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Introduction 

National Semiconductor has created the CROSS VOL j'TM Logic Series of low voltage logic products not only to serve the logic 
needs of the low voltage market but also to ease the migration to lower supply voltages. At National we recognize that the 
transition from 5 volts to 3 volts has not been an easy or clean process. According to market research groups, the changeover 
to pure 3 volt systems will take years. That's why National Semiconductor's CROSS VOL T Logic Series features logic families 
(like our LCX High Speed CMOS Family) and translators (like our LVX Dual Supply CMOS Translating Transceivers) that can 
interface between 5V logic and 3V logic without the need for additional components. This greatly simplifies the design of mixed 
voltage supply systems and provides a seamless migration to pure 3V systems. 

As processors, memory, and batteries require even lower voltages, National Semiconductor will continue to ease the migration 
to lower voltages by expanding the CROSSVOL T Logic Series portfolio to include new over-voltage tolerant logic families and 
translators. 
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Formative or 
In Design 

First 
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. 

;.¥:.~ ".' : :::' ,:,' Full This data sheet contains final specifications. National Semiconductor 
~"klflmm.,.tioif '., ,Production Corporation reserves the right to make changes at any time without 
;~~,.ted' 't:. ~ :,:.~.: .:,;', " .. ', notice in order to improve design and supply the best possible product. ------------+-----------------------------------------
[,'~;.;o,~.:;bSoIete.i" ',.,~, <~,S:.;::>.:~ .. ~.,:~', ,~:A.,;. Not In Production !i~~odn~~~u~hde:~ ~;ti~~~ ~~:~~~~~~:o~~:;~r~~i~~~h;~:~~~e:~eet 
":' . ',.~. ',' " is printed for reference information only. 

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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Gates 
Function/Description Type LVQ LVX LeX LVT 

Quad 2-lnput NAND 00 x x 

Quad 2-lnput AND 08 x x 

Quad 2-lnput OR 32 x x 

Quad 2-lnput NOR 02 x x 

Quad 2-lnput Exclusive-OR 86 x x 

Hex Inverter 04 x x 

Hex Schmitt Trigger Inverter 14 x x 

Flip-Flops 

Function/Description Type LVQ LVX LeX LVT 
Data TRI-sTATE® Master 

Inputs Outputs Reset 

DualD 74 x x 2 No No 

HexD 174 x x 6 No Yes 

OctalD 273 x x 8 No Yes 

OctalD 374 x x x x 8 Yes No 

16-BitD 16374 x x 16 Yes No 

Latches 

Function/Description Type LVQ LVX LeX LVT 
Data Enable TRI-STATE® Broadside 

Inputs (Level) Outputs PinOut 

Octal Transparent latch 373 x x x x 8 1 (H) Yes No 

Octal Transparent latch 573 x x 8 1 (l) Yes Yes 

16-Bit Transparent latch 16373 x x 16 2 (H) Yes No 

Buffers/Line Drivers 

Function/Description Type LVQ LVX LeX LVT 
Enable Inverting/ 
(Level) Non-Inverting 

Quad Buffer 125 x x x 4 (l) N 

Octal Buffer / Une Driver 240 x x x x 2(l} I 

Octal Buffer/Une Driver 241 x 1 (l) + 1 (H) N 

Octal Buffer/Une Driver 244 x x x x 2(l} N 

16-Bit Buffer/Une Driver 16240 x x 4(l} I 

16-Bit Buffer / Une Driver 16244 x x 4(l} N 

x 



Decoders/Demultiplexers 

Enable 
Active 

Function/Description Type LVQ LVX LCX LVT (Level) Address Outputs 
Inputs 

1-01-8 Decoder/Demultiplexer 138 x x 2 (L) + 1 (H) 3 8 

Multiplexers 

Function/Description Type LVQ LVX LCX LVT 
Enable True Complement 
(Level) Output Output 

8-lnput Multiplexer 151 x 1 (L) Yes (1) Yes (1) 

Quad 2-lnput Multiplexer 157 x x 1 (L) Yes (4) No 

Transceivers/Registers 

Function/Description Type LVQ LVX LCX LVT Registers 
Enable TRI-STATEIII> 
(Level) Outputs 

Octal Bidirectional Transceiver 245 x x x x No 1 (L) Yes 

Octal Bus Transceiver and Register 646 x x Yes 1 (L) Yes 

Octal Bus Transceiver and Register 652 x x Yes 1 (L) + 1 (H) Yes 

16-Bit Bidirectional Transceiver 16245 x x No 2(L) Yes 

16-Bit Bus Transceiver and Register 16646 x x Yes 2(L) Yes 

16-Bit Bus Transceiver and Register 16652 x x Yes 2(L) + 2 (H) Yes 

Translators 

TRI-STATEIII> 
3V or 5V 

Function/Description Type LVQ LVX LCX LVT 
Outputs 

Configurable VCCA VCCB 
I/O 

Octal Translating Transceivers 3245 x Yes No 2.7V-3.6V 4.5V-5.5V 

Octal Translating Transceivers 4245 x Yes No 4.5V-5.5V 2.7V-3.6V 

Octal Translating Transceivers 03245 x Yes Yes 2.7V-3.6V 3.0V-5.5V 

Octal Translating Transceivers C4245 x Yes Yes 4.5V-5.5V 2.7V-5.5V 

Bus Switches 

TRI-5TATEIII> 
3V or 5V 

Function/Description Type LVQ LVX LCX LVT 
Outputs 

Configurable VCC 
I/O 

1 O-Bit Bus Switch or 5-Bit Bus Exchanger 3L383 x Yes Yes 4.0V-5.0V 

10-Bit Bus Switch 3L384 x Yes Yes 4.0V-5.0V 

xi 
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Description and Family Characteristics 

Introduction Family Specifications 
In order to provide optimum logic solutions for a variety of To assist the designer in selecting one of National Semicon-
low voltage applications, National Semiconductor offers ductor's Low Voltage Logic families the specifications for a 
several low voltage logic product families. Each of these '245 function are compared below for easy reference. 
families possess a unique set of features and operating Please reference individual data sheets for specific device 
characteristics optimized for a particular low voltage appli- information. 
cation. All National low voltage logic devices share the fol-
lowing features: 

• low or "zero" static power dissipation « 1 00 nA typical 
for LVQ) 

• reduced dynamic power consumption 

• lower switching noise than comparable higher supply 
voltage counterparts 

• compliance with EIA-JEDEC low voltage interface stan-
dard #8-18 

Output drive, translation capabilities, switching speed and 
interface flexibility are examples of the characteristics that 
differentiate these low voltage logic families. 

Recommended Operating Conditions 
LVX 

Lex 
LVT 

LVQ Dual Supply 
Bus (Advance 

LVX Translating (Preliminary) 
Information) 

Transceivers 
Switches 

'245 '245 4245 '3L383 '245 '245 

Supply Voltage (Vee> 2.0VtoS.6V 2.0VtoS.6V 2.7VtoS.6V 4.0Vt05.5V 2.0VtoS.6V 2.7VtoS.6V 
and 

4.5Vt05.5V 

Input Voltage (VI) OVtoVee OVt05.5V OVt05.5V OVto 5.5V OVt05.5V 

Output Voltage (Vo) 
Active OV to Vee OVtoVee OVtoVee OVtoVec OV to Vee 
TRI-STATE® OVtoVee OVtoVec OVtoVee OVto 5.5V OVt05.5V 

Operating -40'Cto +85'C - 40'C to + 85'C -40'C to + 85'C - 40'C to + 85'C - 40'C to + 85'C -40'Cto + 85'C 
Temperature (T A) 

Input Rise and 125 mV/ns o nslVto 8 nslV 10nsIV 10 nslV 
Fall Time 100 nslV 
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DC Electrical Characteristics 

LVQ 
LVX 

'245 '245 

VIH Min 2.0V 2.0V 

VIL Max 0.8V 0.8V 

VOH Min 2.48V@ 2.48V@ 

10H = -12mA 10H = -4mA 

VOL Max 0.44V@ 0.44V@ 

10L = +12 mA 10L = 4mA 

liN Max ±1.0",A ±1.0",A 

Icc Max 40p.A 40 ",A 

loz Max ±3.0",A ±2.5",A 

VOLP Max 0.8V 0.8V 

VOLV Min -0.8V -0.8V 

VIHD Max 2V 2V 

VILD Max 0.8V 0.8V 

AC Electrical Characteristics 

LVQ 
LVX 

Units = ns '245 '245 

TpHL Max 10.5 11.5 

TpLH Max 10.5 11.5 

TpZL Max 13.5 16.5 

TpZH Max 13.5 16.5 

TpHZ Max 15 14.5 

TpLZ Max 15 14.5 

TOSHL Max 1.5 1.5 

TOSLH Max 1.5 1.5 

LVX 

LCX 
LVT 

Dual Supply 
Bus (Advance 

Translating (Preliminary) 
Information) 

Transceivers 
Switches 

4245 '3L383 '245 '245 

2.0V 2.0V 2.0V 2.0V 

0.8V 0.8V 0.8V 0.8V 

3.76V@ 2.2V@ 2.0V@ 

10H = -24mA 10H = -'-24mA 10H = -32mA 

0.44V@ 0.55V@ 0.55V@ 
-IOL = 24mA 10L = 24mA 10L = 64mA 

±1.0 ",A ±1 ",A ±5.0",A ±10p.A 

80 ",A 3 ",A 10 ",A 12mA 

±5",A ±1 ",A ±5",A ±1 ",A 

1.5V/0.8V 0.8 - TBD 

-1.2V/-0.8V 0.8 'TBD 

2V TBD 

0.8V TBD 

LVX 

LCX 
LVT 

Dual Supply 
Bus (Advance 

Translating (Preliminary) 
Information) 

Transceivers 
Switches 

4245 '3L383 '245 '245 

8.5 0.25 7 4 

8 0.25 7 4 

9 6.5 8.5 5.5 

9.5 6.5 8.5 5.5 

8.5 5.5 7.5 5.9 

7 5.5 7.5 4.8 

1.5 1 1 

1.5 1 1 
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Operating Voltage Features of National Semiconductor's 
Low Voltage Logic Families 
One of the most popular uses of low voltage logic is for translation between voltage levels. '244 and '245 functions are most 
often used for translation, but other functions are also used. The following table summarizes the translation capabilities for each 
family. 

Mixed Translators Mixed Mixed 
Pure 3V Voltage Non- Conditional Voltage Voltage 

Parameter Tolerant Configurable Tolerant Tolerant Conflgurable (Note 1) 

LVQ LVX LVX3245/4245 LVXC3245/4245 LVX3L383/4 LCX LVT 

Vee 2.0V-3.6V 2.0V-3.6V 4.0V-5.5V 2.0V-3.6V 2.7V-3.6V 

VeeA 4.5V-4.5Vor 2.7V-3.6Vor 
2.7V-3.6V 4.5V-5.5V 

VeeB 4.5V-5.5Vor 2.7V-5.5Vor 
2.7V-3.6V 3.0V-5.5V 

Inputs 
3V 

Accepts3V 
OV-Vee OV-Vee OV-Vee 

Accepts3V Accepts3V 
and5V and5V and5V 

I/O and 
Interfaces 

Accepts3V Accepts3V 
Outputs 3V 3VOnly OV-Vee OV-Vee 

with3V/5V 
and 5V and5V 
(Note 2) (Note 2) 

A-Port Interfaces Interfaces 
with 3V'or 5V with3Vor5V 

(Fixed) (Fixed) 

B-Port Interfaces Interfaces 
with3Vor5V with3Vor5V 

(Fixed) (Configurable) 

Note 1: Translation feature implemented by adding a diode between Vee and the device. 

Nole 2: Only when outputs in TAI·STATE condition (when an 1/0 is an input it can accept a 5V stimulus). 

All the families except LVQ provide some sort of translation the LVX Dual Supply Translating Transceivers are unsur-
capability. LVX and LCX will accept 5V signals on the inputs, passed. They can even be used to drive 5V CMOS inputs 
and LCX will also tolerate 5V signals on the outputs when and the LVXC3245/4245 devices have B-port I/O which 
the outputs are in TRI-STATE. The LVX3L383/4 devices can be configured for 3V or 5V "on the fly". For further 
can be used as "zero delay" translators when a diode is information on interfacing National Semiconductor's Low 
used between Vee and the devices. For pure translation, Voltage Logic to 5V Logic families see Section 4. 
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Low Voltage Logic Family Feature Comparison 
LVX 

Lex LVT 
Feature LVQ Dual Supply 

Bus (Advance 
LVX Translating (Preliminary)' 

Information) 
Transceivers 

Switches 

Translation (5V ~ 3V) 
Input no yes yes yes yes yes 
Bidirectional no no yes yes yes yes 
Configurable no no yes no no no 

VOlP < O.BV yes yes yes yes yes yes 

Zero Static Power yes yes yes yes yes no 

LowEMI yes yes yes yes yes yes 

Latchup > 300 mA yes yes yes yes yes yes 

Alternative Source 
Available 

yes yes yes yes yes yes 

Power Up Output 
no no no no no yes 

Hi-Impedance 

Power Down Output 
no no no no yes yes 

Hi-Impedance 

Corner Supply Pin yes yes yes yes yes yes 

Product Range 
Gates/MSI yes yes no no no no 
Octals yes yes yes no yes yes 
10-Bit no no no yes no no 

, ' 

16-Bit no no no no yes yes 

Current SOIC,EIAJ, SOIC,EIAJ, sOlc,asop SOIC,aSOp, SOIC,EIAJ, SOIC,EIAJ, 
Package aSOP-Octals Only SSOPI TSSOP TSSOP, TSSOP, 
Offerings SSOP-16-Bit Only SSOP-16-Bit Only 
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Process Technology 
A wide range of processing technologies are used to manufacture the various low voltage product families. Process selection is 
based upon the conversion of product electrical features to technological demands at the device level. Table I summarizes the 
process characteristics by product line. 

TABLE I 

LVX 

Product Line LVQ Dual Supply 
Bus LCX LVT 

LVX Translating 
Switches Units 

Transceivers 

Process 1.5 CMOS 1.0 CMOS 0.8 CMOS 1.0 BiCMOS 0.8 CMOS 1.0BICMOS 

Device Characteristics 

TOX nom 225 150 150 150 150 150 A 

Abs Max Vee max 7.0 7.0 7.0 7.0 7.0 7.0 V 

LEFFNMOS nom 1.05 0.65 0.6 0.65 0.6 0.65 11m 

LEFFPMOS nom 1.05 1.0 0.75 0.7 0.75 0.7 11m 

i3NPN nom nfa nfa nfa nfa nfa 90 

Process Characteristics 

Starting Material P-epi on P-epion N-epilN+ + N-epilN+ + N-epifN+ + N-epilN+ + 
P++ P++ 

Minimum Feature 1.4 1.0 0.8 1.0 0.8 1.0 11m 

M1 Pitch min 4.5 3.5 2.0 3.5 2.0 3.5 11m 

M2Pitch min 6.0 5.0 2.5 5.0 2.5 5.0 11m 

Switching Speed and Static Output Drive 
National Semiconductor offers the low voltage system designer choices when it comes to switching speed, output drive and 
mixed supply level flexibility. Table II summarizes the performance of the various low voltage logic families with regard to these 
system critical parameters. 

TABLE II 

LVX 
LVT 

Parameters LVQ Dual Supply 
Bus LCX (Advance Units 

LVX Translating 
Switches Information) 

Transceivers 

T PD (3.0V, 85'C) 9.5 12.0 9.0 250 ps (Note 1) 6.5 4.0 ns 

IOL (Note 2) 12 4 24 nfa 24 64 mA 

IOH (Note 3) -12 -4 -24 nfa -24 -32 mA 

AbsMaxVee 7 7 7 7 7 7 V 

Maximum VIH (Vee = 3.0V) Vee + 0.5 5.5 Vee + 0.5 5.5 5.5 5.5 V 

Maximum VOH (Vee = 3.0V) Vee + 0.5 Vee + 0.5 Vee + 0.5 5.5 5.5 (Note 4) 5.5 (Note 4) V 

Note 1: Calculated based upon 50 pF load and 50 nominal channel resistance 

Note 2: Refer to individual datasheets for VOL level. 

Note 3: Refer to individual datasheels for VOH level. 

Note 4: VOH is permitted 10 rise above Vee only when OEb ;, VIH. 
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Switching Induced Noise 
Reducing the power supply potential and compressing the 
output swing of a high drive output buffer reduces the 
switching induced noise that it propagates or generates. At 
the same time using advanced technology to provide ag
gressive propagation delay and large load driving capabili
ties serves to increase VOlP and VOLVo The net result is that 
great care must be taken in the design of high speed, low 
voltage line drivers if the noise benefits of the reduced sup
ply and compressed swing are to be preserved. By incorpo
rating a low-voltage-tuned version of National Semiconduc
tor's proven Graduated Turn-On (GTOTM) circuitry (Note 1), 
best-in-class propagation delay gl,tarantees are achieved 
along with the industry's only guaranteed maximum specifi
cations for ground bounce, undershoot and dynamic input 
thresholds. 

Figure 1 depicts a functionally correct, but schematically 
simplified representation of the National Semiconductor 
GTO circuit used throughout the low voltage portfolios. In 
the case of an output high-to-Iow transition this circuit be
haves according to the following flow. 
Note 1: United States Patents #4.961,010, #5,036,222 and #5,081,374 

INITIAL CONDITIONS 

• Vg[Pl] and Vg[P2]are discharged to - OV 

• Vgs[Pl,P2] = Vee 

• Vds[Pl,P2] = OV -lds[Pl] = Ids[P2] = 0 (assumes 
purely capacitive load) 

• Vgs[Nl] and Vgs[N2] = OV - Ids[Nl] = Ids[N2] = 0 

• Vo = Vee 

NODES A AND B ARE EXTERNALLY CHARGED TO Vee 
FROMOV 

• Vg[Pl,Nl] rises to Vee 

• The I1t circuits delay the delivery of the signals A and B 
to P2 and N2 

• Vgs[Pl] = OV, Ids[Pl] = 0 - Pl is off 

• Vgs[Nl] = Vee, Vds[Nl] = Vee, Nl saturates and be
gins to discharge Cl 

1-8 

• The I1t circuits now pass the signals at A and B 

• Vgs[P2] = OV, Ids[P2] = 0 - P2 is off 

• Vgs[N2] = Vee, Vds[N2] = Vee, N2 saturates and dis
charges Cl 

• Ids[N2] > Ids[Nl] and Ids[P2] > Ids[Pl] 

A -+-ii+---i 

TlIF/12027-1 

FIGURE 1. Simplified SchematIc of GTO Noise Control 

The connectivity within the I1t blocks is such that all signals 
arriving at nodes A and B are delayed en route to P2 and 
N2. This would serve to degrade the disable time perform
ance of the buffer. N3 and P3 restore the disable time per
formance by bypassing the delay elements during LZ or HZ 
output transitions only. The turn-off Signals to N2 and P2 are 
thereby delivered without delay. 

Low Voltage Product Summaries 
To assist the system designer in understanding the specific 
operating characteristics of each of the various products a 
brief description of the circuit topology for each is present
ed. 



LVQ-Low Voltage Quiet CMOS 
Logic 
The LVQ product line is targeted for 3.3V-only applications 
where interlacing to 5V or other interlace levels is not a 
requirement. Figure 2 depicts the circuitry common to the 
LVQ family. Complementary diode input protection is used 
but without the usual current limiting input resistor. This 
dramatically reduces the forward resistance associated with 
these junctions and significantly improves their input over
shoot and undershoot clamping capabilities. Diode D1 pro
tects the input node from positive voltage ESD events by 
conducting the charge to the Vee node and away from the 
ESD sensitive structures internal to the device. D1 becomes 
forward biased when charge builds up on the input node 
such that the potential difference across D1 is larger than 
VF for D1. This type of input protection circuit precludes the 
application of input signals containing components that rise 
above Vee by more than the VF of D1. 

input stage 

Vcc 

Data 

. _-----------
input stage 

Vee 

Enable C>-i-.... ---• 

. _-----------

The complementary MOS output drivers used throughout 
the LVQ family include drain isolation junctions D5 and D6 
that are reverse biased during normal operation. This im
plies that signals applied to any LVQ output node must not 
rise above Vee + VF[D5] or below GND - VF[D6]. Opera
tion outside this range will forward bias D5 or D6 and thus 
creating an undesirable forward conducting path to Vee or 
ground. This current may result in violation of the Absolute 
Maximum Ratings for these devices which in turn may ad
versely and permanently affect device perlormance and reli
ability. 

LVQ devices include output drivers that feature National 
Semiconductor's GTO noise control circuitry. The output 
transistors are designed with suitable dynamic current 
sourcing and sinking capabilities to assure incident wave 
switching when driving non-terminated transmission lines 
having a characteristic impedance of 7500 or greater. 

05 
P+/N-

GTO™ Output 

06 
N+/P-

TL/F/12027-2 

FIGURE 2. Simplified LVQ Schematic Diagram 
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LVX-Low Voltage CMOS Logic 
(with 5V Tolerant Inputs) 
The LVX family is made up of three product groupings, each 
possessing a unique set of interfacing capabilities and char· 
acteristics optimized for specific applications . 
• Gates, octals and MSI types 
• Dual Supply Translating Transceivers 
• Bus Switches 
The LVX gates, octals and MSI types all feature an alternate 
input ESD protection scheme that permit ~helr inputs to re
ceive signals whose logic·high levels exceed the supply 
voltage. Figure 3 shows a simplified LVX input buffer sche· 
matic that includes the alternate ESD structure. 
Since there no longer exists a forward junction between the 
data input pin and Vee the conduction path between the 

data pin and Vee is disrupted. The positive voltage limitation 
on the input pins increases from Vee + VF to the minimum 
breakdown path tied to the input. For the L VX family of 
gates, octals and MSI products this value (BVDSS) is in 
excess of 7V. As In the case of LVQ products, LVX utilizes 
complementary MOS devices In its output stage and there· 
fore cannot tolerate signals applied to its outputs outside 
the range defined by GND- VF and Vee + VF. 
The output drive available from LVX is scaled to provide the 
lowest possible dynamiC power diSSipation and leakage. By 
virtue of their pin capacitance speCifications, low noise and 
high speed, LVX products are ideally applied in 3.3V battery 
powered systems where system performance requires 5V 
FACT propagation delays. 

input st.ge -----------------

rlS 
o.t.=O......;-, _ .. L...---..~-.... yJt-:1 

'~~ ESD 9 
N+/P- I 

~7 Nl I 
I ----------------.. TLlF/12027-3 

FIGURE 3. Simplified LVX Input Buffer Schematic as Used In Gates, Octals and MSI Types 

1-10 



LVX-Low Voltage Dual Supply 
CMOS Translating Transceivers 
The LVX family of true translating transceivers use an en
tirely different approach to the mixed supply interfacing is
sue. Not just overvoltage tolerant, these devices are true 
translators-meaning that they receive 3V signals and out
put 5V signals, and receive 5V signals and output 3V sig
nals. This is accomplished by internally dividing the devices 
such that the circuitry associated with the A-side is electri
cally isolated from the B-side. This dual supply architecture 
permits the LVX translator family to interface 3V signals and 
5V signals with zero static power dissipation. 

In the case of the 74LVX4245 device the A-side is dedicat
ed to 5V operation and VCCA is specified for the range 
4.5V-5.5V. The B-side is dedicated 3.3V and VCCB is speci
fied for the range 2.7V-3.6V. The LVXC3245 and 
L VXC4245 offer further enhanced interfacing in that the B
side is designed to operate over an extended range of 1/0 
and supply levels. For these types VCCB is permitted to be 

T/Rb 

01 

A(n) 

02 

VeeA 

b 
VeeA 

03 

04 

set to any value between 2.7V and 5.5V. The 1/0 levels on 
the B-side will track or scale automatically according to the 
level set on VCCB. This B-side operation is completely inde
pendent of VCCA. The A-port and control input buffers are 
referenced to VCCA and do not vary with VCCB. Refer to 
Figure 4. The configurable dual supply translating transceiv
ers (LVXC) are designed to tolerate floating inputs on the B
port when VCCA and the control signals are set to valid op
erating levels. The combination of on-the-fly interface flexi
bility together with "empty socket" tolerance is intended to 
benefit designers of PC card systems where expansion 
cards with different supply potentials must be accommodat
ed. 

Along with the advanced interfacing capabilities offered by 
the LVX dual supply translators, these products offer switch
ing speeds equivalent to 5V FCT/FAST but with Quiet Se
ries noise performance and 3.3V supply. 

OEb 

05 

B(n) 

06 

Vcce 

~ 
VCCB 

07 

GTOT" 

DB 

.¢. 

TlIF/12027-4 

FIGURE 4. Simplified LVX Translator Schematic Diagram 

1-11 

III 



~r-----------------------------------------------------------------~ 

:; ... 
~ 
f! ca 
t5 
~ 
'E 
:. 
'1::J c ca 
c o 
:g, 
'0:: 
CJ 

~ 
C 

LVX-Low Voltage CMOS Bus 
Switches 
The LVX3L383 and LVX3L384 low impedance switches 
complete the LVX family. By virtue of their low "on" resist
ance these ten channel NMOS pass gates can be used to 
provide a high speed. bi-directional interface between mixed 
supply busses. Figure 5 depicts a single channel represen
tation of the LVX3L384. 

The enhancement type NMOS pass gate N1 utilized in all 
LVX3L383 and LVX3L384 low impedance switches provides 
bi-directional signal level translation capability. The source 
(Note 1) of the pass gate will always be clamped to Vg-Vtn 
irrespective of the drain potential. Vg is set by Vee via in
verter 11. Consider the following case: 

• Vee is set to 4.1V 

• Vtn = O.8V 

• Va = 5.0V 
• Venable =OV 

• Vb is initially discharged' 

Given these conditions pass gate N1 saturates (Vds > Vgs 
--: Vt) and begins charging its source B(N) positively. As 
B(n) rise~ the difference between B(n) and Vee (Vgs[N1]) 
decreases. When B(n) rises to within Vtn of Vee. N1 is cut
off and conduction ceases independent of the. potential at 
A(n). The final terminal conditions then are 

V[A(n)] = 5.0V 
V[B(n)j = Vee -Vtn ='3.3V 

and the translation is completed. 
Note 1: For an NMOS transistor the source is defined as the diffusion with 

lowest potential .. 

..... - ..... - - - - 10 olher channels 

A(ri)O-~l~--D"""----..J 

~·',-9· 
L-_-. __ .... _-<~ B(n) 

N+/P-

TL/F/12027-5 

FIGURE 5, Simplified LVX3L384 Schematic Diagram 
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LCX-Low Voltage High Speed 
CMOS Logic (with 5V Tolerant 
Inputs and Outputs) 
The LCX product line represents National Semiconductor's 
most advanced low voltage CMOS product line. These de· 
vices offer mixed 3V-5V capability and are recommended 
for applications where 3.3V and 5.0V subsystems interface 
with one another and where low power consumption is a 
necessity. By virtue of a proprietary input! output structure 
(Note 1), the LCX family of products will tolerate input and 
output (Note 2) node exposure to signals or DC levels that 
exceed the Vee level. Refer to Figure 6 for schematic de· 
scription of a typical LCX circuit. 

input stag. ------------

Data C>-i---.--• 

. _----------_. 
input stag. ------------

Enabl. C>-,.. ..... --. 

Note that the output PMOS device P5 has its bulk potential 
supplied by the output of the comparator X1 rather than by 
Vee as in conventional CMOS. The circuitry contained with· 
in the comparator is designed such that the output is always 
the greater of Vee or Vo. This technique circumvents the 
P+/N- bulk·source forward junction that usually appears 
between the PMOS drain at the output and the bulk connec
tion of the output PMOS which is usually tied to Vee. Elimi
nating this junction is fundamental to the powered-down 
high Z and overvoltage tolerance features that distinguish 
LCX from other low voltage CMOS products. 
Note 1: U.S. and international patent protection applied for. 

Note 2: Output Dvervoltage is permitted unconditionally for tri·stated out
puts. For active outputs. see datasheet. 

GTO™ t---4-.... -[~ Output 

TL/F/12027-6 

FIGURE 6. Simplified LCX Schematic Diagram 
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LVT-LowVoltage High Speed 
BiCMOS Logic 
LVT is National Semiconductor's highest performance low 
voltage family of products. Manufactured using sub-micron 
BiCMOS technology, LVT includes all the mixed-supply in
terface fel:\tures of LCX in addition to BJT-enhanced propa
gation delays. These 5V tolerant low voltage devices "are 
recommended for applications where 3.3V and 5.0V subsys
tems interface with one another and where high speed and 
high drive are required. By virtue of hysteresis applied by 11 
and 12 directly at the input node (refer to Figure 7), LVT 
devices will tolerate floating input conditions that would oth
erwise lead to increased leakage or compromises in system 
data integrity. 

input stag. ---------------

Oat. L:>-+--1I---" 

--------------_. 
input stage ---------------

Enable C:>-+--1I---" 

.---------------

The output buffer design is based upon the LCX circuit and 
includes overvoltage tolerance at the output as does LCX. 
AC and DC performance in the LVT version of the output is 
augmented by the addition of t~e parallel NPN devices 03 
and 04. The 04 base drive required to sink the rated IOL 
results in a nominallcCL of less than 10 mA. The reverse-bi
ased Schottky device D3 prevents output overvoltages that 
exceed BVCEO from corrupting the low voltage supply. LVT 
benefits from this protection when Vee is applied as well as 
when the device is powered-down. 

TUF/12027-7 

FIGURE 7" Simplified LVT Schematic Diagram 

At National Semiconductor it is our mission to excel in serving chosen markets by delivering semiconductor intensive products 
and services of the highest quality and value, thereby providing a competitive advantage to our customers worldwide. Should 
you have any additional questions about our Low Voltage Products, please contact your local sales office or our Customer 
Response Center at 1-800-272-9959 within the U.S., 1-800-258-6768 in Canada. 
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~National 
~ Semiconductor 

Low Voltage Logic 
Ratings, Specifications, and Waveforms 

Definition of Terms 

DC Characteristics 
Currents: Positive current is defined as conventional cur

rent flow into a device. Negative current is de
fined as current flow out of a device. All current 
limits are specified as absolute values. 

Voltages: All voltages are referenced to the ground pin. All 
voltage limits are specified as absolute values. 

Icc The current flowing into the Vcc supply terminal 
when the device is at a quiescent state. 

ICCH The current flowing into the VCC supply terminal 
when the outputs are in the HIGH state. 

ICCl 

Iccz 

The current flowing into the VCC supply terminal 
when the outputs are in the LOW state. 

Additional Icc due to TTL HIGH levels forced on 
CMOS inputs. 

The current flowing into the VCC supply terminal 
when the outputs are disabled (high impedance). 

II, liN Input Current. The current flowing into or out of 
an input when a specified LOW or HIGH voltage 
is applied to that input. 

10H Output HIGH Current. The current flowing out of 
an output which is in the HIGH state. 

10l Output LOW Current. The current flowing into an 
output which is in the LOW state. 

los Output Short Circuit Current. The current flowing 
out of an output in the HIGH state when that out
put is shorted to ground (or other specified poten
tial). 

loz Output OFF current. The current flowing into or 
'out of a disabled TRI-STATE® output when a 
specified LOW or HIGH voltage is applied to that 
output. 

II(HOlD) Input hold Current. Input current that holds the 
input at the previous state when the driving de
vice goes to a high impedance state. 

11(00) Input over-drive current. Input current that is 
specified to switch a logic level which is held at 
previous state. 

10FF Input/Output power-off leakage current. The 
maximum leakage current into or out of the input/ 
output transistors when forcing the input/output 
from OV to 5.5V with Vcc = OV. 

Vee Supply Voltage. The range of power supply volt
ages over which the device is guaranteed to op
erate. 

VJK Input Clamp Diode Voltage. The voltage on an 
input (-) when a specified current is pulled from 
that input. 
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Input HIGH Voltage. The minimum input voltage 
that is recognized as a DC HIGH-level. 

Dynamic Input HIGH Voltage. The minimum input 
voltage that is recognized as a HIGH-level during 
a Multiple Output Switching (MOS) operation. 

Input LOW Voltage. The maximum input voltage 
that is recognized as a DC LOW-level. 

Dynamic Input LOW Voltage. The maximum input 
voltage that is recognized as a LOW-level during 
Multiple Output Switching (MOS) operation. 

Output HIGH Voltage. The voltage at an output 
conditioned HIGH with a specified output load 
and Vcc supply voltage. 

Output LOW Voltage. The voltage at an output 
conditioned LOW with a specified output load 
and Vcc supply voltage. 

VOlP Maximum (peak) voltage induced on a static 
LOW output during switching of other outputs. 

VOlV Minimum (valley) voltage induced on a static 
LOW output during switching of other outputs. 

AC Characteristics 
ft Maximum Transistor Operating Frequency-The fre
quency at which the gain of the transistor has dropped by 
three decibels. 

fmax Toggle Frequency/Operating Frequency-The 
maximum rate at which clock pulses may be applied to a 
sequential circuit. Above this frequency the device may 
cease to function. 

tplH Propagation Delay Time-The time between the 
specified reference points, on the input and output voltage 
waveforms, with the output changing from the defined LOW 
level to the defined HIGH level. 

tpHL Propagation Delay Time-The time between the 
specified reference points, on the input and output voltage 
waveforms, with the output changing from the defined HIGH 
level to the defined LOW level. 

tw Pulse Width-The time between specified amplitude 
points of the leading and trailing edges of a pulse. 

tH Hold Time-The interval immediately following the ac
tive transition of the timing pulse (usually the clock pulse) or 
following the transition of the control input to its latching 
level, during which interval the data to be recognized must 
be maintained at the input to ensure its continued recogni
tion. A negative hold time indicates that the correct logic 
level may be released prior to the active transition of the 
timing pulse and still be recognized. 
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ts Setup Time-The interval immediately preceding the ac
tive transition of the timing pulse (usually the clock pulse) or 
preceding the transition of the control input to its latching 
level, during which interval the data to be recognized must 
be maintained at the input to ensure its recognition. A nega
tive setup time indicates that the correct logic level may be 
initiated sometime after the active transition of the timing 
pulse and still be'recognized. 

tpHZ Output Disable Time (of a TRI-STATE Output) from 
HIGH Level-The time between specified levels on the in
put and a voltage 0.3V below the steady state output HIGH 
level with the TRI-STATE output changing from the defined 
HIGH level to a high impedance (OFF) state. 

tpLZ Output Disable Time (of a TRI-STATE Output) from 
LOW Level-The time between specified levels on the in
put and a voltage 0.3V above the steady state output LOW 
level with the TRI-STATE output changing from the defined 
LOW level to a high impedance (OFF) state. 

tPZH Output Enable Time (of a TRI-STATE Output) to a 
HIGH Level-The time between the specified levels of the 
input and output voltage waveforms with the TRI-STATE 
output changing from a high impedance (OFF) state to a 
HIGH level. 

tpZl Output Enable Time (of a TRI-STATE Output) to a 
LOW Level-The time between the specified levels of the 
input and output voltage waveforms with the TRI-STATE 
output changing from a high impedance (OFF) state to a 
LOW level. 

tree Recovery Time-The time between the specified level 
on the trailing edge of an asynchronous input control pulse 
and the same level on a synchronous input (clock) pulse 
such that the device will respond to the synchronous input. 

Multiple (Simultaneous) Output Switching Propagation 
Delays-These tests are used to ensure compliance to the 
extended databook specifications and include active propa
gation delays, disable and enable times at 50 pF output 
load. . 

Multiple Output Switching Skew-Performance data from 
the Multiple Output Switching propagation delay testing is 
analyzed to obtain information regarding output skew of an 
IC. 

AC Dynamic (Noise) 
Characteristics 
VOlP, VOLv-Ground Bounce (Quiet Output Swltch
ing)-Measured parameters with 50 pF loading relate the 
amount that a static conditioned output will change in volt
age under multiple outputs switching condition with outputs 
operating in phase. They are heavily influenced by the mag
nitude that Vee and Ground move internal to the IC. 

VllO, VIHo-Dynamic Threshold-Dynamic. threshoh;l 
measures the shift of an IC's input threshold due to noise 
generated while under multiple outputs switching condition 
with outputs operating in phase. This test is package and 
test environment sensitive. 

Input Edge Rate-This test is performed to determine what 
minimum edge rate can be applied to an input and have the 
corresponding output transition with no abnormalities such 
as glitches or oscillations. . 

Power 
Power-Up IcC Traces-Shows how the supply current re
acts to various input conditions during power up. 

Icc vs VIN Traces-Traces of Icc vs VIN show how the 
supply current changes with input voltage. 

IceD (Dynamic lec)-Determines the amount of current an 
IC will consume at frequency. 

Capacitance 
Input/Output Capacitance (CIN/COUT) 
Power Dissipation Capacitance (CPO) 

Reliability Tests 
Latch-Up-Testing detemines if an IC is susceptible to 
latch-up from over-current or over-voltage stresses per MIL
STD-883 JEDEC method 17. 

Electrostatic Discharge, Human Body-Per MIL-STD-
883C and Machine model. 

Characterization Philosophy 
During the National new product introduction process for 
logic IC's, a new low voltage IC design will undergo a rigor
ous characterization to baseline its performance. This data 
is required to correlate with simulation models, determine 
product specifications, compare performance to other prod
uct, provide a feedback mechanism to the fabrication pro
cess, and for customer information. National's Logic IC 
characterizations are designed to get as much information 
as possible about the product and potential customer appli
cation performance. 

National's logic IC characterization methodology uses past 
knowledge of design performance, simulation, and process 
parametrics to determine what electrical parameters to 
characterize. Characterization samples are selected so that 
they have key process parametrics (e.g., Drive, Beta, Vln, 
Vip, Leff, etc.) which have been shown to significantly affect 
device electrical parameters. Data is acquired and process
ed using statistical analysis software. Manufacturing test 
limits are then set using the knowledge of variations due to 
fabrication, package, tester, Vee, temperature, and condi
tion. This allows product to be shipped on demand without 
problems or delays. 

Power Dissipation-Test 
Philosophy 
In an effort to reduce confusion about measuring power dis
sipationcapacitance, CPO, a JEDEC standard test proce
dure (7A Appendix E) has been adopted which specifies the 
test setup for each type of device. This allows a device to 
be exercised in a consistent manner for the purpose of 
specification comparison. 

The following is a list of different types of logic functions, 
along with the input setup conditions under which the CPO 
was measured for each type of device. By understanding 
how the device was exercised during Cpo measurements, 
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Power Dissipation-Test 
Philosophy (Continued) 

the designer can understand whether the CPD specified for 
that particular device reflects the total power dissipation ca
pacitance for either the entire device or for just a certain 
stage of that device. For example, from the following list, it 
is apparent that the CPD value specified for a counter re
flects the internal capacitance for the entire device, since 
the entire device is being exercised during measurement. 
On the other hand, the CPD value specified for an octal line 
driver reflects the internal capacitance for only one of eight 
stages, since only one input was being switched during test. 
Therefore the octal's overall power dissipation should be 
calculated for each of the eight stages, individually. 

Gates/Buffers/ 
Line Drivers: 

Latches: 

Flip-Flops: 

Switch one input. Bias the remaining in
puts such that one output switches. 

Switch the Enable and D inputs such that 
the latch toggles. 

Switch the clock pin while changing D (or 
bias J and K) such that the output(s) 
change each clock cycle. For parts with 
a common clock, exercise only one flip
flop. 

INPUT 
SIGNAL 

Decoders: Switch one address pin which changes 
two outputs. 

Multiplexers: Switch one address pin with the corre
sponding data inputs at opposite logic 
levels so that the output switches. 

Counters: Switch the clock pin with other inputs bi
ased such that the device counts. 

Shift Registers: Switch the clock pin with other inputs bi
ased such that the device shifts. 

Transceivers: Switch one data input. For bidirectional 
devices enable only one direction. 

Parity Generator: Switch one input. 

Priority Encoders: Switch the lowest priority input. 

AC Loading and Waveforms 
LOADING CIRCUIT 

Figure 1 shows the AC test circuit used in characterizing 
and specifying propagation delays for all of the low voltage 
logic devices as shown, unless otherwise specified in the 
data sheet of a specific device. 

tpLH 
IpHL 
IpZH 
IpHZ 

2 x Vee IpZL 
IpLZ 

TL/F/12010-1 

FIGURE 1a. AC Test Circuit for LVQ, LVX Translator Families 

TEST 
SIGNAL 

INPUT 
SIGNAL 

0- OPEN IpLH' tpHL 

0- GND IpZH' tpHZ 

0- Vee IpZL' IpLZ 

FIGURE 1b. AC Test Circuit for LVX Family 
TLlF/12010-24 

Family 
IpLH,IpHL 

tpZH' tpHZ 

IpZL' IpLZ LCX 

LVT 

LVXBusSW 

TLlF/12010-25 

FIGURE 1c. AC Test Circuit for LCX, LVT, LVX Bus Switch Families 
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Test Conditions 
Figure 2 describes the input signal voltage levels to be used 
when testing low voltage logic circuits. The AC test condi
tions follow industry convention requiring VIN to range from 
OV to Vee. The DC parameters are normally tested with VIN 
at guaranteed input levels, that is VIH to VIL (see data tables 
for details). Care must be taken to adequately decouple 
these high performance parts and to protect the test signals 
from .electrical noise. In an. electrically noisy environment, 
(e.g., a tester and handler not specifically designed for high 
speed work), DC input levels may need to be adjusted to 
increase the noise margin to allow for the extra noise in the 
tester which would not be seen in a system. 

Noise immunity testing is performed by raising. VIN to the 
nominal supply voltage of 3.,3\1 then dropping it to a level 
corresponding to VIH characteristics, and then raising it 
again to the 3.3V level. Noise tests can also be performed 
on the VIL characteristics by raising VIN from OV to VIL, then 
returning to OV. Both VIH and VIL noise immunity tests 
should not induce a switch condition on the appropriate out
puts. 

"lood high frequency wiring practices should be used in 
constructing test jigs. Leads on the load capacitor should be 
as short as possible to minimize ripples on the output wave
form transitions and to minimize undershoot. Generous 
ground metal (preferably a ground plane) should be used for 
the same re!isons. A Vee bypass capacitor should be pro
vided at the test socket, also with minimum lead lengths. 

O.lV-t:.J..JU~~~~::::::~~--~--+_---ov-l 
AC Test DC LOW LOW level DC HIGH HIGH Level 

Input Levels Input Range Noise Input Range Noise 
Immunity Immunity 

FIGURE 2. Test Input Signal Levels 
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Propagation Delays, f max, 
Set and Hold Times 
A 1.0 MHz square wave is recommended for most propaga
tion delay tests. The repetition rate must necessarily be in
creased for testing fmax. A 50% duty cycle should always be 
used when testing fmax. Two pulse generators are usually 
required for testing such parameters as setup time, hold 
time, recovery time, etc. See Figures 3 and 4. 

Enable and Disable Times 
Figures 5 and 6 show that the disable times are measured 
at the point where the output voltage has risen or fallen by 
0.3V from VOL or VOH, respectively. This change enhances 
the repeatability of measurements, and gives the system 

Waveforms 

DATA-r:8, v. Vee '" ~b2:fr '"" 
DATA 
OUT Vmo 

TLlF/12010-3 

FIGURE 3. Waveform for Inverting 
and Non·lnvertlng Functions 

CONTROL --"'"\.1_-.....:;--.. 11--- Vee 

~ ~D 

CLOCK __ -+. _____ I-.II\..;,:::: .. 

OUTPUT 

FIGURE 4. Propagation Delay, 
Pulse Width and tree Waveforms 

TLlF/12010-4 

:::.~ J) :~:: 
DATA VOH 
OUT Vmo VOH -0.3V 

TL/F/12010-5 

FIGURE 5. TRI-5TATE Output High Enable 
and Disable Times for Low Voltage Logic 

Vml 
LVa 50%Vcc 
LVX 50%Vcc 
LVXX 50% Vcc' 
LCX 1.5V 
LVT 1.5V 

'1.SV for TIL Compatible 
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designer more realistic delay times to use in calculating min
imum cycle times. Since the high impedance state rising or 
falling waveform is RC-controlled, the first 0.3V of change is 
more linear and is less susceptible to external influences. 
More importantly, perhaps from the system designer's point 
of view, a change in voltage of 0.3V is adequate to ensure 
that a device output has turned OFF. Measuring to a larger 
change in voltage merely exaggerates the apparent Disable 
times and thus penalizes system performance since the de
signer must use the Enable and Disable times to devise 
worst case timing Signals to ensure that the output of one 
device is disabled before that of another device is enabled. 
Note that the measurement paints have been changed from 
the 10% and 90% points. This better reflects actual test 
points and does not change specification limits. 

