however, this capacitance is included in CL wherever it is specified. 

Note 5: V1s is the voltage at the in/out pin and Vos is the voltage at the out/in pin. Ve is the voltage at the control input. 

Note 6: If the switch input is held at Voo. ViHc is the control input level that will cause the switch output to meet the standard "B" series VoH and loH output levels. 
If the analog switch input is connected to Vss. v1Hc is the control input level - which allows the switch to sink standard "B" series \loHI. high level current, and still 
maintain a VoL ~ "B" series. These currents are shown in Figure 8. 

AC Test Circuits and Switching Time Waveforms 
vc • Voo 

Ve 

voo 

Voo 

IN/OUT ~l~~:ES OUTllNt--------Vos 

Vss 

Figure 1. tPLH• tPLH Propagation Delay Time Signal Input to Signal Output 

Voo 

Voa 

IN/OUT ~l~~H4ES DUTllNt--------Vas 

Vss 

tpzH 

voo~Voo 
61% 

av~ 
VaH 

11% 

av 

TL/F/5661-2 

FIGURE 2. tpzH, tpHz Propagation Delay Time Control to Signal Output 
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~ AC Test Circuits and Switching Time Waveforms (Continued) 
Q 
"lll:f' c 
~ Ye----.. 

tpzL tPLZ 
Yoo Yoo 

:e m 
U) .... 
Q 
"lll:f' c 
0 

IPZL 
IPLZ 

RL 

"'~ 1CONTROL Yoo lk ... ~ 511% 
IN/OUT SV:i~~HCES OUT/IN Vos .. ~ .. r Vss 

CL J50pF Yoo '°" Yoo 

VOL 
111% 

'::" VOL 

FIGURE 3. tpzH, tpHz Propagation Delay Time Control to Signal Output 

Ve----
sv 

CONTROL Voo 

IN/OUT ~l~~H4ES OUT/IN ____ Vos 

Vss 

-5V 

2.5V ~ A 
Vis OV ~/ 

-z.sv \..A V 
1/f=-_j 

Vc=Voo for distortion and frequency response tests 

Vc=Vss for feedthrough test 

FIGURE 4. Sine Wave Distortion, Frequency Response and Feedthrough 

vc<AJ = Voo-----. 5V 

CONTROL Voo 

V1sfAJ IN/OUT S~l~~:ES OUT/INt--___ Vos<AJ 

Vss 

-sv 

V1s(ll z.::-1=~· . ~~' 
-2.5V -- v 

t-----1/1 

vc<eJ • Vss -----
5V 

CONTROL Voo 

V1sfBJ • OV IN/OUT S~l~~:ES OUT/IN ____ VosfBJ 

Vss 

-5V 

FIGURE 5. Crosstalk Between Any Two Switches 

Ve 
IOV 

t1 =20nsl r =\[""""' Voo 
.x9or. CONTROL Voo Ve 

IN/OUT ~l~~:ES OUT/IN 
ov 10% 

Vrs vos 

R1N Vss 
RL CL 

lk !Ok I50pf ~-i Vos # v f CROSSTALK 
':' ':' ':' i 

TL/F/5661-3 

FIGURE 6. Crosstalk - Control to Input Signal Output 
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AC Test Circuits and Switching Time Waveforms (Continued) 

Ve 
Voo 

YOO 

Vt 

Voo OV 

Vis. Voo IN/OUT ~l~~:ES OUT/IN t---111--~-- Vos 

Vss 
CL RL 

T50pF 
lk 

vos 
":' 

FIGURE 7. Maximum Control Input Frequency 

Temperature Switch Input 
Range 

Voe Vis l1s(mA) 

TLow 2s0c 
5 0 0.25 0.2 
5 5 -0.25 -0.2 

MILITARY 
10 0 0.62 0.5 
10 10 -0.62 -0.5 
15 0 1.8 1.5 
15 15 -1.8 -1.5 

5 0 0.2 0.16 
5 5 -0.2 -0.16 

COMMERCIAL 
10 0 0.5 0.4 
10 10 -0.5 -0.4 
15 0 1.4 1.2 
15 15 -1.4 -1.2 

THIGH 

0.14 
-0.14 
0.35 

-0.35 
1.1 

-1.1 

0.12 
-0.12 

0.3 
-0.3 
1.0 

-1.0 

1 
Vos• !kHz -z-

T 
TL/F/5661-4 

Switch Output 

Vos<v> 

Min Max 

0.4 
4.6 

0.5 
9.5 

1.5 
13.5 

0.4 
4.6 

0.5 
9.5 

1.5 
13.5 

FIGURE 8. CD4016B Switch Test Conditions for V1HC 

Typical Performance Characteristics 
'ON' Resistance vs. Signal 
Voltage TA= 25°C 

900 ..-.....---.--....--,.--,..--......-...---. 

=-~ 800 
700 l--+--+--+--++~l--+--+---1 

w 
~ 600 l--+--+--+--++-+<l--+--+---1 

~ 500 t---+--+--t--t-+-...-tt--+---+---1 

~ 400 t---+--t--#'-_.,.--<_.+---+---1 

~ 300 l--+--+-+t..~-11---P-~-i 
..... 
~ 200 1--+-i--.-+---+-11--+--+---I 

~ 100 t---+--+----+---+--<>--+---+---. 

-8 -6 -4 -2 0 2 4 6 8 

SIGNAL INPUT (V1s)(Vl 

'ON' Resistance Temperature 
Variation for Voo-Vss= 10V 

5' 900 t--t---+--+---+--+--+--+--+--1 

:; 800 t--t---+--+---1""'"--+--+--+--+--I 
r!E 
~ 700 f--f--t-+Hi~rt--+--+--+--1 

~ 600 t--t----t-M+~"---+--+--+--1 

~ 500 t--t----1--H+--l-\'*-"'-+--+--+--I 

~ 400 

u:l 300 J---1----,.1¥-111--l-l~-=ii.-

z 200 1--+-'-:.6'-+-+-+-'~ 

~ 100 t--t--+--+--+--+--+--=r-~-1 
-8 -6 -4 -2 0 2 4 6 8 

SIGNAL INPUT (V1s)(V) 
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'ON' Resistance Temperature 
Variation for Voe- Vss = 15V 

-8 -6 -4 -Z 0 Z 4 6 

SIGNAL INPUT (V1s)(V) 
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Typical Applications 
4 Input Multiplexer 

CHANNEL 1 

CHANNEL 2 

COMMON 

CHANNEL 3 

CHANNEL 4 

I 
4 3 2 1 

CONTROL 

Sample/Hold Amplifier 

1 OF 4 INPUT SWITCHES 

T 
S/H 

Special Considerations 

The CD40168 is composed of 4, two-transistor analog 
switches. These switches do not have any linearization or 
compensation circuitry for "RoN" as do the CD4066B's. Be
cause of this, the special operating considerations for 
the CD40668 do not apply to the CD4016B, but at low 
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OUTPUT 

TL/F/5661-6 

supply voltages, ~ 5V, the CD4016B's on resistance be
comes non-linear. It is recommended that at 5V, voltages 
on the in/out pins be maintained within about 1V of either 
Voo or Vss; and that at 3V the voltages on the in/out pins 
should be at Voo or Vss for reliable operation. 



~National 
~Semiconductor 

CD4017BM/CD4017BC Decade Counter/Divider 
with 10 Decoded Outputs 
CD4022BM/CD4022BC Divide-by-8 Counter/Divider 
with 8 Decoded Outputs 

General Description 
The CD40178M/CD4017BC is a 5-stage divide-by-10 John
son counter with 10 decoded outputs and a carry out bit. 

The CD4022BM/CD4022BC is a 4-stage divide-by-8 John
son counter with 8 decoded outputs and a carry-out bit. 

These counters are cleared to their zero count by a logical 
"1" on their reset line. These counters are advanced on the 
positive edge of the clock signal when the clock enable sig
nal is in the logical "O" state. 

The configuration of the CD4017BM/CD4017BC and 
CD4022BM/CD4022BC permits medium speed operation 
and assures a hazard free counting sequence. The 10/8 
decoded outputs are normally in the logical "O" state and go 
to the logical "1" state only at their respective time slot. 
Each decoded output remains high for 1 full clock cycle. 
The carry-out signal completes a full cycle for every 10/8 
clock input cycles and is used as a ripple carry signal to any 
succeeding stages. 

Connection Diagrams 

CD4017B 

Features 
• Wide supply voltage range 
• High noise immunity 
• Low power 

TTL compatibility 
• Medium speed operation 

• Low power 
• Fully static operation 

Applications 
• Automotive 
11 Instrumentation 
• Medical electronics 
• Alarm systems 
• Industrial electronics 
m Remote metering 

CD4022B 

3.0V to 15V 
0.45 Voo (typ.) 

Fan out of 2 driving 74L 
or 1 driving 7 4LS 

5.0 MHz (typ.) 
with 10VV0 o 
10 µW (typ.) 

Dual-In-Line Package Dual-In-Line Package 

DECODED OUTPUT ''5" 
16 

Voo 
16 

DECODED OUTPUT "1" Voo 

DECODED OUTPUT "1" 
15 

RESET DECODED OUTPUT "0" 
15 

RESET 

DECODED OUTPUT "O" 
14 

CLOCK 14 
DECODED OUTPUT ''2" CLOCK 

13 
CLOCK ENABLE 13 DECODED OUTPUT "2" DECODED OUTPUT "5" CLOCK ENABLE 

DECODED OUTPUT ''&" 
12 

CARRY-OUT DECODED OUTPUT''&" 
12 

CARRY-OUT 

11 
DECODED OUTPUT "9" 11 DECODED OUTPUT "7" NC DECODED OUTPUT "4" 

10 
DECODED OUTPUT "4" 10 DECODED OUTPUT "3" DECODED OUTPUT ''3" DECODED OUTPUT ''7" 

Vss DECODED OUTPUT "8" Vss NC 

TL/F/5950-1 

Top View Top View 
TL/F/5950-2 

Order Number CD4017B* or CD4022B* 

•Please look into Section 8, Appendix D for availability of various package types. 
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Absolute Maximum Ratings (Notes 1 & 2) Recommended Operating 
If Miiitary/Aerospace specified devices are required, Conditions (Note 2) 
contact the National Semiconductor Sales Office/ DC Supply Voltage (Yoo) +3 Voe to+ 15 Voe Distributors for avallablllty and specifications. 

DC Supply Voltage (Voo) -0.5 Voe to+ 18 Voe 
Input Voltage MN) Oto Yoo Voe 

Input Voltage CViN) -0.5 Voe to Yoo+ 0.5 Voe 
Operating Temperature Range (TA) 

CD40178M, CD4022BM - 55°C to + 125°C 
Storage Temperature (Ts) - 65°C to + 150°c CD4017BC, CD4022BC -40°c to + 85°C 
Power Dissipation (Po) 

Dual-In-Line 700mW 
Small Outline 500mW 

Lead Temperature (TL) 
(Soldering, 1 O seconds) 260°c 

DC Electrical Characteristics CD4011sM, cD4022sM (Note 2) 

Symbol Parameter Conditions 
-55°c +25° + 125°c Units 

Min Max Min Typ Max Min Max 

loo Quiescent Device Voo = 5V, V1N = Voo or Vss 5 0.3 5 150 µA 
Current Voo = 1 ov, V1N = Yoo or Vss 10 0.5 10 300 µA 

Yoo = 15V, V1N = Yoo or Vss 20 1.0 20 600 µA 

Vol Low Level llol < 1.0 µA 
Output Voltage Yoo= 5V 0.05 0 0.05 0.05 v 

Yoo= 1ov 0.05 0 0.05 0.05 v 
Voo = 15V 0.05 0 0.05 0.05 v 

VoH High Level llol < 1.0 µA 
Output Voltage Yoo= 5V 4.95 4.95 5 4.95 v 

Voo = 1ov 9.95 9.95 10 9.95 v 
Yoo= 15V 14.95 14.95 15 14.95 v 

V1L Low Level llol < 1.0 µA 
Input Voltage Yoo = 5V, Vo = 0.5V or 4.5V 1.5 1.5 1.5 v 

Voo = 1 OV, Vo = 1.0Vor 9.0V 3.0 3.0 3.0 v 
Voo = 15V,Vo = 1.5Vor13.5V 4.0 4.0 4.0 v 

V1H High Level lloJ < 1.0 µA 
Input Voltage Yoo = 5V, Vo = 0.5V or 4.5V 3.5 3.5 3.5 v 

Yoo= 1ov, Vo= 1.0Vor 9.0V 7.0 7.0 7.0 v 
Voo = 15V, Vo= 1.5Vor 13.5V 11.0 11.0 11.0 v 

Im Low Level Output Voo = 5V, Vo = 0.4V 0.64 0.51 0.88 0.36 mA 
Current (Note 3) Yoo= 10V, Vo= 0.5V 1.6 1.3 2.25 0.9 mA 

Voo = 15V, Vo= 1.5V 4.2 3.4 8.8 2.4 mA 

loH High Level Output Voo = 5V, Vo = 4.6V -0.25 -0.2 -0.36 -0.14 mA 
Current (Note 3) Yoo = 10V, Vo = 9.5V -0.62 -0.5 -0.9 -0.35 mA 

Yoo= 15V, Vo= 13.5V -1.8 -1.5 -3.5 -1.1 mA 

l1N Input Current Yoo= 15V, V1N = ov -0.1 -10-5 -0.1 -1.0 µA 
Voo = 15V, V1N = 15V 0.1 10-5 0.1 1.0 µA 

DC Electrical Characteristics cD4011sc, co4022sc (Note 2) 

Symbol Parameter Conditions -40°c +25° +s5°C Units 
Min Max Min Typ Max Min Max 

loo Quiescent Device Yoo= 5V 20 0.5 20 150 µA 
Current Yoo= 1ov 40 1.0 40 300 µA 

Voo = 15V 80 5.0 80 600 µA 

Vol Low Level JloJ < 1.0 µA 
Output Voltage Yoo= 5V 0.05 0 0.05 0.05 v 

Voo = 1ov 0.05 0 0.05 0.05 v 
Voo = 15V 0.05 0 0.05 0.05 v 

VoH High Level JloJ < 1.0µA 
Output Voltage Yoo= 5V 4.95 4.95 5 4.95 v 

Yoo= 1ov 9.95 9.95 10 9.95 v 
Voo = 15V 14.95 14.95 15 14.95 v 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed, they are not meant to imply that the devices 
should be operated at these limits. The table of "Recommended Operating Conditions" and "Electrical Characteristics" provides conditions for actual device 
operation. 

Note 2: Vss = OV unless otherwise specified. 

Note 3: loL and loH are tested one output at a time. 
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DC Electrical Characteristics CD4011sc, CD4022sc (Note 2) (Continued) 
c 
.llio 
0 

-40°C +25° +es0 c ...... 
Symbol Parameter Conditions Units ...... m Min Max Min Typ Max Min Max 3: 
V1L Low Level Jlol < 1.0 µA ....... 

0 Input Voltage Voo = 5V, Vo = 0.5V or 4.5V 1.5 1.5 1.5 v c 
Voo = 10V, Vo = 1.ov or 9.0V 3.0 3.0 3.0 v .llio 

Voo = 15V, Vo= 1.5Vor 13.5V 4.0 4.0 4.0 v 0 ...... 
V1H High Level Jlol < 1.0 µA 

...... m 
Input Voltage Voo = 5V, Vo = 0.5V or 4.5V 3.5 3.5 3;5 v 0 

Voo = 1ov, Vo= 1.0Vor9.0V 7.0 7.0 7.0 v 
....... 
0 

Voo = 15V, Vo= 1.5V or 13.5V 11.0 11.0 11.0 v c 
loL Low Level Output Voo = 5V, Vo = 0.4V 0.52 0.44 0.88 0.36 mA 

.llio 
0 

Current (Note 3) Voo = 10V, Vo = 0.5V 1.3 1.1 2.25 0.9 mA N 
N 

Voo = 15V, Vo= 1.5V 3.6 3.0 8.8 2.4 mA m 
loH High Level Output Voo = 5V, Vo = 4.6V -0.2 -0.16 -0.36 -0.12 mA 3: ....... 

Current (Note 3) Voo = 10V, Vo= 9.5V -0.5 -0.4 -0.9 -0.3 mA 0 
Voo = 15V, Vo= 13.5V -1.4 -1.2 -3.5 -1.0 mA c 

.llio 
l1N Input Current Voo = 15V, V1N = ov -0.3 -10-s -0.3 -1.0 µA 0 

N 
Voo = 15V, V1N = 15V 0.3 10-s 0.3 1.0 µA N 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed, they are not meant to imply that the devices m 
should be operated at these limits. The table of "Recommended Operating Conditions" and "Electrical Characteristics" provides condtions for actual device 

0 
operation. 
Note 2: Vss = OV unless otherwse specified. 
Note 3: loL and loH are tested one output at a time. 

AC Electrical Characteristics* 
TA = 25°C, CL = 50 pF, AL = 200k, trcL and ticL = 20 ns, unless otherwise specified 

Symbol Parameter Conditions Min Typ Max Units 

CLOCK OPERATION 

tPHL, lPLH Propagation Delay Time 
Carry Out Line v 00 = 5V 415 800 ns 

Voo = 1ov 160 320 ns 
Voo = 15V 130 250 ns 

Carry Out Line v 00 = 5V } 240 480 ns 
v 00 = 1ov CL= 15 pF 85 170 ns 
Voo = 15V 70 140 ns 

Decode Out Lines Voo = 5V 500 1000 ns 
v 00 = 1ov 200 400 ns 
Voo = 15V 160 320 ns 

trLH1 trHL Transition Time Carry Out 
and Decode Out Lines 
trLH Voo = 5V 200 360 ns 

v 00 = 1ov 100 180 ns 
Voo = 15V 80 130 ns 

trnL v 00 = 5V 100 200 ns 
Voo = 1ov 50 100 ns 
Voo = 15V 40 80 ns 

fcL Maximum Clock Frequency Voo = 5V } Measured with 1.0 2 MHz 
v 00 = 1ov Respect to Carry 2.5 5 MHz 
Voo = 15V Output Line 3.0 6 MHz 

twL.twH Minimum Clock Voo = 5V 125 250 ns 
Pulse Width Voo = 1ov 45 90 ns 

Voo = 15V 35 70 ns 

trCL1 t1cL Clock Rise and Voo = 5V 20 µs 
Fall Time Voo = 1ov 15 µs 

Voo = 15V 5 µs 

tsu Minimum Clock Inhibit Voo = 5V 120 240 ns 
Data Setup Time Voo = 1ov 40 80 ns 

Voo = 15V 32 65 ns 

C1N Average Input Capacitance 5 7.5 pF 
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~ AC Electrical Characteristics* 
~ TA = 25°C, CL = 50 pF, AL = 200k, trcL and ttcL = 20 ns, unless otherwise specified 

8 Symbol Parameter Conditions Min 

~ RESET OPERATION 

m 
N 
N 
0 
~ c 
0 ...... 
0 m ...... .... 
0 
~ c 
0 ...... 
::::E m 
...... .... 
0 
~ c 
0 

tpHL, tPLH Propagation Delay Time 
Carry Out Line 

Carry Out Line 

Decode Out Lines 

tw Minimum Reset 
Pulse Width 

tREM Minimum Reset 
Removal Time 

•AC Parameters are guaranteed by DC correlated testing. 

Timing Diagrams 

CLOCK 

RESET 

CLOCK 
ENABLE 

Voo = 5V 
Voo = 1ov 
Voo = 15V 

Voo = 5V } Voo = 1ov CL= 15 pF 
Voo = 15V 

Voo = 5V 
Voo = 10v 
Voo = 15V 

Voo = 5V 
Voo = 1ov 
Voo = 15V 

Voo = 5V 
Voo = 1ov 
Voo = 15V 

CD4017B 

Typ Max 

415 BOO 
160 320 
130 250 

240 480 
85 170 
70 140 

500 1000 
200 400 
160 320 

200 400 
70 140 
55 110 

75 150 
30 60 
25 50 

·a· ~-------------------J~'-------
T' 

.. 3 .. 

.. 4 .. 

.. 5 .. 

"6" 

"1" 

"8" 

"9" 

CARRY
OUT 

~~---"~-~~~~~~~~~~~---r-il._ 

~-------'~ r 
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Units 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 
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Timing Diagrams (Continued) 
CD4022B 

CLOCK 

RESET 

CLOCK ~ 
ENABLE I g\..__ 

~~~~~~~~~~~-" O" ----;\L------:----- h 
r1iL---------~ "1" ~L----------

1 "2" Tit.L--------- ~L------------------
~L-----------"3" r7t.l __________ _ 

-------~ r--)L ___________ _ 
"4" r--)L----------- ~ 
-------- I 5\~-------~L~~~~~~~~~-

"&" --------- n."-----
~L-----------"&" ---------- n ___ _ 

lftl........~~~~~~~~---" 1" ----------

CARRY·-------,~------OUT 

TL/F/5950-4 
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Logic Diagrams 

CLOCK 

Terminal No. 8 = GND 
Terminal No. 16 = Voo 

CLOCK 

CLOCK 
ENABLE 

Terminal No. 16 = Voo 

Terminal No. 8 = GND 

RESET 

"&" "1" 

c 1 c 1 
D 

"D" "&" 

"D" 

c 1 

"4" 

CD4017B 
"1" "3" ..... 

Cour 
c 1 c 1 c 1 

D 

"2" ..... "4" 

TL/F/5950-5 

CD4022B 
"5" "2" "1" 

c 1 

"1" ..... "3" cour 
TL/F/5950-6 
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Jl?'A National 
D Semiconductor 
CD4018BM/CD4018BC Presettable Divide-by-N Counter 

General Description 
The CD401 BB consists of 5 Johnson counter stages. A buff
ered Q output from each stage, "CLOCK", "RESET", 
"DATA", "PRESET ENABLE", and 5 individual "JAM" in
puts are provided. The counter is advanced one count at 
the positive clock signal transition. A high "RESET'' signal 
clears the counters to an "ALL ZERO" condition. A high 
"PRESET ENABLE" signal allows information on the 
"JAM" inputs to preset the counter. Anti-lock gating is pro
vided to assure the proper counting sequence. 

Logic Diagram 
JAMI 

121 

Connection Diagram 
Dual-In-Line Package 

JAM PRESET JAM 
Vaa RESET CLDCK 0:5 6 0:4 ENABLE 4 

18 15 14 13 12 11 10 

DATA JAM JAM ill 
I 2 

Top View 

JAM2 

Ill 

TL/F/5951-2 

Features 
• Wide supply voltage range 
• High noise immunity 
• Low power TTL 

compatibility 
• Fully static operation 

Applications 

3.0V to 15V 
0.45 Voo (typ.) 

fan out of 2 driving 74L 
or 1 driving 74LS 

• Fixed and programmable divide-by-10, 9, 8, 7, 6, 5, 4, 
3, 2 counter 

• Fixed and programmable counters greater than 1 O 
• Programmable decade counters 
• Divide by. "N" counters/frequency synthesizers 

JAMl 

171 

JAM4 

191 

JAM5 

112) 

Order Number CD4018B* 

'Please look into Section 8, Appendix D 
for availability of various package types. 

1131 

TL/F/5951-1 
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Absolute Maximum Ratings (Notes 1 & 2> Recommended Operating co ..... 
0 If Miiitary/Aerospace specified devices are required, Conditions (Note 2) ~ c contact the Natlonal Semiconductor Sales Office/ 

Supply Voltage (Yoo) 3Vto 15 Voe 0 Distributors for avallabllity and specifications • ....... Input Voltage MN) OVtoVoo Voe :::!E DC Supply Voltage (Yoo) -0.5V to+ 18 Voe 
m Input Voltage MN) -0.5 to Yoo + 0.5 Voe 

Operating Temperature Range (TA) 
co CD4018BM - 55•c to + 125•c ..... 
0 Storage Temperature Range (Ts) - 65°C to + 150°c CD4018BC -4o•cto +85°C 
~ 

Power Dissipation (Po) c 
0 Dual-In-Line 700mW 

Small Outline 500mW 

Lead Temperature (TL) 
(Soldering, 10 seconds) 3oo·c 

DC Electrical Characteristics CD4010BM CNote2> 

Symbol Parameter Conditions 
-ss·c +2s0 c + 12s0 c Units 

Min Max Min Typ Max Min Max 

loo Quiescent Device Current Voo = 5V, VrN = Yoo or Vss 5 0.3 5 150 µA 
Yoo = 10v, VrN = Voo or Vss 10 0.5 10 300 µA 
Yoo = 15V, VrN = Yoo or Vss 20 1.0 20 600 µA 

Vol Low Level Output Voltage llol < 1 µA 
Yoo= 5V 0.05 0 0.05 0.05 v 
Voo = 1ov 0.05 0 0.05 0.05 v 
Yoo= 15V 0.05 0 0.05 0.05 v 

VoH High Level Output Voltage llol < 1 µA 
Voo = 5V 4.95 4.95 5 4.95 v 
Voo = 1ov 9.95 9.95 10 9.95 v 
Voo = 15V 14.95 14.95 15 14.95 v 

VrL Low Level Input Voltage Yoo = 5V, Vo = 0.5V or 4.5V 1.5 2.25 1.5 1.5 v 
Voo = 1ov, Vo= 1V or 9V 3.0 4.5 3.0 3.0 v 
Yoo= 15V, Vo= 1.5Vor 13.5V 4.0 6.75 4.0 4.0 v 

VrH High Level Input Voltage Yoo = 5V, Vo = 0.5V or 4.5V 3.5 3.5 2.75 3.5 v 
Voo = 10V, Vo= 1Vor9V 7.0 7.0 5.5 7.0 v 
Voo = 15V, Vo= 1.5Vor13.5V 11.0 11.0 8.25 11.0 v 

loL Low Level Output Current Voo = 5V, Vo = 0.4V 0.64 0.51 0.88 0.36 mA 
(Note 3) Voo = 10V, Vo= 0.5V 1.6 1.3 2.25 0.9 mA 

Yoo= 15V, Vo= 1.5V 4.2 3.4 8.8 2.4 mA 

loH High Level Output Current Voo = 5V, Vo = 4.6V -0.64 -0.51 -0.88 -0.36 mA 
(Note3) Voo = 10V, Vo = 9.5V -1.6 -1.3 -2.25 -0.9 mA 

Yoo= 15V, Vo= 13.5V -4.2 -3.4 -8.8 -2.4 mA 

lrN Input Current Yoo= 15V, VrN = ov -0.1 -10-s -0.1 -1.0 µA 
Voo = 15V, VrN = 15V 0.1 10-s 0.1 1.0 µA 

DC Electrical Characteristics CD4010sc (Note 2> 

Symbol Parameter Conditions 
-40°c +25°C +85°C Units 

Min Max Min Typ Max Min Max 

loo Quiescent Device Current Yoo = 5V, VrN = Yoo or Vss 20 0.5 20 150 µA 
Yoo= 1ov, VrN =Yoo orVss 40 1.0 40 300 µA 
Yoo= 15V, VrN = VooorVss 80 5.0 80 600 µA 

VoL Low Level Output Voltage llol < 1 µA 
Yoo= 5V 0.05 0 0.05 0.05 v 
Yoo= 1ov 0.05 0 0.05 0.05 v 
Yoo= 15V 0.05 0 0.05 0.05 v 

VoH High Level Output Voltage ilol < 1 µA 
Yoo= 5V 4.95 4.95 5 4.95 v 
Yoo= 1ov 9.95 9.95 10 9.95 v 
Yoo= 15V 14.95 14.95 15 14.95 v 

VrL Low Level Input Voltage Yoo= 5V, Vo= 0.5Vor4.5V 1.5 2.25 1.5 1.5 v 
Yoo= 1ov, Vo= 1V or 9V 3.0 4.5 3.0 3.0 v 
Yoo= 15V, Vo= 1.5Vor 13.5V 4.0 6.75 4.0 4.0 v 
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DC Electrical Characteristics CD4010sc (Note 2) (Continued) 

Symbol Parameter ·conditions -40°C +25°C +B5°C 
Units 

Min Max Min Typ Max Min Max 

V1H High Level Input Voltage Voo = 5V, Vo = 0.5V or 4.5V 3.5 3.5 2.75 3.5 v 
Voo = 1ov, Vo= 1V or 9V 7.0 7.0 5.5 7.0 v 
Voo = 15V, Vo= 1.5Vor 13.5V 11.0 11.0 8.25 11.0 v 

loL Low Level Output Current Voo = 5V, Vo = 0.4V 0.52 0.44 0.88 0.36 mA 
(Note3) Voo = 10V, Vo= 0.5V 1.3 1.1 2.25 0.9 mA 

Voo = 15V, Vo= 1.5V 3.6 3.0 8.8 2.4 mA 

loH High Level Output Current Voo = 5V, Vo = 4.6V -0.52 -0.44 -0.88 -0.36 mA 
(Note3) Voo = 10V, Vo= 9.5V -1.3 -1.1 -2.25 -0.9 mA 

Voo = 15V, Vo= 13.5V -3.6 -3.0 -8.8 -2.4 mA 

l1N Input Current Voo = 15V, V1N = ov -0.3 -10-s -0.3 -1.0 µA 
Voo = 15V, V1N = 15V 0.3 10-s 0.3 1.0 µA 

AC Electrical Characteristics* 
TA = 25°C, CL = 50 pF, RL = 200k, Input tr = t1 = 20 ns, unless otherwise specified 

Symbol Parameter Conditions Min Typ Max Units 

CLOCK OPERATION 

tPHL• tPLH Propagation Delay Time to Q Voo = 5V 235 700 ns 
Voo = 10v 95 250 ns 
Voo = 15V 70 200 ns 

tTHL• tTLH Transition Time Q Outputs Voo = 5V 125 250 ns 
Voo = 1ov 65 130 ns 
Voo = 15V 50 100 ns 

twL. twH Minimum Clock Pulse Width Voo = 5V 125 500 ns 
Voo = 1ov 50 200 ns 
Voo = 15V 40 160 ns 

tRCL• tFCL Clock Rise and Fall Time Voo = 5V 15 µs 
Voo = 1ov 15 µs 
Voo = 15V 15 µs 

tsu Minimum Data Input Set-Up Time Voo = 5V 40 200 ns 
Voo = 1ov 20 100 ns 
Voo = 15V 16 80 ns 

fcL Maximum Clock Frequency V00 = 5V 1 4 MHz 
Voo = 1ov 3 9 MHz 
Voo = 15V 5 14 MHz 

PRESET OR RESET OPERATION 

tPLH(R) Propagation Delay Time to Q Voo = 5V 235 750 ns 
tPHL(PR) Voo = 1ov 95 250 ns 

tPLHJ_P~ Voo = 15V 70 200 ns 

twH(R) Minimum Preset or Reset V00 = 5V 100 400 ns 
twH(PR) Pulse Width v 00 = 1ov 40 160 ns 

Voo = 15V 30 120 ns 

tREM Minimum Preset or Reset Voo = 5V 100 400 ns 
Removal Time Voo = 1ov 40 160 ns 

Voo = 15V 30 120 ns 

C1N Average Input Capacitance Any Input 5 7.5 pF 

Cpo Power Dissipation Capacitance (Note 4) 63 pF 

•AC Parameters are guaranteed by DC correlated testing. 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed, they are not meant to imply that the devices 
should be operated at these limits. The table of "Recommended Operating Conditions" and "Electrical Characteristics" provides conditions for actual device 
operation. 

Note 2: Vss = OV unless otherwise specified. 

Note 3: loL and loH are tested one output at a time. 

Note 4: Cpo determines the no load AC power consumption of any CMOS device. For complete explanation, see "54C/74C Family Characteristics'', application 
note AN-90. 
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Typical Performance Characteristics 

300 

~ 250 
j:: 
z 
~ 200 
c;; 

Typical Transition Time vs CL 

AMBIENT.TEMPERATURE 

TA • 25"C--+--if--+-+--+--+-~ 

:ii 150 ~4--1-4-4--1--1-...i;~~~ 
cc ... 
~ 100 ----"'+-
~ 
:, 50 l-~-k,.J,..~--~::...l-1--~ 
::c 
&- 0 ._.._..._..__.__.__.__._..._""'-l 

0 20 40 60 80 100 

CL - LOAD CAPACITANCE (pf) 

External Connections 
External Connections for Divide by 10, 9, 8, 7, 
6, 5, 4, 3, 2, Operation 

Divide by 10 
Dlvldeby8 
DIYldeby6 
Dlvldeby4 
Dlvldeby2 

Divide by 9 

as } Q4 
Q3 
Q2 
Q1 

Connected Back 
To "DATA" Input 

TL/F/5951-3 

Timing Diagram 

CLOCK "" 

JAMI 

JAMZ 

- Typical Propagation Delay vs. CL 
~ 300 ,.... _______ _..,_........, 

:I; 

~ 250 

~ 
Cl zoo I--+--..... '+-
z 
Cl 
j:: 

150 < 
~ 

~ 
Cl 100 cc 
A. 
I 

3 50 :-
" .... 0 ::c :- 0 20 40 60 80 100 

CL - LOAD CAPACITANCE (pf) 

TL/F/5951-4 

JAM3 DON'T CARE UNTIL PRESET GOES HIGH 

~4 --;--'\____ CONNECTED TO "DATA" INPUT 
Q5~ 

1/4 MM54COl/MM74C08 

TL/F/5951-5 

Divide by 7 

::::er-CONNECTED TO "DATA" INPUT 

1/4 MM54C08/MM74C08 

TL/F/5951-6 

Divide by 5 

::::er-CONNECTED TO "DATA" INPUT 

1/4 MM54COllMM74C08 

TL/F/5951-7 

Divide by 3 

lll--;--'\__CDNNECTED TO "DATA" INPUT 
ll2~ 

1/4 MM54C08/MM74C08 

TL/F/5951-8 

JAM4 

JAM5 

!ii 

!12 

!13 

!14 

!15 

Note: "Data" input tied to '05 for decade counter configuration 
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~National 
D Semiconductor 
CD4019BM/CD4019BC Quad AND-OR Select Gate 
General Description 
The CD4019BM/CD4019BC is a complementary MOS quad 
AND-OR select gate. Low power and high noise margin 
over a wide voltage range is possible through implementa
tion of N- and P-channel enhancement mode transistors. 
These complementary MOS (CMOS) transistors provide the 
building blocks for the 4 "AND-OR select" gate configura
tions, each consisting of two 2-input AND gates driving a 
single 2-input OR gate. Selection is accomplished by control 
bits KA and Ks. All inputs are protected against static dis
charge damage. 

Connection and Schematic Diagrams 

Dual·ln·Llne Package 

A3 83 Al Bl Vss 

TL/F/5952-1 

Top View 

Schematic diagram for 1 of 4 identical stages 

Features 
• Wide supply voltage range 
• High noise immunity 
• Low power TTL 

compatibility 

Applications 
• AND-OR select gating 
• Shift-right/shift-left registers 
• True/complement selection 

3.0V to 15V 
0.45 v00 (typ.) 

Fan out of 2 driving 74L 
or 1 driving 74LS 

• AND/OR/EXCLUSIVE-OR selection 

Voo 

Order Number CD4019B* 
•Please look into Section 8, Appendix D 
for availability of various package types. 

TL/F/5952-2 
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0 m 
Absolute Maximum Ratings (Notes 1 & 2) Recommended Operation O> ..... 

0 If Military/Aerospace specified devices are required, Conditions (Note 2) "'ll:f' c contact the National Semiconductor Sales Office/ DC Supply Voltage (Voo) +3Vto +15V 0 Distributors for availability and specifications . ...... Input Voltage MN) OVto Voo V :E Supply Voltage (Voo) -0.5Vto +18V 
m Input Voltage MN> -0.5V to Voo + 0.5V 

Operating Temperature Range (TA) 
O> CD4019BM - 55•c to + 125·c ..... 

Storage Temperature Range (Ts) - 65°C to + 15o•c 0 CD4019BC -40°Cto +05•c 
"'ll:f' 

Power Dissipation (Po) c 
0 Dual-In-Line 700mW 

Small Outline 500mW 

Lead Temperature (TL) 
(Soldering, 10 seconds) 260°c 

DC Electrical Characteristics CD4019BM (Note 2> 

Symbol Parameter Conditions 
-ss·c +2s0 c + 12s·c Units 

Min Max Min Typ Max Min Max 

loo Quiescent Device Voo = 5V 0.25 0.03 0.25 7.5 µA 
Current Voo = 1ov 0.5 0.05 0.5 15 µA 

Voo = 15V 1.0 0.07 1.0 30 µA 

VoL Low Level ilol < 1 µA 
Output Voltage Voo = 5V 0.05 0 0.05 0.05 v 

Voo = 1ov 0.05 0 0.05 0.05 v 
Voo = 15V 0.05 0 0.05 0.05 v 

VoH High Level ilol < 1 µA 
Output Voltage Voo = 5V 4.95 4.95 5 4.95 v 

Voo = 1ov 9.95 9.95 10 9.95 v 
Voo = 15V 14.95 14.95 15 14.95 v 

V1L Low Level Voo = 5V, Vo = 0.5V or 4.5V 1.5 2 1.5 1.5 v 
Input Voltage Voo = 1 OV, Vo = 1.0V or 9.0V 3.0 4 3.0 3.0 v 

Voo = 15V, Vo= 1.5Vor 13.5V 4.0 6 4.0 4.0 v 

V1H High Level Voo = 5V, Vo = 0.5V or 4.5V 3.5 3.5 3 3.5 v 
Input Voltage Voo = 1 ov, Vo = 1.ov or 9.0V 7.0 7.0 6 7.0 v 

Voo = 15V, Vo= 1.5Vor 13.5V 11.0 11.0 9 11.0 v 

loL Low Level Output Voo = 5V, Vo = 0.4V 0.64 0.51 1 0.36 mA 
Current (Note 3) Voo = 10V, Vo= 0.5V 1.6 1.3 2.5 0.9 mA 

Voo = 15V, Vo= 1.5V 4.2 3.4 10 2.4 mA 

loH High Level Output Voo = 5V, Vo = 4.6V -0.25 -0.2 -0.4 -0.14 mA 
Current (Note 3) Voo = 10V, Vo= 9.5V -0.62 -0.5 -1.0 -0.35 mA 

Voo = 15V, Vo= 13.5V -1.8 -1.5 -3.0 -1.1 mA 

l1N Input Current Voo = 15V, V1N = ov -0.10 -10-5 -0.10 -1.0 µA 
Voo = 15V, V1N = 15V 0.10. 10-s 0.10 1.0 µA 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed; they are not meant to imply that the devices 
should be operated at these limits. The tables of "Recommended Operating Conditions" and "Electrical Characteristics" provide conditions for actual device 
operation. 

Note 2: Vss = ov unless otherwise specified. 

Note 3: loH and loL are tested one output at a time. 
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DC Electrical Characteristics CD4019sc (Note 2) 

Symbol Parameter Conditions 
-ss·c +2s0 c +12s·c 

Units 
Min Max Min Typ Max Min Max 

loo Quiescent Device Voo = 5V 1 0.03 1 7.5 µA 
Current Voo = 10V 2 0.05 2 15 µA 

Voo = 15V 4 0.07 4 30 µA 

VoL Low Level !lo!< 1 µA 
Output Voltage Voo = 5V 0.05 0 0.05 0.05 v 

v 00 = 1ov 0.05 0 0.05 0.05 v 
Voo = 15V 0.05 0 0.05 0.05 v 

VoH High Level !lo!< 1 µA 
Output Voltage Voo = 5V 4.95 4.95 5 4.95 v 

Voo = 1ov 9.95 9.95 10 9.95 v 
Voo = 15V 14.95 14.95 15 14.95 v 

V1L Low Level Voo = 5V, Vo = 0.5V or 4.5V 1.5 2 1.5 1.5 v 
Input Voltage Voo = 1 ov, Vo = 1.0V or 9.0V 3.0 4 3.0 3.0 v 

Voo = 15V, Vo= 1.5Vor 13.5V 4.0 6 4.0 4.0 v 

V1H High Level Voo = 5V, Vo = 0.5V or 4.5V 3.5 3.5 3 3.5 v 
Input Voltage Voo = 10V, Vo= 1.0Vor9.0V 7.0 7.0 6 7.0 v 

Voo = 15V, Vo= 1.5Vor13.5V 11.0 11.0 9 11.0 v 

loL Low Level Output Voo = 5V, Vo= 0.4V 0.52 0.44 1 0.36 mA 
Current (Note 3) Voo = 10V, Vo= 0.5V 1.3 1.1 2.5 0.9 mA 

Voo = 15V, Vo= 1.5V 3.6 3.0 10 2.4 mA 

loH High Level Output Voo = 5V, Vo = 4.6V -0.2 -0.16 -0.4 -0.12 mA 
Current (Note 3) Voo = 10V, Vo = 9.5V -0.5 -0.4 -1.0 -0.3 mA 

Voo = 15V, Vo= 13.5V -1.4 -1.2 -3.0 -1.0 mA 

l1N Input Current Voo = 15V, V1N = ov -0.30 -10-s -0.30 -1.0 µA 
Voo = 15V, V1N = 15V 0.30 10-s 0.30 1.0 µA 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed; they are not meant to imply that the devices 
should be operated at these limits. The tables of "Recommended Operating Conditions" and "Electrical Characteristics" provide conditions for actual device 
operation. 
Note 2: Vss = OV unless otherwise specified. 
Note 3: loH and loL are tested one output at a time. 

AC Electrical Characteristics* TA = 25°C, CL = 50 pF, RL = 200k, unless otherwise specified 

Symbol Parameter Conditions Min Typ Max Units 

tPHL• Propagation Delay, Voo = 5V 100 300 ns 

tPLH Input to Output Voo = 1ov 50 120 ns 

Voo = 15V 45 100 ns 

trnL High-to-Low Level Voo = 5V 100 200 ns 

Transition Time Voo = 1ov 50 100 ns 

Voo = 15V 40 80 ns 

tTLH Low;to-High Level Voo = 5V 150 300 ns 
Transition Time Voo = 1ov 70 140 ns 

Voo = 15V 50 100 ns 

C1N Input Capacitance All A and B Inputs 5 7.5 pF 

KA and Ks Inputs 10 15 pF 

•AC Parameters are guaranteed by DC correlated testing. 
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CD4020BM/CD4020BC 
14-Stage Ripple Carry Binary Counters 
CD4040BM/CD4040BC 
12-Stage Ripple Carry Binary Counters 
CD4060BM/CD4060BC 
14-Stage Ripple Carry Binary Counters 

General Description 
The CD4020BM/CD4020BC, CD4060BM/CD4060BC are 
14-stage ripple carry binary counters, and the CD4040BM/ 
CD4040BC is a 12-stage ripple carry binary counter. The 
counters are advanced one count on the negative transition 
of each clock pulse. The counters are reset to the zero state 
by a logical "1" at the reset input independent of clock. 

Connection Diagrams 

v.oo 011 
_l 16 15 

Voo 

Voo 

.... 

Dual-In-Line Package 

CD4020BM/CD4020BC 

Oa Og RESET ~1 

14 13 12 11 

Top View 

Dual-In-Line Package 

CD4040BM/CD4040BC 

10 

Vss 

1 Ja 
04 Vss 

TL/F/5953-1 

n10 

14 

na 
13 

09 RESET ~1 

12 11 10 

I-

vss 
1 ta 

02 vss 

Features 
• Wide supply voltage range 
• High noise immunity 
• Low power TIL 

compatibility · 

• Medium speed operation 
• Schmitt trigger clock input 

1.0V to 15V 
0.45 Voo (typ.) 

Fan out of 2 driving 74L 
or 1 driving 74LS 

8 MHz typ. at Voo = 1 OV 

Order Number CD4020B*, CD4040B* or CD4060B* 
•Please look into Section B, Appendix D 
for availability of various package types. 

voo 010 
_110 15 

voo 

.... 

Dual-In-Line Package 

CD4060BM/CD4060BC 

oa 
14 

Qg RESET ~1 ~ ~O 

13 12 11 10 

Vss 

1a 
Vss 

TL/F/5953-2 TL/F /5953-3 
Top View Top View 
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Absolute Maximum Ratings (Notes 1 and 2) Recommended Operating 
If Military/Aerospace specified devices are required, Conditions 
contact the National Semiconductor Sales Office/ 

Supply Voltage (Voo) +3Vto +15V 
Distributors for avallablllty and specifications. 

Supply Voltage (Voo) -0.5V to+ 18V 
Input Voltage (V1N) OVtoVoo 

Input Voltage (V1N) -o.sv to Voo + o.5V 
Operating Temperature Range (TA) 

CD40XXBM - 55°C to + 125•c 
Storage Temperature Range (Ts) - 65°C to + 15o•c CD40XXBC - 4o•c to + 85°C 
Package Dissipation (Po) 

Dual-In-Line 700mW 
Small Outline 500mW 

Lead Temperature (TL) 
(Soldering, 1 O seconds) 260°c 

DC Electrical Characteristics CD4oxxsM (Note 2> 

Symbol Parameter Conditions 
-ss·c +2s0 c + 12s·c 

Units 
Min Max Min Typ Max Min Max 

loo Quiescent Device Current Voo = 5V, V1N = Voo or Vss 5 5 150 µA 

Voo = 1 OV, V1N = Voo or Vss 10 10 300 µA 

Voo = 15V, V1N = Voo or Vss 20 20 600 µA 

Vol Low Level Output Voltage Voo = 5V 0.05 0 0.05 0.05 v 

Voo = 1ov 0.05 0 0.05 0.05 v 
Voo = 15V 0.05 0 0.05 0.05 v 

VoH High Level Output Voltage Voo = 5V 4.95 4.95 5 4.95 v 
Voo = 1ov 9.95 9.95 10 9.95 v 
Voo = 15V 14.95 14.95 15 14.95 v 

V1l Low Level Input Voltage Voo = 5V, Vo = 0.5V or 4.5V 1.5 2 1.5 1.5 v 
Voo = 10V, Vo= 1.0Vor 9.0V 3.0 4 3.0 3.0 v 
Voo = 15V, Vo= 1.5Vor13.5V 4.0 6 4.0 4.0 v 

V1H High Level Input Voltage Voo = 5V, Vo = 0.5V or 4.5V 3.5 3.5 3 3.5 v 
Voo = 10V, Vo = 1.0V or 9.0V 7.0 7.0 6 7.0 v 
Voo = 15V, Vo= 1.5Vor13.5V 11.0 11.0 9 11.0 v 

lol Low Level Output Current Voo = 5V, Vo = 0.4V 0.64 0.51 0.88 0.36 mA 
(See Note 3) Voo = 10V, Vo = 0.5V 1.6 1.3 2.25 0.9 mA 

Voo = 15V, Vo= 1.5V 4.2 3.4 8.8 2.4 mA 

loH High Level Output Current Voo = 5V, Vo = 4.6V -0.64 -0.51 -0.88 -0.36 mA 
(See Note 3) Voo = 10V, Vo = 9.5V -1.6 -1.3 -2.25 -0.9 mA 

Voo = 15V, Vo= 13.5V -4.2 -3.4 -8.8 -2.4 mA 

l1N Input Current Voo = 15V, V1N = ov -0.10 -10-s -0.10 -1.0 µA 

Voo = 15V, V1N = 15V 0.10 10-s 0.10 1.0 µA 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The tables of "Recommended Operating Conditions" and "Electrical Characteristics" provide conditions for actual device 
operation. 
Note 2: Vss = OV unless otherwise specified. 
Note 3: Data does not apply to oscillator points <f>o and <Po of CD4060BM/CD4060BC. loH and loL are tested one output at a time. 

DC Electrical Characteristics 4oxxsc (Note 2> 

Symbol Parameter Conditions 
-40°c +2s0 c +as·c 

Units 
Min Max Min Typ Max Min Max 

loo Quiescent Device Current Voo = 5V, V1N = Voo or Vss 20 20 150 µA 

Voo = 10V, V1N = Voo orVss 40 40 300 µA 

Voo = 15V, V1N = Voo or Vss 80 80 600 µA 

Vol Low Level Output Voltage Voo = 5V 0.05 0 0.05 0.05 v 
v 00 = 1ov 0.05 0 0.05 0.05 v 

Voo = 15V 0.05 0 0.05 0.05 v 
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DC Electrical Characteristics 4oxxsc (Note 2> (Continued) 

Symbol Parameter Conditions 
-40°C +25°C 

Min Max Min Typ 

VoH High Level Output Voltage Voo = 5V 4.95 4.95 5 
Voo = 1ov 9.95 9.95 10 

Voo = 15V 14.95 14.95 15 

VrL Low Level Input Voltage Voo = 5V, Vo = 0.5V or 4.5V 1.5 2 
Voo = 1 ov, Vo = 1.ov or 9.0V 3.0 4 
Voo = 15V, Vo= 1.5Vor13.5V 4.0 6 

V1H High Level Input Voltage Voo = 5V, Vo = 0.5V or 4.5V 3.5 3.5 3 
Voo = 10V, Vo= 1.0Vor9.0V 7.0 7.0 6 
Voo = 15V, Vo= 1.5Vor13.5V 11.0 11.0 9 

loL Low Level Output Current Voo = 5V, Vo = 0.4V 0.52 0.44 0.88 
(See Note 3) Voo = 10V, Vo= 0.5V 1.3 1.1 2.25 

Voo = 15V, Vo= 1.5V 3.6 3.0 8.8 

loH High Level Output Current Voo = 5V, Vo = 4.6V -0.52 -0.44 -0.88 
(See Note3) Voo = 10V, Vo= 9.5V -1.3 -1.1 -2.25 

Voo = 15V, Vo= 13.5V -3.6 -3.0 -8.8 

l1N Input Current Voo = 15V, VrN = ov -0.30 -10-s 

Voo = 15V, v,N = 15V 0.30 10-s 

AC Electrical Characteristics* cD402osM1cD402osc, cD404osM1CD4o4osc 
TA = 25°C, CL = 50 pF, AL = 200k, tr = tt = 20 ns, unless otherwise noted 

Symbol Parameter Conditions Min Typ 

tPHL1 I tPLH1 Propagation Delay Time to 01 Voo = 5V 250 
Voo = 1ov 100 
Voo = 15V 75 

tPHL• tPLH Interstage Propagation Delay Time Voo = 5V 150 

from On to On+ 1 Voo = 1ov 60 
Voo = 15V 45 

trHL• trLH Transition Time Yoo= 5Y 100 
Yoo= 10Y 50 
Yoo= 15Y 40 

twL. twH Minimum Clock Pulse Width Yoo= 5V 125 
Yoo= 10Y 50 
Yoo= 15Y 40 

treL. ttcL Maximum Clock Rise and Fall Time Yoo= 5Y 
Yoo= 10Y 
Yoo= 15Y 

fcL Maximum Clock Frequency Yoo= 5Y 1.5 4 

Yoo= 10Y 4 10 
Yoo= 15Y 5 12 

tPHL(R) Reset Propagation Delay Yoo= 5Y 200 

Yoo= 10Y 100 
Voo = 15Y 80 

twH(R) Minimum Reset Pulse Width Yoo= 5Y 200 
Yoo= 10Y 100 
Yoo= 15Y 80 

Cin Average Input Capacitance Any Input 5 

c_Q_d Power Dissipation Capacitance 50 
0 AC Parameters are guaranteed by DC correlated testing. 
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+85°C 
Units 

Max Min Max 

4.95 v 
9.95 v 
14.95 v 

1.5 1.5 v 
3.0 3.0 v 
4.0 4.0 v 

3.5 v 
7.0 v 
11.0 v 

0.36 mA 
0.9 mA 
2.4 mA 

-0.36 mA 
-0.9 mA 
-2.4 mA 

-0.30 -1.0 µA 
0.30 1.0 µA 

Max Units 

550 ns 
210 ns 
150 ns 

330 ns 
125 ns 
90 ns 

200 ns 
100 ns 
80 ns 

335 ns 
125 ns 
100 ns 

No Limit ns 
No Limit ns 
No Limit ns 

MHz 
MHz 
MHz 

450 ns 
210 ns 
170 ns 

450 ns 
210 ns 
170 ns 

7.5 pF 

pF 



AC Electrical Characteristics* cD406osM1cD4o6osc 
TA = 25°C, CL = 50 pF, AL = 200k, tr = t1 = 20 ns, unless otherwise noted 

Symbol Parameter Conditions 

tPHL4• tPLH4 Propagation Delay Time to 04 Voo = 5V 
Voo = 1ov 
Voo = 15V 

tpHL• tPLH Interstage Propagation Delay Time Voo = 5V 
from On to On+ 1 Voo = 10v 

Voo = 15V 

trHL· trLH Transition Time Voo = 5V 
Voo = 10v 
Voo = 15V 

twL. twH Minimum Clock Pulse Width Voo = 5V 
Voo = 1ov 
Voo = 15V 

trCL· t1cL Maximum Clock Rise and Fall Time Voo = 5V 
Voo = 1ov 
Voo = 15V 

fcL Maximum Clock Frequency Voo = 5V 
Voo = 1ov 
Voo = 15V 

tpHL(R) Reset Propagation Delay Voo = 5V 
Voo = 1ov 
Voo = 15V 

twH(R) Minimum Reset Pulse Width Voo = 5V 
Voo = 1ov 
Voo = 15V 

Cin Average Input Capacitance Any Input 

c_Q_d Power Dissipation Capacitance 

•AC Parameters are guaranteed by DC correlated testing. 

CD4060B Typical Oscillator Connections 

RC Oscillator 

TO COUNTER 
STAGES 

TL/F/5953-4 
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Min 

1 
3 
4 

Typ Max 

550 1300 
250 525 
200 400 

150 330 
60 125 
45 90 

100 200 
50 100 
40 80 

170 500 
65 170 
50 125 

No Limit 
No Limit 
No Limit 

3 
8 
10 

200 450 
100 210 
80 170 

200 450 
100 210 
80 170 

5 7.5 

50 

Crystal Oscillator 

Units 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

MHz 
MHz 
MHz 

ns 
ns 
ns 

ns 
ns 
ns 

pF 

pF 

TO COUNTER 
STAGES 

TL/F/5953-5 
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0 
~ Schematic Diagrams 
CD 
0 
~ c 
0 ...... 
:IE m 
0 
CD 
0 
~ c 
0 ...... 
0 m 
0 
~ 

~ [!]· VSS 

c 
0 
:E' E!J· Voo 
m 
0 
~ 
0 
~ c 
0 ...... 
0 m 
0 
N 
0 
~ c 
0 ...... 
:IE m 
0 
N 
0 
~ c 
0 

[!] = Yss 

[!!] •Yoo 

[TI-vss 

[!!]-voo 

CD4020BM/CD4020BC Schematic Diagram 

TL/F/5953-6 

CD4040BM/CD4040BC Schematic Diagram 

TL/F/5953-7 

CD4060BM/CD4060BC Schematic Diagram 

TL/F/5953-8 
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~National · 
~Semiconductor 

CD4021BM/CD4021BC 8-Stage Static Shift Register 

General Description 
The CD4021 BM/CD4021 BC is an 8-stage parallel input/se
rial output shift register. A parallel/serial control input en
ables individual JAM inputs to each of 8 stages. Q outputs 
are available from the sixth, seventh, and eighth stages. All 
outputs have equal source and sink current capabilities and 
conform to standard "B" series output drive. 

Features 
• Wide supply voltage range 
• High noise immunity 
• Low power TTL compatibility 

• 5V-1 OV-15V parametric ratings 
• Symmetrical output characteristics 

3.0V to 15V 
0.45 Voo (typ.) 

Fan out of 2 driving 
74L or 1 driving 74LS 

When the parallel/serial control input is in the logical "O" 
state, data is serially shifted into the register synchronously 
with the positive transition of the clock. When the parallel/ 
serial control is in the logical "1" state, data is jammed into 
each stage of the register asynchronously with the clock. 

• Maximum input leakage 1 µA at 15V over full tempera
ture range 

All inputs are protected against static discharge with diodes 
to Voo and Vss-

Connection Diagram 

B 
PAR 
IN 

Dual-In-Line Package 

ADDRESS INPUTS BUF 
OUT 
07 

SER 
IN 

15 14 13 12 11 

06 
BUF 
OUT 

08 
BUF 
OUT 

Top View 

PAR IN 

Order Number CD4021B* 

CLK 

10 

PAR/ 
SER 

CONT 

•Please look into Section 8, Appendix D for availability of various package types. 

Truth Table 

Serial 
Parallel/ 

Q1 
CL* 

Input 
Serial Pl 1 Pin 

(Internal) On 
Control 

x x 0 0 0 0 
x x 0 0 
x x 0 0 
x x 1 1 1 

_/ 0 0 x x 0 On-1 
_/ 1 0 x x 1 On-1 No 

"""'-- x 0 x x 01 On Change 

•Level change 
X = Don't care case 
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Absolute Maximum Ratings (Notes 1 & 2) Recommended Operating 
If Military I Aerospace specified devices are required, Conditions (Note 2) 
contact the National Semiconductor Sales Office/ 

Supply Voltage (Voo) 3Vto 15V 
Distributors for avallablllty and specifications . 

Supply Voltage (Voo) -0.5V to + 18V 
Input Voltage MN) o to Voo 

Input Voltage (V1N) -0.5V to Voo + 0.5V 
Operating Temperature Range (TA) 

CD4021BM - 55°C to + 125°C 
Storage Temperature Range (Ts) - 65°C to + 15o·c CD4021BC - 4o·c to + 85°C 
Power Dissipation (Po) 

Dual-In-Line 700mW 
Small Outline 500mW 

Lead Temperature (Tu 
(Soldering, 1 O seconds) 260°c 

DC Electrical Characteristics co4021 BM (Note 2) 

Symbol Parameter Conditions 
-ss·c +25°C + 12s·c 

Units 
Min Max Min Typ Max Min Max 

loo Quiescent Device Voo = 5V, V1N = Voo or Vss 5 0.1 5 150 µA 
Current Voo = 10V, V1N = Voo or Vss 10 0.2 10 300 µA 

Voo = 15V, V1N = Voo or Vss 20 0.3 20 600 µA 

Vol Low Level v00 ~ sv } 0.05 0 0.05 0.05 v 
Output Voltage Voo = 10v llol < 1 µA 0.05 0 0.05 0.05 v 

Voo = 15V 0.05 0 0.05 0.05 v 

VoH High Level v00 ~ sv } 4.95 4.95 5 4.95 v 
Output Voltage Voo = 1ov llol < 1 µA 9.95 9.95 10 9.95 v 

Voo = 15V 14.95 14.95 15 14.95 v 

V1l Low Level Voo = 5V, Vo = 0.5V or 4.5V 1.5 2 1.5 1.5 v 
Input Voltage Voo = 10V, Vo= 1.0Vor 9.0V 3.0 4 3.0 3.0 v 

Voo = 15V, Vo= 1.5Vor13.5V 4.0 6 4.0 4.0 v 

V1H High Level Voo = 5V, Vo = 0.5V or 4.5V 3.5 3.5 3 3.5 v 
Input Voltage Voo = 10V, Vo = 1.0V or 9.0V 7.0 7.0 6 7.0 v 

Voo = 15V, Vo= 1.5Vor13.5V 11.0 11.0 9 11.0 v 

lol Low Level Output Voo = 5V, Vo = 0.4V 0.64 0.51 0.88 0.36 mA 
Current (Note 3) Voo = 10V, Vo = 0.5V 1.6 1.3 2.2 0.90 mA 

Voo = 15V, Vo= 1.5V 4.2 3.4 8 2.4 mA 

loH High Level Output Voo = 5V, Vo =4.6V -0.64 -0.51 -0.88 -0.36 mA 
Current (Note 3) Voo = 10V, Vo = 9.5V -1.6 -1.3 -2.2 -0.90 mA 

Voo = 15V, Vo= 13.5V -4.2 -3.4 -8 -2.4 mA 

l1N Input Current Voo = 15V, V1N = ov -0.10 -10-s -0.10 -1.0 µA 
Voo = 15V, V1N = 15V 0.10 10-s 0.10 1.0 µA 

DC Electrical Characteristics CD4021 Bc (Note 2) 

Symbol Parameter Conditions 
-40°c +25°C +ss·c 

Units 
Min Max Min Typ Max Min Max 

loo Quiescent Device Voo = 5V, V1N = Voo or Vss 20 0.1 20 150 µA 
Current Voo = 10v, V1N = Voo or Vss 40 0.2 40 300 µA 

Voo = 15V, V1N = Voo or Vss 80 0.3 80 600 µA 

Vol Low Level Voo ~ 5V } 0.05 0 0.05 0.05 v 
Output Voltage Voo = 1 ov llol < 1 µA 0.05 0 0.05 0.05 v 

Voo = 15V 0.05 0 0.05 0.05 v 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range" 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 
Note 2: Vss = OV unless otherwise specified. 
Note 3: loH and IOL are tested one output at a time. 
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DC Electrical Characteristics co4021 sc (Note 2) (Continued) 
c 
.i:i. 
0 
N 

-40°c +2s0 c +as·c ..... 
Symbol Parameter Conditions Units m 

Min Max Min Typ Max Min Max 
== ....... 

VoH High Level Voo ~ sv } 4.95 4.95 5 4.95 v 0 
c 

Output Voltage Voo = 1ov llol < 1 µA 9.95 9.95 10 9.95 v .i:i. 

Voo = 15V 14.95 14.95 15 14.95 v 
0 
N ..... 

V1L Low Level Voo = 5V, Vo= 0.5Vor4.5V 1.5 2 1.5 1.5 v m 
Input Voltage Voo = 1 OV, Vo = 1.0V or 9.0V 3.0 4 3.0 3.0 v 

0 

Voo = 15V,Vo = 1.5Vor13.5V 4.0 6 4.0 4.0 v 

V1H High Level Voo = 5V, Vo = 0.5V or 4.5V 3.5 3.5 3 3.5 v 
Input Voltage Voo = 1 OV, Vo = 1.0V or 9.0V 7.0 7.0 6 7.0 v 

Voo = 15V, Vo= 1.5Vor13.5V 11.0 11.0 9 11.0 v 

loL Low Level Output Voo = 5V, Vo = 0.4V 0.52 0.44 0.88 0.36 mA 
Current (Note 3) Voo = 10V, Vo = 0.5V 1.3 1.1 2.2 0.90 mA 

Voo = 15V, Vo= 1.5V 3.6 3.0 8 2.4 mA 

loH High Level Output Voo = 5V, Vo = 4.6V -0.52 -0.44 -0.88 -0.36 mA 
Current (Note 3) Voo = 10V, Vo = 9.5V -1.3 -1.1 -2.2 -0.90 mA 

Voo = 15V, Vo= 13.5V -3.6 -3.0 -8 -2.4 mA 

l1N Input Current Voo = 15V, V1N = ov -0.3 -10-5 -0.3 -1.0 µA 
Voo = 15V, V1N = 15V 0.3 10-5 0.3 1.0 µA 

AC Electrical Characteristics* TA = 25°C, input tr. tt = 20 ns, CL = 50 pF, RL = 200 kn 

Symbol Parameter Conditions Min Typ Max Units 

tpLH• tPHL Propagation Delay Time v 00 = 5V 240 350 ns 
V00 = 1ov 100 175 ns 
V00 = 15V 70 140 ns 

tTHL• tTLH Transition Time V00 = 5V 100 200 ns 
Voo = 10v 50 100 ns 
Voo = 15V 40 80 ns 

fcL Maximum Clock Voo = 5V 2.5 3.5 MHz 
Input Frequency Voo = 10v 5 10 MHz 

Voo = .15V 8 16 MHz 

tw Minimum Clock V00 = 5V 100 200 ns 
Pulse Width Voo = 1ov 50 100 ns 

Voo = 15V 40 80 ns 

trCL, ttCL Clock Rise and V00 = 5V 15 µs 
Fall Time (Note 4) v 00 = 1ov 15 µs 

V00 = 15V 15 µs 

ts Minimum Set-Up Time 
Serial Input v 00 = 5V 60 120 ns 
tH ~ 200 ns v 00 = 1ov 40 80 ns 
(Ref. to CL) Voo = 15V 30 60 ns 

Parallel Inputs V00 = 5V 25 50 ns 
tH ~ 200 ns v 00 = 1ov 15 30 ns 
(Ref. to P/S) v 00 = 15V 10 20 ns 

•AC Parameters are guaranteed by DC correlated testing. 
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AC Electrical Charateristics * TA = 25°C, input tr, t, = 20 ns, CL = 50 pF, RL = 200 kn (Continued) 

Symbol Parameter Conditions 

tH Minimum Hold Time Voo = 5V 

Serial In, Parallel In, ts ~ 400 ns Voo = 1ov 

Parallel/Serial Control Voo = 15V 

twH Minimum PIS Voo = 5V 

Pulse Width Voo = 1ov 

Voo = 15V 

tREM Minimum PIS Removal Voo = 5V 

Time (Ref. to CL) Voo = 10v 

Voo = 15V 

C1 Average Input Capacitance Any Input 

Cpo Power Dissipation 

Capacitance (Note 5) 

"AC Parameters are guaranteed by DC correlated testing. 

Min Typ 

150 

75 

50 

100 

50 

40 

5 

100 

Max 

0 

10 

15 

250 

125 

100 

200 

100 

80 

7.5 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

pF 

pF 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature 
Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual 
device operation. 

Note 2: Vss = OV unless otherwise specified. 

Note 3: loH and loL are tested one output at a time. 

Note 4: If more than one unit is cascaded t,.CL should be made less than or equal to the fixed propagation delay of the output of the driving stage for the 
estimated capacitive load. 

Note 6: Cpo determines the no load AC power consumption of any CMOS device. For complete explanation, see 54C/74C family characteristics application 
note AN-90. 

Logic Diagram 

PARALLEL/SERIAL I 
CONTROL 
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Typical Performance Characteristics 
35...-..--...-...-......-....-""T"""-.--.---. 

30 o--+--_,,.~,._._--+----+-V cc= 15V -t-

25 >-+-+-f-+--+--+--+---+--+----+----< 
201--~-+--+--+--+--+--+---+-~ 

151-f+---+--+--+--+--+--+---+-~ 

·:~~~=_lO~V--1--1--1--1 
V~J·=5V 
o~ cci. 

0 2 4 6 8 10 12 14 16 18 

Your (V) 

TL/F/5954-3 

-0...-..--...-...-...-......-....-""T"""-.-~ 

-5 l--t-t-f--1--1---.1,{1 
-10 p4,-

~ ~ f 

1 -15 v cc = 1 ov ---+-J11---
~ -201--+---+--+--+--+--+-~-+-~ 

.!fl ~ 
-25 l---+---+-..... ~~=1----1----1--l 

Vee= 15V 
-30 1--+--i-+-_l_-+--+--+--+--+--+-~ 

-35 ....._..__..._......_......_...._...._.....__.__. 
18 16 14 12 10 8 6 4 2 0 

Vee-Your (V) 

TL/F/5954-4 
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CD4023M/CD4023C Triple 3-lnput NANO Gate 
CD4025M/CD4025C Triple 3-lnput NOR Gate 

General Description 
These triple gates are monolithic complementary MOS 
(CMOS) integrated circuits constructed with N- and P-chan
nel enhancement mode transistors. All inputs are protected 
against static discharge with diodes to Voo and Vss-

Connection Diagrams 

Features 
• Wide supply voltage range 
• High noise immunity 
• 5V-1 OV parametric ratings 

• Low power 

Dual-In-Line Packages 

CD4023M/CD4023C CD4025M/CD4025C 

Voo voo 

14 10 14 10 

Vss 
TL/F /5955-1 

Top View Top View 

Order Number CD4023* or CD4025* 

*Please look into Section 8, Appendix D for availability of various package types. 
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3.0V to 15V 
0.45 Voo (typ.) 
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Absolute Maximum Ratings (Note 1) 
If Miiitary/Aerospace specified devices are required, Storage Temperature Range - 65°C to + 150°C 
contact the National Semiconductor Sales Office/ Power Dissipation (Po) 
Distributors for avallablllty and specifications. Dual-In-Line 700mW 
Voltage at Any Pin Vss- toVoo +0.3V Small Outline 500mW 

Operating Temperature Range Operating Voo Range Vss + 3.0V to Vss + 15V 
CD4023M, CD4025M - 55°C to + 125°C Lead Temperature 
CD4023C, CD4025C - 40°C to + 85°C (Soldering, 1 O seconds) 260°C 

DC Electrical Characteristics CD4023M, CD4025M 

Limits 

Symbol Parameter Conditions -55°C +25°C + 125°C Units 

Min Max Min Typ Max Min Max 

IL Quiescent Device Voo = 5.0V 0.05 0.001 0.05 3.0 µA 
Current V00 = 1ov 0.1 0.001 0.1 6.0 µA 

Po Quiescent Device Voo = 5.0V 0.25 0.005 0.25 15 µW 
Dissipation/Package Voo = 1ov 1.0 0.01 1.0 60 µW 

Vol Output Voltage Voo = 5.0V, V1 = Voo. lo = OA 0.05 0 0.05 0.05 v 
Low Level Voo = 10V, V1 = Voo. lo= OA 0.05 0 0.05 0.05 v 

VoH Output Voltage Voo = 5.0V, V1 = V55, lo = OA 4.95 4.95 5.0 4.95 v 
High Level Voo = 10V, V1 = Vss. lo = OA 9.95 9.95 10 9.95 v 

VNL Noise Immunity Voo = 5.0V, Vo = 3.6V, lo = OA 1.5 1.5 2.25 1.4 v 
(All Inputs) Voo = 10V, Vo= 7.2V, lo= OA 3.0 3.0 4.5 2.9 v 

VNH Noise Immunity Voo = 5.0V, Vo= 0.95V, lo= OA 1.4 1.5 2.25 1.5 v 
(All Inputs) Voo = 10V, Vo = 2.9V, lo = OA 2.9 3.0 4.5 3.0 v 

loN Output Drive Current Voo = 5.0V, Vo = 0.4V, V1 = Voo 0.5 0.40 1.0 0.28 mA 
N-Channel (4025) (Note 2) Voo = 10V, Vo= 0.5V, V1 = Voo 1.1 0.9 2.5 0.65 mA 

loP Output Drive Current Voo = 5.0V, Vo = 2.5V, V1 = Vss -0.62 -0.5 -2.0 -0.35 mA 
P-Channel (4025) (Note 2) Voo = 10V, Vo= 9.5V, V1 = Vss -0.62 -0.5 -1.0 -0.35 mA 

loN Output Drive Current Voo = 5.0V, Vo = 0.4V, V1 = Voo 0.31 0.25 0.5 0.175 mA 
N-Channel (4023) (Note 2) Voo = 10V, Vo= 0.5V, V1 = Voo 0.63 0.5 0.6 0.35 mA 

loP Output Drive Current Voo = 5.0V, Vo = 2.5V, V1 = Vss -0.31 -0.25 -0.5 -0.175 mA 
P-Channel (4023) (Note 2) Voo = 10V, Vo= 9.5V, V1 = Vss -0.75 -0.6 -1.2 -0.4 mA 

11 Input Current 10 pA 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should btl operated at these limits. The tables of "Recommended Operating Conditions" and "Electrical Characteristics" provide conditions for actual device 
operation. 

Note 2: loN and loP are tested one output at a time. 
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DC Electrical Characteristics cD4023c, cD4025c N 
0 
'oi::t c Limits 
0 ...... Symbol Parameter Conditions -40°c +2s0c +ss•c Units 0 
Lt) 

Min Max Min Typ Max Min Max N 
0 
'oi::t IL Quiescent Device v 00 = 5.ov 0.05 0.005 0.5 15 µA c 
0 Current Voo = 1ov 5.0 0.005 5.0 30 µA 
...... 
:::!!: Po Quiescent Device Voo = 5.ov 2.5 0.025 2.5 75 µW 
(") 

Dissipation/Package Voo = 1ov 50 0.05 50 300 µW N 
0 
'oi::t Vol Output Voltage Voo = 5.0V, v, = Voo. lo = OA 0.01 0 0.01 0.05 v c 
0 Low Level Voo = 1ov, v, = Voo. lo= OA 0.01 0 O.Q1 0.05 v 
...... 
0 VoH Output Voltage v 00 = 5.ov, v1 = Vss. 10 = OA 4.99 4.99 5.0 4.95 v 
(") 
N High Level Voo = 10V, v, = V55, lo= OA 9.99 9.99 10 9.95 v 
0 
'oi::t Input Current 10 pA c 
0 VNL Noise Immunity Voo = 5.0V, Vo = 3.6V, lo = OA 1.5 1.5 2.25 1.4 v 

(All Inputs) Voo = 10V, Vo= 7.2V, lo= OA 3.0 3.0 4.5 2.9 v 

VNH Noise Immunity Voo = 5.0V, Vo = 0.95V, lo = OA 1.4 1.5 2.25 1.5 v 
(All Inputs) Voo = 10V, Vo= 2.9V, lo= OA 2.9 3.0 4.5 3.0 v 

loN Output Drive Current Voo = 5.0V, Vo = 0.4V, v, = Voo 0.35 0.3 1.0 0.24 mA 
N-Channel (4025) (Note 2) Voo = 1ov, Vo= 0.5V, v, = Voo 0.72 0.6 2.5 0.48 mA 

loP Output Drive Current Voo = 5.0V, Vo = 2.5V, v, = Vss -0.35 -0.3 -2.0 -0.24 mA 
P-Channel (4025) (Note 2) Voo = 1ov, Vo= 9.5V, v1 = Vss -0.3 -0.25 -1.0 -0.2 mA 

loN Output Drive Current Voo = 5.0V, Vo = 0.4V, V1 = Voo 0.145 0.12 0.5 ·0.095 mA 
N-Channel (4023) (Note 2) Voo = 1ov, Vo= 0.5V, v, = Voo 0.3 0.25 0.6 0.2 mA 

loP Output Drive Current Voo = 5.ov, Vo = 2.5V, v, = Vss -0.145 -0.12 -0.5 -0.095 mA 
P-Channel (4023) (Note 2) Voo = 1ov, v0 = 9.5V, v1 = Vss -0.35 -0.3 -1.2 -0.24 mA 

Input Current 10 pA 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The tables of "Recommended Operating Conditions" and "Electrical Characteristics" provide conditions for actual device 
operation. 

Note 2: loN and loP are tested one output at a time. 
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AC Electrical Characteristics* TA = 25°C, CL = 15 pF, and input rise and fall times = 20 ns. Typical 
c 
.i:.. 
0 

temperature coefficient for all values of v 00 = 0.3%/"C N 
(,.) 

Symbol Parameter Conditions Min Typ Max Units 0 ....... 

CD4025M 
0 
c 
.i:.. 

tPHL Propagation Delay Time Voo = 5.ov 35 50 ns 0 
N 

High to Low Level Voo = 1ov 25 40 ns (,.) 

s::: 
tPLH Propagation Delay Time Voo = 5.ov 35 40 ns ....... 

0 
Low to High Level Voo = 1ov 25 70 ns c 

.i:.. 
trHL Transition Time Voo = 5.0V 65 125 ns 0 

N 
High to Low Level Voo = 1ov 35 70 ns U1 

0 
trLH Transition Time Voo = 5.0V 65 175 ns ....... 

0 
Low to High Level Voo = 10v 35 75 ns c 

.i:.. 
c, Input Capacitance Any Input 5.0 pF 0 

N 
U1 

CD4025C s::: 
tPHL Propagation Delay Time Voo = 5.0V 35 BO ns 

High to Low Level Voo = 1ov 25 55 ns 

tPLH Propagation Delay Time v 00 = 5.ov 35 120 ns 
Low to High Level Voo = 10v 25 65 ns 

trHL Transition Time Voo = 5.0V 65 200 ns 
High to Low Level Voo = 10v 35 115 ns 

trLH Transition Time Voo = 5.0V 65 300 ns 
Low to High Level Voo = 10v 35 125 ns 

c, Input Capacitance Any Input 5.0 pF 

CD4023M 

tPHL Propagation Delay Time Voo = 5.0V 50 75 ns 
High to Low Level Voo = 1ov 25 40 ns 

tpLH Propagation Delay Time Voo = 5.ov 50 75 ns 
Low to High Level Voo = 1ov 25 40 ns 

trHL Transition Time Voo = 5.0V 75 125 ns 
High to Low Level Voo = 1ov 50 75 ns 

trLH Transition Time Voo = 5.ov 75 100 ns 
Low to High Level Voo = 1ov 40 60 ns 

c, Input Capacitance Any Input 5.0 pF 

CD4023C 

tPHL Propagation Delay Time Voo = 5.ov 50 100 ns 
High to Low Level Voo = 1ov 25 50 ns 

tPLH Propagation Delay Time Voo = 5.0V 50 100 ns 
Low to High Level Voo = 1ov 25 50 ns 

trHL Transition Time v 00 = 5.ov 75 150 ns 
High to Low Level Voo = 10v 50 100 ns 

trLH Transition Time Voo = 5.0V 75 125 ns • Low to High Level Voo = 1ov 40 75 ns 

c, Input Capacitance Any Input 5.0 pF 

•AC Parameters are guaranteed by DC correlated testing. 
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~National 
U Semiconductor 

CD4023BM/CD4023BC 
Buffered Triple 3-lnput NANO Gate 
CD4025BM/CD4025BC 
Buffered Triple 3-lnput NOR Gate 

General Description Features 
These triple gates are monolithic complementary MOS 
(CMOS) integrated circuits constructed with N- and P-chan
nel enhancement mode transistors. They have equal source 
and sink current capabilities and conform to standard B se
ries output drive. The devices also have buffered outputs 
which improve transfer characteristics by providing very 
high gain. All inputs are protected against static discharge 
with diodes to Voo and V55. 

• Wide supply voltage range 
• High noise immunity 
• Low power TIL 

compatibility 

3.0V to 15V 
0.45 v00 (typ.) 

fan out of 2 driving 7 4L 
or 1 driving 7 4LS 

• 5V-10V-15V parametric ratings 
• Symmetrical output characteristics 
• Maximum input leakage 1 µA at 15V over full 

temperature range 

Connection Diagrams 

Voo 
14 

CD4023BM/CD4023BC 
Dual-In-Line Package 

Top View 

Vss 
TL/F/5956-1 

VD 
14 

CD4025BM/CD4025BC 
Dual-In-Line Package 

10 

Top View 

Order Number CD4023B* or CD4025B* 
•Please look into Section B, Appendix D for availability of various package types. 
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Absolute Maximum Ratings (Notes 1 & 2) Recommended Operating 
If Military/Aerospace specified devices are required, Conditions 
contact the National Semiconductor Sales Office/ 

DC Supply Voltage (Voo) 5 Voe to 15 Voe Distributors for availablllty and specifications. 

DC Supply Voltage (Voo) -0.5 Voe to+ 18 Voe 
Input Voltage <ViN) o Voe to Voo Voe 

Input Voltage (V1N) -0.5 Voe to Voo+0.5 Voe 
Operating Temperature Range (TA) 

CD40238M, CD4025BM - 55°C to + 125°C 
Storage Temp. Range (Ts) - 65°C to + 15o·c CD40238C,CD4025BC -40°c to +e5°C 
Power Dissipation (Po) 

Dual-In-Line 700mW 
Small Outline 500mW 

Lead Temperature (Tu 
(Soldering, 1 O seconds) 260°C 

DC Electrical Characteristics CD4023BM, co4025BM <Note 2) 

Symbol Parameter Conditions 
-ss·c +2s0 c + 125°C Units 

Min Typ Min Typ Max Min Max 

loo Quiescent Device Current v 00 = 5V 0.25 0.004 0.25 7.5 µA 
Voo = 1ov 0.5 0.005 0.5 15 µA 
Voo = 15V 1.0 0.006 1.0 30 µA 

VoL Low Level Output Voltage Voo = 5V 0.05 0 0.05 0.05 v 
Voo = 1ov 0.05 0 0.05 0.05 v 
Voo = 15V 0.05 0 0.05 0.05 v 

VoH High Level Output Voltage Voo = 5V 4.95 4.95 5 4.95 v 
Voo = 1ov 9.95 9.95 10 9.95 v 
Voo = 15V 14.95 14.95 15 14.95 v 

V1L Low Level Input Voltage Voo=5V, Vo=4.5V } 1.5 2 1.5 1.5 v 
Voo=10V, Vo=9.0V l1ol<1µA 3.0 4 3.0 3.0 v 
Voo=15V, Vo=13.5V 4.0 6 4.0 4.0 v 

V1H High Level Input Voltage Voo=5V, Vo=0.5V } 3.5 3.5 3 3.5 v 
Voo=10V, Vo=1.0V llol<1µA 7.0 7.0 6 7.0 v 
Voo=15V, Vo=1.5V 11.0 11.0 9 11.0 v 

loL Low Level Output Current Voo=5V, Vo= 0.4V 0.64 0.51 0.88 0.36 mA 
(Note3) Voo = 10V, Vo= 0.5V 1.6 1.3 2.2 0.90 mA 

Voo = 15V, Vo= 1.5V 4.2 3.4 8 2.4 mA 

loH High Level Output Current Voo = 5V, Vo= 4.6V -0.64 -0.51 -0.88 -0.36 mA 
(Note3) Voo = 10V, Vo = 9.5V -1.6 -1.3 -2.2 -0.90 mA 

Voo = 15V, Vo= 13.5V -4.2 -3.4 -8 -2.4 mA 

l1N Input Current Voo = 15V, V1N = ov -0.10 -10-s -0.10 -1.0 µA 
Voo = 15V, V1N = 15V 0.10 10-s 0.10 1.0 µA 

Schematic Diagram 
CD4023BC/CD4023BM 

Yoo 

rl~ r1i!l r1it ~~J=A-~·C ~ ~ 

A•o ,;;. 
'J 

e•""' ~l+t 
'J 

Yi Device Shown 

•All Inputs Protected 
by Standard CMOS Input 

c• ~ ~l+t Protection Circuit. .... 
Yss I 

-- TL/F/5956-3 
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DC Electrical Characteristics co4023sc, co4025sc (Note 2> 

Symbol Parameter Conditions 
-40°C +25°C +85°C 

Units 
Min Typ Min Typ Max Min Max 

loo Quiescent Device Current V00 = 5V 1.0 0.004 1.0 7.5 µA 
Voo = 1ov 2.0 0.005 2.0 15 µA 
V00 = 15V 4.0 0.006 4.0 30 µA 

Vm Low Level Output Voltage V00 = 5V 0.05 0 0.05 0.05 v 
Voo = 1ov 0.05 0 0.05 0.05 v 
V00 = 15V 0.05 0 0.05 0.05 v 

VoH High Level Output Voltage V00 = 5V 4.95 4.95 5 4.95 v 
Voo = 1ov 9.95 9.95 10 9.95 v 
V00 = 15V 14.95 14.95 15 14.95 v 

V1L Low Level Input Voltage Voo=5V, Vo=4.5V } 1.5 2 1.5 1.5 v 
Voo=10V, Vo=9.0V l1ol<1µA 3.0 4 3.0 3.0 v 
Voo= 15V, Vo= 13.5V 4.0 6 4.0 4.0 v 

V1H High Level Input Voltage Voo=5V, Vo=0.5V } 3.5 3.5 3 3.5 v 
Voo=10V, Vo=1.0V llol<1µA 7.0 7.0 6 7.0 v 
Voo=15V, Vo=1.5V 11.0 11.0 9 11.0 v 

loL Low Level Output Current Voo=5V, Vo= 0.4V 0.52 0.44 0.88 0.36 mA 
(Note3) Voo = 10V, Vo = 0.5V 1.3 1.1 2.2 0.90 mA 

Voo = 15V, Vo= 1.5V 3.6 3.0 8 2.4 mA 

loH High Level Output Current Voo = 5V, Vo = 4.6V -0.52 -0.44 -0.88 -0.36 mA 
(Note 3) Voo = 10V, Vo = 9.5V -1.3 -1.1 -2.2 -0.90 mA 

Voo = 15V, Vo= 13.5V -3.6 -3.0 -8 -2.4 mA 

l1N Input Current Voo = 15V, V1N = ov -0.3 -10-s -0.3 -1.0 µA 
Voo = 15V, V1N = 15V 0.3 10-s 0.3 1.0 µA 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed; they are not meant to imply that the devices 
should be operated at these limits. The table of "Recommended Operating Conditions" and "Electrical Characteristics" provides conditions for actual device 
operation. 

Note 2: Vss = OV unless otherwise specified. 

Note 3: loH and loL are tested one output at a time. 

Schematic Diagram 
CD4025BM/CD4025BC 

Yoo 

~1+1 
% Device Shown 

A*~ •All Inputs Protected 

'J by Standard CMOS Input 
Protection Circuit. 

e•o ~t+t Yoo lJ 

rl~J--o J=A+~C c• o JL_.. 
1£1 

Y;i 
y-;:r y.J 
~ I y'.t ;i 
Yss -- TL/F/5956-4 
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AC Electrical Characteristics* TA = 25°C, CL = 50 pF, RL = 200k, unless otherwise specified 

CD4023BC CD4025BC 
Symbol Parameter Conditions CD4023BM CD4025BM Units 

Min Typ Max Min Typ Max 

tPHL Propagation Delay, High-to-Low Level Voo = 5V 130 250 130 250 ns 

Voo = 1ov 60 100 60 100 ns 

Voo = 15V 40 70 40 70 ns 

tPLH Propagation Delay, Low-to-High Level Voo = 5V 110 250 120 250 ns 

Voo = 1ov 50 100 60 100 ns 

Voo = 15V 35 70 40 70 ns 

trHL• Transition Time Voo = 5V 90 200 90 200 ns 

trLH Voo = 10v 50 100 50 100 ns 

Voo = 15V 40 80 40 80 ns 

C1N Average Input Capacitance Any Input 5 7.5 5 7.5 pF 

Cpo Power Dissipation Capacity (Note 4) Any Gate 17 17 pF 

•AC Parameters are guaranteed by DC correlated testing. 

Note 4: Cpo determines the no load AC power consumption of any CMOS device. For complete explanation, see 54C/74C Family Characteristics Application 
Note AN-90. 
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PA National 
U Semiconductor 
CD4024BM/CD4024BC 
7-Stage Ripple Carry Binary Counter 

General Description 
The CD4024BM/CD4024BC is a 7-stage ripple-carry binary 
counter. Buffered outputs are externally available from 
stages 1 through 7. The counter is reset to its logical "O" 
stage by a logical "1" on the reset input. The counter is 
advanced one count on the negative transition of each 
clock pulse. 

Connection Diagram 
Dual-In-Line Package 

Voo NC Ql Q2 NC QJ 

J14 13 12 11 10 9 

..--

1 2 3 4 5 6 

INPUT RESET Q7 Q6 QS Q4 
PULSES 

Top View 

Schematic Diagrams 

Features 
3.0V to 15V 

0.45 Voo (typ.) 
Fan out of 2 driving 74L 

or 1 driving 7 4LS 
12 MHz (typ.) 

input pulse rate Voo - Vss = 10V 
• Fully static operation 

• Wide supply voltage range 
• High noise immunity 
• Low power TTL 

compatibility 
• High speed 

NC 

8 

t--

17 
Vss 

TL/F/5957-1 

Order Number CD4024B* 
•Please look into Section 8, Appendix D 
for availability of various package types. 

OUTPUT 

STAGE 
o l TO NEXT 

.._~~~~~~~~~~~~+-~~~~~~~--+¢ 

Flip-flop logic (1 of 7 identical stages). 

C(OCK 
INPUT 

RESET 
INPUT 

TL/F/5957-3 

Input Logic 

TL/F/5957-4 
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Absolute Maximum Ratings (Notes 1 & 2) Recommended Operating 
If Military/Aerospace specified devices are required, Conditions (Note 2) 
contact the National Semiconductor Sales Office/ 

DC Supply Voltage (Voo) +3to +15Voe Distributors for availability and specifications. 

DC Supply Voltage (Voo) -0.5to+18 Voe 
Input Voltage (V1N) OtoVoo Voe 

Input Voltage MN) -0.5 to Voo + 0.5 Voe 
Operating Temperature Range (T Al 

CD4024BM - 55°C to + 125°C 
Storage Temperature Range (Ts) - 65°C to + 15o·c CD4024BC -40°c to + 85°C 
Power Dissipation (Po) 

Dual-In-Line 700mW 
Small Outline 500mW 

Lead Temp. (Soldering, 10 sec.) (Tu 260°c 

DC Electrical Characteristics CD4024BM (Note 2) 

Symbol Parameter Conditions 
-ss·c +2s0 c +12s0 c 

Units 
Min Max Min Typ Max Min Max 

loo Quiescent Device Current Voo = 5V 5 0.3 5 150 µA 
Voo = 1ov 10 0.5 10 300 µA 
Voo = 15V 20 0.7 20 600 µA 

Vol Low Level Output Voltage l1ol<1 µA 
Voo = 5V 0.05 0 0.05 0.05 v 
Voo = 1ov 0.05 0 0.05 0.05 v 
Voo = 15V 0.05 0 0.05 0.05 v 

VoH High Level Output Voltage l1ol<1 µA 
v00 = 5V 4.95 4.95 5 4.95 v 
V00 = 1ov 9.95 9.95 10 9.95 v 
Voo = 15V 14.95 14.95 15 14.95 v 

V1l Low Level Input Voltage l1ol<1 µA 
Voo = 5V, Vo = 0.5V or 4.5V 1.5 2 1.5 1.5 v 
Voo = 1 OV, Vo = 1.0V or 9.0V 3.0 4 3.0 3.0 v 
Voo = 15V, v0 =1.5Vor13.5V 4.0 6 4.0 4.0 v 

V1H High Level Input Voltage liol <1 µA 
Voo = 5V, Vo = 0.5V or 4.5V 3.5 3.5 3 3.5 v 
Voo = 1 OV, Vo = 1.0V or 9.0V 7.0 7.0 6 7.0 v 
Voo = 15V, Vo= 1.5V or 13.5V 11.0 11.0 9 11.0 v 

lol Low Level Output Current Voo = 5V, Vo = 0.4V 0.64 0.51 0.88 0.36 mA 
(Note 3) Voo = 10V, Vo= 0.5V 1.6 1.3 2.25 0.9 mA 

Voo = 15V, Vo= 1.5V 4.2 3.4 8.8 2.4 mA 

loH High Level Output Current Voo = 5V, Vo = 4.6V -0.64 -0.51 -0.88 -0.36 mA 
(Note3) Voo = 1 ov, v 0 = 9.5V -1.6 -1.3 -2.25 -0.9 mA 

Voo = 15V, Vo= 13.5V -4.2 -3.4 -8.8 -2.4 mA 

l1N Input Current Voo = 15V, V1N = ov -0.10 -10-5 -0.10 -1.0 µA 
Voo = 15V, V1N = 15V 0.10 10-5 0.10 1.0 µA 

DC Electrical Characteristics CD4024sc (Note 2) 

Symbol Parameter Conditions 
-40°c +2s0 c +as·c 

Units 
Min Max Min Typ Max Min Max 

loo Quiescent Device Current Voo = 5V 20 0.3 2o 150 µA 
Voo = 1ov 40 0.5 40 300 µA 
Voo = 15V 60 0.7 80 600 µA 

Vol Low Level Output Voltage l1ol<1 µA 
Voo = 5V 0.05 0 0.05 0.05 v 
Voo = 1ov 0.05 0 0.05 0.05 v 
Voo = 15V 0.05 0 0.05 0.05 v 

VoH High Level Output Voltage l1ol<1 µA 
Voo = 5V 4.95 4.95 5 4.95 v 
Voo = 1ov 9.95 9.95 10 9.95 v 
Voo = 15V 14.95 14.95 15 14.95 v 
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DC Electrical Characteristics CD4024BC (Note 2) (Continued) 

Symbol Parameter Conditions 
-40°c +2s0 c +as0 c Units 

Min Max Min Typ Max Min Max 

V1L Low Level Input Voltage l1ol<1 µA 
Voo = 5V, Vo = 0.5V or 4.5V 1.5 2 1.5 1.5 v 
Voo = 1 OV, Vo = 1.0V or 9.0V 3.0 4 3.0 3.0 v 
Voo = 15V, Vo= 1.5Vor13.5V 4.0 6 4.0 4.0 v 

V1H High Level Input Voltage l1ol<1 µA 
Voo = 5V, Vo = 0.5V or 4.5V 3.5 3.5 3 3.5 v 
Voo = 10V, Vo= 1.0Vor9.0V 7.0 7.0 6 7.0 v 
Voo = 15V, Vo= 1.5Vor 13.5V 11.0 11.0 9 11.0 v 

loL Low Level Output Current Voo = 5V, Vo = 0.4V 0.52 0.44 0.88 0.36 mA 
(Note 3) Voo = 10V, Vo= 0.5V 1.3 1.1 2.25 0.9 mA 

Voo = 15V, Vo= 1.5V 3.6 3.0 8.8 2.4 mA 

loH High Level Output Current Voo = 5V, Vo = 4.6V -0.52 -0.44 -0.88 -0.36 mA 
(Note3) Voo = 10V, Vo= 9.5V -1.3 -1.1 -2.25 -0.9 mA 

Voo = 15V, Vo= 13.5V -3.6 -3.0 -8.8 -2.4 mA 

l1N Input Current Voo = 15V, V1N = ov -0.30 -10-s -0.30 -1.0 µA 
Voo = 15V, V1N = 15V 0.30 10-s 0.30 1.0 µA 

AC Electrical Characteristics* 
TA = 25°C, CL = 50 pF, RL = 200 k, tr and tt = 20 ns unless otherwise specified 

Symbol Parameter Conditions Min Typ Max Units 

tpHL• tPLH Propagation Delay Time v 00 = 5V 185 350 ns 
to 01 Output Voo = 1ov 85 125 ns 

Voo = 15V 70 100 ns 

trHL· trLH Transition Time v 00 = 5V 100 200 ns 
Voo = 1ov 50 100 ns 
Voo = 15V 40 80 ns 

twL· twH Minimum Input Pulse Width v 00 = 5V 75 200 ns 
Voo = 1ov 40 110 ns 
Voo = 15V 35 90 ns 

tRCL• tFCL Input Rise and Fall Time Voo = 5V 15 µs 
Voo = 1ov 10 µs 
Voo = 15V 8 µs 

fcL Maximum Input Pulse Frequency Voo = 5V 1.5 5 MHz 
Voo = 1ov 4 12 MHz 
Voo = 15V 5 15 MHz 

tPHL Reset Propagation Delay Time Voo = 5V 185 350 ns 
Voo = 1ov 85 125 ns 
Voo = 15V 70 100 ns 

twH Reset Minimum Pulse Width Voo = 5V 185 350 ns 
v 00 = 1ov 85 125 ns 
Voo = 15V 70 100 ns 

C1N Input Capacitance (Note 4) Any Input 5 7.5 pF 

•AC Parameters are guaranteed by DC correlated testing. 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed, they are not meant to imply that the devices 
should be operated at these limits. The table of "Recommended Operating Conditions" and "Electrical Characteristics" provides conditions for actual device 
operation. 

Note 2: Vss = OV unless otherwise specified. 

Note 3: loH and loL are tested one output at a time. 

Note 4: Capacitance is guaranteed by periodic tesing. 
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Logic Diagram 

INPUT I ¢ 

PULSES F/F·I F/F·2 F/F·l F/F-4 F/F-5 
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F/F·& F/F-7 

Terminal no. 14 to Voo 
Terminal no. 7 to Vss 
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~National 
~Semiconductor 

CD4027BM/CD4027BC Dual J-K Master/Slave 
Flip-Flop with Set and Reset 

General Description 
These dual J-K flip-flops are monolithic complementary 
MOS (CMOS) integrated circuits constructed with N- and P
channel enhancement mode transistors. Each flip-flop has 
independent J, K, set, reset, and clock inputs and buffered 
Q and Q outputs. These flip-flops are edge sensitive to the 
clock input and change state on the positive-going transition 
of the clock pulses. Set or reset is independent of the clock 
and is accomplished by a high level on the respective input. 

All inputs are protected against damage due to static dis
charge by diode clamps to Voo and V55. 

Schematic and Connection Diagrams 

7, 9 

Features 
• Wide supply voltage range 
• High noise immunity 
• Low power TTL 

compatibility 

• Low power 
• Medium speed operation 

3.0V to 15V 
0.45 Yoo (typ.) 

Fan out of 2 driving 74L 
or 1 driving 74LS 

50 nW (typ.) 
12 MHz (typ.) 

with 1 OV supply 

SETO----------------------------------, 

4, 12 
RESET 0---------------------c------' 

3, 13 
CLOCK n-----t 

Voo 01 

16 15 

Dual-In-Line Package 
01 CLOCK I RESET 1 Kl 

Cl 

JI SET 1 

10 

02 02 CLOCK 2 RESET 2 K2 J2 SET2 Vss 

TL/F/5958-2 

Top View 
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Order Number CD4027B* 
•Please look into Section 8, Appendix D 
for availability of various package types. 
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Absolute Maximum Ratings (Note 1 and 2) Recommended Operating c 
.i:i. 
0 

If Miiitary/ Aerospace specified devices are required, Conditions (Note 2) N 
....... 

contact the Natlonal Semiconductor Sales Office/ 
DC Supply Voltage (Voo) 3V to 15 Voe m 

Distributors for avallablllty and specifications. s: 
Input Voltage (V1N) OVto Voo Voe ...... 

DC Supply Voltage (Voo) -o.5 Voe to+ 18 Voe 0 
Input Voltage MN) -0.5VtoVoo +0.5Voe 

Operating Temperature Range (TA) c 
CD4027BM - 55°C to + 125°C .i:i. 

Storage Temperature Range (Ts) - 65°C to + 150°C 0 
CD4027BC - 40°C to + 85°C N 

Power Dissipation (Po) 
....... 
m 

Dual-In-Line 700mW 0 
Small Outline 500mW 

Lead Temperature (Tu 
(Soldering, 10 seconds) 260°C 

DC Electrical Characteristics CD4021sM (Note 2) 

Symbol Parameter Conditions 
-55°C +25°C + 125°C 

Units 
Min Max Min Typ Max Min Max 

loo Quiescent Device Current Voo = 5V, V1N = Voo or Vss 1 30 µA 
Voo = 1ov, V1N = VooorVss 2 2 60 µA 
Voo = 15V, V1N = VooorVss 4 4 120 µA 

VoL Low Level llol < 1 µA 
Output Voltage Voo = 5V 0.05 0 0.05 0.05 v 

Voo = 1ov 0.05 0 0.05 0.05 v 
Voo = 15V 0.05 0 0.05 0.05 v 

VoH High Level llol < 1 µA 
Output Voltage Voo = 5V 4.95 4.95 5 4.95 v 

Voo = 1ov 9.95 9.95 10 9.95 v 

Voo = 15V 14.95 14.95 15 14.95 v 

V1L Low Level Voo = 5V, Vo = 0.5V or 4.5V 1.5 1.5 1.5 v 
Input Voltage Voo = 10V, Vo= 1V or 9V 3.0 3.0 3.0 v 

Voo = 15V, Vo= 1.5Vor13.5V 4.0 4.0 4.0 v 

V1H High Level Voo = 5V, Vo = 0.5V or 4.5V 3.5 3.5 3.5 v 
Input Voltage Voo = 1ov, Vo= 1V or 9V 7.0 7.0 7.0 v 

Voo = 15V, Vo= 1.5Vor 13.5V 11.0 11.0 11.0 v 

loL Low Level Output Voo = 5V, Vo = 0.4V 0.64 0.51 0.88 0.36 mA 
Current (Note 3) Voo = 10V, Vo= 0.5V 1.6 1.3 2.25 0.9 mA 

Voo = 15V, Vo= 1.5V 4.2 3.4 8.8 2.4 mA 

loH High Level Output Voo = 5V, Vo = 4.6V -0.64 -0.51 -0.88 -0.36 mA 
Current (Note 3) Voo = 1 OV, Vo = 9.5V -1.6 -1.3 -2.25 -0.9 mA 

Voo = 15V, Vo= 13.5V -4.2 -3.4 -8.8 -2.4 mA 

l1N Input Current Voo = 15V, V1N = ov -0.1 -10-5 -0.1 -1.0 µA 

Voo = 15V, V1N = 15V 0.1 10-5 0.1 1.0 µA 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The table of "Recommended Operating Conditions" and "Electrical Characteristics" provides conditions for actual device 
operation. 
Note 2: Vss = OV unless otherwise specified. 
Note 3: loH and loL are tested one output at a time. 
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DC Electrical Characteristics co4021sc (Note 2> 

Symbol Parameter Conditions 
-40°C +25°C +ss0 c 

Units 
Min Max Min Typ Max Min Max 

loo Quiescent Device Current Voo = 5V, V1N = VooorVss 4 4 30 µA 
Voo = 10V, V1N = VooorVss 8 8 60 µA 
Voo = 15V, V1N = Voo or Vss 16 16 120 µA 

Vm Low Level llol < 1 µA 
Output Voltage Voo = 5V 0.05 0 0.05 0.05 v 

Voo = 1ov 0.05 0 0.05 0.05 v 
Voo = 15V 0.05 0 0.05 0.05 v 

VoH High Level llol < 1 µA 
Output Voltage Voo = 5V 4.95 4.95 5 4.95 v 

Voo = 1ov 9.95 9.95 10 9.95 v 
Voo = 15V 14.95 14.95 15 14.95 v 

V1L Low Level Voo = 5V, Vo = 0.5V or 4.5V 1.5 1.5 1.5 v 
Input Voltage Voo = 1ov, Vo= 1Vor9V 3.0 3.0 3.0 v 

Voo = 15V, Vo= 1.5Vor13.5V 4.0 4.0 4.0 v 

V1H High Level Voo = 5V, Vo = 0.5V or 4.5V 3.5 3.5 3.5 v 
Input Voltage Voo = 10V, Vo= 1V or 9V 7.0 7.0 7.0 v 

Voo = 15V, Vo= 1.5Vor13.5V 11.0 11.0 11.0 v 
loL Low Level Output Voo = 5V, Vo = 0.4V 0.52 0.44 0.88 0.36 mA 

Current (Note 3) Voo = 10V, Vo= 0.5V 1.3 1.1 2.25 0.9 mA 
Voo = 15V, Vo= 1.5V 3.6 3.0 8.8 2.4 mA 

loH High Level Output Voo = 5V, Vo = 4.6V -0.52 -0.44 -0.88 -0.36 mA 
Current (Note 3) Voo = 10V, Vo= 9.5V -1.3 -1.1 -2.25 -0.9 mA 

Voo = 15V, Vo= 13.5V -3.6 -3.0 -8.8 -2.4 mA 

l1N Input Current Voo = 15V, V1N = ov -0.3 -10-s -0.3 -1.0 µA 
Voo = 15V, V1N = 15V 0.3 10-s 0.3 1.0 µA 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The table of "Recommended Operating Conditions" and "Electrical Characteristics" provides conditions for actual device 
operation. 

Note 2: Vss = OV unless otherwise specified. 

Note 3: loH and loL are tested one output at a time. 
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AC Electrical Characteristics* TA = 25°C, CL = 50 pF, trcL = tfcL = 20 ns, unless otherwise specified 

Symbol Parameter Conditions Min Typ Max Units 

tpHL ortPLH Propagation Delay Time Voo = 5V 200 400 ns 
from Clock to Q or Q Voo = 1ov 80 160 ns 

Voo = 15V 65 130 ns 

tPHL ortPLH Propagation Delay Time Voo = 5V 170 340 ns 
from Set to Q or Reset to Q Voo = 10v 70 140 ns 

Voo = 15V 55 110 ns 

tPHL ortPLH Propagation Delay Time Voo = 5V 110 220 ns 
from Set to Q or Voo = 10v 50 100 ns 
Reset to Q Voo = 15V 40 80 ns 

ts Minimum Data Setup Time Voo = 5V 135 270 ns 
Voo = 1ov 55 110 ns 
Voo = 15V 45 90 ns 

trnL or trLH Transition Time Voo = 5V 100 200 ns 
Voo = 10v 50 100 ns 
Voo = 15V 40 80 ns 

fcL Maximum Clock Frequency Voo = 5V 2.5 5 MHz 
(Toggle Mode) Voo = 1ov 6.2 12.5 MHz 

Voo = 15V 7.6 15.5 MHz 

trcL ortfcL Maximum Clock Rise Voo = 5V 15 µs 
and Fall Time Voo = 1ov 10 µs 

Voo = 15V 5 µs 

tw Minimum Clock Pulse Voo = 5V 100 200 ns 
Width (twH = twu Voo = 1ov 40 80 ns 

Voo = 15V 32 65 ns 

twH Minimum Set and Voo = 5V 80 160 ns 
Reset Pulse Width Voo = 1ov 30 60 ns 

Voo = 15V 25 50 ns 

C1N Average Input Capacitance Any Input 5 7.5 pF 

Cpo Power Dissipation Capacity Per Flip-Flop 
35 pF 

(Note4) 

•AC Parameters are guaranteed by DC correlated testing. 
Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the 
devices should be operated at these limits. The table of "Recommended Operating Conditions" and "Electrical Characteristics" provides conditions for actual 
device operation. 
Note 2: Vss = OV unless otherwise specified. 
Note 3: loH and loL are tested one output at a time. 
Note 4: Cpo determines the no load AC power consumption of any CMOS device. For complete explanation, see 54C/74C Family Characteristics application 
note, AN-90. 
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Typical Applications 

Rlpple Binary Counters 

c~~:~~:------~--------~---------
Q Q Q 

Q CLK K Q CLK K Q CLK K 

CLOCK-------------------

Truth Table 

CL• J 

__r I 
__r x 
__r 0 
__r x 
"""'\.._ x 
x x 
x x 
x x 

Where: I = High Level 
0 =Low Level 
• = Level Change 
X = Don't Care 

Shift Registers 

Q Q 

K CLK Q K CLK Q 

•tn _ 1 Inputs 

K s R Q 

x 0 0 0 
0 0 0 I 
x 0 0 0 
I 0 0 I 
x 0 0 x 
x I 0 x 
x 0 I x 
x I I x 

• = ln-1 refers to the time interval prior to the positive clock pulse transition 
• = In refers to the time intervals after the positive clock pulse transition 
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•tn Outputs 

Q Q 

I 0 
I 0 

0 I 
0 I 

(No Change) 
I 0 
0 I 
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~National 
D Semiconductor 
CD4028BM/CD4028BC BCD-to-Decimal Decoder 
General Description 
The CD402BBM/CD4028BC is a BCD-to-decimal or binary
to-octal decoder consisting of 4 inputs, decoding logic 
gates, and 10 output buffers. A BCD code applied to the 4 
inputs, A, B, C, and D, results in a high level at the selected 
1-of-10 decimal decoded outputs. Similarly, a 3-bit binary 
code applied to inputs A, B, and C is decoded in octal at 
outputs 0-7. A high level signal at the D input inhibits octal 
decoding and causes outputs 0-7 to go low. 

All inputs are protected against static discharge damage by 
diode clamps to Voo and Vss. 

Logic and Connection Diagrams 

11 
A 

13 

12 

11 

Truth Table 
D c B A 0 2 3 

0 0 0 0 0 0 0 
0 0 0 1 0 0 0 
0 0 0 0 0 0 
0 0 1 1 0 0 0 1 
0 1 0 0 0 0 0 0 
0 0 1 0 0 0 0 
0 0 0 0 0 0 

1 = High Level 0 1 0 0 0 0 
0 =Low Level 0 0 0 0 0 0 0 

0 0 1 0 0 0 0 

0 0 0 0 0 0 
0 1 0 0 0 0 

0 0 0 0 0 0 
0 0 0 0 0 

0 0 0 0 0 
0 0 0 0 

Features 
• Wide supply voltage range 3.0V to 15V 

0.45 Voo (typ.) 
fan out of 2 driving 74L 

or 1 driving 74LS 

• High noise immunity 
• Low power TIL 

compatibility 

• Low power 
• Glitch free outputs 
• "Positive logic" on inputs and outputs 

Applications 
• Code conversion 
• Address decoding 
• Indicator-tube decoder 

"1" 

"4" 

.... 

"I" 

TL/F/5959-1 

4 5 6 7 8 9 

0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
1 0 0 0 0 0 
0 1 0 0 0 0 
0 0 1 0 0 0 
0 0 0 1 0 0 
0 0 0 0 0 
0 0 0 0 0 

0 0 0 0 1 0 
0 0 0 0 0 1 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 1 0 
0 0 0 0 0 

Dual-In-Line Package 

Vss 

Top View 

16 
Yoo 

15 3 

14 1 

13 B 

12 c 

11 D 

10 A 

9 8 

TL/F/5959-2 

Order Number CD4028B* 
*Please look into Section 8, Appendix D 
for availability of various package types. 

BCD States 

) Extraordinary States 
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Absolute Maximum Ratings (Notes 1 & 2) Recommended Operating 
If Miiitary/Aerospace specified devices are required, Conditions (Note 2) 
contact the National Semiconductor Sales Office/ 

Supply Voltage (Voo) 3to15V Distributors for avallablllty and specifications • 
Supply Voltage (Voo) -0.5to +18V 

Input Voltage (V1N) OtoVooV 

Input Voltage MN) -0.5 to Voo + 0.5V 
Operating Temperature Range (TA) 

CD4028BM - 55•c to + 125·c 
Storage Temperature Range (Ts) - 65°C to + 15o•c CD4028BC - 4o•c to + 105•c 
Power Dissipation (Po) 

Dual-In-Line 700mW 
Small Outline 500mW 

Lead Temperature (Tu 
(Soldering, 10 seconds) 260°c 

DC Electrical Characteristics CD4020sc (Note 2) 

Symbol Parameter Conditions 
-ss·c +2s0 c + 12s·c 

Units 
Min Max Min Typ Max Min Max 

loo Quiescent Device Current Voo = 5V, V1N = Voo or Vss 5 0.01 5 150 µA 
Voo = 1 ov, V1N = Voo or Vss 10 0.01 10 300 µA 
Voo = 15V, V1N = VooorVss 20 0.02 20 600 µA 

VoL Low Level Output Voltage llol < 1 µA, V1L = OV, V1H = Voo 
Voo = 5V 0.05 0 0.05 0.05 v 
Voo = 1ov 0.05 0 0.05 0.05 v 
Voo = 15V 0.05 0 0.05 0.05 v 

VoH High Level Output Voltage llol < 1 µA, V1L = ov, V1H = Voo 
Voo = 5V 4.95 4.95 5 4.95 v 
Voo = 1ov 9.95 9.95 10 9.95 v 
Voo = 15V 14.95 14.95 15 14.95 v 

V1L Low Level Input Voltage llol < 1 µA 
Voo = 5V, Vo= 0.5Vor 4.5V 1.5 2.25 1.5 1.5 v 
v 00 = 1ov, Vo= 1Vor9V 3.0 4.5 3.0 3.0 v 
Voo = 15V, Vo= 1.5Vor 13.5V 4.0 6.75 4.0 4.0 v 

V1H High Level Input Voltage llol < 1 µA 
Voo = 5V, Vo= 0.5Vor 4.5V 3.5 3.5 2.75 3.5 v 
Voo = 1ov, Vo= 1Vor9V 7.0 7.0 5.5 7.0 v 
Voo = 15V, Vo= 1.5Vor13.5V 11.0 11.0 8.25 11.0 v 

loL Low Level Output Current V1L = OV, V1H = Voo 
(Note3) Voo = 5V, Vo= 0.4V 0.64 0.51 1.0 0.36 mA 

v 00 = 1ov, Vo= 0.5V 1.6 1.3 2.6 0.9 mA 
Voo = 15V, Vo= 1.5V 4.2 3.4 6.8 2.4 mA 

loH High Level Output Current V1L = OV, V1H = Voo 
(Note 3) Voo = 5V, Vo= 4.6V -0.25 -0.2 -0.4 -0.14 mA 

v 00 = 1ov, Vo= 9.5V -0.62 -0.5 -1.0 -0.35 mA 
Voo = 15V, Vo= 13.5V -1.8 -1.5 -3.0 -1.1 mA 

l1N Input Current Voo = 15V, V1N = ov -0.1 -10-s -0.1 -1.0 µA 
Voo = 15V, V1N = 15V 0.1 10-s 0.1 1.0 µA 

DC Electrical Characteristics CD4020sc (Note 2) 

Symbol Parameter Conditions 
-40°c +2s0 c +ss·c 

Units 
Min Max Min Typ Max Min Max 

loo Quiescent Device Current Voo = 5V, V1N = VooorVss 20 O.Q1 20 150 µA 
Voo = 1 ov, V1N = Voo or Vss 40 0.01 40 300 µA 
Voo = 15V, V1N = Voo or Vss 80 0.02 80 600 µA 

VoL Low Level Output Voltage llol < 1 µA, V1L = OV, V1H = Voo 
Voo = 5V 0.05 0 0.05 0.05 v 
v 00 = 1ov 0.05 0 0.05 0.05 v 
v 00 = 15V 0.05 0 0.05 0.05 v 
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DC Electrical Characteristics co4020sc (Note 2) (Continued) 

Symbol Parameter Conditions 
-40°C +25°C +85°C 

Units 
Min Max Min Typ Max Min Max 

VoH High Level Output Voltage llol < 1 µA, V1L = OV, V1H = Voo 
Voo = 5V 4.95 4.95 5 4.95 v 
Voo = 1ov 9.95 9.95 10 9.95 v 
Voo = 15V 14.95 14.95 15 14.95 v 

V1L Low Level Input Voltage JloJ < 1 µA 
Voo = 5V, Vo= 0.5Vor 4.5V 1.5 2.25 1.5 1.5 v 
Voo = 1ov. Vo=1Vor9V 3.0 4.5 3.0 3.0 v 
Voo = 15V, Vo= 1.5Vor13.5V 4.0 6.75 4.0 4.0 v 

V1H High Level Input Voltage JloJ < 1 µA 
Voo = 5V, Vo = 0.5V or 4.5V 3.5 3.5 3.5 v 
Voo = 10v. Vo= 1Vor9V 7.0 7.0 7.0 v 
Voo = 15V, Vo= 1.5Vor 13.5V 11.0 11.0 11.0 v 

loL Low Level Output Current V1H = Voo. V1L = ov 
(Note3) Voo = 5V, Vo= 0.4V 0.52 0.44 0.88 0.36 mA 

Voo = 1ov, Vo= 0.5V 1.3 1.1 2.2 0.9 mA 
Voo = 15V, Vo= 1.5V 3.6 3.0 6.0 2.4 mA 

loH High Level Output Current V1H = Voo. V1L = ov 
(Note3) Voo = 5V, Vo= 4.6V -0.2 -0.16 -0.32 -0.12 mA 

Voo = 1ov, Vo= 9.5V -0.5 -0.4 -0.8 -0.3 mA 
Voo = 15V, Vo= 13.5V -1.4 -1.2 -3.5 -1.0 mA 

l1N Input Current v 00 = 15V, V1N = ov -0.3 -0.3 -1.0 µA 
Voo = 15V, V1N = 15V 0.3 0.3 1.0 µA 

AC Electrical Characteristics* 
TA = 25°C, CL = 50 pF, RL = 200k, Input tr = tt = 20 ns, unless otherwise specified 

Symbol Parameter Conditions Min Typ Max Units 

tPHL ortPLH Propagation Delay Time Vee= 5V 240 480 ns 

Vee= 1ov 100 200 ns 
Vee= 15V 70 140 ns 

trHLOr trLH Transition Time Vee= 5V 175 350 ns 
Vee= 1ov 75 150 ns 
Vee= 15V 60 110 ns 

C1N Input Capacitance Any Input 5 7.5 pF 

• AC Parameters are guaranteed by DC correlated testing. 
Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed, they are not meant to imply that the devices 
should be operated at these limits. The table of "Recommended Operating Conditions" and "Electrical Characteristics" provides conditions for actual device 
operation. 
Note 2: Vss == OV unless otherwise specified. 
Note 3: loL and loH are tested one output at a time. : 

Switching Time Waveforms 

~trt j••i--
90% F OUTPUT N SELECTED ~ (90% INPUTS 50% 50% 
10% \_ . ..) l.f£..10% 

IPLH 

~ ''"'[ 90% 90% 
OUTPUT N 50'-' 50% 

10% 10% 

~ 1--trLH - !=="trHL 
TL/F/5959-3 
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~National 
~Semiconductor 

CD4029BM/CD4029BC Presettable 
Binary/Decade Up/Down Counter 

General Description 
The CD4029BM/CD4029BC is a presettable up/down 
counter which counts in either binary or decade mode de
pending on the voltage level applied at binary/decade input. 
When binary/decade is at logical "1 ",the counter counts in 
binary, otherwise it counts in decade. Similarly, the counter 
counts up when the up/down input is at logical "1" and vice 
versa. 

A logical "1" preset enable signal allows information at the 
"jam" inputs to preset the counter to any state asynchro
nously with the clock. The counter is advanced one count at 
the positive-going edge of the clock if the carry in and pre
set enable inputs are at logical "O". Advancement is inhibit
ed when either or both of these two inputs is at logical "1 ". 
The carry out signal is normally at logical "1" state and goes 
to logical "O" state when the counter reaches its maximum 

Logic Diagram 

JI J2 
Toggle Logic (TL) 

12 

QI 02 

count in the "up" mode or the minimum count in the "down" 
mode provided the carry input is at logical "O" state. 

All inputs are protected against static discharge by diode 
clamps to both Voo and Vss· 

Features 
• Wide supply voltage range 

• High noise immunity 
• Low power 

TTL compatibility 

• Parallel jam inputs 

3V to 15V 

0.45 Voo (typ.) 
fan out of 2 
driving 74L 

or 1 driving 74LS 

• Binary or BCD decade up/down counting 

JJ J4 

1J 

03 04 

CARRY 
OUT 

TL/F/5960-1 
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Absolute Maximum Ratings Recommended Operating 
(Notes 1 and 2) Conditions (Note 2) 
If Mllltary/Aerospace specified devices are required, 

DC Supply Voltage (Voo) 3Vto 15 Voe contact the National Semiconductor Sales Office/ 
Distributors for avallablllty and specifications. Input Voltage MN) OVtoVoo Voe 

DC Supply Voltage (Voo) -0.5Vto +18Voe Operating Temperature Range (TA) 

Input Voltage MN) -0.5V to Voo + 0.5 Voe 
CD4029BM - 55°C to + 125°C 
CD4029BC -40°C to + 85°C 

Storage Temperature Range (Ts) - 65°C to + 150°C 
Power Dissipation (Po) 

Dual-In-Line 700mW 
Small Outline 500mW 

Lead Temperature (TL.) 
(Soldering, 1 o seconds) 260°C 

DC Electrical Characteristics CD4029BM (Note 2) 

Symbol Parameter Conditions -55°C +25°C + 125°C Units 
Min Max Min Typ Max Min Max 

loo Quiescent Device Current Voo = 5V 5 5 5 150 µA 
Voo = 1ov 10 10 300 µA 
Voo = 15V 20 20 600 µA 

Vol Low Level Jlol < 1 µA 
Output Voltage Voo = 5V 0.05 0 0.05 0.05 v 

Voo = 1ov 0.05 0 0.05 0.05 v 
Voo = 15V 0.05 0 0.05 0.05 v 

VoH High Level iloi < 1 µA 
Output Voltage Voo = 5V 4.95 4.95 5 4.95 v 

Voo = 1ov 9.95 9.95 10 9.95 v 
Voo = 15V 14.95 14.95 15 14.95 v 

V1l Low Level Voo = 5V, Vo = 0.5V or 4.5V 1.5 1.5 1.5 v 
Input Voltage Voo = 10V, Vo = 1V or 9V 3.0 3.0 3.0 v 

Voo = 15V, Vo= 1.5Vor 13.5V 4.0 4.0 4.0 v 

V1H High Level Voo = 5V, Vo = 0.5V or 4.5V 3.5 3.5 3.5 v 
Input Voltage Voo = 1ov, Vo= 1Vor9V 7.0 7.0 7.0 v 

Voo = 15V, Vo= 1.5Vor 13.5V 11.0 11.0 11.0 v 

lol Low Level Output Voo = 5V, Vo = 0.4V 0.64 0.51 0.88 0.36 mA 
Current (Note 3) Voo = 10V, Vo= 0.5V 1.6 1.3 2.25 0.9 mA 

Voo = 15V, Vo= 1.5V 4.2 3.4 8.8 2.4 mA 

loH High Level Output Voo = 5V, Vo = 4.6V -0.64 -0.51 -0.88 -0.36 mA 
Current (Note 3) Voo = 10V, Vo= 9.5V -1.6 -1.3 -2.25 -0.9 mA 

Voo = 15V, Vo= 13.5V -4.2 -3.4 -8.8 -2.4 mA 

l1N Input Current Voo = 15V, V1N = ov -0.1 -10-s -0.1 -1.0 µA 
Voo = 15V, V1N = 15V 0.1 10-s 0.1 1.0 µA 

DC Electrical Characteristics CD4029ac (Note 2) 

Symbol Parameter Conditions -40°C +25°C +85°C Units 
Min Max Min Typ Max Min Max 

loo Quiescent Device Current Voo = 5V 20 20 150 µA 
Voo = 1ov 40 40 300 µA 
Voo = 15V 80 80 600 µA 

Vol Low Level iloi < 1 µA 
Output Voltage Voo = 5V 0.05 0 0.05 0.05 v 

Voo = 1ov 0.05 0 0.05 0.05 v 
Voo = 15V 0.05 0 0.05 0.05 v 

VoH High Level iloi < 1 µA 
Output Voltage Voo = 5V 4.95 4.95 5 4.95 v 

Voo = 1ov 9.95 9.95 10 9.95 v 
Voo = 15V 14.95 14.95 15 14.95 v 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range" 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 

Note 2: Vss = OV unless otherwise specified. 

Note 3: loH and loL are tested one output at a time. 
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DC Electrical Characteristics CD4029BC (Note 2) (Continued) 

Symbol Parameter Conditions 
-40°C +25°C +85°C Units 

Min Max Min Typ Max Min Max 

VrL Low Level Voo = 5V, Vo= 0.5Vor4.5V 1.5 1.5 1.5 v 
Input Voltage Voo = 1ov, Vo= 1Vor9V 3.0 3.0 3.0 v 

Voo = 15V, Vo= 1.5Vor 13.5V 4.0 4.0 4.0 v 

VrH High Level Voo = 5V, Vo = 0.5V or 4.5V 3.5 3.5 3.5 v 
Input Voltage Voo = 1ov, Vo= 1V or 9V 7.0 7.0 7.0 v 

Voo = 15V, Vo= 1.5Vor 13.5V 11.0 11.0 11.0 v 

loL Low Level Output Voo = 5V, Vo = 0.4V 0.52 0.44 0.88 0.36 mA 
Current (Note 3) Voo = 10V, Vo= 0.5V 1.3 1.1 2.25 0.9 mA 

Voo = 15V, Vo= 1.5V 3.6 3.0 8.8 2.4 mA 

loH High Level Output Voo = 5V, Vo = 4.6V -0.52 -0.44 -0.88 -0.36 mA 
Current (Note 3) Voo = 10V, Vo= 9.5V -1.3 -1.1 -2.25 -0.9 mA 

Voo = 15V, Vo= 13.5V -3.6 -3.0 -8.8 -2.4 mA 

lrN Input Current Voo = 15V, VrN = ov -0.3 -10-5 -0.3 -1.0 µA 
Voo = 15V, VrN = 15V 0.3 10-5 0.3 1.0 µA 

AC Electrical Characteristics* 
TA = 25°C, CL = 50 pF, AL = 200k, Input trcL = ttcL = 20 ns, unless otherwise specified 

Symbol I Parameter I Conditions I Min I Typ I Max I Units 

CLOCKED OPERATION 

tpHL or tPLH Propagation Delay Time Voo = 5V 200 400 ns 
toQ Outputs Voo = 1ov 85 170 ns 

Voo = 15V 70 140 ns 

tpHL ortPLH Propagation Delay Time Voo = 5V 320 640 ns 
to Carry Output Voo = 1ov 135 270 ns 

Voo = 15V 110 220 ns 

tpHL ortPLH Propagation Delay Time CL= 15 pF 
to Carry Output Voo = 5V 285 570 ns 

Voo = 1ov 120 240 ns 
Voo = 15V 95 190 ns 

tTHL or tTLH Transition Time/Q Voo = 5V 100 200 ns 
or Carry Output Voo = 1ov 50 100 ns 

Voo = 15V 40 80 ns 

twH ortwL Minimum Clock Voo = 5V 160 320 ns 
Pulse Width Voo = 1ov 70 135 ns 

Voo = 15V 55 110 ns 

trcL orttcL Maximum Clock Rise Voo = 5V 15 µs 
and Fall Time Voo = 1ov 10 µs 

Voo = 15V 5 µs 

tsu Minimum Set-Up Time Voo = 5V 180 360 ns 
Voo = 1ov 70 140 ns 
Voo = 15V 55 110 ns 

fcL Maximum Clock Frequency Voo = 5V 1.5 3.1 MHz 
Voo = 1ov 3.7 7.4 MHz 
Voo = 15V 4.5 9 MHz 

CrN Average Input Capacitance Any Input 5 7.5 pF 

Cpo Power Dissipation Capacitance Per Package (Note 4) 65 pF 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range" 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 
Note 2: Vss = OV unless otherwise specified. 
Note 3: loH and loL are tested one output at a time. 
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AC Electrical Characteristics* 
TA = 25°C, CL = 50 pF, AL = 200 k, Input trcL = t1cL = 20 ns, unless otherwise specified (Continued) 

Symbol Parameter Conditions Min Typ Max Units 

PRESET ENABLE OPERATION 

tpHL ortPLH Propagation Delay Time Voo = 5V 285 570 ns 

to a output Voo = 10v 115 230 ns 

Voo = 15V 95 195 ns 

tPHL ortPLH Propagation Delay Time Voo = 5V 400 800 ns 

to Carry Output Voo = 10v 165 330 ns 

Voo = 15V 135 260 ns 

twH Minimum Preset Enable v 00 = 5V 80 160 ns 

Pulse Width Voo = 1ov 30 60 ns 

Voo = 15V 25 50 ns 

tREM Minimum Preset Enable Voo = 5V 150 300 ns 

Removal Time Voo = 1ov 60 120 ns 

Voo = 15V 50 100 ns 

CARRY INPUT OPERATION 

tPHL ortPLH Propagation Delay Time Voo = 5V 265 530 ns 

to Carry Output Voo = 1ov 110 220 ns 

Voo = 15V 90 180 ns 

tPHL• tPLH Propagation Delay Time CL= 15 pF 
to Carry Output v 00 = 5V 200 400 ns 

Voo = 1ov 85 170 ns 

Voo = 15V 70 140 ns 

•Ac Parameters are guaranteed by DC correlated testing. 
Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range" 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 
Note 2: Vss = OV unless otherwise specified. 
Note 3: loH and loL are tested one output at a time. 
Note 4: Cpo determines the no load AC power consumption of any CMOS device. For complete explanation, see 54C/74C Family Characteristics application note, 
AN-90. 

Connection Diagram 

Dual-In-Line Package 
JAM INPUTS 

BINARY/ 
Yoo CLOCK OJ JJ J2 02 UP/DOWN DECADE 

l1s 15 14 13 12 11 10 9 

Order Number CD4029B* 

r-- I-' •Please look into Section 8, Appendix D 
for availability of various package types. 

1 2 3 4 5 6 1 JB 
PRESET 04 J4 J1 CARRY 01 CARRY Vss 
ENABLE 

JAM INPUTS IN OUT 

TL/F/5960-2 

Top View 
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Logic Waveforms 
Decade Mode 

CLOCK ~ 

CARRY IN r---1__ 
!'---+---+----+--

UP/DOWN 1 

Q1t---~~ll __ lr~ 

Q2 ___ tr IL ll IL IL IL u 

QJ 
!----+--+--+--+' IL J L 

04--------+--+---+--+----i--+'[ 
i~L--+--+--+-___, ___________ 1r1"""-+--

CARRY OUT 

COUNT B 1y o I~ 9 6 1 

CLOCK 

CARRY IN 

UP/DOWN 

BINARY/ 
DECADE 

PRESET 
ENABLE 

J1 

J2 

JJ 

J4 

01 

02 

03 

04 

CARRYOUT 

COUNT 

rL-n...: IL IL rL rLfL rLfL 

i 

11 
I 

I 

1---1 
~ r--1 u r r-- r ~ "--

~ ~ L 

IL 

If 

5 6 7 8 9 10 11 12 13 

TL/F/5960-3 

Binary Mode 

IL!LfL!LfL~ 

h 
I 

LJ I~ 

~ r--~ M w r1 r--........__, 

J IL fl ~ rt I 

~ rt r--

r 
r ~ ~ I 7 14 9 8 7 6 s I 4 J 2 1 0 15 

TL/F/5960-4 

5-104 



Switching Time Waveforms 

Voo~~~~-+-1r----~ 

CLOCK 

Vss----"' 

Voo~~-,------
PRESET 
ENABLE 

v~ 

50% 

-twH-

50% 50% 

50% 

Voo~~+-~~~~~~~~~~~-+-~~-,------+------+--------
JAM 

INPUT 
v~--+-------------1---.1 

Voo~~-r---~~~~~~~~-----1-------
Bto OR 

U/0 
Vss --+----------' 
Voo--""""'"" 

Q OUTPUT 

50"!. 

v~~~-+-~~~1_0_% ________ ... __ ,_0_%~ 1 

Cascading Packages 
Parallel Clocking 

tsu 

-- 1PLH-

UP/DOWN ------------------__,..._ __________ _ 

PRESET -----+-.... -------------<1---&----------
ENABLE JAM INPUTS JAM INPUTS 

U/O PE J1 J2 JJ J4 

Cl co 

B/0 CLK QI 02 QJ 04 

OUTPUTS 

Ripple Clocking 

UP/DOWN 

PRESET 
ENABLE JAM INPUTS JAM INPUTS 

U/O PE J1 J2 JJ J4 U/D PE J1 J2 JJ J4 

Cl CD Cl co 

':' B/0 CLK 01 02 QJ 04 -:- 8/0 CLK 01 02 OJ 04 

CLOCK OUTPUTS OUTPUTS 

BINARY/ 
DECADE 

50% 

TO NEXT 
STAGE 

TL/F/5960-5 

TL/F/5960-6 

TD NEXT 
STAGE 

TL/F/5960-7 

Carry out lines at the 2nd or later stages may have a negative-going spike due to differential internal delays. These spikes do not 
affect counter operation, but if the carry out is used to trigger external circuitry the carry out should be gated with the clock. 
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~National 
D Semiconductor 
CD4030M/CD4030C Quad EXCLUSIVE-OR Gate 

General Description 
The EXCLUSIVE-OR gates are monolithic complementary 
MOS (CMOS) integrated circuits constructed with N- and P
channel enhancement mode transistors. All inputs are pro
tected against static discharge with diodes to Voo and Vss· 

Features 
• Wide supply voltage range 
• Low power 
• Medium speed 

operation 

• High noise immunity 

3.0V to 15V 
100 nW (typ.) 

tpHL = tPLH = 40 ns (typ.) 
at CL = 15 pF, 10V supply 

0.45 Vee (typ.) 

Schematic Diagram 

Connection Diagram 

Applications 
• Automotive 
• Data terminals 
• Instrumentation 
• Medical electronics 
• Industrial controls 
• Remote metering 

• Computers 

Dual-In-Line Package 

Voo 

14 12 11 10 

Order Number CD4030* 

Vss 

TL/F/5961-1 

TL/F/5961-2 

*Please look into Section 8, Appendix D for availability of various package types. 
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0 

Absolute Maximum Ratings c 
.i::o. 
0 

If Miiitary I Aerospace specified devices are required, Storage Temperature Range - 65°C to + 150°c w 
0 

contact the National Semiconductor Sales Office/ Power Dissipation (Po) 3: 
Distributors for avallablllty and specifications. Dual-In-Line 700mW ....... 

0 
Voltage at Any Pin (Note 1) Vss -0.3V to Vss + 15.5V Small Outline 500mW c 
Operating Temperature Range Operating Voo Range Vss + 3.0V to Vss + 15V 

.i::o. 
0 

CD4030M - 55°C to + 125•c Lead Temperature 
w 
0 

CD4030C - 4o•c to + B5°C (Soldering, 10 seconds) 260°c 0 

DC Electrical Characteristics cD4o3oM 

Limits 

Symbol Parameter Conditions -ss·c +2s0 c + 12s0 c Units 

Min Typ Max Min Typ Max Min Typ Max 

IL Quiescent Device Voo = 5.0V 0.5 0.005 0.5 30 µA 
Current Voo = 1ov 1.0 0.01 1.0 60 µA 

Po Quiescent Device Voo = 5.0V 2.5 0.025 2.5 150 µW 
Dissipation Package Voo = 10V 10 0.1 10 600 µW 

Vol Output Voltage Voo = 5.ov 0.05 0 0.05 0.05 v 
Low Level Voo = 10v 0.05 0 0.05 0.05 v 

VoH Output Voltage Voo = 5.0V 4.95 4.95 5.0 4.95 v 
High Level Voo = 1ov 9.95 9.95 10 9.95 v 

VNL Noise Immunity Voo = 5.0V 1.5 1.5 2.25 1.4 v 
(All Inputs) Voo = 10v 3.0 3.0 4.5 2.9 v 

VNH Noise Immunity Voo = 5.0V 1.4 1.5 2.25 1.5 v 
(All Inputs) Voo = 1ov 2.9 3.0 4.5 3.0 v 

loN Output Drive Current Voo = 5.0V 0.75 0.6 1.2 0.45 mA 
N-Channel (Note 2) Voo = 1ov 1.5 1.2 2.4 0.9 mA 

loP Output Drive Current Voo = 5.0V -0.45 -0.3 -0.6 -0.21 mA 
P-Channel (Note 2) Voo = 1ov -0.95 -0.65 -1.3 -0.45 mA 

Input Current V1 = OVorV1 = Voo 10 pA 

DC Electrical Characteristics cD403oc 

Limits 

Symbol Parameter Conditions -40°c +2s0 c +ss·c Units 

Min Typ Max Min Typ Max Min Typ Max 

IL Quiescent Device Voo = 5.0V 5.0 0.05 5.0 70 µA 
Current Voo = 1ov 10 0.1 10 140 µA 

Po Quiescent Device Voo = 5.ov 25 0.25 25 350 µW 
Dissipation Package Voo = 1ov 100 1.0 100 1,400 µW 

Vol Output Voltage Voo = 5.0V 0.05 0 0.05 0.05 v 
Low Level Voo = 1ov 0.05 0 0.05 0.05 v 

VoH Output Voltage Voo = 5.ov 4.95 4.95 5.0 4.95 v 
High Level Voo = 1ov 9.95 9.95 10 9.95 v 

VNL Noise Immunity Voo = 5.ov 1.5 1.5 2.25 1.4 v 
(All Inputs) Voo = 1ov 3.0 3.0 4.5 2.9 v 

VNH Noise Immunity Voo = 5.ov 1.4 1.5 2.25 1.5 v 
(All Inputs) Voo = 10v 2.9 3.0 4.5 3.0 v 

loN Output Drive Current Voo = 5.ov 0.35 0.3 1.2 0.25 mA 
N·Channel (Note 2) Voo = 1ov 0.7 0.6 2.4 0.5 mA 

loP Output Drive Current Voo = 5.0V -0.21 -0.15 -0.6 -0.12 mA 
P-Channel (Note 2) Voo = 1ov -0.45 -0.32 -1.3 -0.25 mA 

Input Current V1 = OVorV1 = Voo 10 pA 
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Symbol Parameter Conditions 
Limits 

Min Typ Max 

tPHL Propagation Delay Time Voo = 5.0V 100 200 

Voo = 1ov 40 100 

tPLH Propagation Delay Time Voo = 5.0V 100 200 

Voo = 1ov 40 100 

trHL Transition Time Voo = 5.0V 70 150 
High to Low Level Voo = 1ov 25 75 

trLH Transition Time Voo = 5.ov 80 150 
Low to High Level Voo = 1ov 30 75 

c, Input Capacitance v 1 = OVorV1 = Voo 5.0 

•AC Parameters are guaranteed by DC correlated testing. 

AC Electrical Characteristics* CD4o3oc 

Symbol Parameter Conditions 
Limits 

Min Typ Max 

tPHL Propagation Delay Time Voo = 5.0V 100 300 

Voo = 1ov 40 150 

tPLH Propagation Delay Time Voo = 5.0V 100 300 

Voo = 10v 40 150 

trHL Transition Time Voo = 5.0V 70 300 
High to Low Level Voo = 10v 25 150 

trLH Transition Time Voo = 5.0V 80 300 
Low to High Level Voo = 10v 30 150 

c, Input Capacitance v 1 = OVorV1 = Voo 5.0 

•Ac Parameters are guaranteed by DC correlated testing. 

Note 1: This device should not be connected to circuits with power on because high transient voltages may cause permanent damage. 

Note 2: loN and loP are tested one output at a time. 

Truth Table (For One of Four Identical Gates) 

A B 

0 0 

1 0 

0 1 

1 1 

Where: "1" = High Level 
"O" = Low Level 

J 

0 

1 

1 

0 
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~National 
~Semiconductor 

CD4031 BM/CD4031 BC 
64-Stage Static Shift Register 

General Description 
The CD4031 BM/CD4031 BC is an integrated, complemen
tary MOS (CMOS), 64-stage, fully static shift register. Two 
data inputs, DATA IN and RECIRCULATE IN, and a MODE 
CONTROL input are provided. Data at the DATA input 
(when MODE CONTROL is low) or data at the RECIRCU
LATE input (when MODE CONTROL is high), which meets 
the setup and hold time requirements, is entered into the 
first stage of the register and is shifted one stage at each 
positive transition of the CLOCK. 

Data output is available in both true and complement forms 
from the 64th stage. Both the DATA OUT (Q) AND DATA 
OUT (Q) outputs are fully buffered. 

The CLOCK input of the CD4031 BM/CD4031 BC is fully 
buffered, and present only a standard input load capaci
tance. However, a DELA YEO CLOCK OUTPUT (Clo) has 
been provided to allow reduced clock drive fan-out and tran
sition time requirements when cascading packages. 

Logic and Connection Diagrams 

Features 
• Wide supply voltage range 
• High noise immunity 
• Low power TIL 

compatibility 
• Fully static operation 

• Fully buffered clock input 

3.0V to 15V 
0.45 Voo (typ.) 

fan out of 2 driving 74L 
or 1 driving 74LS 

DC to 8 MHz 
Voo = 1 OV (typ.) 

5 pF (typ.) 
input capacitance 

• Single phase clocking requirements 
• Delayed clock output for reduced clock drive require-

ments 
• Fully buffered outputs 
• High current sinking capability 1.6 mA 
• Q output @ Voo = 5V and 25°C 

r---------------------------, 

~" (2) 
CLOCK IN C( 

C( Cl 

_i_ ___..!_ 

-III--I1f---. --. 
CL C( 

T f 

I I 
I I 

I 
I 
I 

I T I 
I I 
L-- ----- - -- ----ONESTAGE-- -- ______ J 

[:>o!! OELAYED CLOCK 
OUT(Clnl 

TL/F/5962-1 

Dual-In-Line Package 

RECIRCULATE IN 

CLOCK IN 

NC 

NC 

NC 

DATA OUT (Q) 

fiIDOiiT(l!I 

Vss 

Top View 

16 

15 

14 

13 

12 

II 

10 

voo 

DATA IN 

NC 

NC 

NC 

NC 

MODE CONTROL 

~~~~~~OUT (Clo) 

TL/F/5962-2 
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Absolute Maximum Ratings (Notes 1 and 2) Recommended Operating 
If Miiitary/Aerospace specified devices are required, Conditions (Note 2) 
contact the National Semiconductor Sales Office/ 

Supply Voltage (Voo) 3Vto 15V 
Distributors for avallablllty and specifications. 

Supply Voltage (Voo) -0.5Vto +18V 
Input Voltage MN) OVto Voo 

Input Voltage MN) -0.5V to Voo + o.5V 
Operating Temperature Range (TA) 

CD4031BM - 55•c to + 125•c 
Storage Temperature Range (Ts) - 65°C to + 15o·c CD4031BC -40°cto +85°C 
Power Dissipation (Po) 

Dual-In-Line 700mW 
Small Outline 500mW 

Lead Temp. (T iJ (Soldering, 10 sec.) 260°c 

DC Electrical Characteristics (Note 2) co4031 BM 

Symbol Parameter Conditions· 
-ss·c +2s0 c + 12s·c 

Units 
Min Max Min Typ Max Min Max 

loo Quiescent Device Voo = 5V, V1N = Voo or Vss 5 0.01 5 150 µA 
Current Voo = 1 ov, V1N = Voo or Vss 10 0.01 10 300 µA 

Voo = 15V, V1N = Voo or Vss 20 0.02 20 600 µA 

Vol Low Level Output v00 ~ sv} 0.05 0 0.05 0.05 v 
Voltage Voo = 10V V1H = Voo. V1L = OV, llol < 1 µA 0.05 0 0.05 0.05 v 

Voo = 15V 0.05 0 0.05 0.05 v 

VoH High Level Output Voo ~ sv} 4.95 4.95 5 4.95 v 
Voltage Voo = 10V V1H = Voo. V1L = OV, llol < 1 µA 9.95 9.95 10 9.95 v 

Voo = 15V 14.95 14.95 15 14.95 v 

V1L Low Level Input Voo ~ sv, Vo ~ o.sv or 4.5V } 1.5 2.25 1.5 1.5 v 
Voltage Voo = 1 OV, Vo = 1.0V or 9.0V llol < 1 µA 3.0 4.5 3.0 3.0 v 

Voo = 15V, Vo= 1.5Vor13.5V 4.0 6.75 4.0 4.0 v 

V1H High Level Input Voo ~ 5V,Vo ~ 0.5Vor4.5V } 3.5 3.5 2.75 3.5 v 
Voltage Voo = 10v, Vo= 1.0Vor 9.0V llol < 1 µA 7.0 7.0 5.5 7.0 v 

Voo = 15V, Vo= 1.5Vor 13.5V 11.0 11.0 8.25 11.0 v 

loL Low Level Output v00 ~ sv, Vo ~ 0.4V } v _ v 2.3 1.9 3.8 1.3 mA 
Current, Q Output v 00 = 1ov, v 0 = o.5V v:~::: 0S

0 5.1 4.2 8.4 2.8 mA 
(Note 3) Voo = 15V, Vo= 1.5V 10.5 8.8 17 6.1 mA 

loL Low Level Output Voo ~ 5V, Vo ~ 0.4V } v - v 0.64 0.51 0.88 0.36 mA 
Current, Q and Clo Voo = 10V, Vo= 0.5V VIH::: oS0 1.6 1.3 2.25 0.9 mA 
Outputs (Note 3) Vo= 15V, Vo= 1.5V IL 4.2 3.4 8.8 2.4 mA 

loH High Level Output Voo ~ 5V, Vo ~ 4.6V } v - v -0.64 -0.51 -0.88 -0.36 mA 
Current, All Outputs v 00 = 1ov, v 0 = 9.5V v:~::: 0S

0 -1.6 -1.3 -2.25 -0.9 mA 
(Note3) Voo = 15V, Vo= 13.5V -4.2 -3.4 -8.8 -2.4 mA 

l1N Input Current Voo = 15V, v,N = ov -0.1 -10-s -0.1 -1.0 µA 
Voo = 15V, V1N = 15V 0.1 10-s 0.1 1.0 µA 

Truth Tables 
Mode Control (Data Selection) Each Stage 

Mode Data Recirculate Data Into Dn CL Qn 
Control In In First Stage 

0 _r 0 
0 0 x 0 

1 _r 1 
0 1 x 1 

1 x 0 0 
x """- NC 

1 x 1 1 

X = irrelevant NC = no change J = Low to High level transition ~ = High to Low level transition 

5-110 



DC Electrical Characteristics (Note 2) co4031 sc 

Symbol Parameter Conditions 
-40°C +25°C +85°C Units 

Min Max Min Typ Max Min Max 

loo Quiescent Device Voo = 5V, V1N = Voo or Vss 20 0.01 20 150 µA 
Current Voo = 1 OV, V1N = Voo or Vss 40 0.01 40 300 µA 

Voo = 15V, V1N = Voo or Vss 80 0.02 80 600 µA 

VoL Low Level Output Voo = 5V } 0.05 0 0.05 0.05 v 
Voltage Voo = 10V V1H = Voo. V1L = OV, liol < 1 µA 0.05 0 0.05 0.05 v 

Voo = 15V 0.05 0 0.05 0.05 v 

VoH High Level Output v 00 = 5V } 4.95 4.95 5 4.95 v 
Voltage Voo = 10V V1H = Voo. V1L = OV, ilol < 1 µA 9.95 9.95 10 9.95 v 

Voo = 15V 14.95 14.95 15 14.95 v 

V1L Low Level Input Yoo = 5V, Vo = 0.5V or 4.5V } 1.5 2.25 1.5 1.5 v 
Voltage Voo = 1ov, Vo= 1.0Vor9.0V Ital< 1 µA 3.0 4.5 3.0 3.0 v 

Voo = 15V, Vo= 1.5Vor 13.5V 4.0 6.75 4.0 4.0 v 

V1H High Level Input Yoo = 5V, Vo = 0.5V or 4.5V } 3.5 3.5 2.75 3.5 v 
Voltage Voo = 10V, Vo= 1.0Vor 9.0V Ital < 1 µA 7.0 7.0 5.5 7.0 v 

Voo = 15V, Vo= 1.5Vor 13.5V 11.0 11.0 8.25 11.0 v 

loL Low Level Output Voo = 5V, Vo = 0.4V } v - v 1.8 1.6 3.8 1.3 mA 
Current, Q Output Voo = 10V Vo= 0 5V IH - DD 4.0 3.5 8.4 2.8 mA 
(Note3) Yoo = 15V: Vo = 1 :5v ViL = ov 8.7 7.5 17 6.1 mA 

loL Low Level Output Yoo = 5V, Vo = 0.4V } v - v 0.52 0.44 0.88 0.36 mA 
Current, Q and Clo Voo = 10V Vo= 0 5V IH - DD 1.3 1.1 2.25 0.9 mA 
Outputs Voo = 15v: v0 = 1:5v ViL = ov 3.6 3.0 8.8 2.4 mA 
(Note3) 

loH High Level Output Voo = 5V, Vo = 4.6V } V1H =Yoo 
-0.52 -0.44 -0.88 -0.36 mA 

Current, All Outputs Yoo = 10V, Vo = 9.5V 
V1L = OV 

-1.3 -1.1 -2.25 -0.9 mA 
(Note3) Yoo= 15V, Vo= 13.5V -3.0 -3.0 -8.8 -2.4 mA 

l1N Input Current Voo = 15V, V1N = ov -0.3 -10-s -0.3 -1.0 µA 
Yoo= 15V, V1N = 15V 0.3 10-s 0.3 1.0 µA 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The tables of 'Recommended Operating Conditions" and "Electrical Characteristics" provide conditions for actual device 
operation. 

Note 2: Vss = OV unless otherwise specified. 

Note 3: loH and loL are tested one output at a time. 

Switching Time Waveforms 
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! AC Electrical Characteristics* 
~ TA = 25°C, CL = 50 pF, AL = 200k, Input tr = tt = 20 ns, unless otherwise specified 
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Symbol Parameter 

tPHL• tPLH Propagation Delay Time, Clock to Q and Q 

tPHL• tPLH Propagation Delay Time, Clock to Clo 

trHL· trLH Output Transition Time, All Outputs 

tsuo Minimum Data Setup Time, DATA IN or 

tsu1 RECIRCULATE IN to Clock 

tHo Minimum Data Hold Time, Clock to DATA IN 

tH1 or RECIRCULATE IN 

twL.twH Minimum Clock Pulse Width 

feL Maximum Clock Frequency 

tRCL• tFeL Maximum Clock Input Rise and Fall Times 
(Note4) 

C1N Input Capacitance 

•AC Parameters are guaranteed by DC correlated testing. 

Conditions Min 

Vee= 5V 
Vee= 1ov 
Vee= 15V 

Vee= 5V 
Vee= 1ov 
Vee= 15V 

Vee= 5V 
Vee= 1ov 
Vee= 15V 

Vee= 5V 
Vee= 1ov 
Vee= 15V 

Vee= 5V 
Vee= 10v 
Vee= 15V 

Vee= 5V 
Vee= 1ov 
Vee= 15V 

Vee= sv 1.6 
Vee= 10v 4.0 
Vee= 15V 5.0 

Vee= sv 15 
Vee= 1ov 10 
Vee= 15V 5 

Any Input 

Typ Max Units 

300 600 ns 
125 250 ns 
100 200 ns 

125 250 ns 
60 125 ns 
50 100 ns 

100 200 ns 
50 100 ns 
40 80 ns 

100 200 ns 
50 100 ns 
40 80 ns 

100 200 ns· 
50 100 ns 
40 80 ns 

150 30 ns 
60 125 ns 
50 100 ns 

3.2 MHz 
8.0 MHz 
10 MHz 

µs 
µs 
µs 

5 7.5 pF 

Note 4: When clocking cascaded packages in parallel, one should insure that: tr CL s: 2 (tpo - tH) where: tpo = the propagation delay of the driving stage 
and tH = the hold time of the driven stage. 

Block Diagram 
cascading packages using DELA YEO CLOCK (Clo) output 

15 15 
DATA IN DATA IN DATA OUT (0) OATAOUT DATA OUT 

RECIRCULATE IN RECIRCULATE IN 

10 10 
MODE CONTROL MODE CONTROL 

CLOCK IN CLOCK IN Lt .AYED 
CLOCK o:~·: (CLol 

CLOCK ---------------___. 

TL/F/5962-4 
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'?'A National 
~Semiconductor 

CD4034BM/CD4034BC 8-Stage TRI-STATE® Bidirectional 
Parallel/Serial Input/Output Bus Register 

General Description 
The CD4034BM/CD4034BC is an 8-bit CMOS static shift 
register with two parallel bidirectional data ports (A and B) 
which, when combined with serial shifting operations, can 
be used to (1) bidirectionally transfer parallel data between 
two buses, (2) convert serial data to parallel form and direct 
them to either of two buses, (3) store (recirculate) parallel 
data, or (4) accept parallel data from either of two buses 
and convert them to serial form. These operations are con
trolled by five control inputs: 

A ENABLE (AE): "A" data port is enabled only when AE 
is at logical "1 ". This allows the use of a common bus 
for multiple packages. 

A-BUS-TO-B-BUS/B-BUS-TO-A·BUS (A/B): This input 
controls the direction of data flow. When at logical "1 ", 
data flows from port A to B (A is input, B is output). 
When at logical "O", the data flow direction is reversed. 

ASYNCHRONOUS/SYNCHRONOUS (A/S): When A/S 
is at logical "O", data transfer occurs at positive tran
sition of the CLOCK. When A/Sis at logical "1", data 
transfer is independent of the CLOCK for parallel opera
tion. In serial mode, A/S input is internally disabled such 
that operation is always synchronous. (Asynchronous 
serial operation is not possible.) 

PARALLEL/SERIAL (P/S): A logical "1" PIS input al
lows data transfer into the registers via A or B port (syn
chronous if A/S = logical "O", asynchronous if A/S = 
logical "1 "). A logical "O" PIS allows serial data to 
transfer into the register synchronously with the positive 
transition of the CLOCK, independent of the A/S input. 

CLOCK: Single phase, enabled only in synchronous 
mode. (Either PIS= logical "1" and A/S = logical "O" 
or P/S = logical "O". 

Connection Diagram 

Dual-In-Line Package 

BB- 1 

87- 2 

es- 3 

85- 4 

84- 5 

83- 6 

82- 7 

81- 8 

AE- 9 

SERIAL DATA- 10 

A/B- 11 

v55 - 12 

Top View 

24 l-Voo 

231-AB 

22 l-A7 

211-AG 

20 l-A5 

19 l-A4 

18l-A3 

17 l-A2 

161-A1 

15 I-CLOCK 

141-A/S 

131-P/S 

TL/F/5963-1 

All register stages are D-type master-slave flip-flops with 
separate master and slave clock inputs generated internally 
to allow synchronous or asynchronous data transfer from 
master to slave. 

All inputs are protected against damage due to static dis
charge by diode clamps to Voo and Vss· 

Features 
• Wide supply voltage range 
• High noise immunity 
• Low power TTL 

compatibility 
• RCA CD4034B second source 

Applications 
• Parallel Input/Parallel Output 

Parallel Input/Serial Output 
Serial Input/Parallel Output 

3.0V to 18V 
0.45 Voo (typ.) 

Fan out of 2 driving 74L 
or 1 driving 74LS 

Serial Input/Serial Output register 
Iii Shift right/shift left register 
• Shift right/shift left with parallel loading 
• Address register 
• Buffer register 
• Bus system register with enable parallel lines at bus 

side 
• Double bus register system 
• Up-down Johnson or ring counter 
• Pseudo-random code generators 
• Sample and hold register (storage, counting, display) 
• Frequency and phase comparator 

Order Number CD4034B* 

•Please look into Section 8, Appendix D 
for availability of various package types. 
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Absolute Maximum Ratings (Notes 1 & 2) Recommended Operating 
If Military I Aerospace specified devices are required, Conditions (Note 2) 
contact the National Semiconductor Sales Office/ 

DC Supply Voltage (Voo) +3Voeto +15Voc Distributors for avallablllty and specifications . 

DC Supply Voltage <Voo) -0.5Voeto +18Voe 
Input Voltage CViN) o Voe to Voo Voe 

Input Voltage <ViN) -0.5 Voe to Voo + 0.5 Voe 
Operating Temperature Range (TA) 

CD4034BM -55°Cto +125°C 
Storage Temp. Range (Ts) - 6s0 c to + 150°c CD4034BC - 4o•c to + a5°C 
Power Dissipation (Po) 

Dual-In-Line 700mW 
Small Outline 500mW 

Lead Temperature (TL) 
(Soldering, 10 seconds) 260°c 

DC Electrical Characteristics CD4034BM (Note 2) 

Symbol Parameter Conditions 
-ss·c +2s0 c + 12s·c 

Units 
Min Max Min Typ Max Min Max 

loo Quiescent Device Current Voo = 5V, V1N = Voo or Vss 5 5 150 µA 

Voo =o 1 ov, V1N = Voo or Vss 10 10 300 µA 

Voo = 15V, V1N = Voo or Vss 20 20 600 µA 

Vol Low Level Output Voltage Voo = sv 0.05 0.05 0.05 v 
Voo = 1ov 0.05 0.05 0.05 v 
Voo = 15V 0.05 0.05 0.05 v 

VoH High Level Output Voltage Voo = 5V 4.95 4.95 4.95 v 

Voo = 1ov. 9.95 9.95 9.95 v 
Voo = 15V 14.95 14.95 14.95 v 

V1L Low Level Input Voltage Voo = 5V, Vo= 0.5Vor4.5V 1.5 1.5 1.5 v 
Voo = 1 ov, Vo = 1.ov or 9.0V 3.0 3.0 3.0 v 
Voo = 15V, Vo= 1.5Vor13.5V 4.0 4.0 4.0 v 

V1H High Level Input Voltage Voo = 5V, Vo = 0.5V or 4.5V 3.5 3.5 3.5 v 
Voo = 1 OV, Vo = 1.0V or 9.0V 7.0 7.0 7.0 v 
Voo = 15V, Vo= 1.5Vor13.5V 11.0 11.0 11.0 v 

loL Low Level Output Current Voo = 5V, Vo = 0.4V 0.64 0.51 0.36 mA 
(Note3) Voo = 10V, Vo= 0.5V 1.6 1.3 0.9 mA 

Voo = 15V, Vo= 1.5V 4.2 3.4 2.4 mA 

loH High Level Output Current Voo = 5V, Vo = 4.6V -0.64 -0.51 -0.36 mA 
(Note3) Voo = 10V, Vo= 9.5V -1.6 -1.3 -0.9 mA 

Voo = 15V, Vo= 13.5V -4.2 -3.4 -2.4 mA 

l1N Input Curent Voo = 15V, V1N = ov -0.1 -0.1 -10·5 -1.0 µA 
Voo = 15V, V1N = 15V 0.1 10-5 0.1 1.0 µA 

loz TRI-STATE Leakage Voo = 15V, Vo= ov -0.1 -0.1 -10·5 -1.0 µA 
Current Voo = 15V, Vo= 15V 0.1 10·5 0.1 1.0 µA 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range" 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 

Note 2: Vss = OV unless otherwise specified. 