OUTPUT -r::----r V Vee 

CONTROL ~I:;---;r-"';;r ml GND 

ANY 
INPUT 

DATA~ V ipLZ 11.-v +O.3V 

OUT ~r--E==v~~ 
TLlF/12010-6 

FIGURE 6. TRI·STATE Output Low Enable 
and Disable Times for Low Voltage Logic 

D~~A ____ E~, ~:~~ 
CONTROL : . Vee 

INPUT __ ml GND 

tAR :::E~I' ,.:.::t,.oc::..;..;.. __ _ 
OR ..... V~m~i ___ _ 

CLEAR 
TLlF/12010-7 

FIGURE 7. Setup Time, Hold Time and 
Recovery Time for Low Voltage Logic 

Vmo 

I,. = 3.0 ns If = 3.0 ns 

-Vee 

"-----GND 
TL/F/12010-8 

FIGURE 8. trlse and tfall 

50%Vcc 
50%Vcc 
50%Vcc 

1.5V 
1.5V 
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Electrostatic Discharge 
Precautions should be taken to prevent damage to devices 
by electrostatic discharge. Static charge tends to accumu' 
late on insulated surfaces such as synthetic fabrics or car
peting, plastic sheets, trays, foam, tubes or bags, and on 
ungrounded electrical tools or appliances. The problem is 
much worse in a dry atmosphere. In general, it is recom
mended that individuals take the precaution of touching a 
known ground before handling devices. To effectively avoid 
electrostatic damage to low voltage logic devices, it is rec
ommended that individuals wear a grounded wrist strap 
when handling devices. More often, handling equipment, 
which is not properly grounded, causes damage to parts. 
Ensure that all parts of the tester, which are near the device, 
are conductive and connected to ground. 

Noise Characteristics 
The setup of a noise characteristics measurement is critical 
to the accuracy and repeatability of the tests. The following 
is a brief description of the setup used to measure the noise 
characteristics. 

Equipment: 

Hewlett Packard Model 8180A Word Generator 
PC-163A Test Fixture or Equivalent 
HP54100 Oscilloscope or Equivalent 

7-lnpuls 

HPB1BOA 
WORD 

GENERATOR 

GND is supplied via 
a copper plane 

Vee 

OUT 

Procedure: 

1. Verify Test Fixture Loading: Standard Load 50 pF. 

2. Deskew the word generator so that no two channels 
have greater than 150 ps skew between them. This re
quires that the OSCilloscope be deskewed first. Swap out 
the channels that have more than 150 ps of skew until all 
channels being used are within 150 ps. It is important to 
deskew the word generator channels before testing. This 
will ensure that the outputs switch simultaneously. 

3. Terminate all inputs and outputs to ensure proper load
ing of the outputs and that the input levels are at the 
correct voltage. 

4. Set Vee to 3.3V. 

5. Set the word generator to toggle all but one output at a 
frequency of 1 MHz. Greater frequencies will increase 
OUT heating and affect the results of the measurement. 

6. Set the word generator input levels at OV LOW and 3.3V 
HIGH. Verify levels with a digital volt meter. 

~50PF 
HP54100 

Oscilloscope 

50 pF Probes are grounded as Tit close 10 OUT pins as possible. 
V '-- Load capacitors are placed 

as close 10 OUT as possible. 
TL/F/12010-10 

FIGURE 9, Simultaneous Switching Test Circuit 
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Noise Characteristics (Continued) 

ou~;~i~ ___ ...JX ..... _____ ...JX,.--- V
OH 

- '-----VOL 

TUF/12010-9 

FIGURE 10. Quiet Output Noise Voltage Waveforms 
Note 1: VOHV and VOLP are measured with respect to ground reference. 

Note 2: Input pulses have the following characteristics: f = 1 MHz,Ir = 3 ns, If = 3 ns, skew < 150 ps. 

VOlPIVOlV and VOHPIVOHV: 
• Determine the quiet output pin that demonstrates the 

greatest noise levels. The worst case pin will usually be 
the furthest from the ground pin. Monitor the output volt
ages using a 10 kn scope probe plugged into a standard 
5MB type connector on the test fixture. 

• Measure VOlP and VOlV on the quiet output LOW during 
the HL transition. Measure VOHP and VOHV on the quiet 
output HIGH during the LH transition. 

• Verify that the GND reference recorded on the oscillo
scope has not drifted to ensure the accuracy and repeat
ability of the measurements. 

VILD and VIHD: 
• Monitor one of the switching outputs using a 10 kn 

scope probe plugged into a standard 5MB type connec
tor on the test fixture. 

• First increase the input LOW voltage level, Vll, until the 
output begins to oscillate. Oscillation is defined as noise 
on the output LOW level that exceeds Vil limits, or on 
output HIGH levels that exceed VIH limits. The input 
LOW voltage level at which oscillation occurs is defined 
as VllD. 

• Next decrease the input HIGH voltage level on the word 
generator, VIH until the output begins to oscillate. Oscilla
tion is defined as noise on the output low level that ex
ceeds Vil limits, or on output HIGH levels that exceed 
VIH limits. The input HIGH voltage level at which oscilla
tion occurs is defined as VIHD. 

• Verify that the GND reference recorded on the oscillo
scope has not drifted to ensure the accuracy and repeat
ability of the measurements. 

Extended Specifications 
National has taken new steps in aiding the system designer 
with a better method to predict device performance in his 
application. National now offers system oriented perform
ance specifications so a designer can feel confident in the 
way a device will perform over a wider variety of switching 
conditions. Performance specifications in the form of Ex
tended Specifications are provided with each product data
sheet. 

2-9 

In the past, most extended databook specifications depend
ed on a representative product family function to provide the 
guaranteed performance data for the rest of the family. The 
drawback from this method of test and specmanship leaves 
rather large process, tester and function guardbands in the 
final maximum or minimum specifications. The test data for 
National's low voltage logiC product family, taken during 
product development on each function, provides the low 
voltage logic family with device specific and guaranteed ex
tended specifications that can be passed directly to the sys
tem designers. National offers the extended specifications 
with the belief that customers can reduce their incoming test 
requirements and in essence reduce the cost and time for 
product design-in. 

Additional specifications provided by National include: Ouiet 
Output Switching (OOS) VOlP, VOLV, and Dynamic Thresh
old (DVTH), VILD, and VIHD. 

Each of the guaranteed extended specifications involve 
multiple output switching events. During a multiple output 
switching event, stray inductance and capacitance inhibit 
product performance. National has developed standardized 
hardware that aligns with the industry for low voltage logic 
product evaluations. Some of the features of the test fixtur
ing include ground planes and low inductive connections, 
critical in evaluating the product and not the fixture. 

The extended specfication tests have very similiar if not 
identical test setups. The results of the measurements from 
each test depend on the application focus. The quantitative 
analysis from the tests provides insight into product per
formance. The parameters and typical results from each 
test type can be easily explained in the sections that follow. 

TABLE 1_ Test Conditions for QOS, DVTH 

Parameter Value 

Input Edge Rate 2.5 ns 
Input Skew < 300pS 
Input Amplitude OVto 3.0V 
Input Frequency 1 MHz 
Output Load 50pF 

fI 
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Extended Specifications (Continued) 

QUIET OUTPUT SWITCHING 
Quiet output switching, (QOS), specifications provide the 
system designer quantification of low voltage logic effe?~ive 
control of noise and performance to threshold specIfIca
tions. The QOS specification is a representation of the re
sultant shift of an output voltage, either from a static high or 
low level on a single bit, while the other bits switch simuta
neously in phase. The voltage shift from a quiet output is 
specified through four parameters. 

• VOlP and VOlV describe the peak or valley of a voltage 
shift for a quiet output low level. 

• VOHP and VOHV describe the peak or valley of a voltage 
shift for a quiet output high level. 

The concern for the system designer evolves from the pos
siblity that the quiet output voltage shift could i~.pact at
tached circuitry. VOlP values on some product families peak 
above threshold high and become recognized as a logic 
HIGH. The period of time the voltage shift spends in the 
oppOSite state is short, in the neighborhood of 10-100 pS, 
and may not disrupt sequencial circuitry if it is level sensing. 
If the attached Circuitry needs a rising edge, such as a clock 
input, the sequencial circuitry may take the inadvertent ~~
flection and interpret it. National provides the QOS speCifi
cation to assist in noise margin planning. 

------------------------~~~~~ 
I-_-..!:~~U~~!..T _~O~U~!!P:!!.UT!-------__ __.:_:::~ /..:.vo~v~v:::-:~ ___ ~0!!f 

~~OT~H~E~R~O~UT~P~UT~S~~~~~~~~ . _______ _ _________ o-,-oy" __ _ 

L------------------------------------:;T;-;LI~FI12010-11 

OTHER OUTPUTS 

FIGURE 11. VOHP, VOHV 
LH Transition 

Vee = 3.3V, TA = 25°C 

::::::::::::::: __ ~~ __ -::::t::::::----::)~~ 
QUIET OUTPUT 1 

L------------------------------------:;:TL~/;;;F/12010-12 
FIGURE 12. VOlP, VOLV 

HL Transition 
Vee = 3.3V, TA = 25"C 
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Extended Specifications (Continued) 

DYNAMIC THRESHOLD 

Dynamic threshold data, (OVTH), like aos data, provides 
the system designer with noise performance criteria. OVTH 
specifications quantify the magnitude of output voltage de
flection that a logic high or low might experience under a 
multiple output switching condition. The voltage deflection is 
a result of an apparent shift of an input's threshold due to 
noise generated from MaS switching on the internal die 
ground and Vee busses. The phenomenon occurs during 
any logiC state transition: LH, HL, ZL, etc. As a practice, 
National determines the worse case transition for each 
product and generates the specification based on that tran
sition. 

Dynamic threshold specifications are denoted by' the no
menclature, VILD and VIHD, where the "0" represents "Dy
namic". The definitions for each are as follows, 

--~~------------
__ !.I!.Y __________ _ 

O.OV 

• VILD - The maximum LOW input level such that normal 
switchinglfunctional characteristics are observed on the 
output 

• VIHD - The minimum HIGH input level such that normal 
sWitchinglfunctional characteristics are observed on the 
output 

Dynamic threshold failures are bundled into five main failure 
modes. The most predominant failure is an output deflection 
in violation of an input threshold level. Others include propa
gation delay step out in excess of an MaS propagation de
lay specification, state changes and oscillations. A detailed 
definition of each failure can be described as follows, 

1. On a low output, the LOW level will not rise above an 
input threshold low level of O.BV after the transition of the 
output. Figures 13 and 14. Numbered output curve de
flections are a result of 10 mV incremental changes on 
the low input signal level. 

OUTPUT 

TL/F/12010-13 

FIGURE 13. VILD 7 Outputs Switching 
Vee = 3.3V, TA = 25"C 

INPUT 

~'L ___________ _ 

O.d!'L ___________ _ 

~L _______________ _ 

FIGURE 14. VILD 8 Outputs Switching 
Vee = 3.3V, TA = 25"C 
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Extended Specifications (Continued) 

2: On a high output, the HIGH lev~i will not drop below an input threshold high level of 2.0V after the transition of the output. 
FigUf9S 15 and 16. Numbered output curve deflections are a result of 10 mV incremental changes on the high input Signal 
level. 

OUTPUT 

INPUT 

2.0V 

_O;!V _____________ _ 

-------~----------~ 

_ o:!J.V ________________ -~----~=-=:-= ..... -----------1 

.1.~ _________ _ 

INPUT 

o.SV 

"FIGURE 15. VIHD 
7 Outputs Switching 

,Vee = 3.3V. TA = 2SOC 

TLIFII2010-15 

INPUT 

.... ___________ c:: ____________________________ .!!.oj. _ 

FIGURE 16. VIHD 
8 Outputs Switching 

Vee = 3.3V. TA = .2SOC 
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Extended Specifications (Continued) 

3. If the natural ringing, other than the initial bounce, of the 
output violates an input threshold level, the starting volt
age level is noted and monitored until a 100 mV ampli
tute change towards threshold. If no amplitude change 
occurs, then the next peak or valley on the output is 
monitored for input threshold violation. Figure 17. 

QUIET 
LOW 
OUTPUT 

4. The propagation delay is monitored and is determined a 
failure when it exceeds the MOS propagation delay for 
that transition. 

5. Gross failures including oscillation and functional state 
changes. 

INITIAL BOUNCE 

___________________________ ~~f4~~-----'----------EXT 
GND 

FIGURE 17 

2-13 

IF THIS PEAK EXCEEDS 
VIL NATURALLY, THEN THE 

VOLTAGE X IS NOTED AND 
FAILURE AT VILD/VIHD IS 
SUCH THAT X=X+O.1V 

TL/FI12010-17 
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Skew Definitions and Examples 
Minimizing output skew is a key design criteria in today's high-speed clocking schemes, and National has incorp9rated skew 
specifications into low Voltage devices. This s!lction provides general definitions and examples ,of skew. 

CLOCK SKEW 

Skew is the variation of propagation delay differences between outpui Ciock signal(s)., See Figure 18. 

Example: 

If signal appears at output # 1 in 3 ns and in 4 ns at output # 5, the skew is 1 ns. 

Without skew specifications, a designer must approximate timing uncertainties. Skew specifications have been created to help 
clock designers define output propagation delay differences within a given device and duty cycle. 

J'L.I 
CLOCK-IN 

SOURCES OF CLOCK SKEW 

I INPU T 

D-

CLOCK 
DRIVER 

'" ::. 
::. 
::-
::-
~ 
::. 
::-... 

8 OUTPUTS 

2 

4 

CLOCK.:OUT 

1---1:V 
I I 

::r-\ I 
5 --.:....:I \...J 

~ : .... 
SKEW 

DUE TO DELAY 
UNCERTAINTY 

FIGURE 18. Clock Output Skew 
TL/F/12010-18 

Total system clock skew includes intrinsic and extrinsic skew. Intrinsic skew is defined as the differences in delays between the 
outputs of device(s). Extrinsic skew is defined as the differences in trace delays and loading conditions . 

.JL OUT 

CLOCK-IN 

FIGURE 19. Sources of Clock Skew 

Example: 50 MHz Clock signal distribution on a PC Board. 

50 MHz signals produces 20 ns clock cycles 
Totalsystemskewbudget = 10% of clock cycle' = 2ns --. 2 ns 

If extrinsic skew = 1 ns --. - 1 ns 

Device skew (intrinsic skew) must be less than 1 nsf +- 1 ns 
'Clock Design Rule of thumb. 
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SKEW DUE TO 
DEVICE AND TRACE/LOAD DELAYS 
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Skew Definitions a'nd Examples (Continued) 

CLOCK DUTY CYCLE 

• Clock Duty Cycle is a measure of the amount of time a signal is HIGH or LOW in a given clock cycle. 

T 
" I, 
~ I 
I t I I 

r-ir
J 1.......J, , , , 

TL/F/12010-20 

Duty Cycle = tiT' 100% 

FIGURE 20. Duty Cycle Calculation 

Clock Signal 

~ 
~ 

CLOCK CYCLE 

FIGURE 21. Clock Cycle 
TL/F/12010-21 

• Clock skew effects the Duty Cycle of a signal. 

Clock + Skew 

Example: 

tHIGH and tLOW are each 50% of the clock cycle therefore 
the clock signal has a Duty Cycle of 50/50%. 

TL/F/12010-22 

Example: 50 MHz clock distribution on a PC board. 

Skew must be guaranteed less than 1 ns at 50 MHz to 
achieve 55/45% Duty Cycle requirements of core siliconl 

FIGURE 22. Clock Skew 

System 
Skew tHIGH tLOW Frequency 

50 MHz Ons 10ns 10 ns 
50 MHz 2 ns 12 ns 8 ns 
50 MHz 1 ns 11 ns 9 ns 

33 MHz 2ns 17 ns 15 ns 

Definition of Parameters 
tOSLH. tOSHL (Common Edge Skew) 

50/50% 
60/40% 
55/45% 

55/45% 

TABLE II 

Duty Cycle 

- Ideal Duty Cycle (50/50%) occurs for zero skew. 

- Note that at lower frequencies, the skew budget is not as tight 
and skew does not effect the Duty Cycle as severely as seen at 
higher frequencies. 

tOSHL and tOSLH are parameters which describe the delay from one driver to another on the same chip. This specification is the 
worst-case number of the delta between the fastest to the slowest path on the same chip. An example of where this parameter 
is critical is the case of the cache controller and the CPU, where both units use the same transition of the clock. In order for the 
CPU and the controller to be synchronized, tOSLH/HL needs to be minimized. 

Definition 

toSHL, tOSLH (Output Skew for High-to-Low Transitions): 

toSHL = ItPHLMAX - tpHLMINI 

Output Skew for Low-to-High Transitions: 

toSLH = ItPLHMAX - tpLHM1NI 

Propagation delays are measured across the outputs of any 
given device. 
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CLOCK 
INPUT 

OUTPUT 1 

OUTPUT 2 

Example 

~ 
I I 
I I 

: I I --~;:-.I·I ~H4II~ 
I~ ~ 

i ~LH"'j' /r-i-! -+: - .... ~ 
I i I I 

: ~LHMAX. I: : 1 
I I I I 

I .' 

tr:H4IAX. : 
I I 

I : • tosLH" : I : \SHL': 
TLlF/12010-23 

FIGURE 23. tOSLH. tOSHL 
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~ Semiconductor 

Quality and Reliability 

Introduction 
Product qualification is a disciplined, team activity which fo
cuses on demonstrating, through the acquisition and analy
sis of engineering data, that a device design, fab process, or 
package design meets or exceeds minimum standards of 
performance. In most cases, this involves running samples 
of product through a series of tests which expose the sam
ples to operating stresses far in excess of those which 
would be encountered in even the most severe "real life" 
operating environment. These tests are called either accel
erated stress tests or accelerated life tests. A properly de
Signed qualification test sequence exposes, within a matter 
of days or weeks, those deSign, materials, or workmanship 
defects which would lead to device failure in the customer's 
application aiter months or even years of operation. 

In order to be considered a "world class" supplier of semi
conductor devices, NSC designs and manufactures prod
ucts which are capable of meeting the reliability expecta
tions of its most demanding customers. While customer re
quirements and expectations vary on the subject of reliabili
ty requirements for devices, virtually all large users have 
general procurement specifications which establish failure 
rate goals or objectives for the suppliers of the components 
used in their products. 

Failure rate goals for infant mortality and long-term-failure
rate-in-service have been established for all NSC product 
lines. These goals are published internally at the beginning 
of each fiscal half-year (usually June and December). The 
actual performance of the product against these goals is 
measured monthly using life test data gathered from various 
sources including the Fast Reaction and Long Term Audit 
Program. Performance is reviewed every six (6) months by 
Reliability and Product Group management and adjusted as 
necessary to reflect customer expectations, competitive 
data, and/or historical performance trends. 

Given that product reliability is an overriding corporate ob
jective, and that any deficiency in design, materials, proce
dures, or workmanship, has a potential for adversely affect
ing the reliability of the product, Manufacturing and Engi
neering organizations within NSC, its subsidiaries, and its 
sub-contractors, involved in introducing a new device, pro
cess, or package, share a joint responsibility for demonstrat
ing that the product does conform to NSC standards and to 
the standards and expectations of NSC's customers. 

As a matter of policy, it is NSC's goal to design and manu
facture product that is 100% defect-free and capable of sur
viving the qualification tests with zero failures. This policy is 
not interpreted as a directive to abandon a qualification pro-
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gram when failures occur or to delay new product releases 
until perfection has been achieved. Rather, the policy is in
tended to focus engineering resources on the identification 
and elimination of the design, process, or workmanship defi
ciencies that are the root causes of the failures and then to 
engineer a solution to correct those deficiencies. 

Specific family qualification data is available and may be 
obtained by calling our customer response center at 1-800-
272-99S9 within the US. 1-800-2S8-6768 in Canada. 

Qualification Requirements for 
Logic Integrated Circuits 

Test Test/Stress 
Test Method Conditions 

Operating Life SOP-S-04S-RA 1000 Hours 
Method 107 @TA= 12S·C 

High Tempera- SOP-S-04S-RA 1000 Hours 
ture Storage Method 103 @lSO"C 

Temperature SOP-S-04S-RA 1000 Cycles 
Cycle Method lOS -6S·Cto +lS0·C 

Temperature SOP-S-04S-RA 1000 Cycles 
Cycle with Method lOS -6S"Cto +lS0·C 
Preconditioning 

Temperature- SOP-S-04S-RA 1000 Hours 
Humidity-Bias Method 104 BS·C@BS%RH 

Temperature- Method 112 Precondition 
Humidity-Bias Method 104 plus 100 hours 
with Precon- BS·C to BS%RH 
ditioning 

Autoclave Method 101 SOO hours 
121·C@lSpsig 

Thermal Shock Method 106 100 Cycles 
- 6S·C to + lS0·C 

Salt Atmosphere Method20S 2S Hours 3S·C 

Resistance to Method 207 4 Solvents 
Solvents 

Lead Integrity Method20S Condition as 
Appropriate 
to Package 

Solderability Method 203 8 Hour Steam 
S secs @260·C 

Solder Heat Method 204 12 secs 260·C 

Sample 
Size 

Each Lot 

77 

4S 

77 

77 

77 

77 

4S 

22 

22 

3 Each 
Solvent 

22 Leads 

22 

22 
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Quality Information and Communi
cation (QUIC) System 
BACKGROUND 
National's Quality Assurance Systems Development group 
(QASD) maintains a variety of data tracking systems s4ch 
as: Electronic Reliability Data Management (ERDM), Failure 
Analysis (F/A), Burn-in Board Inventory, and a number of 
others. 

QUIC users will find a user friendly, menu-driven, real-time 
system that gives them a simultaneous-user environment 
with timely data inputs from sites around the world. QUIC is 
programmed to recognize each individual user of the sys
tem at the point of logging on to the mainframe, and pro
vides an appropriate list of menu options consistent with the 
user's level of access requirements. 

National grants access to QUIC by customers that provides 
a sufficient level of security over the entire system, thus 
precluding the possibility of accidental access (or even 
damage) to various files. 

HOW A CUSTOMER LINKS TO QUIC 
1. Check to make sure you have the hardware components 

listed below. (An attached printer is desirable but not im
perative.) 

IBM/PC cornpatible computer with at least 128k memory. 

Hayes compatible '1200 baud modem (or 2400, 4800 or 
9600). 

Touch tone phone. 

2. Request access to QUIC by contacting your National 
sales representative or Customer Service Center at 
1-800-272-9959, who will coordinate all activities neces
sary to provide access for your company and arrange 
training (usually handled over the telephone). 

3. Identify the person who will be your company's main con
tact and user of the QUIC system. This person will as
sume responsibility for the USERID assigned to your 
company and will receive training on how to access and 
use the QUIC system. 

4. National will provide a USERID, password and account 
number with appropriate menus and a communications 
software package called EXECULlNK, which allows the 
customer's PC to talk with NSC's host computer and also 
turns the PC into a virtual host terminal, with full-screen 
editing capability and full use of program function (PF) 
keys. EXECULINK also provides for file transferring be
tween host and PC and spooling of print files to a PC-at
tached printer. 

ONGOING IMPROVEMENTS 
As we receive feedback from the users of QUIC, we (QASD) 
will continue to enhance the "User Friendliness',' of the sys
tem and add new features which, we hope, will help pro
mote a true sense of teamwork between us and our custom
ers. 

Wafer Level Reliability (WLR) 
BACKGROUND 
The conventional methods of reliability screening, that of 
short-term burn-in to eliminate infant mortalities and long
term life tests at high temperature, will soon become im
practical for many devices. The reasons for this are tighter 
infant mortality ppm requirements, higher costs, and short
ened lifetimes. 

As device complexity increases, the testing sample size re
quired to ensure infant mortality ppm levels in the 0-10 ppm 
range will quickly deplete reliability test capaCity. While 
burn-in eliminates inferior devices, it can also substantially 
shorten the lifetimes of "good" devices to an unacceptable 
level, creating an expensive and somewhat risky procedure. 
New technology advances which minimize geometry, have 
moved our device lifetime distributions closer to our custom
er's expected system life. As device geometries shrink, re
sulting in higher current densities, electric fields, and chip 
temperatures, tighter fab process control and instant feed
back become critical. 

THE GOAL OF WAFER-LEVEL-RELIABILITY TESTING
PROCESS RELIABILITY 
Wafer-level-reliability testing represents a proactive, correla
tion and control approach to ensuring device reliability. WLR 
is not meant to replac,e classical reliability testing. Instead it 
is used to supplement existing methods. 

WLR testing is used to: 

1. Identify shifts in On-Line Process Controls (fab moni
tors) which affect product reliability. 

2. Reduce process qualification cycle time. 

3. Improve process qualification success rate. 

, 4. Assess reliability trends of production processes. 

5. Quantify the reliability impact of process modifications. 

WLR provides faster feedback for fab process control. The 
collection of WLR test data during and at the end of wafer 
fab processing provide a reliability baseline for each of our 
fab processes. Shifts in WLR test results, whether intention
al (a process change or qualification) or unintentional (a pro
cess control problem), signal an increase or decrease in 
product reliability risk. WLR monitoring of production pro
cesses using Statistical Quality, ,Control (SQC) techniques 
provides engineering with the information required to find 
and fix process control problems, faster, and to ,determine 
the effectiveness of on-line process controls from a reliabili
ty,standpoint.-ln this way, WLR testing is used to link on-line 
process controls to the traditional accelerated life testing 
methods. 

NATIONAL'S WLR PROGRAM 
National developed a corporate-wide WLR program which 
continues to implement powerful, new test techniques. WLR 
testing has been used effectively to help understand how 
process variability affects product reliability. It is also used 
to help build:in reliability at the design stage for new pro
cess technologies such as those used by the Low Voltage 
logic families. 

WLR tests and test structures have been designed to in
crease the likelihood and predict a rate of a reliability failure 
mechanism occurrence. In addition, National has developed 
a partnership with a leading parametric test system supplier. 
Working together, a WLR test system was' designed and 
developed to meet the unique requirements of Wafer-Level
Reliability testing. These systems are capable cif testing to 
the voltage, current, and temperature extremes required for 
inducing the desired failure mechanisms in a short period of 
time. Some examples of the reliability failure mechanisms 
that are monitored using WLR techniques include: 



Wafer Level Reliability (WLR) (Continued) 

Interlayer Dielectric Integrity 

Unique high voltage testing (to 1500V) is used to test for 
dielectric particles, metal hillocks or contamination, and 
poor dielectric stop coverage. Designed experiments 
have been successful in correlating the high voltage 
WLR test results to fab process monitors (such as depo
sition temperature and etch selectivity), and to accelerat
ed life test results (Op-life, Temp Cycle, and Thermal 
Shock). 

Metal Step Coverage 
High current testing of large area metal serpentine struc
tures is performed to detect restrictions in the conducting 
stripe. Designed experiments have been successful in 
correlating the high current WLR test results to fab pro
cess monitors such as metal thickness, critical dimen
sions, and via size. 

Mobile Ions 
A 200'C hot chuck is used with custom-built high temper
ature probe cards to accurately measure transistor 
threshold voltage shifts for a variety of oxide layers. Oth
er methods for detecting mobile ion contamination in
clude the use of self-heated polysilicon gate test struc
tures and Triangular Voltage Sweep (TVS) test tech
niques. 

Metal Stress Voids 
High current resistance measurements are taken before 
and after wafers are processed through a series of heat
ing and cooling cycles. This heat treatment is designed 
to mimic the high temperature processing incurred during 
device assembly (such as a seal-dip furnace), and it has 
been shown to accelerate metal void formation when the 
stress of the overlying film is high enough. Significant 
increases in the final resistance indicate the formation of 
metal stress voids. 

Gate Oxide Integrity: 
JEDEC JRAMP, VRAMP and QBD test techniques are used 
to monitor gate oxide quality. The WLR tester is also 
used to perform very sensitive leakage current measure
me.nts, using a specially designed picoammeter module, 
which allows us to detect subtle differences in gate oxide 
quality. 

Passivation Integrity 
A novel wafer-level-autoclave test technique has been 
developed which allows us to quantify the level of protec
tion the passivation film provides when the wafer is sub
jected to a high temperature, high humidity environment. 

Hot Electron Degradation 
Two wafer level tests are performed to indicate device 
susceptibility to hot electron damage. First, the maximum 
substrate current is measured to indicate the level of im
pact ionization occurring at the drain edge. Second, gate 
current measurements are taken to gauge the magnitude 
of electron injection during device operation. Long-term 
DC stressing of transistors at peak substrate current con
ditions is also monitored. 

Electromlgration 
A Standard Wafer Electromigration Accelerated Test 
(SWEAn technique is used to measure the sensitivity of 
a metal line to electromigration failures. SWEAT is used 
as a relative test of the reliability of a line. 
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Contact Electromigratlon 
Risk of failures due to contact spiking and solid phase 
epitaxial growth (SPEG) are monitored by forcing current 
through specially designed test structures, and monitor
ing increases in resistance and substrate leakage. 

Electrostatic Discharge 
Sensitivity (ESD) 
Low Voltage logic products are manufactured using either 
submicron CMOS or BiCMOS technology. To protect these 
circuits from the harmful effects of Human Body Model 
(HBM) ESD events, proprietary protection circuitry along 
with traditional ESD diodes are used. 

By design, this circuitry improves immunity to both HBM and 
Electrical Overstress (EOS). Protection from pin-to-ground 
(GND), pin-to-Vee is achieved through traditional diodes. 
Additional protection is provided via proprietary solutions 
that provide a low resistance path between Vee and GND 
during various ESD zap combinations. 

The device design and layout ensures dependable turn-on 
characteristics as well as robustness. 

ESD protection was achieved with no appreciable affect on 
speed or increase in capaCitance. 

Low voltage logic ESD sensitivity is guaranteed greater than 
2000V, using the MIL-STD-883C, test method 3015 for Hu
man Body Model (HBM) ESD. 

HBM Test Circuit 

Rl = 10 Mil R2 = 15001l 

H'~l~ VOLTAGE b 
POWER Cl = OUT 

SU,PLY 1 100 pF Y 
TL/F/11564-2 

Normal handling precautions should be observed as in the 
case of any semiconductor. 

Repeatability of HBM ESD Results 
Research has shown that stray capaCitance in the ESD test
ers can cause device degradation or early ESD failure. For 
this discussion, stray capaCitance is defined as capacitance 
that is distributed from the device socket through the board 
connections and lines to the HBM R-C network: 15000. 
± 1 %, and charging capacitor: 100 pF ± 1 0%. This degra
dation is seen mainly in N-channel protection and is caused 
by the charge delivered by the stray capacitance, charge 
that is not accounted for in MIL STD-883C/3015.7. 

Lowering stray capaCitance in the tester is advocated by the 
EOS/ESD Association under their EOS/ESD-S5.1-1991 
spec. This specification helps to improve tester-to-tester re
peatability independent of part type, by designating ESD 
zap waveform guidelines, similar in fashion to those of MIL 
STD-883C/3015.7. The waveform guidelines ensure that 
stray capaCitance of the tester will be limited to 30 pF or 
less. 

The EOS/ESD Association has recommended EOS/ESD
S5.1-1991 be used in conjunction with MIL STD-883C/ 
3015.7 to provide a better testing environment as well as 
the most representative HBM ESD zap waveform. Using this 
methodology will provide greater repeatability without com
promising the intent of HBM ESD testing. 

• 



Repeatability of HBM ESO Results 
(Continued) 

More information on stray capacitance and the EOS/ESD 
S5.1-1991 can be found in the 1993 EOS/ESD Symposium 
Proceedings' article "Analysis of HBM ESD testers and 
specifications using a 4th order lumped element model", pp. 
129-137. 

Power Sensitivities for Minimum 
Geometry Products 
The demand for high performance process technology ca
pable of faster speeds, minimal noise and lower operating 
voltages drives the microelectronics industry towards de
creasing layout geometries. Advanced process technology 
minimizes gate widths, gate oxide thickness and junction 
depths to improve gate switching speeds. In contrast, the 
decreased geometries reduce the ability of the devices built 
on advanced processes to resist electrical overstresses. As 
geometries decrease, emphasis shifts towards the reduc
tion of environmentally induced electrical overstresses to 
ensure system and component reliability. 

Market trends continue to drive the need for smaller geome
tries with reduced power supply voltages. Current 5.0V tech
nologies are migrating towards 3.0V technologies while 
3.0V technologies have shown a greater sensitivity to elec
trical overstresses. Sensitivities to electrical overstresses 
have been observed in as large as 1.0 I'm geometries. 

Device damage from electrical overstresses vary and the 
categories include, but are not limited to: Electrical-Over
Stress (EOS) due to excessive current or voltage exposure 
and Electro-Static-Discharge (ESD) be it exposure by Hu
man Body Model, Charged Device Model or Machine Mod
el. Sources of electrically induced overstresses are difficult 
to determine; however, investigation of failures from small 
geometry devices may show that environmental hazards 
such as unregulated and unconditioned power supplies in 
the field exceed "Absolute Maximum Ratings" causing un
recoverable device damage. 

In an effort to resolve device sensitivities to electrical over
stresses, designers and engineers can reference device da
tabooks. Databook specifications include "Absolute Maxi
mum Ratings" and adherence to this specification is essen
tial in ensuring component arid system level reliability. 

1. A. Amerasekera, A. Chatterlee, ':.In Investigation of BiGMOS ESD Protec
tion Circuit Elements and Applications in SubmictOn Technologies", 
EOS/ESD Symposium, pSB.6.1. 
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Latchup Testing 
Latchup in CMOS and BiCMOS circuits can vary in severity 
from being a temporary condition of excessive Icc current 
and functional failure, to total destruction requiring a new 
unit. The latchup condition is usually caused by applying a 
stimulus that is able to cause a regenerative condition in a 
PNP-NPN structure. For a more detailed description of defi
nitions and causes of latchup, see National Semiconductor 
Application Note 600 (located in the "FACT Advanced 
CMOS Logic Data book" Lit. # 40019). 

National has characterized its Low Voltage logic for robust
ness using an IMCS 4600 Automated Latchup Test System, 
complying to the JEDEC Standard No. 17. The automated 
test equipment approach to latchup provides a repeatable 
test setup and applic!ition of test conditions, reduces the 
amount of time for evaluation, and provides a more compre
hensive set of vectors and stimuli over a shorter period of 
time. 

The JEDEC Standard No. 17 is a standard measurement 
procedure for the characterization of CMOS integrated cir
cuit latchup susceptability/immunity, measured under static 
conditions. The method allows for overcurrentlovervoltage 
stressing of inputs and outputs to detect latchup. 

In short, the JEDEC Standard No. 17 follows a sequence of: 

1. Apply power 
2. Setup I/O conditions to place device in desired state 
3. Apply trigger source for desired duration 
4. Measure supply current 
5. Remove power supply if Icc ~ test limit 
6. Inspect for electrical damage 

For Low Voltage logic products, all logic states are checked 
for a susceptibility to latchup with all outputs high, all out
puts low, and all outputs in TRI-STATEiII>. If the device is a 
bi-directional device, then the logic states are tested in each 
direction. All inputs and outputs are tested for each logic 
state and direction. 

For products with clamp diodes at inputs and outputs, a 
Positive and a Negative Current Trigger are required as 
stimuli for latchup. National characterizes latchup testing on 
all low voltage logic products at 125DC and at maximum 
supply voltage. 

Due to the high trigger stresses, devices used for latchup 
testing should be discarded and not used for deSign, pro
duction, or other tests. Latchup testing is potentially de
structive and may limit the life of a device. 
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Interfacing 3V 15V Logic 

Introduction 
Today's portable and battery·operated system designer is 
faced with the problem of keeping ahead when addressing 
system performance, long battery life and reliability. 
National Semiconductor's advanced CMOS Logic helps de· 
signers achieve these goals. Low Voltage CMOS Logic, like 
LVa, LVX and LCX, are designed to alleviate many of the 
drawbacks that are common on present technology logic 
~ircuits. LV logic combines the low static power consump· 
tlon and the high noise margins of CMOS with a high fan· 
out, low input loading and at least 750 transmission line 
drive capability. Performance features' such as advanced 
Schottky speeds at CMOS power levels, excellent noise 
suppression, ESD protection, and latch·up immunity are 
characteristics that designers of state·of·the·art systems reo 
quire. 

To fully utilize the advantages provided by LV logic, the sys
tem designer should have an understanding of the flexibility 
as well as the trade·offs of CMOS design. The following 
section discusses common interfacing concerns relative to 
the performance and requirements of LV logic. 

Table of Contents 
1.0 INTERFACING DUAL VOLTAGE SYSTEMS 

2.0 INTERFACING TO PURE 3V LVQ LOGIC 

3.0 INTERFACING TO 5V TOLERANT LVX AND LCX 
LOGIC 

4.0 USING LVX3L383 AND LVX3L384 "ZERO DELAY" 
10·BIT CMOS BUS SWITCHES FOR 5V TO 3V 
SIGNAL CONVERSION 

5.0 USING LVX DUAL SUPPLY TRANSLATING LOGIC 

6.0 SUMMARY 
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1.0 Interfacing Dual Voltage 
Systems 
In order to reliably interface one integrated circuit to anoth· 
er, recommended input and output specifications for voltage 
and current must be satisfied. Output specifications of the 
driving IC must meet the input requirements NIL and V,H) of 
the receiver IC in order for the circuit design to function 
properly. This "noise, margin" protects the design against 
malfunction during system and environmentally generated 
noise. 

For better than two decades, almost all digital signal pro· 
cessing has been designed around a 5V standard power 
supply. During this period of time countless IC vendors have 
introduced new product families with higher drive, faster 
speeds, and lower power. As a result several Input/Output 
standards exist in the 5V world and interfacing between 
them can get confusing. Because of the inherent restric· 
tions, pure·TIL technologies cannot operate with a 3.3V 
power supply. Therefore, the core technology for all 3V ICs 
will be MOS. In a straight 3V MOS system, all connections 
can be done directly, both on the outputs and on the inputs. 

However, it will be quite some time before ALL components 
in a portable/desktop PC can operate at 3.3V. This is espe· 
cially true for peripheral devices such as displays, printers, 
and faxes. Therefore, at some point in the system, 3V ICs 
must interface with 5V ICs. If mishandled, this interface will 
waste power and compromise reliability. On the following 
pages, solutions to possible dual voltage interfaces are out· 
lined. 
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TABLE I: Interfacing Guidelines for Using Logic In Dual Supply (3V/5V) Systems, 

See example for an explanation of how to use this table. 

5V 3V 

TTL CMOS 
3V/5V 

Pure3V 
5V 5V 3V/5V 

74F245 74AC245 
Translator 

74LV0245 
Tolerant Tolerant Translator 

74LVX4245 74LVX245 74LCX245 74LVX3245 

,VIH = 2 VIH"7 3•85 VIH = 2 VIH = 2.4 VIH = 2 VIH = 2 VIH = 2 
VIL = 0.8 VIL = 1.35 VIL = 0.8 VIL = 0.8 VIL = 0.8 VIL = 0.8 VIL = 0.8 

TTL Yes No Yes OK OK Yes Yes 
74F245 Direct None Direct (Note 2) (Note 2) Direct Direct 

VOH = (Note 1) 0.7 -1.15 0.7 0.3 0.7 0.7 0.7 
VOL = (Note 1) 0.25 0.8 0.25 0.25 0.25 0.25 0.25 

CMOS Yes Yes Yes No Yes Yes Yes 

5V 
74AC245 Direct Direct Direct None Direct Direct Direct 

VOH = (Note 1) 2.3 0.45 2.3 1.9 2.3 2.3 2.3 
VOL = (Note 1) 0.7 1.25 0.7 0.7 0.7 0.7 0.7 

3V/5V 
Yes No Yes Yes . Yes Yes Yes 

Translator 
74LVX4245 

Direct None Direct Direct Direct Direct Direct 

VOH = (Note 1) 0.9 -0.95 0.,9 0.5 0.9 0.9 0.9 
VOL = (Note 1) 0.7 1.25 0.7 ,0.7 0.7 0.7 0.7 

Pure 3V OK No Yes Yes Yes Yes, Yes 
74LV0245 Pull-Down None Direct Direct Direct Direct Direct 

VOH = (Note 1) 0.8' -1.05 O.B, 0.4 0.8 O.B O.B 
VOL = (Note 1) 0.7 1.25 0.7 0.7 0.7 0.7 0.7 

5VToierant OKTRI-STATE No Yes Yes Yes Yes Yes 
74LVX245 Outputs None Direct Direct Direct Direct Direct 

VOH = (Note 1) " O.B -1.05 O.B 0.4 O.B O.B 0.8 
VOL = (Note 1) 0.7 1.25 0.7 0.7 0.7 0.7 0.7 

3V 
5VToierant OKTRI-STATE No Yes Yes Yes Yes Yes 
74LCX245 Outputs ' None Direct Direct Direct Direct Direct 

VOH = (Note 1) O.B -1.05 O.B 0.4 O.B O.B 0.8 
VOL = (Note 1) 0.7 1.25 0.7 0.7 0.7 0.7 0.7 

3V/5V 
Yes Yes Yes Yes .Yes Yes Yes 

Translator 
Direct Direct Direct Direct Direct Direct Direct 

74LVX3245 
VOH = (Note 1) 2.4 0.55 2.4 2 ' 2.4 2.4 2.4 
VOL = (Note 1) 0.7 1.25 0.7 0.7 0.7 0.7 0.7 

Note 1: Refer to Individual device datasheets for VOH and VOL levels. VOH and VOL are dependant on,IOH and IOL values. 

Typical values of VOHIVOL used to calculate noise marslns. 

Note 2: Regulate both 3V and 5V power supplies together to maintain' a safe 5V VOH to 3V Vee delta. 

Example: Suppose a 5V CMOS (I.e. 74AC245) Input Is driven by a 3V/5V Translator (I.e. 74LVX3245) 3Voutputs. 

Receiver (Input) 

5V 3V 

CMOS, 
Driver (Output) 74AC245 

VIL = 1.35 
VIH = 3.B5 

According to Table I a 5V CMOS devlce,like the 74AC245, can be 
Inlerfaced with a 3V15V Translator, like the 74LVX4245, by 
dlrectlJ' connecting the input and outpu\. This works because the 

5V VOH of the 74LVX42451a greater Ihan Ihe VIH speciflcallon 
of the 74AC245 input and the VOL of the 74LVX4245Is less Ihan 
the VIL speCification of the 74AC245 Input. Therefore a low or a high 
which ever is the case is maintained between the output to the input. 

3V 15V Translator Yes - OK to interface? 

3V 
74LVX3245 Direct - Recommended method 

VOH = (Note 1) 0.55 - Noise Margin Low (V) = VIL -VOL 
VOL = (Nota 1) 1.25 - Noise Margin High (V) = VOH-VIH 
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2.0 Interfacing to Pure 3V LVQ Logic 
2.1 INTERFACING 5.0V TTL OR "REDUCED SWING" 
CMOS TO PURE 3V LVQ LOGIC 

Bipolar TTL ICs or the newly introduced "reduced swing" 
(NMOS pull-up) CMOS ICs are the easiest of the SV tech
nologies to interface with because of their 3V output signal. 
3V ICs such as LVe have input specifications similar to the 
SV TTL or TTL-compatible CMOS ICs. In this case. interfac
ing at this point may be direct. To safeguard this configura
tion against voltage and temperature fluctuations the de
signer should regulate BOTH the 3.3V and SV power sup
plies together. Another option is to purposely run the SV 
power supply on the low side to decrease the SV-3V VOH" 
to-Vee delta. This optimum configuration reduces any DC 
power loss from termination at the interface to zero. Howev
er, if the same system is allowed to operate with power 
supply tolerances that could vary ± 1 0% independently (ex
amples: S.OV + 10% and 3.3V -10%), then the input 
specifications for LVe products would be violated. In order 
to remain within the absolute maximum specifications for 
LVe products, the VOH of the TTL I/O must be held to 
within O.SV of the LVe Vee. The best way to reduce VOH 
while retaining signal fidelity and specified propagation de
lays is to add a parallel resistor termination (to GND) to 
every Signal line at the dual voltage interface. 