Note 3: loH and loL are tested one output at a time. 
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DC Electrical Characteristics CD4034Bc (Note 2) 

Symbol Parameter Conditions 
-40°C +25°C 

Min Max Min Typ Max 

loo Quiescent Device Current Voo = 5V, V1N = Voo or Vss 20 20 
Voo = 10V, V1N = Voo or Vss 40 40 
Voo = 15V, V1N = Voo or Vss 80 80 

VoL Low Level Output Voltage Voo = 5V 0.05 0.05 
Voo = 10v 0.05 0.05 
Voo = 15V 0.05 0.05 

VoH High Level Output Voltage Voo = 5V 4.95 4.95 
Voo = 10v 9.95 9.95 
Voo = 15V 14.95 14.95 

V1L Low Level Input Voltage Voo = 5V, Vo = 0.5V or 4.5V 1.5 1.5 
Voo = 1 ov, Vo = 1.0V or 9.0V 3.0 3.0 
Voo = 15V, Vo= 1.5Vor 13.5V 4.0 4.0 

V1H High Level input Voltage Voo = 5V, Vo = 0.5V or 4.5V 3.5 3.5 
Voo = 1 ov, Vo = 1.ov or 9.0V 7.0 7.0 
Voo = 15V, Vo= 1.5Vor13.5V 11.0 11.0 

loL Low Level Output Current Voo = 5V, Vo = 0.4V 0.52 0.44 
(Note 3) Voo = 10V, Vo= 0.5V 1.3 1.1 

Voo = 15V, Vo= 1.5V 3.6 3.0 

loH High Level Output Current Voo =5V, Vo= 4.6V -0.52 -0.44 
(Note 3) Voo = 10V, Vo= 9.5V -1.3 -1.1 

Voo = 15V, Vo= 13.5V -3.6 -3.0 

l1N Input Current Voo = 15V, V1N = ov -0.3 -0.3 -10·5 

Voo = 15V, V1N = 15V 0.3 10-5 0.3 

loz TRI-STATE Leakage Voo = 15V, Vo= ov -0.3 -0.3 -10-5 

Current Voo = 15V, Vo= 15V 0.3 10·5 0.3 

AC Electrical Characteristics* 
TA = 25°C, CL = 50 pF, RL = 200k, input tr = tf = 20 ns, unless otherwise specified 

Symbol Parameter Conditions Min Typ 

tpHL• tPLH Propagation Delay Time, A (B) Voo = 5V 280 
Synchronous Parallel Data or Serial V00 = 10v 120 
Data Input, B (A) Parallel Data Voo = 15V 85 
Output 

tpHL• tPLH Propagation Delay Time, A (B) Voo = 5V 280 
A (B) Asynchronous Parallel Data v 00 = 1ov 120 
Input, B (A) Parallel Data Output V00 = 15V 85 

tpHz, tpLz Propagation Delay Time from A/B Voo = 5V, RL=1.0kn 95 
or AE to High Impedance State at A Voo = 10V, RL = 1.0 kn 60 
Outputs or from A/B to High Voo = 15V, RL = 1.0 kn 45 
Impedance State at B Outputs 

tpzH, tpzL Propagation Delay Time from A/B V00 = 5V, RL = 1.0 kn 180 
or AE to Logical "1" or Logical "O" Voo = 10V, RL = 1.0 kn 75 
State at A Outputs or from A/B to Voo = 15V, RL = 1.0 kn 55 
Logical "1" or Logical "O" State at 
B Outputs 
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+as0 c 
Min Max 

150 
300 
600 

0.05 
0.05 
0.05 

4.95 
9.95 
14.95 

1.5 
3.0 
4.0 

3.5 
7.0 
11.0 

0.36 
0.9 
2.4 

-0.36 
-0.9 
-2.4 

-1.0 
1.0 

-1.0 
1.0 

Max 

700 
270 
190 

700 
270 
190 

220 
130 
100 

480 
190 
140 

Units 

µA 
µA 
µA 

v 
v 
v 

v 
v 
v 

v 
v 
v 

v 
v 
v 

mA 
mA 
mA 

mA 
mA 
mA 

µA 
µA 

µA 
µA 

Units 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 
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~ AC Electrical Characteristics* 
~ TA = 25°C, CL = 50 pF, AL = 200k, input tr = it = 20 ns, unless otherwise specified (Continued) 

c 
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Symbol Parameter 

trnL1 trLH Output Transition Time 

fcL Maximum Clock Input Frequency 

twL. twH Minimum Clock Pulse Width 

iRCL• iFCL Maximum Clock Rise & Fall Time 

tsu Parallel (A or 8) and Serial Data 
Setup Time 

tsu Control Inputs AE, A/B, P/S, 

A/S Setup Time 

twH Minimum High Level AE, A/B, P/S, 
A/S Pulse Width 

C1N Average Input Capacitance 

Cpo Power Dissipation Capacitance 

•AC Parameters are guaranteed by DC correlated testing. 

Conditions Min 

Voo = 5V 
Voo = 1ov 
Voo = 15V 

Voo = 5V 2 

Voo = 10v 5 

Voo = 15V 7 

Voo = 5V 
Voo = 1ov 
Voo = 15V 

Voo = 5V 15 

Voo = 1ov 15 

Voo = 15V 15 

Voo = 5V 
Voo = 1ov 
Voo = 15V 

v 00 = 5V 

Voo = 1ov 
Voo = 15V 

Voo = 5V 
Voo = 1ov 

Voo = 15V 

A and B Data 1/0 and A/8 Control 
Input 
Any Other Input 

(Note 4) 

Typ Max Units 

100 200 ns 
50 100 ns 
40 80 ns 

4 MHz 
10 MHz 

14 MHz 

125 250 ns 
50 100 ns 
35 70 ns 

µs 

µs 
µs 

25 70 ns 
10 30 ns 
7 20 ns 

110 280 ns 
35 100 ns 
60 60 ns 

160 400 ns 
70 160 ns 

40 90 ns 

7 15 pF 

5 7.5 pF 

155 pF 

Note 4: Cpo determines the no-load power consumption of any CMOS device. For complete explanation see 54C/74C Family Characteristics application note, 
AN-90. 

Logic Diagram 

SERIAL DATA BUS A DATA 
A1 A2 A4 AS A7 AB 

AE 

A/B 

P/S 

A/S 

CLOCK 

B1 B2 Bl B4 BS B& B7 BB 

DATA BUS B 
TL/F/5963-2 
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Schematic Diagram 

m-
T 

AE~9f-----. 
A/B 11 ..__ _ __.~ 

VooA 

V 
12 ssr-
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7 STAGES 
SAME AS 
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Switching Time Waveforms and Test Circuits 
CLOCK 

A ENABLE 

P/S 

A/B 

A/Sn n 
SERIAL 

DATA 
Al 

A2 

A3 

A4 

AS 

A6 

A7 

AB 

Bl 

82 

B3 

B4 

BS 

B6 

B7 

n 

n 

n 

n 

BB I ... ___ _ 

1..---B DATA LINES ARE DUTPUTS--.1~1 
A DATA 

LINES ARE 
OUTPUTS 

TL/F/5963-4 

------OUTPUT 

AE.A/B 
TRI-STATE 
CONTROL 

LOGIC 

TRI-STATE 
AE. A/B ____,.. CONTROL 

LOGIC 

., I" 

TL/F/5963-7 

Voo 

TL/F/5963-9 
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Synchronous Operation 

-----90'" -----50'" 
-----10% 

Voo-----
DUTPUT 

o------
tPLH 

TL/F/5963-5 

Ir, CL = 11, CL = 20 ns 

Asynchronous Operation 

Voo-:-A-:oR-.r----~-------
DATA 50% 

O INPUTS 

Voo-·i'ciii=A-- -
DATA 

O OUTPUTS 

IPHZ~tPHz 
A/B 

(B PORT CONTROL) 

AE DR A/B 
(A PORT CONTROL) 

IPLZ 
A/B 

(B PORT CONTROL) 

AE OR A/B 
(A PORT CONTROL) 

Voo 
VOL----""t--

A ORB OUTPUT 

IPZL 

TL/F/5963-6 

~.,,., 
(B PORT CONTROLI l\:::...._ 

Af ORA/B 
(A PORT CONTROL) 

VoH 
A OR 8 OUTPUT 

0 

A/B 
(B PORT CONTROL) 

AE OR A/B 
(A PORT CONTROL) 

-I 
A ORB OUTPUT 

TL/F/5963-8 

TL/F/5963-10 



Applications 

SERIAL 
DATA 

VDD 

16-Blt Parallel In/Parallel Out, Parallel In/Serial Out, 
Serial In/Parallel Out, Serial In/Serial Out Register 

Yoo Yoo 

AE 
A-PARALLEL 

SI DATA 

A/B 
CD4034B 

A/S 

CL 
B-PARALLEL 

DATA 
P/S 

SERIAL 
DATA 

A-PARALLEL 
DATA 

CD4034B 

8-PARALLEL 
DATA 

SERIAL 
DATA 

P/S~-+...-~--4.-~~~~~~~~~~~~+-11--~---~~~~~~~~~~ .... 
A/S-----+-~~~~~~~~~~~~~~---4._.~~~~~~~~~~~~~~ 

CL.,_~ .... ~~~~~~~~~~~~~~~-t1..,_~~~~~~~~~~~~~ 
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Applications (Continued) 

16-Bit Serial In/Gated Parallel Out Register 

"A" ENABLE ----e------------------. 

AE AE 

"A" PARALLEL "A" PARALLEL 
SERIAL SI 

DATA DATA 
DATA SI 

A/B A/B 
CD4034B CD4034B 

A/S A/S 

CL CL - "B" PARALLEL "B" PARALLEL 
DATA DATA 

P/S 

SERIAL SERIAL 
DATA DATA 

- -
A/B 

CL 

TL/F/5963-12 

Frequency and Phase Comparator 

VDD 

-
ADATA -8 

SI 

A/B 
CD4DJ4B 

- B DATA 8 -
Voo 

OUTPUT 

TL/F/5963-13 

CLOCK 

P/S ------a 
1QUTPUT -----------.. 

-1 1w1-

l..___1, > 12 ----~ ... 1----------1, = 12·----------1~!~1, < 12__..I 
TL/F/5963-14 

•when 11 = 12, tw is proportional to the phase of 11 with respect to 12. 
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Applications (Continued) 

Shift Right/Shift Left with Parallel Inputs 

SHln LEn OUTPUT 

"A" ENABLE 

SHlnLEn/ 
SHlnRIGHT 

~ 
SHIFT RIGHT ,- ..x:--' , A/EI 

~SI 
INPUT -

CLOCK 

REG. I · I....+- P/S 

CD40348 ~ A/S 

~-+~~~~~+-.... _.ICL 

i..1 SI 

L..._. PIS 

r--Ats 

~Cl 

A~I 8 
.. A .... /B_,..l ---.----.--.-+ ....... +-ii- SHln LEn' 

AIS PARALLEL 
ENTRY ~~~~~~~~~ J:j.... ~ ~ ,_.. ,_.. ~ ..... .~PUTAIS 

_..A 

A/E 1- A·PARALLELDATA -a A/E 1- A-PARALLEL DATA - B 

~SI 

- HPIS 

Voo~A/S 
r--- Cl 

REG.3 
CD40J4B 

ns1 
- rP/S 

VoD-L AS 

r-- CL 

REG.4 
CD4034B 

A/B 1- B PARALLEL DATA - 8 A/B 1- B PARALLEL DATA - 8 

L_fflTtlTtt 4t t T t T t t T 

Shift left input must be disabled during parallel entry. 

A "High" ("Low") on the Shift Left/Shift Right input allows 
serial data on the Shift Left Input (Shift Right Input) to enter 
the register on the positive transition of the clock signal. A 
"high" on the "A" Enable Input disables the "A" parallel 
data lines on Registers 1 and 2 and enables the "A" data 
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TL/F/5963-15 

lines on Registers 3 and 4 and allows parallel data into Reg
isters 1 and 2. Other logic schemes may be used in place of 
registers 3 and 4 for parallel loading. 

When parallel inputs are not used Registers 3 and 4 and 
associated logic are not required. 
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Truth Table 
"A" Enable P/S A/B A/S Mode Operation* 

0 0 0 x Serial Synchronous Serial data input, A- and 8-Parallel data outputs disabled. 

0 0 1 x Serial Synchronous Serial data input, 8-Parallel data output. 

0 1 0 0 Parallel 8 Synchronous Parallel data inputs, A-Parallel data outputs disabled. 

0 1 0 1 Parallel 8 Asynchronous Parallel data inputs, A-Parallel data outputs disabled. 

0 1 1 0 Parallel A-Parallel data inputs disabled, 8-Parallel data outputs, synchronous data recirculation. 

0 1 1 1 Parallel A-Parallel data inputs disabled, 8-Parallel data outputs, asynchronous data recirculation. 

1 0 0 x Serial Synchronous Serial data input, A-Parallel data output. 

1 0 1 x Serial Synchronous Serial data input, 8-Parallel data output. 

1 1 0 0 Parallel 8 Synchronous Parallel data input, A-Parallel data output. 

1 1 0 1 Parallel 8 Asynchronous Parallel data input, A-Parallel data output. 

1 1 1 0 Parallel A Synchronous Parallel data input, 8-Parallel data output. 

1 1 1 1 Parallel A Asynchronous Parallel data input, 8-Parallel data output. 
X = Don't Care 

•For synchronous operation (serial mode or when A/S = O in parallel mode), outputs change state at positive transition of the clock. 
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~National 
~Semiconductor 

CD4035BM/CD4035BC 
4-Bit Parallel-In/Parallel-Out Shift Register 

General Description 
The CD40358 4-bit parallel-in/parallel-out shift register is a 
monolithic complementary MOS (CMOS) integrated circuit 
constructed with P- and N-channel enhancement mode 
transistors. This shift register is a 4-stage clocked serial reg
ister having provisions for synchronous parallel inputs to 
each stage and serial inputs to the first stage via JK logic. 
Register stages 2, 3, and 4 are coupled in a serial "D" flip
flop configuration when the register is in the serial mode 
(parallel/serial control low). 

Parallel entry via the "D" line of each register stage is per
mitted only when the parallel/serial control is "high". 

In the parallel or serial mode, information is transferred on 
positive clock transitions. 

When the true/complement control is "high", the true con
tents of the register are available at the output terminals. 
When the true/complement control is "low", the outputs are 
the complements of the data in the register. The true/com
plement control functions asynchronously with respect to 
the clock signal. 

JK input logic is provided on the first stage serial input to 
minimize logic requirements particularly in counting and se
quence-generation applications. With JK inputs connected 
together, the first stage becomes a "D" flip-flop. An asyn
chronous common reset is also provided. 

Logic Diagram 

PARALLEL 7 

PARALLEL 
INPUT-I 

I 

Features 
• Wide supply voltage range 
• High noise immunity 
• Low power TTL 

compatibility 
• 4-stage clocked operation 

3.0V to 15V 
0.45 Voo (typ.) 

Fan out of 2 driving 74L 
or 1 driving 74LS 

• Synchronous parallel entry on all 4 stages 
• JK inputs on first stage 
• Asynchronous true/complement control on all outputs 
• Reset control 
• Static flip-flop operation; master/slave configuration 
• Buffered outputs 
• Low power dissipation 
• High speed 

Applications. 
• Automotive 
• Data terminals 
• Instrumentation 
• Medical electronics 

5 µW (typ.) (ceramic) 
to 5 MHz 

11 Alarm systems 
• Industrial controls 
• Remote metering 
• Computers 

SERIAL o----1 ::>o----+-<1---.-----+--...,...-----+--...,_-----+--.---. 
CONTROL (P/$1 

PIS = 0 = serial mode 

TIC = 1 = true outputs 

•rG = transmission gate 

9 
QI 

TL/F/5964-1 

Input to output is: 

a) A bidirectional low impedance when control input 1 is low and control input 2 is high. 

b) An open circuit when control input 1 is high and control input 2 is low. 

TL/F/5964-2 
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Absolute Maximum Ratings (Notes 1 and 2> 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications . 

Lead Temperature (Tu 
(Soldering, 10 seconds) 260°C 

DC Supply Voltage (V00) -0.5V to + 18V Operating Conditions (Note 2) 

DC Supply Voltage (Voo) Input Voltage (V1N) -0.5V to v 00 + 0.5V 3Vto 15V 

OVtoVooV Storage Temperature Range (Ts) -65°C to + 150°C Input Voltage MN) 

Power Dissipation (Po) 
Dual-In-Line 700mW 

500mW 

Operating Temperature Range (TA) 
CD4035BM - 55°C to + 125°C 

Small Outline CD4035BC - 40°C to + 85°C 

DC Electrical Characteristics CD4035BM (Note 2> 

Symbol 

loo 

VoH 

loH 

Parameter Conditions i-----5_5~oc ___ ~_+_2_s_oc~--+--+_1_2~5-oc----1 Units 

Min Max Min Typ Max Min Max 

Quiescent Device Current Voo = 5V, V1N = Voo or Vss 5 0.3 
Voo = 1 ov, V1N = Voo or Vss 1 O 0.5 
Voo = 15V, V1N = Voo or Vss 20 1.0 

Low Level Output Voltage Jlol < 1.0 µA 
Voo = 5V 0.05 o 
Voo = 1ov 0.05 o 
Voo=1~ Q~ 0 

High Level Output Voltage llol < 1.0 µA 
Voo = 5V 4.95 4.95 5 
Voo = 1ov 9.95 9.95 10 
Voo = 15V 14.95 14.95 15 

Low Level Input Voltage llol < 1.0 µA 
Voo = 5V, Vo = 0.5V or 4.5V 1.5 
Voo = 1 OV, Vo = 1.0V or 9.0V 3.0 
Voo = 15V, Vo = 1.5V or 13.5V 4.0 

High Level Input Voltage J iol < 1.0 µA 
Voo = 5V, Vo = 0.5V or 4.5V 3.5 3.5 
Voo = 1ov, Vo= 1.ov or 9.0V 7.0 7.0 
Voo=15V, Vo=1.5Vor13.5V 11.0 11.0 

Low Level Output Current Voo = 5V, Vo = 0.4V 0.64 0.51 0.88 
(Note 3) Voo = 1 OV, Vo = 0.5V 1.6 1.3 2.25 

Voo = 15V, Vo = 1.5V 4.2 3.4 8.8 

High Level Output Current Voo = 5V, Vo = 4.6V 
(Note 3) Voo = 1ov, Vo= 9.5V 

Voo = 15V, Vo= 13.5V 

-0.25 
-0.62 
-1.8 

-0.2 0.36 
-0.5 0.9 
-1.5 -3.5 

5 150 µA 
10 300 µA 
20 600 µA 

0.05 0.05 v 
0.05 0.05 v 
0.05 0.05 v 

4.95 v 
9.95 v 
14.95 v 

1.5 1.5 v 
3.0 3.0 v 
4.0 4.0 v 

3.5 v 
7.0 v 
11.0 v 

0.36 mA 
0.9 mA 
2.4 mA 

-0.14 
-0.35 
-1.1 

mA 
mA 
mA 

Input Current Voo = 15V, V1N = ov 
Voo = 15V, V1N = 15V 

-0.1 
0.1 

-10-s -0.1 
10-s 0.1 

-1.0 µA 
1.0 µA 

DC Electrical Characteristics cD4035Bc (Note 2> 

Symbol 

loo 

Vm 

Parameter Conditions 

Quiescent Device Current Voo = 5V, V1N = Voo or Vss 
Voo = 1ov, V1N = VooorVss 
Voo = 15V, V1N = Voo or Vss 

Low Level Output Voltage llol < 1 µA 
Voo = 5V 
Voo = 1ov 
Voo = 15V 

High Level Output Voltage llol < 1 µA 
v00 = 5V 
Voo = 1ov 
Voo = 15V 
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,__-_4_0~oc _____ ~+_2_5o_c~---+_a~5-oc _ _, Units 

Min Max Min Typ Max Min Max 

20 0.5 20 150 
40 1.0 40 300 
80 5.0 80 600 

0.05 
0.05 
0.05 

4.95 4.95 
9.95 9.95 
14.95 14.95 

0 
0 
0 

5 
10 
15 

0.05 
0.05 
0.05 

4.95 
9.95 
14.95 

0.05 
0.05 
0.05 

µA 
µA 
µA 

v 
v 
v 

v 
v 
v 



DC Electrical Characteristics co4035sc (Note 2) (Continued) 

Symbol Parameter Conditions 
-40°c 2s·c as·c 

Units 
Min Max Min Typ Max Min Max 

V1L Low Level Input Voltage llol < 1 µA 
Voo = 5V, Vo= 0.5Vor 4.5V 1.5 1.5 1.5 v 
Voo = 10v, Vo = 1.0V or 9.0V 3.0 3.0 3.0 v 
Voo = 15V, Vo= 1.5Vor 13.5V 4.0 4.0 4.0 v 

V1H High Level Input Voltage llol < 1 µA 
Voo = 5V, Vo.= 0.5Vor 4.5V 3.5 3.5 3.5 v 
Voo = 1ov, Vo = 1.0V or 9.0V 7.0 7.0 7.0 v 
Voo = 15V, Vo= 1.5Vor13.5V 11.0 11.0 11.0 v 

loL Low Level Output Current Voo = 5V, Vo= 0.4V 0.52 0.44 0.88 0.36 mA 
(Note 3) Voo = 1ov, Vo= 0.5V 1.3 1.1 2.25 0.9 mA 

Voo = 15V, Vo= 1.5V 3.6 3.0 8.8 2.4 mA 

loH High Level Output Current Voo = 5V, Vo= 4.6V -0.2 -0.16 0.36 -0.12 mA 
(Note 3) Voo = 1ov, Vo= 9.5V -0.5 -0.4 0.9 -0.3 mA 

Voo = 15V, Vo= 13.5V -1.4 -1.2 -3.5 -1.0 mA 

l1N Input Current Voo = 15V, V1N = ov -0.3 -10-s -0.3 -1.0 µA 
Voo = 15V, V1N = 15V 0.3 10-s 0.3 1.0 µA 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed, they are not meant to imply that the devices 
should be operated at these limits. The table of "Recommended Operating Conditions" and "Electrical Characteristics" provides conditions for actual device 
operation. 
Note 2: Vss = OV unless otherwise specified. 
Note 3: loH and loL are tested one output at a time. 

AC Electrical Characteristics* 
TA = 25°C, CL = 50 pF, AL = 200k, tr and t1 = 20 ns, unless otherwise specified. 

Symbol I Parameter I Conditions I Min I Typ I Max I Units 

CLOCKED OPERATION 

tpHL• tpLH Propagation Delay Time Voo = 5V 250 500 ns 
Voo = 10v 100 200 ns 
Voo = 15V 75 150 ns 

tTHL Transition Time High Voo = 5V 90 175 ns 
Low to High Voo = 1ov 50 75 ns 

Voo = 15V 40 60 ns 

trLH Transition Time Voo = 5V 135 270 ns 
Low to High Voo = 1ov 70 140 ns 

Voo = 15V 60 120 ns 

twL. twH Minimum Clock Pulse Width Voo = 5V 335 135 ns 
Voo = 1ov 165 50 ns 
Voo = 15V 100 40 ns 

treL· t1cL Clock Rise and Fall Time Voo = 5V 15 µs 
Voo = 1ov 10 µs 
Voo = 15V 5 µs 

ts Minimum Set-up Time 
J/K Lines Voo = 5V 250 500 ns 

Voo = 1ov 100 200 ns 
Voo = 15V 80 160 ns 

ts Parallel-In Lines Voo = 5V 250 500 ns 

Voo = 1ov 100 200 ns 
Voo = 15V 80 160 ns 

ts P/S Control Voo = 5V 100 200 ns 
Voo = 1ov 40 80 ns 
Voo = 15V 35 60 ns 

fMAX Maximum Clock Frequency Voo = 5V 1.5 2.5 MHz 

Voo = 1ov 3 6 MHz 
Voo = 15V 5 9 MHz 
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AC Electrical Characteristics* 
TA = 25°C, CL = 50 pF, AL = 200k, tr and tt = 20 ns, unless otherwise specified. (Continued) 

Symbol Parameter Conditions 

CLOCKED OPERATION (Continued) 

C1N I Input Capacitance Any Input 

RESET OPERATION 

lPHL• tPLH Propagation Delay Time Voo = 5V 
Voo = 1ov 
Voo = 15V 

twH Minimum Reset Pulse Width Voo = 5V 

•AC Parameters are guaranteed by DC correlated testing. 

Truth Table 

CL 
J 

....r 0 

....r I 

....r x 

....r I 

....r x 
"-- x 
x x 

Switching Time Waveforms 

CLOCK 
INPUT 

J.j( 
INPUT 

P/S 
INPUT 

Dpo 
INPUT 

TIC Input low 

Reset Input low 

Voo = 10v 
Voo = 15V 

tn - 1 (Inputs) 

K R 

x 0 
x 0 
0 0 
0 0 

I 0 
x 0 
x I 
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Min Typ Max 

5 7.5 

300 500 
150 200 
85 150 

75 250 
30 110 
25 80 

tn (Outputs) 

On-1 On 

0 0 
0 I 

I 0 

On-1 --TOGGLE 
On-1 MODE 

I I 

On-1 On-1 
x 0 

Units 

pF 

ns 
ns 
ns 

ns 
ns 
ns 

TL/F/5964-3 



Connection Diagram 
Dual-In-Line Package 

TRUE/COMPLEMENT OUTPUTS PARALLEL INPUTS 

Voo Q2/QZ QJ/QJ Q4/Q4 

116 15 

r--

1 2 

Q1/Q1 T/C 

TRUE/COMPLEMENT 
OUTPUT 

14 13 12 11 

3 4 5 6 

RESET CLOCK 

SERIAL 
INPUTS 

Top View 

Order Number CD4035B* 

10 

1 

P/S 

9 

t--

1 a 
Vss 

•Please look into Section 8, Appendix D for availability of various package types. 

5-127 

TL/F/5964-4 

0 c .a:.. 
0 
w 
U1 m 
:: ....... 
0 c 
.a:.. 
0 
w 
U1 m 
0 



0 m 
::> 
'I"'" 
~ 
0 
~ c 
0 
....... 
m 
::> 
'I"'" 
~ 
0 
~ c 
0 

~National 
~Semiconductor 

CD4041 UB/CD4041 UBC 
Quad True/Complement Buffer 

General Description 
The CD4041UB/CD4041UBC is a quad true/complement 
buffer consisting of N- and P-channel enhancement mode 
transistors having low-channel resistance and high current 
(sourcing and sinking) capability. The CD4041 is intended 
for use as a buffer, line driver, or CMOS-to-TTL driver. 

All inputs are protected from static discharge by diode 
clamps to Voo and Vss-

Connection and Schematic Diagrams 

114 13 

~ 

1 2 

Aour 

Dual-In-Line Package 

Dour 

12 11 10 

3 4 5 

Top View 

Order Number CD4041UB* 
•Please look into Section 8, Appendix D 
for availability of various package types. 

Cour 

9 8 

1--1 

6 
17 

TL/F /5965-1 

Features 
• Wide supply voltage range 
• High noise immunity 
• True output 

High current source and sink capability 
8 mA (typ.) @ Vo = 9.5V, Voo = 10V 

3.0V to 15V 
40% Voo (typ.) 

3.2 mA (typ.) @ Vo = 0.4V, Voo = 5V (two TTL loads) 
• Complement output 

Medium current source and sink capability 
3.6 mA (typ.)@ Vo = 9.5V, Voo = 10V 
1.6 mA (typ.) @ Vo = 0.4V, Voo = 5V 

Voo 
1 of 4 ldentlcal Units 

Voo 

Vss 

Voo 

Voo 

Vss 

TRUE 
OUTPUT 

COMPLEMENT 
OUTPUT 

Vss TL/F/5965-2 
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Absolute Maximum Ratings (Notes 1 and 2) Recommended Operating 
If Miiitary I Aerospace specified devices are required, Conditions (Note 2) 
contact the National Semiconductor Sales Office/ Supply Voltage (Voo) 3Vto 15V 
Distributors for avallablllty and specifications. 

Supply Voltage (Voo) -0.5V to+ 18V 
Input Voltage (V1N) OVtoVoo 

Input Voltage <V!N) -0.5VtoVoo +0.5V 
Operating Temperature Range (TA) 

CD4041UB - 55°C to + 125°C 
Storage Temperature Range (Ts) - 65°C to + 150°C CD4041UBC - 40°C to + 85°C 
Power Dissipation (Po) 

Dual-In-Line 700mW 
Small Outline 500mW 

Lead Temp. (TL) (Soldering, 10 sec.) 260°C 

DC Electrical Characteristics cD4o41 usM (Note 2) 

Symbol Parameter Conditions 
-55°C +25°C + 125°C 

Units 
Min Max Min Typ Max Min Max 

loo Quiescent Device Current v 00 = 5V 1 0.01 1 30 µA 
Voo = 1ov 2 0.01 2 60 µA 
Voo = 15V 4 0.01 4 120 µA 

VoL Low Level Output Voltage llol < 1 µA, V1L = ov, V1H = Voo 
Voo = 5V 0.05 0 0.05 0.05 v 
Voo = 1ov 0.05 0 0.05 0.05 v 
Voo = 15V 0.05 0 0.05 0.05 v 

VoH High Level Output Voltage llol < 1 µA, V1L = ov, V1H = Voo 
v 00 = 5V 4.95 4.95 5 4.95 v 
V00 = 1ov 9.95 9.95 10 9.95 v 
Voo = 15V 14.95 14.95 15 14.95 v 

V1L Low Level Input Voltage llol < 1 µA 
Voo = 5V, Vo = 0.5V or 4.5V 1.0 2 1.0 1.0 v 
Voo = 1ov, Vo= 1V or 9V 2.0 4 2.0 2.0 v 
Voo = 15V, Vo= 1.5Vor13.5V 3.0 6 3.0 3.0 v 

V1H High Level Input Voltage llol < 1µA 
Voo = 5V, Vo = 0.5V or 4.5V 4.0 4.0 3 4.0 v 
Voo = 1ov, Vo= 1v or 9V 8.0 8.0 6 8.0 v 
Voo = 15V, Vo= 1.5Vor 13.5V 12.0 12.0 9 12.0 v 

loL Low Level Output Current V1L = OV 
True Output Voo = 5V, Vo = 0.4V 2.1 1.6 3.2 1.2 mA 
(Note 3) Voo = 10V, Vo = 0.5V 6.25 5.0 10 3.5 mA 

Voo = 15V, Vo= 1.5V 14 12 24 8 mA 

loL Low Level Output Current V1H = Voo 
Complement Output Voo = 5V, Vo = 0.4V 1.0 0.8 1.6 0.55 mA 
(Note 3) Voo = 10V, Vo= 0.5V 2.5 2 4.0 1.4 mA 

Voo = 15V, Vo= 1.5V 5.5 4.5 9.0 3.0 mA 

loH High Level Output Current V1H = Voo 
True Output Voo = 5V, Vo = 4.6V -1.75 -1.4 -2.8 -1.0 mA 
(Note 3) Voo = 10V, Vo= 9.5V -5.0 -4 -8.0 -2.8 mA 

Voo = 15V, Vo= 13.5V -11 -9 -18 -6 mA 

loH High Level Output Current V1L = OV 
Complement Output Voo = 5V, Vo = 4.6V -0.75 -0.6 -1.2 -0.4 mA 
(Note 3) Voo = 10V, Vo= 9.5V -2.25 -1.8 -3.6 -1.25 mA 

Voo = 15V, Vo= 13.5V -4.8 -4 -8 -2.7 mA 

l1N Input Current Voo = 15V, V1N = ov -0.1 -10-5 -0.1 -1.0 µA 
Voo = 15V, V1N = 15V 0.1 10-5 0.1 1.0 µA 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The tables of 'Recommended Operating Conditions" and "Electrical Characteristics" provide conditions for actual device 
operation. 

Note 2: Vss = OV unless otherwise specified. 

Note 3: loH and loL are tested one output at a time. 
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DC Electrical Characteristics CD4041 usc (Note 2) 

Symbol Parameter Conditions 
-40°c +2s0 c 

Min Max Min Typ 

loo Quiescent Device Current Voo = 5V 4 0.01 
Voo = 1ov 8 0.01 
Voo = 15V 16 O.Q1 

VoL Low Level Output Voltage llol < 1 µA, V1L = OV, V1H = Voo 
Voo = 5V 0.05 0 
Voo = 1ov 0.05 0 
Voo = 15V 0.05 0 

VoH High Level Output Voltage llol < 1 µA, V1L = OV, V1H = Voo 
Voo = 5V 4.95 4.95 5 
Voo = 10v 9.95 9.95 10 
Voo = 15V 14.95 14.95 15 

V1L Low Level Input Voltage llol < 1 µA 
Voo = 5V, Vo = 0.5V or 4.5V 1.0 2 
Voo = 10V, Vo = 1V or 9V 2.0 4 
Voo = 15V, Vo= 1.5Vor 13.5V 3.0 6 

V1H High Level Input Voltage llol < 1µA 
Voo = 5V, Vo = 0.5V or 4.5V 4.0 4.0 3 
Voo = 10V, Vo= 1Vor 9V 8.0 8.0 6 
Voo = 15V, Vo= 1.5Vor 13.5V 12.0 12.0 9 

loL Low Level Output Current V1L = OV 
True Output Voo = 5V, Vo = 0.4V 1.7 1.5 3.2 
(Note3) Voo = 1 ov, Vo = 0.5V 4.9 4.3 10 

Voo = 15V, Vo= 1.5V 11 10 24 

loL Low Level Output Current V1H = Voo 
Complement Output Voo = 5V, Vo = 0.4V 0.75 0.68 1.6 
(Note3) Voo = 10V, Vo= 0.5V 2.0 1.8 4.0 

Voo = 15V, Vo= 1.5V 4.4 3.8 9.0 

loH High Level Output Current V1H = Voo 
True Output Voo = 5V, Vo= 4.6V -1.5 -1.3 -2.8 
(Note3) Voo = 10V, Vo= 9.5V -4.0 -3.5 -8.0 

Voo = 15V, Vo= 13.5V -8.7 -7.5 -18 

loH High Level Output Current V1L = OV 
Complement Output Voo = 5V, Vo = 4.6V -0.57 -0.50 -1.2 
(Note 3) Voo = 10V, Vo= 9.5V -1.8 -1.6 -3.6 

Voo = 15V, Vo= 13.5V -3.9 -3.4 -8.0 

l1N Input Current Voo = 15V, V1N = ov -0.3 -10-s 

Voo = 15V, V1N = 15V 0.3 10-s 

AC Electrical Characteristics* 
TA = 25°C, CL = 50 pF, AL = 200k, Input tr = tt = 20 ns, unless otherwise specified 

Symbol Parameter Conditions Min Typ 

tPHL• tPLH Propagation Delay Time Voo = 5V 60 
True Output Voo = 1ov 35 

Voo = 15V 25 

tPHL• tPLH Propagation Delay Time Voo = 5V 75 
Complement Output Voo = 1ov 40 

Voo = 15V 30 

tTHL• trLH Output Transition Time Voo = 5V 55 
True Output Voo = 1ov 30 

Voo = 15V 25 
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+ss·c 
Units 

Max Min Max 

4 30 µA 
8 60 µA 
16 120 µA 

0.05 0.05 v 
0.05 0.05 v 
0.05 0.05 v 

4.95 v 
9.95 v 
14.95 v 

1.0 1.0 v 
2.0 2.0 v 
3.0 3.0 v 

4.0 v 
8.0 v 
12.0 v 

1.2 mA 
3.5 mA 
8 mA 

0.55 mA 
1.4 mA 
3.0 mA 

-1.0 mA 
-2.8 mA 
-6 mA 

-0.4 mA 
-1.25 mA 
-2.7 mA 

-0.3 -1.0 µA 
0.3 1.0 µA 

Max Units 

120 ns 
70 ns 
50 ns 

150 ns 
80 ns 
65 ns 

110 ns 
60 ns 
50 ns 



AC Electrical Characteristics* (Continued) 
TA = 25°C, CL = 50 pF, AL = 200k, Input tr = t1 = 20 ns, unless otherwise specified 

Symbol Parameter Conditions Min Typ Max Units 

trHL· trLH Output Transition Time Voo = 5V 90 180 ns 
Complement Output v 00 = 1ov 45 90 ns 

Voo = 15V 35 75 ns 

C1N Input Capacitance Any Input 10 15 pF 

•AC Parameters are guaranteed by DC correlated testing. 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the 
devices should be operated at these limits. The tables of 'Recommended Operating Conditions" and "Electrical Characteristics" provide conditions for actual 
device operation. 

Note 2: Vss = ov unless otherwise specified. 

Note 3: loH and loL are tested one output at a time. 

Switching Time Waveforms 

Vee 

V1N 

ov 

Vee 

VouT 

COMPLEMENT OUTPUT ov 
ITLH 

Vee 

VouT 

TRUE OUTPUT ov 

TL/F/5965-3 
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11?.;t National 
~Semiconductor 

CD4042BM/CD4042BC Quad Clocked D Latch 

General Description 
The CD4042BM/CD4042BC quad clocked "D" latch is a 
monolithic complementary MOS (CMOS) integrated circuit 
constructed with P- and N-channel enhancement mode 
transistors. The outputs Q and Q either latch or follow the 
data input depending on the clock level which is pro
grammed by the polarity input. For polarity = O; the informa
tion present at the data input is transferred to a and Q 
during O clock level; and for polarity = 1, the transfer occurs 
during the 1 clock level. When a clock transition occurs 
(positive for polarity = 0 and negative for polarity= 1), the 
information present at the input during the clock transition is 
retained at the outputs until an opposite clock transition oc
curs. 

Connection Diagram 

Dual-In-Line Package 

Yoo ii4 04 DJ QJ 112 

I 16 15 14 13 12 11 10 

...-

1 2 3 4 5 6 7 

Q4 Qt Dt CLOCK POLARITY DZ 

Top View 

Logic Diagrams 

CL 

CL 

g 

t-

18 
Vss 

TL/F/5966-1 

TL/F/5966-2 

Features 
• Wide supply voltage range 
• High noise immunity 
• Low power TIL 

compatibility 
• Clock polarity control 
• Fully buffered data inputs 
• Q and 0 outputs 

Truth Table 

Clock Polarlty 

0 0 
_/ 0 

1 1 

"""'-- 1 

3.0V to 15V 
0.45 Voo (typ.) 

Fan out of 2 driving 74L 
or 1 driving 7 4LS 

Q 

D 
Latch 

D 
Latch 

Order Number CD4042B* 
•Please look into Section 8, Appendix D 
for availability of various package types. 

CLOCK 

TL/F /5966-3 

TL/F/5966-4 
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Absolute Maximum Ratings (Notes 1 and 2) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for avallablllty and specifications. 

Recommended Operating 
Conditions (Note 2) 

Supply Voltage (Voo) 

Input Voltage MN) 
Supply Voltage (Voo) -0.5V to + 18V 

Input Voltage MN) -0.5V to Yoo + 0.5V 
Operating Temperature Range (TA) 

CD4042BM 
Storage Temperature Range (Ts) -65°C to+ 150°C 

Power Dissipation (Po) 
Dual-In-Line 
Small Outline 

Lead Temperature (TL.) 
(Soldering, 10 seconds) 

700mW 
500mW 

260°c 

DC Electrical Characteristics CD4042BM (Note 2) 

Symbol Parameter Conditions 

loo Quiescent Device Current Voo = 5V 
v 00 = 1ov 
Voo = 15V 

VoL Low Level Output Voltage liol < 1 µA, V1H = Voo. V1L = ov 
Voo = 5V 
Voo = 1ov 
Voo = 15V 

VoH High Level Output Voltage Ital < 1 µA, V1H = Voo. V1L = ov 
Voo = 5V 
v 00 = 1ov 
Voo = 15V 

V1L Low Level Input Voltage llol < 1 µA 
Voo = 5V, Vo = 0.5V or 4.5V 
Voo = 10V, Vo= 1V or 9V 
Voo = 15V, Vo= 1.5Vor13.5V 

V1H High Level Input Voltage Ital< 1 µA 
Voo = 5V, Vo = 0.5V or 4.5V 
Voo = 10V, Vo= 1Vor 9V 
Voo = 15V, Vo= 1.5Vor 13.5V 

loL Low Level Output Current V1H = Voo. V1L = ov 
(Note4) Voo = 5V, Vo = 0.4V 

Voo = 10V, Vo= 0.5V 
Voo = 15V, Vo= 1.5V 

loH High Level Output Current V1H = Voo. V1L = ov 
(Note4) Voo = 5V, Vo = 4.6V 

Voo = 10V, Vo = 9.5V 
Voo = 15V, Vo= 13.5V 

l1N Input Curent Voo = 15V, V1N = ov 
Voo = 15V, V1N = 15V 

CD4042BC 

-ss·c +2s0 c 

Min Max Min Typ Max 

1 0.02 1 
2 0.02 2 
4 0.02 4 

0.05 0 0.05 
0.05 0 0.05 
0.05 0 0.05 

4.95 4.95 5 
9.95 9.95 10 
14.95 14.95 15 

1.5 2.25 1.5 
3.0 4.5 3.0 
4.0 6.75 4.0 

3.5 3.5 2.75 
7.0 7.0 5.5 
11.0 11.0 8.25 

0.64 0.51 0.88 
1.6 1.3 2.25 
4.2 3.4 8.8 

-0.64 -0.51 -0.88 
-1.6 -1.3 -2.25 
-4.2 -3.4 -8.8 

-0.1 -10-s -0.1 
0.1 10-s 0.1 

3Vt615V 

ovtoVoo 

- 55•c to + 125°C 
- 4o•c to + 85°C 

+ 12s·c 
Units 

Min Max 

30 µA 
60 µA 
120 µA 

0.05 v 
0.05 v 
0.05 v 

4.95 v 
9.95 v 
14.95 v 

1.5 v 
3.0 v 
4.0 v 

3.5 v 
7.0 v 
11.0 v 

0.36 mA 
0.9 mA 
2.4 mA 

-0.36 mA 
-0.9 mA 
-2.4 mA 

-1.0 µA 
1.0 µA 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The tables of "Recommended Operating Conditions" and "Electrical Characteristics" provide conditions for actual device 
operation. 

Note 2: Vss = OV unless otherwise specified. 

Note 3: Being a latch, the CD4042BM/CD40428C is not clock rise and fall time sensitive. 

Note 4: loH and loL are tested one output at a time. 
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DC Electrical Characteristics co4042sc (Note 2) 

Symbol Parameter Conditions 
-40°C +25°C +85°C 

Units 
Min Max Min Typ Max Min Max 

loo Quiescent Device Current Voo = 5V 4 0.02 4 30 µA 
Voo = 1ov 8 0.02 8 60 µA 
Voo = 15V 16 0.02 16 120 µA 

VoL Low Level Output Voltage llol < 1 µA, V1H = Voo. V1L = ov 
Voo = 5V 0.05 0 0.05 0.05 v 
Voo = 1ov 0.05 0 0.05 0.05 v 
Voo = 15V 0.05 0 0.05 0.05 v 

VoH High Level Output Voltage llol < 1 µA, V1H = Voo. V1L = ov 
Voo = 5V 4.95 4.95 5 4.95 v 
Voo = 1ov 9.95 9.95 10 9.95 v 
Voo = 15V 14.95 14.95 15 14.95 v 

V1L Low Level Input Voltage llol < 1 µA 
Voo = 5V, Vo = 0.5V or 4.5V 1.5 2.25 1.5 1.5 v 
Voo = 10V, Vo= 1Vor 9V 3.0 4.5 3.0 3.0 v 
Voo = 15V, Vo= 1.5Vor13.5V 4.0 6.75 4.0 4.0 v 

V1H High Level Input Voltage llol < 1 µA 
Voo = 5V, Vo = 0.5V or 4.5V 3.5 3.5 2.75 3.5 v 
Voo = 10V, Vo= 1Vor 9V 7.0 7.0 5.5 7.0 v 
Voo = 15V, Vo= 1.5Vor13.5V 11.0 11.0 8.25 11.0 v 

loL Low Level Output Current V1H = Voo. V1L = ov 
(Note4) Voo = 5V, Vo = 0.4V 0.52 0.44 0.88 0.36 mA 

Voo = 10V, Vo= 0.5V 1.3 1.1 2.25 0.9 mA 
Voo = 15V, Vo= 1.5V 3.6 3.0 8.8 2.4 mA 

loH High Level Output Current V1H = Voo. V1L = ov 
(Note 4) Voo =5V, Vo= 4.6V -0.52 -0.44 -0.88 -0.36 mA 

Voo = 10V, Vo = 9.5V -1.3 -1.1 -2.25 -0.9 mA 
Voo = 15V, Vo= 13.5V -3.6 -3.0 -8.8 -2.4 mA 

l1N Input Curent Voo = 15V, V1N = ov -0.3 -10-5 -0.3 -1.0 µA 
Voo = 15V, V1N = 15V 0.3 10-5 0.3 1.0 µA 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The tables of "Recommended Operating Conditions" and "Electrical Characteristics" provide conditions for actual device 
operation. 

Note 2: Vss = OV unless otherwise specified. 

Note 3: Being a latch, the CD4042BM/CD4042BC is not clock rise and fall time sensitive. 

Note 4: loH and loL are tested one output at a time. 
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AC Electrical Characteristics* 
TA = 25°C, CL = 50 pF, RL = 200k, Input tr = t1 = 20 ns, unless otherwise specified 

Symbol Parameter Conditions Min Typ Max Units 

tPHL• tPLH Propagation Delay Time Data In to Q Voo = 5V 175 350 ns 
Voo = 1ov 75 150 ns 

Voo = 15V 60 120 ns 

tPHL• tPLH Propagation Delay Time Data In to Q Voo = 5V 150 300 ns 

Voo = 1ov 75 150 ns 

Voo = 15V 50 100 ns 

tPHL• tPLH Propagation Delay Time Clock to Q Voo = 5V 250 500 ns 
Voo = 10v 100 200 ns 

Voo = 15V 80 160 ns 

tPHL• tPLH Propagation Delay Time Clock to Q Voo = 5V 250 500 ns 

Voo = 1ov 115 230 ns 
Voo = 15V 90 180 ns 

tH Minimum Hold Time Voo = 5V 60 120 ns 

Voo = 1ov 30 60 ns 

Voo = 15V 25 50 ns 

tsu Minimum Setup Time Voo = 5V 0 50 ns 

Voo = 1ov 0 30 ns 
Voo = 15V 0 25 ns 

tw Minimum Clock Pulse Width Voo = 5V 100 200 ns 

Voo = 1ov 50 100 ns 

Voo = 15V 30 60 ns 

trHL· trLH Transition Time Voo = 5V 125 250 ns 

Voo = 10V 60 125 ns 
Voo = 15V 50 100 ns 

C1N Input Capacitance Any Input 5.0 7.5 pF 

•AC Parameters are guaranteed by DC correlated testing. 
Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the 
devices should be operated at these limits. The tables of "Recommended Operating Conditions" and "Electrical Characteristics" provide conditions for actual 
device operation. 
Note 2: Vss = OV unless otherwise specified. 
Note 3: Being a latch, the CD4042BM/CD4042BC is not clock rise and fall time sensitive. 
Note 4: loH and loL are tested one output at a time. 
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Switching Time Waveforms 

Vao---------------------------------------------------
POLARITY 

~-----------------
V 

(FOR POLARITY= HIGH) 
DD 

·CLOCK 

vDD 
DATA 

IPLH 

Q OUTPUT 

ii OUTPUT 

TL/F/5966-5 
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~National 
~Semiconductor 

CD4043BM/CD4043BC Quad TRI-STATE® 
NOR R/S Latches 
CD4044BM/CD4044BC Quad TRI-STATE 
NANO R/S Latches 

General Description 
C04043BM/C04043BC are quad cross-couple TRI-STATE 
CMOS NOR latches, and C04044BM/C04044BC are quad 
cross-couple TRI-STATE CMOS NANO latches. Each latch 
has a separate Q output and individual SET and RESET 
inputs. There is a common TRI-STATE ENABLE input for all 
four latches. A logic "1" on the ENABLE input connects the 
latch states to the Q outputs. A logic "O" on the ENABLE 
input disconnects the latch states from the Q outputs result
ing in an open circuit condition on the Q output. The 
TRI-STATE feature allows common bussing of the outputs. 

Connection Diagrams 

Voo R4 

16 

04 01 

CD4043BM/CD4043BC 
Dual-In-Line and Flat Packages 

S4 NC SJ RJ 

14 

R1 S1 ENABLE SZ 

Top View 

Truth Table 

QJ 02 

Vss 

TL/F/5967-3 

CD4043BM/CD4043BC CD4044BM/CD4044BC 

s R E Q s R E Q 

x x 0 oc x x 0 oc 
0 0 1 NC 1 1 1 NC 
1 0 1 1 0 1 1 1 
0 1 1 0 1 0 1 0 
1 1 1 !:i. 0 0 1 !:i.!:i. 

Features 
• Wide supply voltage range 3V to 15V 
• Low power 100 nW (typ.) 
• High noise immunity 0.45 Voo (typ.) 
• Separate SET and RESET inputs for each latch 
• NOR and NANO configuration 
• TRl~STATE output with common output enable 

Applications 
• Multiple bus storage 
• Strobed register 
• Four bits of independent storage with output enable 
• General digital logic 

Voo S4 

16 15 

CD4044BM/CD4044BC 
Dual-In-Line and Flat Packages 

R4 01 RJ SJ 

14 

OJ 02 

04 NC SI RI ENABLE Vss 

TL/F/5967-4 

Top View 

Order Number CD4043B* or CD4044B* 
•Please look into Section 8, Appendix D 
for availability of various package types. 

OC- TRI-STATE 

NC - No change 

X - Don't care 

!:>. - Dominated by S= 1 input 

!:>.!:>. - Dominated by R = 0 input 
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Absolute Maximum Ratings (Notes 1 and 2) Recommended Operating 
If Miiitary/Aerospace specified devices are required, Conditions (Note 2) 
contact the National Semiconductor Sales Office/ 

Supply Voltage (Voo) 3.0Vto 15V 
Distributors for avallablllty and specifications • 

Supply Voltage (Voo) -0.5V to+ 18V 
Input Voltage MN) OtoVooV 

Input Voltage MN) -0.5VtoVoo +0.5V 
Operating Temperature Range (TA) 

CD4043BM, CD4044BM - 55°C to + 125°c 
Storage Temperature Range (Ts) - 65°C to + 1 so·c CD4043BC,CD4044BC - 4o·c to + 85°C 
Power Dissipation (Po) 

Dual-In-Line 700mW 
Small Outline 500mW 

Lead Temperature (T tJ 
(Soldering, 10 seconds) 260°c 

DC Electrical Characteristics CD4043BMtCD4044BM (Note 2> 

Symbol Parameter Conditions 
-ss·c +2s0 c +12s0 c Units 

Min Max Min Typ Max Min Max 

loo Quiescent Voo = 5V, V1N = Voo or Vss 5.0 0.01 5.0 150 µA 
Device Current Voo = 10V, VrN = VooorVss 10 O.Q1 10 300 µA 

Voo = 15V, V1N = VooorVss 20 0.02 20 600 µA 

Vm Low Level llol ~ 1 µA, V1L = OV, V1H = Voo 
Output Voltage Voo = 5.0V 0.05 0 0.05 0.05 v 

Voo = 10v 0.05 0 0.05 0.05 v 
Voo = 15V 0.05 0 0.05 0.05 v 

VoH High Level llol ~ 1 µA, V1L = OV, V1H = Voo 
Output Voltage Voo = 5.ov 4.95 4.95 5.0 4.95 v 

Voo = 1ov 9.95 9.95 10 9.95 v 
Voo = 15V 14.95 14.95 15 14.95 v 

V1L Low Level llol ~ 1 µA 
Input Voltage Voo = 5.0V, Vo = 0.5V or 4.5V 1.5 2.25 1.5 1.5 v 

Voo = 1 OV, Vo = 1.0V or 9.0V 3.0 4.5 3.0 3.0 v 
Voo = 15V,Vo = 1.5Vor 13.5V 4.0 6.75 4.0 4.0 v 

V1H High Level llol ~ 1 µA 
Input Voltage Voo = 5.0V, Vo = 0.5V or 4.5V 3.5 3.5 2.75 3.5 v 

Voo = 5.0V, Vo = 1.ov or 9.0V 7.0 ' 7.0 5.5 7.0 v 
Voo = 15V, Vo= 1.5V or 13.5V 11 11 8.25 11 v 

loL Low Level V1L = ov, V1H = Voo 
Output Current Voo = 5.0V, Vo = 0.4V 0.64 0.51 1.0 0.36 mA 

Voo = 10V, Vo = 0.5V 1.6 1.3 2.6 0.9 mA 
Voo = 15V, Vo= 1.5V 4.2 3.4 6.8 2.4 mA 

loH High Level V1L = OV, V1H = Voo 
Output Current Voo = 5.0V, Vo = 4.6V -0.64 -0.51 -0.4 -0.36 mA 

Voo = 10V, Vo= 9.5V -1.6 -1.3 -1.0 -0.9 mA 
Voo = 15V, Vo= 13.5V -4.2 -3.4 -3.0 -2.4 mA 

l1N Input Current Voo = 15V, V1N = ov -0.1 -10-s -0.1 -1.0 µA 
Voo = 15V, V1N = 15V 0.1 10-s 0.1 1.0 µA 

DC Electrical Characteristics CD4043BCtCD4044BC (Note 2) 

Symbol Parameter Conditions 
-40°c +2s0 c +ss·c 

Units 
Min Max Min Typ Max Min Max 

loo Quiescent Voo = 5V, V1N = Voo or Vss 20 0.01 20 150 µA 
Device Current Voo = 1ov, V1N = Voo or Vss 40 0.01 40 300 µA 

Voo = 15V, V1N = Voo or Vss 80 0.02 80 600 µA 

Vol Low Level llol ~ 1 µA, V1L = ov, V1H = Voo 
Output Voltage Voo = 5.0V 0.05 0 0.05 0.05 v 

v 00 = 1ov 0.05 0 0.05 0.05 v 
Voo = 15V 0.05 0 0.05 0.05 v 

VoH High Level llol ~ 1 µA, V1L = OV, V1H = Voo 
Output Voltage Voo = 5.0V 4.95 4.95 5.0 4.95 v 

v 00 = 1ov 9.95 9.95 10 9.95 v 
Voo = 15V 14.95 14.95 15 14.95 v 
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DC Electrical Characteristics CD4043BctcD4044BC (Continued) 
c 
~ 
0 
~ 

-40°c +2s0 c +ss·c (,) 

Symbol Parameter Conditions Units m 
Min Max Min Typ Max Min Max 3: ....... 

V1L Low Level llol ~ 1 µA 0 c 
Input Voltage Voo = 5.0V, Vo= 0.5Vor 4.5V 1.5 2.25 1.5 1.5 v ~ 

0 
Voo = 1ov, Vo= 1.0Vor9.0V 3.0 4.5 3.0 3.0 v ~ 

Voo = 15V, Vo= 1.5Vor13.5V 4.0 6.75 4.0 4.0 v 
(,) 

m 
V1H High Level llol ~ 1 µA 

0 ....... 
Input Voltage Voo = 5.0V, Vo = 0.5V or 4.5V 3.5 3.5 3.5 v 0 

c 
Voo = 5.0V, Vo = 1.ov or 9.0V 7.0 7.0 7.0 v ~ 

0 
Voo = 15V, Vo= 1.5Vor 13.5V 11 11 11 v ~ 

~ 

loL Low Level V1L = OV, V1H = Voo m 
3: 

Output Current Voo = 5.0V, Vo = 0.4V 0.52 0.44 0.88 0.36 mA ....... 
(Note3) Voo = 10V, Vo = 0.5V 1.3 1.1 2.2 0.9 mA 0 c 

Voo = 15V, Vo= 1.5V 3.6 3.0 6.0 2.4 mA ~ 
0 

loH High Level VtL = OV, V1H = Voo 
~ 
~ 

Output Current Voo = 5.0V, Vo= 4.6V -0.52 -0.44 -0.32 -0.36 mA m 
(Note 3) Voo = 10V, Vo= 9.5V -1.3 -1.1 -0.8 -0.9 mA 

0 

Voo = 15V, Vo= 13.5V --3.6 -3.0 -2.4 -2.4 mA 

l1N Input Current Voo = 15V, V1N = ov -0.3 -0.3 -1.0 µA 

Voo = 15V, V1N = 15V 0.3 0.3 1.0 µA 

AC Electrical Characteristics* 
TA = 25°C, CL = 50 pF, RL = 200k, input tr = t1 = 20 ns, unless otherwise noted 

Symbol Parameter Conditions Min Typ Max Units 

tpLH• tPHL Propagation Delay S or R to Q Voo = 5.ov 175 350 ns 

Voo = 1ov 75 175 ns 

Voo = 15V 60 120 ns 

tpzH, tpHZ Propagation Delay Enable to Q (High) Voo = 5.ov 115 230 ns 

Voo = 1ov 55 110 ns 

Voo = 15V 40 80 ns 

tpzL, tpLZ Propagation Delay Enable to Q (Low) Voo = 5.ov 100 200 ns 

Voo = 10v 50 100 ns 

Voo = 15V 40 80 ns 

trHL1 trLH Transition Time Voo = 5.ov 100 200 ns 

Voo = 1ov 50 100 ns 

Voo = 15V 40 80 ns 

two Minimum SET or RESET Pulse Width Voo = 5.0V 80 160 ns 

Voo = 1ov 40 80 ns 

Voo = 15V 20 40 ns 

CtN Input Capacitance 5.0 7.5 pF 

•AC Parameters are guaranteed by DC correlated testing. 
Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed; they are not meant to Imply that the devices 
should be operated at these limits. The tables of "Recommended Operating Conditions" and "Electrical Characteristics" provide conditions for actual device 

LI operation. 
Note 2: Vss = OV unless otherwise specified. 
Note 3: loH and loL are tested one output at a time. I 
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Schematic Diagrams 

CD4043BM/CD4043BC 

s 

ENABLE~~ 

Timing Waveforms 

CD4043B 

SET 

0 

ENABLE 

0 

CD4044BM/CD4044BC 

Yoo Yoo 

s 

0 0 

R 

ENABLE~~ 
TL/F/5967-1 TL/F/5967-2 

CD4044B 

Yoo Yoo 
SET 

Yss 

Yoo 20 ns 

RESET 
Yss Yss 

Yoo trLH 
Yoo 

Yss 
0 

Yss 

TL/F/5967-5 TL/F/5967-6 

Enable Timing 

Yoo 

Yss 

Yoo 

Yss 

Yoo 

tPLZ 
Yss 

Yoo 

Yss 
TL/F/5967-7 
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~National 
~Semiconductor 
CD4046BM/CD4046BC Micropower Phase-Locked Loop 
General Description 
The CD4046B micropower phase-locked loop (PLL) con
sists of a low power, linear, voltage-controlled oscillator 
(VCO), a source follower, a zener diode, and two phase 
comparators. The two phase comparators have a common 
signal input and a common comparator input. The signal 
input can be directly coupled for a large voltage signal, or 
capacitively coupled to the self-biasing amplifier at the sig
nal input for a small voltage signal. 

Phase comparator I, an exclusive OR gate, provides a digital 
error signal (phase comp. I Out) and maintains 90° phase 
shifts at the VCO center frequency. Between signal input 
and comparator input (both at 50% duty cycle), it may lock 
onto the signal input frequencies that are close to harmon
ics of the VCO center frequency. 

Phase comparator II is an edge-controlled digital memory 
network. It provides a digital error signal (phase comp. II 
Out) and lock-in signal (phase pulses) to indicate a locked 
condition and maintains a 0° phase shift between signal in
put and comparator input. 

The linear voltage-controlled oscillator (VCO) produces an 
output signal (VCO Out) whose frequency is determined by 
the voltage at the VC01N input, and the capacitor and resis
tors connected to pin C1A, C1s, R1 and R2. 

The source follower output of the VC01N (demodulator Out) 
is used with an external resistor of 10 kn or more. 

Block & Connection Diagrams 
SIGNAL 

IN Voo 

16 

PHASE COMP II OUT 

PHASE PULSES 

The INHIBIT input, when high, disables the VCO and source 
follower to minimize standby power consumption. The zener 
diode is provided for power supply regulation, if necessary. 

Features 
• Wide supply voltage range 
• Low dynamic 

power consumption 
• VCO frequency 
• Low frequency drift 

with temperature 
• High VCO linearity 

Applications 

3.0V to 18V 
70 µW (typ.) at 

f0 = 10 kHz, Voo = 5V 
1.3 MHz (typ.) at Voo = 10V 

0.06%!°C at Voo = 10v 

1 % (typ.) 

• FM demodulator and modulator 
• Frequency synthesis and multiplication 
• Frequency discrimination 
• Data synchronization and conditioning 
• Voltage-to-frequency conversiqn 
• Tone decoding 
• FSK modulation 
• Motor speed control 

Dual-In-Line Package 

PHASE PULSES 
16 

Voo 

15 
ZENER PHASE COMP I OUT 

14 
SIGNAL IN COMPARATOR IN 

13 
PHASE COMP II OUT VCO OUT 

Rl INHIBIT 
12 

R2 

11 
RI 

ID Cl 
g VCO IN LOW C1e DEMODULATOR OUT 

RI 

v~ 

... ~--4.-~--t--o-~~~~~-ePA~ 

15 

ZENER 

FIGURE 1 

DEMODULATOR 
10 OUT , 

~Rs 
~ 

Vss 

FILTER 

v~ 

TL/F/5968-1 
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Vss VCO IN 

TL/F/5968-2 

Top View 

Order Number CD4046B* 

•Please look into Section 8, Appendix D 
for availability of various package types. 
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Absolute Maximum Ratings (Notes 1 & 2) Recommended Operating 
If Military/Aerospace specified devices are required, Conditions (Note 2) 
contact the National Semiconductor Sales Office/ DC Supply Voltage (Voo) 3to15 Voe Distributors for availability and specifications . 

DC Supply Voltage <Voo) -0.5to+18 Voe 
Input Voltage MN) OtoVoo Voe 

Input Voltage MN) -0.5toVoo +0.5Voe 
Operating Temperature Range (TA) 

CD4046BM - 55°C to + 125°C 
Storage Temperature Range (Ts) -65°Cto +150°C CD4046BC -40°C to + 85°C 
Power Dissipation (Po) 

Dual-In-Line 700mW 
Small Outline 500mW 

Lead Temperature (TL) 
(Soldering, 10 seconds) 260°C 

DC Electrical Characteristics CD4046BM <Note 2) 

Symbol Parameter Conditions 
-55°C +25°C + 125°C 

Units 
Min Max Min Typ Max Min Max 

loo Quiescent Device Current Pin 5 = Voo. Pin 14 = Voo. 
Pin3,9 = Vss 
Voo = 5V 5 0.005 5 150 µA 
Voo = 10v 10 0.01 10 300 µA 
Voo = .15V 20 0.015 20 600 µA 

Pin 5 = Voo. Pin 14 = Open, 
Pin3,2 = Vss 
Voo = 5V 45 5 35 185 µA 
Voo = 1ov 450 20 350 650 µA 
Voo = 15V 1200 50 900 1500 µA 

Vol Low Level Output Voltage Voo = 5V 0.05 0 0.05 0.05 v 
Voo = 1ov 0.05 0 0.05 0.05 v 
Voo = 15V 0.05 0 0.05 0.05 v 

VoH High Level Output Voltage Voo = 5V 4.95 4.95 5 4.95 v 
Voo = 10v 9.95 9.95 10 9.95 v 
Voo = 15V 14.95 14.95 15 14.95 v 

V1L Low Level Input Voltage Voo = 5V, Vo = 0.5V or 4.5V 1.5 2.25 1.5 1.5 v 
Comparator and Signal In Voo = 10V, Vo = 1V or 9V 3.0 4.5 3.0 3.0 v 

Voo = 15V, Vo= 1.5Vor13.5V 4.0 6.25 4.0 4.0 v 

V1H High Level Input Voltage Voo = 5V, Vo = 0.5V or 4.5V 3.5 3.5 2.75 3.5 v 
Comparator and Signal In Voo = 1ov, Vo= 1Vor 9V 7.0 7.0 5.5 7.0 v 

Voo = 15V, Vo= 1.5Vor 13.5V 11.0 11.0 8.25 11.0 v 

loL Low Level Output Current Voo = 5V, Vo = 0.4V 0.64 0.51 0.88 0.36 mA 
(Note 4) Voo = 10V, Vo= 0.5V 1.6 1.3 2.25 0.9 mA 

Voo = 15V, Vo= 1.5V 4.2 3.4 8.8 2.4 mA 

loH High Level Output Current Voo = 5V, Vo = 4.6V -0.64 -0.51 -0.88 -0.36 mA 
(Note4) Voo = 10V, Vo= 9.5V -1.6 -1.3 -2.25 -0.9 mA 

Voo = 15V, Vo= 13.5V -4.2 -3.4 -8.8 -2.4 mA 

l1N Input Current All Inputs Except Signal Input 
Voo = 14V, V1N = ov -0.1 -10-s -0.1 -1.0 µA 
Voo = 15V, V1N = 15V 0.1 10-s 0.1 1.0 µA 

C1N Input Capacitance Any Input (Note 3) 7.5 pF 

PT Total Power Dissipation f0 = 10kHz,R1=1 Mn 
R2 = 00 , VC01N = Voo/2 
Voo = 5V 0.07 mW 
Voo = 1ov 0.6 mW 
Voo = 15V 2.4 mW 
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DC Electrical Characteristics co4046Bc (Note 2) 

Symbol Parameter Conditions 
-40°c +2s0 c +as·c 

Units 
Min Max Min Typ Max Min Max 

loo Quiescent Device Current Pin 5 = Voo, Pin 14 = Voo, 
Pin3, 9 = Vss 
V00 = 5V 20 0.005 20 150 µA 
Voo = 1ov 40 0.01 40 300 µA 
Voo = 15V 80 0.015 80 600 µA 

Pin 5 = Voo. Pin 14 =Open, 
Pin3, 9 = Vss 
Voo = 5V 70 5 55 205 µA 
v 00 = 1ov 530 20 410 710 µA 
Voo = 15V 1500 50 1200 1800 µA 

Vol Low Level Output Voltage Voo = 5V 0.05 0 0.05 0.05 v 
V00 = 1ov 0.05 0 0.05 0.05 v 
Voo = 15V 0.05 0 0.05 0.05 v 

VoH High Level Output Voltage Voo = 5V 4.95 4.95 5 4.95 v 
Voo = 1ov 9.95 9.95 10 9.95 v 
V00 = 15V 14.95 14.95 15 14.95 v 

V1L Low Level Input Voltage Voo = 5V, Vo = 0.5V or 4.5V 1.5 2.25 1.5 1.5 v 
Comparator and Signal In Voo = 1ov, Vo= 1Vor9V 3.0 4.5 3.0 3.0 v 

Voo = 15V, Vo= 1.5Vor 13.5V 4.0 6.25 4.0 4.0 v 
V1H High Level Input Voltage Voo = 5V, Vo = 0.5V or 4.5V 3.5 3.5 2.75 3.5 v 

Comparator and Signal In Voo = 1ov, Vo= 1Vor9V 7.0 7.0 5.5 7.0 v 
Voo = 15V, Vo= 1.5Vor 13.5V 11.0 11.0 8.25 11.0 v 

loL Low Level Output Current Voo = 5V, Vo = 0.4V 0.52 0.44 0.88 0.36 mA 
(Note 4) Voo = 1 ov, v0 = 0.5V 1.3 1.1 2.25 0.9 mA 

Voo = 15V, Vo= 1.5V 3.6 3.0 8.8 2.4 mA 

loH High Level Output Current Voo = 5V, Vo = 4.6V -0.52 -0.44 -0.88 -0.36 mA 
(Note 4) Voo = 10V, Vo= 9.5V -1.3 -1.1 -2.25 -0.9 mA 

Voo = 15V, Vo= 13.5V -3.6 -3.0 -8.8 -2.4 mA 

l1N Input Current All Inputs Except Signal Input 
Voo = 15V, V1N = ov -0.3 -10-5 -0.3 -1.0 µA 
Voo = 15V, V1N = 15V 0.3 10-5 0.3 1.0 µA 

C1N Input Capacitance Any Input (Note 3) 7.5 pF 

Pr Total Power Dissipation f0 = 10kHz, R1=1 Mn, 
R2 = 00' VC01N = Voo/2 
Voo = 5V 0.07 mW 
V00 = 10v 0.6 mW 
Voo = 15V 2.4 mW 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The table of "Recommended Operating Conditions" and "Electrical Characteristics" provides conditions for actual device 
operation. 

Note 2: Vss = OV unless otherwise specified. 

Note 3: Capacitance is guaranteed by periodic testing. 

Note 4: loH and loL are tested one output at a time. 
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AC Electrical Characteristics* co404asM1co404ascTA = 25·c. cL = 50 pF 

Symbol Parameter Conditions Min Typ 

VCOSECTION 

loo Operating Current f0 = 10 kHz, R1 = 1 Mn, 
R2 = oo, VC01N = Voo/2 
Voo = 5V 20 

Voo = 1ov 90 

Voo = 15V 200 

fMAX Maximum Operating Frequency C1 = 50 pF, R1 = 10 kn, 

R2 = oo, VC01N = Voo 
Voo = 5V 0.4 0.8 

Voo = 10v 0.6 1.2 

Voo = 15V 1.0 1.6 

Linearity VC01N = 2.5V ±0.3V, 
R1 ~ 10 kn, v 00 = 5V 1 
VC01N = 5V ± 2.5V, 
R1 ~ 400 kn, v 00 = 1ov 1 
VC01N = 7.5V ± 5V, 
R1 ~ 1 Mn, Voo = 15V 1 

Temperature-Frequency Stability %1°C cc 1 /f. v 00 
No Frequency Offset, fMJN = 0 R2 = oo 

Voo = 5V 0.12-0.24 

Voo = 10v 0.04-0.08 

Voo = 15V 0.015-0.03 

Frequency Offset, fMJN =I- 0 Voo = 5V 0.06-0.12 

Voo = 10v 0.05-0.1 

Voo = 15V 0.03-0.06 

VC01N Input Resistance Voo = 5V 106 

Voo = 10v 106 

Voo = 15V 106 

vco Output Duty Cycle Voo = 5V 50 

Voo = 1ov 50 

Voo = 15V 50 

tTHL VCO Output Transition Time Voo = 5V 90 

tTHL Voo = 1ov 50 

Voo = 15V 45 

•AC Parameters are guaranteed by DC correlated testing. 
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AC Electrical Characteristics* CD4046BM/CD4046BC TA = 25·c, cL = 50 pF (Continued) 

Symbol Parameter Conditions Min Typ 

PHASE COMPARATORS SECTION 

R1N Input Resistance 
Signal Input Voo = 5V 1 3 

Voo = 1ov 0.2 0.7 

Voo = 15V 0.1 0.3 
Comparator Input Voo = 5V 1Q6 

Voo = 1ov 106 

Voo = 15V 106 

AC-Coupled Signal Input Voltage CsERIES = 1000 pF 
Sensitivity f = 50 kHz 

Voo = 5V 200 

Voo = 1ov 400 

Voo = 15V 700 

DEMODULATOR OUTPUT 

vco,N- Offset Voltage RS ~ 10 kn, Voo = 5V 1.50 

VoEM RS~ 10 kn, Voo = 10V 1.50 

RS~ 50 kn, Voo = 15V 1.50 

Linearity RS~ 50kn 

VC01N = 2.5V ± 0.3V, Voo = 5V 0.1 
VC01N = 5V ±2.5V, Voo = 10V 0.6 
VC01N = 7.5V ±5V, Voo = 15V 0.8 

ZENER DIODE 

Vz Zener Diode Voltage 
CD4046BM lz = 50 µA 6.7 7.0 
CD4046BC 6.3 7.0 

Rz Zener Dynamic Resistance lz = 1 mA 100 

•AC Parameters are guaranteed by DC correlated testing. 
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Phase Comparator State Diagrams 

PHASE COMPARATOR I 

INPUT STATE 
COMPARATOR 

¢' 
SIGNAL 

IN 

PHASE COMP I OUT 

PHASE COMPARATOR II 

INPUT STATE 

COMPARATOR 

yi' 
SIGNAL 

IN 

PHASE COMP II OUT 

PHASE PULSES 

TRI-STATE® 

TL/F /5968-3 

FIGURE2 

Typical Waveforms 

PHASE COMPARATOR I 

SIGNAL IN Voo -.. r---1 
Vss -J L..-J L--

COMPARATOR IN 

PHASE COMP I OUT 

VC01N 
(LOW PASS FILTER OUTPUT) 

TL/F/5968-4 

FIGURE 3. Typical Waveform Employing Phase 
Comparator I In Locked Condition 
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PHASE COMPARATOR II 

SIGNAL IN Voo =i-L__.n_ 
Vss 
VoH-r---1 r---1 

COMPARATOR IN __J ~ I-. 
Vol 

PHASE PULSES VoH =i.r-1.r
VoL--

PHASE COMP II OUT VoH -f"L---
VoL __J L.r--

VCD1N VoH~ 
(LOW PASS FILTER OUTPUT) Vol -

TL/F/5968-5 

FIGURE 4. Typical Waveform Employlng Phase 
Comparator II In Locked Condition 



Typical Performance Characteristics 

Typical Center Frequency vs 
c1 for R1 = 10 kn, 100 kn 

Typical Frequency Offset vs 
C1 for R2 = 10 kn, 100 kn 
and 1 Mn and 1 Mn 

FIGURE Sa 

R1 (knl 

FIGURE6a 

g 
~ a: 

~ 

103 

102 

1D 

, ttiill:l:ttlt:tlt:llttiltt:j::im!.ilw...:uitl 
1D-5 1D-4 10-3 10-2 10-1 I ID to2 

C1 - vca TIMING CAPACITOR (µFl 

FIGURE Sb 

1D ...._.__.._........._...._ ................................ 
1D 

R2 (kn) 

FIGURE6b 

Typical VCO Linearity vs 
R1 and C1 

R2/R1 

FIGURE Sc 

Typical Source Follower 
~ Power Dissipation vs Rs 
i5 

107 ~Eelf!§§§HWT.:25~ ;:: s::: t----PJI T TT"[!" TA. 2s·C3 
~ t0B ~ VCD1N. Vaa/2, RI= R2. -

g t05 ~~!$~~!!!!!! 
~ 1~ ~~~~~~~~~~ I ~ 
... .. 
EC 
::> 
0 

"' I 
~ 

~ TA•2s
0
c 

Voo • 10V, VCD1N. sv •2.5V, R2. ~ ~.;r;;'rv~v~·Ts~s~~ ;22
;.: 

I=." ~.~·~A~•;v·~ '10 '...1isvi' : 10~ 
I- .... . . lo 
I-+- C1 • 50 pf I: 

1=t~tt1oopF H 0:001°µF 

H ~if"Zt ~ ~I:!.. 

Ff=% LINEARITY• lo - ll7.SV) 
~ lo 

~~SDpF i::::; 100 pf 
H Q.ODlµf 
H 0.01,0.lµf 

" ~ 
llllJI I' ,.....::.l 

112.SVI + 1(7.SVI !""~ fo•--2-- lo• 
1(2.SVI + 1(12.SVI ~ 

2 
D.1 

10-1 10 

R1 (kn) 

l"' 
0.1 

10-1 ID 

RI (klll 

FIGURE 7 TL/F/5968-6 

Note: To obtain approximate total power dissipation of PLL system for no-signal input: Phase Comparator I, Po (Total) = Po (fol + Po (fM1Nl + Po (Rs); Phase 
Comparator II, Po (Total) = Po (IM1Nl. 
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Design Information 
This information is a guide for approximating the value of In addition to the given design information, refer to Figure 5 
external components for the CD40468 in a phase-locked- for R1, R2 and C1 component selections. 
loop system. The selected external components must be 
within the following ranges: R 1, R2 ~ 10 k!l, Rs ~ 10 k!l, 
C1 ~ 50 pF. 

Using Phase Comparator I Using Phase Comparator II 
Characteristics VCO Without Offset VCO Without Offset 

R2 = oo 
VCO With Offset R2 = oo 

VCO With Offset 

VCO Frequency 

·:fil -E t~ll ·"E lo 21L ~ 2~ 

IMIN 1MIN 
10 - · 21l 

I 
IMIN IMIN 

Voo/2 Yoo Voo/2 Yoo Voo/2 Yoo Voo/2 Yoo 

VCO INPUT VOLTAGE VCO INPUT VOLTAGE VCO INPUT VOLTAGE VCO INPUT VOLTAGE 

TL/F/5968-7 TL/F/5968-8 TL/F/5968-9 TL/F/5968-10 

For No Signal Input VCO in PLL system will adjust VCO in PLL system will adjust to 
to center frequency, f0 lowest operating frequency, fmin 

Frequency Lock 2 fL = full VCO frequency range 
Range, 2 fL 2 fL = fmax - fmin 

Frequency Capture RJ 

Range, 2 fc IN°""LOUT 

TC2 
f _1~ T1 • RJ C2 '::" 2 c-- --

7T T1 
TL/F/5968-11 

Loop Filter RJ fc = fL 

Component INtOUT 

Selection R4 For 2 fc, see Ref. 

-:;r C2 

TL/F/5968-12 

Phase Angle Between 90° at center frequency (f0 ), approximating Always 0° in lock 
Single and Comparator o· and 180° at ends of lock range (2 fu 

Locks on Harmonics Yes No 
of Center Frequency 

Signal Input Noise High Low 
Rejection 

VCO Component Given: f0 . Given: f0 and fL. Given: fmax· Given: fmin and fmax· 
Selection 

Use f0 with Calculate fmin Calculate f0 from Use fmin with 
Figure5ato from the equation the equation Figure5bto 
determine R1 

fmin = fo - fL. f _ fmax 
determine R2 and C1. 

and C1. 
Calculate fmax. Use fmin with Figure 5b 

0 - 2 . 

to determine R2 and C1. Use f0 with Figure 5a to fmin 

Calculate fmax 
determine R1 and C1. Use fmax with Figure 5c 

fmin fmin 

from the equation 
to determine ratio 
R2/R1 to obtain R1. 

fmax = fo + fL 

fmin fo - fL. 

Use fmax with Figure 5c 
fmin 

to determine ratio R2/ 
R1 to obtain R1. 

References 
G.S. Moschytz, "Miniaturized RC Filters Using Phase-Locked Loop", BSTJ, May, 1965. 

Floyd Gardner, "Phaselock Techniques", John Wiley & Sons, 1966. 
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~National 
D Semiconductor 
CD4047BM/CD4047BC Low Power 
Monostable/ Astable Multivibrator 
General Description 
CD40478 is capable of operating in either the monostable 
or astable mode. It requires an external capacitor (between 
pins 1 and 3) and an external resistor (between pins 2 and 
3) to determine the output pulse width in the monostable 
mode, and the output frequency in the astable mode. 

Astable operation is enabled by a high level on the astable 
input or low level on the astable input. The output frequency 
(at 50% duty cycle) at Q and Q outputs is determined by the 
timing components. A frequency twice that of Q is available 
at the Oscillator Output; a 50% duty cycle is not guaranteed. 

Monostable operation is obtained when the device is trig
gered by low-to-high transition at + trigger input or high-to
low transition at - trigger input. The device can be retrig
gered by applying a simultaneous low-to-high transition to 
both the + trigger and retrigger inputs. 

A high level on Reset input resets the outputs Q to low, Q to 
high. 

Features 
• Wide supply voltage range 
• High noise immunity 
• Low power TTL 

compatibility 

SPECIAL FEATURES 

3.0V to 15V 
0.45 Voo (typ.) 

Fan out of 2 driving 74L 
or 1 driving 74LS 

• Low power consumption: special CMOS oscillator con
figuration 

• Monostable (one-shot) or astable (free-running) opera
tion 

• True and complemented buffered outputs 
• Only one external R and C required 

Block and Connection Diagrams 

3 

MONOSTABLE MULTIVIBRATOR FEATURES 
• Positive- or negative-edge trigger 
• Output pulse width independent of trigger pulse dura

tion 
• Retriggerable option for pulse width expansion 
• Long pulse widths possible using small RC components 

by means of external counter provision 
• Fast recovery time essentially independent of pulse 

width 
• Pulse-width accuracy maintained at duty cycles ap-

proaching 100% 

ASTABLE MULTIVIBRATOR FEATURES 
• Free-running or gatable operating modes 
• 50% duty cycle 
• Oscillator output available 
• Good astable frequency stability 

typical = ±2% + 0.03%1°C@ 100 kHz 
frequency = ±0.5% + 0.015%/"C@ 10 kHz 
deviation (circuits trimmed to frequency 

Voo = 1ov ± 10%) 

Applications 
• Frequency discriminators 
• Timing circuits 
• Time-delay applications 
• Envelope detection 
• Frequency multiplication 
• Frequency division 

Dual-In-Line Package 

14 
Yoo 

r------RC R-------, 13 
DSC OUT I COMMON 

c 
TIMING 

LOW 
POWER 

ASTABLE 
MULTIVIBRATOR 

TIMING _____ _ 

RETRIGGER 
CONTROL 

FREQUENCY 
DIVIDER 

("'2) 

vDD°'71 9 

~~-----------------~ 

EXTERNAL 
RESET 

TL/F/5969-1 
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1Z 
RC COMMON RETRIGGER 

110: 

ASTABLE 
10 

Q 

-TRIGGER EXT RESET 

Vss +TRIGGER 

TL/F/5969-2 

Top View 

Order Number CD4047B* 
•Please look into Section B, Appendix D for 

availability of various package types. 
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Absolute Maximum Ratings (Notes 1 and 2) Recommended Operating 
If Military/Aerospace specified devices are required, Conditions (Note 2) 
contact the National Semiconductor Sales Office/ 

DC Supply Voltage (Voo) 3Vto 15Voc 
Distributors for availability and specifications • 

DC Supply Voltage (Voo) -0.5V to + 18Voc 
Input Voltage MN) Oto Voo Voe 

Input Voltage MN) -0.5V to Voo + 0.5Voc 
Operating Temperature Range (TA) 

CD4047BM - 55·c to + 125•c 
Storage Temperature Range (Ts) - 65°C to + 15o·c CD4047BC - 4o·c to + 85°C 
Power Dissipation (Po) 

Dual-In-Line 700mW 
Small Outline 500mW 

Lead Temperature (TL) 
(Soldering, 10 seconds) 260°c 

DC Electrical Characteristics CD4047BM (Note 2) 

Symbol Parameter Conditions 
-ss·c 2s·c 12s·c 

Units 
Min Max Min Typ Max Min Max 

loo Quiescent Device Current Voo = 5V 5 5 150 µA 
Voo = 10v 10 10 300 µA 
Voo = 15V 20 20 600 µA 

Vol Low Level Output Voltage ilol < 1 µA 
Voo = 5V 0.05 0 0.05 0.05 v 
Voo = 10v 0.05 0 0.05 0.05 v 
Voo = 15V 0.05 0 0.05 0.05 v 

VoH High Level Output Voltage llol < 1 µA 
Voo = 5V 4.95 4.95 5 4.95 v 
Voo = 10v 9.95 9.95 10 9.95 v 
Voo = 15V 14.95 14.95 15 14.95 v 

V1l Low Level Input Voltage Voo = 5V, Vo = 0.5V or 4.5V 1.5 2.25 1.5 1.5 v 
Voo = 1ov, Vo = 1v or 9V 3.0 4.5 3.0 3.0 v 
Voo = 15V, Vo= 1.5Vor 13.5V 4.0 6.75 4.0 4.0 v 

V1H High Level Input Voltage Voo = 5V, Vo = 0.5V or 4.5V 3.5 3.5 2.75 3.5 v 
Voo = 10V, Vo = 1V or 9V 7.0 7.0 5.5 7.0 v 
Voo = 15V, Vo= 1.5Vor13.5V 11.0 11.0 8.25 11.0 v 

lol Low Level Output Current Voo = 5V, Vo = 0.4V 0.64 0.51 0.88 0.36 mA 
(Note 3) Voo = 10V, Vo= 0.5V 1.6 1.3 2.25 0.9 mA 

Voo = 15V, Vo= 1.5V 4.2 3.4 8.8 2.4 mA 

loH High Level Output Current Voo = 5V, Vo = 4.6V -0.64 -0.51 -0.88 -0.36 mA 
(Note3) Voo = 10V, Vo= 9.5V -1.6 -1.3 -2.25 -0.9 mA 

Voo = 15V, Vo= 13.5V -4.2 -3.4 -8.8 -2.4 mA 

l1N Input Current Voo = 15V, V1N = ov -0.1 -10-5 -0.1 -1.0 µA 
Voo = 15V, V1N = 15V 0.1 10-s 0.1 1.0 µA 

DC Electrical Characteristics CD4047Bc (Note 2) 

Symbol Parameter Conditions 
-40°c 2s·c ss·c 

Units 
Min Max Min Typ Max Min Max 

loo Quiescent Device Current Voo = 5V 20 20 150 µA 
Voo = 1ov 40 40 300 µA 
Voo = 15V 80 80 600 µA 

Vol Low Level Output Voltage llol < 1 µA 
Voo = 5V 0.05 0 0.05 0.05 v 
Voo = 1ov 0.05 0 0.05 0.05 v 
Voo = 15V 0.05 0 0.05 0.05 v 

VoH High Level Output Voltage llol < 1 µA 
Voo = 5V 4.95 4.95 5 4.95 v 
Voo = 1ov 9.95 9.95 10 9.95 v 
Voo = 15V 14.95 14.95 15 14.95 v 
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DC Electrical Characteristics CD4047BC (Note 2) (Continued) 

Symbol Parameter Conditions 
-40°c 2s·c ss·c 

Units 
Min Max Min Typ Max Min Max 

V1L Low Level Input Voltage Voo = 5V, Vo = 0.5V or 4.5V 1.5 2.25 1.5 1.5 v 
Voo = 10V, Vo = 1V or 9V 3.0 4.5 3.0 3.0 v 
Voo = 15V, Vo= 1.5Vor 13.5V 4.0 6.75 4.0 4.0 v 

V1H High Level Input Voltage Voo = 5V, Vo = 0.5V or 4.5V 3.5 3.5 2.75 3.5 v 
Voo = 10V, Vo= 1V or 9V 7.0 7.0 5.5 7.0 v 
Voo = 15V, Vo= 1.5Vor 13.5V 11.0 11.0 8.25 11.0 v 

loL Low Level Output Current Voo = 5V, Vo = 0.4V 0.52 0.44 0.88 0.36 mA 
(Note3) Voo = 10V, Vo = 0.5V 1.3 1.1 2.25 0.9 mA 

Voo = 15V, Vo= 1.5V 3.6 3.0 8.8 2.4 mA 

loH High Level Output Current Voo = 5V, Vo = 4.6V -0.52 -0.44 -0.88 -0.36 mA 
(Note3) Voo = 10V, Vo = 9.5V -1.3 -1.1 -2.25 -0.9 mA 

Voo = 15V, Vo= 13.5V -3.6 -3.0 -8.8 -2.4 mA 

l1N Input Current Voo = 15V, V1N = ov -0.3 -10-s -0.3 -1.0 µA 
Voo = 15V, V1N = 15V 0.3 10-s 0.3 1.0 µA 

Note 1: "'Absolute Maximum Ratings'" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The table of "'Recommended Operating Conditions" and "Electrical Characteristics'" provides conditions for actual device 
oepration. 
Note 2: Vss = OV unless otherwise specified. 
Note 3: loH and loL are tested one output at a time. 

AC Electrical Characteristics* cD4047B 
TA = 25°C, CL = 50 pF, AL = 200k, input tr = t1 = 20 ns, unless otherwise specified. 

Symbol Parameter Conditions Min Typ Max Units 

tPHL• tPLH Propagation Delay Time Astable, Voo = 5V 200 400 ns 
Astable to Osc Out v 00 = 1ov 100 200 ns 

Voo = 15V 80 160 ns 

tPHL• tPLH Astable, Astable to Q, Q Voo = 5V 550 900 ns 
v 00 = 1ov 250 500 ns 
V00 = 15V 200 400 ns 

tPHL• tPLH + Trigger, - Trigger to Q Voo = 5V 700 1200 ns 
v 00 = 1ov 300 600 ns 

Voo = 15V 240 480 ns 

tPHL• tPLH + Trigger, Retrigger to Q V00 = 5V 300 600 ns 
v 00 = 1ov 175 300 ns 

Voo = 15V 150 250 ns 

tPHL• tPLH ResettoQ, Q v 00 = 5V 300 600 ns 
V00 = 10v 125 250 ns 

Voo = 15V 100 200 ns 

trHL· trLH Transition Time Q, Q, Osc Out v 00 = 5V 100 200 ns 
v 00 = 1ov 50 100 ns 

Voo = 15V 40 80 ns 

twL. twH Minimum Input Pulse Duration Any Input 

Voo = 5V 500 1000 ns 

v 00 = 10v 200 400 ns 

Voo = 15V 160 320 ns 

tRCL• tFCL + Trigger, Retrigger, Rise and Voo = 5V 15 µs 
Fall Time Voo = 1ov 5 µs 

Voo = 15V 5 µs 

C1N Average Input Capacitance Any Input 5 7.5 pF 

•AC Parameters are guaranteed by DC correlated testing. 
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Logic Diagram 

ASTABLE 0-----1 .><:>-----, 
~nBLEo-----------

+ TRIGCtR o------
• TRIGCER 

Vss DA QA 

CA QA 
R1A R2A 

•special input protection circuit to permit larger input-voltage swings. 

Truth Table 
Terminal Connections 

t=unctlon Input Pulse 
ToVoo ToVss 

To 

Astable Multivibrator 
Free-Running 4,5,6, 14 7,8,9, 12 
True Gating 4,6, 14 7,8,9, 12 5 
Complement Gating 6, 14 5, 7,8,9, 12 4 

Monostable Multivibrator 
Positive-Edge Trigger 4, 14 5,6, 7,9, 12 8 
Negative-Edge Trigger 4,8, 14 5, 7,9, 12 6 
Retriggerable 4, 14 5,6, 7,9 8, 12 
External Countdown* 14 5,6, 7,8,9, 12 (See Figure) 

Note: External resistor between terminals 2 and 3. External capacitor between terminals 1 and 3. 

Output Pulse 
From 

10, 11, 13 
10, 11, 13 
10, 11, 13 

10, 11 
10, 11 
10, 11 

(See Figure) 

*Typical Implementation of External Countdown Option 

+N OUT COUNTER ___ _. 

RESET 
INPUT_n_ 
PULSE u---------_. 
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1 
OSO OUT 

RETRIGGER 

EXT RESET 

TL/F/5969-3 

Typical Output 
Period or 

Pulse Width 

tA (10, 11) = 4.40 RC 

tA (13) = 2.20 RC 

tM (10, 11) = 2.48 RC 

(See Figure) 
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Typical Performance Characteristics 

A 
B 
c 
D 
E 

A 
B 
c 
D 

g 
.... 
~ 15 

~ 10 

Typical Q, a, Osc Out Period 
Accuracy vs Supply Voltage 
(Astable Mode Operation) 

~ k->.-+--r-+-1-+-+-t-t--+---i 
d 
0: 
0 

> 
< 
0: 

"' 
< -5 I-+-+-+--+--+-+-~~_, 
0 

~ 10 15 

Vaa -SUPPLY VOLTAGE (V) 

fa.a R 
1000 kHz 22k 
100 kHz 22k 
10 kHz 220k 
1 kHz 220k 
100 Hz 2.2M 

Typical Q, Q and Osc Out 

TL/F/5969-5 

c 
10 pF 
100 pF 
100 pF 
1000 pF 
1000 pF 

Period Accuracy vs Temperature 
Astable Mode Operation 

2: 
.... 
~ 10 

td 
d 
0: 
0 

> I -5 

g -10 ......,.,..._-+--+--t 

~ 
-65 -35 -5 25 55 85 115 145 

TA - AMBIENT TEMPERATURE rel 

fa.a R 

1000 kHz 22k 
100 kHz 22k 
10 kHz 220k 
1 kHz 220k 

TL/F/5969-7 

c 
10 pF 
100 pF 
100 pF 
1000pF 

Timing Diagram 
Astable Mode 

OSCOUT~ 

Q~ 
~-IA--l 

TL/F/5969-9 

A 
B 
c 
D 
E 

A 
B 
c 
D 

Retrlgger Mode 

tM 
2 µs 
7 µs 
60 µs 
550 µs 
5.5ms 

"' ;;; 
d 
0: 
~ 10 
> 
< 
0: 

< 
:z: 
Cl -5 
i 
~ -10 

tM 
2 µs 
7 µs 
60 µs 
550 µs 

Typical Q, a, Pulse Width 
Accuracy vs Supply Voltage 
Monostable Mode Operation 

ih ~A•l25.~ -

I 
~·' r-+- ~ J\.. 

K'·"" r-+-
D !'.:'.'~ 

E ~ 
N LSl 

ISl 
10 15 

Yoo-SUPPLY VOLTAGE (V) 

R 
22k 
22k 
220k 
220k 
2.2M 

Typical Q and Q Pulse Width 
Accuracy vs Temperature 
Monostable Mode Operation 

'--'---&.--'----'--'-__.__._....._~ 

--85-35 -6 25 55 85 116 145 

TA - TEMPERATURE rel 

R 

22k 
22k 
220k 
220k 

Monostable Mode 

TL/F/5969-6 

c 
10 pF 
100 pF 
100 pF 
1000 pF 
1000 pF 

TL/F/5969-8 

c 
10 pF 
100 pF 
100 pF 
1000 pF 

+TRIGGER _f"L__jL_ 

DSCDUT~ 

TL/F/5969-10 

R~~=:~~~~ __J1_J"L.__ 
DSC OUT _jL....J""L__L_ 

TL/F/5969-11 
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~National 
~Semiconductor 
CD4048BM/CD4048BC TRI-STATE® Expandable 
8-Function 8-lnput Gate 
General Description 
The CD40488M/CD40488C is a programmable 8-input 
gate. Three binary control lines Ka. Kb, and Kc determine 
the 8 different logic functions of the gate. These functions 
are OR, NOR, AND, NANO, OR/ AND, OR/NANO, 
AND/OR, and AND/NOR. A fourth input, Kd, is a TRI
STATE control. When Kd is high, the output is enabled; 
when Kd is low, the output is a high impedance. This feature 
enables the user to connect the device to a common bus 
line. The Expand input permits the user to increase the num
ber of gate inputs. For example, two 8-input CD4048's can 
be cascaded into a 16-input multi-function gate. When the 
Expand input is not used, it should be connected to Vss· All 

Logic Diagram 

Connection Diagram 
Dual-In-Line Package 

inputs are buffered and protected against electrostatic ef
fects. 

Features 
• Wide supply voltage range 
• High noise immunity 
• High sink and source current capability 

3.0V to 15V 
0.45 Voo (typ.) 

• TIL compatibility drives 1 standard TIL load 
at Vee= 5V, 

over full temperature range 
• Many logic functions in one package 

Voo = (16) 
Vss = (8) 

TL/F/5970-1 

EXPAND INPUTS fUNCTION CONTROL 

Yoo INPUT 
16 15 

Kd 
TRl·STATE 

CONTROL 

~ 
13 12 11 10 9 

6 

~------~E Kb Yss 
INPUTS 

Top View 

rUNCTION 
CONTROL 
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TL/F/5970-2 

Order Number CD4048B* 
•Please look into Section 8, Appendix D 
for availability of various package types. 



Absolute Maximum Ratings (Notes 1 & 2) Recommended Operating 
If Mllltary/Aerospace specified devices are required, Conditions (Note 2) 
contact the National Semiconductor Sales Office/ 

Supply Voltage (Voo) 3Vto 15V Distributors for avallablllty and specifications. 

Supply Voltage (Voo) -0.5V to + 18V 
Input Voltage MN) OVtoVoo 

Input Voltage MN) -0.5V to Voo + 0.5V 
Operating Temperature Range (TA) 

CD4048BM - 55°C to + 125°C 
Storage Temperature Range (Ts) -65°C to + 150°C CD4048BC - 4o·c to + 85°C 
Power Dissipation (Po) 

Dual-In-Line 700mW 
Small Outline 500mW 

Lead Temperature (TL.) 
(Soldering, 10 seconds) 260°C 

DC Electrical Characteristics CD4048BM (Note 2) 

Symbol Parameter Conditions -55°C +25°C + 125°C Units 
Min Max Min Typ Max Min Max 

loo Quiescent Device Voo = 5V 5.0 0.01 5.0 150 µA 
Current Voo = 1ov 10 0.01 10 300 µA 

Voo = 15V 20 0.01 20 600 µA 

VoL Low Level llol < 1 µA, V1H = Voo. V1L = ov 
Output Voltage Voo = 5V 0.05 0 0.05 0.05 v 

Voo = 10v 0.05 0 0.05 0.05 v 
Voo = 15V 0.05 0 0.05 0.05 v 

VoH High Level liol < 1 µA, V1H = Voo. V1L = ov 
Output Voltage Voo = 5V 4.95 4.95 5 4.95 v 

Voo = 10v 9.95 9.95 10 9.95 v 
Voo = 15V 14.95 14.95 15 14.95 v 

V1L Low Level llol < 1 µA 
Input Voltage Voo = 5V, Vo = 0.5V or 4.5V 1.5 2.25 1.5 1.5 v 

Voo = 1ov, Vo= 1Vor 9V 3.0 4.5 3.0 3.0 v 
Voo = 15V, Vo= 1.5Vor13.5V 4.0 6.75 4.0 4.0 v 

V1H High Level llol < 1 µA 
Input Voltage Voo = 5V, Vo = 0.5V or 4.5V 3.5 3.5 2.75 3.5 v 

Voo = 1ov, Vo= 1Vor 9V 7.0 7.0 5.5 7.0 v 
Voo = 15V, Vo= 1.5Vor 13.5V 11.0 11.0 8.25 11.0 v 

loL Low Level Output V1H = Voo. V1L = ov 
Current (Note 3) Voo = 5V, Vo = 0.4V 2.8 2.3 4.0 1.6 mA 

Voo = 10V, Vo = 0.5V 6.4 5.2 11 3.6 mA 
Voo = 15V, Vo= 1.5V 14 11.5 23 8.0 mA 

loH High Level Output V1H = Voo. V1L = ov 
Current (Note 3) Voo = 5V, Vo = 4.6V -2.8 -2.3 -4.0 -1.6 mA 

Voo = 10V, Vo= 9.5V -6.4 -5.2 -11 -3.6 mA 
Voo = 15V, Vo= 13.5V -14 -11.5 -23 -8.0 mA 

loz TRI-STATE Leakage Voo = 15V, v 0 = ov -0.2 -0.002 -0.2 -2 µA 
Current Voo = 15V, Vo= 15V 0.2 0.002 0.2 2 µA 

l1N Input Current Voo = 15V, V1N = ov -0.1 -10-5 -0.1 -1.0 µA 
Voo = 15V, V1N = 15V 0.1 10-5 0.1 1.0 µA 

DC Electrical Characteristics CD4040sc (Note 2) 

Symbol Parameter Conditions -40°C +2s0 c +85°C Units 
Min Max Min Typ Max Min Max 

loo Quiescent Device Voo = 5V 20 O.Q1 20 150 µA 
Current Voo = 10v 40 0.01 40 300 µA 

Voo = 15V 80 0.01 80 600 µA 

VoL Low Level liol < 1 µA, V1H = Voo. V1L = ov 
Output Voltage Voo = 5V 0.05 0 0.05 0.05 v 

Voo = 1ov 0.05 0 0.05 0.05 v 
Voo = 15V 0.05 0 0.05 0.05 v 
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DC Electrical Characteristics CD4048Bc (Note 2> (Continued) 

Symbol Parameter Conditions 
-40°C +25°C +85°C 

Units 
Min Max Min Typ Max Min Max 

VoH High Level llol < 1 µA, V1H = Voo. V1L = ov 
Output Voltage Voo = 5V 4.95 4.95 5 4.95 v 

Voo = 1ov 9.95 9.95 10 9.95 v 
v 00 = 15V 14.95 14.95 15 14.95 v 

V1L Low Level JloJ < 1 µA 
Input Voltage Voo = 5V, Vo = 0.5V or 4.5V 1.5 2.25 1.5 1.5 v 

Voo = 1ov, Vo= 1Vor9V 3.0 4.5 3.0 3.0 v 
Voo = 15V, Vo= 1.5Vor 13.5V 4.0 6.75 4.0 4.0 v 

V1H High Level JloJ < 1 µA 
Input Voltage Voo = 5V, Vo = 0.5V or 4.5V 3.5 3.5 2.75 3.5 v 

Voo = 10V, Vo= 1Vor9V 7.0 7.0 5.5 7.0 v 
Voo = 15V, Vo= 1.5Vor 13.5V 11.0 11.0 8.25 11.0 v 

loL Low Level Output V1H = Voo. V1L = ov 
Current (Note 3) Voo = 5V, Vo = 0.4V 2.3 2.0 4.0 1.6 mA 

Voo = 10V, Vo= 0.5V 5.2 4.5 11 3.6 mA 
Voo = 15V, Vo= 1.5V 11.5 9.8 23 8.0 mA 

loH High Level Output V1H = Voo. V1L = ov 
Current (Note 3) Voo = 5V, Vo = 4.6V -2.3 -2.0 -4.0 -1.6 mA 

Voo = 10V, Vo= 9.5V -5.2 -4.5 _:11 -3.6 mA 
Voo = 15V, Vo= 13.5V -11.5 -9.8 -23 -8.0 mA 

ITL TRI-ST ATE Leakage Voo = 15V, Vo= ov -0.6 -0.005 -0.6 -2 µA 
Current Voo = 15V, Vo= 15V 0.6 0.005 0.6 2 µA 

l1N Input Current Voo = 15V, V1N = ov -0.3 -10-s -0.3 -1.0 µA 
Voo = 15V, V1N = 15V 0.3 10-5 0.3 1.0 µA 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The tables of "Recommended Operating Conditions" and "Electrical Characteristics" provide conditions for actual device 
operation. 
Note 2: Vss = OV unless otherwise specified. 
Note 3: loH and loL are tested one output at a time. 

AC Electrical Characteristics* 
TA = 25°C, CL = 50 pF, RL = 200 kn, tr = tt = 20 ns, unless otherwise specified 

Symbol Parameter Conditions Min Typ Max Units 

tPHL, tpLH Propagation Delay Time Voo = 5V 425 850 ns 

Voo = 1ov 200 400 ns 

Voo = 15V 160 320 ns 

tpLZ, tpHz Propagation Delay Time, RL = 1.0 kn 

Kd to High Impedance Voo = 5V 175 350 ns 

(from Active Low Voo = 1ov 125 250 ns 

or High Level) Voo = 15V 100 200 ns 

tpzL, tpzH Propagation Delay Time, RL=1.0kn 

Kd to Active Voo = 5V 225 450 ns 

High or Low Level Voo = 1ov 100 200 ns 

(from High Impedance) Voo = 15V 70 140 ns 

tTHL• tTLH Output Transition Time Voo = 5V 100 200 ns 

Voo = 1ov 50 100 ns 

Voo = 15V 40 80 ns 

C1N Input Capacitance Any Input 5 7.5 pF 

Cou1 TRI-STATE Output 
22.5 pF 

Capacitance 

*AC Parameters are guaranteed by DC correlated testing. 
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Truth Table 
Output Boolean Control Inputs 

Function Expression Ka Kb Kc 

NOR J=A+B+C+D+E+F+G+H 0 0 0 
OR J=A+B+C+D+E+F+G+H 0 0 1 
OR/AND J = (A + B + C + D) • (E + F + G + H) 0 1 0 
OR/NANO J = (A + B + C + D) • (E + F + G + H) 0 1 1 
AND J = A•B•C•D•E•F•G•H 1 0 0 
NANO J = A•B•C•D•E•F•G•H 1 0 1 
AND/NOR J = (A • B • C • D) + (E • F • G • H) 1 1 0 
AND/OR J = (A • B • C • D) + (E • F • G • H) 1 1 1 
Hi-Z x x x 

Positive logic: O = low level, 1 = high level, X - irrelevant, EXPAND Input tied to Vss· 

AC Test Circuits and Switching Time Waveforms 
Logic Propagation Delay Time Tests 

Voo 

INPUT 

INPUTS 

OUTPUT J 

TL/F/5970-3 

TRI-STATE Propagation Delay Time Tests 

Voo 
Voo 

TRI.STATE Kd 2 OUT J ... 1 __ _ 
CONTROL 

OUTPUT J 

TL/F/5970-5 

Yoo 

TL/F/5970-7 
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Unused 

Kd Inputs 

1 Vss 
1 Vss 
1 Vss 
1 Vss 
1 Voo 
1 Voo 
1 Voo 
1 Voo 
0 x 

trHL 
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Typical Performance Characteristics 

! 600 

... g 500 

Propagation Delay vs Load 
Capacitance 

~ ~o i---..-e.=i----1---+---1 

~ 
~ 300 

IE 200 1--=-o.+-'""""-t-:==---+---t 
:i: 

~100 I---+-~+---+-~~ 
::- 0 .____.._~ .......... --'-~~ 

0 50 100 150 200 

CL - LOAD CAPACITANCE (pf) 

Basic Logic Configurations 

NOR 

A 

H 

EXPAND 

TL/F/5970-11 

KaKbKc = 000 

AND 

A 

B 

D 

E 

F 

G 

H 

TL/F/5970-9 

OR 

H 

EXPAND 

KaKbKc = 001 

OR/AND 

A 

B 

D 

E 

EXPAND EXPAND 

TL/F/5970-14 

KaKbKc = 100 KaKbKc = 010 

AND/OR 

A 

D 

E 

H 

EXPAND 

TL/F/5970-17 

KaKbKc = 111 
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Output Transition Time vs 
! L~o_a_d_C.....-ap_a_c~lt_a_n_c~e~--. 
... 300 
:!! 

~ 
~ 200 t----t---+---+---1 
~ Vcc•&V 

~ 100 1---=o!""''---t--
I 
:c 

~ 
E-

TL/F/5970-12 

TL/F/5970-15 

A 

c 
D 

H 

EXPAND 

&O 100 150 200 

CL - LOAD CAPACITANCE (pf) 

A 

B 

H 

EXPAND 

A 

B 

c 

EXPAND 

NANO 

KaKbKc = 101 

OR/NANO 

KaKbKc = 011 

AND/NOR 

KaKbKc = 110 

TL/F/5970-10 

TL/F/5970-13 

TL/F/5970-16 

TL/F/5970-18 



0 

Actual Circuit Configurations c 
.i:a. 
0 
.i:a. 

NOR OR NANO 
ClO m 

A A A 3: ....... 
0 c 
.i:a. 

D 0 
EXPAND EXPAND EXPAND .i:a. 

ClO 
E m 

0 
G 

H 

TL/F/5970-19 TL/F/5970-20 TL/F/5970-21 

KaKbKc = 000 KaKbKc = 001 KaKbKc = 101 

AND OR/AND OR/NANO 
A A A 

B 

EXPAND EXPAND EXPAND 

E E 

TL/F/5970-22 TL/F/5970-23 TL/F/5970-24 

KaKbKc = 100 KaKbKc = 010 KaKbKc = 011 

AND/OR AND/NOR 

A A 

c 
D 

EXPAND EXPAND 

E 

H 

TL/F/5970-25 TL/F/5970-26 

Truth Table for EXPAND Feature 

Combined Function 
Output Boolean 

Output Needed at 
Function Expand Input 

Expression 

NOR OR J = (A + B + C + D + E + F + G + H) + (EXP) 

OR OR J = (A + B + C + D + E + F + G + H) + (EXP) 

AND NANO J = (ABCDEFGH) • EXP 

NANO NANO J = (ABCOEFGH) • EXP 

OR/AND NOR J = (A + B + C + D) • (E + F + G + H) • (EXP) 

OR/NANO NOR J = (A + B + C + D) • (E + F + G + H) • (EXP) 

AND/NOR AND J = (ABCD) + (EFGH) + (EXP) 

AND/OR AND J = (ABCD) + (EFGH) + (EXP) 

Note: Positive logic is assumed. (EXP) represents the logic level present at the EXPAND input. 
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Typical Applications of EXPAND Feature 

OUTPUT 

Et 

":"' 

J1 

Kd 

CD404BB 
(NOR 

FUNCTION) 

Kb 

16-lnput NOR Gate 

Voo 

J2 

Voo Kd 

HZ 

GZ 

FZ 

E2 

K1 Kb 

Kc 

":"' -=-

Voo 

EXPAND 

CD404BB 
(OR 

FUNCTION) 

TL/F/5970-27 

Output= A1 + 81 + C1 + 01 + E1 + F1 + Gt + H1 + 
A2 + 82 + c2 + 02 + E2 + F2 + G2 + H2 
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OUTPUT 

Voo 
H 

G 

H 

Voo 

12-lnput OR/ AND Gate 

Voo 

Xt 
J 

X2 
Kd EXPAND 

X3 

X4 
C04048B 
(OR/AND 

FUNCTION) 

Kb K, 

Kc 

TL/F/5970-28 

O~~=~+B+C+~·~+F+G+~ 
• (Xt + X2 + X3 + X4) 



~National 
D Semiconductor 

CD4049UBM/CD4049UBC Hex Inverting Buffer 
CD4050BM/CD4050BC Hex Non-Inverting Buffer 

General Description 
These hex buffers are monolithic complementary MOS 
(CMOS) integrated circuits constructed with N- and P-chan
nel enhancement mode transistors. These devices feature 
logic level conversion using only one supply voltage (Vo0). 
The input signal high level (V1H) can exceed the Voo supply 
voltage when these devices are used for logic level conver
sions. These devices are intended for use as hex buffers, 
CMOS to DTL/TIL converters, or as CMOS current drivers, 
and at Voo = 5.0V, they can drive directly two DTL/TIL 
loads over the full operating temperature range. 

Connection Diagrams 

NC L=f 

16 15 

CD4049UBM/CD4049UBC 
Dual-In-Line Package 

NC K= ~ 

14 13 12 11 

A 

Top View 

10 

Vss 

TL/F/5971-1 

Order Number CD4049UB* or CD4049B* 

Features 
• Wide supply voltage range 3.0V to 15V 
• Direct drive to 2 TIL loads at 5.0V over full tempera

ture range 
• High source and sink current capability 
• Special input protection permits input voltages greater 

than Voo 

Applications 
• CMOS hex inverter/buffer 
• CMOS to DTL/TIL hex converter 
• CMOS current "sink" or "source" driver 
• CMOS high-to-low logic level converter 

NC 

16 15 

CD4050BM/CD4050BC 
Dual-In-Line Package 

NC Ka E 

14 13 12 11 

A H=B 

Top View 

10 

Vss 

TL/F/5971-2 

Order Number CD4050UB* or CD4050B* 

•Please look into Section 6, Appendix D for availability of various package types. 
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0 
m Absolute Maximum Ratings (Notes 1 & 2> Recommended Operating 0 
Lt) 
0 If Miiitary/Aerospace specified devices are required, Conditions (Note 2) oi:::I' 
c contact the National Semiconductor Sales Office/ 

Supply Voltage (Voo) 3Vto 15V 0 Distributors for avallabllity and specifications • ....... Input Voltage MN) OVto 15V 

== 
Supply Voltage (Voo) -0.5Vto +18V 

m Input Voltage (V1N) -0.5V to+ 18V 
Voltage at Any Output Pin (Vour) OtoVoo 

0 
Lt) 

Voltage at Any Output Pin (VouT) -0.5V to Voo + 0.5V 
Operating Temperature Range (TA) 

0 CD4049UBM, CD4050BM - 55°C to + 125°C oi:::I' 
c Storage Temperature Range (Ts) - 65°C to + 150°C CD4049UBC, CD4050BC - 40°C to + 85°C 
0 Power Dissipation (Po) ....... 
0 Dual-In· Line 700mW 
m Small Outline 500mW :::> 
O> Lead Temperature (TL.) 
oi:::I' 
0 (Soldering, 10 seconds) 25o·c 
oi:::I' 
c 
0 
....... DC Electrical Characteristics CD4049MtCD4o5oBM (Note 2) 

== m 
:::> 

Symbol Parameter Conditions 
-55°C +2s0c + 12s0 c 

Units O> 
oi:::I' Min Max Min Typ Max Min Max 0 
oi:::I' 
c loo Quiescent Device Current Voo = 5V 1.0 0.01 1.0 30 µA 
0 Voo = 1ov 2.0 0.01 2.0 60 µA 

Voo = 15V 4.0 0.03 4.0 120 µA 

VoL Low Level Output Voltage V1H = Voo. V1L = ov. 
llol < 1 µA 
Voo = 5V 0.05 0 0.05 0.05 v 

Voo = 1ov 0.05 0 0.05 0.05 v 

Voo = 15V 0.05 0 0.05 0.05 v 

VoH High Level Output Voltage V1H = Voo. V1L = ov. 
llol < 1 µA 
v 00 = 5V 4.95 4.95 5 4.95 v 

Voo = 10v 9.95 9.95 10 9.95 v 

Voo = 15V 14.95 14.95 15 14.95 v 

V1L Low Level Input Voltage llol < 1 µA 
(CD4050BM Only) Voo = 5V, Vo = 0.5V 1.5 2.25 1.5 1.5 v 

Voo = 10V, Vo= 1V 3.0 4.5 3.0 3.0 v 

Voo = 15V, Vo= 1.5V 4.0 6.75 4.0 4.0 v 

V1L Low Level Input Voltage llol < 1 µA 
(CD4049UBM Only) Voo = 5V, Vo = 4.5V 1.0 1.5 1.0 1.0 v 

Voo = 10V, Vo= 9V 2.0 2.5 2.0 fo v 

Voo = 15V, Vo= 13.5V 3.0 3.5 3.0 3.0 v 

V1H High Level Input Voltage llol < 1 µA 
(CD4050BM Only) Voo = 5V, Vo = 4.5V 3.5 3.5 2.75 3.5 v 

Voo = 10V, Vo= 9V 7.0 7.0 5.5 7.0 v 

Voo = 15V, Vo= 13.5V 11.0 11.0 8.25 . 11.0 v 

V1H High Level Input Voltage llol < 1 µA 
(CD4049UBM Only) Voo = 5V, Vo = 0.5V 4.0 4.0 3.5 4.0 v 

Voo = 10V, Vo= 1V 8.0 8.0 7.5 8.0 v 

Voo = 15V, Vo= 1.5V 12.0 12.0 11.5 12.0 v 

loL Low Level Output Current V1H = Voo. V1L = ov 
(Note3) Voo = 5V, Vo = 0.4V 5.6 4.6 5 3.2 mA 

Voo = 10V, Vo= 0.5V 12 9.8 12 6.8 mA 

Voo = 15V, Vo= 1.5V 35 29 40 20 mA 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed; they are not meant to imply that the devices 
should be operated at these limits. The table of "Recommended Operating Conditions" and "Electrical Characteristics" provides conditions for actual device 
operation. 
Note 2: Vss = OV unless otherwise specified. 
Note 3: These are peak output current capabilities. Continuous output current is rated at 12 mA maximum. The output current should not be allowed to exceed this 
value for extended periods of time. loL and loH are tested one output at a time. 
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DC Electrical Characteristics CD4049M/CD4050BM (Note 2) (Continued) 

Symbol Parameter Conditions 
-55°C +25°C + 125°C 

Units 
Min Max Min Typ Max Min Max 

loH High Level Output Current V1H = Voo. V1L = ov 
(Note3) Voo = 5V, Vo = 4.6V -1.3 -1.1 -1.6 -0.72 mA 

Voo = 1 ov, v 0 = 9.5V -2.6 -2.2 -3.6 -1.5 mA 
Voo = 15V, Vo= 13.5V -8.0 -7.2 -12 -5.0 mA 

l1N Input Current Voo = 15V, V1N = ov -0.1 -10-5 -0.1 -1.0 µA 
Voo = 15V, V1N = 15V 0.1 10-5 0.1 1.0 µA 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed; they are not meant to imply that the devices 
should be operated at these limits. The table of "Recommended Operating Conditions" and "Electrical Characteristics" provides conditions for actual device 
operation. 

Note 2: Vss = OV unless otherwise specified. 

Note 3: These are peak output current capabilities. Continuous output current is rated at 12 mA maximum. The output current should not be allowed to. exceed this 
value for extended periods of time. loL and loH are tested one output at a time. 

DC Electrical Characteristics co4049usc1co405osc (Note 2) 

Symbol Parameter Conditions 

loo Quiescent Device Current Voo = 5V 
Voo = 1ov 
Voo = 15V 

Vol Low Level Output Voltage V1H = Voo. V1L = OV, 
Jlol < 1 µA 
Voo = 5V 
Voo = 10v 
Voo = 15V 

VoH High Level Output Voltage V1H = Voo. V1L = OV, 

V1L Low Level Input Voltage 
(CD4050BC Only) 

V1L Low Level Input Voltage 
(CD4049UBC Only) 

V1H High Level Input Voltage 
(CD4050BC Only) 

V1H High Level Input Voltage 
(CD4049UBC Only) 

Jlol < 1 µA 
Voo = 5V 
Voo = 1ov 
Voo = 15V 

llol < 1 µA 
Voo = 5V, Vo = 0.5V 
Voo = 10V, Vo= 1V 
Voo = 15V, Vo= 1.5V 

lloJ < 1 µA 
Voo = 5V, Vo = 4.5V 
Voo = 10V, Vo = 9V 
Voo = 15V, Vo= 13.5V 

llol < 1 µA 
Voo = 5V, Vo = 4.5V 
Voo = 10V, Vo= 9V 
Voo = 15V, Vo= 13.5V 

llol < 1 µA 
Voo = 5V, Vo = 0.5V 
Voo = 10V, Vo= 1V 
Voo = 15V, Vo= 1.5V 

-40°C 

Min Max 

4 
8 
16 

0.05 
0.05 
0.05 

4.95 
9.95 
14.95 

1.5 
3.0 
4.0 

1.0 
2.0 
3.0 

3.5 
7.0 
11.0 

4.0 
8.0 
12.0 

Min 

4.95 
9.95 
14.95 

3.5 
7.0 
11.0 

4.0 
8.0 
12.0 

+25°C +85°C 
Units 

Typ Max Min Max 

0.03 4.0 30 µA 
0.05 8.0 60 µA 
0.07 16.0 120 µA 

0 0.05 0.05 v 
0 0.05 0.05 v 
0 0.05 0.05 v 

5 4.95 v 
10 9.95 v 
15 14.95 v 

2.25 1.5 1.5 v 
4.5 3.0 3.0 v 
6.75 4.0 4.0 v 

1.5 1.0 1.0 v 
2.5 2.0 2.0 v 
3.5 3.0 3.0 v 

2.75 3.5 v 
5.5 7.0 v 

8.25 11.0 v 

3.5 4.0 v 
7.5 8.0 v 
11.5 12.0 v 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed; they are not meant to imply that the devices 
should be operated at these limits. The table of "Recommended Operating Conditions" and "Electrical Characteristics" provides conditions for actual device 
operation. 

Note 2: Vss = OV unless otherwise specified. 

Note 3: These are peak output current capabilities. Continuous output current is rated at 12 mA maximum. The output current should not be allowed to exceed this 
value for extended periods of lime. loL and loH are tested one output at a time. 
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DC Electrical Characteristics CD4049Usc1co4ososc (Note 2) (Continued) 

Symbol Parameter Conditions 
-40°C +25°C 

Min Max Min Typ 

loL Low Level Output Current V1H = Voo. V1L = ov 
(Note 3) Voo = 5V, Vo = 0.4V 4.6 4.0 5 

Voo = 10V, Vo= 0.5V 9.8 8.5 12 
Voo = 15V, Vo= 1.5V 29 25 40 

loH High Level Output Current V1H = Voo. V1L = ov 
(Note 3) Voo = 5V, Vo = 4.6V -1.0 -0.9 -1.6 

Voo = 10V, Vo= 9.5V -2.1 -1.9 -3.6 
Voo = 15V, Vo= 13.5V -7.1 -6.2 -12 

l1N Input Current Voo = 15V, V1N = ov -0.3 -0.3 -10-s 

Voo = ·15v, V1N = 15V 0.3 0.3 10-s 

AC Electrical Characteristics* co4049usM1co4049usc 

TA = 25°C, CL = 50 pF, RL = 200k, tr = tt = 20 ns, unless otherwise specified 

Symbol Parameter Conditions Min Typ 

tPHL Propagation Delay Time Voo = 5V 30 
High-to-Low Level Voo = 1ov 20 

Voo = 15V 15 

tPLH Propagation Delay Time Voo = 5V 45 
Low-to-High Level Voo = 1ov 25 

Voo = 15V 20 

trHL Transition Time Voo = 5V 30 
High-to-Low Level Voo = 1ov 20 

Voo = 15V 15 

trLH Transition Time Voo = 5V 60 
Low-to-High Level Voo = 10v 30 

Voo = 15V 25 

C1N Input Capacitance Any Input 15 

*AC Parameters are guaranteed by DC correlated testing. 

AC Electrical Characteristics* cD4o5osM1CD4o5osc 

TA = 25°C, CL = 50 pF, RL = 200k, tr = tt = 20 ns, unless otherwise specified 

Symbol Parameter Conditions Min Typ 

tPHL Propagation Delay Time Voo = 5V 60 
High-to-Low Level Voo = 1ov 25 

Voo = 15V 20 

tPLH Propagation Delay Time Voo = 5V 60 
Low-to-High Level Voo = 1ov 30 

Voo = 15V 25 

trHL Transition Time Voo = 5V 30 
High-to-Low Level Voo = 1ov 20 

Voo = 15V 15 

trLH Transition Time Voo = 5V 60 
Low-to-High Level Voo = 1ov 30 

Voo = 15V 25 

C1N Input Capacitance Any Input 5 

•AC Parameters are guaranteed by DC correlated testing. 
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+ss0 c 
Units 

Max Min Max 

3.2 mA 
6.8 mA 
20 mA 

-0.72 mA 
-1.5 mA 
-5 mA 

-1.0 µA 
1.0 . µA 

Max Units 

65 ns 
40 ns 
30 ns 

85 ns 
45 ns 
35 ns 

60 ns 
40 ns 
30 ns 

120 ns 
55 ns 
45 ns 

22.5 pF 

Max Units 

110 ns 
55 ns 
30 ns 

120 ns 
55 ns 
45 ns 

60 ns 
40 ns 
30 ns 

120 ns 
55 ns 
45 ns 

7.5 pF 



Schematic Diagrams 
CD4049UBM/CD4049UBC 

1 of 6 Identical Units 

Switching Time Waveforms 

Voo 

VIN 

ov 

CD4~~H~ 
Voo 

OV 

Voo 
Vour 

CD4050B 
ov 

Typical Applications 

TL/F/5971-3 

CD4050BM/CD4050BC 
1 of 6 Identical Units 

TL/F/5971-5 

TL/F/5971-4 

CMOS to TTL or CMOS at a Lower Voe 

-=-voo1 

Note: Voo1 ;;,, Voo2 

Note: In the case of the CD4049UBM/CD4049UBC 
the output drive capability increases with increasing 
input voltage. E.g., If Voo1 = 10V the CD4049UBM/ 
CD4049UBC could drive 4 TTL loads. 

Voo 

CMOS 

GNO 

Voo 

TTL 
OR 

CMOS 

GND 

": \_[C04049UBM/C04049UBC] 
C04060BM/C04050BC 

5-165 

.=.. voo2 

TL/F/5971-6 

0 
c 
~ 
0 
~ co 
c: m 
3: ....... 
0 c 
~ 
0 
.a:i. 
co c: m 
0 ....... 
0 
c 
.i:i. 
0 
U1 
0 
m 
3: 
....... 
0 
c 
.a:i. 
0 
U1 
0 m 
0 



0 m 
C") 
U') 
0 
"11:1' c 
0 ...... 
:E m 
C") 
U') 
0 
"11:1' c 
0 ...... 
0 m 
N 
U') 
0 
~ c 
0 ...... 
:E m 
N 
U') 
0 
"11:1' c 
0 ...... 
0 m ,... 
U') 
0 
"11:1' c 
0 ...... 

== m ,... 
U') 
0 
"11:1' c 
0 

~National 
~Semiconductor 

CD4051BM/CD4051BC Single 8-Channel Analog 
Multiplexer /Demultiplexer 

CD4052BM/CD4052BC Dual 4-Channel Analog 
Multiplexer /Demultiplexer 

CD4053BM/CD4053BC .Triple 2-Channel Analog 
Multiplexer /Demultiplexer 

General Description 
These analog multiplexers/demultiplexers are digitally con
trolled analog switches having low "ON" impedance and 
very low "OFF" leakage currents. Control of analog signals 
up to 15V p-p can be achieved by digital signal amplitudes of 
3-15V. For example, if v00 =5V, Vss=OV and VEE= -5V, 
analog signals from - 5V to + 5V can be controlled by digi
tal inputs of 0-5V. The multiplexer circuits dissipate ex
tremely low quiescent power over the full Voo-Vss and 
Voo-VEE supply voltage ranges, independent of the logic 
state of the control signals. When a logical "1" is present at 
the inhibit input terminal all channels are "OFF". 

CD4051 BM/CD4051 BC is a single 8-channel multiplexer 
having three binary control inputs. A, B, and C, and an inhibit 
input. The three binary signals select 1 of 8 channels to be 
turned "ON" and connect the input to the output. 

CD4052BM/CD4052BC is a differential 4-channel multiplex
er having two binary control inputs, A and B, and an inhibit 
input. The two binary input signals select 1 or 4 pairs of 
channels to be turned on and connect the differential ana
log inputs to the differential outputs. 

CD40538M/CD4053BC is a triple 2-channel multiplexer 
having three separate digital control inputs, A, 8, and C, and 

Connection Diagrams 

an inhibit input. Each control input selects one of a pair of 
channels which are connected in a single-pole double-throw 
configuration. 

Features 
• Wide range of digital and analog signal levels: digital 

3-15V, analog to 15Vp-p 
• Low "ON" resistance: son (typ.) over entire 15Vp-p sig

nal-input range for Voo-VEE = 15V 
• High "OFF" resistance: channel leakage of ± 10 pA 

(typ.) at Voo-VEE= 10V 
• Logic level conversion for digital addressing signals of 

3-15V (Voo-Vss=3-15V) to switch analog signals to 
15 Vp-p CVoo-VEE=15V) 

• Matched switch characteristics: .:1RoN = sn (typ.) for 
Voo-VEE= 15V 

• Very low quiescent power dissipation under all digital
control input and supply conditions: 1 µW (typ.) at 
Voo-Vss=Voo-VEE= 10V 

• Binary address decoding on chip 

CD4051 BM/CD4051 BC 
IN/OUT 

Dual-In-Line Packages 

CD4052BM/CD4052BC CD4053BM/CD4053BC 

Yoo 2 
~OUT/IN~ 

Yoo 2x Ix x Ox Jx 
~~ 

b I IV IX 

16 11 10 15 14 13 12 11 14 13 12 11 10 

5 1 

~N/OU~ OUT/IN :N/OU~ INH Vu Vss 
Oy 2v y Jy 1y INH VEE Vss 
INiiiUT 0 UT/IN INiOuT 

by bx cy c ex INH VEE Vss 
~OUT/IN IN/OU.T 

TOP VIEW TOP VIEW TOP VIEW TL/F/5662-1 

Order Number CD4051 B *, CD4052B *, or CD4053B* 

*Please look into Section B, Appendix D for availability of various package types. 
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Absolute Maximum Ratings Recommended Operating 
If Military/Aerospace specified devices are required, Conditions 
contact the National Semiconductor Sales Office/ 

DC Supply Voltage (Voo) +5 Voe to+ 15 Voe 
Distributors for avallablllty and specifications. 

DC Supply Voltage (Voo) -0.5 Voe to+ 18 Voe 
Input Voltage MN) OVtoVoo Voe 

Input Voltage (V1N) -0.5 Voe to Voo + 0.5 Voe Operating Temperature Range (TA) 

Storage Temperature Range (Ts) - 65°c to + 1 so·c 4051 BM/40528M/4053BM - 55°C to + 125•c 

Power Dissipation (Po) 4051BC/4052BC/4053BC - 4o•c to + B5°C 

Dual-In-Line 700mW 
Small Outline 500mW 

Lead Temp. (Tu (soldering, 10 sec.) 260°c 

DC Electrical Characteristics (Note 2> 

Symbol Parameter Conditions 
-ss·c +25° + 12s·c 

Units 
Min Max Min Typ Max Min Max 

loo Quiescent Device Current Voo=5V 5 5 150 µA 
Voo= 1ov 10 10 300 µA 
Voo= 15V 20 20 600 µA 

Signal Inputs (Vis) and Outputs (Vos) 

RoN "ON" Resistance (Peak AL =10 kn Voo=2.5V, 
for VEE~V1s~Voo) (any channel VEE= -2.5V 800 270 1050 1300 n 

selected) orVoo=5V, 
VEE=OV 

Vo0 =5V 
VEE= -5V 310 120 400 550 n 
orVoo=10V, 
VEE=OV 

Voo=7.5V, 
VEE= -7.5V 200 80 240 320 n 
orVoo=15V, 
VEE=OV 

ARoN A"ON" Resistance AL =10 kn Voo=2.5V, 
Between Any Two (any channel VEE=-2.5V 10 n 
Channels selected) orVoo=5V, 

VEE=OV 

Vo0 =5V, 
VEE= -5V 10 n 
orVoo=10V, 
VEE=OV 

Voo=7.5V, 
VEE= -7.5V 5 n 
orVoo=15V, 
VEE=OV 

"OFF" Channel Leakage Voo=7.5V, VEE= -7.5V 
Current, any channel 0/1= ±7.5V, l/O=OV ±50 ±0.01 ±50 ±500 nA 
"OFF" 

"OFF" Channel Leakage lnhibit=7.5V CD4051 ±200 ±0.08 ±200 ±2000 nA 
Current, all channels Voo=7.5V, 
"OFF" (Common VEE=-7.5V, CD4052 ±200 ±0.04 ±200 ±2000 nA 
OUT/IN) O/l=OV, 

1/0= ±7.5V CD4053 ±200 ±0.02 ±200 ±2000 nA 

Control Inputs A, B, C and Inhibit 

V1L Low Level Input Voltage VEE=Vss AL= 1 kn to Vss 
l1s < 2 µA on all OFF channels 
V1s=Voo thru 1 kn 
Voo=5V 1.5 1.5 1.5 v 
Voo=10V 3.0 3.0 3.0 v 
Voo=15V 4.0 4.0 4.0 v 

V1H High Level Input Voltage Voo=5 3.5 3.5 3.5 v 
v 00 =10 7 7 7 v 
Voo= 15 11 11 11 v 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range" 
they are not meant to Imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 
Note 2: All voltages measured with respect to Vss unless otherwise specified. 
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DC Electrical Characteristics (Note 2) ccontinued) 

Symbol Parameter Conditions -40°c +2s0 c +ss·c Units 
Min Max Min Typ Max Min Max 

l1N Input Current Voo= 15V, Vee=OV -0.1 -10-s -0.1 
. -1.0 µA 

V1N=OV 
Voo=15V, Vee=OV 0.1 10-s 0.1 1.0 µA 
V1N=15V 

loo Quiescent Device Current v 00=5V 20 20 150 µA 
Voo= 1ov 40 40 300 µA 
Voo= 15V 80 80 600 µA 

Signal Inputs (V1s) and Outputs (Vos) 

AoN "ON" Resistance (Peak AL= 10 kn V0o=2.5V, 
forVee:S:V1s:S:Voo) (any channel Vee= -2.5V 850 270 1050 1200 n selected) orVoo=5V, 

Vee=OV 

V0o=5V, 
Vee=-5V 330 120 400 520 n 
orVoo=10V, 
Vee=OV 

Voo=7.5V, 
Vee=-7.5V 210 80 240 300 n 
orVoo=15V, 
Vee=OV 

~RON ~"ON" Resistance AL =10 kn Voo=2.5V, 
Between Any Two (any channel Vee=-2.5V 10 n Channels selected) orVoo=5V, 

Vee=OV 

V0o=5V 
Vee= -5V 10 n 
orVoo=10V, 
Vee=OV 

Voo=7.5V, 
Vee= -7.5V 

5 n 
orVoo=15V, 
Vee=OV 

"OFF" Channel Leakage Voo=7.5V, Vee= -7.5V 
Current, any channel "OFF" 0/1= ±7.5V, l/O=OV ±50 ±0.01 ±50 ±500 nA 

"OFF" Channel Leakage Inhibit= 7.5V CD4051 ±200 ±0.08 ±200 ±2000 nA 
Current, all channels Voo=7.5V, 
"OFF" (Common Vee= -7.5V, CD4052 ±200 ±0.04 ±200 ±2000 nA 
OUT/IN) O/l=OV 

1/0= ±7.5V CD4053 ±200 ±0.02 ±200 ±2000 nA 

Control Inputs A, B, C and Inhibit 

V1L Low Level Input Voltage Vee= Vss AL= 1 kn to Vss 
l1s <2 µA on all OFF Channels 
V1s = Voo thru 1 kn 
Voo=5V 1.5 1.5 1.5 v 
Voo=1ov 3.0 3.0 3.0 v 
Voo= 15V 4.0 4.0 4.0 v 

V1H High Level Input Voltage Voo=5 3.5 3.5 3.5 v 
Voo= 10 7 7 7 v 
Voo= 15 11 11 11 v 

l1N Input Current Voo=15V, Vee=OV -0.1 -10-s -0.1 
-1.0 µA 

V1N=OV 
v 00 = 15V, Vee=OV 0.1 10-s 0.1 1.0 µA 
V1N=15V 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range" 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 

Note 2: All voltages measured with respect to Vss unless otherwise specified. 
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AC Electrical Characteristics* TA=25°C, tr=t1=20 ns, unless otherwise specified. 

Symbol Parameter Conditions Voe Min 

tpzH, Propagation Delay Time from VEE=Vss=OV 5V 

tpzL Inhibit to Signal Output AL =1 kn 10V 
(channel turning on) CL =50 pF 15V 

tpHz, Propagation Delay Time from VEE=Vss=OV 5V 

tpLz Inhibit to Signal Output AL =1 kn 10V 
(channel turning off) CL =50 pF 15V 

C1N Input Capacitance 

Control input 
Signal Input (IN/OUD 

Cour Output Capacitance 

(common OUT /IN) 

CD4051 10V 
CD4052 VEE=Vss=OV 10V 
CD4053 10V 

C1os Feedthrough Capacitance 

Cpo Power Dissipation Capacitance 

CD4051 

CD4052 
CD4053 

Signal Inputs (V1s) and Outputs (Vos) 

Sine Wave Response AL =10kn 
(Distortion) f1s= 1 kHz 

10V 
V1s=5 Vp-p 
VEE=Vs1=0V 

Frequency Response, Channel AL =1 kn, VEE=OV, V1s=5Vp-p. 
10V 

"ON" (Sine Wave Input) 20 log10 VoslV1s= -3 dB 

Feedthrough, Channel "OFF" AL =1 kn, VEE=Vss=OV, V1s=5Vp-p1 
10V 

20 log10 Vos!V1s= -40 dB 

Crosstalk Between Any Two AL =1 kn, VEE=Vss=OV, V1s(A)=5Vp-p 
10V 

Channels (frequency at 40 dB) 20 log10 Vos(B)IV1s(A)= -40 dB (Note 3) 

tPHL Propagation Delay Signal VEE=Vss=OV 5V 

tPLH Input to Signal Output CL =50 pF 10V 
15V 

Control Inputs, A, B, C and Inhibit 

Control Input to Signal VEE=Vss=OV, AL= 10 kn at both ends 
Crosstalk of channel. 10V 

Input Square Wave Amplitude= 1 OV 

tPHL, Propagation Delay Time from VEE=Vss=OV 5V 

tPLH Address to Signal Output CL =50 pF 10V 
(channels "ON" or "OFF") 15V 

•AC Parameters are guaranteed by DC correlated testing. 
Note 3: A, B are two arbitrary channels with A turned "ON" and B "OFF". 
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Typ Max 

600 1200 
225 450 
160 320 

210 420 

100 200 
75 150 

5 7.5 

10 15 
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15 
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40 

10 

3 
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10 25 

65 

500 1000 

180 360 
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Block Diagrams 

11 

10 

INH 

10 

INH 

LOGIC 
LEVEL 

CONVERSION 

Vss 

LOGIC 
LEVEL 

CONVERSION 

Voo 

16 

Voo 

co4051 BM/CD4051 BC 

CHANNEL IN/OUT 

BINARY 
TO 

I OF 8 
DECODER 

WITH 
INHIBIT 

co4052BM/CD4052BC 

BINARY 
TO 

1OF4 
DECODER 

WITH 
INHIBIT 
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12 

X CHANNELS IN/OUT 

1 0 

11 

' 0 
y CHANNELS IN/OUT 

COMMON 
OUT/IN 

COMMON X 
OUT/IN 

COMMON V 
OUT/IN 

TL/F/5662-2 



Block Diagrams (Continued) 
CD4053BM/CD4053BC 

11 

ID LOGIC 

INH 

Truth Table 

LEVEL 
CONVERSION 

Vss 

Voo 

16 

BINARY TO 
1 OF 2 

DECODER 
WITH INHIBIT 

Vee 

INPUT STATES 

INHIBIT c B A 

0 0 0 0 
0 0 0 1 
0 0 1 0 
0 0 1 1 
0 1 0 0 
0 1 0 1 
0 1 1 0 
0 1 1 1 
1 . . . 

•oon't Care condition. 

IN/OUT 

cy ex by bx 

"ON" CHANNELS 

CD4051B CD4052B CD40538 

0 OX,OY ex, bx, ax 
1 1X, 1Y ex, bx, ay 
2 2X,2Y ex, by, ax 
3 3X,3Y ex, by, ay 
4 ey, bx, ax 
5 ey, bx, ay 
6 ey,by,ax 
7 cy, by, ay 

NONE NONE NONE 
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Switching Time Waveforms 

VDD 

Vos 
tPLH 

I 
I 
I 
I 
I 

tf 

SIGNAL INPUTTO SIGNAL OUTPUT 

voo 

IN/OUT or 
OUT/IN 

ANY CHANNEL 
OUT/IN or IN/OUT 

.,.__.,._,.._vos 

INHIBIT~ 
1KU ~ 5Dpf 

Voo 

1KU 

IN/OUT or OUT/IN or 
OUT/IN IN/OUT 

r· 

ADDRESS 
INPUTS 

VDD 

A,B or C VDD 

VDo 

Vos 

vos 

voo 

0 

VDo 

Vos 

0 
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Special Considerations 
In certain applications the external load-resistor current may 
include both Voo and signal-line components. To avoid 
drawing Voo current when switch current flows into IN/OUT 
pin, the voltage drop across the bidirectional switch must 

Typical Performance Characteristics 

§ 400 

"ON" Resistance vs Slgnal 
Voltage for TA= 25°C 

1 350 .................. __ ......................................... +-+ .... 

; 300 

c 250 
I;; 
~ 2~ .......... +-t-t-1-t-;,-t-~ttt-+-+-+-t-1 
ct: 

~ 150 

~ 1 DD 1-t-H-±-...+-~-+-'iFf-A-+t-i 

~ so 

-
j 
... ... 
~ 
~ 
~ _, ... 
l:i 
..: 
5 

400 

350 

JOO 

250 

zoo 
150 

100 

SD 

0 

................. _._ ................ ....._ .......................... ~ 
-6 -4 -2 ~ 2 4 6 8 

SIGNAL VOLTAGE (V1sl (VI 

"ON" Resistance as a 
Function of Temperature for 
Voe-VEE= 10V 

TA= +1ZS°C io'T"'\ i.J"' 
IT I =1:i'Sot ~~ 

Qlttl ~\ 

1~_=;~1 
-8 -6 -4 -Z 0 Z 4 & 8 

SIGNAL VOLTAGE (V,sl IVI 

not exceed 0.6V at TA::::: 25°C, or 0.4V at TA>25°C (calcu
lated from RoN values shown). No Yoo current will flow 
through RL if the switch current flows into OUT /IN pin. 

"ON" Resistance as a 
Function of Temperature for 
Voo-VEE=15V 

.,, 400 

- 350 ~+4--+-i-+--+-+-+-i-+-t-+-+-t-1 

; 300 ~+4--+-i-+--+-+-+-i-+-t-+-+-t-1 
..: 250 ~+4--+-i-+--+-+-+-i-+-t-+-+-+-1 

I;; 
~ 200 

~ 150 TA•~ ~ 
;j§ 100 ~:+:++:1~4-1-~~+++-t-l 

50 TA••!!: ~ 
~ 

0 
"T •• -sh r-n--

-a -6 -4 -Z 0 2 4 6 8 

SIGNAL VOLTAGE (V1sl (VI 

"ON" Resistance as a 
Function of Temperature for 
Voo-VEE=SV 

400 ,_.,.....,...... ......... _,...,.-.-,......,..........,.. ................. 

- 350 ~++-+-l~f-+---t-+-+-+-+-1 

J 300 t-+-+-t-t-t-+,lf-+-+--i-+-t-+--t-+-1 ... 
~ 250 t-+-+-t-+-f--*-+-+~-+-+-+-t-+-1 
t:; * 200 
z 150 t-+-++-+-1-#rif-t-+--tt-

f' 
100 t-+-+-t-+-1--#1-+-+-+--i-+-+-+-+-t-1 

z 

~ 50 
0'--'-........... -'-'-'--'-'-..&,......J'-'-.................. ~ 

-8 -6 -4 -2 0 2 4 & 8 

SUPPLY VOLTAGE (V1sl (Vl 
TL/F/5662-5 
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~National 
D Semiconductor 
CD4066BM/CD4066BC Quad Bilateral Switch 

General Description 
The CD4066BM/CD4066BC is a quad bilateral switch in
tended for the transmission or multiplexing of analog or digi
tal signals. It is pin-for-pin compatible with CD4016BM/ 
CD4016BC, but has a much lower "ON" resistance, and 
"ON" resistance is relatively constant over the input-signal 
range. 

Features 
• Wide supply voltage range 
• High noise immunity 
• Wide range of digital and 

analog switching 
• "ON" resistance for 15V operation 
• Matched "ON" resistance 

over 15V signal input 

3V to 15V 
0.45 Voo (typ.) 

±7.5 VPEAK 

son 
~RON= 5.0. (typ.) 

• "ON" resistance flat over peak-to-peak signal range 
• High "ON" /"OFF" 65 dB (typ.) 

output voltage ratio @ fis = 10 kHz, R L = 10 k.O. 
• High degree linearity 0.1 % distortion (typ.) 

High degree linearity @ fis = 1 kHz, Vis= 5V P·P• 
High degree linearity Voo-Vss=10V, RL =10 kn 

Schematic and Connection Diagrams 

Order Number CD4066B* 
*Please look into Section 8, Appendix D 
for availability of various package types. 

CONTROL 

• Extremely low "OFF" 0.1 nA (typ.) 
switch leakage @ Voo-Vss= 1ov, TA=25°C 

• Extremely high control input impedance 1012.0.(typ.) 
• Low crosstalk - 50 dB (typ.) 

between switches @ f;s = 0.9 MHz, RL = 1 k.O. 
• Frequency response, switch "ON" 40 MHz (typ.) 

Applications 
• Analog signal switching/multiplexing 

• Signal gating 
• Squelch control 
•Chopper 
•Modulator/Demodulator 
• Commutating switch 

• Digital signal switching/multiplexing 
• CMOS logic implementation 
• Analog-to-digital/digital-to-analog conversion 
• Digital control of frequency, impedance, phase, and an

alog-signal-gain 

IN/OUT 

Dual·ln·Llne Package 

TL/F/5665-1 

Top View 
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Absolute Maximum Ratings (Notes 1 & 2) Recommended Operating 
If Miiitary/Aerospace specified devices are required, Conditions (Note 2) 
contact the National Semiconductor Sales Office/ 

Supply Voltage <Voo) 3V to 15V 
Distributors for avallablllty and specifications. 

Supply Voltage (Voo) -0.5Vto +18V 
Input Voltage (V1N) OVtoVoo 

Input Voltage (V1N) -0.5Vto Voo+0.5V 
Operating Temperature Range (TA) 

CD4066BM - 55°C to + 125°C 
Storage Temperature Range (Ts) - 65°C to + 150°C CD4066BC - 40°C to + 85°C 
Power Dissipation (Po) 

Dual-In-Line 700mW 
Small Outline 500mW 

Lead Temperature (TL) 
(Soldering, 10 seconds) 300°C 

DC Electrical Characteristics co4osssM (Note 2> 

Symbol Parameter Conditions 
-55°C +25°C + 125°C 

Units 
Min Max Min Typ Max Min Max 

loo Quiescent Device Current Vo0 =5V 0.25 0.01 0.25 7.5 µA 

Voo=10V 0.5 O.Q1 0.5 15 µA 

Voo=15V 1.0 0.01 1.0 30 µA 

SIGNAL INPUTS AND OUTPUTS 

RoN "ON" Resistance RL =10 kn to Voo-Vss 
2 

Vc=Voo. V1s=Vss to Voo 
Vo0 =5V 800 270 1050 1300 n 

Voo=10V 310 120 400 550 n 

Voo= 15V 200 80 240 320 n 

~RON ~"ON" Resistance RL =10 kn to Voo-Vss 
2 

Between any 2 of Vc=Voo. V1s=Vss to Voo 
4 Switches Voo=10V 10 n 

Voo= 15V 5 n 

115 Input or Output Leakage Vc=O ±50 ±0.1 ±50 ±500 nA 

Switch "OFF" V15= 15Vand OV, 

Vos=OVand 15V 

CONTROL INPUTS 

V1LC Low Level Input Voltage V1s=Vss and Voo 
Vos=Voo and Vss 
l1s=±10µA 
V00 =5V 1.5 2.25 1.5 1.5 v 
Voo=10V 3.0 4.5 3.0 3.0 v 
Voo=15V 4.0 6.75 4.0 4.0 v 

V1Hc High Level Input Voltage V00=5V 3.5 3.5 2.75 3.5 v 
Voo = 1 OV (see note 6) 7.0 7.0 5.5 7.0 v 
V00 = 15V 11.0 11.0 8.25 11.0 v 

l1N Input Current Voo-Vss= 15V ±0.1 ±10-5 ±0.1 ±1.0 µA 

Voo~V1s~Vss 

Voo~Vc~Vss 

DC Electrical Characteristics co4osssc (Note 2> 

Symbol Parameter Conditions 
-40°C +25°C +85°C 

Units 
Min Max Min Typ Max Min Max 

loo Quiescent Device Current Voo=5V 1.0 0.01 1.0 7.5 µA 

Voo=10V 2.0 0.01 2.0 15 µA 

Voo= 15V 4.0 O.Q1 4.0 30 µA 
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DC Electrical Characteristics (Continued) CD4066BC (Note 2) 

Symbol Parameter Conditions 
-40°C +25°C +85°C 

Min Max Min Typ Max Min Max 

SIGNAL INPUTS AND OUTPUTS 

RoN "ON" Resistance RL = 10 k.!l to Voo-Vss 
2 

Vc=Voo. VsstoVoo 
Voo=5V 850 270 1050 1200 
Voo=10V 330 120 400 520 
Voo= 15V 210 80 240 300 

aRoN a"ON" Resistance RL = 10 k.!l to Voo-Vss 
2 

Between Any 2 of Vcc=Voo. Vrs=Vss to Voo 
4 Switches v 00=1ov 10 

Voo= 15V 5 

lrs Input or Output Leakage Vc=O ±50 ±0.1 ±50 ±200 
Switch "OFF" 

CONTROL INPUTS 

V1LC Low Level Input Voltage Vrs=Vss and Voo 
Vos=Voo and Vss 
lrs= ±10µA 
Voo=5V 1.5 2.25 1.5 1.5 
Voo= 1ov 3.0 4.5 3.0 3.0 

Voo= 15V 4.0 6.75 4.0 4.0 

V1HC High Level Input Voltage Voo=5V 3.5 3.5 2.75 3.5 
Voo = 1 OV (See note 6) 7.0 7.0 5.5 7.0 
Voo= 15V 11.0 11.0 8.25 11.0 

l1N Input Current Voo-Vss= 15V ±0.3 ±10-5 ±0.3 ±1.0 

Voo~Vrs~Vss 
Voo~Vc~Vss 

AC Electrical Characteristics* TA= 25°C, tr= t1 = ~o ns and Vss = ov unless otherwise noted 

Symbol Parameter Conditions Min Typ Max 

tPHL• tpLH Propagation Delay Time Signal Vc=Voo. CL =50 pF, (Figure 1) 
Input to Signal Output RL =200k 

v 00=5V 25 55 
Voo= 1ov 15 35 
Voo= 15V 10 25 

tpzH, tpzL Propagation Delay Time RL = 1.0 kn, CL= 50 pF, (Figures 2 and 3) 

Control Input to Signal v 00 =5V 125 
Output High Impedance to v 00 = 1ov 60 
Logical Level Voo= 15V 50 

tPHZ• tpLZ Propagation Delay Time RL = 1.0 k.!l, CL= 50 pF, (Figures 2 and 3) 
Control Input to Signal v 00 =5V 125 
Output Logical Level to Voo= 1ov 60 
High Impedance Voo= 15V 50 
Sine Wave Distortion Vc=Voo=5V, Vss= -5V 0.1 

RL = 10 k.!l, Vrs=5Vp-p. f= 1 kHz, 
(Figure4) 

Frequency Response-Switch Vc=Voo=5V, Vss= -5V, 40 
"ON" (Frequency at -3 dB) RL = 1 k.!l, Vrs = 5Vp-p• 

20 Log10 Vos/Vos (1 kHz)-dB, 
(Figure4) 
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Units 
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n 
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v 
v 
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v 
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µA 

Units 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 
% 

MHz 



AC Electrical Characteristics* (Continued) TA= 25°C, tr= t, = 20 ns and Vss = ov unless otherwise noted 

Symbol Parameter Conditions Min Typ Max Units 

Feedthrough - Switch "OFF" Voo=5.0V, Vee=Vss= -5.0V, 1.25 
(Frequency at - 50 dB) AL= 1 kn, Vis= 5.0Vp-p1 20 Log10. 

VoslV1s= -50 dB, (Figure4) 
Crosstalk Between Any Two Voo = VqA) = 5.0V; Vss = Vqs) = 5.0V, 0.9 MHz 
Switches (Frequency at - 50 dB) AL 1 kn, V1S(A)=5.0 Vp-p1 20 Log10. 

Vos(B)IVIS(A) = -50 dB (Figure 5) 
Crosstalk; Control Input to Voo= 10V, AL= 10 kn, A1N= 1.0 kn, 150 mVp-p 
Signal Output Vee= 10V Square Wave, CL= 50 pF 

(Figure6) 
Maximum Control Input AL= 1.0 kn, CL= 50 pF, (Figure 7) 

Vos(t) = % Vos(1.0 kHz) 
v00 =5.0V 6.0 MHz 
Voo=10V 8.0 MHz 
Voo= 15V 8.5 MHz 

C1s Signal Input Capacitance 8.0 pF 

Cos Signal Output Capacitance V00 =10V 8.0 pF 

C1os Feedthrough Capacitance Ve=OV 0.5 pF 

C1N Control Input Capacitance 5.0 7.5 pF 

•AC Parameters are guaranteed by DC correlated testing. 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The tables of "Recommended Operating Conditions" and "Electrical Characteristics" provide conditions for actual device 
operation. 

Note 2: Vss=OV unless otherwise specified. 

Note 3: These devices should not be connected to circuits with the power "ON". 

Note 4: In all cases, there is approximately 5 pF of probe and jig capacitance in the output; however, this capacitance is included in CL wherever it is specified. 

Note 5: V1s is the voltage at the in/out pin and Vos is the voltage at the out/in pin. Ve is the voltage at the control input. 

Note 6: Conditions for V1Hc: a) V1s=Voo. los=standard B series loH b) V1s=OV, IQL =standard B series loL· 

AC Test Circuits and Switching Time Waveforms 

V1S 

V11•Voo 

Voo 

IMIOUT ..:i~~:u OUTllN-------Vos 

Vss 

FIGURE 1. tpHL• tPLH Propagation Delay Time Signal Input to Signal Output 
Voo 

Voo 

INIDUT n:1~~:u OUT/IN-------Vos 

Vss 

tpzH 

Voo~ 

IV~ 
VON 

11!1 
IV 

FIGURE 2. tpzH, tpHz Propagation Delay Time Control to Signal Output 

tpHz 

tpzL tpLz 

Ve---._ voo 

CONTROL Voo 

IN/OUT .:.~~:!I DUT/IM 

Vss 

Yoo 

voo~ ill!I 

IV~ 
voo 

VOL 

Vos 

FIGURE 3. tpzL, tpLZ Propagtlon Delay Time Control to Signal Output 
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AC Test Circuits and Switching Time Waveforms (Continued) 

5V 
Ve----. 

CONTROL Voo 

IN/OUT ~.~~:Es OUT/INt---e--vos 

Vss 

-SV 
Vc=Voo for distortion and frequency response tests 

Vc=Vss for feedthrough test 

FIGURE 4. Sine Wave Distortion, Frequency Response and Feedthrough 

vcm • voo---- sv 

CONTROL Voo 

1N1ouT ~1~~:Es oum----vosm 

Vss 

-5V 

sv 
VC(2) • Vss-----

CONTROL Voo 

Al 
1k 

IN/OUT ~.~~:ES OUT/INl---411-- Vosm 

Vss 

-5V 

Al 
1k 

FIGURE 5. Crosstalk Between Any Two Switches 

1DV 
Ve 

CONTROL Yoo Ve =\[''""" 
V11 IN/OUT ~~~:ES OUTnl t-"'"'4~---4t-- VOS 

R111 Vss 
1k 

Vos 

":" ":" 

FIGURE 6. Crosstalk: Control Input to Signal Output 

VDD Ve 
Voo 

YC 

Yoo IV 

IN/OUT ~.~~:ES OUT/IN t--e---e- Vos 

l Vss cl AL 

I'~,, 1k 

YOI 
":" 

vo1tll111 -,-
T 

TL/F/5665-3 

FIGURE 7. Maximum Control Input Frequency 
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Typical Performance Characteristics 

"ON" Resistance vs Signal 
Voltage for TA= 2s0 c 

~ 350 

~ 300 l-++-+-+-1-+-lf-+-+-+-+-+-+-1-+-I 

c 250 

~ 200 t-++-+-+-!~IH-+-ttr+-+-+-1~ 
a: 

~ 160 

~ 100 H-+-t-±oii..+-i~W:r-+::it-i4-I 
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a: ii 300 

~ 250 
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l.! 150 
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i 50 

D 
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SIGNAL VOLTAGE IV1sl IV) 

"ON" Resistance as a Function 
of Temperature for 
Voo-Vss= 1ov 

TA• +125'C ~ l"T'o 

F.':251" ~~ 

tlhr L..oi' 1--, 
TA•-55"C 

-· -6 -4 -2 0 z 4 6 8 

SIGNAL VOLTAGE IV1sl (VI 

Special Considerations 
In applications where separate power sources are used to 
drive Voo and the signal input, the Voo current capability 
should exceed Voo/AL (AL= effective external load of the 4 
CD4066BM/CD4066BC bilateral switches). This provision 
avoids any permanent current flow or clamp action of the 
Voo supply when power is applied or removed from 
CD4066BM/CD4066BC. 