2 

, 
I, , 
, 

0 
0 

FIGURE 1a. Dual Voltage with 
Parallel Resistor Termination 

, , , , 
1 Slope = 250Jl I 

50 

Output HIGH Current (mA) 

FIGURE 1b. 74F244 Output Drive 

TL/F/12028-2 

100 

TL/F/12028-3 
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The "R" value in Figure 1a, Figure 1b is derived using man
ufacturer supplied IOHIVOH curves in conjunction with the 
formula: R = 3.SVIIOH @ VOH = 3.SV.ln this example, the 
bipolar IOHIVOH curve is from the FAST Applications Hand
book. Although only the 74F244 case is shown, the method 
also applies to a "reduced swing" CMOS, BICMOS, and 
other bipolar devices. 

2.2 INTERFACING 5.0V CMOS TO PURE 3V LVQ LOGIC 

When ordinary LVe inputs are driven beyond Vee, large 
currents will flow into the silicon substrate raising the inter
nal Vee of the device to 4.0V or above. Therefore, it is gen
erally not recommended to interface CMOS at S.OV to these 
devices at 3.3V. However, such a configuration may be· 
come unavoidable in some mixed/dual voltage deSigns. In 
order to reduce the VOH level of a CMOS device, a voltage 
divider must be set up on the output to provide the correct 
VOH level to the device. One possible configuration is 
shown in the Figure 2. 

5.0V 3.3V 

One Bit r-------- .. u 
u I I '0. 
'0. I I .3 
.3 I 51Jl I 0 

'" :; 
0 I I 

'" i:; " I I 
> I 

10011 
I 

~ on I I 
I I 
I I 10 ____ - - -" 

TL/F/12028-4 

FIGURE 2. Dual Voltage with 
Resistor Divider Network 

Although DC power is consumed by the voltage divider, us
ing higher values of resistance for the voltage divider will 
create an additional propagation delay across the interface. 
This is due to the RC time constant setup by device inputs 
and the Thevenin equivalent resistance of the voltage divid
er. The resistance values shown exhibit a good compromise 
between DC power loss and signal fidelity. 

2.3 INTERFACING PURE 3V LVQ LOGIC TO 5.0V INPUTS 

Interfacing a 3V LVe IC's output to a SV TTL-compatible 
input can be done directly. LVe 3V output specifications 
and SV TTL-compatible specifications are compatible. Inter
facing a 3V LVe output to a SV CMOS (VIH = 3.1SV @ Vee 
= S.OV) input should NEVER be done, because the 5V 
CMOS part will require a low impedance pull-up to Vee to 
satisfy its input requirements. Whenever a Pure 3V LVe out
put is pulled up beyond its Vee, an intrinsic diode in the 
output structure will begin to forward bias causing excessive 
currents to flow from the interface through the 3V output 
and into the 3.3V power supply. This could raise the output 
level of the 3.3V supply to a level exceeding the maximum 
rated voltages for some low voltage devices. 

Many types of 5V Bipolar inputs can present a similar prob
lem at the dual voltage interface. It is common for a Bipolar 
device to have 10 kfi-20 kfi internal pull-up resistors on 
every input pin connected directly to the SV Vee plane. In 
this case, external pull-down resistors are recommended to 
create a voltage divider network that would set the logic 
HIGH voltage to a safe level for the 3V output as described 
earlier. Figure 3 illustrates such an interface. This type of 
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2.0 Interfacing to Pure 3V LVQ 
Logic (Continued) 

pull-down is also ideal for any bus with Bipolar or "Reduced 
Swing" 1/0 that can be TRI-STATE with high-impedance 
driver outputs. I n the past, busses of this type were pulled 
up to Vee with 4 kfl. resistors. The same results, pulling the 
bus away from threshold sensitive areas, are achieved with 
the pull-down resistor recommended. The value of this re
sistor is chosen based on the desired voltage divider net
work. 

5.0V 

TL/F/1202B-OS 

FIGURE 3_ Dual Voltage System Bus 

3V 

, 3.0 Interfacing to 5V Tolerant LVX ' 
and LeX Logic 
3.1 INTERFACING 5V TOLERANT OUTPUTS TO 5V 
BUSSES AND 5V DEVICES WITH INPUT PULL~UPS 

51/ tolerant Inputs may safely be connected to 5V busses, 
however, care'must be takl;ln when interfacing 5V tolerant 
outputs to 5V busses to make cer:tain these' outputs are 
always in TRI-STATE when a 5V signal exists OIJ the bus. It 
is iniportant to note that this 5V signal may not only arise 
from bus contention, but also a bus which is pulled up to 
Vee = 5V by a pull-up resistor. A ~imilar but less obvious 
situation which should be avoided occurs when these out
puts are connected to 5V devices with input pull-up resis
tors. D,evices, such as certain PLD's and 'chipsets which 
have internal input pullups will cause leakage currents to 
flow through the pull-up and into the substrate of the 3V 
device. Close attelJtion should be paid to 5V device data
sheets and 5V bus architectures to, be sure no pull-ups ex-
ist. ' 

5V 

.. ~ 
Output Input 

'3V IC 5V IC 
TL/F/1202B-B 

Caution: Avoid driving 5V IC's that have input pull-ups with 3V logic. 

FIGURE 4_ 5V Ie with Internal Input Pullup Resistor Interfacing with 3V Device 
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3.0 Interfacing to 5V Tolerant LVX 
and LCX Logic (Continued) 

3.2 INTERFACING 5V TOLERANT LOGIC TO 5V CMOS 
INPUTS 

Never interface a 3V "TTL compatible" output directly to a 
5V CMOS (VIH = 3.1SV @ Vee = S.OV) input. The 3V IC 
cannot satisfy the VIH requirement of the 5V CMOS input. If 
the 3V device is able to switch the SV CMOS device, it will 
do so unreliably. A SV translator with a higher VOH such as 
the 74LVX324S (VOH = 4.4V @ lOUT = -100 /LA) should 
be used instead. 

4.0 Using LVX3L383 and LVX3L384 
"Zero Delay" 10·bit CMOS Bus 
Switches for 5V to 3V Signal 
Conversion 
4.1 1G-BIT BUS BLOCK DIAGRAMS 

LVX3L384 

~o~B2 

· A4 B4 

A5 B5 · · · . 
Ag Bg 

SEA 

SEB 

TL/F/1202B-9 
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LVX3L383 

BX--------~+---~ 

SE--------~~--~ 
TL/F/1202B-10 

The 10-bit CMOS bus switches consist of NMOS pass tran
sistors which act as a SO switch between the two ports. 
Input signals are conveyed from one port to the other rela
tively unchanged except that they are clipped to a maximum 
voltage of about VOUT MAX = Vee -1V since the transistor 
begins to turn off as its source/drain nears its gate voltage. 
By adding a diode between the Vee pin and a SV supply, 
VOUTMAX is approximately Vee -1.7V = 3.3V. Thus, when 
SV signals are applied to either port, they are clipped to 
about 3.3V. Substrate leakage issues are not a problem as 
they are with some SV tolerant logic because the pass tran
sistors are NMOS, not PMOS, devices. Thus, the source/ 
drain to substrate intrinsic diode is reverse biased, not for
ward biased. 

4.2 ADDITIONAL BENEFITS OF USING LVX3L383 AND 
LVX3L384 5V TO 3V TRANSLATORS 

The LVX3L383 and LVX3L384 provide SV-3V translation 
while consuming almost no current (0.3 /LA) and having vir
tually no propagation delay (,;;2S0 psI. In addition, the bus 
enable signals (which are tied to the transistors' gates) can 
be used to turn off the translation function to reduce switch
ing power when in power conservation mode. The bus en
able signals can also be used to increase the speed of 
some busses by disconnecting devices when they are not 
required to talk to the bus. This reduces the loading on the 
bus which can increase bus speeds. 
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4.0 Using LVX3L383 and LVX3L384 
"Zero Delay" 10-bit CMOS Bus 
Switches for 5V to 3V Signal 
Conversion (Continued) 

4.3 LVX3L383 AND LVX3L384 APPLICATION 
PRECAUTIONS 

The LVX3L383 and LVX3L384 bus switches do not have 
any drive capability and must rely on the driving device. 
Thus, the same precautions must be taken as when inter
facing various other logic types (see Table I). 

5.0 Using LVX Dual Supply 
Translating Logic . 
5,1 USING THE LVX4245 AND LVX3245IN MIXED 
SUPPLY SYSTEMS 

Translating with the LVX dual supply translating bidirectional 
transceiver is simple and is performed by connecting VeeA 
to one supply and VeeB to the other supply. The LVX4245 
and LVX3245 are identical except that Port A and Port Bare 
swapped. For the LVX4245, Port A is 5V while Port B is 3V, 
while for the LVX3245 Port A is 3V and Port B is 5V. 

ISA Bus 
(IEEE996) 

LA 

IRQ 
CTL 

Data 

Control 

Address 

SO 

SA 

LA 

IRQ 
CTL 

Data 

Control 

Address 

PCMCIA 2.0 
JEIDA 4.1 

Compatible 
Controller 

5V System 

PCMCIA 2.0 
JEIDA 4.1 

Compatible 
Controller 

3V System 

8 

A 

5V 

A 

3V 

LVXC4245 

LVXC3245 
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5,2 USING THE LVXC4245 AND LVXC3245 FOR PCMCIA 
CARD INTERFACE 

The flexible PCMCIA 2.0 standard allows for both 3V and 5V 
PCMCIA cards as well as for supply voltage to. be reduced 
from 5V to 3V for power conservation. Such requirements 
necessitate a configurable port-to-card interface design. Na: 
tional Semiconductor's LVXC4245 and LVXC3245 provide 
on demand B-port supply voltage configuration for PCMCIA 
card and other real time configurable 1/0 applications. 

The A Port supply voltages for the LVXC4245 and 
LVXC3245 are 5V and 3V, respectively. The devices' B
ports are configurable by changing the supply voltage on 
the B-port Vee pin. Changing the supply voltage on the B
port Vee pin between 3V and 5V will configure the B-port II 
o to either 3V or 5V 1/0 levels. Thus, for PCMCIA applica
tions, 3V and 5V cards are accommodated by tying the B
port Vee to the card voltage supply. 

There are other PCMCIA port-to-card interface considera
tions. For instance, the B-port supply and 1/0 pins will float 
coincidentally when the PCMCIA card is removed from the 
slot. Standard transceivers power and 1/0 pin conriections 
must be biased to remain active, but LVXC4245 and 
LVXC3245 B-port connections can be left floating, allowing 
the PCMCIA card to be inserted and removed during normal 
operation. In addition, these LVXC devices consume less 
than 1 mW of quiescent power in all modes of operation, 
making them ideal for low power notebook designs. 

PCMCIA Cards 

c?==' 5=V =,7 

TL/F/12028-12 



6.0 Summary 
There are a variety of low voltage logic choices available to 
system designers. They can be classified into their level of 
5V tolerance: pure 3V, 5V input-only tolerant, 5V input and 
output tolerant, bus switches, and dual supply 3V/5V trans
lator logic devices. At first the choices and their interface 
requirements may seem confusing, but each has its own 
benefits: 

Benefits of National Semiconductor's 
Low Voltage Logic 

LVQ 

Octals, Gates, MSI 
3V Inputs and Outputs 
Low Cost 
Low Power 
Reduced Noise 
LowEMI 

LVX 

Octals, Gates, MSI 
5V Tolerant Inputs 
Low Cost 
Low Power 
Broad Family 

LVX3L383/4 Bus Switch Family 
5V-3V Translation 
"Zero Delay" (250 ps) 5V-3V 

Transition 
Ultra Low Power Consumption 

LVX Translator Family 
5V -3V and 3V -5V Translation 
Efficient Translation 
Configurable B-Port (LVXC) 
Low Power 

Lex 

Octals, 16·bit 
5V Tolerant Inputs and Outputs 
High Speed 
Low Power 
±24 mA Drive 
Powerdown High Impedance 

LVT 

Octals; 16·blt 
5V Tolerant Inputs and Outputs 
Higher Speed 
Higher Drive (+ 64/-32 mAl 
Bushold 
Power up/down High Impedance 

Factors such as speed, power, cost, quantity and location of 
3V logic on the board, and noise should be considered 
when choosing the appropriate logic family. National offers 
multiple alternate sourced low voltage logic families to 
choose from in order to provide cost effective, efficient, and 
reliable solutions in a variety of applications. 

4-9 

In mostly 3V systems, National's LVQ logic provides the 
most cost effective solution. The LVQ family offers a wide 
range of logic functions from transceivers to MSI devices. 
LVQ devices also feature very low power consumption and 
patented Quiet Series EMI reduction circuitry. 

LVX and LCX are recommended for interfacing between 3V 
and 5V signals. Both are based on a CMOS process. Be
cause it is CMOS based, both consume very little power 
which make them ideal for battery powered applications. 
Both have guaranteed simultaneous switching noise level 
and dynamic threshold performance. This is where the simi
larity ends. 

LVX is recommended for slower and more cost sensitive 
mixed supply systems. It has very low noise due to its lower 
drive capability. LVX can provide the majority of logic func
tions because it offers the broadest family line. It can toler
ate 5V signals on its inputs which makes it ideal for interfac
ing 5V or 3V signals. 

LCX is recommended for high speed applications. This is 
National's flagship CMOS line. It is built on our state-of-the
art CMOS process. With a higher drive capability than LVX 
and National Semiconductor's patented Quiet Series EMI 
reduction circuitry a designer can now have the best of both 
worlds; low noise and high drive. It can not only tolerate 5V 
on its inputs and also on its outputs (or 1I0s) when in 
TRI-STATE. 

The LVX3L384 and LVX3L383 provide very fast, ultra low 
power translation from 5V to 3V signal levels. They can also 
be used to isolate signals in order to reduce switching pow
er and bus loading. 
In situations where there is a need for 3V /5V translation 
only, the LVX translator family provide the most reliable and 
efficient interface. Use the 74LVX4245 or 74LVX3245 
where the supply voltages are fixed and use the LVXC4245 
or LVXC3245 when it is necessary to select the B-port sup
ply voltage on-the-fly. 

In a bus/backplane environment (i.e., in telecommunication, 
PBx etc.) where power up/down high impedance is neces
sary or a high performance system (i.e., Workstations, serv
ers etc.) where high drive or speed is required; LVT can 
provide the solution. 

line Driving and Termination 
With the available high-speed logic families, designers can 
reach new heights in system performance. Yet, these faster 
devices require a closer look at transmission line effects. 

Although all circuit conductors have transmission line prop
erties, these characteristics become more significant when 
the edge rates of the drivers are equal to or less than three 
times the propagation delay of the line. Significant transmis
sion line properties may be exhibited in an example where 
devices have edge rates of 3 ns and lines of 8 inches or 
greater, assuming propagation delays of 1.7 ns/ft for an 
unloaded printed circuit trace. 

Of the many properties of transmission lines, two are of 
major interest to the system designer: Z' 0' the effective 
equivalent impedance of the line, and tpde, the effective 
propagation delay down the line. It should be noted that the 
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Line Driving and Termination (Continued) 

ZS I~'------- 'I 

tc l·i·l 
TL/F/12028-13 

Length of Transmission Une = L N 

Distributed Loed Capacitance per Unit Length = Co = L CL/L 

Characteristic Impedance n - 1 
of a Transmission Line = 2'0 
Altered by Distributed Loading 

_ /T() 
-V~ 

Zo 

= ~1 +E; 
ZT - Z'o 

Effective Reflection Coefficient atTermlnation = p = -Z Z' 
T+ 0 

FIGURE 5ao Transmission Line with Distributed Loading 

• Length of Transmission Line = L 

VI 
11 __ 

VI 
11 __ • Delay of Transmission Line = T 

I l 
• Time of Sample = t 

(t < T) (t < T) • Incident Wave Current = 11 
:'t :'t Distance Distance • Incident Wave Voltage = VI Incident Wove Incident Wave 

11 - IR 
• Reflected Wave Current = IR 

• Reflected Wave Voltage = VR 

VI 
11 __ 11 + IR -- VI 

11 __ • Characteristic Impedance of Line = Zo 

i . • Termination Impedance = ZT 

V, .:! • Voltage at Termination = VT 
:'t Distance ~ Distance 

Reflected Wave for ZT < Zo Reflected Wave for ZT > Zo 
TL/F/I2028-14 

FIGURE 5bo Reflections Due to Impedance Mismatching 

intrinsic values of line impedance and propagation delay, Zo 
and tpd, are geometry-dependent. Once the intrinsic values 
are known, the effects of gate loading can be calculated. 
The loaded values for Z' 0 and tpde can be calculated with: 

Z' - Zo 
0- ~1 + Co/CL 

tpde = tpd ~1 + Co/CL 

where CL = intrinsic line capacitance and Co = additional 
capacitance due to gate loading. 

The formulas indicate that the loading of lines decreases 
the effective impedance of the line and increases the propa
gation delay. Lines that have a propagation delay greater 
than one third the rise time of the signal driver should be 
evaluated for transmission line effects. When performing 
transmission line analysis on a bus, only the longest, most 
heavily loaded and the shortest, least loaded lines need to 
be analyzed. All lines in a bus should be terminated equally; 
if one line requires termination, all lines in the bus should be 
terminated. This will ensure similar Signals on all of the lines. 

There are several termination schemes which may be used. 
Included are series, parallel, AC parallel, and Thevenin ter
minations. AC parallel and series terminations are the most 
useful for low power applications since they do not con
sume any DC power. Parallel and Thevenin terminations ex
perience high DC power consumption. 
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SERIES TERMINATIONS 

Series terminations are most useful in high-speed applica
tions where most of the loads are at the far end of the line 
or especially for single point loads. Loads that are between 
the driver and the end of the line will receive a two-step 
waveform. The first step will be the incident wave, Vi. The 
amplitude is dependent upon the output impedance of the 
driver, the value of the series resistor, and the impedance of 
the line according to the formula 

Vi = Voo-Z'o/(Z'o + Rs + Zs) 
The amplitude will be one-half the voltage swing if Rs (the 
series resistor) plus the output impedance (Zs) of the driver 
is equal to the line impedance. The second step of the 
waveform is the reflection from the end of the line and will 
have an amplitude equal to that of the first step. All devices 
on the line will receive a valid level only after the wave has 
propagated down the line and returned to the driver. There
fore, all inputs will see the full voltage swing within two times 
the delay of the line. 

PARALLEL TERMINATION 

Parallel terminations are not generally recommended for 
CMOS circuits due to their power consumption, which can 
exceed the power consumption of the logic itself. The pow
er consumption of parallel terminations is a function of the 
resistor value and the duty cycle of the signal. In addition, 
parallel termination tends to bias the output levels of the 
driver towards either Vee or ground. While this feature is not 
desirable for driving CMOS inputs, it can be useful for driv
ing TTL inputs. 



Line Driving and Termination (Continued) 

AC PARALLEL TERMINATION 

AC parallel terminations work well for applications where 
the delays caused by series terminations are unacceptable. 

The terminating effects of AC parallel terminations are simi
lar to the effects of standard parallel terminations. The ma
jor difference is that the capacitor blocks any DC current 
path and helps to reduce power consumption. 

THEVENIN TERMINATION 

Thevenin terminations are also not generally recommended 
due to their power consumption. Like parallel termination, a 
DC path to ground is created by the terminating resistors. 
The power consumption of a Thevenin termination, though, 
will generally not be a function of the signal duty cycle. 

TLlF/12028C15 

a. No Termination 

Thevenin terminations are more applicable for driving 
CMOS inputs because they do not bias the output levels as 
paralleled terminations do. It should be noted that lines with 
Thevenin terminations should not be left floating since this 
will cause the input levels to float between VDD or ground, 
increasing power consumption. 

o Parallel: Resistor = Zo 

o Thevenin: 
o Series: 
o AC: 

Resistor = 2 x Zo 

Resistor = Zo - Zout 
Resistor = Zo 

3tr 
Capacitor = C ;:, -

Zo 
FIGURE Ga. Suggested Termination Values 

~..-o-. ---0-1' f>-
~ ~ 

TL/F/12028-16 

b. Series Termination 

TL/F/12028-17 

c. Parallel Termination TL/F/12028-18 

d. AC Parallel Termination TL/F/12028-19 

e. Thevenin Termination 

FIGURE Gb. Termination Schemes 

Voo CMOS Bus Loading 
CMOS logic devices have clamp diodes from all inputs and 
outputs to Vee and ground. While these diodes increase 
system reliability by damping out undershoot and overshoot 
noise, they can cause problems if power is lost. 

r-____ ~~~~o~r-----~_, 

Figure 7 exemplifies the situation when power is removed. 
Any input driven above the Vee pin will forward-bias the 
clamp diode. Current can then flow into the device, and out 
Vee or any output that is HIGH. Depending upon the sys
tem, this current, liN, can be quite high, and may not allow 
the bus voltage to reach a valid HIGH state. One possible 
solution to eliminate this problem is to place a series resis
tor in the line. Another possible solution would be to ensure 
that the output enable input is inactive, preventing the out
puts from turning on and loading down the bus. This may be 
accomplished by hardwiring a 4.7 kO pull-up resistor to the 
Vee pin of the device. 
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FIGURE 7. Noise Effects 

ro 
:::E 
< o 
;:;: 
II) 
cc 
CD 
ro 
cc 
o· 
» 

"C 
~ 
o· 
II) -o· 
:l 
III 
II) 
:l 
c.. 
C 
CD 
III 
cO' 
:l 

o 
o 
:l 
III 
is: 
CD ., 
~ o· 
:l 
III 



o r--------------------------------------------------------------------------, 
c 
o 

~ 
CD 
'g 
"iii 
c o o 
c 
C) 

"i 
c 
'g 
c 
CIS 
o 
C 
o 

i 
D. 
a. 

<C 
u 
"81 
.9 
CD 
C) 

S 
~ 
~ 

Noise Effects 
Low Voltage Logic offers excellent noise immunity. 

However, even the most advanced technology cannot alone 
eliminate noise problems. Good circuit board layout tech" 
niques are essential to take full advantage of the perform
ance of Low Voltage Logic circuits. 

Well-designed circuit boards also help eliminate manufac
turing and testing problems. 

Another recommended practice is to segment the board 
into a high-speed area, a medium-speed area and a low
speed area. The circuit areas with high current requirements 
(i.e., buffer circuits and high-speed logic) should be as close 
to the power supplies as possible; low-speed circuit areas 
can be furthest away. 

Decoupling capacitors should be adjacent to all buffer 
chips; they should be distributed throughout the logic: one 
capacitor per chip. Transmission lines need to be terminat
ed to keep reflections minimal. To minimize crosstalk, long 
signal lines should not be close together. 

Crosstalk 
The problem of crosstalk and how to deal with it is becom
ing more important as system performance and board den-

• Two parallel signal lines provide mutual inductance and shunt capacitance. 

sities increase. Crosstalk is the coupling of signals from one 
line to another. The amplitude of the noise generated on the 
inactive line is directly related to the edge rates of the signal 
on the active line, the proximity of the two lines and the 
distance that the two lines are adjacent. See Figure 8. 

Crosstalk has two basic causes. Forward crosstalk, Agures 
9 and 11. is caused by the wavefront propagating down the 
printed circuit trace at two different velocities. This differ
ence in velocities is due to the difference in the dielectric 
constants of air (Er = 1.0) and epoxy glass (Er = 4.7). As 
the wave propagates down the trace, this difference in ve
locities will cause one edge to reach the end before the 
other. This delay is the cause of forward crosstalk; it in
creases with longer trace length, so consequently the mag
nitude of forward crosstalk will increase with distance. 

Reverse crosstalk, Figures 10 and 12, is caused by the mu
tual inductance and capacitance between the lines which is 
a transformer action. Reverse crosstalk increases linearly 
with distance up to a critical length. This critical length is the 
distance that the signal can travel during its rise or fall time. 

Although crosstalk cannot be totally eliminated, there are 
some design techniques that can reduce system problems 
resulting from crosstalk. 

TUF/1202B-21 

FIGURE 8. Where Does Crosstalk Take Place? 
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Crosstalk (Continued) 

Active 

Passive 

• Current through the Characteristic Inductance of Transmission Una = IL 

• Capacitively Coupled Current ~ 10 ~ -C dV;/dt 

• Mutually Induced Current ~ 1M ~ mil 

• Forward Crosstalk Current ~ 10F 

• As the active signal, Vi, propagates from A to B a negative-going spike, VI, 
propagates from C to D, coincident with VI. 

v 

A 

B 1---------/ 

D~----~"~--

FIGURE 9. Forward Crosstalk-Refresher 

Active 

Passive 

• Current through the Characteristic Inductance of Transmission Una = IL 

• Capacitively Coupled Current ~ 10 ~ -C dVl/dt 

• Mutually Induced Current ~ 1M ~ mil 

• Reverse Crosstalk Current = leR 

• As the active signal, VI, propagates from A to B a positive pulse appears 
at C for a duration twice the coupled line delay T. 

v 

c 

FIGURE 10. Reverse Crosstalk-Refresher 
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This figure shows traces taken on a test fixture designed to exaggerate the amplitude of crosstalk pulses. 

FIGURE 11, Forward Crosstalk on PCB Traces 

!SlY. 
---Active Driver 

Time (ns) (5.0 ns/di ... ) 

Vertical Scale 

-_ •• -- Reverse Crosstalk 
1.0 V/Olv 
0.2 v/olv 
1.0 V/Div ---Active Receiver 

Horizontal Scale 

50 ns/Div 
5.0 ns/Oiy 
5.0 ns/DlY 

TLlF/12028-27 

This figure shows traces taken on a test fixture designed to exaggerate the amplitude of crosstalk pulses. 

FIGURE 12, Reverse Crosstalk on PCB Traces 
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Crosstalk (Continued) 

In any design, the distance that lines run adjacent to each 
other should be kept as short as possible. The best situation 
is when the lines are perpendicular to each other. See Fig
ure 13. For those situations where lines must run parallel, 
the effects of crosstalk can be minimized by line termina-

• Synchronous 
Signal Plane 

• Synchronous 
Signal Plane 

• Ground Plane 

• Asynchronous 
Signal Plane 

tion. Terminating a line in its characteristic impedance re
duces the amplitude of an initial' crosstalk pulse by 50%. 
Terminating the line will also reduce the amount of ringing. 
Crosstalk problems can also 'be reduced by moving lines 
further apart or by inserting ground lines or planes between 
them. See Figure 14. 

- Ground Traces 
~ Synchronous 

Signal Traces 

~ Asynchronous Signal Traces 
on Plane D can run in 

any direction 
TL/F/1202B-32 

FIGURE 13. Recommended Crosstalk-Avoidance Structure 

Gnd 

• Minimize parallel trace lengths 

• Maximize distance "S" between traces to minimize crosstalk 

• Add ground trace ~ between signal traces 

• Minimize distance h to keep line impedance low 
TLlF/1202B-33 

FIGURE 14. PCB Layout Tips for Crosstalk Avoidance 
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Decoupling Requirements 
National Semiconductor Advanced CMOS, as with other 
high-performance, high-drive logic families, has special de
coupling anc;! printed circuit board layout requirements. Ad
hering to these requirements will ensure the maximum ad
vantages are gained with Low voltage logic products. 

Local high frequency decoupling is required to supply power 
to the chip when it is transitioning from a LOW to HIGH 
value. This power is necessary to charge the load capaci
tance or drive a line impedance. Figure 15 displays various 
VDD and ground layout schemes along with associated im
pedances. 

For most power distribution networks, the typical impedance 
is between 1000 and 1500. This impedance appears in 
series with the load impedance and will cause a droop in the 
VDD at the part. This limits the available voltage swing at the 
local node, unless some form of decoupling is used. This 
drooping of rails will cause the rise and fall times to become 
elongated. Consider the example described in Figure 16 to 

.032' 
Epoxy Glass 

e) 2n Voo 
Impedance 

d) son Voo 
Impedance 

c) loon VOD 
Impedance 

calculate the amount of decoupling necessary. This circuit 
utilizes a '244 driving a 1500 bus from a point somewhere in 
the middle. 

Oata Bus 

ISDn 

Buffer 

I of 8 

Ison 

Ground 
Plane 

TL/F/12028-34 

Buffer output sees a net 75n load. 
75n load line on 10H-VOH 
characteristic. 
Shows LOW-\O-HIGH Step of 
approx. 2.8V. 

I 2•9V 

VOUT : 

O.IV • I 
I I 

-.. ~4ns 

O 

h XmA 

IOH --.J L 
TUFI12028-35 

Worsl-Case Octal Draln=BxX mA 

FIGURE 15. Octal Buffer Driving a 1500 Bus 

b) 6Bn Voo 
Impedance 

~" Board 

0) tOOn Voo 
Impedance 

TL/F/12028-36 

FIGURE 16" Power Distribution Impedances 
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Decoupling Requirements (Continued) 

Being in the middle of the bus, the driver will see two 150n 
loads in parallel, or an effective impedance of 75n. To 
switch the line from rail to rail, a given drive of X mA is 
needed; more than X mA x 8 will be required if all eight lines 
switch at once. This instantaneous current requirement will 
generate a voltage drop across the impedance of the power 
lines, causing the actual Vee at the chip to droop. This 
droop limits the voltage swing available to the driver. The 
net effect of the voltage droop will lengthen device rise and 
fall times and slow system operation. A local decoupling 
capacitor is required to act as a low impedance supply for 
the driver chip during high current conditions. It will maintain 
the voltage within acceptable limits and keep rise and fall 
times to a minimum. The necessary values for decoupling 
capacitors can be calculated with the formula given in Fig
ure 11. 

In this example the drive needed, if all 8 lines switch at 
once, is 300 mA, plus the VDD droop is to be kept below 
20 mV and the edge rate equals 4 ns, a 0.10 ,...F capacitor is 
needed. 

It is good practice to distribute decoupling capacitors evenly 
through the logic, placing one capacitor for every package. 
See Figure 18. 

Q = CV 
I = CAVIA! 
C = IAIIAV 
At= 4 X 10-9 

Cal 

1 
Bypass Capacitor ~ 

Specify Vee Droop c.g. 30 mV Max 

TL/F/12028-37 

0.3 X 4 X 10-9 
C = = 60 X 10-9 = 0.06",F 

0.02 

Select CB ;, 0.10 ",F 

FIGURE 17. Formula for Calculating 
Decoupllng Capacitors 

/- - -
O.I}LF ~ 

Capacitor U ~ ~ ... 
- --

, ~ ~ ~ ... 
I I I 
I~I 

GND 
I T I CaULK CAl 
I I I --+<_--1 I 

• Need to decouple board at the point of power supply entry 

• This capacitor (Al will smooth low frequency bulk switching noise 

• A large value electrolytic capaCitor Is typically used (50 ",F-l00 ",F) 

FIGURE 18. Board·Level Decoupling Capacitor 

Capacitor Types 

TL/F/12028-38 

Oecoupling capacitors need to be of the high K ceramic 
type with low equivalent series resistance (ESR), consisting 
primarily of series inductance and series resistance. Capaci-

tors using 5ZU dielectric have suitable properties and make 
a good choice for decoupling capacitors; they offer mini
mum cost and effective performance. 
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LCX 
Low Voltage High Speed CMOS Logic 
with 5V Tolerant Inputs and Outputs 

Features Advantages 

Extended Vee range from 2.7V to 3.6V, compatible with Fully characterized for unregulated battery operation 
JEDEC Std. No. 8-1 B 

Advanced 0.8 IJ.m CMOS process High performance with propagation delays as fast as 6.S ns 
max for octals 

No input-diode clamp to Vee. Advanced overvoltage circuit SV tolerant inputs and outputs. Interfaces directly to standard 
design techniques. SV buses and SV devices. 

Low standby current (Icc 10 IJ.A max for octal over temp) Saves power, extends battery life 

Power down overvoltage protection Device is protected at inputs and outputs if Vee drops to zero 
volts 

± 24 mA drive current Guaranteed incident wave switching into 50n transmission 
lines 

SOIC, EIAJ-SOIC, and TSSOP packaging Saves board space and weight; TSSOP compatible with 
PCMCIA standards 

Alternate sources available Product standardization. Ensured product supply. 
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~ g ~Nat1onal PRELIMINARY 

~ Semiconductor 

74LCX240 
Low-Voltage Octal Buffer/Line Driver 
with 5V Tolerant Inputs and Outputs 
General Description • Power-down static overvoltage protection on inputs and 

outputs 

• Outputs source/sink 24 mA 
The LCX240 is an inverting octal buffer and line driver de
signed to be employed as a memory address driver, clock 
driver and bus oriented transmitter or receiver. The device is 
designed for low voltage (3.3V) Vee applications with capa
bility of interfacing to a 5V signal environment. 

• Guaranteed simultaneous switching noise level 

• Available in SOIC JEDEC, SOIC EIAJ and TSSOP 
• Implements patented Quiet Series noise/EMI reduction 

circuitry 
The LCX240 is fabricated with an advanced CMOS technol
ogy to achieve high speed operation while maintaining 
CMOS low power dissipation. 

• Functionally compatible with the 74 series'240 

Features 
• 5V tolerant inputs and outputs 

• 'Latchup performance exceeds 300 mA 
.ESD performance: 

Human body model > 2000V; 
Machine Model > 250V 

• Ideal for low power/low noise 2.7V to 3.6V applications 

Ordering Code: See Section 11 

Logic Symbol 

IEEE/IEC 

Or, EN 

OE, EN 

I, -I-_...:I>:"'---"':V-L- 0, 
15 - -°5 

~- -0, 
1,- -0, 

TUF/11993-1 

Connection Diagram 
Pin Assignment 

for SOIC and TSSOP 

Pin Names Description 

Truth Tables 

OE1,OE2 
10-17 
00-0 7 

TRI-STATE® Output Enable Inputs 
Inputs 
Outputs 

TUF111993-2 

Inputs Outputs 
(Pins 12, 14, 16, 18) 

Inputs 
Outputs 

(Pins 3, 5, 7, 9) 

L L 
L H 
H X 

H 
L 
Z 

L L 
L H 
H X 

H = HIGH Voltage Level L = LOW Voltage Level X = Immaterial Z = High Impedance 

SOICJEDEC SOICEIAJ TSSOP 

Order Number 74LCX240WM 74LCX240SJ 
74LCX240WMX 74LCX240SJX 74LCX240MTCX 

See NS Package Number M20B M20D MTC20 

H 
L 
Z 

Preliminary Data: National Semiconductor reserves the right to make changes at any time without notice, 
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Absolute Maximum Ratings (Note 1) 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage (Vee) -0.5V to + 7.0V 

DC Input Voltage(VI) -0.5Vto +7.0V 

Output Voltage (Vo) 
Outputs Tri-stated -0.5Vto +7.0V 
Outputs Active (Note 2) -0.5V to Vee + 0.5V 

DC Input Diode Current (11K) VI < OV -50mA 

DC Output Diode Current {loKl 
Vo <OV -50mA 
Vo < Vee +50mA 

DC Output SourcelSink Current (IOH/lou ±50mA 

DC Vee or Ground Current 
per Supply Pin (Icc or IGNO) ±100mA 

Storage Temperature Range (T STG) - 65·C to + 150·C 

Note 1: The "Absolute Maximum Ratings" are those values 
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The 
parametric values defined in the "Electrical Characteristics" 
table are not guaranteed at the absolute maximum ratings. 
The "Recommended Operating Conditions" table will define 
the conditions for actual device operation. 

Note 2: 10 Absolute Maximum Rating must be observed. 

DC Electrical Characteristics 

Symbol Parameter Vee 
(V) 

VIH High Level Input Voltage 2.7-3.6 

VIL Low Level Input Voltage 2.7-3.6 

VOH High Level Output Voltage 2.7-3.6 
2.7 
3.0 
3.0 

VOL Low Level Output Voltage 2.7-3.6 
3.7 
3.0 

II Input Leakage Current 2.7-3.6 

loz TRI-STATE Output Leakage 
2.7-3.6 

10FF Power Off Leakage Current 0 

lee Quiescent Supply Current 
2.7-3.6 

Alec Increase in Ice per Input 2.7-3.6 

Recommended Operating 
Conditions 
Supply Voltage 

Operating 2.0Vt03.6V 
Data Retention Only 1.5Vto 3.6V 

Input Voltage (VI) 0.OVt05.5V 

Output Voltage (Vo) 
Output in Active State OV to Vee 
Output in "OFF" State O.OVto 5.5V 

Output Current 10H/IOL 
Vee = 3.0V to 3.6V ±24mA 
Vee = 2.7V to 3.0V ±12mA 

Free Air Operating Temperature (TAl -40·Cto +85·C 

Minimum Input Edge Rate (At! AV) 
VIN = 0.8V to 0.2, Vee = 3.0V 10 nslV 

TA = -40·Cto + 85·C 
Units Conditions 

Min Max 

2.0 
V 

VOUT';;; O.1Vor 

0.8 <: Vee - 0.1V 

Vee - 0.2 10H = -100 p.A 
2.2 

V 
IOH = -12mA 

2.4 10H = -18mA 
2.2 10H = -24mA 

0.2 10L = 100 p.A 
0.4 V IOL=12mA 

0.55 10L = 24mA 

±5.0 /LA 0,;;; VI:5: 5.5V 

±5.0 /LA 
0,;;; Vo';;; 5.5V 

VI = VIH or VIL 

100 /LA VI or Vo = 5.5V 

10 p.A VI = Vee or GND 

±10 p.A 3.6 ,;;; (VI. yo) ,;;; 5.5V 

500 /LA VIH = Vee - 0.6V 
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AC Electrical Characteristics: See Section 2 for Test Methodology 

TA = -40"Cto +85°C 

Symbol Parameter Vee CL = 50pF 
Units 

(V) Max 
Min 

(Note 2) 

tpHL Propagation Delay 2.7 1.5 7.5 
tpLH Data to Output 3.0'-3.6 1.5 6.5 

ns 

tpZL Output Enable Time 2.7 1~5 9.0 

tpZH 3.0-3.6 1.5 8.0 
ns 

tpHZ Output Disable Time , , 2.7 1.5 8.0 
tpLZ 3.0-3.6 1.5 7.0 

ns 

toSHL Output to Output " 3.0 1.0 ns 
toSLH Skew (Note 1) 

Nole I: Skew is defined as the absolute value of the difference between the actual propagaUon delay for any two separate 'outputs of the same device. The 
specification applies to any outputs switching in the same direction, either HIGH to LOW (tosHU or LOW to HIGH (toSLH). Parameter guarante~d by design. 
Note 2: The maximum AC limits are design targets. Actual performance will be specified upon completion of c~aracterization. 

Dynamic Switching Characteristics: See Section 2 for Test Methodology' 

Symbol Parameter Vee TA = 25°C 
Units . Con,dltlons 

(V) Typical 

VOLP Quiet Output Maximum Dynamic VOL 3.3 0.8 ,V CL = 50 pF, VIH = 3.3V, VIL = OV 

VOLV Quiet Output Minimum Dynamic VOL 3.3 0.8 V CL = 50 pF, VIH = 3.3V, VIL = ov 

Capacitance .. 
" 

Symbol Parameter Typical Units Conditions 

CIN Input Capacitance 
7 pF 

Vee = Open 
VI = OV or Vee 

COUT Output Capacitance 
8 pF 

Vee = 3.3V 
VI = OVorVee 

CPD Power Dissipation Vee = 3.3V 
Capacitance 32 pF VI = OVorVee 

'F = 10 MHz 
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~Nationa; PRELIMINARY 

Semiconductor 

74LCX244 
Low-Voltage IBUlffer/UD1le IDrrhfell" 
with 5V Tolerant Inpuits and Ouiputs 
General Description features " 

The LCX244 contains eight non-inverting buffers with c 5V tolerant inputs and outputs 
TRI-STATE® outputs. The device may be employed as a iii Ideal for low power/low noise 2.7 to 3.6V applications 
memory address driver, clock driver and bus-oriented trans- 1:1 Power-down static overvoltage protection on inputs and 
mitter/receiver. The LCX244 is designed for low voltage outputs 
(3.3V) Vee applications with capability of interfacing to a 5V c Outputs source/sink 24 mA 
signal environment. [] Guaranteed simultaneous switching noise level 
The LCX244 is fabricated with an advanced CMOS technol- CI Available in SOIC JEDEC, SOIC EIAJ and TSSOP 
ogy to achieve high speed operation while maintaining c Implements patented Quiet Series noise/EMI reduction 
CMOS low power dissipation. circuitry 

c' Functionally compatible with the 74 series 244 
c Latch-up performance exceeds 300 mA 
GI ESD performanc!3: Human Body Model > 2000V; 

Machine Model > 250V 

Ordering Code: See Section 11 

Logic Symbol Connection Diagram 
Pin Assignment for 

IEEE/IEC SOIC and TSSOP 

~~ DEI 
1 ~'-../ 20 

r--Vcc 
2 19 _ 

10 t> V 00 
10 -

~ .r- 18 
OE2 _ 3 

" °1 04"""4 
~ 17 

00 

'2 02 lIS 

~ ,c-- 16 
14 

13 03 056 0, 
~ 15 

127 ~ ,(""'- 14 
15 

~~ 
066 M 

O2 
13 

r" £> v 04 
13-

~ .c-'- 12 
16 

Is ' 05 <770 '----]. 11 
03 

. '6 06 GND- 17 

., 0-, 
TL/F/11994-1 TLlF/11994-2 

Pin Names Description 

'OE1,OE2 : TRI-STATE Output Enable Inputs 
10-17 Inputs 
00-0 7 Outputs 

Truth Tables 
Inputs Outputs Inputs Outputs 

OE1 In (Pins 12, 14, 16, 18) OE2 In (Pins 3, 5, 7, 9) 

L L L L L L 
L H H L H H 
H X Z H X Z 

H ~ HIGH Voltage Level X ~ Immaterial L ~ LOW Voltage Level Z ~ High Impedance 

SOICJEDEC SOICEIAJ TSSOPJEDEC 

Order Number 74LCX244WM 74LCX244SJ 
74LCX244WMX 74LCX244SJX 74LCX244MTCX 

See NS Package Number M20B M20D MTC20 

Preliminary Data: National Semiconductor reserves the right to malle changes at any time without notice. 
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Absolute Maximum Ratings (Note 1) 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage (Vee) -0.5Vto +7.0V 

DC Input Voltage (VI) -0.5Vto +7.0V 

Output Voltage (Vo) 
Outputs Tri-Stated -0.5Vto +7.0V 
Outputs Active (Note 2) -0.5VtoVee + 0.5V 

DC Input Diode Current (11K) VI < 0 -50mA 

DC Output Diode Current (10K> 
Vo <0 -50mA 
Vo> Vee +50mA 

DC Output Source/Sink Current (IOHI/OU ±50mA 

DC Vee or Ground Current 
per Supply Pin (Icc or IGND) ±100mA 

Storage Temperature Range (T 8TG) - 65·C to + 150·C 

Note 1: The ''Absolute Maximum Ratings" are those values 
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The 
parametric values defined in the "Electrical Characteristics" 
table are not guaranteed at the absolute maximum ratings. 
The "Recommended Operating Conditions" table will define 
the conditions for actual device operation. 

Note 2: 10 Absolute Maximum Rating must be observed. 