In certain applications, the external load-resistor current 
may include both Voo and signal-line components. To avoid 
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"ON" Resistance as a Function 
of Temperature for 
Voo-Vss= 1sv 
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SUPPLY VOLTAGE IV1sl (V) 
TL/F/5665-4 

drawing Voo current when switch current flows into termi
nals 1, 4, B or 11, the voltage drop across the bidirectional 
switch must not exceed 0.6V at TA$;;25°C, or 0.4V at 
TA>25°C (calculated from AoN values shown). 

No Voo current will flow through AL if the switch current 
flows into terminals 2, 3, 9 or 10. 
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~National 
~Semiconductor 

CD4069UBM/CD4069UBC Inverter Circuits 

General Description 
The CD4069UB consists of six inverter circuits and is manu
factured using complementary MOS (CMOS) to achieve 
wide power supply operating range, low power consump
tion, high noise immunity, and symmetric controlled rise and 
fall times. 

This device is intended for all general purpose inverter appli
cations where the special characteristics of the MM7 4C901, 
MM74C903, MM74C907, and CD4049A Hex Inverter/Buff
ers are not required. In those applications requiring larger 
noise immunity the MM74C14 or MM74C914 Hex Schmitt 
Trigger is suggested. 

Schematic and Connection Diagram 

All inputs are protected from damage due to static dis
charge by diode clamps to Voo and V55. 

Features 
• Wide supply voltage range 
• High noise immunity 
• Low power TIL 

compatibility 

3.0V to 15V 
0.45 Voo typ. 

Fan out of 2 driving 74L 
or 1 driving 74LS 

• Equivalent to MM54C04/MM74C04 

Dual·ln·Llne Package 

Yoo v00 

Your 

.__~~~~ ......... -oy~ 

TL/F/5975-1 

14 13 12 11 10 

Order Number CD4069UB* 
•Please look into Section 8, Appendix D 
for availability of various package types. 

AC Test Circuits and Switching Time Waveforms 

Yoo 
INPUT 

Yss 

Yoo 
OUTPUT 

Yss 

TL/F/5975-3 
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Absolute Maximum Ratings (Notes 1 & 2) Recommended Operating 
If Military I Aerospace specified devices are required, Conditions (Note 2) 
contact the National Semiconductor Sales Office/ 

DC Supply Voltage (Voo) 3V to 15Voe Distributors for availability and specifications. 

DC Supply Voltage (Voo) -0.5V to+ 18 Voe 
Input Voltage (V1N) OVtoVoo Voe 

Input Voltage <V1N) -0.5V to Voo +0.5 Voe 
Operating Temperature Range (TA) 

CD4069UBM - 55°C to + 125°C 
Storage Temperature Range (Ts) - 65°C to + 15o•c CD4069UBC -40°c to + 85°C 
Power Dissipation (Po) 

Dual-In-Line 700mW 
Small Outline 500mW 

Lead Temperature (TL.) 
(Soldering, 10 seconds) 260°c 

DC Electrical Characteristics CD4069UBM (Note 2) 

Symbol Parameter Conditions 
-ss·c +2s0 c +12s·c 

Units 
Min Max Min Typ Max Min Max 

loo Quiescent Device Current Voo = 5V, 0.25 0.25 7.5 µA 

V1N = Voo or Vss 
Voo = 1ov, 0.5 0.5 15 µA 

V1N = Voo or Vss 
Voo = 15V, 1.0 1.0 30 µA 

V1N = Voo orVss 

Vol Low Level Output Voltage !lo! < 1 µA 
Voo = 5V 0.05 0 0.05 0.05 v 
Voo = 1ov 0.05 0 0.05 0.05 v 
Voo = 15V 0.05 0 0.05 0.05 v 

VoH High Level Output Voltage Ito! < 1 µA 
Voo = 5V 4.95 4.95 5 4.95 v 
Voo = 1ov 9.95 9.95 10 9.95 v 
Voo = 15V 14.95 14.95 15 14.95 v 

V1L Low Level Input Voltage llol < 1 µA 
Voo = 5V, Vo = 4.5V 1.0 1.0 1.0 v 

Voo = 10V, Vo= 9V 2.0 2.0 2.0 v 
Voo = 15V, Vo= 13.5V 3.0 3.0 3.0 v 

V1H High Level Input Voltage llol < 1 µA 
Voo = 5V, Vo = 0.5V 4.0 4.0 4.0 v 

Voo = 10V, Vo= 1V 8.0 8.0 8.0 v 
Voo = 15V, Vo= 1.5V 12.0 12.0 12.0 v 

loL Low Level Output Current Voo = 5V, Vo = 0.4V 0.64 0.51 0.88 0.36 mA 
(Note 3) Voo = 10V, Vo= 0.5V 1.6 1.3' 2.25 0.9 mA 

Voo = 15V, Vo= 1.5V 4.2 3.4 8.8 2.4 mA 

loH High Level Output Current Voo = 5V, Vo = 4.6V -0.64 -0.51 -0.88 -0.36 mA 
(Note 3) Voo = 10V, Vo= 9.5V -1.6' -1.3 -2.25 -0.9 mA 

Voo = 15V, Vo= 13.5V -4.2 -3.4 -8.8 -2.4 mA 

l1N Input Current Voo = 15V, V1N = ov -0.10 -10-s -0.10 -1.0 µA 
Voo = 15V, V1N = 15V 0.10 10-s 0.10 1.0 µA 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The table of "Recommended Operating Conditions" and "Electrical Characteristics" provides conditions for actual device 
operation. 
Note 2: Vss = OV unless otherwise specified. 
Note 3: loH and loL are tested one output at a time. 
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DC Electrical Characteristics cD4069Usc (Note 2) 

Symbol Parameter Conditions 
-40°C +25°C +ss0 c 

Units 
Min Max Min Typ Max Min Max 

loo Quiescent Device Current Voo = 5V, 1.0 1.0 7.5 µA 

V1N = Voo or Vss 
Voo = 1ov, 2.0 2.0 15 µA 

V1N = Voo or Vss 
Voo = 15V, 4.0 4.0 30 µA 

V1N = Voo or Vss 

VoL Low Level Output Voltage iloi < 1 µA 
Voo = 5V 0.05 0 0.05 0.05 v 

Voo = 1ov 0.05 0 0.05 0.05 v 

Voo = 15V 0.05 0 0.05 0.05 v 

VoH High Level Output Voltage iloi < 1 µA 

Voo = 5V 4.95 4.95 4.95 v 

Voo = 1ov 9.95 9.95 9.95 v 

Voo = 15V 14.95 14.95 14.95 v 

V1L Low Level Input Voltage iloi < 1 µA 
Voo = 5V, Vo = 4.5V 1.0 1.0 1.0 v 

Voo = 10V, Vo= 9V 2.0 2.0 2.0 v 

Voo = 15V, Vo= 13.5V 3.0 3.0 3.0 v 

V1H High Level Input Voltage llol < 1 µA 
Voo = 5V, Vo = 0.5V 4.0 4.0 4.0 v 

Voo = 10v. Vo = 1V 8.0 8.0 8.0 v 

Voo = 15V, Vo= 1.5V 12.0 12.0 12.0 v 

loL Low Level Output Current Voo = 5V,Vo = 0.4V 0.52 0.44 0.88 0.36 mA 
(Note 3) Voo = 10V, Vo= 0.5V 1.3 1.1 2.25 0.9 mA 

Voo = 15V, Vo= 1.5V 3.6 3.0 8.8 2.4 mA 

loH High Level Output Current Voo = 5V, Vo = 4.6V -0.52 -0.44 -0.88 -0.36 mA 
(Note 3) Voo = 10V, Vo= 9.5V -1.3 -1.1 -2.25 -0.9 mA 

Voo = 15V, Vo= 13.5V -3.6 -3.0 -8.8 -2.4 mA 

l1N Input Current Voo = 15V, V1N = ov -0.30 -10-s -0.30 -1.0 µA 

Voo = 15V, V1N = 15V 0.30 10-s 0.30 1.0 µA 

AC Electrical Characteristics* 
TA = 25°C, CL = 50 pF, RL = 200 kn, tr and tt :'.5:: 20 ns, unless otherwise specified 

Symbol Parameter Conditions Min Typ Max Units 

tPHL or tPLH Propagation Delay Time from Voo = 5V 50 90 ns 
Input to Output Voo = 1ov 30 60 ns 

Voo = 15V 25 50 ns 

tTHL ortTLH Transition Time Voo = 5V 80 150 ns 

Voo = 1ov 50 100 ns 

Voo = 15V 40 80 ns 

C1N Average Input Capacitance Any Gate 6 15 pF 

Cpo Power Dissipation Capacitance Any Gate (Note 4) 12 pF 

•AC Parameters are guaranteed by DC correlated testing. 
Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The table of "Recommended Operating Conditions" and "Electrical Characteristics" provides conditions for actual device 
operation. 
Note 2: Vss = OV unless otherwise specified. 
Note 3: loH and loL are tested one output at a time. 
Note 4: Cpo determines the no load AC power consumption of any CMOS device. For complete explanation, see 54C/74C Family Characteristics application 
note-AN-90. 
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~National 
~Semiconductor 

CD4070BM/CD4070BC Quad 2-lnput 
EXCLUSIVE-OR Gate 

General Description 
Employing complementary MOS (CMOS) transistors to 
achieve wide power supply operating range, low power con
sumption, and high noise margin, this gate provides basic 
functions used in the implementation of digital integrated 
circuit systems. The N- and P-channel enhancement mode 
transistors provide a symmetrical circuit with output swing 
essentially equal to the supply voltage. No DC power other 
than that caused by leakage current is consumed during 
static condition. All inputs are protected from damage due 
to static discharge by diode clamps to Voo and Vss. 

Connection Diagram 

Voo 

14 

A 

Dual-In-Line Package 

M•G(£)H l•E(£)F 

11 

Top View 

Typical Performance 
Characteristics 

Propagation Delay Time 
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Vss 
TL/F/5976-1 

TL/F/5976-2 

Features 
• Wide supply voltage range 
• High. noise immunity 
• Low power TTL 

compatibility 
• Pin compatible to CD4030A 

3.0V to 15V 
0.45 Voo typ. 

Fan out of 2 driving 7 4L 
or 1 driving 7 4LS 

• Equivalent to MM54C86/MM74C86 and MC14507B 

Order Number CD4070B* 
0 Please look into Section 8, Appendix D 
for availability of various package types. 

Truth Table 

Inputs Outputs 

A B y 

L L L 
L H H 
H L H 
H H L 
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Absolute Maximum Ratings (Notes 1 and 2) 

If Mllltary/ Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for avallablllty and speclflcatlons. 
DC Supply Voltage (Voo) -0.5 to + 18 Voe 

Input Voltage (V1N) -0.5 to Voo + 0.5 Voe 

Storage Temperature Range (Ts) - 65°C to + 150°C 

Power Dissipation (Po) 
Dual-In-Line 
Small Outline 

Lead Temperature (TL) 
(Soldering, 10 seconds) 

700mW 
500mW 

260°C 

Recommended Operating 
Conditions (Note 2) 

DC Supply Voltage (Voo) 

Input Voltage (V1N) 

Operating Temperature Range (TA) 
CD4070BC 
CD4070BM 

3V to 15 Voe 

OtoVoo Voe 

-40°C to + 85°C 
- 55°C to + 125°C 

DC Electrical Characteristics CD401osM (Note 2) 

Symbol 

loo 

VoL 

VoH 

loH 

Parameter 

Quiescent Device 
Current 

Low Level 
Output Voltage 

High Level 
Output Voltage 

Low Level 
Input Voltage 

High Level 
Input Voltage 

Low Level Output 
Current (Note 3) 

High Level Output 
Current (Note 3) 

Input Current 

Condltlons 

Voo = 5V, 
V1N = Voo or Vss 
Voo = 10v, 
V1N = Voo or Vss 
Voo = 15V, 
V1N = Voo orVss 

llol < 1 µA 
Voo = 5V 
Voo = 1ov 
Voo = 15V 

ilol < 1 µA 
Voo = 5V 
Voo = 10V 
Voo = 15V 

llol < 1 µA 
Voo = 5V, Vo = 4.5V 
Voo = 10V, Vo= 9V 
Voo = 15V, Vo= 13.5V 

llol < 1 µA 
Voo = 5V, Vo = 0.5V 
Voo = 10V, Vo= 1.0V 
Voo = 15V, Vo= 1.5V 

Voo = 5V, Vo = 0.4V 
Voo = 10V, Vo= 0.5V 
Voo = 15V, Vo= 1.5V 

Voo = 5V, Vo = 4.6V 
Voo = 10V, Vo= 9.5V 
Voo = 15V, Vo= 13.5V 

Voo = 15V, V1N = ov 
Voo = 15V, V1N = 15V 

i-----ss ..... o_c ____ __,.._+_2_s_oc_,,_ ____ +_12_,,s_oc_--1 Units 

Min 

4.95 
9.95 
14.95 

3.5 
7.0 
11.0 

0.64 
1.6 
4.2 

-0.64 
-1.6 
-4.2 

Max 

0.25 

0.5 

1.0 

0.05 
0.05 
0.05 

1.5 
3.0 
4.0 

-0.1 
0.1 

Min 

4.95 
9.95 
14.95 

3.5 
7.0 
11.0 

0.51 
1.3 
3.4 

-0.51 
-1.3 
-3.4 

Typ 

0 
0 
0 

5 
10 
15 

0.88 
2.25 
8.8 

-0.88 
-2.25 
-8.8 

Max 

0.25 

0.5 

1.0 

0.05 
0.05 
0.05 

1.5 
3.0 
4.0 

""'.10-s -0.1 
10-s 0.1 

Min 

4.95 
9.95 
14.95 

3.5 
7.0 
11.0 

0.36 
0.9 
2.4 

-0.36 
-0.9 
-2.4 

Max 

7.5 

15 

30 

0.05 
0.05 
0.05 

1.5 
3.0 
4.0 

µA 

µA 

µA 

v 
v 
v 

v 
v 
v 

v 
v 
v 

v 
v 
v 

mA 
mA 
mA 
mA 
mA 
mA 

-1.0 µA 
1.0 µA 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The table of "Recommended Operating Conditions" and "Electrical Characteristics" provides conditions for actual device 
operation. 

Note 2: Vss = OV unless otherwise specified. 

Note 3: loL and loH are tested one output at a time. 
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DC Electrical Characteristics cD401osc (Note 2> 

Symbol Parameter Conditions 
-4D°C +25°C +ss0 c 

Units 
Min Max Min Typ Max Min Max 

loo Quiescent Device Voo = 5V, 1.0 1.0 7.5 µA 
Current V1N = Voo or Vss 

Voo = 1ov, 2.0 2.0 15 µA 

V1N = Voo or Vss 
Voo = 15V, 4.0 4.0 30 µA 

V1N = Voo or Vss 

VOL Low Level iloi < 1 µA 
Output Voltage Voo = 5V 0.05 0 0.05 0.05 v 

Voo = 10v 0.05 0 0.05 0.05 v 

Voo = 15V 0.05 0 0.05 0.05 v 

VoH High Level iloi < 1 µA 
Output Voltage Voo = 5V 4.95 4.95 5 4.95 v 

Voo = 1ov 9.95 9.95 10 9.95 v 

Voo = 15V 14.95 14.95 15 14.95 v 

V1L Low Level iloi < 1 µA 
Input Voltage Voo = 5V, Vo = 4.5V 1.5 1.5 1.5 v 

Voo = 10V, Vo = 9V 3.0 3.0 3.0 v 

Voo = 15V, Vo= 13.5V 4.0 4.0 4.0 v 

V1H High Level iloi < 1 µA 
Input Voltage Voo = 5V, Vo = 0.5V 3.5 3.5 3.5 v 

Voo = 1ov, Vo= 1V 7.0 7.0 7.0 v 

Voo = 15V, Vo= 1.5V 11.0 11.0 11.0 v 

loL Low Level Output Voo = 5V, Vo = 0.4V 0.52 0.44 0.88 0.36 mA 
Current Voo = 10V, Vo = 0.5V 1.3 1.1 2.25 0.9 mA 

Voo = 15V, Vo= 1.5V 3.6 3.0 8.8 2.4 mA 

loH High Level Output Voo = 5V, Vo = 4.6V -0.52 -0.44 -0.88 -0.36 mA 
Current Voo = 10V, Vo= 9.5V -1.3 -1.1 -2.25 -0.9 mA 

Voo = 15V, Vo= 13.5V -3.6 -3.0 -8.8 -2.4 mA 

l1N Input Current Voo = 15V, V1N = ov -0.3 -10-s -0.3 -1.0 µA 
Voo = 15V, V1N = 15V 0.3 10-s 0.3 1.0 µA 

AC Electrical Characteristics* 
TA = 25°C, CL = 50 pF, AL = 200k, tr and tt ~ 20 ns, unless otherwise specified 

Symbol Parameter Conditions Min Typ Max Units 

tPHL or Propagation Delay Time Voo = 5V 110 185 ns 

tpLH from Input to Output Voo = 1ov 50 90 ns 

Voo = 15V 40 75 ns 

trHL or Transition Time Voo = 5V 100 200 ns 

trLH Voo = 1ov 50 100 ns 

Voo = 15V 40 80 ns 

C1N Average Input Capacitance Any Input 5 7.5 pF 

Cpo Power Dissipation Capacitance Any Input (Note 4) 20 pF 

•AC Parameters are guaranteed by DC correlated testing. 
Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The table of "Recommended Operating Conditions" and "Electrical Characteristics" provides conditions for actual device 
operation. 
Note 2: Vss = OV unless otherwise specified. 
Note 3: loL and loH are tested one output at a time. 
Note 4: Cpo determines the no load AC power consumption of any CMOS device. For complete explanation, see 54C/74C Family Characteristics Application 
Note-AN-90. 
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AC Test Circuit and Switching Time Waveforms 

Yoo 

INPUT 
Y55 

TL/F/5976-3 
Yoo 

OUTPUT 
Y55 

Note: Delays measured with input tr, t1 = 20 ns. 
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~National 
~Semiconductor 

CD4071BM/CD4071BC 
Quad 2-lnput OR Buffered B Series Gate 
CD4081 BM/CD4081 BC 
Quad 2-lnput AND Buffered B Series Gate 

General Description Features 
• Low power TIL 

compatibility 
Fan out of 2 driving 74L 

or 1 driving 74LS 
These quad gates are monolithic complementary MOS 
(CMOS) integrated circuits constructed with N- and P-chan
nel enhancement mode transistors. They have equal source 
and sink current capabilities and conform to standard B se
ries output drive. The devices also have buffered outputs 
which improve transfer characteristics by providing very 
high gain. 

• 5V-10V-15V parametric ratings 
• Symmetrical output characteristics 
• Maximum input leakage 1 µA at 15V over full tempera

ture range 

All inputs protected against static discharge with diodes to 
Voo and Vss-

Connection Diagrams 

Voo 

14 

Voo 

14 

CD4071B Dual-In-Line Package 

Top View 

CD4081B Dual-In-Line Package 

11 

Top View 

Vss 

Vss 

Order Number CD4071B* or CD4081B* 

TL/F/5977-3 

TL/F/5977-6 

*Please look into Section 8, Appendix D for availability of various package types. 
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0 

Absolute Maximum Ratings (Notes 1 & 2) 
c 
.i:i.. 
0 

If Miiitary/Aerospace specified devices are required, Lead Temperature (TL) ..... ..... 
contact the National Semiconductor Sales Office/ (Soldering, 10 seconds) 260°c m 
Distributors for avallablllty and specifications. 3: 
Voltage at Any Pin Operating Conditions ....... 

- 0.5V to V DD + 0.5V 0 
Power Dissipation (Po) Operating Range (Voo) 3 Voe to 15 Voe c 

.i:i.. 
Dual-In-Line 700mW Operating Temperature Range (TA) 0 

Small Outline 
..... 

500mW CD4071 BM, CD4081 BM - 55°C to + 125·c ..... 
m 

Voo Range -0.5Voeto +18Voe CD4071 BC, CD4081 BC - 4o•c to + 85°C 0 
Storage Temperature (Ts) - 65°C to + 15o•c ....... 

0 c 
DC Electrical Characteristics CD4011 BMICD4081 BM (Note 2) 

.i:i.. 
0 
CD 

-ss·c +2s0 c + 12s·c 
..... 

Symbol Parameter Conditions Units m 
3: Min Max Min Typ Max Min Max ....... 
0 

loo Quiescent Device Voo = 5V 0.25 0.004 0.25 7.5 µA c 
Current Voo = 1ov 0.50 0.005 0.50 15 µA .i:i.. 

0 
Voo = 15V 1.0 0.006 1.0 30 µA CD ..... 

VoL Low Level Voo = 5V } 0.05 0 0.05 0.05 v m 
0 

Output Voltage Voo = 1ov ilol < 1 µA 0.05 0 0.05 0.05 v 
Voo = 15V 0.05 0 0.05 0.05 v 

VoH High Level Voo = 5V } 4.95 4.95 5 4.95 v 
Output Voltage Voo = 1ov ilol < 1 µA 9.95 9.95 10 9.95 v 

Voo = 15V 14.95 14.95 15 14.95 v 

V1L Low Level Voo = 5V, Vo= 0.5V 1.5 2 1.5 1.5 v 
Input Voltage Voo = 10V, Vo= 1.0V 3.0 4 3.0 3.0 v 

Voo = 15V, Vo= 1.5V 4.0 6 4.0 4.0 v 

V1H High Level Voo = 5V, Vo = 4.5V 3.5 3.5 3 3.5 v 
Input Voltage Voo = 10V, Vo = 9.0V 7.0 7.0 6 7.0 v 

Voo = 15V, Vo= 13.5V 11.0 11.0 9 11.0 v 

loL Low Level Output Voo = 5V, Vo = 0.4V 0.64 0.51 0.88 0.36 mA 
Current Voo = 10V, Vo = 0.5V 1.6 1.3 2.25 0.9 mA 
(Note 3) Voo = 15V, Vo= 1.5V 4.2 3.4 8.8 2.4 mA 

loH High Level Output Voo = 5V, Vo = 4.6V -0.64 -0.51 -0.88 -0.36 mA 
Current Yoo= 10V, Vo= 9.5V -1.6 -1.3 -2.25 -0.9 mA 
(Note 3) Voo = 15V, Vo= 13.5V -4.2 -3.4 -8.8 -2.4 mA 

l1N Input Current Voo = 15V, V1N = ov -0.10 -10-s -0.10 -1.0 µA 
Voo = 15V, V1N = 15V 0.10 10-s 0.10 1.0 µA 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range" 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 

Note 2: All voltages measured with respect to Vss unless otherwise specified. 

Note 3: loH and loL are tested one output at a time. 
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DC Electrical Characteristics cD4011 sc1cD4081 sc (Note 2) 

Symbol Parameter Conditions 
-40°c +2s0 c +es·c 

Units 
Min Max Min Typ Max Min Max 

loo Quiescent Device Voo = 5V 1 0.004 1 7.5 µA 
Current Voo = 10v 2 0.005 2 15 µA 

Voo = 15V 4 0.006 4 30 µA 

VoL Low Level v 00 = 5V } 0.05 0 0.05 0.05 v 
Output Voltage Voo = 1ov llol < 1 µA 0.05 0 0.05 0.05 v 

v 00 = 15V 0.05 0 0.05 0.05 v 

VoH High Level Voo = 5V } 4.95 4.95 5 4.95 v 
Output Voltage v 00 = 1ov llol < 1 µA 9.95 9.95 10 9.95 v 

V00 = 15V 14.95 14.95 15 14.95 v 

V1L Low Level Voo = 5V, Vo = 0.5V 1.5 2 1.5 1.5 v 
Input Voltage Voo = 10V, Vo= 1.0V 3.0 4 3.0 3.0 v 

Voo = 15V, Vo= 1.5V 4.0 6 4.0 4.0 v 

V1H High Level Voo = 5V, Vo = 4.5V 3.5 3.5 3 3.5 v 
Input Voltage Voo = 10V, Vo = 9.0V 7.0 7.0 6 7.0 v 

Voo = 15V, Vo= 13.5V 11.0 11.0 9 11.0 v 

loL Low Level Output Voo = 5V, Vo = 0.4V 0.52 0.44 0.88 0.36 mA 
Current Voo = 10V, Vo = 0.5V 1.3 1.1 2.25 0.9 mA 
(Note 3) Voo = 15V, Vo= 1.5V 3.6 3.0 8.8 2.4 mA 

loH High Level Output Voo = sv, Vo = 4.6V -0.52 -0.44 -0.88 -0.36 mA 
Current Voo = 10V, Vo= 9.5V -1.3 -1.1 -2.25 -0.9 mA 
(Note 3) Voo = 15V, Vo= 13.5V -3.6 -3.0 -8.8 -2.4 mA 

l1N Input Current Voo = 15V, V1N = ov -0.30 -10-s -0.30 -1.0 µA 
Voo = 15V, V1N = 15V 0.30 10-s 0.30 1.0 µA 

AC Electrical Characteristics* cD4011sc1cD4011sM 
TA = 25°C, Input t6 tt = 20 ns, CL = 50 pF, AL = 200 kn, Typical temperature coefficient is 0.3%1°C 

Symbol Parameter Conditions Typ Max Units 

tPHL Propagation Delay Time, Voo = 5V 100 250 ns 
High-to-Low Level Voo = 1ov 40 100 ns 

Voo = 15V 30 70 ns 

tPLH Propagation Delay Time, Voo = 5V 90 250 ns 
Low-to-High Level Voo = 1ov 40 100 ns 

v 00 = 15V 30 70 ns 

trHL· trLH Transition Time Voo = 5V 90 200 ns 
Voo = 1ov 50 100 ns 
Voo = 15V 40 80 ns 

C1N Average Input Capacitance Any Input 5 7.5 pF 

Cpo Power Dissipation Capacity Any Gate 18 pF 

•AC Parameters are guaranteed by DC correlated testing. 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range" 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 

Note 2: All voltages measured with respect to Vss unless otherwise specified. 

Note 3: loH and loL are tested one output at a lime. 
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AC Electrical Characteristics* cD4001sc1cD4001sM 
TA = 25°C, Input tr: tt = 20 ns, CL = 50 pF, AL = 200 kn, Typical temperature coefficient is 0.3%1°C 

Symbol Parameter Conditions 

tPHL Propagation Delay Time, Voo = 5V 
High-to-Low Level Voo = 10v 

Voo = 15V 

tPLH Propagation Delay Time, Voo = 5V 
Low-to-High Level Voo = 1ov 

Voo = 15V 

trHL· trLH Transition Time Voo = 5V 
Voo = 1ov 
Voo = 15V 

C1N Average Input Capacitance Any Input 

Cpo Power Dissipation Capacity Any Gate 

•AC Parameters are guaranteed by DC correlated testing. 

Typical Performance Characteristics 
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Typical Performance Characteristics (Continued) 
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Schematic Diagrams 
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~National 
~Semiconductor 

CD4072BM/CD4072BC Dual 4-lnput OR Gate 
CD4082BM/CD4082BC Dual 4-lnput AND Gate 

General Description Features 
• Wide supply voltage range 
• High noise immunity 
• Low power TIL 

compatibility 
• 5V-1 OV-15V parametric ratings 

3.0V to 15V 

0.45 Voo (typ.) 
fanout of 2 driving 74L 

or 1 driving 7 4LS 

These dual gates are monolithic complementary MOS 
(CMOS) integrated circuits constructed with N- and P-chan
nel enhancement mode transistors. They have equal source 
and sink current capabilities and conform to standard B se
ries output drive. The devices also have buffered outputs 
which improve transfer characteristics by providing very 
high gain. All inputs are protected against static discharge 
with diodes to Voo and Vss-

• Symmetrical output characteristics 
• Maximum input leakage 1 µA at 15V over full tempera

ture range 

Connection Diagrams 

Yoo 
14 13 

CD4072BM/CD4072BC CD4082BM/CD4082BC 

12 11 

4 5 

Top View 

6 
NC 

NC 
8 

7 
Yss 

TL/F/5978-1 

Yoo 
14 13 

Order Number CD4072B* or CD4082B* 

12 

3 4 

Top View 

•Please look into Section 8, Appendix D for availability of various package types. 
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Absolute Maximum Ratings (Notes 1 & 2) 

If Mllltary/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for avallablllty and specifications. 

Supply Voltage (Voo) -0.5V to + 18V 

Input Voltage MN) 

Storage Temperature Range (Ts) 

Power Dissipation (Po) 
Dual-In-Line 
Small Outline 

Lead Temperature (Tu 
(Soldering, 10 seconds) 

-0.5 to Voo +0.5V 
-65°C to + 15o•c 

700mW 
500mW 

260°c 

Recommended Operating 
Conditions (Note 2) 

Supply Voltage (Voo) 

Input Voltage MN) 

Operating Temperature Range (T Al 
CD4072BM, CD4082BM 
CD4072BC, CD4082BC 

3.0Vto 15V 

OVtoVoo V 

- 55°C to + 12s·c 
-40°c to + 85°C 

DC Electrical Characteristics CD4012sM, CD4082BM (Note 2) 

Symbol Parameter Conditions 
-ss·c +2s0 c + 12s·c 

Units 
Min Max Min Typ Max Min Max 

loo Quiescent Voo = 5.0V 0.25 0.004 0.25 7.5 µA 
Device Current Voo = 10v 0.5 0.005 0.5 15 µA 

Voo = 15V 1.0 0.006 ·1.0 30 µA 

Vol Low Level Voo = 5.0V 0.05 0 0.05 0.05 v 
Output Voltage Voo = 1ov 0.05 0 0.05 0.05 v 

Voo = 15V 0.05 0 0.05 0.05 v 

VoH High Level Voo = 5.0V 4.95 4.95 5.0 4.95 v 
Output Voltage Voo = 10v 9.95 9.95 10 9.95 v 

Voo = 15V 14.95 14.95 10 14.95 v 

V1L Low Level Voo = 5.0V, Vo = 0.5V or 4.5V 1.5 2.25 1.5 1.5 v 
Input Voltage Voo = 1 ov, Vo = 1.0V or 9.0V 3.0 4.50 3.0 3.0 v 

Voo = 15V, Vo= 1.5Vor 13.5V 4.0 6.75 4.0 4.0 v 

V1H High Level Voo = 5.0V, Vo = 0.5V or 4.5V 3.5 3.5 2.75 3.5 v 
Input Voltage Voo = 1 ov, Vo = 1.ov or 9.0V 7.0 7.0 5.50 7.0 v 

Voo = 15V, Vo= 1.5Vor 13.5V 11.0 11.0 8.25 11.0 v 

loL Low Level Voo = 5.0V, Vo = 0.4V 0.64 0.51 0.88 0.36 mA 
Output Current Voo = 10V, Vo= 0.5V 1.6 1.3 2.2 0.90 mA 
(Note3) Voo = 15V, Vo= 1.5V 4.2 3.4 8.0 2.4 mA 

loH High Level Voo = 5.0V, Vo = 4.6V -0.64 -0.51 -0.88 -0.36 mA 
Output Current Voo = 10V, Vo= 9.5V -1.6 -1.3 -2.2 -0.90 mA 
(Note3) Voo = 15V, Vo= 13.5V -4.2 -3.4 -8.0 -2.4 mA 

l1N Input Current Voo = 15V, V1N = ov -0.10 -10-5 -0.10 -1.0 µA 
Voo = 15V, V1N = 15V 0.10 10-5 0.10 1.0 µA 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limts. The tables of "Recommended Operating Conditions" and "Electrical Characteristics" provide conditions for actual device 
operation. 

Note 2: Vss = OV unless otherwise specified. 

Note 3: loL and loH are tested one output at a time. 
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DC Electrical Characteristics cD4012sc, CD4002sc (Note 2) · 

Symbol Parameter Conditions 
-40°C +25°C +ss·c 

Units 
Min Max Min Typ Max Min Max 

loo Quiescent Voo = 5.0V 1.0 0.004 1.0 7.5 µA 
Device Current Voo = 1ov 2.0 0.005 2.0 15 µA 

Voo = 15V 4.0 0.006 4.0 30 µA 

Vm Low Level Voo = 5.ov 0.05 0 0.05 0.05 v 
Output Voltage V00 = 10v 0.05 0 0.05 0.05 v 

Voo = 15V 0.05 0 0.05 0.05 v 

VoH High Level v 00 = 5.ov 4.95 4.95 5.0 4.95 v 
Output Voltage V00 = 1ov 9.95 9.95 10 9.95 v 

Voo = 15V 14.95 14.95 10 14.95 v 

V1L Low Level Voo = 5.0V, v 0 = 0.5V or 4.5V 1.5 2.25 1.5 1.5 v 
Input Voltage Voo = 10V, Vo= 1.0Vor9.0V 3.0 4.50 3.0 3.0 v 

Voo = 15V, Vo= 1.5Vor 13.5V 4.0 6.75 4.0 4.0 v 

V1H High Level Voo = 5.0V, v 0 = 0.5V or 4.5V 3.5 3.5 2.75 3.5 v 
Input Voltage Voo = 10V, Vo = 1.ov or 9.0V 7.0 7.0 5.50 7.0 v 

Voo = 15V, Vo= 1.5Vor 13.5V 11.0 11.0 8.25 11.0 v 

loL Low Level Voo = 5.0V, Vo = 0.4V 0.52 0.44 0.88 0.36 mA 
Output Current Voo = 10V, Vo = 0.5V 1.3 1.1 2.2 0.90 mA 
(Note3) Voo = 15V, Vo= 1.5V 3.6 3.0 8.0 2.4 mA 

loH High Level Voo = 5.0V, Vo = 4.6V -0.52 -0.44 -0.88 -0.36 mA 
Output Current Voo = 10V, Vo= 9.5V -1.3 -1.1 -2.2 -0.90 mA 
(Note 3) Voo = 15V, Vo= 13.5V -3.6 -3.0 -8.0 -2.4 mA 

l1N Input Current Voo = 15V, V1N = ov -0.3 -10-s -0.3 -1.0 µA 
Voo = 15V, V1N = 15V 0.3 10-s 0.3 1.0 µA 

AC Electrical Characteristics* TA = 25°C, CL = 50 pF, unless otherwise noted 

Symbol Parameter Conditions Min Typ Max Units 

tPHL Propagation Delay Voo = 5.ov 125 250 ns 
High to Low Level Voo = 1ov 60 100 ns 

v 00 = 15V 45 70 ns 

tPLH Propagation Delay Voo = 5.0V 125 250 ns 
Low to High Level v 00 = 1ov 60 100 ns 

Voo = 15V 45 70 ns 

trHL· trLH Transition Time V00 = 5.ov 100 200 ns 

Voo = 1ov 50 100 ns 

Voo = 15V 40 . 80 ns 

C1N Average Input Any Input 
5.0 7.5 pF 

Capacitance (Note 4) 

Cpo Power Dissipation Any Gate 
20 pF 

Capacity (Note 5) 

•AC Parameters are guaranteed by DC correlated testing. 
Note 2: Vss = OV unless otherwise specified. 
Note 3: loL and loH are tested one output at a time. 
Note 4: Capacitance is guaranteed by periodic testing. 
Note 5: Cpo determines the no load AC power consumption of any CMOS device. For complete explanation see 54C/74C Family Characteristics, Application Note 
AN-90. 
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~National· a Semiconductor 

CD4073BM/CD4073BC 
Double Buffered Triple 3-lnput AND Gate 
CD4075BM/CD4075BC 
Double Buffered Triple 3-lnput OR Gate 

General Description Features 
• Wide supply voltage range 
• High noise immunity 
• Low power TTL 

compatibility 

3.0V to 15V 
0.45 Voo (typ.) 

Fan out of 2 driving 74L 
or 1 driving 74LS 

These triple gates are monolithic complementary MOS 
(CMOS) integrated circuits constructed with N- and P-chan
nel enhancement mode transistors. They have equal source 
and sink current capabilities and conform to standard B se
ries output drive. The devices also have buffered outputs 
which improve transfer characteristics by providing very 
high gain. All inputs are protected against static discharge 
with diodes to Voo and V55. 

• 5V-10V-15V parametric ratings 
• Symmetrical output characteristics 
• Maximum input leakage 1 µA at 15V over full tempera

ture range 

Connection Diagrams 

Voo 

14 

Dual-In-Line Packages 

CD4073 Triple 3-lnput AND Gate CD40758 Triple 3-lnput OR Gate 

10 

Top View 

Vss 
TL/F/5979-1 

Voo 

14 

Order Number CD4073B* or CD4075B* 

Top View 

•Please look into Section 8, Appendix D for availability of various package types. 
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Absolute Maximum Ratings (Notes 1 & 2) 

DCSupplyVoltage(Voo) -0.5Voeto +18Voe 

Input Voltage (V1N) -0.5 Voe to Voo + 0.5 Voe 

Storage Temperature Range (Ts) -65°C to + 150°C 

Power Dissipation (Po) 
Dual-In-Line 
Small Outline 

Lead Temperature (TL) 
(Soldering, 10 seconds) 

700mW 
500mW 

260°c 

Operation Condition~ (Note 2) 

DC Supply Voltage (Voo) + 5 Voe to + 15 Voe 

Input Voltage MN) 

Operating Temperature Range (TA) 
CD4073BM/CD4075BM 
CD4073BC/CD4075BC 

o Voe to Voo Voe 

- 55°C to + 125°C 
- 4o•c to + 85°C 

DC Electrical Characteristics CD4073BM/CD4075BM (Note 2) 

Symbol Parameter Conditions 
-ss·c +2s0 c 

Min Max Min Typ Max 

loo Quiescent Device Voo = 5V, V1N = Voo or Vss 0.25 0.004 0.25 
Current Voo = 1 OV, V1N = Voo or Vss 0.5 0.005 0.5 

Voo = 15V, V1N = VooorVss 1.0 0.006 1.0 

VoL Low Level Voo = 5V } 0.05 0 0.05 
Output Voltage Voo = 1ov llol < 1 µA 0.05 0 0.05 

Voo = 15V 0.05 0 0.05 

VoH High Level Voo = 5V } 4.95 4.95 5 
Output Voltage Voo = 1ov lloJ < 1 µA 9.95 9.95 10 

Voo = 15V 14.95 14.95 15 

V1L Low Level Voo = 5V, Vo = 0.5V } 1.5 2 1.5 
Input Voltage Voo = 10V, Vo= 1.0V llol < 1 µA 3.0 4 3.0 

Voo = 15V, Vo= 1.5V 4.0 6 4.0 

V1H High Level Voo = 5V, Vo = 4.5V } 3.5 3.5 3 
Input Voltage Voo = 10V, Vo= 9.0V llol < 1 µA 7.0 7.0 6 

Voo = 15V, Vo= 13.5V 11.0 11.0 9 

loL Low Level Output Voo = 5V, Vo = 0.4V 0.64 0.51 0.88 
Current Voo = 10V, Vo= 0.5V 1.6 1.3 2.2 
(Note3) Voo = 15V, Vo= 1.5V 4.2 3.4 8 

loH High Level Output Voo = 5V, Vo = 4.6V -0.64 -0.51 -0.88 
Current Voo = 10V, Vo = 9.5V -1.6 -1.3 -2.2 
(Note3) Voo = 15V, Vo= 13.5V -4.2 -3.4 -8 

l1N Input Current Voo = 15V, V1N = ov -0.10 -10-5 -0.10 
Voo = 15V, V1N = 15V 0.10 10-5 0.10 

Schematic Diagram 
CD4073BC 

a• o-----------+--4 
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1/3 DEVICE SHOWN 

3-:.'. .. 
1 

*ALL INPUTS PROTECTED 
BY STANDARD CMDS INPUT 
PROTECTION CIRCUIT. 

+12s·c 
Units 

Min Max 

7.5 µA 
15 µA 
30 µA 

0.05 v 
0.05 v 
0.05 v 

4.95 v 
9.95 v 
14.95 v 

1.5 v 
3.0 v 
4.0 v 

3.5 v 
7.0 v 
11.0 v 

0.36 mA 
0.9 mA 
2.4 mA 

-0.36 mA 
-0.9 mA 
-2.4 mA 

-1.0 µA 
1.0 µA 

TL/F/5979-3 



DC Electrical Characteristics co4013sc1co4015sc (Note 2) 

Symbol Parameter Conditions 
-40°c +2s0 c +as·c 

Units 
Min Max Min Typ Max Min Max 

loo Quiescent Device Voo = 5V, V1N = Voo or Vss 1 0.004 1 7.5 µA 
Current Voo = 1 ov, V1N = Voo or Vss 2 0.005 2 15 µA 

Voo = 15V, V1N = Voo or Vss 4 0.006 4 30 µA 

VoL Low Level Voo = 5V } 0.05 0 0.05 0.05 v 
Output Voltage v 00 = 1ov llol < 1 µA 0.05 0 0.05 0.05 v 

Voo = 15V 0.05 0 0.05 0.05 v 

VoH High Level Voo = 5V } 4.95 4.95 5 4.95 v 
Output Voltage Voo = 1ov llol < 1 µA 9.95 9.95 10 9.95 v 

Voo = 15V 14.95 14.95 15 14.95 v 

V1L Low Level Voo = 5V, Vo = 0.5V } 1.5 2 1.5 1.5 v 
Input Voltage Voo = 10V, Vo= 1.0V lol < 1 µA 3.0 4 3.0 3.0 v 

Voo = 15V, Vo= 1.5V 4.0 6 4.0 4.0 v 

V1H High Level Voo = 5V, Vo= 4.5V } 3.5 3.5 3 3.5 v 
Input Voltage Voo = 10V, Vo= 9.0V llol < 1 µA 7.0 7.0 6 7.0 v 

Voo = 15V, Vo= 13.5V 11.0 11.0 9 11.0 v 

loL Low Level Output Voo = 5V, Vo = 0.4V 0.52 0.44 0.88 0.36 mA 
Current Voo = 10V, Vo= 0.5V 1.3 1.1 2.2 0.9 mA 
(Note3) Voo = 15V, Vo= 1.5V 3.6 3.0 8 2.4 mA 

loH High Level Output Voo = 5V, Vo= 4.6V -0.52 -0.44 -0.88 -0.36 mA 
Current Voo = 10V, Vo= 9.5V -1.3 -1.1 -2.2 -0.9 mA 
(Note3) Voo = 15V, Vo= 13.5V -3.6 -3.0 -8 -2.4 mA 

l1N Input Current Voo = 15V, V1N = ov -0.30 -10-s -0.30 -1.0 µA 
Voo = 15V, V1N = 15V 0.30 10-s 0.30 1.0 µA 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed; they are not meant to imply that the devices 
should be operated at these limits. The table of "Recommended Operating Conditions" and "Electrical Characteristics" provides conditions for actual device 
operation. 

Note 2: Vss = OV unless otherwise specified. 

Note 3: loH and loL are tested one output at a time. 

Schematic Diagram 
CD4075BC 

VDD 

1/3 DEVICE SHOWN 

A*"' - ,,...... 

~ 
*ALL INPUTS PROTECTED 
BY STAN OARD CMOS INPUT 
PROTECTION CIRCUIT. 

e• - I~ 
Voo -

-~ ~ -~ -~ c• .... I..._ -
- I~ 'J--·:J- ~:." ;I ;I 

~~ ~~ ~T ~~ ~~ ~9 
Vss ":" 

TL/F/5979-4 
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~ TA = 25°C, CL = 50 pF, RL = 200k unless otherwise specified 
"'1:1' 
0 
0 ...... 
:E m 
Lt) 
....... 
0 
"'1:1' 
0 
0 ...... 
0 m 
C") 
....... 
0 
"'1:1' 
0 
0 ...... 
:E m 
C") 
....... 
0 
"'1:1' 
0 
0 

Symbol Parameter Conditions 

tPHL Propagation Delay, Voo= 5V 
High to Low Level Voo = 1ov 

Voo = 15V 

tPLH Propagation Delay, Voo = 5V 
Low to High Level Voo = 1ov 

Voo = 15V 

trHL Transition Time Voo = 5V 

tTLH Voo = 1ov 
Voo = 15V 

C1N Average Input Any Input 
Capacitance (Note 4) 

Cpo Power Dissipation Any Gate 
Capacity (Note 5) 

•AC Parameters are guaranteed by DC correlated testing. 

Note 4: Capacitance is guaranteed by periodic testing. 

Min 

CD4073BC CD4075BC 
CD4073BM CD4075BM 

Typ Max Min Typ 

130 250 140 
60 100 70 
40 70 50 

140 250 130 
70 100 50 
50 70 40 

90 200 90 
50 100 50 
40 80 40 

5 7.5 5 

17 17 

Units 

Max 

250 ns 
100 ns 
70 ns 

250 ns 
100 ns 
70 ns 

200 ns 
100 ns 
80 ns 

7.5 pF 

pF 

Note 5: Cpo determines the no load AC power consumption of any CMOS device. For complete explanation see 54C/74C Family characteristics Application 
NoteAN-90. 
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~National 
D Semiconductor 
CD4076BM/CD4076BC TRI-STATE® Quad D Flip-Flop 

General Description 
The CD4076BM/CD4076BC TRI-STATE quad D flip-flop is 
a monolithic complementary MOS (CMOS) integrated circuit 
constructed with N· and P-channel enhancement mode 
transistors. The four D type flip-flops operate synchronously 
from a common clock. The TRI-STATE output allows the 
device to be used in bus organized systems. The outputs 
are placed in the TRI-STATE mode when either of the two 
output disable pins are in the logic "1" level. The input dis
ables allow the flip-flops to remain in their present state 
without disrupting the clock. If either of the two input dis
ables is taken to a logic "1" level, the Q outputs are fed 
back to the inputs and in this manner the flip-flops do not 
change state. 

Logic and Connection Diagrams 

OUTPUT A 

OUTPUT I 

OUTPUTC 

OUTPUTD 

TL/F/5980-1 

Clearing is enabled by taking the clear input to a logic "1" 
level. Clocking occurs on the positive-going transition. 

All inputs are protected against damage due to static dis
charge by diode clamps to Voo and Vss-

Features 
• Wide supply voltage range 
• High noise immunity 
• Low power TTL 

compatibility 

3.0V to 15V 

0.45 Voo (typ.) 
fan out of 2 driving 74L 

or 1 driving 74LS 
• High impedance TRI-STATE outputs 
• Inputs can be disabled without gating the clock 
• Equivalent to MM54C173/MM74C173 

Dual-In-Line Package 

DATA DATA 
INPUT INPUT INPUT INPUT INPUT INPUT 

VDD CLEAR A B c D DISABLE DISABLE 

116 15 14 13 12 11 10 9 

,...- t-

1 2 ] 4 5 6 1 T8 
OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT CP Vss 
DISABLE DISABLE A B C D 

TL/F/5980-2 

Top View 

Order Number CD4076B* 

•Please look into Section 8, Appendix D for availability of various package types. 

Truth Table 

tn tn + 1 

Data Input Disable 
Data 
Input 

Logic "1" on One or Both Inputs x On 
Logic "O" on Both Inputs 1 1 
Logic "O" on Both Inputs 0 0 
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Absolute Maximum Ratings (Notes 1 & 2) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications • 

Recommended Operating 
Conditions (Note 2) 

DC Supply Voltage (Voo) 

Input Voltage MN) 
DC Supply Voltage (Voo) -0.5V to + 18 Voe 

Input Voltage MN) -0.5 to Voo + 0.5 Voe 
Operating Temperature Range (TA) 

CD4076BM 
Storage Temperature Range (Ts) -65°C to + 150°C CD4076BC 
Power Dissipation 

Dual-In-Line 700 mW 
Small Outline 500 mW 

.Lead Temperature (TL) 
(Soldering, 1 o seconds) 260°C 

DC Electrical Characteristics CD4076BM (Note 2) 

Symbol Parameter Conditions 
-55°C +25°C 

Min Max Min Typ Max 

loo Quiescent Device Current Voo = 5V, V1N = Voo or Vss 5 5 
Voo = 1 OV, V1N = Voo or V55 10 10 

Voo = 15V, V1N = Voo or Vss 20 20 

Vol Low Level Output Voltage Voo = 5V 0.05 0.05 
Voo = 1ov 0.05 0.05 
Voo = 15V 0.05 0.05 

VoH High Level Output Voltage Voo = 5V 4.95 4.95 
Voo = 1ov 9.95 9.95 
Voo = 15V 14.95 14.95 

V1L Low Level Input Voltage Voo = 5V, Vo = 0.5V or 4.5V 1.5 1.5 
Voo = 10V, Vo= 1Vor 9V 3.0 3.0 
Voo = 15V, Vo= 1.5Vor13.5V 4.0 4.0 

V1H High Level Input Voltage Voo = 5V, Vo = 0.5V or 4.5V 3.5 3.5 
Voo = 1ov, Vo= 1Vor 9V 7.0 7.0 
Voo = 15V, Vo= 1.5Vor 13.5V 11.0 11.0 

IQL Low Level Output Current Voo = 5V, Vo = 0.4V 0.64 0.51 0.88 
(Note3) Voo = 10V, Vo= 0.5V 1.6 1.3 2.25 

Voo = 15V, Vo= 1.5V 4.2 3.4 8.8 

loH High Level Output Current Voo = 5V, Vo = 4.6V -0.64 -0.51 -0.88 
(Note 3) Voo = 10V, Vo = 9.5V -1.6 -1.3 -2.25 

Voo = 15V, Vo= 13.5V -4.2 -3.4 -8.8 

l1N Input Current Voo = 15V, V1N = ov -0.1 -10-s -0.1 
Voo = 15V, V1N = 15V 0.1 10-s 0.1 

loz Output Current High Voo = 15V, V1N = ov -0.1 -10-s -0.1 
Impedance State Voo = 15V, V1N = 15V 0.1 10-s 0.1 

+3Vto +15Voe 

OVtoVoo Voe 

- 55°C to + 125°C 
- 40°C to + 85°C 

+ 125°C 
Units 

Min Max 

150 µA 
300 µA 
600 µA 

0.05 v 
0.05 v 
0.05 v 

4.95 v 
9.95 v 
14.95 v 

1.5 v 
3.0 v 
4.0 v 

3.5 v 
7.0 v 
11.0 v 

0.36 mA 
0.9 mA 
2.4 mA 

-0.36 mA 
-0.9 mA 
-2.4 mA 

-1.0 µA 
1.0 µA 

-1.0 µA 
1.0 µA 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed; they are not meant to imply that the devices 
should be operated at these limits. The table of "Recommended Operating Conditions" and "Electrical Characteristics" provides conditions for actual device 
operation. 

Note 2: Vss = OV unless otherwise specified. 

Note 3: loH and loL are tested one output at a time. 
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DC Electrical Characteristics CD4076BC (Note 2) 

Symbol Parameter Conditions 
-40°c 

Min Max Min 

loo Quiescent Device Current Voo = 5V, V1N = Voo or Vss 20 
Voo = 1 ov, V1N = Voo or Vss 40 
Voo = 15V, V1N = Voo or Vss 8a 

VoL Low Level Output Voltage Voo = 5V a.a5 
v 00 = 1ov a.a5 
Voo = 15V a.a5 

VoH High Level Output Voltage Voo = 5V 4.95 4.95 
v 00 = 1av 9.95 9.95 
Voo = 15V 14.95 14.95 

V1L Low Level Input Voltage Voo = 5V, Vo = a.5V or 4.5V 1.5 
Voo = 1av, Vo= 1Vor9V 3.a 
Voo = 15V, Vo= 1.5Vor 13.5V 4.a 

V1H High Level Input Voltage Voo = 5V, Vo = a.5V or 4.5V 3.5 3.5 
Voo = 1av, Vo= 1Vor 9V 7.a 1.a 
Voo = 15V, Vo= 1.5Vor 13.5V 11.a 11.a 

loL Low Level Output Current Voo = 5V, Vo = a.4V a.52 a.44 
(Note3) Voo = 1av, Vo= a.5V 1.3 1.1 

Voo = 15V, Vo= 1.5V 3.6 3.a 

loH High Level Output Current Voo = 5V, Vo = 4.6V -a.52 -a.44 
(Note3) Voo = 1av, Vo= 9.5V -1.3 -1.1 

Voo = 15V, Vo= 13.5V -3.6 -3.a 

l1N Input Current Voo = 15V, v 1N =av -a.3 
Voo = 15V, V1N = 15V a.3 

loz Output Current High Voo = 15V, v 1N =av -a.3 
Impedance State Voo = 15V, V1N = 15V a.3 

AC Electrical Characteristics* 
TA = 25°C, CL = 5a pF, AL = 20ak, Input tr = tt = 2a ns, unless otherwise specified 

Symbol Parameter Conditions Min 

tPHL ortPLH Propagation Delay Time Voo = 5V 
from Clock to Output Voo = 1av 

Voo = 15V 

tPHL Propagation Delay Time Voo = 5V 
from Clear to Output Voo = 10v 

Voo = 15V 

tsu Minimum Input Data Voo = 5V 
Set-Up Time Voo = 1av 

Voo = 15V 

tH Minimum Input Data Voo = 5V 
Hold Time Voo = 1av 

Voo = 15V 

tsu Minimum Input Disable Voo = 5V 
Set-Up Time Voo = 1av 

Voo = 15V 

tH Minimum Input Disable Voo = 5V 
Hold Time Voo = 10v 

Voo = 15V 

•AC Parameters are guaranteed by DC correlated testing. 
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+25°c 
Typ 

a.88 
2.25 
8.8 

-a.88 
-2.25 
-8.8 

-10-5 
10-5 

-10-5 
10-5 

Typ 

22a 
8a 
65 

24a 
90 
1a 

4a 
15 
12 

-4a 
-12 
-1a 

1aa 
35 
28 

-75 
-3a 
-25 

+as·c 
Units 

Max Min Max 

2a 150 µA 
4a 3ao µA 
8a 600 µA 

o.a5 a.a5 v 
a.a5 a.a5 v 
o.a5 a.a5 v 

4.95 v 
9.95 v 
14.95 v 

1.5 1.5 v 
3.a 3.a v 
4.a 4.a v 

3.5 v 
7.a v 
11.a v 

a.36 mA 
a.9 mA 
2.4 mA 

-a.36 mA 
-a.9 mA 
-2.4 mA 

-0.3 -1.a µA 
a.3 1.a µA 

-a.3 -1.0 µA 
a.3 1.a µA 

Max Units 

4aa ns 
2CO ns 
16a ns 

49a ns 
180 ns 
145 ns 

8a ns 
3a ns 
25 ns 

a ns 
a ns 
a ns 

2aa ns 
1a ns 
55 ns 

a ns 
a ns 
a ns 
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0 m 
AC Electrical Characteristics* (Continued) (0 ..... 

0 TA = 25°C, CL = 50 pF, RL = 200k, Input tr = tt = 20 ns, unless otherwise specified 
~ c Symbol Parameter Conditions Min Typ Max Units 0 ....... 
::E tpHz, tpLZ Propagation Delay Time Voo = 5V, RL = 1.0k 170 340 ns 
m from Output Disable to Voo = 10V, RL = 1.0k 70 140 ns 
(0 ..... High Impedance State Voo = 15V, RL = 1.0k 56 115 ns 
0 
~ Propagation Delay from Output Voo = 5V, RL = 1.0k" 170 340 ns c 
0 Disable to Logical "1" Level or Voo = 10V, RL = 1.0k 70 140 ns 

Logical "O" Level (From High Voo = 15V, RL = 1.0k 56 115 ns 
Impedance State) 

tTHL ortrLH Transition Time Voo = 5V 100 200 ns 
Voo = 1ov 50 100 ns 

Voo = 15V 40 80 ns 

fcL Maximum Clock Frequency Voo = 5V 3.0 4.0 MHz 

Voo = 1ov 7.0 12.0 MHz 

Voo = 15V 8.75 15.0 MHz 

twH Minimum Clear Pulse Width v 00 = 5V 150 ns 

Voo = 1ov 70 ns 

Voo = 15V 56 ns 

tRCL• tFCL Maximum Clock Rise Voo = 5V 10 µs 
and Fall Time Voo = 1ov 5 µs 

Voo = 15V 2 µs 

C1N Average Input Capacitance Data Input (A, 8, C, D) 3 7.5 pF 
Other Inputs 6 15 pF 

Cour TRI-STATE Output Capacitance Any Output 15 pF 

•AC Parameters are guaranteed by DC correlated testing. 
Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed; they are not meant to imply that the 
devices should be operated at these limits. The table of "Recommended Operating Conditions" and "Electrical Characteristics" provides conditions for ·actual 
device operation. 
Note 2: Vss = OV unless otherwise specified. 
Note 3: loH and loL are tested one output at a time. 
Note 4: Cpo determines the no load AC power consumption of any CMOS device. For complete explanation, see 54C/74C Family Characteristics Application 
Note, AN-90. 

AC Test Circuits and Switching Time Waveforms 

tpHz and tpzH tpu and tpzL 

·~"'=QI DISABLE -::" U• 

Voo 

l~UT - ~ , ... OUTPUT 

DISA8LE~l 

I DUTPUT 

J" 
TL/F/5980-3 

TL/F/5980-4 
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AC Test Circuits and Switching Time Waveforms (Continued) 

tpHz tpLZ 

Yoo Yoo 

DISABLE Jt_ DISABLE 1~ DY DY 

- :" r YOH Yoo 

OUTPUT OUTPUT ·~F 
90% 

ov VOL 

TL/F/5980-5 

tpzH 

Yoo~ 
DISABLE OV ~SO% 

VoH-----t--tpzv.H-
OUTPUT 

10% 
ov----

TL/F/5980-7 

DISABLE 

ov 

Yoo 

OUTPUT 

TL/F/5980-8 

CLEAR 
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~National a Semiconductor 

CD4089BM/CD4089BC Binary Rate Multiplier 
CD4527BM/CD4527BC BCD Rate Multiplier 

General Description 
The CD4089B is a 4-bit binary rate multiplier that provides 
an output pulse rate which is the input clock pulse rate mul
tiplied by 1/i6 times the binary input number. For example, if 
5 is the binary input number, there will be 5 output pulses for 
every 16 clock pulses. 

The CD4527B is a 4-bit BCD rate multiplier that provides an 
output pulse rate which is the input clock pulse rate multi
plied by Yto times the BCD input number. For example, if 5 
is the BCD input number, there will be 5 output pulses for 
every 10 clock pulses. 

These devices may be used to perform arithmetic opera
tions including multiplication and division, AID and DI A con
version and frequency division. 

Connection Diagrams 

"15" 

D 

SET TO "15" 

OUT 

INHIBIT OUT 

Vss 

CD4089B 
Dual-In-Line-Package 

Top View 

16 Voo 

15 B 

14 A 

13 
CLEAR 

12 
CASCADE 

11 
INHIBIT IN 

10 
STROBE 

9 
CLOCK 

TL/F/5981-1 

Features 
• Wide supply voltage range 
• High noise immunity 
• Low power TTL 

compatibility 

3.0V to 15V 
0.45 Voo typ. 

fan out of 2 driving 74L 
or 1 driving 74LS 

• Internally synchronous 4-bit counter 
• Output clocked on the negative-going edge of clock 
• STROBE for inhibiting and enabling outputs 
• INHIBIT IN and CASCADE inputs for cascade operation 
• Complementary output 
• CLEAR and SET inputs 
• "9" or "15" output and INHIBIT OUT output 

"9" 

D 

SET TD "9" 

OUT 

INHIBIT OUT 

Vss 

CD4527B 
Dual-In-Line Package 

Top View 

16 Voo 

15 B 

14 A 

13 
CLEAR 

12 
CASCADE 

11 
INHIBIT IN 

lO STROBE 

g CLOCK 

TL/F/5981-2 

Order Number CD4089B• or CD4527B• 

*Please look into Section 8, Appendix D for availability of various package types. 
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Absolute Maximum Ratings (Notes 1 and 2) Recommended Operating 
If Miiitary/Aerospace specified devices are required, Conditions (Note 2) 
contact the National Semiconductor Sales Office/ 

Supply Voltage (Voo) 3V to 15V 
Distributors for avallablllty and specifications. 

Supply Voltage (Voo) -0.5Vto +18V 
Input Voltage MN) OVtoVooV 

Input Voltage MN) -0.5V to v 00 +0.5V 
Operating Temperature Range (TA) 

CD40898M, CD4527BM - 55°C to + 125·c 
Storage Temperature Range (Ts) - 65°C to + 150°c CD40898C, CD4527BC - 4o·c to + 85°C 
Power Dissipation (Po) 

Dual-In-Line 700mW 
Small Outline 500mW 

Lead Temperature (TL.) 
(Soldering, 10 sec.) 260°c 

DC Electrical Characteristics CD4089BMtCD4527BM (Note 2) 

Symbol Parameter Conditions 
-ss·c +2s0 c + 12s·c Units 

Min Max Min Typ Max Min Max 

loo Quiescent Device Voo = 5V, V1N = Voo or Vss 5 5 150 µA 
Current Voo = 1ov, V1N = Voo or Vss 10 10 300 µA 

Voo = 15V, V1N = Voo or Vss 20 20 600 µA 

VoL Low Level llol ~ 1 µA 
Output Voltage Voo = 5V 0.05 0 0.05 0.05 v 

Voo = 1ov 0.05 0 0.05 0.05 v 
Voo = 15V 0.05 0 0.05 0.05 v 

VoH High Level llol ~ 1 µA 
Output Voltage Voo = 5V 4.95 4.95 5 4.95 v 

Voo = 1ov 9.95 9.95 10 9.95 v 
Voo = 15V 14.95 14.95 15 14.95 v 

V1L Low Level Voo = 5V, Vo = 0.5V or 4.5V 1.5 1.5 1.5 v 
Input Voltage Voo = 10V, Vo= 1Vor9V 3.0 3.0 3.0 v 

Voo = 5V, Vo= 1.5Vor 13.5V 4.0 4.0 4.0 v 

V1H High Level Voo = 5V, Vo = 0.5V or 4.5V 3.5 3.5 3.5 v 
Input Voltage Voo = 10V, Vo= 1Vor9V 7.0 7.0 7.0 v 

Voo = 5V, Vo= 1.5Vor 13.5V 11.0 11.0 11.0 v 

loL Low Level Output Voo = 5V, Vo = 0.4V 0.64 0.51 0.88 0.36 mA 
Current (Note 3) Voo = 10V, Vo= 0.5V 1.6 1.3 2.25 0.9 mA 

Voo = 15V, Vo= 1.5V 4.2 3.4 8.8 2.4 mA 

loH High Level Output Voo = 5V, Vo = 4.6V -0.64 -0.51 -0.88 -0.36 mA 
Current (Note 3) Voo = 10V, Vo= 9.5V -1.6 -1.3 -2.25 -0.9 mA 

Voo = 15V, Vo= 13.5V -4.2 -3.4 -8.8 -2.4 mA 

l1N Input Current Voo = 15V, V1N = ov -0.1 -10-s -0.1 -1.0 µA 
Voo = 15V, V1N = 15V 0.1 10-5 0.1 1.0 µA 

DC Electrical Characteristics co4009sc1co4527sc (Note 2) 

Symbol Parameter Conditions 
-40°c +2s0 c +as·c Units 

Min Max Min Typ Max Min Max 

loo Quiescent Device Voo = 5V, V1N = Voo or Vss 20 20 150 µA 
Current Voo = 1 ov, V1N = Voo or Vss 40 40 300 µA 

Voo = 15V, V1N = Voo or Vss 80 80 600 µA 

VoL Low Level llol ~ 1 µA 
Output Voltage V00 = 5V 0.05 0 0.05 0.05 v 

v 00 = 1ov 0.05 0 0.05 0.05 v 
Voo = 15V 0.05 0 0.05 0.05 v 

VoH High Level llol ~ 1 µA 
Output Voltage v 00 = 5V 4.95 4.95 5 4.95 v 

Voo = 1ov 9.95 9.95 10 9.95 v 
Voo = 15V 14.95 14.95 15 14.95 v 

V1L Low Level Voo = 5V, Vo = 0.5V or 4.5V 1.5 1.5 1.5 v 
Input Voltage Voo = 10V, Vo= 1V or 9V 3.0 3.0 3.0 v 

Voo = 5V, Vo= 1.5Vor 13.5V 4.0 4.0 4.0 v 
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DC Electrical Characteristics co4009sc1co4s21sc (Note 2> (Continued) ...... 
N 
ii) 

-40°C +25°C +85°C oi::t' Symbol Parameter Conditions Units c 
0 Min Max Min Typ Max Min Max 
...... 

V1H High Level Voo = sv, Vo = o.sv or 4.5V 3.5 3.5 3.5 v :5 
m Input Voltage Voo = 10V, Vo= 1V or 9V 7.0 7.0 7.0 v 
...... Voo = 5V, Vo= 1.5Vor 13.5V 11.0 11.0 11.0 v 
N 
ii) loL Low Level Output Voo = 5V, Vo = 0.4V 0.52 0.44 0.88 0.36 mA oi::t' c Current Voo = 10V, Vo = 0.5V 1.3 1.1 2.25 0.9 mA 
0 (Note3) Voo = 15V, Vo= 1.5V 3.6 3.0 8.8 2.4 mA ...... 
0 loH High Level Output Voo = 5V, Vo = 4.6V -0.52 -0.44 -0.88 -0.36 mA 
m Current Voo = 10V, Vo= 9.5V -1.3 -1.1 -2.25 -0.9 mA O> co (Note3) Voo = 15V, Vo= 13.5V -3.6 -3.0 -8.8 -2.4 mA 
0 
oi::t' l1N Input Current Voo = 15V, V1N = ov -0.3 -10-5 -0.3 -1.0 µA c Voo = 15V, V1N = 15V 0.3 10-5 0.3 1.0 µA 0 ...... 
:5 AC Electrical Characteristics* m 
O> co Symbol Parameter Conditions Min Typ Max Units 0 
oi::t' 1PLH• tpHL Propagation Delay Time, Voo = sv 175 350 ns c 
0 Clock to Out or Out Voo = 1ov 85 170 ns 

Voo = 15V 60 120 ns 

tpLH• tPHL Propagation Delay Time, Voo = 5V 300 600 ns 
Clock to EouT Voo = 1ov 120 240 ns 

Voo = 15V 75 150 ns 

tPLH• 1PHL Propagation Delay Time, Voo = 5V 280 560 ns 
Clock to "9" or "15" Voo = 1ov 100 200 ns 

Voo = 15V 70 140 ns 

tpLH• tPHL Propagation Delay Time, Voo = 5V 500 1100 ns 
Set or Clear to Voo = 1ov 200 400 ns 
Out or Out Voo = 15V 150 300 ns 

tpLH• tPHL Propagation Delay Time, Voo = 5V 100 200 ns 
Cascade to Out Voo = 1ov 50 100 ns 

Voo = 15V 35 70 ns 

tPLH• tPHL Propagation Delay Time, Voo = 5V 220 440 ns 
Strobe to Out Voo = 1ov 85 170 ns 

Voo = 15V 65 130 ns 

tTLH• tTHL Transition Time, Voo = 5V 100 200 ns 
All Outputs Voo = 1ov 50 100 ns 

Voo = 15V 40 80 ns 

tw(CL) Minimum Clock Voo = 5V 250 500 ns 
Width Pulse Voo = 1ov 100 200 ns 

Voo = 15V 70 140 ns 

fcL Maximum Clock Frequency Voo = 5V 1 2 MHz 
Voo = 1ov 2.5 5 MHz 
Voo = 15V 3.5 7 MHz 

tr Maximum Clock Voo = 5V 5 µs 
Rise Time Voo = 1ov 1.5 µs 

Voo = 15V 1.0 µs 

tf Maximum Clock Voo = 5V 15 µs 
Fall Time Voo = 1ov 15 µs 

Voo = 15V 15 µs 

tw(S,R) Minimum Set or Voo = 5V 125 250 ns 
Clear Pulse Width Voo = 1ov 50 100 ns 

Voo = 15V 25 55 ns 
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AC Electrical Characteristics* (Continued) 

Symbol Parameter Conditions Min Typ Max Units 

tREM Set Removal Time Voo = 5V -45 0 ns 
Voo = 1ov -20 0 ns 
Voo = 15V -10 0 ns 

tsET-UP Inhibit In Voo = 5V 175 350 ns 
Set-Up Time Voo = 10v 60 120 ns 

Voo = 15V 45 90 ns 

C1 Average Input Capacitance Any Input 5 7.5 pF 

Cpo Power Dissipation Capacitance Per Package (Note 4) 80 pF 

•Ac Parameters are guaranteed by DC correlated testing. 
Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed; they are not meant to imply that the devices 
should be operated at these limits. The table of "Recommended Operating Conditions" and "Electrical Characteristics" provides conditions for actual device 
operation. 
Note 2: Vss = OV unless otherwise specified. 
Note 3: loH and loL are tested one output at a time. 
Note 4: Cpo determines the no load AC power consumption of any CMOS device. For complete explanation, see 54C/74C Family Characteristics Application Note, 
AN-90. 

Truth Tables 
CD4089B 

Binary Rate Multiplier 

Number of Pulses or 
Inputs Output Logic Level 

(Hor L) 

D c B A 
No.of 

lnh1n Strobe Cascade Clear Set 
Pin 6 Pin5 Pin7 Pin 1 

Clock Pulses Out Out lnh Out "15" 

0 0 0 0 16 0 0 0 0 0 L H 1 1 
0 0 0 1 16 0 0 0 0 0 1 1 1 1 
0 0 1 0 16 0 0 0 0 0 2 2 1 1 
0 0 1 1 16 0 0 0 0 0 3 3 1 1 

0 1 0 0 16 0 0 0 0 0 4 4 1 1 
0 1 0 1 16 0 0 0 0 0 5 5 1 1 

0 1 1 0 16 0 0 0 0 0 6 6 1 1 
0 1 1 1 16 0 0 0 0 0 7 7 1 1 

1 0 0 0 16 0 0 0 0 0 8 8 1 1 

1 0 0 1 16 0 0 0 0 0 9 9 1 1 
1 0 1 0 16 0 0 0 0 0 10 10 1 1 
1 0 1 1 16 0 0 0 0 0 11 11 1 1 

1 1 0 0 16 0 0 0 0 0 12 12 1 1 
1 1 0 1 16 0 0 0 0 0 13 13 1 1 

1 1 1 0 16 0 0 0 0 0 14 14 1 1 

1 1 1 1 16 0 0 0 0 0 15 15 1 1 

x x x x 16 1 0 0 0 0 Depends on internal state of counter 
x x x x 16 0 1 0 0 0 L H 1 1 
x x x x 16 0 0 1 0 0 H . 1 1 

1 x x x 16 0 0 0 1 0 16 16 H L 

0 x x x 16 0 0 0 1 0 L H H L 

x x x x 16 0 0 0 0 1 L H L H 

•output same as the first 16 lines of this truth table (depending on values of A, 8, C, 0) 
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Truth Tables (Continued) 
CD4527B 

BCD Rate Multlpller 

Inputs 

D c B A 
No.of 

lnh1n Strobe Cascade Clear 
Clock Pulses 

0 0 0 0 10 0 0 0 0 
0 0 0 1 10 0 0 0 0 
0 0 1 0 10 0 0 0 0 
0 0 1 1 10 0 0 0 0 

0 1 0 0 10 0 0 0 0 
0 1 0 1 10 0 0 0 0 
0 1 1 0 10 0 0 0 0 
0 1 1 1 10 0 0 0 0 

1 0 0 0 10 0 0 0 0 
1 0 0 1 10 0 0 0 0 
1 0 1 0 10 0 0 0 0 
1 0 1 1 10 0 0 0 0 

1 1 0 0 10 0 0 0 0 
1 1 0 1 10 0 0 0 0 
1 1 1 0 10 0 0 0 0 
1 1 1 1 10 0 0 0 0 

x x x x 10 1 0 0 0 
x x x x 10 0 1 0 0 
x x x x 10 0 0 1 0 

1 x x x 10 0 0 1 0 
0 x x x 10 0 0 0 1 
x x x x 10 0 0 0 0 

•output same as the first 16 lines of this truth table (depending on values of A, B, C, D) 
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Number of Pulses or 
Output Logic Level 

(Hor L) 

Set 
Pln6 Pln5 Pln7. Pin 1 
Out Out lnh Out "9" 

0 L H 1 1 
0 1 1 1 1 
0 2 2 1 1 
0 3 3 1 1 

0 4 4 1 1 
0 5 5 1 1 
0 6 6 1 1 
0 7 7 1 1 

0 8 8 1 1 
0 9 9 1 1 
0 8 8 1 1 
0 9 9 1 1 

0 8 8 1 1 
0 9 9 1 1 
0 8 8 1 1 
0 9 9 1 1 

0 Depends on internal state of counter 

0 L H 1 1 
0 H * 1 1 

0 10 10 H L 
0 L H H L 
1 L H L H 



Logic Waveforms 

CLOCK 

OUT (O CI Al 
o o o a 
0 0 D I 

0 0 I 0 

0 0 I I 

0 I 0 I 

0 1 I 0 

0 I 1 I 

I 0 0 0 

IODI 

1010 

IOI I 

1100 

1101 

1110 

1111 

INHIBIT OUT 

CLOCK 

n 
n 

CD4089B 
Binary Rate Multiplier 

n 

CD4527B 
BCD Rate Multiplier 

n 
n 

OUT l~~~~l·~~~~~~~~~~~~~~~~~~~~~~~~--

0 0 0 1 
~~~~~~~~___, 

0 0 1 0 

0 1 0 0 

0 1 0 1 

0 1 1 0 

0 1 1 1 

1 0 0 0 

1 0 0 1 

INHIBIT OUT 
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Logic Diagrams 

Voo = Pin 16 

Vss = Pin 8 

Voo = Pin 16 

Vss = Pin 8 

SYNCHRONOUS 
4-BIT BINARY 

COUNTER 

Cascading Packages 

CD4089B 
Binary Rate Multiplier 

CD4527B 
BCD Rate Multiplier 

MOST SIGNIFICANT 
DIGIT 

A OUT 

CLOCK INH OUT 

CASC 

INH IN "15" 

ST 

CLEAR SET 

LEAST SIGNIFICANT 
DIGIT 

A OUT 

lffif 
D 

CLOCK INH OUT 

CASC 

INH IN "15" 

ST 

CLEAR SET 

TL/F/5981-7 

( 
5 9 89) Two CD4089B's cascaded In the "add" mode with a preset number of 89 
16 

+ 
256 

= 
256 
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Cascading Packages (Continued) 

MOST SIGNIFICANT 
DIGIT 

A OUT 

c OiJf 
D 

CLOCK INH OUT 

CASC 

INH IN "15" 

ST 

CLEAR SET 

LEAST SIGNIFICANT 
DIGIT 

A OUT 

B 

c ll"UT 
D 

CLOCK INH OUT 

CASC 

INH IN "15" 

ST 

CLEAR SET 

TL/F/5981-8 

( 
7 14 98) Two CD4089B's cascaded In the "multiply" mode with a preset number of 98 16 x 16 = 

256 

MOST SIGNIFICANT LEAST SIGNIFICANT 
DIGIT DIGIT 

A OUT A OUT 

B 

ii1i'i' c OiJf 
D D 

CLOCK INH OUT CLOCK INH OUT 

CASC CASC 

INH IN "9" INH IN "9" 

ST ST 

CLEAR SET CLEAR SET 

':' ':' 
CLOCK 

TL/F/5981-9 

Two CD4527B's cascaded in the "add" mode with a preset number of 27 ( 
1

2

0 
+ 1 ~0 = 

1

2
;

0
) 

MOST SIGNIFICANT LEAST SIGNIFICANT 
DIGIT DIGIT 

A OUT A OUT 

B B 

c iiUf OiJT 
D 0 

CLOCK INH OUT CLOCK INH OUT 

CASC CASC 

INH IN "9" INH IN "9" 

ST ST 

CLEAR SET CLEAR SET 

':' ':' 
CLOCK 

TL/F/5981-10 

( 
3 9 27) Two CD4527B's cascaded in the "multiply" mode with a preset number of 27 
10

x10 = 
100 
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'?'A National 
~Semiconductor 

CD4093BM/CD4093BC Quad 
2-lnput NANO Schmitt Trigger 

General Description 
The CD40938 consists of four Schmitt-trigger circuits. Each 
circuit functions as a 2-input NAND gate with Schmitt-trigger 
action on both inputs. The gate switches at different points 
for positive and negative-going signals. The difference be
tween the positive (VT+) and the negative voltage (VT-) is 
defined as hysteresis voltage (VH). 

All outputs have equal source and sink currents and con
form to standard 8-series output drive (see Static Electrical 
Characteristics). 

Features 
• Wide supply voltage range 
• Schmitt-trigger on each input 

with no external components 
• Noise immunity greater than 50% 

Connection Diagram 

3.0V to 15V 

• Equal source and sink currents 
• No limit on input rise and fall time 
• Standard 8-series output drive 
• Hysteresis voltage (any input) TA = 25°C 

Typical Voo = 5.0V VH = 1.5V 
Voo = 10V VH = 2.2V 
Voo = 15V VH = 2.7V 

Guaranteed VH = 0.1 Voo 

Applications 
• Wave and pulse shapers 
• High-noise-environment systems 
• Monostable multivibrators 
• Astable multivibrators 
• NAND logic 

Dual-In-Line Package 

Voo G M 

M = '(l7H 

K=CoD 

7 

A K D Vss 
TL/F/5982-1 

Top View 

Order Number CD40938* 

*Please look into Section B, Appendix D for availability of various package types. 
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Absolute Maximum Ratings (Notes 1 & 2) Recommended Operating 
If Miiitary/Aerospace specified devices are required, Conditions (Note 2) 
contact the National Semiconductor Sales Office/ DC Supply Voltage (Voo) 3to15 Voe Distributors for avallablllty and specifications. 

DC Supply Voltage (Voo) -0.5to+18 Voe 
Input Voltage (V1N) OtoVoo Voe 

Input Voltage (V1N) -0.5 to Voo +0.5 Voe 
Operating Temperature Range (TA) 

CD4093BM - 55°C to + 125•c 
Storage Temperature Range (Ts) - 65°C to + 15o•c CD4093BC - 4o•c to + 85°C 
Power Dissipation (Po) 

Dual-In-Line 700mW 
Small Outline 500mW 

Lead Temperature (TL) 
(Soldering, 10 seconds) 260°c 

DC Electrical Characteristics CD4093BM (Note 2) 

Symbol Parameter Conditions 
-ss·c +25°C + 12s0c 

Units 
Min Max Min Typ Max Min Max 

loo Quiescent Device Voo = 5V 0.25 0.25 7.5 µA 
Current Voo = 1ov 0.5 0.5 15.0 µA 

Voo = 15V 1.0 1.0 30.0 µA 

VoL Low Level V1N = Voo. llol < 1 µA 
Output Voltage Voo = 5V 0.05 0 0.05 0.05 v 

Voo = 1ov 0.05 0 0.05 0.05 v 
Voo = 15V 0.05 0 0.05 0.05 v 

VoH High Level V1N = V55, llol < 1 µA 
Output Voltage Voo = 5V 4.95 4.95 5 4.95 v 

Voo = 1ov 9.95 9.95 10 9.95 v 
Voo = 15V 14.95 14.95 15 14.95 v 

vr- Negative-Going Threshold llol < 1 µA 
Voltage (Any Input) Voo = 5V, Vo = 4.5V 1.3 2.25 1.5 1.8 2.25 1.5 2.3 v 

Voo = 10V, Vo= 9V 2.85 4.5 3.0 4.1 4.5 3.0 4.65 v 
Voo = 15V, Vo= 13.5V 4.35 6.75 4.5 6.3 6.75 4.5 6.9 v 

vr+ Positive-Going Threshold llol < 1 µA 
Voltage (Any Input) Voo = 5V, Vo = 0.5V 2.75 3.65 2.75 3.3 3.5 2.65 3.5 v 

Voo = 10V, Vo= 1V 5.5 7.15 5.5 6.2 7.0 5.35 7.0 v 
Voo = 15V, Vo= 1.5V 8.25 10.65 8.25 9.0 10.5 8.1 10.5 v 

VH Hysteresis (Vr+ - Vr-) Voo = 5V 0.5 2.35 0.5 1.5 2.0 0.35 2.0 v 
(Any Input) Voo = 1ov 1.0 4.30 1.0 2.2 4.0 0.70 4.0 v 

Voo = 15V 1.5 6.30 1.5 2.7 6.0 1.20 6.0 v 

loL Low Level Output V1N = Voo 
Current (Note 3) Voo = 5V, Vo = 0.4V 0.64 0.51 0.88 0.36 mA 

Voo = 10V, Vo= 0.5V 1.6 1.3 2.25 0.9 mA 
Voo = 15V, Vo= 1.5V 4.2 3.4 8.8 2.4 mA 

loH High Level Output V1N = Vss 
Current (Note 3) Voo = 5V, Vo = 4.6V -0.64 0.51 -0.88 -0.36 mA 

Voo = 10V, Vo= 9.5V -1.6 -1.3 -2.25 -0.9 mA 
Voo = 15V, Vo= 13.5V -4.2 -3.4 -8.8 -2.4 mA 

l1N Input Current Voo = 15V, V1N = ov -0.1 -10-5 -0.1 -1.0 µA 
Voo = 15V, V1N = 15V 0.1 10-5 0.1 1.0 µA 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed; they are not meant to imply that the devices 
should be operated at these limits. The table of "Recommended Operating Conditions" and "Electrical Characteristics" provides conditions for actual device 
operation. 

Note 2: Vss = OV unless otherwise specified. 

Note 3: loH and loL are tested one output at a time. 
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DC Electrical Characteristics CD4093BC (Note 2) 

Symbol Parameter Conditions 
-40°C 

Min Max Min 

loo Quiescent Device Voo = 5V 1.0 
Current Voo = 10v 2.0 

Voo = 15V 4.0 

Vol Low Level V1N = Voo, liol < 1 µA 
Output Voltage Voo = 5V 0.05 

Voo = 10v 0.05 
Voo = 15V 0.05 

VoH High Level V1N = Vss. llol < 1 µA 
Output Voltage Voo = 5V 4.95 4.95 

Voo = 1ov 9.95 9.95 
Voo = 15V 14.95 14.95 

VT- Negative-Going Threshold Jlol < 1 µA 
Voltage (Any Input) Voo = 5V, Vo= 4.5V 1.3 2.25 1.5 

Voo = 10V, Vo = 9V 2.85 4.5 3.0 
Voo = 15V, Vo= 13.5V 4.35 6.75 4.5 

VT+ Positive-Going Threshold Jlol < 1 µA 
Voltage (Any Input) Voo = 5V, Vo = 0.5V 2.75 3.6 2.75 

Voo = 10v, Vo = 1V 5.5 7.15 5.5 
Voo = 15V, Vo= 1.5V 8.25 10.65 8.25 

VH Hysteresis (VT+ - VT-) Voo = 5V 0.5 2.35 0.5 
(Any Input) Voo = 10v 1.0 4.3 1.0 

Voo = 15V 1.5 6.3 1.5 

loL Low Level Output V1N = Voo 
Current (Note 3) Voo = 5V, Vo = 0.4V 0.52 0.44 

Voo = 10V, Vo= 0.5V 1.3 1.1 
Voo = 15V, Vo= 1.5V 3.6 3.0 

loH High Level Output V1N = Vss 
Current (Note 3) Voo = 5V, Vo = 4.6V -0.52 0.44 

Voo = 10V, Vo= 9.5V -1.3 -1.1 
Voo = 15V, Vo= 13.5V -3.6 -3.0 

l1N Input Current Voo = 15V, V1N = ov -0.3 
Voo = 15V, V1N = 15V 0.3 

AC Electrical Characteristics* 
TA = 25°C, CL = 50 pF, RL = 200k, Input tr, tt = 20 ns, unless otherwise specified 

Symbol Parameter Conditions Min 

tPHL• tPLH Propagation Delay Time V00 = 5V 
V00 = 10v 
v 00 = 15V 

trHL• tTLH Transition Time V00 = 5V 
V00 = 10v 
V00 = 15V 

C1N Input Capacitance (Any Input) 

Cpo Power Dissipation Capacitance (Per Gate) 

*AC Parameters are guaranteed by DC correlated testing. 

Note 2: Vss = OV unless otherwise specified. 

Note 3: ioH and loL are tested one output at a time. 
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+25°C +ss0 c 
Units 

Typ Max Min Max 

1.0 7.5 µA 
2.0 15.0 µA 
4.0 30.0 µA 

0 0.05 0.05 v 
0 0.05 0.05 v 
0 0.05 0.05 v 

5 4.95 v 
10 9.95 v 
15 14.95 v 

1.8 2.25 1.5 2.3 v 
4.1 4.5 3.0 4.65 v 
6.3 6.75 4.5 6.9 v 

3.3 3.5 2.65 3.5 v 
6.2 7.0 5.35 7.0 v 
9.0 10.5 8.1 10.5 v 

1.5 2.0 0.35 2.0 v 
2.2 4.0 0.70 4.0 v 
2.7 6.0 1.20 6.0 v 

0.88 0.36 mA 
2.25 0.9 mA 
8.8 2.4 mA 

-0.88 -0.36 mA 
-2.25 -0.9 mA 
-8.8 -2.4 mA 

-10-s -0.3 c--1.0 µA 
10-s 0.3 1.0 µA 

Typ Max Units 

300 - 450 ns 
120 210 ns 
80 160 ns 

90 145 ns 
50 75 ns 
40 60 ns 

5.0 7.5 pF 

24 pF 



Typical Applications 

CONTROLP-y ~ OUT 

R 

-:J;" c 

Assume t1 + 12 > > tPHL + tPLH then: 

to = RC f n [VoolVT-J 

t1 = RC f n [(Voo - vT-)/(Voo + VT+)] 

t2 =RC fn [Vr+IVT-1 

f = _1 _ = --------
11 + t2 

Yoo 

... ~ J.-k-... , 

Gated Oscillator 

CONTROL 

TL/F/5982-2 

Vour 

Gated One-Shot 

TL/F/5982-4 

Voo 

ov 

Voo 
VT+ 
VT-
ov 

Voo 

ov 

TL/F/5982-3 

I _n n_ 
--J f-- t • RC en !Voo/IVoo -Vr+ll 

TL/F/5982-5 

(a} Negative-Edge Triggered 

Voo 

Your 

Vour 
TL/F/5982-6 --1 1-- t= RC en (VoolVr-> 

TL/F/5982-7 

(b} Positive-Edge Triggered 
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Typical Performance Characteristics 
Typical Transfer 
Characteristics Guaranteed Hysteresis vs Voo 

50 
t- tA=1 25°~ 

l l 
Yr-- Vr+ H-t-t--

T 1 40 
GUARANTEED MAXIMUM 

I' t-.... 
30 

r-t-t-.... 20 
r1cA1 

.....,...... 

~ 
-f 

ffi~ 
~ t-
a: -I- ... 

ffi ~ 
... I
I- .... 
zCI 
c> 
a: Cl < .... 
::I Cl 
c:i ::c 

13 a: 
::c 
I-

10 

INPUT VDL TAGE (VI 

15 

Guaranteed Trigger Threshold 
Voltage vs Voo 

11 ...-~~~~~~~~...--...,..-...., 

TL/F/5982-8 

1 o c04U93aM1co•013ac Vr+ 
GUARANTEED HYSTERESIS. (Vr+l- (VrJ } 

g TAV~~·c 

ViN*D--vour..,r rllf/1'-tHRt.~ 
5 l-+-~tD1~£..!.....,.,i...,,;;~fl+tmf+l} Vr-

4 l-7fH!~q....,,...,~q.-AJ.ff/tir+l::J.~~ 

3 ~lb.4!i/-/lffir+ff_~~:...+-+-i~ 

~ 
Cl) 

~ 
a: 

~ 
::c 

~ ... z 
< a: 
< 
::I 
c:i 

10 
GUARANTEED MINIMUM 

10 

VoolVI 

1--+--t--t:=::;!;;.-t-•i.--F-tr;t;i+
to-"l"i.-:::.+t--++-----+--i-f- 10.1 v00i

.l _]_ :.i 

15 

TL/F/5982-9 

10 

VoolVI 

15 10 

Yoo (VI 

15 

TL/F/5982-10 

Input and Output Characteristics 
Output Characteristic Input Characteristic 

Yoo 

~ 
DRIVER . LOAD 

Y1H(MIN) • Yf+(MIN) -T----VNMH- - -

V(L(MAX) • Yf-(MAX) -yNML - - - _ l _ -- 0'3-0'3.~~~~~?,% 
TL/F/5982-12 

VNML = V1H(MIN) - Vol "" V1H(MIN) = Vr+ (MIN) 

VNMH = VoH - V1L(MAX) "' Voo - V1L(MAX) = Voo - Vr-(MAX) 

AC Test Circuits and Switching Time Waveforms 

Yoo 

V1N--B:t:-VouT 

T&OpF 

TL/F/5982-14 
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~National 
~Semiconductor 

CD4094BM/CD4094BC 8-Bit Shift Register/Latch 
with TRI-STATE® Outputs 

General Description 
The CD4094BM/CD4094BC consists of an 8-bit shift regis
ter and a TRI-STATE 8-bit latch. Data is shifted serially 
through the shift register on the positive transition of the 
clock. The output of the last stage (Os) can be used to 
cascade several devices. Data on the Os output is trans
ferred to a second output, O's. on the following negative 
clock edge. 

The output of each stage of the shift register feeds a latch, 
which latches data on the negative edge of the STROBE 
input. When STROBE is high, data propagates through the 
latch to TRI-STATE output gates. These gates are enabled 
when OUTPUT ENABLE is taken high. 

Connection Diagram 
Dual-In-Line Package 

STROBE 16 Yoo 
DATA 2 15 OUTPUT 

ENABLE 
CLOCK 3 14 QS 

Q1 4 13 Q6 

Q2 5 12 Q7 

Q3 11 QB 

Q4 7 10 O's 

Yss 8 Os 

TL/F/5983-1 

Top View 

Block or Logic Diagram 
01 02 03 

Features 
• Wide supply voltage range 
• High noise immunity 
• Low power TTL 

compatibility 
• TRI-STATE outputs 

3.0V to 18V 
0.45 Voo (typ.) 

Fan out of 2 driving 74L 
or 1 driving 74LS 

Order Number CD4094B* 
'Please look into Section 8, Appendix D 
for availability of various package types. 

Q5 06 07 QB 

TL/F/5983-2 
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Absolute Maximum Ratings (Notes 1 and 2) Recommended Operating 
If Military/Aerospace specified devices are required, Conditions (Note 2) 
contact the National Semiconductor Sales Office/ 

DC Supply Voltage (Voo) · +3.0to+15 Voe 
Distributors for availability and specifications. 

Supply Voltage (Voo) -0.5to+18 Voe 
Input Voltage (V1N) OtoVoo Voe 

Input Voltage <V!N) -0.5 to Voo +0.5 Voe 
Operating Temperature Range (TA) 

CD4094BM - 55°C to + 125°C 
Storage Temperature Range (Ts) -65°C to + 150°c CD4094BC -40°cto +85°C 
Power Dissipation (Po) 

Dual-In-Line 700mW 
Small Outline 500mW 

Lead Temperature (TL) 
(Soldering, 10 seconds) 260°c 

DC Electrical Characteristics CD4094BM (Note 2> 

Symbol Parameter Conditions 
-ss·c +2s0 c + 12s0 c 

Units 
Min Max Min Typ Max Min Max 

loo Quiescent Voo = 5.0V 5.0 5.0 150 µA 
Device Current Voo = 1ov 10 10 300 µA 

Voo = 15V 20 20 600 µA 

Vol Low Level Voo ~ 5.ov} 0.05 0 0.05 0.05 v 
Output Voltage v 00 = 1ov llol:::;: 1.0 µA 0.05 0 0.05 0.05 v 

Voo = 15V 0.05 0 0.05 0.05 v 

VoH High Level Voo ~ 5.ov} 4.95 4.95 5.0 4.95 v 
Output Voltage Voo = 1ov llol:::;: 1 µA 9.95 9.95 10.0 9.95 v 

v 00 = 15V 14.95 14.95 15.0 14.95 v 

V1l Low Level Voo = 5.0V, Vo = 0.5V or 4.5V 1.5 1.5 1.5 v 
Input Voltage Voo = 1 OV, Vo = 1.0V or 9.0V 3.0 3.0 3.0 v 

Voo = 15V, Vo= 1.5Vor 13.5V 4.0 4.0 4.0 v 

V1H High Level Voo = 5.0V, Vo = 0.5V or 4.5V 3.5 3.5 3.5 v 
Input Voltage Voo = 1 OV, Vo = 1.0V or 9.0V 7.0 7.0 7.0 v 

Voo = 15V, Vo= 1.5Vor 13.5V 11.0 11.0 11.0 v 

lol Low Level Voo = 5.0V, Vo = 0.4V 0.64 0.51 0.88 0.36 mA 
Output Current Voo = 10V, Vo= 0.5V 1.6 1.3 2.25 0.9 mA 
(Note 3) Voo = 15V, Vo= 1.5V 4.2 3.4 8.8 2.4 mA 

loH High Level Voo = 5.0V, Vo = 4.6V -0.64 -0.51 0.88 -0.36 mA 
Output Current Voo = 10V, Vo= 9.5V -1.6 -1.3 2.25 -0.9 mA 
(Note 3) Voo = 15V, Vo= 13.5V -4.2 -3.4 8.8 -2.4 mA 

l1N Input Current Voo = 15V, V1N = ov -0.1 -0.1 1.0 µA 
Voo = 15V, V1N = 15V 0.1 0.1 1.0 µA 

loz TRI-STATE Output Voo = 15V, V1N = OVor 15V 
0.3 ±0.3 ±9 µA 

Leakage Current 

DC Electrical Characteristics CD4094Bc (Note 2> 

Symbol Parameter Conditions 
-40°c +2s0 c +ss·c 

Units 
Min Max Min Typ Max Min Max 

loo Quiescent v 00 = 5.ov 20 20 150 µA 
Device Current Voo = 1ov 40 40 300 µA 

Voo = 15V 80 80 600 µA 

Vol Low Level Voo ~ 5.ov} 0.05 0 0.05 0.05 v 
Output Voltage Voo = 1ov llol :::;: 1.0.µA o."o5 0 0.05 0.05 v 

v 00 = 15V 0.05 0 0.05 0.05 v 
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DC Electrical Characteristics CD4094BC (Note 2) (Continued) 

Symbol Parameter Conditions 
-40°c 

Min Max 

VoH High Level v00 ~ 5.ov} 4.95 
Output Voltage Voo = 1ov llol ~ 1 µA 9.95 

Voo = 15V 14.95 

V1L Low Level Voo = 5.0V, Vo = 0.5V or 4.5V 1.5 
Input Voltage Voo = 1 OV, Vo = 1.0V or 9.0V 3.0 

Voo = 15V, Vo= 1.5Vor 13.5V 4.0 

V1H High Level Voo = 5.0V, Vo = 0.5V or 4.5V 3.5 
Input Voltage Voo = 1 av, Vo = 1.ov or 9.0V 7.0 

Voo = 15V, Vo= 1.5Vor 13.5V 11.0 

loL Low Level Voo = 5.0V, Vo = 0.4V 0.52 
Output Current Voo = 10V, Vo= 0.5V 1.3 
(Note3) Voo = 15V, Vo= 1.5V 3.6 

loH High Level Voo = 5.0V, Vo= 4.6V -0.52 
Output Current Voo = 10V, Vo= 9.5V -1.3 
(Note3) Voo = 15V, Vo= 13.5V -3.6 

l1N Input Current Voo = 15V, V1N = ov -0.3 
Voo = 15V, V1N = 15V 0.3 

loz TRI-STATE Output Voo = 15V, V1N = OVor 15V 
1 

Leakage Current 

AC Electrical Characteristics* TA= 25·c. cl= 50 pF 

Symbol Parameter Conditions Min 

tPHL• tPLH Propagation Delay Voo = 5.ov 
Clock to Os Voo = 1ov 

Voo = 15V 

tPHL• tPLH Propagation Delay Voo = 5.0V 
Clock to O's Voo = 1ov 

Voo = 15V 

tPHL• tPLH Propagation Delay Clock Voo = 5.0V 
to Parallel Out Voo = 1ov 

Voo = 15V 

tPHL• tpLH Propagation Delay Strobe Voo = 5.0V 
to Parallel Out Voo = 1ov 

Voo = 15V 

tpHz Propagation Delay High v 00 = 5.ov 
Level to High Impedance Voo = 1ov 

Voo = 15V 

tpLz Propagation Delay Low Voo = 5.0V 
Level to High Impedance Voo = 1ov 

Voo = 15V 

tpzH Propagation Delay High Voo = 5.0V 
Impedance to High Level Voo = 1ov 

Voo = 15V 

tpzL Propagation Delay High v 00 = 5.ov 
Impedance to Low Level Voo = 1ov 

Voo = 15V 

•AC Parameters are guaranteed by DC correlated testing. 
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+2s0 c 
Min Typ 

4.95 5.0 
9.95 10.0 
14.95 15.0 

3.5 
7.0 
11.0 

0.44 0.88 
1.1 2.25 
3.0 8.8 

-0.44 0.88 
-1.1 2.25 
-3.0 8.8 

Typ 

300 
125 
95 

230 
110 
75 

420 
195 
135 

290 
145 
100 

140 
75 
55 

140 
75 
55 

140 
75 
55 

140 
75 
55 

+as·c 
Units 

Max Min Max 

4.95 v 
9.95 v 
14.95 v 

1.5 1.5 v 
3.0 3.0 v 
4.0 4.0 v 

3.5 v 
7.0 v 
11.0 v 

0.36 mA 
0.9 mA 
2.4 mA 

-0.36 mA 
-0.9 mA 
-2.4 mA 

-0.3 -1.0 µA 
0.3 1.0 µA 

1 10 µA 

Max Units 

600 ns 
250 ns 
190 ns 

460 ns 
220 ns 
150 ns 

840 ns 
390 ns 
270 ns 

580 ns 
290 ns 
200 ns 

280 ns 
150 ns 
110 ns 

280 ns 
150 ns 
110 ns 

280 ns 
150 ns 
110 ns 

280 ns 
150 ns 
110 ns 
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Symbol Parameter Conditions Min Typ Max Units 

trHL· trLH Transition Time Voe= 5.ov 100 200 ns 
Voe= 1ov 50 100 ns 
Voe= 15V 40 80 ns 

tsu Set-Up Time Voe= 5.ov 80 40 ns 
Data to Clock Voe= 10v 40 20 ns 

Voe= 15V 20 10 ns 

tr. tt Maximum Clock Rise Voe= 5.ov 1 ms 
and Fall Time Voe= 1ov 1 ms 

Voe= 15V 1 ms 

tpc Minimum Clock Voe= 5.ov 200 100 ns 
Pulse Width Voe= 1ov 100 50 ns 

Voe= 15V 83 40 ns 

tps Minimum Strobe Voe= 5.ov 200 100 ns 
Pulse Width Voe= 1ov 80 40 ns 

Voe= 15V 70 35 ns 

fMAX Maximum Clock Frequency Voe= 5.0V 1.5 3.0 MHz 
Voe= 1ov 3.0 6.0 MHz 
Voe= 15V 4.0 8.0 MHz 

C1N Input Capacitance Any Input 5.0 7.5 pF 

•AC Parameters are guaranteed by DC correlated testing. 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed; they are not meant to imply that the 
devices should be operated at these limits. The tables of "Recommended Operating Conditions" and "Electrical Characteristics" provide conditions for actual 
device operation. 

Note 2: Vss = OV unless otherwise specified. 

Note 3: loH and loL are tested one output at a time. 

Timing Diagram 

OUTPUT 
ENABLE 

o, 

Os 

O's 

tPLH 
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Vss 

Voo 

Vss 

Voo 

Vss 
Voo 

Vss 

Voo 

Vss 

Voo 

Vss 

Voo 

Vss 
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Test Circuits and Timing Diagrams for TRI-STATE 

CLOCK 

STROBE 

DATA 

OUTPUT 
ENABLE 

CLOCK 

STROBE 

DATA 

OUTPUT 
ENABLE 

1 k!l. 

--.....uOUTPUT 

.I. 50pF 

TL/F/5983-4 

t---+--+-o OUTPUT 

50pF 

TL/F/5983-6 

Logic Truth Table 

Clock 
Output 

Strobe Data 
Enable 

_/ 0 x x 
~ 0 x x 
_/ 1 0 x 
_/ 1 1 0 

_/ 1 1 1 

~ 1 1 1 

X = Don't Care 

OUTPUT 
ENABLE ------Yoo 

507. 

_J~~;.·J·----·Fo7. ~:: 
Q ~ 

tpzL 

OUTPUT 
ENABLE 

TL/F/5983-5 

------Yoo 507. 

0 ---{... E~:: 
............ 107. Yss 

_J tpZH 

TL/F/5983-7 

Parallel Outputs Serial Outputs 

Q1 QN Os* O's 

Hi-Z Hi-Z 07 No Chg. 

Hi-Z Hi-Z No Chg. 07 

No Chg. No Chg. 07 No Chg. 

0 ON-1 07 No Chg. 

1 ON-1 07 No Chg. 

No Chg. No Chg. No Chg. 07 

•At the positive clock edge, information in the 7th shift register stage is transferred to QB and Os. 
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~National 
~Semiconductor 

CD4099BM/CD4099BC 8-Bit Addressable Latch 

General Description 
The CD40998 is an 8-bit addressable latch with three ad
dress inputs (AO-A2), an active low enable input (E), active 
high clear input (CL), a data input (D), and eight outputs 
(Q0-07). 

Data is entered into a particular bit in the latch when that bit 
is addressed by the address inputs and the enable (E) is 
low. Data entry is inhibited when enable (E) is high. 

When clear (CL) and enable (E) are high, all outputs are low. 
When clear (CL) is high and enable (E) is low, the channel 
demultiplexing occurs. The bit that is addressed has an ac
tive output which follows the data input while all unad
dressed bits are held low. When operating in the address
able latch mode (E = CL = low), changing more than one 
bit of the address could impose a transient wrong address. 
Therefore, this should only be done while in the memory 
mode (E = high, CL = low). 

Connection Diagram 
CD4099B 

Dual-In-Line Package 

07-- 1 

CL-I 2 

0-1 3 

E-1 4 

AO-I 5 

A1""" 6 

A2- 7 

Vss- a 

Truth Table 

Top View 

16 1-v00 

15~06 

14~05 

13~04 

12 t-Q3 

11 t-Q2 

10~Q1 

9~QO 

TL/F/5964-1 

Features 
• Wide supply voltage range 
• High noise immunity 
• Low power TTL 

compatibility 
• Serial to parallel capability 
• Storage register capability 

3.0V to 15V 
0.45 v00 (typ.) 

fan out of 2 driving 7 4L 
or 1 driving 7 4LS 

• Random (addressable) data entry 
• Active high demultiplexing capability 
• Common active high clear 

Order Number CD4099B* 
*Please look into Section 8, Appendix D 
for availability of various package types. 

Mode Selection 

E CL 
Addressed Unaddressed 

Mode 
Latch Latch 

L L Follows Data Holds Previous Data Addressable Latch 
H L Holds Previous Data Holds Previous Data Memory 
L H Follows Data Reset to "O" Demultiplexer 
H H Reset to "O" Reset to "O" Clear 
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Absolute Maximum Ratings (Notes 1 & 2) Recommended Operating 
If Miiitary/Aerospace specified devices are required, Conditions (Note 2) contact the National Semiconductor Sales Office/ 
Distributors for avallablllty and specifications. DC Supply Voltage (Voo) 3.0 to 15 Voe 

DC Supply Voltage (Voo) -0.5to+1B Voe Input Voltage (V1N) OtoVoo Voe 

Input Voltage MN) -0.5toVoo +0.5Voe Operating Temperature Range (T Al 
Storage Temperature Range (Ts) - 65°C to + 15o•c CD4099BM - 55•c to + 125•c 

Power Dissipation (Po) 
CD4099BC - 4o•c to + B5°C 

Dual-In-Line 700mW 
Small Outline 500mW 

Lead Temperature (Tu 
(Soldering, 10 seconds) 260°c 

DC Electrical Characteristics CD4099BM (Note 2) 

Symbol Parameter Conditions 
-ss·c +25°c + 12s·c Units 

Min Max Min Typ Max Min Max 

loo Quiescent Voo = 5V, V1N = Voo or Vss 5.0 0.02 5.0 150 µA 
Device Current Voo = 1 OV, V1N = Voo or Vss 10 0.02 10 300 µA 

Voo = 15V, V1N = Voo or Vss 20 0.02 20 600 µA 

VoL Low Level llol ~ 1 µA 
Output Voltage Voo = 5V 0.05 0 0.05 0.05 v 

Voo = 1ov 0.05 0 0.05 0.05 v 
Voo = 15V 0.05 0 0.05 0.05 v 

VoH High Level llol ~ 1 µA 
Output Voltage Voo = 5V 4.95 4.95 5.0 4.95 v 

Voo = 1ov 9.95 9.95 10 9.95 v 
Voo = 15V 14.95 14.95 15 14.95 v 

V1L Low Level Voo = 5V, Vo = 0.5V or 4.5V 1.5 2.25 1.5 1.5 v 
Input Voltage Voo = 1ov, Vo= 1.0Vor 9.0V 3.0 4.5 3.0 3.0 v 

Voo = 15V,Vo = 1.5Vor 13.5V 4.0 6.75 4.0 4.0 v 

V1H High Level Voo = 5V, Vo = 0.5V or 4.5V 3.5 3.5 2.75 3.5 v 
Input Voltage Voo = 10V, Vo= 1.0Vor 9.0V 7.0 7.0 5.5 7.0 v 

Voo = 15V, Vo= 1.5Vor 13.5V 11.0 11.0 B.25 11.0 v 

loL Low Level Output Voo = 5V, Vo = 0.4V 0.64 0.51 0.BB 0.36 mA 
Current (Note 3) Voo = 10V, Vo= 0.5V 1.6 1.3 2.25 0.9 mA 

Voo = 15V, Vo= 1.5V 4.2 3.4 B.B 2.4 mA 

loH High Level Output Voo = 5V, Vo= 4.6V -0.64 -0.51 -0.BB -0.36 mA 
Current (Note 3) Voo = 10V, Vo= 9.5V -1.6 -1.3 -2.25 -0.9 mA 

Voo = 15V, Vo= 13.5V -4.2 -3.4 -B.B -2.4 mA 

l1N Input Current Voo = 15V, V1N = ov -0.10 -10-s -0.10 -1.0 µA 
Voo = 15V, V1N = 15V 0.10 10-s 0.10 1.0 µA 

DC Electrical Characteristics CD4099Bc (Note 2) 

Symbol Parameter Conditions -40°c +25°c +ss·c Units 
Min Max Min Typ Max Min Max 

loo Quiescent Device Voo = 5V, V1N = Voo or Vss 20 0.02 20 150 µA 
Current Voo = 10V, V1N = Voo or Vss 40 0.02 40 300 µA 

Voo = 15V, V1N = Voo or Vss BO 0.02 BO 600 µA 

VoL Low Level llol ~ 1µA 
Output Voltage v 00 = 5V 0.05 0 0.05 0.05 v 

Voo = 10v 0.05 0 0.05 0.05 v 
Voo = 15V 0.05 0 0.05 0.05 v 

VoH High Level llol ~ 1 µA 
Output Voltage Voo = 5V 4.95 4.95 5 4.95 v 

v 00 = 1ov 9.95 9.95 10 9.95 v 
Voo = 15V 14.95 14.95 15 14.95 v 

V1L Low Level Voo = 5V, Vo = 0.5V or 4.5V 1.5 2.25 1.5 1.5 v 
Input Voltage Voo = 10V, Vo= 1.0Vor9.0V 3.0 4.5 3.0 3.0 v 

Voo = 15V, Vo= 1.5Vor 13.5V 4.0 6.75 4.0 4.0 v 

V1H High Level Voo = 5V, Vo = 0.5V or 4.5V 3.5 3.5 2.75 3.5 v 
Input Voltage Voo = 10V, Vo= 1.0Vor9.0V 7.0 7.0 5.5 7.0 v 

Voo = 15V, Vo= 1.5Vor 13.5V 11.0 11.0 B.25 11.0 v 
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DC Electrical Characteristics CD4099BC (Note 2) (Continued) en en 
0 

-40°C +25°C +85°C -.::I" Symbol Parameter Conditions Units c 
(.) Min Max Min Typ Max Min Max 
...... 

loL Low Level Output Voo = 5V, Vo = 0.4V 0.52 0.44 0.88 0.36 mA :e 
m Current (Note 3) Voo = 10V, Vo= 0.5V 1.3 1.1 2.25 0.9 mA 
en Voo = 15V, Vo= 1.5V 3.6 3.0 8.8 2.4 mA en 
0 loH High Level Output Voo = 5V, Vo = 4.6V -0.52 -0.44 -0.88 -0.36 mA -.::I" c Current (Note 3) Voo = 1 ov, Vo = 9.5V -1.3 -1.1 -2.25 -0.9 mA 
(.) Voo = 15V, Vo= 13.5V -3.6 -3.0 -8.8 -2.4 mA 

lrN Input Current Voo = 15V, VrN = ov -0.30 -10-5 -0.30 -1.0 µA 
Voo = 15V, VrN = 15V 0.30 10-5 0.30 1.0 µA 

AC Electrical Characteristics* 
TA = 25°C, CL = 50 pF, AL = 200k, Input tr = tt = 20 ns, unless otherwise noted 

Symbol Parameter Conditions Min Typ Max Units 

tPHL• tPLH Propagation Delay Voo = 5V 200 400 ns 
Data to Output Voo = 1ov 75 150 ns 

Voo = 15V 50 100 ns 

tPLH• tPHL Propagation Delay Voo = 5V 200 400 ns 
Enable to Output Voo = 1ov 80 160 ns 

Voo = 15V 60 120 ns 

tPHL Propagation Delay Voo = 5V 175 350 ns 
Clear to Output Voo = 1ov 80 160 ns 

Voo = 15V 65 130 ns 

trLH· trnL Propagation Delay Voo = 5V 225 450 ns 
Address to Output Voo = 1ov 100 200 ns 

Voo = 15V 75 150 ns 

trHL· trLH Transition Time Voo = 5V 100 200 ns 
(Any Output) Voo = 1ov 50 100 ns 

Voo = 15V 40 80 ns 

TwH. TwL Minimum Data Voo = 5V 100 200 ns 
Pulse Width Voo = 1ov 50 100 ns 

Voo = 15V 40 80 ns 

twH. twL Minimum Address Voo = 5V 200 400 ns 
Pulse Width Voo = 1ov 100 200 ns 

Voo = 15V 65 125 ns 

twH Minimum Clear Voo = 5V 75 150 ns 
Pulse Width Voo = 1ov 40 75 ns 

Voo = 15V 25 50 ns 

tsu Minimum Set-Up Time Voo = 5V 40 80 ns 
Data to E Voo = 10v 20 40 ns 

Voo = 15V 15 30 ns 

tH Minimum Hold Time Voo = 5V 60 120 ns 
Data to E Voo = 1ov 30 60 ns 

Voo = 15V 25 50 ns 

tsu Minimum Set-Up Time Voo = 5V -15 50 ns 
Address to E Voo = 1ov 0 30 ns 

Voo = 15V 0 20 ns 

tH Minimum Hold Time Voo = 5V -50 15 ns 
Address to E Voo = 1ov -20 10 ns 

Voo = 15V -15 5 ns 

Cpo Power Dissipation Capacitance Per Package 100 pF (Note 4) 

CrN Input Capacitance Any Input 5.0 7.5 pF 
•AC Parameters are guaranteed by DC correlated testing. 
Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed; they are not meant to imply that the devices 
should be operated at these limits. The tables of "Recommended Operating Condtions" and "Electrical Characteristics" provide conditions for actual device 
operation. 
Note 2: Vss = OV unless otherwise specified. 
Note 3: loH and loL are tested one output at a time. 
Note 4: Dynamic power dissipation (Po) is given by: Po = (Cpo + CL.) Vcc2f + P0 ; where CL = load capacitance; f = frequency of operation; for further details, 
see application note AN-90, "54C/74C Family Characteristics". 
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~National 
~Semiconductor 

CD40106BM/CD40106BC Hex Schmitt Trigger 

General Description 
The CD401068 Hex Schmitt Trigger is a monolithic comple
mentary MOS (CMOS) integrated circuit constructed with N 
and P-channel enhancement transistors. The positive and 
negative-going threshold voltages, VT+ and VT-, show low 
variation with respect to temperature (typ 0.0005V re at 
Voo = 1 OV), and hysteresis, VT+ - VT- ~ 0.2 Voo is 
guaranteed. 

All inputs are protected from damage due to static dis
charge by diode clamps to Voo and Vss· 

Connection Diagram 
Dual-In-Line Package 

Yoo 

Top View 

Schematic Diagram 

INPUT 

J , , 

Vss 

TL/F/5965-2 

J-i~ri ,, 

Features 
• Wide supply voltage range 
• High noise immunity 

3V to 15V 
0.7 Voo (typ.) 

• Low power 
TTL compatibility 

• Hysteresis 

Fan out of 2 driving 74L 
or 1 driving 74LS 

0.4 Voo (typ.) 
0.2 Voo guaranteed 

• Equivalent to MM54C14/MM74C14 
• Equivalent to MC145848 

Switching Time Waveforms 

INPUT 

OUTPUT 

Yoo ---1-11--..... - ...... "' 

tPHL 

Voo----.1 

t, =tr= 20ns 

t, 

10% 

Order Number CD40106B* 
•Please look into Section 8, Appendix D 
for availability of various package types. 

j° ,, 

OUTPUT 

TL/F/5985-1 

90% 

tTLH 
TL/F/5965-3 
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Absolute Maximum Ratings (Notes 1 & 2) Recommended Operating 
If Military/Aerospace specified devices are required, Conditions (Note 2) 
contact the National Semiconductor Sales Office/ 

DC Supply Voltage (Voo) 3to15 Voe 
Distributors for availability and specifications. 

DC Supply Voltage (Voo) .-o.5to+18 Voe 
Input Voltage <ViN) OtoVoo Voe 

Operating Temperature Range (TA) 
Input Voltage (V1N) -0.5 to Voo +0.5 Voe CD40106BM - 55•c to + 125·c 
Storage Temperature Range (Ts) - 65°C to + 15o·c CD40106BC - 4o·c to + 85°C 
Power Dissipation (Po) 

Dual-In-Line 700mW 
Small Outline 500mW 

Lead Temperature (TL) 
(Soldering, 10 seconds) 260°c 

DC Electrical Characteristics CD40106BM (Note 2) 

Symbol Parameter Conditions 
-ss·c +25°C + 12s·c 

Units 
Min Max Min Typ Max Min Max 

loo Quiescent Device Voo = 5V, 1.0 1.0 30 µA 
Current V1N = Voo or Vss 

Voo = 1ov, 2.0 2.0 60 µA 

V1N = Voo or Vss 
Voo = 15V, 4.0 4.0 120 µA 

V1N = VooorVss 

VoL Low Level Output JioJ < 1 µA 
Voltage Voo = 5V 0.05 0.05 0.05 v 

Voo = 10v 0.05 0.05 0.05 v 

Voo = 15V 0.05 0.05 0.05 v 

VoH High Level Output JloJ < 1 µA 
Voltage Voo = 5V 4.95 4.95 5 4.95 v 

Voo = 1ov 9.95 9.95 10 0.95 v 

Voo = 15V 14.95 14.95 15 14.95 v 

Vr- Negative-Going Threshold Voo=5V, Vo= 4.5V 0.7 2.0 0.7 1.4 2.0 0.7 2.0 v 
Voltage Voo=10V, Vo= 9V 1.4 4.0 1.4 3.2 4.0 1.4 4.0 v 

Voo= 15V, Vo= 13.5V 2.1 6.0 2.1 5.0 6.0 2.1 6.0 v 

Vr+ Positive-Going Threshold Voo=5V, Vo= 0.5V 3.0 4.3 3.0 3.6 4.3 3.0 4.3 v 
Voltage Voo= 10V, Vo= 1V 6.0 8.6 6.0 6.8 8.6 6.0 8.6 v 

Voo=15V, Vo= 1.5V 9.0 12.9 9.0 10.0 12.9 9.0 12.9 v 

VH Hysteresis (Vr + - Vr -) Voo = 5V 1.0 3.6 1.0 2.2 3.6 1.0 3.6 v 

Voo = 1ov 2.0 7.2 2.0 3.6 7.2 2.0 7.2 v 

Voo = 15V 3.0 10.8 3.0 5.0 10.8 3.0 10.8 v 

loL Low Level Output Voo=5V, Vo=0.4V 0.64 0.51 0.88 0.36 mA 
Current (Note 3) Voo = 1 OV, Vo= 0.5V 1.6 1.3 2.25 0.9 mA 

Voo= 15V, Vo= 1.5V 4.2 3.4 8.8 2.4 mA 

ioH High Level Output Voo=5V, Vo=4.6V -0.64 -0.51 -0.88 -0.36 mA 
Current (Note 3) Voo= 10V, Vo=9.5V -1.6 -1.3 -2.25 -0.9 mA 

Voo=15V, Vo=13.5V -4.2 -3.4 -8.8 -2.4 mA 

l1N Input Current Voo= 15V, V1N=OV -0.10 -10-5 -0.10 -1.0 µA 

Voo=15V, V1N=15V 0.10 10-5 0.10 1.0 µA 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The table of "Recommended Operating Conditions" and "Electrical Characteristics" provides conditions for actual device 
operation. 
Note 2: Vss = OV unless otherwise specified. 
Note 3: loH and loL are tested one output at a time. 
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DC Electrical Characteristics cD40106sc (Note 2) 

Symbol Parameter Conditions 
-4o·c +2s0 c +as·c 

Units 
Min Max Min Typ Max Min Max 

loo Quiescent Device Current Voo = 5V 4.0 4.0 30 µA 

Voo = 1ov 8.0 8.0 60 µA 

Voo = 15V 16.0 16.0 120 µA 

VoL Low Level Output iloi < 1 µA 
Voltage Voo = 5V 0.05 0.05 0.05 v 

Voo = 1ov 0.05 0.05 0.05 v 

Voo = 15V 0.05 0.05 0.05 v 

VoH High Level Output iloi < 1 µA 
Voltage Voo = 5V 4.95 4.95 5 4.95 v 

Voo = 1ov 9.95 9.95 10 0.95 v 

Voo = 15V 14.95 14.95 15 14.95 v 

Vr- Negative-Going Threshold Voo = 5V, Vo = 4.5V 0.7 2.0 0.7 1.4 2.0 0.7 2.0 v 

Voltage Voo = 10V, Vo = 9V 1.4 4.0 1.4 3.2 4.0 1.4 4.0 v 

Voo = 15V, Vo= 13.5V 2.1 6.0 2.1 5.0 6.0 2.1 6.0 v 

Vr+ Positive-Going Threshold Voo = 5V, Vo = 0.5V 3.0 4.3 3.0 3.6 4.3 3.0 4.3 v 

Voltage Voo = 10V, Vo= 1V 6.0 8.6 6.0 6.8 8.6 6.0 8.6 v 

Voo = 15V, Vo= 1.5V 9.0 12.9 9.0 10.0 12.9 9.0 12.9 v 

VH Hysteresis (Vr + - Vr -) Voo = 5V 1.0 3.6 1.0 2.2 3.6 1.0 3.6 v 

Voltage Voo = 1ov 2.0 7.2 2.0 3.6 7.2 2.0 7.2 v 

Voo = 15V 3.0 10.8 3.0 5.0 10.8 3.0 10.8 v 

loL Low Level Output Voo = 5V, Vo = 0.4V 0.52 0.44 0.88 0.36 mA 

Current (Note 3) Voo = 10V, Vo= 0.5V 1.3 1.1 2.25 0.9 mA 

Voo = 15V, Vo= 1.5V 3.6 3.0 8.8 2.4 mA 

loH High Level Output Voo = 5V, Vo = 4.6V -0.52 -0.44 -0.88 -0.36 mA 

Current (Note 3) Voo = 10V, Vo= 9.5V -1.3 -1.1 -2.25 -0.9 mA 

Voo = 15V, Vo= 13'.5V -3.6 -3.0 -8.8 -2.4 mA 

l1N Input Current Voo = 15V, V1N = ov -0.30 -10-s -0.30 -1.0 µA 

Voo = 15V, V1N = 15V 0.30 10-s 0.30 1.0 µA 

AC Electrical Characteristics* 
TA = 25°C, CL = 50 pF, RL = 200k, tr and tt = 20 ns, unless otherwise specified 

Symbol Parameter Conditions Min Typ Max Units 

tPHL or tPLH Propagation Delay Time from Voo ":" 5V 220 400 ns 

Input to Output Voo = 10v 80 200 ns 

Voo = 15V 70 160 ns 

trHL or trLH Transition Time Voo = 5V 100 200 ns 

Voo = 1ov 50 100 ns 

Voo = 15V 40 80 ns 

C1N Average Input Capacitance Any Input 5 7.5 pF 

Cpo Power Dissipation Capacity Any Gate (Note 4) 14 pF 

•AC Parameters are guaranteed by DC correlated testing. 
Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed; they are not meant to imply that the devices 
should be operated at these limits. The table of "Recommended Operating Conditions" and "Electrical Characteristics" provides conditions for actual device 
operation. 
Note 2: Vss = ov unless otherwise specified. 
Note 3: loH and loL are tested one output at a time. 
Note 4: Cpo determines the no load ac power consumption of any CMOS device. For complete explanation see 54C/74C Family Characteristics Application Note, 
AN-90. 
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Typical Applications 

Low Power Oscillator 
Yoo----------

TL/F/5985-4 

11 ::::: RC fn Vr+ 
Vr-

12 ::::: RC t n Voo - Vr -
Voo - Vr+ 

f:::: 1 
RC f n VT+ (Voo - Vr-l 

Vr- (Voo - Vr+l 

Note: The equations assume 

11 + 12 > > IPHL + IPLH 

Typical Performance Characteristics 

E ... 
c:I 
cc 
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Typical Transfer 
Characteristics 

20 ~-------~--

15 

10 

voo=15V 

Vy_ 

Voo x 10V 

10 15 

INPUT VOLTAGE (V) 

INPUT 
VOLTAGE 

OUTPUT 
VOLTAGE 

20 

TL/F/5985-6 

Vr+------:-.Hl-+---,H-1'---'A-----

Vr---i>--tt-~r---'------+-jf+-+-+---

Voo 

ov 
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~National 
~Semiconductor 

CD40160BM/CD40160BC 
Decade Counter with Asynchronous Clear 
CD40161BM/CD40161BC 
Binary Counter with Asynchronous Clear 
CD40162BM/CD40162BC 
Decade Counter with Synchronous Clear 
CD40163BM/CD40163BC 
Binary Counter with Synchronous Clear 

General Description 
These (synchronous presettable up) counters are monolith
ic complementary MOS (CMOS) integrated circuits con
structed with N- and P-channel enhancement mode transis
tors. They feature an internal carry look-ahead for fast 
counting schemes and for cascading packages without ad
ditional gating. 

A low level at the load input disables counting and causes 
the outputs to agree with the data input after the next posi
tive clock edge. The clear function for the CD40162B and 
CD401638 is synchronous and a low level at the clear input 
sets all four outputs low after the next positive clock edge. 
The clear function for the CD401608 and CD40161 B is 
asynchronous and a low level at the clear input sets all four 
outputs low, regardless of the state of the clock. 

Counting is enabled when both count enable inputs are 
high. Input Tis fed forward to also enable the carry out. The 
carry output is a positive pulse with a duration approximately 
equal to the positive portion of QA and can be used to en
able successive cascaded stages. Logic transitions at the 
enable P or T inputs can occur when the clock is high or 
low. 

Connection Diagram 

Dual-In-Line Package 

CLEAR- 1 

CLOCK-- 2 

INA-- 3 

INe-- 4 

INc-- 5 

INo-- 6 

ENABLE P-- 7 

Yss-- B 

Top View 

1s 1-Voo 

lS t-~t/RL_f 
14 I-QA 

13 1--08 

12 1--0c 

111-00 

1 0 I-ENABLE T 

91-LOAD 

TL/F/5986-1 

Features 
• Wide supply voltage range 3.0V to 15V 
• High noise immunity 0.45 Voo (typ.) 
• Low power TTL fan out of 2 driving 74L 

compatibility or 1 driving 7 4LS 
• Internal look-ahead for fast counting schemes 
• Carry output for N-bit cascading 
• Load control line 
• Synchronously programmable 
• Equivalent to MC141608, MC141618, MC141628, 

MC141638 
• Equivalent to MM74C160, MM74C161, MM74C162, 

MM74C163 

Order Number CD40160B*, CD40161B*, 
CD40162B* or CD40163B* 

*Please look into Section 8, Appendix D 
for availability of various package types. 
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Absolute Maximum Ratings (Notes 1 & 2) Recommended Operating 
If Military/Aerospace specified devices are required, Conditions (Note 2) 
contact the National Semiconductor Sales Office/ 

DC Supply Voltage (Voo) 3Vto 15 Voe 
Distributors for availability and specifications. 

DC Supply Voltage (Voo) -0.5to+18 Voe 
Input Voltage MN) OVtoVoo Voe 

Input Voltage MN) -0.5 to Voo +0.5 Voe 
Operating Temperature Range (TA) 

CD40XXXBM - 55°C to + 125·c 
Storage Temperature Range (Ts) - 65°C to + 15o·c CD40XXXBC - 4o·c to + 85°C 
Power Dissipation (Po) 

Dual-In-Line 700mW 
Small Outline 500mW 

Lead Temperature 
(Soldering, 1 O seconds) 260°c 

DC Electrical Characteristics CD40160BMtCD40161 sMtCD40162BMtCD40163BM (Note 2) 

Limits 

Symbol Parameter Conditions -ss·c +2s0 c + 12s·c Units 

Min Max Min Typ Max Min Max 

loo Quiescent Device Voo = 5V 5 5 150 µA 
Current Voo = 1ov 10 10 300 µA 

Voo = 15V 20 20 600 µA 

Vol Low Level Output llol < 1 µA 
Voltage Voo = 5V 0.05 0.05 0.05 v 

Voo = 1ov 0.05 0.05 0.05 v 
Voo = 15V 0.05 0.05 0.05 v 

VoH High Level Output ilol < 1 µA 
Voltage Voo = 5V 4.95 4.95 5 4.95 v 

Voo = 1ov 9.95 9.95 10 9.95 v 
Voo = 15V 14.95 14.95 15 14.95 v 

V1l Low Level Input Voo=5V, Vo=0.5Vor4.5V 1.5 1.5 1.5 v 
Voltage Voo= 10V, Vo= 1Vor 9V 3.0 3.0 3.0 v 

Voo= 15V, Vo= 1.5Vor 13.5V 4.0 4.0 4.0 v 

V1H High Level Input Voo = 5V, Vo= 0.5V or 4.5V 3.5 3.5 3.5 v 
Voltage Voo= 10V, Vo= 1Vor 9V 7.0 7.0 7.0 v 

Voo= 15V, Vo= 1.5Vor 13.5V 11.0 11.0 11.0 v 

lol Low Level Output Voo=5V, Vo=0.4V 0.64 0.51 0.88 0.36 mA 
Current (Note 3) Voo= 10V, Vo=0.5V 1.6 1.3 2.25 0.9 mA 

Voo= 15V, Vo= 1.5V 4.2 3.4 8.8 2.4 mA 

loH High Level Output Voo=5V, Vo=4.6V -0.64 -0.51 -0.88 -0.36 mA 
Current (Note 3) Voo= 10V, Vo=9.5V -1.6 -1.3 -2.25 -0.9 mA 

Voo= 15V, Vo= 13.5V -4.2 -3.4 -8.8 -2.4 mA 

l1N Input Current Voo= 15V, V1N=OV -0.10 -10-s -0.10 -1.0 µA 
Voo= 15V, V1N= 15V 0.10 10-s 0.10 1.0 µA 

DC Electrical Characteristics CD4016osc1cD40161 sc1cD40162sc1cD40163sc (Note 2) 

Limits 

Symbol Parameter Conditions -40°c +2s0 c +as·c Units 

Min Max Min Typ Max Min Max 

loo Quiescent Device Current v 00 = 5V 20 20 150 µA 
Voo = 1ov 40 40 300 µA 
Voo = 15V 80 80 600 µA 

Vol Low Level Output llol < 1 µA 
Voltage v 00 = 5V 0.05 0.05 0.05 v 

Voo = 1ov 0.05 0.05 0.05 v 
Voo = 15V 0.05 0.05 0.05 v 

VoH High Level Output iloi < 1 µA 
Voltage V00 = 5V 4.95 4.95 5 4.95 v 

v 00 = 1ov 9.95 9.95 10 0.95 v 
v 00 = 15V 14.95 14.95 15 14.95 v 

V1l Low Level Input Voo=5V, Vo=0.5Vor4.5V 1.5 1.5 1.5 v 
Voltage Voo= 1ov, Vo= 1V or 9V 3.0 3.0 3.0 v 

Voo= 15V, Vo= 1.5Vor 13.5V 4.0 4.0 4.0 v 
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DC Electrical Characteristics CD4016osc1cD40161 sc1CD40162sc1cD40163BC (Note 2) (Continued) 

Limits 

Symbol Parameter Conditions -40°c +2s0 c +as·c Units 

Min Max Min Typ Max Min Max 

V1H High Level Input Voo= 5V, Vo= 0.5V or 4.5V 3.5 3.5 3.5 v 
Voltage Voo= 1ov, Vo= 1V or9V 7.0 7.0 7.0 v 

Voo=15V, Vo=1.5Vor13.5V 11.0 11.0 11.0 v 

IOL Low Level Output Voo=5V, Vo=0.4V 0.52 0.44 0.88 0.36 mA 
Current (Note 3) Voo= 10V, Vo=0.5V 1.3 1.1 2.25 0.9 mA 

Voo=15V, Vo=1.5V 3.6 3.0 8.8 2.4 mA 

loH High Level Output Voo=5V, Vo=4.6V -0.52 -0.44 -0.88 -0.36 mA 
Current (Note 3) Voo=10V, Vo=9.5V -1.3 -1.1 -2.25 -0.9 mA 

Voo=15V, Vo=13.5V -3.6 -3.0 -8.8 -2.4 mA 

l1N Input Current Voo=15V, V1N=OV -0.30 -10-5 -0.30 -1.0 µA 
Voo= 15V, V1N= 15V 0.30 10-5 0.30 1.0 µA 

AC Electrical Characteristics* TA= 25°C, CL= 50 pF, RL = 200k, unless otherwise specified. 

Symbol Parameter Conditions Min Typ Max Units 

tpHL or tPLH Propagation Delay Time from Voo = 5V 250 400 ns 
ClocktoQ V00 = 1ov 100 160 ns 

v 00 = 15V 80 130 ns 

tPHL ortpLH Propagation Delay Time from V00 = 5V 290 450 ns 
Clock to Carry Out v 00 = 10v 120 190 ns 

Voo = 1sv 100 160 ns 

tpHL or tPLH Propagation Delay Time from T Voo = 5V 180 290 ns 
Enable to Carry Out v 00 = 1ov 70 130 ns 

Voo = 15V 60 110 ns 

tPHL Propagation Time from Clear to Q Voo = sv 190 300 ns 
(CD401608, CD40161B Only) v 00 = 10v 80 150 ns 

Voo = 15V 70 120 ns 

tsu Minimum Time Prior to Clock that Voo = 5V 120 ns 
Data or Load must be Present Voo = 10v 30 ns 

Voo = 15V 25 ns 

tsu Minimum Time Prior to Clock that v 00 = sv 170 280 ns 
Enable P or T must be Present V00 = 1ov 70 120 ns 

Voo = 15V 60 100 ns 

tsu Minimum Time Prior to Clock that v 00 = 5V 120 190 ns 
Clear must be Present (CD401628, Voo = 1ov 50 80 ns 
CD401638 Only) Voo = 15V 40 70 ns 

twL ortwH Maximum Clock Pulse Width v 00 = sv 125 250 ns 
v 00 = 1ov 45 90 ns 
Voo = 15V 35 70 ns 

tRcL or tFCL Maximum Clock Rise or Fall Time Voo = sv 15 µs 
Voo = 1ov 5.0 µs 
Voo = 15V 5.0 µs 

fcL Maximum Clock Frequency Voo = 5V 2 4 MHz 
Voo = 1ov 5.5 11 MHz 
Voo = 15V 7 14 MHz 

trHL ortrLH Transition Time All Outputs 
Voo = 5V 100 200 ns 
Voo = 1ov 50 100 ns 
Voo = 15V 40 80 ns 

C1N Average Input Capacitance Any Input 5.0 7.5 pF 

Cpo Power Dissipation Capacity (Note4) 95 pF 

*AC Parameters are guaranteed by DC correlated testing. 
Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed; they are not meant to imply that the devices 
should be operated at these limits. The table of "Recommended Operating Conditions" and "Electrical Characteristics" provides conditions for actual device 
operation. 
Note 2: Vss = OV unless otherwise specified. 
Note 3: loH and loL are tested one output at a time. 
Note 4: Cpo determines the no load AC power consumption of any CMOS device. For complete explanation see 54C/74C Family Characteristics application note, 
AN-90. 
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Logic Diagram 

CD40160B, CD40162B Clear Is Synchronous for the CD40162B 

CD40161B, CD40163B Clear Is Synchronous for the CD40163B 
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Logic Waveforms 

CD401608, •.. CD40162B Decade Counters 

mAllL._j 

ll!lll---i__j 
INA_r----i,__ ______________ _ 

INs_r----i ______________ __ 

INc_r----i ______________ _ 

ENABLE P ____ _, 

CLOCK 

Oo _____ __,,------i __________ -

CARRY ______ __, 

TL/F/5986-4 

Switching Time Waveforms 

CD40161B, •.. CD401638 Binary Counters 

mAllL_j 

mo---i___J 
INAr-1._ ______________ _ 

INc_r----i.__ ______________ _ 

INo_r----i.__ ______________ _ 

ENABLE P ____ _, 

CLOCK 

Do --c__J 
CARRY ______ __, 

13 14 15 

TL/F/5986-5 

tPHL CLEAR FDR CD401608 AND CD40161B ONLY 
TL/F/5986-6 

Note 1: All input pulses are from generators having the following characteristics: t, = tr = 20 ns, PRR ,;; 1 MHz, duty cycle ,;; 50%, Zour ::::: 50!l . 

Note 2: All times are measured from 50% to 50%. 

Cascading Packages 

CEP 

CET 

CLOCK 

CARRY 

CEP 

CET 

CLOCK 
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~National 
a Semiconductor 
CD40174BM/CD40174BC Hex D Flip-Flop 
CD40175BM/CD40175BC Quad D Flip-Flop 

General Description 
The CD40174B consists of six positive-edge triggered 
D-type flip-flops; the true outputs from each flip-flop are ex
ternally available. The CD40175B consists of four positive
edge triggered D-type flip-flops; both the true and comple
ment outputs from each flip-flop are externally available. 

All inputs are protected from static discharge by diode 
clamps to Voo and V55. 

Features 
• Wide supply voltage range 3V to 15V 

All flip-flops are controlled by a common clock and a com
mon clear. Information at the D inputs meeting the set-up 
time requirements is transferred to the Q outputs on the 
positive-going edge of the clock pulse. The clearing opera
tion, enabled bY'a negative pulse at Clear input, clears all Q 
outputs to logical "O" and Os (CD40175B only) to logical "1". 

• High noise immunity 0.45 Voo (typ.) 
• Low power TTL fan out of 2 driving 7 4L 

compatibility or 1 driving 7 4 LS 
• Equivalent to MC14174B, MC14175B 
• Equivalent to MM74C174, MM74C175 

Connection Diagrams 
CD40174B 

Dual-In-Line Package 
CD40175B 

Dual-In-Line Package 

VD 
16 

1 
CLEAR 

Truth Table 

Top View 

CLOCK 
9 

8 
Yss 

TL/F/5987-1 

Order Number CD40174B* or CD40175B* 

Top View 

*Please look into Section 8, Appendix D for availability of various package types. 

Inputs 

Clear Clock D 

L x x 
H i H 
H i L 
H H x 
H L x 

H = High level 
L = Low level 
X = Irrelevant 
t = Transition from low to high level 
NC = No change 

= 0 for CD40175B only 
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Outputs 

Q Q* 

L H 
H L 
L H 

NC NC 
NC NC 

TL/F/5987-2 



Absolute Maximum Ratings (Notes 1 & 2) Recommended Operating 
If Miiitary/Aerospace specified devices are required, Conditions (Note 2) 
contact the National Semiconductor Sales Office/ 

DC Supply Voltage (Voo) 3V to 15 Voe Distributors for avallablllty and specifications. 

DC Supply Voltage (Voo) -0.5V to+ 18V 
Input Voltage (V1N) OVtoVoo Voe 

Input Voltage MN) -0.5V to Voo + 0.5Voe 
Operating Temperature Range (TA) 

CD40XXXBM - 55°C to + 125°C 
Storage Temperature Range (Ts) - 65°C to + 15o•c CD40XXXBC -40°c to + 0s0 c 
Power Dissipation (Po) 

Dual-In-Line 700mW 
Small Outline 500mW 

Lead Temperature (TL.) 
(Soldering, 1 O seconds) 260°c 

DC Electrical Characteristics CD40114BMtCD40115BM (Note 2) 

Symbol Parameter Conditions 
-ss·c +25°c + 12s0 c 

Units 
Min Max Min Typ Max Min Max 

loo Quiescent Device Current Voo = 5V, V1N = Voo or Vss 1.0 1.0 30 µA 
Voo = 1 ov, V1N = Voo or Vss 2.0 2.0 60 µA 
Voo = 15V, V1N = Voo or Vss 4.0 4.0 120 µA 

VoL Low Level Output Voltage iloi < 1 µA 
Voo = sv 0.05 0.05 0.05 v 
Voo = 1ov 0.05 0.05 0.05 v 
Voo = 15V 0.05 0.05 0.05 v 

VoH High Level Output Voltage iloi < 1 µA 
Voo = 5V 4.95 4.95 5 4.95 v 
Voo = 1ov 9.95 9.95 10 9.95 v 
Voo = 15V 14.95 14.95 15 14.95 v 

V1L Low Level Input Voltage Voo = 5V, Vo = 0.5V or 4.5V 1.5 1.5 1.5 v 
Voo = 1ov, Vo= 1Vor 9V 3.0 3.0 3.0 v 
Voo = 15V, Vo= 1.5Vor13.5V 4.0 4.0 4.0 v 

V1H High Level Input Voltage Voo = 5V, Vo = 0.5V or 4.5V 3.5 3.5 3.5 v 
Voo = 1ov, Vo= 1Vor 9V 7.0 7.0 7.0 v 
Voo = 15V, v0 = 1.5V or 13.5V 11.0 11.0 11.0 v 

loL Low Level Output Current Voo = 5V, Vo = 0.4V 0.64 0.51 0.88 0.36 mA 
(Note 3) Voo = 10V, Vo= 0.5V 1.6 1.3 2.25 0.9 mA 

Voo = 15V, Vo= 1.5V 4.2 3.4 8.8 2.4 mA 

loH High Level Output Current Voo = 5V, Vo = 4.6V -0.64 -0.51 -0.8.8 -0.36 mA 
(Note3) Voo = 10V, Vo= 9.5V -1.6 -1.3 -2.25 -0.9 mA 

Voo = 15V, Vo= 13.5V -4.2 -3.4 -8.8 -2.4 mA 

l1N Input Current Voo = 15V, V1N = ov -0.1 -10-s -0.1 -1.0 µA 
Voo = 15V, V1N = 15V 0.1 10-s 0.1 1.0 µA 

DC Electrical Characteristics CD40114sc1cD40115sc (Note 2) 

Symbol Parameter Conditions 
-40°c +25°C +as·c 

Units 
Min Max Min Typ Max Min Max 

loo Quiescent Device Current Voo = 5V, V1N = Voo or Vss 4 4 30 µA 
Voo = 1 ov, V1N = Voo or Vss 8 8 60 µA 
Voo = 15V, V1N = Voo or Vss 16 16 120 µA 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The tables of "Recommended Operating Conditions" and "Electrical Characteristics" provide conditions for actual device 
operation. 

Note 2: Vss = OV unless otherwise specified. 

Note 3: loH and loL are tested one output at a time. 
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0 m 
DC Electrical Characteristics CD40174BCtCD40175BC (Note 2) (Continued) a.n 

...... ,.... 
0 -40°c +2s0 c +as·c 
""=" Symbol Parameter Conditions Units c 
0 Min Max Min Typ Max Min Max 
...... 

VoL Low Level Output Voltage v 00 = 5V 0.05 0.05 0.05 v ::E m Voo = 1ov 0.05 0.05 0.05 v a.n ...... V00 = 15V 0.05 0.05 0.05 v ,.... 
0 VoH High Level Output Voltage V00 = 5V 4.95 4.95 5 4.95 v ""=" c v 00 = 1ov 9.95 9.95 10 9.95 v 
0 ...... Voo = 15V 14.95 14.95 15 14.95 v 
0 m V1L Low Level Input Voltage Voo = 5V, Vo = 0.5V or 4.5V 1.5 1.5 1.5 v 
""=" Voo = 10V, Vo= 1Vor9V 3.0 3.0 3.0 v ...... ,.... 

Voo = 15V, Vo= 1.5V or 13.5V 4.0 4.0 4.0 v 0 
""=" c V1H High Level Input Voltage Voo = 5V, Vo= 0.5Vor4.5V 3.5 3.5 3.5 v 
0 Voo = 10V, Vo= 1Vor9V 7.0 7.0 7.0 v ...... 
::E Voo = 15V, Vo= 1.5Vor13.5V 11.0 m 11.0 11.0 v 

""=" loL Low Level Output Current Voo = 5V, Vo = 0.4V 0.52 0.44 0.88 0.36 mA ...... ,.... 
(Note3) Voo = 10V, Vo = 0.5V 1.3 1.1 2.25 0.9 mA 0 

""=" Voo = 15V, Vo= 1.5V 3.6 3.0 8.8 2.4 mA c 
0 loH High Level Output Current Voo = 5V, Vo = 4.6V -0.52 -0.44 -0.88 -0.36 mA 

(Note3) Voo = 10V, Vo= 9.5V -1.3 -1.1 -2.25 -0.9 mA 
Voo = 15V, Vo= 13.5V -3.6 -3.0 -8.8 -2.4 mA 

l1N Input Current Voo = 15V, V1N = ov -0.30 -10-s -0.30 -1.0 µA 
Voo = 15V, V1N = 15V 0.30 10-5 0.30 1.0 µA 

AC Electrical Characteristics* 
TA = 25°C, CL = 50 pF, AL = 200k and tr = tt = 20 ns, unless otherwise specified 

Symbol Parameter Conditions Min Typ Max Units 

tPHL• tPLH Propagation Delay Time to a Voo = 5V 190 300 ns 
Logical "O" or Logical "1" from V00 = 1ov 75 110 ns 
Clock to Q or Q (CD40175 Only) Voo = 15V 60 90 ns 

tPHL Propagation Delay Time to a Voo = 5V 180 300 ns 
Logical "O" from Clear to Q v 00 = 1ov 70 110 ns 

Voo = 15V 60 90 ns 

tPLH Propagation Delay Time to a Logical Voo = 5V 230 400 ns 
"1" from Clear to Q (CD40175 Only) Voo = 1ov 90 150 ns 

Voo = 15V 75 120 ns 

tsu Time Prior to Clock Pulse that v 00 = 5V 45 100 ns 
Data must be Present Voo = 1ov 15 40 ns 

Voo = 15V 13 35 ns 

tH Time after Clock Pulse that v 00 = 5V -11 0 ns 
Data Must be Held Voo = 1ov -4 0 ns 

V00 = 15V -3 0 ns 

trHL• tTLH Transition Time Voo = 5V 100 200 ns 
Voo = 1ov 50 100 ns 
v 00 = 15V 40 80 ns 

twH. twL Minimum Clock Pulse Width v 00 = 5V 130 250 ns 
v 00 = 1ov 45 100 ns 
Voo = 15V 40 80 ns 

5-240 



AC Electrical Characteristics* 
TA = 25°C, CL = 50 pF, AL = 200k and tr = t1 = 20 ns, unless otherwise specified (Continued) 

Symbol Parameter Conditions Min Typ Max Units 

twL Minimum Clear Pulse Width Voo = 5V 120 250 ns 

Voo = 1ov 45 100 ns 
V00 = 15V 40 80 ns 

tRCL Maximum Clock Rise Time Voo = 5V 15 µs 

Voo = 1ov 5.0 µs 

Voo = 15V 5.0 µs 

ttcL Maximum Clock Fall Time v 00 = 5V 15 50 µs 

Voo = 1ov 5.0 50 µs 

Voo = 15V 5.0 50 µs 

fcL Maximum Clock Frequency v 00 = 5V 2.0 3.5 MHz 
V00 = 1ov 5.0 10 MHz 

Voo = 15V 6.0 12 MHz 

C1N Input Capacitance Clear Input 10 15 pF 

Other Input 5.0 7.5 pF 

Cpo Power Dissipation Per Package (Note 4) 130 pF 

•AC Parameters are guaranteed by DC correlated testing. 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the 
devices should be operated at these limits. The tables of "Recommended Operating Conditions" and "Electrical Characteristics" provide conditions for actual 
device operation. 

Note 2: Vss = OV unless otherwise specified. 

Note 3: loH and loL are tested one output at a time. 

Note 4: Cpo determines the no load AC power consumption of any CMOS device. For complete explanation, see 54C/74C Family Characteristics application 
note, AN-90. 

Switching Time Waveforms 

CLOCK 

\/ss-----"" 

DATA 

'TLH 

Voo~~~~--i~~~~-+-i...,.,.. ___ 
QORll 

'THL 

Voo------+------.1 
QDRil 

TL/F/5987-3 

Ir= t1 = 20 ns 
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~National 
D Semiconductor 
CD40192BM/CD40192BC Synchronous 
4-Bit Up/Down Decade Counter 
CD40193BM/CD40193BC Synchronous 
4-Bit Up/Down Binary Counter 
General Description Features 

• Wide supply voltage range 
• High noise immunity 

These up/down counters are monolithic complementary 
MOS (CMOS) integrated circuits. The CD40192BM and 
CD40192BC are BCD counters, while the CD40193BM and 
CD40193BC are binary counters. 

• Low power TTL compatibility 

3V to 15V 
0.45 Voo (typ.) 

Fan out of 2 
driving 74L 

or 1 driving 7 4LS Counting up and counting down is performed by two count 
inputs, one being held high while the other is clocked. The 
outputs change on the positive-going transition of this clock. 

These counters feature preset inputs that are enabled when 
load is a logical "O" and a clear which forces all outputs to 
"O" when it is at logical "1 ". The counters also have carry 
and borrow outputs so that they can be cascaded using no 
external circuitry. 

All inputs are protected against damage due to static dis
charge by clamps to Voo and Vss-

Connection Diagram 
Dual-In-Line Package 

INPUTS OUTPUTS ,...-....., ,__.....____, 
Voo D~A CLEAR BORROW CARRY LOAD 

ln 15 14 13 12 11 

....0. ...c 

r--

1 2 3 4 5 6 

INPUTS 

DATA 
c 

10 

1 

DATA 
D 

g 

I-' 

l' 
DATA D9 DA COUNT COUNT De Do Vss 

I .._____..., DOWN UP .._,,___... 
INPUT OUTPUTS OUTPUTS 

INPUTS 

TL/F/5988-1 

Top View 

Cascading Packages 

• Carry and borrow outputs for easy expansion to N-bit 
by cascading 

• Asynchronous clear 
• Equivalent to MM54C192/MM74C192 

and MM54C193/MM74C193 

Order Number CD40192B* or CD40193* 

*Please look into Section 8, Appendix D 
for availability of various package types . 

LOAD--..... -------+--------

UP 
CLOCK 

DOWN 
CLOCK 

DATA INPUTS 

LOAD A 8 C D 

UP 

DOWN 

CLEARDA 09 

OUTPUTS 

DATA INPUTS 

LOAD A B C D 

UP 

DOWN 

CLEAR DA Da De Do 

OUTPUTS 

TD NEXT 
STAGE 

CLEAR--..... -------..... -------

TL/F/5988-2 
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Absolute Maximum Ratings (Notes 1 & 2) Recommended Operating 
If Mllltary/Aerospace specified devices are required, Conditions (Note 2) 
contact· the Natlonal Semiconductor Sales Office/ 

DC Supply Voltage (Voo) 3to15 Voe Distributors for avallablllty and specifications. 

DC Supply Voltage (Voo) -0.5 to + 18 Voe 
Input Voltage (V1N) OtoVoo Voe 

Input Voltage MN) -0.5 to Voo + 0.5 Voe 
Operating Temperature Range (TA) 

CD40192BM, CD40193BM - 55°C to + 125•c 
Storage Temperature Range (Ts) -65°Cto +150°c CD40192BC, CD40193BC - 4o•c to + 85°C 
Power Dissipation (Po) 

Dual-In-Line 700mW 
Small Outline 500mW 

Lead Temperature (TL) 
(Soldering, 10 seconds) 260°c 

DC Electrical Characteristics CD40192sMtCD40193BM (Note 2> 

Symbol Parameter Conditions 
-ss·c +2s0 c +12s·c 

Units 
Min Max Min Typ Max Min Max 

loo Quiescent Device Voo = 5V, V1N = Voo or Vss 5 5 150 µA 
Current Voo = 1 ov, V1N = Voo or Vss 10 10 300 µA 

Voo = 15V, V1N = Voo or Vss 20 20 600 µA 

VoL Low Level Voo = 5V 0.05 0.05 0.05 v 
Output Voltage Voo = 1ov 0.05 0.05 0.05 v 

Voo = 15V 0.05 0.05 0.05 v 

VoH High Level Voo = 5V 4.95 4.95 4.95 v 
Output Voltage Voo = 1ov 9.95 9.95 9.95 v 

Voo = 15V 14.95 14.95 14.95 v 

V1L Low Level Voo = 5V, Vo= 0.5V or 4.5V 1.5 1.5 1.5 v 
Input Voltage Voo = 1ov, Vo= 1Vor9V 3.0 3.0 3.0 v 

Voo = 15V, Vo= 1.5Vor 13.5V 4.0 4.0 4.0 v 

V1H High Level Voo = 5V, Vo = 0.5V or 4.5V 3.5 3.5 3.5 v 
Input Voltage Voo = 1ov, Vo= 1Vor9V 7.0 7.0 7.0 v 

Voo = 15V, Vo= 1.5Vor 13.5V 11.0 11.0 11.0 v 

loL Low Level Output Voo = 5V, Vo = 0.4V 0.64 0.51 0.88 0.36 mA 
Current (Note 3) Voo = 10V, Vo= 0.5V 1.6 1.3 2.25 0.9 mA 

Voo = 15V, Vo= 1.5V 4.2 3.4 8.8 2.4 mA 

loH High Level Output Voo = 5V, Vo = 4.6V -0.64 -0.51 -0.88 -0.36 mA 
Current (Note 3) Voo = 10V, Vo= 9.5V -1.6 -1.3 -2.25 -0.9 mA 

Voo = 15V, Vo= 13.5V -4.2 -3.4 -8.8 -2.4 mA 

l1N Input Current Voo = 15V, V1N = ov -0.1 -10-5 -0.1 -1.0 µA 
Voo = 15V, V1N = 15V 0.1 10-s 0.1 1.0 µA 

DC Electrical Characteristics CD40192sc1cD40193sc (Note 2) 

Symbol Parameter Conditions 
-40°c +2s0 c +ss·c 

Units 
Min Max Min Typ Max Min Max 

loo Quiescent Device Voo = 5V, V1N = Voo or Vss 20 20 150 µA 
Current Voo = 1ov, V1N = Voo or Vss 40 40 300 µA 

Voo = 15V, V1N = Voo orVss 80 80 600 µA 

VoL Low Level Voo = 5V 0.05 0.05 0.05 v 
Output Voltage Voo = 1ov 0.05 0.05 0.05 v 

Voo = 15V 0.05 0.05 0.05 v 

VoH High Level Voo = 5V 4.95 4.95 4.95 v 
Output Voltage Voo = 1ov 9.95 9.95 9.95 v 

Voo = 15V 14.95 14.95 14.95 v 

V1L Low Level Voo = 5V, Vo = 0.5V or 4.5V 1.5 1.5 1.5 v 
Input Voltage Voo = 10V, Vo= 1Vor9V 3.0 3.0 3.0 v 

Voo = 15V, Vo= 1.5Vor 13.5V 4.0 4.0 4.0 v 

V1H High Level Voo = 5V, Vo = 0.5V or 4.5V 3.5 3.5 3.5 v 
Input Voltage Voo = 1ov, Vo= 1V or 9V 7.0 7.0 7.0 v 

Voo = 15V, Vo= 1.5Vor 13.5V 11.0 11.0 11.0 v 
loL Low Level Output Voo = 5V, Vo = 0.4V 0.52 0.44 0.88 0.36 mA 

Current (Note 3) Voo = 10V, Vo= 0.5V 1.3 1.1 2.25 0.9 mA 
Voo = 15V, Vo= 1.5V 3.6 3.0 8.8 2.4 mA 
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DC Electrical Characteristics CD40192sc1cD40193BC (Note 2) (Continued) 

Symbol Parameter Conditions 
-40°C +25°C +85°C Units 

Min Max Min Typ Max Min Max 

loH High Level Output Voo = 5V, Vo = 4.6V -0.52 -0.44 -0.88 -0.36 mA 
Current (Note 3) Voo = 10V, Vo= 9.5V -1.3 -1.1 -2.25 -0.9 mA 

Voo = 15V, Vo= 13.5V -3.6 -3.0 -8.8 -2.4 mA 

l1N Input Current Voo = 15V, v 1N =av -0.3 -10-s -0.3 -1.0 µA 
Voo = 15V, V1N = 15V 0.3 10-s 0.3 1.0 µA 

AC Electrical Characteristics* 
TA = 25°C, CL = 50 pF, AL = 200 kn, input tr = tt = 20 ns, unless otherwise specified. 

Symbol Parameter Conditions Min Typ Max Units 

tPHL or tpLH Propagation Delay Time Voo = 5V 250 400 ns 
from Count Up or v 00 = 1ov 100 160 ns 
Count Down to Q Voo = 15V 80 130 ns 

tpHL ortPLH Propagation Delay Time Voo = 5V 120 200 ns 
from Count Up to Carry Voo = 1ov 50 80 ns 

Voo = 15V 40 65 ns 

tPHL or tPLH Propagation Delay Time Voo = 5V 120 200 ns 
from Count Down Voo = 1ov 50 80 ns 
to Borrow Voo = 15V 40 65 ns 

tsu Time Prior to Load Voo = 5V 100 160 ns 
That Data Must Voo = 1ov 30 50 ns 
Be Present Voo = 15V 25 40 ns 

tPHL Propagation Delay Time Voo = 5V 130 220 ns 
from Clear to Q Voo = 1ov 60 100 ns 

Voo = 15V 50 80 ns 

tPLH or tPHL Propagation Delay Time Voo = 5V 300 480 ns 
from Load to Q Voo = 1ov 120 190 ns 

Voo = 15V 95 150 ns 

trLH or trHL Output Transition Time v 00 = 5V 100 200 ns 
Voo = 1ov 50 100 ns 
Voo = 15V 40 80 ns 

fcL Maximum Count Frequency Voo = 5V 2.5 4 MHz 
V00 = 1ov 6 10 MHz 
Voo = 15V 7.5 12.5 MHz 

trcL orttcL Maximum Count Rise Voo = 5V 15 µs 
or Fall Time Voo = 1ov 5 µs 

Voo = 15V 1 µs 

twH. twL Minimum Count Pulse Voo = 5V 120 200 ns 
Width Voo = 1ov 35 80 ns 

Voo = 15V 28 65 ns 

twH Minimum Clear Voo = 5V 300 480 ns 
Pulse Width Voo = 1ov 120 190 ns 

Voo = 15V 95 150 ns 

twL Minimum Load Voo = 5V 100 160 ns 
Pulse Width Voo = 1ov 40 65 ns 

Voo = 15V 32 55 ns 

C1N Average Input Capacitance Load and Data 5 7.5 pF Inputs (A,B,C,D) 
Count Up, Count 10 15 pF 
Down and Clear 

Cpo Power Dissipation Capacity (Note4) 100 pF 
•AC Parameters are guaranteed by DC correlated testing. 
Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The table of "Recommended Operating Conditions" and "Electrical Characteristics" provides conditions for actual device 
operation. 
Note 2: Vss = OV unless otherwise specified. 
Note 3: loH and loL are tested one output at a time. 
Note 4: Cpo determines the no load AC power consumption of any CMOS device. For complete explanation, see 54C/74C Family Characteristics application note, 
AN-90. 
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Schematic Diagrams 

YooLl 1 rVss 

Yoo:!-J 1 
rYss 

CD40192BM/CD40192BC Synchronous 4-Blt Up/Down Decade Counter 

CD40193BM/CD40193BC Synchronous 4-Blt Up/Down Binary Counter 
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Timing Diagrams 
CD40192BM/CD40192BC 

CLEAR 

LOAD 

OATA[

AO:---+-+---+-' - - - - - - ----- - - - -- -L------------------~-+--+-il- - ----- ----------
L-- - ----------- ---

~-+--+-ii - - - - - - -- - --- - - ---L-- --- -------------
1 ,----------------------------------

COUNT---+-+--+--+---. 
UP 

COUNT---+-+--+--+--+---------+--. 
DOWN 

OUTPUTS 1::~=: nc __ 
I no: ______ _ 

CARRY 

BORROW 

SEQUENCE 
ILLUSTRATED CLEAR PRESET 

COUNT UP COUNT DOWN 

Sequence: 

1. Clear outputs to zero. 

2. Load (preset) to BCD seven. 

3. Count up to eight, nine, carry, zero, one and two. 

4. Count down to one, zero, borrow, nine, eight and seven. 

CD40193BM/CD40193BC 

CLEAR 

LOAD 

[ 

----+--.-----------------

A L----------------
~----------------

DATA :B------ ------------
--+--+--. - - -- -------- - ---L- -- - - - -------- ---

1 
..-!--+--+--. - -- - - - - -- - ---- - - -L---- ---------- ---

CARRY 

BORROW 
13 14 15 0 15 14 13 

COUNT UP COUNT DOWN SEQUENCE 
ILLUSTRATED CLEAR PRESET 

Sequence: 

1. Clear outputs to zero. 

2. Load (preset) to binary thirteen. 

3. Count up to fourteen, fifteen, carry, zero, one and two. 

4. Count down to one, zero, borrow, fifteen, fourteen and thirteen. 
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~National 
~Semiconductor 

CD4503BM/CD4503BC Hex 
Non-Inverting TRI-STATE® Buffer 

General Description Features 
The CD4503B is a hex non-inverting TRI-STATE buffer with 
high output current sink and source capability. TRI-STATE 
outputs make it useful in bus-oriented applications. Two 
separate disable inputs are provided. Buffers 1 through 4 
are controlled by the disable 4 input. Buffers 5 and 6 are 
controlled by the disable 2 input. A high level on either dis
able input will cause those gates on its control line to go into 
a high impedance state. 

• Wide supply voltage range 3.0 Voe to 18 Voe 

Schematic and Connection Diagrams 

TD 
OTHER 

WAFERS 

Truth Table 

Yoo 

d 
J--ourn 
9 

Vss 

TL/F/5989-1 

In 
Disable 
Input 

0 0 
1 0 
x 1 

X = Don't Care 

• TRI-STATE outputs 
• Symmetrical turn on/turn off delays 
• Symmetrical output rise and fall times 
• Pin-for-pin replacement for MM80C97 and MC14503 

Out 

0 
1 

Dual-In-Line Package 

OUT5 

Top View 

Order Number CD4503B* 
•Please look into Section 8, Appendix D 
for availability of various package types. 

TRI-STATE 

OUT3 Vss 

TL/F/5989-2 
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Absolute Maximum Ratings (Notes 1 and 2) Recommended Operating 
If Military I Aerospace specified devices are required, Conditions (Note 2) 
contact the National Semiconductor Sales Office/ 

Supply Voltage (Voo) +3Vto +15V 
Distributors for availability and specifications . 

Supply Voltage (Voo) -0.5V to+ 18V 
Operating Temperature Range (TA) 

CD45038M - 55°C to + 125°C 
Input Voltage MN) -0.5Vto +0.5V CD45038C -40°c to +85°C 
Storage Temperature Range (Ts) - 65°C to + 150°c 

Power Dissipation (Po) 
Dual-In-Line 700mW 
Small Outline 500mW 

Lead Temperature (TL.) 
(Soldering, 10 seconds) 260°c 

DC Electrical Characteristics cD4503BM (Note 2) 

Symbol Parameter Conditions 
-ss·c +25° + 12s0 c 

Units 
Min Max Min Typ Max Min Max 

loo Quiescent Device Voo = 5V, 1 1 30 µA 
Current V1N = Voo or Vss 

Voo = 10v, 2 2 60 µA 

V1N = Voo or Vss 
Voo = 15V, 4 4 120 µA 

V1N = Voo or Vss 

Vol Low Level V1N = Voooro 
Output Voltage Voo = 5V 0.05 0 0.05 0.05 v 

Voo = 10v 0.05 0 0.05 0.05 v 

Voo = 15V 0.05 0 0.05 0.05 v 

VoH High Level V1N = Voo oro 
Output Voltage Voo = 5V 4.95 4.95 5 4.95 v 

Voo = 1ov 9.95 9.95 10 9.95 v 

Voo = 15V 14.95 14.95 15 14.95 v 

V1l Low Level Voo = 5V, 
1.5 2.25 1.5 1.5 v 

Input Voltage Vo = 4.5V or 0.5V 
Voo = 1ov, 

3.0 4.50 3.0 3.0 v 
Vo= 9.0Vor 1.0V 
Voo = 15V, 

4.0 6.75 4.0 4.0 v 
Vo= 13.5Vor 1.5V 

V1H High Level Voo = 5V, 
3.5 3.5 2.75 3.5 v 

Input Voltage Vo = 0.5V or 4.5V 
Voo = 10v, 

7.0 7.0 5.5 7.0 v 
Vo = 1.0V or 9.0V 
Voo = 15V, 

11.0 11.0 8.25 11.0 v 
Vo= 1.5Vor 13.5V 

Im Low Level Output Voo = 4.5V, Vm = 0.4V 2.80 2.30 2.55 1.60 mA 
Current (Note 3) Voo = 5.0V, Vol = 0.4V 3.00 2.40 2.75 1.75 mA 

Voo = 10V, Vol = 0.5V 7.85 6.35 7.00 4.45 mA 

Voo = 15V, Vol= 1.5V 19.95 16.10 25.00 11.30 mA 

loH High Level Output Voo = 5V, VoH = 4.6V -1.28 -1.02 -1.76 -0.72 mA 
Current (Note 3) Voo = 10V, VoH = 9.5V -3.20 -2.60 -4.5 -1.8 mA 

Voo = 15V, VoH = 13.5V -8.20 -6.80 -17.6 -4.8 mA 

loz TRI-STATE Leakage Current Voo = 15V ±0.1 ±10-4 ±0.1 ±1.0 µA 

l1N Input Current Voo = 15V ±0.1 ±10-4 ±0.1 ±1.0 µA 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The tables of "Recommended Operating Conditions" and "Electrical Characteristics" provide conditions for actual device 
operation. 

Note 2: Vss = OV unless otherwise specified. 

Note 3: loH and loL are tested one output at a time. 

5-248 



DC Electrical Characteristics co4503sc (Note 2) 

Symbol Parameter Conditions 
-40°c +2s0 c +ss·c 

Units 
Min Max Min Typ Max Min Max 

loo Quiescent Device v 00 = 5V, 4 4 30 µA 
Current V1N = Voo or Vss 

Voo = 1ov, 8 8 60 µA 
V1N = Voo or Vss 
Voo = 15V, 16 16 120 µA 
V1N = Voo or Vss 

Vol Low Level V1N = Voo oro 
Output Voltage Voo = 5V 0.05 0 0.05 0.05 v 

Voo = 1ov 0.05 0 0.05 0.05 v 
Voo = 15V 0.05 0 0.05 0.05 v 

VoH High Level V1N = Voo oro 
Output Voltage v 00 = 5V 4.95 4.95 4.95 v 

Voo = 1ov 9.95 9.95 9.95 v 
Voo = 15V 14.95 14.95 14.95 v 

V1l Low Level Voo = 5V, 
1.5 2.25 1.5 1.5 v 

Input Voltage Vo = 4.5V or 0.5V 
Voo = 1ov, 

3.0 4.50 3.0 3.0 v 
Vo = 9.0V or 1.0V 
Voo = 15V, 

4.0 6.75 4.0 4.0 v 
Vo= 13.5Vor 1.5V 

V1H High Level Voo = 5V, 
3.5 3.5 2.75 3.5 v 

Input Voltage Vo = 0.5V or 4.5V 
Voo = 1ov, 

7.0 7.0 5.5 7.0 v 
Vo= 1.0Vor 9.0V 
Voo = 15V, 

11.0 11.0 8.25 11.0 v 
Vo= 1.5Vor13.5V 

lol Low Level Output Voo = 4.5V, Vm = 0.4V 2.30 1.95 2.65 1.60 mA 
Current (Note 3) Voo = 5.0V, Vol = 0.4V 2.5 2.10 2.75 1.75 mA 

Voo = 1ov, Vol= o.5V 6.5 5.45 7.0 4.45 mA 
Voo = 15V, Vol= 1.5V 16.50 13.80 25.00 11.30 mA 

loH High Level Output Voo = 5V, VoH = 4.6V -1.04 -0.88 -1.76 -0.7 mA 
Current (Note 3) Voo = 10V, VoH = 9.5V -2.60 -2.2 -4.50 -1.8 mA 

Voo = 15V, VoH = 13.5V -7.2 -6.0 -17.6 -4.8 mA 

I Tl TRI-STATE Leakage Current Voo = 15V ±0.3 ±10-4 ±0.3 ±1.0 µA 

l1N Input Current Voo = 15V ±0.3 ±10-5 ±0.3 ±1.0 µA 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The tables of "Recommended Operating Conditions" and "Electrical Characteristics" provide conditions for actual device 
operation. 

Note 2: Vss = OV unless otherwise specified. 
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~ AC Electrical Characteristics* CD45o3s 
~ TA = 25°C, CL = 50 pF, RL = 200 kn, Input tr = t1 = 20 ns, unless otherwise specified 
""=I' c 
0 ....... 
:::E m 
C") 
0 
LI) 
""=I' c 
0 

Symbol Parameter Conditions Min 

tPHL• tPLH Propagation Delay Time v 00 = 5V 

Voo = 1ov 
Voo = 15V 

tpLz, tpHz Propagation Delay Time, Voo = 5V 
Logical Level to High v 00 = 10v 
Impedance State Voo = 15V 

tpzL, tpzH Propagation Delay Time, Voo = 5V 
High Impedance State to Voo = 1ov 
Logical Level Voo = 15V 

tTLH Output Rise Time Voo = 5V 
Voo = 10v 
Voo = 15V 

tTHL Output Fall Time Voo = 5V 
Voo = 10v 
Voo = 15V 

•AC Parameters are guaranteed by DC correlated testing. 

AC Test Circuits and Switching Time Waveforms 

TL/F/5989-3 

INPUT--Q: T !OUTPUT 
DISABLE f.Ok ICL 

TL/F/5989-5 

5-250 

Typ Max 

75 100 
35 40 
25 30 

80 125 
40 90 
35 70 

95 175 
40 80 
35 70 

45 80 
23 40 
18 35 

45 80 
23 40 
18 35 

CMOS to CMOS 

tpLZ and tpzL 

Units 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

TL/F/5989-4 

TL/F/5989-6 



AC Test Circuits and Switching Time Waveforms (Continued) 

Voo-------.. -----

:1507. 
ov 
----- tpHLz 

VoH 907. 
OUTPUT ov ______ _ 

DISABLE DISABLE 
Voo-------.. -----

:1507. 
ov 
Voo_____ 

1'~-

VoL------1-o:r._;'F 
OUTPUT 

TL/F/5969-7 TL/F/5969-6 

tpzH tpzL 

DISABLE 

Voo---

~507. 
OV----+-'------

VoH ----!J-1-.. tp_z_H ___ _ 

ov ____ /1or. OUTPUT 

DISABLE 

Voo 
507. vov~-t 

DD 907. 

VoL 
OUTPUT 

TL/F/5969-9 TL/F/5969-10 

Note: Delays measured with input tr, It ~ 20 ns. 
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~National 
D Semiconductor 
CD4510BM/CD4510BC BCD Up/Down Counter 
CD4516BM/CD4516BC Binary Up/Down Counter 

General Description 
The CD4510BM/CD4510BC and CD4516BM/CD4516BC 
are monolithic CMOS up/down counters which count in 
BCD and binary, respectively. 

The counters count up when the up/down input is at logical 
"1" and vice versa. A logical "1" preset enable signal al
lows information at the parallel inputs to preset the counters 
to any state synchronously with the clock. The counters are 
advanced one count at the positive-going edge of the clock 
if the carry in, preset enable, and reset inputs are at logical 
"O". Advancement is inhibited when any of these three in
puts are at logical "1 ". The carry out signal is normally at 
logical "1" state and goes to logical "O" when the counter 
reaches its maximum count in the "up" mode or its mini
mum count in the "down" mode, provided the carry input is 
at logical "O" state. The counters are cleared asynchro-

Connection Diagram 

Dual-In-Line Package 
PARALLEL INPUTS 

nously by applying a logical "1" voltage level at the reset 
input. 

All inputs are protected against static discharge by diode 
clamps to both Voe and Vgg. 

Features 
• Wide supply voltage range 
• High noise immunity 
• Low power TTL 

compatibility 
• Parallel load "jam" inputs 

3.0V to 15V 
0.45 Voe (typ.) 

Fan out of 2 driving 74L 
or 1 driving 74LS 

• Low quiescent power dissipation 0.25 µW/package 
(typ.)@ Vcc=5.0V 

• Motorola MC14510, MC14516 second source 

Voo CLOCK 03 P3 P2 02 UP/DOWN RESET 

l1s 

r--

1 

PRESET 
ENABLE 

Truth Table 

Clock 

x 
x 

_r 
_r 

"--
x 

15 14 13 

2 3 4 

04 P4 Pl 

PARALLEL INPUTS 

12 

-Q 

5 

CARRY 
IN 

Top View 

Reset 
Preset Carry 
Enable In 

1 x x 
0 1 x 
0 0 0 

0 0 0 

0 0 x 
0 0 1 

QI 

11 

6 

10 

() 

7 

CARRY 
OUT 

9 

...... 

18 
Vss 

TL/F/5990-1 

Up/Down 
Output 

Function 

x Reset to Zero 

x Set to P1, P2, P3, P4 

1 Count Up 

0 Count Down 

x No Change 

x No Change 
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Order Number CD4510B* or 
CD4516B* 

•Please look into Section B, Appendix D 
for availability of various package types. 

_r = Positive Transition 

~ = Negative Transition 

X = Don't Care 



Absolute Maximum Ratings (Notes 1 & 2) Recommended Operating 
If Miiitary/Aerospace specified devices are required, Conditions (Note 2) 
contact the National Semiconductor Sales Office/ 

DC Supply Voltage (Voo) 3V to 15V 
Distributors for availability and specifications. 

DC Supply Voltage (Voo) - 0.5V to + 18V 
Input Voltage MN) OVtoVoo 

Input Voltage (V1N) -0.5VtoVoo + 0.5V 
Operating Temperature Range 

CD4510BM, CD4516BM - 55•c to + 125•c 
Storage Temperature Range (Ts) - 65°C to + 15o•c CD4510BC, CD4516BC -40°c to + 85°C 
Power Dissipation (Po) 

Dual-In-Line 700mW 
Small Outline 500mW 

Lead Temp. (TL) (Soldering, 10 sec.) 260°c 

DC Electrical Characteristics CD451osM1CD4516BM (Note 2) 

Symbol Parameter Conditions 
-ss·c +25°c + 12s·c Units 

Min Max Min Typ Max Min Max 

loo Quiescent Device Current Voo = 5V, V1N = Voo or Vss 5 0.05 5 150 µA 
Voo = 1 ov, V1N = Voo or Vss 10 0.1 10 300 µA 
Voo = 15V, V1N = Voo or Vss 20 0.15 20 600 µA 

Vol Low Level Output Voltage V1H=Voo. Vil =OV, l1ol<1µA 
v 00 = 5V 0.05 0 0.05 0.05 v 
v 00 = 10v 0.05 0 0.05 0.05 v 
Voo = 15V 0.05 0 0.05 0.05 v 

VoH High Level Output Voltage V1H=Voo. V1l =OV, l1ol<1µA 
V00 = 5V 4.95 4.95 5 4.95 v 
v 00 = 1ov 9.95 9.95 10 9.95 v 
Voo = 15V 14.95 14.95 15 14.95 v 

V1l Low Level Input Voltage Jlol<1 µA 
Voo = 5V, Vo = 0.5V or 4.5V 1.5 2.25 1.5 1.5 v 
Voo = 1ov, Vo= 1Vor9V 3.0 4.5 3.0 3.0 v 
Voo = 15V, Vo = 1.5V or 13.5V 4.0 6.75 4.0 4.0 v 

V1H High Level Input Voltage l1ol<1 µA 
Voo = 5V, Vo = 0.5V or 4.5V 3.5 3.5 2.75 3.5 v 
Voo = 10V, Vo= 1Vor9V 7.0 7.0 5.5 7.0 v 
Voo = 15V, Vo= 1.5Vor 13.5V 11.0 11.0 8.25 11.0 v 

lol Low Level Output Current V1H = Voo. Vil = ov 
(Note3) Voo = 5V, Vo = 0.4V 0.64 0.51 0.8 0.36 mA 

Voo = 10V, Vo= 0.5V 1.6 1.3 2.0 0.9 mA 
Voo = 15V, Vo= 1.5V 4.2 3.4 7.8 2.4 mA 

loH High Level Output Current V1H = Voo. Vil= ov 
(Note 3) Voo = 5V, Vo = 4.6V -0.64 -0.51 -0.8 -0.36 mA 

Voo = 10V, Vo = 9.5V -1.6 -1.3 -2.0 -0.9 mA 
Voo = 15V, Vo= 13.5V -4.2 -3.4 -7.8 -2.4 mA 

l1N Input Current Voo = 15V, V1N = ov -0.1 -10-s -0.1 -1.0 µA 
Voo = 15V, V1N = 15V 0.1 10-s 0.1 1.0 µA 

DC Electrical Characteristics CD451osc1cD4516sc (Note 2) 

Symbol Parameter Conditions -40°c +25°c +as·c Units 
Min Max Min Typ Max Min Max 

loo Quiescent Device Current Voo = 5V, V1N = Voo or Vss 20 0.05 20 150 µA 
Voo = 10V, V1N = Voo or Vss 40 0.1 40 300 µA 
Voo = 15V, V1N = Voo or Vss 80 0.15 80 600 µA 

Vol Low Level Output Voltage V1H=Voo. Vil =OV, liol<1 µA 
Voo = sv 0.05 0 0.05 0.05 v 
Voo = 1ov 0.05 0 0.05 0.05 v 
Voo = 15V 0.05 0 0.05 0.05 v 

VoH High Level Output Voltage V1H=Voo. V1l =OV, liol<1 µA 
Voo = sv 4.95 4.95 5 4.95 v 
Voo = 1ov 9.95 9.95 10 9.95 v 
Voo = 15V 14.95 14.95 15 14.95 v 
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~ DC Electrical Characteristics co4s1osc1co4s16BC (Note 2) (Continued) 
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Symbol Parameter Conditions 
-40°C +25°C +85°C 

Units 
Min Max Min Typ Max Min Max 

V1L Low Level Input Voltage iloJ<1 µA 
Voo = 5V, Vo= 0.5Vor4.5V 1.5 2.25 1.5 1.5 v 
Voo = 1ov, Vo= 1V or 9V 3.0 4.5 3.0 3.0 v 
Voo = 15V, Vo= 1.5Vor 13.5V 4.0 6.75 4.0 4.0 v 

V1H High Level Input Voltage l1ol<1µA 
Voo = 5V, Vo = 0.5V or 4.5V 3.5 3.5 2.75 3.5 v 
Voo = 10V, Vo = 1V or 9V 7.0 7.0 5.5 7.0 v 
Voo = 15V, Vo= 1.5Vor 13.5V 11.0 11.0 8.25 11.0 v 

loL Low Level Output Current V1H = Voo. V1L = ov 
(Note 3) Voo = 5V, Vo = 0.4V 0.52 0.44 0.8 0.36 mA 

Voo = 10V, Vo = 0.5V 1.3 1.1 2.0 0.9 mA 
Voo = 15V, Vo= 1.5V 3.6 3.0 7.8 2.4 mA 

loH High Level Output Current V1H = Voo. V1L := ov 
(Note3) Voo = 5V, Vo = 4.6V -0.52 -0.44 -0.8 -0.36 mA 

Voo = 10V, Vo = 9.5V -1.3 -1.1 -2.0 -0.9 mA 
Voo = 15V, Vo= 13.5V -3.6 -3.0 -7.8 -2.4 mA 

l1N Input Current Voo = 15V, V1N = ov -0.3 -10-s -0.3 -1.0 µA 
Voo = 15V, V1N = 15V 0.3 10-s 0.3 1.0 µA 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed, they are not meant to imply that the devices 
should be operated at these limits. The table of "Recommended Operating Conditions" and "Electrical Characteristics" provides conditions for actual device 
operation. 

Note 2: Vss = OV unless otherwise specified. 

Note 3: loH and loL are tested one output at a time. 

Switching Time·waveforms 

Yoo 
CLOCK 

Yss 

RESET OR Yoo 
PRESET 
ENABLE 

Yoo 
JAM 

INPUT 
Yss 

Yoo 
UP/DOWN 

Yss 

CARRY 
Yoo 

IN 
Yss 

Yoo 
CARRY 

OUT 
Yss 

Voo 
DDUTPUT 

Yss 

TL/F/5990-2 
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AC Electrical Characteristics* co451osM1co451osc. co4516sM1co4515sc 

TA = 25°C, CL = 50 pF, AL = 200k, trcL = t1cL = tr = ti = 20 ns, unless otherwise specified 

Symbol Parameter Conditions Min Typ 

CLOCKED OPERATION 

tPHL• tPLH Propagation Delay Time Voo = 5V 220 
Clock to Q Outputs v 00 = 1ov 100 

Voo = 15V 80 

tPHL, tPLH Propagation Delay Time Voo = 5V 315 
Clock to Carry Output Voo = 1ov 130 

Voo = 15V 100 

trHL· trLH Transition Time Q Voo = 5V 100 
and Carry Outputs Voo = 1ov 50 

Voo = 15V 40 

twL. twH Minimum Clock Pulse Width v 00 = 5V 160 

Voo = 1ov 65 

Voo = 15V 50 

trCL· t1cL Maximum Clock Rise Voo = 5V 15 
and Fall Time v 00 = 1ov 15 

Voo = 15V 15 

tsu Minimum Carry In Setup Time Voo = 5V 100 

Voo = 1ov 40 

Voo = 15V 35 

tsu Minimum Up/Down Setup Time Voo = 5V 200 
v 00 = 10v 70 

Voo = 15V 60 

fcL Maximum Clock Frequency Voo = 5V 1.5 3.1 
v 00 = 1ov 3.8 7.6 

Voo = 15V 5.0 10.0 

C1N Input Capacitance Any Input 5 

Cpo Power Dissipation Capacitance Per Package 
65 

(Note 4) 

RESET/PRESET ENABLE OPERATION 

tPHL• tpLH Propagation Delay Time Reset/ Voo = 5V 285 
Preset Enable to Q Output Voo = 1ov 115 

Voo = 15V 95 

tPHL• tPLH Propagation Delay Time Reset/ v 00 = 5V 420 
Preset Enable to Carry Output Voo = 1ov 170 

Voo = 15V 140 

twH Minimum Reset/Preset Enable Voo = 5V 90 
Pulse Width v 00 = 1ov 40 

Voo = 15V 35 

tREM Minimum Reset/Preset Enable Voo = 5V 170 
Removal Time Voo = 10v 70 

Voo = 15V 60 

CARRY INPUT OPERATION 

tPHL• tPLH Propagation Delay Time Carry Voo = 5V 260 
In to Carry Output v 00 = 1ov 110 

Voo = 15V 90 

•AC Parameters are guaranteed by DC correlated testing. 

Max Units 

500 ns 
200 ns 
180 ns 

630 ns 
260 ns 
200 ns 

200 ns 
100 ns 
80 ns 

315 ns 
130 ns 
100 ns 

µs 
µs 
µs 

220 ns 
80 ns 
70 ns 

420 ns 
170 ns 
150 ns 

MHz 
MHz 
MHz 

7.5 pF 

pF 

570 ns 
230 ns 
195 ns 

860 ns 
350 ns 
290 ns 

200 ns 
100 ns 
80 ns 

330 ns 
140 ns 
120 ns 

500 ns 
220 ns 

180 ns 

Note 4: Dynamic power dissipation (Po) is given by: Po = (Cpo + Ct) Voo2f +Pa; where CL = load capacitance; f = frequency of operation; Pa = Quiescent 
Power Dissipation. For further details, see application note AN-90, "54C/74C Family characteristics". 
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0 
m Cascading Packages CD ,... 
U') 
-.:I' c 
0 Parallel Clocking ....... 
::E UP/DOWN 
m 

PRESET CD ,... ENABLE 
PARALLEL INPUTS PARALLEL INPUTS U') 

-.:I' c 
0 ....... U/D PE Pl P2 PJ P4 U/0 PE Pl P2 PJ P4 0 
m 
0 

Cl co Cl co TO NEXT ,... 
STAGE U') 

-.:I' ":' c R CLK 01 02 OJ 04 R CLK 01 02 OJ 04 
0 ....... 
::E 
m OUTPUTS OUTPUTS 
0 ,... CLOCK 
U') 
-.:I' RESET c 
0 TL/F/5990-3 

Ripple Clocking 

UP/DOWN 

PRESET 
ENABLE 

PARALLEL INPUTS PARALLEL INPUTS 

U/D PE Pl P2 Pl P4 U/D PE P1 PZ PJ P4 

TO NEXT 
Cl co Cl co STAGE 

- R CLK 01 02 03 04 R CLK 01 02 03 04 

CLOCK OUTPUTS OUTPUTS 
RESET 

TL/F /5990-4 
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Schematic Diagrams 

I 01 11 02 14 QJ z 04 

FIGURE 1. CD4510 

I 01 11 02 14 OJ 2 04 

•Flip-flop toggles at the positive-going edge of clock (C) if Toggle Enable (TE) is at logical "1" and Preset Enable (PE) is at logical "O" 

FIGURE 2. CD4516 
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Logic Waveforms 

CD451 OBM/CD451 OBC 

CLOCK 

CARRY IN lr1~._-------
UP/DOWN L 

RESET 
..l. 

I 
..l rr-

h 
-r T l 

I T n PRESET l ENABLE ..l 

l I JI 

l I J2 

JJ 

01~1"'---!· ----+'lfll-n_ 
02 lJ 

OJ -----
CARRY OUT 

COUNT 0 1 2 J 

UP/DOWN 

4 

jf 

~ 

5 6 1 8 
y 

B 

l.........,--+---+----41~ 
l..__~---+--+-+--1'~ 

1---+--+------+---+-~+--+-~lr-ll~---t---+---

lf lf 
I 

ll 

l u ll 

l IL i 

1 6 5 ! 4 J I 2 1 0~9 6 1 0 

TL/F/5990-7 

CD4516BM/CD4516BC 

L 

RESET -------------------------------r-
:~!:~~ h.__._---1-..+---+---+---+--+---+--+--+~h'-+---!-+--+--+---+-+--+--1+-· --+-l----1-

JI~-+--+--+---!-+--+--+---+--+---+--+---+-+--+--+--+-+--+--+--+]-~-+--+-~ 

J2~-l--+--+---l--+------+---+--+---+--+---+--+---+--+--+-+---+--+---+T-~-+--+-~ 

JJ 

:-1---~_r_W_M __ lW __ r_w_M_IL~~---- ni-
02 r-41 fl J 

l...__ __ lJ4_ 

OJ ll jf fl n 
l _______ rw_ 
fl 

04 jf 
l __________ ___. _____ h+-
ll 

0 ry-15 0 

CARRY OUT fl;;-'9 COUNT 5 6 1 • 9 10 11 12 13 14 a· 1 6 5 . 4 J 2 1 

TL/F/5990-8 
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~National 
D Semiconductor 
CD4511BM/CD4511BC BCD-to-7 Segment 
Latch/Decoder /Driver 

General Description 
The CD4511 BM/CD4511 BC BCD-to-seven segment latch/ 
decoder/driver is constructed with complementary MOS 
(CMOS) enhancement mode devices and NPN bipolar out
put drivers in a single monolithic structure. The circuit pro
vides the functions of a 4-bit storage latch, an 8421 BCD-to
seven segment decoder, and an output drive capability. 
Lamp test (LT), blanking (Bl), and latch enable (LE) inputs 
are used to test the display, to turn-off or pulse modulate 
the brightness of the display, and to store a BCD code, 
respectively. It can be used with seven-segment light emit
ting diodes (LED), incandescent, fluorescent, gas discharge, 
or liquid crystal readouts either directly or indirectly. 

Applications include instrument (e.g., counter, DVM, etc.) 
display driver, computer/calculator display driver, cockpit 
display driver, and various clock, watch, and timer uses. 

Connection Diagram 

Iii 

LE 

A 

Vss 

Dual-In-Line Package 

Top View 

1& Voo 

15 f 

14 

13 

12 b 

11 

10 

Order Number CD4511 e• 
•Please look into Section 8, Appendix D 
for availability of various package types. 

Segment Identification 

TL/F/5991-3 

TL/F/5991-1 

Features 
• Low logic circuit power dissipation 
• High current sourcing outputs (up to 25 mA) 
• Latch storage of code 
• Blanking input 
• Lamp test provision 
• Readout blanking on all illegal input combinations 
• Lamp intensity modulation capability 
• Time share (multiplexing) facility 
• Equivalent to Motorola MC14511 

Truth Table 
Inputs Outputs 

LE Bi LT D C B A a b c d e f g Display 

x x 0 x x x x 1 1 1 1 1 1 1 B 
x 0 1 x x x x 0 0 0 0 0 0 0 
0 1 1 0 0 0 0 1 1 1 1 1 1 0 0 
0 1 1 0 0 0 1 0 1 1 0 0 0 0 1 
0 1 1 0 0 1 0 1 1 0 1 1 0 1 2 
0 1 1 0 0 1 1 1 1 1 1 0 0 1 3 
0 1 1 0 1 0 0 0 1 1 0 0 1 1 4 
0 1 1 0 1 0 1 1 0 1 1 0 1 1 5 
0 1 1 0 1 1 0 0 0 1 1 1 1 1 6 
0 1 1 0 1 1 1 1 1 1 0 0 0 0 7 
0 1 1 1 0 0 0 1 1 1 1 1 1 1 8 
0 1 1 1 0 0 1 1 1 1 0 0 1 1 9 
0 1 1 1 0 1 0 0 0 0 0 0 0 0 
0 1 1 1 0 1 1 0 0 0 0 0 0 0 
0 1 1 1 1 0 0 0 0 0 0 0 0 0 
0 1 1 1 1 0 1 0 0 0 0 0 0 0 
0 1 1 1 1 1 0 0 0 0 0 0 0 0 
0 1 1 1 1 1 1 0 0 0 0 0 0 0 
1 1 1 x x x x . . 

X = Don't Care 

•Depends upon the BCD code applied during the O to 1 transition of LE. 

Dlsplay 

lol1l213l~lslbl7lalql 
6 8 

TL/F/5991-2 
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Absolute Maximum Ratings (Notes 1 & 2) Recommended Operating 
If Mllltary/Aerospace specified devices are required, Conditions (Note 2> 
contact the National Semiconductor Sales Office/ DC Supply Voltage (Voo) 3Vto 15V 
Distributors for avallablllty and specifications . 
DC Supply Voltage (Voo) -0.5Vto +18V 

Input Voltage CV!N) OVtoVoo 

Input Voltage CViN) -0.5V to Voo + 0.5V 
Operating Temperature Range (TA) 

CD4510BM, CD4516BM - 55°C to + 125°C 
Storage Temperature Range (Ts) -65°C to + 150°c CD4510BC, CD4516BC - 4o•c to + 85°C 
Power Dissipation (Po) 

Dual-In-Line 700mW 
Small Outline 500mW 

Lead Temperature (T tJ 
(Soldering, 1 O seconds) 2so0 c 

DC Electrical Characteristics cD4511 BM 

Symbol Parameter Conditions 
-ss·c +25°c +12s·c 

Units 
Min Max Min Typ Max Min Max 

loo Quiescent Voo = 5V, V1N = Voo or Vss 5 5 150 µA 
Supply Current Voo = 1ov, V1N = VooorVss 10 10 300 µA 

Voo = 15V, V1N = Voo or Vss 20 20 600 µA 

Vol Output Voltage v 00 = 5V O.Q1 0 0.01 0.05 v 
Logical "O" Voo = 1ov 0.01 0 0.01 0.05 v 
Level Voo = 15V O.Q1 0 O.Q1 0.05 v 

VoH Output Voltage v 00 = 5V 4.1 4.1 4.57 4.1 v 
Logical "1" V00 = 1ov 9.1 9.1 9.58 9.1 v 
Level v 00 = 15V 14.1 14.1 14.59 14.1 v 

V1L Low Level Voo = 5V, Vour = 3.8Vor0.5V 1.5 2 1.5 1.5 v 
Input Voltage Voo = 1ov, Vour = 8.8Vor1.ov 3.0 4 3.0 3.0 v 

Voo = 15V, Vour = 13.8Vor 1.5V 4.0 6 4.0 4.0 v 

V1H High Level Voo = 5V, Vour = 0.5V or 3.8V 3.5 3.5 3 3.5 v 
Input Voltage Voo = 10V, Vour = 1.0Vor8.8V 7.0 7.0 6 7.0 v 

Voo = 15V, Vour = 1.5Vor13.8V 11.0 11.0 9 11.0 v 

VoH Output Voo = 5V, loH = o mA 4.1 4.1 4.57 4.1 v 
(Source) Drive Voo = 5V,loH = 5mA 4.24 v 
Voltage Voo = 5V, loH = 10 mA 3.9 3.9 4.12 3.5 v 

Voo = 5V, loH = 15 mA 3.94 v 
Voo = 5V, loH = 20 mA 3.4 3.4 3.75 3.0 v 
Voo = 5V, loH = 25 mA 3.54 v 

Voo = 1ov, loH = o mA 9.1 9.1 9.58 9.1 v 
Voo = 10V, loH = 5 mA 9.26 v 
Voo = 1ov, loH = 10 mA 9.0 9.0 9.17 8.6 v 
Voo = 1ov, loH = 15 mA 9.04 v 
Voo = 1ov, loH = 20 mA 8.6 8.6 8.9 8.2 v 
Voo = 1ov, loH = 25 mA 8.75 v 

Voo = 15V, loH = o mA 14.1 14.1 9.58 14.1 v 
Voo = 15V, loH = 5 mA 14.27 v 
Voo = 15V, loH = 10 mA 14.0 14.0 14.17 13.6 v 

Voo = 15V, loH = 15 mA 14.07 v 
Voo = 15V, loH = 20 mA 13.6 13.6 13.95 13.2 v 
Voo = 15V, loH = 25 mA 13.8 v 

loL Low Level Voo = 5V, Vol = 0.4V 0.64 0.51 0.88 0.36 mA 
Output Current Voo = 10V, Vol= 0.5V 1.6 1.3 2.25 0.9 mA 

Voo = 15V, Vol= 1.5V 4.2 3.4 8.8 2.4 mA 

l1N Input Current Voo = 15V, V1N = ov -0.10 -10-s -0.10 -1.0 µA 
Voo = 15V, V1N = 15V 0.10 10-5 0.10 1.0 µA 

Note 1: Devices should not be connected with power on. 
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DC Electrical Characteristics co4511 sc 

Symbol Parameter Conditions 
-55°C 

Min Max 

loo Quiescent v 00 = 5V 20 
Supply Current Voo = 1ov 40 

Voo = 15V ao 

Vol Output Voltage Voo = 5V 0.01 
Logical "O" Voo = 1ov 0.01 
Level Voo = 15V 0.01 

VoH Output Voltage Voo = 5V 4.1 
Logical "1" Voo = 1ov 9.1 
Level Voo = 15V 14.1 

V1l Low Level Voo = 5V, Vour = 3.av or 0.5V 1.5 
Input Voltage Voo = 1ov, Vour = a.av or 1.0V 3.0 

Voo = 15V, Vour = 13.aVor 1.5V 4.0 

V1H High Level Voo = 5V, Vour = 0.5V or 3.av 3.5 
Input Voltage Voo = 1 ov, Vour = 1.ov or a.av 7.0 

Voo = 15V, Vour = 1.5Vor 13.aV 11.0 

VoH Output Voo = 5V, loH = o mA 4.1 
(Source) Drive Voo = 5V, loH = 5 mA 
Voltage Voo = 5V, loH = 10 mA 3.6 

Voo = 5V, loH = 15 mA 
Voo = 5V, loH = 20 mA 2.a 
Voo = 5V, loH = 25 mA 

Voo = 10V, loH = o mA 9.1 
Voo = 10V, loH = 5 mA 
Voo = 10V, loH = 10 mA a.75 
Voo = 10V, loH = 15 mA 
Voo = 10V, loH = 20 mA a.1 
Voo = 10V, loH = 25 mA 

Voo = 15V, loH = o mA 14.1 
Voo = 15V, loH = 5 mA 
Voo = 15V, loH = 10 mA 13.75 
Voo = 15V, loH = 15 mA 
Voo = 15V, loH = 20 mA 13.1 
Voo = 15V, loH = 25 mA 

lol Low Level Voo = 5V, Vol = 0.4V 0.52 
Output Current Voo = 10V, Vol= 0.5V 1.3 

Voo = 15V, Vol= 1.5V 3.6 

l1N Input Current Voo = 15V, V1N = ov -0.30 
Voo = 15V, V1N = 15V 0.30 
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+25°C 

Min Typ Max 

20 
40 
ao 

0 0.01 
0 0.01 
0 0.01 

4.1 4.57 
9.1 9.5a 
14.1 14.59 

2 1.5 
4 3.0 
6 4.0 

3.5 3 
7.0 6 
11.0 9 

4.1 4.57 
4.24 

3.6 4.12 
3.94 

2.a 3.75 
3.54 

9.1 9.5a 
9.26 

a.75 9.17 
9.04 

a.1 a.9 
a.75 

14.1 14.59 
14.27 

13.75 14.1a 
14.07 

13.1 13.95 
13.a 

0.44 o.aa 
1.1 2.25 
3.0 a.a 

-10-s -0.30 
10-s 0.30 

+85°C 

Min Max 

150 
300 
600 

0.05 
0.05 
0.05 

4.1 
9.1 
14.1 

1.5 
3.0 
4.0 

3.5 
7.0 
11.0 

4.1 

3.3 

2.5 

9.1 

a.45 

7.a 

14.1 

13.45 

12.a 

0.36 
0.9 
2.4 

-1.0 
1.0 

Units 

µA 
µA 
µA 

v 
v 
v 

v 
v 
v 

v 
v 
v 

v 
v 
v 

v 
v 
v 
v 
v 
v 
v 
v 
v 
v 
v 
v 
v 
v 
v 
v 
v 
v 

mA 
mA 
mA 

µA 
µA 
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AC Electrical Characteristics* 
TA = 25°C and CL = 50 pF, typical temperature coefficient for all values of Voo = 0.3%!°C 

Symbol Parameter Conditions 
CD4511BX 

Min Typ 

C1N Input Capacitance V1N = 0 5.0 

tr Output Rise Time Voo = 5V 40 
(Figure ta) Voo = 10v 30 

Voo = 15V 25 

tt Output Fall Time Voo = 5V 125 
(Figure ta) v 00 = 1ov 75 

Voo = 15V 65 

tPLH Turn-Off Delay Time Voo = 5V 640 
(Data) (Figure ta) Voo = 1ov 250 

Voo = 15V 175 

tPHL Turn-On Delay Time Voo = 5V 720 
(Data) (Figure ta) Voo = 1ov 290 

Voo = 15V 195 

tPLH Turn-Off Delay Time Voo = 5V 320 
(Blank) (Figure ta) Voo = 1ov 130 

v 00 = 15V 100 

tPHL Turn-On Delay Time Voo = 5V 485 
(Blank) (Figure ta) Voo = 1ov 200 

Voo = 15V 160 

tPLH Turn-Off Delay Time Voo = 5V 313 
(Lamp Test) (Figure ta) Voo = 1ov 125 

Voo = 15V 90 

tPHL Turn-On Delay Time Voo = 5V 313 
(Lamp Test) (Figure ta) Voo = 1ov 125 

Voo = 15V 90 

tsETUP Setup Time Voo = 5V 180 90 
(Figure tb) V00 = 1ov 76 38 

Voo = 15V 40 20 

tHQLD Hold Time Voo = 5V o -90 

(Figure tb) Voo = 1ov o -38 

Voo = 15V 0 -20 

PWLE Minimum Latch Enable Voo = 5V 520 260 
Pulse Width (Figure tc) Voo = 1ov 220 110 

v 00 = 15V 130 65 

•AC Parameters are guaranteed by DC correlated testing. 
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Units 
Max 

7.5 pF 

80 ns 
60 ns 
50 ns 

250 ns 
150 ns 
130 ns 

1280 ns 
500 ns 
350 ns 

1440 ns 
580· ns 
400 ns 

640 ns 
260 ns 
200 ns 

970 ns 
400 ns 
320 ns 

625 ns 
250 ns 
180 ns 

625 ns 
250 ns 
180 ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 



Switching Time Waveforms 

(a} 
INPUT 

OUTPUT 

(b} 
LE 

DATA INPUT 

(c} 
OUTPUT 

LE 
(STROBED} 

Typical Applications 

Voo 

Voo 

ov 

Yoo 

ov 

Voo 

ov 

Yoo 

ov 

Voo 

20 ns 

I 

lsETUP 

20ns 

I 
I 

FOR SETUP 

ov -------------'---!O!t!_O);!>_ --

20ns 

Voo 

ov 

PWLE 

FIGURE 1 

Light Emitting Diode (LED) Readout 

COMMON 
CATHODE LED 

TL/F/5991-5 
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Voo 
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Typical Applications (Continued) 

Gas Discharge Readout 

Yoo 

Incandescent Readout 

Yoo 

APPROPRIATE 
VOLTAGE 

TL/F/5991-7 

TL/F/5991-9 

••A filament pre-warm resistor is recommended to 
reduce filament thermal shock and increase the ef-
fective cold resistance of the filament. 
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Liquid Crystal (LC) Readout 

Yoo EXCITATION 
(SQUARE WAVE, 

VssTD Vool 

TL/F/5991-B 

Direct DC drive of LC's not recommended for life of LC readouts. 

Fluorescent Readout 

Yoo 

DIRECT 
(LOW BRIGHTNESS) 

Vss OR APPROPRIATE 
":" VOLTAGE BELOW Vss 

TL/F/5991-10 



~National 
~Semiconductor 

CD4512BM/CD4512BC 8-Channel Buffered Data Selector 

General Description 
The CD4512BM/CD4512BC buffered 8-channel data selec
tor is a complementary MOS (CMOS) circuit constructed 
with N- and P-channel enhancement mode transistors. This 
data selector is primarily used as a digital signal multiplexer 
selecting 1 of 8 inputs and routing the signal to a TRI
STATE® output. A high level at the Inhibit input forces a low 
level at the output. A high level at the Output Enable (OE) 
input forces the output into the TRI-STATE condition. Low 
levels at both the Inhibit and (OE) inputs allow normal oper
ation. 

Connection Diagram and Truth Table 
Dual-In-Line Package 

ADDRESS INPUTS 

Features 
• Wide supply voltage range 
• High noise immunity 
• TRI-STATE output 

3.0V to 15V 
0.45 v 00 (typ.) 

• Low quiescent power dissipation 0.25 µW/package 
(typ.)@ Vee= 5.ov 

• Plug-in replacement for Motorola MC14512 

OE 

15 

z c A INHIBIT X7 

14 13 12 

XO X1 X2 X3 X4 

Top View 

Address Inputs 

c B 

0 0 
0 0 
0 
0 1 
1 0 

0 
1 

(]) (]) 

(]) (]) 

© = Don't care 

Hi-Z =TRI-STATE condition 

Xn = Data at input n 

11 10 

XS X6 
.18 

Vss 
TL/F/5993-1 

Control Inputs 

A Inhibit 

0 0 
1 0 
0 0 
1 0 
0 0 

0 
0 0 

0 
(]) 

(]) (]) 
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OE 

0 
0 
0 
0 
0 
0 
0 
0 
0 

Order Number CD4512B* 
*Please look into Section 8, Appendix D 
for availability of various package types . 

Output 

z 
XO 
X1 
X2 
X3 
X4 
X5 
X6 
X7 
0 

Hi-Z 

0 c 
.i:a. 
U1 .... 
N m 
3: ....... 
0 c 
.i:a. 
U1 .... 
N m 
0 
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Absolute Maximum Ratings (Notes 1 & 2) Recommended Operating 
If Military/Aerospace specified devices are required, Conditions (Note 2) 
contact the National Semiconductor Sales Office/ 

DC Supply Voltage (Voo) 3.0to15 Voe 
Distributors for availability and specifications. 

Supply Voltage (Voo) -0.5to+18 Voe 
Input Voltage MN) OtoVoo Voe 

Input Voltage (V1N) -0.5 to Voo + 0.5 Voe 
Operating Temperature Range (TA) 

CD4512BM - 55°C to + 125°C 
Storage Temperature Range (Ts) - 65°C to + 150°C CD4512BC -40°Cto +85°C 
Power Dissipation (Po) 

Dual· In-Line 700mW 
Small Outline 500mW 

Lead Temperature, (Tu 
(Soldering, 10 seconds) 260°C 

DC Electrical Characteristics co4512sM (Note 2> 

Symbol Parameter Conditions 
-55°C +25°C + 125°C 

Units 
Min Max Min Typ Max Min Max 

loo Quiescent Device Voo = 5V, V1N = Voo or Vss 5.0 0.005 5.0 150 µA 
Current Voo = 1 ov, V1N = Voo or Vss 10 0.010 10 300 µA 

Voo = 15V, V1N = Voo or Vss 20 0.015 20 600 µA 

Vm Low Level Voo = 5V } 0.05 0 0.05 0.05 v 
Output Voltage Voo = 1ov liod < 1 µA 0.05 0 0.05 0.05 v 

Voo = 15V 0.05 0 0.05 0.05 v 

VoH High Level Voo = 5V } 4.95 4.95 5.0 4.95 v 
Output Voltage Voo = 10V lloHI < 1 µA 9.95 9.95 10.0 9.95 v 

Voo = 15V 14.95 14.95 15.0 14.95 v 

V1L Low Level Voo = 5V, Vo = 0.5V 1.5 2.25 1.5 1.5 v 
Input Voltage Voo = 10V, Vo= 1.0V 3.0 4.50 3.0 3.0 v 

Voo = 15V, Vo= 1.5V 4.0 6.75 4.0 4.0 v 

V1H High Level Voo = 5V, Vo = 4.5V 3.5 3.5 2.75 3.5 v 
Input Voltage Voo = 10V, Vo= 9.0V 7.0 7.0 5.50 7.0 v 

Voo = 15V, Vo= 13.5V 11.0 11.0 8.25 11.0 v 

loL Low Level Output Voo = 5V, Vo = 0.4V 0.64 0.51 0.78 0.36 mA 
Current (Note 3) Voo = 10V, Vo= 0.5V 1.6 1.3 2.0 0.9 mA 

Voo = 15V, Vo= 1.5V 4.2 3.4 7.8 2.4 mA 

loH High Level Output Voo = 5V, Vo = 4.6V -0.25 -0.2 -0.14 mA 
Current (Note 3) Voo = 10V, Vo= 9.5V -0.62 -0.5 -0.35 mA 

Voo = 15V, Vo= 13.5V -1.8 -1.5 -1.1 mA 

l1N Input Current Voo = 15V, V1N = ov -0.1 -10-s -0.1 -1.0 µA 
Voo = 15V, V1N = 15V 0.1 10-s 0.1 1.0 µA 

loz TRI-STATE Voo = 15V, Vo= ov ±0.1 -10-s ±0.1 ±3.0 µA 
Output Current Voo = 15V, Vo= 15V 

DC Electrical Characteristics co4512sc (Note 2> 

Symbol Parameter Conditions 
-40°C +25°C +es0c 

Units 
Min Max Min Typ Max Min Max 

loo Quiescent Device Voo = 5V, V1N = Voo or Vss 20 0.005 20 150 µA 
Current Voo = 1ov, V1N = Voo orVss 40 0.010 40 300 µA 

Voo = 15V, V1N = Voo orVss 80 0.015 80 600 µA 

Vm Low Level Voo = 5V } 0.05 0 0.05 0.05 v 
Output Voltage Voo = 1ov llod < 1 µA 0.05 0 0.05 0.05 v 

Voo = 15V 0.05 0 0.05 0.05 v 

VoH High Level Voo = 5V } 4.95 4.95 5.0 4.95 v 
Output Voltage Voo = 10V. lioHI < 1 µA 9.95 9.95 10.0 9.95 v 

Voo = 15V 14.95 14.95 15.0 14.95 v 

V1L Low Level Voo = 5V, Vo = 0.5V 1.5 2.25 1.5 1.5 v 
Input Voltage Voo = 10V, Vo= 1.0V 3.0 4.50 3.0 3.0 v 

Voo = 15V, Vo= 1.5V 4.0 6.75 4.0 4.0 v 
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DC Electrical Characteristics CD4512sc (Note 2) (Continued) 

Symbol Parameter Conditions 
-40°c +2s0 c +as0 c 

Units 
Min Max Min Typ Max Min Max 

V1H High Level Voo = 5V, Vo = 4.5V 3.5 3.5 2.75 3.5 v 
Input Voltage Voo = 10V, Vo= 9.0V 7.0 7.0 5.50 7.0 v 

Voo = 15V, Vo= 13.5V 11.0 11.0 8.25 11.0 v 

loL Low Level Output Voo = 5V, Vo = 0.4V 0.52 0.44 0.78 0.36 mA 
Current Voo = 10V, Vo = 0.5V 1.3 1.1 2.0 0.9 mA 
(Note3) Voo = 15V, Vo= 1.5V 3.6 3.4 7.8 2.4 mA 

loH High Level Output Voo = 5V, Vo = 4.6V -0.2 -0.16 -0.12 mA 
Current Voo = 1ov, Vo = 9.5 -0.5 -0.4 -0.3 mA 
(Note3) Voo = 15V, Vo= 13.5V -1.4 -1.2 -1.0 mA 

l1N Input Current Voo = 15V, V1N = ov -0.3 -10-s -0.3 -1.0 µA 
Voo = 15V, V1N = 15V 0.3 10-s 0.3 1.0 µA 

loz TRI-STATE Voo = 15V, Vo= ov 
±1.0 ±10-s ±1.0 ±7.5 µA 

Output Current Voo = 15V, Vo= 15V 

AC Electrical Characteristics* TA = 25°C, tr = tt = 20 ns, CL = 50 pF 

Symbol Parameter Conditions 
CD4512BM CD4512BC 

Units 
Min Typ Max Min Typ Max 

tPHL Propagation Delay Voo = 5V 225 500 225 750 ns 
High-to-Low Level Voo = 1ov 75 175 75 200 ns 

Voo = 15V 57 130 57 150 ns 

tPLH Propagation Delay v 00 = 5V 225 500 225 750 ns 
Low-to-High Level Voo = 1ov 75 175 75 200 ns 

Voo = 15V 57 130 57 150 ns 

trHL· trLH Transition Time v 00 = 5V 70 200 70 200 ns 
Voo = 1ov 35 100 35 100 ns 
Voo = 15V 25 80 25 80 ns 

tpHz, tpLz Propagation Delay into Voo = 5V 50 125 50 125 ns 
TRI-STATE from Logic Level v 00 = 1ov 25 75 25 75 ns 

Voo = 15V 19 60 19 60 ns 

tpzH, tpzL Propagation Delay to Logic Voo = 5V 50 125 50 125 ns 
Level from TRI-STATE Voo = 1ov 25 75 25 75 ns 

Voo = 15V 19 60 19 60 ns 

C1N Input Capacitance (Note4) 7.5 15 7.5 15 pF 

Gour TRI-STATE Output (Note4) 
7.5 15 7.5 15 pF 

Capacitance 

Cpo Power Dissipation Capacity (Note5) 150 150 pF 

•AC Parameters are guaranteed by DC correlated testing. 
Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are r.ot meant to imply that the devices 
should be operated at these limits. The tables of "Recommended Operating Conditions" and "Electrical Characteristics" provide conditions for actual device 
operation. 
Note 2: Vss = av unless otherwise specified. 
Note 3: loH and loL are tested one output at a time. 
Note 4: Capacitance guaranteed by periodic testing. 
Note 5: Cpo determines the no load AC power of any CMOS device. For complete explanation, see 54C/74C Family Characteristics Application Note, AN-90. 
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Logic Diagram 

13 

1Z 

Typical Application 

8 SERIAL 
INPUTS 

15 t------o DISABLE 

10 t------0 INHIBIT 

Yoo 

Vss 

1 
PUT + INPUT - INPUT~·OUTPUT 

TRA~SMISSION 21: 
GATE 

TL/F/5993-2 

Serial Data Routing Interface 

DATA BUS 

SIN 
XO z (SERIAL DB7 

X1 INPUT) DB& 

X2 DBS 

X3 
ADDRESS 

DB4 BUS 
X4 DB3 

XS ADD2 · DB2 

X6 AD01 DB1 

X7 ADDO DBD 

CD4S12 SC/MPll 
TL/F/5993-3 
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AC Test Circuit and Switching Time Waveforms 
Yoo 

OE 20ns 

INHIBIT z 
INPUT 

A 

'*'CL 
c 
XO OUTPUT 

PULSE (TESTS 1 AND 2) 

GENERATOR X1 

xz 
XJ 

X4 
OUTPUT 

XS (TEST 3) 

X6 

X7 

TL/F/5993-4 

Input Connections for tri tf, tPLH• tPHL 

Test Inhibit A XO 

1 PG GND Voo 
2 GND PG Voo 
3 GND GND PG 

TRI-ST ATE AC Test Circuit and Switching Time Waveforms 
Voo Voo 

! 
PULSE OE GENERATOR 

INHIBIT 
DISABLE 

INPUT A 
, Vss 

!vss OUTPUT 
VoH 

VoL 

Voo+--0 

XO 

VssP Xt 

X2 

X3 

X4 VoH 
OUTPUT 

Vol 
X5 

XB 

X7 

----nvss 

TL/F/5993-6 

Switch Positions for TRI-STATE Test 

Test S1 S2 S3 S4 

Ip Hz Open Closed Closed Open 

lpLZ Closed Open Open Closed 

lpzL Closed Open Open Closed 

lpzH Open Closed Closed Open 
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~National 
D Semiconductor 
CD4514BM/CD4514BC, CD4515BM/CD4515BC 
4-Bit Latched/4-to-16 Line Decoders 
General Description 
The CD45148 and CD4515B are 4-to-16 line decoders with 
latched inputs implemented with complementary MOS 
(CMOS) circuits constructed with N- and P-channel en
hancement mode transistors. These circuits are primarily 
used in decoding applications where low power dissipation 
and/or high noise immunity is required. 

The CD4514B (output active high option) presents a logical 
"1" at the selected output, whereas the CD45158 presents 
a logical "O" at the selected output. The input latches are 
R-S type flip-flops, which hold the last input data presented 
prior to the strobe transition from "1" to "O". This input data 
is decoded and the corresponding output is activated. An 
output inhibit line is also available. 

Logic and Connection Diagrams 

Dual-In-Line Package 
Yoo INHIBIT IN 0 IN c S10 S11 SB S9 S14 S15 S1Z S13 

13 

10 11 1Z 

STROBE IN A IN B S7 S8 S5 S4 S3 S1 SZ SO Vss 

TL/F/5994-2 

Top View 

Features 
• Wide supply voltage range 
• High noise immunity 
• Low power TTL 

compatibility 
• Low quiescent power dissipation 

• Single supply operation 

3.0V to 15V 
0.45 Voo (typ.) 

fan out of 2 
driving 74L 

0.025 µW/package 
@ 5.0Voc 

• Input impedance = 1012n typically 
• Plug-in replacement for MC14514, MC14515 

l{ f ?"IJ 11 
10--0o--t>~..;;...;...;;..o so 

A l"f"ll I SI 

A al:'IJ ID 
10--0o--t>~..;;...;...;;..o S2 

A I 'C Ii I SJ 

l{ f c Ii 1 S4 

A f C II I S5 

ABC II 5 SI 

ABC Ii 4 S7 

A I 'CD 11 SI 

TL/F/5994-1 

Order Number CD4514B* or CD4515B* 
'Please look into Section 8, Appendix D 
for availability of various package types. 
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Absolute Maximum Ratings (Notes 1 and 2) Recommended Operating 
If Military/Aerospace specified devices are required, Conditions (Note 2) 
contact the National Semiconductor Sales Office/ 

DC Supply Voltage (Voo) 3V to 15V 
Distributors for availability and specifications. 

DC Supply Voltage (Voo) -0.5V to+ 18V 
Input Voltage MN) OVtoVoo 

Input Voltage MN) -0.5V to Voo + 0.5V 
Operating Temperature Range (TA) 

CD4514BM, CD4515BM - 55•c to + 125·c 
Storage Temperature Range (Ts) - 65°C to + 15o·c CD4514BC, CD4515BC -40°cto +85°C 
Power Dissipation (Po) 

Dual-In-Line 700mW 
Small Outline 500mW 

Lead Temperature (TL) 
(Soldering, 10 seconds) 260°c 

DC Electrical Characteristics CD4514BM, CD4515BM (Note 2) 

Symbol Parameter Conditions 
-ss·c +2s0 c + 12s·c Units 

Min Max Min Typ Max Min Max 

loo Quiescent Device Voo = 5V, V1N = Voo or Vss 5 0.005 5 150 µA 
Current Voo = 10V, V1N = VooorVss 10 0.010 10 300 µA 

Voo = 15V, V1N = Voo or Vss 20 0.015 20 600 µA 

Vol Low Level V1H = Voo. llol < 1 µA 
Output Voltage Voo = 5V, Vil = ov 0.05 0 0.05 0.05 v 

Voo = 1ov 0.05 0 0.05 0.05 v 
V00 = 15V 0.05 0 0.05 0.05 v 

VoH High Level V1H = Voo. llol < 1 µA 
Output Voltage Voo = 5V, V1l = ov 4.95 4.95 5 4.95 v 

Voo = 1ov 9.95 9.95 10 9.95 v 
Voo = 15V 14.95 14.95 15 14.95 v 

V1l Low Level Vo = 0.5V or 4.5V 
Input Voltage Voo = 5V, llol < 1 µA 1.5 2.25 1.5 1.5 v 

Voo = 10V, Vo= 1.0Vor9.0V 3.0 4.50 3.0 3.0 v 
Voo = 15V, Vo= 1.5Vor13.5V 4.0 6.75 4.0 4.0 v 

V1H High Level Vo= 0.5Vor4.5V 
Input Voltage Voo = 5V, llol < 1 µA 3.5 3.5 2.75 3.5 v 

Voo = 1ov, Vo= 1.0Vor9.0V 7.0 7.0 5.50 7.0 v 
Voo = 15V, Vo= 1.5Vor 13.5V 11.0 11.0 8.25 11.0 v 

lol Low Level Output Voo = 5V, Vo = 0.4V 0.64 0.51 0.88. 0.36 mA 
Current (Note 3) Voo = 10V, Vo = 0.5V 1.6 1.3 2.25 0.90 mA 

Voo = 15V, Vo= 1.5V 4.2 3.4 8.80 2.40 mA 

loH High Level Output Voo = 5V, Vo= 4.6V -0.64 -0.51 -0.88 -0.36 mA 
Current (Note 3) Voo = 10V, Vo= 9.5V -1.6 -1.3 -2.25 -0.90 mA 

Voo = 15V, Vo= 13.5V -4.2 -3.4 -8.80 -2.40 mA 

l1N Input Current Voo = 15V, V1N = ov -0.1 -10-5 -0.1 -1.0 µA 
Voo = 15V, V1N = 15V 0.1 10-5 0.1 1.0 µA 

DC Electrical Characteristics CD4514BC, CD4515Bc (Note 2) 

Symbol Parameter Conditions 
-40°c +2s0 c +ss·c Units 

Min Max Min Typ Max Min Max 

loo Quiescent Device Voo = 5V, V1N = Voo or Vss 20 0.005 20 150 µA 
Current Voo = 1 OV, V1N = Voo or Vss 40 0.010 40 300 µA 

Voo = 15V, V1N = Voo or Vss 80 0.015 80 600 µA 

Vol Low Level V1~ = ov, V1H = Voo. 
Output Voltage !lo < 1 µA 

V00 = 5V 0.05 0 0.05 0.05 v 
Voo = 10V 0.05 0 0.05 0.05 v 
Voo = 15V 0.05 0 0.05 0.05 v 

VoH High Level v,~ = OV, V1H = Voo. 
Output Voltage !lo < 1 µA 

V00 = 5V 4.95 4.95 5.0 4.95 v 
Voo = 10v 9.95 9.95 10.0 9.95 v 
Voo = 15V 14.95 14.95 15.0 14.95 v 
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Symbol Parameter Conditions 
-40°C +2s0c +ss0 c Units 

Min Max Min Typ Max Min Max 

V1L Low Level llol < 1 µA 
Input Voltage Voo = 5V, Vo = 0.5V or 4.5V 1.5 2.25 1.5 1.5 v 

Voo = 10V, Vo= 1.0Vor9.0V 3.0 4.50 3.0 3.0 v 
Voo = 15V, Vo= 1.5Vor13.5V 4.0 6.75 4.0 4.0 v 

V1H High Level llol < 1 µA 
Input Voltage Voo = 5V, Vo= 0.5Vor4.5V 3.5 3.5 2.75 3.5 v 

Voo = 1 ov, Vo = 1.0V or 9.0V 7.0 7.0 5.50 7.0 v 
Voo = 15V, Vo= 1.5Vor13.5V 11.0 11.0 8.25 11.0 v 

loL Low Level Output Voo = 5V, Vo = 0.4V 0.52 0.44 0.88 0.36 mA 
Current (Note 3) Voo = 10V, Vo= 0.5V 1.3 1.1 2.25 0.90 mA 

Voo = 15V, Vo= 1.5V 3.6 3.0 8.8 2.4 mA 

loH High Level Output Voo = 5V, Vo = 4.6V -0.52 -0.44 -0.88 -0.36 mA 
Current (Note 3) Voo = 10V, Vo= 9.5V -1.3 -1.1 -2.25 -0.90 mA 

Voo = 15V, Vo= 13.5V -3.6 -3.0 -8.8 -2.4 mA 

l1N Input Current Voo = 15V, V1N = ov -0.3 -10-5 -0.3 -1.0 µA 
Voo = 15V, v,N = 15V 0.3 10-5 0.3 1.0 µA 

AC Electrical Characteristics* 
All types CL = 50 pF, TA = 25°C, tr = tt = 20 ns unless otherwise specified 

Symbol Parameter Conditions Min Typ Max Units 

tTHL• tTLH Transition Times V00 = 5V 100 200 ns 
v 00 = 1ov 50 100 ns 
v 00 = 15V 40 80 ns 

tPLH• tPHL Propagation Delay Times v 00 = 5V 550 1100 ns 
Voo = 1ov 225 450 ns 
Voo = 15V 150 300 ns 

tPLH• tPHL Inhibit Propagation v 00 = 5V 400 800 ns 
Delay Times v 00 = 1ov 150 300 ns 

Voo = 15V 100 200 ns 

tsu Setup Time v 00 = 5V 125 250 ns 
v 00 = 10v 50 100 ns 
V00 = 15V 38 75 ns 

twH Strobe Pulse Width v 00 = 5V 175 350 ns 
v 00 = 1ov 50 100 ns 
Voo = 15V 38 75 ns 

Cpo Power Dissipation Capacitance Per Package (Note 5) 150 pF 

C1N Input Capacitance Any Input (Note 4) 5 7.5 pF 
*AC Parameters are guaranteed by DC correlated testing. 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range" 
they are not meant to imply that the devices should be operated at these limits. The tables of "Recommended Operating Conditions" and "Electrical Characteris
tics" provide conditions for actual device operation. 

Note 2: Vss = OV unless otherwise specified. 

Note 3: loH and loL are tested one output at a time. 

Note 4: Capacitance is guaranteed by periodic testing. 

Note 5: Cpo determines the no load AC power consumption of any CMOS device. For complete explanation, see 54C and 74C Family Characteristics application 
note, AN-90. 
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Truth Table 
Decode Truth Table (Strobe = 1) 

Data Inputs Selected Output 
Inhibit CD4514 = Logic "1" 

D c B A CD4515 = Logic "O" 

0 0 0 0 0 so 
0 0 0 0 1 S1 
0 0 0 1 0 S2 
0 0 0 1 1 S3 

0 0 1 0 0 S4 
0 0 1 0 1 S5 
0 0 1 1 0 S6 
0 0 1 1 1 S7 

0 1 0 0 0 SB 
0 1 0 0 1 S9 
0 1 0 1 0 S10 
0 1 0 1 1 S11 

0 1 1 0 0 S12 
0 1 1 0 1 S13 
0 1 1 1 0 S14 
0 1 1 1 1 S15 

1 x x x x All Outputs= 0, CD4514 
All Outputs = 1, CD4515 

X = Don't Care 

AC Test Circuit and Switching Time Waveforms 

STROBE so OUTPUT SO 

S1 OUTPUTS1 

INHIBIT ~CL ~CL 

INA 
INPUT 

Vss 

PROGRAMMABLE 
PULSE Yoo 

GENERATOR IN B OUTPUT 

Vss 

INC 

IND SIS OUTPUT SIS 

Vss 
;i;CL 

"::" 

TL/F/5994-3 

FIGURE 1 
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Applications 
Two CD4512 8-channel data selectors are used here with 
the CD4514B 4-bit latch/decoder to effect a complex data 
routing system. A total of 16 inputs from data registers are 
selected and transferred via a TRI-STATE® data bus to a 
data distributor for rearrangement and entry into 16 output 
registers. In this way sequential data can be re-routed or 
intermixed according to patterns determined by data select 
and distribution inputs. 

Data is placed into the routing scheme via the 8 inputs on 
both CD4512 data selectors. One register is assigned to 
each input. The signals on AO, A 1 and A2 choose 1-of-8 
inputs for transfer out to the TRI-STATE data bus. A fourth 
signal, labelled Dis, disables one of the CD4512 selectors, 
assuring transfer of data from only one register. 

In addition to a choice of input registers, 1-16, the rate of 
transfer of the sequential information can also be varied. 
That is, if the CD4512 were addressed at a rate that is 

INPUT 
REGISTERS 

REGISTER 1 

REGISTER 8 

REGISTER 9 

REGISTER 16 

DATA 
TRANSFER 

DIS 

DD 

01 

02 

03 
CD4512 

04 

05 

06 

07 

AD A1 A2 

AD A1 A2 

DD 

01 

02 

03 
CD4512 

04 

05 

D6 

D7 

DIS 

Q 

Q 

8 times faster than the shift frequency of the input registers, 
the most significant bit (MSB) from each register could be 
selected for transfer to the data bus. Therefore, all of the 
most significant bits from all of the registers can be trans
ferred to the data bus before the next most significant bit is 
presented for transfer by the input registers . 

Information from the TRI-STATE bus is redistributed by the 
CD4514B 4-bit latch/decoder. Using the 4-bit address, 
INA-IND, the information on the inhibit line can be trans
ferred to the addressed output line to the desired output 
registers, A-P. This distribution of data bits to the output 
registers can be made in many complex patterns. For exam
ple, all of the most significant bits from the input registers 
can be routed into output register A, all of the next most 
significant bits into register B, etc. In this way horizontal, 
vertical, or other methods of data slicing can be implement
ed. 

TRI-STATE 
DATA BUS 

DATA 
DISTRIBUTION 

A B c 0 

INPUTS 
SD 

STROBE S1 

S2 

S3 

S4 

SS 

SB 

S7 
&045148 

SB 

S9 

S1D 

S11 

S12 

S13 

S14 

INHIBIT S15 

OUTPUT 
REGISTERS 

REGISTER A 

REGISTER P 

TL/F/5994-5 
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~National 
a Semiconductor 

CD4518BM/CD4518BC, CD4520BM/ CD4520BC 
Dual Synchronous Up Counters 

General Description 
The CD4518BM/CD4518BC dual BCD counter and the 
CD4520BM/CD4520BC dual binary counter are implement
ed with complementary MOS (CMOS) circuits constructed 
with N- and P-channel enhancement mode transistors. 

Each counter consists of two identical, independent, syn
chronous, 4-stage counters. The counter stages are toggle 
flip-flops which increment on either the positive-edge of 
CLOCK or negative-edge of ENABLE, simplifying cascading 
of multiple stages. Each counter can be asynchronously 

Truth Table 

cleared by a high level on the RESET line. All inputs are 
protected against static discharge by diode clamps to both 
Voo and Vss. 

Features 
• Wide supply voltage range 3.0V to 15V 
• High noise immunity 0.45 Voo (typ.) 
• Low power TTL fan out of 2 driving 74L 

compatibility or 1 driving 7 4LS 
• 6 MHz counting rate (typ.) at Voo = 1 OV 

Clock Enable Reset Action 

_/ 1 0 Increment Counter 

0 "-- 0 Increment Counter 

"-- x 0 No Change 

x _/ 0 No Change 

_/ 0 0 No Change 

1 "-- 0 No Change 

x x 1 01thru04 = 0 

X = Don't Care 

Connection Diagram 
Dual-In-Line and Flat Package 

Voo RESET Q4 QJ Q2 Qt ENABLE CLOCK 

16 15 14 12 11 10 

Order Number CD4518B* or 

COUNTER 1 CD4520B* 
•Please look into Section 8, Appendix D 
for availability of various package types. 

COUNTER 2 R 

CLOCK ENABLE Q1 Q2 Ql Q4 RESET Vss 
TL/F/5995-1 

Top View 

5-275 

0 
c 
~ 
U1 .... 
co 
m s: ....... 
0 
c 
~ 
U1 .... 
co 
m 
0 ....... 
0 c 
~ 
U1 
N 
Q 

m s: ....... 
0 
c 
.i:i.. 
U1 
N 
Q 

m 
0 

II 
I 



0 m 
0 
N 
ll) 
"11::1' c 
0 ....... 
:::!: m 
0 
N 
ll) 
"11::1' c 
0 ....... 
0 m 
co ,.... 
ll) 
"11::1' c 
0 ....... 
:::!: m 
co ,.... 
ll) 
"11::1' c 
0 

Absolute Maximum Ratings (Notes 1 & 2) Recommended Operating 
If Military I Aerospace specified devices are required, Conditons (Note 2) 
contact the National Semiconductor Sales Office/ 

Supply Voltage (Voe) 3V to 15V 
Distributors for availability and specifications . 

Supply Voltage (Voo) -0.5Vto +18V 
Input Voltage (V1N) OVto Voo 

Input Voltage (V1N) -0.5V to Voe + 0.5V 
Operating Temperature Range (TA) 

CD45188M, CD4520BM - 55•c to + 125·c 
Storage Temperature Range (Ts) -65°C to + 15o·c · CD45188C, CD45208C -40°c to + 85°C 
Power Dissipation (Po) 

Dual-In-Line 700mW 
Small Outline 500mW 

Lead Temperature (TL) 
(Soldering, 10 seconds) 260°c 

DC Electrical Characteristics CD4518BMtCD452osM (Note 2> 

Symbol Parameter Conditions 
-ss·c +2s0 c +12s·c 

Units 
Min Max Min Typ Max Min Max 

loo Quiescent Device Current Voe= 5V 5 0.01 5 150 µA 
Voe= 1ov 10 0.01 10 300 µA 
Voe= 15V 20 0.01 20 600 µA 

VoL Low Level Output Voltage llol<1µA, V1H=Voo. V1L =OV 
v 00 = 5V 0.05 0 0.05 0.05 v 
Voe= 1ov 0.05 0 0.05 0.05 v 
Voo = 15V 0.05 0 0.05 0.05 v 

VoH High Level Output Voltage llol<1µA, V1H=Voo. V1L =OV 
Voo = 5V 4.95 4.95 5 4.95 v 
Voo = 10v 9.95 9.95 10 9.95 v 
Voo = 15V 14.95 14.95 15 14.95 v 

V1L Low Level Input Voltage llol<1µA 
Voo = 5V, Vo = 0.5V or 4.5V 1.5 2.25 1.5 1.5 v 
Voe= 10V, Vo= 1Vor 9V 3.0 4.5 3.0 3.0 v 
Voo = 15V, Vo= 1.5Vor13.5V 4.0 6.75 4.0 4.0 v 

V1H High Level Input Voltage l1ol<1µA 
Voo = 5V, Vo = 0.5V or 4.5V 3.5 3.5 2.75 3.5 v 
Voe= 10V, Vo= 1V or 9V 7.0 7.0 5.5 7.0 v 
Voo = 15V, Vo= 1.5Vor13.5V 11.0 11.0 8.25 11.0 v 

loL Low Level Output Current V1H = Voe. V1L = ov 
(Note 3) Voe = 5V, Vo = 0.4V 0.64 0.51 0.88 0.36 mA 

Voo = 10V, Vo = 0.5V 1.6 1.3 2.25 0.9 mA 
Voo = 15V, Vo= 1.5V 4.2 3.4 8.8 2.4 mA 

loH High Level Output Current V1H = Voo. V1L = ov 
(Note 3) Voo = 5V, Vo = 4.6V -0.64 -0.51 -0.88 -0.36 mA 

Voo = 10V, Vo = 9.5V -1.6 -1.3 -2.25 -0.9 mA 
Voo = 15V, Vo= 13.5V -4.2 -3.4 -8.8 -2.4 mA 

l1N Input Current Voo = 15V, V1N = ov -0.1 -10-5 -0.1 -1.0 µA 
Voo = 15V, V1N = 15V 0.1 10-5 0.1 1.0 µA 

DC Electrical Characteristics co4518sc1cD452osc (Note 2> 

Symbol Parameter Conditions -40°c +2s0 c +as·c 
Units 

Min Max Min Typ Max Min Max 

loo Quiescent Device Current Voo = 5V 20 0.01 20 150 µA 
Voo = 1ov 40 0.01 40 300 µA 
Voo = 15V 80 0.01 80 600 µA 

VoL Low Level Output Voltage l1ol<1µA, V1H=Voo. V1L =OV 
Voe= 5V 0.05 0 0.05 0.05 v 
Voo = 1ov 0.05 0 0.05 0.05 v 
Voo = 15V 0.05 0 0.05 0.05 v 

VoH High Level Output Voltage llol<1µA, V1H=Voo. V1L =OV 
Voo = 5V 4.95 4.95 5 4.95 v 
Voo = 1ov 9.95 9.95 10 9.95 v 
Voo = 15V 14.95 14.95 15 14.95 v 
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DC Electrical Characteristics CD451asc1cD452osc (Note 2) (Continued) 

Symbol Parameter Conditions 
-40°c +2s0 c +as·c 

Units 
Min Max Min Typ Max Min Max 

V1L Low Level Input Voltage l1ol<1µA 
Voo = 5V, Vo = 0.5V or 4.5V 1.5 2.25 1.5 1.5 v 
Voo = 10V, Vo= 1Vor9V 3.0 4.5 3.0 3.0 v 
Voo = 15V, Vo= 1.5Vor 13.5V 4.0 6.75 4.0 4.0 v 

V1H High Level Input Voltage l1ol<1µA 
Voo = 5V, Vo = 0.5V or 4.5V 3.5 3.5 2.75 3.5 v 
Voo = 10V, Vo= 1Vor9V 7.0 7.0 5.5 7.0 v 
Voo = 15V, Vo= 1.5Vor 13.5V 11.0 11.0 8.25 11.0 v 

loL Low Level Output Current V1H = Voo. V1L = ov 
(Note3) Voo = 5V, Vo = 0.4V 0.52 0.44 0.88 0.36 mA 

Voo = 10V, Vo = 0.5V 1.3 1.1 2.25 0.9 mA 
Voo = 15V, Vo= 1.5V 3.6 3.0 8.8 2.4 mA 

loH High Level Output Current V1H = Voo. V1L = ov 
(Note3) Voo = 5V, Vo = 4.6V -0.52 -0.44 -0.88 -0.36 mA 

Voo = 10V, Vo = 9.5V -1.3 -1.1 -2.25 -0.9 mA 
Voo = 15V, Vo= 13.5V -3.6 -3.0 -8.8 -2.4 mA 

l1N Input Current Voo = 15V, V1N = ov -0.3 -10-s -0.3 -1.0 µA 
Voo = 15V, V1N = 15V 0.3 10-s 0.3 1.0 µA 

AC Electrical Characteristics* 
TA = 25°C, CL = 50 pF, RL = 200 kn, tr = tt = 20 ns, unless otherwise specified 

Symbol Parameter Conditions Min Typ Max Units 

tpHL• tPLH Propagation Delay Time Voo = 5V 325 650 ns 
Clock~ Q Voo = 10v 110 225 ns 

Voo = 15V 85 170 ns 

tpHL Propagation Delay Time Voo = 5V 220 560 ns 
Reset~ Q V00 = 1ov 90 230 ns 

Voo = 15V 65 160 ns 

trHL· trLH Transition Time V00 = 5V 100 200 ns 
V00 = 10v 50 100 ns 
Voo = 15V 40 80 ns 

fcL Maximum Clock Input Frequency Voo = 5V 1.5 3 MHz 
V00 = 10v 3.0 6 MHz 
V00 = 15V 4.0 8 MHz 

twL.twH Minimum Clock Pulse Width Voo = 5V 10 200 ns 
v 00 = 1ov 50 100 ns 
Voo = 15V 35 70 ns 

tRCL• tFc Maximum Clock or Enable V00 = 5V 15 µs 
Rise and Fall Time Voo = 1ov 10 µs 

V00 = 15V 5 µs 

twH. twL Minimum Enable Pulse Width Voo = 5V 125 250 ns 
Voo = 1ov 55 110 ns 
V00 = 15V 40 80 ns 

twH Minimum Reset Pulse Width Voo = sv 180 375 ns 
v 00 = 1ov 80 160 ns 
Voo = 15V 65 130 ns 

C1N Input Capacitance Any Input 5 7.5 pF 

Cpo Power Dissipation Capacity Either Counter (Note 4) 50 pF 

•AC Parameters are guaranteed by DC correlated testing. 
Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The tables of "Recommended Operating Conditions" and "Electrical Characteristics" provide conditions for actual device 
operation. 
Note 2: Vss = OV unless otherwise specified. 
Note 3: loH and loL are tested one output at a time. 
Note 4: Cpo determines the no load AC power consumption of a CMOS device. For a complete explanation, see "54C/74C Family Characteristics", application 
note AN-90. 
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Decade Counter (CD4518B) % Device Shown 

QI Q2 QJ Q4 

R 

ii 

TL/F/5995-2 

Binary Counter (CD4520B) % Device Shown 

Q1 Q2 . QJ Q4 

RESET 

R R 

T T 

ii 

ENABLE o-----r--"""' 
CLOCK 

TL/F/5995-3 
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Timing Diagrams 
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Switching Time Waveforms 
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~National 
D Semiconductor 
CD4519BM/CD4519BC 4-Bit AND/OR Selector 

General Description 
The CD45198 is a monolithic complementary MOS (CMOS) 
integrated circuit constructed with N- and P-channel en- . 
hancement mode transistors. Depending on the condition of 
the control inputs, this part provides three functions in one 
package: a 4-bit AND/OR selector, a quad 2-channel Data 
Selector, or a Quad Exclusive-NOR Gate. The device out
puts have equal source and sink current capabilities and 
conform to the standard B series output drive and supply 
voltage ratings. 

Logic Diagram 

CONTROL {A 
INPUTS 

B 

Features 
• Wide supply voltage range 
• High noise immunity 
• Low power TTL 

compatibility 

3.0V to 15V 
0.45 Voo (typ.) 

fan out of 2 driving 7 4L 
or 1 driving 74LS 

11 5V-1 OV-15V parametric ratings 
• Symmetrical output characteristics 
• Maximum input leakage 1 µA at 15V over full tempera

ture range 
• Second source of Motorola MC14519 

Z OUTPUT 

TO THREE REMAINING 
SECTIONS 

Connection Diagram 
Dual-In-Line Package 

X3 Z3 Z2 Z1 zo 
l1s 15 14 13 12 11 10 

-

1 2 3 4 5 6 7 
Y3 X2 Y2 X1 Y1 XO YO 

Top View 

Truth Table 
Control Inputs 

A B 

0 0 
0 1 
1 0 
1 1 
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A 
9 

f-

IB 
Vss 

TL/F/5996-2 

Output 
Zn 

0 
Yn 
Xn 

Xn•Yn 

TL/F /5996-1 

Order Number CD4519B* 
•Please look into Section 8, Appendix D 
for availability of various package types. 



Absolute Maximum Ratings Recommended Operating 
(Notes 1 and 2) Conditions (Note 2) 
If Military/Aerospace specified devices are required, 

DC Supply Voltage (Voo) +3 Voe to+ 15 Voe contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. Input Voltage <ViN) o Voe to Voo Voe 

DC Supply Voltage (Voo) -0.5 Voe to + 18 Voe Operating Temperature Range (TA) 

Input Voltage <ViN) -0.5 Voe to Voo + 0.5 Voe 
CD4519BM - 55°C to + 125°C 
CD4519BC - 40°C to + 85°C 

Storage Temperature Range (Ts) -65°C to + 150°C 
Power Dissipation (Po) 

Dual-In-Line 700mW 
Small Outline 500mW 

Lead Temperature (TL) 
(Soldering, 1 O sec.) 260°c 

DC Electrical Characteristics CD4519BM (Note 2> 

Symbol Parameter Conditions -55°C +25°C + 125°C Units 
Min Max Min Typ Max Min Max 

loo Quiescent Device Voo = 5V, VrN = Voo or Vss 1 0.005 1 30 µA 
Current Voo = 1 OV, VrN = Voo or Vss 2 0.006 2 60 µA 

Voo = 15V, VrN = Voo or Vss 4 0.007 4 120 µA 

Vol Low Level llol < 1 µA 
Output Voltage Voo = 5V 0.05 0 0.05 0.05 v 

Voo = 1ov 0.05 0 0.05 0.05 v 
Voo = 15V 0.05 0 0.05 0.05 v 

VoH High Level I llol < 1 µA 
Output Voltage Voo = 5V 4.95 4.95 5 4.95 v 

Voo = 1ov 9.95 9.95 10 9.95 v 
Voo = 15V 14.95 14.95 15 14.95 v 

Vrl Low Level llol < 1 µA 
Input Voltage Voo = 5V, Vo = 0.5V or 4.5V 1.5 2 1.5 1.5 v 

Voo = 1ov, Vo= 1.0Vor9.0V 3.0 4 3.0 3.0 v 
Voo = 15V, Vo= 1.5Vor 13.5V 4.0 6 4.0 4.0 v 

VrH High Level llol < 1 µA 
Input Voltage Voo = 5V, Vo = 0.5V or 4.5V 3.5 3.5 3 3.5 v 

Voo = 10V, Vo = 1.0V or 9.0V 7.0 7.0 6 7.0 v 
Voo = 15V, Vo= 1.5Vor 13.5V 11.0 11.0 9 11.0 v 

lol Low Level Output Voo = 5V, Vo = 0.4Y 0.64 0.51 0.88 0.36 mA 
Current (Note 3) Voo = 10V, Vo = 0.5V 1.6 1.3 2.25 0.9 mA 

Voo = 15V, Vo= 1.5V 4.2 3.4 8.8 2.4 mA 

loH High Level Output Voo = 5Y, Vo = 4.6V -0.64 -0.51 -0.88 -0.36 mA 
Current (Note 3) Yoo= 10V, Vo= 9.5V -1.6 -1.3 -2.25 -0.9 mA 

Voo = 15V, Vo= 13.5V -4.2 -3.4 -8.8 -2.4 mA 

lrN Input Current Yoo= 15Y, Y1N = OY -0.1 -10-s -0.1 -1.0 µA 
Voo = 15V, V1N = 15V 0.1 10-s 0.1 1.0 µA 

DC Electrical Characteristics CD4519BC (Note 2> 

Symbol Parameter Conditions 
-40°C +25°C +85°C Units 

Min Max Min Typ Max Min Max 

loo Quiescent Device Voo = 5V, VrN = Voo or Vss 4 4 30 µA 
Current Voo = 10v. VrN = Voo or Vss 8 8 60 µA 

Voo = 15V, VrN = Voo or Vss 16 16 120 µA 

Vol Low Level llol < 1 µA 
Output Voltage Voo = 5V 0.05 0 0.05 0.05 v 

Yoo= 10Y 0.05 0 0.05 0.05 v 
Voo = 15V 0.05 0 0.05 0.05 v 

VoH High Level llol < 1 µA 
Output Voltage Voo = 5V 4.95 4.95 5 4.95 v 

Voo = 1ov 9.95 9.95 10 9.95 v 
Voo = 15V 14.95 14.95 15 14.95 v 
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~ DC Electrical Characteristics CD4519BC (Note 2) (Continued) 
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Symbol Parameter Conditions -40°c +2s0 c +es·c 
Units 

Min Max Min Typ Max Min Max 

V1L Low Level llol < 1 µA 
Input Voltage Voo = 5V, Vo = 0.5V or 4.5V 1.5 2 1.5 1.5 v 

Voo = 10V, Vo= 1.0Vor9.0V 3.0 4 3.0 3.0 v 
Voo = 15V, Vo= 1.5Vor13.5V 4.0 6 4.0 4.0 v 

V1H High Level llol < 1 µA 
Input Voltage Voo = 5V, Vo = 0.5V or 4.5V 3.5 3.5 3 3.5 v 

Voo = 10V, Vo= 1.0Vor9.0V 7.0 7.0 6 7.0 v 
Voo = 15V, Vo= 1.5Vor13.5V 11.0 11.0 9 11.0 v 

loL Low Level Output Voo = 5V, Vo = 0.4V 0.52 0.44 0.88 0.36 mA 
Current (Note 3) Voo = 10V, Vo= 0.5V 1.3 1.1 2.25 0.9 mA 

Voo = 15V, Vo= 1.5V 3.6 3.0 8.8 2.4 mA 

loH High Level Output Voo = 5V, Vo = 4.6V -0.52 -0.44 -0.88 -0.36 mA 
Current (Note 3) Voo = 10V, Vo= 9.5V -1.3 -1.1 -2.25 -0.9 mA 

Voo = 15V, Vo= 13.5V -3.6 -3.0 -8.8 -2.4 mA 

l1N Input Current Voo = 15V, V1N = ov -0.3 -10-5 -0.3 -1.0 µA 
Voo = 15V, V1N = 15V 0.3 10-5 0.3 1.0 µA 

AC Electrical Characteristics* 
TA = 25°C, CL = 50 pF, AL = 200 kn, tr = t1 = 20 ns, unless otherwise specified 

Symbol Parameter Conditions Min Typ Max Units 

tPHL, tPLH Propagation Delay (Figure 1) 
High-to-Low Level Voo = 5V 180 360 ns 
or Low-to-High Level Voo = 1ov 75 150 ns 

Voo = 15V 60 120 ns 

trHL· trLH Transition Time (Figure 1) 
Voo = 5V 90 200 ns 
Voo = 1ov 50 100 ns 
Voo = 15V 40 80 ns 

C1N Average Input Capacitance Any Input (Note 4) 5 7.5 pF 

c_Q_d Power Dissipation Capacity Any Gate (Note 5) 25 pF 
•AC Parameters are guaranteed by DC correlated testing. 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed; they are not meant to imply that the devices 
should be operated at these limits. The table of "Recommended Operating Condtions" and Electrical Characteristics" provides conditions for actual device 
operation. · 

Note 2: Vss = OV unless otherwise specified. 

Note 3: loH and loL are tested one output at a time. 

Note 4: Capacitance is guaranteed by periodic testing. 

Note 5: Cpd determines the no load ac power consumption of any CMOS device. For complete explanation, see 54C/74C Family characteristics application note 
AN-90. 

AC Test Circuit and Switching Time Waveforms 
Yoo 

PULSE zo GENERATOR 

Z1 

Z2 

OUTPUTS 

TL/F/5996-3 

FIGURE 1 
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Typical Application 

Data Routing and Processing Using the CD4519 

CLOCK2 

1/2 Y3 

C04518 y 
Z3 0 

YO 
C04519 z2 

0 
X3 Z1 

1/2 
C04518 C 

zo 

x B 

A 
XO 

A B 

RESET CLOCK 1 ~ 
CONTROL INPUTS x,. y 

OUTPUT 
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Control Inputs 

A B 

0 0 
0 1 
1 0 
1 1 

TL/F/5996-5 

Function 

Display Zero 
Display Counter Y 
Display Counter X 
Compare Counters 
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~National 
D Semiconductor 
CD4522BM/CD4522BC, CD4526BM/CD4526BC 
Programmable Divide-By-N 
4-Bit Binary Counter 

General Description 
The CD4522BM/CD4522BC, CD4526BM/CD4526BC are 
CMOS programmable cascadable down counters with a de
coded "O" state output for divide-by-N applications. In sin
gle stage applications, the "O" output is applied to the Pre
set Enable input. For multi-stage applications, the "O" out
put is used in conjunction with the CF (Cascade Feedback) 
input to perform the divide-by-N function. The "O" output is 
normally at logical "O" level; it will go to a logical "1" state 
only when the counter is at its terminal count (0000) and if 
CF is at logical "1" level. Thus, CF acts as an active low 
inhibit for the "O" output. This feature allows cascade di
vide-by-N operations with no additional gate required (see 
Applications section). The Master Reset function provides 
synchronous initiation of divide-by-N cycles. The Clock In
hibit input allows disabling of the pulse counting function. 

All inputs are protected against static discharge by diode 
clamps to Voo and Vss-

Connection Diagram 

Features 
• Wide supply voltage range 3.0V to 1 BV 
• High noise immunity 0.45 Voo (typ.) 
• Low power TTL fan out of 2 driving 7 4L 

compatibility or 1 driving 7 4LS 
• Quiescent current= 5 nA/package (typ.)®Voo = 5.0V 
• Internally synchronous for high internal and external 

speed 
• Logic edge-clocked design-incremented on positive 

transition of Clock or negative transition of Clock Inhibit 
• Medium speed 7.7 MHz (typ.)®Voo= 10V 
• Asynchronous Preset Enable 

Applications 
• Programmable down counter 
• Programmable frequency divider 
• Frequency synthesizers 
• Phase-locked loops 

Dual-In-Line Package 

CASCADE MASTER 
RESET 

04 

03 

15 

2 

DP4 

DP3 FEEDBACK "O" 

14 13 12 

3 4 5 

DP1 PRESET INHIBIT 
ENABLE 

Top View 

DP2 

11 

CLOCK 

Order Number CD4522B* or CD4526B* 

10 

7 

01 

02 

*Please look into Section 8, Appendix D for availability of various package types. 
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Absolute Maximum Ratings (Notes 1 & 2) Recommended Operating 
If Miiitary/Aerospace specified devices are required, Conditions 
contact the National Semiconductor Sales Office/ 

DC Supply Voltage (Voo) 3 Voe to 15 Voe Distributors for avallablllty and specifications. 

DC Supply Voltage (Voo) -0.5 Voe to+ 18 Voe 
Input Voltage (V1N) o Voe to Voo Voe 
Operating Temperature Range (TA) 

Input Voltage MN) -0.5 Voe to Voo + 0.5 Voe CD4522BM, CD4526BM - 55°C to + 125°C 
Storage Temperature Range (Ts) - s5•c to + 150°c CD4522BC,CD4526BC - 4o·c to + 85°C 
Power Dissipation (Po) 

Dual-In-Line 700mW 
Small Outline 500mW 

Lead Temperature (TL) 
(Soldering, 1 O seconds) 260°c 

DC Electrical Characteristics CD4522sM, CD4526BM (Note 2) 

Symbol Parameter Conditions 
-ss·c +2s0 c + 12s·c 

Units 
Min Max Min Typ Max Min Max 

loo Quiescent Device Voo = 5V 5 0.005 5 150 µA 
Current Voo = 10V 10 0.010 10 300 µA 

Voo = 15V 20 0.015 20 600 µA 

Vol Low Level llol < 1 µA 
Output Voltage Voo = 5V 0.05 0 0.05 0.05 v 

Voo = 1ov 0.05 0 0.05 0.05 v 
Voo = 15V 0.05 0 0.05 0.05 v 

VoH High Level llol < 1 µA 
Output Voltage Voo = 5V 4.95 4.95 5 4.95 v 

Voo = 10v 9.95 9.95 10 9.95 v 
v 00 = 15V 14.95 14.95 15 14.95 v 

V1l Low Level Voo = 5V, Vo = 0.5V or 4.5V 1.5 1.5 1.5 v 
Input Voltage Voo = 1 OV, Vo = 1.0V or 9.0V 3.0 3.0 3.0 v 

Voo = 15V, Vo= 1.5Vor13.5V 4.0 4.0 4.0 v 

V1H High Level Voo = 5V, Vo = 0.5V or 4.5V 3.5 3.5 3.5 v 
Input Voltage Voo = 10V, Vo = 1.ov or 9.0V 7.0 7.0 7.0 v 

Voo = 15V, Vo= 1.5Vor13.5V 11.0 11.0 11.0 v 

lol Low Level Output Voo = 5V, Vo = 0.4V 0.64 0.51 0.88 0.36 mA 
Current (Note 3) Voo = 10V, Vo= 0.5V 1.6 1.3 2.25 0.9 mA 

Voo = 15V, Vo= 1.5V 4.2 3.4 8.8 2.4 mA 

loH High Level Output Voo = 5V, Vo = 4.6V -0.64 -0.51 -0.88 -0.36 mA 
Current (Note 3) Voo = 10V, Vo = 9.5V -1.6 -1.3 -2.25 -0.9 mA 

Voo = 15V, Vo= 13.5V -4.2 -3.4 -8.8 -2.4 mA 

l1N Input Current Voo = 15V, V1N = ov -0.1 -10-5 -0.1 -1.0 µA 
Voo = 15V, V1N = 15V 0.1 10-5 0.1 1.0 µA 

DC Electrical Characteristics CD4522sc, CD4526Bc (Note 2) 

Symbol Parameter Conditions 
-40°c +2s0 c +as·c 

Units 
Min Max Min Typ Max Min Max 

loo Quiescent Device Voo = 5V 20 0.005 20 150 µA 
Current v 00 = 10v 40 0.010 40 300 µA 

Voo = 15V 80 0.015 80 600 µA 

Vol Low Level llol < 1 µA 
Output Voltage Voo = 5V 0.05 0 0.05 0.05 v 

Voo = 1ov 0.05 0 0.05 0.05 v 
Voo = 15V 0.05 0 0.05 0.05 v 

VoH High Level ilol < 1 µA 
Output Voltage Voo = 5V 4.95 4.95 5 4.95 v 

Voo = 1ov 9.95 9.95 10 9.95 v 
Voo = 15V 14.95 14.95 15 14.95 v 
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DC Electrical Characteristics CD4522sc. CD452ssc (Note 2) (Continued) 

Symbol Parameter Conditions 
-40°c +2s0 c +ss0 c 

Units 
Min Max Min Typ Max Min Max 

V1L Low Level Voo = 5V, Vo = 0.5V or 4.5V 1.5 1.5 1.5 v 
Input Voltage Voo = 10V, Vo = 1.0V or 9.0V 3.0 3.0 3.0 v 

Voo = 15V, Vo= 1.5Vor13.5V 4.0 4.0 4.0 v 

V1H High Level Voo = 5V, Vo = 0.5V or 4.5V 3.5 3.5 3.5 v 
Input Voltage Voo = 10V, Vo = 1.0V or 9.0V 7.0 7.0 7.0 v 

Voo = 15V, Vo= 1.5Vor13.5V 11.0 11.0 11.0 v 

Im Low Level Output Voo = 5V, Vo = 0.4V 0.52 0.44 0.88 0.36 mA 
Current (Note 3) Voo = 10V, Vo = 0.5V 1.3 1.1 2.25 0.9 mA 

Voo = 15V, Vo= 1.5V 3.6 3.0 8.8 2.4 mA 

loH High Level Output Voo = 5V, Vo = 4.6V -0.52 -0.44 -0.88 -0.36 mA 
Current (Note 3) Voo = 10V, Vo = 9.5V -1.3 -1.1 -2.25 -0.9 mA 

Voo = 15V, Vo= 13.5V -3.6 -3.0 -8.8 -2.4 mA 

l1N Input Current Voo = 15V, V1N = ov -0.3 -10-5 -0.3 -1.0 µA 
Voo = 15V, V1N = 15V 0.3 10-5 0.3 1.0 µA 

AC Electrical Characteristics* TA = 25°C, CL = 50 pF, unless otherwise specified 

Symbol Parameter Conditions Min Typ Max Units 

trHL· trLH Output Transition Time Voo = 5V 100 200 ns 
Voo = 10v 50 100 ns 
Voo = 15V 40 80 ns 

tPHL• tPLH Propagation Delay Time Voo = 5V 350 825 ns 
from Clock to Q Outputs Voo = 10v 130 345 ns 

Voo = 15V 90 240 ns 

tPHL• tPLH Propagation Delay Time Voo = 5V 200 500 ns 
from Clock to "O" Output Voo = 10v 80 250 ns 

Voo = 15V 60 190 ns 

PWc Minimum Clock Voo = 5V 120 280 ns 
Pulse Width Voo = 10v 50 120 ns 

Voo = 15V 35 85 ns 

fcL Maximum Clock Voo = 5V 1.5 2.9 MHz 
Pulse Frequency Voo = 10v 3.0 7.7 MHz 

Voo = 15V 4.0 11 MHz 

TrCL· TtcL Maximum Clock or Inhibit Voo = 5V 15 µs 
Rise and Fall Time Voo = 10v 15 µs 

Voo = 15V 15 µs 

tHOLD Hold Time Voo = 5V 40 125 ns 
Voo = 10v 25 50 ns 
Voo = 15V 20 40 ns 

PWpE Minimum Preset Voo = 5V 120 280 ns 
Enable Pulse Width Voo = 10v 50 120 ns 

Voo = 15V 35 85 ns 

PWMR Minimum Master Reset Voo = 5V 160 350 ns 
Pulse Width Voo = 10v 75 180 ns 

Voo = 15V 50 120 ns 

C1N Input Capacitance (Note4) 5 7.5 pF 

Cpo Power Dissipation Capacitance Per Package (Note 5) 100 pF 
•AC Parameters are guaranteed by DC correlated testing. 
Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The tables of "Recommended Operating Conditions" and Electrical Characteristics" provide conditions for actual device 
operation. 
Note 2: Vss = OV unless otherwise specified. 
Note 3: loH and loL are tested one output at a time. 
Note 4: Capacitance is guaranteed by periodic testing. 
Note 5: Cpo determines the no load AC power consumption of any CMOS device. For complete explanation, see 54C/74C Family Characteristics application note, 
AN-90. 
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Logic Diagrams 
CD4522BM/CD4522BC 

DPI QI DPZ o.z 

CD4526BM/CD4526BC 

DPI QI DPZ o.z 
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U) 
"11:1' c 
0 

Count 

9 
8 

7 
6 
5 
4 

3 
2 
1 
0 

Count 

15 
14 
13 
12 

11 
10 
9 
8 

7 
6 
5 
4 

3 
2 
1 
0 

Q4 

1 
1 

0 
0 
0 
0 

0 
0 
0 
0 

Q4 

1 
1 
1 
1 

1 
1 
1 
1 

0 
0 
0 
0 

0 
0 
0 
0 

Output 

Q3 Q2 Q1 

0 0 1 
0 0 0 

1 1 1 
1 1 0 
1 0 1 
1 0 0 

0 1 1 
0 1 0 
0 0 1 
0 0 0 

CD4526BM/CD4526BC 

Output 

Q3 Q2 Q1 

1 1 1 
1 1 0 
1 0 1 
1 0 0 

0 1 1 
0 1 0 
0 0 1 
0 0 0 

1 1 1 
1 1 0 
1 0 1 
1 0 0 

0 1 1 
0 1 0 
0 0 1 
0 0 0 
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Action 

No Count 
Count 1 
No Count 
Count 1 
Preset 
Reset 

TL/F/5997-4 

TL/F/5997-5 



Typical Applications 
2-Stage Programmable Down Counter 

CYCLEINHlllT 

PE PE 

CF CF 
MR MR 

INH INH 

c 
DP1 

M~~~ 0-... -----TH-UM_BW_H_E_EL_SWl_T_C_HE_S ____ __. 

IDPEN•"O"I 

2-Stage Programmable Fequency Divider 
four 

QI QJ 

PE 

CF 

MR 

INH 

c 

----•PE 

DP1 

LSD 
CD4522B, 
CD4526B 

DP2 DPJ DP4 

"11" 

1Dk 

nD 

M~~~o------------------~ THUMBWHEEL SWITCHES 
(OPEN•"ll"I 

CF 

MR 

INH 

c 
DP1 

MSD 
CD4522B, 
CD45211 

Dl'Z 

MSD 
CD4522B, 
CD4526B 

DPJ 

DP2 DP3 

.,... 

DP4 

m 

•1 

TL/F/5997-6 

"O" 

DP4 

n1 

TL/F/5997-7 

Counting Cycle 
LSD MSD 

no 
n0-1 

• 
• 
• 
1 
0 

9 (15) 
8 (14) 
• 
• 
• 
1 
0 

9 (15) 
8 (14) 
• 
• 
• 
1 
0 

• 
• 
• 

0 

J 
STOP 

n1 

n1-1 

Counting Cycle 
LSD MSD 

no 
n0-1 

• 
• 
1 
0 

9 (15) 
8 (14) 

• 
1 
0 

9 (15) 
8 (14) 

• 
• 
1 
0 

n1 

n1 -1 

• 
• 

0 

J 
REPEAT CYCLE 

Note: When cascading more than 2 packages, tie "O" output of the nth package to CF input of the (n -1 )th package for all n = 2, 3. 

5-289 

0 
c 
.i:i. 
c.n 
N 
N 
m 
3: ....... 
0 
c 
.i:i. 
c.n 
N 
N 
m 
0 ....... 
0 
c 
.i:i. 
c.n 
N 
O> 
m 
3: ....... 
0 
c 
.i:i. 
c.n 
N 
O> 
m 
0 

Ill 



0 
m 
CD 
N an 
-.:I' c 
0 ....... 
:::!: 
m 
CD 
N an 
-.:I' 
c 
0 
....... 
0 
m 
N 
N an 
-.:I' c 
0 ....... 
:::!: 
m 
N 
N an 
-.:I' c 
0 

Switching Time Waveforms 
Test No.1 

Test No. 2 

20ns 

Q1 

Test No.3 

TL/F /5997-8 

TL/F/5997-10 

If 

TL/F/5997-12 

Test No. 4 

PG1 

Tests No. 5 and 7 

PG1 

Test No.6 

90% 
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20 ns 

If 

TL/F/5997-9 

TL/F/5997-11 

TL/F/5997-13 



AC Test Circuits 

vDD 

CF 01 

PULSE PE 

GENERATOR OP1 Q2 

1 
DP2 

DPJ 03 

PULSE DP4 

GENERATOR MR 04 
2 

INHIBIT 

c "0" 

a) Tests No. 1-6 

Test Conditions 

Characteristic Test No. 

tr, tf, tPLH• tPHL 1 
2 
3 
4 
5 

PWMR 4 

PWpE 3 

PWc 1 

fMAX 1 

tHOLD 3 

tr,tt 6 

tPLH• lPHL 7 

TL/F/5997-14 

PULSE 
GENERATOR 

FIGURE 1. Test Circuits 

TABLE I 

Clock Inhibit PE MR 

PG1 Vss Vss Vss 
Voo PG1 Vss Vss 
Vss Vss PG1 Vss 
Vss Vss Voo PG1 
Vss Vss Voo Vss 
Vss Vss Voo PG1 

Vss Vss PG1 Vss 
PG1 Vss Vss Vss 
PG1 Vss Vss Vss 
Vss Vss PG1 Vss 
Vss Vss Vss Voo 
PG Vss Fig. 1b Vss 
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VDo 

CF 01 

PE 

DP 1 Q2 

DP 2 

DP J 03 

DP4 

MR 04 

INHIBIT 

c "O" 

Vss 

b)Test No. 7 

DPn CF Output 

Vss Vss 01 
Vss Vss 01 
PG2 Vss On 
Voo Vss On 
PG1 Vss On 

Voo Vss On 
PG2 Vss On 

Vss Vss 01 

Vss Vss 01 

PG2 Vss On 

Vss PG1 "O" 

Fig. 1b Voo "O" 

TL/F/5997-15 
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~National 
~Semiconductor 

CD4528BM/CD4528BC Dual Monostable Multivibrator 

General Description 
The CD4528B is a dual monostable multivibrator. Each de
vice is retriggerable and resettable. Triggering can occur 
from either the rising or falling edge of an input pulse, result
ing in an output pulse over a wide range of widths. Pulse 
duration and accuracy are determined by external timing 
components Rx and Cx. 

Connection Diagrams 

Voo 

TI T2 

0 
4 A 
5 Ii 

Co 

TI T2 

0-----10 
B 

lit------+-

Co 

13-------
TL/F/5998-1 

Truth Table 

Features 
• Wide supply voltage range 3.0V to 1 BV 
• Separate reset available 
• Quiescent current = 5.0 nA/package (typ.) at 5.0 Voe 
• Diode protection on all inputs 
• Triggerable from leading or trailing edge pulse 
• Capable of driving two low-power TTL loads or one 

low-power Schottky TTL load over the rated tempera
ture range 

Dual-In-Line Package 

TIA voo 

T2A 16 Tie 

COA 14 ne 

AA INPUT CD4528eM/ 13 Coe 

AB INPUT CD452BeC 12 BA INPUT 

DAD UT II ea INPUT 

UAoUT ID neouT 

Vss iieouT 

Top View 

Order Number CD4528B* 
•Please look into Section 8, Appendix D 
for availability of various package types. 

TL/F/5998-2 

Inputs Outputs 

Clear A B 

L x x 
x H x 
x x L 
H L -!. 
H i H 

Q 

L 
L 
L 

SL 
SL 
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Q 

H 
H 
H 

LI 
LI 

H = High Level 

L = Low Level 

t = Transition from Low to High 

J, = Transition from High to Low 

SL = One High Level Pulse 

L..f" = One Low Level Pulse 

X = Irrelevant 



Absolute Maximum Ratings (Notes 1 & 2) 

If Military I Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for avallablllty and specifications. 

Recommended Operating 
Conditions (Note 2) 

DC Supply Voltage (Voo) 

Input Voltage CViN) 
DC Supply Voltage (Voo) -0.5 Voe to + 18 Voe 

Input Voltage, All Inputs (V1N) -0.5 Voe to Voo +0.5 Voe 
Operating Temperature Range (TA) 

CD4528BM 
Storage Temperature 

Range (Ts) 

Power Dissipation (Po) 
Dual-In-Line 
Small Outline 

Lead Temperature (Tu 
(Soldering, 10 seconds) 

- 65°C to + 150°c 

700mW 
500mW 

260°c 

CD4528BC 

DC Electrical Characteristics CD4528BM (Note 2) 

Symbol Parameter Conditions 
-ss·c 

Min Max 

loo Quiescent Device Current Voo = 5V 5 
v 00 = 1ov 10 

Voo = 15V 20 

VoL Low Level Output Voltage Voo = 5V 0.05 
Voo = 1ov 0.05 
Voo = 15V 0.05 

VoH High Level Output Voltage Voo = 5V 4.95 

Voo = 1ov 9.95 

Voo = 15V 14.95 

V1L Low Level Input Voltage Voo = 5V, Vo = 0.5V or 4.5V 1.5 
Voo = 1ov, Vo= 1Vor9V 3.0 
Voo = 15V, Vo= 1.5Vor 13.5V 4.0 

V1H High Level Input Voltage Voo = 5V, Vo = 0.5V or 4.5V 3.5 
Voo = 10V, Vo= 1V or 9V 7.0 
Voo = 15V, Vo= 1.5Vor13.5V 11.0 

loL Low Level Output Current Yoo = 5V, Vo = 0.4V 0.64 
(Note 3) Voo = 1 OV, Vo = 0.5V 1.6 

Voo = 15V, Vo= 1.5V 4.2 

loH High Level Output Current Voo = 5V, Vo = 4.6V -0.25 
(Note 3) Voo = 10V, Vo= 9.5V -0.62 

Voo = 15V, Vo= 13.5V -1.8 

l1N Input Current Voo = 15V, V1N = ov -0.1 

Voo = 15V, V1N = 15V 0.1 

+2s0 c 

Min Typ Max 

0.005 5 
0.010 10 
0.015 20 

0.05 
0.05 
0.05 

4.95 5.0 
9.95 10.0 
14.95 15.0 

2.25 1.5 
4.50 3.0 
6.75 4.0 

3.5 2.75 
7.0 5.50 
11.0 8.25 

0.51 0.88 

1.3 2.25 
3.4 8.8 

-0.2 -0.36 
-0.5 -0.9 
-1.5 -3.5 

-10-s -0.1 
10-s 0.1 

3Vto 15V 

OVtoVoo Voe 

- 55•c to + 125•c 
-40°c to + 85°C 

+12s·c 
Units 

Min Max 

150 µA 
300 µA 
600 µA 

0.05 v 
0.05 v 
0.05 v 

4.95 v 
9.95 v 
14.95 v 

1.5 v 
3.0 v 
4.0 v 

3.5 v 
7.0 v 
11.0 v 

0.36 mA 
0.9 mA 
2.4 mA 

-0.14 mA 
-0.35 mA 
-1.1 mA 

-1.0 µA 
1.0 µA 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range", 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 
Note 2: Vss = OV unless otherwise specified. 
Note 3: loH and loL are tested one output at a time. 
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DC Electrical Characteristics CD4528BC (Note 2) 

Symbol Parameter Conditions 
-40°c +2s0c +ss·c 

Units 
Min Max Min Typ Max Min Max 

loo Quiescent Device Current v 00 = 5V 20 0.005 20 150 µA 
Voo = 10V 40 0.010 40 300 µA 
Voo = 15V 80 0.015 80 600 µA 

Vol Low Level Output Voltage V00 = 5V 0.05 0.05 0.05 v 

Voo = 1ov 0.05 0.05 0.05 v 

v 00 = 15V 0.05 0.05 0.05 v 

VoH High Level Output Voltage Voo = 5V 4.95 4.95 5.0 4.95 v 

V00 = 10v 9.95 9.95 10.0 9.95 v 

Voo = 15V 14.95 14.95 15.0 14.95 v 

V1L Low Level Input Voltage Voo = 5V, Vo = 0.5V or 4.5V 1.5 2.25 1.5 1.5 v 

Voo = 10V, Vo= 1Vor 9V 3.0 4.50 3.0 3.0 v 

Voo = 15V, Vo= 1.5Vor 13.5V 4.0 6.75 4.0 4.0 v 

V1H High Level Input Voltage Voo = 5V, Vo = o.5V or 4.5V 3.5 3.5 2.75 3.5 v 

Voo = 10v, Vo = 1V or 9V 7.0 7.0 5.50 7.0 v 

Voo = 15V, Vo= 1.5Vor 13.5V 11.0 11.0 8.25 11.0 v 

loL Low Level Output Current Voo = 5V, Vo = 0.4V 0.52 0.44 0.88 0.36 mA 
(Note3) Voo = 10V, Vo= 0.5V 1.3 1.1 2.25 0.9 mA 

Voo = 15V, Vo= 1.5V 3.6 3.0 8.8 2.4 mA 

loH High Level Output Current Voo = 5V, Vo = 4.6V -0.2 -0.16 -0.36 -0.12 mA 
(Note 3) Voo = 10V, Vo = 9.5V -0.5 -0.4 -0.9 -0.3 mA 

Voo = 15V, Vo= 13.5V -1.4 -1.2 -3.5 -1.0 mA 

l1N Input Current Voo = 15V, V1N = ov -0.3 -10-5 -0.3 -1.0 µA 
Voo = 15V, V1N = 15V 0.3 10-5 0.3 1.0 µA 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range'', 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 
Note 2: Vss = OV unless otherwise specified. 
Note 3: loH and loL are tested one output at a time. 

5-294 



AC Electrical Characteristics* CD4528BM 
TA = 25°C, CL = 50 pF, RL = 200 kn, Input tr = t1 = 20 ns, unless otherwise specified 

Parameter Conditions Min 

Output Rise Time tr = (3.0 ns/pF) CL + 30 ns, Voo = 5.0V 
tr = (1.5 ns/pF) CL + 15 ns, Voo = 1 O.OV 
tr = (1.1 ns/pF) CL + 1 O ns, Voo = 15.0V 

Output Fall Time t1 = (1.5 ns/pF) CL + 25 ns, Voo = 5.0V 
t1 = (0.75 ns/pF) CL+ 12.5 ns, Voo = 10V 
t1 = (0.55 ns/pF) CL + 9.5 ns, V00 = 15.0V 

Turn-Off, Turn-On Delay tPLH· tPHL = (1.7 ns/pF) CL+ 240 ns, Voo = 5.0V 
A or B toQ orQ tPLH· tPHL = (0.66 ns/pF) CL + 8 ns, Voo = 1 o.ov 
Cx = 15 pF, Rx = 5.0 kn tPLH· tPHL = (0.5 ns/pF) CL + 65 ns, Voo = 15.0V 

Turn-Off, Turn-On Delay tPLH· tPHL = (1.7 ns/pF) CL+ 620 ns, Voo = 5.0V 
Aor B toQ orQ tPLH· tPHL = (0.66 ns/pF) CL + 257 ns, Voo = 1 o.ov 
Cx = 100 pF, Rx = 1 o kn tPLH1 tPHL = (0.5 ns/pF) CL + 185 ns, Voo = 15.0V 

Minimum Input Pulse Width Voo = 5.ov 
AorB Voo = 10.ov 
Cx = 15 pF, Rx = 5.0 kn Voo = 15V 

Cx = 1000 pF, Rx= 10 kn v 00 = 5.ov 
Voo = 10.ov 
Voo = 15.0V 

Output Pulse Width Q or Q Voo = 5.0V 
For Cx < 0.01 µF (See Graph 

Voo = 10.ov 
for Appropriate Voo Level) 
Cx = 15 pF, Rx = 5.0 kn Voo = 15.0V 

For Cx > 0.01 µF Use Voo = 5.0V 15 
PW0ut = 0.2 Rx Cx In [Voo - Vss1 Voo = 10.ov 10 
Cx = 10,000 pF, Rx= 10 kfi Voo = 15.0V 15 

Pulse Width Match between Circuits v 00 = 5.ov 
in the Same Package Voo = 10.ov 
Cx = 10,000 pF, Rx= 10 kn Voo = 15.0V 

Reset Propagation Delay, Voo = 5.ov 

tPLH• tPHL Voo = 10.ov 
Cx = 15 pF, Rx = 5.0 kn Voo = 15.0V 

Cx = 1000 pF, Rx = 10 kn Voo = 5.0V 
Voo = 10.ov 
Voo = 15.0V 

Minimum Retrigger Time Voo = 5.0V 
Cx = 15 pF, Rx = 5.0 kn Voo = 10.ov 

Voo = 15.0V 
Cx = 1000 pF, Rx = 10 kn Voo = 5.0V 

Voo = 10.ov 
Voo = 15.0V 

•AC parameters are guaranteed by DC correlated testing. 
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Typ 

180 
90 
65 

100 
50 
35 

230 
100 
65 

230 
100 
65 

60 
20 
20 

60 
20 
20 

550 

350 

300 

29 
37 
42 

6 
8 
8 

325 
90 
60 

7.0 
6.7 
6.7 

0 
0 
0 
0 
0 
0 

Max 

400 
200 
160 

200 
100 
80 

500 
250 
150 

500 
250 
150 

150 
50 
50 

150 
50 
50 

45 
90 
95 

25 
35 
35 

600 
225 
170 

Units 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 

ns 

ns 

µs 
µs 
µs 

O/o 

% 
% 

ns 
ns 
ns 

µs 
µs 
µs 

ns 
ns 
ns 
ns 
ns 
ns 
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Logic Diagrams (%of Device Shown) 

voo 

t 
Rx~ 
1 Cx 

Note: Externally ground pins 1 and 15 to pin 8. TL/F/5998-3 

Yoo 

TL/F/5998-10 

Duty Cycle = 50% 

TL/F/5998-4 

FIGURE 1. Power Dissipation Test Circuit and Waveforms 

Yoo 

Vss 

•cx-15pf 
"Ct.-15pf 
Rx-urn 

TL/F/5998-5 

Input Connections 

Characteristics 

tpLH. tpHL• tr, tf, 

PWout. PWin 

tPLH• tPHL• tr, tf, 

PWout• PWin 

tpLHJ_~ tPHL(R)• PWin 

•includes capacitance of probes, wir
ing, and fixture parasitic. 

Note: AC test waveforms for PG1, 
PG2, and PG3 on next page. 

FIGURE 2. AC Test Circuit 
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Co 

Voo 

Voo 

PG3 

A B 

PG1 Voo 

Vss PG2 

PG1 PG2 

PG1=__Jl__ 

PG2= --,__r
PG3= --i_r-

TL/F/5998-6 



Logic Diagrams (%of Device Shown) (Continued) 

A 

3 
:z: ... 
Q 

i 
w 

"' ... 
~ 

E 

tr 

FIGURE 3. AC Test Waveforms 

:z: u 5 L _l_ T 
~ ._FDR ALL VALUES OF Voo JV TO 1BV ~ 
!E 1.10 ..? 
~ 105 ~ ~ . t---+--+-t---+--+-L.-i,....,-+--1---t--1 

~ 1.0 .... •••• •••• 2··.1o~.-..::,;.a~li""--+-+---+---+---i 
:! 0.95 t---+--.L._::2'.1-1---t-:-+--+--+-t---+--1 

~ ~ 
~ 0.90 1-z---+--1---t~+--+--+-t---+--; 

z 0.85 t---+--+-t---+-: -+--i--t--1---t--I 

-60 -40 -20 0 20 40 60 80 100 120 140 

TA. AMBIENT TEMPERATURE (°C) 
TL/F/5998-8 

FIGURE 4. Normalized Pulse Width vs Temperature 

5000.0 ~-~H!l~ij 

Et --1sv a ••••••••• 10V 
---5V 

1000.0 ~11~1 
~ !-+-1 

100.0 

10.0 

1.0 

0.1 ....................... lll..__._l ....... 

10 100 1.000 10.000 100,000 1,000,000 
Cx, EXTERNAL CAPACITANCE (pf) 

TL/F/5998-9 

FIGURE 5. Pulse Width vs Cx 
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~National 
~Semiconductor 

CD4529BM/CD4529BC Dual 4-Channel or Single 
8·Channel Analog Data Selector 
General Description Features 

• Wide supply voltage range 

• High noise immunity 
• Low quiescent 

power dissipation 
• 10 MHz frequency operation (typ.) 

• Data paths are bidirectional 

3.0V to 15V 

0.45 Voo (typ.) 
0.005 µ.W/package 

(typ.)@5.o Voe 

The CD45298 is a dual 4-channel or a single 8-channel 
analog data selector, implemented with complementary 
MOS (CMOS) circuits constructed with N- and P-channel 
enhancement mode transistors. Dual 4-channel or 8-chan
nel mode operation is selected by proper input coding, with 
outputs Z and W tied together for the single 8-bit mode. The 
device is suitable for digital as well as analog applications, 
including various 1-of-4 and 1-of-8 data selector functions. 
Since the device is analog and bidirectional, it can also be 
used for dual binary to 1-of-4 or single 1-of-8 decoder appli
cations. 

• Linear ON resistance [12on (typ.)@15V] 

Connection Diagram 
Dual-In-Line Package 

Yoo Sly YD YI yz YJ w 

II 

ITx XI XI X2 Xl 

TO, VIEW 

Order Number CD4529B* 
•Please look into Section 8, Appendix D 
for availability of various package types. 

Va 

Truth Table 
STx STy B A 

1 1 0 0 
1 1 0 1 
1 1 1 0 
1 1 1 1 

1 0 0 0 
1 0 0 1 
1 0 1 0 
1 0 1 1 

0 1 0 0 
0 1 0 1 
0 1 1 0 
0 1 1 1 

0 0 x x 

z w 
XO YO 
X1 Y1 
X2 Y2 
X3 Y3 

XO 
X1 
X2 
X3 

YO 
Y1 
Y2 
Y3 

High 
Impedance 

(TRI-STATE) 

} 

Dual 
4-Channel 
Mode 
2 Outputs 

Single 
8-Channel Mode 
1 Output 
(ZandW 
tied together) 

X = Don't care 

• TRI-STATE® outputs (high impedance disable strobe) 
• Plug-in replacement for MC145298 

Logic Diagram 

TL/F/5999-1 
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Absolute Maximum Ratings (Notes 1 & 2) Recommended Operating 
If Mllltary/Aerospace specified devices are required, Conditions (Note 2) 
contact the National Semiconductor Sales Office/ 

DC Supply Voltage (Voo) 3Vto 15V 
Distributors for avallablllty and specifications. 

DC Supply Voltage (Voo) -0.5Vto +18V 
Input Voltage (V1N) OtoVoo 

Input Voltage CV1N) -0.5V to Voo + 0.5V 
Operating Temperature Range (TA) 

Storage Temperature Range (Ts) - 65°C to + 150°C 
CD4529BM - 55°C to + 125°C 

Power Dissipation (Po) 
CD4529BC - 40°C to + 85°C 

Dual-In-Line 700mW 
Small Outline 500mW 

Lead Temperature (TL) 
(Soldering, 10 seconds) 260°C 

DC Electrical Characteristics cD4529BM (Note 2) 

Symbol Parameter Conditions 
-55°C +25°C + 12s0 c 

Units 
Min Max Min Typ Max Min Max 

loo Quiescent Device Voo = 5V 1.0 0.001 1.0 60 µA 
Current Voo = 1ov 1.0 0.002 1.0 60 µA 

Voo = 15V 2.0 0.003 2.0 120 µA 

VoL Low Level Output V1L = OV, V1H = Voo. ilol < 1 µA 
Voltage Voo = 5V 0.05 0 0.05 0.05 v 

Voo = 10v 0.05 0 0.05 0.05 v 
Voo = 15V 0.05 0 0.05 0.05 v 

VoH High Level Output V1L = OV, V1H = Voo. ilol < 1 µA 
Voltage Voo = 5V 4.95 4.95 5.0 4.95 v 

Voo = 10v 9.95 9.95 10.0 9.95 v 
Voo = 15V 14.95 14.95 15.0 14.95 v 

V1L Low Level Input Voltage Voo = 5V 1.5 2.25 1.5 1.5 v 
(Note3) Voo = 1ov 3.0 4.50 3.0 3.0 v 

Voo = 15V 4.0 6.75 4.0 4.0 v 

V1H High Level Input Voltage Voo = 5V 3.5 3.5 2.75 3.5 v 
(Note 3) Voo = 1ov 7.0 7.0 5.50 7.0 v 

Voo = 15V 11.0 11.0 8.25 11.0 v 

l1N Input Current Voo = 15V 
V1N = OV -0.1 -10-s -0.1 -1.0 µA 
V1N = 15V 0.1 10-s 0.1 1.0 µA 

RoN ON Resistance Voo = 5V, Vss = -5V 
V1N = 5V 400 165 480 640 n 
V1N = -5V 400 100 480 640 n 
V1N = ±0.25V 400 155 480 640 n 
Voo = 7.5V, Vss = -7.5V 
V1N = 7.5V 240 135 270 400 n 
V1N = -7.5V 240 75 270 400 n 
V1N = ±0.25V 240 100 270 400 n 
Voo = 1ov, Vss = ov 
V1N = 10V 400 165 480 640 n 
V1N = 0.25V 400 100 480 640 n 
V1N = 5.6V 400 160 480 640 n 
Voo = 15V, Vss = ov 
V1N = 15V 250 135 270 400 n 
V1N = 0.25V 250 75 270 400 n 
V1N = 9.3V 250 110 270 400 n 

loFF Input to Output Leakage Vss = -5V, Voo = 5V, V1N = 5V, ±125 ±0.001 ±125 ±1250 nA 
Current Vour = -5V 

Vss = -5V, Voo = 5V, V1N = -5V, ±125 ±0.001 ±125 ±1250 nA 

Vour = 5V 
Vss = - 7.5V, Voo = 7.5V, ±250 ±0.0015 ±250 ±2500 nA 
V1N = 7.5V, Vour = - 7.5V 
Vss = - 7.5V, Voo = 7.5V, ±250 ±0.0015 ±250 ±2500 nA 
V1N = -7.5V, Vour = 7.5V 
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DC Electrical Characteristics co4529sc (Note 2> (Continued) 

Symbol Parameter Conditions 
-40°C +25°C +ss0 c 

Units 
Min Max Min Typ Max Min Max 

loo Quiescent Device Current Voo = 5V 5.0 0.001 5.0 70 µA 
Voo = 1ov 5.0 0.002 5.0 70 µA 

Voo = 15V 10.0 0.003 10.0 140 µA 

Vol Low Level Output Voltage V1L = OV, V1H = Voo. ilol < 1 µA 
Voo = 5V 0.05 0.05 0.05 v 

Voo = 1ov 0.05 0.05 0.05 v 

Voo = 15V 0.05 0.05 0.05 v 

VoH High Level Output Voltage V1L = OV, V1H = Voo. ilol < 1 µA 
Voo = 5V 4.95 4.95 5.00 4.95 v 

Voo = 10v 9.95 9.95 10.00 9.95 v 

Voo = 15V 14.95 14.95 15.00 14.95 v 

V1L Low Level Input Voltage Voo = 5V, VouT = 4.5 or 0.5 Voe 1.5 2.25 1.5 1.5 v 
(Note3) Voo = 10V, VouT = 9.0 or 1.0 Voe 3.0 4.50 3.0 3.0 v 

Voo = 15V, VouT = 13.5or1.5 Voe 4.0 6.75 4.0 4.0 v 

V1H High Level Input Voltage Voo = 5V, VouT = 0.5 or 4.5 Voe 3.5 3.5 2.75 3.5 v 
(Note 3) Voo = 1 ov, VouT = 1.0 or 9.0 Voe 7.0 7.0 5.50 7.0 v 

Voo = 15V, VouT = 1.5 or 13.5 Voe 11.0 11.0 8.25 11.0 v 

l1N Input Current Voo = 15V 
V1N = OV -0.3 -10-s -0.3 -1.0 µA 

V1N = 15V 0.3 10-s 0.3 1.0 µA 

RoN ON Resistance Voo = 5V, Vss = -5V 
V1N = 5V 410 165 480 560 n 
V1N = -5V 410 100 480 560 n 
V1N = ±0.25V 410 155 480 560 n 
Voo = 7.5V, Vss = - 7.5V 
V1N = 7.5V 250 135 270 350 n 
V1N = -7.5V 250 75 270 350 n 
V1N = ±0.25V 250 100 270 350 n 
Voo = 1ov, Vss = ov 
V1N = 10V 410 165 480 560 n 
V1N = 0.25V 410 100 480 560 n 
V1N = 5.6V 410 160 480 560 n 
Voo = 15V, Vss = ov 
V1N = 15V 250 135 270 350 n 
V1N = 0.25V 250 75 270 350 n 
V1N = 9.3V 250 110 270 350 n 

loFF Input-Output Leakage Vss = -5V, Voo = 5V 
Current V1N = 5V, VouT = -5V ±125 ±0.001 ±125 ±500 nA 

V1N = -5V, VouT = 5V ±125 ±0.001 ±125 ±500 nA 

Vss = - 7.5V, Voo = 7.5V 
V1N = 7.5V, VouT = -7.5V ±250 ±0.0015 ±250 ±1000 nA 

V1N = -7.5V, VouT=7.5V ±250 ±0.0015 ±250 ±1000 nA 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range" 
they are not meant to imply that the devices should be operated at these limits. The tables of "Recommended Operating Conditions" and "Electrical Characteris-
tics" provide conditions for actual device operation. 

Note 2: Vss = OV unless otherwise specified. 

Note 3: Switch OFF is defined as llol ,,;: 10 µA, switch ON as defined by RoN specification. 
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AC Characteristics* CD4529BMtCD4539Bc 

TA = 25°C, RL = 1 kn, tr = t1 = 20 ns, unless otherwise specified. 

Symbol Parameter Conditions 

tPLH• tPHL V1N to VouT Propagation Delay Vss = OV, CL = 50 pF 
Voo = 5V 
V00 = 1ov 
V00 = 15V 

tPLH• tPHL Control to Output Propagation Delay V1N = Voo or Vss. CL = 50 pF 
V1N ~ 10V 
Voo = 5V 
Voo = 1ov 
v 00 = 15V 

fMAX Maximum Control Input Pulse Frequency Vss = OV, CL = 50 pF 
V00 = 5V 
V00 = 1ov 
V00 = 15V 

Crosstalk, Control to Output RouT = 10 kn, CL= 50 pF, Vss = 0 
V00 = 5V 
v 00 = 1ov 
V00 = 15V 

Noise Voltage f = 100 Hz, V SS = OV 
V00 = 5V 
v 00 = 1ov 
v 00 = 15V 
f = 100 kHz, Vss = ov 
V00 = 5V 
Voo = 10v 
v 00 = 15V 

Sine Wave (Distortion) V1N = 1.77Vrms Centered 
atOV, RL = 10 kn, f = 1 kHz, 
Vss = -5V, Voo = 5V 

ILOSS Insertion Loss, V1N = 177Vrms Centered 
atOV, Vss = -5V, Voo = 5V 

Vour RL = 1 kn 
ILOSS = 20 Log10V RL=10kn IN 

RL = 100 kn 
RL = 1 Mn 

BW Bandwidth, -3dB V1N = 177Vrms Centered 
at o Vdc, Vss = -5V, Voo = 5V 
RL = 1 k!l 
RL = 10 kn 
RL = 100 kn 
RL = 1 Mn 

Feedthrough and Crosstalk, Vss = -5V, Voo = 5V 
Vour RL = 1 kn 

20 Log10--= -50 db 
RL = 10k!l V1N 
RL = 100 kn 
RL = 1 Mn 

0 AC Parameters are guaranteed by DC correlated testing. 
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Test Circuits and Switching Time Waveforms 

Output Voltage RoN Characteristics 

Yoo Yss Rt f1 
vuw -
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Noise Voltage 
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Typical Performance Characteristics 

Typical RoN vs V1N 
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Typical Noise Characteristics 
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~National 
~Semiconductor 

CD4538BM/CD4538BC Dual Precision Monostable 

General Description 
The CD45388 is a dual, precision monostable multivibrator 
with independent trigger and reset controls. The device is 
retriggerable and resettable, and the control inputs are inter
nally latched. Two trigger inputs are provided to allow either 
rising or falling edge triggering. The reset inputs are active 
low and prevent triggering while active. Precise control of 
output pulse-width has been achieved using linear CMOS 
techniques. The pulse duration and accuracy are deter
mined by external components Rx and Cx. The device does 
not allow the timing capacitor to discharge through the tim
ing pin on power-down condition. For this reason, no exter
nal protection resistor is required in series with the timing 
pin. Input protection from static discharge is provided on all 
pins. 

Block and Connection Diagrams 

ex Rx 

13-----" 

Rx and Cx are External Components 
Voo =Pin 16 
Vss =Pina 

Truth Table 

TL/F/6000-1 

Inputs Outputs 

Clear A B Q Q 

L x x L H 
x H x L H 
x x L L H 
H L J, ..fl._ LS 
H t H ..fl._ LS 

Features 
• Wide supply voltage range 
• High noise immunity 
• Low power 

TIL compatibility 

3.0V to 15V 
0.45 Vee (typ.) 

Fan out of 2 driving 74L 
or 1 driving 74LS 

• New formula: PWour = RC 
(PW in seconds, R in Ohms, C in Farads) 

• ± 1.0% pulse-width variation from part to part (typ.) 
• Wide pulse-width range 1 µs to oo 

• Separate latched reset inputs 
• Symmetrical output sink and source capability 
• Low standby current 5 nA (typ.) 

• Pin compatible to CD4528B 

Dual-In-Line Package 
CD4538BM 
CD4538BC 

T1A 16 Yoo 

T2A 15 T1B 

COA 14 T2B 

AAINPUT 13 Coe 

BAIN PUT 12 AelNPUT 

IJAOUT 11 BelNPUT 

DAO UT 10 aeDUT 

vss iieDUT 

Top View 

Order Number CD4538B* 
•Please look into Section 8, Appendix D 
for availability of various package types. 

H = High Level 
L = Low Level 
j = Transition from Low to High 
J. = Transition from High to Low 
.Jl... = One High Level Pulse 
"Lf' = One Low Level Pulse 
X = Irrelevant 

@ 5 Voe 

TL/F/6000-2 
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Absolute Maximum Ratings (Notes 1 and 2) Recommended Operating 
If Miiitary/Aerospace specified devices are required, Conditions (Note 2) 
contact the National Semiconductor Sales Office/ 

DC Supply Voltage (Voo) 3to15Voe Distributors for avallablllty and specifications. 

DC Supply Voltage (Voo) -0.5to+18 Voe 
Input Voltage <ViN) OtoVoo Voe 

Input Voltage <ViN) -0.5V to Voo + 0.5 Voe 
Operating Temperature Range (TA) 

CD45388M - 55°C to + 125•c 
Storage Temperature Range (Ts) - 65°C to + 15o•c CD45388C - 4o•c to + 85°C 
Power Dissipation (Po) 

Dual-In-Line 700mW 
Small Outline 500mW 

Lead Temperature (TL.) 
(Soldering, 10 seconds) 260°c 

DC Electrical Characteristics CD4538BM (Note 2) 

Symbol Parameter Conditions 
-ss·c +25°c + 12s·c 

Units 
Min Max Min Typ Max Min Max 

loo Quiescent Voo - 5V } V1H - Voo 5 0.005 5 150 µA 
Device Current Voo = 10V V1L = Vss 10 0.010 10 300 µA 

Voo = 15V All Outputs Open 20 0.015 20 600 µA 

VoL Low Level 
Voo - 5V} I I 0.05 0 0.05 0.05 v 

Output Voltage V = 1 OV lo < 1 µA 0.05 0 0.05 0.05 v 
v~~ = 15V V1H = Voo. V1L = Vss 0.05 0 0.05 0.05 v 

VoH High Level 
Voo - 5V} I I< 4.95 4.95 5 4.95 v 

Output Voltage V = 10V lo 1 µA 9.95 9.95 10 9.95 v 
v~~ = 15V V1H = Voo. V1L = Vss 14.95 14.95 15 14.95 v 

V1L Low Level ilol < 1 µA 
Input Voltage Voo = 5V, Vo = 0.5V or 4.5V 1.5 2.25 1.5 1.5 v 

Voo = 1 ov, Vo = 1.0V or 9.0V 3.0 4.50 3.0 3.0 v 
Voo = 15V, Vo= 1.5Vor13.5V 4.0 6.75 4.0 4.0 v 

V1H High Level 1101<1 µA 
Input Voltage Voo = 5V, Vo = 0.5V or 4.5V 3.5 3.5 2.75 3.5 v 

Voo = 10v, Vo= 1.0Vor9.0V 7.0 7.0 5.50 7.0 v 
Voo = 15V, Vo= 1.5Vor13.5V 11.0 11.0 8.25 11.0 v 

loL Low Level Voo - 5V, Vo - 0.4V } v v 0.64 0.51 0.88 0.36 mA 
Output Current 

_ _ IH = DD 
1.6 1.3 2.25 0.9 mA Voo - 10V, Vo - 0.5V v - v 

(Note3) Vo= 15V, Vo= 1.5V IL - SS 4.2 3.4 8.8 2.4 mA 

loH High Level Voo - 5V, Vo - 4.GV } v v -0.64 -0.51 -0.88 -0.36 mA 
Output Current 

_ _ IH = DD 
-1.6 -1.3 -2.25 -0.9 mA Voo - 10V, Vo - 9.5V v - v 

(Note 3) Vo= 15V, Vo= 13.5V IL - SS -4.2 -3.4 -8.8 -2.4 mA 

l1N Input Current, Voo = 15V, V1N = OVor 15V 
±0.02 ±10-s ±0.05 ±0.5 µA 

Pin 2or14 

l1N Input Current Voo = 15V, V1N = OVor 15V 
±0.1 ±10-s ±0.1 ±1.0 µA 

Other Inputs 

Note 1: "Absolute Maximum Ratings"' are those values beyond which the safety of the device cannot be guaranteed, they are not meant to imply that the devices 
should be operated at these limits. The tables of "Recommended Operating Conditions"' and "Electrical Characteristics"' provide conditions for acutal device 
operation. 
Note 2: Vss = OV unless otherwise specified. 
Note 3: loH and IOL are tested one output at a time. 
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DC Electrical Characteristics co4530sc (Note 2> 

Symbol Parameter Conditions 
-40°C +25°C +es0 c 

Units 
Min Max Min Typ Max Min Max 

loo Quiescent Voo ~ 5V } V1H ~ Voo 20 0.005 20 150 µA 
Device Current Voo = 10V V1L = Vss 40 0.010 40 300 µA 

Voo = 15V All Outputs Open 80 0.015 80 600 µA 

Vol Low Level Voo ~ sv } 11 I < 1 A 0.05 0 0.05 0.05 v 
Output Voltage Voo = 1 ov 0 _ µ _ 0.05 0 0.05 0.05 v 

Voo = 15V V1H - Voo. V1L - Vss 0.05 0 0.05 0.05 v 

VoH High Level Voo ~ 5V} II 4.95 4.95 5 4.95 v 
Output Voltage V = 1 OV lo < 1 µA 9.95 9.95 10 9.95 v 

v~~ = 15V V1H = Voo. V1L = Vss 14.95 14.95 15 14.95 v 

V1L Low Level llol < 1 µA 
Input Voltage Voo = 5V, Vo = 0.5V or 4.5V 1.5 2.25 1.5 1.5 v 

Voo = 10V, Vo= 1.0Vor9.0V 3.0 4.50 3.0 3.0 v 
Voo = 15V, Vo= 1.5Vor13.5V 4.0 6.75 4.0 4.0 v 

V1H High Level ilol < 1 µA 
Input Voltage Voo = 5V, Vo = 0.5V or 4.5V 3.5 3.5 2.75 3.5 v 

Voo = 1 OV, Vo = 1.0V or 9.0V 7.0 7.0 5.50 7.0 v 
Voo = 15V, Vo= 1.5Vor 13.5V 11.0 11.0 8.25 11.0 v 

loL Low Level Voo ~ sv, Vo ~ 0.4V } v _ v 0.52 0.44 0.88 0.36 mA 
Output Current Voo = 10V, Vo = 0.5V v'H ~ v DD 1.3 1.1 2.25 0.9 mA 
(Note3) Vo= 15V, Vo= 1.5V IL - SS 3.6 3.0 8.8 2.4 mA 

loH High Level Voo ~ 5V, Vo ~ 4.6V } -0.52 -0.44 -0.88 -0.36 mA 
Output Current Voo = 10V, Vo= 9.5V V1L = Vss -1.3 -1.1 -2.25 -0.9 mA 
(Note3) Vo= 15V, Vo= 13.5V -3.6 -3.0 -8.8 -2.4 mA 

l1N Input Current, Voo = 15V, V1N = OVor 15V 
±0.02 ±10-5 ±0.05 ±0.5 µA 

Pin 2or14 

l1N Input Current Voo = 15V, V1N = OVor 15V 
±0.3 ±10-5 ±0.3 ±1.0 µA 

Other Inputs 
Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed, they are not meant to imply that the devices 
should be operated at these limits. The tables of "Recommended Operating Conditions" and "Electrical Characteristics" provide conditions for acutal device 
operation. 

Note 2: Vss = OV unless otherwise specified. 

Note 3: loH and loL are tested one output at a time. 
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AC Electrical Characteristics* TA = 25°C, CL = 50 pF, and tr = tf = 20 ns unless otherwise specified 

Symbol Parameter Conditions 

trLH· trHL Output Transition Time Voe= 5V 
Voe= 1ov 
Voe= 15V 

tPLH• tPHL Propagation Delay Time Trigger Operation-
AorB to Q orQ 
Voe= 5V 
Voe= 1ov 
Voe= 15V 
Reset Operation-
CotoOorO 
Voe= 5V 
Voe= 1ov 
Voe= 15V 

twL· twH Minimum Input Pulse Width Voe= 5V 
A, B, or Co Voe= 1ov 

Voe= 15V 

tRR Minimum Retrigger Time Voe= 5V 
Voe= 1ov 
Voe= 15V 

C1N Input Capacitance Pin 2or14 
Other Inputs 

PW our Output Pulse Width (Q or Q) 
Rx= 100 kn (Note: For Typical Distribution, 
Cx = 0.002 µF see Figure 9) 

Rx= 100 kn 
Cx = 0.1 µF 

Rx= 100 kn 
Cx = 10.0 µF 

Pulse Width Match between 
Rx= 100 kn Circuits in the Same Package 
Cx = 0.1 µF Cx = 0.1 µF, Rx= 100 kn 

Operating Conditions 

Rx External Timing Resistance 
Cx External Timing Capacitance 
•AC parameters are guaranteed by DC correlated testing. 

Voe= 5V 
Voe= 1ov 
Voe= 15V 

Voe= 5V 
v 00 = 1ov 
Voe= 15V 

Voe= 5V 
Voe= 1ov 
Voe= 15V 

Voe= 5V 
Voe= 1ov 
Voe= 15V 

Min 

208 
211 
216 

8.83 
9.02 
9.20 

0.87 
0.89 
0.91 

5.0 
0 

Typ 

100 
50 
40 

300 
150 
100 

250 
125 
95 

35 
30 
25 

0 

10 
5 

226 
230 
235 

9.60 
9.80 
10.00 

0.95 
0.97 
0.99 

±1 
±1 
±1 

Max 

200 
100 
80 

600 
300 
220 

500 
250 
190 

70 
60 
50 

0 
0 
0 

7.5 

244 
248 
254 

10.37 
10.59 
10.80 

1.03 
1.05 
1.07 

No Limit 

Units 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

pF 
pF 

µs 
µs 
µs 

ms 
ms 
ms 

s 
s 
s 

% 
% 
% 

kn 
pF 

• 
0 The maximum usable resistance Rx is a function of the leakage of the Capacitor Cx. leakage of the CD453BB, and leakage due to board layout, surface 

resistance, etc. 

Logic Diagram 
Yoo 
I 
I 
I 

RX•~ 
~ 
I T2 

~-- 2(14) 

I 
cx·.1· T ~1151 

L--i 

Co 3(13) 

Yoo 

01 

VREF1 VREF2 8 (10) 

7 (II) 

CONTROL 

DR DR 
S RESET LATCH R 

TL/F/6000-3 

FIGURE 1 
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Theory of Operation 

CD 
A 

o----' 
1--1--I l--1-I 1-1-J 

i POSITIVE EDGE TRIGGER @ POSITIVE EDGE RE-TRIBGER (PULSE LENGTHENING) 
NEGATIVE EDGE TRIGGER @ RESET (PULSE SHORTENING) 
POSITIVE EDGE TRIGGER 

TL/F /6000-4 

FIGURE2 

Trigger Operation 
The block diagram of the CD4538B is shown in Figure 1, 
with circuit operation following. 

As shown in Figures 1 and 2, before an input trigger occurs, 
the monostable is in the quiescent state with the Q output 
low, and the timing capacitor Cx completely charged to 
v00. When the trigger input A goes from Vss to Voo (while 
inputs B and Co are held to Voo) a valid trigger is recog
nized, which turns on comparator C1 and N-Channel tran
sistor N1 ©.At the same time the output latch is set. With 
transistor N1 on, the capacitor Cx rapidly discharges toward 
Vss until VREF1 is reached. At this point the output of com
parator C1 changes state and transistor N1 turns off. Com
parator C1 then turns off while at the same time comparator 
C2 turns on. With transistor N1 off, the capacitor Cx begins 
to charge through the timing resistor, Rx, toward Voo· When 
the voltage across Cx equals VREF2· comparator C2 chang
es state causing the output latch to reset (Q goes low) while 
at the same time disabling comparator C2. This ends the 
timing cycle with the monostable in the quiescent state, 
waiting for the next trigger. 

A valid trigger is also recognized when trigger input B goes 
from v00 to Vss (while input A is at Vss and input Co is at 
Voo)®. 

It should be noted that in the quiescent state Cx is fully 
charged to Voo. causing the current through resistor Rx to 
be zero. Both comparators are "off" with the total device 
current due only to reverse junction leakages. An added 
feature of the CD45388 is that the output latch is set 
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via the input trigger without regard to the capacitor voltage. 
Thus, propagation delay from trigger to Q is independent of 
the value of Cx, Rx, or the duty cycle of the input waveform. 

Retrigger Operation 
The CD45388 is retriggered if a valid trigger occurs® fol
lowed by another valid trigger© before the Q output has 
returned to the quiescent (zero) state. Any retrigger, after 
the timing node voltage at pin 2 or 14 has begun to rise from 
VREF1, but has not yet reached VREF2· will cause an in
crease in output pulse width T. When a valid retrigger is 
initiated©, the voltage at T2 will again drop to VREF1 before 
progressing along the RC charging curve toward Voo· T~e 
Q output will remain high until time T, after the last valid 
retrigger. 

Reset Operation 
The CD45388 may be reset during the generation of the 
output pulse. In the reset mode of operation, an input pulse 
on Co sets the reset latch and causes the capacitor to be 
fast charged to Voo by turning on transistor 01 ®. When 
the voltage on the capacitor reaches VREF2· the reset latch 
will clear and then be ready to accept another pulse. If the 
Co input is held low, any trigger inputs that occur will be 
inhibited and the Q and a outputs of the output latch will not 
change. Since the Q output is reset when an input low level 
is detected on the Co input, the output pulse T can be made 
significantly shorter than the minimum pulse width specifica
tion. 
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Typical Applications (Continued) 

A 

' 90% 

-------tr-l-1 lj 2:%--,, ------

-----;,.,.,.....'o~llf=~ 
10%~--------- ------.-

Yoo 

VDD 

-1 

ii 

m•1 

50% 
_____ , 

TL/F/6000-10 

FIGURE 6. Switching Test Waveforms 
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Input Connections 

Characteristics CD 

tPLH· tPHL· trLH· trHL Voo 
PWour. twH. twL 

tPLH· tPHL· trLH· trnL Voo 
PWour. twH. twL 

tPLH(R)• tPHL(R)• PG3 
twH.twL 

•includes capacitance of probes, 
wiring, and fixture parasitic 

Note: Switching test waveforms 
for PG1, PG2, PG3 are 
shown in Figure 6. 

A B 

PG1 Voo 

Vss PG2 

PG1 PG2 

PG1·__Il_ 

PG2=~ 

PG3= --i__r-
TL/F/6000-13 

FIGURE 7. Switching Test Circuit 
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·---~ 

T1A 

AA 

BA 

CDA 
OAi--'°""---
llA-----.. 

Ae aet--o---. 

Be Ila 

cue 

vss 

HM-11_rHU~D 
lfii%\1-

Y1N_J1o% x..._ DY 

Duty Cycle = 50% 
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Typical Applications (Continued) 
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FIGURE 10. Typical Pulse Width Variation as a 
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FIGURE 11. Typical Total Supply Current Versus 
Output Duty Cycle, Rx = 100 k!l, CL= 50 pF, 
Cx = 100 pF, One Monostable Switching Only 
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~National 
~Semiconductor 

CD4541 BM/CD4541 BC Programmable Timer 
General Description 
The CD4541 B Programmable Timer is designed with a 
16-stage binary counter, an integrated oscillator for use with 
an external capacitor and.two resistors, output control logic, 
and a special power-on reset circuit. The special features of 
the power-on reset circuit are first, no additional static pow
er consumption and second, the part functions across the 
full voltage range (3V-15V) whether power-on reset is en
abled or disabled. 

Timing and the counter are initialized by turning on power, if 
the power-on reset is enabled. When the power is already 
on, an external reset pulse will also Initialize the timing and 
counter. After either reset is accomplished, the oscillator 
frequency is detetmined by the external RC network. The 
16-stage counter divides the oscillator frequency by any of 4 
digitally controlled division ratios. 

Features 
• Available division ratios 2a, 210, 213, or 216 
• Increments on positive edge clock transitions 
• Built-in low power RC oscillator (±2% accuracy over 

temperature range and ± 10% supply and ±3% over 
processing @ < 10 kHz) 

Logic Diagram 

• Oscillator frequency range ::: DC to 100 kHz 
• Oscillator may be bypassed if external clock is available 

(apply external clock to pin 3) 
• Automatic · reset initializes all counters when power 

turns on 
• External master reset totally independent of automatic 

reset operation 
• Operates at 2n frequency divider or single transition 

timer 
• 010 select provides output logic level flexibility 
• Reset (auto or master) disables oscillator during reset

ting to provide no active power dissipation 
• Clock conditioning circuit permits operation with very 

slow clock rise and fall times 
• Wide supply voltage range-3.0V to 15V 
• High noise immunity-0.45 Voo (typ.) 
• 5V-1 OV-15V parameter ratings 
• Symmetrical output characteristics 
• Maximum input leakage 1 µA at 15V over full tempera

ture range 
• High output drive (pin 8) min. one TIL load 

A12~~~~~~~~~--~..-~~-~~~~--. 

813~~~-~~~~-----..+--~--~----. 

R., 1 
c;,2 
Rs 3 

AUTD 
5
RESET ------1 

Voo =Pin 14 

Vss =Pin 7 

Connection Diagram 

6 
MASTER 
RESET 

Dual-In-Line Package 

R1c 

Ctc 

Rs 
N.C. 

AR 

MR 

N.C.-Not connected Vss 

Top View 

Yoo 
B 

N.C. 

MDDE 
aia 
SELECT 
Q 

5-312 

10 
MOOE 

TL/F/6001-2 

~SQ 

• Q/ij 
SELECT 

TL/F/6001-1 

Order Number CD4541B* 
•Please look into Section 8, Appendix D 
for availability of various package types. 



Absolute Maximum Ratings (Notes 1 & 2) Recommended Operating 
If Military/Aerospace specified devices are required, Conditions (Note 2) 
contact the National Semiconductor Sales Office/ 

Supply Voltage (Voo) 3Vto 15V 
Distributors for availability and specifications. 

Supply Voltage (Voo) -0.5Vto +18V 
Input Voltage (V1N) o toVoo 

Input Voltage (V1N) -0.5V to Voo + 0.5V 
Operating Temperature Range 

Storage Temperature Range (Ts) - 65°C to + 150°C 
CD4541BM - 55°C to + 125°C 
CD4541BC - 4o·c to + 85°C 

Power Dissipation (Po) 
Dual-In-Line 700mW 
Small Outline 500mW 

Lead Temperature (TL) (soldering, 10 sec.) 260°C 

DC Electrical Characteristics (Note 2J-CD4541 BM 

Symbol Parameter Conditions 
-55°C +25°C + 125°C 

Units 
Min Max Min Typ Max Min Max 

loo Quiescent Device Current Voo = 5V, V1N = Voo or Vss 5 0.005 5 150 µA 
Voo = 10V, V1N = Voo or Vss 10 0.010 10 300 µA 
Voo = 15V, V1N = Voo or Vss 20 0.015 20 600 µA 

Vol Low Level Output Voltage Voo = 5V 0.05 0 0.05 0.05 v 
Voo = 10v llol < 1 µA 0.05 0 0.05 0.05 v 
Voo = 15V 0.05 0 0.05 0.05 v 

VoH High Level Output Voltage Voo = 5V 4.95 4.95 5 4.95 v 
Voo = 1ov llol < 1 µA 9.95 9.95 10 9.95 v 
Voo = 15V 14.95 14.95 15 14.95 v 

V1l Low Level Input Voltage Voo = 5V, Vo = 0.5V or 4.5V 1.5 2 1.5 1.5 v 
Voo = 10v, Vo = 1.ov or 9.0V 3.0 4 3.0 3.0 v 
Voo = 15V, Vo= 1.5Vor 13.5V 4.0 6 4.0 4.0 v 

V1H High Level Input Voltage Voo = 5V, Vo = 0.5V or 4.5V 3.5 3.5 3 3.5 v 
Voo = 1 OV, Vo = 1.0V or 9.0V 7.0 7.0 6 7.0 v 
Voo = 15V,Vo = 1.5Vor13.5V 11.0 11.0 9 11.0 v 

lol Low Level Output Current Voo = 5V, Vo = 0.4V 2.85 2.27 3.6 1.6 mA 
(Note3) Voo = 10V, Vo = 0.5V 4.96 4.0 9.0 2.8 mA 

Voo = 15V, Vo= 1.5V 19.3 15.6 34.0 10.9 mA 

loH High Level Output Current Voo = 5V, Vo = 2.5V 7.96 6.42 13.0 4.49 mA 
(Note 3) Voo = 10V, Vo= 9.5V 4.19 3.38 8.0 2.37 mA 

Voo = 15V, Vo= 3.5V 16.3 13.2 30.0 9.24 mA 

l1N Input Current Voo = 15V, V1N = ov -0.10 -10-s -0.10 -1.0 µA 
Voo = 15V, V1N = 15V 0.10 10-s 0.10 1.0 µA 

DC Electrical Characteristics (Note 2)-CD4541 Bc 

Symbol Parameter Conditions 
-40°C +25°C +ss0 c 

Units 
Min Max Min Typ Max Min Max 

loo Quiescent Device Current Voo = 5V, V1N = Voo or Vss 20 0.005 20 150 µA 
Voo = 1ov, V1N = VooorVss 40 0.010 40 300 µA 