DC Electrical Characteristics 

Symbol Parameter Vee 
(V) 

VIH High Level Input Voltage 2.7-3.6 

VIL Low Level Input Voltage 2.7-3.6 

VOH High Level Output Voltage 2.7-3.6 
2.7 
3.0 
3.0 

VOL Low Level Output Voltage 2.7-3.6 
2.7 
3.0 

II I nput Leakage Current 2.7-3.6 

loz TRI-STATE Output Leakage 
2.7-3.6 

IOFF Power Off Leakage Current OV 

Icc Quiescent Supply Current 
2.7-3.6 

alee Increase in lee per Input 2.7-3.6 

Recommended Operating 
Conditions 
Supply Voltage (Vee) 

Operating 2.0Vto3.6V 
Data Retention Only 1.5Vto3.6V 

Input Voltage (VI) OVto5.5V 

Output Voltage (Vo) 
Output in Active State O.OVtoVee 
Output in "OFF" State 0.OVto5.5V 

Output Current 10H/IOL 
Vee = 3.0V to 3.6V ±24mA 
Vee = 2.7Vto3.0V ±12mA 

Free Air Operating Temperature (TAl -40·C to + B5·C 

Minimum Input Edge Rate (at/ a V) 
VIN = O.BV to 2.0V, Vee = 3.0V 10 nslV 

TA = -40·Cto +85"C 
Units Conditions 

Min Max 

2.0 
V 

VOUT ~ O.1Vor 

O.B ~ Vee - 0.1V 

Vee - 0.2 10H= -100 /LA 
2.2 

V 
IOH=-12mA 

2.4 IOH=-1BmA 
2.2 IOH=-24mA 

0.2 10L =100 /LA 
0.4 V 10L =12mA 
0.55 IOL=24mA 

±5.0 p.A o ~ VI ~ 5.5V 

±5.0 p.A 
o ~ Vo ~ 5.5V 
VI = VIH or VIL 

100 /LA VI orVo = 5.5V 

10 /LA VI = Vee or GND 

±10 /LA 3.6 ~ (Vio Vol s: 5.5V 

500 /LA VIH = Vee -0.6V 
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AC Electrical Characteristics: See Section 2 for Test Methodology 

Vee 
TA = -40·C to :t85·C, 

CL = 50pF 
Symbol Parameter (V) Units 

Min 
Max 

(Note 2) 

tpHL Propagation Delay 2.7 1.5 7.5 
tpLH Data to Output 3.0-3.6 1.5 6.5 

ns 

tpZL Output Enable Time 2.7 1.5 9.0 

tPZH 3.0-3.6 1.5 8.0 
ns 

tpHZ Output Disable Time 2.7 1.5 8.0 
tpLZ 3.0-3.6 1.5 7.0 

ns 

toSHL, Output to Output 
3.0 1.0 ns 

tOSLH Skew (Note 1) 

Nota 1: Skew is delined as the absolute value 01 the difference between the actual propagation delay lor any two separate outputs 01 the same device. The 
specification applies to any outputs switching in the same direction, either HIGH to lOW (tosHU or lOW to HIGH (toSLH). Parameter guaranteed by design. 
Nota 2: The maximum Ae limits are design targets. Actual performance will be specified upon completion of characterization. 

Dynamic Switching Characteristics: See Section 2 for Test Methodology 

Symbol Parameter Vee TA = 25·C 
Units Conditions 

(V) Typical 

VOlP Quiet Output Maximum Dynamic VOL 3.3 0.8 V CL = 50 pF. VIH = 3.3V. Vil = OV 

VOLV Quiet Output Minimum Dynamic VOL 3.3 0.8 V CL = 50 pF. VIH = 3.3V. VIL = OV 

Capacitance 
Symbol Parameter Typical Units Conditions 

CIN Input Capacitance 
7 pF 

Vee = Open 
VI = OVorVee 

COUT Output Capacitance 
8 pF 

Vee = 3.3V 
VI = OVorVcc 

CPD Power Dissipation Capacitance Vee = 3.3V 
32 pF VI = OVorVee 

F=10MHz 
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~ Semiconductor 

74LCX245 
Low-Voltage Bidirectional Transceiver 
with 5V Tolerant Inputs and Outputs 
General Description Features 

• 5V tolerant inputs and outputs The LCX245 contains eight non-inverting bidirectional buff
ers with TRI-STATEI!> outputs and is intended for bus orient
ed applications. The device is designed for low voltage 
(3.3V) Vee applications with capability of interfacing to a 5V 
signal environment. The T /R input determines the direction 
of data flow through the device. The ()E input disables both 
the A and 8 ports by placing them in a high impedance 
state. 

• Ideal for low power/low noise 2.7V to 3.6V applications 
• Power-down static overvoltage protection on inputs and 

outputs 

• Outputs source/sink 24 mA 
• Guaranteed simultaneous switching noise level 
• Available in SOIC JEOEC, SOIC EIAJ and TSSOP 

The LCX245 is fabricated with an advanced CMOS technol
ogy to achieve high speed operation while maintaining 
CMOS low power dissipation. 

• Implements patented Quiet Series noise/EMI reductio!) 
circuitry 

• Functionally compatible with the 74 series 245 
• Latch performance exceeds 300 mA 

Ordering Code: See Section t 1 

Logic Symbols 

TLlF/12006-1 

DE 
T!R 

Ao 

A, 

~ 
A3 

A4 

As 
As 
A7 

Pin Names 
()E 
T/R 
Ao-A7 
80-B7 

Order Number 

See NS Package Number 

• ESO performance: Human Body Model > 2000V; 
Machine Model > 250V 

Connection Diagram 
Pin Assignment 

IEEE/IEC for SOIC and TSSOP 

G3 
T!R 20 Vee 

Ao 2 19 DE 
A, 18 Be 

Bo A2 4 17 ~ 

~ 
82 

83 

84 

85 

lis 

A3 16 82 

A4 15 83 

As 14 84 

As 13 85 

A7 12 lis 
GND 10 11 ~ 

~ TLlF/12006-3 

TL/F/12006-2 

Description 

Output Enable Input 
Transmit/Receive Input 
Side A Inputs or TRI-STATE Outputs 
Side 8 Inputs or TRI-STATE Outputs 

SOICJEDEC SOICEIAJ TSSOPJEDEC 

74LCX245WM 74LCX245SJ 
74LCX245WMX 74LCX245SJX 74LCX245MTCX 

M208 M200 MTC20 

Preliminary Data: National Semiconductor reserves the right to make changes at any time without notice. 
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Truth Table 

Logic Diagram 

Inputs 

OE T/R 

L L 
L H 
H X 

H = High Voltage Level 
L = Low Voltage Level 
X = Immaterial 
Z = High Impedance 

TIR 

Outputs 

Bus Bo-B7 Data to Bus Ao-A7 
Bus Ao-A7.oata to Bus Bo-B7 
HIGH Z State on Ao-A7. 80-87 

1 of 8 

~----------------~ 
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Absolute Maximum Ratings (Note 1) Recommended Operating' 
If Military/Aerospace specified devices are required, Conditions 
please contact the National Semiconductor Sales Supply V91tage 
Office/Distributors for availability and speclflca~lons. ',' 

Operating 2.0Vt03.6V 
Supply Voltage (Vee) -0.5V.to +7.0V Data Retention Only , 1.5Vt03.6V 

DC Input Voltage (VI) -0.5Vto +7.0V Input Voltage (VI) OVt05.5V 
Output Voltage (Vo) . Output Voltage (Vo) 

Outputs Tri-Stated -0.5Vto +7.0V Output in Active State OVtoVee 
Outputs Active (Note 2) -0.5VtoVee +0.5V Output in "OFF" State OVt05.5V 

DC Input Diode Current (Iu<> VI < 0 -50mA Output Currerit ,10HlloL 
DC Output Diode Current (10K> Vee = 3.0Vto 3.6V ±24mA 

Vo <0 -50mA Vee = 2.7V to 3.0V ±12mA 

Yo> Vee +50mA Free Air Operating Temperature (T A> -40"Cto +85·C 

DC Output Source/Sink Current (IOHllou ±50mA Minimum Input Edge Ratge (AIIAV) 

DC Vee or Ground Current VIN = 0.8V to 2.0V, Vee = 3.0V 10 ns/V 

per Supply Pin (lee or IGNO) ±100mA 

Storage Temperature Range (T 8TG) -65·Cto + 150"C . 

Note 1: The "Abso/ute Maximum Ratings" are those, values 
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The 
parametric values defined in the "Electrical Characteristics" 
table are not guaranteed at the absolute maximum ratings. 
The "Recommended Operating Conditions" table will define 
the conditions for actual device operation. 
Note 2: 10 Absolute Maximum Rating must be observed. 

DC Electrical Characteristics 

Symbol Parameter Vee TA = -4O"Cto +85"C 
Units Conditions 

(V) Min Max 

VIH High Level Input Voltage 2.7-3.6 2.0 VOUT s: O.tv or 
V ;;;, Vee - O.tv VIL Low Level Input Voltage 2.7-3.6 0.8 

VOH High Level Output Voltage 2.7-3.6 Vee- 0.2 10H = -100p.A 
2.7 2.2 

V 
10H = -12mA 

3.0 2.4 10H = -18mA 
3.0 2.2 10H = -24mA 

VOL Low Level Output Voltage 2.7-3.6 0.2 10L = 100p.A 
2.7 0.4 V 10L = 12mA 
3.0 0.55 10L = 24mA 

II Input Leakage Current @ l5E, T /R 2.7-3.6 ±5.0 p.A o s: VI s: 5.5V 

loz TRI-STATE 110 Leakage 
2.7-3.6 ±5.0 p.A 

o s: Vo s: 5.5V 
VI = VIH or VIL 

10FF Power Off Leakage Current 0 100 p.A VI orVo = 5.5V 

lee Quiescent Supply Current 
2.7-3.6 

10 p.A VI = Vee or GND 

±10 p.A 3.6 s: (VI, Vol s: 5.5V 

Alee Increase in lee per Input 2.7-3.6 500 p.A VIH = Vee - 0.6V 
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AC Electrical Characteristics: See Section 2 for Test Methodology 

Symbol Parameter Vee TA = -40'Cto +85'C 
Units 

(V) (CL = 50 pF) 

Min Max (Note 2) 

tpHL Propagation Delay 2.7 1.5 8.0 

tpLH An to Sn or Sn to An 3.0-3.6 1.5 7.0 
ns 

tpZL Output Enable Time 2.7 1.5 9.5 

tPZH 3.0-3.6 1.5 8.5 
ns 

tpHZ Output Disable Time 2.7 1.5 8.5 

tpLZ 3.0-3.6 1.5 7.5 
ns 

tOSHL, Output to Output Skew 
3.0 1.0 ns 

tOSLH (Note 1) 

Note 1: Skew is defined as the absolute value of the difference between the actual propagation delay for any two separate outputs of the same device. The 
specification applies to any outputs switching in the same direction, either HIGH to LOW (toSHU or LOW to HIGH (toSLH)' Parameter guaranteed by design. 

Note 2: The maximum Ae limits are design targets. Actual performance will be specified upon completion of characterization. 

Dynamic Switching Characteristics: See Section 2 for Test Methodology 

Symbol Parameter Vee TA = 25'C 
Units Conditions 

(V) Typical 

VOLP Quiet Output Maximum Dynamic VOL 3.3 0.8 V CL = 50 pF, VIH = 3.3V, VIL = OV 

VOLV Quiet Output Minimum Dynamic VOL 3.3 0.8 V CL = 50 pF, VIH = 3.3V, VIL = ov 

Capacitance 
Symbol Parameter Typical Units Conditions 

CIN Input Capacitance 
7 pF 

Vee = Open 
VI = OVorVee 

CliO Input/Output Capacitance 
8 pF 

Vee = 3.3V 
VI = OV or Vee 

CPD Power Dissipation Capacitance Vee = 3.3V 
32 pF VI = OVorVee 

F=10MHz 
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""" g ~~!!2V!~·,. PRELIMINARY 

74LCX373 , , 
.Low-Voltage Octal Transparent Latch 
with 5V Tolerant Inputs and Outputs 
General Description Features 

• 5V tolerant inputs and outputs The LCX373 consists of eight latches with TRI·STATE® out· 
puts for bus organized system applications. The device is 
designed for low voltage (3.3V) Vee applications with capa· 
bility of interfacing to a 5V signal environment. 

• Ideal for low power/low noise 2.7V to 3.6V applications 
• Power·down static overvoltage protection on inputs and 

outputs 
The LCX373 is fabricated with an advanced CMOS technol· 
ogy to achieve high speed operation while maintaining' 

• Outputs source/sink 24 mA 
• Guaranteed simultaneous switching noise level 

CMOS low power dissipation. . 

Ordering Code: See Section 11 

Logic Symbols 

TL/F/11995-1 

at 
LE 

Do 

0, 

0, 
DJ 

D. 

Os 
Os 
0, 

• Available in SOIC JEDEC, SOIC EIAJ and TSSOP 
• Implements patented Quiet Series noise/EMI reduction 

circuitry 
• Functionally compatible with the 74 series 373 
• Latchup performance exceeds 300 mA 
• ESD performance: 

Human Body Model > 2000V 
Machine Model > 250V 

Connection Diagram 

IEEEIIEC 
Pin Assignment for 
SOIC and TSSOP 

at .1 20 Vee 

00 2 19 0, 

lD V 00 00 3 18 0, 

0, 0, ... 17 0, 
0, 0, 5 16 .. ... 0, 6 15 °5 

0. 0, 7 14 Os 
Os D3 8 13 D4 

Os OJ 9 12 °4 

0, GND 10 11 LE 

TUF/11995-2 TL/F/11995-3 

Pin Names Description 

Do-D7 Data Inputs 
LE Latch Enable Input 
OE Output Enable Input 
0 0-0 7 TRI·STATE Latch Outputs 

SOICJEDEC SOICEIAJ TSSOPJEDEC 

Order Number 74LCX373WM 74LCX373SJ 
74LCX373WMX 74LCX373SJX 74LCX373MTCX 

See NS Package Number M20B M20D MTC20 

Preliminary Data: National Semiconductor reserves the right to make changes at any time without notice. 
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Functional Description 
The LCX373 contains eight D-type latches with TAl-STATE 
standard outputs. When the Latch Enable (LE) input is 
HIGH, data on the Dn inputs enters the latches. In this con
dition the latches are transparent, i.e. a latch output will 
change state each time its D input changes. When LE is 
LOW, the latches store the information that was present on 
the D inputs a setup time preceding the HIGH-to-LOW tran
sition of LE. The TAl-STATE standard outputs are con
trolled by the Output Enable (OE) input. When OE is LOW, 
the standard outputs are in the 2-state mode. When OE is 
HIGH, the standard outputs are in the high impedance mode 
but this does not interfere with entering new data into the 
latches. 

Logic Diagram 

Do 

lE 

Truth Table 
Inputs 

LE OE 

X H 
H L 
H L 
L L 

H = HIGH Voltage Level 
L = LOW Voltage Level 
Z = High Impedance 
X = Immaterial 

outputs 

On On 

X Z 
L L 
H H 
X 00 

00 = Previous 00 before HIGH to LOW transition of Latch Enable 

TL/F/11995-4 

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (Note 1) Recommended Operating 
If Military/Aerospace specified devices are required, Conditions 
please contact. the National Semiconductor Sales Supply Voltage 
Office/Distributors for availability and specifications. Operating . 2.0V to 3.6V 
Supply Voltage (Vee) -O.SVto +7.0V Data Retention Only f.sVt03.6V 
DC Input Voltage (VI) -O.SVto +7.0V Input Voltage (VI) OVtoS.SV 
Output Voltage (Vo) Output Voltage (Vo) 

Outputs TRI-STATE -O.SVto +7.0V Output in Active State OVtoVcc 
Outputs Active (Note 2) -O.SV to Vee + O.SV Output in "OFF" State OVtoS.SV 

DC Input Diode Current (Ind VI < 0 .-SOmA Output Current IOHIiOL 
DC Output Diode Current (10K> Vee = 3.0V to 3.6V ±24mA 

Vo <0 -SOmA Vee = 2.7V to 3.0V ±12mA 
Vo > Vee +SOmA Free Air Operating Temperature (TN -40'Cto +8S'C 

DC Output Source/Sink Current (IOHliou ±SOmA Minimum Input Edge Ratge (~tI~V) 
DC Vee or Ground Current VIN = 0.8V to 2.0V. Vee = 3.0V > 10 ns/V 

per Supply Pin (lee or IGNO) ±100 mA 

Storage Temperature Range (T STG) -6S'C to + 1S0'C 

Note 1: The "Absolute Maximum Ratings" are those values 
beyond which the safety of the device cannot be guaran-
t88d. The device should not be operated at these limits. The 
parametric values defined in the "Electrical Characteristics" 
table are not guaranteed at the absolute maximum ratings. 
The "Recommended Operating Conditions" table will define 
the conditions for actual device operation. 

Note 2: 10 Absolute Maximum Rating> must be obseNed. 

DC Electrical Characteristics 

Symbol Parameter Vee TA = -40'Cto +85'C 
Units Conditions 

(V) Min Max 

VIH High Level Input Voltage 2.7-3.6 2.0 VOUT s: O.Wor 
V 

~ Vee - O.W 
VIL Low Level Input Voltage 2.7-3.6 0.8 

VOH High Level Output Voltage 2.7-3.6 Vee - 0.2 IOH = -100/J-A 
2.7 2.2 

V 
IOH = -12mA 

3.0 2.4 IOH = -18mA 
3.0 2.2 IOH = -24mA 

VOL Low Level Output Voltage 2.7-3.6 0.2 IOL = 100 /J-A 
2.7 0.4 V IOL = 12mA 
3.0 O.SS IOL = 24mA 

II Input Leakage Current 2.7-3.6 ±S.O /J-A o s: VI s: S.SV 

loz TRI-STATE Output Leakage 
2.7-3.6 ±S.O /LA 

o s: Vo s: S.SV 
VI = VIH or VIL 

IOFF Power Off Leakage Current 0 100 /LA VI orVo = S.5V 

lee Quiescent Supply Current 
2.7-3.6 

10 /J-A VI = Vee or GND 

±10 /LA 3.6 s: (VI. yo) s: 5.5V 

~Icc Increase in lee per Input 2.7-3.6 SOO /LA VIH = Vee - 0.6V 
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AC Electrical Characteristics: See Section 2 for Test Methodology 

Vee 
TA = -40"Cto +85°C 

Symbol Parameter CL = 50pF Units 
(V) 

Min Max (Note 2) 

tpHL Propagation Delay 2.7 1.5 9.0 
tpLH Onto On 3.0-3.6 1.5 8.0 

ns 

tpHL Propagation Delay 2.7 1.5 9.5 
tpLH LEtoOn 3.0-3.6 1.5 8.5 

ns 

tpZH Output Enable Time 2.7 1.5 9.5 

tPZL 3.0-3.6 1.5 8.5 
ns 

tpHZ Output Disable Time 2.7 1.5 8.5 
tpLZ 3.0-3.6 1.5 7.5 

ns 

ts Setup Time 2.7 2.5 
Onto LE 3.0-3.6 2.5 

tH Hold Time 2.7 1.5 
.Dnto LE 3.0-3.6 1.5 

ns 

tw LE Pulse Width 2.7 4.0 
3.0-3.6 4.0 

ns 

toSHL. Output to Output Skew 
3.0 1.0 ns 

toSLH (Note 1) 

Note 1: Skew is defined as the absolute value of the difference between the actual propagation delay for any two separate outputs of the same device. The 
specification applies to any outputs switching in the same direction. either HIGH to lOW (IosHLl or lOW to HIGH (IosLH)' Parameter guaranteed by design. 
Note 2: The maximum AC limits are design targets. Actual performance will be specHied upon completion of characterization. 

Dynamic Switching Characteristics: See Section 2 for Test Methodology 

Symbol Parameter Vee TA = 25°C 
Units Conditions 

(V) Typical 

VOLP Quiet Output Dynamic Peak VOL 3.3 0.8 V CL = 50 pF. VIH = 3.3V. Vll = OV 

VOLV Quiet Output Dynamic Valley VOL 3.3 0.8 V CL = 50 pF. VIH = 3.3V. VIL = ov 

Capacitance 
Symbol Parameter Typical Units Conditions 

CIN Input Capacitance 
.7 pF 

Vee = Open 
VI = OVorVee 

COUT Output Capacitance 
12 pF 

Vee = 3.3V 
VI = OVorVcc 

II 
CPO Power Dissipation Capacitance Vee = 3.3V 

32 pF' VI = OVorVee 
F = 10MHz 

Note 1: Guaranteed by design. 
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~ r-----------------------------------------------------------------------------, 
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>< 
~ ~National ~ Semiconductor 

PRELIMINARY 

74LCX374 
Low-Voltage Octal 0 Flip-Flop 
with 5V Tolerant Inputs and Outputs 

General Description 
The LCX374 consists of eight Ootype flip-flops featuring sep
arate Ootype inputs for each flip-flop and TAI-STATE® out
puts for bus-oriented applications. A buffered, clock (CP) 
and Output Enable (DE) are common to all flip-flops. The 
LCX374 is designed for low-voltage (3.3V) Vee applications 
with capability of interfacing to a 5V signal environment. 

The LCX374 is fabricated with an advanced CMOS technol
ogy to achieve high speed operation while maintaining 
CMOS low power dissipation. 

Ordering Code: See Section 11 

Logic Symbols 

Features 
• 5V tolerant inputs and outputs 
• Ideal for low powerllow noise 2.7V to 3.6V applications 
• Power-do\yn static overvoltage protection on inputs and 

,outputs ' 

• Outputs source/sink 24 mA 
• Guaranteed simultaneous 'switching noise level 
• Available in SOIC JEOEC, SOIC EIAJ and TSSOP 
• Implements patented Quiet Series noise/EM I reduction 

circuitry 

• Functionally compatible with the 74 series 374 
• Latchup performance exceeds 300 mA 

• ESO performance: 
Human Body Model > 2000V 
Machine Model > 250V 

Connection Diagram 

IEEEIIEC 
Pin Assignment for 
SOIC and TSSOP 

liE liE 20 Vee 
CP 

°0 19 0., 

Do °0 

Dt Dj 
OE O2 °2 

~ ~ 
O~ o~ 

TL/F/I19a6-1 05 Os 
Os Os 

Do 18 ~ 

Dt 17 Os 

Dj 16 °6 
°2 15 °s 
O2 14 05 " 

03 , 13 O~ 

°3 12 O~ 

GNO 10 11 CP 

~ ~ 
TL/F/l'I996-2 TL/F/11996-3 

Pin Names Description 

00-0 7 Data Inputs 
CP Clock Pulse Input 
OE Output Enable Input 
0 0-0 7 TAl-STATE Outputs 

SOICJEDEC SOICEIAJ TSSOPJEDEC 

Order Number 74LCX374WM 74LCX374SJ 
74LCX374WMX 7 4LCX37 4SJX 7 4LCX37 4MTCX 

See NS Package Number M20B M200 MTC20 

Preliminary Data: National Semiconductor reserves the right to make changes at any time without notice. 
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Functional Description 
The LCX374 consists of eight edge-triggered flip-flops with 
individual D-type inputs and TRI-STATE true outputs. The 
buffered clock and buffered Output Enable are common to 
all flip-flops. The eight flip-flops will store the state of their 
individual D inputs that meet the setup and hold time re
quirements on the LOW-to-HIGH Clock (CP) transition. With 
the Output Enable (OE) LOW, the contents of the eight flip
flops are available at the outputs. When the DE is HIGH, the 
outputs go to the high impedance state. Operation of the 
OE input does not affect the state of the flip-flops. 

Logic Diagram 

Truth Table 
Inputs 

On CP 

H .../" 
L .../" 
X L 
X X 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immalerial 
Z = High Impedance 
.../ = LOW-Io-HIGH Transition 

OE 

L 
L 
L 
H 

00 = Previous 00 before HIGH 10 LOW of CP 

Outputs 

On 

H 
L 

00 
Z 

TL/F/11996-4 

Please nole thallhis diagram is provided only for Ihe understanding of logic operations and should nol be used 10 eslimate propagalion delays. 
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Absolute Maximum Ratings (Note 1) Recommended Operating·, 
If Military/Aerospace specified devices are required, Conditions 
please contact . the National Semiconductor Sales 

Supply Voltage 
Office/Distributors for availability and specifications. Operating 2.0Vt03.6V 
Supply Voltage (Ved -0.5Vto +7.0V Data ~etention Only 1.5Vto 3.6V 
DC Input Voltage (VI) -0.5Vto +7.0V Input Voltage (VI) OVt05.5V 
Output Voltage (Vo) Output Voltage (Vo) 

Outputs TRI-STATE -0.5Vto +7.0V Output in Active State OV t" Vee 
Outputs Active (Note 2) -0.5V to Vee + 0.5V Output in "OFF" State OVt05.5V 

DC Input Diode Current (11K) VI < 0 . -SOmA Output Current IOHIIOL 
DC Output Diode Current (10K) Vee = 3.0V to 3.6V ±24mA 

Vo < 0 -50mA Vee = 2.7Vt03.0V ±12mA 
Vo> Vee +50mA Free Air Operating Temperature (TAl -40·Cto +85·C 

DC Output Source/Sink Current (loHlloLl ±50mA Minimum Input Edge Ratge (I1tItN) 
DC Vee or Ground Current VIN = 0.8V to 2.0V, Vee = 3.0V 10 nslV 

per Supply Pin (Icc or IGNO) ±100mA 

Storage Temperature Range (T STG) -65·Cto + 150·C 

Note 1: The "Absolute Maximum Ratings" are those values 
beyond which the safety of the device cannot be guaran-
teed The device should not be operated at these limits. The 
parametric values defined in the "Electrical Characteristics" 
table are not guaranteed at the absolute maximum ratings. 
The "Recommended Operating Conditions" table will define .. 
the conditions for actual device operation. 

Note 2: 10 Absolute Maximum Rating must be observed 

DC Electrical Characteristics 

Symbol Parameter Vee TA = -40·Cto +85"C 
Units Conditions 

(V) Min Max 

VIH High Level Input Voltage 2.7-3.6 2.0 VOUT"; O.1Vor 
V 

~ Vee - 0.1V 
VIL Low Level Input Voltage 2.7-3.6 0.8 

VOH High Level Output Voltage 2.7-3.6 Vee - 0.2 IOH = -100 p.A 
2.7 2.2 V IOH = -12mA 
3.0 2.4 IOH = -18mA 
3.0 2.2 IOH = -24mA 

VOL Low Level Output Voltage 2.7-3.6 0.2 IOL = 100/LA 
2.7 0.4 V IOL = 12mA 
3.0 0.55 IOL = 24mA 

II Input Leakage Current 2.7-3.6 ±5.0 /LA 0,,; VI"; 5.5V 

loz TRI-STATE Output Leakage 
2.7-3.6 ±5.0 /LA 

0"; Vo"; 5.5V 

VI = VIH or VIL 

IOFF Power Off Leakage Current 0 100 p.A VI orVO = 5.5V 

Icc Quiescent Supply Current 
2.7-3.6 

10 /LA VI = Vee or GND 

±10 /LA 3.6 ,,; (Vh yO) ,,; 5.5V 

I1lee Increase in Icc per Input 2.7-3.6 500 /LA VIH = Vee - 0.6V 
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AC Electrical Characteristics: See Section 2 for Test Methodology 

Vee 
TA = -40'Cto +85'C 

Symbol Parameter CL = 50pF Units 
(V) 

Min Max (Note 2) 

tpHL Propagation Delay 2.7 1.5 9.5 

tpLH CPto Output 3.0-3.6 1.5 8.5 
ns 

tpZH Output Enable Time 2.7 1.5 9.5 

tPZL 3.0-3.6 1.5 8.5 
ns 

tpHZ Output Disable Time 2.7 1.5 8.5 

tpLZ 3.0-3.6 1.5 7.5 
ns 

ts Setup Time 2.7 2.5 

3.0-3.6 2.5 
ns 

tH Hold Time 2.7 1.5 
3.0-3.6 1.5 

ns 

tw Pulse Width 2.7 4.0 
3.0-3.6 4.0 

ns 

tOSHL, Output to Output Skew 
3.0 1.0 ns 

tOSLH (Note 1) 

Note 1: Skew is defined as the absolute value of the difference between the actual propagation delay for any two separate outputs of the same device. The 
specification applies to any outputs switching in the same direction. either HIGH to LOW (tosHU or LOW to HIGH (toSlH)' Parameter guaranteed by design. 
Note 2: The maximum AC limits are design targets. Actual performance will be specified upon completion of characterization. 

Dynamic Switching Characteristics: See Section 2 for Test Methodology 

Symbol Parameter 
Vee TA = 25'C 

Units Conditions 
(V) Typical 

VOLP Quiet Output Dynamic Peak VOL 3.3 0.8 V CL = 50 pF, VIH = 3.3V, VIL = OV 

VOLV Quiet Output Dynamic Valley VOL 3.3 0.8 V CL = 50 pF, VIH = 3.3V, VIL = ov 

Capacitance 
Symbol Parameter Typical Units Conditions 

CIN Input Capacitance 
7 pF 

Vee = Open 

VI = OVorVee 

COUT Output Capacitance 
8 pF 

Vee = 3.3V 

VI = OVorVee 

CPO Power Dissipation Capacitance Vee = 3.3V 
32 pF VI = OVorVee 

F=10MHz 
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~National 
~ semiconductor 

PR'ELIMINARY 

74LCX646 
Low-Voltage Octal Transceiver/Register 
with 5V Tolerant Inputs and Outputs 
General Description 
The LCX646 consists of registered bus transceiver circuits, 
with oLitputs, D-type flip-flops', and control circuitry providing 
multiplexed transmission of data directly from the input bus 
or from the internal storage registers. Data on the A or B 
bus will be loaded into the respective registers on the LOW
to-HIGH transition of the appropriate pin (CPAB or CPBA). 
The four fundamental handling functions available are illus
trated in Figure 1 through Figure 4. 

The LCX646 is designed for low voltage (3.3V) Vee applica
tions with capability of interfaCing to a 5V signal environ
ment. 

The LCX646 is fabricated with an advanced CMOS technol
ogy to achieve high speed operation while maintaining 
CMOS low power dissipation. 

Ordering Code: See Section 11 

Logic Symbols 

Features 
II 5V tolerant inputs and outputs 
II Ideal for low powerllow noise 2.7V to 3.6V applications 
II Power-down stalic overvoltage protection on inputs and 

outputs 
II Outputs source/sink 24 mA 
II Guaranteed simultaneous switching noise level 
II Available in SOIC JEDEC and TSSOP 
II Implements patented Quiet Series noise/EM I reduction 

Circuitry 
II Functionally compatible with the 74 series 646 
II Latch performance exceeds 300 mA 
II ESD performance: 

Human body Model > 2000V 
Machine Model > 250V 

Connection Diagram 
Pin Assignment 

IEEE/IEC for SOIC and TSSOP 

G 
DI" CPAB 24 Vee 

CPBA SAB 2 23 CPBA, 

SBA DlR 22 SBA 
SAB CPAB 

DIR SAB Ao 21 G 
cpaA "0 Al Bo 
saA .. 

A2 Bl 

A, ~ 
A3 B2 

TLlF111997-1 A4 B3 .., B, 
As B4 

Pin Names Description 
'A, ., As 10 Bs 

A. B. A7 11 14 B6 
Ao-A7 Data Register A Inputs 

GND 12 13 B7 Data Register A Outputs As lis 
Bo-B7 Data Register B Inputs 

Data Register B Outputs As .. TUF/11997-3 

CPAB,CPBA Clock Pulse Inputs ., ., 
SAB,SBA Transmit/Receive Inputs 
G Output Enable Input TL/F/11997-2 

DIR Direction Control Input 

SOICJEDEC TSSOPJEDEC 

Order Number 74LCX646WM 
74LCX646WMX 74LCX646MTCX 

See NS Package Number M24B MTC24 

Preliminary Data: National Semiconductor reserves the right to make changes at any time without notice. 
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Real Time Transfer 
A-Bus to B-Bus 

A-Bus 

!~111~ 
B-Bus 

TLlF/11997-4 

FIGURE 1 

Real Time Transfer 
B-Bus to A-Bus 

A-Bus 

!~IlG: 
B-Bus 

TL/F/11997-5 

FIGURE 2 

Storage from 
Bus to Register 

A-Bus 

B-Bus 

TL/F/11997-6 

FIGURE 3 

Transfer from 
Register to Bus 

~ 
A-Bus I _ 

lfil OR B 
I I 

8-Bus 

TL/F/11997-7 

FIGURE 4 

Function Table (Note) 

Inputs Data 1/0 
Function 

G DIR CPAB CPBA SAB SBA Ao-A7 Bo-B7 

H X H or L HorL X X Isolation 
H X ...r X X X Input Input Clock An Data into A Register 
H X X ...r X X Clock Bn Data into B Register 

L H X X L X An to Bn-Real Time (Transparent Mode) 
L H ...r X L X 

Input Output 
Clock An Data into A Register 

L H HorL X H X A Register to Bn (Stored Mode) 
L H ...r X H X Clock An Data into A Register and Output to Bn 

L L X X X L Bn to An-Real Time (Transparent Mode) 
L L X ...r X L 

Output input 
Clock Bn Data into B Register 

L L X HorL X H B Register to An (Stored Mode) 
L L X ...r X H Clock Bn Data into B Register and Output to An 

Note: The dam output functions may be enabled or disabled by various signals at the G and DIR inputs. Data input functions are always enabled; i.e., data at the 
bus pins will be stored on every LOW-to-HIGH transition of the appropriate clock inputs. 

H = HIGH Volmge Level X = Immaterial L = LOW Voltage Level ....r = LOW-to·HIGH Transition 

Logic Diagram 

OIR--!-=:t.-.JI-t---------------l 
CPBA------+----;:----::----I ::>c>--------il-o 
59A---:----+---I 

CPAB 

5A.------++--I 

---------------- - - ----------------I OF 8 CHANNELS 

0, 

c,IO--+-H 

+-HHf-- "-7 

TO 7 OTHER CHANNELS TLlF/11997-B 

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (Note 1) Recommended Operating 
If Military/Aerospace specified devices are required, Conditions 
please contact the National Semiconductor Sales Supply Voltage 
Office/Distributors for availability and specifications. Operating 2.0Vt03.6V 
Supply Voltage (Vee> -0.5Vto +7.0V Data Retention Only 1.5Vt03.6V 
DC Input Voltage (VI) -0.5Vto +7.0V Input Voltage (VI) OVt05.5V 
Output Voltage (Vo) Output Voltage (Vo) 

Outputs TRI-STATEIfi> -0.5Vto +7.0V Output in Active State OVtoVee 
Outputs Active (Note 2) -0.5VtoVee +0.5V Output in "OFF" State OVt05.5V 

DC Input Diode Current (111<> VI < 0 -50mA Output Current 10HIIOL 
DC Output Diode Current (loKl Vee = 3.0Vt03.6V ±24mA 

Vo < 0 -50mA Vee = 2.7Vt03.0V ±12mA 
Vo> Vee +50mA Free Air Operating Temperature (T A) -40'Cto +85'C 

DC Output Source/Sink Current (IOHlIou ±50mA Minimum Input Edge Ratge (6t/6V) 
DC Vee or Ground Current VIN = 0.8V to 2.0V. Vee = 3.0V 10 nsN 

per Supply Pin (Icc or IGNO) ±100mA 

Storage Temperature Range (T STG) -65'Cto + 150'C 

Note 1: The "Absolute Maximum Ratings" are those values 
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The 
parametric values defined in the "Electrical Characteristics" 
table are not guaranteed at the absolute maximum ratings. 
The "Recommended Operating Conditions" table will define 
the conditions for actual device operation. 

Note 2: 10 Absolute Maximum Rating must be observed. 

DC Electrical Characteristics 

Symbol Parameter Vee TA = -40'Cto +85'C 
Units Conditions 

(V) Min Max 

VIH High Level Input Voltage 2.7-3.6 2.0 VOUT';; 0.1V or 
V 

~ Vee- 0.1V 
VIL Low Level Input Voltage 2.7-3.6 0.8 

VOH High Level Output Voltage 2.7-3.6 Vee- 0.2 10H = -100/LA 
2.7 2.2 

V 
10H = -12mA 

3.0 2.4 10H = -18mA 
3.0 2.2 10H = -24mA 

VOL Low Level Output Voltage 2.7-3.6 0.2 10L = 100,...A 
2.7 0.4 V 10L = 12mA 
3.0 0.55 10L = 24mA 

II I nput Leakage Current 2.7-3.6 ±5.0 /LA 0';; VI';; 5.5V 

loz TRI-STATE I/O Leakage 2.7-3.6 ±5.0 /LA 0';; Vo ,;; 5.5V (VI = VIH orVIU 

10FF Power Off Leakage Current 0 100 /LA VlorVo = 5.5V 

Icc Quiescent Supply Current 2.7-3.6 10 /LA VI = Vee or GND 

±10 /LA 3.6 ,;; (VI. yo) ,;; 5.5V 

61ee Increase in lee per Input 2.7-3.6 500 /LA VIH = Vee - 0.6V 
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AC Electrical Characteristics: See Section 2 for Test Methodology 

Vee 
TA = -40'C to + 8S'C 

Symbol Parameter CL = SOpF Units (V) 
Min Max (Note 2) 

tpHL, Propagation Delay 2.7 1.5 8.0 

tpLH Bus to Bus 3.0-3.6 1.5 7.0 
ns 

tpHL, Propagation Delay 2.7 1.5 9.5 

tpLH Clock to Bus 3.0-3.6 1.5 8.5 
ns 

tpHL, Propagation Delay 2.7 1.5 9.5 

tpLH SAB or SBA to An or Bn 3.0-3.6 1.5 8.5 
ns 

tpZH, Output Enable Time 2.7 1.5 9.5 

tPZL GtoAnorBn 3.0-3.6 1.5 8.5 
ns 

tpHZ, Output Disable Time 2.7 1.5 9.5 

tpLZ GtoAnorBn 3.0-3.6 1.5 8.5 
ns 

tpHZ, Output Disable Time 2.7 1.5 9.5 

tpLZ DIR to An or Bn 3.0-3.6 1.5 8.5 
ns 

tpHZ, Output Disable Time 2.7 1.5 9.5 

tpLZ DIR to An or Bn 3.0-3.6 1.5 8.5 
ns 

ts Setup Time 2.7 2.5 
3.0-3.6 2.5 

ns 

tH Hold Time 2.7 1.5 
3.0-3.6 1.5 

ns 

tw PuldeWidth 2.7 4.0 
3.0-3.6 4.0 

ns 

tOSHL, Output to Output Skew 
3.0 1.0 ns 

tOSLH (Note 1) 

Note 1: Skew is defined as the absolute value of the difference between the actual propagation delay for any two separate outputs of the same device. The 
specification applies to any outputs switching in the same direction, either HIGH to LOW (toSHU or LOW to HIGH (toSlH). Parameter guaranteed by design. 
Note 2: The maximum AC limits are design targets. Actual performance will be specified upon completion of characterization. 

Dynamic Switching Charac~eris~ics: See Section 2 for Test Methodology 

Symbol Parameter Vee TA = 25'C 
Units Conditions 

(V) Typical 

VOLP Quiet Output Dynamic Peak VOL 3.3 0.8 V CL = 50 pF, VIH = 3.3V, VIL = OV 

VOL" Quiet Output Dynamic Valley VOL 3.3 0.8 V CL = 50 pF, VIH = 3.3V, VIL = ov 

CapaCitance 
Symbol Parameter Typical Units Conditions 

CIN Input CapaCitance 
7 pF 

Vee = Open 

VI = OV or Vee 

CliO Input/Output CapaCitance 
8 pF 

Vee = 3.3V 

VI = OVorVee 

CPO Power Dissipation CapaCitance Vee = 3.3V 
32 pF VI = OV or Vee 

F = 10 MHz 
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~ g ~National PRELIMINARY 

~ Semiconductor 

74LCX652 
Low-Voltage Transceiver/Register 
with 5V Tolerant Inputs and Outputs 

General Description Features 
• 5V tolerant inputs and outputs The LCX652 consists of bus transceiver circuits with D-type 

flip-flops, and control circuitry arranged for multiplexed 
transmission of data directly from the input bus or from inter
nal registers. Data on the A or B bus will be clocked into the 
registers as the appropriate clock pin goes to the HIGH log
ic level. Output Enable pins (OEAB, OEBA) are provided to 
control the transceiver function. 

• Ideal for low power/low noise 2.7V to 3.6V applications 
• Power-down static overvoltage protection on inputs and 

outputs 

• Outputs source/sink 24 rnA , 
• Guaranteed simultaneous switching noise level 
• Available in SOIC JEDEC and TSSOP 

The LCX652 is designed for low voltage (3.3V) Vee applica
tions with capability of interfacing to a 5V signal environ
ment. 

• Implements patented Quiet Series noise/EM I reduction 
circuitry 

The LCXE152 is fabricated with an advanced CMOS technol
ogy to achieve high speed operation while maintaining 
CMOS low power dissipation. 