Voo = 15V, V1N = Voo or Vss 80 0.015 80 600 µA 

Vol Low Level Output Voltage Voo = 5V 0.05 0 0.05 0.05 v 
Voo = 1ov liol < 1µA 0.05 0 0.05 0.05 v 
Voo = 15V 0.05 0 0.05 0.05 v 

VoH High Level Output Voltage Voo = 5V 4.95 4.95 5 4.95 v 
Voo = 1ov liol < 1 µA 9.95 9.95 10 9.95 v 
Voo = 15V 14.95 14.95 15 14.95 v 

V1l Low Level Input Voltage Voo = 5V, Vo = 0.5V or 4.5V 1.5 2 1.5 1.5 v 
Voo = 1 ov, Vo = 1.0V or 9.0V 3.0 4 3.0 3.0 v 
Voo = 15V, Vo= 1.5Vor13.5V 4.0 6 4.0 4.0 v 
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::; DC Electrical Characteristics (Note 2)-CD4541 sc (Continued) 
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Symbol Parameter Conditions 
-40°C +25°C +ss0 c 

Units 
Min Max Min Typ Max Min Max 

V1H High Level Input Voltage Voo = 5V, Vo= 0.5Vor4.5V 3.5 3.5 3 3.5 v 
Voo = 1 OV, Vo = 1.0V or 9.0V 7.0 7.0 6 7.0 v 
Voo = 15V, Vo= 1.5Vor13.5V 11.0 11.0 9 11.0 v 

loL Low Level Output Current Voo = 5V, Vo = 0.4V 2.32 1.96 3.6 1.6 mA 
(Note 3) Voo = 10V, Vo= 0.5V 3.18 2.66 9.0 2.18 mA 

Voo = 15V, Vo= 1.5V 12.4 10.4 34.0 8.50 mA 

loH High Level Output Current Voo = 5V, Vo = 2.5V 5.1 4.27 130 3.5 mA 
(Note 3) Voo = 10V, Vo= 9.5V 2.69 2.25 8.0 1.85 mA 

Voo = 15V, Vo= 13.5V 10.5 8.8 30.0 7.22 mA 

l1N Input Current Voo = 15V, V1N = ov -0.3 -10-5 -0.3 -1.0 µA 
Voo = 15V, V1N = 15V 0.3 10-s 0.3 1.0 µA 

AC Electrical Characteristics* TA = 25°C, CL = 50 pF (refer to test circuits) 

Symbol Parameter Conditions Min Typ Max Units 

trLH Output Rise Time Voo = 5V 50 200 ns 
Voo = 1ov 30 100 ns 
Voo = 15V 25 80 ns 

trHL Output Fall Time Voo = 5V 50 200 ns 
Voo = 1ov 30 100 ns 
Voo = 15V 25 80 ns 

tPLH, tPHL Turn-Off, Turn-On Propagation Delay, Voo = 5V 1.8 4.0 µ.s 
Clock to Q (28 Output) Voo = 1ov 0.6 1.5 µ.s 

Voo = 15V 0.4 1.0 µ.s 

tPHL, lPLH Turn-On, Turn-Off Propagation Delay, Voo = 5V 3.2 8.0 µ.s 
Clock to Q (216 Output) Voo = 1ov 1.5 3.0 µ.s 

v 00 = 15V 1.0 2.0 µ.s 

twH(CL) Clock Pulse Width Voo = 5V 400 200 ns 
Voo = 1ov 200 100 ns 
Voo = 15V 150 70 ns 

fcL Clock Pulse Frequency Voo = 5V 2.5 1.0 MHz 
Voo = 1ov 6.0 3.0 MHz 
Voo = 15V 8.5 4.0 MHz 

twH(R) MR Pulse Width Voo = 5V 400 170 ns 
v 00 = 10v 200 75 ns 
Voo = 15V 150 50 ns 

C1 Average Input Capacitance Any Input 5.0 7.5 pF 

Cpo Power Dissipation Capacitance (Note 4) 100 pF 

•AC Parameters are guaranteed by DC correlated testing. 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range" 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 

Note 2: Vss = OV unless otherwise specified. 

Note 3: loH and loL are tested one output at a time. 

Note 4: Cpo determines the no load AC power consumption of any CMOS device. For complete explanation, see 54C/74C family characteristics application note 
AN-90. 
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Truth Table 

Pin 
State 

0 1 

5 Auto Reset Operating Auto Reset Disabled 

6 Timer Operational Master Reset On 

9 Output Initially Low Output Initially High 
after Reset after Reset 

10 Single Cycle Mode Recycle Mode 

Operating Characteristics 
With Auto Reset pin set to a "O" the counter circuit is initial
ized by turning on power. Or with power already on, the 
counter circuit is reset when the Master Reset pin is set to a 
"1". Both types of reset will result in synchronously reset
ting all counter stages independent of counter state. 

The RC oscillator frequency is determined by the external 
RC network, i.e.: 

1 . 
f = -R C 1f(1kHz~f~100kHz) 

2.3 tc tc 

and Rs :::::: 2 Rte where Rs ;;:: 10 k!l 

The time select inputs (A and B) provide a two-bit address 
to output any one of four counter stages (28, 210, 213, and 
216). The 2n counts as shown in the Division Ratio Table 
represent the Q output of the Nth stage of the counter. 
When A is "1", 216 is selected for both states of B. 

Rs 

PULSE 
GENERATOR 

Power Dissipation Test 
Circuit and Waveforms 

Yoo 

~~-0--1 Rs 

AR 

Q/'Q" SELECT 

MODE 

MR 

'------.ovss 
(Ric and Ctc outputs are left open) ':" 

r 
TL/F/6001-3 

TL/F/6001-5 

Division Ratio Table 
Number of 

Count 
A B Counter Stages 

2n 
n 

0 0 13 8192 

0 1 10 1024 

1 0 8 256 

1 1 16 65536 

However, when Bis "O", normal counting is interrupted and 
the 9th counter stage receives its clock directly from the 
oscillator (i.e., effectively outputting 2B). 

The Q/Q select output control pin provides for a choice of 
output level. When the counter is in a reset condition and 
Q/Q select pin is set to a "O" the Q output is a "O". Corre
spondingly, when Q/Q select pin is set to a "1" the Q output 
is a "1". 

When the mode control pin is set to a "1 ", the selected 
count is continually transmitted to the output. But, with 
mode pin "O" and after a reset condition the RS flip-flop 
resets (see Logic Diagram), counting commences and after 
2n-1 counts the RS flip-flop sets which causes the output 
to change state. Hence, after another 2n -1 counts the out
put will not change. Thus, a Master Reset pulse must be 
applied or a change in the mode pin level is required to 
reset the single cycle operation. 

Rs 

PULSE 
GENERATOR 

Switching Time Test 
Circuit and Waveforms 

Yoo 

1---+-o---t RS 

AR 

aia SELECT 

MODE 

A 

MR 

-----ovss 

a 

r 
TL/F/6001-4 

50% 

TL/F/6001-6 
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Operating Characteristics (Continued) 

Osclllator Circuit Using RC Configuration 

I 
I INTERNAL 

RESET L _____ _ 

Typical RC Osclllator 
Characteristics 

RS 

12.0 _I 

8.0 Yoo= 15V ~ 

g 4.0 ~'\: 

! 0 ;:: •• -· • •••••• •••••• :::::f :P 
Q -4.0 ..., •••••••• , ·:s: Yoo ~1DV 
~ /, VD0=5V 
as .tJ -s -8.0 ~:::!===*-.i.+--i~==t===t==t a: to--" 

-12.0 1---+---+--t--+---t--+---i 

-55 -25 25 75 

TA, AMBIENT TEMPERATURE (°C) 

Solid Line= Rye= 56 kn, Rs= 1 kn and C = 1000 pF 
f = 10.2 kHz® v00 = 1ov and TA= 25°C 

Dashed Line= Rye= 56 kn, Rs= 120 kn and C = 1000 pF 
f = 7.75 kHz® v00 = 1ov and TA= 25°C 

125 

YL/F/6001-B 

N 

2. 

TL/F/6001-7 

RC Osclllator Frequency as a 

100 
Function of Rye and C 

Rye, RESISTANCE (OHMS) 
0.0001 0.001 0.01 0.1 

C, CAPACITANCE (µ.F) 

Line A: fas a function of C and (Rye= 56 kn; Rs = 120k) 

Line B: fas a function of Rye and (C = 100 pF; Rs = 2 Rye) 
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~National 
D Semiconductor 
CD4543BM/CD4543BC BCD-to-7-Segment 
Latch/Decoder/Driver for Liquid Crystals 
General Description 
The CD4543BM/CD4543BC is a monolithic CMOS BCD-to-
7-segment latch/decoder/driver for use with liquid crystal 
and other types of displays. The circuit provides the func
tions of a 4-bit storage latch and an 8421 BCD-to-7-seg
ment decoder and driver. The device has the capability to 
invert the logic levels of the output combination. The phase 
(Ph), blanking (Bl) and latch disable (LO) inputs are used to 
reverse the truth table phase, blank the display, and store a 
BCD code, respectively. For liquid crystal (LC) readouts, a 
square wave is applied to the Ph input of the circuit and the 
electrically common backplane of the display, and the out
puts of the circuit are connected directly to the segments of 
the LC readout. For other types of readouts, such as light
emitting diode (LED), incandescent, gas discharge, and flu
orescent readouts, connection diagrams are given on this 
data sheet. 

All inputs are protected against static discharge by diode 
clamps to Voo and V55. 

Connection Diagram and Truth Table 

1 
LD 

f 

J!s 

l 

1 
!2 
c 

Dual-In-Line Package 

!3 
B 

l 

l 

d 

12 

!5 
A 

Top View 

l 

l 

Order Number CD4543B* 
•Please look into Section B, Appendix D 
for availability of various package types. 

b 

110 

l 

l 
J17 

a 
9 

~ 

_IB 
Yss 

TL/F/6002-1 

Features 
• Wide supply voltage range 
• High noise immunity 
• Low power TTL 

compatibility 
• Low power dissipation 

3.0V to 18V 
0.45 Voo (typ.) 

Fan out of 2 driving 74L 
or 1 driving 7 4LS 

50 nA/package (typ.) 
atVoo =5.0V 

• Latch storage 
• Blanking input 
• Blank for all illegal inputs 
• Direct-drive LCD, LED and VF displays 
• Pin-for-pin replacement for CD4056B (with pin 7 tied to 

Vss) 
• Pin-for-pin replacement for Motorola MC14543B 

Applications 
• Instrument (e.g., counter, DVM, etc.) display driver 
• Computer/calculator display driver 
• Cockput display driver 
• Various clock, watch, and timer users 

Inputs Outputs 

LO Bl Ph• D C B A a b c d e f 

x 1 0 x x x x 0 0 0 0 0 0 

1 0 0 0 0 0 0 1 1 1 1 1 1 
1 0 0 0 0 0 1 0 1 1 0 0 0 
1 0 0 0 0 1 0 1 1 0 1 1 0 
1 0 0 0 0 1 1 1 1 1 1 0 0 

1 0 0 0 1 0 0 0 1 1 0 0 1 
1 0 0 0 1 0 1 1 0 1 1 0 1 
1 0 0 0 1 1 0 1 0 1 1 1 1 
1 0 0 0 1 1 1 1 1 1 0 0 0 

1 0 0 1 0 0 0 1 1 1 1 1 1 
1 0 0 1 0 0 1 1 1 1 1 0 1 
1 0 0 1 0 1 0 0 0 0 0 0 0 
1 0 0 1 0 1 1 0 0 0 0 0 0 

1 0 0 1 1 0 0 0 0 0 0 0 0 
1 0 0 1 1 0 1 0 0 0 0 0 0 
1 0 0 1 1 1 0 0 0 0 0 0 0 
1 0 0 1 1 1 1 0 0 0 0 0 0 

0 0 0 x x x x .. 
t t 1 t Inverse of Output 

Combinations Above 

X = Don't care 
t = Above combinations 
• = For liquid crystal readouts, apply a square wave to Ph. 

For common cathode LED readouts, select Ph = O. 
For common anode LED readouts, select Ph = 1. 

g Display 

0 Blank 

0 0 
0 1 
1 2 
1 3 

1 4 
1 5 
1 6 
0 7 

1 B 
1 9 
0 Blank 
0 Blank 

0 Blank 
0 Blank 
0 Blank 
0 Blank .. 

Display 
as Above 

• • = Depends upon the BCD code previously applied when LO = 1. 

Dlsplay Format ,, 
LI 
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Absolute Maximum Ratings (Notes 1 & 2) Recommended Operating 
If Miiitary/Aerospace specified devices are required, Conditions (Note 2) 
contact the National Semiconductor Sales Office/ 

DC Supply Voltage (Voo) 3 Voe to 15 Voe Distributors for avallablllty and specifications. 

DC Supply Voltage (Voo) -0.5 Voe to+ 18 Voe 
Input Voltage (V1N) o Voe to Voo Voe 

Input Voltage MN) -0.5 Voe to Voo + 0.5 Voe 
Operating Temperature Range (TA) 

CD4543BM - 55°C to + 125•c 
Storage Temp. Range (Ts) - 65°C to + 150°c CD4543BC - 4o•c to + 85°C 
Power Dissipation (Po) 

Dual-In-Line 700mW 
Small Outline 500mW 

Lead Temperature (TL.) 
(Soldering, 10 seconds) 260°c 

DC Electrical Characteristics co4543BM (Note 2> 

Symbol Parameter Conditions 
-ss·c +2s0 c + 12s·c 

Units 
Min Max Min Typ Max Min Max 

loo Quiescent Device Voo = 5V, V1N = Voo or Vss 5 5 150 µA 
Current Voo = 1 ov, V1N = Voo or Vss 10 10 300 µA 

Voo = 15V, V1N = Voo or Vss 20 20 600 µA 

VoL Low Level Voo = 5V } 0.05 0 0.05 0.05 v 
Output Voltage Voo = 1ov iloi < 1 µA 0.05 0 0.05 0.05 v 

Voo = 15V 0.05 0 0.05 0.05 v 

VoH High Level v 00 = 5V } 4.95 4.95 5 4.95 v 
Output Voltage v 00 = 1ov iloi < 1 µA 9.95 9.95 10 9.95 v 

Voo = 15V 14.95 14.95 15 14.95 v 

V1L Low Level Voo = 5V, Vo = 0.5V or 4.5V 1.5 1.5 1.5 v 
Input Voltage Voo = 10V, Vo= 1Vor 9V 3.0 3.0 3.0 v 

Voo = 15V, Vo= 1.5Vor13.5V 4.0 4.0 4.0 v 

V1H High Level Voo = 5V, Vo = 0.5V or 4.5V 3.5 3.5 3.5 v 
Input Voltage Voo = 10V, Vo= 1Vor 9V 7.0 7.0 7.0 v 

Voo = 15V, Vo= 1.5Vor 13.5V 11.0 11.0 11.0 v 

IQL Low Level Output Voo = 5V, Vo = 0.4V 0.64 0.51 0.36 mA 
Current (Note 3) Voo = 1 OV, Vo = 0.5V 1.6 1.3 0.9 mA 

Voo = 15V, Vo= 1.5V 4.2 3.4 2.4 mA 

loH High Level Output Voo = 5V, Vo = 4.6V -0.64 -0.51 -0.36 mA 
Current (Note 3) Voo = 1 OV, Vo = 9.5V -1.6 -1.3 -0.9 mA 

Voo = 15V, Vo= 13.5V -4.2 -3.4 -2.4 mA 

l1N Input Current Voo = 15V, v 1N = ov -0.1 -10-s -0.1 -1.0 µA 
Voo = 15V, V1N = 15V 0.1 10-s 0.1 1.0 µA 

DC Electrical Characteristics co4543sc (Note 2> 

Symbol Parameter Conditions 
-40°c +2s0c +ss·c 

Units 
Min Max Min Typ Max Min Max 

loo Quiescent Device Voo = 5V, V1N = Voo or Vss 20 20 150 µA 
Current Voo = 1ov, V1N = VooorVss 40 40 300 µA 

Voo = 15V, V1N = Voo or Vss 80 80 600 µA 

VOL Low Level Voo = 5V } 0.05 0 0.05 0.05 v 
Output Voltage v 00 = 1ov iloi < 1 µA 0.05 0 0.05 0.05 v 

Voo = 15V 0.05 0 0.05 0.05 v 

VoH High Level v 00 = 5V } 4.95 4.95 5 4.95 v 
Output Voltage Voo = 1ov iloi < 1 µA 9.95 9.95 10 9.95 v 

Voo = 15V 14.95 14.95 15 14.95 v 

V1L Low Level Voo = 5V, Vo= 0.5Vor4.5V 1.5 1.5 1.5 v 
Input Voltage Voo = 1ov, Vo= 1Vor9V 3.0 3.0 3.0 v 

Voo = 15V, Vo= 1.5Vor 13.5V 4.0 4.0 4.0 v 

V1H High Level Voo = 5V, Vo = 0.5V or 4.5V 3.5 3.5 3.5 v 
Input Voltage Voo = 1ov, Vo = 1V or 9V 7.0 7.0 7.0 v 

Voo = 15V, Vo= 1.5Vor 13.5V 11.0 11.0 11.0 v 

loL Low Level Output Voo = 5V, Vo = 0.4V 0.52 0.44 0.36 mA 
Current (Note 3) Voo = 10V, Vo= 0.5V 1.3 1.1 0.9 mA 

Voo = 15V, Vo= 1.5V 3.6 3.0 2.4 mA 
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DC Electrical Characteristics CD4543BC (Note 2) (Continued) 

Symbol Parameter Conditions 
-40°c +25° +as·c Units 

Min Max Min Typ Max Min Max 

loH High Level Output Voe = 5V, Vo = 4.6V -0.52 -0.44 -0.36 mA 
Current (Note 3) Voe = 10V, Vo = 9.5V -1.3 -1.1 -0.9 mA 

Voe= 15V, Vo= 13.5V -3.6 -3.0 -2.4 mA 

l1N Input Current Voe= 15V, V1N = ov -0.3 -10-s -0.3 -1.0 µA 
Voe= 15V, V1N = 15V 0.3 10-s 0.3 1.0 µA 

AC Electrical Characteristics* TA = 25°C, CL = 50 pF, Vss = 0, unless otherwise specified 

Symbol Parameter Conditions Min Typ Max Units 

tr Output Rise Time Voe= 5V 100 200 ns 
Voe= 1ov 50 100 ns 
Voe= 15V 40 80 ns 

t, Output Fall Time Voe= 5V 100 200 ns 
Voe= 1ov 50 100 ns 
Voo = 15V 40 80 ns 

tPLH Turn-ON Propagation Voe= 5V 450 1100 ns 
Delay Time Voe= 1ov 170 440 ns 

Voe= 15V 110 330 ns 

tPHL Turn-OFF Propagation Voe= 5V 500 1100 ns 
Delay Time Voe= 10V 180 440 ns 

Voe= 15V 120 330 ns 

tsET-UP Set-Up Time Voe= 5V -5 80 ns 
Voe= 1ov -2 30 ns 
Voe= 15V 0 20 ns 

tHOLD Hold Time Voe= 5V 30 120 ns 
Voe= 1ov 20 45 ns 
Voe= 15V 15 30 ns 

PW Lo Latch Disable Voe= 5V 50 250 ns 
Pulse Width Voe= 1ov 30 100 ns 

Voe= 15V 20 80 ns 

C1N Input Capacitance Per Input 5 7.5 pF 

Cpo Power Dissipation Capacitance See Cpo Measurement 
300 pF 

Waveforms (Note 4) 

•AC Parameters are guaranteed by DC correlated testing. 
Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed; they are not meant to imply that the devices 
should be operated at these limits. The tables of "Recommended Operating Conditions" and Electrical Characteristics" provide conditions for actual device 
operation. 
Note 2: Vss = OV unless otherwise specified. 
Note 3: loH and IOL are tested one output at a time. 
Note 4: Cpo determines the no load AC power consumption of a CMOS device. For a complete explanation, see "MM54C/74C Family Characteristics" Application 
Note AN-90. 
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Logic Diagram 

A 

D 

LD 

v00 =Pin16 
Vss =Pin B 

Typical Applications 
Liquid Crystal (LC) Readout 

CD45438 
OUTPUT-<>--

Ph 

..--..b--. 
-H+H-' I t I .. _,._ .. 

T 

PHASE 

~· 

~· 
~· 

*Transmission gates 
TL/F/6002-3 

TL/F /6002-4 

Incandescent Readout 

APPROPRIATE 
VOLTAGE 

CD4543B 
OUTPUT t-<>--JV"""-t 

Ph 

-::- Vss 

Light Emitting Diode (LED) Readout 

CD4543B 

OUTPUT H::>-'W"1--' 

Ph 

Voo 
TL/F/6002-6 

TL/F/6002-5 

Note: Bipolartransitors maybe added for gain (forVoo s: 10Vor lour~ 10 mA) 
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Typical Applications (Continued) 

Fluorescent Readout 

CD4543B 
OUTPUT1---o--

Ph 

Vss 

FILAMENT 
SUPPLY 

TL/F/6002-7 

CD4543B 

Gas Discharge Readout 

APPROPRIATE 
VOLTAGE 

OUTPUT t-e:>-""Vl-.IV--1 

Ph 

Vss 

TL/F/6002-8 

3Ya·Dlglt DVM with LCD Display 

Yoo 

I 
T 

TD.1µF 

,-, ,-, - • 

DJ 02 01 DO 

SIGN 

• • 

500k 500k 
Voo 

500k 

500k 
Voo 

a b c d I I I 

ADC3501/ ADC3701 

Display 9.999 when overflowed. All digits can also be blanked at overflow by typing OFL to Bl on the CD4543's. 
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Switching Time Waveforms 

c 

I 

Cpo Measurement Waveforms 

Yoo --+--i---... 
A, BAND C 

Vss 

VoH 
ANY OUTPUT 

Vol 

Inputs Bl and Ph low, and inputs D and LO high. f In respect 
to a system clock. 
All outputs connected to respective CL loads. 

Dynamic Signal Waveforms 

Voa-----1,--~~------~ 
LO 

TL/F /6002-10 

Voo----1-~-----..... 
c 

Vss 

VoL------t--i---------

TL/F/6002-11 

(a) Inputs D, Ph and Bl Low, and Inputs A, Band LO High 
TL/F/6002-12 

(b) (Inputs D, Ph and Bl Low, and Inputs A and B High 

Yoo D 
LO ---- 50% ----Vss 

PWLD 
TL/F/6002-13 

(c) Data DCBA Strobe Into Latches 
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~National 
~Semiconductor 

CD4723BM/CD4723BC Dual 4-Bit Addressable Latch 
CD4724BM/CD4724BC 8-Bit Addressable Latch 

General Description 
The CD4723B is a dual 4-bit addressable latch with com
mon control inputs, including two address inputs (AO, A 1 ), 
an active low enable input (E), and an active high clear input 
(CL). Each latch has a data input (D) and four outputs (00-
03). The CD4724B is an 8-bit addressable latch with three 
address inputs (AO-A2), an active low enable input (E), ac
tive high clear input (CL), a data input (D) and eight outputs 
(00-07). 

Data is entered into a particular bit in the latch when that is 
addressed by the address inputs and the enable (E) is low. 
Data entry is inhibited when enable (E) is high. 

When clear (CL) and enable (E) are high, all outputs are low. 
When clear (CL) is high and enable (E) is low, the channel 
demultiplexing occurs. The bit that is addressed has an ac
tive output which follows the data input while all unad
dressed bits are held low. When operating in the address-

Connection Diagrams 

able latch mode (E = CL = low), changing more than one 
bit of the address could impose a transient wrong address. 
Therefore, this should only be done while in the memory 
mode (E = high, CL = low). 

Features 
• Wide supply voltage range 
• High noise immunity 
• Low power TIL 

compatibility 
• Serial to parallel capability 
• Storage register capability 

3.0V to 15V 
0.45 Voo (typ.) 

fan out of 2 driving 74L 
or 1 driving 74LS 

• Random (addressable) data entry 
• Active high demultiplexing capability 
• Common active high clear 

CD4723B 
Dual-In-Line Package 

CD4724B 

AD 

Al 

Da 

OD1 
4 

011 

02. 

OJ, 

Vss 

Top View 

Truth Table 

E CL 

L L 
H L 
L H 
H H 

Dual·ln·Llne Package 

16 Vao AD 1& Vaa 

15 CL A1 15 CL 

14 E A2 14 E 

IJ Db OD 13 D 

12 DJb QI 12 
07 

II 02b 02 11 06 

ID Olb OJ ID OJ 

9 
ODb Vss 

9 
04 

TL/F/6003-1 TL/F/6003-2 

Top View 

Mode Selection 

Addressed Unaddressed 
Latch Latch 

Follows Data Holds Previous Data 
Hold Previous Data Holds Previous Data 
Follows Data Reset to "O" 
Reset to 'O" Reset to "O" 

5-323 

Order Number CD4723B* or 
CD4724B* 

•Please look into Section 8, Appendix D 
for availability of various package types. 

Mode 

Addressable Latch 
Memory 
Demultiplexer 
Clear 
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Absolute Maximum Ratings (Notes 1 & 2> 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications • 

DC Supply Voltage (Voo) -0.5V to + 18 Voe 

Input Voltage (V1N) -0.5V to Voo + 0.5 Voe 

Storage Temperature (Ts) - 65°C to + 150°C 

Power Dissipation (Po) 
Dual-In-Line 
Small Outline 

Lead Temperature (Tu 
(Soldering, 1 O seconds) 

700mW 
500mW 

260°c 

Recommended Operating 
Conditions (Note 2) 

DC Supply Voltage <Voo) 

Input Voltage (V1N) 

Operating Temperature Range (TA) 
CD4723BM/CD4724BM 
CD4723BC/CD4724BC 

3.0V to 15 Voe 

OVtoVoo Voe 

- 55°C to + 125·c 
- 40°c to + 85°C 

DC Electrical Characteristics CD4723BM/CD4724BM (Note 2> 

Symbol Parameter Conditions 
-ss·c +2s0 c +12s·c 

Units 
Min Max Min Typ Max Min Max 

loo Quiescent Device Voo = 5V 5.0 0.02 5.0 150 µA 
Current Voo = 1ov 10 0.02 10 300 µA 

v 00 = 15V 20 0.02 20 600 µA 

Vol Low Level llol:::: 1 µA 
Output Voltage Voo = 5V 0.05 0 0.05 0.05 v 

Voo = 1ov 0.05 0 0.05 0.05 v 
Voo = 15V 0.05 0 0.05 0.05 v 

VoH High Level llol:::: 1 µA 
Output Voltage Voo = 5V 4.95 4.95 5.0 4.95 v 

Voo = 1ov 9.95 9.95 10 9.95 v 
Voo = 15V 14.95 14.95 15 14.95 v 

V1L Low Level Voo = 5V, Vo= 0.5Vor4.5V 1.5 2.25 1.5 1.5 v 
Input Voltage Voo = 10V, Vo= 1Vor9V 3.0 4.5 3.0 3.0 v 

Voo = 15V, Vo= 1.5Vor 13.5V 4.0 6.75 4.0 4.0 v 

V1H High Level Voo = 5V, Vo = 0.5V or 4.5V 3.5 3.5 2.75 3.5 v 
Input Voltage Voo = 10V, Vo= 1Vor9V 7.0 7.0 5.5 7.0 v 

Voo = 15V, Vo= 1.5Vor 13.5V 11.0 11.0 8.25 11.0 v 

loL Low Level Output Voo = 5V, Vo = 0.4V 0.64 0.51 0.88 0.36 mA 
Current Voo = 10V, Vo= 0.5V 1.6 1.3 2.25 0.9 mA 
(Note 3) Voo = 15V, Vo= 1.5V 4.2 3.4 8.8 2.4 mA 

loH High Level Output Voo = 5V, Vo = 4.6V -0.64 -0.51 -0.88 -0.36 mA 
Current Voo = 10V, Vo = 9.5V -1.6 -1.3 -2.25 -0.9 mA 
(Note 3) Voo = 15V, Vo= 13.5V -4.2 -3.4 -8.8 -2.4 mA 

l1N Input Current Voo = 15V, V1N = ov -0.1 -10-s -0.1 -1.0 µA 
Voo = 15V, V1N = 15V 0.1 10-s 0.1 1.0 µA 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed; they are not meant to imply that the devices 
should be operated at these limits. The tables of "Recommended Operating Conditions" and Electrical Characteristics" provide conditions for actual device 
operation. 

Note 2: Vss = OV unless otherwise specified. 

Note 3: loL and loH are tested one output at a time. 
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DC Electrical Characteristics co4123sc1co4124sc (Note 2> 

Symbol Parameter Conditions 
-40°c +2s0 c +as·c 

Units 
Min Max Min Typ Max Min Max 

loo Quiescent Device Voo = 5V 20 0.02 20 150 µA 
Current Voo = 1ov 40 0.02 40 300 µA 

Voo = 15V 80 0.02 80 600 µA 

VoL Low Level llol:::: 1 µA 
Output Voltage Voo = 5V 0.05 0 0.05 0.05 v 

Voo = 1ov 0.05 0 0.05 0.05 v 
Voo = 15V 0.05 0 0.05 0.05 v 

VoH High Level llol:::; 1 µA 
Output Voltage Voo = 5V 4.95 4.95 5.0 4.95 v 

Voo = 1ov 9.95 9.95 10 9.95 v 
Voo = 15V 14.95 14.95 15 14.95 v 

V1L Low Level Voo = 5V, Vo = 0.5V or 4.5V 1.5 2.25 1.5 1.5 v 
Input Voltage Voo = 10V, Vo= 1Vor9V 3.0 4.5 3.0 3.0 v 

Voo = 15V, Vo= 1.5Vor 13.5V 4.0 6.75 4.0 4.0 v 

V1H High Level Voo = 5V, Vo = 0.5V or 4.5V 3.5 3.5 2.75 3.5 v 
Input Voltage Voo = 10V, Vo= 1Vor9V 7.0 7.0 5.5 7.0 v 

Voo = 15V, Vo= 1.5Vor 13.5V 11.0 11.0 8.25 11.0 v 

loL Low Level Output Voo = 5V, Vo = 0.4V 0.52 0.44 0.88 0.36 mA 
Current Voo = 10V, Vo= 0.5V 1.3 1.1 2.25 0.9 mA 
(Note3) Voo = 15V, Vo= 1.5V 3.6 3.0 8.8 2.4 mA 

loH High Level Output Voo = 5V, Vo = 4.6V -0.52 -0.44 -0.88 -0.36 mA 
Current Voo = 10V, Vo= 9.5V -1.3 -1.1 -2.25 -0.9 mA 
(Note 3) Voo = 15V, Vo= 13.5V -3.6 -3.0 -8.8 -2.4 mA 

l1N Input Current Voo = 15V, V1N = ov -0.30 -10-s -0.30 -1.0 µA 
Voo = 15V, V1N = 15V 0.30 10-s 0.30 1.0 µA 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed; they are not meant to imply that the devices 
should be operated at these limits. The tables of "Recommended Operating Conditions" and Electrical Characteristics" provide conditions for actual device 
operation. 

Note 2: Vss = OV unless otherwise specified. 

Note 3: loL and loH are tested one output at a time. 
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AC Electrical Characteristics* 
TA = 25°C, CL = 50 pF, RL = 200k, Input tr = tr = 20 ns, unless otherwise noted 

Symbol Parameter Conditions Min Typ Max Units 

tPHL, tPLH Propagation Delay V00 = 5V 200 400 ns 
Data to Output Voo = 1ov 75 150 ns 

V00 = 15V 50 100 ns 

tPLH• tPHL Propagation Delay v 00 = 5V 200 400 ns 
Enable to Output Voo = 10v 80 160 ns 

v 00 = 15V 60 120 ns 

tPHL Propagation Delay Voo = 5V 175 350 ns 
Clear to Output Voo = 10v 80 160 ns 

Voo = 15V 65 130 ns 

tPLH• tPHL Propagation Delay V00 = 5V 225 450 ns 
Address to Output v 00 = 1ov 100 200 ns 

Voo = 15V 75 150 ns 

trHL· trLH Transition Time v 00 = 5V 100 200 ns 
(Any Output) Voo = 10v 50 100 ns 

Voo = 15V 40 80 ns 

TwH. TwL Minimum Data Voo = 5V 100 200 ns 
Pulse Width Voo = 10v 50 100 ns 

V00 = 15V 40 80 ns 

twH. twL Minimum Address Voo = 5V 200 400 ns 
Pulse Width v 00 = 10v 100 200 ns 

v 00 = 15V 65 125 ns 

twH Minimum Clear Voo = 5V 75 150 ns 
Pulse Width Voo = 1ov 40 75 ns 

Voo = 15V 25 50 ns 

tsu Minimum Setup Time V00 = 5V 40 80 ns 
Data to E Voo = 10v 20 40 ns 

V00 = 15V 15 30 ns 

tH Minimum Hold Time Voo = 5V 60 120 ns 
Data to E Voo = 10v 30 60 ns 

v 00 = 15V 25 50 ns 

tsu Minimum Setup Time v 00 = 5V -15 50 ns 
Address to E Voo = 10v 0 30 ns 

Voo = 15V 0 20 ns 

tH Minimum Hold Time Voo = 5V -50 15 ns 
Address to E Voo = 10v -20 10 ns 

Voo = 15V -15 5 ns 

Cpo Power Dissipation Per Package 
100 pF 

Capacitance (Note 4) 

C1N Input Capacitance Any Input 5.0 7.5 pF 

•AC Parameters are guaranteed by DC correlated testing. 
Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed; they are not meant to imply that the devices 
should be operated at these limits. The tables of "Recommended Operating Conditions" and Electrical Characteristics" provide conditions for actual device 
operation. 
Note 2: Vss = OV unless otherwise specified. 
Note 3: IOL and loH are tested one output at a time. 
Note 4: Dynamic power dissipation (Po) is given by: Po = (Cpo + Ct) Vcc2f + Pa; where CL = load capacitance; f = frequency of operation; for further details, 
see Application Note AN-90, "54C/74C Family Characteristics". 
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Logic Diagrams 
CD4723B 

TL/F/6003-3 
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Logic Diagrams (Continued) 

CD4724B 

TL/F/6003-4 
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Switching Time Waveforms 
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Section 6 
MM54CXXX/MM74CXXX 
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D Semiconductor 
ADC0808, ADC0809 8-Bit µP Compatible A/D Converters 
with 8-Channel Multiplexer 

General Description 
The ADC0808, ADC0809 data acquisition component is a 
monolithic CMOS device with an 8-bit analog-to-digital con
verter, 8-channel multiplexer and microprocessor compati
ble control logic. The 8-bit AID converter uses successive 
approximation as the conversion technique. The converter 
features a high impedance chopper stabilized comparator, a 
256R voltage divider with analog switch tree and a succes
sive approximation register. The 8-channel multiplexer can 
directly access any of 8-single-ended analog signals. 

The device eliminates the need for external zero and full
scale adjustments. Easy interfacing to microprocessors is 
provided by the latched and decoded multiplexer address 
inputs and latched TTL TRI-STATE® outputs. 

The design of the ADC0808, ADC0809 has been optimized 
by incorporating the most desirable aspects of several AID 
conversion techniques. The ADC0808, ADC0809 offers high 
speed, high accuracy, minimal temperature dependence, 
excellent long-term accuracy and repeatability, and con
sumes minimal power. These features make this device 
ideally suited to applications from process and machine 
control to consumer and automotive applications. For 16-
channel multiplexer with common output (sample/hold port) 
see ADC0816 data sheet. (See AN-247 for more informa
tion.) 

Block Diagram 

6-3 

Features 
• Easy interface to all microprocessors 
• Operates ratiometrically or with 5 Voe or analog span 

adjusted voltage reference 
• No zero or full-scale adjust required 
• 8-channel multiplexer with address logic 
• OV to 5V input range with single 5V power supply 
• Outputs meet TTL voltage level specifications 
• Standard hermetic or molded 28-pin DIP package 
• 28-pin molded chip carrier package 
• ADC0808 equivalent to MM7 4C949 
• ADC0809 equivalent to MM74C949-1 

Key Specifications 
• Resolution 
• Total Unadjusted Error 
• Single Supply 
• Low Power 
• Conversion Time 
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~ ADC0816, ADC0817 8-Bit µP Compatible A/D Converters 
~ with 16-Channel Multiplexer 

General Description 
The ADC0816, ADC0817 data acquisition component is a 
monolithic CMOS device with an 8-bit analog-to-digital con
verter, 16-channel multiplexer and microprocessor compati
ble control logic. The 8-bit AID converter uses successive 
approximation as the conversion technique. The converter 
features a high impedance chopper stabilized comparator, a 
256R voltage divider with analog switch tree and a succes
sive approximation register. The 16-channel multiplexer can 
directly access any one of 16-single-ended analog signals, 
and provides the logic for additional channel expansion. Sig
nal conditioning of any analog input signal is eased by direct 
access to the multiplexer output, and to the input of the 8-bit 
AID converter. 

The device eliminates the need for external zero and full
scale adjustments. Easy interfacing to microprocessors is 
provided by the latched and decoded multiplexer address 
inputs and latched TTL TRI-STATE® outputs. 

The design of the ADC0816, ADC0817 has been optimized 
by incorporating the most desirable aspects of several AID 
conversion techniques. The ADC0816, ADC0817 offers high 
speed, high accuracy, minimal temperature dependence, 
excellent long-term accuracy and repeatability, and con
sumes minimal power. These features make this device 
ideally suited to applications from process and machine 
control to consumer and automotive applications. For simi
lar performance in an 8-channel, 28-pin, 8-bit AID convert
er, see the ADC0808, ADC0809 data sheet. (See AN-258 
for more information.) 

Block Diagram 
COMPARATOR IN 

II ANALOG INPUTS 

4-BIT ADDRESS{ 

AOORESS LATCH ENABLE 

EXPANSION CONTROL 

II CHANNELS 
MULTIPLEXING 

ANALOG 
SWITCHES 

ADDRESS 
LATCH 

ANO 
DECODER 

1 1 
Vee GND 
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Features 
• Easy interface to all microprocessors, or operates 

"stand alone" 
• Operates ratiometrically or with 5 Voe or analog span 

adjusted voltage reference 
• 16-channel multiplexer with latched control logic 
• Outputs meet TTL voltage level specifications 
• OV to 5V analog input voltage range with single 5V sup-

ply 
• No zero or full-scale adjust required 
• Standard hermetic or molded 40-pin DIP package 
• Temperature range -40°C to +85°C or -55°C to 

+ 125°c 
• Latched TRI-STATE output 
• Direct access to "comparator in" and "multiplexer out" 

for signal conditioning 
• ADC0816 equivalent to MM74C948 
• ADC0817 equivalent to MM74C948-1 

Key Specifications 
• Resolution 
• Total Unadjusted Error 
• Single Supply 
• Low Power 
• Conversion Time 

START CLOCK 

OUTPUT 
ENABLE 
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5 Voe 
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100 µs 
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ADC0829 µP Compatible 8-Bit A/D 
with 11-Channel MUX/Digital Input 

General Description 
The ADC0829 is an 8-bit successive approximation AID 
converter with an 11-channel multiplexer of which six can 
be used as digital inputs, as well as, analog inputs. 

This AID is designed to operate from the µP data bus using 
a single 5V supply. 

Channel selection, conversion control, software configura
tion and bus interface logic are all contained on this mono
lithic CMOS device. 

This device contains three 16-bit registers which are ac
cessed via double byte instructions. The control register is a 
write only register which controls the start of a new conver
sion, selects the channel to be converted, configures the 8-
bit 1/0 port as input or output, and provides information for 
the 8-bit output register. 

The conversion results register is a read only register which 
contains the current status and most recent conversion re
sults. The discrete input register is also a read only register 
which contains the four address bits of the selected chan
nel, and the six discrete inputs which are connected to the 
analog multiplexer. 

Connection and Block Diagrams 

AGNO 28 VREr{CH1) 

GNO 2 27 Vee 

087 26 CHO CHO, 11 11 
CH2-CH11 

086 4 2S CH2 PO-PS 

08S s 24 CH3 

084 6 23 CH4 

083 7 22 CHS 

082 8 21 PO(CH10) 

081 20 Pl {CH11) 

080 10 19 P2{CH8) 

R/W 11 18 P3{CH9) 

lfi2CLOCK 12 17 P4{CH6) 

RSI 13 16 PS {CH7) 

cs 14 1S RESET 

TL/H/5508-1 

Top View 

Ordering Information 

Error 
± 1 /2 Bit Unadjusted ADC0829BCN 

± 1 Bit Unadjusted ADC0829CCN 

Package Outline N28B 

6-5 

Features 
• Easy interface to all microprocessors or operates 

"stand alone" 
• Operates ratiometrically or with analog span adjusted 

voltage reference 
• 11-Channel multiplexer with latched control logic of 

which six can be used as digital inputs 
• 0 to 5V analog input range with single 5V supply 
• TTL/MOS input/output compatible 
• No zero or full scale adjusts required 
• Standard 28-pin DIP 
• Temperature range -40°C to +85'C 
• ADC0829 equivalent to MM74C934 

Key Specification 
• Resolution 
• Total Unadjusted Error 
• Conversion Time 
• Single Supply 
• Low Power 
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PRELIMINARY 

ADC3511 3%-Digit Microprocessor Compatible A/D 
Converter 
ADC3711 33/4-Digit Microprocessor Compatible A/D 
Converter 

General Description 
The ADC3511 and ADC3711 (MM74C937, MM74C938-1) 
monolithic AID converter circuits are manufactured using 
standard complementary MOS (CMOS) technology. A pulse 
modulation analog-to-digital conversion technique is used 
and requires no external precision components. In addition, 
this technique allows the use of a reference voltage that is 
the same polarity as the input voltage. 

One 5V (TTL) power supply is required. Operating with an 
isolated supply allows the conversion of positive as well as 
negative voltages. The sign of the input voltage is automati
cally determined and indicated on the sign pin. If the power 
supply is not isolated, only one polarity of voltage may be 
converted. 

The conversion rate is set by an internal oscillator. The fre
quency of the oscillator can be set by an external RC net
work or the oscillator can be driven from an external fre
quency source. When using the external RC network, a 
square wave output is available. 

The ADC3511 and ADC3711 have been designed to pro
vide addressed BCD data and are intended for use with 
microprocessors and other digital systems. BCD digits are 
selected on demand via 2 Digit Select (DO, 01) inputs. Digit 
Select inputs are latched by a low-to-high transition on the 
Digit Latch Enable (OLE) input and will remain latched as 
long as OLE remains high. A start conversion input and a 

Connection Diagram 

conversion complete output are included on both the 
ADC3511 and the ADC3711. 

Features 
• Operates from single 5V supply 
• ADC3511 converts 0 to ± 1999 counts 
• ADC3711 converts 0 to ± 3999 counts 
• Addressed BCD outputs 
• No external precision components necessary 
• Easily interfaced to microprocessors or other digital 

systems 
• Medium speed-200 ms/conversion 
• TTL compatible 
• Internal clock set with RC network or driven externally 
• Overflow indicated by hex "EEEE" output reading as 

well as an overflow output 
• ADC3511 equivalent to MM74C937 
• ADC3711 equivalent to MM74C938-1 

Applications 
• Low cost analog-to-digital converter 
• Eliminate analog multiplexing by using remote 

AID converters 
• Convert analog transducers (temperature, pressure, dis

placement, etc.) to digital transducers 

Dual-In-Line Package 
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23 
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12 

TOP VIEW 
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ADD3501 3% Digit DVM with 
Multiplexed 7-Segment Output 

General Description 
The ADD3501 monolithic DVM circuit is manufactured using 
standard complementary MOS (CMOS) technology. A pulse 
modulation analog-to-digital conversion technique is used 
and requires no external precision components. In addition, 
this technique allows the use of a reference voltage that is 
the same polarity as the input voltage. 

One 5V (TTL) power supply is required. Operating with an 
isolated supply allows the conversion of positive as well as 
negative voltages. The sign of the input voltage is automati
cally determined and output on the sign pin. If the power 
supply is not isolated, only one polarity of voltage may be 
converted. 

The conversion rate is set by an internal oscillator. The fre
quency of the oscillator can be set by an external RC net
work or the oscillator can be driven from an external fre
quency source. When using the external RC network, a 
square wave output is available. It is important to note that 
great care has been taken to synchronize digit multiplexing 
with the AID conversion timing to eliminate noise due to 
power supply transients. 

The ADD3501 has been designed to drive 7-segment multi
plexed LED displays directly with the aid of external digit 
buffers and segment resistors. Under condition of over
range, the overflow output will go high and the display will 
read + OFL or -OFL, depending on whether the input volt
age is positive or negative. In addition to this, the most sig
nificant digit is blanked when zero. 

A start conversion input and a conversion complete output 
are included on all 4 versions of this product. 

Connection Diagram 
vcc 

ANALOG Vee 

Sd 

Sc 

Sb 

Sa 

Features 
• Operates from single 5V supply 
• Converts OV to ± 1.999V 
• Multiplexed 7-segment 

• Drives segments directly 
• No external precision component necessary 
• Accuracy specified over temperature 
• Medium speed - 200ms/conversion 
• Internal clock set with RC network or driven externally 
• Overrange Indicated by +OFL or -OFL display read

ing and OFLO output 
• Analog inputs in applications shown can withstand 

±200 Volts 

• ADD3501 equivalent to MM74C935 

Applications 
• Low cost digital power supply readouts 

• Low cost digital multimeters 
• Low cost digital panel meters 
• Eliminate analog multiplexing by using remote AID con

verters 
• Convert analog transducers (temperature, pressure, dis

placement, etc.) to digital transducers 
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ADD3701 33/4 Digit DVM with Multiplexed 7-Segment 
Output 

General Description 
The ADD3701 (MM7 4C936-1) monolithic DVM circuit is 
manufactured using standard complementary MOS (CMOS) 
technology. A pulse modulation analog-to-digital conversion 
technique is used and requires no external precision com
ponents. In addition, this technique allows the use of a refer
ence voltage that is the same polarity as the input voltage. 

One 5V (TTL) power supply is required. Operating with an 
isolated supply allows the conversion of positive as well as 
negative voltages. The sign of the input voltage is automati
cally determined and output on the sign pin. If the power 
supply is not isolated, only one polarity of voltage may be 
converted. 

The conversion rate is set by an internal oscillator. The fre
quency of the oscillator can be set by an external RC net
work or the oscillator can be driven from an external fre
quency source. When using the external RC network, a 
square wave output is available. It is important to note that 
great care has been taken to synchronize digit multiplexing 
with the AID conversion timing to eliminate noise due to 
power supply transients. 

The ADD3701 has been designed to drive 7-segment multi
plexed LED displays directly with the aid of external digit 
buffers and segment resistors. Under condition of over
range, the overflow output will go high and the display will 
read +OFL or -OFL, depending on whether the input volt
age is positive or negative. In addition to this, the most sig
nificant digit is blanked when zero. 

A start conversion input and a conversion complete output 
are included. 

Connection Diagram 

Vee 
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OFLO 

CONVERSION COMPLETE 

START CONVERSION 

SIGN 10 

VFILTER 11 
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VFB 14 

Features 
• Operates from single 5V supply 
• Converts O to ± 3999 counts 
• Multiplexed 7-segment 
• Drives segments directly 
• No external precision components necessary 

• Accuracy specified over temperature 
• Medium speed - 400 ms/conversion 
• Internal clock set with RC network or driven externally 
• Overrange indicated by + OFL or - OFL display read

ing and OFLO output 
• Analog inputs in applications shown can withstand 

±200 Volts 

• ADD3701 equivalent to MM74C936-1 

Applications 
• Low cost digital power supply readouts 

• Low cost digital multimeters 
• Low cost digital panel meters 
• Eliminate analog multiplexing by using remote AID con

verters 

• Convert analog transducers (temperature, pressure, dis
placement, etc.) to digital transducers 

• Indicators and displays requiring readout up to 3999 
counts 
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MM54COO/MM74COO Quad 2-lnput NANO Gate 
MM54C02/MM74C02 Quad 2-lnput NOR Gate 
MM54C04/MM74C04 Hex Inverter 
MM54C10/MM74C10 Triple 3-lnput NANO Gate 
MM54C20/MM74C20 Dual 4-lnput NANO Gate 

General Description 
These logic gates employ complementary MOS (CMOS) to 
achieve wide power supply operating range, low power con
sumption, high noise immunity and symmetric controlled 
rise and fall times. With features such as this the 54C/7 4C 
logic family is close to ideal for use in digital systems. Func
tion and pin out compatibility with series 54/7 4 devices mini
mizes design time for those designers already familiar with 
the standard 54/74 logic family. 

All inputs are protected from damage due to static dis
charge by diode clamps to Vee and GND. 

Connection Diagrams 

Features 
• Wide supply voltage range 
• Guaranteed noise margin 
• High noise immunity 

• Low power consumption 

• Low power 
TTL compatibility 

3V to 15V 
1V 

0.45 Vee (typ.) 
10 nW/package (typ.) 

Fan out of 2 
driving 74L 
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Dual-In-Line Packages 

MM54C02/MM74C02 MM54C04/MM74C04 

TL/F/5877-1 

Top View 

Order Number MM54Coo• or 
MM74COO* 

MM54C10/MM74C10 

Top View 

Order Number MM54C10* or 
MM74C10* 

7 
GND 

Vee 
14 13 12 11 10 

7 
GND 

TL/F/5877-2 TL/F/5877-3 

Top View 

Order Number MM54C02* or 
MM74C02* 

TL/F/5877-4 

Top View 

Order Number MM54C04 • 
or MM74C04* 

MM54C20/MM7 4C20 

Top View 

7 
GND 

Order Number MM54C20* or 
MM74C20* 

TL/F/5877-5 

•Please look into Section 8, Appendix D for availability of various package types. 
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Absolute Maximum Ratings 
If Military/Aerospace specified devices are required, Operating Vee Range 3.0Vto 15V 
contact the National Semiconductor Sales Office/ Maximum Vee Voltage 18V 
Distributors for availability and specifications. 

Power Dissipation (Po) 
Voltage at Any Pin -0.3VtoVee + 0.3V Dual-In-Line 700mW 
Operating Temperature Range Small Outline 500mW 

54C - 55°C to + 125°C Lead Temperature 
74C - 40°C to + 85°C (Soldering, 1 O seconds) 300°C 

Storage Temperature Range - 65°C to + 150°C 

DC Electrical Characteristics 
Min/Max limits apply across the guaranteed temperature range unless otherwise noted 

Symbol I Parameter I Conditions I Min I Typ I Max I Units 

CMOS TO CMOS 

V1N(1) Logical "1" Input Voltage Vee= 5.0V 3.5 v 

Vee= 1ov 8.0 v 

V1N(O) Logical "O" Input Voltage Vee= 5.ov 1.5 v 

Vee= 1ov 2.0 v 

Vour(1) Logical "1" Output Voltage Vee = 5.0V, lo = -10 µA 4.5 v 

Vee= 1ov, lo= -10 µA 9.0 v 

VouT(O) Logical "O" Output Voltage Vee= 5.0V, lo= 10 µA 0.5 v 

Vee= 1ov, 10 = 10 µA 1.0 v 

l1N(1) Logical "1" Input Current Vee= 15V, V1N = 15V 0.005 1.0 µA 

l1N(O) Logical "O" Input Current Vee= 15V, V1N = ov -1.0 -0.005 µA 

Ice Supply Current Vee= 15V 0.01 15 µA 

LOW POWER TO CMOS 

V1N(1) Logical "1" Input Voltage 54C, Vee= 4.5V Vee - 1.5 v 

74C, Vee = 4.75V Vee - 1.5 v 

V1N(O) Logical "O" Input Voltage 54C, Vee= 4.5V 0.8 v 

74C, Vee = 4.75V 0.8 v 

VouT(1) Logical "1" Output Voltage 54C, Vee= 4.5V, lo= -10 µA 4.4 v 

74C, Vee= 4.75V, lo= -10 µA 4.4 v 

VouT(O) Logical "O" Output Voltage 54C, Vee= 4.5V, lo= 10 µA 0.4 v 

74C, Vee = 4.75V, lo = 10 µA 0.4 v 

CMOS TO LOW POWER 

V1N(1) Logical "1" Input Voltage 54C, Vee= 4.5V 4.0 v 

74C, Vee = 4.75V 4.0 v 

V1N(O) Logical "O" Input Voltage 54C, Vee= 4.5V 1.0 v 

74C, Vee = 4.75V 1.0 v 

Vour(1) Logical "1" Output Voltage 54C, Vee= 4.5V, lo= -360 µA 2.4 v 

74C, Vee = 4.75V, lo = -360 µA 2.4 v 

VouT(O) Logical "O" Output Voltage 54C, Vee= 4.5V, lo= 360 µA 0.4 v 

74C, Vee = 4.75V, lo = 360 µA 0.4 v 

OUTPUT DRIVE (see 54C/74C Family Characteristics Data Sheet) TA = 25°C (short circuit current) 

lsoURCE Output Source Current Vee = 5.0V, V1N(O) = OV, Vour = ov -1.75 mA 

lsoURCE Output Source Current Vee= 10V, V1N(O) = OV, Vour = ov -8.0 mA 

ls1NK Output Sink Current Vee = 5.0V, V1N(1) = 5.0V, Vour = Vee 1.75 mA 

ls1NK Output Sink Current Vee = 10v, V1N(1) = 10v, Vour = Vee 8.0 mA 
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AC Electrical Characteristics* TA = 25°C, CL = 50 pF, unless otherwise specified 

Symbol Parameter Conditions Min Typ Max Units 

MM54COO/MM74COO, MM54C02/MM74C02, MM54C04/MM74C04 

tpdO• tpd1 Propagation Delay Time to Vee= 5.0V 50 90 ns 

Logical "1" or "O" Vee= 1ov 30 60 ns 

C1N Input Capacitance (Note2) 6.0 pF 

Cpo Power Dissipation Capacitance (Note 3) Per Gate or Inverter 12 pF 

MM54C10/MM74C10 

tpdO· tpd1 Propagation Delay Time to Vee= 5.0V 60 100 ns 
Logical "1" or "O" 

Vee= 1ov 35 70 ns 

C1N Input Capacitance (Note2) 7.0 pF 

Cpo Power Dissipation Capacitance (Note 3) Per Gate 18 pF 

MM54C20/MM74C20 

tpdO• tpd1 Propagation Delay Time to Vee= 5.0V 70 115 ns 

Logical "1" or "O" 
Vee= 1ov 40 80 ns 

C1N Input Capacitance (Note 2) g pF 

Cpo Power Dissipation Capacitance (Note 3) Per Gate 30 pF 

•AC Parameters are guaranteed by DC correlated testing. 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range" 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 

Note 2: Capacitance is guaranteed by periodic testing. 

Note 3: Cpo determines the no load AC power consumption of any CMOS device. For complete explanation see 54C/74C Family Characteristics Application 
Note-AN-90. 

Typical Performance Characteristics 

15 

10 

Gate Transfer Characteristics 

±±±:b ---TA =125'C 
Il lI l' -- TA= -55"C 
llil. ~ T 
V cc = 1 OV-t-t-t-+-+_l-t-+-tl-t-+-+-i 

'""J.,...,.J"°"J""":hiit-++-1~Vcc = 15V-++-H 
IIII 

~ l-f-P 
~ 

5
.
0 

Vee= 5,0V+.tt-tt+-t--+--+-l--+-+--+~ 

ffil± 
Hlli± 
l l'll..l. 

5.0 10 15 

"' ... 

Guaranteed Noise Margin 
Over Temperature vs Vee 

15V 
GUARANTEED OUTPUT 0 1° LEVEL 
Vour (1)@ INPUTS• V1"' (0) 

~ 4.05 .., § 3.05 

4.50V 1DV 15V 

Vee 
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Power Dissipation vs Frequency 
MM54COO/MM74COO, 
MM54C02/MM7 4C02, 
MM54C04/MM74C04 

INPUT FREQUENCY (Hz) 

TL/F/5877-6 
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Typical Performance Characteristics (Continued) 

Propagation Delay vs 
Ambient Temperature 
MM54COO/MM74COO, 
MM54C02/MM74C02, 
MM54C04/MM74C04 

100 ~e =S.OV T T 

Propagation Delay vs 
Ambient Temperature 
MM54COO/MM74COO, 
MM54C02/MM74C02, 
MM54C04/MM74C04 

Vee= 10V 
SEE AC TEST CIRCUIT ] BO I-SEE AC TEST ttRC':'T-+--t--+----i 

..:. 40 t-t--+---+--+---+--+--+---+---t 

> 

~ 
Cl 30 

~ 
~ ~ l--t--~-t=~9'--+--+--+----i 

~ .... 10 

1-t-+---+--+--+--+ ·-+----1 --

.s 
w 
:IE 
j:: 
> < .... 
w 
Cl 
z 
Cl 

~ 
C:I 
< a. 
Cl 
a: 
a. 
I 

J. 

-50 -25 0 25 50 75 100 125 

AMBIENT TEMPERATURE (°C) 

150 

100 

50 

Propagation Delay Time vs 
Load Capacitance 
MM54C10/MM74C10 

..J, TA= 25°c 
~ SEE AC TEST CIRCUIT Vee =3.0rtl 

-1..l. J. 

lLl ~ 
~ IA'" 
'f' Vee= 5.0V iY 

"T 
..l~ 

~ ~ Vee =10V-~ .¥ ;,,,,,,... 
~ ~ ....i-

i..-+""' ~=15vt--._.......... 
~ 

-50 -25 0 25 50 75 100 125 

AMBIENT TEMPERATURE ("Cl 

] 
150 

~ 
i= 
> < 100 .... 
w 
c 
z 
c 
i= 
< a 50 < a. 
c 
a: 
a. 
I 

J. 
50 100 150 0 

CL - LOAD CAPACITANCE (pf) 

TL/F/5677-6 

Switching Time Waveforms and AC Test Circuit 
CMOS to CMOS 

Yee 

V1N 

ov 
.1 

lpc10 

Vee 

Your 

ov 

] 
150 

w 
::E 
~ 
> 

~ 100 
Q 

z 
Cl 

~ 50 
~ 
~ 
I 20 

J 

Propagation Delay Time vs 
Load Capacitance 
MM54COO/MM74COO, 
MM54C02/MM74C02, 
MM54C04/MM74C04 

:r :r ~ TA a 25°C -1 
H-~e~.!3Jv w. I-SEE AC TEST-1 

JZ] CIRCUIT -1. -1 

LJ lll ~ 
Vee=~ 

v 1-"illl 
~ ~eea1~ 

~ 

~ 
1-""1 ~I 

L..-+- ~5V ~ ~ 
!'-" H! 

20 50 100 150 

Cl - LOAD CAPACITANCE (pf) 
TL/F/5677-7 

Propagation Delay Time vs. 
Load Capacitance 
MM54C20/MM74C20 

.Y Vcc=10V ...._....,. 
y ll~ 

~ Vcc•15V 
llll _......,___. 

50 100 150 

CL - LOAD CAPACITANCE (pf) 

TL/F/5677-9 

TL/F/5677-11 

TL/F/5677-10 

Note: Delays measured with input tr. t1 $: 20 ns. 
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~National 
~Semiconductor 

MM54C08/MM74C08 Quad 2-lnput AND Gate 

General Description 
Employing complementary MOS (CMOS) transistors to 
achieve wide power supply operating range, low power con
sumption and high noise margin, these gates provide basic 
functions used in the implementation of digital integrated 
circuit systems. The N- and P-channel enhancement mode 
transistors provide a symmetrical circuit with output swing 
essentially equal to the supply voltage. No DC power other 
than that caused by leakage current is consumed during 
static condition. All inputs are protected from damage due 
to static discharge by diode clamps to Vee and GND. 

Connection Diagram and Truth Table 

Features 
• Wide supply voltage range 
• Guaranteed noise margin 
• High noise immunity 
• Low power 

TIL compatibility 
• Low power consumption 

Dual-In-Line Package 

Vee 48 4A 4Y 38 JA JV 

14 

1A 18 1Y 2A 28 2Y GND 

Top View 

Order Number MM54C08* or MM74C08* 
•Please look into Section 8, Appendix D for availability of various package types. 

Inputs Outputs 

A B y 

L L L 
L H L 
H L L 
H H H 

H = High Level L = Low Level 
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3.0V to 15V 
1.0V 

0.45 Vee (typ.) 
Fan out of 2 

driving 74L 
10 nW/package (typ.) 
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Absolute Maximum Ratings (Note 1) 

If Military/Aerospace specified devices are required, Storage Temperature Range - 65°C to + 150°c 
contact the National Semiconductor Sales Office/ Power Dissipation (Po) 
Distributors for avallablllty and specifications. Dual-In-Line 700mW 
Voltage at Any Pin -0.3VtoVcc + 0.3V Small Outline 500mW 

Operating Temperature Range Operating Vee Range 3.0Vto 15V 
MM54C08 - 55°C to + 12s0 c Absolute Maximum Vee 18V 
MM74C08 - 40°C to + B5°C 

Lead Temperature 
(Soldering, 10 seconds) 260°c 

DC Electrical Characteristics 
Min/Max limits apply across the guaranteed temperature range, unless otherwise noted 

Symbol Parameter Conditions Min Typ Max Units 

CMOS TO CMOS 

V1N(1) Logical "1" Input Voltage Vee= 5.ov 3.5 v 

Vee= 1ov 8.0 v 

V1N(O) Logical "O" Input Voltage Vee= 5.ov 1.5 v 

Vee= 1ov 2.0 v 

VouT(1) Logical "1" Output Voltage Vee= 5.ov, lo= -10 µA 4.5 v 

Vee= 1ov, 10 = -10 µA 9.0 v 

VouT(O) Logical "O" Output Voltage Vee= 5.0V, lo= 10 µA 0.5 v 

Vee= 10v, 10 = 10 µA 1.0 v 

IJN(1) Logical "1" Input Current Vee= 15V, V1N = 15V 0.005 1.0 µA 

l1N(O) Logical "O" Input Current Vee= 15V, V1N = ov -1.0 -0.005 µA 

Ice Supply Current Vee= 15V 0.01 15 µA 

CMOS/LPTTL INTERFACE 

V1N(1) Logical "1" Input Voltage 54C, Vee= 4.5V Vee - 1.5 v 

74C, Vee = 4.75V Vee - 1.5 v 

V1N(O) Logical "O" Input Voltage 54C, Vee= 4.5V 0.8 v 

74C, Vee = 4.75V 0.8 v 

Vour(1) Logical "1" Output Voltage 54C, Vee= 4.5V, lo= -360 µA 2.4 v 

74C, Vee = 4.75V, lo = -360 µA 2.4 v 

VouT(O) Logical "O" Output Voltage 54C, Vee= 4.5V, lo= 360 µA 0.4 v 

74C, Vee = 4.75V, lo = 360 µA 0.4 v 

OUTPUT DRIVE (see 54C/74C Family Characteristics Data Sheet) TA = 25°C (short circuit current) 

lsoURCE Output Source Current Vee = 5.0V, Vour = ov 
-1.75 -3.3 mA 

(P-Channel) 

I sou ACE Output Source Current Vee= 1ov, Vour = ov 
-8.0 15 mA 

(P-Channel) 

lsJNK Output Sink Current Vee = 5.ov, Vour = Vee 
1.75 3.6 mA 

(N-Channel) 

ls1NK Output Sink Current Vee= 1ov, Vour =Vee 
8.0 16 mA 

(N-Channel) 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range" 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 
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AC Electrical Characteristics* 
(MM54C08/MM74COB) TA = 25°C, CL= 50 pF, unless otherwise specified 

Symbol Parameter 

tpd01 tpd1 Propagation Delay Time to 
Logical "1" or "O" 

C1N Input Capacitance 

Cpo Power Dissipation Capacitance 

•Ac Parameters are guaranteed by DC correlated testing. 

Note 2: Capacitance is guaranteed by periodic testing. 

Conditions 

Vee= 5.ov 

Vee= 1ov 

(Note2) 

(Note 3) Per Gate 

Min Typ Max Units 

80 140 ns 

40 70 ns 

5.0 pF 

14 pF 

Note 3: Cpo determines the no load AC power consumption of any CMOS device. For complete explanation see 54C/74C Family Characteristics Application 
Note-AN-90. 

Typical Performance Characteristics 
Propagation Delay Time vs 
Load Capacitance 
MM54C08/MM74C08 

150 .. , ... ,~k..,..f"""1,....,.......,....,......,.-.-........ ~..,.....,--. ] TA· 2s•c t-t-

~ SEE AC TEST CIRCU~ 
i== v~:-3.ov ~ 
~ 100 , ..... ~ 
c ~ Vee • 5.0V t-t-

~ .? ] 
~ ~ V •1DV -l-'f""" 
Cl cc :.;....+"" 

~ 50 . .J- i.-t"'I _l lo-!-
~ ~ ~ 

j ~ ~~j~+-+-++-
50 100 150 

CL - LOAD CAPACITANCE (pf) 
TL/F/5878-2 

AC Test Circuit 

TL/F/5878-3 

Note: Delays measured with input tr, t1 = 20 ns 

Switching Time Waveforms 

TL/F/5878-4 
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~National 
~Semiconductor 

MM54C14/MM74C14 Hex Schmitt Trigger 

General Description Features 
The MM54C14/MM74C14 Hex Schmitt Trigger is a mono
lithic complementary MOS (CMOS) integrated circuit con
structed with N- and P-channel enhancement transistors. 
The positive and negative going threshold voltages, V1 + 
and VT-· show low variation with respect to temperature 
(typ. 0.0005Vl°C at Vee = 10V), and hysteresis, 
VT+ - V1- ~ 0.2 Vee is guaranteed. 

• Wide supply voltage range 
• High noise immunity 

• Low power 
TIL compatibility 

• Hysteresis 

All inputs are protected from damage due to static dis
charge by diode clamps to Vee and GND. 

Connection Diagram 

Vee 

Dual-In-Line Package 

Top View 

Order Number MM54C14* or MM74C14* 
•Please look into section 8, Appendix D 
for availability of various package types. 
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GND 

3.0V to 15V 

0.10 Vee (typ.) 
0.4 Vee (typ.) 

0.2 Vee guaranteed 
0.4 Vee (typ.) 

0.2 Vee guaranteed 
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Absolute Maximum Ratings 
If Military/Aerospace specified devices are required, Storage Temperature Range - 65°C to + 150°C 
contact the National Semiconductor Sales Office/ Power Dissipation 
Distributors for availability and specifications. Dual-In-Line 700mW 
Voltage at Any Pin -0.3V to Vee+ 0.3V Small Outline 500mW 
Operating Temperature Range Operating Vee Range 3.0Vto 15V 

MM54C14 - 55°C to + 125°C Absolute Maximum Vee 18V 
MM74C14 - 40°C to + 85°C Lead Temperature 

(Soldering, 1 O seconds) 260°C 

DC Electrical Characteristics 
Min/Max limits apply across the guaranteed temperature range unless otherwise noted 

Symbol I Parameter I Conditions I Min I Typ I Max I Units 

CMOS TO CMOS 

VT+ Positive Going Threshold Voltage Vee= 5V 3.0 3.6 4.3 v 

Vee= 1ov 6.0 6.8 8.6 v 

Vee= 15V 9.0 10.0 12.9 v 

VT- Negative Going Threshold Voltage Vee= 5V 0.7 1.4 2.0 v 

Vee= 1ov 1.4 3.2 4.0 v 

Vee= 15V 2.1 5.0 6.0 v 

VT+-VT- Hysteresis Vee= 5V 1.0 2.2 3.6 v 

Vee= 10v 2.0 3.6 7.2 v 

Vee= 15V 3.0 5.0 10.8 v 

VouT(1) Logical "1" Output Voltage Vee= 5V, lo= -10 µA 4.5 v 

Vee= 10v, lo= -10 µA 9.0 v 

VouT(O) Logical "O" Output Voltage Vee= 5V, lo= 10 µA 0.5 v 

Vee= 1ov, lo= 10 µA 1.0 -v 

l1N(1) Logical "1" Input Current Vee= 15V, V1N = 15V 0.005 1.0 µA 

l1N(O) Logical "O" Input Current Vee= 15V, V1N = ov -1.0 -0.005 µA 

Ice Supply Current Vee= 15V, V1N = OV/15V 0.05 15 µA 

Vee = sv, V1N = 2.SV (Note 4) 20 µA 

Vee= 10V, V1N = sv (Note 4) 200 µA 

Vee = 15V, V1N = 7.SV (Note 4) 600 µA 

CMOS/LPTTL INTERFACE 

V1N(1) Logical "1" Input Voltage Vee= 5V 4.3 v 

V1N(O) Logical "O" Input Voltage Vee= sv 0.7 v 

VoUT(1) Logical "1" Output Voltage 54C, Vee = 4.SV, lo = -360 µA 2.4 v 

74C, Vee = 4.75V, lo = -360 µA 2.4 v 

VouT(O) Logical "O" Output Voltage 54C, Vee= 4.SV, lo= 360 µA 0.4 v 

74C, Vee= 4.75V, lo= 360 µA 0.4 v 

OUTPUT DRIVE (see 54C/74C Family Characteristics Data Sheet) TA = 25°C (Short Circuit Current) 

I sou ACE Output Source Current Vee = sv, VouT = ov -1.75 -3.3 mA 
(P-Channel) 

I sou ACE Output Source Current Vee= 1ov, VouT = ov -8.0 -15 mA 
(P-Channel) 

ls1NK Output Sink Current Vee = 5V, VouT = Vee 1.75 3.6 mA 
(N-Channel) 

ls1NK Output Sink Current Vee = 1 ov, VouT = Vee 8.0 16 mA 
(N-Channel) 
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"'l:f' ,.... 
~ AC Electrical Characteristics* TA = 25°C, CL = 50 pF, unless otherwise specified 

""" 
== 
== ....... 
"'l:f' ,.... 
0 
"'l:f' 
II) 

== 
== 

Symbol Parameter Conditions Min Typ Max Units 

tpoo. tpo1 Propagation Delay from Input Vee= 5V 220 400 ns 
to Output 

Vee= 1ov 80 200 ns 

C1N Input Capacitance Any Input (Note 2) 5.0 pF 

Cpo Power Dissipation Capacitance (Note 3) Per Gate 20 pF 

•AC Parameters are guaranteed by DC correlated testing. 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range" 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 

Note 2: Capacitance is guaranteed by periodic testing. 

Note 3: CpD determines the no load AC power consumption of any CMOS device. For complete explanation see 54C/74C Family Characteristics Application 
Note-AN-90. 

Note 4: Only one of the six inputs is at % Vee; the others are either at Vee or GND. 

Typical Applications 

t1 z RC i'n VT+ 
VT-

Low Power Oscillator 

t1 z RC i'n Vee -VT
Vee - VT+ 

fz 1 1 
RC i' n VT+ (Vee - VT-);::: 1.7 RC 

VT- (Vee - VT+) 

Note: The equations assume t1 + t2 > tpdO + tpd1 

TL/F/5879-2 
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Typical Performance Characteristics 
Typical Transfer Characteristics 

20 

Vee= 15V 
15 

~ VT-
ct 

!::i Vee=10V 
g 10 ... 
:::I 
a. ... 
:::I 
Cl 

10 15 

INPUT VOLTAGE (V) 

Vee 

VT+ 

INPUT 
VOLTAGE 

VT-

av 

Vee 

OUTPUT 
VOLTAGE 

ov 

20 

TL/F/5879-4 

Guaranteed Trip Point Range 
15 

MM54C14 -55°C TO +125°C 
MM74C14 -40°C TO +85°C 
*MINIMUM HYSTERESIS 
SPREAD (= 0.2 Vecl 

10 

5 
4.3 
3.0 
2.0 
0.7 

0 
10 

Vee (V) 

TL/F/5879-6 

Note: For more information on output drive characteristics, power dissipation, and propagation delays, see AN-90. 
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~National 
~Semiconductor 

MM54C30/MM74C30 8-lnput NANO Gate 

General Description 
The logical gate employs complementary MOS (CMOS) to 
achieve wide power supply operating range, low power con
sumption and high noise immunity. Function and pin out 
compatibility with series 54/74 devices minimizes design 
time for those designers familiar with the standard 54174 
logic family. 

All inputs are protected from damage due to static dis
charge by diode clamps to Vee and GND. 

Logic and Connection Diagrams 

11--r---..... 

12--·~ ~--

Features 
• Wide supply voltage range 
• Guaranteed noise margin 
• High noise immunity 
• Low power 

TTL compatibility 

8 
OUTPUT 

Dual-In-Line Package 

Vee 

114 113 
I 

110 la la 12 11 

C 

)oJ 
r--

1 2 3 4 5 6 11 
GND 

Top View 

Order Number MM54C30* or MM74C30* 
*Please look into Section 8, Appendix D for availability of various package types. 
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TL/F/5880-1 

TL/F/5880-2 

3.0V to 15V 
1.0V 

0.45 Vee (typ.) 
Fan out of 2 

driving 74L 



Absolute Maximum Ratings (Note 1) 

If Military/Aerospace specified devices are required, Storage Temperature Range (Ts) - 65°C to + 15o·c 
contact the Nation al Semiconductor Sales Office/ Power Dissipation (Po) 
Distributors for avallablllty and specifications. Dual-In-Line 700mW 
Voltage at any Pin -0.3V to Vee + 0.3V Small Outline 500mW 

Operating Temperature Range (TA) Operating Vee Range 3.0Vto 15V 
MM54C30 - 55•c to + 125·c Absolute Maximum Vee 1BV 
MM74C30 - 4o•c to + 85°C Lead Temperature (TL) 

(Soldering, 1 o seconds) 260°c 

DC Electrical Characteristics Min/Max limits apply across temperature range unless otherwise noted 

Symbol Parameter Conditions Min Typ Max Units 

CMOS TO CMOS 

V1N(1) Logical "1" Input Voltage Vee= 5V 3.5 v 

Vee= 1ov 8.0 v 

V1N(O) Logical "O" Input Voltage Vee= 5V 1.5 v 

Vee= 1ov 2.0 v 

VouT(1) Logical "1" Output Voltage Vee= 5V, lo= -10 µA 4.5 v 

Vee= 1ov, lo= -10 µA 9.0 v 

VouT(O) Logical "O" Output Voltage Vee= 5V, 10 = 10 µA 0.5 v 

Vee= 1ov, lo= 10 µA 1.0 v 

llNJ.!l Logical "1" Input Current Vee= 15V, V1N = 15V 0.005 1.0 µA 

l1NJQ}_ Logical "O" Input Current Vee= 15V, V1N = ov -1.0 -0.005 µA 

Ice Supply Current Vee= 15V 0.01 15 µA 

CMOS/LPTTL INTERFACE 

V1N(1) Logical "1" Input Voltage 54C, Vee= 4.5V Vee - 1.5 v 

74C, Vee = 4.75V Vee - 1.5 v 

V1N(O) Logical "O" Input Voltage 54C, Vee= 4.5V 0.8 v 

74C, Vee = 4.75V 0.8 v 

Vour(1) Logical "1" Output Voltage 54C, Vee= 4.5V, lo= -360 µA 2.4 v 

74C, Vee= 4.75V, lo= -360 µA 2.4 v 

VouT(O) Logical "O" Output Voltage 54C, Vee = 4.5V, lo = 360µA 0.4 v 

74C, Vee = 4.75V, lo = 360µA 0.4 v 

OUTPUT DRIVE (See 54C/74C Family Characteristics Data Sheet) (short circuit current) 

I sou ACE Output Source Current Vee = 5V, Vour = ov -1.75 -3.3 mA 
(P-Channel) TA= 25·c 

I sou ACE Output Source Current Vee= 1ov, Vour = ov -8.0 -15 mA 
(P-Channel) TA= 25•c 

lslNK Output Sink Current Vee = 5V, Vour = Vee 1.75 3.6 mA 
(N-Channel) TA= 25·c 

ls1NK Output Sink Current Vee= 1ov, Vour =Vee 8.0 16 mA 
(N-Channel) TA= 25·c 

Nole 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range" 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 
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~ AC Electrical Characteristics* TA = 25°C, CL = 50 pF, unless otherwise specified 
...... 
:E 
:E ...... 
0 
Cf) 

0 
oi::t' 
LI) 

:E 
:E 

Symbol Parameter 

tpd Propagation Delay Time to 
Logical "1" or "O" 

C1N Input Capacitance 

Cpo Power Dissipation Capacitance 

•AC Parameters are guaranteed by DC correlated testing. 

Note 2: Capacitance is guaranteed by periodic testing. 

Conditions 

Vee= 5V 

Vee= 1ov 

(Note2) 

(Note 3) Per Gate 

Min Typ Max Units 

125 180 ns 

55 90 ns 

4.0 pF 

26 pF 

Note 3: Cpo determines the no load ac power consumption of any CMOS device. For complete explanation, see 54C/74C Family Characteristics, application 
note-AN-90. 

Typical Performance Characteristics 
Propagation Delay Time vs 
Load Capacitance 

160 

! ... 
:I! 
j: 

>-
~ 100 
c 
z 
0 
j: 
< 
c:i 50 :: 

I J21"'1- j_ j_ 

rt-t-:.~\\-l ~ 
t-+--l~ TA -25•c 

_!!. 
~~AC TEST CIRCUIT 

ll 
ll 

""" .. \\\'4 1-'4"" 
r-H t-+-r-"~ ~ kr'1' -1 \!!'4 ~ .. .... _l"CC~ 

0 
g: 
I 

J 

~ll 

±± j_ j_ j_ j_ 

50 100 150 

CL - LOAD CAPACITANCE (pf) 
TL/F/5880-3 

Switching Time Waveforms AC Test Circuit 

TL/F/5880-5 

TL/F/5880-4 

Note: Delays Measured with Input Ir, 11 = 20 ns. 
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~National 
D Semiconductor 
MM54C32/MM74C32 Quad 2-lnput OR Gate 

General Description Features 
Employing complementary MOS (CMOS) transistors to 
achieve low power and high noise margin, these gates pro
vide the basic functions used in the implementation of digital 
integrated circuit systems. The N- and P-channel enhance
ment mode transistors provide a symmetrical circuit with 
output swings essentially equal to the supply voltage. This 
results in high noise immunity over a wide supply voltage 
range. No DC power other than that caused by leakage cur
rent is consumed during static conditions. All inputs are pro
tected against static discharge damage. 

• Wide supply voltage range 
• Guaranteed noise margin 
• High noise immunity 
• Low power 

TIL compatibility 

Connection Diagram 
Dual-In-Line Package 

Vee 

14 11 10 

GND 

Top View 

Order Number MM54C32* or MM74C32* 
'Please look into Section 8, Appendix D for availability of various package types. 
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TL/F/5661-1 

3.0V to 15V 
1.0V 

0.45V Vee (typ.) 
fan out of 2 
driving 74L 



Absolute Maximum Ratings (Note 1) 

If Miiitary I Aerospace specified devices are required, Storage Temperature Range - 65°C to + 150°C 
contact the National Semiconductor Sales Office/ Power Dissipation (Po) 
Distributors for availability and specifications. Dual-In-Line 700mW 
Voltage at Any Pin -0.3V to Vee + 0.3V Small Outline 500mW 

Operating Temperature Range Operating Vee Range 3.0Vto 15V 
MM54C32 - 55°C to + 125°C Absolute Maximum Vee 18V 
MM74C32 - 40°C to + 85°C 

Lead Temperature 
(Soldering, 10 seconds) 260°C 

DC Electrical Characteristics 
Min/Max limits apply across temperature range unless otherwise noted 

Symbol Parameter Conditions Min Typ Max Units 

CMOS TO CMOS 

V1N(1) Logical "1" Input Voltage Vee= 5.ov 3.5 v 

Vee= 1ov 8.0 v 

V1N(O) Logical "O" Input Voltage Vee= 5.ov 1.5 v 

Vee= 1ov 2.0 v 

VouT(1) Logical "1" Output Voltage Vee= 5.ov, 10 = -10 µA 4.5 v 

Vee= 1ov, 10 = -10 µA 9.0 v 

VouT(O) Logical "O" Output Voltage Vee = 5.ov, 10 = 10 µA 0.5 v 

Vee= 1ov, lo= 10 µA 1.0 v 

l1N(1) Logical "1" Input Current Vee= 15V, V1N = 15V 0.005 1.0 µA 

l1N(O) Logical "O" Input Current Vee= 15V, V1N = ov -1.0 -0.005 µA 

Ice Supply Current Vee= 15V 0.05 15 µA 

CMOS/LPTTL INTERFACE 

V1N(1) Logical "1" Input Voltage 54C, Vee = 4.5V Vee - 1.5 v 

74C, Vee= 4.75V Vee - 1.5 v 

V1N(O) Logical "O" Input Voltage 54C, V cc = 4.5V 0.8 v 

74C, Vee = 4.75V 0.8 v 

VouT(1) Logical "1" Output Voltage 54C, Vee= 4.5V, lo= -360 µA 2.4 v 

74C, Vee= 4.75V, lo= -360 µA 2.4 v 

VouT(O) Logical "O" Output Voltage 54C, Vee = 4.5V, lo = 360 µA 0.4 v 

74C, Vee = 4.75V, lo = 360 µA 0.4 v 

OUTPUT DRIVE (see 54C/74C Family Characteristics Data Sheet) TA = 25°C (short circuit current) 

I sou ACE Output Source Current Vee= 5.0V, Vour = ov 
-1.75 -3.3 mA 

(P-Channel) 

I sou ACE Output Source Current Vee= 1ov, VouT = ov -8.0 -15 mA 
(P-Channel) 

lslNK Output Sink Current Vee = 5.ov, Vour = Vee 
1.75 3.6 mA 

(N-Channel) 

ls1NK Output Sink Current Vee= 1ov, Vour =Vee 
8.0 16 mA 

(N-Channel) 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range" 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 
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AC Electrical Characteristics* TA = 25°C, CL = 50 pF, unless otherwise specified 

Symbol Parameter 

tpd Propagation Delay Time to 
Logical "1" or "O" 

C1N Input Capacitance 

Cpo Power Dissipation Capacitance 

•AC Parameters are guaranteed by DC correlated testing. 

Note 2: Capacitance is guaranteed by periodic testing. 

Conditions Min Typ 

Vee= 5.ov 80 

Vee= 10v 35 

Any Input (Note 2) 5 

Per Gate (Note 3) 15 

Max Units 

150 ns 

70 ns 

pF 

pF 

Note 3: Cpo determines the no load AC power consumption of any CMOS device. For complete explanation see 54C/74C Family Characteristics Application 
Note-AN-90. 
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~National 
~Semiconductor 
MM54C42/MM74C42 BCD-to-Decimal Decoder 
General Description 
The MM54C42/MM74C42 one-of-ten decoder is a mono
lithic complementary MOS (CMOS) integrated circuit con
structed with N- and P-channel enhancement transistors. 
This decoder produces a logical "O" at the output corre
sponding to a four bit binary input from zero to nine, and a 
logical "1" at the other outputs. For binary inputs from ten to 
fifteen all outputs are logical "1 ". 

Features 
• Supply voltage range 
• Tenth power TTL 

compatible 

Schematic Diagram 

INPUTC 

Truth Table 

Inputs 

D c B 
0 0 0 
0 0 0 
0 0 1 
0 0 1 
0 1 0 
0 1 0 
0 1 1 
0 1 1 
1 0 0 
1 0 0 
1 0 1 
1 0 1 
1 1 0 
1 1 0 
1 1 1 
1 1 1 

3V to 15V 
drive 2 LPTTL loads 

A 0 1 2 
0 0 1 1 
1 1 0 1 
0 1 1 0 
1 1 1 1 
0 1 1 1 
1 1 1 1 
0 1 1 1 
1 1 1 1 
0 1 1 1 
1 1 1 1 
0 1 1 1 
1 1 1 1 
0 1 1 1 
1 1 1 1 
0 1 1 1 
1 1 1 1 

• High noise immunity 

• Low power 
• Medium speed operation 

Applications 
• Automotive 
• Data terminals 
• Instrumentation 

• Medical electronics 

Outputs 

3 4 5 6 7 
1 1 1 1 1 
1 1 1 1 1 
1 1 1 1 1 
0 1 1 1 1 
1 0 1 1 1 
1 1 0 1 1 
1 1 1 0 1 
1 1 1 1 0 
1 1 1 1 1 
1 1 1 1 1 
1 1 1 1 1 
1 1 1 1 1 
1 1 1 1 1 
1 1 1 1 1 
1 1 1 1 1 
1 1 1 1 1 
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1 
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1 
1 
1 
1 
0 
1 
1 
1 
1 
1 
1 
1 

0.45 Vee (typ.) 
50 nW (typ.) 

10 MHz (typ.) 
with 1ov Vee 

• Alarm systems 
• Industrial electronics 

• Remote metering 

• Computers 

OUTl'UTD 

DUTPUT1 

OUTl'UTI 

OUTl'UTI 

OUTl'UT4 

OUTl'UTI 

OUTl'UTI 

OUTl'UT1 

OUTl'UTI 

OUTl'UTI 

TL/F/5882-1 

9 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
1 
1 
1 
1 
1 
1 



Absolute Maximum Ratings (Note 1) 

If Military/Aerospace specified devices are required, Storage Temperature Range - 65°C to + 15o·c 
contact the National Semiconductor Sales Office/ Power Dissipation (Po) 
Distributors for availability and specifications. Dual-In-Line 700mW 
Voltage at Any Pin (Note 1) -0.3V to Vee+ 0.3V Small Outline 500mW 

Operating Temperature Range Operating Vee Range 3.0Vto 15V 
MM54C42 - 55°C to + 125°C Absolute Maximum Vee 18V 
MM74C42 - 40°C to + 85°C 

Lead Temperature 
(Soldering, 10 seconds) 260°c 

DC Electrical Characteristics 
Min/Max limits apply across temperature range unless otherwise noted 

Symbol Parameter Conditions Min Typ Max Units 

CMOS TO CMOS 

V1N(1) Logical "1" Input Voltage Vee= 5.0V 3.5 v 

Vee= 10V 8.0 v 

V1N(O) Logical "O" Input Voltage Vee= 5.0V 1.5 v 

Vee= 10v 2.0 v 

VouT(1) Logical "1" Output Voltage Vee = 5.0V, lo = -10 µA 4.5 v 

Vee= 10v, lo= -10 µA 9.0 v 

VoUT(O) Logical "O" Output Voltage Vee = 5.0V, lo = 10 µA 0.5 v 

Vee = 10v, lo = 10 µA 1.0 v 

l1N(1) Logical "1" Input Current Vee= 15V, V1N = 15V 1.0 µA 

l1N(O) Logical "O" Input Current Vee= 15V, V1N = ov -1.0 µA 

Ice Supply Current Vee= 15V 0.05 300 µA 

CMOS/LPTTL INTERFACE 

V1N(1) Logical "1" Input Voltage 54C, Vee= 4.5V Vee - 1.5 v 

74C, Vee= 4.75V Vee - 1.5 v 

V1N(O) Logical "O" Input Voltage 54C, Vee= 4.5V 0.8 v 

74C, Vee = 4.75V 0.8 v 

VouT(1) Logical "1" Output Voltage 54C, V cc = 4.5V, lo = - 360 µA 2.4 v 

74C, Vee = 4.75V, lo = -360 µA 2.4 v 

VouT(O) Logical "O" Output Voltage 54C, Vee = 4.5V, lo = 360 µA 0.4 v 

74C, Vee= 4.75V, lo= 360 µA 0.4 v 

OUTPUT DRIVE (see 54C/74C Family Characteristics Data Sheet) TA = 25°C (short circuit current) 

lsouRCE Output Source Current Vee= 5.0V, V1N(O) = ov, VouT = ov -1.75 mA 

lsouRcE Output Source Current Vee = 10V, V1N(O) = ov, VouT = ov -8.0 mA 

ISINK Output Sink Current Vee = 5.0V, V1N(1) = 5.0V, VouT = Vee 1.75 mA 

ISINK Output Sink Current Vee = 10V, V1N(1) = 10V, VouT = Vee 8.0 mA 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range" 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 
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AC Electrical Characteristics* TA = 25°C, CL = 50 pF, unless otherwise specified 

Symbol Parameter Conditions Min Typ Max Units 

tpd Propagation Delay Time to Vee= 5.0V 200 300 ns 
Logical "O" or "1" Vee= 1ov 90 140 ns 

C1N Input Capacitance (Note2) 5 pF 

Cpo Power Dissipation Capacitance (Note3) 50 pF 
•AC Parameters are guaranteed by DC correlated testing. 

Note 1: "Absolute Maximum Ratings'" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range'" 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics'" provides conditions for actual device 
operation. 

Note 2: Capacitance is guaranteed by periodic testing. 

Note 3: Cpo determines the no load AC power consumption of any CMOS device. For complete explanation see 54C/74C Family Characteristics Application 
Note-AN-90. 

Connection Diagram 

I 
A 

16 IS 

rO 

Q 

I z 

Dual-In-Line Package 
OUTPUTS 

B c 0 • 
14 13 12 II 10 

_o_ _.o_ 

1 

9 

p.: 

q \I Q Q Q 

3 4 5 6 1 

_r 
GNO 

OUTPUTS 

TL/F/5882-2 

Top View 
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Order Number MM54C42* or MM74C42* 
•Please look into Section 8, Appendix D 
for availability of various package types. 



~National 
U Semiconductor 
MM54C48/MM74C48 
BCD-to-7 Segment Decoder 

General Description Features 
• Wide supply voltage range 
• Guaranteed noise margin 
• High noise immunity 
• Low power 

TTL compatibility 

3.0V to 15V 
1.0V 

0.45 Vee (typ.) 
fan out of 2 
driving 74L 

The MM54C48/MM74C48 BCD-to-7 segment decoder is a 
monolithic complementary MOS (CMOS) integrated circuit 
constructed with N- and P-channel enhancement transis
tors. Seven NANO gates and one driver are connected in 
pairs to make binary-coded decimal (BCD) data and its com
plement available to the seven decoding AND-OR-INVERT 
gates. The remaining NANO gate and three input buffers 
provide test-blanking input/ripple-blanking output, and rip
ple-blanking inputs. 

• High current sourcing output (up to 50 mA) 
• Ripple blanking for leading or trailing zeros (optional) 

Connection Diagram 

INPUTS 

15 

c 

• Lamp test provision 

Dual-In-Line Package 

OUTPUTS 

14 13 12 

LAMP RB RB 
TEST OUTPUT/ INPUT 

BLANKING 
INPUT 

Top View 

11 10 

0 A 

INPUTS 

Order Number MM54C48* or MM74C48* 
•Please look into Section 8, Appendix D for availability of various package types. 

TL/F/5883-1 

Segment Identification 

A 

Numerical Designations 
and Resultant Displays 

:I : I: 
TL/F/5883-2 

10 11 12 13 
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Absolute Maximum Ratings (Note 1) 

If Military/Aerospace specified devices are required, Power Dissipation 
contact the Nation al Semiconductor Sales Office/ Dual-In-Line 700mW 
Distributors for avallablllty and specifications. Small Outline 500mW 

Voltage at Any Pin -0.3VtoVcc + 0.3V Operating Vee Range 3.0Vto 15V 

Operating Temperature Range Absolute Maximum Vee 18V 
MM54C48 - 55·c to + 125·c Lead Temperature (Solde_ring, 10 seconds) 260°c 
MM74C48 - 4o•c to + 85°C 

Storage Temperature Range - 65°C to + 150°c 

DC Electrical Characteristics Min/Max limits apply across temperature range unless otherwise noted 

Symbol Parameter Conditions Min Typ Max Units 

CMOS to CMOS 

V1N(1) Logical "1" Input Voltage Vee= 5.ov 3.5 v 

Vee= 10v 8.0 v 

V1N(O) Logical "O" Input Voltage Vee= 5.0V 1.5 v 

Vee= 10v 2.0 v 

VouT(1l Logical "1" Output Voltage Vee= 5.0V, 10 = -10 µA 4.5 v 
(RB Output Only) Vee= 10v, lo= -10 µA 9.0 v 

VouT(O) Logical "O" Output Voltage Vee= 5.ov, 10 = 10 µA 0.5 v 

Vee= 1ov, lo= 10 µA 1.0 v 

l1N(1) Logical "1" Input Current Vee= 15.0V, V1N = 15V .0.005 1.0 µA 

l1N(O) Logical "O" Input Current Vee = 15.0V, V1N = ov -1.0 -0.005 µA 

Ice Supply Current Vee= 15V 0.05 300 µA 

CMOS/LPTTL INTERFACE 

V1N(1) Logical "1" Input Voltage 54C, Vee = 4.5V Vee - 1.5 v 

74C, Vee = 4.75V Vee-· 1.5 v 

VIN(O) Logical "O" Input Voltage 54C, Vee= 4.5V 0.8 v 

74C, Vee = 4.75V 0.8 v 

VouT(1l Logical "1" Output Voltage 54C, Vee= 4.5V, lo= -50 µA 2.4 v 
(RB Output Only) 74C, Vee= 4.75V, lo= -50 µA 2.4 v 

VouT(O) Logical "O" Output Voltage 54C, Vee = 4.5V, lo = 360 µA 0.4 v 

74C, Vee = 4.75V, lo = 360 µA 0.4 v 

OUTPUT DRIVE (See 54C/74C Family Characteristics Data Sheet) 

lsouReE Output Source Current Vee = 4.75V, VouT = 0.4V -0.80 mA 
(P-Channel)(RB Output Only) Vee= 10V, VouT = 0.5V -4.0 mA 

lslNK Output Sink Current Vee = 5.ov, VouT = Vee 
1.75 3.6 mA 

(N-Channel) TA= 25•c 

ls1NK Output Sink Current Vee= 1ov, VouT =Vee 8.0 16 mA 
(N-Channel) TA= 25•c 

lsouReE Output Source Current Vee= 5.0V, VouT = 3.4V -20 -50 mA 
(NPN Bipolar) Vee =: 5.0V, VouT = 3.0V -65 mA 

Vee= 10V, VouT = 8.4V -20 -50 mA 

Vee= 10V, VouT = 8.0V -65 mA 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range" 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 

Note 2: Capacitance is guaranteed by periodic testing. 

Note 3: Cpo determines the no load AC power consumption of any CMOS device. For complete explanation see 54C/74C Family Characteristics Application Note, 
AN-90. 
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AC Electrical Characteristics* TA = 25°C, CL = 50 pF, unless otherwise specified 

Symbol Parameter Conditions Min Typ Max Units 

tpdO, tpd1 Propagation Delay to a "1" or "O" on Vee= 5.ov 450 1500 ns 
Segment Outputs from Data Inputs Vee= 1ov 160 500 ns 

tpdO Propagation Delay to a "O" on Vee= 5.0V 500 1600 ns 
Segment Outputs from RB Input Vee= 1ov 180 550 ns 

tpdO Propagation Delay to a "O" on Vee= 5.ov 350 1200 ns 
Segment Outputs from Blanking Input Vee= 1ov 140 450 ns 

tpd1 Propagation Delay to a "1" on Vee= 5.0V 450 1500 ns 
Segment Outputs from Lamp Test Vee= 1ov 160 500 ns 

tpd1 Propagation Delay to a "1" on RB Vee= 5.ov 600 2000 ns 
Output from RB Input Vee= 1ov 250 800 ns 

tpdO Propagation Delay to a "O" on RB Vee= 5.0V 140 450 ns 
Output from RB Input Vee= 1ov 50 150 ns 

•AC Parameters are guaranteed by DC correlated testing. 

Typical Applications 
Typical Connection Utlllzlng the Ripple-Blanking Feature 

TO DISPLAY READOUTS 
TL/F /5883-4 

First three stages will blank leading zeros, the fourth stage will not blank zeros. 
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Typical Applications (Continued) 

Blanking Input Connection Diagram 

RBO/BI ..,__..,.~-- RBO/BI t------

r---
+{>o---t 1+-I MM74C906 

L ___ 'f 
TL/F/5883-5 

When ABO/Bl is forced low, all segment outputs are off regardless of the state of any other input condition. 

Vee 

Light Emitting Diode (LED) Readout 

COMMON 
CATHODE LEO 

TL/F/5883-6 

Incandescent Readout 

Vee 

Vee 

TL/F/5883-8 

••A filament pre-warm resistor is recommended to reduce filament thermal 
shock and increase the effective cold resistance of the filament. 
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Vee 

Fluorescent Readout 
Vee 

DIRECT 
(LOW BRIGHTNESS) 

GND OR APPROPRIATE 
":" VOLTAGE BELOW GNO 

TL/F/5883-7 

TL/F/5883-9 



Typical Applications (Continued) 

Gas Discharge Readout 

Vee APPROPRIATE 
VOLTAGE 

Liquid Crystal (LC) Readout 

Vee EXCITATION 
(SQUARE WAVE. 

Vee TO GNO) 

TL/F/5883-11 

Direct DC drive of LC's not recommended for life of LC readouts. 
TL/F/5883-10 

Truth Table 

Decimal Inputs Outputs 
or 81/RBQt Note 

Function 
LT RBI D c B A a b c d e f g 

0 H H L L L L H H H H H H H L 1 
1 H x L L L H H L H H L L L L 1 
2 H x L L H L H H H L H H L H 
3 H x L L H H H H H H H L L H 

4 H x L H L L H L H H L L H H 
5 H x L H L H H H L H H L H H 
6 H x L H H L H L L H H H H H 
7 H x L H H H H H H H L L L L 

8 H x H L '· L L H H H H H H H H 
9 H x H L L H H H H H L L H H 

10 H x H L H L H L L L H H L H 
11 H x H L H H H L L H H L L H 

12 H x H H L L H L H L L L H H 
13 H x H H L H H H L L H L H H 
14 H x H H H L H L L L H H H H 
15 H x H H H H H L L L L L L L 

Bl x x x x x x L L L L L L L L 2 
RBI H L L L L L L L L L L L L L 3 
LT L x x x x x H H H H H H H H 4 

H = high level, L = low level, X = irrelevant 

Note 1: The blanking input (Bl) must be open when output functions 0-15 are desired. The ripple-blanking input (RBI) must be high, if blanking of a decimal 
zero is not desired. 

Note 2: When a low logic level is applied directly to the blanking input (Bl), all segment outputs are low regardless of the level of any other input. 

Note 3: When ripple-blanking input (RBI) and inputs A, B, C, and D are at a low level with the lamp-test input high, all segment outputs go low and the ripple
blanking output (ABO) goes to a low level (response condition). 

Note 4: When the blanking input/ripple-blanking output (Bl/ABO) is open and a low is applied to the lamp-test input, all segment outputs are high. 

tone Bl/ABO is wire-AND logic serving as blanking input (Bl) and/or ripple-blanking output (ABO). 
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~National 
~Semiconductor 

MM54C73/MM74C73, MM54C76/MM74C76, 
MM54C107/MM74C107 
Dual J-K Flip-Flops with Clear and Preset 

General Description Features 
• Supply voltage range These dual J-K flip-flops are monolithic complementary 

MOS (CMOS) integrated circuits constructed with N- and P
channel enhancement transistors. Each flip-flop has inde
pendent J, K, clock and clear inputs and Q and Q outputs. 
The MM54C76/MM74C76 flip flops also include preset in
puts and are supplied in 16 pin packages. These flip-flops 
are edge sensitive to the clock input and change state on 
the negative going transition of the clock pulses. Clear or 
preset is independent of the clock and is accomplished by a 
low level on the respective input. · 

• Tenth power TTL compatible 

3V to 15V 
Drive 2 LPTTL loads 

0.45 Vee (typ.) 
50 nW (typ.) 

10 MHz (typ.) 

• High noise immunity 

• Low power 
• Medium speed operation 

Applications 
• Automotive • Alarm systems 
• Data terminals • Industrial electronics 
• Instrumentation • Remote metering 
• Medical electronics • Computers 

Logic Diagrams 
MM54C73/MM74C73 and MM54C107/MM74C107 

CLEAR__..,._ _____________ _ 

Q 

fi CL 

CLOCK~ 
TL/F/5884-1 

MM54C76/MM74C76 

CLEAR--...---------------.... 

Q 

CI CL 

CLOCK~ PRESET--1t------"1--------

TL/F/5884-3 
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Absolute Maximum Ratings (Note 1) 

If Military/Aerospace specified devices are required, Storage Temperature -65°C to+ 150°C 
contact the National Semiconductor Sales Office/ Power Dissipation 
Distributors for availability and specifications. Dual-In-Line 700mW 
Voltage at Any Pin -0.3V to Vee+ 0.3V Small Outline 500mW 

Operating Temperature Range Lead Temperature (Soldering, 10 sec.) 260°C 
MM54CXX -55°C to+ 125°C Operating Vee Range +3Vto 15V 
MM74CXX -40°Cto +85°C 

Vcc(Max) 18V 

DC Electrical Characteristics Min/Max limits apply across temperature range unless othwerwise noted 

Symbol I Parameter I Conditions I Min I Typ I Max I Units 

CMOS TO CMOS 

V1N(1) Logical "1" Input Voltage Vee= 5V 3.5 v 

Vee= 10v 8 v 

V1N(O) Logical "O" Input Voltage Vee= 5V 1.5 v 

Vee= 1ov 2 v 

Vour(1) Logical "1" Output Voltage Vee= 5V 4.5 v 

Vee= 1ov 9 v 

VouT(O) Logical "O" Output Voltage Vee= 5V 0.5 v 

Vee= 1ov 1 v 

11~m Logical "1" Input Current Vee= 15V 1 µA 

l1NJQ}_ Logical "O" Input Current Vee= 15V -1 µA 

Ice Supply Current Vee= 15V 0.050 60 µA 

LOW POWER TTL TO CMOS INTERFACE 

V1N(1) Logical "1" Input Voltage 54C, Vee = 4.5V 
Vee-1.5 v 

74C, Vee = 4.75V 

V1N(O) Logical "O" Input Voltage 54C, Vee = 4.5V 
0.8 v 

74C, Vee = 4.75V 

Vour(1) Logical "1" Output Voltage 54C, Vee= 4.5V, lo= -360 µA 
2.4 v 

74C, Vee = 4.75V, lo = -360 µA 

VouT(O) Logical "O" Output Voltage 54C, Vee = 4.5V, lo = 360 µA 
0.4 v 

74C, Vee = 4.75V, lo = 360 µA 

OUTPUT DRIVE (See 54C/74C Family Characteristics Data Sheet) (Short Circuit Current) 

lsoURCE Output Source Current Vee = 5V, V1N(O) = ov -1.75 mA 
TA = 25°C, Vour = OV 

lsouReE Output Source Current Vee = 1 OV, V1N(O) = ov -8 mA 
TA = 25°C, Vour = OV 

ls1NK Output Sink Current Vee= 5V, V1N(1) = 5V 1.75 mA 
TA = 25°C, Vour = Vee 

ls1NK Output Sink Current Vee= 10V, V1N(1) = 10V 8 mA 
TA = 25°C, Vour = Vee 

Logic Diagrams (Continued) 

Transmission Gate 
Vee 

Cl 
Q 

CL -r-m m .4~ 
INPUT PROTECTION ..A.AA oO TO INTERNAL 

FOR All INPUTS ~ " "'.-- ..., CIRCUITRY 

~~ 
Cll 

a CL ~ TL/F/5884-4 
T T TL/F/5884-2 
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AC Electrical Characteristics* TA= 25°C, CL= 50 pF, unless otherwise noted 

Symbol Parameter Conditions Min Typ Max Units 

C1N Input Capacitance Any Input 5 pF 

tpdO· tpd1 Propagation Delay Time to a Vee= 5V 180 300 ns 
Logical "O" or Logical "1" from Vee= 1ov 70 110 ns 
Clock to 0 or 0 

lpdO Propagation Delay Time to a Vee= 5V 200 300 ns 
Logical "O" from Preset or Clear Vee= 1ov 80 130 ns 

!pd Propagation Delay Time to a Vee= 5V 200 300 ns 
Logical "1" from Preset or Clear Vee= 10v 80 130 ns 

ts Time Prior to Clock Pulse that Vee= 5V 110 175 ns 
Data must be Present Vee= 1ov 45 70 ns 

IH Time after Clock Pulse that J Vee= 5V -40 0 ns 
and K must be Held Vee= 1ov -20 0 ns 

tpw Minimum Clock Pulse Width Vee= 5V 120 190 ns 

twL = twH Vee= 1ov 50 80 ns 

tpw Minimum Preset and Clear Vee= 5V 90 130 ns 
Pulse Width Vee= 1ov 40 60 ns 

IMAX Maximum Toggle Frequency Vee= 5V 2.5 4 MHz 
Vee= 1ov 7 11 MHz 

tr, tt Clock Pulse Rise and Fall Time Vee= 5V 15 µs 
Vee= 1ov 5 µs 

•AC Parameters are guaranteed by DC correlated testing. 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range" 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 

Note 2: Capacitance is guaranteed by periodic testing. 

Note 3: Cpo determines the no load AC power consumption of any CMOS device. For complete explanation see 54C/74C Family Characteristics application 
note-AN-90. 

AC Test Circuit Truth Tables 
Vee Vee 

tn tn+1 Preset Clear On On _! ! CL 
J K o 0 0 0 0 r-_, ' CLEAR • H ~ 0 0 On 0 1 1 0 

INPUTS --tj CLOCK CL ":" 0 1 0 1 0 0 1 

- K PRESET ii H ~ 1 0 1 1 1 *On *On 
1 1 On *No change in output from previous state 

!* ":" tn = bit time before clock pulse 

tn + 1 = bit time after clock pulse 
TL/F/5884-8 
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Typical Applications 
Ripple Binary Counters 

ii CLK ii CLK K ii CLK 

TL/F/5884-9 

Shift Registers 

Q Q 

K CLK ii K CLK ii K CLK ii 

CLOCK--------------... -------

74C Compatibility 

Vci;; 

74CXX 
IN OUT 

Switching Time Waveforms 

CLOCK 

J or K 

J or K 

Q orii 

Q orii 

TL/F/5884-10 

CMOS to CMOS 

t, = t1 = 20 ns 
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TL/F/5884-11 

Guaranteed Noise Margin 
as a Function of Vee 

4.50V lOV 

Vee 

TL/F/5884-13 

15V 

TL/F/5884-12 



Connection Diagrams 

MM54C73/MM74C73 

CLOCK A -
1
-+-.. -----------------+-14.JA 

Vee 
4 

CLOCK B _5..., __ 
K 

CLOCK 

6 J Q 
CLEAR B --ii--- CLEAR 

Je-+-----.. 

Top View 
Note: A logic "O" on clear sets Q to logic "O". 

Order Number MM54C73* or MM74C73* 

11 
GNO 

__ ,._10_Ke 

---1-9-ae 

---+-8-tie 

TL/F/5884-5 

MM54C76/MM74C76 MM54C107 /MM74C107 

CLOCK A -1---

PRESET A 

14 
----QA CLEAR A CLOCK 

K Q 
PRESET 

4 13 JA_.,_,.__, GND ------
12 

Vee Ke 

11 
--+--+-Ge 

PRESET B 

Top View 
Note 1: A logic "O" on clear sets Q to a logic "O". 

Note 2: A logic "O" on preset sets Q to a logic "1". 

10 
lle 

--..--Je 

TL/F/5884-7 

Order Number MM54C76* or MM74C76* 

JA _1,._ ________ .. 

CLEAR 
ii J 

CLOCK 

QA -
3 
+-----t Q K 

4 
KA -+---------------
0

0
-,._ ___ .,.Q 

K 

CLOCK 

ii J 
CLEAR 

14 
Vee 

---1-13
- CLEAR A 

---1-12
- CLOCK A 

11 Ke 

GNO -----+--Je 

TL/F/5884-6 

Top View 

Note: A logic "O" on clear sets Q to logic "O". 

Order Number MM54C107* or MM74C107* 

*Please look into Section 8, Appendix D for availability of various package types. 
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~National 
a Semiconductor 
MM54C74/MM74C74 Dual D Flip-Flop 
General Description 
The MM54C74/MM74C74 dual D flip-flop is a monolithic 
complementary MOS (CMOS) integrated circuit constructed 
with N- and P-channel enhancement transistors. Each flip· 
flop has independent data, preset, clear and clock inputs 
and Q and Q outputs. The logic level present at the data 
input is transferred to the output during the positive going 
transition of the clock pulse. Preset or clear is independent 
of the clock and accomplished by a low level at the preset 
or clear input. 

Features 
• Supply voltage range 
• Tenth power TTL compatible 

3V to 15V 
Drive 2 LPT2L loads 

0.45 Vee (typ.) • High noise immunity 

Logic Diagram 

DATA 

Cl Cl 

CLOCK~ 

Truth Table 

Preset 

0 
0 
1 
1 

-f ~ ALL r·CHANN£l SUBSTRATES 

1-- CONNECTED TD Yee 

-f ::;: All N·CHANN£l SUBSTRATES 

1-- CONNECTED TD GND 

Clear On Qn 
0 0 0 
1 1 0 
0 0 1 
1 •an •on 

•No change in output from previous state. 

Order Number MM54C74* or MM74C74* 
•Please look into Section 8, Appendix D 
for availability of various package types. 

• Low power 
• Medium speed operation 

Applications 
• Automotive 
• Data terminals 
• Instrumentation 
• Medical electronics 
• Alarm system 
• Industrial electronics 
• Remote metering 
• Computers 

CL c-L 

mt mt 
Cl CL 

T 
Yee 

INPUT PROTECTION+ TO INTERNAL CIRCUIT 
FOR All INPUTS 

Connection Diagram 
Dual·ln·Llne Package 

Yee 

Top View 
Note: A logic "O" on clear sets Q to logic "O". 

A logic "O" on preset sets Q to logic "1". 
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50 nW (typ.) 
10 MHz (typ.) 

with 1 OV supply 

TL/F/5885-1 

GNO 

TL/F/5885-2 
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Absolute Maximum Ratings (Note 1) 

If Military I Aerospace specified devices are required, Storage Temperature Range - 65°C to + 15o·c 
contact the National Semiconductor Sales Office/ Power Dissipation 
Distributors for availability and specifications. Dual-In-Line 700mW 
Voltage at Any Pin (Note 1) -0.3VtoVee +0.3V Small Outline 500mW 

Operating Temperature Range Lead Temperature (Soldering, 10 seconds) 260°C 
MM54C74 - 55°C to + 125•c Operating Vee Range 3Vto 15V 
MM74C74 - 4o•c to + 85°C 

Vec(Max) 18V 

DC Electrical Characteristics Min/Max limits apply across temperature range unless otherwise specified 

Symbol I Parameter I Conditions I Min I Typ I Max I Units 

CMOS TO CMOS 

V1N(1) Logical "1" Input Voltage Vee= 5V 3.5 v 

Vee= 1ov 80 v 

V1N(O) Logical "O" Input Voltage Vee= 5V 1.5 v 

Vee= 1ov 2.0 v 

Vourc1i Logical "1" Output Voltage Vee= 5V 4.5 v 

Vee= 1ov 9.0 v 

VouT(O) Logical "O" Output Voltage Vee= 5V 0.5 v 

Vee= 1ov 1.0 v 

llNJ.11 Logical "1" Input Current Vee= 15V 1.0 µA 

l1NJQ}_ Logical "O" Input Current Vee= 15V -1.0 µA 

Ice Supply Current Vee= 15V 0.05 60 µA 

CMOS/LPTTL INTERFACE 

V1N(1) Logical "1" Input Voltage 54C, Vee= 4.5V 
Vee-1.5 

74C, Vee = 4.75V 

V1N(O) Logical "O" Input Voltage 54C, Vee = 4.75V 0.8 v 
74C, Vee = 4.75V 

VouT(1) Logical "1" Output Voltage 54C, Vee = 4.5V, lo = -360 µA 
2.4 v 

74C, Vee = 4.75V, lo = -360 µA 

VouT(O) Logical "O" Output Voltage 54C, Vee = 4.5V, lo = 360 µA 
0.4 v 

74C, Vee = 4.75V, lo = 360 µA 

OUTPUT DRIVE (See 54C/74C Family Characteristics Data Sheet) 

lsouReE Output Source Current Vee = 5V, V1N(O) = ov -1.75 mA 
TA = 25°C, VouT = ov 

lsouReE Output Source Current Vee= 10V, V1N(O) = ov -8.0 mA 
TA = 2s·c. Vour = ov 

ls1NK Output Sink Current Vee = 5V, V1N(1) = 5V 1.75 mA 
TA= 25°C, Vour =Vee 

ls1NK Output Sink Current Vee= 10V, V1N(1) = 10V 8.0 mA 
TA = 2s·c. Vour = Vee 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range" 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 
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AC Electrical Characteristics* TA = 25°C, CL = 50 pF, unless otherwise noted 

Symbol Parameter Conditions Min Typ Max Units 

C1N Input Capacitance Any Input (Note 2) 5.0 pF 

tpd Propagation Delay Time to a Vee= 5V 180 300 ns 
Logical "O" tpdO or Logical "1" Vee= 1ov 70 110 ns 
le_d1 from Clock to Q or Q 

tpd Propagation Delay Time to a Vee= 5V 180 300 ns 
Logical "O" from Preset or Clear Vee= 1ov 70 110 ns 

tpd Propagation Delay Time to a Vee= 5V 250 400 ns 
Logical "1" from Preset or Clear Vee= 10v 100 150 ns 

tso. ts1 Time Prior to Clock Pulse that Vee= 5V 100 50 ns 
Data Must be Present tsETUP Vee= 1ov 40 20 ns 

tHO• tH1 Time after Clock Pulse that Vee= 5V -20 0 ns 
Data Must be Held Vee= 1ov -8.0 0 ns 

tpw1 Minimum Clock Pulse Vee= 5V 100 250 ns 
Width (twL = twH) Vee= 10v 40 100 ns 

tpw2 Minimum Preset and Vee= 5V 100 160 ns 
Clear Pulse Width Vee= 10v 40 70 ns 

tr,tf Maximum Clock Rise Vee= 5V 15.0 µs 
and Fall Time Vee= 1ov 5.0 µs 

fMAX Maximum Clock Frequency Vee= 5V 2.0 3.5 MHz 
Vee= 1ov 5.0 8.0 MHz 

Cpo Power Dissipation Capacitance (Note3) 40 pF 

•AC Parameters are guaranteed by DC correlated testing. 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range" 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 

Note 2: Capacitance is guaranteed by periodic testing. 

Note 3: Cpo determines the no load AC power consumption of any CMOS device. For complete explanation see 54C/74C Family Characteristics Application 
Note-AN-90. 

Switching Time Waveform 
CMOS to CMOS 

CLOCK 

DATA 

DATA 
ov 

Vee 

0 orii 
ov 

Vee 

0 orii lpct0-- 50% 

ov 
TL/F/5885-3 

tr= t1 = 20 ns 
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"l:f' ....... 
~ AC Test Circuit 
....... 
:ii:: 
:ii:: 
....... 
"l:f' ....... 
0 
"l:f' 
LI) 

:ii:: 
:ii:: 

Typical Applications 

CLOCK 

DATA 

74C Compatibility 

0 

Ii 

DATA 

CLOCK 

Ripple Counter (Divide by 2") 

CLOCK 0 

DATA Ii 

Shift Register 

Q DATA Q 

Ii CLOCK 0: 

TL/F/5885-7 
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TL/F/5885-4 

CLOCK 0 

DATA Ii 

TL/F/5885-5 

DATA 0 

CLOCK 0: 

TL/F/5885-6 

Guaranteed Noise Margin 
as a Function of Vee 

4.50V 10V 

Vee 

15V 

TL/F/5885-8 



~National 
a Semiconductor 

MM54C83/MM74C83 4-Bit Binary Full Adder 

General Description 
The MM54C83/MM74C83 4-bit binary full adder performs 
the addition of two 4-bit binary numbers. A carry input (Co) 
is included and the sum (I) outputs are provided for each 
bit and the resultant carry (C4) is obtained from the fourth 
bit. Since the carry-ripple-time is the limiting delay in the 
addition of a long word length, carry look-ahead circuitry has 
been included in the design to minimize this delay. Also, the 
logic levels of the input and output, including the carry, are 
in their true form. Thus, the end-around carry is accom
plished without the need for level inversion. 

Logic Diagram 

Features 
• Wide supply voltage range 
• Guaranteed noise margin 
• High noise immunity 
• Low power 

TIL compatibility 
• Fast carry ripple 

(Co to C4) 
• Fast summing 

(I1N to Iour) 
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3V to 15V 
1V 

0.45 Vee (typ.) 
fan out of 2 
driving 74L 

50 ns (typ.) at Vee = 10V 
and CL= 50 pF 

125 ns (typ.) at Vee = 1 OV 
and CL= 50 pF 

C,1141 

D--1,11~1 

D--I,161 

TL/F/6035-1 
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Absolute Maximum Ratings (Note 1) 

If Military/Aerospace specified devices are required, Power Dissipation (Po) 
contact the National Semiconductor Sales Office/ Dual-In-Line 700mW 
Distributors for availability and specifications. Small Outline 500mW 

Voltage at Any Pin -0.3V to Vee + 0.3V Operating Vee Range 3Vto 15V 

Operating Temperature Range (TA) Absolute Maximum Vee 18V 
MM54C83 - 55°C to + 125°C Lead Temperature (T J 
MM74C83 - 4o·c to + B5°C (Soldering, 10 seconds) 260°c 

Storage Temperature Range (Ts) - 65°C to + 15o·c 

DC Electrical Characteristics Min/Max limits apply across temperature range unless otherwise noted 

Symbol Parameter Conditions Min Typ Max Units 

CMOS TO CMOS 

V1N(1) Logical "1" Input Voltage Vee= 5V 3.5 v 

Vee= 10v 8.0 v 

V1N(O) Logical "O" Input Voltage Vee= 5V 1.5 v 

Vee= 1ov 2.0 v 

Vour(1) Logical "1" Output Voltage Vee= 5V, lo= -10 µA 4.5 v 
Vee= 10v, lo= -10 µA 9.0 v 

VouT(O) Logical "O" Output Voltage Vee = 5V, lo = 1 o µA 0.5 v 
Vee= 1ov, 10 = 10 µA 1.0 v 

llNJ!l Logical "1" Input Current Vee= 15V, V1N = 15V 0.005 1.0 µA 

llNJ9) Logic "O" Input Current Vee= 15V, V1N =av -1.0 -0.005 µA 

Ice Supply Current Vee= 15V 0.05 300 µA 

CMOS/LPTTL INTERFACE 

V1N(1) Logical "1" Input Voltage 54C, Vee = 4.5V Vee - 1.5 v 
74C, Vee = 4.75V Vee - 1.5 v 

, VJN(O) Logical "O" Input Voltage 54C, Vee= 4.5V 0.8 v 
74C, Vee = 4.75V 0.8 v 

Vourc1) Logical "1" Output Voltage 54C, Vee= 4.5V, lo= -360 µA 2.4 v 
74C, Vee = 4.75V, lo = -360 µA 2.4 v 

VouT(O) Logical "O" Output Voltage 54C, Vee= 4.5V, lo= 360 µA 0.4 v 
74C, Vee = 4.75V, lo = 360 µA 0.4 v 

OUTPUT DRIVE (See 54C/74C Family Characteristics Data Sheet) (short circuit current) 

lsouReE Output Source Current Vee = 5V, Vour = ov 
-1.75 -3.3 mA 

(P-Channel) TA= 25°C 

lsouReE Output Source Current Vee= 1ov, Vour = ov 
-8.0 -15 mA 

(P-Channel) TA= 25°C 

ISINK Output Sink Current Vee = 5V, Vour = Vee 
1.75 3.6 mA 

(N-Channel) TA= 25°C 

ls1NK Output Sink Current Vee = 1 ov, Vour = Vee 
8.0 16 mA 

(N-Channel) TA= 25°C 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range" 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 
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AC Electrical Characteristics* TA= 25°C, CL= 50 pF, unless otherwise specified 

Symbol Parameter 

tpd1 Propagation Delay from Co to C4 

tpd1 Propagation Delay from Sum 
Inputs to C4 

tpd1 Propagation Delay from Co to 
Sum Outputs 

tpd1 Propagation Delay from Sum 
Inputs to Sum Outputs 

C1N Input Capacitance 

Cpo Power Dissipation Capacitance 

•AC Parameters are guaranteed by DC correlated testing. 

Note 2: Capacitance is guaranteed by periodic testing. 

Conditions Min Typ 

Vee= 5V 120 

Vee= 10v 50 

Vee= 5V 250 
Vee= 1ov 90 

Vee= 5V 350 

Vee= 1ov 125 

Vee= 5V 300 

Vee= 1ov 90 

Any Input (Note 2) 5 

Per Package (Note 3) 120 

Max Units 

200 ns 
80 ns 

450 ns 
150 ns 

550 ns 
200 ns 

550 ns 
150 ns 

pF 

pF 

Note 3: Cpo determines the no load AC power consumption of any CMOS device. For complete explanation see 54C/74C Family Characteristics Application 
Note-AN-90. 

Connection Diagram 

84 

16 

...__. 

~ 

1 

A4 

Dual-In-Line Package 

:t4 C4 co GND 81 Al :ti 

15 14 13 l 12 11 10 9 

I-

1--

2 3 4 f5 6 7 8 

I3 AJ 83 Vee I2 82 A2 

TL/F/6035-2 

Order Number MM54C83* or MM74C83* 

•Please look into Section 8, Appendix D 
for availability of various package types. 

Switching Time Waveforms 

20 ns 

INPUT 50% 50% 
10% 10% ov---"'' 

OUTPUT 

TL/F/6035-3 

Inputs must be tied to appropriate logic level. 
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co 
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::E 
:E 

Truth Table 

L L 

H L L 

L H L 

H H L 

L L H L 

H L H L 

L H H L 

H H H L 

L L H 

H L H 

L H H 

H H L H 

L L H H 

H L H H 

L H H H 

H H H L 

H = high level, L = low level 

H 

H 

L 

H 

H 

L 

L 

H 

H 

L 

L 

H 

H 

H 

L 

H 
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H 

H 

L 

H 

H 

H 

L 

H 

H 

L 

H 

H 

H 

H 

H 

H 

L H 

H 

H H L 

H H 

L H 

L L H 

H H 

H H L 

L L H 

L H 

H L H 

H L H 

L H H 

H H 

H H H 

Note: Input conditions at A3, A2, 82 and CO are used to determine outputs l: 1 and I2 and the value of the internal 
carry C2. The values at C2, A3, 83, A4, and 84 are then used to determine outputs I3, l:4, and C4. 

Typical Applications 
APPLICATION CASCADING 

TL/F/6035-6 

Connect the MM54CB3/MM74CB3 in the following 
manner to implement a dual single bit full adder. 

Connect the MM54CB3/MM74CB3 in the following 
manner to implement full adders with more than 4 bits. 

CoN (BIT 1)----. 

'::' 

Co I A(BIT 1) 
LSB 8 (BIT 1) 

%1 %(BIT 1) 

12 CouT (BITZ) A(BIT2) A, 
%2 :t:(BIT2) 

B (BIT 2) B, MM54Cl3 
OR 

A(BIT3) MM74Cl3 

B(BIT 3) B, 
%3 :t:(BIT3l 

:1:4 :lt11T21 A(BIT4) A• 
B (BIT4) B• 

%4 l(BIT4) 

c • 
.._---CouT (BIT 2) 

TL/F/6035-4 

Co 

A(BIT&) 

B(BIT5) 
:t:, :i; (BITS) 

A(BITI) A, 

B (BIT Bl 
MM54Cl3 

:Z:2 :Z: (BIT B) 

OR 

A(BIT7) A, MM74Cl3 

B(BIT7) '• 
l3 :t:(BIT 7) 

I A(llTI) A• 
MSB 

B(BITI) B• 
:t:. :t:(BITB) 

CouT IC.l 

(TO NEXT PACKAGE) TL/F/6035-5 
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~National 
~Semiconductor 

MM54C85/MM74C85 4-Bit Magnitude Comparator 

General Description 
The MM54C85/MM74C85 is a four-bit magnitude compara
tor which will perform comparison of straight binary or BCD 
codes. The circuit consists of eight comparing inputs (AO, 
A 1, A2, A3, BO, B1, B2, B3), three cascading inputs (A > B, 
A < B and A = B), and three outputs (A > B, A < B and 
A = B). This device compares two four-bit words (A and B) 
and determines whether they are "greater than," "less 
than," or "equal to" each other by a high level on the appro
priate output. For words greater than four-bits, units can be 
cascaded by connecting the outputs (A > B, A < B, and 
A = B) of the least significant stage to the cascade inputs 
(A > B, A < Band A = B) of the next-significant stage. In 
addition the least significant stage must have a high level 
voltage (V1N(1)) applied to the A = B input and low level 
voltage (V1N(O)) applied to A > B and A < B inputs. 

Logic Diagram 

Features 
• Wide supply voltage range 
• Guaranteed noise margin 
• High noise immunity 
• Low power 

TTL compatibility 
• Expandable to 'N' stages 
• Applicable to binary or BCD 
• Low power pinout: 54L85/74L85 
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3.0V to 15V 
1.0V 

0.4 Vee (typ.) 
fan out of 2 
driving 74L 

TL/FI 5886-1 



Absolute Maximum Ratings (Note 1) 

If Miiitary/Aerospace specified devices are required, Power Dissipation (Po) 
contact the National Semiconductor Sales Office/ Dual-In-Line 700mW 
Distributors for avallablllty and specifications. Small Outline 500mW 

Voltage at Any Pin -0.3V to Vee + 0.3V Operating V cc Range 3.0Vto 15V 

Operating Temperature Range Vee 18V 
MM54C85 -55°C to + 125°C Lead Temperature 
MM74C85 -40°C to + 85°C (Soldering, 10 seconds) 260°C 

Storage Temperature Range - 65°C to + 150°C 

DC Electrical Characteristics Min/Max limits apply across temperature range unless otherwise noted 

Symbol I Parameter I Conditions I Min I Typ I Max I Units 

CMOS TO CMOS 

V1N(1) Logical "1" Input Voltage Vee= 5.ov 3.5 v 
Vee= 1ov 8.0 v 

V1N(O) Logical "O" Input Voltage Vee= 5.ov 1.5 v 
Vee= 1ov 2.0 v 

VouT(1) Logical "1" Output Voltage Vee= 5.0V, lo= -10 µA 4.5 v 
Vee= 10V, lo= -10 µA 9.0 v 

VouT(O) Logical "O" Output Voltage Vee= 5.0V, lo= + 10 µA 0.5 v 
Vee= 1ov, lo= +10 µA 1.0 v 

l1N(1) Logical "1" Input Current Vee= 15V, V1N = 15V 0.005 1.0 µA 

l1N(O) Logical "O" Input Current Vee= 15V, V1N = ov -1.0 -0.005 µA 

Ice Supply Current Vee= 15V 0.05 300 µA 

CMOS/LPTTL INTERFACE 

V1N(1) Logical "1" Input Voltage 54C, Vee= 4.5V Vee - 1.5 v 
74C, Vee = 4.75V Vee - 1.5 v 

V1N(O) Logical "O" Input Voltage 54C, Vee= 4.5V 0.8 v 
74C, Vee = 4.75V 0.8 v 

Vour(1) Logical "1" Output Voltage 54C, Vee= 4.5V, lo = -360 µA 2.4 v 
74C, Vee = 4.75V, lo = -360 µA 2.4 v 

VouT(O) Logical "O" Output Voltage 54C, Vee =:= 4.5V, lo = 360 µA 0.4 v 
74C, Vee = 4.75V, lo = 360 µA 0.4 v 

OUTPUT DRIVE (See 54C/74C Family Characteristics Data Sheet) (Short Circuit Current) 

lsoURCE Output Source Current Vee = 5.0V, Vour = ov -1.75 -3.3 mA 
(P-Channel) TA= 25°C 

lsoURCE Output Source Current Vee= 1ov, Vour = ov -8.0 -15 mA 
(P-Channel) TA= 25°C 

ls1NK Output Sink Current Vee = .5.0V, Vour = Vee 1.75 3.6 mA 
(N-Channel) TA= 25°C 

ls1NK Output Sink Current Vee= 1ov, Vour =Vee 8.0 16 mA 
(N-Channel) TA= 25°C 

AC Electrical Characteristics* TA = 25°C, CL = 50 pF, unless otherwise specified 

Symbol Parameter Conditions Min Typ Max Units 

tpd Propagation Delay from any A Vee= 50V 250 600 ns 
or B Data Input to any Vee= 10v 100 300 ns 
Data Output 

tpd Propagation Delay Time from Vee= 50V 200 500 ns 
any Cascade Input to Vee= 1ov 100 250 ns 
any Output 

C1N Input Capacitance Any lnupt 5.0 pF 

Cpo Power Dissipation Capacitance (Note 3) Per Package 45 pF 

•AC Parameters are guaranteed by DC correlated testing. 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range" 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 

Note 2: Capacitance is guaranteed by periodic testing. 

Note 3: Cpo determines the no load AC power consumption of any CMOS device. For complete explanation see 54C/74C Family Characteristics application note, 
AN·90. 
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Typical Applications 

WORD A 

"LSD" 

"MSO"" 

Truth Table 

Four Digit Comparator 
-LONGER WORD CDMPARISON
COMPARING TWO ll·llT WORDS 

"D" .. , .. 

OUTPUTS 

Comparing Inputs 

A3,B3 A2,B2 A1, 81 AO,BO 

A3 > B3 x x x 
A3 < B3 x x x 
A3 = B3 A2 > B2 x x 
A3 = B3 A2 < B2 x x 
A3 = B3 A2 = B2 A1 > B1 x 
A3 = B3 A2 = B2 A1 < B1 x 
A3 = B3 A2 = B2 A1 = B1 AO> BO 
A3 = B3 A2 = B2 A1 = B1 AO< BO 
A3 = B3 A2 = B2 A1 = B1 AO= BO 
A3 = B3 A2 = B2 A1 = B1 AO= BO 
A3 = B3 A2 = B2 A1 = B1 AO= 80 
A3 = 83 A2 = B2 A1 = B1 AO= BO 
A3 = B3 A2 = B2 A1 = B1 AO= BO 
A3 = B3 A2 = B2 A1 = B1 AO= BO 
A3 = B3 A2 = B2 A1 = B1 AO= BO 
A3 = B3 A2 = B2 A1 = B1 AO= BO 

H = high level, L = low level, X = irrelevant 

WORD I 

Connection Diagram 

Dual-In-Line Package 

l 82 
1 

INPUTS AZ 2 

OUTPUT A•B l 

16 
Vee 

:: Al } INPUTS 

83 

13 
A>8 

{ 

A>8 
4 

CASCADING A<8 5 
INPUTS 

12 
A<8 

TL/ F / 5666-2 

Cascading Inputs 

A>B A<B A=B 

x x x 
x x x 
x x x 
x x x 
x x x 
x x x 
x x x 
x x x 
H L L 
L H L 
L L H 
L H H 
H L H 
H H H 
H H L 
L L L 
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6 
A•B 

INPUTA1 
1 

GND 

Top View 

11 
80 

10 AO 

81 

TL/F/5666-3 

Order Number MM54C85* 
or MM74C85* 

'Please look into Section B, Appendix D 
for availability of various package types. 

Switching Time 
Waveforms 

INPUT 

OUTPUT 

TL/F/5666-4 

Unused inputs must be tied 
to an appropriate logic level. 

Outputs 

A>B A<B A=B 

H L L 
L H L 
H L L 
L H L 
H L L 
L H L 
H L L 
L H L 
H L L 
L H L 
L L H 
L H H 
H L H 
H H H 
H H L 
L L L 



~National 
a Semiconductor 
MM54C86/MM74C86 Quad 2-lnput EXCLUSIVE-OR Gate 

General Description 
Employing complementary MOS (CMOS) transistors to 
achieve wide power supply operating range, low power con
sumption and high noise margin these gates provide basic 
functions used in the implementation of digital integrated 
circuit systems. The N- and P-channel enhancement mode 
transistors provide a symmetrical circuit with output swing 
essentially equal to the supply voltage. No DC power other 
than that caused by leakage current is consumed during 
static condition. All inputs are protected from damage due 
to static discharge by diode clamps to Vee and GND. 

Connection Diagram 

Features 
• Wide supply voltage range 3.0V to 15V 
• Guaranteed noise margin 1.0V 
• High noise immunity 0.45 Vee (typ.) 
• Low power Fan out of 2 

TIL compatibility driving 74L 
• Low power consumption 10 nW/package (typ.) 
• The MM54C86/MM74C86 follows the 

MM54LS86/MM74LS86 Pinout 

Dual-In-Line Package 

4Y 

Truth Table 

1 
1A 18 1Y 2Y 

Top View 

2A 28 

7 

GND 

Order Number MM54C86* or MM74C86* 

TL/F/5887-1 

•Please look into Section 8, Appendix D for availability of various package types. 

Inputs Output 

A B y 

L L L 
L H H 
H L H 
H H L 

H = High Level l = low Level 
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Absolute Maximum Ratings 
If Miiitary/Aerospace specified devices are required, Power Dissipation (Po) 
contact the National Semiconductor Sales Office/ Dual-In-Line Package 1aamW 
Distributors for avallablllty and specifications. Small Outline 5aamW 

Voltage at any Pin (Note 1) -a.3V to Vee + a.3V Operating Range (Vee) 3.aVto 15V 

Operating Temperature Range Absolute Maximum (Vee) 18V 
MM54C86 - 55•c to + 125·c Lead Temperature (Soldering, 1a seconds) 25a·c 
MM74C86 -4a0 cto +85°C 

Storage Temperature Range - 65°C to + 15a·c 

DC Electrical Characteristics Minimax limits apply across temperature range unless otherwise noted 

Symbol Parameter Conditions Min Typ Max Units 

CMOS TO CMOS 

V1N(1) Logical "1" Input Voltage Vee= 5.av 3.5 v 
Vee= 1av 8.a v 

V1N(O) Logical "a" Input Voltage Vee= 5.av 1.5 v 
Vee= 1av 2.a v 

VouT(1) Logical "1" Output Voltage Vee= 5.av, 10 = -10 µA 4.5 v 
Vee= 1av, 10 = -1a µA 9.a v 

VouT(O) Logical "a" Output Voltage Vee= 5.av, 10 = +1a µA a.5 v 
Vee= 1av, lo= + 1a µA 1.a v 

l1N(1) Logical "1" Input Current Vee= 15V, V1N = 15V a.005 1.a µA 

llN(O) Logical "a" Input Current Vee= 15V, V1N =av -1.a -a.ao5 µA 

Ice Supply Current Vee= 15V a.a1 15 µA 

CMOS/LPTTL INTERFACE 

V1N(1) Logical "1" Input Voltage 54C, Vee= 4.5V Vcc-1.5 v 
74C, Vee = 4.75V Vcc-1.5 v 

V1N(O) Logical "a" Input Voltage 54C, Vee= 4.5V a.8 v 
74C, Vee = 4.75V a.8 v 

Vourc1> Logical "1" Output Voltage 54C, Vee= 4.5V, lo= -36a µA 2.4 v 
74C, Vee = 4.75V, lo = -360 µA 2.4 v 

VouT(O) Logical "a" Output Voltage 54C, Vee = 4.5V, lo = 36a µA a.4 v 
74C, Vee = 4.75V, lo = 36a µA a.4 v 

OUTPUT DRIVE (See 54/74C Family Characteristics Data Sheet) (Short Circuit Current) 

lsouRcE Output Source Current Vee = 5.av, Vour = av 
-1.75 -3.3 mA 

(P-Channel) TA= 25°C 

lsouRcE Output Source Current Vee = 1av, Vour = av 
-8.a -15 mA 

(P-Channel) TA= 25•c 

ISINK Output Sink Current Vee = 5.av, Vour = Vee 1.75 3.6 mA 
(N-Channel) TA= 25°C 

ls1NK Output Sink Current Vee= 1av, Vour =Vee 
8.a 16 mA 

(N-Channel) TA= 25·c 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range" 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 
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co 
~ AC Electrical Characteristics* (MM54C86/MM74C86) TA = 25°C, CL = 50 pF, unless otherwise specified 
...... 
:ii: 
:ii: 
........ 
co 
co 
0 
~ 
ll) 

:ii: 
:ii: 

Symbol Parameter Conditions Min Typ Max Units 

tpd Propagation Time to Logical Vee= 5.ov 110 185 ns 
"1" or "O" Vee= 1ov 50 90 ns 

C1N Input Capacitance Note2 5.0 pF 

Cpo Power Dissipation Capacitance (Note 3) Per Gate 20 pF 

•AC Parameters are guaranteed by DC correlated testing. 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range" 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 

Note 2: Capacitance is guaranteed by periodic testing. 

Note 3: Cpo determines the no load AC power consumption of any CMOS device. For complete explanation see 54C/74C Family Characteristics Application 
Note-AN-90. 

Typical Performance Characteristics 

AC Test Circuit 

";;
..$ 

~ c 
:z 
0 

~ 
0 
IX 
a... 
I 

_"&. 

Propagation Delay Time vs 
Load Capacitance 

MM54C86/MM7 4C86 

f-+--1---J Yee~ i.-i"""' ~ 
50 ~ ~ 

0 

~ Vee= 15 Yt-t-+--+-t--1 
..l l l 

50 100 150 

LOAD CAPACITANCE (pr) 
TL/F/5887-2 

TL/F/5887-3 

Note: Delays Measured with Input Ir, 11 = 20 ns 

Switching Time Waveforms 

TL/F/5887-4 
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~National 
~Semiconductor 
MM54C89/MM74C89 64-Bit TRI-STATE® 
Random Access Read/Write Memory 
General Description 
The MM54C89/MM74C89 is a 16-word by 4-bit random ac
cess read/write memory. Inputs to the memory consist of 
four address lines, four data input lines, a write enable line 
and a memory enable line. The four binary address inputs 
are decoded internally to select each of the 16 possible 
word locations. An internal address register latches the ad
dress information on the positive to negative transition of 
the memory enable input. The four TRI-STATE data output 
lines working in conjunction with the memory enable input 
provide for easy memory expansion. 

Address Operation: Address inputs must be stable tsA pri
or to the positive to negative transition of memory enable. It 
is thus not necessary to hold address information stable for 
more than tHA after the memory is enabled (positive to neg
ative transition of memory enable). 
Note: The timing is different than the DM7489 in that a positive to negative 

transition of the memory enable must occur for the memory to be 
selected. 

Write Operation: Information present at the data inputs is 
written into the memory at the selected address by bringing 
write enable and memory enable low. 

Logic and Connection Diagrams 

Read Operation: The complement of the information which 
was written into the memory is non-destructively read out at 
the four outputs. This is accomplished by selecting the de
sired address and bringing memory enable low and write 
enable high. 

When the device is writing or disabled the output assumes a 
TRI-STATE (Hi-z) condition. 

Features 
• Wide supply voltage range 
• Guaranteed noise margin 
• High noise immunity 
• Low power 

TTL compatibility 
• Low power consumption 
• Fast access time 
• TRI-STATE output 

3.0V to 15V 
1.0V 

0.45 Vee (typ.) 
fan out of 2 
driving 74L 

100 nW /package (typ.) 
130 ns (typ.) at Vee = 10V 

DATA l!A'fI DATA iiAfA DATA tiAfA DATA tiAfA 

WRITE 
EiAii:E 

MEMoRv 
ENABLE 

INPUT A 

INPUTB 

INPUTC 

INPUTB 

INPUT! OUTPUT 1 INPUT2 DUTPUT2 INPUT! ti1ITP1Jfl INPUT4 niITPiif4 

TL/F/5888-1 
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Dual-In-Line Package 

ADDRESS INPUT A Yee 

lrnmlVOOIU 15 
ADDRESS INPUTI 

Wl!ITEOOIU 
14 

ADDRESS INPUT C 

DATA INPUT 1 
13 

ADDRESS INPUT D 

limllUTf1ITI 1Z DATA INPUH 

DATAINPUT2 11 limm'11T4 

lim llUTf1IT 2 ID DATA INPUTJ 

GND limllUTfUTJ 

Top View TL/F/5888-2 

Order Number MM54C89* 
orMM74C89* 

•Please look into Section 8, Appendix D 
for availability of various package types. 



~National 
~Semiconductor 

MM54C90/MM74C90 4-Bit Decade Counter 
MM54C93/MM74C93 4-Bit Binary Counter 

General Description 
The MM54C90/MM74C90 decade counter and the 
MM54C93/MM74C93 binary counter and complementary 
MOS (CMOS) integrated circuits constructed with N- and 
P-channel enhancement mode transistors. The 4-bit decade 
counter can reset to zero or preset to nine by applying ap
propriate logic level on the Ro1. Ro2. R91 and R92 inputs. 
Also, a separate flip-flop on the A-bit enables the user to 
operate it as a divide-by-2, 5 or 1 O frequency counter. The 
4-bit binary counter can be reset to zero by applying high 
logic level on inputs Ro1 and Ro2. and a separate flip-flop on 
the A-bit enables the user to operate it as a divide-by-2, -8, 
or -16 divider. Counting occurs on the negative going edge 
of the input pulse. 

All inputs are protected against static discharge damage. 

Connection and Logic Diagrams 
MM54C90/MM74C90 
Dual·ln·Llne Package 

Ao• NC Do GND 

14 13 1Z 11 10 9 I 

~ 
~ I-

1 z 3 4 5 B T' •.. NC Yee R,, Ru 

TL/F/5889-2 

Top View 

Features 
• Wide supply voltage range 
• Guaranteed noise margin 
• High noise immunity 
• Low power 

TIL compatiblity 
• The MM54C93/MM74C93 follows 

MM74L93 Pinout 

AoN 

114 

~ 
r--

1 

MM54C93/MM74C93 
Dual·ln·Llne Package 

Do GND 

13 1Z 11 10 

z 3 4 5 

NC Vee NC 

Top View 

Order Number MM54C90* or MM74C93* 
•Please look into Section 8, Appendix D for availability of various package types. 

M54C90/MM74C90 MM54C93/MM74C93 

•.. 

... ~, A., 

0-.A2 

~ I 

An TL/F/5889-1 
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3V to 15V 

1V 

0.45 Vee (typ.) 
Fan out of 2 

driving 74L 
the MM54L93/ 

•.. 
9 I 

~ 

B T' 
NC NC 

TL/F/5889-4 

TL/F/5889-3 



Absolute Maximum Ratings 
If Military I Aerospace specified devices are required, Power Dissipation (Po) 
contact the National Semiconductor Sales Office/ Dual-In-Line 700mW 
Distributors for availability and specifications. Small Outline 500mW 

Voltage at Any Pin (Note 1) -0.3V to Vee +0.3V Operating V cc Range 3Vto 15V 

Operating Temperature Range (TA) Absolute Maximum Vee 18V 
MM54C90, MM54C93 - 55°C to + 125·c Storage Temperature Range (Ts) - 65°C to + 15o·c 
MM74C90, MM74C93 -40°c to + 85°C 

Lead Temperature (TL) 
(Soldering, 10 seconds) 260°c 

DC Electrical Characteristics Min/Max limits apply across temperature range unless otherwise noted 

Symbol I Parameter I Conditions I Min I Typ I Max I Units 

CMOS TO CMOS 

V1N(1) Logical "1" Input Voltage Vee= 5V 3.5 v 
Vee= 1ov 8.0 v 

V1N(O) Logical "O" Input Voltage Vee= 5V 1.5 v 
Vee= 1ov 2.0 v 

VouT(1l Logical "1" Output Voltage Vee= 5V, 10 = -10 µA 4.5 v 
Vee= 1ov, lo= -10 µA 9.0 v 

VouT(O) Logical "O" Output Voltage Vee= 5V, 10 = +10 µA 0.5 v 
Vee= 10V,lo= +10µA 1.0 v 

l1N_i11 Logical "1" Input Current Vee= 15V, V1N = 15V 0.005 1.0 µA 

llNlQl. Logical "O" Input Current Vee= 15V, V1N = ov -1.0 -0.005 µA 

Ice Supply Current Vee= 15V 0.05 300 µA 

CMOS/LPTTL INTERFACE 

V1N(1) Logical "1" Input Voltage 
MM54C90, MM54C93 Vee= 4.5V Vcc-1.5 v 
MM74C90, MM74C93 Vee= 4.75V Vcc-1.5 v 

V1N(O) Logical "O" Input Voltage 
MM54C90, MM54C93 Vee= 4.5V 0.8 v 
MM74C90, MM74C93 Vee= 4.75V 0.8 v 

VouT(1) Logical "1" Output Voltage 
MM54C90, MM54C93 Vee = 4.5V, 10 = -360 µA 2.4 v 
MM74C90, MM74C93 Vee = 4.75V, 10 = -360 µA 2.4 v 

VouT(O) Logical "O" Output Voltage 
MM54C90, MM54C93 Vee = 4.5V, 10 = -360 µA 0.4 v 
MM74C90, MM74C93 Vee = 4.75V, 10 = -360 µA 0.4 v 

OUTPUT DRIVE (See 54C/74C Family Characteristics Data Sheet) (Short Circuit Current) 

lsoURCE Output Source Current Vee = 5V, VouT = ov -1.75 -3.3 mA 
(P-Channel) TA= 25°C 

I so URGE Output Source Current Vee= 1ov, VouT = ov -8.0 -15 mA 
(P-Channel) TA= 25°C 

lslNK Output Sink Current Vee = 5V, VouT = Vee 1.75 3.6 mA 
(N-Channel) TA= 25°C 

lslNK Output Sink Current Vee = 1 ov, VouT = Vee 8.0 16 mA 
(N-Channel) TA= 25°C 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range", 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 

AC Electrical Characteristics* TA = 25°C, CL = 50 pF, unless otherwise specified 

Symbol Parameter Conditions Min Typ Max Units 

tpdO• tpd1 Propagation Delay Time Vee= 5V 200 400 ns 
from A1N to QA Vee= 10 80 150 ns 

tpdO• tpd1 Propagation Delay Time from Vee= 5V 450 850 ns 
A1N to Os (MM54C93/MM74C93) Vee= 1ov 160 300 ns 

tpdO• tpd1 Propagation Delay Time from Vee= 5V 450 800 ns 
A1N to Os (MM54C90/MM74C90) Vee= 1ov 160 300 ns 
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.~ AC Electrical Characteristics* TA = 25"C, CL = 50 pF, unless otherwise specified (Continued) 

"""' ::::!: 
::::!: 
....... 
C"') 
O> 
0 
"'l:f' 
a.n 
::::!: 
::::!: ....... 
0 
O> 
0 
"'l:f' 

"""' ::::!: 
::::!: 
....... 
0 
O> 
0 
"'l:f' 
a.n 
::::!: 
::::!: 

Symbol Parameter Conditions Min Typ Max Units 

tpdO• tpd1 Propagation Delay Time Vee= 5V 500 1050 ns 
from A1N to Oe (MM54C93/MM74C93) Vee= 10 200 400 ns 

tpdO• tpd1 Propagation Delay Time from Vee= 5V 500 1000 ns 
A1N to Oe (MM54C93/MM74C93) Vee= 10v 200 400 ns 

tpdO· tpd1 Propagation Delay Time from Vee= 5V 600 1200 ns 
A1N to 0 0 (MM54C93/MM74C93) Vee= 10v 250 500 ns 

tpdO• tpd1 Propagation Delay Time from Vee= 5V 450 800 ns 
A1N to Oo (MM54C90/MM74C90) Vee= 1ov 160 300 ns 

tpdO· tpd1 Propagation Delay Time from Vee= 5V 150 300 ns 
Ro1 or Ro2 to OA. Os. Oe or Oo Vee= 1ov 75 150 ns 
(MM54C93/MM74C93) 

tpdO· tpd1 Propagation Delay Time from Vee= 5V 200 400 ns 
Ro1 or Ro2 to QA, Os. Oe or Oo Vee= 1ov 75 150 ns 
(MM54C90/MM7 4C90) 

tpdO· tpd1 Propagation Delay Time from Vee= 5V 250 500 ns 
R91 or R92 to QA or Oo Vee= 1ov 100 200 ns 
(MM54C90/MM74C90) 

tpw Min. Ro1 or Ro2 Pulse Width Vee= 5V 600 250 ns 
(MM54C93/MM7 4C93) Vee= 10v 30 125 ns 

tpw Min. Ro1 or Ro2 Pulse Width Vee= 5V 600 250 ns 
(MM54C90/MM74C90) Vee= 1ov 300 125 ns 

tpw Min. R91 or R92 Pulse Width Vee= 5V 500 200 ns 
(MM54C90/MM74C90) Vee= 10v 250 100 ns 

tr, tt Maximum Clock Rise Vee= 10v 15 µs 
and Fall Time Vee= 1ov 5 µs 

tw Minimum Clock Pulse Width Vee= 5V 250 100 ns 
Vee= 1ov 100 50 ns 

fMAX Maximum Clock Frequency Vee= 5V 2 MHz 
Vee= 1ov 5 MHz 

C1N Input Capacitance Any Input (Note 2) 5 pF 

Cpo Power Dissipation Capacitance Per Package (Note 3) 45 pF 

•AC Parameters are guaranteed by DC correlated testing. 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range", 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 

Note 2: Capacitance is guaranteed by periodic testing. 

Note 3: Cpo determines the no load ac power consumption of any CMOS device. For complete explanation see 54C/7 4C Family Characteristics application note
AN-90. 

AC Test Circuits 
MM54C90/MM74C90 MM54C93/MM74C93 

V c Vee 

Ro1 
Ro2 Do Ro1 Dot-------------. 
R11 

R., lie Oct----------. 
CLOCK -= 

_fl_ 0,, 

A1N 
n.1-------. 

'·· 
o. 

n. 
10 

11 

GNO 
GND 

TL/F/5669-5 
TL/F/5669-6 

Clock rise and fall time tr = It = 20 ns Clock rise and fall time tr = t1 = 20 ns 
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Switching Time Waveforms 
r-,111 

\ 
'-ii-------------

Vee---+----+--.--. 

A,N 

Vee 

o, 

Vee 

Vee 

Oo 

Truth Table 
MM54C90/MM74C90 4-Bit Decade Counter 

BCD Count Sequence 

Count 
Output 

Qo Qc Qe 

0 L L L 
1 L L L 
2 L L H 
3 L L H 
4 L H L 
5 L H L 
6 L H H 
7 L H H 
8 H L L 
9 H L L 

Output QA is connected to Input B for 
BCD count. 

H = High Level 
L = Low Level 
X = Irrelevant 

QA 

L 
H 
L 
H 
L 
H 
L 
H 
L 
H 

Reset/Count Function Table 

Reset Inputs Output 

Ro1 Ro2 Rg1 Rg2 Qo Qc Qe 

H H L x L L L 
H H x L L L L 
x x H H H L L 
x L x L Count 
L x L x Count 
L x x L Count 
x L L x Count 

QA 

L 
L 
H 
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Note 1: MM54C90, MM74C90 and MM54C93, 
MM74C93 are solid line waveforms. Dashed line 
waveforms are for MM54C90/MM74C90 only. 

TL/F/5669-7 

MM54C93/MM74C93 4·Bit Binary Counter 

Binary Count Sequence 

Count 
Output 

Qo Qc Qe 

0 L L L 
1 L L L 
2 L L H 
3 L L H 
4 L H L 
5 L H L 
6 L H H 
7 L H H 
8 H L L 
9 H L L 
10 H L H 
11 H L H 
12 H H L 
13 H H L 
14 H H H 
15 H H H 

Output QA is connected to input B for 
binary count sequence. 

H = High Level 
L = Low Level 
X = Irrelevant 

QA 

L 
H 
L 
H 
L 
H 
L 
H 
L 
H 
L 
H 
L 
H 
L 
H 

Reset/Count Function Table 

Reset 
Output 

Inputs 

Ro1 Ro2 Qo Qc Qe 

H H L L L 
L x Count 
x L Count 

QA 

L 



~National 
D Semiconductor 
MM54C95/MM74C95 
4-Bit Right-Shift Left-Shift Register 

General Description 
This 4-bit shift register is a monolithic complementary MOS 
(CMOS) integrated circuit composed of four D flip-flops. 
This register will perform right-shift or left-shift operations 
dependent upon the logical input level to the mode control. 
A number of these registers may be connected in series to 
form an N-bit right-shift or left-shift register. 

When a logical "O" level is applied to the mode control in
put, the output of each flip-flop is coupled to the D input of 
the succeeding flip flop. Right-shift operation is performed 
by clocking at the clock 1 input, and serial data entered at 
the serial input, clock 2 and parallel inputs A through D are 
inhibited. With a logical "1" level applied to the mode con
trol, outputs to succeeding stages are decoupled and paral
lel loading is possible, or with external interconnection, shift
left operation can be accomplished by connecting the out
put of each flip-flop to the parallel input of the previous 
flip-flop and serial data is entered at input D. 

Block and Connection Diagrams 
CLOCK·2 
L.SHIFT 

CLOCK·! 
R.SHIFT 

TL/F/5890-1 

Dual-In-Line Package 

INPUT OUTPUT OUTPUT OUTPUT OUTPUT CLOCK-2 
A A B GND C D L.SHIFT 

114 13 12 11 10 I I 

...... 
r---i 

.........., 

1 2 3 4 6 8 1 

SERIAL INPUT INPUT Vee INPUT MOOE CLOCK·! 
INPUT B C D CONTROL R.SHIFT 

TL/F/5890-4 

Order Number MM54C95* or MM74C95* 
•Please look Into Section 8, Appendix D 
for availability of various package types. 

Features 
• Medium speed operation 

• High noise immunity 

• Low power 
• Tenth power TTL compatible · 

10 MHz (typ.) 
Vee = 10V, CL = 50 pF 

0.45 Vee (typ.) 
100 nW/(typ.) 

Drive 2 L TTL loads 
3V to 15V • Wide supply voltage range 

• Synchronous parallel load 
• Parallel inputs and outputs from each flip-flop 
• Negative edge triggered clocking 
• The MM54C95/MM74C95 follows the MM54L95/ 

MM74L95 Pinout 

Applications 
• Data terminals • Alarm systems 
• Instrumentation ' · • Remote metering 

• Automotive • Industrial electronics 

• Medical electronics • Computers 

- r--+Mc 
MODECONTROL~MC 

SERIAL 
INPUT 

o!!--GND 

TL/F/5890-2 

INPUT A OUTPUT A INPUT B OUTPUT B INPUT C OUTPUT C INPUT D OUTPUT D 

TL/F/5890-3 

Mode Control = O for Right Shift 

Mode Control = 1 for Left Shift or Parallel Load 
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Absolute Maximum Ratings (Note 1) 

If Miiitary/Aerospace specified devices are required, Storage Temperature (Ts) - 65°C to + 15o•c 
contact the National Semiconductor Sales Office/ Maximum Vee Voltage 18V 
Distributors for avallablllty and specifications. 

Power Dissipation (Po) 
Voltage at any Pin - 0.3V to V cc+ 0.3V Dual-In-Line 700mW 
Operating Temperature Range (TA) Small Outline 500mW 

MM54C95 - 55•c to + 125·c Operating Vee Range +3Vto +15V 
MM74C95 - 4o•c to + 85°C 

Lead Temperature (TL) 
(Soldering, 10 seconds) 260°C 

DC Electrical Characteristics Min/Max limits apply across temperature range unless otherwise noted 

Symbol Parameter Conditions Min Typ Max Units 

CMOS TO CMOS 

V1N(1) Logical "1" Input Voltage Vee= 5V 3.5 v 

Vee= 1ov 8.0 v 

V1N(O) Logical "O" Input Voltage Vee= 5V 1.5 v 
Vee= 1ov 2.0 v 

Vourc1) Logical "1" Output Voltage Vee= 5V 4.5 v 

Vee= 1ov 9.0 v 

VouT(O) Logical "O" Output Voltage Vee= 5V 0.5 v 

Vee= 1ov 1.0 v 

IJNJ!l Logical "1" Input Current Vee= 15V 1.0 µA 

IJNJQ}_ Logical "O" Input Current Vee= 15V -1.0 µA 

Ice Supply Current Vee= 15V 0.050 300 µA 

LOW POWER TTL/CMOS INTERFACE 

V1N(1) Logical "1" Input Voltage 54C, Vee= 4.5V Vee - 1.5 v 
74C, Vee = 4.75V Vee - 1.5 v 

V1N(O) Logical "O" Input Voltage 54C, Vee= 4.5V 0.8 v 
74C, Vee = 4.75V 0.8 v 

Vour(1) Logical "1" Output Voltage 54C, Vee = 4.5V, lo = 360 µA 2.4 v 
74C, Vee = 4.75V, lo = 360 µA 2.4 v 

VouT(O) Logical "O" Output Voltage 54C, Vee= 4.5V, lo= 360 µA 0.4 v 
74C, Vee= 4.75V, lo= 360 µA 0.4 v 

OUTPUT DRIVE (See 54C/74C Family Characteristics Data Sheet) 

I sou ACE Output Source Current Vee= 5V, V1N(O) = ov -1.75 mA 
TA= 25°C, Vour = ov 

lsouRCE Output Source Current Vee= 10V, V1N(O) = ov -8.0 mA 
TA = 25°C, Vour = ov 

ls1NK Output Sink Current Vee= 5V, V1N(1) = 5V 
1.75 mA 

TA= 25°C, Vour =Vee 

ls1NK Output Sink Current Vee= 10V, V1N(1) = 10V 
8.0 mA 

TA = 25°C, Vour = Vee 
Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range", 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 
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Lt) 
O> 

~ AC Electrical Characteristics* TA = 25°C, CL = 50 pF, unless otherwise noted 
...... 
::!E 
::!E 
" Lt) 
O> 
0 
"'1:1' 
Lt) 

::!E 
::!E 

Symbol Parameter Conditions Min Typ Max Units 

tpd Propagation Delay Time to a Logical Vee= 5V 200 400 ns 
"O" or Logical "1" from Clock to a or 0 Vee= 1ov 80 160 ns 

tso. ts1 Time Prior to Clock Pulse that Data Vee= 5V 60 30 ns 
must be Preset Vee= 1ov 25 10 ns 

tHo. tH1 Time After Clock Pulse that Data Vee= 5V 25 10 ns 
must be Held Vee= 1ov 10 50 ns 

tpw Minimum Clock Pulse Width (twL = twH) Vee= 5V 100 ns 

Vee= 1ov 50 ns 

tsM Time Prior to Clock Pulse that Mode Vee= 5V 200 100 ns 
Control must be Preset Vee= 1ov 100 50 ns 

fMAX Maximum Input Clock Frequency Vee= 5V 3 5 MHz 

Vee= 1ov 6.5 10 MHz 

C1N Input Capacitance Any Input (Note 2) 5 pF 

Cpo Power Dissipation Capacitance (Note 3) 100 pF 

*AC Parameters are guaranteed by DC correlated testing. 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range", 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 

Note 2: Capacitance is guaranteed by periodic testing. 

Note 3: Cpo determines the no load AC power consumption of any CMOS device. For complete explanation, see 54C/74C Family Characteristics, Application Note 
AN-90. 

Function Table 

Inputs Outputs 

Mode Clocks 
Serial 

Parallel 
QA Ce ac Co 

Control 2 (L) 1 (R) A B c D 

H H x x x x x x OAo Oso Oco Ooo 
H ! x x a b c c a b c .d 
H ! x x Ost Oct Oot d Osn Oen Oon d 
L L H x x x x x OAo Oso Oco Ooo 
L x ! H x x x x H OAn Osn Oen 
L x ! L x x x x L 0An Osn Oen 

t L L x x x x x OAo Oso Oco Ooo 
! L L x x x x x OAo Oso Oco Ooo 
! L H x x x x x 0AO Oso Oco Ooo 
t H L x x x x x OAo Oso Oco Ooo 

t H H x x x x x OAo Oso Oco Ooo 
t L H x x x x x Undefined 

! H L x x x x x Operating Conditions 

tShifting left requires external connection of Os to A, Oe to B, and Oo to C. Serial data is entered at input D. 

H = high level (steady state). L = low level (steady state), X = irrelevant (any input, including transitions) 

J. = transition from high to low level, j = transition from low to high level. 

a, b, c, d = the level of steady-state input at inputs A, B, C or D, respectively. 

OAo· a80, Ceo. Coo = the level of QA, 0 8, Oe or Oo respectively, before the indicated steady-state input conditions 
were established. 

OAn· Osn. Oen• Con = the level of QA, 09, Oe or Oo respectively, before the most recent transition of the clock. 
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~National 
~Semiconductor 

MM54C150/MM74C150 16-Line to 1-Line Multiplexer 
MM72C19/MM82C19 TRI-STATE® 16-Line to 1-Line 
Multiplexer 

General Description 
The MM54C150/MM74C150 and MM72C19/MM82C19 
multiplex 16 digital lines to 1 output. A 4-bit address code 
determines the particular 1-of-16 inputs which is routed to 
the output. The data is inverted from input to output. 

All inputs are protected from damage due to static dis
charge by diode clamps to Vee and GND. 

A strobe override places the output of MM54C150/ 
MM74C150 in the logical "1" state and the output of 
MM72C19/MM82C19 in the high-impedance state. 

Connection Diagram 

Features 
• Wide supply voltage range 
• Guaranteed noise margin 
• High noise immunity 
• TTL compatibility 

Dual-In-Line Package 

DATA INPUTS SELECT INPUTS 

Vee EB E9 E10 E11 E12 E13 E14 E15 A B c 

124 23 22 21 20 19 18 17 16 15 14 

l""""""'"i ~ 

Q 

3 

1 2 3 4 5 6 7 8 9 10 11 112 
E7 ES E5 E4 E3 E2 E1 EO STB OUTPUT D GND 
'-------,,...---------' DATA 

DATA INPUTS SELECT 

Order Number MM54C150*, MM74C150*, MM72C19* or MM82C19* 

•Please look into Section B, Appendix D for availability of various package types. 
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3.0V to 15V 
1.0V 

0.45 Vee (typ.) 
Drive 1 TTL Load 

TL/F/5891-1 
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Absolute Maximum Ratings (Note 1) 

If Military I Aerospace specified devices are required, Storage Temperature Range - 65°C to + 150°C 
contact the National Semiconductor Sales Office/ Power Dissipation 
Distributors for availability and specifications. Dual-In-Line 700mW 
Voltage at Any Pin - 0.3V to V cc+ 0.3V Small Outline 500mW 

Operating Temperature Range Operating Vee Range 3.0Vto 15V 
MM54C150, MM72C19 - 55°C to + 125°C Vee 18V 
MM74C150, MM82C19 - 40°C to + 85°C Lead Temperature (soldering, 10 seconds) 260°C 

DC Electrical Characteristics 
Min/Max limits apply across temperature range unless otherwise noted. 

Symbol Parameter Conditions Min Typ Max Units 

CMOS to CMOS 

VrN(1) Logical "1" Input Voltage Vee= 5.0V 3.5 v 

Vee= 1ov 8.0 v 

VrN(O) Logical "O" Input Voltage Vee= 5.0V 1.5 v 

Vee= 1ov 2.0 v 

VoUT(1) Logical "1" Output Voltage Vee= 5.0V, 10 = -10 µA 4.5 v 

Vee= 10v, lo= -10 µA 9.0 v 

VouT(O) Logical "O" Output Voltage Vee= 5.ov, 10 = + 10 µA 0.5 v 

Vee= 10V,lo= +10µA 1.0 v 

lrN(1) Logical "1" Input Current Vee= 15V, VrN = 15V 0.005 1.0 v 

lrN(O) Logical "O" Input Current Vee= 15V, VrN = ov -1.0 -0.005 µA 

loz Output Current in High 
Impedance State 

MM72C19/MM82C19 Vee= 15V, Vo= 15V 0.005 1.0 µA 

Vee= 15V, Vo= ov -1.0 -0.005 µA 

Ice Supply Current Vee= 15V 0.05 300 µA 

CMOS/LPTTL Interface 

VrN(1) Logical "1" Input Voltage 54C, 72C, Vee= 4.5V Vcc-1.5 v 

74C, 82C, Vee= 4.75V Vcc-1.5 v 

VrN(O) Logical "O" Input Voltage 54C, 72C, Vee= 4.5V 0.8 v 

74C, 82C, Vee= 4.75V 0.8 v 

Vour(1) Logical "1" Output Voltage 54C, 72C, Vee= 4.5V, lo= -1.6 mA 2.4 v 

74C, 82C, Vee= 4.75V, lo= -1.6 mA 2.4 v 

VouT(O) Logical "O" Output Voltage 54C, 72C, Vee = 4.5V, lo = 1.6 mA 0.4 v 
74C, 82C, Vee= 4.75V, lo= 1.6 mA 0.4 v 

Output Drive (Short Circuit Current) 

I sou ACE Output Source Current Vee = 5.0V, Vour = ov, TA = 25°C 
-4.35 -8 mA 

(P-Channel) 

lsoURCE Output Source Current Vee= 10V, Vour = OV, TA= 25°C 
-20 -40 mA 

(P-Channel) 

ls1NK Output Sink Current Vee = 5.0V, Vour = Vee.TA = 25°C 
4.35 8 mA 

(N-Channel) 

ls1NK Output Sink Current Vee= 10V, Vour =Vee. TA= 25°C 
20 40 mA 

(N-Channel) 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range" 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 

6-62 



AC Electrical Characteristics* TA= 25°C, CL= 50 pF, unless otherwise noted 

Symbol Parameter Conditions Min Typ Max Units 

tpdO· tpd1 Propagation Delay Time to a Vee= 5.ov 250 600 ns 
Logical "O" or Logical "1" Vee= 1ov 110 300 ns 
from Data Inputs to Output Vee= 5.0V, CL= 150 pF 290 650 ns 

Vee= 10V, CL= 150 pF 120 330 ns 

tpdO• tpd1 Propagation Delay Time to a Vee= 5.0V 290 650 ns 
Logical "O" or Logical "1" Vee= 1ov 120 330 ns 
from Data Select Inputs to 
Output 

tpdO• tpd1 Propagation Delay Time to a Vee= 5.ov 120 300 ns 
Logical "O" or Logical "1" Vee= 10v 55 150 ns 
from Strobe to Output 

MM54C150/MM74C150 

t1H, toH Delay from Strobe to High Vee= 5.0V, AL= 10k, CL= 5 pF 80 200 ns 
Impedance State Vee= 10V, AL= 10k, CL= 5 pF 60 150 ns 

MM72C19/MM82C19 

tH1• tHo Delay from Strobe to Logical Vee= 5.0V, AL= 10k, CL= 5 pF 80 250 ns 
"1" Level or to Logical "O" Vee= 10V, AL= 10k, CL= 5 pF 30 120 ns 
Level (from High Impedance State) 

MM72C19/MM82C19 

C1N Input Capacitance Any Input (Note 2) 5.0 pF 

Gour Output Capacitance (Note2) 11.0 pF 
MM72C19/MM82C19 

Cpo Power Dissipation Capacitance (Note3) 100 pF 

•AC Parameters are guaranteed by DC correlated testing. 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range" 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 

Note 2: Capacitance is guaranteed by periodic testing. 

Note 3: Cpo determines the no load AC power consumption of any CMOS device. For complete explanation, see 54C/74C Family Characteristics, application note 
AN-90. 

6-63 

3: 
3: 
U1 
.i:i. 
0 ...... 
U1 
0 ...... 
3: 
3: 
....... 
.i:i. 
0 ...... 
U1 
0 ...... 
3: 
3: 
....... 
I\) 

0 ...... 
<O ...... 
3: 
3: 
co 
I\) 

0 ...... 
<O 



Truth Table 
MM54C150/MM74C150 

Inputs Output 

D c B A STROBE EO E1 E2 E3 E4 ES E6 E7 EB E9 E10 E11 E12 E13 E14 E15 w 
x x x x 1 x x x x x x x x x x x x x x x x 1 • 

0 0 0 0 0 0 x x x x x x x x x x x x x x x 1 
0 0 0 0 0 1 x x x x x x x x x x x x x x x 0 

0 0 0 1 0 x 0 x x x x x x x x x x x x x x 1 
0 0 0 1 0 x 1 x x x x x x x x x x x x x x 0 
0 0 1 0 0 x x 0 x x x x x x x x x x x x x 1 
0 0 1 0 0 x x 1 x x x x x x x x x x x x x 0 
0 0 1 1 0 x x x 0 x x x x x x x x x x x x 1 
0 0 1 1 0 x x x 1 x x x x x x x x x x x x 0 
0 1 0 0 0 x x x x 0 x x x x x x x x x x x 1 
0 1 0 0 0 x x x x 1 x x x x x x x x x x x 0 
0 1 0 1 0 x x x x x 0 x x x x x x x x x x 1 
0 1 0 1 0 x x x x x 1 x x x x x x x x x x 0 
0 1 1 0 0 x x x x x x 0 x x x x x x x x x 1 
0 1 1 0 0 x x x x x x 1 x x x x x x x x x 0 
0 1 1 1 0 x x x x x x x 0 x x x x x x x x 1 
0 1 1 1 0 x x x x x x x 1 x x x x x x x x 0 
1 0 0 0 0 x x x x x x x x 0 x x x x x x x 1 
1 0 0 0 0 x x x x x x x x 1 x x x x x x x 0 

1 0 0 1 0 x x x x x x x x x 0 x x x x x x 1 

1 0 0 1 0 x x x x x x x x x 1 x x x x x x 0 
1 0 1 0 0 x x x x x x x x x x 0 x x x x x 1 

1 0 1 0 0 x x x x x x x x x x 1 x x x x x 0 
1 0 1 1 0 x x x x x x x x x x x 0 x x x x 1 

1 0 1 1 0 x x x x x x x x x x x 1 x x x x 0 
1 1 0 0 0 x x x x x x x x x x x x 0 x x x 1 

1 1 0 0 0 x x x x x x x x x x x x 1 x x x 0 

1 1 0 1 0 x x x x x x x x x x x x x 0 x x 1 
1 1 0 1 0 x x x x x x x x x x x x x 1 x x 0 

1 1 1 0 0 x x x x x x x x x x x x x x 0 x 1 

1 1 1 0 0 x x x x x x x x x x x x x x 1 x 0 
1 1 1 1 0 x x x x x x x x x x x x x. x x 0 1 

1 1 1 1 0 x x x x x x x x x x x x x x x 1 0 

*For MM72C19/MM82C19 this would be Hi-Z, everything else is the same. 

Switching Time Waveforms 

CMOS to CMOS 

Vee 
0.9 

V1N 

0.1 
av 

tpdO -
Vee 

Vour 

ov 
TL/F/5891-2 
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Switching Time Waveforms (Continued) 

t1H and tH1 

INPUT -Q::-1":'~10_k __ I..,..,_. OUTPUT 

DISABLE CL 

J 
DISABLE 

t1H 

TL/F/5691-3 Vee----.. , 
~--,--

OUTPUT 

TL/F/5891-4 

toH and tHo 

Vee=;} 
DISABLE OV0.5 Vee 

- '")-Vee~-----+-~------~ 

~•:cc 
ov~----'··-----

Vee 

!Ok 

OUTPUT 

TL/F/5691-6 

TL/F/5691-5 

toH tHo 

Vee Vee 

~.~:·~ 
DISABLE o.5 Vee DISABLE 

ov ov 

Vee 
i 

Vee 
o.5 Vee 

OUTPUT OUTPUT 

\ t 
ov ov 

TL/F/5691-7 
Note: Delays measured with input tr. It $; 20 ns. 

TL/F/5891-8 

I • 
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~ Logic Diagrams 
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Logic Diagrams (Continued) 

MM72C19/MM82C19 

TL/F/5891-10 
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~National 
~Semiconductor 
MM54C151/MM74C151 8-Channel Digital Multiplexer 
General Description Features 

• Supply voltage range The MM54C151/MM74C151 multiplexer is a monolithic 
complementary MOS (CMOS) integrated circuit constructed 
with N- and P-channel enhancement transistors. 

• Tenth power TTL compatible 
3V to 15V 

drive 2 LPTTL loads 
0.45 Vee (typ.) 

50 nW (typ.) This data selector/multiplexer contains on-chip binary de
coding. Two outputs provide true (output Y) and comple
ment (output W) data. A logical "1" on the strobe input 
forces W to a logical "1" and Y to a logical "O". 

All inputs are protected against electrostatic effects. 

Logic & Connection Diagrams 

.. 
DATA 

INPUTS .. 
.. 
D, 

DATA! A 
SELECT Cl 

STROBE 

• High noise immunity 
• Low power 

Applications 
• Automotive 
• Data terminals 
• Instrumentation 
• Medical electronics 

Dual-In-Line Package 
DATA INPUT 

Vee 

o, 

01 D, Do 

y W STROH GND ..___,...__., 
DATAl•PUTS OUTPUTS 

• Alarm systems 
• Industrial electronics 
• Remote metering 
• Computers 

OUTPUT(W) 

TL/F/5892-1 

TL/F/5892-2 

Top View 

Order Number MM54C151* or MM74C151* 
•Please look into Section B, Appendix D 
for availability of various package types. 
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Absolute Maximum Ratings (Note 1> 

If Mllltary/Aerospace specified devices are required, Storage Temperature Range - 65°C to + 15o·c 
contact the National Semiconductor Sales Office/ Maximum Vee Voltage 18V 
Distributors for availability and specifications. Power Dissipation 
Voltage at any Pin -0.3V to Vee +0.3V Dual-In-Line 700mW 
Operating Temperature Range Small Outline 500mW 

MM54C151 - 55°C to + 125·c Operating Vee Range 3V to 15V 
MM74C151 - 4o•c to + 85°C Lead Temperature (Soldering, 10 sec.) 260°c 

DC Electrical Characteristics Min/Max limits apply across temperature range unless otherwise noted 

Symbol Parameter Conditions Min Typ Max Units 

CMOS TO CMOS 

V1N(1) Logical "1" Input Voltage Vee= 5V 3.5 v 

Vee= 1ov 8.0 v 

V1N(O) Logical "O" Input Voltage Vee= 5V 1.5 v 

Vee= 1ov 2.0 v 

Vour(1) Logical "1" Output Voltage Vee= 5V, 10 = -10 µA 4.5 v 
Vee= 1ov, lo= -10 µA 9.0 v 

VouT(O) Logical "O" Output Voltage Vee= 5V, 10 = 10 µA 0.5 v 
Vee= 1ov, 10 = 10 µA 1.0 v 

l1N(1) Logical "1" Input Current Vee= 15V, V1N = 15V 1.0 µA 

l1N_iq}_ Logical "O" Input Current Vee= 15V, V1N = ov -1.0 µA 

Ice Supply Current Vee= 15V 0.05 300 µA 

CMOS TO LPTTL INTERFACE 

V1N(1) Logical "1" Input Voltage 54C Vee= 4.5V Vce-1.5 v 
74C Vee= 4.75V Vee-1.5 mA 

V1N(O) Logical "O" Input Voltage 54C Vee= 4.5V 0.8 v 
74C Vee= 4.75V 0.8 v 

Vour(1) Logical "1" Output Voltage 54C Vee= 4.5V, 10 = -360 µA 2.4 v 
74C Vee= 4.75V, 10 = -360 µA 2.4 v 

VouT(O) Logical "O" Output Voltage 54C Vee= 4.5V, 10 = 360 µA 0.4 v 
74C Vee = 4.75V, 10 = 360 µA 0.4 v 

OUTPUT DRIVE (See 54C/74C Family Characteristics Data Sheet) (Short Circuit Current) 

lsoURCE Output Source Current Vee = 5V, V1N(O) = ov -1.75 mA 
TA = 25°C, Vour = ov 

lsouReE Output Source Current Vee = 1 ov, V1N(O) = OV -8.0 mA 
TA = 25°C, Vour = ov 

ls1NK Output Sink Current Vee = 5V, V1N(1) = 5V 1.75 mA 
TA = 25°C, Vour = Vee 

ls1NK Output Sink Current Vee= 10V, V1N(1) = 10V 
8.0 mA 

TA = 25°C, Vour = Vee 
Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range" 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 
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AC Electrical Characteristics* TA = 25°C, CL = 50 pF, unless otherwise noted 

Symbol Parameter 

tpdO· tpd1 Propagation Delay Time to a 
Logical "O" or Logical "1" from 
Data to Y 

tpdO• tpd1 Propagation Delay Time to a 
Logical "O" or Logical "1" from 
DatatoW 

tpdO• tpd1 Propagation Delay Time to a 
Logical "O" or Logical "1" from 
Strobe or Data Select to Y 

C1N Input Capacitance 

Cpo Power Dissipation Capacitance 

•AC Parameters are guaranteed by DC correlated testing. 

Note 2: Capacitance is guaranteed by periodic testing . 

Conditions Min Typ 

Vee= 5V, 170 

Vee= 1ov 80 

Vee= 5V, 200 
Vee= 1ov 90 

Vee= 5V, 240 

Vee= 1ov 110 

(Note 2) 5 

(Note 3) 50 

Max Units 

270 ns 
130 ns 

300 ns 
140 ns 

360 ns 
170 ns 

pF 

pF 

. Note 3: Cpo determines the no load AC power consumption of any CMOS device. For complete explanation see 54C/74C Family Characteristics Application Note 
AN-90. 

Switching Time Waveforms 
Vee 

OUTPUT(W) 

ov 

Vee 

OUTPUT (Y) 

ov 

Vee 

DATA INPUT 
DATA SELECT 

STROBE 

t,, t1 = 20 ns ov 

t, 
TL/F/5892-3 

AC Test Circuit 
Vee 

OUTPUT (WI 

GND T CL=50pF 

TL/F/5892-4 
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Truth Table 

Inputs Outputs 

c B A Strobe Do D1 D2 03 04 Ds Ds 07 y w 
x x x 1 x x x x x x x x 0 1 
0 0 0 0 0 x x x x x x x 0 1 
0 0 0 0 1 x x x x x x x 1 0 
0 0 1 0 x 0 x x x x x x 0 1 
0 0 1 0 x 1 x x x x x x 1 0 
0 1 0 0 x x 0 x x x x x 0 1 
0 1 0 0 x x 1 x x x x x 1 0 
0 1 1 0 x x x 0 x x x x 0 1 
0 1 1 0 x x x 1 x x x x 1 0 
1 0 0 0 x x x x 0 x x x 0 1 
1 0 0 0 x x x x 1 x x x 1 0 
1 0 1 0 x x x x x 0 x x 0 1 
1 0 1 0 x x x x x 1 x x 1 0 
1 1 0 0 x x x x x x 0 x 0 1 
1 1 0 0 x x x x x x 1 x 1 0 
1 1 1 0 x x x x x x x 0 0 1 
1 1 1 0 x x x x x x x 1 1 0 

• 
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~National 
U Semiconductor 
MM54C154/MM74C154 4-Line to 16-Line 
Decoder/Demultiplexer 
General Description Features 

• Supply voltage range The MM54C154/MM74C154 one of sixteen decoder is a 
monolithic complementary MOS (CMOS) integrated circuit 
constructed with N- and P-channel enhancement transis
tors. The device is provided with two strobe inputs, both of 
which must be in the logical "O" state for normal operation. 
If either strobe input is in the logical "1" state, all 16 outputs 
will go to the logical "1" state. 

• Tenth power TTL compatible 
3V to 15V 

Drive 2 LPTTL loads 
1 V guaranteed 
0.45 Vee (typ.) 

To use the product as a demultiplexer, one of the strobe 
inputs serves as a data input terminal, while the other strobe 
input must be maintained in the logical "O" state. The infor
mation will then be transmitted to the selected output as 
determined by the 4-line input address. 

Logic & Connection Diagrams 

INPUTS 

• High noise margin 
• High noise immunity 

Applications 
• Automotive 
• Data terminals 
• Instrumentation 
• Medical electronics 

OUTPUTS 

10 

11 

12 

13 

14 

15 

TL/F/5893-1 
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• Alarm systems 
• Industrial electronics 
• Remote metering 
• Computers 

Dual-In-Line Package 

OUTPUTS 

TL/F/5893-2 

Top View 

Order Number MM54C154* or 
MM74C154* 

•Please look into Section 8, Appendix D 
for availability of various package types. 



Absolute Maximum Ratings (Note 1) 

If Miiitary/Aerospace specified devices are required, Storage Temperature Range - 65°C to + 15a0 c 
contact the National Semiconductor Sales Office/ Maximum Vee Voltage 18V 
Distributors for availability and specifications. 

Power Dissipation 
Voltage at Any Pin -a.3V to Vee+ a.3V Dual-In-Line 7aamW 
Operating Temperature Range Small Outline 5aamW 

MM54C154 - 55°C to + 125·c Operating Vee Range 3Vto 15V 
MM74C154 -4a0 cto +85°C Lead Temperature 

(Soldering, 1 a seconds) 26a0 c 

DC Electrical Characteristics Min/max limits apply across temperature range unless otherwise noted 

Symbol Parameter Conditions Min Typ Max Units 

CMOS TO CMOS 

V1N(1) Logical "1" Input Voltage Vee= 5.av 3.5 v 
Vee= 10v 8.a v 

V1N(O) Logical "a" Input Voltage Vee= 5.av 1.5 v 
Vee= 1av 2.a v 

VouT(1) Logical "1" Output Voltage Vee= 5.av, 10 = -10µA 4.5 v 
Vee= 1av, lo= -1a µA 9.a v 

VouT(O) Logical "a" Output Voltage Vee = 5.av, lo = 1 aµA a.5 v 
Vee= 1av, lo= 1a µA 1.a v 

l1N(1) Logical "1" Input Current Vee= 15V, V1N = 15V a.aa5 1.a µA 

l1N(Q}_ Logical "a" Input Current Vee= 15V, V1N =av -1.a -a.aa5 µA 

Ice Supply Current Vee= 15V a.a5 3aa µA 

CMOS TO LPTTL INTERFACE 

V1N(1) Logical "1" Input Voltage 54C Vee= 4.5V Vee - 1.5 v 
74C Vee= 4.75V Vee - 1.5 v 

V1N(O) Logical "a" Input Voltage 54C Vee= 4.5V a.8 v 
74C Vee= 4.75V a.8 v 

VouT(1) Logical "1" Output Voltage 54C Vee= 4.5V, 10 = -1aa µA 2.4 v 
74C Vee = 4.75V, lo = -100 µA 2.4 v 

VouT(O) Logical "a" Output Voltage 54C Vee= 4.5V, 10 = 36a µA a.4 v 
74C Vee = 4.75V, 10 = 36a µA a.4 v 

OUTPUT DRIVE (See 54C/74C Family Characteristics Data Sheet) (Short Circuit Current) 

I sou ACE Output Source Current Vee = 5.av, V1N(O) = av 
-1.75 mA 

TA= 25·c, VouT =av 

I sou ACE Output Source Current Vee= 1av, V1N(O) =av 
-8.a mA 

TA = 25°C, VouT = av 

ls1NK Output Sink Current Vee = 5.av, V1N(1) = 5.av 
1.75 mA 

TA = 25°C, VouT = Vee 

ls1NK Output Sink Current Vee= 1av, V1N(1) = 1av 
8.a mA 

TA = 25°C, VouT = Vee 
Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range" 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. • I 
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AC Electrical Characteristics* TA = 25°C, CL = 50 pf, unless otherwise noted 

Symbol 

tpdO 

tpdO 

tpdO 

Cpo 

Parameter 

Propagation Delay to a Logical 
"O" from Any Input to Any Output 

Propagation Delay to a Logical 
"O" from G1 or G2 to Any Output 

Propagation Delay to a Logical 
"O" from Any Input to Any Output 

Propagation Delay to a Logical 
"1" from G 1 or G2 to Any Output 

Input Capacitance 

Power Dissipation Capacitance 

•AC Parameters are guaranteed by DC correlated testing. 

Note 2: Capacitance is guaranteed by periodic testing. 

Conditions 

Vee= 5.ov 
Vee= 1ov 

Vee= 5.ov 
Vee= 1ov 

Vee= 5.ov 
Vee= 1ov 

Vee= 5.ov 

Vee= 1ov 

(Note2) 

(Note3) 

Min Typ 

275 
100 

275 
100 

265 
100 

265 
100 

5.0 

60 

Max 

400 
200 

400 
200 

400 
200 

400 
200 

Units 

ns 
ns 

ns 
ns 

ns 
ns 

ns 
ns 

pF 

pF 

Note 3: Cpo determines the no load AC power consumption of any CMOS device. For complete explanation see 54C/74C Family Characteristics Application Note 
AN-90. 

Switching Time Waveforms 

A, 8, CORD 

ANY OUTPUT 

:.t, l,:_J_.:~:: 
50%-f 50% 

ov 
TL/F/5893-3 
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~National a Semiconductor 
MM54C157/MM74C157 Quad 2-lnput Multiplexers 

General Description 
These multiplexers are monolithic complementary MOS 
(CMOS) integrated circuits constructed with N- and P-chan
nel enhancement transistors. They consist of four 2-input 
multiplexers with common select and enable inputs. When 
the enable input is at logical "O" the four outputs assume 
the values as selected from the inputs. When the enable 
input is at logical "1", the outputs assume logical "O". Se
lect decoding is done internally resulting in a single select 
input only. 

Logic & Connection Diagrams 

Dual-In-Line Package 
Vee ENABLE lA 38 JY 4A 4B 4Y 

18 10 

SELECT IA 18 IV 2A 28 2Y GND 

TL/F/5894-2 

Top View 

Order Number MM54C157* or MM74C157* 
•Please look into Section 8, Appendix D 
for availability of various package types. 

Truth Table 
Enable Select A B OutputY 

1 x x x 0 
0 0 0 x 0 
0 0 1 x 1 
0 1 x 0 0 
0 1 x 1 1 

74L Compatlblllty 

Vee 

IN 

TL/F /5894-3 

Features 
• Supply voltage range 
• High noise immunity 
• Low power 
• Tenth power TIL compatible 

3V to 15V 
0.45 Vee (typ.) 

50 nW (typ.) 
Drive 2 LPTIL loads 

TL/F/5894-1 

Guaranteed Noise Margin 
as a Function of V cc 

4.50V IOV 15V 

Vee 

TL/F/5894-4 
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Absolute Maximum Ratings (Note 1i 

If Military I Aerospace specified devices are required, Storage Temperature Range - 65°C to + 15o·c 
contact the National Semiconductor Sales Office/ Maximum Vee Voltage 18V 
Distributors for availability and specifications. 

Power Dissipation (Po) 
Voltage at Any Pin -0.3V to Vee + 0.3V Dual-In-Line 700mW 
Operating Temperature Range Small Outline 500mW 

MM54C157 - 55°C to + 125•c Operating Vee Range 3Vto 15V 
MM74C157 -40°Cto +85°C Lead Temperature (Soldering, 10 sec.) 260°c 

DC Electrical Characteristics Min/Max limits apply across temperature range unless otherwise noted 

Symbol Parameter Conditions Min Typ Max Units 

CMOS TO CMOS 

V1N(1) Logical "1" Input Voltage Vee= 5V 3.5 v 

Vee= 10v 8.0 v 

V1N(O) Logical "O" Input Voltage Vee= 5V 1.5 v 

Vee= 1ov 2.0 v 

VouT(1) Logical "1" Output Voltage Vee= 5V 4.5 v 

Vee= 10v 9.0 v 

VouT(O) Logical "O" Output Voltage Vee= 5V 0.5 v 

Vee= 10v 1.0 v 

l1N(1) Logical "1" Input Current Vee= 15V 0.005 1.0 µA 

l1N(O) Logical "O" Input Current Vee= 15V -1.0 -0.005 µA 

Ice Supply Current Vee= 15V 0.05 60 µA 

CMOS TO TENTH POWER INTERFACE 

V1N(1) Logical "1" Input Voltage 54C Vee= 4.5V Vee - 1.5 v 

74C Vee= 4.75V Vee - 1.5 v 

V1N(O) Logical "O" Input Voltage 54C Vee= 4.5V 0.8 v 

74C Vee= 4.75V 0.8 v 

VouT(1) Logical "1" Output Voltage 54C Vee= 4.5V, lo= -360 µA 2.4 v 

74C Vee = 4.75V, lo = -360 µA 2.4 v 

VouT(O) Logical "O" Output Voltage 54C Vee= 4.5V, 10 = 360 µA 0.4 v 

74C Vee = 4.75V, 10 = 360 µA 0.4 v 

OUTPUT DRIVE (See 54C/74C Family Characteristics Data Sheet) (Short Circuit Current) 

lsouReE Output Source Current Vee = 5V, V1N(O) = ov 
-1.75 mA 

TA = 25°C, VouT = ov 

lsouReE Output Source Current Vee= 10V, V1N(O) = ov 
-8.0 mA 

TA = 25°C, VouT = ov 

ls1NK Output Sink Current Vee= 5V, V1N(1) = 5V 
1.75 mA 

TA = 25°C, VouT = Vee 

lslNK Output Sink Current Vee= 10V, V1N(1) = 10V 
8.0 mA 

TA = 25°C, VouT = Vee 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range" 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 
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AC Electrical Characteristics* TA = 25°C, CL = 50 pF, unless otherwise specified 

Symbol Parameter 

tpdO• tpd1 Propagation Delay from 

Data to Output 

tpdO• tpd1 Propagation Delay from 
Select to Output 

tpdO• tpd1 Propagation Delay from 
Enable to Output 

C1N Input Capacitance 

Cpo Power Dissipation 
Capacitance 

•Ac Parameters are guaranteed by DC correlated testing. 

Note 2: Capacitance is guaranteed by periodic testing. 

Conditions Min Typ 

Vee= 5.ov 150 

Vee= 1ov 70 

Vee= 5V 180 

Vee= 1ov 80 

Vee= 5V 180 

Vee= 1ov 80 

(Note 2) 5 

(Note3) 
20 

Max Units 

250 ns 
110 ns 

300 ns 
130 ns 

300 ns 
130 ns 

pF 

pF 

Note 3: Cpo determines the no load AC power consumption of any CMOS device. For complete explanation, see 54C/7 4C Family Characteristics, Application Note 
AN-90. 
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~National 
~Semiconductor 

MM54C160/MM74C160 
Decade Counter with Asynchronous Clear 
MM54C161/MM74C161 
Binary Counter with Asynchronous Clear 
MM54C162/MM74C162 
Decade Counter with Synchronous Clear 
MM54C163/MM74C163 
Binary Counter with Synchronous Clear 

General Description 
These (synchronous presettable up) counters are monolith
ic complementary MOS (CMOS) integrated circuits contruct
ed with N- and P-channel enhancement mode transistors. 
They feature an internal carry lookahead for fast counting 
schemes and for cascading packages without additional 
gating . 

A low level at the load input disables counting and causes 
the outputs to agree with the data input after the next posi
tive clock edge. The clear function for the C162 and C163 is 
synchronous and a low level at the clear input sets all four 
outputs low after the next positive clock edge. The clear 
function for the C160 and C161 is asynchronous and a low 
level at the clear inputs sets all four outputs low regardless 
of the state of the clock. 

Counting is enabled when both count enable inputs are 
high. Input T is fed forward to also enable the carry out. The 

Connection Diagram 

Dual-In-Line Package 

CLEAR 16 Vee 

CLOCK 15 
RIPPLE 
CARRY 

INA 14 QA 

I Ne 13 ne 

I Ne 12 nc 
I No 11 no 

ENABLE P 10 ENABLE T 

GND LOAD 

TL/F/5895-1 

carry output is a positive pulse with a duration approximately 
equal to the positive portion of QA and can be used to en
able successive cascaded stages. Logic transitions at the 
enable P or T inputs can occur when the clock is high or 
low. 

Features 
• High noise margin 
• High noise immunity 

• Tenth power TTL compatible 
• Wide supply voltage range 

1 V guaranteed 

0.45 Vee (typ.) 
Drives 2 LPTTL loads 

3V to 15V 
• Internal look-ahead for fast counting schemes 

• Carry output for N-bit cascading 

• Load control line 
• Synchronously programmable 

Order Number MM54C160*, MM74C160*, 
MM54C161 *, MM74C161 *, MM54C162*, 

MM74C162*, MM54C163* or MM74C163* 
•Please look into Section 8, Appendix D 
for availability of various package types. 
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Absolute Maximum Ratings (Note 1) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Voltage at Any Pin -0.3V to Vcc+0.3V 

Operating Temperature Range 
- 55°C to + 125°C 

Storage Temperature Range 

Maximum Vee Voltage 

Power Dissipation (Po) 
Dual-In-Line 
Small Outline 

Operating V cc Range 

- 65°C to + 150°C 

18V 

700mW 
500mW 

MM54C160/1 /2/3 
MM74C160/1 /2/3 - 40°C to + 85°C 

Lead Temperature (Soldering, 10 seconds) 

3V to 15V 

260°c 

DC Electrical Characteristics Min/Max limits apply across temperature range unless otherwise noted 

Symbol Parameter Conditions Min Typ Max Units 

CMOS TO CMOS 

V1N(1) Logical "1" Input Voltage Vee= 5V 3.5 v 

Vee= 1ov 8.0 v 

V1N(O) Logical "O" Input Voltage Vee= 5V 1.5 v 

Vee= 1ov 2.0 v 

Vour(1) Logical "1" Output Voltage Vee= 5V, lo= -10 µA 4.5 v 
Vee= 10v, lo= -10 µA 9.0 v 

Vour(O) Logical "O" Output Voltage Vcc=5V,10 =10µA 0.5 v 

Vee= 1ov, lo= 10 µA 1.0 v 

l1N(1) Logical "1" Input Current Vee= 15V, V1N = 15V 0.005 1.0 µA 

l1N(O) Logical "O" Input Current Vee= 15V, V1N = ov -1.0 -0.005 µA 

Ice Supply Current Vee= 15V 0.05 300 µA 

CMOS TO LPTTL INTERFACE 

V1N(1) Logical "1" Input Voltage 54C Vee= 4.5V Vcc-1.5 v 
74C Vee= 4.75V Vcc-1.5 v 

V1N(O) Logical "O" Input Voltage 54C Vee= 4.5V 0.8 v 
74C Vee= 4.75V 0.8 v 

Vour(1) Logical "1" Output Voltage 54C Vee = 4.5V, 10 = -360 µA 2.4 v 
74C Vee = 4.75V, lo = -360 µA 2.4 v 

Vour(O) Logical "O" Output Voltage 54C Vee = 4.5V, lo = 360 µA 0.4 v 
74C Vee = 4.75V, 10 = 360 µA 0.4 v 

OUTPUT DRIVE (See 54C/74C Family Characteristics Data Sheet) (Short Circuit Current) 

I sou ACE Output Source Current Vee= 5V, V1N(O) = ov 
1.75 mA 

TA = 25°C, Your = OV 

I sou ACE Output Source Current Vee= 10V, V1N(O) = ov 
8.0 mA 

TA = 25°C, Your = OV 

ls1NK Output Sink Current Vee = 5V, V1N(1) = 5V 
1.75 mA 

TA = 25°C, Your = Vee 

lslNK Output Sink Current Vee= 10V, V1N(1) = 10V 
8.0 mA 

TA = 25°C, Your = Vee 
Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range" 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 
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AC Electrical Characteristics* TA = 25°C, CL = 50 pF, unless otherwise noted 

Symbol Parameter Conditions Min Typ Max Units 

tpd Propagation Delay Time from Clock to Q Vee= 5V 250 400 ns 
Vee= 10v 100 160 ns 

tpd Propagation Delay Time from Clock to Carry Out Vee= 5V 290 450 ns 
Vee= 1ov 120 190 ns 

tpd Propagation Delay Time from T Enable to Carry Out Vee= 5V 180 290 ns 

Vee= 10v 70 120 ns 

tpd Propagation Time from Clear to Q Vee= 5V 190 300 ns 
(C160 and C161 only) Vee= 1ov 80 150 ns 

ts Time prior to Clock that Data or Load must be Present Vee= 5V 120 ns 
Vee= 1ov 30 ns 

ts Time prior to Clock that Enable P or T must be Present Vee= 5V 170 280 ns 

Vee= 1ov 70 120 ns 

ts Time prior to Clock that Clear must be Present Vee= 5V 120 190 ns 
(162, 163 only) Vee= 1ov 50 80 ns 

tw Minimum Clock Pulses Width Vee= 5V 90 170 ns 

Vee= 1ov 35 70 ns 

tr,tf Maximum Clock Rise or Fall Time Vee= 5V 15 /J.S 
Vee= 1ov 5 /J.S 

fMAX Maximum Clock Frequency Vee= 5V 2.0 3 MHz 

Vee= 1ov 5.5 8.5 MHz 

Cpo Power Dissipation Capacitance (Note3) 95 pF 

C1N Input Capacitance (Note2) 5 pF 

•AC Parameters are guaranteed by DC correlated testing. 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range" 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 

Note 2: Capacitance is guaranteed by periodic testing. 

Note 3: epo determines the no load AC power consumption of any CMOS device. For complete explanation see 54C/74C Family Characteristics Application Note 
AN-90. 

Logic Waveforms 
C160, C163 Decade Counters 

CLEARl_J 

LOAD ----i__j 
INA_JI _______________ _ 

IN8~----------------
1Nc_JI..._ ______________ _ 

Oo _____ _.r-----1..._ _________ _ 
CARRY _______ n..._ _________ _ 

TL/F/5895-2 

6-80 



Logic Waveforms (Continued) 

Logic Diagrams 

C161, ••• C163 Binary Counters 

CLEARL_j 

LOAD-U 

INA _r------, _________________ _ 

IN
8
--------------------

INcS----, _______________ _ 

IN
0 
S----,.__ ______________ _ 

ENABLE P 

ENABLE T -----
CLOCK 

CARRv ______ __.n __________ _ 
13 14 15 

MM74C160, MM74C162; Clear is Synchronous for the MM74C162 
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Logic Diagrams (Continued) 

MM74C161, MM74C163; Clear Is Synchronous for the MM74C163 

Switching Time Waveforms 

CLEAR 

LOAD 

INPUT 

ENABLE P 
ORT 

CLOCK 

OUTPUT 

tpdCLEAR tor Cl&D 1nd Cl&l only 

Note 1: All input pulses are from generators having the following character
istics; t, = t1 = 20 ns, PRR s: 1 MHz, duty cycle s: 50%, Zour :::: son. 
Note 2: All times are measured from 50% to 50%. 

Cascading Packages 
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~National 
~Semiconductor 

MM54C164/MM74C164 
8-Bit Parallel-Out Serial Shift Register 

General Description 
The MM54C164/MM74C164 shift registers are a monolithic 
complementary MOS (CMOS) integrated circuit constructed 
with N- and P-channel enhancement transistors. These 8-bit 
shift registers have gated serial inputs and clear. Each regis
ter bit is a D-type master/slave flip-flop. A high-level input 
enables the other input which will then determine the state 
of the flip-flop. 

Data is serially shifted in and out of the 8-bit register during 
the positive going transition of clock pulse. Clear is indepen
dent of the clock and accomplished by a low level at the 
clear input. All inputs are protected against electrostatic ef
fects. 

Truth Table 
Serial Inputs A and B 

Inputs Output 
tn tn+1 

A B QA 

1 1 1 
0 1 0 
1 0 0 
0 0 0 

Block Diagram 

Features 
• Supply voltage range 
• Tenth power TTL compatible 

3V to 15V 
drive 2 LPTTL loads 

0.45 Vee (typ.) 
50 nW (typ.) 

0.8 MHz (typ.) 
with 1 OV supply 

• High noise immunity 

• Low power 
• Medium speed operation 

Applications 
• Data terminals • Industrial electronics 

• Instrumentation • Remote metering 
• Medical electronics • Computers 
• Alarm systems 

Connection Diagram 
Dual-In-Line Package 

OUTPUTS 

Vee CLEAR CLOCK 
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1'4 13 12 11 10 9 8 

Jl 

.---1 ~ 

1 2 3 4 5 6 17 
A nc GND 

INPUTS OUTPUTS 

TL/F/5896-2 

Top View 

Order Number MM54C164* or MM74C164* 
•Please look into Section 8, Appendix D 
for availability of various package types. 
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Absolute Maximum Ratings (Note 1> 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Voltage at Any Pin -0.3V to Vee+ 0.3V 

Operating Temperature Range 
MM54C164 
MM74C164 

- 55°C to + 125°C 
-40°Cto +85°C 

Storage Temperature Range 

Absolute Maximum Vee 

Power Dissipation (Po) 
Dual-In-Line 
Small Outline 

Operating Vee Range 

Lead Temperature (soldering, 1 O sec.) 

-65°C to + 150°C 

18V 

700mW 
500mW 

3V to 15V 

260°C 

DC Electrical Characteristics Min/Max limits apply across temperature range unless otherwise noted 

Symbol Parameter Conditions Min Typ Max Units 

CMOSTOCMOS 

V1N(1) Logical "1" Input Voltage Vee= 5V 3.5 v 

Vee= 1ov 8.0 v 

V1N(O) Logical "O" Input Voltage Vee= 5V 1.5 v 

Vee= 1ov 2.0 v 

Vour(1) Logical "1" Output Voltage Vee= 5V, lo= -10 µA 4.5 v 
Vee= 1ov, lo= -10 µA 9.0 v 

VouT(O) Logical "O" Output Voltage Vee= 5V, lo= +10 µA 0.5 v 

Vee= 10v, lo= +10 µA 1.0 v 

l1NJ_1) Logical "1" Input Current Vee= 15V, v,N = 15V 0.005 1.0 µA 

l1NJQ)_ Logical "O" Input Current Vee= 15V, v 1N = ov -1.0 -0.005 µA 

Ice Supply Current Vee= 15V 0.05 300 µA 

CMOS TO LPTTL INTERFACE 

V1N(1) Logical "1" Input Voltage 54C Vee = 4.5V Vee - 1.5 v 
74C Vee = 4.75V Vee - 1.5 v 

V1N(O) Logical "O" Input Voltage 54C Vee = 4.5V 0.8 v 
74C Vee = 4.75V 0.8 v 

VoUT(1) Logical "1" Output Voltage 54C Vee = 4.5V, lo = -360 µA 2.4 v 
74C Vee = 4.75V, lo = -360 µA 2.4 v 

VouT(O) Logical "O" Output Voltage 54C Vee = 4.5V, lo = 360 µA 0.4 v 
74C Vee = 4.75V, lo = 360 µA 0.4 v 

OUTPUT DRIVE (See 54C/74C Family Characteristics Data Sheet) (Short Circuit Current) 

lsoURCE Output Source Current Vee = 5V, V1N(O) = ov 
-1.75 mA 

TA= 25°C, VouT = ov 

lsouReE Output Source Current Vee = 10V, V1N(O) = ov 
-8.0 mA 

TA= 25°C, VouT = ov 

ls1NK Output Sink Current Vee = 5V, V1N(1) = 5V 
1.75 mA 

TA= 25°C, VouT =Vee 

ls1NK Output Sink Current Vee= 10V, V1N(1) = 10V 
8.0 mA 

TA = 25°C, VouT = Vee 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range" 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 
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AC Electrical Characteristics* TA = 25°C, CL = 50 pF, unless otherwise noted 

Symbol Parameter 

tpd1 Propagation Delay Time to a Logical "O" or a 
Logical "1" from Clock to Q 

tpdO Propagation Delay Time to a Logical "O" from 
Clear to Q 

ts Time Prior to Clock Pulse that Data 
Must be Present 

tH Time After Clock Pulse that 

Data Must be Held 

fMAX Maximum Clock Frequency 

tw Minimum Clear Pulse Width 

tr, t1 Maximum Clock Rise and Fall Time 

C1N Input Capacitance 

Cpo Power Dissipation Capacitance 

•AC Parameters are guaranteed by DC correlated testing. 

Note 2: Capacitance is guaranteed by periodic testing. 

Conditions 

Vee= 5V 
Vee= 1ov 

Vee= 5V 
Vee= 1ov 

Vee= 5V 
Vee= 1ov 

Vee= 5V 

Vee= 10v 

Vee= 5V 
Vee= 1ov 

Vee= 5V 
Vee= 1ov 

Vee= 5V 
Vee= 1ov 

Any Input (Note 2) 

(Note 3) 

Min Typ Max Units 

230 310 ns 

90 120 ns 

280 380 ns 
110 150 ns 

200 110 ns 

80 30 ns 

0 0 ns 

0 0 ns 

2.0 3 MHz 

5.5 8 MHz 

150 250 ns 
55 90 ns 

15 µs 
5 µs 

5 pF 

140 pF 

Note 3: Cpo determines the no load AC power consumption of any CMOS device. For complete explanation see 54C/74C Family Characteristics application note 
AN-90. 

Logic Waveforms 

CLEAR--u u 
SERIAL { A 
INPUTS B __ ..,_ ____ __. 

CLOCK 

o .. 

Oa 

Oc 

Oo 

OUTPUTS 

Ln!-------

TL/F/5896-3 
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"'11:1' 
«> 
0 Switching Time Waveforms 
"'11:1' 5E CMOS to CMOS 

::!: 
;;: Yee----1-1....------~ 
~ CLOCK 

(.) oY~---......,~1 
"'11:1' 
LI) 

::!: Yee -1-1~--+--'""""' 
:i: DATA 

DATA 
OY 

Yee 
Q 

OY 

Yee 

Q 

OY 

tr=t1=20ns 

AC Test Circuit 

INPUTS { 

CLOCK 

Typical Applications 

74C Compatibility 

Vee 

A 

TL/F/5896-4 

QA 

lla 

llc .-------
QD 

QE 
QFL... __ _ 

QG 

QH 

TL/F/5896-7 
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TTL to CMOS 

Yee-----+-----

tpc10-- 1.5Y 

TL/F/5896-6 

Guaranteed Noise Margin 

15
v as a Function of Vee 

.,, .... ... 
; 4.05 

~ 3.05 
:: 

1.45 

0.45 

4.SOV 10V 

Vee 

TL/F/5896-5 

13.5 

12.5 

15V 

TL/F/5896-8 



~National 
~Semiconductor 

MM54C165/MM74C165 
Parallel-Load 8-Bit Shift Register 

General Description 
The MM54C165/MM74C165 is an 8-bit serial shift register 
which shifts data from QA to OH when clocked. Parallel in
puts to each stage are enabled by a low level at the shift/ 
load input. Also included is a gated clock input and a com
plementary output from the eighth bit. 

Clocking is accomplished through a 2-input NOR-gate per
mitting one input to be used as a clock-inhibit function. Hold
ing either of the clock inputs high inhibits clocking, and hold
ing either clock input low with the shift/load high enables 
the other clock input. Data transfer occurs on the positive 
edge of the clock. The clock inhibit input should be changed 
to a high level only while the clock input is high. Parallel 
loading is inhibited as long as the shift/load input is high. 

Connection and Block Diagrams 

CLOCK 
Vee INHIBIT 

116 15 

~ 

I 2 

SHIFT/ CLOCK 
LOAD 

Dual-In-Line Package 

PARALLEL INPUTS 

SERIAL OUTPUT 
A INPUT OH 

14 13 12 11 10 9 

.-

3 4 5 6 7 
T8 

OUTPUT GNO 
QH 

PARALLEL INPUTS 

TL/F/5897-1 

Top View 

When taken low, data at the parallel inputs is loaded directly 
into the register independent of the state of the clock. 

Features 
• Wide supply voltage range 
• Guaranteed noise margin 
• High noise immunity 
• Low power TIL compatibility 

• Direct overriding load 
• Gated clock inputs 
• Fully static operation 

CLOCK 

CLOCK INHIBIT 

3V to 15V 
1V 

0.45 Vee (typ.) 
fan out of 2 
driving 74L 

S/L 

TL/F/5897-2 

Order Number MM54C165* or MM74C165* 
•Please look into Section 8, Appendix D 
for availability of various package types. 

~Ln---..... ---------~----......,...._------.... -------+-------4~------f-----------, 
STLn----'---._ __ _... __ ..._ ____ ..,_ ..... ____ +-----4,_---+--..----t--...-----r--.----, 

PARALLEL INPUTS 

TL/F/5897-3 
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Absolute Maximum Ratings (Note 1> 

If Military/Aerospace specified devices are required, Storage Temperature Range -65°Cto +150°C 
contact the National Semiconductor Sales Office/ Absolute Maximum Vee 18V 
Distributors for availability and specifications. Power Dissipation 
Voltage at Any Pin - 0.3V to V cc+ 0.3V Dual-In-Line 700mW 
Operating Temperature Range Small Outline 500mW 

MM54C165 - 55°C to + 125°C Operating Vee Range 3Vto 15V 
MM74C165 - 40°C to + 85°C Lead Temperature (Soldering, 10 sec.) 260°C 

DC Electrical Characteristics Min/Max limits apply across temperature range unless otherwise noted 

Symbol Parameter Conditions Min Typ Max Units 

CMOS TO CMOS 

V1N(1) Logical "1" Input Voltage Vee= 5V 3.5 v 
Vee= 10v 8.0 v 

V1N(O) Logical "O" Input Voltage Vee= 5V 1.5 v 
Vee= 10v 2.0 v 

VouT(1) Logical "1" Output Voltage Vee= 5V, lo= -10 µA 4.5 v 
Vee= 10v, 10 = -10 µA 9.0 v 

VouT(O) Logical "O" Output Voltage Vee= 5V, lo= +10 µA 0.5 v 
Vee= 10v, 10 = +10 µA 1.0 v 

l1N(1) Logical "1" Input Current Vee= 15V, V1N = 15V 0.005 1.0 µA 

l1N(O) Logical "O" Input Current Vee= 15V, V1N = ov -1.0 -0.005 µA 

Ice Supply Current Vee= 15V 0.05 300 µA 

CMOS TO LPTTL INTERFACE 

V1N(1) Logical "1" Input Voltage 54C Vee= 4.5V Vee - 1.5 v 
74C Vee= 4.75V Vee - 1.5 v 

V1N(O) Logical "O" Input Voltage 54C Vee= 4.5V 0.8 v 
74C Vee= 4.75V 0.8 v 

VoUT(1) Logical "1" Output Voltage 54C Vee = 4.5V, 10 = -360 µA 2.4 v 
74C Vee = 4.75V, 10 = -360 µA 2.4 v 

VoUT(O) Logical "O" Output Voltage 54C Vee = 4.5V, 10 = 360 µA 0.4 v 
74C Vee = 4.75V, lo = 360 µA 0.4 v 

OUTPUT DRIVE (See 54C/74C Family Characteristics Data Sheet) (short circuit current) 

lsoURCE Output Source Current Vee= 5V -1.75 -3.3 mA 
(P-Channel) TA = 25°C, VouT = ov 

lsoURCE Output Source Current Vee= 1ov -8.0 -15 mA 
(P-Channel) TA = 25°C, VouT = OV 

ls1NK Output Sink Current Vee= 5V 
1.75 3.6 mA 

(N-Channel) TA = 25°C, VouT = Vee 

ls1NK Output Sink Current Vee= 1ov 
8.0 16 mA 

(N-Channel) TA= 25°C, VouT =Vee 
Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range" 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 
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AC Electrical Characteristics* TA = 25°C, CL = 50 pF, unless otherwise noted 

Symbol Parameter Conditions Min Typ Max Units 

tpdO• tpd1 Propagation Delay Time to a Logical "O" or Vee= 5V 200 400 ns 
Logical "1" from Clock or Load to Q or Q Vee= 1ov 80 200 ns 

tpdO• tpd1 Propagation Delay Time to a Logical "O" or Vee= 5V 200 400 ns 
Logical "1" from H to Q or Q Vee= 1ov 80 200 ns 

ts Clock Inhibit Set-up Time Vee= 5V 150 75 ns 

Vee= 1ov 60 30 ns 

ts Serial Input Set-up Time Vee= 5V 50 25 ns 
Vee= 1ov 30 15 ns 

tH Serial Input Hold Time Vee= 5V 50 0 ns 

Vee= 1ov 30 0 ns 

ts Parallel Input Set-Up Time Vee= 5V 150 75 ns 

Vee= 1ov 60 30 ns 

tH Parallel Input Hold Time Vee= 5V 50 0 ns 

Vee= 1ov 30 0 ns 

tw Minimum Clock Pulse Width Vee= 5V 70 200 ns 

Vee= 10v 30 100 ns 

tw Minimum Load Pulse Width Vee= 5V 85 180 ns 
Vee= 10v 30 90 ns 

fMAX Maximum Clock Frequency Vee= 5V 2.5 6 MHz 

Vee= 10v 5 12 MHz 

tr. tt Maximum Clock Rise and Fall Time Vee= 5V 10 µs 

Vee= 10v 5 µs 

C1N Input Capacitance (Note 2) 5 pF 

Cpo Power Dissipation Capacitance (Note 3) 65 pF 

•AC Parameters are guaranteed by DC correlated testing. 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range" 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 

Note 2: Capacitance is guaranteed by periodic testing. 

Note 3: Cpo determines the no load AC power consumption of any CMOS device. For complete explanation see 54C/74C Family Characteristics application note 
AN-90. 

Switching Time Waveforms 

Vee 
CLOCK 0.5 Vee 

ov 

Vee 
SERIAL 0.5Vee 

INPUT ov 

Vee 
F&H 0.5Vee 

INPUTS 
OV 

Vee-+------• .---._ 1 
SHIFT/ 0.5 Vee 

LOAD OV -1------' 

Vee 
QH 0.5 Vee 

OV -f--f-'---' 

Vcc--+--
iiH 0.5 Vee 

OV 

Note A: The remaining six data and the serial input are low. 

Note B: Prior to test. high level data is loaded into H input. 
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II) 
co ,.... 
0 
~ ..... 
::E 
::E ....... 
II) 
co ,.... 
0 
~ 
II) 

::E 
::E 

Truth Table 

Shift/ Clock 
Load Inhibit 

L x 
H L 

H L 

H L 

H H 

H = V1N(1)• L = V1N(O) 

X = irrelevant 

Inputs 

Clock 

x 
L 

t 
t 
t 

j = transition from V1N(O) to V1N(1) 

a ... h = the level at data inputs A thru H 

Internal 

Parallel Outputs 
Serial 

A ••• H QA Oe 
x a ... h a b 

x x OAo Oeo 

H x H OAn 

L x L 0An 
x x 0Ao Oeo 

0Ao. Oso. OHo = the level of QA, a8 or QH, before the indicated input conditions were established 

0An· 0Gn = the level of QA or QG before the most recent j transition of the clock 

Logic Waveforms 
CLOCK 

CLOCK INHIBIT 

Output 
QH 

h 

0Ho 

0Gn 

0Gn 

OHO 

SERIAL INPUT---------+-------------------

SHIFT/LOAD 

A 

DATA 

G 

H 

OUTPUT 0.. H H 

OUTPUT iiH 

1--INHIBIT--+--------SERIAL SHIFT--------

LOAO 

6·90 
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~National 
~Semiconductor 

MM54C173/MM74C173 TRI-STATE® Quad D Flip-Flop 

General Description Features 
• Supply voltage range 3V to 15V The MM54C173/MM74C173 TRI-STATE quad D flip-flop is 

a monolithic complementary MOS (CMOS) integrated circuit 
constructed with N- and P-channel enhancement transis
tors. The four D-type flip-flops operate synchronously from a 
common clock. The TRI-STATE output allows the device to 
be used in bus-organized systems. 

• Tenth power TTL compatible Drive 2 LPTTL loads 
0.45 Vee (typ.) • High noise immunity 

• Low power 
• Medium speed operation 

The outputs are placed in the TRI-STATE mode when either 
of the two output disable pins are in the logic "1" level. The 
input disable allows the flip-flops to remain in their present 
states without disrupting the clock. If either of the two input 
disables are taken to a logic "1" level, the Q outputs are fed 
back to the inputs and in this manner the flip-flops do not 
change state. 

• High impedance TRI-STATE 
• Input disable without gating the clock 

Applications 
•Automotive 
• Data terminals 
• Instrumentation 

Clearing is enabled by taking the input to a logic "1" level. 
Clocking occurs on the positive-going transition. 

• Medical electronics 

Connection Diagram 
Dual-In-Line Package 

DATA DATA 
INPUT INPUT INPUT llllPUT INPUT INPUT 

Vee CLEAR A B C D DISABLE DISABLE 

116 15 14 13 12 11 10 9 

~ I-

1 2 3 4 s 6 7 1 a 
OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT CP GND 
DISABLE DISABLE A B C D 

Top View 

Order Number MM54C173* or MM74C173* 
•p1ease look into Section 8, Appendix D for availability of various package types. 

Truth Table 
(Both Output Disables Low) 

tn tn+ 1 

Data Input Disable 
Data 

Output 
Input 

Logic "1" on One or Both Inputs x On 
Logic "O" on Both Inputs 1 1 
Logic "O" on Both Inputs 0 0 
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Absolute Maximum Ratings (Note 1) 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Voltage at Any Pin -0.3V to Vee +0.3V 

Operating Temperature Range 
MM54C173 
MM74C173 

Storage Temperature Range 

- 55°C to + 125°C 
- 40°C to + 85°C 

- 65°C to + 150°C 

Maximum Vee Voltage 

Power Dissipation (Po) 
Dual-In-Line 
Small Outline 

Operating Vee Range 

Lead Temperature (Soldering, 10 seconds) 

18V 

700mW 
500mW 

3V to 15V 

260°C 

DC Electrical Characteristics Min/Max limits apply across temperature range unless otherwise specified. 

Symbol I Parameter Conditions Min 

CMOS TO CMOS 

V1N(1) Logical "1" Input Voltage Vee= 5V 3.5 

Vee= 1ov 8.0 

V1N(O) Logical "O" Input Voltage Vee= 5V 
Vee= 1ov 

VouT(1) Logical "1" Output Voltage Vee= 5V 4.5 

Vee= 1ov 9.0 

VouT(O) Logical "O" Output Voltage Vee= 5V 
Vee= 1ov 

lrN(1) Logical "1" Input Current Vee= 15V 

l1N(O) Logical "O" Input Current -1.0 

loz Output Current in High Vee= 15V, Vo= 15V 
Impedance State Vee= 15V, v 0 = ov -1.0 

Ice Supply Current Vee= 15V 

LOW POWER TTL/CMOS INTERFACE 

V1N(1) Logical "1" Input Voltage 54C, Vee= 4.5V Vcc-1.5 
74C, Vee= 4.5V Vcc-1.5 

V1N(O) Logical "O" Input Voltage 54C, Vee= 4.5V 
74C, Vee = 4.75V 

VouT(1) Logical "1" Output Voltage 54C, Vee = 4.5V, lo = -360 µA 2.4 
74C, Vee = 4.75V, lo = -360 µA 2.4 

VouT(1) Logical "O" Output Voltage 54C, Vee = 4.5V, lo = 360 µA 
74C, Vee = 4.75V, lo = 360 µA 

tpdO· tpd1 Propagation Delay Time to 
a Logical "O" or Logical Vee = 5V, CL = 50 pF, 
"1" from Clock TA= 25°C 

OUTPUT DRIVE (See 54C/74C Family Characteristics Data Sheet) (Short Circuit Current) 

lsouRCE Output Source Current Vee = 5V, V1N(O) = OV 
TA= 25°C, VouT = ov 

lsoURCE Output Source Current Vee= 10V, V1N(O) = ov 
TA= 25°C, VouT = OV 

lsrNK Output Sink Current Vee = 5V, V1N(1) = 5V 
TA = 25°C, VouT = Vee 

ls1NK Output Sink Current Vee= 10V, V1N(1) = 10V 
TA = 25°C, VouT = Vee 

-1.75 

-8.0 

1.75 

8.0 

Typ Max Units 

v 
v 

1.5 v 
2.0 v 

v 
v 

0.5 v 
1.0 v 

0.005 1.0 µA 

0.005 µA 

0.001 1.0 µA 
0.001 µA 

0.05 300 mA 

v 
v 

0.8 v 
0.8 v 

v 
v 

0.4 v 
0.4 v 

500 ns 

mA 

mA 

mA 

mA 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range" 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 
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AC Electrical Characteristics* TA = 25°C, CL = 50 pF, unless otherwise noted 

Symbol Parameter Conditions Min Typ Max Units 

tpdO• tpd1 Propagation Delay Time to a Logical "O" Vee= 5V 220 400 ns 
or Logical "1" from Clock to Output Vee= 10v 80 200 ns 

ts Input Data Set-up Time Vee= 5V 40 80 ns 

Vee= 1ov 15 30 ns 

tH Input Data Hold Time Vee= 5V 0 0 ns 

Vee= 1ov 0 0 ns 

ts Input Disable Set-up Time, ts DISS Vee= 5V 100 200 ns 
Vee= 1ov 35 70 ns 

tH Input Disable Hold Time, tH DISS Vee= 5V 0 0 ns 

Vee= 1ov 0 0 ns 

t1H• toH Delay from Output Disable to High Impedance Vee= 5V, RL = 10k 170 340 ns 
State (from Logical "1" or Logical "O" Level) Vee= 10V, RL = 10k 70 140 ns 

tH1 Delay from Output Disable to Logical "1" Vee= 5V 170 340 ns 
Level (from High Impedance State) Vee= 1ov 70 140 ns 

tHo Delay from Output Disable to Logical "O" Vee= 5V 170 340 ns 
Level (from High Impedance State) Vee= 1ov 70 140 ns 

tpdO• tpd1 Propagation Delay from Clear to Output Vee= 5V 240 490 ns 
Vee= 1ov 90 180 ns 

fMAX Maximum Clock Frequency Vee= 5V 3 4 MHz 

Vee= 1ov 7.0 12 MHz 

tw Minimum Clear Pulse Width Vee= 5V 150 ns 

Vee= 1ov 70 ns 

tr, t1 Maximum Clock Rise and Fall Time Vee= 5V 10 µs 

Vee= 10v 5 µs 

C1N Input Capacitance (Note2) 5 pF 

Cpo Power Dissipation Capacitance (Note3) 

•AC Parameters are guaranteed by DC correlated testing. 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guarantee.d Except for "Operating Temperature Range" 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 

Note 2: Capacitance is guaranteed by periodic testing. 

Note 3: Cpo determines the no load AC power consumption of any CMOS device. For complete explanation see 54C/7 4C Family Characteristics application note 
AN-90. 

Switching Time Waveforms 
--j 

901' 
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~National 
~Semiconductor 

MM54C174/MM74C174 Hex D Flip-Flop 

General Description 
The MM54C174/MM74C174 hex D flip-flop is a monolithic 
complementary MOS (CMOS) integrated circuit constructed 
with N- and P-channel enhancement transistors. All have a 
direct clear input. Information at the D inputs meeting the 
setup time requirements is transferred to the Q outputs on 
the positive-going edge of the clock pulse. Clear is indepen
dent of clock and accomplished by a low level at the clear 
input. All inputs are protected by diodes to Vee and GND. 

Logic and Connection Diagrams 

CI CL 

'""~ 

Dual-In-Line Package 

Vee &a 60 SD SQ 40 4Q CLOCK 

16 

CLEAR 10 10 20 20 JD JQ GND 

Features 
• Wide supply voltage range 
• Guaranteed noise margin 
• High noise immunity 
• Low power TTL compatibility 

Q 

TL/F/5899-1 

Truth Table 

Clear 

L 
H 
H 
H 

CL 

mt 
a 

Cl 

'f 

Inputs 

Clock 

x 
t 
t 
L 

TL/F/5899-4 

Top View 

Order Number MM54C174* or MM74C174* 

•Please look into Section 8, Appendix D 
for availability of various package types. 
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Absolute Maximum Ratings (Note 1) 

If Military/Aerospace specified devices are required, Storage Temperature Range - 65°C to + 150°C 
contact the National Semiconductor Sales Office/ Power Dissipation (Po) 
Distributors for availability and specifications. Dual-In-Line 700mW 
Voltage at Any Pin - 0.3V to V cc + 0.3V Small Outline 500mW 

Operating Temperature Range Operating Vee Range 3.0Vto 15V 
MM54C174 - 55°C to + 125°C Absolute Maximum Vee 18V 
MM74C174 -40°C to +85°C 

Lead Temperature (Soldering, 10 sec.) 260°C 

DC Electrical Characteristics Min/Max limits apply across temperature range unless otherwise specified 

Symbol Parameter Conditions Min Typ Max Units 

CMOS TO CMOS 

V1N(1) Logical "1" Input Voltage Vee= 5V 3.5 v 

Vee= 1ov 8.0 v 

V1N(O) Logical "O" Input Voltage Vee= 5V 1.5 v 

Vee= 1ov 2.0 v 

Vour(1) Logical "1" Output Voltage Vee= 5V, lo= -10 µA 4.5 v 
Vee= 1ov, 10 = -10 µA 9.0 v 

VouT(O) Logical "O" Output Voltage Vee= 5V,lo = 10µA 0.5 v 
Vee= 1ov, 10 = 10 µA 1.0 v 

IJN(1) Logical "1" Input Current Vee= 15V, V1N = 15V 0.005 1.0 µA 

l1N(O) Logical "O" Input Current Vee= 15V, V1N = ov -1.0 -0.005 µA 

Ice Supply Current Vee= 15V 0.05 300 µA 

CMOS/LPTTL INTERFACE 

V1N(1) Logical "1" Input Voltage 54C, Vee= 4.5V Vcc-1.5 v 
74C, Vee = 4.75V Vcc-1.5 v 

V1N(O) Logical "O" Input Voltage 54C, V cc = 4.5V 0.8 v 
74C, Vee = 4.75V 0.8 v 

VoUT(1) Logical "1" Output Voltage 54C, Vee= 4.5V, lo= -360 µA 2.4 v 
74C, Vee = 4.75V, lo = -360 µA 2.4 v 

VoUT(O) Logical "O" Output Voltage 54C, Vee= 4.5V, lo= 360 µA 0.4 v 
74C, Vee= 4.75V, lo= 360 µA 0.4 v 

OUTPUT DRIVE (See 54C/74C Family Characteristics Data Sheet) (short circuit current) 

I sou ACE Output Source Current Vee= 5V -1.75 
-3.3 mA 

(P-Channel) TA = 25°C, Vour = ov 

I sou ACE Output Source Current Vee= 1ov -8.0 
-15 mA 

(P-Channel) TA = 25°C, Vour = ov 

ls1NK Output Sink Current Vee= 5V 
1.75 3.6 mA 

(N-Channel) TA = 25°C, Vour = ov 

ls1NK Output Sink Current Vee= 5V 
8.0 16 mA 

(N-Channel) TA= 25°C, Vour = ov 
Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range" 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 
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AC Electrical Characteristics* TA = 25°C, CL = 50 pF, unless otherwise noted 

Symbol Parameter Conditions Min Typ Max Units 

tpd Propagation Delay Time to a Logical Vee= 5V 150 300 ns 
"O" or Logical "1" from Clock to Q Vee= 1ov 70 110 ns 

tpd Propagation Delay Time to Vee= 5V 110 300 ns 
a Logical "O" from Clear Vee= 1ov 50 110 ns 

ts1. tso Time Prior to Clock Pulse that Vee= 5V 75 ns 
Data Must be Present Vee= 10v 25 ns 

tH11 tHo Time after Clock Pulse Vee= 5V 0 -10 ns 
that Data Must be Held Vee= 1ov 0 -5.0 ns 

tw Minimum Clock Pulse Width Vee= 5V 50 250 ns 
Vee= 10v 35 100 ns 

tw Minimum Clear Pulse Width Vee= 5V 65 140 ns 
Vee= 1ov 35 70 ns 

tr, t1 Maximum Clock Rise and Vee= 5V 15 >1200 µs 
Fall Time Vee= 1ov 5.0 >1200 µs 

fMAX Maximum Clock Frequency Vee= 5V 2.0 6.5 MHz 

Vee= 10v 5.0 12 MHz 

C1N Input Capacitance Clear Input (Note 2) 11 pF 
Any Other Input 5.0 pF 

Cpo Power Dissipation Capacitance Per Package (Note 3) 95 pF 

•AC Parameters are guaranteed by DC correlated testing. 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range" 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 

Note 2: Capacitance is guaranteed by periodic testing. 

Note 3: Cpo determines the no load AC power consumption of any CMOS device. For complete explanation see 54C/74C Family Characteristics Application Note 
AN-90. 

Switching Time Waveforms 
CMOS to CMOS 

CLOCK 

DATA 

DATA 
ov 

Vee 

Q 

ov 

Vee 

Q tpdO-- 50% 

OV 

Ir= It= 20 ns 

AC Test Circuit 

INPUT DATA 01----.. 

INPUT CLOCK 
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~National 
~Semiconductor 

MM54C175/MM74C175 Quad D Flip-Flop 

General Description 
The MM54C175/MM74C175 consists of four positive-edge 
triggered D type flip-flops implemented with monolithic 
CMOS technology. Both are true and complemented out
puts from each flip-flop are externally available. All four flip
flops are controlled by a common clock and a common 
clear. Information at the D inputs meeting the set-up time 
requirements is transferred to the a outputs on the positive
going edge of the clock pulse. The clearing operation, en
abled by a negative pulse at Clear input, clears all four Q 
outputs to logical "O" and Q's to logical "1". 

All inputs are protected from static discharge by diode 
clamps to Vee and GND. 

Features 
• Wide supply voltage range 
• Guaranteed noise margin 
• High noise immunity 
• Low power TTL compatibility 

Connection Diagram & Truth Table 

Dual-In-Line Package 

Vee 4Q 4ii. 40 30 3ii. 3Q CLOCK 

CLEAR tQ tii. 10 20 2ii. 2Q GNO 

Top View 

Order Number MM54C175* or MM74C175* 
*Please look into Section 8, Appendix D for availability of various package types. 

Clear 

L 
H 
H 
H 
H 

H = High level 
L = Low level 
X = Irrelevant 

Each Flip-Flop 

Inputs 

Clock D 

x x 
t H 
t L 
H x 
L x 

Outputs 

Q Q 

L H 
H L 
L H 

NC NC 
NC NC 

j = Transition from low to high level 
NC = No change 
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Absolute Maximum Ratings (Note 1) 
If Military/Aerospace specified devices are required, Storage Temperature Range - 65°C to + 150°C 
contact the National Semiconductor Sales Office/ Power Dissipation (Po) 
Distributors for availability and specifications. Dual-In-Line 700mW 
Voltage at Any Pin - 0.3V to V cc + 0.3V Small Outline 500mW 

Operating Temperature Range Operating Vee Range 3Vto 15V 
MM54C175 - 55°C to + 125°C Absolute Maximum Vee 18V 
MM74C175 - 40°C to + 85°C 

Lead Temperature 
(Soldering, 10 seconds) 260°C 

DC Electrical Characteristics Min/Max limits apply across temperature range unless otherwise specified 

Symbol Parameter Conditions Min Typ Max Units 

CMOS TO CMOS 

V1N(1) Logical "1" Input Voltage Vee= 5V 3.5 v 
Vee= 1ov 8.0 v 

V1N(O) Logical "O" Input Voltage Vee= 5V 1.5 v 
Vee= 10v 2.0 v 

Vour(1) Logical "1" Output Voltage Vee= 5V, lo= -10 µA 4.5 v 
Vee= 1ov,10 = -10µA 9.0 v 

VouT(O) Logical "O" Output Voltage Vee= 5V, lo= 10µA 0.5 v 
Vee= 10v, 10 = 10 µA 1.0 v 

l1N(1) Logical "1" Input Current Vee= 15V, V1N = 15V 0.005 1.0 µA 

l1N(O) Logical "O" Input Current Vee= 15V, V1N = ov -1.0 -0.005 µA 

lee Supply Current Vee= 15V 0.05 300 µA 

CMOS/LPTTL INTERFACE 

V1N(1) Logical "1" Input Voltage 54C, Vee= 4.5V Vee - 1.5 v 
74C, Vee = 4.75V Vee - 1.5 v 

V1N(O) Logical "O" Input Voltage 54C, Vee= 4.5V 0.8 v 
74C, Vee = 4.75V 0.8 v 

Vour(1) Logical "1" Output Voltage 54C, Vee= 4.5V, lo= -360 µA 2.4 v 
74C, Vee = 4.75V, lo = -360 µA 2.4 v 

VouT(O) Logical "O" Output Voltage 54C, Vee = 4.5V, lo = 360 µA 0.4 v 
74C, Vee = 4.75V, lo = 360 µA 0.4 v 

OUTPUT DRIVE (See 54C/74C Family Characteristics Data Sheet) (Short Circuit Current) 

I sou ACE Output Source Current Vee = 5V, TA = 25°C, 
-1.75 -3.3 mA 

(P-Channel) Vour = ov 

lsoURCE Output Source Current Vee= 10V, TA= 25°C, 
-8.0 --15 mA 

(P-Channel) Vour = ov 

ls1NK Output Sink Current Vee = 5V, TA = 25°C, 
1.75 3.6 mA 

(N-Channel) Vour =Vee 

ls1NK Output Sink Current Vee= 10V, TA= 25°C, 
8.0 16 mA 

(N-Channel) Vour =Vee 
Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range" 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 
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Symbol Parameter Conditions Min Typ Max Units 

tpd Propagation Delay Time to Vee= 5V 190 300 ns 
a Logical "O" or Logical "1" from Vee= 1ov 75 110 ns 
Clock to Q or Q 

tpd Propagation Delay Time to a Vee= 5V 180 300 ns 
Logical "O" from Clear to Q Vee= 1ov 70 110 ns 

tpd Propagation Delay Time to a Vee= 5V 230 400 ns 
Logical "1" from Clear to Q Vee= 1ov 90 150 ns 

ts Time Prior to Clock Pulse that Vee= 5V 100 45 ns 
Data Must be Present Vee= 10v 40 16 ns 

tH Time After Clock Pulse that Vee= 5V 0 -11 ns 
Data Must be Held Vee= 1ov 0 -4 ns 

tw Minimum Clock Pulse Width Vee= 5.ov 130 250 ns 

Vee= 1ov 45 100 ns 

tw Minimum Clear Pulse Width Vee= 5.ov 120 250 ns 

Vee= 1ov 45 100 ns 

tr Maximum Clock Rise Time Vee= 5V 15 450 µs 
Vee= 1ov 5.0 125 µs 

tf Maximum Clock Fall Time Vee= 5V 15 50 µs 
Vee= 1ov 5.0 50 µs 

fMAX Maximum Clock Frequency Vee= 5V 2.0 3.5 MHz 
Vee= 1ov 5.0 10 MHz 

C1N Input Capacitance Clear Input (Note 2) 10 pF 
Any Other Input 5.0 pF 

Cpo Power Dissipation Capacitance Per Package (Note 3) 130 pF 

'AC Parameters are guaranteed by DC correlated testing. 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range" 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 

Note 2: Capacitance is guaranteed by periodic testing. 

Note 3: Cpo determines the no load AC power consumption of any CMOS device. For complete explanation see 54C/74C Family Characteristics Application Note 
AN-90. 

Switching Time Waveforms 
CMOS to CMOS 
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~National 
~Semiconductor 

MM54C192/MM74C192 
Synchronous 4-Bit Up/Down Decade Counter· 
MM54C193/MM74C193 
Synchronous 4-Bit Up/Down Binary Counter 

General Description Features 
• High noise margin 
• Tenth power TIL compatible 
• Wide supply range 

1 V guaranteed 
Drive 2 LPTIL loads 

3V to 15V 

These up/down counters are monolithic complementary 
MOS (CMOS) integrated circuits. The MM54C192 and 
MM74C192 are BCD counters, while the MM54C193 and 
MM7 4C193 are binary counters. • Carry and borrow outputs for N-bit cascading 
Counting up and counting down is performed by two count 
inputs, one being held high while the other is clocked. The 
outputs change on the positive-going transition of this clock. 

• Asynchronous clear 
• High noise immunity 

These counters feature preset inputs that are set when load 
is a logical "O" and a clear which forces all outputs to "O" 
when it is at a logical "1 ". The counters also have carry and 
borrow outputs so that they can be cascaded using no ex
ternal circuitry. 

Connection Diagram 

INPUTS 

Dual-In-Line Package 

OUTPUTS , 
Vee 

DATA 
A CLEAR BORROW CARRY LOAD 

116 15 14 13 12 11 

INPUTS 

DATA 
c 

ID 

DATA 
B 

INPUT 

De QA COUNT COUNT 0c Do 
DOWN UP 

OUTPUTS \~----.J..I OUTPUTS 
INPUTS 

Top View 

Order Number MM54C192*, MM74C192*, 
MM54C193* or MM74C193* 

DATA 
D 

•Please look Into Section 8, Appendix D for availability of various package types. 
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Absolute Maximum Ratings (Note 1) 

If Miiitary/Aerospace specified devices are required, Storage Temperature Range (Ts) - 65°C to + 150°C 
contact the National Semiconductor Sales Office/ Maximum Vee Voltage 18V 
Distributors for availability and specifications. 

Power Dissipation (Po) 
Voltage at Any Pin -0.3V to Vee+ 0.3V Dual-In-Line 700mW 
Operating Temperature Range (TA) Small Outline 500mW 

MM54C154 - 55°C to + 125°C Operating Vee Range 3Vto 15V 
MM74C154 - 40°C to + 85°C 

Lead Temperature (TA) 
(Soldering, 1 O sec.) 260°C 

DC Electrical Characteristics Min/Max limits apply across temperature range unless otherwise noted 

Symbol Parameter Conditions Min Typ Max Units 

CMOS TO CMOS 

V1N(1) Logical "1" Input Voltage Vee= 5V 3.5 v 

Vee= 10v 8.0 v 

V1N(O) Logical "O" Input Voltage Vee= 5V 1.5 v 

Vee= 10v 2.0 v 

Vour(1) Logical "1" Output Voltage Vee= 5V, lo= -10 µA 4.5 v 

Vee= 1ov, lo= -10 µA 9.0 v 

VouT(O) Logical "O" Output Voltage Vee = 5V, lo = 10 µA 0.5 v 

Vee = 10v, lo = 10 µA 1.0 v 

llNJ..!l Logical "1" Input Current Vee= 15V, V1N = 15V 0.005 1.0 µA 

l1NJ..Ol Logical "O" Input Current Vee= 15V, V1N = ov -1.0 -0.005 µA 

lee Supply Current Vee= 15V 0.05 300 µA 

CMOS TO LPTTL INTERFACE 

V1N(1) Logical "1" Input Voltage 54C Vee= 4.5V Vee-1.5 v 

74C Vee= 4.75V Vee - 1.5 v 

VIN(O) Logical "O" Input Voltage 54C Vee= 4.5V 0.8 v 

74C Vee= 4.75V 0.8 v 

VouT(1) Logical "1" Output Voltage 54C Vee= 4.5V, 10 = -100 µA 2.4 v 
74C Vee= 4.75V, 10 = -100 µA 2.4 v 

VouT(O) Logical "O" Output Voltage 54C Vee = 4.5V, 10 = 360 µA 0.4 v 

74C Vee = 4.75V, 10 = 360 µA 0.4 v 

OUTPUT DRIVE (See 54C/74C Family Characteristics Data Sheet) (Short Circuit Current) 

lsouRcE Output Source Current Vee= 5V, V1N(O) = ov 
-1.75 mA 

TA = 25°C, Vour = ov 

lsouReE Output Source Current Vee= 10V, V1N(O) = ov 
-8 mA 

TA = 25°C, Vour = ov 

ls1NK Output Sink Current Vee = 5V, V1N(1) = 5V 
1.75 mA 

TA = 25°C, Vour = Vee 

ISINK Output Sink Current Vee= 10V, V1N(1) = 10V 
8 mA 

TA = 25°C, Vour = Vee 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range" 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. • I 
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AC Electrical Characteristics* TA = 25°C, CL = 50 pF, unless otherwise. noted 

Symbol Parameter Conditions Min Typ Max Units 

tpd Propagation Delay Time to Q Vee= 5V 250 400 ns 
from Count Up or Down Vee= 10v 100 160 ns 

tpd Propagation Delay Time to Q Vee= 5V 120 200 ns 
Borrow from Count Down Vee= 1ov 50 80 ns 

tpd Propagation Delay Tillie to Vee= 5V 120 200 ns 
Carry from Count Up Vee= 1ov 50 80 ns 

ts Time Prior to Load that Data Vee= 5V 100 160 ns 
Must be Present Vee= 1ov 30 50 ns 

tw Minimum Clear Pulse Width Vee= 5V 300 480 ns 

Vee= 1ov 120 190 ns 

tw Minimum Load Pulse Width Vee= 5V 100 160 ns 

Vee= 1ov 40 65 ns 

tpdO· tpd1 Propagation Delay Time to Q Vee= 5V 300 480 ns 
from Load Vee= 1ov 120 190 ns 

tw Minimum Count Pulse Width Vee= 5V 120 200 ns 

Vee= 1ov 35 80 ns 

fMAX Maximum Count Frequency Vee= 5V 2.5 4 MHz 

Vee= 1ov 6 10 MHz 

tr, t1 Count Rise and Fall Time Vee= 5V 15 µs 

Vee= 1ov 5 µs 

C1N Input Capacitance (Note 2) 5 pF 

Cpo Power Dissipation Capacitance (Note 3) 100 pF 

•AC Parameters are guaranteed by DC correlated testing. 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range" 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 

Note 2: Capacitance is guaranteed by periodic testing. 

Note 3: CPD determines the no load AC power consumption of any CMOS device. For complete explanation, see 54C/74C Family Characteristics, Application Note 
AN-90. . 

Cascading Packages 

DATA INPUTS DATA INPUTS 

LOAD A LOAD A 
UP UP CARRY UP CARRY 

CLOCK 
TD NEXT 
STAGE 

DOWN DOWN BORROW DOWN BORROW 
CLOCK 

CLEAR QA De Ile Do CLEAR QA De Ile Do 

OUTPUTS OUTPUTS 

CLEAR 
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Timing Diagrams 

Note 1: Clear ouptuts to zero. 

MM54C192/MM74C192 

CLEAR 

LOAD 

1

---------------------
A ~================ 

DATA:·-------------------

....+-+--+--------------------------------------- --- ----- - ---- - --
COUNT-----+----. 

UP 

COUNT-----+--+--------+----. 
DOWN 

CARRY 

BORROW 

SEQUENCE 
ILLUSTRATED 

I] 11 

COUNT UP 
CLEAR PRESET 

11 14 I] 

COUNTDOWN 

Note 2: Load (preset) to binary thirteen. 

Note 3: Count up to fourteen, fifteen, carry, zero, one and two. 

Note 4: Count down to one, zero, borrow, fifteen, fourteen, and thirteen. 

Note 1: Clear ouptuts to zero. 

MM54C193/MM74C193 

CLEAR 

LDAO 

I 
---------------------

A ~----------------
DATA 

:

• ___ 1 ________________ _ 

~-------------------1 __ ---------------
~ --- ------------
~------------------- -------------

COUNT --+-+--+-+---. 
UP 

COUNT --+--+----i......j.--1---------+--... 
DOWN 

CARRY 

BORROW 

SEQUENCE 
ILLUSTRATED COUNT UP 

CLEAR PRESET 
COUNTDOWN 

Note 2: Load (preset) to BCD seven. 

Note 3: Count up to eight, nine, carry, zero, one, and two. 

Note 4: Count down to one, zero, borrow, nine, eight, and seven. 

Note A: Clear overrides load, data, and count inputs. 

Note B: When counting up, count down input must be high; when counting down, count-up input must be high. 
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Schematic Diagrams 

VccLl I 

rGND 

A1N O,. 
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MM54C192 Synchronous 4-Blt Up/Down Decade Counter 

C1N Cle 
10 I 

MM54C193 Synchronous 4-Bit Up/Down Binary Counter 

BrN Oa C1N Ge 
1 2 10 & 
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~National 
D Semiconductor 
MM54C195/MM74C195 4-Bit Registers 
General Description 
The MM54C195/MM74C195 CMOS 4-bit registers feature 
parallel inputs, parallel outputs, J-K serial inputs, shift/load 
control input and a direct overriding clear. The following two 
modes of operation are possible: 

Features 
• Medium speed operation 

• High noise immunity 

• Low power 
Parallel Load • Tenth power TTL compatible 

8.5 MHz (typ.) with 1 OV 
supply and 50 pF load 

0.45 Vee (typ.) 
100 nW (typ.) 

Drive 2 LPTTL loads 
3V to 15V Shift in direction QA towards Oo 

Parallel loading is accomplished by applying the four bits of 
data and taking the shift/load control of input low. The data 
is loaded into the associated flip-flops and appears at the 
outputs after the positive transition of the clock input. During 
parallel loading, serial data flow is inhibited. 

• Supply voltage range 
• Synchronous parallel load 
• Parallel inputs and outputs from each flip-flop 

• Direct overriding clear 

• J and K inputs to first stage 
• Complementary outputs from last stage 
• Positive-edge triggered clocking Serial shifting is accomplished synchronously when the 

shift/load control input is high. Serial data for this mode is 
entered at the J-K inputs. These inputs allow the first stage 
to perform as a J-K, D, or T-type flip flop as shown in the 
truth table. 

• Diode clamped inputs to protect against static charge 

Applications 
• Automotive 
• Data terminals 
• Instrumentation 

• Medical electronics 

Schematic and Connection Diagrams 
CLOCK 

SHIFT/LOAD~ 

Pin 8 to GND 

Pin 16 to Vee 

Dual-In-Line Package 

Vee a. 
18 15 

a. 

CLEAR 

CLEAR I 
~ 

SERIAL INPUTS 

OUTPUTS 

llo llo CLOCK 

13 12 11 IQ 

llo Ila CLOCK 

SHIFT/ 
LOAD 

PARALLEL INPUTS 

Top View 

SHIFT/ 
LOAD 

GND 

Order Number MM54C195* or MM74C195* 
•Please look into Section 8, Appendix D 
for availability of various package types. 
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• Alarm systems 
• Remote metering 
• Industrial electronics 

• Computers 

TL/F/5902-1 

TL/F/5902-2 
• 



Absolute Maximum Ratings (Note 1) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Voltage at any Pin -0.3V to V cc + 0.3V 

Operating Temperature Range 
MM54C195 
MM74C195 

- 55°C to + 125°C 
- 40°C to + 85°C 

Storage Temperature Range 

Power Dissipation (Po) 
Dual-In-Line 
Small Outline 

Operating Vee Range 

Absolute Maximum Vee 

Lead Temperature (Soldering, 10 sec.) 

- 65°C to + 150°C 

700mW 
500mW 

3Vto 15V 

18V 

260°C 

DC Electrical Characteristics Min/Max limits apply across temperature range unless otherwise noted 

Symbol Parameter Conditions Min Typ Max Units 

CMOS TO CMOS 

V1N(1) Logical "1" Input Voltage Vee= 5V 3.5 v 

Vee= 1ov 8.0 v 

V1N(O) Logical "O" Input Voltage Vee= 5V 1.5 v 

Vee= 10v 2.0 v 

Vour(1) Logical "1" Output Voltage Vee= 5V 4.5 v 

Vee= 1ov 9.0 v 

VouT(O) Logical "O" Output Voltage Vee= 5V 0.5 v 

Vee= 1ov 1.0 v 

llN(1.l Logical "1" Input Current Vee= 15V 0.005 1.0 µA 

l1N(O) Logical "O" Input Current Vee= 15V -1.0 -0.005 µA 

Ice Supply Current Vee= 15V 0.05 300 µA 

CMOS/LPTTL INTERFACE 

V1N(1) Logical "1" Input Voltage 54C Vee= 4.5V Vcc-1.5 v 
74C Vee= 4.75V Vee - 1.5 v 

V1N(O) Logical "O" Input Voltage 54C Vee= 4.5V 0.8 v 
74C Vee= 4.75V 0.8 v 

VouT(1) Logical "1" Output Voltage 54C Vee = 4.5V, lo = -360µA 2.4 v 
74C Vee = 4.75V, lo = -360µA 2.4 v 

VouT(O) Logical "O" Output Voltage 54C Vee= 4.5V, lo= 360µA 0.4 v 
74C Vee = 4.75V, 10 = 360µA 0.4 v 

OUTPUT DRIVE (See 54C/74C Family Characteristics Data Sheet) (Short Circuit Current) 

lsoURCE Output Source Current Vee = 5V, V1N(O) = ov 
-1.75 mA 

TA = 25°C, Vour = OV 

lsouRcE Output Source Current Vee= 10V, V1N(O) = OV -8.0 mA 
TA = 25°C, Vour = ov 

ls1NK Output Sink Current Vee = 5V, V1N(1) = 5V 
1.75 mA 

TA= 25°C, Vour =Vee 

ls1NK Output Sink Current Vee = 10V, V1N(1) = 10V 
8.0 mA 

TA = 25°C, Vour = Vee 
Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range" 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 
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AC Electrical Characteristics* TA = 25°C, CL = 50 pF, unless otherwise noted 

Symbol Parameter Conditions Min Typ Max Units 

tpd Propagation Delay Time to a Logical "O" or Vee= 5V 150 300 ns 
Logical "1" from Clock to 0 or 0 Vee= 1ov 75 130 ns 

tpd Propagation Delay Time to a Logical "O" or Vee= 5V 150 300 ns 
Logical "1" from Clear to 0 or 0 Vee= 1ov 50 130 ns 

ts Time Prior to Clock Pulse that Data Vee= 5V 80 200 ns 
must be Present Vee= 10v 35 70 ns 

ts Time Prior to Clock Pulse that Shift/Load Vee= 5V 110 150 ns 
must be Present Vee= 1ov 60 90 ns 

tH Time After Clock Pulse that Data Vee= 5V -10 0 ns 
must be Held Vee= 1ov -5.0 0 ns 

tw Minimum Clear Pulse Width (twL = twH) Vee= 5V 100 200 ns 

Vee= 10v 50 100 ns 

tw Minimum Clear Pulse Width Vee= 5V 90 130 ns 

Vee= 10v 40 60 ns 

tr,tf Maximum Clock Rise and Fall Time Vee= 5V 5.0 µs 

Vee= 10v 2.0 µs 

fMAX Maximum Input Clock Frequency Vee= sv 2.0 3.0 MHz 

Vee= 1ov 5.5 8.5 MHz 

C1N Input Capacitance (Note2) 5.0 pF 

Cpo Power Dissipation Capacitance (Note3) 100 pF 

•Ac Parameters are guaranteed by DC correlated testing. 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range" 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 

Note 2: Capacitance is guaranteed by periodic testing. 

Note 3: Cpo determines the no load AC power consumption of any CMOS device. For complete explanation see 54C/74C Family Characteristics application note 
AN-90. 

Truth Table 
Inputs AT tn Outputs AT tn + 1 

J K QA Os 

L H OAn OAn 
L L L OAn 
H H H OAn 
H L 0An 0An 

Note: H = High Level, L = Low Level 

tn = bit time before clock pulse 

tn + 1 = bit time after clock pulse 

OAn = State of QA at tn 

Oe Oo 

Osn Oen 
Osn Oen 
Osn Oen 
Osn Oen 

Oo 

Oen 
Oen 
Oen 
Oen 
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15V 

~ 
~ 4.05 
~ 3.05 
:: 

1.45 

0.45 

Guaranteed Noise Margin 
as a Function of Vee 

4.50V 1DV 

Vee 

15V 
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i.n 
O> 

Switching Time Waveforms ,.... 
0 
oi::I' 
....... CMOS to CMOS TTL to CMOS ::E 
::E ....... 
i.n Vee 4V 
O> CLOCK ,.... 

10% 
10% 0 ov ov oi::t' 

i.n 
::E 4.0V 
::E 

ov 
ov 

Vee 

DATA 4.0V 

ov 
Vee 

Q orli tpc11 

ov 4.0V 

tpc11 
Vee OV 

Qor ll 
ov 

4.0V 
t, = t1 =20 ns tpd(J 

TL/F/5902-4 ov 

t, = t1 = 20 ns 

TL/F/5902-5 
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~National 
~Semiconductor 

MM54C200/MM74C200 256-Bit TRI-STATE® 
Random Access Read/Write Memory 

General Description 
The MM54C200/MM74C200 is a 256-bit random access 
read/write memory. Inputs consist of eight address lines 
and three chip enables. The eight binary address inputs are 
decoded internally to select each of the 256 locations. The 
internal address register, latches, and address information 
are on the positive to negative edge of CE3. The TRI
STATE data output line, working in conjunction with CE1 or 
CE2 inputs, provides for easy memory expansion. 

Address Operation: Address inputs must be stable tsA pri
or to the positive to negative transition of CE3. It is therefore 
unnecessary to hold address information stable for more 
than tHA after the memory is enabled (positive to negative 
transition). 
Note: The timing is different from the DM74200 in that a positive to negative 

transition of the CE3 must occur for the memory to be selected. 

Read Operation: The data is read out by selecting the 
proper address and bringing CE3 low and WE high. 

Logic and Connection Diagrams 

Holding either CE1, CE2, or CE3 at a high level forces the 
output into TRI-STATE. When used in bus-organized sys
tems, CE1, or CE2, a TRI-STATE control provides for fast 
access times by not totally disabling the chip. 

Write Operation: Data is written into the memory with CE3 
low and WE low. The state of CE1 or CE2 has no effect on 
the write cycle. The output assumes TRI-STATE with WE 
low. 

Features 
• Wide supply voltage range 
• Guaranteed noise margin 
• High noise immunity 
• TTL compatibility 

• Low power 
• Internal address register 

3V to 15V 
1V 

0.45 Vee (typ.) 
Fan out of 1 

driving standard TTL 
500 nW (typ.) 

ADDRESS ADDRESS ADDRESS ADDRESS 
INPUT D INPUT C INPUT B INPUT A 

TRI-STATE 

E:~~:------------l---l-~~r-~"-il""_.__.L..._._---'.._...___.__...., 
READ 

DATA--+--------+---+---+! WRITE 
IN CIRCUITRY 

IT,---~==3 
Ci,---~ 

Ci,--------1 ">0 ........ ---

ADDREss ________ .i 

INPUTE 

X-DECODER 

2S6-BIT 
MEMORY ARRAY 
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Dual-In-Line Package 

ADDRESS 1 16 
Vee INPUT A 

ADDRESS z 15 ADDRESS 

INPUT B INPUTC 

C'E, 
14 ADDRESS 

INPUTH 

fE2 
4 13 

DATA IN 

fE, 5 12 WRITE 
ENABLE 

DATA 6 11 ADDRESS 

OUT INPUTG 

ADDRESS 10 ADDRESS 
INPUTD INPUT F 

GND 
9 ADDRESS 

INPUT E 

TL/F/5903-2 

Top View 

Order Number MM54C200* or 
MM74C200* 

•Please look into Section 8, Appendix D 
for availability of various package types. 



~National 
a Semiconductor 
MM54C221/MM74C221 Dual Monostable Multivibrator 

General Description 
The MM54C221/MM74C221 dual monostable multivibrator 
is a monolithic complementary MOS integrated circuit. Each 
multivibrator features a negative-transition-triggered input 
and a positive-transition-triggered input, either of which can 
be used as an inhibit input, and a clear input. 

Once fired, the output pulses are independent of further 
transitions of the A and B inputs and are a function of the 
external timing components CExT and REXT· The pulse 
width is stable over a wide range of temperature and Vee. 

Connection Diagrams 

Timing Component 

Vee 

~~·.., 
TO CexT TO R/CexT 

TERMINAL TERMINAL 
TL/F/5904-1 

Truth Table 
Inputs Outputs 

Clear A B Q Q 

L x x L H 

x H x L H 

x x L L H 

H L t SL l..f' 

H J, H SL l..f' 

Pulse stability will be limited by the accuracy of external 
timing components. The pulse width is approximately de
fined by the relationship tw(OUT) :::: CExT REXT· For further 
information and applications, see AN-138. 

Features 
• Wide supply voltage range 
• Guaranteed noise margin 
• High noise immunity 
• Low power TIL compatibility 

Dual-In-Line Package 

Vee I R/CexT I CexT IQ 20: 2 CLR 

16 15 14 13 

4.5V to 15V 
1.0V 

0.45 Vee (typ.) 
fan out of 2 
driving 74L 

28 2A 

B. 

IA 18 I CLR IQ 20 2 CexT 2 R/Cexr GND 

TL/F/5904-2 

Top View 

Order Number MM54C221 * or MM74C221 * 
•Please look into Section 8, Appendix D 
for availability of various package types. 

H = High level 
L = Low level 
j = Transition from low to high 
J. = Transition from high to low 
SL = One high level pulse 
"'LJ = One low level pulse 
X = Irrelevant 
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Absolute Maximum Ratings (Note 1) 

If Miiitary/Aerospace specified devices are required, Power Dissipation 
contact the National Semiconductor Sales Office/ Dual-In-Line 700mW 
Distributors for avallabillty and specifications. Small Outline 500mW 

Voltage at Any Pin -0.3V to Vee+ 0.3V Operating Vee Range 4.5Vto 15V 

Operating Temperature Range Absolute Maximum Vee 18V 
MM54C221 - 55°C to + 125°C RExr ~ 80 Vee (!l) 
MM74C221 -40°C to +85°C 

Lead Temperature (Soldering, 10 seconds) 260°C 
Storage Temperature Range - 65°C to + 150°C 

DC Electrical Characteristics Max/min limits apply across temperature range, unless otherwise noted 

Symbol Parameter Conditions Min Typ Max Units 

CMOS to CMOS 

V1N(1) Logical "1" Input Voltage Vee= 5V 3.5 v 
Vee= 1ov 8.0 v 

V1N(O) Logical "O" Input Voltage Vee= 5V 1.5 v 
Vee= 1ov 2.0 v 

Vour(1) Logical "1" Output Voltage Vee= 5V, lo= -10 µA 4.5 v 
Vee= 1ov, 10 = -10 µA 9.0 v 

Vour(O) Logical "O" Output Voltage Vee= 5V, lo= +10 µA 0.5 v 
Vee= 10v, 10 = +10 µA 1 v 

l1NJ1_l Logical "1" Input Current Vee= 15V, V1N = 15V 0.005 1.0 µA 

l1NjO) Logical "O" Input Current Vee= 15V, V1N = ov -1.0 -0.005 µA 

Ice Supply Current (Standby) Vee= 15V, RExr = 00 , 
0.05 300 µA 

01, 02 = Logic "O" (Note 3) 

Ice Supply Current Vee= 15V,01 = Logic"1", 
15 mA 

(During Output Pulse) 02 = Logic "O" (Figure 4) 

Vee= 5V, 01 = Logic "1", 
2 mA 

02 = Logic "O" (Figure 4) 

Leakage Current at R/CExr Pin Vee= 15V, VcExr = 5V 0.01 3.0 µA 

CMOS/LPTTL Interface 

V1N(1) Logical "1" Input Voltage 54C Vee= 4.5V Vee - 1.5 v 
74C Vee= 4.75V Vee - 1.5 v 

V1N(O) Logical "O" Input Voltage 54C Vee= 4.5V 0.8 v 
74C Vee= 4.75V 0.8 v 

Vourc1) Logical "1" Output Voltage 54C Vee= 4.5V, 10 = -360 µA 2.4 v 
74C Vee= 4.75V, lo= -360 µA 2.4 v 

Vour(O) Logical "O" Output Voltage 54C Vee= 4.5V, 10 = 360 µA 0.4 v 
74C Vee = 4.75V, 10 = 360 µA 0.4 v 

Output Drive (See 54C/74C Famlly Characteristics Data Sheet) (Short Circuit Current) 

I sou ACE Output Source Current Vee= 5V 
-1.75 mA 

(P-Channel) TA = 25°C, Your = ov 

lsouRCE Output Source Current Vee= 1ov 
-8 mA 

(P-Channel) TA = 25°C, Your = OV 

lsJNK Output Sink Current Vee= 5V 
1.75 mA 

(N-Channel) TA = 25°C, Your = Vee 

ls1NK Output Sink Current Vee= 1ov 
8 mA 

(N-Channel) TA = 25°C, Vour = Vee 
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AC Electrical Characteristics* TA = 25°C, CL = 50 pF, unless otherwise noted 

Symbol Parameter Conditions Min Typ Max Units 

tpd A, B Propagation Delay from Trigger Vee= 5V 250 500 ns 
Input (A, 8) to Output Q, Q Vee= 1ov 120 250 ns 

tpdeL Propagation Delay from Clear Vee= 5V 250 500 ns 
Input (Cl) to Output Q, Q Vee= 1ov 120 250 ns 

ts Time Prior to Trigger Input (A, 8) Vee= 5V 150 50 ns 
that Clear must be Set Vee= 1ov 60 20 ns 

tw(A,B) Trigger Input (A, 8) Pulse Width Vee= 5V 150 50 ns 

Vee= 1ov 70 30 ns 

tw(eL) Clear Input (CL) Pulse Width Vee= 5V 150 50 ns 

Vee= 1ov 70 30 ns 

tw(OUT) Q or Q Output Pulse Width Vee= 5V, RExT = 10k, 
900 ns 

CEXT = OpF 

Vee= 10V, RExT = 10k, 
350 ns 

CEXT = 0 pF 

Vee= 15V, RExT = 10k, 
320 ns 

CEXT = 0 pF 

Vee= 5V, RExT = 10k, 
9.0 10.6 12.2 µs 

CExT = 1000 pF (Figure 1) 

Vee= 10V, RExT = 10k, 9.0 10 11 µs 
CExT = 1000 pF (Figure 1) 

Vee= 15V, RExT = 10k, 
8.9 9.8 10.8 µs 

CExT = 1000 pF (Figure 1) 

Vee= 5V, RExT = 10k, 
900 1020 1200 µs 

CExT = 0.1 µF (Figure 2) 

Vee= 10V, RExT = 10k, 
900 1000 1100 µs 

CExT = 0.1 µF (Figure 2) 

Vee= 15V, RExT = 10k, 
900 990 1100 µs 

CExT = 0.1 µF (Figure2) 

RoN ON Resistance of Transistor Vee= 5V (Note 4) 50 150 n 
between R/CExT to CExT Vee = 1 ov (Note 4) 25 65 n 

Vee = 15V (Note 4) 16.7 45 n 
Output Duty Cycle R = 1 Ok, C = 1000 pF 90 % 

R = 10k,C = 0.1 µF 90 % 

(Note5) 

C1N Input Capacitance R/CExT Input (Note 2) 15 25 pF 
Any Other Input (Note 2) 5 pF 

•AC Parameters are guaranteed by DC correlated testing. 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range" 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 

Note 2: Capacitance is guaranteed by periodic testing._ 

Note 3: In Standby (Q = Logic "O") the power dissipated equals the leakage current plus Vcc/REXT· 

Note 4: See AN-138 for detailed explanation RoN· 

Note 5: Maximum output duty cycle = RExr/RExT + 1000. 
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Typical Performance Characteristics 
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OUTPUT PULSE WIDTH (Tw. %) 

0% Point pulse width: 

At Vee= 5V, Tw = 10.6 µs 
. At Vee = 1ov, Tw = 10 µs 

At Vee = 15V, Tw = 9.8 µs 

Percentage of units within +4%: 

At Vee = 5V, 90% of units 
At Vee = 10V, 95% of units 
At Vee= 15V, 98% of units 

TL/F/5904-3 

FIGURE 1. Typical Distribution of Units for Output Pulse Width 
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FIGURE 2. Typical Distribution of Units for Output Pulse Width 
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'?'A National 
~Semiconductor 

MM54C240/MM74C240 Inverting 
MM54C244/MM74C244 Non-Inverting 
Octal Buffers and Line Drivers with TRI-STATE® Outputs 

General Description 
These octal buffers and line drivers are monolithic comple
mentary MOS (CMOS) integrated circuits with TRI-STATE 
outputs. These outputs have been specially designed to 
drive highly capacitive loads such as bus-oriented systems. 
These devices have a fan out of 6 low power Schottky 
loads. A high logic level on the output disable control input 
G makes the outputs go into the high impedance state. For 
improved TTL input compatibility see MM74C941. 

Logic and Connection Diagrams 

MM54C240/MM74C240 
CONTROLS ONE OF 

EIGHT DEVICES ,-------:;i 
I v~ I 

CONTROLS FOUR OF 
EIGHT DEVICES 

r;;;;--· I I 
I I L~·~--' 

l~~;----+-+----e 

CONTROLS FOUR OF 
EIGHT DEVICES 

MM54C244/MM7 4C244 

r;;;;--· 
L ~·~ _">c_.H-+-:.----f'"~IO-.......... 

DATA 
INPUT 

TL/F/5905-1 

TL/F/5905-3 

Features 
• Wide supply voltage range (3V to 15V) 
• High noise immunity (0.45 Vee typ) 
• Low power consumption 
• High capacitive load drive capability 
• TRI-STATE outputs 
• Input protection 
• TTL compatibility 
• 20-pin dual-in-line package 
• High speed 25 ns (typ.) @ 10V, 50 pF (MM74C244) 

MM54C240/MM74C240 Dual-In-Line Package 
Vee DOB DAI 184 OAZ 183 OA3 182 OAC IBI 

ODA IAI 084 IA2 OBJ IA3 082 IAC DBI GND 

TL/F/5905-2 

Top View 

Order Number MM54C240* or MM74C240* 

MM54C244/MM74C244 Dual-In-Line Package 
Vee DOB DAI 184 OA2 183 OA3 182 OAC 181 

ODA IAI 084 IA2 083 IA3 082 IA4 081 GND 

TL/F/5905-4 

Top View 

Order Number MM54C244* or MM74C244*, 

•Please look into Section B, Appendix D 
for availability of various package types. 
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Absolute Maximum Ratings (Note 1) 

If Military I Aerospace specified devices are required, Storage Temperature Range - 65°C to + 150°c 
contact the National Semiconductor Sales Office/ Power Dissipation 
Distributors for availability and specifications. Dual-In-Line 700mW 
Voltage at Any Pin -0.3V to Vee+ 0.3V Small Outline 500mW 

Operating Temperature Range Operating Vee Range 3V to 15V 
MM54C240, MM54C244 - 55°C to + 125°C Absolute Maximum Vee 18V 
MM74C240, MM74C244 -40°c to + B5°C 

Lead Temperature (Soldering, 10 seconds) 260°c 

DC Electrical Characteristics Min/Max limits apply across temperature range, unless otherwise noted 

Symbol Parameter Conditions Min Typ Max Units 

CMOS TO CMOS 

V1N(1) Logical "1" Input Voltage Vee~ 5V 3.5 v 

Vee= 1ov 8.0 v 

V1N(O) Logical "O" Input Voltage Vee= 5V 1.5 v 
·Vee= 1ov 2.0 v 

Vour(1) Logical "1" Output Voltage Vee= 5V, lo= -10 µA 4.5 v 

Vee= 1ov, 10 = -10 µA 9.0 v 

VouT(O) Logical "O" Output Voltage Vee = 5V, 10 = 10 µA 0.5 v 

Vee= 1ov, 10 = 10 µA 1.0 v 

loz TRI-STATE Output Current Vee= 10V, OD= V1H ±10 µA 

l1N(1) Logical "1" Input Current Vee= 15V, V1N = 15V 0.005 1.0 µA 

l1NJ_O) Logical "O" Input Current Vee= 15V, V1N = ov -1.0 -0.005 µA 

Ice Supply Current Vee= 15V 0.05 300 µA 

CMOS/LPTTL INTERFACE 

V1N(1) Logical "1" Input Voltage 54C, Vee= 4.5V Vee - 1.5 v 

74C, Vee = 4.75V Vee - 1.5 v 

V1N(O) Logical "O" Input Voltage 54C, Vee= 4.5V 0.8 v 

74C, Vee = 4.75V 0.8 v 

VoUT(1) Logical "1" Output Voltage 54C, Vee= 4.5V, lo= -450 µA Vee - 0.4 v 

74C, Vee = 4.75V, lo = -450 µA Vee - 0.4 v 

54C, Vee= 4.5V, lo= -2.2 mA 2.4 v 

74C, Vee= 4.75V, lo= -2.2 mA 2.4 v 

VouT(O) Logical "O" Output Voltage 54C, Vee= 4.5V, lo= 2.2 mA 0.4 v 

74C, Vee = 4.75V, 10 = 2.2 mA 0.4 v 

OUTPUT DRIVE (See 54C/74C Family Characteristics Data Sheet) (Short Circuit Current) 

lsouReE Output Source Current Vee = 5V, Vour = ov 
-14 -30 mA 

(P-Channel) TA= 25°C 

Vee = 1 ov, Vour = ov 
-36 -70 mA 

TA= 25°C 

lslNK Output Sink Current Vee = 5V, Vour = Vee 
12 20 mA 

(N-Channel) TA= 25°C 

Vee= 1ov, Vour =Vee 
48 70 mA 

TA= 25°C 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Range" they are not 
meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device operation. 
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AC Electrical Characteristics* TA = 25°C, CL = 50 pF, unless otherwise specified 

Symbol Parameter Conditions Min Typ Max Units 

tpo(1)• tpo(O) Propagation Delay 
(Data In to Out) 

MM54C240/MM74C240 Vee= 5V,CL = 50pF 60 90 ns 
Vee= 10V, CL= 50 pF 40 70 ns 
Vee= 5V, CL= 150 pF 80 110 ns 
Vee= 10V, CL= 150 pF 60 90 ns 

MM54C244/MM7 4C244 Vee = 5V, CL = 50 pF 45 70 ns 

Vee = 10V, CL = 50 pF 25 50 ns 
Vee= 5V, CL= 150 pF 60 90 ns 
Vee= 10V, CL= 150 pF 40 70 ns 

t1H• toH Propagation Delay Output AL = 1 k, CL = 50 pF 
Disable to High Impedance Vee= 5V 45 80 ns 
State (from a Logic Level) Vee= 1ov 35 60 ns 

tH1. tHo Propagation Delay Output AL= 1k, CL= 50 pF 
Disable to Logic Level Vee= 5V 50 90 ns 
(from High Impedance State) Vee= 1ov 30 60 ns 

tT(HL)• tT(LH) Transition Time Vee= 5V,CL = 50pF 45 80 ns 

Vee= 10V, CL= 50 pF 30 60 ns 
Vee= 5V, CL= 150 pF 75 140 ns 
Vee= 10V, CL= 150 pF 50 100 ns 

Cpo Power Dissipation (Note3) 
Capacitance 
(Output Enabled per Buffer) 

MM54C240/MM74C240 100 pF 
MM54C244/MM74C244 100 pF 

(Output Disabled per Buffer) 
MM54C240/MM7 4C240 10 pF 
MM54C244/MM74C244 0 pF 

C1N Input Capacitance V1N = OV, f = 1 MHz, TA= 25°C 
10 pF 

(Any Input) 

Co Output Capacitance V1N = OV, f = 1 MHz, TA = 25°C 
10 pF 

(Output Disabled) 

*AC Parameters are guaranteed by DC correlated testing. 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Range" they are not 
meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device operation. 

Note 2: Capacitance is guaranteed by periodic testing. 

Note 3: Cpo determines the no load AC power consumption of any CMOS device. For complete explanation see 54C/74C Family Characteristics Application Note, 
AN-90. 

Typical Application 

OUTPUT 
DISABLE 

CONTROL OR MICROPROGRAM ROM/PROM 
OR 

MEMORY ADDRESS REGISTER 

SYSTEM ANO/OR MEMORY ADDRESS BUS 
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MM54C244/MM7 4C244 
Propagation Delay vs. 
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AC Test Circuits and Switching Time Waveforms 

•11~•our 
Tel •50pF 

TL/F/5905-10 

INPUT-Q--rTOUTPUT 

OISAILE~ t'." I" ... ,, 
TL/F/5905-12 

INPUT - J., ·.~~PUT 
OISAILE~l "5Dof 

TL/F/5905-14 

Note: Delays measured with input 11, It ~ 20 ns. 

CMOS to CMOS 

TL/F/5905-11 

t1H 

OISAILE Vccr-

IV --1,IH =i 
DISABLE Vec*-o.s Vee 

ov 

VoH 0.1 Voff Vo ff 

OUTPUT OUTPUT 

DISABLE 

OUTPUT 

H 

ov f 
TL/F/5905-13 

Note: VoH is defined as the DC output high voltage when the device is loaded with 
a 1 kn resistor to ground. 

Vee=I:: o.5 Vee 

OV 

DISABLE Vee~ o.5 Vee 

ov 

'HO 

Vee 

OUTPUT 

Vol -i-
0.1 !Vee -Votl 

TL/F/5905-15 

Note: VOL is defined as the DC output low voltage when the device is loaded with a 
1 kn resistor to Vee-
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~National · ·· 
~Semiconductor 

MM54C373/MM74C373 TRI-STATE® Octal D-Type Latch 
MM54C374/MM74C374 TRI-STATE Octal D-Type Flip-Flop 

General Description 
The MM54C373/MM74C373, MM54C374/MM74C374 are 
integrated, complementary MOS (CMOS), 8-bit storage ele
ments with TRI-STATE outputs. These outputs have been 
specially designed to drive high capacitive loads, such as 
one might find when driving a bus, and to have a fan out of 1 
when driving standard TIL. When a high logic level is ap
plied to the OUTPUT DISABLE input, all outputs go to a high 
impedance state, regardless of what signals are present at 
the other inputs and the state of the storage elements. 

The MM54C373/MM74C373 is an 8-bit latch, When LATCH 
ENABLE is high, the Q outputs will follow the D inputs. 
When LATCH ENABLE goes low, data at the D inputs, 
which meets the set-up and hold time requirements, will be 
retained at the outputs until LATCH ENABLE returns high 
again. 

The MM54C374/MM74C374 is an 8-bit, D-type, positive
edge triggered flip-flop. Data at the D inputs, meeting the 
set-up and hold time requirements, is transferred to the Q 
outputs on positive-going transitions of the CLOCK input. 

Connection Diagrams 

OUTPUT 
DISABLE 

Q1 

01 

02 

Q2 

Q3 

03 

04 

Q4 

GND 

MM54C373/MM74C373 
Dual-In-Line Package 

Top View 

Vee 

QB 

DB 

07 

Q7 

Q& 

06 

05 

Q5 

TL/F/5906-1 

Order Number MM54C373* or MM74C373* 

Both the MM54C373/MM74C373 and the MM54C374/ 
MM74C374 are being assembled in 20-pin dual-in-line pack
ages with 0.300" pin centers. 

Features 
• Wide supply voltage range 

• High noise immunity 
• Low power consumption 

3V to 15V 

0.45 Vee (typ.) 

• TIL compatibility Fan out of 1 
driving standard TIL 

• Bus driving capability 
• TRI-STATE outputs 
• Eight storage elements in one package 

• Single CLOCK/LATCH ENABLE and OUTPUT 
DISABLE control inputs 

• 20-pin dual-in-line package with 0.300" centers takes 
half the board space of a 24-pin package 

MM54C37 4/MM7 4C37 4 
Dual-In-Line Package 

Top View 
TL/F/5906-2 

Order Number MM54C374* or MM74C374* 

*Please look into Section 8, Appendix D for availability of various package types. 
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Absolute Maximum Ratings (Note 1i 

If Miiitary/Aerospace specified devices are .required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Voltage at Any Pin -0.3V to Vee+ 0.3V 

Operating Temperature Range (T Al 
MM54C373 
MM74C373 

Storage Temperature Range (Ts) 

- 55°C to + 125°C 
- 40°C to + 85°C 

- 65°C to + 150°C 

Power Dissipation 
Dual-In-Line 
Small Outline 

Operating Vee Range 

Absolute Maximum Vee· 

Lead Temperature (T Ll 
(Soldering, 1 O seconds) 

700mW 
500mW 

3Vto 15V 

18V 

260°C 

DC Electrical Characteristics Min/Max limits apply across temperature range unless otherwise noted 

Symbol Parameter Conditions Min Typ Max Units 

CMOS TO CMOS 

V1N(1) Logical "1" Input Voltage Vee= 5V 3.5 v 
Vee= 10v 8.0 v 

V1N(O) Logical "O" Input Voltage Vee= 5V 1.5 v 
Vee= 1ov 2.0 v 

VouT(1l Logical "1" Output Voltage Vee= 5V, 10 = -10 µA 4.5 v 
Vee= 1ov, lo= -10 µA 9.0 v 

VouT(O) Logical "O" Output Voltage Vee = 5V, 10 = 1 o µA 0.5 v 
Vee= 1ov, 10 = 10 µA 1.0 v 

l1N_i1) Logical "1" Input Current Vee= 15V, V1N = 15V 0.005 1.0 µA 

l1N(O) Logical "O" Input Current Vee= 15V, V1N = ov -1.0 -0.005 µA 

loz TRI-STATE Leakage Current Vee= 15V, Vo= 15V 0.005 1.0 µA 
Vee= 15V, Vo= ov -1.0 -0.005 µA 

Ice Supply Current Vee= 15V 0.05 300 µA 

CMOS/LPTTL INTERFACE 

V1N(1) Logical "1" Input Voltage 54C Vee= 4.5V Vee - 1.5 v 
74C Vee= 4.75V Vee - 1.5 v 

V1N(O) Logical "O" Input Voltage 54C Vee= 4.5V 0.8 v 
54C Vee= 4.75V 0.8 v 

VouT(1l Logical "1" Output Voltage 54C Vee= 4.5V, lo= -360 µA Vee - 0.4 v 
74C Vee = 4.75V, 10 = -360 µA Vee - 0.4 v 

54C Vee= 4.5V, lo= -1.6 mA 2.4 v 
74C Vee= 4.75V, lo= -1.6 mA 2.4 v 

VouT(O) Logical "O" Output Voltage 54C Vee= 4.5V, lo= 1.6 mA 0.4 v 
74C Vee= 4.75V, lo= 1.6 mA 0.4 v 

OUTPUT DRIVE (Short Circuit Current) 

I sou ACE Output Source Current Vee = 5V, VouT = ov 
-12 -24 mA 

TA = 25°C (Note 4) 

I sou ACE Output Source Current Vee= 1ov, VouT = ov -24 -48 mA 
TA = 25°C (Note 4) 

ls1NK Output Sink Current Vee = 5V, VouT = Vee 
6 12 mA 

(N-Channel) TA = 25°C (Note 4) 

ls1NK Output Sink Current Vee= 1ov, VouT =Vee 
24 48 mA 

(N-Channel) TA = 25°C (Note 4) 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range" 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 
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AC Electrical Characteristics* 
MM54C373/MM74C373, TA = 25°C, CL = 50 pF, tr = tt = 20 ns, unless otherwise noted 

Symbol Parameter Conditions Min Typ Max Units 

tpdO• tpd1 Propagation Delay, Vee = 5V, CL = 50 pF 165 330 ns 
LATCH ENABLE to. Output Vee= 10V, CL= 50 pF 70 140 ns 

Vee= 5V, CL= 150 pF 195 390 ns 
Vee= 10V, CL= 150 pF 85 170 ns 

tpdO• tpd1 Propagation Delay Data LATCH ENABLE= Vee. 
In to Output Vee = 5V, CL = 50 pF 155 310 ns 

Vee = 10V, CL = 50 pF 70 140 ns 
Vee= 5V, CL= 150 pF 185 370 ns 
Vee= 10V, CL= 150 pF 85 170 ns 

tsET-UP Minimum Set-Up Time Data In tHOLD = 0 ns 
to CLOCK/LATCH ENABLE Vee= 5V 70 140 ns 

Vee= 1ov 35 70 ns 

fMAX Maximum LATCH ENABLE 
Frequency Vee= 5V 3.5 6.7 MHz 

Vee= 10v 4.5· 9.0 MHz 

tpwH Minimum LATCH ENABLE Vee5V 75 150 ns 
Pulse Width Vee= 10v 55 110 ns 

tr. t1 Maximum LATCH ENABLE -Vee= 5V NA µs 
Rise and Fall Time Vee= 10v NA µs 

t1H· toH Propagation Delay OUTPUT RL = 1 Ok, CL = 5 pF 
DISABLE to High Impedance Vee= 5V 105 210 ns 
State (from a Logic Level) Vee= 1ov 60 120 ns 

tH1• tHo Propagation Delay OUTPUT RL = 10k, CL = 50 pF 
DISABLE to Logic Level Vee= 5V 105 210 ns 
(from High Impedance State) Vee= 10v 45 90 ns 

trHL· trLH Transition Time Vee = 5V, CL = 50 pF 65 130 ns 
Vee= 10V, CL= 50 pF 35 70 ns 
Vee= 5V, CL= 150 pF 110 220 ns 
Vee= 10V, CL= 150 pF 70 140 ns 

CLE Input Capacitance LE Input (Note 2) 7.5 10 pF 

Coo Input Capacitance OUTPUT DISABLE 
7.5 10 pF 

Input (Note 2) 

C1N Input Capacitance Any Other Input (Note 2) 5 7.5 pF 

Cour Output Capacitance High Impedance 
10 15 pF 

State (Note 2) 

Cpo Power Dissipation Capacitance Per Package (Note 3) 200 pF 

•AC Parameters are guaranteed by DC correlated testing. 
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AC Electrical Characteristics* (Continued) 
MM54C374/MM74C374, TA = 25°C, CL = 50 pF, tr= tt = 20 ns, unless otherwise noted 

Symbol Parameter 

tpdO• tpd1 Propagation Delay, 
CLOCK to Output 

tsET-UP Minimum Set-Up Time Data In 
to CLOCK/LATCH ENABLE 

tpwH· tpwL Minimum CLOCK Pulse Width 

fMAX Maximum CLOCK Frequency 

t1H• toH Propagation Delay OUTPUT 
DISABLE to High Impedance 
State (from a Logic Level) 

tH1• tHo Propagation Delay OUTPUT 
DISABLE to Logic Level 
(from High Impedance State) 

trHL· trLH Transition Time 

tr, tt Maximum CLOCK Rise 
and Fall Time 

CeLK Input Capacitance 

Coo Input Capacitance 

C1N Input Capacitance 

Cour Output Capacitance 

Cpo Power Dissipation Capacitance 

•AC Parameters are guaranteed by DC correlated testing. 

Note 2: Capacitance is guaranteed by periodic testing. 

Conditions Min 

Vee= 5V,CL = 50pF 
Vee= 10V, CL= 50 pF 
Vee= 5V, CL= 150 pF 
Vee= 10V, CL= 150 pF 

tHOLD = 0 ns 
Vee= 5V 
Vee= 1ov 

Vee= 5V 
Vee= 1ov 

Vee= 5V 3.5 

Vee= 1ov 5 

AL = 1 Ok, CL = 50 pF 
Vee= 5V 
Vee= 1ov 

AL = 1 Ok, CL = 50 pF 
Vee= 5V 
Vee= 1ov 

Vee = 5V, CL = 50 pF 
Vee= 10V, CL= 50 pF 
Vee= 5V, CL= 150 pF 
Vee= 10V, CL= 150 pF 

Vee= 5V 15 

Vee= 1ov 5 

CLOCK Input (Note 2) 

OUTPUT DISABLE 
Input (Note 2) 

Any Other Input (Note 2) 

High Impedance 
State (Note 2) 

Per Package (Note 3) 

Typ Max Units 

150 300 ns 
65 130 ns 
180 360 ns 
80 160 ns 

70 140 ns 
35 70 ns 

70 140 ns 
50 100 ns 

7.0 MHz 
10 MHz 

105 210 ns 
60 120 ns 

105 210 ns 
45. 90 ns 

65 130 ns 
35 70 ns 
110 220 ns 
70 140 ns 

>2000 µs 
>2000 µs 

7.5 10 pF 

7.5 10 pF 

5 7.5 pF 

10 15 pF 

250 pF 

Note 3: Cpo determines the no load AC power consumption of any CMOS device. For complete explanation see 54C/74C Family Characteristics Application Note 
AN-90. 

Note 4: These are peak output current capabilities. Continuous output current is rated at 12 mA max. 
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Typical Performance Characteristics r A = 2s0 c 
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Typical Applications 
Data Bus Interfacing Element 

MM54C373/ 
MM74C373 

OR 
MM54C374/ 
MM74C374 

MM54C373/ 
MM74C373 

OR 
MM54C374/ 
MM74C374 

PERIPHERAL DEVICE 

TL/F/5906-5 

Logic Diagrams 

DATA 
IN 

CLOCKING/LATCHING 
CONTROL 

Simple, Latching, Octal, LED Indicator 
Driver with Blanking for Use as Data Display, 

Bus Monitor, µP Front Panel Display, Etc. 

Vee 

Vee 
01 

D2 02 

D3 MM54C373/ 03 
D4 MM74C373 04 

OR 
05 MM54C374/ as 

D6 MM74C374 06 

D7 

D8 
CLK/LE 

MM54C373/MM74C373 (1 of 8 Latches) 

G G G G 

LATeH--t>o-1-t>o-1 
-L.... -L.... 

ENABLE -m- -m-
6ii OD -. -.-

G G 
OUTPUT --t>o-1-t>o-1 

f DISABLE T 

MM54C374/MM74C374 (1of8 Flip-Flops) 

OD 

a: CL a: CL 

CLOCK--t>o-1-t>o-1 
-L.... -L.... 

-m- -m-
6ii OD -. -.-

CL a: 
OUTPUT --t>o-1-t>o-1 f DISABLE T 
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TRI-ST ATE Test Circuits and Switching Time Waveforms 

Yee 

OUTPUT~ DISABLE Q 

ICL 1Dk.ll 

- - -- - -
TL/F/5906-9 

Switching Time Waveforms 

DATA 
IN 

a 
OUTPUT 

DATA 
IN 

a 
OUTPUT 

GND 

MM54C373/MM74C373 

MM54C374/MM74C374 
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TL/F/5906-13 

Output Disable = GND 
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~National 
~Semiconductor 

MM54C901/MM74C901 Hex Inverting TTL Buffer 
MM54C902/MM74C902 Hex Non-Inverting TTL Buffer 
MM54C903/MM74C903 Hex Inverting CMOS Buffer 
MM54C904/MM74C904 Hex Non-Inverting CMOS Buffer 

General Description 
These hex buffers employ complementary MOS to achieve 
wide supply operating range, low power consumption, and 
high noise immunity. These buffers provide direct interface 
from PMOS into CMOS or TIL and direct interface from 
CMOS to TIL or CMOS operating at a reduced Vee supply. 

Connection Diagrams 

Vee 

14 

Dual-In-Line Package 
MM54C901/MM74C901 
MM54C903/MM74C903 

Top View 

GND 

TL/F/5909-1 

Order Number MM54C901 •, 
MM74C901•, MM54C903* or MM74C9Q3• 

Features 
• Wide supply voltage range 3.0V to 15V 

1.0V 
0.45 Vee (typ.) 

Fan out of 2 
driving standard TTL 

• Guaranteed noise margin 
• High noise immunity 
• TIL compatibility 

Vee 

14 

Dual-In-Line Package 
MM54C902/MM74C902 
MM54C904/MM74C904 

Top View 

GND 

TL/F/5909-2 

Order Number MM54C902*, 
MM74C902*, MM54C904* or MM74C904• 

•Please look into Section 8, Appendix D for availability of various package types. 

6-129 



Absolute Maximum Ratings (Note 1) 

If Miiitary/Aerospace specified devices are required, Operating Temperature Range (TA) 
contact the National Semiconductor Sales Office/ MM54C901, MM54C902, 
Distributors for availability and specifications. MM54C903, MM54C904 - 55°C to + 125°C 

Voltage at Any Pin -0.3V to Vee + 0.3V MM74C901, MM74C902, 

Voltage at Any Input Pin MM74C903, MM74C904 -40°C to + 85°C 

MM54C901 /MM74C901 -0.3V to + 15V Operating Vee Range 3.0Vto 15V 

MM54C902/MM7 4C902 -0.3V to + 15V Absolute Maximum Vee 18V 
MM54C903/MM7 4C903 Vee - 17V to Vee+ 0.3V Lead Temperature (TL) 
MM54C904/MM7 4C904 Vee - 17V to Vee + 0.3V (Soldering, 10 seconds) 260°c 

Storage Temperature Range (Ts) - 65°C to + 150°c 

Power Dissipation (Po) 
Dual-In-Line 700mW 
Small Outline 500mW 

DC Electrical Characteristics Min/Max limits apply across temperature range unless otherwise noted 

Symbol Parameter Conditions Min Typ Max Units 

CMOS TO CMOS 

V1N(1) Logical "1" Input Voltage Vee= 5.ov 3.5 v 

Vee= 1ov 8.0 v 

VIN(O) Logical "O" Input Voltage Vee= 5.0V 1.5 v 

Vee= 1ov 2.0 v 

Vour(1) Logical "1" Output Voltage Vee= 5.0V, 10 = -10 µA 4.5 v 
Vee= 1ov, 10 = -10 µA 9.0 v 

VoUT(O) Logical "O" Output Voltage Vee= 5.ov 0.5 v 

Vee= 1ov 1.0 .. v 

l1N(1) Logical "1" Input Current Vee= 15V, V1N = 15V 0.005 1.0 µA 

l1N(O) Logical "O" Input Current Vee= 15V, V1N = ov -1.0 -0.005 µA 

Ice Supply Current Vee= 15V 0.05 15 µA 

TTL TO CMOS 

V1N(1) Logical "1" Input Voltage 54C Vee= 4.5V Vee - 1.5 v 
74C Vee= 4.75V Vee - 1.5 v 

V1N(O) Logical "O" Input Voltage 54C Vee= 4.5V 0.8 v 
74C Vee= 4.75V 0.8 v 

CMOS TO TTL 

V1N(1) Logical "1" Input Voltage 
MM54C901, MM54C903 Vee= 4.5V 4.0 v 
MM54C902, MM54C904 Vee= 4.5V Vee - 1.5 v 
MM74C901, MM74C903 Vee= 4.75V 4.25 v 
MM74C902, MM74C904 Vee= 4.75V Vee - 1.5 v 

V1N(O) Logical "O" Input Voltage 
MM54C901, MM54C903 Vee= 4.5V 1.0 v 
MM54C902, MM54C904 Vee= 4.5V 1.5 v 
MM74C901, MM74C903 Vee= 4.75V 1.0 v 
MM74C902, MM74C904 Vee= 4.75V 1.5 v 

Vour(1) Logical "1" Output Voltage 54C Vee= 4.5V, 10 = -000 µA 2.4 v 
74C Vee = 4.75V, lo = -800 µA 2.4 v 

VouT(O) Logical "O" Output Voltage 
MM54C901, MM54C903 Vee = 4.5V, lo = 2.6 mA 0.4 v 
MM54C902, MM54C904 Vee = 4.5V, lo = 3.2 mA 0.4 v 
MM74C901, MM74C903 Vee = 4.75V, 10 = 2.6 mA 0.4 v 
MM74C902, MM74C904 Vee = 4.75V, 10 = 3.2 mA 0.4 v 
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DC Electrical Characteristics (Continued) 
Min/Max limits apply across temperature range unless otherwise noted 

Symbol Parameter Conditions Min Typ Max Units 

OUTPUT DRIVE (See 54C/74C Family Characteristics Data Sheet) (Short Circuit Current) 
(MM54C901/MM74C901, MM54C903/MM74C903) 

lsouReE Output Source Current Vee = 5.ov. Vour = ov 
-5.0 mA 

(P-Channel) TA= 25°C, V1N = ov 

lsouReE Output Source Current Vee = 10v, Vour = ov 
-20 mA 

(P-Channel) TA= 25°C, V1N = ov 

ls1NK Output Sink Current Vee = 5.ov, Vour = Vee 
9.0 mA 

(N-Channel) TA = 25°C, V1N = Vee 

ls1NK Output Sink Current Vee = 5.ov. Vour = 0.4V 
3.8 mA 

(N-Channel) TA = 25°C, V1N = Vee 

(MM54C902/MM74C902, MM54C904/MM74C904) 

lsouReE Output Source Current Vee= 5.0V, Vour = ov 
-5.0 mA 

(P-Channel) TA = 25°C, V1N = Vee 

lsouReE Output Source Current Vee= 1ov, Vour = ov 
-20 mA 

(P-Channel) TA = 25°C, V1N = Vee 

lslNK Output Sink Current Vee = 5.ov. Vour = Vee 
9.0 mA 

(N-Channel) TA= 25°C, V1N = ov 

ls1NK Output Sink Current Vee= 5.0V, Vour = 0.4V 
3.8 mA 

(N-Channel) TA= 25°C, V1N = ov 

AC Electrical Characteristics* TA = 25°C, CL = 50 pF, unless otherwise noted 

Symbol Parameter Conditions Min Typ Max Units 

MM54C901/MM74C901, MM54C903/MM74C903 

tpd1 Propagation Delay Time Vee= 5.ov 38 70 ns 
to a Logical "1 " Vee= 10v 22 30 ns 

tpdO Propagation Delay Time Vee= 5.0V 21 35 ns 
to a Logical "O" Vee= 1ov 13 20 ns 

C1N Input Capacitance Any Input (Note 2) 14 pF 

Cpo Power Dissipation Capacity (Note 3) Per Buffer 30 pF 

MM54C902/MM7 4C902, MM54C904/MM7 4C904 

tpd1 Propagation Delay Time Vee= 5.0V 57 90 ns 
to a Logical "1" Vee= 1ov 27 40 ns 

tpdO Propagation Delay Time Vee= 5.0V 54 90 ns 
to a Logical "O" Vee= 10v 25 40 ns 

C1N Input Capacitance Any Input (Note 2) 5.0 pF 

Cpo Power Dissipation Capacity (Note 3) Per Buffer 50 pF 

•AC Parameters are guaranteed by DC correlated testing. 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range" 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 

Note 2: Capacitance is guaranteed by periodic testing. 

Note 3: Cpo determines the no load AC power consumption of any CMOS device. For complete explanation see 54C/74C Family Characteristics application note 
AN-90. • 

6-131 



MM54C903/MM74C903 

Logic Diagrams 
MM54C901/MM74C901 

CMOS to TTL Inverting Buffer PMOS to TTL or CMOS Inverting Buffer 

INPITT~••r:b:ITT 
··~·~!1-i~ 

- -

Vee 

+ ~l~ 
BV~:ir~ -= 

INPUT-.. 1-i J--oUTPITT 
~ 

TL/F/5909-3 

MM54C902/MM7 4C902 
CMOS to TTL Buffer 

MM54C904/MM74C904 
PMOS to TTL or CMOS Buffer 

TL/F/5909-5 

Typical Applications 
PMOS to CMOS or TTL Interface 

Vss 

-=-Vee 

b PMOS 

Yoo 

Note: Vee + Voo ,;;; 17V 
Vee,;;; 1sv 

[
MM54C903/MM74C903 or] 
MM54C904/MM74C904 

Vee 

TTL 
OR 

CMOS 

GNO 

TL/F/5909-4 

TL/F/5909-6 

TL/F/5909-7 

CMOS to TTL or CMOS at a Lower Vee 

Vee 

CMOS 

GNO 

Note: Vee1 = Vee2 

Vee 

TTL 
OR 

CMOS 

GND 

\_[MM54C901/MM74C901 or] 
- MM54C902/MM74C902 
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AC Test Circuit and Switching Time Waveforms 

V1N 
TL/F/5909-9 

Note: Delays measured with input t,, t1 = 20 ns. 

Vour 

Typical Performance Characteristics 

Typical Propagation Delay 
to a Logical "O" for the 
MM54C901/MM74C901 and 
MM54C903/MM74C903 
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Typical Propagation Delay 
to a Logical "O" for the 
MM54C902/MM74C902 and 
MM54C904/MM74C904 
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CMOS to CMOS 
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Typical Propagation Delay 
to a Logical "1" for the 
MM54C901/MM74C901 and 
M54C903/MM7 4C903 
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Typical Propagation Delay 
to a Logical "1" for the 
MM54C902/MM74C902 and 
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~National 
~Semiconductor 

MM54C905/MM74C905 

PRELIMINARY 

12-Bit Successive Approximation Register 

General Description 
The MM54C905/MM74C905 CMOS 12-bit successive ap
proximation register contains all the digit control and stor
age necessary for successive approximation analog-to-digi
tal conversion. Because of the unique capability of CMOS to 
switch to each supply rail without any offset voltage, it can 
also be used in digital systems as the control and storage 
element in repetitive routines. 

Connection Diagram 
Dual-In-Line Package 

Vee 011 

I 24 23 

--

E DO 

Truth Table 
Time Inputs 

In D s 
0 x L 
1 D11 H 
2 D10 H 
3 D9 H 
4 DB H 
5 D7 H 
6 D6 H 
7 D5 H 
B D4 H 
9 D3 H 

10 D2 H 
11 D1 H 
12 DO H 
13 x H 
14 x x 

x x 

NC ll11 Q10 09 

22 21 20 19 

cc 00 01 02 

E DO a11 

L x x 
L x L 
L D11 D11 
L D10 D11 
L D9 D11 
L DB D11 
L D7 D11 
L D6 D11 
L D5 D11 
L D4 D11 
L D3 D11 
L D2 D11 
L D1 D11 
L DO D11 
L x D11 
H x H 

H = High Level L = Low Level X = Don't Care 

08 07 06 

18 17 16 

03 04 05 

a10 ag 

x x 
H H 
L H 

D10 L 
D10 D9 
D10 D9 
D10 D9 
D10 D9 
D10 D9 
D10 D9 
D10 D9 
D10 D9 
D10 D9 
D10 D9 
D10 D9 
NC NC 

NC = No Change 

NC 

15 

10 

NC 

as 

x 
H 
H 
H 
L 

DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
NC 

Features 
• Wide supply voltage range 3.0V to 15V 
• Guaranteed noise margin 1.0V 
• High noise immunity 0.45 Vee (typ) 
• Low power TTL Fan out of 2 

compatibility driving 7 4L 
• Provision for register extension or truncation 
• Operates in START/STOP or continuous conversion 

mode 
• Drive ladder switches directly. For 10 bits or less with 

50k/100k R/2R ladder network 

CP 

14 13 

11 r2 

GND 

TL/F/5910-1 

Outputs 

a1 as as a4 

x x x x 
H H H H 
H H H H 
H H H H 
H H H H 
L H H H 

D7 L H H 
D7 D6 L H 
D7 D6 D5 L 
D7 D6 D5 D4 
D7 D6 D5 D4 
D7 D6 D5 D4 
D7 D6 D5 D4 
D7 D6 D5 D4 
D7 D6 D5 D4 
NC NC NC NC 

Order Number MM54C905* 
or MM74C905* 

*Please look into Section 8, Appendix D 
for availability of various package types. 

aa a2 a1 ao cc 
x x x x x 
H H H H H 
H H H H H 
H H H H H 
H H H H H 
H H H H H 
H H H H H 
H H H H H 
H H H H H 
L H H H H 

D3 L H H H 
D3 D2 L H H 
D3 D2 D1 L H 
D3 D2 D1 DO L 
D3 D2 D1 DO L 
NC NC NC NC NC 
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Absolute Maximum Ratings (Note 1) 

If Military/Aerospace specified devices are required, Storage Temperature Range (Ts) - 65°C to + 150°c 
contact the National Semiconductor Sales Office/ Power Dissipation (Po) 
Distributors for avallablllty and specifications. Dual-In-Line 700mW 
Voltage at Any Pin - 0.3V to V cc+ 0.3V Small Outline 500mW 

Operating Temperature Range (TA) Operating Vee Range 3.0V to 15V 
MM54C905 - ss0 c to + 12s0 c Absolute Maximum Vee 16V 
MM74C905 - 4o•c to + 85°C 

Lead Temperature (T d 
(Soldering, 10 seconds) 260°c 

DC Electrical Characteristics Min/Max limits apply across temperature range unless otherwise noted 

Symbol Parameter Conditions Min Typ Max Units 

CMOS TO CMOS 

V1N(1) Logical "1" Input Voltage Vee= 5.ov 3.5 v 
Vee= 1ov 8.0 v 

VIN(O) Logical "O" Input Voltage Vee= 5.ov 1.5 v 
Vee= 1ov 2.0 v 

Vour(1) Logical "1'' Output Voltage Vee= 5.0V, lo= -10 µA 4.5 v 
Vee= 1ov, lo= -10 µA 9.0 v 

VouT(O) Logical "O" Output Voltage Vee= 5.ov, lo= 10 µA 0.5 v 
Vee= 1ov, lo= 10 µA 1.0 v 

111\l_ill Logical "1" Input Current Vee= 15V, V1N = 15V 0.005 1.0 µA 

l1ti(Ql Logical "O" Input Current Vee= 15V, V1N = ov -1.0 -0.005 µA 

Ice Supply Current Vee= 15V 0.05 300 µA 

CMOS/LPTTL INTERFACE 

V1N(1) Logical "1" Input Voltage 
MM54C905 Vee= 4.5V Vee - 1.5 v 
MM74C905 Vee= 4.75V Vee - 1.5 v 

V1N(O) Logical "O" Input Voltage 
MM54C905 Vee= 4.5V 0.8 v 
MM74C905 Vee= 4.75V 0.8 v 

Vour(1) Logical "1" Output Voltage 
MM54C905 Vee = 4.5V, 10 = -360 µA 2.4 v 
MM74C905 Vee = 4.75V, lo = -360 µA 2.4 v 

VouT(O) Logical "O" Output Voltage 
MM54C905 Vee= 4.5V, lo= 360 µA 0.4 v 
MM74C905 Vee= 4.75V, 10 = 360 µA 0.4 v 

OUTPUT DRIVE (See 54C/74C Family Characteristics Data Sheet) 

lsoURCE Output Source Current Vee= 5.0V, Vour = ov 
-1.75 -3.3 mA 

(P-Channel) TA= 25•c 

lsoURCE Output Source Current Vee = 10v, Vour = ov 
-8.0 -15 mA 

(P-Channel) TA= 25°C 

ls1NK Output Sink Current Vee = 5.0V, Vour = Vee 
1.75 3.6 mA 

(N-Channel) TA= 25°C 

lstNK Output Sink Current Vee = 10v, Vour = Vee 
(N-Channel) TA= 25·c 8.0 16 mA 

Vee= 10v ±5% 

RsoURCE 011-00 Outputs Vour = Vee - 0.3V 
150 350 n 

TA= 2s·c 

RstNK 011-00 Outputs Vee= 10v ±5% 
Vour = o.3V 80 230 n 
TA= 25°C 
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AC Electrical Characteristics* TA = 25°C, CL = 50 pF, unless otherwise specified 

Symbol Parameter Conditions Min Typ Max Units 

tpd Propagation Delay Time from Vee= 5.ov 200 350 ns 
Clock Input to Outputs Vee= 1ov 80 150 ns 

(00-011) (!E_d(cy 

tpd Propagation Delay Time from Vee= 5.ov 180 325 ns 

Clock Input to DO (!E.?(DO)) Vee= 1ov 70 125 ns 

tpd Propagation Delay Time from Vee= 5.ov 190 350 ns 
Register Enable (E) to Output Vee= 1ov 75 150 ns 

(011) (!P_d(E)) 

tpd Propagation Delay Time from Vee= 5.0V 190 350 ns 

Clock to CC (!e_d(CC)) Vee= 10v 75 0.50 ns 

ts Data Input Set-Up Time Vee= 5.ov 80 ns 

Vee= 1ov 30 ns 

ts Start Input Set-Up Time Vee= 5.ov 80 ns 

Vee= 1ov 30 ns 

tw Minimum Clock Pulse Width Vee= 5.ov 250 125 ns 

Vee= 1ov 100 50 ns 

tr.ti Maximum Clock Rise and Fall Time Vee= 5.ov 15 µs 

Vee= 1ov 5.0 µs 

fMAX Maximum Clock Frequency Vee= 5.0V 2.0 4.0 MHz 

Vee= 10v 5.0 10 MHz 

CeK Clock Input Capacitance Clock Input (Note 2) 10 pF 

C1N Input Capacitance Any other Input (Note 2) 5 pF 

Cpo Power Dissipation Capacitance (Note 3) 100 pF 

•AC Parameters are guaranteed by DC correlated testing. 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range" 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 

Note 2: Capacitance is guaranteed by periodic testing. 

Note 3: Cpo determines the no load AC power consumption of any CMOS device. For complete explanation, see 54C/74C Family Characteristics Application 
Note-AN-90. 

Typical Performance Characteristics 

Rs1NK vs Temperature 
600 .---.---..----.--.---.--.---.-----.,...---, 

500 

s 
~ 300 t---t--t--+---11---t--t--t=-'1~ 

ri 

100 

0 ....__.____.____.___..__....__.___.___..__. 

-55 -35 -15 5 25 45 65 85 105 125 

TA -AMBIENT TEMPERATURE (°C) 

TL/F/5910-2 

• These points are guaranteed by automatic testing. 
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Timing Diagram 

011 

010:::.JL_j 

09 :.:=:i 
os=-:J 
01=-:J 
os:.:.=J 
05~ 

04:.:.=J 
03=-:J 
02 :.:.=J 
01~ 

oo==:t 
cc ::.:.::J 
Do 

LJ 

Switching Time Waveforms 

LJ 

LJ 

LJ 

LJ 

.. DATA 

Vee------+------+-------- i.oATA 

-i,.. 
Vee------+---.. 
011 

o-------+-~•----------..1 

Vee------+--,------+--.. 
018 

o-------
Vee-------------+--,-------.. 
Do 

0--------------+--' 
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USER NOTES FOR A/D CONVERSION 

The register can be used with either current switches that 
require a low voltage level to turn the switch ON or current 
switches that require a high voltage level to turn the switch 
ON. If current switches are used which turn ON with a low 
logic level, the resulting digit output from the register is ac
tive low. That is, a logic "1" is represented as a low voltage 
level. If current switches are used which turn ON with a high 
logic level, the resulting digit output is active high. A logic 
"1" is represented as a high voltage level. 

For a maximum error of ± % LSB, the comparator must be 
biased. If current switches that require a high voltage level 
to turn ON are used, the comparator should be biased + % 
LSB and if the current switches require a low logic level to 
turn ON, then the comparator must be biased -% LSB. 

The register can be used to perform 2's complement con
version by offsetting the comparator one half full range + % 

Typical Applications 

LSB and using the complement of the MSB 011 as the sign 
bit. 

If the register is truncated and operated in the continuous 
conversion mode, a lock-up condition may occur on power
ON. This situation can be overcome by making the START 
input the "OR" function of CC and the appropriate register 
output. 

The register, by suitable selection of register ladder net
work, can be used to perform either binary or BCD conver
sion. 

The register outputs can drive the 10 bits or less with 50k/ 
1 OOk R/2R ladder network directly for Vee = 1 OV or higher. 
In order to drive the 12-bit 50k/100k ladder network and 
have the ± % LSB resolution, the MM54C902/MM74C902 
or MM54C904/MM74C904 is used as buffers, three buffers 
for MSB (011 ), two buffers for 010, and one buffer for 09. 

12-Bit Successive Approximation A·to-D Converter Operating In Continuous B·Blt Truncated Mode 

R·ZR LADDER 
R = 50k 

ANALOG INPUT--'Vl~---1 

TL/F/5910-6 
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Typical Applications (Continued) 

12-Blt Successive Approximation A·to-D Converter, Operating In 
Continuous Mode, Drives the 50k/100k Ladder Network Directly 

DV 

Yee D s ~E 
MM54C905/MM74C905 cc ~SERIAL 

CLO CK~ CP 
011 010 09 QB 07 06 05 04 QJ 02 01 OD Do DATA 

OUT 

MMBOC95 
I PARALLEL yy DATA OUT 

7 .-. 
> ~ ~ ~ ~ < ~ ~ : < : ~ 100k 10Dk ~ ? ~ ~ ~ > ? ~ > ~ ~ 

,A .A .AAA .AAA .AA .A .A .A .A .AAA _,. ,A _A 

Sok" """ """ """ """ """ "" """ " '"" " 

~~""'"'" 
ANALOG INP UT 5Dk v 

.AAA + 

Definition of Terms 
CP: Register clock input. 

CC: Conversion complete-this output remains at VouT(I) 
during a conversion and goes to VouT(O) when conversion 
is complete. 

D: Serial data input-connected to comparator output in A
to-0 applications. 

E: Register enable-this input is used to expand the length 
of the register. When Eis at ViN(I) 011 is forced to Vourm 
and inhibits conversion. When not used for expansion E 
must be connected to V1N(O) (GND). 

Q11: True register MSB output. 

5Dk 
: 100k 

R·2R LADDER ~ 
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011: Complement of register MSB output. 

Qi (I = 0 to 11): Register outputs. 

TL/F/5910-7 

S: Start input-holding start input at V1N(O) for at least one 
clock period will initiate a conversion by setting MSB (011) 
at VouT(O) and all other output (010-00) at VouT(1)· If set
up time requirements are met, a conversion may be initiated 
by holding start input at V1N(O) for less than one clock peri
od. 

DO: Serial data output-D input delayed by one clock peri
od. 

== == U1 
~ 
0 
co 
0 
U1 ........ 

== == ...... 
~ 
0 
co 
0 
U1 
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~National 
~Semiconductor 

M M54C906/M M7 4C906 
Hex Open Drain N-Channel Buffers 
MM54C907 /MM7 4C907 
Hex Open Drain P-Channel Buffers 

General Description 
These buffers employ monolithic CMOS technology in 
achieving open drain outputs. The MM54C906/MM74C906 
consists of six inverters driving six N-channel devices; and 
the MM54C907/MM74C907 consists of six inverters driving 
six P-channel devices. The open drain feature of these buff
ers makes level shifting or wire AND and wire OR functions 
by just the addition of pull-up or pull-down resistors. All in
puts are protected from static discharge by diode clamps to 
Vee and to ground. 

Connection and Logic Diagrams 

Features 
• Wide supply voltage range 
• Guaranteed noise margin 

• High noise immunity 
• High current sourcing and sinking 

open drain outputs 

Dual-In-Line Package 

Vee 

14 

GND 
TL/F/5911-1 

Top View 

Order Number MM54C906*, MM54C907*, MM74C906* or MM74C907* 

•Please look into Section 8, Appendix D for availability of various package types. 

MM54C906/MM74C906 

~OUTPUT 

M M54C907 /MM? 4C907 

Vee 

3V to 15V 

1V 
0.45 Vee (typ.) 

INPUT~9_ 
INPUT -{>o--1 d 

L OUTPUT 
TL/F /5911-2 

TL/F/5911-3 
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Absolute Maximum Ratings (Note 1) 

If Miiitary/ Aerospace specified devices are required, Storage Temperature Range - 65°C to + 150°c 
contact the National Semiconductor Sales Office/ Power Dissipation 
Distributors for availability and specifications. Dual-In· Line 700mW 
Voltage at Any Input Pin - 0.3V to V cc + 0.3V Small Outline 500mW 

Voltage at Any Output Pin Operating Vee Range 3Vto 15V 
MM54C906/MM7 4C906 -0.3V to+ 18V Absolute Maximum Vee 18V 
MM54C907/MM74C907 Vee - 18 to Vee+ 0.3V Lead Temperature (T d 

Operating Temperature Range (Soldering, 1 O seconds) 260°c 
MM54C906/MM54C907 - 55•c to + 125·c 
MM74C906/MM74C907 - 4o·c to + 85°C 

DC Electrical Characteristics Min/Max limits apply across temperature range unless otherwise noted 

Symbol I Parameter I Conditions I Min I Typ I Max I Units 

CMOS TO CMOS 

V1N(1) Logical "1" Input Voltage Vee= 5V 3.5 v 
Vee= 1ov 8.0 v 

V1N(O) Logical "O" Input Voltage Vee= 5V 1.5 v 
Vee= 1ov 2 v 

l1N(J) Logical "1" Input Current Vee= 15V, V1N = 15V 0.005 1 µA 

l1NJQl Logical "O" Input Current Vee= 15V, V1N = ov -1.0 -0.005 µA 

Ice Supply Current Vee = 15V, Output Open 0.05 15 µA 

Output Leakage 
MM54C906 Vee= 4.5V, V1N =Vee - 1.5V 0.005 5 µA 

Vee= 4.5V, Vour = 18V 

MM74C906 Vee= 4.75V, V1N =Vee - 1.5V 0.005 5 µA 
Vee= 4.75V, Vour = 18V 

MM54C907 Vee= 4.5V, V1N = 1V + 0.1 Vee 0.005 5 µA 
Vee = 4.5V, Vour = Vee -1 av 

MM74C907 Vee= 4.75V, V1N = 1V + 0.1 Vee 
0.005 5 µA 

Vee= 4.75V, Vour =Vee -1av 

CMOS/LPTTL INTERFACE 

V1N(1) Logical "1" Input Voltage 54C, Vee= 4.5V Vee - 1.5V v 
74C, Vee = 4.75V Vee - 1.5V v 

V1N(O) Logical "O" Input Voltage 54C, Vee= 4.5V 0.8 v 
74C, Vee = 4.75V 0.8 v 

OUTPUT DRIVE CURRENT 

MM54C906 Vee= 4.5V, V1N = 1V +0.1 Vee 
Vee= 4.5V, Vour = 0.5V 2.1 8.0 mA 
Vee= 4.5V, Vour = 1.ov 4.2 12.0 mA 

MM74C906 Vee= 4.75V, V1N = 1V +0.1 Vee 
Vee = 4.75V, Vour = 0.5V 2.1 8.0 mA 
Vee= 4.75V, Vour = 1.ov 4.2 12.0 mA 

MM54C907 Vee = 4.5V, V1N = Vee -1.5V 
Vee= 4.5V, Vour =Vee - 0.5V -1.05 -1.5 mA 
Vee= 4.5V, Vour =Vee - 1v -2.1 -3.0 mA 

MM74C907 Vee = 4.75V, V1N = Vee -1.5V 
Vee = 4.75V, Vour = Vee - 0.5V -1.05 -1.5 mA 
Vee= 4.75V, Vour =Vee - 1v -2.1 -3.0 mA 

MM54C906/MM74C906 Vee= 10V, V1N = 2V 
Vee= 1ov, Vour = 0.5V 4.2 -20 mA 
Vee= 1ov, Vour = 1v 8.4 -30 mA 

MM54C907/MM74C907 Vee= 1ov, v 1N =av 
Vee= 1ov, Vour = 9.5V -2.1 -4.0 mA 
Vee= 1ov, Vour = 9V -4.2 -8.0 mA 
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AC Electrical Characteristics* TA = 25°C, CL = 50 pF, unless otherwise specified 

Symbol Parameter Conditions Min Typ Max Units 

tpd Propagation Delay Time 
to a Logical "O" 

MM54C906/MM74C906 Vee= 5.0V, R = 10k 150 ns 

Vee= 10V, R = 10k 75 ns 
MM54C907/MM74C907 Vee = 5.0V (Note 4) 150 + 0.7 RC ns 

Vee = 10V (Note 4) 75 + 0.7 RC ns 

tpd Propagation Delay Time 
to a Logical "1" 

MM54C906/MM74C906 Vee = 5.0V (Note 4) 150 + 0.7 RC ns 
Vee = 10V (Note 4) 75 + 0.7 RC ns 

MM54C907/MM74C907 Vee= 5.0V, R = 10k 150 ns 

Vee = 10V, R = 10k 75 ns 

C1N Input Capacitance (Note2) 5.0 pF 

Gour Output Capacity (Note2) 20 pF 

Cpo Power Dissipation Capacity (Note 3) Per Buffer 30 pF 

•AC Parameters are guaranteed by DC correlated testing. 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range" 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 

Note 2: Capacitance is guaranteed by periodic testing. 

Note 3: Cpo determines the no load AC power consumption of any CMOS device. For complete explanation see 54C/74C Family Characteristics Application Note, 
AN-90. (Assumes outputs are open). 

Note 4: "C" used in calculating propagation includes output load capacity (CL.) plus device output capacity (Gour). 

Typical Applications 
Wire OR Gate 

Vee 

A 

f =A+ B 

TL/F/5911-4 

Note: Can be extended to more than 2 inputs. 

CMOS or TTL to PMOS Interface 

+ 
Vee Vss 

Vee 

b PMOS 

Voo 

Note: Vee + Yoo ,;; 1 BV 
Vee,;; 15V TL/F/5911-6 

Wire AND Gate 

Vee 

A 

TL/F/5911-5 

Note: Can be extended to more than 2 inputs. 

CMOS or TTL to CMOS at a Higher Vee 

Vee 

+ + 
Vcc1.::::. -=:_ Vcc2 

TL/F/5911-7 

6-142 



~National 
~Semiconductor 

MM54C910/MM74C910 256 Bit TRI-STATE® 
Random Access Read/Write Memory 

General Description 
The MM54C910/MM74C910 is a 64 word by 4-bit random 
access memory. Inputs consist of six address lines, four 
data input lines, a WE, and a ME line. The six address lines 
are internally decoded to select one of the 64 word loca
tions. An internal address register latches the address infor
mation on the positive to negative transition of ME. The 
TRI-STATE outputs allow for easy memory expansion. 

Outputs are in the TRI-STATE (Hi-Z) condition when the 
device is writing or disabled. 

Address Operation: Address inputs must be stable (tsA) 
prior to the positive to negative transition of ME, and (tHA) 
after the positive to negative transition of ME. The address 
register holds the information and stable address inputs are 
not needed at any other time. 

Write Operation: Data is written into memory at the select
ed address if WE goes low while ME is low .. WE must be 
held low for tWE and data must remain stable tHo after WE 
returns high. 

Read Operation: Data is nondestructively read from a 
memory location by an address operation with WE held 
high. 

Logic Diagrams 

Features 
• Supply voltage range 
• High noise immunity 
• TIL compatible fan out 
• Input address register 
• Low power consumption 

• Fast access time 
• TRI-STATE outputs 
• High voltage inputs 

D IN1 D DUT1 D INZ D OUTZ D INJ D OUTJ D IN4 D OUT4 

MEMORY 
ARRAY 
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TL/F/5914-1 

3.0V to 5.5V 
0.45Vcc (typ.) 

1 TIL load 

250 nW/package (typ.) 
(chip enabled or disabled) 

250 ns (typ.) at 5.0V 

Input Protection 
Yee 

TL/F/5914-2 

• I 



~National 
a Semiconductor 
MM54C914/MM74C914 Hex Schmitt 
Trigger with Extended Input Voltage 

General Description 
The MM54C914/MM74C914 is a monolithic CMOS Hex 
Schmitt trigger with special input protection scheme. This 
scheme allows the input voltage levels to exceed Vee or 
ground by at least 10V (Vee - 25V to GND + 25V), and is 
valuable for applications involving voltage level shifting or 
mismatched power supplies. 

The positive and negative-going threshold voltages, Vr + 
and Vr - , show low variation with respect to temperature 
(typ 0.0005Vl°C at Vee = 10V). And the hysteresis, 
Vr+ - Yr- ~ 0.2 Vee is guaranteed. 

Connection Diagram 
Dual-In-Line Package 

Vee 

Features 
• Hysteresis 

• Special input protection 

• Wide supply voltage range 
• High noise immunity 
• Low power TTL 

compatibility 

0.45 Vee (typ.) 
0.2 Vee guaranteed 

Extended Input 
Voltage Range 

3V to 15V 
0.1 Vee (typ.) 

Fan out of 2 
driving 74L 

Order Number MM54C914* or MM74C914* 

Top View 

GND 

TL/F/5917-1 

Special Input Protection 

Vee 
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*Please look into Section B, Appendix D 
for availability of various package types. 
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:!;:: 

Absolute Maximum Ratings (Note 1) 
:!;:: 
U1 

If Military/Aerospace specified devices are required, Storage Temperature Range (Ts) - 65°C to + 15o·c 
.i:. 
0 

contact the National Semiconductor Sales Office/ Power Dissipation <O ..... 
Distributors for availability and specifications. Dual-In-Line 700mW .i:. ....... 
Voltage at any Input Pin Vee - 25V to GND + 25V Small Outline 500mW :!: 
Voltage at any other Pin -0.3V to Vee+ 0.3V Operating Vee Range 3Vto 15V :!: ..... 
Operating Temperature Range (T Al Absolute Maximum (Vee) 18V .i:. 

0 MM54C914 - 55•c to + 125·c Lead Temperature (Tu <O 
MM74C914 - 4o•c to + 85°C ..... 

(Soldering, 10 seconds) 3oo·c .i:. 

DC Electrical Characteristics Min/Max limits apply across temperature range unless otherwise noted 

Symbol Parameter Conditions Min Typ Max Units 

CMOS TO CMOS 

Vr+ Positive Going Threshold Voltage Vee= 5V 3.0 3.6 4.3 
v 

Vee= 1ov 6.0 6.8 8.6 
v 

Vee= 15V 9.0 10 12.9 

Vr- Negative Going Threshold Voltage Vee= 5V 0.7 1.4 2.0 
v 

Vee= 1ov 1.4 3.2 4.0 
v 

Vee= 15V 2.1 5 6.0 

Vr+ - Vr- Hysteresis Vee= 5V 1.0 2.2 3.6 v 
Vee= 10v 2.0 3.6 7.2 v 
Vee= 15V 3.0 5 10.8 v 

Vour(1) Logical "1" Output Voltage Vee= 5V, lo= -10 µA 4.5 v 
Vee= 1ov, 10 = -10 µA 9.0 v 

VouT(O) Logical "O" Output Voltage Vee= 5V, lo= + 10 µA 0.5 v 
Vee= 1ov, lo= +10 µA 1.0 v 

l1NJ.11 Logical "1" Input Current Vee = 15V, V1N = 25V 0.005 5.0 µA 

l1N(O) Logical "O" Input Current Vee= 15V, V1N = -10V -100 -0.005 µA 

Ice Supply Current Vee= 15V, V1N = - 10V/25V 0.05 300 µA 
Vee = 5V, V1N = - 2.5V (Note 4) 20 µA 
Vee= 10V, V1N = 5V (Note 4) 200 µA 
Vee = 15V, V1N = 7.5V (Note 4) 600 µA 

CMOS/LPTTL INTERFACE 

V1N_ill_ Logical "1" Input Voltage Vee= 5V 4.3 v 

V1N(O) Logical "O" Input Voltage Vee= 5V 0.7 v 

VouT(1) Logical "1" Output Voltage 54C, Vee= 4.5V, lo= -360 µA 2.4 v 
74C, Vee= 4.75V, lo= -360 µA 2.4 v 

VouT(O) Logical "O" Output Voltage 54C, Vee = 4.5V, lo = 360 µA 0.4 v 
74C, Vee = 4.75V, lo = 360 µA 0.4 v 

OUTPUT DRIVE (See 54C/74C Family Characteristics Data Sheet) (Short Circuit Current) 

I sou ACE Output Source Current Vee = 5V, Vour = ov, TA = 25°C -1.75 -3.3 mA 
(P-Channel) 

I sou ACE Output Source Current Vee= 1ov, Vour = ov, TA= 25°C -8.0 -15 mA 
(P-Channel) 

ls1NK Output Sink Current Vee= 5V, Vour =Vee. TA= 25°C I 

(N-Channel) 
1.75 3.6 mA [II 

ls1NK Output Sink Current Vee = 10v, Vour = Vee.TA = 25°C 
8.0 16 mA 

(N-Channel) 
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AC Electrical Characteristics* TA = 25°C, CL = 50 pF, unless otherwise specified 

Symbol Parameter Conditions Min Typ Max Units 

tPHL• Propagation Delay from Input to Output Vee= 5V 220 400 ns 

tpLH Vee= 10v 80 200 ns 

C1N Input Capacitance Any Input (Note 2) 5 pF 

Cpo Power Dissipation Capacitance (Note 3) Per Gate 20 pF 

•AC Parameters are guaranteed by DC correlated testing. 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range'', 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 

Note 2: Capacitance is guaranteed by periodic testing. 

Note 3: Cpo determines the no load AC power consumption of any CMOS device. For complete explanation see 54C/74C Family Characteristics Application Note, 
AN-90. 

Note 4: Only one input is at % Vee. the others are either at Vee or GND. 

Typical Performance Characteristics 

INPUT 
VOLTAGE 

VT 

Vee 

OUTPUT 
VOLTAGE 

ov 

Typical Transfer Characteristics 
20 ....----.-------.-----..----. 

Vee= 15V 
15 

10 

10 15 20 

INPUT VOLTAGE (VI 

TL/F/5917-4 

TL/F/5917-6 
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Guaranteed Trip Point Range 
15 

~ 10 ... 
t:i 

~ 
Cl 
> 
'""" 5 
~ 4.3 
:: 3.0 

2.0 
0.7 

0 

MM54C14 -55'C TO +125°C 
MM74C14 -40'"C TO +85'"C 
*MINIMUM HYSTERESIS 
SPREAD(= 0.2 Ved 

10 

Vee (VI 

Typical Application 

CMOS 

"' 

Vcc2 

CMOS 

L~ .. C-9-14-,---

GND 1 

Note: Vee1 = Vee2 
GND1 = GND2 

MM74C914 

GND 2 

9.0 

6.0 

15 

TL/F/5917-5 

TL/F/5917-3 



~National 
a Semiconductor 
MM54C915/MM74C915 7-Segment-to-BCD Converter 
General Description 
The MM54C915/MM74C915 is a monolithic complementary 
MOS (CMOS) integrated circuit, constructed with N- and P
channel enhancement-mode transistors. This circuit ac
cepts 7-segment information and converts it into BCD infor
mation. The true state of the Segment inputs can be select
ed by use of the Invert/Non-Invert control pin. A logical "O" 
on the Invert/Non-Invert control pin selects active high true 
decoding at the Segment inputs. A logical "1" on the Invert/ 
Non-Invert control pin selects active low true decoding at 
the Segment inputs. In addition to 4 TTL compatible BCD 
outputs, an Error output and Minus output are available. The 
Error output goes to an active "1" whenever a non-standard 
7-segment code appears at the Segment input. The BCD 
outputs are forced into a TAI-STATE® condition when an 
error is detected. This allows the user to program his own 
error code by tying the BCD outputs to Vee or Ground via 
high value resistors ( - 500k). The BCD outputs may also be 
forced into TRI-STATE by a logical "1" on output enable 
(OE). 

Logic Diagram 

Connection Diagram 
Dual-In-Line Package 

SEGMENT INPUTS INVERT MINUS 
Vee I CONTROL OUT LE 0 z3 c 22 

lu 11 16 15 14 13 12 11 10 

r--1 t--

Q 

1 2 J 4 5 & 7 8 lg 
ERROR j)[ A 2D 8 21 GNO 

OUT 
SEGMENT INPUTS 

TL/F/5918-2 

Top View 

The Minus output goes to a logical "1" whenever a minus 
code is detected and is useful as a microprocessor inter
rupt. The BCD outputs are in a flow-through condition when 
Latch Enable (LE) is at a logical "O" and latched when LE is 
at a logical "1 ". The inputs will not clamp signals to the 
positive supply, allowing simple level translation from MOS 
to TTL. 

Features 
• Wide supply range 
• High noise immunity 
• TTL compatible fan out 
• Selectable active true inputs 
• TRI-ST ATE outputs 
• On-chip latch 
• Error output 
• Minus output 

3V-15V 
0.45 Vee (typ.) 

1 TTL load 

TL/F/5918-1 

Order Number MM54C915* or MM74C915* 

*Please look into Section B, Appendix D 
for availability of various package types. 
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Absolute Maximum Ratings (Note 1> 

If Military I Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Voltage at Any Output -0.3V to Vee+ 0.3V 

Voltage at Any Input -0.3V to 18V 

Operating Temperature Range 
MM54C915 
MM74C915 

- 55°C to + 125°C 
- 40°c to + 85°C 

Storage Temperature Range 

Power Dissipation 
Dual-In-Line 
Small Outline 

Operating Vee Range 

Maximum Vee 

Lead Temperature 
(Soldering, 10 seconds) 

- 65°C to + 15o•c 

700mW 
500mW 

4.0V to 15V 

18V 

260°c 

DC Electrical Characteristics Min/Max limits apply across temperature range, unless otherwise noted 

Symbol Parameter Conditions Min Typ Max Units 

CMOS TO CMOS 

V1N(1) Logical "1" Input Voltage Vee= 5V 3.5 v 
Vee= 1ov 8.0 v 
Vee= 15V 12.5 v 

V1N(O) Logical "O" Input Voltage Vee= 5V 1.5 v 
Vee= 1ov 2.0 v 
Vee= 15V 2.5 v 

l1N(1) Logical "1" Input Current V1N = 15V 0.005 1.0 µA 

l1N(O) Logical "O" Input Current V1N = OV -1.0 -0.005 µA 

Vour(1) Logical "1" Output Voltage lo= 10 µA 
Vee= 5V 4.5 v 
Vee= 1ov 9.0 v 
Vee= 15V 13.5 v 

VouT(O) Logical "O" Output Voltage lo= 10 µA 
Vee= 5V 0.5 v 
Vee= 1ov 1.0 v 
Vee= 15V 1.5 v 

Ice Supply Current Vee= 5V 0.25 1 mA 
Vee= 1ov 0.75 2.5 mA 
Vee= 15V 1.00 3.0 mA 

CMOS/TTL INTERFACE 

V1N(1) Logical "1" Input Voltage 
MM54C915 Vee= 4.5V Vee - 1.7 v 
MM74C915 Vee= 4.75V Vee - 1.7 v 

V1N(O) Logical "O" Input Voltage 
MM54C915 Vee= 4.5V 0.8 v 
MM74C915 Vee= 4.75V 0.8 v 

Vour(1) Logical "1" Output Voltage lo= -360 µA 
MM54C915 Vee= 4.5V 2.4 v 
MM74C915 Vee= 4.75V 2.4 v 

VouT(O) Logical "O" Output Voltage lo= 1.6mA 
MM54C915 Vee= 4.5V 0.4 v 
MM74C915 Vee= 4.75V 0.4 v 

OUTPUT DRIVE (Short Circuit Current) 

lsoURCE Output Source Current TA= 25°C, v 0 = ov 
P-Channel (Note 2) 

Vee= 5V -1.75 -3.3 mA 
Vee= 1ov -8 -15 mA 
Vee= 15V -15 -25 mA 

ls1NK Output Sink Current TA= 25°C, Vo= Vee 
N-Channel (Note2) 

Vee= 5V 5 8 mA 
Vee= 1ov 20 30 mA 
Vee= 15V 30 50 mA 
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AC Electrical Characteristics* TA = 25°c 

Symbol 

tpdO, tpd1 

CouT 

Parameter 

Propagation Delay Time to 
Logical "O" or Logical "1" 

Propagation Delay Time from 
Logical "O" or Logical "1" 
into High Impedance State 

Propagation Delay Time from 
High Impedance State to a 
Logical "O" or Logical "1" 

Input Data Set-Up Time 

Input Data Hold Time 

Input Capacitance 

TRI-STATE Output Capacitance 

•AC Parameters are guaranteed by DC correlated testing. 

Conditions 

CL= 50pF 
Vee= 5V 
Vee= 1ov 
Vee= 15V 

AL= 10k,CL = 10pF 
Vee= 5V 
Vee= 1ov 
Vee= 15V 

AL= 10k, CL= 50 pF 
Vee= 5V 
Vee= 10v 
Vee= 15V 

CL= 50 pF 
Vee= 5V 
Vee= 1ov 
Vee= 15V 

CL= 50 pF 
Vee= 5V 
Vee= 10v 
Vee= 15V 

Any Input (Note 3) 

Any Output (Note 3) 

Min Typ Max Units 

500 1000 ns 
300 600 ns 
300 600 ns 

110 200 ns 
75 130 ns 
60 110 ns 

150 250 ns 
80 140 ns 
70 125 ns 

500 1000 ns 
300 600 ns 
300 600 ns 

-150 0 ns 
-100 0 ns 
-100 0 ns 

5 7.5 pF 

10 pF 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range" 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 

Note 2: These specifications apply to transient operation. It is not meant to imply that the device should be operated at these limits in sustained operation. 

Note 3: Capacitance is guaranteed by periodic testing. 

Truth Table 
CHARACTER BCD OUTPUTS NON-BCD 
AT SEGMENT D c B A OUTPUTS 

INPUTS :z3 22 21 -zO ERROR MINUS 

0 0 0 0 0 0 0 

i 0 0 0 1 0 0 

i 0 0 0 1 0 0 
2 0 0 1 0 0 0 
3 0 0 1 1 0 0 
y 0 1 0 0 0 0 Segment Identification 
s 0 1 0 1 0 0 a 

E 0 1 1 0 0 0 

·~~~b b 0 1 1 0 0 0 
1 0 1 1 1 0 0 
B 1 0 0 0 0 0 ·~:~· g 1 0 0 1 0 0 
q 1 0 0 1 0 0 d 

1 1 1 1 0 0 TL/F/5918-4 
~ x x x x 1 1 

All other Input x x x x 1 0 
combinations x x x x 1 0 

X = represents TRI-STATE condition 
TL/F/5918-3 
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Typical Applications 

Multiplex 7-Segment to Straight BCD 

SEGMENT INFORMATION 
SEG 
INPUTS OUTP~~~ STRAIGHT BCD 

LSI PART 
W/MUL TIPLEXED 

7-SEGMENT 
INFORMATION 

n DIGIT LINES 
1 OF n 

MULTIPLEXER 

MM54C915 

LATCH 
ENABLE 

.... ----• MINUS 

to-----• ERROR 

START 

STOP 

LSI PART 
W/MUL TIPLEXED 

7-SEGMENT 
INFORMATION 

2" 
COUNTER 

2m 
COUNTER 

~ 
DIGIT 

SELECT 

Memory Expansion from 7-Segment Outputs 

SEGMENT INFORMATION 

1 OF n 
MULTIPLEXER 
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SEG 
INPUTS 

MM54C915 

LATCH BCD 
ENABLE OUT 

MINUS 

ERROR 

2nm X 4 
RAM 

BCD 
INPUTS 

TL/F/5918-5 

TL/F/5918-6 



~National 
~Semiconductor 

MM54C922/MM74C922 16-Key Encoder 
MM54C923/MM74C923 20-Key Encoder 

General Description 
These CMOS key encoders provide all the necessary logic 
to fully encode an array of SPST switches. The keyboard 
scan can be implemented by either an external clock or 
external capacitor. These encoders also have on-chip pull
up devices which permit switches with up to 50 kn on resist
ance to be used. No diodes in the switch array are needed 
to eliminate ghost switches. The internal debounce circuit 
needs only a single external capacitor and can be defeated 
by omitting the capacitor. A Data Available output goes to a 
high level when a valid keyboard entry has been made. The 
Data Available output returns to a low level when the en
tered key is released, even if another key is depressed. The 
Data Available will return high to indicate acceptance of the 
new key after a normal debounce period; this two-key roll
over is provided between any two switches. 

Connection Diagrams 

Dual-In-Line Package 

ROWY1 
18 

Vee 

ROWY2 
17 

DATA OUT A 

ROWY3 
16 

DATA OUT B 

ROWY4 
15 

DATA OUT C 

OSCILLATOR 
14 

DATA OUT D 

KEYBOUNCE MASK 
13 OUTPUT ENABLE 

COLUMN X4 
12 

DATA AVAILABLE 

COLUMN X3 
11 

COLUMN X1 

GND 
1° COLUMN X2 

TL/F/6037-1 

Top View 

Order Number MM54C922* or MM74C922* 

An internal register remembers the last key pressed even 
after the key is released. The TRI-STATE® outputs provide 
for easy expansion and bus operation and are LPTTL com
patible. 

Features 
• 50 kfl maximum switch on resistance 
• On or off chip clock 
• On-chip row pull-up devices 
• 2 key roll-over 
• Keybounce elimination with single capacitor 
• Last key register at outputs 
• TRI-STATE outpust LPTTL compatible 
• Wide supply range 3V to 15V 
• Low power consumption 

RDWY1 

ROWY2 

RDWY3 

ROWY4 

ROWY5 

OSCILLATOR 

KEY BOUNCE MASK 

COLUMN X4 

COLUMN X3 

GND 

Dual-In-Line Package 

10 

Top View 

20 
Vee 

19 
DATA OUT A 

18 
DATA OUT B 

17 
DATA OUT C 

16 DATA OUT D 

15 
DATA OUT E 

14 
OUTPUT ENABLE 

13 
DATA AVAILABLE 

12 
COLUMN X1 

11 
COLUMN X2 

TL/F/6037-2 

Order Number MM54C923* or MM74C923* 
•Please look into Section 8, Appendix D for availability of various package types. 
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Absolute Maximum Ratings (Note 1> 
I 

If Miiitary/Aerospace specified devices are required, Storage Temperature Range - 65°C to + 15o•c 
contact the National Semiconductor Sales Office/ Power Dissipation (Po) 
Distributors for availability and specifications. Dual-In-Line 700mW 
Voltage at Any Pin Vee - 0.3V to Vee + 0.3V Small Outline 500mW 

Operating Temperature Range Operating Vee Range 3Vto 15V 
MM54C922, MM54C923 - 55°C to + 125°C Vee 18V 
MM74C922, MM74C923 -40°c to + 85°C Lead Temperature 

(Soldering, 10 seconds) 260°c 

DC Electrical Characteristics Min/Max limits apply across temperature range unless otherwise specified 

Symbol I Parameter I Conditions I Min I Typ I Max I Units 

CMOS TO CMOS 

Vr+ Positive-Going Threshold Voltage Vee = 5V, l1N ~ 0.7 mA 3.0 3.6 4.3 v 
at Osc and KBM Inputs Vee= 10V, l1N ~ 1.4 mA 6.0 6.8 8.6 v 

Vee= 15V, l1N ~ 2.1 mA 9.0 10 12.9 v 

Vr- Negative-Going Threshold Voltage Vee = 5V, l1N ~ 0.7 mA 0.7 1.4 2.0 v 
at Osc and KBM Inputs Vee= 10V, l1N ~ 1.4 mA 1.4 3.2 4.0 v 

Vee= 15V, l1N ~ 2.1 mA 2.1 5 6.0 v 

V1N(1) Logical "1" Input Voltage, Vee= 5V 3.5 4.5 v 
Except Osc and KBM Inputs Vee= 1ov 8.0 9 v 

Vee= 15V I 12.5 13.5 v 

V1N(O) Logical "O" Input Voltage, Vee= 5V 0.5 1.5 v 
Except Osc and KBM Inputs Vee= 1ov 1 2 v 

Vee= 15V 1.5 2.5 v 

lrp Row Pull-Up Current at Y1, Y2, Vee = 5V, V1N = 0.1 Vee -2 -5 µA 
Y3, Y 4 and Y5 Inputs Vee= 10v -10 -20 µA 

Vee= 15V -22 -45 µA 

Vourc1) Logical "1" Output Voltage Vee= 5V, lo= -10 µA 4.5 v 
Vee= 1ov, lo-:== -10 µA 9 v 
Vee= 15V, 10 = -10 µA 13.5 v 

VouT(O) Logical "O" Output Voltage Vee= 5V, lo= 10 µA 0.5 v 
Vee= 1ov, lo= 10 µA 1 v 
Vee= 15V, 10 = 10 µA 1.5 v 

Ron Column "ON" Resistance at Vee = 5V, Vo = 0.5V 500 1400 n 
X1, X2, X3 and X4 Outputs Vee= 10V, Vo= 1V 300 700 n 

Vee= 15V, Vo= 1.5V 200 500 n 
Ice Supply Current Vee= 5V 0.55 1.1 mA 

Osc at OV, (one Y low) Vee= 1ov 1.1 1.9 mA 
Vee= 15V 1.7 2.6 mA 

l1N(1) Logical "1" Input Current Vee= 15V, V1N = 15V 0.005 1.0 µA 
at Output Enable 

l1N(O) Logical "O" Input Current Vee= 15V, V1N = ov -1.0 -0.005 µA 
at Output Enable 

CMOS/LPTTL INTERFACE 

V1N(1) Logical "1" Input Voltage, 54C, Vee= 4.5V Vee - 1.5 v 
Except Osc and KBM Inputs 74C, Vee = 4.75V Vee - 1.5 v 

V1N(O) Logical "O" Input Voltage, 54C, Vee= 4.5V 0.8 v 
Except Osc and KBM Inputs 74C, Vee = 4.75V 0.8 v 

Vourc1) Logical "1" Output Voltage 54C, Vee= 4.5V 
2.4 v 

lo= -360 µA 
74C, Vee = 4.75V 

2.4 v 
lo= -360 µA 

VouT(O) Logical "O" Output Voltage 54C, Vee = 4.5V 
0.4 v 

lo= -360 µA 
74C, Vee = 4.75V 

0.4 v 
lo= -360 µA 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range" 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 
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DC Electrical Characteristics 
Min/Max limits apply across temperature range unless otherwise specified (Continued) 

Symbol Parameter Conditions Min Typ Max Units 

OUTPUT DRIVE (See 54C/74C Family Characteristics Data Sheet) (Short Circuit Current) 

lsouReE Output Source Current Vee = 5V, VouT = OV, -1.75 -3.3 mA 
(P-Channel) TA= 25°C 

lsouReE Output Source Current Vee = 10V, VouT = OV, -8 -15 mA 
(P-Channel) TA= 25°C 

ls1NK Output Sink Current Vee = 5V, Vour = Vee. 1.75 3.6 mA 
(N-Channel) TA= 25°C 

ls1NK Output Sink Current Vee= 1ov, Vour =Vee. 8 16 mA 
(N-Channel) TA= 25°C 

AC Electrical Characteristics* TA = 25°C, CL = 50 pF, unless otherwise noted 

Symbol Parameter Conditions Min Typ Max Units 

tpdO• tpd1 Propagation Delay Time to CL= 50 pF (Figure 1) 
Logical "O" or Logical "1" Vee= 5V 60 150 ns 
from D.A. Vee= 10v 35 80 ns 

Vee= 15V 25 60 ns 

toH. t1H Propagation Delay Time from RL = 1 Ok, CL = 10 pF (Figure 2) 
Logical "O" or Logical "1" Vee= 5V, RL = 10k 80 200 ns 
into High Impedance State Vee= 10V, CL= 10 pF 65 150 ns 

Vee= 15V 50 110 ns 

tHO• tH1 Propagation Delay Time from AL = 1 Ok, CL = 50 pF (Figure 2) 
High Impedance State to a Vee= 5V, RL = 10k 100 250 ns 
Logical "O" or Logical "1" Vee= 10V, CL= 50 pF 55 125 ns 

Vee= 15V 40 90 ns 

C1N Input Capacitance Any Input (Note 2) 5 7.5 pF 

Gour TR I-ST A TE Output Capacitance Any Output (Note 2) 10 pF 

•AC Parameters are guaranteed by DC correlated testing. 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range" 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 

Note 2: Capacitance is guaranteed by periodic testing. 

Switching Time Waveforms 

ANY KEY 

ANY OTHER 
KEY 

DATA 
AVAILABLE 

Vee 

Vee----+---· 

Tl 
T2 

TJ 

t. tpdO ~tpd1 
Vee----- ------

DATA -------'"~-5 v_c_e_______ o.5 Vee OUTPUT _ • 

TL/F/6037-3 

T1 ::::: T2::::: RC, T3 ::::: 0.7 RC, where R ::::: 10k and C is external capacitor at KBM input. 

FIGURE 1 
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Block Diagram 

SPST 
SWITCH 

X4 

KEY 
ARRAY 

!Ok 

2 TO 4 DECODER 
ACTIVE LOW OUTPUTS 

XJ X2 

Truth Table 
Switch 0 2 3 

INHIBIT 

XI 

4 5 6 

DATA AVAILABLE 

KEY BOUNCE 
ELIMINATION 

INTERNAL 

7 8 

Vee 

9 

KEY 
DETECT 

ENCODING 
LOGIC 
AND 

2-KEY 
ROLL OVER 

10 11 12 

TRI-STATE ---------u CONTROL 
OUTPUT 
ENABLE 

TL/F/6037-5 

13 14 15 16 17 18 19 
Position Y1,X1 Y1,X2 Y1,X3 Y1,X4 Y2,X1 Y2,X2 Y2,X3 Y2,X4 Y3,X1 Y3,X2 Y3,X3 Y3,X4 Y4,X1 Y4,X2 Y4,X3 Y4,X4 Y5',X1 Y5',X2 vs· ,X3 Y5',X4 

D 
A A 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 
T 8 0 0 1 1 0 0 1 1 0 0 1 1 0 0 1 1 0 0 1 1 
A c 0 0 0 0 1 1 1 1 0 0 0 0 1 1 1 1 0 0 0 0 
0 D 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 0 0 0 0 
u E* 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 
T 

•omit for MM54C922/MM74C922 
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Typical Performance Characteristics 
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Typical Applications 
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TL/F/6037-8 

Synchronous Handshake (MM74C922) 

MM74C922 
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t-+-
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15 

TL/F/6037-7 

100 

TL/F/6037-9 

Synchronous Data Entry Onto Bus (MM74C922) 

MM74C922 

"*10C 

-------tX4 KBM 

-----x3 

A 

SYSTEM 

A 

DA 

CLOCK ..... -+--t---L_J 
(SEE NOTE 3) 

TL/F/6037-11 

Outputs are enabled when valid entry is made and 
go into TRI-STATE when key is released. 

Note 3: The keyboard may be synchronously scanned by omitting the capacitor at osc. and driving osc. directly if the system clock rate is lower than 1 o kHz. 

6-155 

~ 
~ 
UI 
.i::.. 
0 
CD 
N 
N 
......... 
~ 
~ ..... 
.i::.. 
0 
CD 
N 
N 
......... 
~ 
~ 
UI 
.i::.. 
0 
CD 
N w 
......... 
~ 
~ ..... 
.i::.. 
0 
CD 
N w 



Typical Applications (Continued) 

Asynchronous Data Entry Onto Bus (MM74C922) 

MM74C922 

-----...i X4 KBM 

-----ix3 

7 6 

Ttoc 

At-----• 
TO DATA BUS 

t-----· 

DA t------tt--• DATA AVAILABLE 

1/6 74C04 TL/F /6037-12 

Outputs are in TRI-STATE until key is pressed, then data is placed on bus. 
When key is released, outputs return to TRI-STATE. 

Expansion to 32 Key Encoder (MM74C922) 

+5V 

1 l 
0 1 2 3 

4 5 6 7 

8 9 10 11 

12 13 14 15 

16 17 18 19 
·~ ~ ~l ~ ~ 

20 21 22 23 

24 25 26 27 

28 29 30 31 

~ 

v cc 

Theory of Operation 
The MM74C922/MM74C923 Keyboard Encoders imple
ment all the logic necessary to interface a 16 or 20 SPST 
key switch matrix to a digital system. The encoder will con
vert a key switch closer to a 4(MM74C922) or 
5(MM74C923) bit nibble. The designer can control both the 
keyboard scan rate and the key debounce period by altering 
the oscillator capacitor, CosE· and the key bounce mask 
capacitor, CMSK· Thus, the MM74C922/MM74C923's per
formance can be optimized for many keyboards. 

The keyboard encoders connect to a switch matrix that is 4 
rows by 4 columns (MM74C922) or 5 rows by 4 columns 
(MM74C923). When no keys are depressed, the row inputs 
are pulled high by internal pull-ups and the column outputs 
sequentially output a logic "O". These outputs are open 
drain and are therefore low for 25% of the time and other
wise off. The column scan rate is controlled by the oscillator 
input, which consists of a Schmitt trigger oscillator, a 2-bit 
counter, and a 2-4-bit decoder. 

When a key is depressed, key 0, for example, nothing will 
happen when the X1 input is off, since Y1 will remain high. 
When the X1 column is scanned, X1 goes low and Y1 will go 
low. This disables the counter and keeps X1 low. Y1 going 

J MM74C922 

Xl 
Yee 

KBM tt X2 osc 
X3 

10C 

X4 DA ~DATA AVAILABLE 

Y1 

Y2 

Y3 

Y4 

~1N914 GND 

-b 

Af--+ DO 

et--+ 01 

ct--+ 02 

0~03 
TO DATA 
BUS 

~ -
31 04 

r 
MM74C20 

100 k.O. 
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low also initiates the key bounce circuit timing and locks out 
the other Y inputs. The key code to be output is a combina
tion of the frozen counter value and the decoded Y inputs. 
Once the key bounce circuit times out, the data is latched, 
and the Data Available (DAV) output goes high. 

If, during the key closure the switch bounces, Y1 input will 
go high again, restarting the scan and resetting the key 
bounce circuitry. The key may bounce several times, but as 
soon as the switch stays low for a debounce period, the 
closure is assumed valid and the data is latched. 

A key may also bounce when it is released. To ensure that 
the encoder does not recognize this bounce as another key 
closure, the debounce circuit must time out before another 
closure is recognized. 

The two-key roll-over feature can be illustrated by assuming 
a key is depressed, and then a second key is depressed. 
Since all scanning has stopped, and all other Y inputs are 
disabled, the second key is not recognized until the first key 
is lifted and the key bounce circuitry has reset. 

The output latches feed TRI-STATE, which is enabled when 
the Output Enable (OE) input is taken low. 



~National 
~Semiconductor 

MM54C932/MM74C932 Phase Comparator 

General Description 
The MM74C932/MM54C932 consists of two independent 
output phase comparator circuits. The two phase compara
tors have a common signal input and a common comparator 
input. The signal input can be directly coupled for a large 
voltage signal, or capacitively coupled to the self-biasing 
amplifier at the signal input for a small voltage signal. 

Phase comparator II is an edge-controlled digital memory 
network. It provides a digital error signal (phase comp. II 
out) and lock in signal (phase pulses) to indicate a locked 
condition and maintains a 0° phase shift between signal in
put and comparator input. 

Features 
• Wide supply voltage range 
• Convenient mini-DIP package 

Phase comparator I, an exclusive-OR gate, provides a digi
tal error signal (phase comp. I out) and maintains 90° phase 
shifts at the VCO center frequency. Between signal input 
and comparator input (both at 50% duty cycle), it may lock 
onto the signal input frequencies that are close to harmon
ics of the VCO center frequency. 

• TRI-STATE® phase-comparator output (comparator II) 
• 200 mV input voltage (signal in) sensitivity (typical) 

Block and Connection Diagrams 

SIGNAL 
IN 

PHASE 
COMPARATOR I 

Vee 

7 
NC 

COMPARATOR 
IN~+-~-+--... --_. 

GNO 

PHASE 
COMPARATOR 

II 

t------1~-PHASE COMP 11 OUT 

.,_ __ --tM-"-PHASE PULSES 

Dual-In-Line Package 

PHASEPULSESOB Vee 
PHASE COMP I OUT 2 7 NC 

COMPARATOR IN 3 6 SIGNAL IN 

GND 4 6 PHASE COMP II OUT 

Top View 

Order Number MM54C932* or MM74C932* 

TL/F/5921-2 

•Please look into Section 8, Appendix D for availability of various package types. 
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Absolute Maximum Ratings (Note 1) 

If Military/Aerospace specified devices are required, Power Dissipation (Po) 
contact the National Semiconductor Sales Office/ Dual-In-Line 700mW 
Distributors for availability and specifications. Small Outline 500mW 

Voltage at Any Pin -0.3V to Vee+ 0.3V Operating Vee Range 3Vto 15V 

Operating Temperature Range Absolute Maximum Vee 18V 
MM54C932 - 55°C to + 125°C Lead Temperature (Soldering, 10 seconds) 260°C 
MM74C932 -40°C to + 85°C 

Storage Temperature Range -65°C to + 150°C 

DC Electrical Characteristics 
Symbol Parameter Conditions Min Typ Max Units 

Ice Quiescent Device Current PIN 5 = Vee. PIN 8 = Vee. 
PIN 3 = OV 
Vee= 5V 0.005 150 µA 
Vee= 1ov 0.01 300 µA 
Vee= 15V 0.015 600 µA 

PIN 6 = Open, PIN 3 = GND 
Vee= 5V 5 205 µA 
Vee= 10v 20 710 µA 
Vee= 15V 50 1800 µA 

VoL Low Level Output Voltage Vee= 5V 0 0.05 v 
Vee= 10v 0 0.05 v 
Vee= 15V 0 0.05 v 

VoH High Level Output Voltage Vee= 5V 4.95 5 v 
Vee= 10v 9.95 10 v 
Vee= 15V 14.95 15 v 

V1L Low Level Input Voltage Vee= 5V, Vo= 0.5Vor 4.5V 1.5 v 
Comparator and Signal Vee = 10V, Vo = 1V or 9V 3.0 v 

Vee= 15V, Vo= 1.5Vor 13.5V 4.0 v 

V1H High Level Input Voltage Vee = 5V, Vo = 0.5V or 4.5V 3.5 v 
Comparator and Signal Vee = 10V, Vo = 1V or 9V 7.0 v 

Vee= 15V, Vo= 1.5Vor 13.5V 11.0 v 

loL Low Level Output Current Vee = 5V, Vo = 0.4V 0.36 0.88 mA 
Vee = 1 OV, Vo = 0.5V 0.9 2.25 mA 
Vee= 15V, Vo= 1.5V 2.4 8.8 mA 

loH High Level Output Current Vee= 5V, Vo= 4.6V -0.36 -0.88 mA 
Vee = 1 OV, Vo = 9.5V -0.9 -2.25 mA 
Vee= 15V, Vo= 13.5V -2.4 -8.8 mA 

l1N Input Current All Inputs except Signal Input 
Vee= 15V, V1N = ov -10-s -1.0 µA 
Vee= 15V, V1N = 15V 10-s 1.0 µA 

C1N Input Capacitance Any Input 7.5 pF 

Po Total Power Dissipation f0 = 10 kHz, R1 = 1 Mn 
R2 = oo, vco,N = Vee/2 
Vee= 5V O.Q7 mW 
Vee= 10v 0.6 mW 
Vee= 15V 2.4 mW 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range" 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 
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Electrical Characteristics 
Symbol Parameter Conditions 

R1N Phase Comparators 
Input Resistance Signal Input Vee= 5V 

Vee= 1ov 
Vee= 15V 

Comparator Input Vee= 5V 
Vee= 1ov 
Vee= 15V 

ACC pied Signal Input CsERIES = 1000 pF 
'. ·:cage Sensitivity f = 50 kHz 

Vee= 5V 
Vee= 1ov 
Vee= 15V 

Phase Comparator State Diagrams 

INPUT STATE 
COl.IPARATOR 

IN 

)i9 
SIGNAL 

IN 

PHASE COl.IPARATOR I 

PHASE COi.iP I OUT 0 

INPUT STATE 
COl.IPARATOR 

IN 

)i9 
SIGNAL 

IN 

PHASE COl.IPARATOR II 

PHASE COi.iP II OUT 

PHASE PULSES 

FIGURE 1 
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Min Typ Max Units 

1.0 3.0 Mn 
0.2 0.7 Mn 
0.1 0.3 Mn 

106 Mn 
106 Mn 
106 Mn 

200 400 mV 
400 800 mV 
700 1400 mV 

TL/F/5921-3 

TL/F/5921-4 

ll 
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~ Typical Waveforms 
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FIGURE 2. Typical Waveform Employing Phase Comparator I In Locked Condition 

Phase Comparator II 
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PHASE COMP II OUT 
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FIGURE 3. Typical Waveform Employing Phase Comparator II In Locked Condition 

Typical Phase Locked Loop 
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~National 
~Semiconductor 

MM54C941/MM74C941 Octal Buffers/Line Receivers/ 
Line Drivers with TRI-STATE® Outputs 
General Description 
These octal buffers and line drivers are monolithic comple
mentary MOS (CMOS) integrated circuits with TRI-STATE 
outputs. These outputs have been specially designed to 
drive highly capacitive loads such as bus-oriented systems. 
These devices have a fan-out of 6 low power Schottky 
loads. When Vee = 5V, inputs can accept true TTL high 
and low logic levels. 

Connection and Logic Diagrams 

Features 
• Wide supply voltage range (3V to 15V) 
• Low power consumption 
• TTL compatibility (Improved on the inp~ts) 
• High capacitive load 
• TRI-STATE outputs 
• Input protection 
• 20-pin dual-in-line package 
• High output drive 

Dual-ln·Llne Package 

OA1 OA2 OA3 OA4 

vcc 002 184 183 182 181 

001 IA1 IA2 IA3 IA4 GND 

084 083 082 081 
TL/F/5923-1 

Top View 

Order Number MM54C941* or MM74C941* 

•Please look into Section B, Appendix D 
for availability of various package types. 
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Absolute Maximum Ratings (Note 1> 

If Military/Aerospace specified devices are required, Storage Temperature Range (Ts) -65°C to + 150°C 
contact the National Semiconductor Sales Office/ Power Dissipation (Po) 
Distributors for availability and specifications. Dual-In-Line 700mW 
Voltage at Any Pin 0.3V to Vee + 0.3V Small Outline 500mW 

Operating Temperature Range (TA) Operating Vee Range 3V to 15V 
MM54C941 - 55°C to + 125°C Vee 18V 
MM74C941 - 40°C to + 85°C 

Lead Temperature (TL) 
(Soldering, 10 seconds) 260°C 

DC Electrical Characteristics Min/Max limits apply across temperature range, unless otherwise noted 

Symbol Parameter Conditions Min Typ Max Units 

CMOS TO CMOS 

V1N(1) Logical "1" Input Voltage Vee= 5.ov 2.5 v 
Vee= 1ov 8.0 v 

V1N(O) Logical "O" Input Voltage Vee= 5.0V 0.8 v 
Vee= 1ov 2.0 v 

VoUT(1) Logical "1" Output Voltage Vee = 5.0V, lo = -10µA 4.5 v 
Vee= 1ov, lo= -10µA 9.0 v 

VoUT(O) Logical "O" Output Voltage Vee= 5.0V, lo= 10 µA 0.5 v 
Vee= 1ov, lo= 10 µA 1.0 v 

11~1) Logical "1" Input Current Vee= 15V, V1N = 15V 0.005 1.0 µA 

11~0) Logical "O" Input Current Vee= 15V, V1N = OV -1.0 -0.005 µA 

Ice Supply Current Vee= 15V 0.05 300 µA 

loz TRI-STATE Leakage Vee= 15V, Vour = OVor 15V ±10 µA 

CMOS/TTL INTERFACE 

V1N(1) Logical "1" Input Voltage 54C, Vee= 4.5V Vee-2.5 v 
74C, Vee = 4.75V Vee-2.5 v 

V1N(O) Logical "O" Input Voltage 54C, Vee= 4.5V 0.8 v 
74C, Vee = 4.75V 0.8 v 

Vour(1) Logical "1" Output Voltage 54C, Vee= 4.5V, lo= -450 µA Vee-0.4 v 
74C, Vee= 4.75V, lo= -450 µA Vec-0.4 v 
54C, Vee= 4.5V, 10 = -2.2 mA 2.4 v 
74C, Vee= 4.75V, lo= -2.2 mA 2.4 v 

VouT(O) Logical "O" Output Voltage 54C, Vee = 4.5V, 10 = 2.2 mA 0.4 v 
74C, Vee = 4.75V, lo = 2.2 mA 0.4 v 

OUTPUT DRIVE (See 54C/74C Family Characteristics Data Sheet) 

lsoURCE Output Source Current Vee= 5.0V, Vour = ov 
-14.0 -30.0 mA 

(P-Channel) TA= 25°C 

I sou ACE Output Source Current Vee= 1ov, Vour = ov 
-36.0 -70.0 mA 

(P-Channel) TA= 25°C 

lslNK Output Sink Current Vee = 5.0V, Vour = Vee 
12.0 20.0 mA 

(N-Channel) TA= 25°C 

ls1NK Output Sink Current Vee= 1ov, Vour =Vee 
48.0 70 mA 

(N-Channel) TA= 25°C 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range" 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 
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s:: 
AC Electrical Characteristics* TA = 25°C, CL = 50 pF, unless otherwise specified 

s:: 
U1 
~ 

Symbol Parameter Conditions Min Typ Max Units 0 
<O 

Propagation Delay 
~ 

tpd1, tpdO Vee = 5.0V, CL = 50 pF 70 140 ns ..... 
........ 

(Data IN to OUT) Vee= 10V, CL= 50 pF 35 70 ns s:: 
Vee= 5.0V, CL= 150 pF 90 160 ns s:: 
Vee= 10V, CL= 150 pF 45 90 

....... 
ns ~ 

0 
trH, toH Propagation Delay Output RL = 1 kn, CL = 50 pF <O 

~ 
Disable to Logic Level (from Vee= 5.ov 100 200 ns ..... 
High Impedance State) (from a Vee= 21ov 55 110 ns 
Logic Level) 

tH1,tHo Propagation Delay Output RL = 1 kn, CL = 50 pF 
Disable to Logic Level (from Vee= 5.ov 100 200 ns 
High Impedance State) Vee= 1ov 55 110 ns 

trHL, trLH Transition Time Vee = 5.0V, CL = 50 pF 50 100 ns 
Vee= 10V, CL= 50 pF 30 60 ns 
Vee = 5.0V, CL = 150 pF 80 160 ns 
Vee= 10V, CL= 150 pF 50 100 ns 

Cpo Power Dissipation Capacitance (Note3) 
(Output Enabled per Buffer) 100 pF 
(Output Disabled per Buffer) 10 pF 

C1N Input Capacitance (Note2) 
(Any Input) V1N = OV, f = 1 MHz, 10 pF 

TA= 25·c 

Co (Output Capacitance) V1N = OV, f = 1 MHz, 
10 pF 

(Output Disabled) TA= 25°C 

*AC Parameters are guaranteed by DC correlated testing. 
Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range" 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 
Note 2: Capacitance is guaranteed by periodic testing. 
Note 3: Cpo determines the no load AC power consumption of any CMOS device. For complete explanation see 54C/74C Family Characteristics Application Note, 
AN-90. 

Truth Table 

001 002 Input Output 

0 0 0 0 
0 0 1 1 
0 x z 

0 x z 
1 x z 

1 =High 
0 =Low 
X = Don't Care 
Z = TRI-STATE 
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Typical Performance Characteristics 
N-Channel Output 
Drive@ 2s0 c 

V C=15V 

100 ~-t--.....---t---t-+---+--t 

! 80 t--+-,~-+--+--+-+--+--f 

i 60 1------------f ~ 
~ 40 --------+---+--! 
c;; 

zo 

z 4 6 8 10 12 14 16 
VOUT (V) 

Propagation Delay vs 
Load Capacitance 

200 

150 

~ 
~ _, 

vcc 1ov 50 

vcc;15v 

50 100 150 zoo 

CL (pf) 

Typical Application 

C941 

OUTPUT 
CONTROL----.----,,__--

P·Channel Output 
Drive@ 25°C 

~ -10 

-20 
vcc=5V !A'(L 

c l2 -30 .§. ... -40 
~ 
a: -50 ~ 
~ -60 w ... a: -70 :::> 
~ -80 

-90 

Vcc=10V ~~ 
~ V1 
~ 

Vcc=15V ~ 
J...t1 -100 

15 12 

TL/F/5923-3 vcc-vouT(VJ 

Atpo per pf of Load 
Capacitance 

0.4 

0.3 

~ o.z 
:!:.. 

0.1 

5 10 

Vee - POWER SUPPLY VOLTAGE (V) 

TL/F/5923-5 

CONTROL OR MICROPROGRAM ROM/PROM 
OR 

MEMORY ADDRESS REGISTER 

SYSTEM AND/OR MEMORY ADDRESS BUS 

15 

TL/F/5923-4 

TL/F/5923-6 

TL/F/5923- 7 
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AC Test Circuits and Switching Time Waveforms 
tpdO, tpd1 

V1N~Vour 
ICL=SOpf' 

t1H and tH1 

INPUT~ 
DISABLE 

toH and tHo 

TL/F/5923-8 

TL/F/5923-10 

TL/F/5923-12 

Note: Delays measured with input tr, t1 ,,; 20 ns. 

CMOS to CMOS 

TL/F/5923-9 

DISABLE DISABLE 

OUTPUT OUTPUT 

TL/F/5923-11 

Note: VoH is defined as the DC output high voltage when the device is loaded with 

DISABLE 

OUTPUT 

a 1 kn resistor to ground. 

TL/F/5923-13 

Note: Vol is defined as the DC output low voltage when the device is loaded with 
a 1 kn resistor to Vee. 
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~National 
~Semiconductor 

MM54C989/MM7 4C989 
64-Bit (16 x 4) TRI-STATE® RAM 

General Description 
The MM54C989/MM74C989 is a 16-word by 4-bit random 
access read/write memory. Inputs to the memory consist of 
4 address lines, 4 data input lines. a write enable line and a 
memory enable line. The 4 binary address inputs are decod
ed internally to select each of the 16 possible word loca
tions. An internal address register latches the address infor
mation on the positive to negative transition of the memory 
enable input. The 4 TRI-STATE data output lines working in 
conjunction with the memory enable input provides for easy 
memory expansion. 

Address Operation: Address inputs must be stable tsA pri
or to the positive to negative transition of memory enable. It 
is thus not necessary to hold address information stable for 
more than tHA after the memory is enabled (positive to neg
ative transition of memory enable). 
Note: The timing is different than the DM74B9 in that a positive to negative 

transition of the memory enable must occur for the memory to be 
selected. 

Write Operation: Information present at the data inputs is 
written into the memory at the selected address by bringing 
write enable and memory enable low. 

Logic and Connection Diagrams 

Read Operation: The complement of the information which 
was written into the memory is non-destructively read out at 
the 4 outputs. This is accomplished by selecting the desired 
address and bringing memory enable low and write enable 
high. 

When the device is writing or disabled the output assumes a 
TRI-STATE (Hi-Z) condition. 

Features 
• Wide supply voltage range 
• Guaranteed noise margin 
• High noise immunity 
• Low power TTL 

compatibility 
• Input address register 
• Low power consumption 

• Fast access time 
• TRI-STATE output 

3.0V to 5.5V 
1.0V 

0.45 Vee (typ.) 
Fan out of 2 

driving 74L 

250 nW /package (typ.) 
@Vee= 5V 

140 ns (typ.) at Vee = 5V 

DATA fiATA DATA fiATA DATA llATA DATA lilTA 

WiiifE 
ENABLE 

MEMiiiiY 
ENABLE 

INPUT A 

INPUT I 

INPUT C 

INPUT 1OUTPUT1 INPUT2 DUTPUTZ INPUT3 OUTPUT3 INPUT4 OUTPUH 

TL/F/5925-1 
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Dual-In-Line Package 

ADDRESS 1 1& Vee 
INPUT A 

M"Ellnl!V 2 15 ADDRESS 
mm: INPUTB 

WRITE 3 14 ADDRESS 
mm INPUTC 

DATA 4 13 ADDRESS 
INPUT! INPUTD 
~5 12 DATA 

lfDTPUT 1 INPUT4 
DATA 6 11 l!ATA 

INPUT2 !iUfPUf 4 
DATA 1 10 DATA 

llUTPllT 2 INPUT3 

GND 9~ 
llUTPUT3 

TL/F/5925-2 

Top View 

Order Number 
MM54C989* or MM74C989* 

•Please look into Section B, Appendix D 
•tor availability of various package types. 



~National 
~Semiconductor 

MM70C95/MM80C95, MM70C97 /MM80C97 
TRI-STATE® Hex Buffers 
MM70C96/MM80C96, MM70C98/MM80C98 
TRI-STATE Hex Inverters 

General Description Features 
• Wide supply voltage range 
• Guaranteed noise margin 
• High noise immunity 
• TTL compatible 

Applications 

3.0V to 15V 
1.0V 

0.45 Vee (typ.) 
Drive 1 TTL Load 

These gates are monolithic complementary MOS (CMOS) 
integrated circuits constructed with N- and P-channel en
hancement mode transistors. The MM70C95/MM80C95 
and the MM70C97 /MM80C97 convert CMOS or TTL out
puts to TRI-STATE outputs with no logic inversion, the 
MM70C96/MM80C96 and the MM70C98/MM80C98 pro
vide the logical opposite of the input signal. The MM70C95/ 
MM80C95 and the MM70C96/MM80C96 have common 
TRI-STATE controls for all six devices. The MM70C97/ 
MM80C97 and the MM70C98/MM80C98 have two TRI· 
ST ATE controls; one for two devices and one for the other 
four devices. Inputs are protected from damage due to stat
ic discharge by diode clamps to Vee and GND. 

• Bus drivers Typical propagation delay 
into 150 pF load is 40 ns 

Connection Diagrams (Dual-In-Line Packages) 

MM70C95/MM80C95 

TL/F/5907-1 

Top View 

Order Number MM70C95* or MM80C95* 

MM70C97 /MM80C97 

TL/F/5907-3 

Top View 

MM70C96/MM80C96 

TL/F/5907-2 

Top View 

Order Number MM70C96* or MM80C96* 

MM70C98/MM80C98 

TL/F/5907-4 

Top View 

Order Number MM70C97* or MM80C97* Order Number MM70C98* or MM80C98* 
'Please look into Section 8, Appendix D for availability of various package types. 
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co 
0) 

0 
0 
co 
:!:: 
:!:: ....... 
co 
0) 

0 
0 
"
:!:: 
:!:: ....... 
CD 
0) 

Absolute Maximum Ratings (Note 1> 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications . 

Voltage at Any Pin -0.3V to Vee+ 0.3V 

Operating Temperature Range 
MM70CXX 
MMBOCXX 

- 55°C to + 125°C 
- 40°C to + B5°C 

Storage Temperature Range 

Power Dissipation (Po) 
Dual-In-Line 
Small Outline 

Power Supply Voltage (Vee) 

Lead Temperature 
(Soldering, 10 seconds) 

-65°C to + 150°C 

700mW 
500mW 

1BV 

260°C 

DC Electrical Characteristics Min/Max limits apply across temperature range unless otherwise noted 0 
0 
co :i:: Symbol Parameter Conditions Min Typ Max Units 

~ CMOS TO CMOS 
CD 
0) 

0 
0 
"
:!:: 
:!:: 
....... 
"-0) 

0 
0 
co 
:!:: 
:!:: 
....... 
"-0) 

0 
0 
"
:!:: 
:!:: ....... 
I.I) 
0) 

0 
0 
co 
:!:: 
:!:: 
....... 
I.I) 
0) 

0 
0 
"
:!:: 
:!:: 

V1N(1) Logical "1" Input Voltage 

V1N(O) Logical "O" Input Voltage 

VouT(1l Logical "1" Output Voltage 

VouT(O) Logical "O" Output Voltage 

l1N(1) Logical "1" Input Current 

l1N(O) Logical "O" Input Current 

loz Output Current in High 
Impedance State 

Ice Supply Current 

TTL INTERFACE 

V1N(1) Logical "1" Input Voltage 

V1N(O) Logical "O" Input Voltage 

VouT(1l Logical "1" Output Voltage 

VouT(O) Logical "O" Output Voltage 

OUTPUT DRIVE (Short Circuit Current) 

lsouReE Output Source Current 

lsouRCE Output Source Current 

ls1NK Output Sink Current 

ls1NK Output Sink Current 

Vee= 5V 
Vee= 1ov 

Vee= 5V 
Vee= 1ov 

Vee= 5V 
Vee= 10v 

Vee= 5V 
Vee= 1ov 

Vee= 15V 

Vee= 15V, Vo= 15V 
Vee= 15V, Vo= ov 

Vee= 15V 

70C Vee= 4.5V 
BOC Vee= 4.75V 

70C Vee= 4.5V 
BOC Vee= 4.75V 

70C Vee= 4.5V, lo= -1.6 mA 
BOC Vee= 4.75V, lo= -1.6 mA 

70C Vee = 4.5V, lo = 1.6 mA 
BOC Vee= 4.75V, lo= 1.6 mA 

Vee = 5V, V1N(1) = 5V 
TA = 25°C, VouT = OV 

Vee= 10V, V1N(1) = 10V 
TA = 25°C, VouT = OV 

Vee = 5V, V1N(O) = ov 
TA = 25°C, VouT = Vee 

Vee = 1 OV, V1N(O) = ov 
TA = 25°C, VouT = Vee 

3.5 
B.O 

4.5 
9.0 

-1.0 

-1.0 

Vee - 1.5 
Vee - 1.5 

2.4 
2.4 

-4.35 

-20 

4.35 

20 

0.005 

-0.005 

0.005 
-0.005 

0.01 

1.5 
2.0 

0.5 
1.0 

1.0 

1.0 

15 

O.B 
O.B 

0.4 
0.4 

v 
v 
v 
v 
v 
v 
v 
v 

µA 

µA 

µA 
µA 

µA 

v 
v 
v 
v 
v 
v 
v 
v 

mA 

mA 

mA 

mA 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Terr.perature Range" 
they are not meant to imply that the device should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 

Note 2: Capacitance is guaranteed by periodic testing. 

Note 3: Cpo determines the no load AC power consumption of any CMOS device. For complete explanation see 54C/74C Family Characteristics application note 
AN-90. 
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AC Electrical Characteristics* TA= 25°C, CL= 50 pF, unless otherwise noted. 

Symbol Parameter Conditions Min Typ 

tpdO· tpd1 Propagation Delay Time to a Logical "O" or 
Logical "1" from Data Input to Output 

MM70C95/MM80C95, MM70C97 /MM80C97 Vee= 5V 60 
Vee= 1ov 25 

MM70C96/MM80C96, MM70C98/MM80C98 Vee= 5V 70 
Vee= 1ov 35 

tpdO• tpd1 Propagation Delay Time to a Logical "O" or 
Logical "1" from Data Input to Output 

MM70C95/MM80C95, MM70C97 /MM80C97 Vee= 5V, CL= 150 pF 85 
Vee= 10V, CL= 150 pF 40 

MM70C96/MM80C96, MM70C98/MM80C98 Vee= 5V, CL= 150 pF 95 
Vee= 10V, CL= 150 pF 45 

t1H, toH Delay from Disable Input to High Impedance 
AL = 1 Ok, CL = 5 pF State, (from Logical "1" or Logical "O") 

MM70C95/MM80C95 Vee= 5V 80 
Vee= 1ov 50 

MM70C96/MM80C96 Vee= 5V 100 
Vee= 10v 70 

MM70C97 /MM80C97 Vee= 5V 70 
Vee= 10v 50 

MM70C98/MM80C98 Vee= 5V 90 
Vee= 1ov 70 

tH1. tHo Delay from Disable Input to Logical "1" Level 
AL = 10k, CL = 50 pF 

(from High Impedance State) 
MM70C95/MM80C95 Vee= 5V 120 

Vee= 1ov 50 
MM70C96/MM80C96 Vee= 5V 130 

Vee= 1ov 60 
MM70C97 /MM80C97 Vee= 5V 95 

Vee= 10v 40 
MM70C98/MM80C98 Vee= 5V 120 

Vee= 10v 50 

C1N Input Capacitance Any Input (Note 2) 5.0 

Cour Output Capacitance TRI-STATE Any Output (Note 2) 11 

Cpo Power Dissipation Capacitance (Note3) 60 

*AC Parameters are guaranteed by DC correlated testing. 

Truth Tables 
MM70C95/MM80C95 MM70C96/MM80C96 

Disable Input 
Input Output 

Disable Input 
Input 

DIS1 0152 0151 0152 

0 0 0 0 0 0 0 
0 0 1 1 0 0 1 
0 1 x H-z 0 1 x 
1 0 x H-z 1 0 x 
1 1 x H-z 1 1 x 

MM70C97 /MM80C97 MM70C98/MM80C98 

Disable Input 
Input Output 

Disable Input 
Input 

DIS4 DIS2 DIS4 DIS2 

0 0 0 0 0 0 0 
0 0 1 1 0 0 1 
x 1 x H-z• x 1 x 
1 x x H-z•• 1 x x 

•output 5-6 only 
••output 1-4 only 
X = Irrelevant 
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Max Units 

100 ns 
40 ns 
150 ns 
75 ns 

160 ns 
80 ns 

210 ns 
110 ns 

135 ns 
90 ns 
180 ns 
125 ns 
125 ns 
90 ns 
170 ns 
125 ns 

200 ns 
90 ns 

225 ns 
110 ns 
175 ns 
80 ns 

200 ns 
90 ns 

pF 

pF 

pF 

Output 

1 
0 

H-z 
H-z 
H-z 

Output 

1 
0 

H-z• 
H-z** 
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(Q 
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C> 
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AC Test Circuits and Switching Time Waveforms 

TL/F/5907-13 

t1H and tH1 

INPUT--Q: 

DISABLE 

TL/F/5907-15 

toH and tHo 

TL/F/5907-18 
Note: Delays measured with input t,, t1 :<: 20 ns. 

DISABLE 

OUTPUT 

DISABLE 

OUTPUT 

CMOS to CMOS 

DISABLE 

OUTPUT 

TL/F/5907-16 

toH 

DISABLE 

OUTPUT 

TL/F /5907-19 
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TL/F/5907-14 

TL/F/5907-17 
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Typical Performance Characteristics 

150 

]: 

~ 100 
CJ 

:z 
0 

~ 
(!) 

~ 50 
~ 
I .,, 
-"" 

Propagation Delay vs 
Load Capacitance 

HV~~3_o~ -fl 
...J"'l 

lJ2I{Ff.ff ~ S~E AC TEST CIRCUIT 
I 
l ~ 

H-HVcc~ H'"'i 

...d-1'""' -:r:+ 
Vc~=.!,2.'! 1-t""' 

i.-1-t:::n _[ ...+-1 

I_~'l1iV 1-t-H 

50 100 150 

CL - LOAD CAPACITANCE (pf) 

TL/F/5907-5 

~tpd/pF VS 

Power Supply Voltage 
~ 0.75 ]: 
.... 
u 

TA= 25oC 
tr• t1=20 ns 

:z ;:: 
Ll 0.50 
§ I 

l1 
CJ 
< g 
...... 0.25 
0 ~ 
...... 
c.. 

~ 
r--i-

T-H-1 

.,, 
<lQ. 

5.0 10 15 

Vee- POWER SUPPLY VOLTAGE(V) 
TL/F/5907-6 

N-Channel Output Drive at 25°C P-Channel Output Drive at 25°C 
100 ,.......,.....,.--.....,......,.....,.....,.....,........-,.-..,........--,-.,.......,...., 

901-+-+--t-+-+-1---t-+--+-+-V+c4c-=~1s+v-+-1 
801-+-t--t-+-t--1~H-,r.-i~_,_.,..,..,....,.....~ 

701-+-+--t-+--Vl---t-+--t-+--+-+-+--t-+--l 

60 1--+--+->--#-Jll-+-+--+-+-+--<-+->-+-->--+--< 

so 1--+--+-1~#-+-+Vcc = 1 o~v~.r-t---i--t-t--r-1 
40 1 ~ 
30 rr~ 
20 h ~ Vee =15~-+--t-t--+--1---1--t-t--l 
10 J i-t:t1 ll 
0 It 

0 2 4 8 10 12 14 16 

Your(V) 

Schematic Diagrams 
TL/F/5907-7 

o,.......,...-.--........ ~ ........ ~ ........ ~vc-~-J~f!~~-~-
-101-1--+--t-+-+-t-+-t--1H-+-+-=ioo~~ 

t-+- ~ 
-201-+-+--t-+--+--t-+-+-1---t--t-t-+--ll+--l 

]: -3o >-+--1-+--+->--+V~c= ~o~ 
.... -40 l-t---l-t---1-t---H+-+--H+-l-"'+-,....,___._..-V+-+--+-t 
~ V1 
j: -so t-+-+--1---t--+-1---t-+~--tP""~-+-t---t-+-+-l 

-60 H v cc = 1 SV "' ... ~'+H-+-+-+-__,_.-+-+--+-< 
-70 jdj'f 
-80'-'-_._ ............ ....._._._........_._._...._.._._ .......... ~ 

16 14 12 10 8 

Vcc-VourM 

MM70C95/MM80C95 TRI-STATE 

CONTROLS FOR ALL 
SIX DEVICES 

''i'" 

·---------- -------· I I 
I 1 

DIS/10---
DIS/20--.--

15 

~~E _or ~1: ~~ISE~ - - - - • 

Vee • 

Ji 
J+OP/1 

: 1_ i 
I I 

·-------------· 
MM70C96/MM80C96 TRI-STATE 

''i'" 

2 
IN/10-----------1 

CONTROLS FOR ALL 
SIX DEVICES 

1 
DIS/10------1 
DIS/20-....... --

15 
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~~E _or ~1: ~~ISE~ - - - - • 

Vee • 

Ji 
J+ 1_ ! OP/I 

I 

·-------------· 

TL/F/5907-9 

TL/F/5907-10 

TL/F/5907-8 

s: 
3: ...... 
0 
0 
co 
U1 ...... s: 
3: 
Q) 
0 
0 
co 
U1 ...... 
3: 
3: ...... 
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Schematic Diagrams (Continued) 

MM70C97 /MM80C97 TRI-STATE 

~t!_E _O~ rw2Lr2~R ..0£1lC~S-

"T" 
2 IN/10-------_., _____ _..+--t J 

J+OP/1 ONE or TWO 
TRI-STATE CONTROLS 

·---------- -------· 
1 

DIS/10----t 

·------------------· 
1_ ! 

I 

-------------· 
MM70C98/MM80C98 TRI-STATE 

~t!,E _o~ IW2lr2~R ..0£ilC~S-
a 

IN/102--------t-.-"-T_-,.=-----. ! J 
J+OP/1 ONE or TWO 

TRI-STATE CONTROLS 

1 
DIS/10----t 

··-----------------· 
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~National 
~Semiconductor 
MM74C908/MM74C918 Dual CMOS 30V Relay Driver 
General Description Features 
The MM74C908 and MM74C918 are general purpose dual 
high voltage drivers, each capable of sourcing a minimum of 
250 mA at Vour = Vee - 3V, and TJ = 65°C. 

The MM74C908 and MM74C918 consist of two CMOS 
NANO gates driving an emitter follower Darlington output to 
achieve high current drive and high voltage capabilities. In 
the "OFF" state the outputs can withstand a maximum of 
-30V across the device. These CMOS drivers are useful in 
interfacing normal CMOS voltage levels to driving relays, 
regulators, lamps, etc. 

Connection Diagrams 

NC 

14 13 

VoUTA 

Dual-In-Line Package 

MM74C908 

Top View 

Dual-In-Line Package 

MM74C918 

Vee 

Top View 

• Wide supply voltage range 3V to 18V 
0.45 Vee (typ.) 

an (typ.) 
-30V 

250 mA 

• High noise immunity 
• Low output "ON" resistance 
• High voltage 
• High current 

TL/F/5912-1 

CND 

VoUT B 

TL/F/5912-2 

Order Number MM74C9oa• 

Order Number MM74C91a• 

•Please look into Section 8, Appendix D 
for availability of various package types. 

6-173 

I • 



Absolute Maximum Ratings (Note 1) 

If Military/Aerospace specified devices are required, Operating Vee Range 4Vto 18V 
contact the National Semiconductor Sales Office/ Absolute Maximum V cc 19V 
Distributors for availability and specifications. 

lsoURCE 500mA 
Voltage at any Input Pin -0.3VtoVcc +0.3V Storage Temperature Range (Ts) - 65°C to + 150°C 
Voltage at any Output Pin 32V 

Lead Temperature (TL) 
Operating Temperature Range (Soldering, 1 O seconds) 260°C 

MM74C908/MM74C918 -40°Cto +85°C 
Power Dissipation (Po) Refer to Maximum Power 

Dissipation vs Ambient 
Temperature Graph 

DC Electrical Characteristics Min/Max limits apply across temperature range, unless otherwise noted 

Symbol I Parameter I Conditions I Min I Typ I Max I Units 

CMOS TO CMOS 

V1N(1) Logical "1" Input Voltage Vee= 5V 3.5 v 
Vee= 10v 8.0 v 

V1N(O) Logical "O" Input Voltage Vee= 5V 1.5 v 
Vee= 10v 2.0 v 

l1NJ.!.)_ Logical "1" Input Current Vee= 15V, V1N = 15V 0.005 1.0 µA 

l1N(O) Logical "O" Input Current Vee= 15V, V1N = ov -1.0 -0.005 µA 

lee Supply Current Vee = 15V, Outputs Open Circuit 0.05 15 µA 

Output "OFF" Voltage V1N =Vee. lour= -200 µA -30 v 

CMOS/LPTTL INTERFACE 

V1N(1) Logical "1" Input Voltage 
MM74C908/MM74C918 Vee= 4.75V Vee - 1.5 v 

V1N(O) Logical "O" Input Voltage 
MM74C908/MM74C918 Vee= 4.75V 0.8 v 

OUTPUT DRIVE 

Vour Output Voltage lour= -300 mA, Vee 2 5V, TJ = 25°C Vcc-2.7 Vcc-1.8 v 
lour= -250 mA, Vee 2 5V, TJ = 65°C Vcc-3.0 Vcc-1.9 v 
lour= -175 mA, Vee 2 5V, TJ = 150°C Vcc-3.15 Vcc-2.0 v 

RoN Output Resistance lour= -300 mA, Vee 2 5V, TJ = 25°C 6.0 9.0 n 
lour= -250 mA, Vee 2 5V, TJ = 65°C 7.5 12 n 
lour= -175 mA, Vee 2 5V, TJ = 150°C 10 18 n 

Output Resistance 0.55 0.80 %/oC 
Coefficient 

OJA Thermal Resistance (Note3) 100 110 °C/W 
MM74C908/MM74C918 (Note3) 45 55 °C/W 

AC Electrical Characteristics* 
Symbol Parameter Conditions Min Typ Max Units 

tpd1 Propagation Delay Vee= 5V, RL = 50.0., 150 300 ns 
to a Logical "1" CL= 50 pF, TA= 25°C 

Vee= 10V, RL = 50.0., 65 120 ns 
CL = 50 pF, TA = 25°C 

tpdO Propagation Delay Vee= 5V, RL = 50.0., 2.0 10 µs 
to a Logic "O" CL= 50 pF, TA= 25°C 

Vee= 10V, RL = 50.0., 4.0 20 µs 
CL= 50 pF, TA= 25°C 

C1N Input Capacitance (Note 2) 5.0 pF 

*AC Parameters are guaranteed by DC correlated testing. 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range" 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides condiUons for actual device 
operation. 

Note 2: Capacitance is guaranteed by periodic testing. 

Note 3: OJA measured in free air with device soldered into printed circuit board. 
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AC Electrical Characteristics* TA = 25°C, CL = 50 pF, unless otherwise noted 

Symbol Parameter Conditions Min Typ Max Units 

tpdO• tpd1 Propagation Delay Time to a Logical "O" 
or Logical "1" from Data Input to Output 
MM70C95/MMBOC95, MM70C97 /MM80C97 Vee= 5V 60 100 ns 

Vee= 1ov 25 40 ns 
MM70C96/MMBOC96, MM70C98/MMBOC98 Vee= 5V 70 150 ns 

Vee= 10v 35 75 ns 

tpdO• tpd1 Propagation Delay Time to a Logical "O" 
or Logical "1" from Data Input to Output 
MM70C95/MMBOC95, MM70C97 /MMBOC97 Vee= 5V, CL= 150 pF 85 160 ns 

Vee= 10V, CL= 150 pF 40 80 ns 
MM70C96/MM80C96, MM70C98/MM80C98 Vee= 5V, CL= 150 pF 95 210 ns 

Vee= 10V, CL= 150 pF 45 110 ns 

t1H• toH Delay from Disable Input to High Impedance AL = 10k, CL = 5 pF 
State, (from Logical "1" or Logical "O") 
MM70C95/MM80C95 Vee= 5V 80 135 ns 

Vee= 1ov 50 90 ns 
MM70C96/MM80C96 Vee= 5V 100 180 ns 

Vee= 1ov 70 125 ns 
MM70C97 /MM80C97 Vee= 5V 70 125 ns 

Vee= 1ov 50 90 ns 
MM70C98/MM80C98 Vee= 5V 90 170 ns 

Vee= 10v 70 125 ns 

t1H• toH Delay from Disable Input to Logical "1" AL = 1 Ok, CL = 5 pF 
Level (from High Impedance State) 
MM70C95/MM80C95 Vee= 5V 120 200 ns 

Vee= 10v 50 90 ns 
MM70C96/MM80C96 Vee= 5V 130 225 ns 

Vee= 1ov 60 110 ns 
MM70C97 /MM80C97 Vee= 5V 95 175 ns 

Vee= 10v 40 80 ns 
MM70C98/MMBOC98 Vee= 5V 120 200 ns 

Vee= 10v 50 90 ns 

C1N Input Capacitance Any Input (Note 2) 5.0 pF 

CouT Output Capacitance TRI-STATE® Any Output (Note 2) 11 pF 

Cpo Power Dissipation Capacitance (Note3) 60 pF 

•AC Parameters are guaranteed by DC correlated testing. 

Truth Tables 

MM70C95/MM80C95 MM70C96/MM80C96 

Disable Input 
Input Output 

Disable Input 
Input Output 

DIS1 DIS2 DIS1 DIS2 

0 0 0 0 0 0 0 1 
0 0 1 1 0 0 1 0 
0 1 x H-z 0 1 x H-z 
1 0 x H-z 1 0 x H-z 
1 1 x H-z 1 1 x H-z 

MM70C97 /MM80C97 MM70C98/MM80C98 

Disable Input 
Input Output 

Disable Input 
Input Output 

DIS4 DIS2 DIS4 DIS2 

0 0 0 0 0 0 0 1 
0 0 1 1 0 0 1 0 
x 1 x H-z• x 1 x H-z• 

1 x x H-z** 1 x x H-z** 

•output 5-6 only 
.. Output 1-4 only 

X = Irrelevant 
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Typical Performance Characteristics 
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Typical louT vs Typical VouT 
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Power Considerations 
Calculating Output "ON" Resistance (RL > 18!}) 

The output "ON" resistance, RoN. is a function of the junc
tion temperature, TJ, and is given by: 

RoN = 9 (TJ - 25) (0.008) + 9 (1) 

and T J is given by: 

T J = TA + PoAV 0 JA• (2) 

where TA = ambient temperature, OJA thermal resist
ance, and PoAv is the average power dissipated within the 
device. PoAv consists of normal CMOS power terms (due to 
leakage currents, internal capacitance, switching, etc.) 
which are insignificant when compared to the power dissi
pated in the outputs. Thus, the output power term defines 
the allowable limits of operation and includes both outputs, 
A and B. Po is given by: 

Po = loA2 RoN + los2 RoN. (3) 
where lo is the output current, given by: 

Vee - VL 
lo = ~-=-----'=-

RoN + RL 
(4) 

VL is the load voltage. 

The average power dissipation, PoAV· is a function of the 
duty cycle: 

PoAV = loA2 RoN (Duty CycleA) + (5) 

los2 RoN (Duty Cycles) 

where the duty cycle is the % time in the current source 
state. Substituting equations (1) and (5) into (2) yields: 

TJ =TA+ OJA [9 (TJ - 25) (0.008) + 9] (6a) 

[loA2 (Duty CycleA) + los2 (Duty Cycles)] 

simplifying: 
TJ = TA + 7.2 OJA [loA2 (Duty CycleA) + los2 (Duty Cycles)) 

1 -0.072 OJA [loA2 (DutyCycleA) + los2 (Duty Cycles)) 

Equations (1 ), (4), and (6b) can be used in an iterative meth
od to determine the output current, output resistance and 
junction temperature. 

Applications 
(See AN-177 for applications) 
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OUTPUT B 
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For example, let Vee = 15V, RLA = 100!1, RLs = 100!1, 
VL = av. TA = 25°C, OJA = 110°C/W, Duty CycleA = 
50%, Duty Cycles = 75%. 

Assuming RoN = 11 !l, then: 

Vee - VL 15 
loA = = --- = 135.1 mA, 

RoN + RLA 11+100 

Vee - VL 
los = R = 135.1 mA 

RoN + LB 
and 

TJ = TA + 7.2 OJA [loA2 (Duty CycleA) + los2 (Duty Cycles)) 

1 - 0.072 OJA [loA2 (Duty CycleA) + los2 (Duty Cycles)) 

25 + (7.2) (110) ((0.1351)2 (0.5) + (0.1351)2 (0.75)) 

TJ = 1 - (0.072) (110) ((0.1351)2 (0.5) + (0.1351)2 (0.75)) 

TJ = 52.6'C 

and RoN = 9 (T J - 25) (0.008) + 9 

= 9(52.6 - 25) (0.008) + 9 = 11 n 



'?'A National 
~Semiconductor 

MM74C911 
4-Digit Expandable Segment Display Controller 

General Description 
The MM74C911 display controller is an interface element 
with memory that drives a 4-digit, 8-segment LED display. 
The MM74C911 allows individual control of any segment in 
the 4-digit display. The number of segments per digit can be 
expanded without any external components. For example, 
two MM74C911's can be cascaded to drive a 16-segment 
alpha-numeric display. 

The display controllers receive data information through 8 
data lines a, b ... DP, and digit information through 2 ad
dress inputs K1 and K2. The input data is written into the 
register selected by the address information when CHIP 
ENABLE, CE, and WRITE ENABLE, WE, are low and is 
latched when either CE or WE return high. Data hold time is 
not required. 

A self-contained internal oscillator sequentially presents the 
stored data to high drive (100 mA typ.) TRI-STATE® output 
drivers which directly drive the LED display. The drivers are 
active when the control pin labeled SEGMENT OUTPUT 
ENABLE, SOE, is low and go into TRI-STATE when SOE is 
high. This feature allows for duty cycle brightness control, or 
for disabling the output drive for power conservation. 

Connection Diagram 

Dual-In-Line Package 

WE 1. 28 EE 
a 2 27 K2 

26 K1 

25 Sop 

5 24 Sg 

6 23 S1 

7 22 Vee 

8 21 Se 

DP 20 sd 
010 10 19 Sc 

GND 11 18 Sb 

01 12 17 Sa 

02 13 16 SOE 

03 14 15 04 

TL/F/5915-1 

Top View 

Order Number MM74C911* 
•Please look into Section B, Appendix D 
for availability of various package types. 

The digit outputs directly drive the base of the digit transis
tor when the control pin labeled DIGIT. INPUT OUTPUT, 
DIO, is low. When DIO is high, the digit lines turn into inputs 
and the internal scanning multiplexer is disabled. 

When any digit line is forced high by an external device, 
usually another MM74C911, the data information for that 
digit is presented to the output. In this manner, 16-segment 
alpha-numeric displays, 24- or 32-segment displays, or an 
array of discrete LED's can be controlled by the simple cas
cading of expandable segment display controllers. All inputs 
except digit inputs are TTL compatible and do. not clamp 
input voltages above Vee. 

Features 
• Direct segment drive (100 mA typ.) TRI-STATE 
• 4 registers addressed like RAM 
• Internal oscillator and scanning circuit 

• Direct base drive to digit transistor 
• Segment expandability without external components 

• TTL compatible inputs 
• Power saver mode-5 µW (typ.) 

Truth Tables 
Input Control 

I Digit 
l 

CE Address WE Operation 

K2 K1 

0 0 0 0 Write Digit 1 
0 0 0 1 Latch Digit 1 
0 0 1 0 Write Digit 2 
0 0 1 1 Latch Digit 2 
0 1 0 0 Write Digit 3 
0 1 0 1 Latch Digit 3 
0 1 1 0 Write Digit 4 
0 1 1 1 Latch Digit 4 
1 x x x Disable Writing 

Output Control 

DIO SOE 
Digit Lines 

Operation 
D4 D3 D2 D1 

0 0 R R R R Refresh Display 
0 1 R R R R Disable Segment Outputs 
1 0 0 0 0 0 Digits Are Now Inputs 
1 0 0 0 0 1 Display Digit 1 
1 0 0 0 1 0 Display Digit 2 
1 0 0 1 0 0 Display Digit 3 
1 0 1 0 0 0 Display Digit 4 
1 1 0 0 0 0 Power Saver Mode 

R = Refresh (digit lines sequentially pulsed) 

X = Don't Care 
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Absolute Maximum Ratings (Notes 1 & 2) 

If Military/Aerospace specified devices are required, Storage Temperature Range - 65°C to + 150°c 
contact the National Semiconductor Sales Office/ Power Dissipation (Po) Refer to Po(MAX) vs TA Graph 
Distributors for availability and specifications. 

Operating Vee Range 3Vto 6V 
Voltage at Any Pin except Inputs -0.3VtoVcc + 0.3V 

Absolute Maximum Vee 6.5V 
Voltage at Any Input except Digits -0.3Vto +15V 

Lead Temperature 
Operating Temperature Range, (TA) - 40°C to + 85°C (Soldering, 1 O seconds) 260°c 

DC Electrical Characteristics Min/Max limits apply at -40°C ~ TJ ~ +85°C, unless otherwise noted 

Symbol Parameter Conditions Min Typ Max Units 

V1NJ!l Logical "1" Input Voltage Vee= 5V 3.0 v 
V1NJQ}_ Logical "O" Input Voltage 1.5 v 
l1NJ_1_l_ Logical "1" Input Current Vee= 5V, V1N = 15V 0.005 1.0 µA 

l1NJQl_ Logical "O" Input Current Vee = 5V, V1N = ov -1.0 -0.005 µA 

Ice Supply Current (Normal) Vee= 5V, Outputs Open 0.50 2.5 mA 

Ice Supply Current (Power Saver) Vee= 5V, SOE, DIO = "1", 
1 600 µA 

D1, D2, D3, D4 = "O" 

lour TRI-STATE Output Current Vo= 5V 0.03 10 
µA 

Vo= OV -10 -0.03 

CMOS/LPTTL INTERFACE 

V1N_ill_ Logical "1" Input Voltage Vee= 4.75V Vee- 2 v 
V1NJQl_ Logical "O" Input Voltage Vee= 4.75V 0.8 v 

OUTPUT DRIVE 

lsH High Level Segment Current Vee = 5V, Vo = 3.4V 
TJ = 25°C -60 -100 mA 

TJ = 100°c -40 -60 mA 

loH High Level Digit Current Vee = 5V, Vo = 3V 

TJ = 25°C -10 -20 mA 

TJ = 100°c -7 -10 mA 

Vee= 5V, Vo= 1V 
TJ = 25°C -15 -40 mA 

TJ = 100°c -10 -15 mA 

Vour(1) Logical "1" Output Voltage, Vee= 5V, lo= -360 µA 
4.6 v 

Any Digit 

VouT(O) Logical "O" Output Voltage, Vee = 5V, lo = 360 µA 
0.4 v 

Any Output 

OJA Thermal Resistance (Note3) 100 0 c1w 
Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Range", they are not 
meant to imply that the device should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device operation. 
Note 2: All voltage reference to ground. 
Note 3: OJA measured in free-air with device soldered into printed circuit board. 
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AC Electrical Characteristics* Vee= 5V, tr= t1 = 20 ns, CL= 50 pF 

Symbol 

tew 

tww 

tow 

two 

twA 

twc 

Gour 

Parameter 

Chip Enable to Write Enable Set-Up Time 

Address to Write Enable Set-Up Time 

Write Enable Width 

Data to Write Enable Set-Up Time 

Write Enable to Data Hold Time 

Write Enable to Address Hold Time 

Write Enable to Chip Enable Hold Time 

Logical "1 ", Logical "O" Levels into TRI-STATE 

TRI-STATE to Logical "1" or 
Logical "O" Levels 

Propagation Delay from Digit Input to 
Segment Output 

lnterdigit Blanking Time 

Multiplex Scan Frequency 

Input Capacitance 

TRI-STATE Output Capacitance 

Conditions 

TJ = 25°C 
TJ = 125°C 

TJ = 25°C 
TJ = 125°C 

TJ = 25°C 
TJ = 125°C 

TJ = 25°C 
TJ = 125°C 

TJ = 25°C 
TJ = 125°C 

TJ = 25°C 
TJ = 125°C 

TJ = 25°C 
TJ = 125°C 

RL = 10k, CL= 10 pF 
TJ = 25°C 
TJ = 125°C 

RL = 10k, CL= 10 pF 
TJ "."' 25°C 
TJ = 125°C 

TJ = 25°C 
TJ = 125°C 

TJ = 25°C 
TJ = 125°C 

TJ = 25°C 
TJ = 125°C 

(Note 4) 

(Note 4) 

•AC Parameters are guaranteed by DC correlated testing. 

Note 4: Capacitance guaranteed by periodic testing. 

Switching Time Waveforms 

Write Data Waveforms 

ADDRESS Vee w· 
K1,K2 O~~ ADDRESS VALID ..J 

Vee ___ ..._ ... 

CE ~ 
0 

twetJ--

Vee 
1--l tew t-- twA - 1-

WE \. -;'/ 
o~~~t--~-t' ..... -----"""'"'1 

i--tAw- - t-- two 
DATA Vee------+--..,~------..1,.---

y DATA VALID ~..J'r 
·Sop 0------+__,A,11·-..... ----JI'..._ __ _ 

t---tow--i 
---tww---
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Min 

35 
50 

35 
50 

400 
450 

390 
430 

0 
0 

0 
0 

55 
75 

5 
10 

Typ 

15 
20 

15 
20 

225 
250 

225 
250 

-10 
-15 

-10 
-15 

30 
40 

275 
325 

325 
375 

500 
700 

10 
20 

525 
375 

5 

30 

Max 

500 
600 

600 
700 

1000 
1400 

7.5 

50 

Units 

ns 
ns 

ns 
ns 

ns 
ns 

ns 
ns 

ns 
ns 

ns 
ns 

ns 
ns 

ns 
ns 

ns 
ns 

ns 
ns 

µs 
µs 

Hz 
Hz 

pF 

pF 

TRI-STATE Waveforms 

SOE OR 
OTO 

SEGMENT 
OR DIGIT 
OUTPUTS 

SOE OR 
OTO 

SEGMENT 
OR DIGIT 
OUTPUTS 

Vee~ 50% 

:::3 ........ . 
% TRI-STATE 

Vol 

Vee-~ 

GND~tlHt~ 
VoH---~ 

,
903 

TRI-STATE 
GND ............... . 
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Switching Time Waveforms (Continued) 

Multlplexlng Output Waveforms 

I - --'I§~ 
-Jt1el 

DIGIT N _J 

- _ __-I ---L._____ DIGIT N+ 1 • ..----

T= 1/fmux 
TL/F/5915-4 

Read Data Waveforms 

ANY DIGIT 
(NOTE 1) GND 

Vcc-----1------1---
ANY SEGMENT 

Note 1: All other digit lines are at a low level. DiO at a high level. 

Functional Description 
The MM74C911 display controller is manufactured on stan
dard metal gate CMOS technology. A single 5V 74 series 
TTL supply can be used for power and should be bypassed 
at the Vee pin to suppress current transients. 

The digit outputs directly drive the base of a grounded emit
ter digit transistor without the need of a Darlington configu
ration. If an MM74C911 is driving a digit transistor and also 
supplying digit information to a cascaded MM74C911, base 
resistors are needed in the digit transistors to provide an 
adequate high level to the digit inputs of the cascaded 
MM74C911. 

As seen in the block diagram, these display controllers con
tain four 8-bit registers; any one may be randomly written 

Block Diagram 

Kl ADDRESS 
K2 BUFFER 

cr 
8 

b 

INPUT 
DATA 

BUFFERS 

g 

DP 
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into. In normal operation, the internal multiplexer scans the 
registers and refreshes the display. In cascaded operation, 
1 MM74C911 serves as a master refresh device and cas
caded MM74C911 's are slaved to it through digit lines oper
ating as inputs. 

The MM74C911 appears to a microprocessor as memory 
and to the user as a self-scan display. Since every segment 
is under microprocessor control, great versatility is obtained. 

Low power standby operation occurs with both SOE and 
DIO inputs high. This condition forces the MM74C911 to a 
quiescent state typically drawing less than 1 µA of supply 
current with a standby supply voltage as low as 3V. 
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Typical Performance Characteristics 
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Note 1: Segment outputs if shorted to ground will exceed maximum power dissipation of the device. 

Note 2: Vee is the saturation voltage of the digit drive transistor. 

Applications 

Segment Output Structure 

Vee 

CONTROLLED { 
SOE 

SEGt.lENT 
OUTPUT . ., ___ ..... 

Input Protection 

ANY,..__ •• ~ 
INPUT~~ 
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CONTROLLED 
BY DIO 

Digit Output Structure 

Yee 
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Applications (Continued) 
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Typical Application 
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Applications (Continued) 

ADDRESS AND 
CONTROL BUS 

4-Dlglt, 16-Segment Alpha-Numeric Display ,.,. 
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~National 
~Semiconductor 

MM74C912 6-Digit BCD Display Controller/Driver 
MM74C917 6-Digit Hex Display Controller/Driver 

General Description 
The MM74C912, MM74C917 display controllers are inter
face elements, with memory, that drive a 6-digit, 8-segment 
LED display. 

The display controllers receive data information through 5 
data inputs A, B, C, D and DP, and digit information through 
3 address inputs K1, K2 and K3. 

The input data is written into the register selected by the 
address information when CHIP ENABLE, CE, and WRITE 
ENABLE, WE, are low and is latched when either CE or WE 
return high. Data hold time is not required. A self-contained 
internal oscillator sequentially presents the stored data to a 
decoder where 4 data bits control the format of the dis
played character and 1 bit controls the decimal point. The 
internal oscillator is controlled by a control input labeled 
OSCILLATOR ENABLE, OSE, which is tied low in normal 
operation. A high level at OSE prevents automatic refresh of 
the display. 

The 7-segment plus decimal point output information direct
ly drives an LED display through high drive (100 mA typ.) 

Connection Diagram 

Dual-In-Line Package 

'J cr- 1• 28 ~K3 

WE:- 2 27 ~K2 

A(2°)- 3 26~K1 

8(21)- 4 25 ~sdp 

C(22)- 5 24 t-Sg 

D(23)- 6 23 ..,.s, 

DP- 7 22 t-Se 

OSE- 8 21~Sd 

D6(t.lSD)- 9 20 ~Vee 

D5- 10 19 ~Sc 

D4- 11 18 t-Sb 

D3- 12 17~Sa 

D2- 13 16 ~SOE 

D1 (LSD)- 14 15 ~GND 

TL/F/5916-1 

Top View 

Order Number MM74C912* or MM74C917* 
*Please look into Section 8, Appendix D 
for availability of various package types. 

output drivers. The drivers are active when the control pin 
labeled SEGMENT OUTPUT ENABLE, SOE, is low and go 
into TRI-STATE® when SOE is high. This feature allows for 
duty cycle brightness control and for disabling the output 
drivers for power conservation. 

The MM74C912 segment decoder converts BCD data into 
7-segment format. The MM74C917 converts binary data 
into hex format. 

All inputs are TTL compatible and do not clamp to the Vee 
supply. 

Features 
• Direct segment drive (100 mA typ.) TRI-STATE 
• 6 registers addressed like RAM 
• Internal oscillator and scanning circuit 
• Direct base drive to digit transistor (20 mA typ.) 
• Internal segment decoder 
• TTL compatible inputs 

Truth Tables 
Input Control 

CE 
Digit Address WE Operation 

K3 K2 K1 

0 0 0 0 0 WriteDigit1 
0 0 0 0 1 Latch Digit 1 
0 0 0 1 0 Write Digit 2 
0 0 0 1 1 Latch Digit 2 
0 0 1 0 0 Write Digit 3 
0 0 1 0 1 Latch Digit 3 
0 0 1 1 0 Write Digit 4 
0 0 1 1 1 Latch Digit 4 
0 1 0 0 0 Write Digit 5 
0 1 0 0 1 Latch Digit 5 
0 1 0 1 0 Write Digit 6 
0 1 0 1 1 Latch Digit 6 
0 1 1 0 0 Write Null Digit 
0 1 1 0 1 Latch Null Digit 
0 1 1 1 0 Write Null Digit 
0 1 1 1 1 Latch Null Digit 
1 x x x x Disable Writing 

X = Don't Care 

Output Control 

SOE OSE Operation 

0 0 Refresh Display 
0 1 Stop Oscillator* 
1 0 Disable Segment Outputs 
1 1 Standby Mode 

•Segment drive may exceed maximum display dissipation. 
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Absolute Maximum Ratings (Notes 1 and 2) 

If Military I Aerospace specified devices are required, Power Dissipation (Po) Refer to Po MAX vs TA Graph 
contact the National Semiconductor Sales Office/ Operating Vee Range 3Vto6V 
Distributors for avallablllty and specifications. 

Absolute Maximum (Vee) 6.5V 
Voltage at Any Pin Except Inputs -0.3VtoVcc + 0.3V Lead Temperature 
Voltage at Any Input ...:o.3V to + 15V (Soldering, 1 O seconds) 260°C 
Operating Temperature Range .(TA) - 40°C to + 85°C 

Storage Temperature Range (Ts) - 65°C to + 150°C 

DC Electrical Characteristics Min/Max limits apply at 40°C 5:: T J 5:: 85°C, unless otherwise noted 

Symbol Parameter Conditions Min Typ Max Units 

CMOS TO CMOS 

V1N(1) Logical "1" Input Voltage Vee= 5V 3.0 v 

V1N(O) Logical ''O" Input Voltage Vee= 5V 1.5 v 

l1N(1) Logical "1" Input Current Vee= 5V, V1N = 15V 0.005 1.0 µA 

l1N(O) Logical "O" Input Current Vee = 5V, V1N = ov -1.0 -0.005 µA 

Ice Supply Current Vee= 5V, Outputs Open 0.5 2 mA 

lour TRI-STATE Vee = 5V, Vo = 5V 0.03 10 µA 
Output Current Vee = 5V, Vo = ov -10 -0.03 µA 

CMOS/LPTTL INTERFACE 

V1N(1) Logical "1" Input Voltage Vee= 4.75V Vee - 2.0 v 

V1N(O) Logical "O" Input Voltage Vee= 4.75V 0.8 v 

OUTPUT DRIVE 

lsH High Level Vee = 5V, Vo = 3.4V 
Segment Current TJ = 25°C -60 -100 mA 

TJ = 100°C -40 -60 mA 

loH High Level Vee = 5V, v 0 = 1V 
Digit Current TJ = 25°C -10 -20 mA 

TJ = 100°c -7 -15 mA 

Vour(1) Logical "1" Output Voltage Vee = 5V, lo = -360µA 
4.6 v 

·Any Digit 

VouT(O) Logical "O" Output Voltage 
Any Digit 

Vee = 5V, 10 = 360µA 
0.4 v 

OJA Thermal Resistance (Note3) 100 °C/W 

AC Electrical Characteristics* Vee = 5V, tr = tt = 20 ns, CL = 50 pF 

Symbol Parameter Conditions Min Typ Max Units 

tcw Chip Enable to Write TJ = 25°C 35 15 ns 
Enable Setup Time TJ = 125°C 50 20 ns 

tAW Address to Write TJ = 25°C 35 15 ns 
Enable Setup Time TJ = 125°C 50 20 ns 

tww Write Enable Width TJ = 25°C 400 225 ns 

TJ = 125°C 450 250 ns 

tow Data to Write Enable TJ = 25°C 390 225 ns 
Setup Time TJ = 125°C 430 250 ns 

two Write Enable to Data TJ = 25°C 0 -10 ns 
Hold Time TJ = 125°C 0 -15 ns 
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AC Electrical Characteristics* Vee= 5V, tr= tt = 20 ns, CL= 50 pF (Continued) 

Symbol Parameter Conditions Min Typ Max Units 

twA Write Enable to Address TJ = 25°C 0 -10 ns 
Hold Time TJ = 125°C 0 -15 ns 

twc Write Enable to Chip Enable TJ = 25°C 50 30 ns 
Hold Time TJ = 125°C 75 40 ns 

t1H• toH Logical "1 ", Logical "O" AL= 10k, TJ = 25°C 275 500 ns 
Levels into TRI-STATE CL= 10 pF, TJ = 125°C 325 600 ns 

tH1• tHo TRI-STATE to Logical "1" to AL= 10k, TJ = 25°C 325 600 ns 
Logical "O" Level CL= 50 pF, TJ = 125°C 375 700 ns 

t19 lnterdigit Blanking Time TJ = 25°C 5 10 µs 
TJ = 125°C 10 20 µs 

fMUX Multiplex Scan Frequency TJ = 25°C 350 Hz 

TJ = 125°C 250 Hz 

C1N Input Capacitance (Note4) 5 7.5 pF 

Cour TRI-STATE Output Capacitance (Note4) 30 50 pF 

•AC Parameters are guaranteed by DC correlated testing. 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Range" they are not 
meant to imply that the device should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device operation. 

Note 2: All voltages reference to ground. 

Note 3: OJA measured in free air with device soldered into printed circuit board. 

Note 4:Capacitance is guaranteed by periodic testing. 

Switching Time Waveforms 
ADDRESS Yee ___ ,,,, __________ "·~----

K1, K2, K3 o---'l"'----------11----
Vee ___ .....,_. 

cr 
o~~~-+~t-------------------+---· 

Vee _____ ..., ____ " i 
WE 

o~~~-t-~~-t•----------..... 1 

DATA Vec ______ _,__,, ______ "1.1----

a, b, c, d, DP o----------+---''l"'-------'I""------

TL/F/5916-2 

Multiplexing Output Waveforms 

SOE~ 

J~tOH~ SEGf.IENT ................ . 

OUTPUTS 0% TRI • STATE 

SOE~ 

~I 
SEGf.IENT ---=\90% TRI-STATE 
OUTPUTS ''• ......... . 

TL/F/5916-3 

DIGITN _J I I .___ ~ss--1 
--Jt1el 

- __ ,--L....___ DIGIT N = 1 • .------

T = 1/fMux TL/F/5916-4 
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Functional Description 
Character Font 

MM74C917 Hl-Z D 12 3 L/ 5 6 1 8 9 R b r d E F F L 

D 12 3 L/ 5 6 1 8 9 0 -MM74C912 Hl-Z 0 - - . 
Input A2o x 0 1 0 1 0 0 0 1 0 1 0 1 0 1 0 1 1 

Data 821 x 0 0 1 1 0 1 1 1 0 0 1 1 0 0 1 1 1 

c22 x 0 0 0 0 1 1 1 1 0 0 0 0 1 1 1 1 1 

D23 x 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 

DP x 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 

OUTPUT ENABLE SOE 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

TL/F/5916-5 

Segment Identification 

The MM74C912, MM74C917 display controllers are manu
factured using metal gate CMOS technology. A single 5V 
7 4 series TTL supply can be used for power and should be 
bypassed at the Vee pin. 

All inputs are TTL ·compatible; the segment outputs drive 
the LED display directly through current limiting resistors. 
The digit outputs are designed to directly drive the base of a 
grounded emitter digit transistor without the need of a Dar
lington configuration. 

Block Diagram 

6-188 

TL/F/5916-6 

As seen in the block diagram, these display controllers con
tain six 5-bit registers; any one of which may be randomly 
written. The internal multiplexer scans the registers and re
freshes the display. This combination of write only memory 
and self-scan display makes the display controller a "re
freshing experience" for an over-burdened microprocessor. 

osc 

----SOE 

NPN 
SEGMENT 

DRIVER 

01 
02 
03 

04 

05 

06 

-------osE 

TL/F/5916-7 



Typical Performance Characteristics 

lsH vs Vour loHvs Vour IAVG VS ALIM 
0 0 

1 
Vcc=5V Vee =5V 

30 
(SEE NOTE 1) 1 5 

!5 5 
0 60 !5 10 

25 

1 (SEE NOTE 2) 

~ 
20 

a 15 
..... 0 
i3 13 ::I 

90 tl i5 15 
I 

I 

~ tl 120 20 
j ~ 

t3 
~ 10 

~ 
~ 

1SO 25 0 
2.5 3.0 3.5 -4.0 -4.5 5.0 0 1.0 2.0 3.0 4,0 5.0 0 10 15 20 25 

Your (V) Your (V) SEGMENT RESISTOR (OHMS) 

Power Dissipation vs. 
Temperature for 

Power Dissipation vs. 
Temperature for 

l.25 Plastic Packages 
25 

Ceramic Packages 

E 1.00 
z 

~ 0.75 

~ 
i5 

0.50 
t!l g 
~ 0.25 

~ 
~ 

E 2.0 

z 

~ 1.5 

~ 
i5 

1.0 
t!l g 
~ 0.5 

~ 
fSJ 

]\ 

0 0 
-so -25 0 25 so 75 100 125 -so -25 0 25 so 75 100 125 

AMBIENT TEMPERATURE (oC) AMBIENT TEMPERATURE (oC) 

Note 1: Segment outputs if shorted to ground will exceed maximum power dissipation of the device. 

Note 2: VcE is the saturation voltage of the digit drive transistor. 

Typical Applications 
Digit Output Structure 

TO DIGIT 
MULTIPLEXER 

Yee 

TL/F/5916-9 

Input Protection 

Yee 

ANY~ INPUT 

BY~30YI 
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Segment Output Structure 

Yee 

TO TRI- STATE®{ 
CIRCUIT 

0-----0 .... 

TL/F/5916-11 

TL/F/5916-8 

SEGMENT 
OUTPUT 

TL/F/5916-10 



Typical Application 

ADDRESS 
DECODE 

R/LO 

r p D3 

DfrA 02 
BUS Dl 

DO 

DP 

Sop 

Sg 

S1 

s, 
sd 
Sc 

Sb 

t.tt.t74C912/ Sa 
t.tt.t74C917 

D1 

D2 

D3 

D4 

DS 

D6 

NSB5921 ,, ,, ,, ,, ,, ,, ------L1 .L1 .L1 .L1 .L1 .L1. 

':' 

TL/F/5916-12 
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~National 
~Semiconductor 

MM74C925, MM74C926, MM74C927, MM74C928 
4-Digit Counters with Multiplexed 
7-Segment Output Drivers 

General Description 
These CMOS counters consist of a 4-digit counter, an inter
nal output latch, NPN output sourcing drivers for a ?-seg
ment display, and an internal multiplexing circuitry with four 
multiplexing outputs. The multiplexing circuit has its own 
free-running oscillator, and requires no external clock. The 
counters advance on negative edge of clock. A high signal 
on the Reset input will reset the counter to zero, and reset 
the carry-out low. A low signal on the Latch Enable input will 
latch the number in the counters into the internal output 
latches. A high signal on Display Select input will select the 
number in the counter to be displayed; a low level signal on 
the Display Select will select the number in the output latch 
to be displayed. 

The MM74C925 is a 4-decade counter and has Latch En
able, Clock and Reset inputs. 

The MM74C926 is like the MM74C925 except that it has a 
display select and a carry-out used for cascading counters. 
The carry-out signal goes high at 6000, goes back low at 
0000. 

The MM74C927 is like the MM74C926 except the second 
most significant digit divides by 6 rather than 10. Thus, if the 
clock input frequency is 10 Hz, the display would read 
tenths of seconds and minutes (i.e., 9:59.9). 

The MM74C928 is like the MM74C926 except the most sig
nificant digit divides by 2 rather than 10 and the carry-out is 

Connection Diagrams 

Vee 

l1a 15 

Dual-In-Line Package 

RESET CLOCK Dour Caur 

14 13 12 11 10 

LATCH 
ENABLE 

Top View 

Aaur 

Order Number MM74C925* 

Baur J: 
TL/F/5919-1 

an overflow indicator which is high at 2000, and it goes back 
low only when the counter is reset. Thus, this is a 3%-digit 
counter. 

Features 
• Wide supply voltage range 3V to 6V 
• Guaranteed noise margin 1 V 
• High noise immunity 0.45 Vee (typ.) 
• High segment sourcing current 40 mA 

@Vee - 1.6V, Vee = 5V 
• Internal multiplexing circuitry 

Design Considerations 
Segment resistors are desirable to minimize power dissipa
tion and chip heating. The DS75492 serves as a good digit 
driver when it is desired to drive bright displays. When using 
this driver with a 5V supply at room temperature, the display 
can be driven without segment resistors to full illumination. 
The user must use caution in this mode however, to prevent 
overheating of the device by using too high a supply voltage 
or by operating at high ambient temperatures. 

The input protection circuitry consists of a series resistor, 
and a diode to ground. Thus input sjgnals exceeding Vee 
will not be clamped. This input signal should not be allowed 
to exceed 15V. 

Dual-In-Line Package 
CARRY 

Vee OUT RESET CLOCK Dour Caur 

lu 11 u 15 14 u 12 11 10 

LATCH DISPLAY Aour 
ENABLE SELECT 

Top View 

Order Number MM74C926*, 
MM74C927* or MM74C928* 

Baur 

Tg 
GNO 

TL/F/5919-2 

•Please look into Section 6, Appendix D for availability of various package types. 
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Absolute Maximum Ratings (Note 1) 

If Miiitary I Aerospace specified devices are required, Storage Temperature Range - 65°C to + 150°C 
contact the National Semiconductor Sales Office/ Power Dissipation (Po) Refer to Po(MAX) vs TA Graph 
Distributors for availability and specifications. 

Operating Vee Range 3Vto 6V 
Voltage at Any Output Pin GND - 0.3V to Vee + 0.3V 

Vee 6.5V 
Voltage at Any Input Pin GND - 0.3Vto + 15V 

Lead Temperature 
Operating Temperature (Soldering, 10 seconds) 260°C 

Range (TA) -40°C to + 85°C 

DC Electrical Characteristics Min/Max limits apply at -40°c :s:: Ti :s:: + 85°C, unless otherwise noted 

Symbol Parameter Conditions Min Typ Max Units 

CMOS TO CMOS 

V1N(1) Logical "1" Input Voltage Vee= 5V 3.5 v 

V1N(O) Logical "O" Input Voltage Vee= 5V 1.5 v 

VouT(1) Logical "1" Output Voltage Vee= 5V, lo= -10 µA 
(Carry-Out and Digit Output 4.5 v 
Only) 

VouT(O) Logical "O" Output Voltage Vee= 5V, lo= 10 µA 0.5 v 

l1N(1) Logical "1" Input Current Vee= 5V, v,N = 15V 0.005 1 µA 

l1N(O) Logical "O" Input Current Vee = 5V, v,N = ov -1 -0.005 µA 

Ice Supply Current Vee= 5V, Outputs Open Circuit, 
20 1000 µA 

V1N = 0Vor5V 

CMOS/LPTTL INTERFACE 

V1N(1) Logical "1" Input Voltage Vee= 4.75V Vee- 2 v 

V1N(O) Logical "O" Input Voltage Vee= 4.75V 0.8 v 

VouT(1) Logical "1" Output Voltage Vee= 4.75V, 
(Carry-Out and Digit lo= -360 µA 2.4 v 
Output Only) 

VouT(O) Logical "O" Output Voltage Vee = 4.75V, 10 = 360 µA 0.4 v 

OUTPUT DRIVE 

Vour Output Voltage (Segment louT = -65 mA, Vee= 5V, Ti= 25°C Vee- 2 Vee - 1.3 v 
Sourcing Output) _ _ { Ti = 100°C Vee - 1.6 Vee - 1.2 v 

louT - -40 mA, Vee - 5V Ti= 150oc 
Vee - 2 Vee - 1.4 v 

RoN Output Resistance (Segment louT = -65 mA, Vee= 5V, Ti= 25°C 20 32 n 
Sourcing Output) { T = 100°c 30 40 n 

louT = -40 mA, Vee= 5V . T: = 150oc 35 50 n 
Output Resistance (Segment 0.6 0.8 %1°C 
Output) Temperature Coefficient 

lsoURCE Output Source Current Vee= 4.75V, VouT = 1.75V, Ti= 150°C 
-1 -2 mA 

(Digit Output) 

lsouRCE Output Source Current Vee= 5V, VouT = OV, Ti= 25°C 
-1.75 -3.3 mA 

(Carry-Out) 

lsrNK Output Sink Current Vee = 5V, VouT = Vee. Ti = 25°C 
1.75 3.6 mA 

(All Outputs) 

OjA Thermal Resistance MM74C925 (Note4) 75 100 °C/W 
MM74C926, MM74C927, MM74C928 70 90 °C/W 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range" 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 
Note 2: Capacitance is guaranteed by periodic testing. 
Note 3: Cpo determines the no load AC power consumption of any CMOS device. For complete explanation see 54C/74C Family Characteristics application note, 
AN-90. 
Note 4: OjA measured in free-air with device soldered into printed circuit board. 
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AC Electrical Characteristics* TA = 25°C, CL = 50 pF, unless otherwise noted 

Symbol Parameter 

fMAX Maximum Clock Frequency 

tr. tt Maximum Clock Rise or Fall Time 

twR Reset Pulse Width 

twLE Latch Enable Pulse Width 

tsET(eK, LE) Clock to Latch Enable Set-Up Time 

tLR Latch Enable to Reset Wait Time 

tsET(R, LE) Reset to Latch Enable Set-Up Time 

fMUX Multiplexing Output Frequency 

C1N Input Capacitance 

•AC Parameters are guaranteed by DC correlated testing. 

Functional Description 
Reset - Asynchronous, active high 

Display Select - High, displays output of counter 
Low, displays output of latch 

Latch Enable - High, flow through condition 
Low, latch condition 

Clock - Negative edge sensitive 

Conditions Min Typ Max Units 

Vee= 5V, Ti= 25°C 2 4 MHz 
Square Wave Clock Ti= 100°c 1.5 3 MHz 

Vee= 5V 15 µs 

Vee= 5V Ti= 25°c 250 100 ns 

1:i = 100°c 320 125 ns 

Vee= 5V Ti= 25°c 250 100 ns 

1:i = 100°c 320 125 ns 

Vee= 5V Ti= 25°c 2500 1250 ns 
1:i = 100°c 3200 1600 ns 

Vee= 5V Ti= 2s0 c 0 -100 ns 

1:i = 100°c 0 -100 ns 

Vee= sv Ti= 25°c 320 160 ns 

1:i = 100°C 400 200 ns 

Vee= 5V 1000 Hz 

Any Input (Note 2) 5 pF 

Segment Output - Current sourcing with 40 mA @Vour = 
Vee - 1.6V (typ.) Also, sink capability 
= 2 LTIL loads 

Digit Output 

Carry-Out 

- Current sourcing with 1 mA @Vour = 
1.75V. Also, sink capability = 2 L TIL 
loads 

- 2 L TTL loads. See carry-out waveforms. 

Typical Performance Characteristics 

Typical Segment Current 
j 

100 
vs Output Voltage 

~ 
~ 80 

.... 
~ 60 t---+-+--##----~-+---< 

~ 
~ 40 l-~i--11---+---l-~+-~ 

j 
5 
~ .... 

20 1----4~--+-~-l--+-~ 

5.0 4.0 3.0 2.0 1.0 

VouT (V) 

Note: Vo = Voltage across digit driver 

Maximum Power Dissipation 
~ 

2200 
vs Ambient Temperature 

~ 2000 

~ 1800 
ili 1600 

~ 1400 
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~ 1000 
::E i BOD 
)( 600 
q; 
::E 400 
I 
;( 200 

~ 0 

MM74C926/MM74C927/MM74C928 
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FMM74C925 J'.!......'1-. 

~ 
~ 

~ ~~ D W ~ ~ ~ 1~ 

TA -AMBIENT TEMPERATURE (°C) 
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Typical Average Segment 
Current vs Segment 

~ Resistor Value 
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Cl) 

"' O> Logic and Block Diagrams 0 
'111:1' ..... MM74C925 
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..,o 
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"' O> MM74C926 0 
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SELECT 
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TL/F/5919-5 

MM74C927 
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18 
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CARRY- 12 
CLOCK OUT 
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GND 

TL/F/5919-6 

MM74C928 
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Logic and Block Diagrams (Continued) 

Segment Output Driver 

Vee 

OUTPUT 

TL/F/5919-6 

Common Cathode LED Display 

MM74C925 