• Functionally compatible with the 74 Series 652 

Ordering Code: See Section 11 

Logic Symbols 

TL/F/I1998-3 

• Latchup performance exceeds 300 rnA 
• ESD performance: 

Human Body Model > 2000V 
Machine/Model > 250V 

Connection Diagram 

OEBA 
OEAB 
CPBA 

SBA 
CPAB 

SAB 

IEEE/IEC 

~~~~=a __ ~~~~ 
~ ~ 

~ ~ 
~ ~ 

~ % 
~ ~ 
~ ~ 

TUF/119BB-l 

Pin Assignment 
for SOIC and TSSOP 

CPAB I 24 Vee 
SAB 2 23 CPBA 

OEAB 3 22 SBA 

Ao 4 21 0EsA 

~ 5 20 Bo 
A2 6 19 ~ 
A3 7 18 B2 

A. 8 17 B3 

~ 9 16 B. 

~ 10 15 B5 

~ 11 I. ~ 
GND 12 .13 ~ 

TUF/11998-2 

Pin Names Description SOICJEDEC TSSOPJEDEC 

Ao-A7, Bo-B7 A and B Inputs/TRI-STATEiIil Outputs Order Number 74LCX652V\1M 
CPAB,CPBA Clock Inputs 74LCX652WMX 74LCX652MTCX 
SAB,SBA Select Inputs See NS Package 
OEAB,OEBA Output Enable Inputs Number 

M24B MTC24 

Preliminary Data: National Semiconductor reserves the right to make changes at any time without notice_ 
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Functional Description 
In the transceiver mode, data present at the HIGH imped
ance port may be stored in either the A or B register or both. 

The select (SAB, SBA) controls can multiplex stored and 
real-time. 

The examples in Figure 1 demonstrate the four fundamental 
bus-management functions that can be performed with the 
Octal bus transceivers and receivers. 

Data on the A or B data bus, or both can be stored in the 
internal D flip-flop by LOW to HIGH transitions at the appro-

~ 

Real-Time Transfer 
Bus Bto BusA 

TUF/11998-5 

OEAD OEDA CPAB CPBA SAB SSA 

X 

Real-Time Transfer 
Bus A to BusB 

TUF/11998-6 

OEAB OEB;I; CPAB CP8A SAB SSA 

priate Clock Inputs (CPAB, CPBA) regardless of the Select 
or Output Enable Inputs. When SAB and SBA are in the real 
time transfer mode, it is also possible to store data without 
using the internal D flip-flops by simultaneously enabling 
OEAB and OEBA. In this configuration each Output reinforc
es its Input. Thus when all other data sources to the two 
sets of bus lines are in a HIGH impedance state, each set of 
bus lines will remain at its last state. 

Storage 

r----'II p---", 
I I I I 

I 
I I 

II I I 
III I m 

~ II I I ~ 

iil III I ~ 

III I 
III I 
I 

TL/F/11998-7 

OEAB OEBA CPAB CPBA BAB SSA 

-f 

Transfer Storage 
DatatoAorB 

TL/F/11998-8 

OEAB CEBA CPAB CPBA SAB SBA 

HorL HorL H 

FIGURE 1 
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Logic Diagram 

OEBA 
:(>-. 

OEAB 
V 

CPBA .--
.~ SBA 

CPAB~ 
SAB ----.J ~ 

--------------- ------~~- -I or 8 CHANNELS 

~ It. 
i..---

.~ AO-7 .~-

-r BO-7 
~Do 

It. 
i..---- I ---------------- ----------1- -- -

, , 
TO 7 OTHER CHANNELS 

TLlF/11998-4 

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 

Function Table (Note) 

Inputs Inputs/Outputs 
Operating Mode 

OEAB OEBA CPAB CPBA SAB SBA AothruA7 Bgthru B7 

L H HorL HorL X X 
Input Input 

Isolation 

L H .../ .../ X X Store A and B Data 

X H .../ HorL X X Input Not Specified Store A. Hold B 

H H .../ .../ X X Input Output Store A in Both Registers 

L X HorL .../ X X Not Specified Input Hold A. Store B 

L L .../ .../ X X Output Input Store B in Both Registers 

L L X X X L 
Output Input 

Real-TIme B Data to A Bus 

L L X HorL X H Store B Data to A Bus 

H H X X L X 
Input Output 

Real-Time A Data to B Bus 

H H HorL X H X Stored A Data to B Bus 

H L HorL HorL H H Output Output 
Stored A Data to B Bus and 
Stored B Data to A Bus 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 
.../" = LOW to HIGH Clock Transition 

Note: The data output functions may be enabled or disabled by various signals at OEAB or OEBA Inputs. Data Input functions are always enabled, I.e., data althe 
bus pins will be stored on every LOW to HIGH transHion on the clock inputs. 
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Absolute Maximum Ratings (Note 1) 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage (Vecl -0.5V to + 7.0V 

DC Input Voltage (V,) -0.5V to + 7.0V 

Output Voltage (Vo) 
Outputs TRI-ST ATE -0.5Vto +7.0V 
Outputs Active (Note 2) -0.5V to Vee + 0.5V 

DC Input Diode Current (I'K) (V,) < 0 -50mA 

DC Output Diode Current (10K) 
Vo < 0 -50mA 
Vo> Vee +50mA 

DC Output Source/Sink Current (IOH/loU ±50mA 

DC Vee or Ground Current 
per Supply Pin (Icc or IGND) ±100mA 

Storage Temperature Range (T STG) - 65'C to + 150'C 

Note 1: The "Absolute Maximum Ratings" are those values 
beyond which the safety of the device cannot be guaran-
teed The device should not be operated at these limits. The 
parametric values defined in the "Electrical Characteristics" 
table are not guaranteed at the absolute maximum ratings. 
The "Recommended Operating Conditions" table will define 
the conditions for actuai device operation. 

Note 2: 10 Absolute Maximum Ratings must be observed. 

DC Electrical Characteristics 

Symbol Parameter Vee 
(V) 

V'H High Level Input Voltage 2.7-3.6 

V'L Low Level Input Voltage 2.7-3.6 

VOH High Level Output Voltage 2.7-3.6 
2.7 
3.0 
3.0 

VOL Low Level Output Voltage 2.7-3.6 
2.7 
3.0 

I, Input Leakage Current 2.7-3.6 

loz TRI-STATE I/O Leakage 2.7-3.6 

10FF Power Off Leakage Current 0 

Icc Quiescent Supply Current 
2.7-3.6 

I!.lee Increase in Icc per Input 2.7-3.6 

Recommended Operating 
Conditions 
Supply Voltage 

Operating 2.0Vt03.6V 
Data Retention Only 1.5Vt03.6V 

Input Voltage (V,) O.OVto 5.5V 

Output Voltage (Vo) 
Output in Active State O.OVtoVee 
Output in "OFF" State 0.OVt05.5V 

Output Current 10HIIOL 
Vee = 3.0V to 3.6V 
Vee = 2.7V to 3.0V 

Free Air Operating Temperature (TA) -40'C to +85'C 

Minimum Input Edge Rate (tJ.t/ I!. V) 
YIN = 0.8V to 2.0V, Vee = 3.0V 10 ns/V 

TA = -40'C to +85'C 
Units Conditions 

Min Max 

2.0 
V VOUT ;:; 0.1V or 

0.8 ;0, Vee - 0.1V 

Vee - 0.2 IOH = -100/LA 
2.2 

V 
10H = -12 mA 

2.4 10H = -18mA 
2.2 10H = -24mA 

0.2 1m = 100 /LA 
0.4 V Im=12mA 

0.55 1m = 24mA 

±5.0 /LA 0;:; V,;:; 5.5V 

±5.0 
/LA 

0;:; VO;:; 5.58 
V, = V'H or V'L 

100 /LA V, or Vo = 5.5V 

10 /LA V, = Vee or GND 

±10 /LA 3.6;:; (V" yo) ;:; 5.5V 

500 /LA V'H = Vee - 0.6V 
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AC Electrical Characteristics: See Section 2 for Test Methodology 

'TA = +40'Cto +85'C 

Symbol Parameter Vee' CL = 50pF 
Units 

(V) 
Min 

Max 
(Note 2) 

tpHL, Propagation Delay 2.7 1.5 9.5 
tpLH Clock to Bus 3.0-3.6 1.5 8.5 

ns 

tpHL, Propagation Delay 2.7 1.5 8.0 
tpLH Busto Bus 3.0-3.6 1.5 7.0 

ns 

tpHL, Propagation Delay 2.7 1.5 9.5 
tpLH SAB orSBA to Aor B 3.0-3.6 1.5 8.5 

ns 

tpZH, Output Enable Time 2.7 1.5 9.5 
tPZL OEBA to A 3.0-3.6 1.5 8.5 

ns 

tpHZ, Output Disable Time 2.7 1.5 9.5 
tpLZ OEBAtoA 3.0-3.6 1.5 8.5 

ns 

tpZH, Output Enable Time 2.7 1.5 9.5 
tPZL OEBAtoA 3.0-3.6 1.5 8.5 

ns 

tpHZ, Output Disable Time 2.7 1.5 9.5 
tpLZ OEABto B 3.0-3.6 1.5 8.5 

ns 

ts Setup Time 2.7 2.5 
Bus to Clock 3.0-3.6 2.5 

ns 

tH Hold Time 2.7 1.5 
Bus to Clock 3.0-3.6 1.5 

ns 

tw Clock Pulse Width 2.7 4.0 
3.0-3.6 4.0 

ns 

tOSHL, Output to Output 
3.0 1.0 ns 

tOSLH Skew (Note 1) 

Note 1: Skew is defined as the absolute value of the difference between the actual propagation delay for any two separate outputs of the same device. The 
specification applies to any outputs switching in the same direction, either HIGH to LOW (toSHU or LOW to HIGH (toSlH)' Parameter guaranteed by design. 

Note 2: The maximum AC limits are deSign targets. Actual performance will be specified upon completion of characterization. 

Dynamic Switching Characteristics See Section 0 for Test Methodology 

Symbol Parameter Vee TA=25'C 
Units Conditions 

(V) Typical 

VOLP Quiet Output Dynamic Peak VOL 3.3 0.8 V CL = 50 pF, VIH = 3.3V, VIL = OV 

VOLV Quiet Output Dynamic Valley VOL 3.3 0.8 V CL = 50 pF, VIH = 3.3V, VIL = ov 

Capacitance 
Symbol Parameter Typical Units Conditions 

CIN Input Capacitance 
7 pF Vee = Open 

VI = OV or Vee 

ClIO Input/Output Capacitance 
8 pF Vee = 3.3V 

VI = OVorVee 

CPD Power Dissipation Vee = 3.3V 
Capacitance 32 pF VI = OV or Vee 

F = 10 MHz 
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~National 
~ Semiconductor 

PRELIMINARY 

74LCX16240 
Low-Voltage 16-Bit Inverting Buffer/Line 
Driver with 5V Tolerant Inputs/Outputs 

General Description 
The LCX16240 contains sixteen inverting buffers with 
TRI-STATE® outputs designed to be employed as a memo
ry and address driver, clock driver, or bus-oriented transmit
ter/receiver. The device is nibble controlled. Each nibble 
has separate TRI-STATE control inputs which can be short
ed together for full 16-bit operation. 

The LCX16240 is designed for low voltage (3.3V) Vee appli
cations with capacity of interfacing to a 5V signal environ
ment. 

The LCX16240 is fabricated with an advanced CMOS tech
nology to achieve high speed operation while maintaining 
CMOS low power dissipation. 

Ordering Code: See Section 11 

Logic Symbol 

I I I I I I I I I I I I I I I I 

yyyyyyyyyyyyyyyy 

Pin 
Names 

OEn 
10-115 

00-0 15 

TLlF/11999-1 

Description 

Output Enable Inputs (Active Low) 
Inputs 
Outputs 

SSOP EIAJ TSSOPJEDEC 

Order Number 74LCX16240MEA 74LCX16240MTD 
74LCX16240MEAX 74LCX16240MTDX 

See NS Package 
Number 

MS48A MTD48 

Features 
II 5V tolerant inputs and outputs 
II Ideal for low power/low noise 2.7V to 3.6V applications 
II Power-down static overvoltage protection on inputs and 

outputs 
II Outputs source/sink 24 mA 
II Guaranteed simultaneous switching noise level 
II Available in SSOP and TSSOP 
II Implements patented Quiet Series noise/EM I reduction 

circuitry 
II Functionally compatible with the 74 series 16240 
II Latchup performance exceeds 300 mA 
II ESD performance: 

Human body model > 2500V 
Machine model > 250V 

Connection Diagram 
Pin Assignment for 
SSOP and TSSOP 

0;,- 1 
\..../ 

48 t- DE2 

00- 2 471- 10 
0,- 3 461- 1, 

GNO- 4 451-GNO 

0,- 5 441- 1, 

0,- 6 431- 1, 

Yee - 7 421- Yee 

0. - 8 4'1- 1• 

0,- 9 401- 1, 

GNO- '0 39 t- GNO 

0,- " '.1- 1, 

0, - 12 371- 1, 

0,- 13 361- 1, 

0,- 14 351- 1, 

GNO- 15 341- GNO 

010- 16 331- 1,. 

0,,- 17 321- 111 

Yee - 18 3' r-Yee 

0,,- '9 3D r-I" 

0,,- 20 29 r-I" 

GNO- 2' 2' r- GNO 

0,. - 22 27 r-I,. 

0" - 23 26 r-I" 

DE, - 24 25 r- DE, 

TL/F111999-2 

Preliminary Data: National Semiconductor reserves the right to make changes at any time without notice. 
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Functional Description 
The LCX16240 contains sixteen inverting buffers with 
TRI-STATE standard outputs. The device is nibble (4 bits) 
controlled with each nibble functioning identically, but inde
pendent of the other. The control pins may be shorted to
gether to obtain full 16-bit operation. The TRI-STATE out-

puts are controlled by an Output Enable (DEn) input for 
each nibble. When DEn is LOW, the outputs are in 2-state 
mode. When DEn is HIGH, the outputs are in the high im
pedance mode, but this does not interfere with entering new 
data into the inputs. 

Logic Diagram 

Truth Tables 
Inputs 

OE1 

L 
L 
H 

Inputs 

OEs 

L 
L 
H 

H = High Vonage Level 
L = Low VoHage Level 
X = Immaterial 
Z = High Impedance 

lo-Is 

L 
H 
X 

la-l11 

L 
H 
X 

p--------- ---------. 
I I 
I I 
I 10- 3 °0-3 OS-II IS-II I 

I I 
I I 
I 14- 7 04-7 012-15 112- 15 I 
I I 
I One of Eight I 

~------------------------. TUF/11999-3 

outputs Inputs Outputs 

Oo-Os OE2 14-17 04-0 7 

H L L H 
L L H L 
Z H X Z 

Outputs Inputs Outputs 

Oa-0 11 OE4 112-115 012-0 15 

H L L H 
L L H L 
Z H X Z 
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Absolute Maximum Ratings (Note 1) Recommended Operating 
If Military/Aerospace specified devices are required, Conditions 
please contact the National Semiconductor Sales Supply Voltage 
Office/Distributors for availability and specifications. Operating 2.0Vto 3.6V 
Supply Voltage (Vee) -O.SVto +7.0V r Data Retention only 1.SVt03.6V 

DC Input Voltage (VI) -O.SVto +7.0V Input Voltage (VI) O.OVtoS.SV 

Output Voltage (Vo) Output Voltage (Vo) 
OutputTRI·STA TE -O.SVto +7.0V Output in Active State O.OV to Vee 
Outputs Active (Note 2) -O.SV to Vee +O.SV Output in "OFF" State O.OVtoS.SV 

DC Input Diode Current (11K) VI < 0 -SOmA Output Current 10HliOL 

DC Output Diode Current (10K> Vee = 3.OV to 3.6V ±24mA 

Vo <0 -SOmA Vee = 2.7Vt03.OV ±12mA 

Vo> Vee +SOmA Free Air Operating Temperature (TAl - 40·C to + 8S·C 

DC Output Source/Sink Curro (IOHliou ±SOmA Minimum Input Edge Rate (.1t1.1V) 

DC Vee or Ground Current VIN = 0.8V to 2.0V. Vee = 3.OV 10 nstV 

per Supply Pin (Icc or IGND) ±100mA 

Storage Temperature 
Range (TSTG) -6S·Cto +1S0·C 

Note 1: The "Absolute Maximum Ratings" are those values 
beyond which the safety of the device cannot be guaran· 
teed. The device should not be operated at these limits. The 
parametric values defined in the "Electrical Characteristics" 
table are not guaranteed at the absolute maximum ratings. 
The "Recommended Operating Conditions" table will define 
the conditions for actual device operation. 

Note 2: 10 Absolute Maximum Rating must be observed. 

DC Electrical Characteristics 

Symbol Parameter Vee TA = -40"Cto +85·C ,Units Conditions 
(V) Min Max 

VIH High Level input Voltage 2.7-3.6 2.0 VOUT:S;; O.1Vor 
V ~ Vcc - 0.1V 

VIL Low Level Input Voltage 2.7-3.6 0.8 

VOH High Level Output Voltage 2.7-3.6 Vee-0.2 10H = -100/loA 
2.7 2.2 V 10H = -12mA, 
3.0 10H = -18mA 
3.0 2.2 10H = -24mA 

VOL Low Level Output Voltage 2.7-3.6 0.2 10L = 100/loA 
2.7 0.4 V 10L = 12mA 
3.0 O.SS 10L = 24mA 

" 
Input Leakage Current 2.7-3.6 ±S.O ,...A O:S;; VI:S;; 5.5V 

loz TRI·STATE Output Leakage 
2.7-3.6 ±5.0 ,...A 

O:S;; Vo:S;; 5.SV 
V, = V'H or V'L 

II 
Icc Quietscent Supply Current 

2.7-3.6 
20 /loA V, = Vee or GND 

±20 /loA 3.6 :s;; (V" Vol :s;; 5.5V 

alee Increase in Icc per Input 2.7-3.6 500 /loA VIH = Vee -0.6V 

10FF Power Off Leakage Current 0 100 /loA V, orVo = 5.5V 
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~ AC Electrical Characteristics: See Section 2 for test methodology . ..-
>< g TA = -40'Cto +85'C 

Symbol Parameter Vi:c CL = 50pF 
. Units 

(V) 
Min Max 

(Note 2) 

tpHL, Propagation Delay 2.7 1.5 5.6 
tpLH Data to Output 3.0-3.6 1.5 4.9 

ns 

tpZL, Output Enable Time 2.7 1.5 7.7 
tPZH 3.0-3.6 1.5 7.0 

ns 

tpHZ, Output Disable Time 2.7 1.5 7.7 
tpLZ 3:0-3.6 1.5 7.0 

ns 

toSHL, Output to Output 
3.0 1.0 ns 

tOSLH Skew (Note 1) 

Note 1. Skew is defined as the absolute value of the difference between the actual propagaton delay for any two separate outputs of the same device. The 
specification applies to any outputs switching in Ihe same direction, eHher HIGH 10 LOW (tosHLl or LOW to HIGH (tosLH). Parameter guaranteed by design. 
Not. 2. The maximum AC IimHs are design targets. Actual performance will be specified upon completion of characterization. 

Dynamic Switching Characteristics: See Section 2 for test methodology 

Symbol Parameter Vee TA = 25'C 
Units Conditions 

(V) Typical 

VOLP Quiet Output Dynamic Peak VOL 3.3 0.8 V CL = 50 pF, VIH = 3.3V, VIL = OV 

VOLV Quiet Output Dynamic Valley VOL 3.3 0.8 V CL = 50 pF, VIH = 3.3V, VIL = ov 

Capacitance 
Symbol Parameter Typical Units Conditions 

CIN. Input Capacitance 7 pF Vee = Open 
VI = OV or Vee 

COUT Output Capacitance 
8 pF Vee = 3.3V 

VI = OV or Vee 

CPO Power Dissipation Vee = 3.3V 
Capacitance 32 pF VI = OVorVee 

F = 10MHz 
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PRELIMINARY ~National 
~ Semiconductor 

74LCX16244 
Low-Voltage 16-Bit Buffer/Line Driver 
with 5V Tolerant Inputs and Outputs 
General Description 
The 74LCX16244 contains sixteen non-inverting buffers 
with TRI-STATE® outputs designed to be employed as a 
memory and address driver, clock driver, or bus oriented 
transmitter/receiver. The device is nibble controlled. Each 
nibble has separate TRI-STATE control inputs which can be 
shorted together for full 16-bit operation. 

The LCX16244 is designed for low voltage (3.3V) Vee appli
cations with capability of interfacing to a 5V signal environ
ment. 

The LCX16244 is fabricated with an advanced CMOS tech
nology to achieve high speed operation while maintaining 
CMOS low power dissipation. 

Ordering Code: See Section 11 

Logic Symbol 

~ ~ 
OEz OE, 

Oz 03 0. 05 06 ~ O. 0, 0,00" o,z 0,3 0,. 0,5 

TL/F/12000-1 

Pin Names Description 

DEn Output Enable Input (Active Low) 

10-115 Inputs 

00-0 15 Outputs 

SSOPEIAJ TSSOPJEDEC 

Order Number 74LCX16244MEA 74LCX16244MTD 
74LCX16244MEAX 74LCX16244MTDX 

See NS Package 
MS48A MTD48 

Number 

Features 
• 5V tolerant inputs and outputs 
• Ideal for low power/low noise 2.7V to 3.6V applications 
• Power-down static overvoltage protection on inputs and 

outputs 

• Outputs source/sink 24 mA 
• Guaranteed simultaneous switching noise level 
• Available in SSOP and TSSOP 
• Implements patented Quiet Series noise/EMI reduction 

circuitry 
• Functionally compatible with the 74 series 16244 
• Latch performance exceeds 300 mA 
• ESD performance: 

Human Body Model > 2000V 
Machine Model > 250V 

Connection Diagram 

Or, 
°0 
0, 

GND 

°z 
03 

Vee 
0, 

Ds 
GND 

Os 
~ 

Os 
09 

GND 

0,0 

0,1 

Vee 

0,2 

0,3 

GND 

0,. 

O,s 
liE, 

Pin Assignment for 
SSOP and TSSOP 

48 

47 

46 

4 45 

44 

43 

42 

41 

40 

10 39 

11 38 

12 37 

13 36 

14 35 

15 34 

16 33 

17 32 

18 31 

19 30 

20 29 

21 28 

22 27 

23 26 

24 25 

DEz 
'0 
" GND 

'z 
'3 

Vee 

" 
's 
GND 

'6 
'7 
'. 
'9 
GND 

"0 

'" 
Vee 

',z 
"3 
GND 

',. 
'15 
liE3 

TLlFI12000-2 

Preliminary Data: National Semiconductor reserves the right to make changes at any time without notice. 
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Functional Description 
The LCX16244 contains sixteen non-inverting buffers with 
TRI-STATE standard outputs. The device is nibble (4 bits) 
controlled with each nibble functioning identically, but inde
pendent of the other. The control pins can be shorted to
gether to obtain full 16-bit operation. The TRI-STATE out-

puts are controlled by an Output Enable (OE:n) input for 
each nibble. When OEn is LOW, the outputs are in 2-state 
mode. When DEn is HIGH, the outputs are in the high im
pedance mode, but this does not interfere with entering new 
data into the inputs. 

Truth Tables 
Inputs 

~, 

L 
L 
H 

Inputs 

0E3 

L 
L 
H 

H = High Vollege Level 
L = Low Voltage Level 
X = Immaterial 
Z = High Impedance 

10-13 

L 
H 
X 

18-111 

L 
H 
X 

Logic Diagram· 

Outputs Inputs Outputs 

00-0 3 0E2 14-17 04-0 7 

L L L L 

H L H H 

Z H X Z 

Outputs Inputs Outputs 

08-0 11 OE4 1,2-1,5 0,2-0 ,5 

L L L L 

H L H H 

Z H X Z 

p-------- ---------. 
I I 
I I 
I 10- 3 °0-3 Os-" la-ll I 

I I 
I I 
I 14- 7 04-7 0,2-15 112- 15 I 
I I 
I On. of Eight I ._---------------------_. TUF/12000-3 
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Absolute Maximum Ratings (Note 1) Recommended Operating 
If Military/Aerospace specified devices are required, Conditions 
please contact the National Semiconductor Sales Supply Voltage 
Office/Distributors for availability and specifications. Operating 2.7Vto 3.6V 
Supply Voltage (Vee> -0.5Vto +7.0V Data Retention Only 1.5Vto 3.6V 
DC Input Voltage (VI) -0.5Vto +7.0V Input Voltage (VI) OVt05.5V 
Output Voltage (Vol Output Voltage (Vo) 

Outputs TRI-STATE -0.5Vto +7.0V Output in Active State OVtoVee 
Outputs Active (Note 2) -0.5VtoVee +0.5V Output in "OFF" State OVt05.5V 

DC Input Diode Current (11K) VI < 0 -50mA Output Current IOH/loL 
DC Output Diode Current (10K) Vee = 3.0V to 3.6V ±24mA 

Vo <0 -50mA Vee = 2.7Vt03.0V ±12mA 
Vo > Vee +50mA Free Air Operating Temperature (TAl -40·Cto +85·C 

DC Output Source/Sink Current {lOH/loLl ±50mA Minimum Input Edge Ratge (~tI~V) 
DC Vee or Ground Current VIN = 0.8V to 2.OV, Vee = 3.0V 10 ns/V 

per Supply Pin (lee or IGNO) ±100mA 

Storage Temperature Range (TSTG) - 65·C to + 150·C 

Note 1: The "Absolute Maximum Ratings" are those values 
beyond which the safety of the device cannot be guaran-
teed The device should not be operated at these limits. The 
parametric values defined in the "Electrical Characteristics" 
table are not guaranteed at the absolute maximum ratings. 
The "Recommended Operating Conditions" table will define 
the conditions for actual device operation. 

Note 2: 10 Absolute Maximum Rating must be observed 

DC Electrical Characteristics 

Symbol Parameter Vee TA = -40"Cto +85·C 
Units Conditions 

(V) Min Max 

VIH High Level Input Voltage 2.7-3.6 2.0 VOUT s: 0.1V or 
V 

~ Vee- O.1V 
VIL Low Level Input Voltage 2.7-3.6 0.8 

VOH High Level Output Voltage 2.7-3.6 Vee -0.2 IOH = -100 p.A 
2.7 2.2 

V 
IOH = -12mA 

3.0 2.4 IOH = -18mA 
3.0 2.2 IOH = -24mA 

VOL Low Level Output Voltage 2.7-3.6 0.2 IOL = 100 p.A 
2.7 0.4 V IOL = 12mA 
3.0 0.55 IOL = 24mA 

II Input Leakage Current 2.7-3.6 ±5.0 p.A Os: VI :s; 5.5V 

loz TRI-STATE Output Leakage 
2.7-3.6 ±5.0 p.A 

o:s; Vo:S; 5.5V 

VI = VIH or VIL II 
IOFF Power Off Leakage Current 0 100 p.A VI orVo = 5.5V 

lee Quiescent Supply Current 
2.7-3.6 

20 p.A VI = Vee or GND 

±20 p.A 3.6 :s; (V" Vol :s; 5.5V 

~Iee Increase in lee per Input 2.7-3.6 500 p.A VIH = Vee - 0.6V 
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AC Electrical Characteristics: See Section 2 for Test Methodology 

Vee 
TA = -400C to +85°C 

Symbol Parameter CL=50pF Units (V) 
Min Max (Note 2) 

tpHL . Propagation Delay 2.7 1.5 5.8 
tpHL 3.0-3.6 1.5 5.2 

ns 

tPZL Output Enable Time 2.7 1.5 7.7 

tPZH 3.0-3.6 1.5 7.0 
ns. 

tpHZ Output Disable Time 2.7 1.5 7.7 
tpLZ 3.0-3.6 1.5 7.0 

ns 

toSHL, Output to Output Skew 
3.0 1.0 ns 

toSLH (Note 1) 

Note 1: Skew is defined as the absolute value of the difference between the actual propagation delay for any two separate outputs of the same davice. The 
specification applies to any outputs switching in the same direction, either HIGH to LOW (toSHU or LOW to HIGH (tOSLH)' Parameter guaranteed by design. 
Note 2: The maximum AC limits are design targets. Actual performance will be spec"ied upon completion of characterization. 

Dynamic Switching Characteristics: See Section 2 for Test Methodology 

Symbol Parameter Vee TA = 25°C 
Units . Conditions 

(V) Typical 

VOLP Quiet Output Dynamic Peak VOL 3.3 0.8 V CL = 50 pF, VIH = 3.3V, VIL = OV 

VOLV Quiet Output Dynamic Valley VOL 3.3 0.8 V CL = 50 pF, VIH = 3.3V, VIL = ov 

Capacitance 
Symbol Parameter Typical Units Conditions 

elN Input Capacitance 
7 pF 

Vee = Open 
VI = OV or Vee 

COUT Output Capacitance 
8 pF 

Vee = 3.3V 
VI = OVorVee 

CpO Power Dissipation Capacitance Vee = 3.3V 
32 pF VI = OV 6rVce 

F = 10MHz 
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~National 
~ Semiconductor 

PRELIMINARY 

74LCX16245 
Low-Voltage 16-Bi~ fBidirec~ooli1al Transceiver 
with 5V Tolerall1lt InlPuts and OutPlUlts 
General Description 
The 74LCX16245 contains sixteen non-inverting bidirection
al buffers with TRI-STATE® outputs and is intended for bus 
oriented applications. The device is designed for low volt
age (3.3V) Vcc applications with capability of interfacing to 
a 5V Signal environment. The device is byte controlled. 
Each byte has separate control inputs which could be short
eq together for full 16-bit operation. The T fA inputs deter
mine the direction of data flow through the device. The OE 
inputs disable both the A and 8 ports by placing them in a 
high impedance state. 

The LCX16245 is fabricated with an advanced CMOS tech
nology to achieve high speed operation while maintaining 
CMOS low power dissipation. 

Ordering Code: See Section 11 

Logic Symbol 

I I II I I I II I I I I I I I 
An 

-0 0E, 

- TJR, 

A, A2 A3 A4 AS AS A7 Aa A, A,o A11 A,2A,3A"A,5 

OE2 P
TJR2i-

Bo 0, B2 B3 B4 B5 Bs I? Ba Ilg 0,0 B11 B'2 0,3 B,. 0,5 

I I I I I I I I I I I I I I I I 

Pin 
Names 

OE 
T/R 
AO-A15 
80-815 

Order Number 

See NS Package 
Number 

Description 

Output Enable Input 
Transmit/Receive Input 

TLlF/12001-1 

Side A Inputs or TRI-STATE Outputs 
Side 8 Inputs or TRI-STA TE Outputs 

SSOP EIAJ TSSOP JEDEC 

74LCX16245MEA 74LCX16245MTD 

74LCX16245MEAX 74LCX16245MTDX 

MS48A MTD48 

features 
IJ 5V tolerant inputs and outputs 
IJ Ideal for low power/low noise 2.7V to 3.6V applications 
CI Power-down static overvoltage protection on inputs and 

outputs 
IJ Outputs source/sink 24 rnA 
III Separate control logiC for each a-bit 
til Guaranteed simultaneous switching noise level 
CI Available in SSOP, TSSOP 
CI Implements patented Quiet Series noise/EM I reduction 

circuitry 
III Functionally compatible with 74 series 16245 
CI Latchup performance exceeds 300 rnA 
CI ESD performance: 

Human body model > 2000V 
Machine 'model > 250V 

Connection Diagram 
Pin Assignment for 
SSOP and TSSOP 

TJR, - , 
Bo - 2 

B, - 3 

GNO- , 

B2 - 5 

B3 - S 

Vee - 7 

B, - 8 

B5 - 9 

GNO - 10 

Bs - '1 

I? - 12 

Ba - 13 

B,- l' 
GND - 15 

B,o - 16 

B11 - 17 

Vee - 18 

0,2- 19 

0,3 - 20 

GND - 21 

B,. - 22 

B15 - 23 

TJR2 - 24 

48 - OE, 
47 -An 
46 -A, 

45 - GND 

44 -A2 

43 -A3 

42 - Vee 

41 -A. 

40 -As 
39 - GNO 

38 - As 
37 ,... A7 

36 -Ag 

35 ,... Ag 

34 -GNO 

33 i- A,o 

32 '- A" 

31 i- Vee 

30 '- A,2 

29 i- A,3 

28 -GNO 

27 i- A,4 

26 '- A" 

25 i- 0E2 

TL/F/12001-2 

Preliminary Data: National Semiconductor reserves the right to make changes at any time without notice. 
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U) r---------------------------------------------------------------------------------, 
oo:t 
&l Truth Tables .... g Inputs 

OE1 T/R1 

L L 
L H 
H X 

H = High Voltage Level 
L = Low Vollage Level 
X = Immalerial 
Z = High Impedance 

Logic Diagram 

Outputs 

Bus Bo-B7 Data to Bus Ao-A7 
Bus Ao-A7 Data to Bus Bo-B7 
HIGH Z State on Ao-A7. Bo-B7 

r,,-e---OII 

I 

:Ao 
I 
I 
I 
I 
I 
I 

Inputs 

OEZ T/RZ 

L L 
L H 
H X 

Outputs 

Bus Bs-B15 Data to Bus As-A15 
Bus As-A15 Data to Bus Bs-B15 
HIGH Z State on As-A15. Bs-B15 

I 

Bs : 
I 
I 
I 
I 
I 

1 OF 8 I 

~----------------------------. TL/F/12001-3 
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Absolute Maximum Ratings (Note 1) Recommended Operating 
If Military/Aerospace specified devices are required, Conditions 
please contact the National Semiconductor Sales Supply Voltage 
Office/Distributors for availability and specifications. Operating 2.0Vt03.6V 
Supply Voltage (Vee> -O.SVto +7.0V Data Retention only I.SVt03.6V 

DC Input Voltage (VI) -O.SVto +7.0V Input Voltage (VI) O.OVtoS.SV 

Output Voltage (VO) Output Voltage (VO) 
Outputs TRI-STATE -O.SVto +7.0V Output in Active State O.OVtoVee 
Outputs Active (Note 2) -O.SVtoVee +O.SV Output in "OFF" State O.OVtoS.SV 

DC Input Diode Current (11K) (VI) < 0 -SOmA Output Current IOHIIOL 
DC Output Diode Current (10K) Vee = 3.0V to 3.6V 

Vo <0 -SOmA Vee = 2.7V to 3.0V 

Vo> Vee +SOmA Free Air Operating Temperature (TAl -40'C to + BS'C 

DC Output SourcelSink Current Minimum Input Edge Rate Atll:"v 
(IOHllou ±SOmA VIN = O.BV to 2.0V, Vee = 3.0V 10 nslV 

DC Vee or Ground Current 
per Supply Pin (Icc or IGNO) ±100mA 

Storage Temperature 'Range (T STG) -6S'C to + IS0'C 

Note 1: The "Absolute Maximum Ratings" are those values 
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The 
parametric values defined in the "Electrical Characteristics" 
table are not guaranteed at the absolute maximum ratings. 
The "Recommended Operating Conditions" table will define 
the conditions for actual device operation. 

Note 2: 10 Absolute Maximum Rating must be observed. 

DC Electrical Characteristics 

Symbol Parameter Vee TA = -40'Cto +8S'C Units Conditions 
(V) Min Max 

VIH High Level Input Voltage 2.7-3.6 2.0 
V 

VOUT s; o.tv or 

VIL Low Level Input Voltage 2.7-3.6 O.B ~ Vee - O.tv 

VOH High Level Output Voltage 2.7-3.6 Vee- 0.2 IOH = -100 p.A 
2.7 2.2 

V 
IOH = -12mA 

3.0 2.4 IOH = -18mA 
3.0 2.2 IOH = -24mA 

VOL Low Level Output Voltage 2.7-3.6 0.2 IOL = 100 /LA 
2.7 0.4 V IOL = 12mA 
3.0 O.SS IOL = 24mA 

'I Input Leakage Current @ OE, T IR 2.7-3.6 ±S.O p.A o S; VI S; S.SV 

loz TRI-STATE I/O Leakage 
2.7-3.6 ±S.O /LA 

o S; Vo S; S.SV 
VI = VIH or VIL 

IOFF Power Off Leakage Current 0 100 p.A VI orVo = S.SV 

lee Quietscent Supply Current 
2.7-3.6 

20 /LA VI = Vee or GND 

±20 p.A 3.6 S; (VI, Vol S; S.SV 

Alec Increase in lee per Input 2.7-3.6 SOO /LA VIH = Vee -0.6V 
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AC Electrical Characteristics: See Section 2 for Test Methodology 

TA = +40"Cto +85' 

Symbol Parameter Vee CL = 50pF 
'Units 

(V) Max 
Min 

(Note 2) 

tpHL. Propagation Delay 2.7 1.5 5.8 
tpLH Clock to Bus 3.0-3.6 1.5 5.2 

ns 

tPZL. Output Enable Time 2.7 1.5 8.0 

tPZH OEBA to A 3.0-3.6 1.5 7.2 
,ns 

tpHZ. Output Disable,Time 2.7 1.5 8.0 
tpLZ OEBA to A 3.0-3.6 1.5 7.2 

ns 

toSHL. Output to Output 
3.0 1.0 ns 

toSLH Skew (Note 1) 

Note 1. Skew is defined as the absolute value 01 the difference between the actual propagation delay for any two separate outpUts 01 the sa'!le device. The 
specilication applies to any outputs switching in the same direction. either HIGH to LOW (tosHiJ or LOW to HIGH (tosLH). Parameter guaranteed by design. 
Note 2. The maximum AC limits are design targets. Actual performance will be specified upon completion 01 characterization. 

Dynamic Switching Characteristics: See Section 2 for Test Methodology 

Symbol Parameter Vce TA = 25"C 
Units Conditions (V) Typical 

VOLP Quiet Output Dynamic Peak VOL 3.3 0.8 V CL 7', 50 pF. VIH = 3.3V. VIL = OV 

VOLV Quiet Output Dynamic Valley VOL 3.3 0.8 V CL = 50 pF. VIH = 3.3V. VIL = ov 

Capacitance 
Symbol Parameter Typical Units Conditions 

CIN Input Capacitance 
7 pF Vee = Open 

VI = OVorVee 

CliO Input/Output Capacitance 8 
pF Vee = 3.3V 

VI = OVorVee 

CPD Power Dissipation Vee = 3.3V 
Capacitance 32 pF VI = OVorVee 

F = 10 MHz 
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'ZI National 
~ Semiconductor 

PRELIMINARY 

74LCX16373 
Low-Voltage 16-Bit Transparent Latch 
with 5V Tolerant Inputs and Outputs 
General Description 
The LCX16373 contains sixteen non-inverting latches with 
TRI-STATE® outputs and is intended for bus oriented appli
cations. The device is byte controlled. The flip-flops appear 
transparent to the data when the Latch Enable (LE) is HIGH. 
When LE is low, the data that meets the setup time is 
latched. Data appears on the bus when the Output Enable 
(OE) is LOW. When OE is HIGH, the outputs are in high Z 
state. 

The LCX16373 is designed for low voltage (3.3V) Vee appli
cations with capability of interfacing to a 5V signal environ
ment. 

The LCX16373 is fabricated with an advanced CMOS tech
nology to achieve high speed operation while maintaining 
CMOS low power dissipation. 

Ordering Code: See Section 11 

Logic Symbol 

~ ~ 

~ ~ 

~ ~ ~ ~ ~ % % ~ ~ ~~O~'~2~3~4~S 

TL/F112002-1 

Pin Names Description 

OEn Output Enable Input (Active Low) 

LEn Latch Enable Input 

10-1,5 Inputs 

00-0 ,5 Outputs 

SSOPEIAJ TSSOPJEDEC 

Order Number 74LCX16373MEA 74LCX16373MTD 
74LCX16373MEAX 74LCX16373MTDX 

See NS Package 
MS48A MTD48 

Number 

Features 
• 5V tolerant inputs and outputs 
• Ideal for low power/low noise 2.7V to 3.6V applications 
• Power-down static overvoltage protection on inputs and 

outputs 
• Outputs source/sink 24 mA 
• Available in SSOP and TSSOP 
• Implements patented Quiet Series noise/EM I reduction 

circuitry 
• Functionally compatible with the 74 series 16373 
• Latchup performance exceeds 300 mA 
• ESD performance: 

Human Body Model > 2000V 
Machine Model > 250V 

Conection Diagram 
Pin Assignment for 
SSOP and TSSOP 

~ 48 LE, 

0. 47 I. 
0, 46 I, 

GND 45 GND 

°2 44 12 

°3 43 13 

Vee 42 Vee 

°4 41 14 

°5 40 15 

GND 10 39 GND 

0. 11 38 I. 
~ 12 37 17 

°8 ' 13 36 18 

~ 14 35 19 

GND 15 34 GND 

~. 16 33 I,. 
~1 17 32 111 

Vee 18 31 Vee 

~2 19 30 1,2 

°13 2D 29 113 

GND 21 28 GND 

~4 22 27 114 

~5 23 26 115 

0E2 24 25 LE2 

TUF112002-2 

Preliminary Data: National Semiconductor reserves the right to make changes at any time without notice. 
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~ 
CD .... 
>< 
~ 

Functional Description 
The LCX16373 contains sixteen D-type latches with 
TRI-STATE standard outputs. The device is byte controlled 
with each byte functioning identically, but independent of 
the other. Control pins can be shorted together to obtain full 
16-bit operation. The following description applies to each 
byte. When the Latch Enable (LEn) input is HIGH, data on 
the Dn enters the latches. In this condition the latches are 
transparent, i.e. a latch output will change states each time 
its 0 input changes. When LEn is LOW, the latches store 
information that was present on the D inputs a setup time 
preceding the HIGH-to-LOW transition of LEn. The 
TRI-STATE standard outputs are controlled by the Output 
Enable ~n) input. When rn:n is LOW, the standard out-

, puts are in the 2-state mode. When rn:n is HIGH, the stan
dard outputs are in the high impedance mode but this does 
not interfere with entering new data into the latches. 

Logic Diagrams 

Truth Tables 
Inputs 

LE1 (5E1 

X H 
H L 
H L 
L L 

Inputs ' 

LE2 (5E2 

X H 
H L 
H L 
L L 

H = High Voltage Level 
L = Low Voltage Level 
X = Immaterial 
Z = High Impedance 

Outputs 

10-17 0 0-0 7 

X ,Z 
L L 
H H 
X 0 0 

Outputs 

18-115 0 8-0 15 

X Z 
L L 
H H 
X 0 0 

00 = Previous 00 before HIGH to LOW transHion of Latch Enable 

~ 
TLlF/12002-3 

TL/F/12002-4 

Please note that this diagram Is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (Note 1) Recommended Operating 
If Military/Aerospace specified devices are required, Conditions 
please contact the National Semiconductor Sales Supply Voltage 
Office/Distributors for availability and specifications. Operating 2.0VtoS.6V 
Supply Voltage (Vecl -0.5Vto +7.0V Data Retention Only 1.5Vto S.6V 
DC Input Voltage (VI) -0.5Vto +7.0V Input Voltage (VI) 0.OVt05.5V 
Output Voltage (Vo) Output Voltage (Vo) 

Outputs TRI-ST ATE -0.5Vto +7.0V Output in Active State O.OVtoVee 
Outputs Active (Note 2) -0.5VtoVee +0.5V Output in "OFF" State O.OVto 5.5V 

DC Input Diode Current (11K) VI < 0 -SOmA Output Current 10H/IOL 
DC Output Diode Current (10K) Vee = S.OV to S.6V ±24mA 

Vo <0 -50mA Vee = 2.7V to S.OV ±12mA 
Vo> Vee +50mA Free Air Operating Temperature (T A) - 40'C to + 85'C 

DC Output Source/Sink Current Minimum Input Edge Rate (t:.t! .t:"v) 
(loH/lm.l ±50mA VIN = 0.8V to 2.0V, Vee = S.OV 10 nslV 

DC Vee or Ground Current 
per Supply Pin (Icc or IGNO) ±100mA 

Storage Temperature Range (T STG) -65'Cto +150'C 