~~~!m~ l---'1/..,..,..--t 
MM74C928 

l---'1/..,..,..--t 
0 C B A 1---'l/..,..,_--t ...._ ....... _ .... 

Switching Time Waveforms 

Input Waveforms 

CLOCK 

lseTICK,LEILI 

LATCH ENABLE 

P.ESET 

TL/F/5919-12 
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Input Protection 

Vee 

"'"'9i ,..,, 
TL/F /5919-9 

Segment Identification 

0123'-I 
56189 

TL/F/5919-10 
TL/F/5919-11 

Multiplexing Output Waveforms 

l-11m--l l-1/J2T 

BouT n ... ________ _ 
CouT n _ ___.... ....___ 

TL/F/5919-13 

T = 1/fMux 



Switching Time Waveforms (Continued) 

Carry-Out Waveforms 

CLOCK JU1 n JLJ"L_ 

MM74C926 r-----J 
CARRY-OUT ___J L___ 

COUNT COUNT 
5999-6000 9999-0000 

MM74C927 r---1 
CARRY-OUT ____J L___ 

COUNT COUNT 
5599-6000 9599-0000 

MM74C928 I STAYS HIGH 
CARRY-OUT ------ UNTIL RESET 

COUNT 
1999-0000 
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~National 
~Semiconductor 

PRELIMINARY 

MM74C945, MM74C947 4-Digit Up/Down 
Counter/Latch/Decoder Driver 

General Description 
The MM74C945, MM74C947 are 4-digit counters for directly 
driving LCD displays. The MM74C945 contains a 4-decade 
up/down counter, output latches, counter/latch select mul
tiplexer and 7-segment decoders. Also included are the 
backplane oscillator/driver, segment drivers and display 
blanking circuitry. 

The MM74C947 differs from the MM74C945 in that it has no 
counter/latch multiplexer, but provides true leading zero 
blanking. All leading zeroes are automatically blanked ex
cept the least significant digit, which can be optionally 
blanked. 

Both devices provide 28-segment outputs to drive a 4-digit 
display. Segment and backplane waveforms are generated 
internally, but can also be slaved to an external signal. This 
facilitates cascading of multiple displays. 

Connection Diagrams 
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Features 
• 4-decade up/ down count 
• Direct 4-digit drive for high contrast and long display life 
• Carry/borrow out for cascading counters 
• Schmitt trigger clock input 
• MM74C945 has display select to allow viewing of coun

ter or latch 
• Store and reset inputs allow operation as frequency or 

period counter 
• MM74C947 has true ripple blanking; least significant 

digit may be optionally blanked 

Dual-In-Line Package 
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Top View 

Order Number MM74C947* 
'Please look into Section 8, Appendix D for availability of various package types. 
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Absolute Maximum Ratings (Note 1) 

If Military/Aerospace specified devices are required, Storage Temperature Range (Ts) - 65°C to + 150°C 
contact the National Semiconductor Sales Office/ Power Dissipation (Po) 500mW 
Distributors for availability and specifications. 

Operating Vee Range 3.0Vto 6.0V 
Voltage at Any Pin -0.3V to Vee + 0.3V 

Absolute Maximum Vee 6.5V 
Operating Temperature Range (TA) Lead Temperature (TL) 

MM74C945/MM74C947 - 40°C to + 85°C 
(Soldering, 10 seconds) 300°C 

DC Electrical Characteristics Min/Max limits apply across temperature range, unless otherwise noted 

Parameter I Conditions I Min I Typ I Max I Units 

CMOS TO CMOS 

Vr + Positive Going Threshold Vee = 5V, V1N (0 ~ 5) v 
2.5 2.9 3.25 v 

Voltage (Clock Only) 

Vr - Negative Going Threshold Vee = 5V, V1N (0 ~ 5) v 1.5 2.2 2.4 v 
Voltage (Clock Only) 

Hysteresis (Vr + - Vr -) Vee= 5V 0.1 0.7 1.75 v 
(Clock Only) 

Logical "1" Input Voltage (V1N_m_} Vee= 5V 3.5 v 
Logical "O" Input Voltage (V1N(o)) Vee= 5V 1.5 v 
Logical "1" Output Voltage Vee= 5V, lo= -10 µA 

4.5 v 
(VouTil}) (LZO and Carry) 

Logical "O" Output Voltage Vee= 5V, lo= +10 µA 0.5 v 
(VouT(O)) (LZO and Carry) 

Clock Input Current ll1NI Vee = 5V, V1N = 5V /OV 0.005 1.0 µA 

Input Current@ Pins 29, 31, 33 Vee = 5V, V1N = ov -2.0 -12 -25 µA 
and 34 (Note 2) 

Oscillator Input Current (losd Vee= 5V, V1N = OV/5V ±1 ±10.0 µA 

Supply Current (Ice) (Note 3) Vee = 5V, V1N = ov /5V 10 60 µA 

Oscillator Input Voltage When Driving Oscillator 
V1H(OSC) Pin with External Vee - 0.2 v 
V1L(OSC) Signal 0.2 Vee v 

DC Offset Voltage (Note 4) Vee= 5V 25 mV 

CMOS/LPTTL INTERFACE 

Logical "1" Input Voltage 
Vee= 4.75V Vee - 1.5V v 

(V1N(1)) 

Logical "O" Input Voltage 
Vee= 4.75V 0.8 v 

(V1N(OJ) 

Logical "1" Output Voltage 
Vee = 4.75V, lo = -360 µA 2.4 v 

(Vour(1)) (LZO and Carry) 

Logical "O" Output Voltage 
Vee = 4.75V, lo = 360 µA 0.4 v 

(Vour102) (LZO and Carry) 

OUTPUT DRIVE (Short Circuit Current) 

Output Source Current Vee = 5V, Vour = ov 1.75 2.7 mA 
(lsoURCE) (LZO and Carry) TA= 25°C 

Output Sink Current Vee = 5V, Vour = 5V 1.75 3.2 mA 
(ls1NK) (LZO and Carry) TA= 25°C 

Output Source Current Vee = 5V, Vour = ov 1.4 2.0 mA 
(lsouRcE) (Segment Outputs) TA= 25°C 

Output Sink Current Vee = 5V, VouT = 5V 1.4 2.2 mA 
(ls1NK) (Segment Output) TA= 25°C 

Output Source Current Vee = 5V, Vour = ov 12.6 15.0 mA 
(lsouRcE) (Backplane Output) TA= 25°C 

Output Sink Current Vee = 5V, Vour = 5V 12.6 20.0 mA 
(ls1NK) (Backplane Output) TA= 25°C 
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AC Electrical Characteristics* TJ = 25°C, CL= 50 pF, unless otherwise specified 

Symbol Parameter Conditions Min Typ Max Units 

tpdO• tpd1 Propagation Delay Clock to Carry Vee= 5.ov 375 600 ns 

fcLK Maximum Clock Frequency Vee= 5.ov 2 3 MHz 

tr,tf Clock Input Rise or Fall Time Vee= 5.ov No Limit MHz 

twR Reset Pulse Width Vee= 5.0V 180 120 ns 

tws Store Pulse Width Vee= 5.0V 150 80 ns 

tsuicK.~ Clock to Store Set-Up Time Vee= 5.ov 500 270 ns 

ts A Store to Reset Wait Time Vee= 5.0V 280 170 ns 

tsu i_E, c1<1_ Enable to Clock Set-Up Time Vee= 5.0V 140 80 ns 

tRR Reset Removal Vee= 5.ov 50 0 ns 

tsuJ_U/D, CKl Up/Down to Clock Set-Up Time Vee= 5.ov 300 190 ns 

tsp Backplane Output Frequency Pin 36 Floating, 
85 Hz 

Vee= 5.ov 

C1N Input Capacitance Logic Inputs (Note 2) 5 pF 

trfs Segment Rise/Fall Time C1oad = 200 pF 0.5 µs 

trtb Backplane Rise/Fall time C1oad = 5000 pF 1.5 µs 

fosc Oscillator Frequency Pin 36 Floating, 
11 kHz 

Vee= 5.ov 

•AC Parameters are guaranteed by DC correlated testing. 
Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Range" they are not 
meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device operation. 
Note 2: Does not apply to backplane and oscillator pins. 
Note 3: Display blanked. See Test Circuit. 
Note 4: DC offset voltage is the effective DC voltage the LCD will have between any segment and the backplane. 

AC Waveforms 
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Typical Characteristics 
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*Each segment to backlane with 200 pF capacitor. 
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CARRY I 

Carry Out Timing (Up Mode) 
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Carry Out Timing (Down Mode) 
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COUNT I oooz 0001 0000 9999 
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Block Diagrams 
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Pin Description 
Backplane In/Out-When the oscillator input is grounded 
this pin is an input allowing an external device to generate a 
backplane waveform. When the oscillator input is left open 
this pin is an output supplying backplane drive for the dis
play. 

Oscillator-The oscillator frequency may be lowered by ty
ing a capacitor (Cose) to this pin. On the MM74C947, when 
the oscillator pin is open, the LSD is inhibited from blanking 
when leading zero blanking is enabled. If this pin is ground
ed, the backplanes on both parts become inputs, slaving the 
device to an external backplane. 

Store-This input controls the on-chip latches. When low, 
the latches are in flow-through mode (latch outputs follow 
counter), but when taken high, the data on the counter out
puts are stored in the latches. 

Reset-When low, counters are reset to zero. 

Clock-Advances counters on negative edge. 

Enable-When low, halts counter operation. 

Leading Zero Input (LZl)-(MM74C947) When high, en
ables leading zero blanking. 

Leading Zero Output (LZO)-(MM74C947) This output 
goes high when the latch contents equal zero, LZI is high 
and the oscillator pin is open. 

Blanking-(MM74C945) When high, blanks display. 

Select-(MM74C945) When high, the contents of the coun
ter are displayed. When low, the contents of the latch are 
displayed. 

Carry-This outputs goes high when 9999 is reached (up) 
or 0000 is reached (down). 

Up/Down-When high, the counter counts up. When low, 
the counter counts down. 

A1-G1-Digit 1 segment outputs. 

A2-G2-Digit 2 segment outputs. 

A3-G3-Digit 3 segment outputs. 

A4-G4-Digit 4 segment outputs. 

Application Hints 
DISPLAY CIRCUITRY DESCRIPTION 

The MM74C945 and MM74C947 have 28 segment outputs 
capable of directly driving 4 digits of 7 segments. Both the 
segment and backplane drivers are designed to provide 
matched rise and fall times eliminating possible DC compo
nents in the driving waveforms which could degrade display 
life (i.e., DC offset voltage). 

The backplane driver can be disabled by grounding the os
cillator pin. This enables the segment output waveforms to 
be synchronized to an external signal applied to the back
plane pin. Several devices can then be driven by a single 
master backplane waveform which can be generated by an
other MM74C945, MM74C947 or an external oscillator. 
Thus single backplane displays with 8, 12, 16, etc. digits can 
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be driven with several counters. The maximum fanout of a 
master backplane driver is limited by its total capacitive 
load, which is the sum of the slaved backplane input capaci
tances and the display backplane capacitance. (The 
MM74C947 oscillator pin controls the least significant digit 
blanking as well.) 

An on-board oscillator/divider generates the segment/ 
backplane waveforms. Its output frequency is typically 
85 Hz, but may be lowered by connecting an external ca
pacitor (Cose) between the oscillator pin and ground. The 
oscillator pin may also be driven by an external waveform 
but the input low level must not go to ground or else the 
backplane pin will be put in the slave (input) mode (see 
V1H(OSC) and V1L(OSC) specifications). 

COUNTER CIRCUITRY DESCRIPTION 

The MM74C945, MM74C947 are 4-decade up/down coun
ters. The direction of the count is controlled by the up/ down 
input. A high level on this pin causes the counter to count 
up. The counter advances on the negative clock edge. The 
carry output is high for one clock period during a count of 
9999 in up mode, or during a count of 0000 in down mode. 
The carry is designed to allow cascading of several circuits 
in either ripple carry or synchronous modes. 

Reset and Enable controls are provided to allow period and 
frequency measurements. The Reset control clears the 
counter when low and the Enable control disables counting 
when taken low. 

The counter chain feeds a series of 4-bit flow-through latch
es. These latches enable the display to follow the counter 
when the Store input is low. When the Store pin is taken 
high the data on the counter outputs at this time become 
latched and the display will remain unchanged. (Assuming 
the latch display is selected on MM74C945.) 

On the MM74C945 the latch outputs feed a multiplexer 
which selects either the latch outputs or counter outputs for 
display. This allows an intermediate count to be stored in 
the latches while the counter continues to be displayed. 
This is equivalent to a stopwatch lap feature. 

The output of the MM74C945's multiplexer feeds a decoder 
which converts 4-bit input to 7-segment outputs. A blanking 
control into these decoders blanks the display. 

On the MM74C947 the latch outputs feed the decoders di
rectly, but these decoders have a special ripple blanking 
capability that enables all leading zeroes except the least 
significant digit (LSD) to be blanked, even when counters 
are cascaded. Thus when the entire counter reads zero, 
instead of blanking all digits, the LSD will remain on. (When 
multiple counters are cascaded, all except the least signifi
cant counter will blank entirely on zeroes.) This feature is 
properly implemented by configuring the least significant de
vice as the master (oscillator pin ungrounded) thereby inhib
iting LSD blanking. 

The outputs of the decoders for both devices control the 
segment drivers, which in turn enable display operation. 



Typical Applications 
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Typical Applications (Continued) 
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'?'A National 
~Semiconductor 

MM74C946 

PRELIMINARY 

4%-Digit Counter/Decoder/Driver 
for LCD Displays 

Gener~Description 
The M M7 4C946 is a 4 %-digit CMOS counter which contains 
a counter chain, decoders, output latches, LCD segment 
drivers, count inhibit and backplane oscillator/driver circuit
ry. This device also contains leading zero blanking and a 
carry output to increase flexibility and facilitate cascading of 
multiple 4-digit sections. 

This device provides 29 segment outputs to drive a stan
dard 4 %-digit liquid crystal display. An on-chip backplane 
oscillator/driver is also provided. This can be disabled by 
grounding the oscillator pin, thus allowing the device to be 
slaved to an external backplane signal via the backplane 
pin. 

Connection Diagram 

Features 
• Low power operation-less than 100 µW quiescent 
• Direct 4%-digit 7-segment display drive for higher con

trast and long display life 
• Pin compatible to lntersil's ICM7224 
• Store and RESET inputs permit operation as frequency 

or period counter 
• True count inhibit disables first counter stage 
• Carry output for cascading 4-digit blocks 
• Schmitt trigger on the clock input allows operation in 

noisy environments or with slowly changing inputs 
• Leading zero blanking input and output for correct lead

ing zero blanking with cascaded devices 
• On-chip backplane oscillator/driver which can be dis

abled to permit slaving of multiple devices to an exter
nal backplane signal 
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*Please look into Section 8, Appendix D 
for availability of various package types. 
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Absolute Maximum Ratings (Note 1) 
If Military/Aerospace specified devices are required, Power Dissipation (Po) 500mW 
contact the National Semiconductor Sales Office/ Operating Vee Range 3Vto6V 
Distributors for availability and specifications. 

Absolute Maximum Vee 6.5V 
Voltage at Any Pin -0.3V to Vee +0.3V 

Lead Temperature (TL) 
Operating Temperature Range (TA) (Soldering, 1 O seconds) 300°C 

MM74C946 -40°C to +85°C 

Storage Temperature Range (Ts) - 65°C to + 150°C 

DC Electrical Characteristics Min/Max limits apply across temperature range, unless otherwise noted 

Parameter Conditions Min Typ Max Units 

CMOS TO CMOS 

Vr + Positive Going Threshold Vee = 5V, V1N (0 ~ 5)V 
2.5 2.9 3.25 v 

Voltage (Clock Input) 

Vr- Negative Going Threshold Vee = 5V, V1N(5 ~ O)V 
1.5 2.2 2.4 v 

Voltage (Clock Input) 

Hysteresis (Vr + - Vr -) Vee= 5V 
0.1 0.7 1.75 v 

(Clock Input) 

Logical "1" Input Voltage MNJ!l_) Vee= 5V 3.5 v 
Logical "O" Input Voltage (V1N(O)) Vee= 5V 1.5 v 
Logical "1" Output Voltage Vee= 5V, lo= -10 µA 

4.5 v 
(VouT(1)) (LZO and Carry) 

Logical "O" Output Voltage Vee = 5V, lo = 10 µA 
0.5 v 

(VouT(O)) (LZO and Carry) 

Clock Input Current \l1NI Vee = 5V, V1N = 5V /OV 0.005 1 µA 

Input Current@ Pins 29, 31, Vee = 5V, V1N = ov 
-2 -12 -25 µA 

33 and 34 (Note 2) 

Oscillator Input Current (losd Vee = 5V, V1N = ov /5V ±1 ±10 µA 

Supply Current (Ice) (Note 3) Vee = 5V, V1N = ov /5V 10 60 µA 

Oscillator Input Voltage When Driving Oscillator 

V1H(OSC) Pin with External Signal Vee - 0.2 v 
V1L(OSC) 0.2 Vee v 

DC Offset Voltage (Note 4) Vee= 5V 25 mV 

CMOS/LPTTL INTERFACE 

Logical "1" Input Voltage Vee= 4.75V 
Vee - 1.5V v 

(V1N(1)) 

Logical "O" Input Voltage Vee= 4.75V 
0.8 v 

(V1N(O)) 

Logical "1" Output Voltage Vee = 4.75V, 10 = -360 µA 
2.4 v 

(VouT(1)) (LZO and Carry) 

Logical "O" Output Voltage Vee= 4.75V, 10 = 360 µA 
0.4 v 

(VouT(O)) (LZO and Carry) 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Range" they are not 
meant to imply that the device should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device operation. 

Note 2: These input pins have pull-ups to Vee. 

Note 3: See test circuit. Display blanked. 

Note 4: DC offset voltage is the effective DC voltage the LCD will have between any segment and the backplane. 
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DC Electrical Characteristics 
Min/Max limits apply across temperature range, unless otherwise noted (Continued) 

Parameter Conditions Min Typ Max Units 

OUTPUT DRIVE (Short Circuit Current) 

Output Source Current Vee = 5V, Vour = ov, 
1.75 2.7 mA 

(lsouReE) (LZO and Carry) TA= 25°C 

Output Sink Current Vee = 5V, Vour = 5V, 
1.75 3.2 mA 

(ls1NK) (LZO and Carry) TA= 25°C 

Output Source Current Vee = 5V, Vour = ov, 
1.4 2 mA 

(lsouReE) (Segment Outputs) TA= 25°C 

Output Sink Current Vee = 5V, VouT = 5V, 
1.4 2.2 mA 

(ls1NK) (Segment Outputs) TA= 25°C 

Output Source Current Vee = 5V, Vour = ov, 
12.6 15 mA 

(lsouReE) (Backplane Output) TA= 25·c 

Output Sink Current Vee = 5V, Vour = 5V, 
12.6 20 mA 

(ls1NK) (Backplane Output) TA= 25°C 

Output Source Current Vee = 5V, Vour = ov, 
2.8 3.4 mA 

(lsouReE) (%-Digit) TA= 25·c 

Output Source Current Vee = 5V, Vour = 5V, 
2.8 5 mA 

(ISINK) (%-Digit) TA= 25°C 

AC Electrical Characteristics* TJ = 25°C, CL= 50 pF, unless otherwise specified 

Symbol Parameter Conditions Min Typ Max Units 

!e._cio. !Esi1 Propagation Delay Clock to Carry Vee= 5V 375 600 ns 

feLK Maximum Clock Frequency Vee= 5V 2 3 MHz 

tr,tt Clock Input Rise or Fall Time Vee= 5V No Limit 

twR Reset Pulse Width Vee= 5V 180 120 ns 

tws Store Pulse Width Vee= 5V 150 80 ns 

tsu(eK,S) Clock to Store Set-Up Time Vee= 5V 500 270 ns 

tsR Store to Reset Wait Time Vee= 5V 280 170 ns 

tsu(E,eK) Enable to Clock Set-Up Time Vee= 5V 140 80 ns 

tRR Reset Removal Vee= 5V 50 0 ns 

fsp Backplane Output Frequency Pin 36 Floating, Vee = 5V 85 Hz 

C1N Input Capacitance Logic Inputs (Note 5) 5 pF 

trfs Segment Rise/Fall Time C1oad = 200 pF 0.5 µs 

trfb Backplane Rise/Fall Time C1oad = 5000 pF 1.5 µs 

fosc Oscillator Frequency Pin 36 Floating, Vee = 5V 11 kHz 

*AC Parameters are guaranteed by DC correlated testing. 
Note 5: Does not apply to backplane and oscillator pins. 

• 
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Block Diagram 

CARRY 

LEADING 
ZERO 

INPUT 

SEGMENT 
OUTPUTS 

~·DIGIT 

DIGIT4 
!MSDI 

DIGITJ 

DIGITZ 

DIGIT! 
ILSD} 

GND Vee 

r-------------------------------i--l--, 

BACKPLANE 
DRIVER 

I 
I 
,._ .... ________________________ ......,.,__ __________________________ ~~ 

L--------------------------------------~ 

AC Waveforms 
If 

Vee 1-----IRR ----1 
CLOCK 50% 

ov 

Vee 
STORE 

ov 
1su (CK, SI_,__ ___ , twR 

Vee 
RESET 

ov 

CLDCK 

ENABLE 

STD RE 

OSCILLATOR 

BACKPLANE 
IN/DUT 

TL/F/5102-2 

ISR-- 14----i-- lpdO 
Vee 

CARRY 

-------+---:-·----------..- - - - - - (IF NOT RESET) - - -
lpd1 

50% 

ov 

Vee 
ENABLE 

ov 
tsu (E, CK) 

TL/F/5102-3 
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Test Circuit 
5V 

{~ 
-----1+ ,,,, ...... - ---

------- --------, 
v+ 

osc 

~·~{. 
-------tBP 

v-
STORE 

MM74C946 
RESET 

CLOCK 

ENABLE 

LZ OUT 

LZ IN 

CARRY 

%-DIGIT 

20 

I 

]J 
36 

35 

34 

33 

32 

31 

30 

29 

28 

27 

21 

l 
I 
I 
I 

* I 
~r---------------~ 

TL/F/5102-4 

•Each segment to backplane with 200 pF capacitor 

Typical Characteristics 

120 

g 100 
l'.; 

~ BO 

ff 
w 60 

~ : 
~ 

0 

Backplane Frequency as a 
Function of Supply Voltage 

D pf I-= br--
22 pf 1---t---

'51 pf 

220 pF 

1 2 4 5 6 

Yoo-SUPPLY VOLTAGE (V) 

Backplane Frequency as a 
Function of Oscillator 
Capacitor (Cose) 

100 .----......----.----....----. 
3V TO 6V CURVES 
INSIDE BAND 

50 100 150 200 

Cose-OSCILLATOR CAPACITANCE (pF) 
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Segment Identification 
I 

·l~I· 
·1=1' 

24 

~ 20 
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Operating Supply Current 
(lss) as a Function of 
Supply Voltage (Voe) 

i :: 1---t---ll---t---t-f.~--I 
~ 
L 4 1---1---;i---,-------i 

D ,__....____......__....___._....____. 

D 

Yoo-SUPPLY VOLTAGE (V) 
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Control Pin Description 
Backplane In/Out-When the oscillator pin is grounded 
this pin is an input allowing an external device to generate 
the backplane waveform. When the oscillator pin is left 
open this pin is an output supplying backplane drive for an 
LCD. 

Oscillator-The oscillator frequency may be lowered by ty
ing a capacitor (Cose> between this pin and ground. If this 
pin is grounded the backplane pin becomes an input. 

Store Input-This controls the latches. When low, the 
latches are in flow-through mode (latch outputs follow coun
ter), but when taken high data on counter outputs is stored 
in latches and displayed. 

RESET Input-When low, counters are reset to zero. 

Clock Input-Advances counter on negative edge. 

Enable Input-When low, halts counter operation. 

Leading Zero Input (LZl)-When high, enables leading 
zero blanking. 

Leading Zero Output (LZO)-This signal goes high when 
counter equals zero and LZI is high. 

Carry Output-Goes high for one clock period when count 
of 9999 is reached. 

A1-G1-Digit 1 segment outputs. 

A2-G2-Digit 2 segment outputs. 

A3-G3-Digit 3 segment outputs. 

A4-G4-Digit 4 segment outputs. 

1/z-Digit Output-Goes high when count goes from 9999 to 
0000 and stays high until RESET goes low. 

Application Hints 
Counter Circuitry Description 

The MM74C946 contains a 4-digit resettable synchronous 
counter with a Schmitt trigger on the clock input. An addi· 
tional D flip-flop clocked by the counter carry out provides a 
true %-digit, or it can be used to indicate an overflow condi· 
tion. The counters increment on the negative clock edge. 
The %-digit sets on the negative clock edge which incre
ments the counter past 9999. It can be reset only when the 
counter is reset by taking the reset pin to ground. The coun
ter and carry output operation is independent of the state of 
the 1/z·digit flip-flop. 

The carry output goes high on the negative edge of the 
clock when the transition from 9998 to 9999 occurs and 
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then goes low on the next count. Thus counters may be 
cascaded in a ripple carry mode or synchronous mode by 
using the enable input. 

The counter can be inhibited from responding to clock input 
pulses by taking the enable input low, thus freezing the 
counter to its state prior to the event. 

The counter outputs feed a series of flow-through latches. 
When the store input is low, the latch outputs follow their 
inputs. When the store input is taken high, the contents of 
the counter are stored in the latches and are displayed. 

The latch outputs feed 4 BCD to 7-segment decoders which 
include circuitry to provide leading zero blanking. When the 
leading zero input is low or the 1/z·digit is set, leading zero 
blanking is inhibited. When the leading zero input is high, all 
leading zeroes will be blanked. A leading zero output is pro
vided to allow correct blanking of all leading zeroes in multi· 
pie device designs. This output will be high when all 4 digits 
are blanked. (Remember the leading zero input must be 
high and the %-digit must be reset.) 

Display Circuitry Description 

The MM74C946 has 29 segment outputs capable of directly 
driving 4 digits of 7 segments plus an additional %-digit of 2 
segments. The segment and backplane drivers are de
signed to provide matched rise and fall times, eliminating 
possible DC components in the driving waveforms which 
could degrade display life (i.e., DC offset voltage). 

The backplane driver can be disabled by grounding the os
cillator pin. This enables the segment output waveforms to 
be synchronized to an external signal applied to the back
plane pin. This allows several devices to be driven by a 
single master backplane waveform which can be generated 
by another MM74C946 or an external oscillator. Thus single 
backplane displays with 8, 12, 16, etc., digits can be driven 
by multiple counters. The maximum fanout of a master 
backplane driver is limited by its total capacitive load, which 
is the sum of the slaved backplane input capacitances and 
the display backplane capacitance. 

An on-board oscillator/divider generates the segment/ 
backplane waveforms. Its output frequency typically is 
85 Hz, but may be slowed by connecting an external capaci· 
tor between the oscillator pin and ground. The oscillator pin 
may also be driven by an external waveform but the input 
low level must not go to ground or else the backplane will 
be put in the slave mode (see V1H(OSC) and V1L(OSC) specifi· 
cations). 



Typical Applications 

Ripple Carry Cascading 

CARRY OUT CARRY r----- CARRY 

RESET MSD (SLAVE)* 
MM74C946 

STORE 

ENABLE 
OSCILLATOR LZI 

":" Vee 
RESET 

STORE 

COUNT ENABLE 

CARRY OUT +-----4 CARRY 

RESET 

STORE 

CLOCK 
DSCILLATDR 

MSD (SLAV El* 
MM14C946 

LZI 

-= Vee 

LZO 

Synchronous Cascading 

BACKPLANE 

ENABLE 
LZO 

STORE ---+--------------------
COUNT INPUT 

*Master/slave selection is arbitrary and dependent only on which oscillator pin is grounded. 
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LSD (MASTER)* 
MM14C946 

ENABLE 
OSCILLATOR LZI 

LSD (MASTER)* 
MM74C946 

STORE 

CLOCK 
OSCILLATOR LZI 

BACKPLANE 

CLOCK 

LZO 

BACKPLANE 

ENABLE 

LZD 

COUNT 
INPUT 

TL/F/5102-7 

COUNT 
ENABLE 

TL/F/5102-8 
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MM74C956 4-Digit, 17-Segment Alpha-Numeric Display 
Driver, with Memory, Decoder, and LED Drivers 

General Description 
The MM74C956 monolithic LED intelligent display driver cir
cuit is manufactured using standard complementary MOS 
technology. The convention and speed of the data entry 
procedure is designed to be microprocessor bus and TTL 
compatible with no interface circuitry required. 

The integrated circuit has memory to store four 7-bit ASCII 
words corresponding to the four digits, an ASCII to 17-seg
ment alpha-numeric ROM decoder, multiplexing and drive 
circuitry to drive four 17-segment digits. It has direct drive 
capabilities of 2.5 mA/segment average current. 

The internal memory can be written asynchronously through 
the 7-bit data bus (DO-D6) into the digit location addressed 
by the 2-bit address bus (AO, A 1 ). For multiple chip circuits, 
two chip select inputs (CE1, CE2) can be decoded or a one
of-n decoder can be used for displays incorporating more 
than four MM74C956's. 

Block and Connection Diagrams 
SEGMENT OUTPUTS 

Al 01 G1 DP 

The cursor function will cause all segments of a digit to be lit 
but will not write over the contents· of the memory corre
sponding to that digit. Therefore, when the cursor is erased, 
the original character will reappear at that digit location. 

Features 
• Microprocessor bus compatible 
• All inputs are TTL compatible; 5V power supply 
• On-chip memory 
• On-chip decoder converts from standard 7-bit ASCII to 

alpha-numeric 
• On-chip multiplexing with LED segment and digit drivers . 
• Independent and asynchronous digit access 
• Independent cursor function: can be disabled 
• Display clear function 
• Display blank function 
• Two chip select inputs for multiple chip systems 

DIGIT OUTPUTS 
Dual-In-Line Package 

DIG DIG 
1 3 SEG l 

SEG D2 

SEG M 

SEG E 

SEG J 

SEG 8 SEG H 

SEG K SEG F 

SEG DP SEG I 

OSD SEG A2 

OSCILLATOR 
MULTIPLEXER 

BL 
D6 

MM74C956 SEG Al 

Segment 
Designation 

CONTROL/ADDRESS 
INPUTS 

ASCII/CURSOR DATA 
INPUTS 

TL/F/5924-3 
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TL/F/5924-1 

DS 

D4 CEi 
DJ AO 

D2 

D1 

DO 

DIG 3 

DIG2 

Vss DIG 1 

TL/F/5924-2 

Top View 

Order Number MM74C956* 

*Please look into Section B, Appendix D 
for availability of various package types. 



Absolute Maximum Ratings (Note 1) 

If Miiitary/Aerospace specified devices are required, Storage Temperature Range - ss·c to + 15o·c 
contact the National Semiconductor Sales Office/ Power Dissipation (Po) 700mW 
Distributors for availability and specifications. 

Operating Vee Range 4.5Vto 5.5V 
Voltage at any Pin - 0.3V to V cc + 0.3V 

Vee 6.0V 
Operating Temperature Range 

Lead Temperature (Soldering, 10 seconds) 300°c 
MM74C956 - 4o·c to + a5·c 

DC Electrical Characteristics TA = 25·c 

Symbol Parameter Conditions Min Typ Max Units 

V1NJ!l Logical "1" Input Voltage Vee= 5V 2.4 v 

V1N(~ Logical "O" Input Voltage Vee= sv 0.8 v 

l1N_l1) Logical "1" Input Current Vee = 5V, V1N = 5V 0.005 1 µA 

l1N_lO) Logical "O" Input Current Vee = 5V, V1N = ov -100 25 µA 

Ice Supply Current Vee= 5V@TA = 25°C 
All Outputs Open 0.5 1 mA 
All Inputs @ 5V 

Output Drive (Notes 2 and 3) 

lsoURCE Peak Output Source Current Vee = 5V, Vour = 1.9V 
14.8 mA 

(P-Channel Segment Driver with 1 Segment On) TA= 25°C 

lsoURCE Peak Output Source Current Vee = 10v, Vour = 3.3V 
4.2 mA 

(P-Channel Segment Driver with 17 Segments On) TA= 25·c 

ls1NK Peak Output Sink Current Vee = 5V, Vour = 0.25V 
18.5 mA 

(N-Channel Digit Driver with 3 Segments On) TA= 25°C 

lslNK Peak Output Sink Current Vee= 1ov, Vour = 1.3V 
172 mA 

(N-Channel Digit Driver with 17 Segments On) TA= 25°C 

AC Electrical Characteristics* TA = 2s·c. Vee = sv 

Symbol Parameter Conditions Min Typ Max Units 

tw Write Pulse Width All Inputs Swing from OV-4V 240 ns 

tos Data Set-Up Time All Inputs Swing from OV-4V 100 ns 

toH Data Hold Time All Inputs Swing from OV-4V 50 ns 

tAs Address Set-Up Time All Inputs Swing from OV-4V 300 ns 

tAH Address Hold Time All Inputs Swing from OV-4V 0 ns 

tcLR Clear Time All Inputs Swing from OV-4V 1 µs 

•AC Parameters are guaranteed by DC correlated testing. 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Range" they are not 
meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device operation. 

Note 2: Average drive current :::: peak drive current + 4. 

Note 3: Current/segment is dependent upon total number of segments on. Maximum current occurs with 1 segment on; minimum current occurs with 17 segments 
on. 
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Timing Diagram for data access 

D0-06 
_____ r .. -r,· 

Functional Description 
Entry Into Data Memory 

To enter an ASCII code, the CE1 and CE2 inputs must be 
low, CU must be high. When the address is set up at AO and 
A 1, the WE can go low, at which time the internal RAM will 
respond to the data inputs (DO-D6). Note that the data 
need not be set up prior to the WE transition. 

All digits can be cleared by holding the CLR input low for the 
specified interval. 

Entry Into Cursor Memory 

This is accomplished by setting the CE1 and CE2 inputs as 
well as the CU input low. The· cursor memory consists of 4 
bits corresponding to the four digits, each one addressable 
by way of the AO and A 1 inputs. Once the address is stable, 
the WE input must go low and the cursor memory will re
spond to the DO input. That is, if DO is high, a cursor will be 
written and if DO is low, the cursor will be erased. CLR will 
not erase a cursor. A cursor will only be displayed when 
CUE is high and the cursor function can be bypassed by 
tying CUE low. A flashing cursor can be implemented by 
pulsing CUE; this results in alternately displaying the cursor 
and the character originally written in that digit. CUE will not 
alter the contents of either the cursor or data memory. 
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Blanking the Display 

Display blanking can be realized by using the BL input. By 
taking BL low, the display will be disabled while leaving the 
contents of the data and cursor memory unchanged. A 
flashing display will occur if BL is pulsed. The display is 
blanked by BL regardless of whether a cursor or character 
is being displayed. 

Illegal Code 

If an illegal ASCII code is entered into the data memory (i.e., 
D6 = D5) the display will automatically be blanked for the 
corresponding digit. 

OSD Pin 

Taking the OSD pin high disables the internal oscillator and 
prohibits normal multiplex scanning. This pin is pulled low 
internally and is primarily meant to be used in testing the 
part only. This pin should be grounded or left open in normal 
operation. 

Clearing the Display 

Pulsing the CLR pin low for the specified time will clear all 
internal data memories while leaving the cursor memories 
unchanged. 



Functional Description (Continued) 

TABLE I. Data and Cursor Entry Function Example 

Assume initially 06 = 1 and 05 - DO = 0 for all internal digit memories. Cursor memory is cleared. Table is intended to be 
read in sequence. 

iii CE1 CE2 CUE cu WE CLR A1 AO D6 D5 D4 D3 D2 D1 DO 
DIG DIG DIG DIG 

3 2 1 0 

0 x x x x 1 1 x x x x x x x x x 
1 1 0 x x x 1 x x x x x x x x x --, 

CLI 
--, 
cu ,:,J ·-, (1_1 

z 1 0 1 x x x 1 x x x x x x x x x cJ 
--, ,;J -1 

0 cu cu 
j:: 1 0 0 x x 1 1 x x x x x x x x x :-1 --, ,;J ,:,J u l_U cu z 

1 0 0 x 1 0 1 0 0 1 0 0 0 1 1 1 1:1J --1 1:1J f:1 ::I 0_1 ..... 
>- 1 0 0 x 1 0 1 1 0 0 1 1 0 1 0 0 1:J '-I 1:a 

,--
a: 1_:1 
.... x x x x x x 0 x x x x x x x x x z w 

Fl ~ 1 0 0 x 1 0 1 0 0 1 0 0 0 0 0 1 

"" 1 0 0 x 1 0 1 0 1 1 0 0 0 0 1 0 
-,-1 

:==1 c _o 
1 0 0 x 1 0 1 1 0 1 0 0 0 0 1 1 

,-- -,-, Fl L_ _o 
1 0 0 x 1 0 1 1 1 1 0 0 0 1 0 0 -1-1 ,-- -o n _ 1_1 1 __ _u 
1 0 0 1 0 0 1 0 0 x x x x x x 1 -,1 ,-- -11 i\J7I 

-'-' '-- _o 00 
1 0 0 1 0 0 1 0 1 x x x x x x 1 

-,-, ,-- ® @ _u 1 __ 
1 0 0 1 0 0 1 1 1 x x x x x x 1 iWI 1-- ® @ 0SI '--

z 1 0 0 1 0 0 1 1 0 x x x x x x 1 ® N2I ~ Nil 
0 0SI 051 @SI 

j:: 1 x x 0 1 1 1 x x x x x x x x x 11 ,-- 1-1 Fl u _1_1 1 __ _o 
z 1 x x 1 1 1 1 x x x x x x x x x iWI 00 00 @ ::I 051 ~ ..... 

1 0 0 1 0 0 1 0 0 x x x x x x 0 ® ® IS0 Fi >- I&! a: 11 ,-- 1-1 Fi .... 1 0 0 0 0 0 1 1 0 x x x x x x 0 z -'-' L- _o 
w 1 x x 1 1 1 1 x x x x x x x x x 00 ,--

~ C1 
a: ~ L- I l 

~ 0 x x x 1 1 1 x x x x x x x x x 
a: 

IS0 ,--
~ :=i ::I 1 x x 1 1 1 1 x x x x x x x x x u lrol '--

1 x x 1 1 x 0 x x x x x x x x x ~ ® 
1 0 0 1 0 0 1 1 1 x x x x x x 0 ~ 
1 0 0 1 0 0 1 0 1 x x x x x x 0 

X "'don't care 
TL/F/5924-5 

TABLE II. ROM Output Font for ASCII to Alpha-Numeric Decoding 

DO L H L H L H L H 
Character Set 01 L L H H L L H H 

02 L L L L H H H H 
06 05 D4 D3 

L H L L 
I I I I I % r1/ \1 / . :o /0 C~I 

L H L H 
/ \ \I/ -:- -- / 
\ / /1\ / . / 

1-1 I :1 -I 11 I - c -I 
L H H L l_I I '- -I -I :1 '-' I -

1-1 1-1 - - / \ ~:1 L H H H 0 :1 / (._ --
-~ - --

H L L L 1JJ :::: T1 i-- Tl E: ::- c; _1_1 '-- -'-' 
H L L H :--: -i- -1- I / I l\/I I\ I i--, 

-'- '-' I-\ I __ I I I ,, '--' 
H L H L :::1 

i--, C:1 i-- -i- I I I / I I 
l_~I I \ ::1 I '--I I/ 1/\1 

H L H H \/ \/ -7 I-

' 
-I 

/\ I (._ '- ' _I /\ --
TL/F/5924-6 
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.. Dt 
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~National 
~Semiconductor 

MM78C29/MM88C29 Quad Single-Ended Line Driver 
MM78C30/MM88C30 Dual Differential Line Driver 

General Description 
The MM78C30/MM88C30 is a dual differential line driver 
that also performs the dual four-input NANO or dual four-in
put AND function. The absence of a clamp diode to Vee in 
the input protection circuitry of the MM78C30/MM88C30 al
lows a CMOS user to interface systems operating at differ
ent voltage levels. Thus, a CMOS digital signal source can 
operate at a Vee voltage greater than the Vee voltage of 
the MM78C30 line driver. The differential output of the 
MM78C30/MM88C30 eliminates ground-loop errors. 