Note 1: The "Absolute Maximum Ratings" are those values 
beyond which the safety of the device cannot be guaran-
teed The device should not be operated at these limits. The 
parametric values defined in the "Electrical Characteristics" 
table are not guaranteed at the absolute maximum ratings. 
The "Recommended Operating Conditions" table will define 
the conditions for actual device operation. 

Note 2: 10 Absolute Maximum Rating must be obseNed 

DC Electrical Characteristics 

Symbol Parameter Vee TA = -40'Cto +85'C 
Units Conditions (V) Min Max 

VIH High Level Input Voltage 2.7-S.6 2.0 VOUT s: O.W or 
V ~ Vee -0.1V 

VIL Low Level Input Voltage 2.7-S.6 0.8 

VOH High Level Output Voltage 2.7-S.6 Vee - 0.2 10H = -100/LA 
2.7 2.2 

V 
10H = -12mA 

S.O 2.4 10H = -18mA 
S.O 2.2 10H = -24mA 

VOL Low Level Output Voltage 2.7-S.6 0.2 10L = 100 /LA 
2.7 0.4 V iOL = 12mA 
S.O 0.55 10L = 24mA 

II Input Leakage Current 2.7-S.6 ±5.0 /LA o s: VI s: 5.5V 

loz TRI-STATE Output Leakage 2.7-S.6 ±5.0 /LA o s: Vo s: 5.5V, VI = VIH or VIL 

10FF Power Off Leakage Current 0 100 /LA VI or Vo = 5.5V 

Icc Quiescent Supply Current 
2.7-S.6 

20 /LA VI = Vee or GND 

±20 /LA S.6 s: (VI,VO) s: 5.5V 

t:.lcc Increase in Icc per Input 2.7-S.6 500 /LA VIH = Vee - 0.6V 
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AC Electrical Characteristics: See Section 2 for Test Methodology 

,TA = -40'Cto +8S'C 

Symbol Parameter Vee CL=SOpF 
Units 

(V) 
Min 

Max 
(Note 2) 

tpHL. Propagation Delay 2.7 1.5 7.7 
tpLH Data to Output 3.0-3.6 1.5 7.0 

ns 

tpHL. Propagation Delay 2.7 1.5 7.7 
tpLH LE to Output 3.0-3.6 1.5 7.0 

ns 

tPZH. Output Enable Time 2.7 1.5 8.0 
tPZL 3.0-3.6 1.5 7.2 ns 

tpHZ. Output Disable Time 2.7 1.5 8.0 
tpLZ 3.0-3.6 1.5 7.2 

ns 

ts Setup Time 2.7 2.5 
3.0-3.6 2.5 

ns 

tH Hold Time 2.7 1.5 
3.0-3.6 1.5 ns 

tw Clock Pulse Width 2.7 4.0 
3.0-3.6 4.0 

ns 

toSHL. Output to Output 3.0 1.0 ns 
tOSLH Skew (Note 1) 

Note 1: Skew Is defined as the absolute value of the difference between the actual propagation delay for any two separate outputs of the same device, The 
specification applies to any outputs switching in the same direction. either HIGH to LOW (toSHU or LOW to HIGH (tosLH)' P8rameter guaranteed by design. 
Note 2: The maximum AC IimHs are design targets. Actual performance will be specified upon completion of characterization. 

Dynamic Switching Characteristics: See Section 2 for Test Methodology 

Symbol Parameter Vce TA = 2S'C 
Units Conditions 

(V) Typical 

VOLP Quiet Output Dynamic Peak VOL 3.3 0.8 V CL == 50 pF. VIH = 3.3V. VIL = OV 

VOLV Quiet Output Dynamic Valley VOL 3.3 0.8 V CL = 50 pF. VIH = 3.3V. VIL = ov 

Capacitance 
Symbol Parameter Typical Units Conditions 

CIN Input Capacitance 
7 pF 

Vee = Open-
VI = OV or Vee 

COUT - Output Capacitance 
8 pF Vee = 3.3V 

VI = OVorVee 

CPO Power Dissipation Vee = 3.3V 
Capacitance 32 pF VI = OVorVcc 

F = 10 MHz 
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~National 
~ Semiconductor 

PRELIMINARY 

74LCX16374 
Low-Voltage 16-Bit D Flip-Flop 
with 5V Tolerant Inputs and Outputs 
General Description 
The LCX16374 contains sixteen non-inverting D flip-flops 
with TRI-STATE® outputs and is intended for bus oriented 
applications. The device is byte controlled. A buffered clock 
(CP) and Output Enable (CE) are common to each byte and 
can be shorted together for full 16-bit operation. 

The LCX16374 is designed for low voltage (3.3V) Vee appli
cations with capability of interfacing to a 5V signal environ
ment. 

The LCX16374 is fabricated with an advanced CMOS tech
nology to achieve high speed operation while maintaining 
CMOS low power dissipation. 

Ordering Code: See Section 11 

Logic Symbol 

Features 
• 5V tolerant inputs and outputs 
• Ideal for low powerllow noise 2.7V to 3.6V applications 
• Power-down static overvoltage protection on input and 

output 

• Outputs source/sink 24 mA 
• Guaranteed simultaneous switching noise level 
• Available in SSOP and TSSOP 
• Implements patented Quiet Series noise/EM I reduction 

circuitry 
• Functionally compatible with the 74 series 16374 
• Latchup performance exceeds 300 mA 

• ESD performance: 
Human Body Model > 2000V 
Machine Model > 250V 

Connection Diagram 
Pin Assignment for 
SSOP and TSSOP 

I I I I I I I I I I I I I I I I ~-1 '--" 48 I-CP1 

-< o~ 

- cP1 cPzt--

~ ~ ~ ~ ~ ~ ~ ~ ~ ~~0~1~Z~3~4~S 

I I I I I I I I I I I I I I I I 

Pin 
Names· 

OEn 
CPn 
10-115 

00-0 15 

Order Number 

Description 

Output Enable Input (Active Low) 
Clock Pulse Input 
Inputs 
Outputs 

SSOPEIAJ 

7 4LCX16374MEA 
74LCX16374MEAX 

See NS Package Number MS48A 

TUF/12003-1 

TSSOPJEDEC 

74LCX16374MTD 
7 4LCX1637 4MTDX 

MTD48 

00 - 2 47 1-10 

01- 3 461- 11 

GND- 4 451-GND 

Oz - 5 441-12 

03- 6 431-13 

Vee - 7 42 t- Vee 

04 - 8 411-14 

0s- 9 4Ol-Is 

GND- 10 391- GND 

06 - 11 381- 16 

~- 12 371- 17 

~- 13 361- Ia 

Og- 14 35 t-Ig 

GND- 15 34 I-GND 

~O- 16 331- 110 

~1- 17 321- 111 

Vee - 18 311- Vee 

012 - 19 301- 112 

~3- 20 291- 113 

GND- 21 281- GND 

~4- 22 271-114 

015 - 23 261- 115 

Or2 - 24 25 I- CP2 

TL/F/12003-2 

Preliminary Data: National Semiconductor reserves the right to make changes at any time without notice. 
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~ r---------------------------------------------------------------------------------~ 

" C') 
CD .... g 

Functional Description 
The LCX16374 consists of sixteen edge-triggered flip-flops 
with individual Ootype inputs and TRI-STATE true outputs. 
The device is byte controlled with each byte functioning 
identically, but independent of the other. The control pins 
can be shorted together to obtain full 16-bit operation. Each 
byte has a buffered clock and buffered Output Enable com
mon to all flip-flops within that byte. The description which 
follows applies to each byte. Each flip-flop will store the 
state of their individual 0 inputs that meet the setup and 
hold time requirements on the LOW-to-HIGH Clock (CP,,) 
transition. With the Output Enable (OEn) LOW, the contents 
of the flip-flops are available at the outputs. When C5En is 
HIGH, the outputs go to the high impedance state. Opera
tion of the OEn input does not affect the state of the flip
flops. 

Truth Tables 
Inputs 

CP1 OE1 

..r L 

..r L 
L L 
X H 

Inputs 

CP2 OE2 

..r L 

..r L 
L L 
X H 

H = High Voltage Level 
L = Low Voltage Level 
X = Immaterial 
Z = High Impedance 

10-17 

H 
L 
X 
X 

18-115 

H 
L 
X 
X 

00 = Previous 00 before HIGH to LOW of CP 

Logic Diagrams 
Byte 1 (0:7) 

By1e 2 (8:15) 

Outputs 

0 0-0 7 

H 
L 

0 0 
Z 

Outputs 

0 8-0 15 

H 
L 

00 
Z 

TUF/12003-3 

TUF/12003-4 

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (Note 1) Recommended Operating 
If Military/Aerospace specified devices are required, Conditions 
please contact the National Semiconductor Sales 

Supply Voltage {Vee> 
Office/Distributors for availability and specifications. 

Operating 2.0Vto 3.6V 
Supply Voltage {Vee> -O.SVto +7.0V Data Retention Only 1.SVto 3.6V 
DC Input Voltage (VI) -O.SVto +7.0V Input Voltage (VI) 0.OVt05.5V 
OutputVoltage (Vo) Output Voltage (Vo) 

Outputs TRI-STATE -O.SVto +7.0V Output in Active State O.OV to Vee 
Outputs Active (Note 2) -O.SV to Vee + 0.5V Output in "OFF" State O.OVtoS.SV 

DC Input Diode Current (Ilid Output CurrentloHlioL 
VI <0 -SOmA Vee = 3.0V to 3.6V ±24mA 

DC Output Diode Current {loKl Vee = 2.7Vt03.0V ±12mA 
Vo <0 -50 rnA Free Air Operating Temperature (TAl -40'C to + B5'C 
Vo > Vee +SOmA Minimum Input Edge Rate (At! AV) 

DC Output Source/Sink Current (IOHlioLl +SOmA VIN = O.BV to 2.0V. Vee = 3.0V 10 ns/V 
DC Vee or Ground Current 

per Supply Pin (Icc or IGNO) ±100mA 

Storage Temperature Range (T STG) -6S'C to + 1SO'C 

Note 1: The "Absolute Maximum Ratings" are those values 
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The 
parametric values defined in the "£Iectrical Characteristics" 
table are not guaranteed at the absolute maximum ratings. 
The "Recommended Operating Conditions" table will define 
the conditions for actual device operation. 

Note 2: 10 Absolute Maximum Rating must be observed. 

DC Electrical Characteristics 

Symbol Parameter Vee TA = -40'Cto +85'C 
Units Conditions 

(V) Min Max 

VIH High Level Input Voltage 2.7-3.6 2.0 VOUT';;; O.Wor 
V :;;, Vee - O.W 

VIL Low Level Input Voltage 2.7-3.6 0.8 

VOH High Level Output Voltage 2.7-3.6 Vee - 0.2 10H = -100 p.A 
2.7 2.2 

V 
10H = -12mA 

3.0 2.4 10H = -18mA 
3.0 2.2 10H = -24mA 

VOL Low Level Output Voltage 2.7-3.6 0.2 10L = 100 p.A 
2.7 0.4 V 10L = 12mA 
3.0 O.SS 10L = 24 rnA 

'I Input Leakage Curent 2.7-3.6 ±S.O p.A Os: VI';;; S.SV 

loz TRI-STATE Output Leakage 
2.7-3.6 ±S.O p.A 

o s: Vo s: 5.5V 

VL = VIH or VIL 

10FF Power Off Leakage Current 0 100 p.A VlorVo = S.SV 

Icc Quiescent Supply Current 
2.7-3.6 

20 
p.A 

VI = Vee or GND 
±20 3.6 ,;;; (VI. Vol s: 5.SV 

Alee Increase in Icc per Input 2.7-3.6 SOO p.A VIH = Vee - 0.6V 
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AC Electrical Characteristics: See Section 2 for Test Methodology 

Vee 
TA = -40'Cto +8S'C. 

Symbol Parameter CL= SOpF Units 
(V) 

Min Max (Note 2) 

tpHL, Propagation Delay 2.7 1:5 7.7 
tpLH CP to Output 3.0-3.6 1.5 7.0 

ns 

tpZH, Output Enable Time 2.7 1.5 8.0 
tpZL 3.0-3.6 1.5 7.2 

ns 

tpHZ, Output Disable Time 2.7 1.5 8.0 
tpLZ 3.0-3.6 1.5 7.2 

ns 

ts Setup Time 2.7 2.5 
3.0-3.6 2.5 

ns 

tH Hold Time 2.7 1.5 
3.0-3.6 1.5 

ns 

tw Pulse Width 2.7 4.0 
3.0-3.6 4.0 

ns 

TOSHL, Output to Output 
3.0 1.0 ns 

TOSLH Skew (Note 1) 

Nole 1: Skew is defined as the absolute value of the difference between the actual propagation delay for any two seperate outputs of the same device. The 
specification applies to any outputs switching in the same direction, either HIGH to LOW (toSHU or LOW to HIGH (toSLH). Parameter guaranteed by design. 
Nole 2. The maximum AC IimHs are design targets. Actual performance will be specified upon completion of characterization. 

Dynamic Switching Characteristics: See Section 2 for Test Methodology 

Symbol Parameter Vee TA = 2S'C 
Units Conditions 

(V) Typical 

VOLP Quiet Output Dynamic Peak VOL 3.3 0.8 V CL = 50 pF, VIH = 3.3V, VIL = OV 

VOLV Quiet Output Dynamic Valley VOL 3. 0.8 V CL = 50 pF, VIH = 3.3V, VIL = ov 

Capacitance 
Symbol Parameter Typical Units Conditions 

CIN Input Capacitance 
7 pF 

Vee = Open 
VI = OVorVee 

COUT Output Capacitance 
8 pF 

Vee = 3.3V 
VI = OVorVee 

CPD Power Dissipation Capacitance Vee = 3.3V 
32 pF VI = OVorVee 

F=10MHz 
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~National PRELIMINARY 

~ Semiconductor 

74LCX16646 
Low-Voltage 16-Bit Transceiver/Register with 
5V Tolerant Inputs and Outputs 
General Description Features 

• 5V tolerant inputs and outputs The LCX16646 contains sixteen non-inverting bidirectional 
registered bus transceivers with TRI-STATE® outputs, pro
viding multiplexed transmission of data directly from the in
put bus or from the internal storage registers. Each byte has 
separate control inputs which can be shorted together for 
full 16-bit operation. The OIR inputs determine the direction 
of data flow through the device. The CPAB and CPBA inputs 
load data into the registers on the LOW-to-HIGH transition. 
The four fundamental handling functions available are illus
trated in Figure 1 thru Figure 4. 

• Ideal for low power/low noise 2.7V to 3.6V applications 
• Power-down static overvoltage protection on inputs and 

outputs 

• Outputs source/sink 24 mA 
• Guaranteed simultaneous switching noise level 
• Available in SSOP and TSSOP 
• Implements patented Quiet Series noise/EMI reduction 

circuitry 

The LCX16646 is designed for low voltage (3.3V) Vee appli
cations with capability of interfacing to a 5V signal environ
ment. 

• Functionally compatible with the 74 series 16646 
• Latchup performance exceeds 300 mA 

• ESO performance: 

The LCX16646 is fabricated with an advanced CMOS tech
nology to achieve high speed operation while maintaining 
CMOS low power dissipation. 

Human Body Model < 2000V 
Machine Model < 250V 

Ordering Code: See Section 11 

Logic Symbol 

G, 

CPAe, CPAB2 

SAO, SAB1 

DIA, DIR, 

CPBA, 

TUF/12004-1 

SSOPEIAJ TSSOPJEDEC 

Order Number 74LCX16646MEA 74LCX16646MTD 
74LCX16646MEAX 74LCX16646MTOX 

See NS Package Number MS56A MTD56 

Preliminary Data: National Semiconductor reserves 
the right to make changes at any time without notice. 
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Connection Diagram 
Pin Assignment for 
SSOP and TSSOP 

DIA, 56 G, 
CPAe, 55 CPBA, 

SAa, 54 SBA, 

GND 53 GND 

Ao 5' .. 
A, 51 0, 

Vee 7 50 Vee 
A, • 4 • B, 

A, • 4. B, 

A4 I. 47 B, 

GND 11 46 GNO 

As 12 45 Os .. 13 44 lis 
t., 14 43 II, 
As I. 42 Bs 

As 16 41 Bg 

A,. 17 4. 0,. 
GNO I. 3' GND 

A" I. 3S 0" 
A" 20 37 0" 
A" 21 36 0" 
Vee 2' 3. Vee 

A,4 23 34 a" 
A" '4 33 a" 

GND 2. 32 GND 

SA9z 26 31 SBA, 

CPAa, 27 3. CPBAz 
DIRz 2. 2' 

., 
TL/F/12004-2 

h 
>< ...... 
CJ) 
CJ) 
01:>0 
CJ) 

II 



CD 
~ 
CD 
CD .... 
>< 
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Real Time Transfer Real Time Transfer Storage from Transfer from 
A·Bus to B·Bus B·Bus to A·Bus Bus to Register Register to Bus 

4 ~ 4 ~ 4 ~ 4 ~ 
A-Bus 

}ID @ }gJ rg ~ 
~ 4 

Eh 
~ 

~ ~ 
B-Bus B-Bus 4 4 ~ 

4 ~ 4 ~ 4 ~ 4 ~ 
TL/F/12004-3 TUF/12004-4 

TL/F/12004-5 TL/F/12004-6 
FIGURE 1 FIGURE 2 FIGURE 3 FIGURE 4 

Function Table (Note) 

Inputs Data 1/0 
Output Operation Mode 

G1 DIR1 CPAB1 ,CPBA1 SAB1 SBA1 AO-7 BO-7 

H X HorL HorL X X Isolation 
H X .-r X X X Input Input Clock An Data into A Register 
H X X .-r X X , Clock Bn Data Into B Register 

L H X X L X An to Bn-Real Time (Transparent Mode) 
L H .-r X L X 

Input Output 
Clock An Data to A Register, . ' 

L H HorL X H X A Register to Bn (Stored Mode) 
L H .-r X H ,.X Clock An Data into A Register and Output to Bn 

L L X X X L Bn to An-Real Time (Transparent Mode) 
L L X .-r X L 

Output Input 
Clock Bn Data into B Register 

L L X HorL X H B Register to An (Stored Mode) 
L L X .-r X H Clock Bn into B Register and Output to An 

Note: The data output functions may be enabled or disabled by vanous signals at the G and DIA inputs. Data input functions are always enabled; i.e .. data at the 
bus pins Will be stored on every LOW-to-HIGH transition of the appropriate clock Inputs. Also applies to data 1/0 (A and B: 8-15) and # 2 cor)lrol pins. 

H ~ HIGH Voltage Level X ~ Immaterial 

L ~ LOW Voltage Level .../"",'~ LOW-to-HIGH Transition. 
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Logic Diagrams 

B8- 15 

GI 

DIRI 

DIR2 

r-t-------o< .. -----------,I------CPBA2 

DO 

t-oHf---I Co 

TO 7 OTHER CHANNELS 
v 

1----1------- SBA2 

CPAB2 

t-oHl------ SAB2 

I OF 8 CHANNELS 

AS-IS 

CPBA, ------+---------1.>4:)------1--. 
SBA, ------+----1 

CPAS, 

SAS, -----1+-1 

------------- . 
I OF 8 CHANNELS 

DO 

COt--++-.. 

AO-7 80-7 

DO 

t+-I---ICo 

'-TO-7-0T-HE-R-C-HA-NN-E-LS----~v~----------J 

TL/F/12004-7 

TLlF/12004-B 

Please note that these diagrams are provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (Note 1) Recommended Operating 
If Military/Aerospace specified devices are required, Conditions 
please contact the National Semiconductor Sales Supply Voltage (Veel 
Office/Distributors for availability and specifications. Operating 2.0Vt03.6V 
Supply Voltage (Vee) -0.5Vto +7.0V Data Retention Only 1.5Vt03.6V 

DC Input Voltage (VI) -0.5Vto +7.0V Input Voltage (VI) OVt05.5V 

DC Output Voltage (VO) Output Voltage (Vo) 
Outputs TRI·STATE -0.5Vto +7.0V Output in Active State O.OVtoVee 
Outputs Active (Note 2) -0.5VtoVee + 0.5V Output in "OFF" State OVto 5.5V 

DC Input Diode Current (11K) VI < OV -50 rnA 
Output Current IOHIIOL 

DC Output Diode Current (10K) Vee = 3.0V to 3.6V ±24mA 
Vo <OV -50mA Vee = 2.7Vto 3.0V ±12mA 
Vo > Vee +50mA Free Air Operating Temperature (TAl - 40·C to + 85·C 

DC Output Source/Sink Current (lOHllou ±50mA 
Minimum Input Edge Rate (bot! bo V) 

DC Vee or Ground Current VIN from 0.8V to 2.0V, Vee = 3.0V 10 ns/V 
per Supply Pin (Icc or IGND) ±100mA 

Storage Temperature (T STG) -65·Cto +150·C 

Note 1: The "Absolute Maximum Ratings" are those values 
beyond which the safety of the device cannot be guaran· 
teed. The device should not be operated at these limits. The 
parametric values defined in the "Electrical Characteristics" 
table are not guaranteed at the absolute maximum ratings. 
The "Recommended Operating Conditions" table will define 
the conditions for actual device operation. 

Note 2: I/O Absolute Maximum Rating must be observed. 

DC Electrical Characteristics 

I Vee 
TA = -40·C 

Symbol Parameter to +85·C Units Conditions 
(V) 

Min Max 

VIH High Level Input Voltage 2.7-3.6 2.0 VOUT s; 0.1V or 
V 

VIL Low Level Input Voltage 2.7-3.6 0.8 ;;, Vee - 0.1V 

VOH High Level Output Voltage 2.7-3.6 Vee - 0.2 IOH = -100,..A 
2.7 2.2 

V IOH = -12mA 
3.0 2.4 IOH = -18mA 
3.0 2.2 IOH = -24mA 

VOL Low Level Output Voltage 2.7-3.6 0.2 IOL = 100,..A 
2.7 0.4 V IOL = 12 mA 
3.0 0.55 IOL = 24 rnA 

II Input Leakage Current 2.7-3.6 ±5.0 ,..A o S; VI S; 5.5V 

loz TRI-STATE I/O Leakage 2.7-3.6 
±5.0 ,..A 

o S; Vo S; 5.5V 

(VI = VLH or Vee) 

IOFF Power Off Leakage Current 0 100 ,..A VI orVO = 5.5V 

lee Quiescent Supply Current 2.7-3.6 20 ,..A VI = Vee or GND 

±20 ,..A 3.6 S; (VI. Vol s; 5.5V 

boice Increase in lee per Input 2.7-3.6 500 ,..A VIH = Vee - 0.6V 

" 
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AC Electrical Characteristics: See Section 2 for Test Methodology 

TA = -40'Cto +85'C 

Symbol Parameter Vee CL = 50pF 
Units 

(V) Min Max 
(Note 2) 

TpHL. Propagation Delay 2.7 1.5 6.6 
TpLH Busto Bus 3.0-3.6 1.5 6.0 

ns 

TpHL. Propagation Delay 2.7 1.5 8.3 

TpLH Clock to Bus 3.0-3.6 1.5 7.5 
ns 

TpHL. Propagation Delay 2.7 1.5 8.3 
TpLH SAB or SBA to An or Bn 3.0-3.6 1.5 7.5 

ns 

TpZH. Output Enable Time 2.7 1.5 8.3 
TpZL GtoAnorBn 3.0-3.6 1.5 7.5 

ns 

TpHZ. Output Disable Time 2.7 1.5 8.3 
TpLZ GtoAn or Bn 3.0-3.6 1.5 7.5 

ns 

TpZH. Output Enable Time 2.7 1.5 8.3 

TpZL DIR to An or Bn 3.0-3.6 1.5 7.5 
ns 

TpHZ. Output Disable Time 2.7 1.5 8.3 
TpLZ DIR to An or Bn 3.0-3.6 1.5 7.5 

ns 

ts Setup Time 2.7 2.5 
3.0-3.6 2.5 

ns 

tH Hold Time 2.7 1.5 
3.0-3.6 1.5 

ns 

tw Pulse Width 2.7 4.0 
3.0-3.6 4.0 

ns 

TOSHL. Output to Output 
3.0 1.0 ns 

TOSLH Skew (Note 1) 

Note 1: Skew is defined as the absolute value of the differenoe between the actual propagation delay for any two separate outputs of the same device. The 
specification applies to any outputs switching in the same direction. either HIGH to LOW (toSHU or LOW to HIGH (toSLH)' Parameter guaranteed by design. 
Note 2: The maximum AC limits are design targets. Actual performance will be specified upon completion of characterization. 

Dynamic Switching Characteristics: See Section 2 for Test Methodology 

Symbol Parameter Vee TA = 25'C 
Units Conditions 

(V) Typical 

VOLP Quiet Output Dynamic Peak VOL 3.3 0.8 V CL = 50 pF. VIH = 3.3V. VIL = OV 

VOLV Quiet Output Dynamic Valley VOL 3.3 0.8 V CL = 50 pF. VIH = 3.3V. VIL = ov • Capacitance 
Symbol Parameter Typical Units Conditions 

CIN Input Capacitance 
7 pF Vee = Open 

VI = OVorVee 

ClIO Input/Output Capacitance 
8 pF 

Vee = 3.3V 
VI = OVorVee 

CPO Power Dissipation Capacitance Vee = 3.3V 
32 pF VI = OVorVee 

F = 10 MHz 
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~ r-------------------------------------------------------------------------, 
10 
CD 
CD .... 
>< 
~ 
~National 
~ Semiconductor 

PRELIMINARY 

74LCX16652 
Low-Voltage Transceiver IRegister 
with 5V Tolerant Inputs and Outputs 
General Description 
The LCX16652 contains sixteen non-inverting bidirectional 
bus transceivers with TRI-STATEIi!> outputs providing multi
plexed transmission of data directly from the input bus or 
from the internal registers. Data on the A or B bus will be 
clocked into the registers as the appropriate clock pin goes 
to the HIGH logic level. Output Enable pins (OEAB, OEBA) 
are provided to control the transceiver function. 

The LCX16652 is designed for low-voltage (3.3V) Vee appli
cations with capability of interfacing to a 5V signal environ
ment. 

The LCX16652 is fabricated with an advanced CMOS tech
nology to achieve high speed operation while maintaining 
CMOS low power dissipation. 

Ordering Code: See Section 11 

Logic Symbol 

TUF/12005-1 

Features 
• 5V tolerant inputs and outputs 
• Ideal for low power/low noise 2.7 to 3.6V applications 
• Power-down static overvoltage protection on inputs and 

outputs 

• Outputs source/sink 24 mA 
• Guaranteed simultaneous switching noise level 
• Available in SSOP and TSSOP 
• Implements patented Quiet Series noise/EMI reduction 

circuitry 
• Functionally compatible with the 74 series 16652 
• Latch-up performance exceeds 300 mA 
• ESD performance: 

Human Body Model > 2000V 
Machine Model > 250V 

Connection Diagram 
Pin Assignment for 
SSOP and TSSOP 

OEA&, 56 OEDA, 

CPA&, 55 CPDA, 

5A&, 54 SDA, 

GND 4 53 GND 

Ao 5 52 Do 
A, 51 &, 

Vee 7 50 Vee 

Az 8 49 O2 

A3 9 48 03 

A. 10 47 D. 

GND II U GNO 

A5 12 45 Os 

As 13 44 Os 
A7 14 43 0, 

As 15 42 Os 

As 16 41 Dg 

A,o 17 40 &'0 

SSOPEIAJ TSSOPJEDEC GND IS 39 GND 

Order Number 74LCX16652MEA 
74LCX16652MEAX 

See NS Package Number MS56A 

74LCX16652MTD 
74LCX16652MTDX 

MTD56 

Preliminary Data: National Semiconductor reserves the 
right to make changes at any time without notlce_ 
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A" 
A,2 

A,3 

Vee 

A,. 

A,s 
GND 

SAD2 

CPAD, 

OEAD2 

19 38 &" 
20 37 &'2 
21 36 &'3 
22 35 Vee 
23 34 &'. 
24 33 &'s 
25 32 GND 

26 31 SDAz 

27 30 CPDAz 

28 29 OEDAz 

TUFI12005-2 



Functional Description 
In the transceiver mode, data present at the HIGH imped
ance port may be stored in either the A or B register or both. 

The select (SABn, SBAn) controls can multiplex stored and 
real-time. 

The examples in Figure 1 demonstrate the four fundamental 
bus-management functions that can be performed with the 
74LCX16652. 

Data on the A or B data bus, or both can be stored in the 
internal D flip-flop by LOW to HIGH transitions at the ap-

Real-Time 
Transfer Bus B to Bus A 

Real-Time 
Transfer Bus A to Bus B ;----;: ;----; I J ;----;: ;----; 

I III I I'll I 
I III I I I .. I 

~ 11: : : : : CD ~ L-.L!..: _--,:",: ... : ---,:,-,-'\1 
~~TT--.~-~n-~~ ~r-TT--'nT--.n-~ 

I If I I I III I 

~ 

~ 
~ 
~ 

I .1. I I .1. I 
I .1. I I .1. I 
I .1. I I ". I 
I .'. I I .1. I • ____ .1. ____ • • ____ • I .. __ ...... 

!III _L1 IIII III 

IIII I IIII 

propriate Clock Inputs (CPABn, CPBAn) regardless of the 
Select or Output Enable Inputs. When SAB and SBA are in 
the real time transfer mode, it is also possible to store data 
without using the internal D flip-flops by simultaneously en
abling OEABn and OEBAn. In this configuration each Output 
reinforces its Input. Thus when all other data sources to the 
two sets of bus lines are in a HIGH impedance state, each 
set of bus lines will remain at its last state. 

Storage 

'T ~ .. -.... ~~~----~ 
r-TT----,,""), : , 'III , .. , , " , 

~ 

~ 
, '" , 

~ 
~ , ," , ~ , ", , , '" , , , 

:----~:----!I 1 
IIII IIII 

III II 

Transfer Storage 
DatetoAorB 

. II II 
TL/F/12005-3 TLlF/12005-4 TLlF/12005-5 TL/F/12005-6 

OEA8, OE"E!'At CPAB, CPBA, SAB, SSA, OEAB, OESA, CPAB, CPBA, SAB, SSA, OEAB, OE'SAt CPAB, CPBA, SAB, SSA, OEAB, UE'EiA, CPAB, CPBA, SAB, SSA, 

L L X X X L H H X X L X X H ....r x x x H L HorL HorL H H 

L X X ....r x x 
L H ....r ....r x x 

FIGURE 1 

Function Table (Note) 

Inputs Inputs/Outputs 
Operating Mode 

OEAB1 OEBA1 CPAB1 CPBAl SABl SBAl Aothru A7 Bo thru B7 

L H HorL H or L X X 
Input Input 

Isolation 

L H ...r ...r X X Store A and B Data 

X H ...r HorL X X Input Not Specified State A, Hold B 

H H ...r ...r X X Input Output Store A in Both Registers 

L X HorL ...r X X Not Specified Input Hold A, Store B 

L L ...r ...r X X Output Input Store B in Both Registers 

L L X X X L 
Output Input 

Real-Time B Data to A Bus 

L L X HorL X H Store B Data to A Bus 

H H X X L X Real-Time A Data to B Bus 
Input Output 

H H HorL X H X Stored A Data to B Bus 

H L HorL H or L H H Output Output 
Stored A Data to B Bus and 
Stored B Data to A Bus 

H = HIGH Vol1age Level 
L = LOW Voltage Level 
X = Immaterial 
...r = LOW to HIGH Clock Transition 
Note: The data output functions may be enabled or disabled by various signals at OEAB or OEBA inputs. Data input functions are always enabled, i.e., data at the 
bus pins will be stored on every LOW to HIGH transition on the clock inputs. This also applies to data 1/0 (A and B: 8-15) and #2 control pins. 
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Logic Diagram 

10---- OE8A2 

r---------------+< 1---- OEA82 

..... ----<x. t----------+------ CP8A2 

8S- 15 '--+1rl+. 

OEAB, ----01 

t--+------- S8A2 

CPA82 

..... -,.-,""" .... 1--+--.;....-- SA82 

... H....J.4-. AS- 15 

TO 7 OTHER CHANNELS 

OEAB, ----I ~H-------------__. 

CP8A1 -------1-----------1 ~.o--_+..., 
S8A1 ------+--1 

CPAB, 

SAB, --~-+--H 

H-I-i+-+ 80-7 
r---f-t 

TO 7 OTHER CHANNELS 
TL/F/12005-7 

Please note that the .. diagrams are provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (Note 1) Recommended Operating 
If Military/Aerospace specified devices are required, Conditions 
please contact the National' Semiconductor Sales 

Supply Voltage 
Office/Distributors for availability and specifications. 

Operating 2.0V to 3.6V 
Supply Voltage (Vecl -0.5Vto +7.0V Data Retention Only 1.5Vt03.6V 
DC Input Voltage (VI) -0.5Vto +7.0V Input Voltage (VI) OVt05.5V 
Output Voltage (Vo) Output Voltage (Vo) 

Outputs Tri·Stated -0.5Vto +7.0V Output in Active State OV to Vee 
Outputs Active (Note 2) -0.5V to Vee + 0.5V Output in "OFF" State OVt05.5V 

DC Input Diode Current (11K) VI < 0 -50mA Output Current 10H/IOl 
DC Output Diode Current (10K) Vee = 3.0V to 3.6V ±24mA 

Vo < 0 -50mA Vee = 2.7V to 3.0V ±12mA 
Vo> Vee +50mA Free Air Operating Temperature (T A) -40°C to + 85°C 

DC Output Source/Sink Current (IOH/loU ±50mA Minimum Input Edge Ratge (at! a V) 
DC Vee or Ground Current VIN = 0.8V to 2.0V. Vee = 3.0V 10 nslV 

per Supply Pin (lee or IGND) ±100 mA 

Storage Temperature Range (T 8TG) - 65°C to + 150°C 

Note 1:, The "Absolute Maximum Ratings" are those values 
beyond which the safety of the device cannot be guaran-
teed The device should not be operated at these limits. The 
parametric values defined in the "Electrical Characteristics" 
table are not guaranteed at the absolute maximum ratings. 
The "Recommended Operation Conditions" table will de-
fine the conditions for actual device operation. 

Note 2: 10 Absolute Maximum Rating must be observed 

DC Electrical Characteristics 

Symbol Parameter Vee TA = -40°C to +85°C 
Units Conditions (V) Min Max 

VIH High Level Input Voltage 2.7-3.6 2.0 VOUT ,,; 0.1V or 
V ;" Vee - 0.1V 

Vil Low Level Input Voltage 2.7-3.6 0.8 

VOH High Level Output Voltage 2.7-3.6 Vee - 0.2 10H = -100,...A 
2.7 2.2 V 10H = -12mA 
3.0 2.4 10H = -18 mA 
3.0 2.2 10H = -24mA 

VOL Low Level Output Voltage 2.7-3.6 0.2 10l = 100,...A 
2.7 0.4 V 10l = 12mA 
3.0 0.55 10l = 24 mA 

II Input Leakage Current 2.7-3.6 ±5.0 ,...A 0,,; VI"; 5.5V 

loz TRI-STATE I/O Leakage 
2.7-3.6 ±5.0 ,...A 

0,,; Vo ,,; 5.5V 

VI = VIH or Vil 

10FF Power Off Leakage Current 0 100 ,...A VlorVo = 5.5V 

lee Quiescent Supply Current 
2.7-3.6 

20 ,...A VI = Vee or GND 

±20 ,...A 3.6 ,,; (VI. yo) ,,; 5.5V 

alee Increase in lee per Input 2.7-3.6 500 ,...A VIH = Vee - 0.6V 
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AC Electrical Characteristics: See Section 2 for Test Methodology 

Vee 
TA = -40"C to +85'C, 

Symbol Parameter CL = 50pF Units 
(V) 

Min Max (Note 2) 

tpHL Propagation Delay 2.7 1.S 6.6 

tpLH Bus to Bus 3.0-3.6 1.S 6.0 
ns 

tpHL Propagation Delay 2.7 1.S 8.3 

tpLH Clock to Bus 3.0-3.6 1.S 7.S 
ns 

tpHL Propagation Delay 2.7 1.S 8.3 

tpLH SAB or SBA to An or Bn 3.0-3.6 1.S 7.S 
ns 

tpZH Output Enable Time 2.7 1.S 8.3 

tPZL OEBA to An or Bn 3.0-3.6 1.S 7.S 
ns 

tpHZ Output Disable Time 2.7 1.S 8.3 

tpLZ OEBA to An or Bn 3.0-3.6 1.S 7.S 
ns 

tPZH Output Enable Time 2.7 1.S 8.3 

tPZL OEAB to An or Bn 3.0-3.6 1.S 7.S 
ns 

tpHZ Output Disable Time 2.7 1.S 8.3 

tpLZ OEAB to An or Bn 3.0-3.6 1.S 7.S 
ns 

ts Setup Time 2.7 2.S 
3.0-3.6 2.S 

ns 

tH Hold Time 2.7 1.S 
3.0-3.6 1.S 

ns 

tw Pulse Width 2.7 4.0 
3.0-3.6 4.0 

ns 

tOSHL, Output to Output Skew 
3.0 1.0 ns 

tOSLH (Note 1) 

Note 1: Skew is defined as the absolute value of the difference between the actual propagation delay for any two separate outputs of the same device. The 
specification applies to any outputs switching in the same direction. either HIGH to LOW (\oSHU or LOW to HIGH (\oSLH): Parameter guaranteed by design. 
Note 2: The maximum AC limits are design targets. Actual performance will be specified upon completion of characterization. 

Dynamic Switching Characteristics: See Section 2 for Test Methodology 

Symbol Parameter Vee 
Typical Units Conditions (V) 

VOLP Quiet Output Dynamic Peak VOL 3.3 0.8 V CL = SO pF, VIH = 3.3V, VIL = OV 

VOLV Quiet Output Dynamic Valley VOL 3.3 0.8 it CL = SO pF, VIH = 3.3V, VIL = ov 

Capacitance 
Symbol Parameter Typical Units Conditions 

CIN Input Capacitance 
7 pF 

Vee = Open 
VI = OVorVee 

CliO Input/Output Capacitance 
8 pF 

Vee = 3.3V 

VI = OVorVee 

CPD Power Dissipation Capacitance 
32 pF 

Vee = 3.3V 
VI = OvorVee 
F=10MHz 
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~National 
Semiconductor 

LVX Translator Family 
Low Voltage Dual Supply CMOS Translating Transceivers 

Features Advantages 

Advanced 0.8 /Lm CMOS process Propagation delays as fast as 7 ns maximum 

Bi-directional interface between 3V and 5V system Works as bus transceiver in 3V 15V mixed systems and also 
works like a 74 series 245 in the single supply system 

± 24 mA drive current Balanced drive, guaranteed incident wave switching into 50n 
transmission line 

Extended Vcc range from 2.7V to 3.6V, compatible with Fully characterized for unregulated battery operation 
JEDECStd. No. 8-1B 

Low standby current (50 /LA) maximum Saves power, extends battery life 

Patented Quiet Series noise reduction circuitry Guaranteed simultaneous switching noise level and dynamic 
threshold performance 

Flexible VCCB operating range in Configurable Transceiver Fits both 3V and 5V PCMCIA cards 
(LVXC) 

8 ports and VCCB allowed to float with Configurable Allows plug and remove PCMCIA cards freely 
Transceiver (LVXC) 

SOIC and QSOP packaging Saves board space and weight 
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o:t 

S ~National 
~ ~ Semiconductor 

74LVX3245 
a-Bit Dual Supply Translating Transceiver 
with TRI-STATE® Outputs 

General Description Features 
The L VX3245 is a dual-supply, 8-bit translating transceiver 
that is designed to interface between a 3V bus and a 5V bus 
in a mixed 3V/5V supply environment. The Transmit/Re
ceive (T /R) input determines the direction of data flow. 
Transmit (active-HIGH) enables data from A ports to B 
ports; Receive (active-LOW) enables data from B ports to A 
ports. The Output Enable input, when HIGH, disables both A 
and B ports by placing them in a HIGH Z condition. The A 
port interfaces with the 3V bus; the B port interfaces with 
the 5V bus. 

• Bidirectional interface between 3V and 5V buses 
• Inputs compatible with TTL level 
• 3V data flow at A port and 5V data flow at B port 
• Outputs source/sink 24 mA 
• Guaranteed simultaneous switching noise level and dy-

namic threshold performance 

• Available in SOIC and QSOP packages 
• Implements proprietary EMI reduction circuitry 
• Functionally compatible with the 74 series 245 

The LVX3245 is suitable for mixed voltage applications such 
as notebook computers using 3.3V CPU and 5V peripheral 
components. 

Ordering Code: See Section 11 

Logic Symbol 

-(l DE 

I I I I I I I I 

I I I I I I I I 

Pin Names 

OE 
T/R 
AO-A7 
Bo-B7 

Order Number 

Connection Diagram 
Pin Assignment 

for SOIC and asop 

TL/F/11620-1 

Description 

Output Enable Input 
Transmit/Receive Input 

VCCA - I 

T/R - 2 

Ac-3 

~ - 4 

A2 - S 

A3 - 6 

A, - 7 

As - 8 

A, - 9 

A7 - 10 

GNO- II 

GNO - 12 

Side A Inputs orTRI-STATE Outputs 
Side B Inputs orTRI-STATE Outputs 

SOICJEDEC asop 

"---/ 

74LVX3245WM 74 LVX3245QSC 
74LVX3245WMX 74 LVX3245QSCX 

24 -Vcca 

23 -NC 

22 -DE 
21 -Bo 

20 -s, 
19 -B2 

18 -B3 

17 -B, 

16 -Bs 

IS - B, 

14 rB7 

131-GNO 

See NS Package Number M24B MQA24 
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Truth Table 
Inputs 

outputs 
OE T/R 

L L Bus B Data to Bus A 

L H Bus A Data to Bus B 
H X HIGH-Z State 

Logic Diagram 

rill 

e., 
T/F/11620-4 
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Absolute Maximum Ratings (Note) Recommended Operatinr-
If Military/Aerospace specified deviCes are required, Conditions 
please contact the National Semiconductor Sales Supply Voltage 
Office/Distributors for availability and specifications. 

VCCA 2.7Vt03.6V 
Supply Voltage (VCCA, VCCB) -0.5Vto +7.0V VCCB 4.5Vt05.5V 
DC Input Voltage (VI) @ DE, T /R -0.5V to VCCB + 0.5V Input Voltage (VI) @ DE, T iR OVto VCCB 
DC Input/Output Voltage (VI/O) Input/Output Voltage (VI/O) 

@A(n) -0.5VtoVcCA +'O.5V @A(n) OVtoVCCA 
@B(n) -0.5VtoVCCB + 0.5V @B(n) OVtoVCCB 

DC Input Diode Current (lIN) @ OE, T IR ±20mA Free Air Operating Temperature (TAl 
DC Output Diode Current (loKl ±50mA 74LVX -400Cto +85°C 

DC Output Source or Sink Current (10) ±50mA Minimum Input Edge Rate (at/ a V) 8 nsN 

DC VCC or Ground Current VIN from 30% to 70% of VCC 

per Output Pin (ICC or IGNO) ±50mA VCC @ 3.0V, 4.5V, 5.5V 

and Max Current @ ICCA ±100 rnA 
@ICCB ±200mA Note: The "Absolute Maximum Ratings" are those values 

Storage Temperature Range (T 8TG) -65°C to + 150°C beyond which the safety of the device cannot be guaran-

DC LatCh-Up Source or Sink Current ±300 rnA teed. The device should not be operated at these limits. The 
parametric values defined in the "Electrical Characteristics" 
table are not guaranteed at the absolute maximum ratings. 
The "Recommended Operating Conditions" table will define 

DC Electrical Characteristics 
the conditions for actual device operation. 

74LVX3245 74LVX3245 

Symbol Parameter VCCA VCCB 
TA = +25°C 

TA = -40"C 
Units Conditions 

(V) (V) to +85°C 

Typ Guaranteed Limits 

VIHA Minimum A(n), TIR, 3.6 5.0 2.0 2.0 VOUT ~ O.1Vor 
High Level OE 2.7 5.0 2.0 2.0 ~ Vcc - 0.1V 
Input Voltage V 

VIHB B(n) 3.3 4.5 2.0 2.0 
3.3 5.5 2.0 2.0 

VILA Maximum Low Level A(n), T/R, 3.6 5.0 0.8 0.8 VOUT ~ O.1Vor 
Input Voltage OE 2.7 5.0 0.8 0.8 ~ Vee -0.1V 

V 
VILB B(n) 3.3 4.5 0.8 0.8 

3.3 5.5 0.8 0.8 

VOHA Minimum High Level 3.0 4.5 2.99 2.9 2.9 lOUT = -100 ",A 
Output Voltage 3.0 4.5 2.65 2.35 2.25 

V 
IOH = -24 rnA 

2.7 4.5 2.5 2.3 2.2 IOH = -12mA 
2.7 4.5 2.3 2.1 2.0 IOH = -24mA 

VOHB 3.0 4.5 4.5 4.4 4.4 
V 

lOUT = -100 ",A 
3.0 4.5 4.25 3.86 3.76 IOH = -24mA 

VOLA Maximum Low Level 3.0 4.5 0.002 0.1 0.1 lOUT =100 ",A 
Output Voltage 3.0 4.5 0.21 0.36 0.44 

V 10L = 24 rnA 
2.7 4.5 0.11 0.36 0.44 IOL = 12mA 
2.7 4.5 0.22 0.42 0.5 10L = 24 rnA 

VOLB 3.0 4.5 0.002 0.1 0.1 
V 

lOUT = 100 ",A 
3.0 4.5 0.18 0.36 0.44 iOL = 24 rnA 

liN Maximum Input VI = VCCB, GND 
Leakage Current 3.6 5.5 ±0.1 ±1.0 ",A 
@OE,T/R 

IOZA Maximum TRI-STATE VI = VIL, VIH 
Output Leakage 3.6 5.5 ±0.5 ±5.0 ,...A OE = VCCA 
@A(n) Vo = VeCA, GND 
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DC Electrical Characteristics (Continued) 

74LVX3245 74LVX3245 

Symbol Parameter 
VCCA VCCB 

TA = +25'C 
TA = -40'C 

Units Conditions 
(V) (V) to +85'C 

Typ Guaranteed Limits 

10ZB Maximum TRI-STATE VI = VIL, VIH 
Output Leakage 3.6 5.5 ±0.5 ±5.0 IJ-A OE = VCCA 
@B(n) Va = VCCB, GND 

alcc Maximum B(n) 3.6 5.5 1.0 1.35 1.5 mA VI = VCCB - 2.1V 
ICCTlinput @ A(n), TIR, VI = VCCA -0.6V 

OE 
3.6 5.5 0.35 0.5 mA 

ICCA Quiescent VCCA A(n) = VCCA or GND 
Supply Current 3.6 5.5 5 50 IJ.A B(n) = VCCB or GND, 

OE = GND, T/R = GND 

Iccs Quiescent VCCB A(n) = VCCA or GND 
Supply Current 3.6 5.5 B BO IJ-A B(n) = VCCB or GND, 

OE = GND, TIR = VCCA 

VOLPA Quiet Output Maximum 3.3 5.0 0.8 
V 

(Notes 1, 2) 

VOLPB Dynamic VOL 3.3 5.0 1.5 

VaLVA Quiet Output Minimum 3.3 5.0 -O.B 
V 

(Notes 1, 2) 

VOLVB Dynamic VOL 3.3 5.0 -1.2 

VIHDA Minimum High Level 3.3 5.0 2.0 
V 

(Notes 1, 3) 

VIHDB Dynamic Input Voltage 3.3 5.0 2.0 

VILDA Maximum Low Level 3.3 5.0 O.B 
V 

(Notes 1, 3) 

VILDB Dynamic Input Voltage 3.3 5.0 O.B 

tMaximum test duration 2.0 ms, one output loaded at a time. 

Note 1: Worst case package. 

Note 2: Max number of outputs defined as (n). Data inputs are driven OV to Vee level; one output at GND. 

Nole 3; Max number of Data Inputs (n) switching. (n-l) inputs switching OV to Vee level. Input-under-test switching: Vee level to threshold (VIHO), OV to threshold 
(VILD), f = 1 MHz. 
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AC Electrical Characteristics: See Section 2 forTest Methodology 

74LVX3245 74LVX3245 74LVX3245 

TA = +25"C TA = -40"Cto +85"C TA = -40"Cto +85"C 

Symbol Parameters 
CL = 50pF CL = 50pF CL = 50pF 

Units 
··VCCA = 3.3V ··VCCA = 3.3V VCCA=2.7V 
·VCCB=5.0V ·VCCB = 5.0V ·VCCB=5.0V 

Min Typ Max Min Max Min Max 

tpHL Propagation Delay 1.0 5.4 8.0 1.0 8.5 1.0 9.0 

tpLH AtoS 1.0 5.6 7.5 1.0 8.0 1.0 8.5 
ns 

tpHL Propagation Delay 1.0 5.1 7.5 1.0 8.0 1.0 8.5 

tpLH StoA 1.0 5.7 7.5 1.0 8.0 1.0 8.5 
ns 

tpZL Output Enable 1.0 4.8 8.0 1.0 8.5 1.0 9.0 

tPZH TimeOEtoS 1.0 6.3 8.5 1.0 9.0 1.0 9.5 
ns 

tPZL Output Enable 1.0 6.3 8.5 1.0 9.0 1.0 9.5 

tpzH Time Oi: to A 1:0 6.8 9.0 1.0 9.5 1.0 10.0 
ns 

tpHZ Output Disable 1.0 5.3 7.5 1.0 8.0 1.0 8.5 

tpLZ TimeOEtoS 1.0 4.2 7.0 1.0 7.5 1.0 8.0 
ns 

tpHZ Output Disable 1.0 5.3 8.0 1.0 8.5 1.0 9.0 

tpLZ TimeOi:toA 1.0 3.7 6.5 1.0 7.0 1.0 7.5 
ns 

toSHL Output to Output 

toSLH Skew··· 1.0 1.5 1.5 1.5 ns 
Data to Output 

'Voltage Range 5.0V is 5.0V ±O.5V. 
"Voltage Range 3.3V is 3.3V ±O.3V. 

'''Skew is defined as the absolute value of the difference between the actual propagation delay for any two separate outputs of the same device. The 
specification applies to any outputs switching in the same direction, either HIGH to LOW (!oSHU or LOW to HIGH (!oSLH). Parameter guaranteed by design. 

Capacitance 
Symbol Parameter Typ Units Conditions 

CIN Input Capacitance 4.5 pF Vee = Open 

CliO Input/Output 
15 pF 

VCCA = 3.3V 
Capacitance Vcce = 5.0V 

CPO Power Dissipation I A-S 55 
pF 

Vcce = 5.0V 
Capacitance I S-A 40 VCCA = 3.3V 

cpo Is measured at 10 MHz 

8-Bit Dual Supply Translating Transceiver 
The LVX3245 is a dual supply device capable of bidirection- REDUCED VOLTAGE CPU LOCAL BUS 

al signal translation. This level shifting ability provides an 
efficient interface between low voltage CPU local bus with 
memory and a standard bus defined by 5V I/O levels. The 

veeA r veeA rt device control inputs can be controlled by either the low 
voltage CPU and core logic or a bus arbitrator with 5V I/O 
levels. I LVX3245 I I LVX3245 I 
Manufactured on a sub-micron CMOS process, the 
LVX3245 is ideal for mixed voltage applications such as 

veeo r veeo rt notebook computers using 3.3V CPU's and 5V peripheral 
devices. 

EISA - ISA - ~CA 
(5V 1/0 LEVELS) 

TLlFfI1620-3 
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~National 
~ Semiconductor 

74LVX4245 
8-Bit Dual Supply Translating Transceiver 
with TRI-STATE® Outputs 

General Description 
The LVX4245 is a dual-supply, a-bit translating transceiver 
that is designed to interface between a 5V bus and a 3V bus 
in a mixed 3V/5V supply environment. The Transmit/Re
ceive (T fFi) input determines the direction of data flow. 
Transmit (active-HIGH) enables data from A ports to B 
ports; Receive (active-LOW) enables data from B ports to A 
ports. The Output Enable input, when HIGH, disables both A 
and B ports by placing them in a HIGH Z condition. The A 
port interfaces with the 5V bus; the B port interfaces with 
the 3V bus. 

The LVX4245 is suitable for mixed voltage applications such 
as laptop computers using 3.3V CPU's and 5V LCD dis
plays. 

Ordering Code: See Section 11 

Logic Symbol 

I I I I I I I I 
110 A, A2 A3 A4 As As A-, 

-(J OE 

- TjR 

Pin Names 

Bo B, B:z B3 B4 lis Bs ~ 

I I I I I I I I 

Description 

Output Enable Input 
Transmit/Receive Input 

TL/F/11540-1 

OE 
TiFi 
Ao-A7 
Bo-B7 

Side A Inputs or TRI-STATE Outputs 
Side B inputs or TRI-STATE Outputs 

Features 
• Bidirectional interface between 5V and 3V buses 
• Control inputs compatible with TTL level 
• 5V data flow at A port and 3V data flow at B port 
• Outputs source/sink 24 mA at 5V bus; 12 mA at 3V 

bus 
• Guaranteed simultaneous switching noise level and dy

namic threshold performance 
• Available in sOle and QSOP packages 
• Implements patented Quiet Series EMI reduction 

circuitry 
• Functionally compatible with the 74 series 245 

Connection Diagram 

Pin Assignment 
for SOIC and asop 

'-./ 
VCCA - 1 24 r- VCCB 

TjR- 2 23 r- VCCB 

110- 3 22 r-OE 

Al - 4 21 r- Bo 

A2 - 5 20 r-B, 

A3 - 6 19 r- B2 

A4 - 7 18 r- B3 

As-8 17 r- B4 

As - 9 16 r- B5 

A-,- 10 15 r- Bs 
GND- 11 14 r-~ 

GND- 12 13r-GND 

TLlF/11540-2 

SOICJEDEC asop 
Order Number 

See NS Package Number 

74LVX4245WM 
74LVX4245WMX 

M24B 
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~ ,-----------------------------------------------------------------------------, .., 
~ Truth Table 
>< 
~ Inputs 

OE 

L 
L 
H 

Logic Diagram 

T/R 

L 
H 
X 
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Outputs 

Bus B Data to Bus A 
Bus A Data to Bus B 
HIGH-Z State 

87 
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Absolute Maximum Ratings (Note) Recommended Operating 
If Military/Aerospace specified devices are required, Conditions 
please contact the National Semiconductor Sales 

Supply Voltage 
Office/Distributors for availability and specifications. 

VCCA 4.5Vto 5.5V 
Supply Voltage (VCCA, VCCB) -0.5Vto +7.0V VCCB 2.7Vto 3.6V 
DC Input Voltage (VI) @ OE, T fR -0.5V to VCCA + 0.5V Input Voltage (VI) @ OE, T fR OVtoVCCA 
DC Input/Output Voltage (VI/O) Input/Output Voltage (VI/O) 

@A(n) -0.5V to VCCA + 0.5V @A(n) OVto VCCA 
@B(n) -0.5V to VCCB + 0.5V @B(n) OVtoVCCB 

DC Input Diode Current (liN) @ OE, T fR ±20mA Free Air Operating Temperature (T A) 
DC Output Diode Current (loKl ±50mA 74LVX -40'Cto +S5'C 

DC Output Source or Sink Current (10) ±50mA Minimum Input Edge Rate (at/ a V) SnslV 

DC VCC or Ground Current VIN from 30% to 70% of VCC 

per Output Pin (Icc or IGND) ±50mA VCC @ 3.0V, 4.5V, 5.5V 

and Max Current @ ICCA ±200mA 
@ICCB ±100mA 

Storage Temperature Range (T 8m) -65'C to + 150'C 

DC Latch.Up Source or Sink Current ±300 mA 

Note: The "Absolute Maximum Ratings" are those values 
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The 
parametric values defined in the "Electrical Characteristics" 
table are not guaranteed at the absolute maximum ratings. 
The "Recommended Operating Conditions" table will define 
the conditions for actual device operation. 

DC Electrical Characteristics 
74LVX4245 74LVX4245 

Symbol Parameter VCCA VCCB 
TA +25'C 

TA = -40'C 
Units Conditions 

(V) (V) to + 85'C 

Typ Guaranteed Limits 

VIHA Minimum A(n), T/R, 5.5 3.3 2.0 2.0 VOUT"; 0.1Vor 
High Level OE 4.5 3.3 2.0 2.0 :;;, VCC - 0.1V 
Input Voltage V 

VIHB B(n) 5.0 3.6 2.0 2.0 
5.0 2.7 2.0 2.0 

VILA Maximum Low Level A(n), TfR, 5.5 3.3 O.S O.S VOUT"; O.1Vor 
Input Voltage OE 4.5 3.3 O.S O.S :;;, VCC -0.1V 

V 
VILB B(n) 5.0 2.7 O.S O.S 

5.0 3.6 O.S O.S 

VOHA Minimum High Level 4.5 3.0 4.5 4.4 4.4 
V 

lOUT = -100 p.A 
Output Voltage 4.5 3.0 4.25 3.S6 3.76 10H = -24mA 

VOHB 4.5 3.0 2.99 2.9 2.9 lOUT = -100 p.A 
4.5 3.0 2.S 2.4 2.4 V 10H = -12mA 
4.5 2.7 2.5 2.4 2.4 10L = -SmA 

VOLA Maximum Low Level 4.5 3.0 0.002 0.1 0.1 
V 

lOUT = 100 p.A 
Output Voltage 4.5 3.0 0.1S 0.36 0.44 10L = 24mA 

VOLB 4.5 3.0 0.002 0.1 0.1 lOUT = 100 p.A 
4.5 3.0 0.1 0.31 0.4 V 10L = 12mA 
4.5 2.7 0.1 0.31 0.4 10L = SmA 

liN Maximum Input VI = VCCA, GND 
Leakage Current 5.5 3.6 ±0.1 ±1.0 p.A 
@ OE, TfR 

10ZA Maximum TRI·STATE VI = VIL, VIH 
Output Leakage 5.5 3.6 ±0.5 ±5.0 p.A OE = VCCA 
@A(n) Vo = VCCA, GND 
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DC Electrical Characteristics (Continued) 

74LVX4245 74LVX4245 

Symbol Parameter VCCA VCCB 
TA = +25'C 

TA = -4O'C Units Conditions 
(V) (V) to +85'C 

Typ Guaranteed Limits 

IOZB Maximum TRI-STATE VI = VIL, VIH 
Output Leakage 5.5 3.6 ±0.5 ±5.0 ,.,.A DE = VCCA 
@B(n) Vo = VCCB, GND 

Alec Maximum leer/Input 
5.5 3.6 1.0 1.35 1.5 mA 

VI = VCCA - 2.1V 
@ A(n), T lA', DE 
Input@ B(n) 5.5 3.6 0.35 0.5 mA VI = VCCB - 0.6V 

ICCA Quiescent VCCA A(n) = VCCA or GND 
Supply Current 5.5 3.6 8 80 ,.,.A B(n) = VCCB or GND, 

OE = GNDTIR = GND 

ICCB Quiescent VCCB A(n) = VCCA or GND 
Supply Current 5.5 3.6 5 50 ,.,.A B(n) = VCCB or GND, 

OE = GNDTIR = VCCA 

VOLPA Quiet Output Maximum 5.0 3.3 1.5 
V 

(Notes 1, 2) 

VOLPB Dynamic VOL 5.0 3.3 0.8 

VOLVA Quiet Output Minimum 5.0 3.3 -1.2 
V 

(Notes 1, 2) 

VOLVB Dynamic VOL 5.0 3.3 -0.8 

VIHDA Minimum High Level 5.0 3.3 2.0 
V 

(Notes 1, 3) 

VIHDB Dynamic Input Voltage 5.0 3.3 2.0 

VILDA Maximum Low Level 5.0 3.3 0.8 
V 

(Notes 1, 3) 

VILDB Dynamic Input Voltage 5.0 3.3 0.8 

tMaximum test duration 2.0 ms, one output loaded at a time. 

Note 1: Worst case package. 
Note 2: Max number 01 outputs delined as (n). Data inputs are driven OV to Vee level; one output at GND. 
Note 3: Max number 01 Data Inputs (n) switching. (n-1) inputs switching OV to Vee level. Input-under-test switching: Vee level to threshold (VIHO). OV to threshold 
(VILD). 1 = 1 MHz. 
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AC Electrical Characteristics: See Section 2 for Test Methodology 

74LVX424S 74LVX424S 74LVX424S 

TA = +2S'C TA = -40'C to +8S'C TA = -40'Cto +8S'C 

Symbol Parameters 
CL = SOpF CL = SOpF CL = SOpF 

Units 
'VCCA = SV 'VCCA = SV 'VCCA = SV 

"VCCB = 3.3V "VCCB = 3.3V VCCB = 2.7V 

Min Typ Max Min Max Min Max 

tpHL Propagation Delay 1.0 5.1 8.5 1.0 9.0 1.0 10.0 

tpLH AtoB 1.0 5.3 8.5 1.0 9.0 1.0 10.0 
ns 

tpHL Propagation Delay 1.0 5.4 8.5 1.0 9.0 1.0 10.0 

tpLH BtoA 1.0 5.5 8.5 1.0 9.0 1.0 10.0 
ns 

tpZL Output Enable Time 1.0 6.5 10.0 1.0 10.5 1.0 11.5 

tPZH OEtoB 1.0 6.7 10.0 1.0 10.5 1.0 11.5 
ns 

tPZL Output Enable Time 1.0 5.2 9.0 1.0 9.5 1.0 10.0 

tPZH OEtoA 1.0 5.8 9.0 1.0 9.5 1.0 10.0 
ns 

tpHZ Output Disable Time 1.0 6.0 9.5 1.0 10.0 1.0 10.0 

tpLZ OEtoB 1.0 3.3 6.5 1.0 7.0 1.0 7.5 
ns 

tpHZ Output Disable Time 1.0 3.9 7.0 1.0 7.5 1.0 7.5 

tpLZ OEtoA 1.0 2.9 6.5 1.0 7.0 1.0 7.5 
ns 

tOSHL Output to Output 

tOSLH Skew'" 1.0 1.5 1.5 1.5 ns 
Data to Output 

'Voltage Range S.OV is S.OV ±O.SV. 
"Voltage Range 3.3V is 3.3V ±O.3V. 

'''Skew is defined as the absolute value of the difference between the actual propagation delay for any two separate outputs of the same device. The 
specification applies to any outputs switching in the same direction, either HIGH to LOW (toSHU or LOW to HIGH (toSLH)' Parameter guaranteed by 
design. 

Capacitance 
Symbol Parameter Typ Units Conditions 

CIN Input Capacitance 4.5 pF Vee = Open 

CliO Input/Output 
15 pF 

VCCA = 5.0V 
Capacitance VCCB = 3.3V 

CpD Power Dissipation I B-A 55 pF VCCA = 5.0V 
Capacitance I A-B 40 pF VCCB = 3.3V 

cpo is measured at 10 MHz 

8-Bit Dual Supply Translating Transceiver 
The LVX4245 is a dual supply device capable of bidirection· REDUCED VOLTAGfc CPU LOCAL BUS 
al Signal translation. This level shifting ability provides an 
efficient interface between low voltage CPU local bus with 
memory and a standard bus defined by 5V I/O levels. The 

l VCCBU 
device control inputs can be controlled by either the low 
voltage CPU and core logic or a bus arbitrator with 5V I/O VCCB 

levels. 
LVX4245 I I LVX4245 I Manufactured on a sub·micron CMOS process, the 

LVX4245 is ideal for mixed voltage applications such as 
VCCA 

~ VCCAU notebook computers using 3.3V CPU's and 5V peripheral 
devices, 

EISA - ISA - MeA 
(5V I/o LEVELS) 

TLlF/l1S40-3 
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U) r---------------------------------------------------------------------------------, 
'Oil' 
eN 
'Oil' 

~ 
Applications: Mixed Mode Dual Supply Interface Solution 
LVX4245 is designed to solve 3V15V interfacing issues 
when CMOS devices cannot tolerate lID levels above their 
applied Vee. If an lID pin of 3V ICs is driven by 5V ICs, the 
P-Channel transistor in 3V ICs will conduct causing current 
flow from 110 bus to the 3V power supply. The resulting high 
current flow can cause destruction of 3V ICs through latch
up effects. To prevent this problem, a current limiting resis
tor is used typically under direct connection of 3V ICs and 
5V ICs, but it causes speed degradation. 

In a beller solution, the LVX4245 configures two different 
output levels to handle the dual supply interface issues. The 
"A" port is a dedicated 5V port to interface 5V ICs. The "8" 
port is a dedicated port to interface 3V ICs. Figure 1 shows 
how LVX4245 fits into a system with 3V subsystem and 5V 
subsystem. 

WICROCHANNELI 
EISA/sA/AT 

5V 5V BUS 

I KEYBOARD L 
CONTROLLER I 

5V 

I SUPER i/o 
I VCCA 

I 

I CORE LOGIC : 

............ 
I TRANSCEIVERS :: 

A PORT 
AO:A7 

I PCMCIA I 
CONTROLLER I 

I VGA I 
CONTROLLER I 

..L 

This device is also configured as an 8-bit 245 transceiver, 
giving the designer TRI-STATE capabilities and the ability to 
select either bidirectional or unidirectional modes. Since the 
center 20 pins are also pin compatible to 74 series 245, as 
shown in Figure 2, the designer could use this device in 
either a 3V system or a 5V system without any further work 
to re-Iayoutthe board. 

VCCA VCCB 
(r,lR) DIR VCCB 

Au ENABLE 
,., Bn 
A2 a, 
A3 B2 

A4 B3 

As B4 

At; Bs 
A7 lis 

GND Br 
GND GND 

TLlF/11540-4 

FIGURE 2_ LVX4245 Pin Arrangment Is Compatible to 
20-Pin 74 Series 245 

3V LOCAL 
BUS 3V 

~ r. CACHE SRAIA 

3V 
VCCB 

+-r. CPU, 3861486 

LVX4245 . 

B PORT 
BO :B7 

+- ..... ROIA 
BIOS 

-b -
+- ..... MEMORY 

DRIVER 

..L 
TL/F/11540-5 

FIGURE 1. LVX4245 Fits into a System with 3V Subsystem and 5V Subsystem 
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~National 
~ Semiconductor 

74LVXC3245 
a-Bit Dual Supply Configurable Voltage Interface 
Transceiver with TRI-STATE® Outputs for 3V System 

General Description 
The LVXC3245 is a 24-pin dual-supply, B-bit configurable 
voltage interface transceiver suited for PCMCIA and other 
real time configurable 110 applications. The VCCA pin ac
cepts a 3V supply level. The A port is a dedicated 3V port. 

I The VCCB pin accepts a 3V-to-5V supply level. The B port is 
configured to track the VCCB supply level respectively. A 5V 
level on the VCC pin will configure the 110 pins at a 5V level 
and a 3V VCC will configure the 110 pins at a 3V level. The A 
port should interface with a 3V host system and the B port 
to the card slots. This device will allow the VCCB voltage 
source pin and 110 pins on the B port to float when DE is 
HIGH. This feature is necessary to buffer data to and from a 
PCMCIA socket that permits PCMCIA cards to be inserted 
and removed during normal operation. 

Ordering Code: See Section 11 

Logic Symbol 

IJllIJ1J 
-0 DE 

- T/R 

I I I I I I I I 
TLlF11200B-1 

Pin Names Description 

DE Output Enable Input 

T/R Transmit/Receive Input 

Side A Inputs or TRI-STATE Outputs 

Side B Inputs or TRI-STATE Outputs 

Features 
II Bidirectional interface between 3V and 3V-to-5V buses 
II Control inputs compatible with TTL level 
II Outputs sourcelsink up to 24 mA 
II Guaranteed simultaneous switching noise level and dy

namic threshold performance 
II Available in SOIC and QSOP packages 
II Implements patented Quiet Series EMI reduction 

circuitry 
II Flexible VCCB operating range 
II Allows B port and VCCB to float simultaneously when 

DE is HIGH 
II Functionally compatible with the 74 series 245 

Connection Diagram 

Pin Assignment for 
SOIC and asop 

\..J 
VCCA - 1 24 rVCCB 

T/R- 2 23 rNC 

Ao- 3 22 rOE 

A, - 4 21 rBo 

A2- 5 20 rB, 

A3- 6 19 rB2 

A4 - 7 18 rB3 

As- 8 17 rB4 

As- 9 16 -Bs 

A7- 10 15 -Bs 

GND- 11 14 -~ 
GND- 12 13 -GND 

TL/F/12008-2 

SOICJEDEC asop 
Order Number 74LVXC3245WM 74LVXC3245QSC 

74LVXC3245WMX 74LVXC3245QSCX 

See NS Package Number M24B MQA24 
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Truth Table 
Inputs 

Outputs 
O'E T/R 

L L Bus B Data to Bus A 

L H Bus A Data to Bus B 

H X HIGH-Z State 

Logic Diagram 

TlIF/1200B-4 
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Absolute Maximum Ratings (Note) Recommended Operating 
If Military/Aerospace specified devices are required, Conditions 
please contact the National Semiconductor Sales Supply Voltage VCCA 2.7Vt03.6V 
Office/Distributors for availability and specifications. 

(VCCA ,;; VCCB) 
Supply Voltage (VCCA. VCCB) -0.5Vto +7.0V VCCB 3.0Vt05.5V 
DC Input Voltage (VI) @ OE. TiFf -0.5VtoVCCA +0.5V Input Voltage (VI) @ OE. TiFf OVto VCCA 
DC Input/Output Voltage (VI/o) Input Output Voltage (VI/o) 

@An -0.5VtoVCCA +0.5V @An OVtoVCCA 
@Bn -0.5VtoVCCB +0.5V @Bn OVtoVCCB 

DC Input Diode Curro (11K) @ OE. T IR ±20mA Free Air Operating Temperature (T A) -40·Cto +85·C 
DC Output Diode Current(IOK) ±50mA Minimum Input Edge Rate (AV I At) 8nsIV 
DC Output Source or Sink Current (10) ±50mA VIN from 30% to 70% of VCC 

DC V,CC or Ground Current VCC @ 3.0V. 4.5V. 5.5V 

per Output Pin (Icc or IGND) ±50mA 
and Max Current ±200mA Note: The "Absolute Maximum Ratings" are those values 

Storage Temperature Range (TSTG) - 65·C to + 150·C beyond which the safety of the device cannot be guaran-

DC Latch-Up Source or Sink Current ±300mA 
teed The device should not be operated at these limits. The 
parametric values defined in the "Electrical Characteristics" 
table are not guaranteed at the absolute maximum ratings. 
The "Recommended Operating Conditions" table will define 
the conditions for actual device operation. 

DC Electrical Characteristics 
74LVXC3245 74LVXC3245 

Symbol Parameter VCCA VCCB 
TA = 25·C 

TA = -40·C 
Units Conditions 

(V) (V) to + 85·C 

Typ Guaranteed Limits 

VIHA Minimum High An. 2.7 3.0 2.0 2.0 
Level Input OE 3.0 3.6 2.0 2.0 
Voltage T/R 3.6 5.5 2.0 2.0 VOUT';; 0.1V 

V or 
VIHB Bn 2.7 3.0 2.0 2.0 :?VCC - 0.1V 

3.0 3.6 2.0 2.0 
3.6 5.5 3.85 3.85 

VILA Maximum Low An. 2.7 3.0 0.8 0.8 
Level Input OE 3.0 3.6 0.8 0.8 
Voltage T/R 3.6 5.5 0.8 0.8 VOUT';; 0.1V 

V or 
VILB Bn 2.7 3.0 0.8 0.8 :?VCC - 0.1V 

3.0 3.6 0.8 0.8 
3.6 5.5 1.65 1.65 

VOHA Minimum High Level 3.0 3.0 2.99 2.9 2.9 lOUT = -100p.A 
Output Voltage 3.0 3.0 2.85 2.56 2.46 10H = -12mA 

3.0 3.0 2.65 2.35 2.25 V 10H = -24mA 
2.7 3.0 2.5 2.3 2.2 10H = -12mA 
2.7 4.5 2.3 2.1 2.0 10H = -24mA 

VOHB 3.0 3.0 2.99 2.9 2.9 lOUT = -100 p.A 
3.0 3.0 2.85 2.56 2.46 

V 
10H = -12mA 

3.0 3.0 2.65 2.35 2.25 10H = -24mA 
3.0 4.5 4.25 3.86 3.76 10H = -24mA 

VOLA Maximum Low Level 3.0 3.0 0.002 0.1 0.1 lOUT = 100 p.A 
Output Voltage 3.0 3.0 0.21 0.36 0.44 

V 10L = 24mA 
2.7 3.0 0.11 0.36 0.44 10L = 12mA 
2.7 4.5 0.22 0.42 0.5 10L = 24mA 

VOLB 3.0 3.0 0.002 0.1 0.1 lOUT = 100 p.A 
3.0 3.0 0.21 0.36 0.44 V 10L = 24mA 
3.0 4.5 0.18 0.36 0.44 10L = 24mA 
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DC Electrical Characteristics (Continued) 

74LVXC3245 74LVXC3245 

Symbol Parameter VCCA VCCB 
TA = +25'C 

TA = -40'C Units CondHlons 
(V) (V) to +85'C 

Typ Guaranteed Limits 

liN Maximum Input 
3.6 3.6 ±0.1 ±1.0 VI = VCCA, GND 

Leakage Current @ 
3.6 5.5 ±0.1 ±1.0 

pA 
OE, T/A 

IOZA Maximum TRI-STATE 
3.6 3.6 ±0.5 ±5.0 VI = Vll, VIH, 

Output Leakage 
3.6 5.5 ±0.5 ±5.0 

/LA OE = VCCA 
@An Vo = VCCA, GND 

IOZB Maximum TRI-STATE 
3.6 3.6 ±0.5 ±5.0 VI = Vll, VIH, 

Output Leakage 
3.6 5.5 ±0.5 ±5.0 

/LA OE = VCCA 
@Bn Vo = VCCB, GND 

~Icc Maximum IBn 3.6 5.5 1.0 1.35 1.5 VI = VCCB-2.1V 
Icc/lnput I All Inputs 

mA 
3.6 3.6 0.35 0.5 VI = VCC-0.6V 

ICCAl Quiescent VCCA An = VCCA or GND 
Supply Current 3.6 Open 5 50 /LA Bn = Open, OE = VCCA, 
as B Port Floats T/A = VCCA, VCCB = Open 

ICCA2 Quiescent VCCA 
3.6 3.6 5 50 

An = VCCA or GND, 
Supply Current 

3.6 5.5 5 50 
/LA Bn = VCCB or GND, 

OE = GND, T/A = GND 

ICCB Quiescent VCCB 
3.6 3.6 5 50 

An = VCCA or GND, 
Supply Current 

3.6 5.5 8 80 
pA Bn = VCCB or GND, 

OE = GND, T/A = VCCA 

VOlPA Quiet Output 3.3 3.3 0.8 
V 

(Notes 1,2) 
Maximum Dynamic 3.3 5.0 0.8 

VOlPB VOL 3.3 3.3 0.8 (Notes 1, 2) 
3.3 5.0 1.5 

V 

VOlVA Quiet Output 3.3 3.3 -0.8 
V 

(Notes 1, 2) 
Minimum Dynamic 3.3 5.0 -0.8 

VOlVB VOL 3.3 3.3 -0.8 (Notes 1., 2) 
3.3 5.0 -1.2 

V 

VIHDA Minimum High 3.3 3.3 2.0 
V 

(Notes 1, 3) 
Level Dynamic 3.3 5.0 2.0 

VIHDB 
Input Voltage 3.3 3.3 2.0 (Notes 1, 3) 

3.3 5.0 3.5 
V 

VI lOA Maximum Low 3.3 3.3 0.8 
V 

(Notes 1, 3) 
Level Dynamic 3.3 5.0 0.8 

VllDB 
Input Voltage 3.3 3.3 0.8 (Notes 1,3) 

3.3 5.0 1.5 
V 

Note 1: Worst case package. 
Note 2: Max number of outputs defined as (n). Data inputs are driven OV to Vee level; one output at GND. 
Note 3: Max number 01 Data Inputs (n) switching. (n-1) Inputs switching OV to Vee level.lnput·under-test switching: Vee level to threshold (VIHO), OV to threshold 
(VILO), 1 = 1 MHz. 

; 
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AC Electrical Characteristics: See Section 2 for Test Methodology 

74LVXC3245 74LVXC3245 74LVXC3245 74LVXC3245 

TA = +25'C TA = -40'Cto + 85'C TA = +25'C TA = -40'C to +85'C 

CL=50pF CL = 50pF CL = 50pF CL=50pF 
Symbol Parameter VCCA = 2.7V-3.6V VCCA = 2.7V-3.6V VCCA = 2.7V-3.6V VCCA = 2.7V-3.6V Units 

VCCB = 4.5V-5.5V VCCB = 4.5V-5.5V VCCB = 3.0V-3.6V VCCB = 3.0V-3.6V 

Typ 
Min (Note 1) Max Min Max M' Typ 

In (Note 2) 
Max Min Max 

tpHL Propagation Delay 1.0 4.8 8.0 1.0 8.5 1.0 5.5 8.5 1.0 9.0 

tpLH AtoB 1.0 3.9 6.5 1.0 7.0 1.0 5.2 8.0 1.0 8.5 
ns 

tpHL Propagation Delay 1.0 3.8 6.5 1.0 7.0 1.0 4.4 7.0 1.0 7.5 

tpLH BtoA 1.0 4.3 7.5 1.0 8.0 1.0 5.1 7.5 1.0 8.0 
ns 

tPZL Output Enable Time 1.0 4.7 8.0 1.0 8.5 1.0 6.0 9.0 1.0 9.5 

tpZH OEtoB 1.0 4.8 8.5 1.0 9.0 1.0 6.1 9.5 1.0 10.0 
ns 

tpZL Output Enable Time 1.0 5.9 9.5 1.0 10.0 1.0 6.4 10.0 1.0 10.5 

tpZH OEtoA 1.0 5.4 9.0 1.0 9.5 1.0 5.8 9.0 1.0 9.5 
ns 

tpHZ Output Disable Time 1.0 4.0 8.0 1.0 8.5 1.0 6.3 9.5 1.0 10.0 

tpLZ OEtoB 1.0 3.8 7.5 1.0 8.0 1.0 4.5 8.0 1.0 8.5 
ns 

tpHZ Output Disable Time 1.0 4.6 9.5 1.0 10.0 1.0 5.2 9.5 1.0 10.0 

tpLZ OEtoA 1.0 3.1 6.5 1.0 7.0 1.0 3.4 6.5 1.0 7.0 
ns 

tOSHL Output to Output 

toSLH Skew' 1.0 1.5 1.5 1.0 1.5 1.5 ns 

Data to Output 

Note 1: Typical values at VCCA = 3.3V, VCCB = 5.0V @ 25'C. 
Note 2: Typical values al VCCA = 3.3V, VCCB = 3.3V @ 25'C. 
'Skew is defined as the absolute value of the difference between the actual propagation delay for any two separale outputs of the same device. The specification 
applies to any oulputs switching in the same direction, either HIGH to LOW (!oSHU or LOW to HIGH (!oSLH). Parameter guaranteed by design. 

CapaCitance 
Symbol Parameter Typ Units Conditions 

CIN Input CapaCitance 4.5 pF VCC = Open 

ClIO Input/Output Capacitance 
10 pF 

VCCA = 3.3V 

VCCB = 5.0V 

CPO Power Dissipation I A-B 50 pF VCCB = 5.0V 
CapaCitance I B-A 40 pF VCCA = 3.3V 

cpo is measured at 10 MHz. 
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U) .---------------------------------------------~~--------------------------------. 
'0:1' 
~ Configurable 1/0 Application for PCMCIA Cards 
CJ 
>< 
~ Block Diagram 

74LVXC3245 
VeeA VeeB 

< SO(0:15) > 
3V Vee SLOT 0 

U) 
en 
en 
a. 
...., 
~ ...., 

PCMCIA 2.0 ...., 
.::::. JEIOA 4.1 
en COMPATIBLE 
:::> 

~ CONTROLLER m 
« 
!!! 

< SO~O: IS! 

The LVXC3245 is a 24-pin dual supply device well suited for 
PCMCIA configurable I/O applications. Ideal for low power 
notebook designs, the LVXC3245 consumes less than 
1 mW of quiescent power in all modes of operation. The 
LVXC3245 meets all PCMCIA I/O voltage requirements at 
5V and 3.3V operation. By tying VeCB of the LVXC3245 to 
the card voltage supply, the PCMCIA card will always expe
rience rail to rail output swings, maximizing the reliability of 
the interface. 

POWER SWITCH ES 

--------------
5V Vee 3V Vee 

> 
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SLOT 1 

OPTIONAL 
TL/F 112008-3 

The VCCA pin on the LVXC3245 must always be tied to a 3V 
power supply. This voltage connection provides internal ref
erences needed to account for variations in VCCB. When 
connected as in the figure above, the LVXC3245 meets all 
the voltage and current requirements of the ISA bus stan
dard (IEEE P996). 



~National 
~ semiconductor 

74LVXC4245 
8-Bit Dual Supply Configurable Voltage 
Interface Transceiver with TRI-STATE® Outputs 

General Description 
The LVXC4245 is a 24-pin dual-supply, a-bit configurable 
voltage interface transceiver suited for PCMCIA and other 
real time configurable 110 applications. The VeeA pin ac
cepts a 5V supply level. The "A" port is a dedicated 5V port. 
The Vcca pin accepts a 3V-to-5V supply level. The "S" port 
is configured to track the Vcca supply level respectively. A 
5V level on the Vee pin will configure the 1/0 pins at a 5V 
level and a 3V Vee will configure the 1/0 pins at a 3V level. 
This device will allow the Vcca voltage source pin and 1/0 
pins on the "S" port to float when OE is HIGH. This feature 
is necessary to buffer data to and from a PCMCIA socket 
that permits PCMCIA cards to be inserted and removed dur
ing normal operation. 

Ordering Code: See Section 11 

Logic Symbol 

I I I I I I I I 

I I I I I I I I 
TL/F/12009-1 

Pin Names Description 

OE Output Enable Input 

T/R Transmit/Receive Input 

Side A Inputs or TRI-STATE Outputs 

Side S Inputs or TRI-STATE Outputs 

Features 
• Sidirectional interface between 5V and 3V-to-5V buses 
• Control inputs compatible with TTL level 
• Outputs sourcelsink up to 24 mA 
• Guaranteed simultaneous switching noise level and dy

namic threshold performance 
• Available in SOIC and QSOP packages 
• Implements patented Quiet Series EMI reduction 

circuitry 

• Flexible Vcca operating range 
• Allows S port and Veea to float simultaneously when 

OE is HIGH 
• Functionally compatible with the 74 series 245 

Connection Diagram 

Pin Assignment 
for SOIC and asop 

\.J 
VCCA - 1 24 -VCCB 

T!R- 2 23 -NC 

Aa-3 22 -or 
'i - 4 21 -80 

A2 - 5 20 -81 

A3 - 6 19 -82 

A, - 7 18 -83 

As- 8 17 -8, 

As - 9 16 - 85 

A7 - 10 15 - 8s 

GND- 11 14 - 87 

GND- 12 13 - GND 

TL/F/12009-2 

SOICJEDEC asop 
Order Number 

See NS Package Number 

74LVXC4245WM 
74LVXC4245WMX 

M24S 
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74LVXC4245QSC 
74LVXC4245QSCX 

MQA24 



~ ,--------------------------------------------------------------------------, 
'ICI' 
~ Truth Table 

~ Inputs 
Outputs 

EO T/R 

L L Bus B Data to Bus A 

L H Bus A Data to Bus B 

H X HIGH-Z State 

Logic Diagram 

TL/F/12009-4 
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Absolute Maximum Ratings (Note) Recommended Operating 
If Military/Aerospace specified devices are required, Conditions 
please contact the National Semiconductor Sales Supply Voltage VCCA 4.5Vt05.5V 
Office/Distributors for availability and specifications. 

VCCB 2.7Vto 5.5V 
Supply Voltage (VCCA.VCCB) -0.5Vto +7.0V 

Input Voltage (VI) @ OE. T IR OVtoVcCA 
DC Input Voltage (VI) @ OE. T iA -0.5Vto VCCA +0.5V Input/Output Voltage (VI/o) 
DC Input/Output Voltage (VI/o) @An OVtoVCCA 

@An -0.5Vto VCCA +0.5V @Sn OVtoVCCB 
@Sn -0.5Vto VCCB +0.5V Free Air Operating Temperature (T A) -40'Cto +85'C 

DC Input Diode Current (Ilid @ OE. T /A ±20mA 
Minimum Input Edge Rate (II. V / At) 8 ns/V 

DC Output Diode Current (10K) ±50mA VIN from 30% to 70% of VCC 
DC Output Source or Sink Current (10) ±50mA VCC @ 3V. 4.5V. 5.5V 

DC Vcc or Ground Current 
Per Output Pin (Icc or IGNO) ±50mA Note: The "Absolute Maximum Ratings" are those values 
and Max Current ±200mA beyond which the safety of the device cannot be guaran-

Storage Temperature Range (T STG) -65'C to + 150'C teed The device should not be operated at these limits. The 

DC Latch-Up Source or Sink Current ±300mA 
parametric values defined in the "Electrical Characteristics" 
table are not guaranteed at the absolute maximum ratings. 
The "Recommended Operating Conditions" table will define 
the conditions for actual device operation. 

DC Electrical Characteristics 
74LVXC4245 

Symbol Parameter VCCA VCCB 
TA = +25'C TA= -40'Cto+B5'C Units Conditions 

(V) (V) 
Typ Guaranteed Limits 

VIHA Minimum High Level An 4.5 2.7 2.0 2.0 VOUT 5: 0.1V 
Input Voltage OE 4.5 3.6 2.0 2.0 or 

T/A 5.5 5.5 2.0 2.0 ;;;, VCC - 0.1V 
V 

VIHB 4.5 2.7 2.0 2.0 
Sn 4.5 3.6 2.0 2.0 

4.5 5.5 3.85 3.85 

VILA Maximum Low Level An 4.5 2.7 0.8 0.8 VOUT 5: 0.1V 
Input Voltage OE 4.5 3.6 0.8 0.8 or 

T/A 5.5 5.5 0.8 0.8 ;;;, VCC - 0.1V 
V 

VILB 4.5 2.7 0.8 0.8 
Sn 4.5 3.6 0.8 0.8 

4.5 5.5 1.65 1.65 

VOHA Minimum High Level 4.5 3.0 4.49 4.4 4.4 
V 

lOUT = -100 ",A 
Output Voltage 4.5 3.0 4.25 3.86 3.76 10H = -24mA 

VOHB 4.5 3.0 2.99 2.9 2.9 lOUT = -100 ",A 
4.5 3.0 2.85 2.56 2.46 10H = -12mA 
4.5 3.0 2.65 2.35 2.25 V 10H = -24mA 
4.5 2.7 2.5 2.3 2.2 10H = -12mA 
4.5 2.7 2.3 2.1 2.0 10H = -24mA 
4.5 4.5 4.25 3.86 3.76 10H = -24mA 

VOLA Maximum Low Level 4.5 3.0 0.002 0.1 0.1 
V 

lOUT = 100 ",A 
Output Voltage 4.5 3.0 0.21 0.36 0.44 10L = 24mA 

VOLB 4.5 3.0 0.002 0.1 0.1 lOUT = 100 ",A 
4.5 3.0 0.21 0.36 0.44 10L = 24mA 
4.5 2.7 0.11 0.36 0.44 V 10L = 12mA 
4.5 2.7 0.22 0.42 0.5 10L = 24mA 
4.5 4.5 0.18 0.36 0.44 10L = 24mA 
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DC Electrical Characteristics (Continued) 

74LVXC4245 

Symbol Parameter VCCA VCCB 
TA = +25'C TA = -40'Cto +85'C Units Conditions 

(V) (V) 
Typ Guaranteed Limits 

liN Maximum Input 
5.5 3.6 ±0.1 ±1.0 VI = VCCA, GND 

Leakage Current @ p.A 
DE, T/R 5.5 5.5 ±0.1 ±1.0 

10ZA Maximum TRI-STATE 5.5 3.6 ±0.5 ±5.0 
p.A 

VI = Vll, VIH. DE = VCCA 
Output Leakage @ An 5.5 5.5 ±0.5 ±5.0 Va = VCCA. GND 

10ZB Maximum TRI-STATE 5.5 3.6 ±0.5 ±5.0 
p.A VI = Vil. VIH. OE = VCCA 

Output leakage @ Sn 5.5 5.5 ±0.5 ±5.0 Va = VCCB. GND 

Aicc Maximum I All Inputs 5.5 5.5 1.0 1.35 1.5 mA VI = Vcc - 2.1V 
Iccllnput L Sn 5.5 3.6 0.35 0.5 mA VI = VCCB - 0.6V 

ICCAl Quiescent VCCA An = VCCA or GND 
Supply Current as S 5.5 Open 8 80 p.A Sn = Open. OE = VCCA 
Port Floats T/R = VCCA. VCCB = Open 

ICCA2 Quiescent VCCA 
5.5 3.6 8 80 

An = VCCAorGND 
Supply Current 

5.5 5.5 8 80 
p.A Sn = VCCB or GND 

DE = GND. T/R = GND 

ICCB Quiescent VCCB 
5.5 3.6 5 50 

An = VCCA or GND 
Supply Current 

5.5 5.5 8 80 
p.A Sn = VCCB or GND 

OE = GND. T/R = VCCA 

VOlPA Quiet Output 5.0 3.3 1.5 
V 

(Notes 1 and 2) 
Maximum Dynamic 5.0 5.0 1.5 

VOLPB 
VOL 

5.0 3.3 0.8 (Notes 1 and 2) 
5.0 5.0 1.5 

V 

VQLVA Quiet Output Minimum 5.0 3.3 -1.2 
V 

(Notes 1 and 2) 
Dynamic Val 5.0 5.0 -1.2 

VOlVB 5.0 3.3 -0.8 
V 

(Notes 1 and 2) 
5.0 5.0 -1.2 

VIHDA Minimum High Level 5.0 3.3 2.0 
V 

(Notes 1 and 3) 
Dynamic Input 5.0 5.0 2.0 

VIHDB 
Voltage 

5.0 3.3 2.0 (Notes 1 and 3) 
5.0 5.0 3.5 

V 

VllDA Maximum Low Level 5.0 3.3 0.8 
V 

(Notes 1 and 3) 
Dynamic Input 5.0 5.0 0.8 

VILDB 
Voltage 

5.0 3.3 0.8 (Notes 1 and 3) 
5.0 5.0 1.5 

V 

Nole 1: Worst case package. 
Note 2: Max number of outputs defined as (n). Data inputs are driven OV 10 Vee level; one output al GND. 
Nole 3: Max number 01 Data Inputs (n) switching. (n-1) inputs switching OV to Vee level. Input·under-test switching.: Vee level 10 threshold (VIHO), OV to threshold 
(VILD), 1 ~ 1 MHz. 
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AC Electrical Characteristics: See Section 2 for Test Methodology 

74LVXC4245 74LVXC4245 

CL = 50pF CL = 50pF 
VCCA = 4.5V to 5.5V VCCA = 4.5V to 5.5V 

Symbol Parameter VCCB = 4.5V to 5.5V VCCB = 2.7V to 3.6V Units 

TA = +25'C TA = -40'Cto +85'C TA = +25'C TA = -40"Cto +85'C 

Min 
Typ 

Max Min Max Min 
Typ 

Max Min Max 
(Note 1) (Note 2) 

tpHL Propagation 1.0 4.9 6.5 1.0 7.0 1.0 5.5 7.5 1.0 8.0 

tpLH DelayAtoB 1.0 4.0 5.5 1.0 6.0 1.0 5.0 7.0 1.0 7.5 
ns 

tpHL Propagation 1.0 4.7 6.5 1.0 7.0 1.0 5.6 7.5 1.0 8.0 

tpLH DelayBtoA 1.0 3.9 5.0 1.0 5.5 1.0 4.3 6.0 1.0 6.5 
ns 

tPZL Output Enable 1.0 5.6 7.5 1.0 8.0 1.0 6.7 9.0 1.0 10.0 

tpZH TimeOEtoB 1.0 5.7 7.5 1.0 8.0 1.0 6.9 9.5 1.0 10.0 
ns 

tPZL Output Enable 1.0 7.4 9.0 1.0 10.0 1.0 8.0 10.0 1.0 11.0 

tPZH TimeOEtoA 1.0 6.1 7.5 1.0 8.5 1.0 6.3 8.0 1.0 8.5 
ns 

tpHZ Output Disable 1.0 4.8 7.0 1.0 7.5 1.0 6.0 9.0 1.0 9.5 

tpLZ TimeOEtoB 1.0 3.8 5.5 1.0 6.0 1.0 4.2 6.5 1.0 7.0 
ns 

tpHZ Output Disable 1.0 3.4 5.5 1.0 6.0 1.0 3.4 5.5 1.0 6.0 

tpLZ TimeOEtoA 1.0 2.9 4.5 1.0 5.0 1.0 2.9 5.0 1.0 5.5 
ns 

ioSHL Output to Output 

ioSLH Skew (Note 3) 1.0 1.5 1.5 1.0 1.5 1.5 ns 
Data to Output 