Logic Diagrams 

The MM78C29/MM88C29 is a non-inverting single-wire 
transmission line driver. Since the output ON resistance is a 
low 2on typ., the device can be used to drive lamps, relays, 
solenoids, and clock lines, besides driving data lines. 

Features 
• Wide supply voltage range 
• High noise immunity 
• Low output ON resistance 

3V to 15V 

0.45 Vee (typ.) 
2on (typ.) 

1/4 MM78C29/MM88C29 

INPUT 1 

INPUT 2 

INPUT 3 

INPUT 4 

Vee 

1/2 MM78C30/MM88C30 

Vee 
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OUTPUT 

TL/F/5908-1 

AND 
OUTPUT 

NANO 
OUTPUT 
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Absolute Maximum Ratings (Note 1) 

If Military I Aerospace specified devices are required, Operating Vee Range 3V to 15V 
contact the National Semiconductor Sales Office/ Absolute Maximum Vee 18V 
Distributors for availability and specifications . 

Average Current at Output 
Voltage at Any Pin (Note 1) -0.3V to Vee+ 16V MM78C30/MM88C30 50mA 
Operating Temperature Range MM78C29/MM88C29 25mA 

MM78C29/MM78C30 - 55°C to + 125°C Maximum Junction Temperature, Ti 150°C 
M M88C29/MM88C30 - 40°C to + 85°C 

Lead Temperature 
Storage Temperature - 65°C to + 150°C (Soldering, 10 seconds) 260°C 
Power Dissipation (Po) 

Dual-In-Line 700mW 
Small Outline 500mW 

DC Electrical Characteristics Min/Max limits apply across temperature range unless otherwise noted 

Symbol Parameter Conditions Min Typ Max Units 

CMOS TO CMOS 

V1N(1) Logical "1" Input Voltage Vee= 5V 3.5 v 
Vee= 1ov 8 v 

V1N(O) Logical "O" Input Voltage Vee= 5V 1.5 v 
Vee= 1ov 2 v 

l1N(1) Logical "1" Input Current Vee= 15V, V1N = 15V 0.005 1 µA 

l1N(O) Logical "O" Input Current Vee= 15V, V1N = ov -1 -0.005 µA 

Ice Supply Current Vee= 5V 0.05 100 mA 

OUTPUT DRIVE 

lsouReE Output Source Current 
MM78C29/MM78C30 VouT =Vee -1.6V, 

Vee~ 4.5V, Tj = 25°C -57 -80 mA 
Tj = 125°C -32 -50 mA 

MM88C29/MM88C30 VouT = Vee - 1.6V, 
Vee~ 4.75V, Tj = 25°C -47 -80 mA 
Tj = 85°C -32 -60 mA 

MM78C29/MM88C29 VouT =Vee - o.sv -2 -20 mA 
MM78C30/MM88C30 Vee~ 4.5V 

lstNK Output Sink Current 
MM78C29/MM78C30 VouT = 0.4V, Vee = 4.5V, 

Tj = 25°C 11 20 mA 
Tj = 125°C 8 14 mA 

VouT = b.4V, Vee= 10V, 
Tj = 25°C 22 40 mA 
Tj = 125°C 16 28 mA 

MM88C29/MM88C30 VouT = 0.4V, Vee = 4.75V, 
Tj = 25°C 9.5 22 mA 
Tj = 85°C 8 18 mA 

VouT = 0.4V, Vee = 10V, 
Tj = 25°C 19 40 mA 
Tj = 125°C 15.5 33 mA 

lsouReE Output Source Resistance 
MM78C29/MM78C30 VouT =Vee - 1.6V, 

Vee~ 4.5V, Tj = 25°C 20 28 fl 
TJ = 125°C 32 50 fl 

MM88C29/MM88C30 VouT = Vee - 1.6V, 
Vee~ 4.75V, Ti= 25°C 20 34 fl 
Tj = 85°C 27 50 fl 
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DC Electrical Characteristics 
Min/Max limits apply across temperature range, unless otherwise noted (Continued) 

Symbol Parameter Conditions Min Typ Max Units 

OUTPUT DRIVE (Continued) 

ls1NK Output Sink Resistance 
MM78C29/MM78C30 Vour = 0.4V, Vee = 4.50V, 

Ti= 25°C 20 36 n 
Tj = 125°C 28 50 n 

Vour = 0.4V, Vee= 1ov, 
Tj = 25°C 10 18 n 
Tj = 125°C 14 25 n 

MM88C29/MM88C30 Vour = 0.4V, Vee = 4.75V, 
Tj = 25°C 18 41 n 
TJ = 85°C 22 50 n 

Vour = 0.4V, Vee = 1 ov, 
Tj = 25°C 10 21 n 
Tj = 85°C 12 26 n 

Output Resistance 
Temperature Coefficient 

Source 0.55 %1°C 
Sink 0.40 %1°C 

OJA Thermal Resistance 
MM78C29/MM78C30 100 ·c;w 
(D-Package) 

MM88C29/MM88C30 
150 ·c;w 

(N-Package) 

AC Electrical Characteristics* TA = 25·c. cL = 50 pF 

Symbol Parameter Conditions Min Typ Max Units 

tpd Propagation Delay Time to 
Logical "1" or "O" (See Figure 2) 

MM78C29/MM88C29 Vee= 5V 80 200 ns 
Vee= 1ov 35 100 ns 

MM78C30/MM88C30 Vee= 5V 110 350 ns 
Vee= 1ov 50 150 ns 

tpd Differential Propagation Delay RL = 1 oon, CL = 5000 pF 
Time to Logical "1" or "O" (See Figure 1) 

MM78C30/MM88C30 Vee= 5V 400 ns 
Vee= 1ov 150 ns 

C1N Input Capacitance 
MM78C29/MM88C29 (Note3) 5.0 pF 
MM78C30/MM88C30 (Note3) 5.0 pF 

Cpo Power Dissipation Capacitance 
MM78C29/MM88C29 (Note3) 150 pF 
MM78C30/MM88C30 (Note3) 200 pF 

•AC Parameters are guaranteed by DC correlated testing. 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range" 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 

Note 2: Capacitance is guaranteed by periodic testing. 

Note 3: Cpo determines the no load AC power consumption of any CMOS device. For complete explanation see 54C/74C Family Characteristics application note 
AN-90. 
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Connection Diagrams 
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•Please look into Section B, Appendix D for availability of various package types. 

Typical Performance Characteristics 
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AC Test Circuits 
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FIGURE 1 
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Typical Applications 
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Digital Data Transmission 

LINE DRIVER AND RECEIVER (NOTE 3) 

NANO 
-------- OUTPUT 7 

Note 1: Exact value depends on line length. 

Note 2: Optional to control response time. 

Note 3: Vee to 4.5V to 5.5V for the DS7820. 
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Typical Applications (Continued) 
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Note 1: Vee is 3V 10 15V 

Typical Data Rate vs Transmission Line Length 

104 

~~~Jl~~~lll i:_ TA 25oC 
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101 1a2 

LENGTH Of TRANSMISSION LINE (fT) 
TL/F/5908-13 

Note 1: The 1ransmission line used was #22 gauge unshielded twisted pair (40k 
termination). 

Note 2: The curves generated assume that both drivers are driving equal lines, 
and that the maximum power is 500 mW/package. 
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~National 
~Semiconductor 

Section 7 
Surface Mount 

Cost pressures today are forcing many electronics manu
facturers to automate their production lines. Surface mount 
technology plays a key role in this cost-savings trend be
cause: 

1. The mounting of devices on the PC board surface elimi
nates the expense of drilling holes; 

2. The use of pick-and-place machines to assemble the PC 
boards greatly reduces labor costs; 

3. The lighter and more compact assembled products re
sulting from the smaller dimensions of surface mount 
packages mean lower material costs. 

Production processes now permit both surface mount and 
insertion mount components to be assembled on the same 
PC board. 

SURFACE MOUNT PACKAGING AT NATIONAL 

To help our customers take advantage of this new technolo
gy, National has developed a line of surface mount pack
ages. Ranging in lead counts from 3 to 360, the package 
offerings are summarized in Table I. 

Lead center spacing keeps shrinking with each new genera
tion of surface mount package. Traditional packages (e.g., 
DIPs) have a 100 mil lead center spacing. Surface mount 
packages currently in production (e.g., SOT, SOIC, PCC, 
LCC, LDCC) have a 50 mil lead center spacing. Surface 
mount packages in production release (e.g., PQFP) have a 
25 mil lead center spacing. Surface mount packages in de
velopment (e.g., TAPEPAK™) will have a lead center spac
ing of only 12-20 mils. 

TABLE I. Surface Mount Packages from National 

Package Small Outline Small Outline Plastic Chip Plastic Quad TAPEPAK™ Leadless Chip Leaded Chip 
Type Transistor IC(SOIC) Carrier (PCC) Flat Pack (TP) Carrier (LCC) Carrier 

(SOT) 

m 
(PQFP) (LDCC) 

0 0 

D ··0°111'''"''"''''ra 

,D~ ~ v ilo II 
Wllo 

0 

~ l I 
1 IBBB~BBBI I ~&~ 1111111111111111111111 

Package 
Plastic Plastic Plastic Plastic Plastic Ceramic Ceramic 

Material 

Lead Bend Gull Wing Gull Wing J-Bend Gull Wing Gull Wing - Gull Wing 

Lead Center 
50Mils 50Mils 50Mils 25Mils 20, 15, 12 Mils 50Mils 50Mils 

Spacing 

Tape & Reel 
Yes Yes Yes tbd tbd No No 

Option 

PQFP-84 TP-40 LCC-18 
Lead Counts SOT-23 S0-8(*) PCC-20 PQFP-100 TP-68 LCC·20 LDCC-44 

High Profile S0-14(*) PCC-28 PQFP-132 TP-84 
SOT-23 TP-132 LCC-28 LDCC-68 

Low Profile S0-14 Wide(•) PCC-44 PQFP-196 TP-172 
S0-16(*) PCC-68 PQFP-244 TP-220 LCC-32 LDCC-84 
S0-16 Wide(•) PCC-84 TP-284 LCC-44 
S0-20(*) PCC-124 TP-360 LCC-48 LDCC-124 
S0-24(*) LCC-52 

LCC-68 
LCC-84 
LCC-124 

•1n production (or planned) for commercial CMOS logic products. 
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CMOS LOGIC PRODUCTS IN SURFACE MOUNT 

A complete list of CMOS logic part numbers in surface 
mount is presented in Table Ill. Refer to the datasheet in the 
appropriate chapter of this databook for a complete descrip
tion of the device. In addition, National is continually ex
panding the list of devices offered in surface mount. If the 
functions you need do not appear in Table Ill, contact the 
sales office or distributor branch nearest you for additional 
information. 

Automated manufacturers can improve their cost savings by 
using Tape-and-Reel for surface mount devices. Simplified 
handling results because hundreds-to-thousands of semi
conductors are carried on a single Tape-and-Reel pack (see 
ordering and shipping information-printed later in this sec
tion-for a comparison of devices/reel vs. devices/rail for 
those surface mount package types being used for CMOS 
logic products). With this higher device count per reel (when 
compared with less than a 100 devices per rail), pick-and
place machines have to be re-loaded less frequently and 
lower labor costs result. 

With Tape-and-Reel, manufacturers save twice-once from 
using surface mount technology for automated PC board 
assembly and again from less device handling during ship
ment and machine set-up. 

BOARD CONVERSION 

Besides new designs, many manufacturers are converting 
existing printed circuit board designs to surface mount. The 
resulting PCB will be smaller, lighter and less expensive to 
manufacture; but there is one caveat-be careful about the 
thermal dissipation capability of the surface mount package. 

Because the surface mount package is smaller than the tra
ditional dual-in-line package, the surface mount package is 
not capable of conducting as much heat away as the DIP 
(i.e., the surface mount package has a higher thermal resist
ance-see Table II). 

The silicon for most National devices can operate up to a 
150°C junction temperature. Like the DIP, the surface mount 
package can actually withstand an ambient temperature of 
up to 125°C (although a commercial temperature range de
vice will only be specified for a max ambient temperature of 
85'C). 

TABLE II: Surface Mount Package 
Thermal Resistance Range* 

Package 
Thermal Resistance** 

(OJA• °C/W) 

S0-8 120-175 

S0-14 100-140 
S0-14 Wide 70-110 

S0-16 90-130 
S0-16Wide 70-100 
S0-20 60-90 

S0-24 55-85 

•Actual thermal resistance for a particular device depends on die size. 
Reier to the datasheet for the actual OjA value. 

••rest conditions: PCB mount (FR4 material), still air (room temperature), 
copper traces (150 x 20 x 1 O mils). 
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Given a max junction temperature of 150°C and a maximum 
allowed ambient temperature, the surface mount device will 
be able to dissipate less power than the DIP device. Al
though CMOS Logic devices dissipate very little power in 
the static mode, their power consumption may be significant 
when clocked at high frequencies. Therefore, the higher 
thermal resistance should be evaluated for new designs. 

For board conversion, the DIP and surface mount devices 
would have to dissipate the same power. This means the 
surface mount circuit would have a lower maximum allowa
ble ambient temperature than the DIP circuit. For DIP cir
cuits where the maximum ambient temperature required is 
substantially lower than the maximum ambient temperature 
allowed, there may be enough margin for safe operation of 
the surface mount circuit with its lower maximum allowable 
ambient temperature. But where the maximum ambient tem
perature required of the DIP current is close to the maxi
mum allowable ambient temperature, the lower maximum 
ambient temperature allowed for the surface mount circuit 
may fall below the maximum ambient temperature required. 
The circuit designer must be aware of this potential pitfall so 
that an appropriate work-around can be found to keep the 
surface mount package from being thermally overstressed 
in the application. 

SURFACE MOUNT LITERATURE 

National has published extensive literature on the subject of 
surface mount packaging. Engineers from packaging, quali
ty, reliability, and surface mount applications have pooled 
their experience to provide you with practical hands-on 
knowledge about the construction and use of surface mount 
packages. 

The applications note AN-450 "Surface Mounting Methods 
and their Effect on Product Reliability" is referenced on 
each SMD datasheet. In addition, "Wave Soldering of Sur
face Mount Components" is reprinted in this section for your 
information. 

A FINAL WORD 

National is a world leader in the design and manufacture of 
surface mount components. 

Because of design innovations such as perforated copper 
leadframes, our small outline package is as reliable as our 
DIP-the laws of physics would have meant that a straight 
"junior copy" of the DIP would have resulted in an "S.O." 
package of lower reliability. You benefit from this equiva
lence of reliability. In addition, our ongoing vigilance at each 
step of the production process assures that the reliability we 
designed in stays in so that only devices of the highest qual
ity and reliability are shipped to your factory. 

Our surface mount applications lab at our headquarters site 
in Santa Clara, California continues to research (and pub
lish) methods to make it even easier for you to use surface 
mount technology. Your problems are our problems. 

When you think "Surface Mount"-think "National"! 
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TABLE Ill. CMOS Surface Mount Current Device Listing c: ... -I» 

CD4000 CD4538BCWM MM74HC139M MM74HC289M MM74HC541WM MM74HCT273WM (') 
(1) 

CD4541BCWM MM74HC14M MM74HC299WM MM74HC563WM MM74HCT34M 3: 
CD4001BCM CD4723BCM MM74HC147M MM74HC30M MM74HC564WM MM74HCT373WM 0 
CD4002BCM MM74HC149WM MM74HC32M MM74HC573WM MM7 4HCT37 4WM 

c: 
::::J 

CD4007CM MM74HC151M MM74HC354WM MM74HC574WM MM74HCT521WM -
CD4010CM MM74HC153M MM74HC356WM MM74HC58M MM74HCT533WM 
CD4011BCM MM74C MM74HC154WM MM74HC365WM MM74HC589M MM74HCT534WM 
CD4013BCM MM74HC157M MM74HC366WM MM74HC595M MM74HCT540WM 
CD4014CM MM74COOM MM74HC158M MM74HC367WM MM74HC597M MM74HCT541WM 
CD4016BCM MM74C14M MM74HC160M MM74HC368WM MM74HC640WM MM74HCT640WM 
CD4017BCM MM74C154WM MM74HC161M MM74HC373WM MM74HC643WM MM74HCT643WM 
CD4020BCM MM74C193M MM74HC162M MM74HC374WM MM74HC646WM MM74HCT688WM 
CD4021BCM MM74C240WM MM74HC163M MM74HC390WM MM74HC648WM MM74HCT74M 
CD4023BCM MM74C244WM MM74HC164M MM74HC393M MM74HC688WM 
CD4024BCM MM74C32M MM74HC165M MM74HC4002M MM74HC7266M 
CD4025BCM MM74C373WM MM74HC173M MM74HC4016WM MM74HC73M 
CD4027BCM MM74C374WM MM74HC174M MM74HC4017M MM74HC74AM MM74HCU 
CD4040BCM MM74C74M MM74HC175M MM74HC4020M MM74HC75M 
CD4041BCM MM74C901M MM74HC181WM MM74HC4040M MM74HC76M MM74HCU04M 
CD4042BCM MM74C906M MM74HC182M MM74HC4046M MM74HC85WM 
CD4043BCM MM74C914M MM74HC194WM MM74HC4049M MM74HC86M 
CD4047BCM MM74HC195WM MM74HC4050M 
CD4049UBCM MM74HC20M MM74HC4051WM 
CD4050BCM MM74HC221AM MM74HC4052WM 
CD4051BCM MM74HC MM74HC237M MM74HC4053WM MM74HCT 
CD4052BCM MM74HC240WM MM74HC4060M 
CD4053BCM MM74HCOOM MM74HC241WM MM74HC4066WM MM74HCTOOM 
CD4060BCM MM74HC02M MM74HC242M MM74HC4075M MM74HCT04M 
CD4066BCM MM74HC03M MM74HC243M MM74HC4078M MM74HCT05M 
CD4069UBCM MM74HC04M MM74HC24316WM MM74HC42M MM74HCT112M 
CD4070BCM MM74HC08M MM74HC244WM MM74HC423AM MM74HCT138M 
CD4071BCM MM74HC10M MM74HC245AWM MM74HC4316WM MM74HCT149WM 
CD4081BCM MM74HC109AM MM74HC251M MM74HC4511M MM74HCT151M 
CD4093BCM MM74HC11M MM74HC253M MM74HC4514WM MM74HCT153WM 
CD4094BCWM MM74HC123AM MM74HC257M MM74HC4538M MM74HCT164M 
CD4511BCWM MM74HC125M MM74HC259M MM74HC4543M MM74HCT240WM 
CD4512BCM MM74HC126M MM74HC266AM MM74HC51M MM74HCT241WM 
CD4514BCWM MM74HC132M MM74HC27M MM74HC521WM MM74HCT244WM 
CD4515BCWM MM74HC133M MM74HC273WM MM74HC533WM MM74HCT245WM 
CD4516BCWM MM74HC137M MM74HC280M MM74HC534WM MM74HCT251M 
CD4528BCM MM74HC 138M MM74HC283M MM74HC540WM MM74HCT253M 

• 
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Ordering and Shipping Information 
When you order a surface mount semiconductor, it will be in 
one of the several available surface mount package types. 
Specifying the Tape-and-Reel method of shipment means 
that you will receive your devices in the following quantities 
per Tape-and-Reel pack: SMD devices can also be supplied 
in conventional conductive rails. 

Package 
Package 

Max/Rall Per Reel* 
Designator 

S0-8 M . 100 2500 
S0-14 M 50 2500 
S0-14Wide WM 50 1000 
S0-16 M 50 2500 
S0-16Wide WM 50 1000 
S0-20Wide WM 40 1000 
S0-24Wide WM 30 1000 

•incremental ordering quantities. (National Semiconductor reserves the right 
to provide a smaller quantity of devices per Tape-and-Reel pack to preserve 
lot or date code integrity. See example below.) 

Short-Form Procurement Specification 
TAPE FORMAT 

Trailer (Hub End)* 

Empty Cavities, Empty Cavities, 
min (Unsealed min (Sealed 
Cover Tape) Cover Tape) 

Small Outline IC 

S0-8 (Narrow) 2 2 

S0-14 (Narrow) 2 2 

S0-14 (Wide) 2 2 

S0-16 (Narrow) 2 2 

S0-16 (Wide) 2 2 

S0-20 (Wide) 2 2 

S0-24 (Wide) 2 2 

Example: You order 5,000 MM74COOM ICs shipped in Tape
and-Reel. 

• Case 1: All 5,000 devices have the same date code 

•You receive 2 S0-14 (Narrow) Tape-and-Reel 
packs, each having 2500 MM74COOM ICs · 

• Case 2: 3,000 devices have date code A and 2,000 de
vices have date code 8 

•You receive 3 S0-14 (Narrow) Tape-and-Reel 
packs as follows: 

Pack # 1 has 2,500 MM7 4COOM I Cs with date code 
A 
Pack #2 has 500 MM74COOM ICs with date code A 

Pack #3 has 2,000 MM74COOM ICs with date code 
8 

~ I· Oirectlohot feed I 

Carrier* Leader (Start End)* 

Filled Cavities Empty Cavities, Empty Cavities, 
(Sealed min (Sealed min (Unsealed 

Cover Tape) Cover Tape) Cover Tape) 

2500 5 5 

2500 5 5 

1000 5 5 

2500 5 5 

1000 5 5 

1000 5 5 

1000 5 5 

•The following diagram Identifies these sections of the tape and Pin # 1 device orientation. 
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Short-Form Procurement Specification (Continued) 

DEVICE ORIENTATION 

DIRECTION 
OF FEED r-- TRAILER J CARRIER SECTION ~1~ ~1 SECTION 

.L.----__""l_ 

)ooooooooooooooooooooooooooojoo~ooooooooooooooooc 

HUB 
ENO 

\. 

T "----,---' \.. 
• EMPTY • EMPTY 

CAVITIES CAVITIES 
• UNSEALED • SEALED 

COVER TAPE COVER TAPE 

MATERIALS 

•Cavity Tape: Conductive PVC (less than 10s Ohms/Sq) 

• Cover Tape: Polyester 

(1) Conductive cover available 

TAPE DIMENSIONS (24 Millimeter Tape or Less) 

P2-

I 

DEVICE ORIENTATION 

SO-IC 

PIN 
1 

7-7 

l I 
I I 
I I 
I I I I I I 
l I 

~-.:z..-.::::..~ 
I \ 

•Reel: 

/' ../\. 
I I 

• EMPTY • EMPTY 
CAVITIES CAVITIES 

• SEALED • UNSEALED 
COVER TAPE COVER TAPE 

r.- -------;i 
0 0 0 0 I 

I 
I 
I 
I 
I 
I 
I 
I 

I I 
t...:'.---------~ 

PCC-IC 
DEVICES 

TL/XX/0061-6 

(1) Solid 80 pt fibreboard (standard) 

(2) Conductive fibreboard available 

(3) Conductive plastic (PVC) available 

_ Po 10 PITCH CUMULATIVE 
TAPE TOLERANCE ±0.2mm 

E 

~ 
f j 

PCC-IC 
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w p F E Po D T Ao Bo Ko 

Small Outline IC 

S0-8 
(Narrow) 

12±.30 8.0±.10 5.5±.05 1.75±.10 2.0±.05 4.0±.10 1.55±.05 .30±.10 6.4±.10 5.2±.10 2.1±.10 1.55±.05 30 

S0-14 
16±.30 8.0±.10 7.5±.10 1.75±.10 2.0±.05 4.0±.10 1.55±.05 .30±.10 6.5±.10 9.0±.10 2.1±.10 1.55±.05 40 

(Narrow) 

S0-14 
16±.30 12.0±.10 7.5±.10 1.75±.10 2.0±.05 4.0±.10 1.55±.05 .30±.10 10.9±.10 9.5±.10 3.0±.10 1.55±.05 40 

(Wide) 

S0-16 
16±.30 8.0±.10 

(Narrow) 
7.5±.10 1.75±.10 2.0±.05 4.0±.10 1.55±.05 .30±.10 6.5±.10 10.3±.10 2.1 ±.10 1.55±.05 40 

S0-16 
16±.30 12.0±.10 7.5±.10 1.75±.10 2.0±.05 4.0±.10 

(Wide) 
1.55±.05 .30±.10 10.9±.10 10.76±.10 3.0±.10 1.55±.05 40 

S0-20 
24±.30 12.0±.10 11.5±.10 1.75±.10 2.0±.05 4.0±.10 1.55±.05 .30±.10 10.9±.10 13.3±.10 3.0±.10 2.05±.05 50 

(Wide) 

S0-24 
24±.30 12.0 ± .10 

(Wide) 
11.5±.10 1.75±.10 2.0±.05 4.0±.10 1.55±.05 .30±.10 10.9±.10 15.85±.10 3.0±.10 2.05±.05 50 

Plastic Chip Carrier IC 

PCC-20 16±.30 12.0±.10 7.5±.10 1.75±.10 2.0±.05 4.0±.10 1.55±.05 .30±.10 9.3±.10 9.3±.10 4.9±.10 1.55±.05 40 

PCC-28 24±.30 16.0±.10 11.5±.10 1.75±.10 2.0±.05 4.0±.10 1.55±.05 .30±.10 13.0±.10 13.0±.10 4.9±.10 2.05±.05 50 

Note 1: Ao. Bo and Ko dimensions are measured 0.3 mm above the inside wall of the cavity bottom. 

Note 2: Tape with components shall pass around a mandril radius R without damage. 

Note 3: Cavity tape material shall be PVC conductive (less than 10s Ohms/Sq). 

Note 4: Cover tape material shall be polyester (30-65 grams peel-back force). 

Note 5: 0 1 Dimension is centered within cavity. 

Note 6: All dimensions are in millimeters. 

REEL DIMENSIONS 

A 

FULL RADIUS 

ST ARTM * Surface Mount Tape and Reel 
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Short-Form Procurement Specifications (Continued) 

A (Max) B(Mln) c D(Mln) N (Min) G T(Max) 

12 mm Tape S0-8 (Narrow) (13.00) .059 .512±.002 .795 1.969 0.488~:86g .724 -- -
(330) 1.5 13±0.05 20.2 50 12.4~5 18.4 

16 mm Tape S0-14 (Narrow) 
S0-14 (Wide) 

(13.00) .059 .512±.002 .795 1.969 0.646~:86g .882 
S0-16 (Narrow) - - --

16.4~5 
-

S0-16 (Wide) 
(330) 1.5 13 ±0.05 20.2 50 22.4 

PCC-20 

24 mm Tape S0-20 (Wide) 
(13.00) .059 .512±.002 .795 1.969 o.96o~:86g 1.197 

S0-24 (Wide) - - --
24.4~5 

--
PCC-28 

(330) 1.5 13 ±0.05 20.2 50 30.4 

32mmTape PCC-44 (13.00) .059 .512±.002 .795 1.969 1.276~:86g 1.512 
- -

32.4~5 
38.4 

(330) 1.5 13±0.05 20.2 50 

Units: Inches 
Millimeters 

Material: Paperboard (Non-Flaking) 

LABEL 

Human and Machine Readable Label is provided on reel. A 
variable (C.P.I) density code 39 is available. NSC STD label 
(7.6 C.P.I.) 

FIELD 

Lot Number 

Date Code 

Revision Level 

National Part No. l.D. 

Qty. 

EXAMPLE 

LDT 
\NUMBER 

LOT: EPb393b3K027 R: 

/REVISION 
~NUMBER 

TL/XX/0061-11 

Fields are separated by at least one blank space. 

Future Tape-and-Reel packs will also include a smaller-size 
bar code label (high-density code 39) at the beginning of the 
tape. (This tape label is not available on current production.) 

National Semiconductor will also offer additional labels con
taining information per your specific specification. 
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Wave Soldering of Surface 
Mount Components 
ABSTRACT 

In facing the upcoming surge of "surface mount technolo
gy", many manufacturers of printed circuit boards have tak
en steps to convert some portions of their boards to this 
new process. However, as the availability of surface mount 
components is still limited, may have taken to mixing the 
lead-inserted standard dual-in-line packages (DIPs) with the 
surface mounted devices (SMDs). Furthermore, to take ad
vantage of using both sides of the board, surface-mounted 
components are generally adhered to the bottom side of the 
board while the top side is reserved for the conventional 
lead-inserted packages. If processed through a wave solder 
machine, the semiconductor components are now subject
ed to extra thermal stresses (now that the components are 
totally immersed into the molten solder). 

A discussion of the effect of wave soldering on the reliability 
of plastic semiconductor packages follows. This is intended 
to highlight the limitations which should be understood in 
the use of wave soldering of surface mounted components. 

ROLE OF WAVE-SOLDERING IN 
APPLICATION OF SMDs 

The generally acceptable methods of soldering SMDs are 
vapor phase reflow soldering and IR reflow soldering, both 
requiring application of solder paste on PW boards prior to 
placement of the components. However, sentiment still ex
ists for retaining the use of the old wave-soldering machine . 
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Wave Soldering of Surface Mount Components (Continued) 

The reasons being: C) Vapor/IR reflow only. 

1) Most PC Board Assembly houses already possess wave 1. Components on the same side of PW Board. 
soldering equipment. Switching to another technology Trim and form standard DIPs in "gull wing" config-
such as vapor phase soldering requires substantial in- uration 

vestment in equipment and people. Solder paste screened on PW Board 
2) Due to the limited number of devices that are surface Pick and place SMDs and DIPs 

mount components, it is necessary to mix both lead in-
serted components and surface mount components on 
the same board. 

3) Some components such as relays and switches are 
made of materials which would not be able to survive the 
temperature exposure in a vapor phase or IR furnace. 

PW BOARD ASSEMBLY PROCEDURES 

There are two considerations in which through-hole ICs may 
be combined with surface mount components on the PW 
Board: 

a) Whether to mount ICs on one or both sides of the board. 

b) The sequence of soldering using Vapor Phase, IR or 
Wave Soldering singly or combination of two or more 
methods. 

The various processes that may be employed are: 

A) Wave Solder before Vapor/IR reflow solder. 

1. Components on the same side of PW Board. 

Lead insert standard DIPS onto PW Board Wave 
solder (conventional) 

Wash and lead trim 

Dispense solder paste on SMD pads 

Pick and place SMDs onto PW Board 

Bake 

Vapor phase/IR reflow 

Clean 

2. Components on opposite side of PW Board. 

Lead insert standard DIPs onto PW Board 

Wave Solder (conventional) 

Clean and lead trim 

Invert PW Board 

Dispense solder paste on SMD pads 

Dispense drop of adhesive on SMD sites (optional 
for smaller components) 

Pick and place SMDs onto board 

Bake/Cure 

Invert board to rest on raised fixture 

Vapor/IR reflow soldering 

Clean 

B) Vapor/IR reflow solder then Wave Solder. 

1. Components on the same side of PW Board. 

Solder paste screened on SMD side of Printed 
Wire Board 

Pick and place SMDs 

Bake 

Vapor/IR reflow 

Lead insert on same side as SMDs 

Wave solder 

Clean and trim underside of PCB 
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Bake 

Vapor/IR reflow 

Clean 

2. Components on opposite sides of PW Board. 

Solder paste screened on SMD-side of Printed 
Wire Board 

Adhesive dispensed at central location of each 
component 

Pick and place SMDs 

Bake 

Solder paste screened on all pads on DIP-side or 
alternatively apply solder rings (performs) on 
leads 

Lead insert DIPs 

Vapor/IR reflow 

Clean and lead trim 

D) Wave Soldering Only 

1. Components on opposite sides of PW Board. 

Adhesive dispense on SMD side of PW Board 

Pick and place SMDs 

Cure adhesive 

Lead insert top side with DIPs 

Wave solder with SMDs down and into solder bath 

Clean and lead trim 

All of the above assembly procedures can be divided into 
three categories for l.C. Reliability considerations: 

1) Components are subjected to both a vapor phase/IA 
heat cycle then followed by a wave-solder heat cycle or 
vice versa. 

2) Components are subjected to only a vapor phase/IA 
heat cycle. 

3) Components are subjected to wave-soldering only and 
SMDs are subjected to heat by immersion into a solder 
pot. 

Of these three categories, the last is the most severe re
garding heat treatment to a semiconductor device. Howev
er, note that semiconductor molded packages generally 
possess a coating of solder on their leads as a final finish 
for solderability and protection of base leadframe material. 
Most semiconductor manufacturers solder-plate the compo
nent leads, while others perform hot solder dip. In the latter 
case the packages may be subjected to total immersion into 
a hot solder bath under controlled conditions (manual oper
ation) or be partially immersed while in a 'pallet' where auto
matic wave or DIP soldering processes are used. It is, there
fore, possible to subject SMDs to solder heat under certain 
conditions and not cause catastrophic failures. 



Wave Soldering of Surface Mount Components ccontinued) 

THERMAL CHARACTERISTICS OF 
MOLDED INTEGRATED CIRCUITS 

Since Plastic DIPs and SMDs are encapsulated with a ther
moset epoxy, the thermal characteristics of the material 
generally correspond to a TMA (Thermo-Mechanical Analy
sis) graph. The critical parameters are (a) its Linear thermal 
expansion characteristics and (b) its glass transition temper
ature after the epoxy has been fully cured. A typical TMA 
graph is illustrated in Figure 1. Note that the epoxy changes 
to a higher thermal expansion once it is subjected to tem
peratures exceeding its glass transition temperature. Metals 
(as used on lead frames, for example) do not have this char
acteristic and generally will have a consistent Linear thermal 
expansion over the same temperature range. 

In any good reliable plastic package, the choice of lead 
frame material should be such to match its thermal expan
sion properties to that of the encapsulating epoxy. In the 
event that there is a mismatch between the two, stresses 
can build up at the interface of the epoxy and metal. There 
now exists a tendency for the epoxy to separate from the 
metal lead frame in a manner similar to that observed on bi
metallic thermal range. 

In most cases when the packages are kept at temperatures 
below their glass transition, there is a small possibility of 
separation at the expoxy-metal interface. Howerver, if the 
package is subjected to temprature above its glass-tran
sition temperature, the epoxy will begin to expand much 
faster than the metal and the probability of separation is 
greatly increased. 

CONVENTIONAL WAVE-SOLDERING 

Most wave-soldering operations occur at temperatures be
tween 240-260°C. Conventional epoxies for encapsulation 
have glass-transition temperature between 140-170°C. An 
l.C. directly exposed to these temperatures risks its long 
term functionality due to epoxy/metal separation. 

Fortunately, there are factors that can reduce that element 
of risk: 

1) The PW board has a certain amount of heat-sink effect 
and tends to shield the components from the tempera
ture of the solder (if they were placed on the top side of 
the board). In actual measurements, DIPs achieve a tem
perature between 120-150°C in a 5-second pass over 
the solder. This accounts for the fact that DIPs mounted 
in the conventional manner are reliable. 

2) In conventional soldering, only the tip of each lead in a 
DIP would experience the solder temperature because 
the epoxy and die are standing above the PW board and 
out of the solder bath. 
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EFFECT ON PACKAGE PERFORMANCE BY 
EPOXY-METAL SEPARATION 

In wave soldering, it is necessary to use fluxes to assist the 
solderability of the components and PW boards. Some facil
ities may even process the boards and components through 
some form of acid cleaning prior to the soldering tempera
ture. If separation occurs, the flux residues and acid resi
dues (which may be present owing to inadequate cleaning) 
will be forced into the package mainly by capillary action as 
the residues move away from the solder heat source. Once 
the package is cooled, these contaminants are now trapped 
within the package and are available to diffuse with moisture 
from the epoxy over time. It should be noted that electrical 
tests performed immediately after soldering generally will 
give no indication of this potential problem. In any case, the 
end result will be corrosion of the chip metallization over 
time and premature failure of the device in the field. 

VAPOR PHASE/IA REFLOW SOLDERING 

In both vapor phase and IA reflow soldering, the risk of 
separation between epoxy/metal can also be high. Operat
ing temperatures are 215°C (vapor phase) or 240°C (IA) and 
duration may also be longer (30 sec-60 sec). On the same 
theoretical basis, there should also be separation. However, 
in both these methods, solder paste is applied to the pads 
of the boards; no fluxes are used. Also, the devices are not 
immersed into the hot solder. This reduces the possibility of 
solder forcing itself into the epoxy-lead frame interface. Fur
thermore, in the vapor phase system, the soldering environ
ment is "oxygen-free" and considered "contaminant free". 
Being so, it could be visualized that as far as reliability with 
respect to corrosion, both of these methods are advanta
geous over wave soldering. 

BIAS MOISTURE TEST 

A bias moisture test was designed to determine the effect 
on package performance. In this test, the packages are 
pressured in a stream chamber to accelerate penetration of 
moisture into the package. An electrical bias is applied on 
the device. Should there be any contaminants trapped with
in the package, the moisture will quickly form an electrolyte 
and cause the electrodes (which are the lead fingers), the 
gold wire and the aluminum bond-pads of the silicon device 
to corrode. The aluminum bond-pads, being the weakest 
link of the system, will generally be the first to fail. 

This proprietary accelerated bias/moisture pressure-test is 
significant in relation to the life test condition at 85°C and 

A-42a=4.6 

~~~===~.=~::::::= T (OC) 
100 110 120 130 140 150 160 I 170 180 

Tg TL/XX/0061-12 

FIGURE 1. Thermal Expansion and Glass Transition Temperature 
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Wave Soldering of Surface Mount Components (Continued) 

85% relative humidity. Once cycle of approximately 100 
hours has been shown to be equivalent to 2000 hours in the 
85/85 condition. Should the packages start to fail within the 
first cycle in the test, it is anticipated that the boards with 
these components in the harsh operating environment 
(85°C/85% RH) will experience corrosion and eventual 
electrical failures within its first 2000 hours of operation. 

Whether this is significant to a circuit board manufacturer 
will obviously be dependent on the products being manufac
tured and the workmanship or reliability standards. General
ly in systems with a long warranty and containing many 
components, it is advisable both on a reputation and cost 
basis to have the most reliable parts available. 

TEST RESULTS 

The comparison of vapor phase and wave-soldering upon 
the reliability of molded Small-Outline packages was per
formed using the bias moisture test (see Table IV). It is 
clearly seen that vapor phase reflow soldering gave more 
consistent results. Wave-soldering results were based on 
manual operation giving variations in soldering parameters 
such as temperature and duration. 

TABLE IV. Vapor Phase vs. Wave Solder 

1. Vapor phase (60 sec. exposure @ 215°C) 
= 9 failures/1723 samples 
= 0.5% (average over 32 sample lots) 

2. Wave solder (2 sec total immersion @ 260°C) 
= 16 failures/1201 samples 
= 1.3% (average over 27 sample lots) 

Package: S0-14 lead 
Test: Bias moisture test 85% R.H., 

85°C for 2000 hours 
Device: LM324M 

In Table V we examine the tolerance of the Small-Outlined 
(SOIC) package to varying immersion time in a hot solder 
pot. S0-14 lead molded packages were subjected to the 
bias moisture test after being treated to the various solder
ing conditions and repeated four (4) times. End point was an 
electrical test after an equivalent of 4000 hours 85/85 test. 
Results were compared for packages by itself against pack
ages which were surface-mounted onto a FR-4 printed wire 
board. 

TABLE V. Summary of Wave Solder Results 
(85% R.H./85°C Bias Moisture Test, 2000 hours) 

( # Failures/Total Tested) 

Unmounted Mounted 

Control/Vapor Phase 
0/114 0/84 

15 sec@ 215°C 

Solder Dip 
2/144 (1.4%) 0/85 

2 sec@ 260°C 

Solder Dip 
- 0/83 

4 sec@ 260°C 

Solder Dip 
13/248 (5.2%) 1/76(1.3%) 

6 sec@ 260°C 

Solder Dip 
14/127 (11.0%) 3/79 (3.8%) 

10 sec @ 260°C 

Package: S0-14 lead 
Device: LM324M 
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Since the package is of very small mass and experiences a 
rather sharp thermal shock followed by stresses created by 
the mismatch in expansion, the results show the package 
being susceptible to failures after being immersed in excess 
of 6 seconds in a solder pot. In the second case where the 
packages were mounted, the effect of severe temperature 
excursion was reduced. In the second case where the pack
ages were mounted, the effect of severe temperature excur
sion was reduced. In any case, because of the repeated 
treatment, the package had failures when subjected in ex
cess of 6 seconds immersion in hot solder. The safety mar
gin is therefore recommended as maximum 4 seconds im
mersion. If packages were immersed longer than 4 sec
onds, there is a probable chance of finding some long term 
reliability failures even though the immediate electrical test 
data could be acceptable. 

Finally, Table VI examines the bias moisture test performed 
on surface mount (SOIC) components manufactured by var
ious semiconductor houses. End point was an electrical test 
after an equivalent of 6000 hours in a 85/85 test. Failures 
were analyzed and corrosion was checked for in each case 
to detect flaws in package integrity. 

TABLE VI. U.S. Manufacturers Integrated Circuits 
Reliability In Various Solder Environments 

( # Failure/Total Tested) 

Package 
Vapor Wave Wave Wave Wave 
Phase Solder Solder Solder Solder so-a 
30sec 2sec 4sec 6sec 10sec 

ManufA 8/30* 1/30* 0.30 12/30* 16/30* 
Manuf B 2/30* 8/30* 2/30* 22/30* 20/30* 
ManufC 0/30 0/29 0/29 0/30 0130 

Manuf D 1/30* 0/30 12/30* 14/30* 2/30* 
Manuf E 1/30** 0/30 0/30 0/30 0/30 
Manuf F 0/30 0/30 0/30 0/30 0/30 
ManufG 0/30 0/30 0/30 0/30 0/30 

•corrosion-failures 

**No Visual Defects-Non-corrosion failures 

Test: Accelerated Bias Moisture Test; 85% R.H./85°C, 6000 equivalent 
hours. 

SUMMARY 

Based on the results presented, it is noted that surface
mounted components are as reliable as standard molded 
DIP packages. Whereas DIPs were never processed by be
ing totally immersed in a hot solder wave during printed cir
cuit board soldering, surface mounted components such as 
SOICs (Small Outline) are expected to survive a total immer
sion in the hot solder in order to capitalize on maximum 
population on boards. Being constructed from a thermoset 
plastic of relatively low Tg compared to the soldering tem
perature, the ability of the package to survive is dependent 
on the time of immersion and also the cleanliness of materi
al. The results indicate that one should limit the immersion 
time of package in the solder wave to a maximum of 4 sec
onds in order to truly duplicate the reliability of a DIP. As the 
package size is reduced, as in a S0-8 lead, the requirement 
becomes even more critical. This is shown by the various 
manufacturers' performance. Results indicate there is room 
for improvement since not all survived the hot solder immer
sion without compromise to lower reliability. 



Small Outline (SO) Package Surface Mounting Methods
Parameters and Their Effect on Product Reliability 

The SO (small outline) package has been developed to 
meet customer demand for ever-increasing miniaturization 
and component density. 

COMPONENT SIZE COMPARISON 

S.O. Package 

_.I I.._ TYPICALLY 0.050" LEADSPACING 

TL/XX/0061-13 

Standard DIP Package 

r--, 
I I L _ _J 

I- TYPICALLY 0.100" LEADSPACING 
TL/XX/0061-14 

Because of its small size, reliability of the product assem
bled in SO packages needs to be carefully evaluated. 

SO packages at National were internally qualified for pro
duction under the condition that they be of comparable reli
ability performance to a standard dual in line package under 
all accelerated environmental tests. Figure A is a summary 
of accelarated bias moisture test performance on 30V bipo
lar and 15V CMOS product assembled in SO and DIP (con
trol) packages. 

0 

V+ = 15VCMOS 
30V BIPOLAR 
85% RH/ss0c 
TEST CONDITION 

2000 4000 

DIP 

6000 

TEST TIME (HRS) 

FIGURE A 
TL/XX/0061-15 
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In order to achieve reliability performance comparable to 
DIPs-SO packages are designed and built with materials 
and processes that effectively compensate for their small 
size. 

All SO packages tested on 85%RA, 85°C were assembled 
on PC conversion boards using vapor-phase reflow solder
ing. With this approach we are able to measure the effect of 
surface mounting methods on reliability of the process. As 
illustrated in Figure A no significant difference was detected 
between the long term reliability performance of surface 
mounted S.O. packages and the DIP control product for up 
to 6000 hours of accelerated 85%/85°C testing. 

SURFACE-MOUNT PROCESS FLOW 

The standard process flowcharts for basic surface-mount 
operation and mixed-lead insertion/surface-mount opera
tions, are illustrated on the following pages. 

Usual variations encountered by users of SO packages are: 

• Single-sided boards, surface-mounted components only. 

• Single-sided boards, mixed-lead inserted and surface
mounted components. 

• Double-sided boards, surface-mounted components only. 

• Double-sided boards, mixed-lead inserted and surface-
mounted components. 

In consideration of these variations, it became necessary for 
users to utilize techniques involving wave soldering and ad
hesive applications, along with the commonly-used vapor
phase solder reflow soldering technique. 

PRODUCTION FLOW 

Basic Surface-Mount Production Flow 

COMPONENTS SUBSTRATES 

INVERT 
BOARO 

TL/XX/0061-16 
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Mixed Surface-Mount and Axial-Leaded Insertion 
Components Production Flow 

Thermal stress of the packages during surface-mounting 
processing is more severe than during standard DIP PC 
board mounting processes. Figure B illustrates package 
temperature versus wave soldering dwell time for surface 
mounted packages (components are immersed into the 
molten solder) and the standard DIP wave soldering pro
cess. (Only leads of the package are immersed into the mol
ten solder). 
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COMPONENTS 

TL/XX/0061-17 

SOLDER TEMPERATURE 260oC 

0 1 2 3 4 5 6 7 8 9 10 SEC. 

DWELL TIME 
TL/XX/0061-18 

FIGURES 

For an ideal package, the thermal expansion rate of the 
encapsulant should match that of the leadframe material in 
order for the package to maintain mechanical integrity dur
ing the soldering process. Unfortunately, a perfect matchup 
of thermal expansion rates with most presently used pack
aging materials is scarce. The problem lies primarily with the 
epoxy compound. 

Normally, thermal expansion rates for epoxy encapsulant 
and metal lead frame materials are linear and remain fairly 
close at temperatures approaching 160°C, Figure C. At low
er temperatures the difference in expansion rate of the two 
materials is not great enough to cause interface separation. 
However, when the package reaches the glass-transition 
temperature (T g) of epoxy (typically 160-165°C), the ther
mal expansion rate of the encapsulant increases sharply, 
and the material undergoes a transition into a plastic state. 
The epoxy begins to expand at a rate three times or more 
greater than the metal leadframe, causing a separation at 
the interface. 

I 
I 

100 110 120 130 140 150 160 i170 180 
Tg 

T(°C) 
TL/XX/0061-19 

FIGUREC 
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When this happens during a conventional wave soldering 
process using flux and acid cleaners, process residues and 
even solder can enter the cavity created by the separation 
and become entrapped when the material cools. These 
contaminants can eventually diffuse into the interior of the 
package, especially in the presence of moisture. The result 
is die contamination, excessive leakage, and even cata
strophic failure. Unfortunately, electrical tests performed im
mediately following soldering may not detect potential flaws. 

Most soldering processes involve temperatures ranging up 
to 260°C, which far exceeds the glass-transition tempera
ture of epoxy. Clearly, circuit boards containing SMD pack
ages require tighter process controls than those used for 
boards populated solely by DIPs. 

Figure D is a summary of accelerated bias moisture test 
performance on the 30V bipolar process. 

Group 1 - Standard DIP package 

Group 2 - SO packages vapor-phase reflow soldered on 
PC boards 

Group 3-6 SO packages wave soldered on PC boards 

Group 3 - dwell time 2 seconds 

4 - dwell time 4 seconds 

5 - dwell time 6 seconds 

6 - dwell time 10 seconds 

0 2000 4000 

TEST TIME (HRS) 

TL/XX/0061-20 

FIGURED 
It is clear based on the data presented that SO packages 
soldered onto PC boards with the vapor phase reflow pro
cess have the best long term bias moisture performance 
and this is comparable to the performance of standard DIP 
packages. The key advantage of reflow soldering methods 
is the clean environment that minimized the potential for 
contamination of surface mounted packages, and is pre
ferred for the surface-mount process. 

When wave soldering is used to surface mount components 
on the board, the dwell time of the component under molten 
solder should be no more than 4 seconds, preferrably under 
2 seconds in order to prevent damage to the component. 
Non-Halide, or (organic acid) fluxes are highly recommend
ed. 

PICK AND PLACE 
The choice of automatic (all generally programmable) pick
and-place machines to handle surface mounting has grown 
considerably, and their selection is based on individual 
needs and degree of sophistication. 
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The basic component-placement systems available are 
classified as: 

(a) In-line placement 

- Fixed placement stations 

- Boards indexed under head and respective compo-
nents placed 

(b) Sequential placement 

- Either a X-Y moving table system or a 6, X-Y moving 
pickup system used 

-Individual components picked and placed onto boards 

(c) Simultaneous placement 

- Multiple pickup heads 

- Whole array of components placed onto the PCB at 
the same time 

(d) Sequential/simultaneous placement 

- X-Y moving table, multiple pickup heads system 

- Components placed on PCB by successive or simul-
taneous actuation of pickup heads 

The SO package is treated almost the same as surface
mount, passive components requiring correct orientation in 
placement on the board. 

Pick and Place Action 

TL/XX/0061-21 

BAKE 
This is recommended, despite claims made by some solder 
paste suppliers that this step be omitted. 

The functions of this step are: 

• Holds down the solder globules during subsequent reflow 
soldering process and prevents expulsion of small solder 
balls. 

• Acts as an adhesive to hold the components in place dur
ing handling between placement to reflow soldering. 

• Holds components in position when a double-sided sur
face-mounted board is held upside down going into a va
por-phase reflow soldering operation. 

• Removes solvents which might otherwise contaminate 
other equipment. 

• Initiates activator cleaning of surfaces to be soldered. 

• Prevents moisture absorption. 
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The process is moreover very simple. The usual schedule is 
about 20 minutes in a 65°C-95°C (dependent on solvent 
system of solder paste) oven with adequate venting. Longer 
bake time is not recommended due to the following rea
sons: 

• The flux will degrade and affect the characteristics of the 
paste. 

• Solder globules will begin to oxidize and cause solderabili
ty problems. 

• The paste will creep and after reflow, may leave behind 
residues between traces which are difficult to remove and 
vulnerable to electro-migration problems. 

REFLOW SOLDERING 
There are various methods for reflowing the solder paste, 
namely: 

• Hot air reflow 

• Infrared heating (furnaces) 

• Convectional oven heating 

• Vapor-phase reflow soldering 

• Laser soldering 

For SO applications, hot air reflow/infrared furnace may be 
used for low-volume production or prototype work, but va
por-phase soldering reflow is more efficient for consistency 
and speed. Oven heating is not recommended because of 
"hot spots" in the oven and uneven melting may result. La
ser soldering is more for specialized applications and re
quires a great amount of investment. 

HOT GAS REFLOW/INFRARED HEATING 
A hand-held or table-mount air blower (with appropriate ori
fice mask) can be used. 

The boards are preheated to about 1 oo•c and then subject
ed to an air jet at about 260°C. This is a slow process and 
results may be inconsistent due to various heat-sink proper
ties of passive components. 

Use of an infrared furnace is the next step to automating the 
concept, except that the heating is promoted by use of IR 
lamps or panels. The main objection to this method is that 
certain materials may heat up at different rates under IR 
radiation and may result in damage to these components 
(usually sockets and connectors). This could be minimized 
by using far-infrared (non-focused) system. 

VAPOR-PHASE REFLOW SOLDERING 
Currently the most popular and consistent method, vapor
phase soldering utilizes a fluoroinert fluid with excellent 
heat-transfer properties to heat up components until the sol
der paste reflows. The maximum temperature is limited by 
the vapor temperature of the fluid. 

The commonly used fluids (supplied by 3M Corp) are: 

• FC-70, 215°C vapor (most applications) or FX-38 

• FC-71, 253°C vapor (low-lead or tin-plate) 

HTC, Concord, CA, manufactures equipment that utilizes 
this technique, with two options: 

• Batch systems, where boards are lowered in a basket and 
subjected to the vapor from a tank of boiling fluid. 

• In-line conveyorized systems, where boards are placed 
onto a continuous belt which transports them into a con
cealed tank where they are subjected to an environment 
of hot vapor. 

Dwell time in the vapor is generally on the order of 15-30 
seconds (depending on the mass of the boards and the 
loading density of boards on the belt). 
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In-Line Conveyorlzed Vapor-Phase Soldering 

VAPOR PRODUCT -- I . ;r, I --~~~ ..A-Q.......a.f.o._ ~. 

-BELT- - - -- - ---
COILS COILS 

IMMERSION HEATER TL/XX/0061-22 

The question of thermal shock is asked frequently because 
of the relatively sharp increase in component temperature 
from room temperature to 215°C. SO packages mounted on 
representative boards have been tested and have shown 
little effect on the integrity of the packages. Various pack
ages, such as cerdips, metal cans and T0-5 cans with glass 
seals, have also been tested. 

Vapor-Phase Furnace 

TL/XX/0061-23 

Batch-Fed Production Vapor-Phase Soldering Unit 
SECONDARY 

COILS\ 

IMMERSION HEATER 
TL/XX/0061-24 



Solder Joints on a S0-14 Package on PCB 

TL/XX/0061-25 

PRINTED CIRCUIT BOARD 

The SO package is molded out of clean, thermoset plastic 
compound and has no particular compatibility problems with 
most printed circuit board substrates. 

The package can be reliably mounted onto substrates such 
as: 

• G10 or FR4 glass/resin 

• FR5 glass/resin systems for high-temperature 
applications 

• Polymide boards, also high-temperature 
applications 

• Ceramic substrates 

General requirements for printed circuit boards are: 

• Mounting pads should be solder-plated whenever 
applicable. 

• Solder masks are commonly used to prevent solder bridg
ing of fine lines during soldering. 

The mask also protects circuits from processing chemical 
contamination and corrosion. 

If coated over pre-tinned traces, residues may accumulate 
at the mask/trace interface during subsequent reflow, 
leading to possible reliability failures. 

Recommended application of solder resist on bare, clean 
traces prior to coating exposed areas with solder. 

General requirements for solder mask: 

- Good pattern resolution. 

- Complete coverage of circuit lines and resistance to 
flaking during soldering. 

- Adhesion should be excellent on substrate material to 
keep off moisture and chemicals. 

- Compatible with soldering and cleaning requirements. 

SOLDER PASTE SCREEN PRINTING 

With the initial choice of printed circuit lithographic design 
and substrate material, the first step in surface mounting is 
the application of solder paste. 
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Solder Joints on a S0-14 Package on PCB 

TL/XX/0061-26 

The typical lithographic "footprints" for SO packages are 
illustrated below. Note that the 0.050" lead center-center 
spacing is not easily managed by commercially-available air 
pressure, hand-held dispensers. 

Using a stainless-steel, wire-mesh screen stencilled with an 
emulsion image of the substrate pads is by far the most 
common and well-tried method. The paste is forced through 
the screen by a V-shaped plastic squeegee in a sweeping 
manner onto the board placed beneath the screen. 

The setup for SO packages has no special requirement 
from that required by other surface-mounted, passive com
ponents. Recommended working specifications are: 

•Use stainless-steel, wire-mesh screens, #80 or #120, 
wire diameter 2.6 mils. Rule of thumb: mesh opening 
should be approximately 2.5-5 times larger than the aver
age particle size of paste material. 

• Use squeegee of Durometer 70. 

• Experimentation with squeegee travel speed is recom
mended, if available on machine used. 

• Use solder paste of mesh 200-325. 

• Emulsion thickness of 0.005" usually used to achieve a 
solder paste thickness (wet) of about 0.008" typical. 

• Mesh pattern should be 90 degrees, square grid. 

•Snap-off height of screen should not exceed%", to avoid 
damage to screens and minimize distortion. 

SOLDER PASTE 

Selection of solder paste tends to be confusing, due to nu
merous formulations available from various manufacturers. 
In general, the following guidelines are sufficient to qualify a 
particular paste for production: 

• Particle sizes (see photographs below). Mesh 325 (ap
proximately 45 microns) should be used for general pur
poses, while larger (solder globules) particles are pre
ferred for leadless components (LCC). The larger particles 
can easily be used for SO packages. 
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• Uniform particle distribution. Solder globules should be 
spherical in shape with uniform diameters and minimum 
amount of elongation (visual under 100/200 x magnifica
tion). Uneven distribution causes uneven melting and sub
sequent expulsion of smaller solder balls away from their 
proper sites. 

RECOMMENDED SOLDER PADS FOR SO PACKAGES 

SO·B, S0-14, S0-16 
0.045H ::!: 0,005" 

r••··~ 0.245" 0.160" 

L1 I I •_1"" 
0.030" :t0.005" --l I- -I 1--0.050" TYP 

TL/XX/0061-27 

SOT·23 

0.030" :t0.005HI 1-

012[. !~~-
TL/XX/0061-29 

•Composition, generally 60/40 or 63/37 Sn/Pb. Use 62/36 
Sn/Pb with 2% Ag in the presence of Au on the soldering 
area. This formulation reduces problems of metal leaching 
from soldering pads. 

• AMA flux system usually used. 

• Use paste with aproximately 88-90% solids. 

S0·16L, S0·20 

····1 
D.42D"MIN 0.].005" 

LI I I I 0045" 
:t 0.005" 

0.030" :t0.005"--l 1- --l 1-:!.TYP 
TL/XX/0061-28 

Comparison of Particle Size/Shape of Various Solder Pastes 

200 x Alpha (62/36/2) 200 x Kester (63/37) 

TL/XX/0061-30 TL/XX/0061-31 
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Comparison of Particle Size/Shape of Various Solder Pastes (Continued) 

Solder Paste Screen on Pads 200 x Fry Metal (63/37) 

TL/XX/0061-32 

200 ESL (63/37) 

TL/XX/0061-34 
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TL/XX/0061-33 
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CLEANING 

The most critical process in surface mounting SO packages 
is in the cleaning cycle. The package is mounted very close 
to the surface of the substrate and has a tendency to collect 
residue left behind after reflow soldering. 

Important considerations in cleaning are: 

• Time between soldering and cleaning to be as short as 
possible. Residue should not be allowed to solidify on the 
substrate for long periods of time, making it difficult to 
dislodge. 

• A low surface tension solvent (high penetration) should be 
employed. Solvents commercially available are: 

Freon TMS (general purpose) 
Freon TE35/TP35 (cold-dip cleaning) 
Freon TES (general purpose) 

It should also be noted that these solvents generally will 
leave the substrate surface hydrophobic (moisture repel
lent), which is desirable. 

Prelate or 1, 1, 1-Trichloroethane 
Kester 5120/5121 

• A defluxer system which allows the workpiece to be sub
jected to a solvent vapor, followed by a rinse in pure sol
vent and a high-pressure spray lance are the basic requir
ments for low-volume production. 

• For volume production, a conveyorized, multiple hot sol
vent spray/jet system is recommended. 

• Rosin, being a natural occurring material, is not readily 
soluble in solvents, and has long been a stumbling block 
to the cleaning process. In recent developments, synthet
ic flux (SA flux), which is readily soluble in Freon TMS 
solvent, has been developed. This should be explored 
where permissible. 

The dangers of an inadequate cleaning cycle are: 

• Ion contamination, where ionic residue left on boards 
would cause corrosion to metallic components, affecting 
the performance of the board. 

• Electro-migration, where ionic residue and moisture pres
ent on electrically-biased boards would cause dentritic 
growth between close spacing traces on the substrate, 
resulting in failures (shorts). 

REWORK 

Should there be a need to replace a component or re-align 
a previously disturbed component, a hot air system with ap
propriate orifice masking to protect surrounding compo
nents may be used. 

When rework is necessary in the field, specially-designed 
tweezers that thermally heat the component may be used to 
remove it from its site. The replacement can be fluxed at the 

Hot-Air Solder Rework Station 

RETRACT POSITION 

-----=---------..... 
' / 

HEAT SHIELD 

HOT AIR-

MAS@K 

//' D 
/ 

--
BOARD ON X-Y TABLE 

TL/XX/0061-35 
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Hot-Air Rework Machine 

TL/XX/0061-36 

lead tips or, if necessary, solder paste can be dispensed 
onto the pads using a varimeter. After oeing placed into 
position, the solder is reflowed by a hot~air jet or even a 
standard soldering iron. 

WAVE SOLDERING 

In a case where lead insertions are made on the same 
board as surface-mounted components, there is a need to 
include a wave-soldering operation in the process flow. 

Two options are used: 

• Surface mounted components are placed and vapor 
phase reflowed before auto-insertion of remaining compo
nents. The board is carried over a standard wave-solder 
system and the underside of the board (only lead-inserted 
leads) soldered. 

• Surface-mounted components are placed in position, but 
no solder paste is used. Instead, a drop of adhesive about 
5 mils maximum in height with diameter not exceeding 
25% width of the package is used to hold down the pack
age. The adhesive is cured and then proceeded to auto
insertion on the reverse side of the board (surface-mount
ed side facing down). The assembly is then passed over a 
"dual wave" soldering system. Note that the surface
mounted components are immersed into the molten sol
der. 

Lead trimming will pose a problem after soldering in the 
latter case, unless the leads of the insertion components 
are pre-trimmed or the board specially designed to localize 
certain areas for easy access to the trim blade. 

The controls required for wave soldering are: 

• Solder temperature to be 240-260°C. The dwell time of 
components under molten solder to be short (preferably 
kept under 2 seconds), to prevent damage to most com
ponents and semiconductor devices. 

• RMA (Rosin Mildly Activated) flux or more aggressive OA 
(Organic Acid) flux are applied by either dipping or foam 
fluxing on boards prior to preheat and soldering. Cleaning 
procedures are also more difficult (aqueous, when OA flux 
is used), as the entire board has been treated by flux (un
like solder paste, which is more or less localized). Non
halide OA fluxes are highly recommended. 

• Preheating of boards is essential to reduce thermal shock 
on components. Board should reach a temperature of 
about 100°c just before entering the solder wave. 

• Due to the closer lead spacings (0.050" vs 0.100" for 
dual-in-line packages), bridging of traces by solder could 
occur. The reduced clearance between packages also 
causes "shadowing" of some areas, resulting in poor sol
der coverage. This is minimized by dual-wave solder sys
tems. 



Mixed Surface Mount and Lead Insertion 

(a) Same Side 

t t t t - PREHEAT 

FOAM FLUXER 

A typical dual-wave system is illustrated below, showing the 
various stages employed. The first wave typically is in turbu
lence and given a transverse motion (across the motion of 
the board). This covers areas where "shadowing" occurs. A 
second wave (usually a broad wave) then proceeds to per
form the standard soldering. The departing edge from the 
solder is such to reduce "icicles," and is still further reduced 
by an air knife placed close to the final soldering step. This 
air knife will blow off excess solder (still in the fluid stage) 
which would otherwise cause shorts (bridging) and solder 
bumps. 

AQUEOUS CLEANING 

• For volume production, a conveyorized system is often 
used with a heated recirculating spray wash (water tem
perature 130°C), a final spray rinse (water temperature 
45-55°C), and a hot (120°C) air/air-knife drying section. 

• For low-volume production, the above cleaning can be 
done manually, using several water rinses/tanks. Fast
drying solvents, like alcohols that are miscible with water, 
are sometimes used to help the drying process. 

• Neutralizing agents which will react with the corrosive ma
terials in the flux and produce material readily soluble in 
water may be used; the choice depends on the type of flux 
used. 

• Final rinse water should be free from chemicals which are 
introduced to maintain the biological purity of the water. 
These materials, mostly chlorides, are detrimental to the 
assemblies cleaned because they introduce a fresh 
amount of ionizable material. 
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ADHESIVE 

/\ At=ncif f='l 
(b) Opposite Sides 

TURBULENT WAVE 

SOLDER FLOW 

TL/XX/0061-37 

Dual Wave 

TL/XX/0061-38 

CONFORMAL COATING 

Conformal coating is recommended for high-reliability PCBs 
to provide insulation resistance, as well as protection 
against contamination and degradation by moisture. 

Requirements: 

• Complete coating over components and solder joints. 

• Thixotropic material which will not flow under the pack
ages or fill voids, otherwise will introduce stress on solder 
joints on expansion. 

• Compatibility and possess excellent adhesion with PCB 
material/ components. 

• Silicones are recommended where permissible in 
application. 
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SMD Lab Support 
FUNCTIONS 

Demonstration-Introduce first-time users to surface
mounting processes. 

Service-Investigate problems experienced by users on 
surface mounting. 

Rellablllty Builds-Assemble surface-mounted units for re
liability data acquisition. 

7-22 

Techniques-Develop techniques for handling different 
materials and processes in surface mounting. 

Equipment-In conjunction with equipment manufacturers, 
develop customized equipments to handle high density, 
new technology packages developed by National. 

In-House Expertise-Availability of in-house expertise on 
semiconductor research/development to assist users on 
packaging queries. 
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Appendix A 
Military Aerospace Programs 
from National Semiconductor 

This appendix is intended to provide a brief overview of mili
tary products available from National Semiconductor. For 
further information, refer to our 1987 Reliability Handbook. 

MI L-M-38510 
The MIL-M-38510 Program, which is sometimes called the 
JAN IC Program, is administered by the Defense Electronics 
Supply Center (DESC). The purpose of this program is to 
provide the military community with standardized products 
that have been manufactured and screened to government
controlled specifications in government-certified facilities. 
All 38510 manufacturers must be formally qualified and their 
products listed on DESC's Qualified Products List (QPL) be
fore devices can be marked and shipped as JAN product. 

There are two processing levels specified within MIL-M-
38510: Classes S and 8. Class S is typically specified for 
space flight applications, while Class 8 is used for aircraft 
and ground systems. National is a major supplier of both 
classes of devices. Screening requirements are outlined in 
Table Ill. 

Tables I and II explain the JAN device marking system. 

Copies of MIL-M-38510, the QPL, and other related docu
ments may be obtained from: 

Naval Publications and Forms Center 
5801 Tabor Avenue 
Philadelphia, PA 19120 
(212) 697-2179 

DESC Specifications 
DESC specifications are issued to provide standardized ver
sions of devices which are not yet available as JAN product. 
MIL-STD-883 Class B screening is coupled with tightly con
trolled electrical specifications which have been written to 
allow a manufacturer to use his standard electrical tests. A 
current listing of National's DESC specification offerings can 
be obtained from our franchised distributors, sales offices, 
or DESC. DESC is located in Dayton, Ohio. 
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MIL-STD-883 
Although originally intended to establish uniform test meth
ods and procedures, MIL-STD-883 has also become the 
general specification for non-JAN military product. Revision 
C of this document defines the minimum requirements for a 
device to be marked and advertised as 883-compliant. In
cluded are design and construction criteria, documentation 
controls, electrical and mechanical screening requirements, 
and quality control procedures. Details can be found in par
agraph 1.2.1 of MIL-STD-883. 

National offers both 883 Class B and 883 Class S product. 
The screening requirements for both classes of product are 
outlined in Table Ill. 

As with DESC specifications, a manufacturer is allowed to 
use his standard electrical tests provided that all critical pa
rameters are tested. Also, the electrical test parameters, 
test conditions, test limits, and test temperatures must be 
clearly documented. At National Semiconductor, this infor
mation is available via our RETS (Reliability Electrical Test 
Specification Program). The RETS document is a complete 
description of the electrical tests performed and is con
trolled by our QA department. Individual copies are available 
upon request. 

Some of National's older products are not completely com
pliant with MIL-STD-883 but are still required for use in mili
tary ·systems. These devices are screened to the same 
stringent requirements as 883 product but are marked 
"-MIL". 

Military Screening Program (MSP) 
National's Military Screening Program was developed to 
make screened versions of advanced products such as gate 
arrays and microprocessors available more quickly than is 
possible for JAN and 883 devices. Through this program, 
screened product is made available for prototypes and 
breadboards prior to or during the JAN or 883 qualification 
activities. MSP products receive the 100% screening of Ta
ble Ill but are not subjected to Group C and D quality con
formance testing. Other criteria such as electrical testing 
and temperature range will vary depending upon individual 
device status and capability. 
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TABLE I. The MIL·M-38510 Part Marking 

JM38510/XXXXXYYY 

[ 
.___ 

...___ 

...____ 

Lead Finish 
A= Solder Dipped 
B=Tln Plate 
C =Gold Plate 
X =Any lead finish above 

Is acceptable 

Device Package 
(see Table II) 
Screening Level 
S, B, or C 

Device Number on 
Slash Sheet 

Slash Sheet Number 

For radiation hard devices 
this slash Is replaced by the 
Radiation Hardness Assurance 
Designator (t.l, D, R, or H per 
paragraph 3.4.1.3 of t.llL-t.l-
38510} 
t.llL-t.l-38510 

JAN Prefix 
(which may be applied only to 
a fully conformant device per 
paragraphs 3.6.2.1 and 3.6.7 of 
t.llL-t.l-38510} 

TABLE II. JAN Package Codes 

38510 
Microcircuit Industry 

Package 
Designation 

Description 

A 14-Pin 1/4" X 1/4" (metal) flat pack 
B 14-Pin 3/16" X 1 /4" flat pack 
c 14-Pin 1/4" X 314" dual-in-line 
D 14-Pin 1/4" X 3/8" (ceramic) flat pack 
E 16-Pin 1/4" X 3/8" dual-in-line 
F 16-Pin 1/4" X 3/8" (metal or ceramic) 

flat pack 
G 8-pin T0-99 can or header 
H 10-pin 1 /4" x 1 /4" (metal) flat pack 
I 10-pin T0-100 can or header 
J 24-pin 1 /2" x 1-1/4" dual-in-line 
K 24-pin 3/8" x 5/8" flat pack 
L 24-pin 1/4" x 1-1/4" dual-in-line 
M 12-pin T0-101 can or header 
N (Note 1) 
p 8-pin 1 /4" x 3/8" dual-in-line 
Q 40-pin 3/16" x 2-1 /16" dual-in-line 
R 20-pin 1/4" x 1-1/16" dual-in-line 
s 20-pin 1/4" x 1 /2" flat pack 
T (Note 1) 
u (Note 1) 
v 18-pin 3/8" x 15/16" dual-in-line 
w 22-pin 3/8" x 1-1/8" dual-in-line 
x (Note 1) 
y (Note 1) 
z (Note 1) 
2 20-terminal 0.350" x 0.350" chip carrier 
3 28-terminal 0.450" x 0.450" chip carrier 

TL/00/2801-1 

Note 1: These letters are assigned to packages by individual detail specifi
cations and may be assigned to different packages in different specifica
tions. 
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TABLE 111.100% Screening Requirements 

ClassS 
Screen 

Method Reqmt 

1. Wafer Lot Acceptance 5007 All Lots 

2. Nondestructive Bond Pull 2023 100% 

3. Internal Visual (Note 1) 2010, Condition A 100% 

4. Stabilization Bake 1008, Condition C, 100% 
24 hrs. Min. 

5. Temp. Cycling (Note 2) 1010, Condition C 100% 

6. Constant Acceleration 2001, Condition E (Min.) 100% 
Y 1 Orientation Only 

7. Visual Inspection (Note 3) 100% 

8. Particle Impact Noise Detection (PINO) 2020, Condition A (Note 4) 100% 

9. Serialization (Note 5) 100% 

10. Interim (Pre-Burn-In) Electrical Per Applicable Device 100% 
Parameters Specification (Note 13) 

11. Burn-In Test 1015 100% 
240 Hrs. @ 125°C Min. 
(Cond. F Not Allowed) 

12. Interim (Post-Burn-In) Electrical Per Applicable Device 100% 
Parameters Specification (Note 13) 

13. Reverse Bias Burn-In (Note 7) 1015; Test Condition A, C, 100% 
72 Hrs. @ 150°C Min. 
(Cond. F Not Allowed) 

15. PDA Calculation 5% Parametric (Note 14), All Lots 
3% Functional -25°C 

16. Final Electrical Test Per Applicable Device 
a) Static Tests Specification 

1) 25°C (Subgroup 1, Table I, 5005) 100% 
2) Max & Min Rated Operating Temp. 

100% 
(Subgroups 2, 3, Table I, 5005) 

b) Dynamic Tests & Switching Tests, 25°C 
100% 

(Subgroups 4, 9, Table I, 5005) 
c) Functional Test, 25°C 

100% 
(Subgroup 7, Table I, 5005) 
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Class B 

Method 

2010, Condition B 

1008, Condition C, 
24 hrs. Min. 

1010, Condition C 

2001, Condition E, (Min.), 
Y 1 Orientation Only 

Per Applicable Device 
Specification (Note 6) 

1015 
160 Hrs. @ 125°C Min. 

5% Parametric (Note 14) 

Per Applicable Device 
Specification 

Reqmt 

-
-

100% 

100% 

100% 

100% 

100% 

-
-
-

100% 

-

All Lots 

100% 

100% 

100% 

100% 
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TABLE Ill. 100% Screening Requirements (Continued) 

ClassS Class B 
Screen 

Method Reqmt Method Reqmt 

17. Seal Fine, Gross 1014 100%, (Note 8) 1014 100%, (Note 9) 

18. Radiographic (Note 10) 2012 Two Views 100% 

19. Qualification or Quality Conformance (Note 11) Samp. (Note 11) Samp. 
Inspection Test Sample Selection 

20. External Visual (Note 12) 2009 100% 100% 

Note 1: Unless otherwise specified, at the manufacturer's option, test samples for Group B, bond strength (Method 5005) may be randomly selected prior to or 
following internal visual (Method 5004), prior to sealing provided all other specification requirements are satisfied (e.g. bond strength requirements shall apply to 
each inspection lot, bond failures shall be counted even if the bond would have failed internal visual). 

Note 2: For Class B devices, this test may be replaced with thermal shock method 1011, test condition A, minimum. 

Note 3: At the manufacturer's option, visual inspection for catastrophic failures may be conducted after each of the thermal/mechanical screens, after the 
sequence or after seal test. Catastrophic failures are defined as missing leads, broken packages, or lids off. 

Note 4: The PINO test may be performed in any sequence after step 6 and prior to step 16. See MIL-M-38510, paragraph 4.6.3. 

Note 5: Class S devices shall be serialized prior to interim electrical parameter measurements. 

Note 6: When specified, all devices shall be tested for those parameters requiring delta calculations. 

Note 7: Reverse bias burn-in is a requirement only when specified in the applicable device specification. The order of performing burn-in and reverse bias burn-in 
may be inverted. 

Note 8: For Class S devices, the seal test may be performed in any sequence between step 16 and step 19, but it shall be performed after all shearing and forming 
operations on the terminals. 

Note 9: For Class B devices, the fine and gross seal tests shall be performed separate or together in any sequence and order between step 6 and step 20 except 
that they shall be performed after all shearing and forming operations on the terminals. When 100% seal screen cannot be performed after shearing and forming 
(e.g. flatpacks and chip carriers) the seal screen shall be done 100% prior to these operations and a sample test (LTPD = 5) shall be performed on each 
inspection lot following these operations. If the sample fails, 100% rescreening shall be required. 

Note 10: The radiographic screen may be performed in any sequence after step 19. 

Note 11: Samples shall be selected for testing in accordance with the specific device class and lot requirements of Method 5005 

Note 12: External Visual shall be performed on the lot any time after step 19 and prior to shipment. 

Note 13: Read and Record when past burn-in delta measurements are specified. 

Note 14: PDA shall apply to all static, dynamic, functional, and switching measurements at either 25'C or maximum rated operating temperature. 

8-6 



Military CMOS Products Available From National Semiconductor 
Listed below are the military class B CMOS devices available from National Semiconductor. Many of these are also available as 
Class S product. Additional information including new product plans can be obtained from our sales offices. 

HC MIL/ AERO Flows HC MIL/ AERO Flows 

Device -MIL /883 DESC/SMD JAN Device -MIL /883 DESC/SMD JAN 

HCOO x x x HC175 x x 

HC02 x x x HC181 

HC03 x HC182 

HC04 x x HC190 

HC05 HC191 

HC08 x x x HC192 x x 

HC10 x x x HC193 x 

HC107 x x HC194 x x 

HC109 x x HC195 x x 

HC11 x x HC20 x x x 

HC112 x x HC221A x 

HC113 x HC237 

HC123A x x HC240 x 

HC125 x HC241 x 

HC126 x x HC242 x 

HC132 x x HC243 x x 

HC133 x HC244 x x 

HC137 HC245 x 

HC138 x x x HC251 x x 

HC139 x x HC253 x 

HC14 x x x HC257 x x 

HC147 x x HC258 

HC148 HC259 x x 

HC149 HC266A x 

HC151 x x HC27 x x 

HC153 x x HC273 x 

HC154 x HC280 x x 

HC155 HC283 x 

HC157 x HC298 x 

HC158 x HC299 x 

HC160 x x HC30 x x x 

HC161 x x HC32 x x x 

HC162 x x HC34 

HC163 x HC354 x 

HC164 x x HC356 x 

HC165 x x HC365 x x 

HC166 HC366 x 

HC173 x x HC367 x x 

HC174 x x HC368 x x 

•some older products are not completely compliant with MIL·STD-883 but are still required for use in military systems. These devices are screened to the same 
stringent requirements as 883 product but are marked "-MIL". 
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Military CMOS Products Available From National Semiconductor 
Listed below are the military class B CMOS devices available from National Semiconductor. Many of these are also available as 
Class S product. Additional information including new product plans can be obtained from our sales offices. 

HC MIL/ AERO Flows HC MIL/ AERO Flows 

Device ·MIL /883 DESC/SMD JAN Device -MIL /883 DESC/SMD JAN 

HC373 x x HC597 

HC374 x x HC620 

HC390 x x HC623 

HC393 x x HC640 x 

HC4002 x x HC643 x 

HC4016 HC646 x 

HC4017 x x HC648 

HC4020 x HC688 x 

HC4040 x HC7266 x 

HC4046 HC73 x x 

HC4049 x x HC74 x x 

HC4050 x x HC75 x x 

HC4051 HC76 x 

HC4052 HC85 x x 

HC4053 HC86 x x 

HC4060 x HCTOO 

HC4066 HCT03 

HC4075 x HCT04 x 

HC4078 x HCT05 

HC42 x x HCT08 

HC423A x HCT109 

HC4316 HCT112 

HC4511 x HCT138 x 

HC4514 x HCT139 

HC4538 x HCT147 

HC4543 x HCT148 

HC51 x HCT149 

HC521 HCT151 

HC533 x x HCT153 

HC534 x HCT155 

HC540 HCT157 

HC541 HCT158 

HC563 x HCT160 

HC564 x HCT161 

HC573 x HCT162 

HC574 x HCT163 

HC58 x HCT164 

HC589 HCT166 

HC595 HCT168 

•some older products are not completely compliant with MIL-STD-883 but are still required for use in military systems. These devices are screened to the same 
stringent requirements as 883 product but are marked "-MIL". 
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Military CMOS Products Available From National Semiconductor 
Listed below are the military class B CMOS devices available from National Semiconductor. Many of these are also available as 
Class S product. Additional information including new product plans can be obtained from our sales offices. 

HC MIL/AERO Flows HC MIL/AERO Flows 

Device ·MIL /883 DESC/SMD JAN Device ·MIL /883 DESC/SMD JAN 

HCT169 HCT34 

HCT190 HCT373 x 

HCT191 HCT374 x 

HCT192 HCT521 

HCT193 HCT533 

HCT240 x HCT534 

HCT241 x HCT540 

HCT244 x HCT541 

HCT245 x HCT640 

HCT251 HCT643 

HCT253 HCT688 x 

HCT257 HCT74 

HCT258 HCT76 

HCT273 x HCU04 x x 

HCT32 

*Some older products are not completely compliant with MIL-STD-883 but are still required for use in military systems. These devices are screened to the same 
stringent requirements as 883 product but are marked "-MIL". 
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Military CMOS Products Available From National Semiconductor 
Listed below are the military class B CMOS devices available from National Semiconductor. Many of these are also available as 
Class S product. Additional information including new product plans can be obtained from our sales offices. 

C MIL/AERO Flows C MIL/AERO Flows 

Device -MIL /883C DESC/SMD JAN Device ·MIL /883C DESC/SMD JAN 

MM54COO x MM54C32 x 

MM54C02 x MM54C373 x 

MM54C04 x MM54C374 x 

MM54C08 x x MM54C42 x 

MM54C10 x MM54C48 x 

MM54C107 x MM54C74 x 

MM54C14 x MM54C76 x 

MM54C151 x MM54C83 x 

MM54C154 x MM54C85 x 

MM54C157 x MM54C86 x 

MM54C160 x MM54C89 x 

MM54C161 x MM54C90 x 

MM54C162 x MM54C901 x 

MM54C163 x MM54C902 x 

MM54C164 x MM54C905 x 

MM54C165 x MM54C906 x 

MM54C173 x MM54C907 x 

MM54C174 x MM54C914 x 

MM54C175 x MM54C922 x 

MM54C192 x MM54C923 x 

MM54C193 x MM54C941 x 

MM54C195 x MM70C95 x 

MM54C200 x MM70C97 x 

MM54C221 x MM70C98 x 

MM54C244 x MM78C29 x 

MM54C30 x MM78C30 x 
•some older products are not completely compliant with MIL-STD-883 but are still required for use in military systems. These devices are screened to the same 
stringent requirements as 883 product but are marked "-MIL". 
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Military CMOS Products Available From National Semiconductor 
Listed below are the military class B CMOS devices available from National Semiconductor. Many of these are also available as 
Class S product. Additional information including new product plans can be obtained from our sales offices. 

CD4000 MIL/ AERO Flows CD4000 MIL/ AERO Flows 

Device -MIL /883 DESC/SMD JAN Device -MIL /883 DESC/SMD JAN 

CD4001B x CD4027A x 

CD4002A x CD4027B x 

CD4002B x CD4028B x 

CD4006A x CD4029B x x 

CD4006B x CD4030A x x 

CD4007A x x CD4031B x 

CD4008B CD4034B x 

CD4009A x CD4040B x x 

CD4010A CD4041A x 

CD4011A x CD4042B 

CD4011B x CD4043B 

CD4012A x CD4044B 

CD4012B x CD4046B 

CD4013A x CD4047B x 

CD4013B x x CD4048B x 

CD4014A x CD4049A x 

CD4014B x CD4049UB x 

CD4015A x CD4050A x 

CD4015B CD4050B x x 

CD4016B x CD4051B x 

CD4017A x CD4052B x x 

CD4017B x CD4053B x 

CD4018A x CD4060B x 

CD4018B x x CD4066B x 

CD4019A x CD4069A x 

CD4019B x x CD4070B x 

CD4020A x CD4071B x 

CD4020B x CD4072B 

CD4021A x CD4073B x 

CD4021B CD4075B x 

CD4022A x CD4076B x 

CD4022B CD4081B x 

CD4023A x CD4082B 

CD4023B x CD4089B 

CD4024A x CD4093B x x 

CD4024B CD4094B 

CD4025A x CD4099B x 

CD4025B x x 
'Some older products are not completely compliant with MIL-STD-883 but are still required for use in military systems. These devices are screened to the same 
stringent requirements as 883 product but are marked "·MIL". 
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Military CMOS Products Available From National Semiconductor 
Listed below are the military class B CMOS devices available from National Semiconductor. Many of these are also available as 
Class S product. Additional information including new product plans can be obtained from our sales offices. 

CD4000 MIL/ AERO Flows CD4000 MIL/ AERO Flows 

Device ·MIL /883 DESC/SMD JAN Device ·MIL /883 DESC/SMD JAN 

CD40106B x x CD4515B 

CD40160B x CD4516B 

CD40161B x CD4518B 

CD40162B x CD4519B 

CD40163B x CD4520B x x 

CD40174B x x CD4522B 

CD40175B x CD4526B 

CD40192B x CD4527B 

CD40193B x CD4528B x 

CD40195B x CD4529B 

CD4503B x CD4538B 

CD4510B CD4541B 

CD4511 B x CD4543B x 

CD4512B x CD4723B 

CD4514B CD4724B x 

•some older products are not completely compliant with MIL-STD-883 but are still required for use in military systems. These devices are screened to the same 
stringent requirements as 883 product but are marked "·MIL". 
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Appendix B 
National's A+ Program 

A+ Program: A comprehensive program that utilizes Na
tional's experience gained from participation in the many 
Military/ Aerospace programs. 

A program that not only assures high quality but also in
creases the reliability of molded integrated circuits. 

The A+ program is intended for users who need better than 
usual incoming quality and higher reliability levels for their 
standard integrated circuits. 

Users who specify A+ processed parts will find that the 
program: 

• Eliminates incoming electrical inspection. 

• Eliminates the need for, and thus the added cost of, inde-
pendent testing laboratories. 

• Reduces the cost of reworking assembled boards. 

• Reduces field failures. 

• Reduces equipment down time. 

• Reduces the need for excess inventories due to yield loss 
incurred as a result of processing performed at indepen
dent testing laboratories. 

The A+ Program Saves You Money 

It is a widely accepted fact that down-time of equipment is 
costly not only in lost hours of machine usage but also cost
ly in the repair and maintenance cycle. One of the added 
advantages of the A+ program is the burn-in screen, which 
is one of the most effective screening procedures in the 
semiconductor industry. Failure rates as a result of the burn
in can be decreased many times. The objective of burn-in is 
to stress the device much higher than it would be stressed 
during normal usage. 

Reliability vs. Quality 

The words "reliability" and "quality" are often used inter
changeably, as though they connoted identical facets of a 
product's merit. But reliability and quality are different, and 
IC users must understand the essential difference between 
the two concepts in order to evaluate properly the various 
vendors' programs for products improvement that are gen
erally available, and National's A+ program in particular. 

The concept of quality gives us information about the popu
lation and faulty IC devices among good devices, and gen
erally relates to the number of faulty devices that arrive at a 
user's plant. But looked at in another way, quality can in
stead relate to the number of faulty ICs that escape detec
tion at the IC vendor's plant. 

It is the function of a vendor's Quality Control arm to monitor 
the degree of success of that vendor in reducing the num
ber of faulty ICs that escape detection. Quality Control does 
this by testing the outgoing parts on a sampled basis. The 
Acceptable Quality level (AOL) in turn determines the strin
gency of the sampling. As the AOL decreases it becomes 
more difficult for defective parts to escape detection, thus 
the quality of the shipped parts increases. 
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The concept of reliability, on the other hand, refers to how 
well a part that is initially good will withstand its environ
ment. Reliability is measured by the percentage of parts that 
fail in a given period of time. 

Thus the difference between quality and reliability means 
the ICs of high quality may, in fact be of low reliability, while 
those of low quality may be of high reliability. 

Improving the Reliability of Shipped Parts 

The most important factor that affects a part's reliability is 
its construction; the materials used and the method by 
which they are assembled. 

Reliability cannot be tested into a part. Still, there are tests 
and procedures that an IC vendor can implement which will 
subject the IC to stresses in excess of those that it will en
dure in actual use, and which will eliminate marginal, short
life parts. 

In any test of reliability the weaker parts will normally fail 
first. Further, stress tests will accelerate, or shorten, the 
time of failure of the weak parts. Because the stress tests 
cause weak parts to fail prior to shipment to the user, the 
population of shipped parts will in fact demonstrate a higher 
reliability in use. 

National's A+ Program 

National provides the A+ program as the best practical ap
proach to maximum quality and reliability on molded devic
es. The following flow chart shows how we do it step by 
step. 

SEM 
Randomly selected wafers are taken from produc
tion regularly and subjected to SEM analysis. 

Epoxy B Processing for All Molded Parts 

At National, all molded semiconductors, including 
ICs, have been built by this process for some time 
now. All processing steps, inspections, and QC 
monitoring are designed to provide highly reliable 
products. (A reliability report is available that 
gives, in detail, the background of Epoxy B, the 
reason for its selection at National, and reliability 
data that proves its success.) 

Six Hour, 150°C Bake 
This stress places the die bond and all wire bonds 
into a combined tensile and shear stress mode, 
and helps eliminate marginal bonds and electrical 
connections. 
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National's A+ Program (Continued) 

Five Temperature Cycles (0°C to 100°C) 

Exercising each device over a 100°C temperature 
range provides an additional die and package 
stress. 

High Temperature (100°C) 

Functional Electrical Test 

A high temperature test with voltages applied 
places the die under the most severe stress possi
ble. The test is actually performed at 100°C-15°C 
higher than the commercial ambient limit. All de
vices are thoroughly exercised at the 100°C ambi
ent. 

Electrical Testing 

Every device is tested at 25°C for functional and 
DC parameters. 

Burn-In Test 

Each device is burned-in for 160 hours at a mini
mum junction temperature of + 125°C or under 
equivalent conditions of time and temperature, as 
established by a time-temperature regression 
curve based on 0.96 eV activation energy (i.e., 23 
hours at + 155°C). All burn-in done under steady
state conditions unless otherwise specified. 
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DC Functional and Parametric Tests 

These room-temperature functional and paramet
ric tests are the normal, final tests through which 
all National products pass. 

Thermal Shock Monitor 

Samples from each package 
type are selected at random 
each week and submitted to 
cycles of liquid to liquid ther-

mal shock -65°C to + 150°C. In addition, sam
ples are selected every four weeks and subjected 
to 2000 temperature cycles of 0°C to + 25°C. 

Tighter-Than-Normal QC Inspection Plans 

Most vendors sample inspect outgoing parts to a 
0.3% AOL. When you specify the A+ program, 
we sample your parts to a 0.035% AOL at room 
temperature and 0.05% AOL at TA Max. This eight 
times tightening (from 0.3 to 0.035% AOL) cou
pled with three 100% electrical tests, dramatically 
reduces the number of "escapes" and allows us 
to guarantee the AQLs listed below. 

Ship Parts 

Here are the QC sample plans used in our A+ test pro
gram: 

Test Temperature AQL 
Electrical Functionality 25°C} 0.035% 
Parametric, DC 25°C 
Parametric, AC 25°C 0.1% 
Electrical Functionality At each temperature} 

0.05% 
Parametric, DC extreme. 
Mechanical 

Critical 0.01% 
Major 0.28% 
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Appendix C 
National's Standard Processing Program 

Standard Program: A comprehensive program that as
sures high quality and high reliability of molded integrated 
circuits. 

Natlonal's Standard Program Gets It All Together 

With the exception of the final QC inspection, which is sam
pled, all steps of the process are performed on 100 percent 
of the program parts. The following flow chart shows how 
we do it step by step. 

SEM 

Randomly selected wafers are taken from produc
tion regularly and subjected to SEM analysis. 

Epoxy B Processing for All Molded Parts 

At National, all molded semiconductors, including 
ICs, have been built by this process for some time 
now. All processing steps, inspections, and QC 
monitoring are designed to provide highly reliable 
products. (A reliability report is available that 
gives, in detail, the background of Epoxy B, the 
reason for its selection at National, and reliability 
data that proves its success.) 

Six Hour, 1so0c Bake 

This stress places the die bond and all wire bonds 
into a combined tensile and shear stress mode, 
and helps eliminate marginal bonds and electrical 
connections. 

High Temperature (100°C) 

Functional Electrical Test 

A high temperature test such as this with voltages 
applied places the die under the most severe 
stress possible. The test is actually performed at 
100°C-15°C higher than the commercial ambient 
limit. All devices are thoroughly exercised at the 
100°C ambient. (Even though Epoxy B processing 
has virtually eliminated thermal intermittants, we 
perform this test to ensure against even the re
motest possibility of such a problem. 
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Five Temperature Cycles (0°C to 100°C) 

Exercising each device over a 100°C temperature 
range provides an additional die and package 
stress. 

DC Functional and Parametric Tests 

These room-temperature functional and paramet
ric tests are the normal, final tests through which 
all National products pass. 

Thermal Shock Monitor 

Samples from each package 
type are selected at random 
each week and submitted to 
cycles of liquid to liquid ther-

mal shock -65°C to + 150°C. In addition, sam
ples are selected every four weeks and subjected 
to 2000 temperature cycles of 0°C to + 25°C. 

Tighter-Than-Normal QC Inspection Plans 

Sample parts to a 0.035% AOL at room tempera
ture and 0.05% AOL at TA Max. 

Ship Parts 

Here are the QC sample plans used in our Standard Test 
Program: 

Test 
Electrical Functionality 
Parametric, DC 
Parametric, AC 
Electrical Functionality 
Parametric, DC 
Mechanical 

Critical 
Major 

Temperature 

25°C} 
2s0 c 
2s0 c 

At each temperature} 
extreme. 

AQL 

0.035% 

0.1% 

0.05% 

0.01% 
0.28% 
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Appendix D 
CMOS Ordering Information 

High Speed CMOS 

~~?~~N 
TYPE 
HC = CMOS INPUT LEVELS 
HCT=TIL " " 

DPERAJ TEMP. RANGE 
74 = (-4ooC TO +ssoc) 

MOS MONOLITHIC 54=(-ssoe TO +12s0c) 

I 
PACKAGE 

I 

PACKAGE 

Metal Gate CMOS 

I 
OPERATING TEMP. RANGE 

C={-4o0 c TO +ssoc) 
M = (-ss0c TO +12s0c) 

INDUSTRIAL { N = DUAL IN LINE PLASTIC {DIP) 
TEMP M = NARROW BODY SMALL OUTLINE PLASTIC 
RANGE WM = WIDE BODY SMALL OUTLINE PLASTIC 

INDUSTRIAL { N = DUAL IN LINE PLASTIC (DIP) 
TEMP M = NARROW BODY SMALL OUTLINE PLASTIC 
RANGE WM = WIDE BODY SMALL OUTLINE PLASTIC 

TEMP W = CERAMIC FLAT PACKAGE TEMP W = CERAMIC FLAT PACKAGE 
MIL { J = DUAL IN LINE CERAMIC 

RANGE E = CERAMIC LEADLESS CHIP CARRIER 

MIL { J = DUAL IN LINE CERAMIC 

RANGE E = CERAMIC LEADLESS CHIP CARRIER 

TL/XX/0062-1 

Metal Gate CMOS 

~4C244N 

v I DEVI), FUNCTION 
m PIN FOR 
PIN FUNCTIONAL 
COMPATIBLE 
CMOS 

OPERAJ TEMP. RANGE 
74 = {-4o0c TO +ss0c) 

MOS MONOLITHIC 54={-ss0c TO +12s0c) 

I 
PACKAGE 

INDUSTRIAL { N = DUAL IN LINE PLASTIC (DIP) 
TEMP M = NARROW BODY SMALL OUTLINE PLASTIC 
RANGE WM = WIDE BODY SMALL OUTLINE PLASTIC 
MIL { J = DUAL IN LINE CERAMIC 
TEMP W = CERAMIC FLAT PACKAGE 
RANGE E = CERAMIC LEADLESS CHIP CARRIER 
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Package ID N14A M14A 

Suffix N M 

CD4000C ... 
CD4001BC ... ... 
CD4001C ... . .. 
CD4011BC ... ... 
CD4002BC ... . .. 
CD4012C ... 
CD4006BC ... 
CD4007C ... . .. 
CD4008BC 

CD4009C 

CD4010C 

CD4013BC ... . .. 
CD4014BC 

CD4015BC 

CD4016BC ... . .. 
CD4017BC 

CD4022BC 

CD4018BC 

CD4019BC 

CD4020BC 

CD4040BC 

CD4060BC 

CD4021BC 

CD4023BC ... ... 
CD4025BC ... ... 
CD4024BC . .. ... 
CD4027BC 

CD4028BC 

CD4029BC 

CD4030C ... 
CD4031BC 

CD4034BC 

CD4035BC 

CD4041UBC . . . ... 
CD4042BC 

CD4043BC 

CD4044BC 

CD4046BC 

CD4047BC ... . .. 
CD4048BC 

CD4049UBC 

CD4050BC 

CD4051BC 

CD4052BC 

CD4053BC 

CD4066BC ... ... 

CMOS Ordering Information 
Industrial Temp. Range 

M14B N16E M16A 

WM N M 

... ... . . . ... 

... . .. .. . ... 

. . . ... ... ... .. . ... ... . .. .. . ... ... . .. ... ... 

... ... ... ... ... 

... 

... 

... ... ... . .. ... . .. ... 

... ... ... ... ... ... ... ... . .. . .. ... 
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M16B N24A N24C 

WM N N 

... 

... 

M24B 

WM 
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Package ID 

Suffix 

CD4069UBC 

CD4070BC 

CD4071BC 

CD4081BC 

CD4072BC 

CD4082BC 

CD4073BC 

CD4075BC 

CD4076BC 

CD4089BC 

CD4527BC 

CD4093BC 

CD4094BC 

CD4099BC 

CD40106BC 

CD401608C 

CD40161BC 

CD40162BC 

CD40163BC 

CD40174BC 

CD40175BC 

CD40192BC 

CD40193BC 

CD4503BC 

CD4510BC 

CD4516BC 

CD4511 BC 

CD4512BC 

CD4514BC 

CD4515BC 

CD4518BC 

CD4520BC 

CD4519BC 

CD4522BC 

CD4526BC 

CD4528BC 

CD4529BC 

CD4538BC 

CD4541BC 

CD4543BC 

CD4584BC 

CD4723BC 

CD4724BC 

N14A M14A 

N M .. . ... ... . .. . . . ... .. . ... ... ... ... ... ... ... 

• • * ... 

.. . ... 

... •• * 

*** * * * 

CMOS Ordering Information 
Industrial Temp. Range (Continued) 

M14B N16E M16A M16B N24A N24C M24B 

WM N M WM N N WM 

... ... 

... ... ... 

... ... ... 
* *. ... ... ... ... 
• *. ... ... . . . ... 
*** ... 
* * * • ** 

*·** ... ... ... 
• *. ... . .. 
• * * ... 
*** 
* *. * •• ... ... • * * 

*** 

* *. *** 
*** 
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Package ID NOSE N14A M14A M14B 

Suffix N N M WM 

MM74COO . . . ... 
MM74C02 ... 
MM74C04 ' ... ... 
MM74C10 ... 
MM74C20 ... 
MM74C08 ... 
MM74C14 . .. ... 
MM74C30 ... 
MM74C32 . . . ... 
MM74C42 

MM74C48 

MM74C73 ... 
MM74C76 

MM74C107 ... 
MM74C74 . . . ... 
MM74C83 

MM74C85 

MM74C86 . . . ... 
MM74C89 

MM74C90 ... 
MM74C93 ... 
MM74C95 ... 
MM74C150 

MM82C19 

MM74C151 

MM74C154 

MM74C157 

MM74C160 

MM74C161 

MM74C162 

MM74C163 

MM74C164 ... 
MM74C165 

MM74C173 

MM74C174 

MM74C175 

MM74C192 

MM74C193 

MM74C195 

MM74C200 Call Factory 

MM74C221 

MM74C240 

MM74C244 

CMOS Ordering Information 
Industrial Temp. Range (Continued) 

N16E M16A M16B N18A N20A 

N M WM N N 

... ... 

... 

... ... 

... 

... 

... ... 
** * ... 
•• * 

**. 

** * .. . * •• ... ... 
**. . .. ... 
**. . . . . . . 
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M20B N24A N24C 

WM N N 

... ... 
**. 

. .. ... 

M24B N28B 

WM N 

* •• 

N40A 

N 

)> 
"C 
"C 
CD 
::s 
a. 
)(" 

c 
h 
== 0 
(/) 

0 ... 
a. 
CD ... s· 
cc 
:; -0 ... 
3 
m -5· 
::s 



c 
.9 
-m 
E .... 
0 -.E 
C') 
c 

"ii:: 
C1) 

"C 

0 
en 
0 
::?: 

'( 
c 
>< =c 
c 
C1) 
a. a. 
<( 

Package ID 

Suffix 

MM74C373 

MM74C374 

MM74C901 

MM74C902 

MM74C903 

MM74C904 

MM74C905 

MM74C906 

MM74C907 

MM74C910 

MM74C914 

MM74C915 

MM74C922 

MM74C923 

MM74C932 

MM74C941 

MM74C989 

MM80C95 

MM80C96 

MM80C97 

MM80C98 

MM74C908 

MM74C918 

MM74C911 

MM74C912 

MM74C917 

MM74C925 

MM74C926 

MM74C927 

MM74C928 

MM74C945 

MM74C947 

MM74C946 

MM74C956 

MM88C29 

MM88C30 

MM74C924 

MM74C934 

MM74C935 

MM74C936 

MM74C937 

MM74C938 

MM74C948 

MM74C949 

NOSE N14A M14A M14B 

N N M WM 

... . .. 
• *. ... 
•• * 

* •• ... ... 
**. *. * 

... 

*** 
* *. 

* ** 
• ** 

CMOS Ordering Information 
Industrial Temp. Range (Continued) 

N16E M16A M16B N18A N20A M20B N24A N24C M24B N28B N40A 

N M WM N N WM N N WM N N . . . ... ... ... 

... 

... 

... 
* * * ... ... 

* * * ... 
*** 

*** 

*** ... ... 

*** ... ... 
*** ... ... ... . .. ... ... 

* •• 

• ** 
• *. ... 
.... ... ... ... 
.... 
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Package ID N14A M14A 

Suffix N M 

MM74HCOO ... . .. 
MM74HC02 . . . ... 
MM74HC03 . . . ... 
MM74HC04 . . . ... 
MM74HC05 ... 
MM74HC08 . . . ... 
MM74HC10 ... . .. 
MM74HC11 . . . ... 
MM74HC14 . . . ... 
MM74HC20 . . . ... 
MM74HC27 . . . ... 
MM74HC30 . . . ... 
MM74HC32 . . . ... 
MM74HC34 ... 
MM74HC42 

MM74HC51 • ** * ** 
MM74HC58 *** * ** 
MM74HC73 * •• *** 
MM74HC74A • • * ** • 

MM74HC75 

MM74HC76 

MM74HC85 

MM74HC86 ... . .. 
MM74HC107 ... 
MM74HC109A •• * 

MM74HC112 

MM74HC113 ... 
MM74HC123A 

MM74HC125 . . . ... 
MM74HC126 • • * ... 
MM74HC132 ... . .. 
MM74HC133 

MM74HC137 

MM74HC138 

MM74HC139 

MM74HC147 

MM74HC148 

MM74HC149 

MM74HC151 

MM74HC153 

MM74HC154 

MM74HC155 

MM74HC157 

MM74HC158 

MM74HC160 

MM74HC161 

CMOS Ordering Information 
Industrial Temp. Range (Continued) 

M14B N16E M16A M16B 

WM N M WM 

... . .. 

• ** ... .. . ... .. . ... 

... 

... . .. 

... . .. . . . ... ... . .. .. . ... ... . .. ... 

... . .. ... . .. 

. . . ... ... . .. ... ... ... ... ... . .. 
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N20A M20B N24C 

N WM N 

... . .. 
... 

M24B 

WM 

. .. 

)> 
"'C 
"'C 

C1> 
:::s 
c. ;:· 
c 
I 

0 
3: 
0 
CJ) 

0 ... 
c. 
C1> ... s· 

CQ 

5' -0 ... 
3 
Q) -s· 
:::s 



c: 
0 
;; 
ca 
E ... 
0 --= C'> 
c: 
'i:: 
CL> 

"C 

0 
CJ) 
0 ::: 
0 

~ 
>< =c 
c: 
CL> a. 
a. 
<( 

Package ID 

Suffix 

MM74HC162 

MM74HC163 

MM74HC164 

MM74HC165 

MM74HC166 

MM74HC173 

MM74HC174 

MM74HC175 

MM74HC181 

MM74HC182 

MM74HC190 

MM74HC191 

MM74HC192 

MM74HC193 

MM74HC194 

MM74HC195 

MM74HC221A 

MM74HC237 

MM74HC240 

MM74HC241 

MM74HC242 

MM74HC243 

MM74HC244 

MM74HC245A 

MM74HC251 

MM74HC253 

MM74HC257 

MM74HC258 

MM74HC259 

MM74HC266A 

MM74HC273 

MM74HC280 

MM74HC283 

MM74HC298 

MM74HC299 

MM74HC354 

MM74HC356 

MM74HC365 

MM74HC366 

MM74HC367 

MM74HC368 

MM74HC373 

MM74HC374 

MM74HC390 

N14A M14A 

N M 

* * * ** * 
* * * *** 

• * * *** 

... * * * 

CMOS Ordering Information 
Industrial Temp. Range (Continued) 

M14B N16E M16A M16B N20A M20B N24C M24B 

WM N M WM N WM N WM 

** * * •• 

• *. . .. 
* •• . .. ... . .. ... . .. 
•• * ... ... . .. . . . ... ... *** 
*. * •• * ... 
*. * 

• * * ... 
** * •• * 

**. *** ... *** 
* •• . .. 

* * * * ** 
• *. * ** 

... ... ... • ** 

*. * • * * 
*. * ... 
* ** *** 
* •• 

* * * *** 

... *** 

* * * ... 
*. * ... ... * ** . . . ... 

* * * ... 
* * * *** ... ... ... ** • 

*. * •• * ... ... ... * •• 

•• * ... 
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)> 

CMOS Ordering Information "'C 
"'C 

Industrial Temp. Range (Continued) CD 
::s 

Package ID N14A M14A M14B N16E M16A M168 N20A M20B N24C M24B a. ;c· 
Suffix N M WM N M WM N WM N WM c 

MM74HC393 I 
0 

MM74HC423A s: 
0 

MM74HC521 (/) 

MM74HC533 0 
""I a. 

MM74HC534 CD 
""I 

MM74HC540 s· 
c.c 

MM74HC541 5" 
MM74HC563 -0 

""I 

MM74HC564 3 
D) 

MM74HC573 -5· 
MM74HC574 ::s 

MM74HC589 

MM74HC595 

MM74HC597 

MM74HC620 

MM74HC623 

MM74HC640 

MM74HC643 

MM74HC646 

MM74HC648 

MM74HC4002 

MM74HC4016 

MM74HC4017 

MM74HC4020 

MM74HC4040 

MM74HC4046 

MM74HC4049 

MM74HC4050 

MM74HC4051 

MM74HC4052 

MM74HC4053 

MM74HC4060 

MM74HC4066 

MM74HC4075 

MM74HC4078 

MM74HC4316 

MM74HC4511 

MM74HC4514 

MM74HC4538 

MM74HC4543 

MM74HC942 

MM74HC943 

MM74HC7266 

MM74HCTOO 

8-23 



c 
0 
;; 
~ 

E ... 
0 -.5 
CJ) 
c 
"i: 
Q) 

"C ... 
0 
CJ) 
0 
::::!: 
'f 
c 
>< :c 
c 
Q) 
c. 
c. 
<( 

Package ID 

Suffix 

MM74HCT03 

MM74HCT04 

MM74HCT05 

MM74HCT08 

MM74HCT32 

MM74HCT34 

MM74HCT74 

MM74HCT76 

MM74HCT109 

MM74HCT112 

MM74HCT138 

MM74HCT139 

MM74HCT147 

MM74HCT148 

MM74HCT149 

MM74HCT151 

MM74HCT153 

MM74HCT155 

MM74HCT157 

MM74HCT158 

MM74HCT164 

MM74HCT166 

MM74HCT190 

MM74HCT191 

MM74HCT192 

MM74HCT193 

MM74HCT240 

MM74HCT241 

MM74HCT244 

MM74HCT245 

MM74HCT251 

MM74HCT253 

MM74HCT257 

MM74HCT273 

MM74HCT373 

MM74HCT374 

MM74HCT521 

MM74HCT533 

MM74HCT534 

MM74HCT540 

MM74HCT541 

MM74HCT640 

MM74HCT643 

MM74HCT688 

N14A M14A 

N M 

•• * ... *** ... ** • 

* ** ... ... *. * ... *** 

**. *** 

CMOS Ordering Information 
Industrial Temp. Range (Continued) 

M14B N16E M16A M16B N20A M20B N24C M24B 

WM N M WM N WM N WM 

*** ... 
*** 

*** *** 
* •• *** 
* •• 

* * * 
**. * •• ... *** 

* •• *** ... 
**. ... 
* * * *** 

**. 
•• * 

*** 

*** ... . . . ... .. . ... . . . ... .. . ... ... . .. ... . .. ... .. . ... ... ... ... . .. ... ... ... ... . . . ... ... ... 
**. ... . .. .... ... ... ... .. ... 
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CMOS Ordering Information 
Mii. Temp. Range 

Package ID J14A W14B J16A 

Suffix J w J 

MM54HCOO ... . .. 
MM54HC02 ... . .. 
MM54HC03 ... 
MM54HC04 ... . .. 
MM54HC05 

MM54HC08 ... . .. 
MM54HC10 ... . .. 
MM54HC11 ... . .. 
MM54HC14 ... ... 
MM54HC20 ... ... 
MM54HC27 ... . .. 
MM54HC30 ... . .. 
MM54HC32 ... . .. 
MM54HC34 

MM54HC42 ... 
MM54HC51 ... . .. 
MM54HC58 ...... .. .. 
MM54HC73 ... . .. 
MM54HC74A ... . .. 
MM54HC75 ... 
MM54HC76 ... 
MM54HC85 .... 
MM54HC86 ... . .. 
MM54HC107 ..... . .. 
MM54HC109A ... . .. 
MM54HC112 ... . .. 
MM54HC113 ... . .. 
MM54HC123A ... 
MM54HC125 ... . .. 
MM54HC132 .... . .. 
MM54HC133 ... 
MM54HC137 

MM54HC138 ... 
MM54HC139 ... 
MM54HC147 ... 
MM54HC148 

MM54HC149 

MM54HC151 ... 
MM54HC153 . .. 
MM54HC154 

MM54HC155 

MM54HC157 .... 
MM54HC158 ... 
MM54HC160 ... 
MM54HC161 ... 
MM54HC162 ... 

8-25 

W16A E20A 

w E . .. . .. . .. . .. 
. .. . .. . .. . .. . .. . .. . .. . .. 

. .. . .. 
.. ... . .. . .. 
.. .. . .. . .. . .. . .. . .. . .. . .. . .. . .. . .. . .. .. . . .. . .. . .. . .. . .. 

. .. . .. ... . .. . .. . .. 

. .. . .. . .. ... 

. .. . .. . .. . .. . .. . .. . .. . .. . .. . .. 

J24F 

J 

... 

):> 
"O 
"O 
CD 
::J 
a. s;c· 

~ 
3: 
0 en 
0 ... 
a. 
CD ... s· 
cc 
5' -0 ... 
3 
D> -c;· 
::J 



c 
0 

:;:::: 
C\'J 
E .... 
0 --= C) 
c ·.::: 
cu 

"C .... 
0 
(/) 
0 
:E 

'T c 
>< =c 
c 
cu 
c. 
c. 
< 

Package ID J14A 

Suffix J 

MM54HC163 

MM54HC164 . .. 
MM54HC165 

MM54HC166 

MM54HC173 

MM54HC174 

MM54HC175 

MM54HC181 

MM54HC182 

MM54HC190 

MM54HC191 

MM54HC192 

MM54HC193 

MM54HC194 

MM54HC195 

MM54HC221A 

MM54HC237 

MM54HC240 

MM54HC241 

MM54HC242 ... 
MM54HC243 ... 
MM54HC244 

MM54HC245A 

MM54HC251 

MM54HC253 

MM54HC257 

MM54HC258 

MM54HC259 

MM54HC266A .. . 
MM54HC273 

MM54HC280 .. . 
MM54HC283 

MM54HC298 

MM54HC299 

MM54HC354 

MM54HC356 

MM54HC365 

MM54HC366 

MM54HC367 

MM54HC368 

MM54HC373 

MM54HC374 

MM54HC390 

MM54HC393 . . . 
MM54HC423A 

CMOS Ordering Information 
Mil. Temp. Range 

W14B J16A 

w J .. . . .. . . . 
... ... 
**. 

. . . ... . . . . . . . .. 

.. . 
** * 

... .. . .. . 

. . . ... 
. .. . .. ... 

... 
*** 
**. 
**. 

• ** ... .. . 
8-26 

W16A E20A J20A 

w E J .. . ... ... . . . ... 
• ** ... ... . .. 
*** ... 

... . .. ... . .. . .. ... .. . ... . . . ... 
. . . ... . .. ... ... . .. . .. ... ... ... ... ... ... . .. ... . .. 

.. . ... . .. 
... ... ... 

** • * •• . . . ... ... . .. 
*** . .. 
**. . .. 
• ** . .. . . . ... . . . ... . . . ... . .. . . . ... 



CMOS Ordering Information 
Mil. Temp. Range 

Package ID J14A W14B J16A W16A 

Suffix J w J w 
MM54HC521 

MM54HC533 

MM54HC534 

MM54HC540 

MM54HC541 

MM54HC563 

MM54HC564 

MM54HC573 

MM54HC574 

MM54HC589 

MM54HC595 

MM54HC597 

MM54HC620 

MM54HC623 

MM54HC640 

MM54HC643 

MM54HC646 

MM54HC688 

MM54HC4002 . . . ... 
MM54HC4016 

MM54HC4017 . . . * •• 

MM54HC4020 

MM54HC4040 

MM54HC4046 

MM54HC4049 .. . ... 
MM54HC4050 • • * ... 
MM54HC4051 

MM54HC4052 

MM54HC4053 

MM54HC4060 

MM54HC4066 

MM54HC4075 ... • ** 
MM54HC4078 ... . .. 
MM54HC4316 

MM54HC4511 . . . ... 
MM54HC4514 

MM54HC4538 

MM54HC4543 . . . •• * 

MM54HC942 

MM54HC943 

MM54HC7266 ... . . . 
MM54HCTOO 

MM54HCT03 

MM54HCT04 

MM54HCT05 

8-27 

E20A J20A 

E J 

... ... 

. . . ... . . . ... ... . .. . .. ... 

.. . ... ... ... 

... ... . .. 

. .. 

. .. . .. 

... ... 

. .. 

... 

... 

J24F 

J 

... 

)> 
"C 
"C 
CD 
::J 
a. 
)(' 

b 
== 0 
CJ) 

0 ... 
a. 
CD ... s· 
cc 
S" -0 ... 
3 
D) -cs· 
::J 



c 
0 
:;:; 
~ 

E ... 
0 -.5 
CJ) 
c ·c 
Q) 

'E 
0 
tn 
0 :e 

:! 

Package ID J14A 

Suffix J 

MM54HCTOB 

MM54HCT32 

MM54HCT34 

MM54HCT74 

MM54HCT76 

MM54HCT109 

MM54HCT112 

MM54HCT13B 

MM54HCT139 

MM54HCT147 

MM54HCT148 

MM54HCT149 

MM54HCT151 

MM54HCT153 

MM54HCT155 

MM54HCT157 

MM54HCT15B 

MM54HCT164 

MM54HCT166 

MM54HCT190 

MM54HCT191 

MM54HCT192 

MM54HCT193 

MM54HCT240 

MM54HCT241 

MM54HCT245 

MM54HCT251 

MM54HCT253 

MM54HCT257 

MM54HCT273 

MM54HCT373 

MM54HCT374 

MM54HCT521 

MM54HCT533 

MM54HCT534 

MM54HCT540 

MM54HCT541 

MM54HCT563 

MM54HCT564 

MM54HCT573 

MM54HCT574 

MM54HCT640 

MM54HCT643 

MM54HCT6BB 

CD4000M 

CMOS Ordering Information 
Mii. Temp. Range 

W14B J16A W16A E20A J20A 

w J w E J 

... ... 

... ... ... ... 
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Package ID J14A 

Suffix J 

CD4001BM ... 
CD4011B ... 
CD4002BM ... 
CD4012BM ... 
CD4006B ... 
CD4007 ... 
CD4008BM 

CD4009M 

CD4010M 

CD4013BM ... 
CD4014BM 

CD4015BM 

CD4016BM ... 
CD4017BM 

CD4022BM 

CD4018BM 

CD4019BM 

CD4020BM 

CD4040BM 

CD4060BM 

CD4021BM 

CD4023BM ... 
CD4025BM ... 
CD4024BM 

CD4027BM 

CD402BBM 

CD4029BM 

CD4030M ... 
CD4031BM 

CD4034BM 

CD4035BM 

CD4041 ... 
CD4042BM 

CD4043BM 

CD4044BM 

CD4046BM 

CD4047BM ... 
CD4048BM 

CD4049UBM 

CD4050BM 

CD4051BM 

CD4052BM 

CD4053BM 

CD4066BM ... 
CD4069 ... 

CMOS Ordering Information 
Mil. Temp. Range 

W14B J16A 

w J . .. . .. . .. . .. . .. . .. 
... ... . .. ... 

. .. ... 
... ... .. . . . . 

. .. . .. 
... ... ... . .. ... 

. .. 

. .. ... . . . ... ... ... ... . .. . .. 
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W16A J24A 

w J 

. .. 

. .. 

. .. 

... . .. ... ... 

... ... . .. 

. .. ... 

. .. ... . .. ... ... . .. 

F24C 

F 

. .. 

)> 
"'C 
"'C 
(1) 
::s 
a. 
)(' 

b 
s: 
0 
CJ) 

0 ... 
a. 
(1) ... s· 
(Q 

5' -0 ... 
3 
D) -s· 
::s 



c 
.2 
(ii 
E ... 
0 -.5 
C) 
c 
"i: 
Q) 

"tJ ... 
0 
rn 
0 :s 

~ 
>< =s 
c 
Q) 
Q. 
Q. 

c:r: 

Package ID 

Suffix 

CD4070BM 

CD4071BM 

CD4081BM 

CD4072BM 

CD4082BM 

CD4073BM 

CD4075BM 

CD4076BM 

CD4089BM 

CD4527BM 

CD4093BM 

CD4094BM 

CD4099BM 

CD40106BM 

CD40160BM 

CD40161BM 

CD40162BM 

CD40163BM 

CD40174BM 

CD40175BM 

CD40192BM 

CD40193BM 

CD4503BM 

CD4510BM 

CD4516BM 

CD4511BM 

CD45128M 

CD4514BM 

CD45158M 

CD45188M 

CD45208M 

CD45198M 

CD4522BM 

CD45268M 

CD45288M 

CD45298M 

CD4538BM 

CD45418M 

CD4543BM 

CD45848M 

CD4723BM 

CD47248M 

MM54COO 

MM54C02 

MM54C04 

J14A 

J ... ... ... 

*** 
*** 

*** 

*** 

*** 
*** 
*** 

CMOS Ordering Information 
Mil. Temp. Range 

W14B J16A W16A J24A F24C 

w J w J F ... . .. 
*** 

... 
*** 

*** *** 

... 
*** *** 

*** 
*** *** 
*** *** 
*** *** ... *** 
*** *** ... ... 
*** ... ... *** 

**. *** 
*. * *** 

* ** *** 

*** **. 

... *** 

*** 
• *. ... 
*. * 
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CMOS Ordering Information 
Mil. Temp. Range 

Package ID J14A W14B J16A 

Suffix J w J 

MM54C10 ... 
MM54C20 

MM54C08 ... 
MM54C14 ... 
MM54C30 ... 
MM54C32 ... 
MM54C42 

MM54C48 ... 
MM54C73 

MM54C76 

MM54C107 

MM54C74 ... 
MM54C83 ... 
MM54C85 

MM54C86 ... 
MM54C89 ... 
MM54C90 ... 
MM54C93 

MM54C95 

MM54C150 

MM82C19 

MM74C151 ... 
MM54C154 

MM54C157 ... 
MM54C160 

MM54C161 ... 
MM54C162 

MM54C163 ... 
MM54C164 ... 
MM54C165 

MM54C173 ... 
MM54C174 ... 
MM54C175 ... 
MM54C192 ... 
MM54C193 ... 
MM54C195 ... 
MM54C200 

MM54C221 ... 
MM54C240 

MM54C244 

MM54C373 

MM54C374 

MM54C901 ... 
MM54C902 . .. 
MM54C903 ... ... 
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W16A D16C 

w D 

. .. . .. 

... 

... 

... 

. .. . .. 

... 

. .. 

... 

. .. . .. 

. .. ... 
... . .. 

... 

J20A 

J 

... ... 

> 
"C 
"C 
(1) 
:J 
a. 
)(" 

~ 
:!: 
0 en 
0 ... a. 
(1) ... s· 
ca 
S" -0 

3 
Clo) -c;· 
:J 



c 
.2 
c; 
E ... 

Package ID J14A 0 -.5 Suffix J 
C) 
c MM54C904 
"i: 
Cl) MM54C905 "t:J ... 
0 MM54C906 
en 

MM54C907 0 
:E MM54C910 0 

~ MM54C914 

>< MM54C915 
=c 

MM54C922 c 
Cl) 
c. MM54C923 c. 
c( 

MM54C932 

MM54C941 

MM54C989 

MM70C95 

MM70C96 

MM70C97 

MM70C98 

MM54C908 

MM54C918 

MM54C911 

MM54C912 

MM54C917 

MM54C925 

MM54C926 

MM54C927 

MM54C928 

MM54C945 

MM54C947 

MM54C946 

MM54C956 

MM78C29 

MM78C30 

CMOS Ordering Information 
Mii. Temp. Range 

W14B J16A 

w J 

8-32 

W16A J18A J20A 

w J J 



~National 
D Semiconductor All dimensions are in inches (millimeters) 

t~ ~I 

TopVltw 

45• x 0.015±0.010 
(0.381 ±0.254) 

_.

1 1

..-- o.063-0.075 
(1.600-1.905) 

,I 
LDETAILA 

Sld1Vl1w 

0.003 ~ 
(0.076h_ - r,10.381) 

MIN TYP ~ MAX TYP 

0.022 r (0.559)_. ~ 
MAX TYP (0.152) 

MIN TYP 

Det1llA 

7-0.011 
8-0.279) 

~-~"'"lt"'U..,,..._...!i~ RTYP 

45• x 0.040±0.010 
(1.016±0.254) 

3 PLCS 

Bottom View 

0.022-0.028 
(0.559-0.711) 

TYP 

NS Package E20A 

0.29D-0.320 

0.025 
(0.635) 

RAD 

0.098 
(2.489) 

MAX BOTH ENOS 

I 
D.220-0.310 

(5.588-7.874) 

~~~,,..,....,...., ............. ~_J 

0.200 
(5.080) 

i"T"...__, __ ....:.;.;.;.;;.;..=~-+-~•--M+AX D.020-0.060 
(0.508-1.524) 

L 
0.018 ±O.D03 II -it- 0.125-0.200 

(0.457 ±0.076) (3.175-5.080) 

0.100 ±0.010 0.150 
(2.540 ±0.254) (3.81) 

MIN JUA(REVG) 

NS Package J 14A 
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ID.8351 

0 
0290-0320 I 

0.310- 0.410 

0.025 
(0.635) 

RAD 

(7.874-10.41) BOTH 
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1.290 
i---------132.771 MAX 

NS Package J 16A 

~TYP 
(1.524 ±0.127) 

D.100 :!G.010 I 
12.54 :!G.254)--l 

TYP 

NS Package J24F 
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0.295 
(7.493) MAX 

0.005-0.020 
(0.127-0.508) 
RAD TYP 

0.200 
(5.080) 

MAX 
0.150 

(3.810) 
MIN 

J16A(AEVKI 

JZ4fiRtVGJ 



~ 
,~:!~~=~:~~) ~ 

0.017 r (0.4321 o·-a· 

l_ 
x 45" TYP ALL LEADS 

JF )l1 i · 
t IJl-==-== 0.007-0.010 t 

(0.178-0.254) 0.020-0.050 
TYP 0.004 (0.508-1.270) 

(0.102) TYP ALL LEADS 
ALL LEAD TIPS 

~ 
0.150-0.158 ~ 

(3.810-4.013) 

I
,._ 0.017 

10.4321 o•.9• 
x45" TYP 

L~r ,~ ALLrS 

0.007c 1 J L 0.02~.050 
(0.178-0.254) i (0.508-1.270) 
TYP ALL LEADS 0.004 TYP ALL LEADS 

(0.102) 
ALL LEAD TIPS 

0.336-0.344 
- (8.534-8.738) -

0.024-0.031 0.053-0.069 
(0.610-0.787) (1.346-1.753) 0.004-0.010 

+ • (0.102-0.254) 

™~DFINISH 

t !~J L JD-·~· 
(1.270) (0.358-0.483) 
m m 

NS Package M14A 

LEAD N0.1 
IDENT 

10 

-
0.053-0.069 0.004-0.010 

(1.346-1.753) (0.102-0.254) 

_+ _____ __;•~-·t============t AFTER LEAD FINISH 

'==ir-;HHH~ i 
t~ t -.I I..-~ -.I I;._ 0.014·-0.019 

(1.270) (0.356-0.483) 

t 
0.024-0.031 

(0.610-0. 787) 

TYP T~ 

NS Package M16A 

8-35 • 
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12.362-264211 I~ 
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_t ____ J L,:: JL,~t~, 

NS Package M 168 

LEAD ND. 1 
IDENT 

20 19 18 

1 2 

(:::~~,-!~ 

0.093 -0.104 
(2.362-2.6421 

NS Package M20B 
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TYP TYP 

M16BtREVC) 

0.496-0.512 w-J 
(12.598 -13.0051 

17 16 15 14 13 12 11 
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(~:~~)DIA 
PIN NO. 1 IDENT 

0.037-0.044 
(0.940-1.1181 

+ 

0.093-0.104 
(2.362-2.6421 

t 

.. ,, .. ,,1 

0.004-0.012 

(0.102r.3051 

JI JI t 
0.014-0.019 

-~ -,0.356-0.4831 nn~ m 

NS Package M24B 

0.050 
iiT7Di 

0.125-0.140 
(3.175-3.556) 

L:
,. 

p 

0.018±0.003 
~ 

0.100±0.010 

~
2.540±0.2541 

0.060 
(1:524i 

NS Package NOSE 

8-37 

O.US-0.200 
(3.683-5.080) 

0.020 
(0.508) 
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::::r 
~ c:;· 
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UJ s· 
:::s 
UJ 

I • I 



UJ 
c 
0 ·u; 
c 
G> 
E 
i:5 
c; 
u ·u; 
>.c 

CL 

~
0.280 ~ (7.112) 
MIN 

300-0.320 

11 · 620-8121! 11 ';' 51) 0.065 
(1.651) 

OPTION 1 

,,.,,. ~'J,.,_..,, 'J r -\\ "..,,_.,,., I 

0.018 ±0.003 
(0.457 ±0.076) 

0.130 ±0.005 
(3.302 ±0.127) 

0.145 - D.200 
(3.683 - 5.080) 

0.020 
(0.508) 

MIN 

e 0.032 ±0.005 
(0.813 ± 0.127) 

RAD 
e-PIN ND.1 IDENT 

1 

OPTIONS 2,3 

1. .1 ,~::~: :::~~~, ~ L -1 
32 +0.040 0.100 ±0.010 

o. 
5 

-0.015 (2.540 ±0.254) 
,8255 +1.016) 

0.125 - 0.140 
(3.175 - 3.556) 

~. -0.381 

(7.112) 
MIN 0.030 ~ 
0.280~ 

I 
. ='-~';:~ 11 'T' 

6 
0.065 

(1.651) 

l__ 

0.009-0.015 I 
(0.229-0.381) J 

0.030±0.015 
0 32S +D.040 (a.162±0.311) J I--
. -0.015 0.100±0.010 

(8.255 +1
·
016

) (2.540±0.254) -0.381 TYP 

NS Package N14A 

NS Package N16E 

B-38 

+ 0.020 
(0.508) 

MIN 

N1 .. iREVD) 

0.032 ±0.005 
(0.813±0.127) 
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0.145-0.200 
~) 

OPTION 2 

N16EiREVE) 



~ x 0.030 
(2.336) (0.762) 

NOM MAX 
DEEP (2 PLCS) 

~
0.280~ (7.112) 
MIN 

300-0.320 

1

. 620-8.12~ I 

/£?\ 
I • I 0.325 +0.040 • 

-0.015 

'B.255 +1.016) 
~ -0.381 

0.092 X 0.030 
(2.337 X 0.762) 

MAX DP 

0.009-0.0lJJ 
(0.229-0.381) 
TYP 

0.060 t 0.005 
(1.524 t 0.127) 

1 0.025 ±0.015 

'""' '""
11

0.100 !:o j 
(2.540 ±0.254) 

TVP 

1--l I-- 0.018 ±0.003 I-- (0.457 ±0.076) 

NS Package N1SA 

NS Package N20A 
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0.032 ±0.005 

(0.813±0.127)~0 19 
RAD 

PIN ND. 1 IDENT~ 

1 

OPTION 2 

0.145-0.200 
~ 

N20AtREVGI 

.,, 
::r 
'< en c;· 
e!. 
c 
3· 
C'D 
::s en a· 
::s 
en 

• 



tn 
c 
0 ·u; 
c 
CD 
E 
cs 
ca 
(,) 

·u; 
>a .c 
D. 

0.009-0.015 
(0.229-0.381) 

0.325 ~ ~:~~~ 
t8 255 +1.016) 
~ . -0.381 

0.300-0.320 

I .,.:~:_,a· I 

95°±5° 

0.280 
(7.112) 

MIN 

,__ ______ 1.243-1270 ------~ 

0.062 
(1.575) 

RAD 

PIN NO. 1 IDENT 

1 z 
DOTTED OUTLINES 

REFLECT ALTERNATE 
MOLDED BODY CONFIGURATION 

0.030 
(0.762) 
MAX 

(31.57-32.26) 

NS Package N24A 

0.040 0.160 ±0.005 

0.170-0.210 
~ 

0.092 
(2.337) 
(2 PLS) 

_________ 1.243-1.270 ---------11 
(31.57-32.26) 

MAX 

-,-J 0.065 
(1.651) 

0.075±0.015 
(1.905 ± 0.381 l 

NS Package N24C 

8-40 

0.040 
(1.016) 

TYP 

--r 
0. 260 ± 0.005 

(6.604±0.127) 

~ 

0.130 ± 0.005 
(3.302±0.127) 

0.020 0.145-0.200 

r10M~~s1~1 

0.125-0.145 
. (3.175- 3.556) 

MIN 

N24CiREV F) 



0.145-0.210 

o.oo•-•·"' 1uus-s.33C) 

(0.229-0.381) 

0.050±0.015 1-
(1.270±0.381) 

NS Package N28B 

0.050 TYP 
(1.270) 

------------,!i~!=!2~~:,-----------· 1 

II 

0.062 
(1.676) 

RAD 

PIN N0.1 IDENT 

0.07510.015 
(1.905!0.381) 

0.050 

NS Package N40A 

8-41 

0.125-0.145 
(3.175-3.683) 

N28B!REVE) 

D.145-0.210 
(3.613-5J34) 

D.020 
(0.508) 

MIN 
0.125-0.140 

(3.175-3.556) 

JUOAIAEVE) 
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0.050-0.080 
(1.270-2.032) 

0.004-0.006 
(0.102-0.152) 

oMo-o ... ,J L 
(0.508-0.889) 

0.050-0.080 
(1.270-2.032)--l 1--

0.004-0.008 +iH
(0.102-0.152) 1111 

0.020-0.040 J I 
(0.508-1.016) 1--

0 372-0.385 
(9.449-9.m) 

0.045 I I 0.050±0.005 
(1.143i-- I-+ (1.270±0.127) 

MAX 

0.250 !0.370 
(6.350-9.398) 

t 1413121110 • ---f-
0.280 MAX ~ 0.245-0.255 

(7.112)GLASS (6.223-6.477) 

1 ~Z34&87-----l 

PINND.!/ f 
IDENT 0.250-0.370 

l 
0.015-0.019 --l l-

(D.381-0.483) 
TYP 

-I f--;0.005 MIN 
(0.127) 

W14B{REVO) 

NS Package W14B 

0.007 - 0.018 
(0.178 - 0.457) 

0.371 - 0.390 

0.300 - 0.370 
(7.820 - 9.398) 

PIN N0.1 
IDENT 

181&14131211101~ 

0.245 - 0.275 
(6.223 - 6.985) 

234&171_1 

0.015-0.019 11 
(0.381-0.482)--l l-

TYP 

NS Package W16A 

8-42 

0.300 - 0.370 
(7 .620 - 9.398) 

~ 

W1&A{REVE) 

D.300 
(7.620) 
MAX 
GLASS 
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~Semiconductor 
Bookshelf of Technical Support Information 
National Semiconductor Corporation recognizes the need to keep you informed about the availability of current technical 
literature. 

This bookshelf is a compilation of books that are currently available. The listing that follows shows the publication year and 
section contents for each book. 

Please contact your local National sales office for possible complimentary copies. A listing of sales offices follows this 
bookshelf. 

We are interested in your comments on our technical literature and your suggestions for improvement. 

Please send them to: 

Technical Communications Dept. M/S 23-200 
2900 Semiconductor Drive 
P.O. Box 58090 
Santa Clara, CA 95052-8090 

For a recorded update of this listing plus ordering information for these books from National's Literature Distribution operation, 
please call (408) 749-7378. 

ALS/AS LOGIC DATABOOK-1987 
Introduction to Bipolar Logic• Advanced Low Power Schottky• Advanced Schottky 

ASIC DESIGN MANUAL/GATE ARRAYS & STANDARD CELLS-1987 
SSl/MSI Functions • Peripheral Functions • LSI/VLSI Functions • Design Guidelines• Packaging 

DATA CONVERSION/ACQUISITION DATABOOK-1984 
Selection Guides • Active Filters • Amplifiers • Analog Switches • Analog-to-Digital Converters 
Analog-to-Digital Display (DVM) • Digital-to-Analog Converters• Sample and Hold • Sensors/Transducers 
Successive Approximation Registers/Comparators• Voltage References 

HYBRID PRODUCTS DATABOOK-1982 
Operational Amplifiers • Buffers • Instrumentation Amplifiers • Sample & Hold Amplifiers • Comparators 
Non-Linear Functions • Precision Voltage Regulators and References • Analog Switches 
MOS Clock Drivers • Digital Drivers • A-D Converters • D-A Converters • Fiber-Optic Products 
Active Filters & Telecommunication Products• Precision Networks• 883/RETS 

INTERFACE DATABOOK-1986 
Transmission Line Drivers/Receivers• Bus Transceivers• Peripheral/Power Drivers• Display Controllers/Drivers 
Memory Support• Microprocessor Support • Level Translators/Buffers• Frequency Synthesis 

INTERFACE/BIPOLAR LSI/BIPOLAR MEMORY /PROGRAMMABLE LOGIC 
DATABOOK-1983 
Transmission Line Drivers/Receivers• Bus Transceivers• Peripheral/Power Drivers 
Level Translators/Buffers• Display Controllers/Drivers• Memory Support• Dynamic Memory Support 
Microprocessor Support • Data Communications Support• Disk Support • Frequency Synthesis 
Interface Appendices• Bipolar PROMs •Bipolar and EGL RAMs• 2900 Family/Bipolar Microprocessor 
Programmable Logic 

INTUITIVE IC· CMOS EVOLUTION-1984 
Thomas M. Frederiksen's new book targets some of the most significant transitions in semiconductor technology since the 
change from germanium to silicon. Intuitive IC CMOS Evolution highlights the transition in the reduction in defect densities and 
the development of new circuit topologies. The author's latest book is a vital aid to engineers, and industry observers who need 
to stay abreast of the semiconductor industry. 



INTUITIVE IC OP AMPS-1984 
Thomas M. Frederiksen's new book, Intuitive IC Op Amps, explores the many uses and applications of different IC op amps. 
Frederiksen's detailed book differs from others in the way he focuses on the intuitive groundwork in the basic functioning 
concepts of the op amp. Mr. Frederiksen's latest book is a vital aid to engineers, designers, and industry observers who need to 
stay abreast of the computer industry. 

LINEAR APPLICATIONS HANDBOOK-1986 
The purpose of this handbook is to provide a fully indexed and cross-referenced collection of linear integrated circuit 
applications using both monolithic and hybrid circuits from National Semiconductor. 

Individual application notes are normally written to explain the operation and use of one particular device or to detail various 
methods of accomplishing a given function. The organization of this handbook takes advantage of this innate coherence by 
keeping each application note intact, arranging them in numerical order, and providing a detailed Subject Index. 

LINEAR 1 DATABOOK-1988 
Voltage Regulators• Operational Amplifiers• Buffers• Voltage Comparators• Instrumentation Amplifiers• Surface Mount 

LINEAR 2 DATABOOK-1988 
Active Filters• Analog Switches/Multiplexers• Analog-to-Digital• Digital-to-Analog• Sample and Hold 
Sensors • Voltage References • Surface Mount 

LINEAR 3 DATABOOK-1988 
Audio Circuits • Radio Circuits • Video Circuits • Motion Control • Special Functions • Surface Mount 

LINEAR SUPPLEMENT DATABOOK-1984 
Amplifiers • Comparators • Voltage Regulators • Voltage References • Converters • Analog Switches 
Sample and Hold • Sensors • Filters • Building Blocks • Motor Controllers • Consumer Circuits 
Telecommunications Circuits• Speech• Special Analog Functions 

CMOS LOGIC DATABOOK-1988 
CMOS AC Switching Test Circuits and Timing Waveforms• CMOS Application Notes• MM54HC/MM74HC 
MM54HCT /MM74HCT • CD4XXX • MM54CXXX/MM74CXXX •Surface Mount 

LS/S/TTL DATABOOK-1987 
Introduction to Bipolar Logic • Low Power Schottky • Schottky • TTL • Low Power 

MASS STORAGE HANDBOOK-1986 
Disk Interface Design Guide and User Manual •Winchester Disk Support• Winchester Disk Data Controller 
Floppy Disk Support• Drive Interface Support Circuits 

MEMORY SUPPORT HANDBOOK-1986 
Dynamic Memory Control• Error Checking and Correction• Microprocessor Interface and Applications 
Memory Drivers and Support 

NON-VOLATILE MEMORY DATABOOK-1987 
CMOS EPROMs • EEPROMs • Bipolar PROMs 

SERIES 32000 DATABOOK-1986 
Introduction• CPU-Central Processing Unit• Slave Processors• Peripherals• Data Communications and LAN's 
Disk Control and Interface• DRAM Interface• Development Tools• Software Support• Application Notes 

RANDOM ACCESS MEMORY DATABOOK-1987 
Static RAMs• TTL RAMs• TTL FIFOs • ECL RAMs 



RELIABILITY HANDBOOK-1986 
Reliability and the Die• Internal Construction• Finished Package• MIL-STD-883 • MIL-M-38510 
The Specification Development Process • Reliability and the Hybrid Device • VLSl/VHSIC Devices 
Radiation Environment • Electrostatic Discharge • Discrete Device • Standardization 
Quality Assurance and Reliability Engineering • Reliability and Documentation • Commercial Grade Device 
European Reliability Programs • Reliability and the Cost of Semiconductor Ownership 
Reliability Testing at National Semiconductor• The Total Military/Aerospace Standardization Program 
8838/RETS™ Products• MILS/RETS™ Products• 883/RETS™ Hybrids• MIL-M-38510 Class B Products 
Radiation Hardened Technology• Wafer Fabrication• Semiconductor Assembly and Packaging 
Semiconductor Packages• Glossary of Terms• Key Government Agencies• AN/ Numbers and Acronyms 
Bibliography• MIL-M-38510 and DESC Drawing Cross Listing 

TELECOMMUNICATIONS-1987 
Line Card Components• Integrated Services Digital Network Components• Modems 
Analog Telephone Components• Application Notes 

THE SWITCHED-CAPACITOR FILTER HANDBOOK-1985 
Introduction to Filters • National's Switched-Capacitor Filters • Designing with Switched-Capacitor Filters 
Application Circuits• Filter Design Program• Nomographs and Tables 

TRANSISTOR DATABOOK-1982 
NPN Transistors• PNP Transistors• Junction Field Effect Transistors• Selection Guides• Pro Electron Series 
Consumer Series• NA/NB/NR Series• Process Characteristics Double-Diffused Epitaxial Transistors 
Process Characteristics Power Transistors • Process Characteristics JFETs • JFET Applications Notes 

VOLTAGE REGULATOR HANDBOOK-1982 
Product Selection Procedures • Heat Flow & Thermal Resistance • Selection of Commercial Heat Sink 
Custom Heat Sink Design • Applications Circuits and Descriptive Information • Power Supply Design 
Data Sheets 

48-SERIES MICROPROCESSOR HANDBOOK-1980 
The 48-Series Microcomputers • The 48-Series Single-Chip System • The 48-Series Instruction Set 
Expanding the 48-Series Microcomputers • Applications for the 48-Series • Development Support 
Analog 1/0 Components• Communications Components• Digital 1/0 Components• Memory Components 
Peripheral Control Components 



NATIONAL SEMICONDUCTOR CORPORATION 
AUTHORIZED DISTRIBUTORS 

ALABAMA San Diego (Continued) Palm Bay 
Huntsville Kierulff Arrow 

Arrow (619)278-2112 (305) 725-1480 
(205) 837-6955 Time Electronics St. Petersburg 
Bell Industries (619) 586-1331 Hamilton/ Avnet 
(205) 837-1074 San Jose (813) 576-3930 
Hamilton/ Avnet Anthem Electronics Winter Park 
(205) 837-7210 (408) 295-4200 Hamilton/ Avnet 
Kierulff Kierulff (305) 628-3888 
(205) 883-6070 (408) 947-3400 GEORGIA 
Pioneer Sunnyvale Norcross 
(205) 837-9300 Arrow Arrow 

ARIZONA (408) 745-6600 {404) 449-8252 
Phoenix Bell Industries Bell Industries 

Kierulff (408) 734-8570 (404) 662-0923 
(602) 437-0750 Hamilton/ Avnet Hamilton/ Avnet 

Tempe (408) 743.3355 (404) 447-7500 
Anthem Electronics Time Electronics Kierulff 
(602) 966-6600 (408) 734-9888 (404) 447-5252 
Arrow Thousand Oaks Pioneer 
(602) 968-4800 Bell Industries (404) 448·1711 
Bell Industries (805) 499-6821 

ILLINOIS Torrance (602) 966-7800 
nme Electronics Bensenville 

Hamilton/ Avnet 
(213) 320-0880 Hamilton/ Avnet 

(602) 231-5100 
Tustin (312) 860-7780 

CALIFORNIA Arrow Elk Grove Village 
Anaheim (714) 838-5422 Anthem Electronics 
nme Electronics Kierulff (312) 640-6066 
(714) 934-0911 (714)731-5711 Bell Industries 
Chatsworth 

COLORADO 
(312) 640·1910 

Anthem Electronics Pioneer 
(818)700-1000 Aurora (312) 437 -9680 
Arrow Arrow (303) 696-1111 Itasca 
(818) 701-7500 Englewood Kierulff 
Hamilton Electro Sales Anthem Electronics (312) 250-0500 
(818) 700-0440 (303) 790-4500 Schaumburg 
Kierulff Hamilton/ Avnet Arrow 
(818) 407-2500 (303) 799-9998 (312) 397-3440 

Time Electronics Kierulff Urbana 
(818) 998-7200 (303) 790-4444 Bell Industries 
Costa Mesa Wheatridge (217) 328-1077 

Avnet Electronics Bell Industries 
(303) 424-1985 IN DIANA 

(714) 754-6050 Carmel 
Hamilton Electro Sales CONNECTICUT Hamilton/ Avnet 
(714) 641-4159 Danbury (317) 844-9333 

Cypress Hamilton/ Avnet Fort Wayne 
Kierulff (203) 797-2800 Bell Industries 
(714) 220-6300 Meriden (219) 423-3422 

Garden Grove Lionex Inc. Indianapolis 
Bell Industries (203) 237-2282 Advent 
(714) 895-7801 Norwalk (317) 872-4910 

Gardena Pioneer Northeast Arrow 
Bell Industries (203) 853-1515 (317) 243-9353 
(213) 515-1800 Wallingford Bell Industries 
Hamilton/ Avnet Arrow (317) 634-8202 
(213) 217-6751 (203) 265-7741 Pioneer 

Irvine Kierulff (317) 849-7300 
Anthem Electronics (203) 265-1115 
(714) 768-4444 FLORIDA 

IOWA 
Los Angeles Altamonte Springs 

Cedar Rapids 

Kierulff Kierulff 
Advent Electronics 

(213) 725-0325 (305) 682-6923 
(319) 363-0221 

Ontario Pioneer 
Arrow 

Hamilton/ Avnet (305) 834-9090 
(319) 395· 7230 

(714) 989-4602 Bell Industries 
Deerfield Beach (319) 395-0730 Roseville Arrow 

Bell (305) 429-8200 
Hamilton/Avnet 

(916) 969-3100 Bell Industries 
(319) 362-4757 

Sacramento (305) 421-1997 KANSAS 
Anthem Pioneer Lenexa 
(916) 922-6800 (305) 428-8877 Arrow 
Hamilton/ Avnet Fort Lauderdale (913) 541·9542 
(916) 925-2216 Hamilton/ Avnet Pioneer Standard 

San Diego (305) 971-2900 (913) 492-0500 
Anthem Electronics Kierulff Overland Park 
(619) 453-9005 (305) 486-4004 Hamilton/ Avnet 
Arrow Largo (913) 888·8900 
(619) 565-4800 Bell Industries 
Hamilton/ Avnet (813) 541-4434 
(619) 571-7510 

MARYLAND 
Columbia 

Arrow 
(301) 995-0003 
Hamilton/ Avnet 
(301) 995-3500 
Lionex 
(301) 964-0040 

Gaithersburg 
Kieruiff 
(301) 840-1155 
Pioneer 
(301) 921-0660 

MASSACHUSETTS 
Lexington 

Pioneer Northeast 
(617) 861-9200 

Norwood 
Gerber Electronics 
(617) 769-6000 

Peabody 
Hamilton/ Avnet 
(617) 531-7430 

Wilmington 
Kierulff 
(617) 667-8331 
Lionex 
(617) 657-5170 

Woburn 
Arrow 
(617) 933-6130 

MICHIGAN 
Ann Arbor 

Arrow 
(313) 971-6220 
Bell 
(313) 971-9093 

Grand Rapids 
Arrow 
(616) 243-0912 
Hamilton/ Avnet 
(616) 243-8605 
Pioneer Standard 
(616) 698-1800 

Livonia 
Hamilton/ Avnet 
(313) 522-4700 
Pioneer/Michigan 
(313) 525-1800 

Wyoming 
R-M Michigan, Inc. 
(616) 531-9300 

MINNESOTA 
Eden Prairie 

Anthem Electronics 
(612) 944.5454 
Kierulff 
(612) 941-7500 
Pioneer Twin Cities 
(612) 935.5444 

Edina 
Arrow 
(612) 830-1600 

Minnetonka 
Hamilton/ Avnet 
(612) 932-0600 

MISSOURI 
Earth City 

Hamilton/ Avnet 
(314) 344-1200 

St. Louis 
Arrow 
(314) 567 -6668 
Kieruiff 
(314) 997-4956 
Time Electronics 
(314) 391-6444 



NATIONAL SEMICONDUCTOR CORPORATION 
AUTHORIZED DISTRIBUTORS (Continued) 

NEW HAMPSHIRE Woodbury Pioneer Technology Redmond 
Hudson Pioneer (215) 674-4000 Anthem Electronics 

Bell Industries (516) 921-8700 Monroeville (206) 881-0850 
(603) 882-1133 NORTH CAROLINA Arrow WISCONSIN 

Manchester Charlotte (412) 856-7000 Brookfield 
Arrow Pioneer Pittsburgh Arrow 
(603) 668-6968 (704) 527-8188 CAM/RPC (414) 792-0150 
Hamilton/ Avnet Raleigh (412) 782-3770 Mequon 
(603) 624-9400 Arrow Hamilton/ Avnet Taylor Electric Co. 

NEW JERSEY (919) 876-3132 (412) 281-4150 (414) 241-4321 
Cherry Hill Hamilton/ Avnet Pioneer Pittsburgh New Berlin 

Hamilton/ Avnet (919) 878-0810 (412) 782-2300 Hamilton/ Avnet 
(609) 424-0100 Kierulff TENNESSEE (414) 784-4516 

Fairfield (919) 872-8410 Nashville Waukesha 
Hamilton/ Avnet Winston-Salem Bell Industries Bell Industries 
(201) 575-3390 Arrow (615) 367 -4400 (414) 547-8879 
Kierulff (919) 725-8711 TEXAS Kierulff 
(201) 575-6750 OHIO Addison (414) 784-8160 
Lion ex Beachwood Quality Components CANADA 
(201) 227-7960 Kierulff (214) 733-4300 WESTERN PROVINCES 
Nu Horizons Electronics (216) 831-5222 Austin Burnaby 
(201) 882-8300 Centerville Arrow Hamilton/ Avnet 

Marl ton Arrow (512) 835-4180 (604) 437-6667 
Arrow (513) 435-5563 Hamilton/ Avnet Samad Electronics 
(609) 596-8000 Cleveland (512) 837-8911 (604) 438-2515 

Mt. Laurel Pioneer Kierulff Calgary 
Kierulff (216) 587-3600 (512) 835-2090 Hamilton/ Avnet 
(609) 235-1444 Dayton Pioneer (403) 250-9380 

Parsippany Bell Industries (512) 835-4000 Samad Electronics 
Arrow (513) 434-8231 Quality Components (403) 252-5664 
(201) 575-5300 Hamilton/ Avnet (512) 835-0220 Zentronics 

Pine Brook (513) 439-6700 Carrollton (403) 272-1021 
Pioneer Kierulff Arrow Edmonton 
(201) 575-3510 (513) 439-0045 (214) 380-6464 Zentronics 

NEW MEXICO Pioneer Dallas (403) 468-9306 
Albuquerque (513) 236-9900 Pioneer Standard Richmond 

Alliance Electronics Highland Heights (214) 386-7300 Zentronics 
(505) 292-3360 CAM/OHIO Garland (604) 273-5575 
Arrow (216) 461-4700 Kierulff Saskatoon 
(505) 243-4566 Solon (214) 840-0110 Zentronics 
Bell Industries Arrow Houston (306) 955-2207 
(505) 292-2700 (216) 248-3990 Arrow Winnipeg 
Hamilton/ Avnet Hamilton/ Avnet (713) 530-4700 Zentronics 
(505) 765-1500 (216) 831-3500 Kierulff (204) 694-1957 

NEW YORK Westerville (713) 520-7030 EASTERN PROVINCES 
Amityville Hamilton/ Avnet Pioneer Houston Brampton 

Nu Horizons (614) 882-7004 (713) 988-5555 Zentronics 
(516) 226-6000 OKLAHOMA Irving (416) 451-9600 

Binghamton Tulsa Hamilton/ Avnet Markham 
Pioneer Northeast Arrow (214) 550-7755 Se mad 
(607) 722-9300 (918) 665-7700 Stafford (416) 475-8500 

Buffalo Hamilton-Avnet Hamilton/ Avnet Mississauga 
Summit Distributors (918) 252-7297 (713) 240-7733 Hamilton/ Avnet 
(716) 887-2800 Kierulff Sugarland (416) 677-7432 

Fairport (918) 252-7537 Quality Components Nepean 
Pioneer Quality Components (713) 240-2255 Hamilton/ Avnet 
(716) 381-7070 (918) 664-8812 UTAH (613) 226-1700 

Hauppauge Radio Inc. Salt Lake City Zentronics 
Arrow (918) 587-9123 Anthem Electronics (613) 226-8840 
(516) 231-1000 OREGON (801) 973-8555 Ottawa 
Hamilton/ Avnet Beaverton Arrow Semad Electronics 
(516) 434-7413 Almac-Stroum (801) 972-0404 (613) 727-8325 
Lion ex (503) 629-8090 Bell Industries Pointe Claire 
(516) 273-1660 Anthem Electronics (801) 972-6969 Semad Electronics 

Port Washington (503) 643-1114 Hamilton/ Avnet (514) 694-0860 
Kierulff Kierulff (801) 972-4300 St. Laurent 
(516) 621-6200 (503) 645-6456 Kierulff Hamilton/ Avnet 

Rochester Lake Oswego (801) 973-6913 (514) 335-1000 
Arrow Bell Industries WASHINGTON Zentronics 
(716) 427-0300 (503) 241-4115 Bellevue (514) 737-9700 
Hamilton/ Avnet Hamilton/ Avnet Almac-Stroum Waterloo 
(716) 475-9130 (503) 635-7850 (206) 643-9992 Zentronics 
Summit Electronics Tigard Arrow (800) 387 -2329 
(716) 334-8110 Arrow (206) 643-4800 Willowdale 

Syracuse (503) 684-1690 Hamilton/ Avnet Electro Sonic 
Hamilton/ Avnet (206) 453-5844 (416) 494-1666 
(315) 437-2641 PENNSYLVANIA 

Horsham Kent 
Westbury 

Lion ex Kierulff 
Hamilton/ Avnet (206) 575-4420 
(516) 997-6868 (215) 443-5150 



SALES OFFICES 

ALABAMA FLORIDA MINNESOTA OREGON 
Huntsville Boca Raton Bloomington Portland 

(205) 837-8960 (305) 997-8133 (612) 835-3322 (503) 639-5442 
(205) 721-9367 Orlando (612) 854-8200 PENNSYLVANIA 

ARIZONA (305) 629-1720 NEW JERSEY Horsham 
Tempe St. Petersburg Paramus (215) 675-6111 

(602) 966-4563 (813) 577-1380 (201) 599-0955 Willow Grove 

B.C. GEORGIA NEW MEXICO (215) 657-2711 

Burnaby Atlanta Albuquerque PUERTO RICO 
(604) 435-8107 (404) 396-4048 (505) 884-5601 Rio Piedias 

CALIFORNIA 
Norcross 

NEW YORK (809) 758-9211 

Encino 
(404) 441-2740 

Endicott QUEBEC 
(818) 990-9800 ILLINOIS (607) 757-0200 Dollard Des Ormeaux 

Inglewood Schaumburg Fairport (514) 683-0683 

(213) 645-4226 (312) 397-8777 (716) 425-1358 Lachine 
Roseville INDIANA (716) 223-7700 (514) 636-8525 

(916) 786-5577 Carmel Melville TEXAS 
San Diego (317) 843-7160 (516) 351-1000 Austin 

(619) 587-0666 Fort Wayne Wappinger Falls (512) 346-3990 
Santa Clara (219) 484-0722 (914) 298-0680 Houston 

(408) 562-5900 IOWA NORTH CAROLINA (713) 771-3547 
Tustin Cedar Rapids Cary Richardson 

(714) 259-8880 (319) 395-0090 (919)481-4311 (214) 234-3811 
Woodland Hills 

KANSAS OHIO UTAH 
(818) 888-2602 

Overland Park Dayton Salt Lake City 
COLORADO (913) 451-8374 (513) 435-6886 (801) 322-4747 

Boulder 
MARYLAND Highland Heights WASHINGTON 

(303) 440-3400 
Hanover (216) 442-1555 Bellevue 

Colorado Springs 
(301) 796-8900 (216) 461-0191 (206) 453-9944 

(303) 578-3319 
Englewood MASSACHUSETTS ONTARIO WISCONSIN 

(303) 790-8090 Burlington Mississauga Milwaukee 
(617) 270-0160 (416) 678-2920 (414) 527-3800 

CONNECTICUT 
Waltham Nepean 

Fairfield 
(617) 890-4000 (404) 441-2740 

(203) 371-0161 (613) 596-0411 
Hamden MICHIGAN Woodbridge 

(203) 288-1560 W. Bloomfield (416) 746-7120 
(313) 855-0166 



~National 
D Semiconductor 

BELL INDUSTRIES 
Electronic Distribution Group 

1161 N. Fairoaks Avenue 

Sunnyvale, California 94089 

(408) 734-8570 

FAX NO. (408) 734-8875 