Note 1: Typical values at VCCA ~ SV, VCCB ~ SV @2S"C. 

Note 2: Typical values at VCCA ~ SV, VCCB ~ 3.3V @2S"C. 

Note 3: Skew is defined as the absolute value of the difference between the actual propagation delay for any two separate outputs of the same device. The 
specification applies to any outputs switching in the same direction, either HIGH to LOW (toSHU or LOW to HIGH (toSlH)' Parameter guaranteed by design. 

Capacitance 
Symbol Parameter Typ Units Conditions 

CIN Input Capacitance 4.5 pF VCC = Open 

ClIO Input/Output Capacitance 10 pF VCCA = 5V, VCCB = 3.3V 

CpO Power Dissipation Capacitance I A - B 45 pF VCCA = 5V 

I B-A 50 pF VCCB = 3.3V 

Note: Cpo is measured at 10 MHz. 
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Configurable 1/0 Application for PCMCIA Cards 

Block Diagram 

74LVXC4245 
VeeA r---

, L VeeB 
V 
X = e l:: 

< > 
4 

SD~0:15! 2 l:: 
4 = 5 

5V Vee ~ i= 
L ~ SLOT 0 
V 
X = ,-... 

<0 
0> 
0> 
a.. 
UJ 
UJ 

e i= 4 l:: 2 

POWER SWITCHES 4 =. 5 
~ ~ UJ 

.;:;. 
PCMCIA 2.0 

f-- SLOT 0 
JEIDA 4.1 

r ------------(I) 

~ 
:;) 

COMPATIBLE 
CONTROLLER f-- SLOT 1 r---m 

<I: 
!!! 

< SD~O: 15! 

The L VXC4245 is a 24-pin dual supply device well suited for 
PCMCIA configurable 110 applications. Ideal for low power 
notebook deSigns, the. L VXC4245 consumes less than 
1 mW of quiescent power in all modes of operation. The 
LVXC4245 meets all PCMCIA 110 voltage requirements at 
5V and 3.3V operation. By tying VCCB of the LVXC4245 to 
the card voltage supply, the PCMCIA card will always expe
rience rail to rail output swings, maximizing the reliability of 
the interface. 

I L I I I v 
5V Vee 3V Vee I x = 

> 
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e = 4 = '2 . 
4 = 5 = ~ = SLOT 1 

L = V 
X = e -
4 = 2 -
4 
5 

io.--

OPTIONAL 
TLlF/12009-3 

The VCCA pin on the LVXC4245 must always be tied to a 5V 
power supply. This voltage connection provides internal ref
erences needed to account for variations in VCCB. When 
connected as in the block diagram above, the LVXC4245 
meets all the voltage and current requirements of the ISA 
bus standard (IEEE P996). 



Section 7 
LVX Bus Switch Family 

• 



Section 7 Contents 
LVX Bus Switch Family Features..... .... ..... ........ .................. ...... ....... 7-3 
74LVX3L383 10-Bit Low Power Bus-Exchange Switch. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-4 
74LVX3L384 10-Bit Low Power Bus Switch..................................... ....... 7-7 

7-2 



~National 
Semiconductor 

lVX Bus Swutch family 
low Voltage CMOS Bus Switches 

Features Advantages 

State-of-the-Art sub-micron SiGMOS process Good ESD and Latchup immunity 

Quick and easy 5V to 3V translation Allows 3.3V components to interface with 5V signals 

Near zero propagation delays; 250 ps typical Facilitates high-performance bus connections and exchanges 

Ultra low standby current (Icc 3 /loA max over temp) Saves power, extends battery life. Ideal for portable applications 

Low on resistance (Ron) and low input capacitance (Gi) Minimizes bus loading 

SOIG and QSOP Saves board space and weight 

Alternate source available Product standardization. Ensured product supply 
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~National PRELIMINARY 

Semiconductor 

74LVX3L383 
10-Bit Low Power Bus-Exchange Switch 

General Description Features 
The LVX3L383 provides two sets of high-speed CMOS TTL- • 50 switch connection between two ports 
compatible bus switches. The low on resistance of the • Zero propagation delay 
switch allows inputs to be connected to outputs without • Ultra low power with 0.2 jJA typical Icc 
adding propagation delay or generating additional ground • Zero ground bounce in flow-through mode 
bounce noise. The device operates as a 1 O-bit bus switch or • Control inputs compatible with TTL level 
a 5-bit bus exchanger. The bus exchange (BX) signal pro-

• Available in SOIC and QSOP (SSOP, 0.15" body width) 
vides nibble swapping of the AB and CD pairs of signals. 

packages 
This exchange configuration allows byte swapping of buses 
in systems. It can also be used as a quad 2-to-1 multiplexer 
and to create low delay barrel shifters. The bus enable (I3E) 
signal turns the switches on. 

Ordering Code: See Section 11 

Logic Diagram Connection Diagram 

1.0 ¥T~ 
Pin Assignment for 

SOIC and asop 

~~ BE-I 
'-../ 

24 I-Vcc 

"= 
~- 2 23 1-04 

F lrioo 1.0- 3 22 -84 

80 
80- 4 21 -A4 

.!=: 
r- Oo- 5 20 -C4 

'1- 6 19 -D3 . . . ~-7 18 -83 . . 

=:!T C4 

~ - 8 17 -A3 
A4 

!::= ~ - 9 16 -C3 

C2- 10 15 -02 
~ Ib ~ A2- 11 14 -82 

GNO- 12 13 -8X 

~ F ~04 
TL/F/11652-2 

84 
!::= Pin Names Description -

~~ 
BE Bus Switch Enable 

BX Bus Exchange 

8X 
Ao-A4, Bo-B4 Buses A, B 

BE CO-C4, Do-D4 BusesC, D 

TL/F/11652-1 

Truth Table 
SOICJEDEC SSOPJEDEC 

BE BX Ao-A4 Bo-B4 Function 
Order Number 74LVX3L383WM 74LVX3L383QSC 

H X High-Z State High-Z State Disconnect 74LVX3L383WMX 74LVX3L383QSCX 

L L CO-C4 Do- D4 Connect SeeNS M24B MQA24 

L H Do-D4 CO-C4 Exchange Package Number 

Preliminary Data: National Semiconductor reserves the right to make changes at any time without notice. 
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Absolute Maximum Ratings (Note 1) 

If Military/Aerospace specified devices are required, Recommended Operating 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. Conditions 
Supply Voltage (Vecl -0.5Vto +7.0V Supply Voltage (Vecl 4.0Vto5.5V 

DC Switch Voltage (Vs) -0.5Vto +7.0V Free Air Operating Temperature (TAl -40'Cto +85'C 

DC Input Voltage (VI) (Note 2) -0.5Vto +7.0V 

DC Input Diode Current (liN) with VI < 0 -20 rnA 

DC Output (10) Sink Current 120 rnA 

Storage Temperature Range (T STG) -65'Cto + 150'C 

Power Dissipation 0.5W 

Note 1: The "Absolute Maximum Ratings" are those values 
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The 
parametric values defined in the "Electrical Characteristics" 
table are not guaranteed at the absolute maximum ratings. 
The "Recommended Operating Conditions" table will define 
the conditions for actual device operation. 

Note 2: The input and output negative voltage ratings may 
be exceeded if the input and output diode cUffent ratings 
are observed. 

DC Electrical Characteristics 
74LVX3L383 

Symbol Parameter Vee TA = -40'Cto +85'C 
Units Conditions 

(V) 
Typ 

Min 
(Note 3) 

Max 

VIK Maximum Clamp 
4.5 -1.2 V 

liN = -18mA 
Diode Voltage 

VIH Minimum High 
4.0-5.5 2.0 

Level Input Voltage 
V 

VIL Maximum Low 
4.0-5.5 0.8 

Level Input Voltage 

liN Maximum Input 0 10 O:S: VIN:S: 5.5V 
Leakage Current IJ-A 

5.5 ±1 

loz Maximum TRI-STATE® 
5.5 ±1 IJ-A 

O:S: A,B:S: Vee 
I/O Leakage 

los Short Circuit Current 
4.5 100 rnA 

VI(A), VI (B) = OV, 
Vj(B), VI(A) = 4.5V 

RON Switch On 5 7 n VI = OV, ION = SO mA 
Resistance (Note 1) 4.5 

10 15 n VI = 2.4V, ION = 15 mA 

Icc Maximum Quiescent 
5.5 0.2 S.O IJ-A 

VI = Vec,GND 
Supply Current 10= 0 

alec Increase in ICC 
5.5 2.5 mA 

VIN = S.4V, 10 = 0 
per Input (Note 2) Per Control Input • 

Note 1: Measured by voltage drop between A and B pin at indicated current through the switch. On resistance is determined by the lower of the voltages on the two 
(A or B) pins. 

Note 2: Per TIL driven input (VIN = 3.4V, control inputs only). A and B pins do not contributa to lec. 

Note 3: All typical values are at Vee = 5.0V. TA = 25'C. 
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AC Electrical Characteristics: See Section 2 for Test Methodology 

74LVX3L383 

Vee TA = -40"Cto +8S'C Units 
Symbol Parameter 

(V) CL = SOpF 

Min 
Typ 

Max 
(Note 2) 

tpLH Data Propagation Delay 
4.5 0.25 ns 

tpHL An to Bn or Bn to An (Note 1) 

tpLH Switch Exchange Time 
4.5 1.5 6.5 ns 

tpHL BXto An or Bn 

tPZL Switch Enable Time 
4.5 1.5 6.5 

tpZH BE to An. Bn 
ns 

tpLZ Switch Disenable Time 
4.5 1.5 5.5 

tpHZ BE to An. Bn 
ns 

Note 1: This parameter Is guaranteed by design but not tested. The bus switch contributes no propagation delay other than the RC delay of the On resistance of 
the switch and the load capacHence. The time constant for the swHch and alone is of the order of 0.25 ns for 50 pF load. Since this time constant Is much smaller 
than the risellall times of typical driving signals. H adds very 1i"le propagation delay to the system. Propagation delay of the bus switch when used in a system is 
determined by the driving circuit on the driving side of the switch and Its Interaction with the load on tho driven side. 
Note 2: Alljypical values are at Vee = 5.0V. TA = 25"C. 

Capacitance (Note) 

Symbol Parameter Typ Max Units Conditions 

CIN Control Input Capacitance 4 pF Vee = 5.0V 

ClIO (ON) Input/Output Capacitance '8 pF Vee = 5.0V 

ClIO (OFF) , Input/Output Capacitance 6 pF Vee = 5.0V 

Note: Capacitance is characterized but not tested. 
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~National PRELIMINARY 

Semiconductor 

74LVX3L384 
10-Bit low Power Bus Switch 

General Description Features 
The LVX3L384 provides 10 bits of high-speed CMOS TTL- • 50 switch connection between two ports 
compatible bus switches. The low on resistance of the • Zero propagation delay 
switch allows inputs to be connected to outputs without • Ultra low power with 0.2 ".A typical Icc 
adding propagation delay or generating additional ground • Zero ground bounce in flow-through mode 
bounce noise. The device is organized as two 5-bit switches • Control inputs compatible with TTL level 
with separate bus enable (BE) signals. When BE is low, the 

• Available in SOIC and QSOP (SSOP 0.15" Body width) 
switch is on and port A is connected to port B. When BE is 
high, the switch is open and a high-impedance state exists 
between the two ports. 

Ordering Code: See Section 11 

logic Diagram Connection Diagram 

Pin Assignment for 
SOIC and asop 

Ao~Bo 
BE A- 1 

'-./ 
24 r-Vcc : -r- : · · 80- 2 23 I-Bg 

A4~ B4 

- ~ Ag- 3 22 I-Ag 

As Bs 
A1- 4 21 I-Aa 

· -- · ~ - 5 20 I-Ba · · · ~~ B2- 6 19 '-B7 Ag 

!::: - A2- 7 181- A7 

A3- 8 171-Ag 

BEA--[>o-
B3 - 9 16 I-Bg 

B4- 10 15 I-Bs 

BEB -J>o-- A4- 11 141-As 

GNO- 12 13 rBE B 
TL/F/11653-1 

TUF/11653-2 

Truth Table 
BEA BEB Bo-B4 Bs-B9 Function Pin Names Description 

L L Ao-A4 As-Ag Connect BEA,BEB Bus Switch Enable 

L H Ao-A4 HIGH-Z State Connect AO-Ag BusA 
H L HIGH-Z State As-Ag Connect 

BO-Bg BusS • H H HIGH-Z State HIGH-Z State Disconnect 

SOICJEDEC SSOPJEDEC 

Order Number 74LVX3L384WM 74LVX3L384QSC 
74LVX3L384WMX 74LVX3L384QSCX 

See NS Package Number M24B MQA24 

Preliminary Data: National Semiconductor reserves the right to make changes at any time without notlce_ 
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· Absolute Maximum Ratings (Note 1) Recommended Operating 
If Military/Aerospace specified devices are required, Conditions 
please contact the National Semiconductor Sales Supply Voltage {Vecl 4.0Vto5.5V 
Office/Distributors for availability and specifications. 

Supply Voltage {Vccl -0.5Vto +7.0V 
Free Air Operating Temperature (TAl -40"Cto +85'C 

DC Switch Voltage (Vs) -0.5 to +7.0V 
DC Input Input Voltage (VI) (Note 2) -0.5 to + 7.0V 

DC Input Diode Current with (VI < 0) -20mA 

DC Output (10) Sink Current 120mA 

Storage Temperature Range (T STG) -65'Cto +150'C 
Power Dissipation 0.5W 
Note 1: The "Absolute Maximum Ratings" are those values 
beyond which the safety of the device cannot be guaran-
teed The device should not be operated at these limits. The 
parametric values defined in the "Electrical Characteristics" 
table are not guaranteed at the absolute maximum ratings. 
The "Recommended Operating Conditions" table will define 
the conditions for actual device operatiOn. 

Note 2: The input and output negative voltage ratings may 
be exceeded if the input and output diode current ratings 
are observed 

DC Electrical Characteristics 
74LVX3L384 

Symbol Parameter Vee TA = -40'Cto +85'C Units Conditions 
(V) 

Typ 
Min 

(Note 3) 
Max 

VIK Maximum Clamp 
4.5 -1.2 V 

liN = -18mA 
Diode Voltage 

VIH Minimum High 
4.0-5.5 2.0 

Level Input Voltage 
V 

VIL Maximum Low 
4.0-5.5 0.8 

Level Input Voltage 

liN Maximum Input 0 10 0:;:; VIN:;:; 5.5V 
Leakage Current p.A 

5.5 ±1 

loz Maximum TRI-STATE<I!l 
5.5 ±1 p.A 

0:;:; A,B:;:; Vee 
I/O Leakage 

los Short Circuit Current 
4.5 100 mA 

VI(A), VI(B) = OV, 
VI(B), VI(A) = 4.5V 

RON Switch On 
4.5 

5 7 {1 VI = OV, ION = 30 mA 
Resistance (Note 1) 10 15 {1 VI = 2.4V,ION = 15 mA 

Icc Maximum Quiescent 
5.5 0.2 3.0 p.A 

VI = Vee,GND 
Supply Current 10= 0 

Alec Increase in Icc 
5.5 2.5 mA 

VIN = 3.4V, 10 = 0 
per Input (Note 2) Per Control Input 

Note 1: Measured by voltage drop between A and B pin at Indicated current through the switch. On resistance Is determined by the lower 01 the voltages on the two 
(A or B) pins. 
Note 2: Per TTL driven Input (YIN = 3.4V, control Inputs only). A and B pins do not contribute to lec. 
Note 3: All typical values are at Vee = .S.OV, TA = 2S'C. 
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AC Electrical Characteristics: See Section 2 for Test Methodology 

74LVX3L384 

Symbol Parameter Vee TA = -40'Cto +85'C 
Units 

(V) CL = 50pF 

Min 
Typ 

Max 
(Note 2) 

TpLH Data Propagation Delay 

TpHL An to Bn or Bn to An 4.5 0.25 ns 
(Note 1) 

TpZL Switch Enable Time 
4.5 1.5 6.5 

TpZH BEA, BEe to An, Bn 
ns 

TpLZ Switch Disable Time 
4.5 1.5 5.5 

TpHZ BEA, BEe to An, Bn 
ns 

Note 1: This parameter is guaranteed by design but not tested. The bus switch contributes no propagation delay other than the RC delay of the On resistance of 
the switch and the load capacitance. The time constant for the swnch and alone is of the order of 0.25 ns for 50 pF load. Since this time constant is much smaller 
then the risellall times of typical driving signals, it adds very little propagation delay to the system. Propagation delay of the bus switch when used in a system is 
determined by the driving circuit on the driving side of the switch and its interaction with the load on the driven side. 

Note 2: All typical values are at Vee ~ 5.0V, TA ~ 25'C. 

Capacitance (Note) 

Symbol Parameter Typ Max Units Conditions 

CIN Control Input Capacitance 4 pF Vee = 5.0V 

CliO (ON) Input/Output Capacitance 8 pF Vee = 5.0V 

CliO (OFF) Input/Output Capacitance 6 pF Vee = 5.0V 

Note: Capacitance is characterized but not tested. 

II 
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~National 
Semiconductor 

LVX Family 
Low Voltage CMOS Logic 
(with 5V tolerent inputs) 

Features Advantages 

Extended Vee range from 2.7V to 3.6V, compatible with Fully characterized for unregulated battery operation 
JEDEC Std. No. 8-1 B 

0.8 I'm CMOS process High performance with propagation delays as fast as 7.0 ns max 
for octals 

No Input-diode clamp to Vee Interfaces directly to industry standard buses and 5V systems at 

inputs 

Low standby current (lee 40 ",A max for octal over temp) Saves power, extends battery life 

± 4 mA drive current Balanced drive 

SOIC, EIAJ-SOIC and SSOP I packaging Saves board space and weight; TSSOP compatible with PCMCIA 

standards 

Alternate source available Product standardization. Ensured product supply 
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C) r----------------------------------------------------------------------------, 
C) 

~ J?A National 
~ Semiconductor 

74LVXOO 
Low Voltage Quad 2-lnput NAND Gate 

General Description 
The LVXOO contains four 2-input NAND gates. The inputs 
tolerate voltages up to 7V allowing the interface of 5V sys
tems to 3V systems. 

Ordering Code: See Section 11 

Logic Symbol 

IEEE/IEC 

TLfFf11551-3 

Pin Names 

An. Bn 
On 

SOICJEDEC 

Order Number 74LVXOOM 
74LVXOOMX 

See NS Package Number M14A 

Features 
• Input voltage level translation from 5V to 3V 
• Ideal for low powerllow noise 3.3V applications 
• Available in SOIC JEDEC. SOIC EIAJ and SSOP 

packages 
• Guaranteed simultaneous switching noise level and 

dynamic threshold performance 

Connection Diagram 

Pin Assignment 
for SOIC and SSOP 

Ao vee 
Bo 

2 
A2 

°0 82 

Aj 
4 

°2 

~ 
5 

A3 

°1 83 

GND 

Description 

Inputs 
Outputs 

SOICEIAJ SSOPTYPE I 

74LVXOOSJ 
74LVXOOSJX 74LVXOOMSCX 

M14D MSC14 

TLfFf11551-2 
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Absolute Maximum Ratings (Note) Recommended Operating 
If Military/Aerospace specified devices are required, Conditions 
please contact the National Semiconductor Sales 

Supply Voltage (Vee) 2.0Vto 3.6V 
Office/Distributors for availability and specifications. 

Supply Voltage {Vee> -0.5Vto +7.0V 
Input Voltage (VI) OVt05.5V 

DC Input Diode Current (11K) 
Output Voltage (Vo) OVtoVee 

VI = -0.5V -20mA Operating Temperature (T A) -40'Cto +B5'C 

DC Input Voltage (VI) -0.5Vto 7V Input Rise and Fall Time (al/av) o nslV to 100 nslV 

DC Output Diode Current (10K> 
Vo = -0.5V -20mA 
Vo = Vee + 0.5V +20mA 

DC Output Voltage (Vo) -0.5V to Vee + 0.5V 

DC Output Source 
or Sink Current (10) ±25mA 

DC Vee or Ground Current 
(Icc or 'GND) ±50mA 

Storage Temperature (T sm) -65'Cto + 150'C 

Power Dissipation 1BOmW 

Note: The "Absolute Maximum Ratings" are those values 
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The 
parametric values defined in the "Electrical Characteristics" 
table are not guaranteed at the absolute maximum ratings. 
The "Recommended Operarting Conditions" table will de-
fine the conditions for actual device operation. 

DC Electrical Characteristics 
74LVXOO 74LVXOO 

Symbol Parameter Vee TA = +25'C 
TA= 

- 40'C to + 85"C 
Units Conditions 

Min Typ Max Min Max 

VIH High Level 2.0 1.5 1.5 
Input 3.0 2.0 2.0 V 
Voltage 3.6 2.4 2.4 

VIL Low Level 2.0 0.5 0.5 
Input 3.0 O.B 0.8 V 
Voltage 3.6 0.8 O.B 

VOH High Level 2.0 1.9 2.0 1.9 VIN = VIL or VIH 10H = -50 ",A 
Output 3.0 2.9 3.0 2.9 V 10H = -50 ",A 
Voltage 3.0 2.5B 2.48 IOH=-4mA 

VOL Low Level 2.0 0.0 0.1 0.1 VIN = VIL or VIH 10L = 50 ",A 
Output 3.0 0.0 0.1 0.1 V 10L = 50 ",A 
Voltage 3.0 0.36 0.44 10L = 4mA 

liN Input 3.6 ±0.1 ±1.0 VIN = 5.5VorGND 
Leakage ".A 
Current 

Icc Quiescent 3.6 2.0 20.0 VIN = Vee or GND 
Supply ",A 
Current 
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o o 

~ Noise Characteristics: See Section 2 for Test Methodology 

74LVXOO 

Symbol Parameter 
';, Vee 

, TA = 25'C 
(V) 

Typ Limit 

VOlP Quiet Output Maximum Dynamic VOL 3.3 0.3 0.5 

VOlV Quiet Output Minimum Dynamic VOL 3.3 -0.3 -0.5 

VIHD Minimum High Level Dynamic Input Voltage 3.3 2.0 

VllD Maximum Low Level Dynamic Input Voltage 3.3 0.8 

Nole: (Input t, = tf = 3 ns) 

AC Electrical Characteristics: See Section 2 for Test Methodology 

74LVXO,O 74LVXOO 

Symbol Parameter 
Vee 

TA = +25'C 
TA = 

(V) - 40'C to + 85'C 

Min Typ Max Min Max 

tplH. Propagation Delay Time 2.7 5.4 10.1 1.0 12.5 

tpHl 7.9 13,6 1.0 16.0 

3.3 ±0.3 4.1 6.2 1.0 7.5 

6.6 9.7 1.0 11.0 

toSlH. Output to Output Skew 2.7 1.5 1.5 

tOSHL (Note 1) 

Nole 1: Parameter guaranteed by design toSLH = ItPLHm-tPLHnl, toSHL = ItPHLm-tPHLnl 

Capacitance 
74LVXOO 74LVXOO 

Symbol Parameter TA = +25'C 
TA= Units 

-40'C to +85'C 

Min Typ Max Min Max 

CIN Input Capacitance 4 10 10 pF 

CPD Power Dissipation 
19 pF 

Capacitance (Note 1) 

Note 1: CPO is defined as the value of the internal equivalent capacitance which is calculated from the operating current consumption 
without load. 

, , " Cpo x vcc X fiN + Icc 
Average operating current can be obtained by the equallon: ICC(opr) = (G)' 

, 4 per ate 
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V 50 

V 50 
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~National 
~ Semiconductor 

74LVX02 
low Voltage Quad 2 .. ~nlPut NOR Ga.ita 

General Description 
The LVX02 contains four 2-input NOR gates. The inputs 
tolerate voltages up to 7V allowing the interface of 5V sys
tems to 3V systems. 

Ordering Code: See Section 11 

Logic Symbol 

IEEE/IEC 

TL/F/11600-2 

Pin Names 

An,Sn 
On 

features 
III Input voltage level translation from 5V to 3V 
Ii] Ideal for low power/low noise 3.3V applications 
IJ Available in SOIC JEDEC, SOIC EIAJ and SSOP pack

ages 
IJ Guaranteed simultaneous switching noise level and 

dynamic threshold performance 

Connection Diagram 

Pin Assignment 
for SOIC and SSOP 

00 
14 

Vee 

Ao 
13 O2 

Bo 
12 

B2 

0; 11 
A2 

AI 
10 03 

BI B3 

GND 7 
A3 

TLlF/11600-1 

Description 

Inputs 
Outputs 

SOICJEDEC SOICEIAJ SSOPTYPEI 

Order Number 74LVX02M 74LVX02SJ 
74LVX02MX 74LVX02SJX 74LVX02MSCX 

See NS Package Number M14A M14D MSC14 
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Absolute Maximum Ratings (Note) Recommended Operating 
If Military/Aerospace specified devices are required, Conditions 
please contact the National Semiconductor Sales Supply Voltage (Vcel 2.0Vt03.6V 
Office/Distributors for availability and specifications. 

Supply Voltage (Vee) -0.5V to + 7.0V 
Input Voltage (VI) OVt05.5V 

DC Input Diode Current (Iud 
Output Voltage (Vo) OVtoVee 

VI = -0.5V -20mA Operating Temperature (TAl -40"Cto +85'C 

DC Input Voltage (VI) -0.5Vt07V Input Rise and Fall Time (all av) o nsN to 100 nsN 

DC Output Diode Current (loKl 
Vo = -0.5V -20mA 
Vo = Vee + 0.5V +20mA 

DC Output Voltage (Vo) -0.5V to Vee + 0.5V 

DC Output Source 
or Sink Current (10) ±25mA 

DC Vcc or Ground Current 
(Icc or IGNO) ±50mA 

Storage Temperature (T 8TG) -65'Cto + 150"C 

Power Dissipation 180mW 
Note: The "Absolute Maximum Ratings" are those values 
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The 
parametric values defined in the "Electrical Characteristics" 
table are not guaranteed at the absolute maximum ratings. 
The "Recommended Operating Conditions" table will define 
the conditions for actual device operation. 

DC Electrical Characteristics 
74LVX02 74LVX02 

Symbol Parameter Vee TA = +25'C 
TA= 

- 40'C to + 85'C 
Units Conditions 

Min Typ Max Min Max 

VIH High Level 2.0 1.5 1.5 
Input 3.0 2.0 2.0 V 
Voltage 3.6 2.4 2.4 

VIL Low Level 2.0 0.5 0.5 
Input 3.0 0.8 0.8 V 
Voltage 3.6 0.8 0.8 

VOH High Level 2.0 1.9 2.0 1.9 VIN = VILorVIH 10H = -50p.A 
Output 3.0 2.9 3.0 2.9 V 10H = -50p.A 
Voltage 3.0 2.58 2.48 10H = -4mA 

VOL Low Level 2.0 0.0 0.1 0.1 VIN = VIL or VIH 10L = 50 p.A 
Output 3.0 0.0 0.1 0.1 V 10L = 50 p.A 
Voltage 3.0 0.36 0.44 10L = 4mA 

liN Input 3.6 ±0.1 ±1.0 p.A VIN = 5.5V or GND 
Leakage 
Current 

Icc Quiescent 3.6 2.0 20.0 p.A VIN = Vee or GND 
Supply 
Current 
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Noise Characteristics: See Section 2 for Test Methodology 

74LVX02 

Symbol Parameter Vee 
TA = 25·C Units 

Conditions 
(V) CL (pF) 

Typ Limit 

VOLP Quiet Output Maximum Dynamic VOL 3.3 0.3 0.5 V 50 

VOLV Quiet Output Minimum Dynamic VOL 3.3. -0.3 -0.5 V 50 

VIHO Minimum High Level Dynamic Input Voltage 3.3 2.0 V 50 

VILO Maximum Low Level Dynamic Input Voltage 3.3 0.8 V 50 

Note: (Input" = tf = 3 ns) 

AC Electrical Characteristics: See Section 2 for Test Methodology 

74LVX02 74LVX02 

Symbol Parameter Vee 
TA = +25·C 

TA= Units CL 
(V) - 400C to + 85·C (pF) 

Min Typ Max Min Max 

tPLH. Propagation Delay Time 5.9 10.7 1.0 13.5 15 
tpHL 

2.7 r---
8.4 14.2 1.0 17.0 50 

ns r---
4.5 6.6 1.0 8.0 15 

3.3 ±0.3 -
7.0 10.1 1.0 11.5 50 

toSLH. Output to Output Skew 
2.7 1.5 1.5 ns 50 

toSHL (Note 1) 

Not~ 1: Parameter guaranteed by design. toSLH = ItPLHmlpLHml, toSHL = ItpHLm-tpHLmI 

Capacitance 
74LVX02 74LVX02 

Symbol Parameter TA = +2SOC 
TA= Units 

-40·Cto +8SOC 

Min Typ Max Min Max 

CIN Input Capacitance 4 10 10 pF 

CPO Power Dissipation 
15 pF 

Capacitance (Note 1) 

Note 1: CPO Is defined as the value of the Internal equivalent capacitance which Is calculated from the operating current consump-
tion without load. 

Average oparating current can be obtained by the equation: ICC(opr) = Cpo x ~cc ~ fiN) + Icc 
. 4 per ate 
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~ ,-------------------------------------------------------------------------, 

~ ~National 
~ semiconductor 

74LVX04 
Low Voltage Hex Inverter 

General Description 
The LVX04 contains six'inverters. The inputs tolerate volt
ages up to 7V allowing the interface of 5V systems to 3V 
systems. 

Ordering Code: See Section 11 

Features 
• Input voltage level translation from 5V to 3V 
• Ideal for low power/low noise 3.3V applications 
• Available in SOIC JEDEC, SOIC EIAJ and SSOP 

packages 
• Guaranteed simultaneous switching noise level and 

dynamic threshold performance 

Logic Symbol , Connection Diagram 

IEEE/IEC 

TLlF/11601-2 

Pin Names 

An 
On 

SOICJEDEC 

Order Number 74LVX04M 
74LVX04MX 

See NS Package Number M14A 
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Pin Assignment 
for SOIC and SSOP 

At! -.,--,,,,,, 14 Vee 

13 A3 

12 0'3 
11 A4 

0'0 
~-..--,;!." 

0; 
A2 -.,--,,,,,, 

0'2 
GND 

Description 

Inputs 
Outputs 

10 0'4 

..c--.--As 
0'5 

SOICEIAJ SSOPTYPEI 

74LVX04SJ 
74LVX04SJX 7 4L VX04MSCX 

M14D MSC14 

TLlF/11601-1 



Absolute Maximum Ratings (Note) Recommended Operating 
If Military/Aerospace specified devices are required, Conditions 
please contact the National Semiconductor Sales 

Supply Voltage (Vee> 2.0Vt03.6V 
Office/Distributors for availability and specifications. 

Supply Voltage {Vee> -0.5Vto +7.0V 
Input Voltage (VI) OVto 5.5V 

DC Input Diode Current (111<> 
Output Voltage (VO) OVtoVee 

VI = -0.5V -20mA Operating Temperature (T A) -40·Cto +85·C 

DC Input Voltage (VI) -0.5Vt07V Input Rise and Fall Time (Atl Av) o nslV to 100 nslV 

DC Output Diode Current (10K) 
Vo = -0.5V -20mA 
Vo = Vee + 0.5V +20mA 

DC Output Voltage (VO) -0.5V to Vee + 0.5V 
DC Output Source 

or Sink Current (10) ±25mA 

DC Vee or Ground Current 
(Icc or IGNO) ±50mA 

\ Storage Temperature (T STG) - 65·C to + 150·C 

Power Dissipation 180mW 

Note: The "Absolute Maximum Ratings" are those values 
beyond which the safety of the device cannot be guaran-
teed The device should not be operated at these limits. The 
parametric values defined in the "Electrical CharacterisUcs" 
table are not guaranteed at the absolute maximum ratings. 
The "Recommended OperaUng Conditions" table will define 
the conditions for actual device operaUon. 

DC Electrical Characteristics 
74LVX04 74LVX04 

Symbol Parameter Vee TA = +25"C 
TA= Units Conditions 

-40·Cto +SS·C 

Min Typ Max MI!I Max 

VIH High Level 2.0 1.5 1.5 
Input 3.0 2.0 2.0 V 
Voltage 3.6 2.4 2.4 

VIL Low Level 2.0 0.5 0.5 
Input 3.0 0.8 0.8 V 
Voltage 3.6 0.8 0.8 

VOH High Level 2.0 1.9 2.0 1.9 VIN = VIL or VIH 10H = -50/l-A 
Output 3.0 2.9 3.0 2.9 V 10H = -50/l-A 
Voltage 3.0 2.58 2.48 10H = -4mA 

VOL Low Level 2.0 0.0 0.1 0.1 VIN = VILorVIH 10L = 50/l-A 
Output 3.0 0.0 0.1 0.1 V 10L = 50/l-A 
Voltage 3.0 0.36 0.44 10L = 4mA 

liN Input 3.6 ±0.1 ±1.0 /l-A VIN = 5.5V or GND 
Leakage 
Current 

Icc Quiescent 3.6 2.0 20.0 /l-A VIN = Vee or GND 
Supply 
Current 
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Noise Characteristics: See Section 2 for Test Methodology 

74LVX04 

Symbol Parameter Vee 
TA = 25"C Units CL(PF) 

(V) 
Typ Limit 

VOLP' Quiet Output Maximum Dynamic VOL 3.3 0.3 0.5 V 50 

VOLV Quiet Output Minimum Dynamic VOL 3.3 -0.3 -0.5 V 50 

VIHD Minimum High Level Dynamic Input Voltage 3.3 2.0 V 50 

VILD Maximum Low Level Dynamic Input Voltage 3.3 0.8 V 50 

Note: (Inpul I, = If = 3 ns) 

AC Electrical Characteristics: See Section 2 for Test Methodology 

74LVX04 74LVX04 " 

Symbol Parameter 
Vee 

TA = +25"C 
TA= Units CL(pF) 

(V) -4O"Cto +85"C 

Min Typ -Max Min Max 

tpLH. Propagation Delay Time 
2.7 

5.4 10.1 ,1.0 12.5 15 

tpHL 7.9 13.6 1.0 16.0 50 ' 
ns 

3.3 ±0.3 
4.1 6.2 (0 7.5' 15 

6.6 9.7 1.0 11.0 50 

tosLH. Output to Output Skew 2.7 1.5 1.5 ns 50 

toSHL (Note 1) 

Note 1: Parameler guaranteed by design. toSLH = itPLHm-tPLHni.IosHL = ilPHLm-IpHLni. 

Capacitance 
74LVX04 

.. 
74LVX04 

Symbol Parameter TA = +25°C 
TA= Units 

-4O"Cto +85°C 

,Min Typ Max ' Min Max 

CIN Input Capacitance 4 10 10 pF 

Cpo Power Dissipation 
18 " pF 

Capacitance (Note 1) 

Note 1: Cpo is d!"lned as Ihe'value of the Internal equlvalenl capacitance which is calculaled from the operating current consump-
tion without load. 

, Aver~e operating cUrrenl can be obtained by Ihe equation: lCC(opr.) = Cpo Xa~: ~~=) + ICC, 
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~National 
~ Semiconductor 

74LVX08 
Low Voltage Quad 2-lnput AND Gate 

General Description 
The LVX08 contains four 2-input AND gates. The inputs tol
erate voltages up to 7V allowing the interface of 5V systems 
to 3V systems. 

Ordering Code: See Section 11 

Logic Symbol 

IEEE/IEC 

~ 8< 

80 

AI 

~ 
A2 

82 

A3 

83 

TL/F/11602-2 

Pin Names 

An. Bn 
On 

SOICJEDEC 

Order Number 74LVX08M 
74LVX08MX 

SeeNS 
M14A 

Package Number 

Features 
• Input voltage level translation from 5V to 3V 
• Ideal for low powerllow noise 3.3V applications 
• Available in SOIC JEDEC. SOIC EIAJ and SSOP 

packages 
• Guaranteed simultaneous switching noise level and dy

namic threshold performance 

Connection Diagram 

Pin Assignment 
for SOIC and SSOP 

AO ...... ---. 

Be 
°0 
AI--+----. 
81 

<1 
GND 

Description 

Inputs 
Outputs 

SOICEIAJ SSOPTYPEI 

74LVX08SJ 
74LVX08SJX 74LVX08MSCX 

M14D MSC14 

TL/F/11602-1 
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Absolute Maximum Ratings (Note) Recommended Operating 
If Military/Aerospace specified devices are required, Conditions . 
please contact the National Semiconductor Sales Supply Voltage (Vee) 2.0Vt03.6V 
Office/Distributors for availability and specifications. 

Supply Voltage (Veel -0.5Vto +7.0V 
Input Voltage (V,) OVt05.5V 

DC Input Diode Current (1,K) 
Output Voltage (Vo) OVtoVee 

V, = -0.5V '~20mA Operating Temperature (TAl -40·C to .+ 85·C 

DC Input Voltage (V,) -0.5Vt07V Input Rise and Fall Time (atl av) o nslV to 100 nslV 

DC Output Diode Current (loKl 
Vo = -0.5V -20mA 
Vo = Vee + 0.5V +20mA 

DC Output Voltage (Vo) . . -'0.5V to Vee + 0.5V 

DC Output Source 
or Sink Current (10) ±25mA 

. DC Vee or Gh)und Current 
(lee or IGNO) ±SOmA 

Storage Temperature (T STG) - 65·C to + 150·C 

Power Dissipation 180mW 

Lead Temperature (TLl (Soldering. 10 sec.) 240·C 

Note: The "Absolute Maximum Ratings" are those values 
beyond which the safety of'the device cannot be guaran-
teed. The device should not be operated at these limits. The 
parametric values dlflfined)n the "Electrical Characteristics" 
table ara not guaranteed at the absolute maximum ratings. 
The "Recommended Operating Conditions" table will define 
the conditions for actual device operation. 

DC Electrical .characteristics 
74LVX08 74LVX08 

Symbol Parameter Vee T~ = +25"C 
TA= Units Conditions 

- 40"C to + 85"C 

Min .' Typ Max Min Max 

V,H High Level 2.0 1.5 1.5 
Input 3.0 2.0 2.0 V 
Voltage 3.6 2.4 2.4 

V,L Low Level 2.0 0.5 0.5 
Input 3.0 0.8 0.8 V 
Voltage 3.6 0.8 0.8 

VOH High Level 2.0 1.9 2.0 1.9 Y,N = VILorV,H 10H = -50pA 
Output 3.0 2.9 3.0 2.9 V IOH = -50 pA 
Voltage 3.0 2.58 2.48 10H = -4mA 

VOL Low Level 2.0 0.0 0.1 0.1 Y,N = V,L or V,H 10L = 50 ""A 
Output 3.0 0.1 0.1 V 10L = 50 pA 
Voltage 3.0 0.36 0.44 IOL=4mA 

liN Input 3.6 ±0.1 ±1.0 Y,N = 5.5V or GND 
Leakage ""A 
Current 

Icc Quiescent 3.6 2.0 20.0 Y,N = Vee or GND 
Supply ""A 
Current 

: 
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Noise Characteristics: See Section 2 for Test Methodology 

74LVX08 

Symbol Parameter Vee 
TA = 2S'C Units CL (pF) 

(V) 
Typ Limit 

VOlP Quiet Output Maximum Dynamic VOL 3.3 0.3 0.5 V 50 

VOlV Quiet Output Minimum Dynamic VOL 3.3 -0.3 -0.5 V 50 

VIHO Minimum High Level Dynamic Input Voltage 3.3 2.0 V 50 

VILD Maximum Low Level Dynamic Input Voltage 3.3 0.8 V 50 

Note: (Input Ir = If = 3 ns) 

AC Electrical Characteristics: See Section 2 for Test Methodology 

74LVX08 74LVX08 

Symbol Parameter Vee 
TA = +25'C 

TA = Units CL(pF) 
(V) - 40'C to + 8S'C 

Min Typ Max Min Max 

tplH. Propagation Delay Time 
2.7 

6.3 11.4 1.0 13.5 15 

tpHl 8.8 14.9 1.0 17.0 50 
ns 

3.3 ±0.3 
4.8 7.1 1.0 8.5 15 

7.3 10.6 1.0 12.0 50 

toSlH, Output to Output Skew 
2.7 1.5 1.5 ns 50 

toSHl (Note 1) 

Note 1: Parameler guaranteed by design. toSLH = IlpLHm - IPLHnl, toSHL = IlpHLm - tpHLnl 

Capacitance 
74LVX08 74LVX08 

Symbol Parameter TA = +2S'C 
TA = 

-40'Cto +8S'C 
Units 

Min Typ Max Min Max 

GIN Input Capacitance 4 10 10 pF 

CpO Power Dissipation 
18 pF 

Capacitance (Note 1) 

Note 1: CPO is defined as the value of the inlernal equivalent capacitance which is calculated from the operaling current consumplion 
without load. 

. . . ~x~x~+~ Average operating current can be obtained by the equallon: ICC(opr) = 4 ( G ) . per ate 
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~ ,----------------------------------------------------------------------------. .... 
~ ~National 
~ Semiconductor 

74LVX14 
Low Voltage Hex Inverter with Schmitt Trigger Input 

General Description 
The LVX14 contains six inverter gates each with a Schmitt 
trigger input. They are capable of transforming slowly 
changing input signals into sharply defined, jitter-free output 
signals. In addition, they have a greater noise margin than 
conventional inverters. 

The LVX14 has hysteresis between the positive-going and 
negative-going input thresholds (typically 1.0V) which is de
termined internally by transistor ratios and is essentially in
sensitive to temperature and supply voltage variati~ns. 

The inputs tolerate voltages up to 7V allowing the interface 
of 5V systems to 3V systems. 

Ordering Code: See Section 1 t 

Logic Symbol 

IEEE/IEC 

10 °0 

~ 

12 °2 

13 °3 

14 °4 

15 °5 

TL/F/11603-2 

Pin Names 

in 
On 

Truth Table 
Input 

A , 
L 
H 

Features 
• Input voltage level translation from 5V to 3V 
• Ideal for low power/low noise 3.3V applications 
• Available in SOIC JEDEC, SOIC EIAJ and SSOP 

packages 
• Guaranteed simultaneous switching noise level and 

dynamic threshold performance 

Connection Diagram 

Description 

Inputs 
Outputs 

Output 

0 
H 
L 

Pin Assignment 
for SOIC and SSOP 

TLlF/11603-1 

SOICJEDEC SOICEIAJ SSOPTYPEI 

Order Number 74LVX14M 74LVX14SJ 
74LVX14MX 74LVX14SJX 74LVX14MSCX 

See NS Package Number M14A M14D MSC14 
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Absolute Maximum Ratings (Note) Recommended Operating 
If Military/Aerospace specified devices are required, Conditions 
please contact the National Semiconductor Sales Supply Voltage (Vee) 2.0Vt03.6V 
Office/Distributors for availability and specifications. 

Supply Voltage (Vecl -O.SVto +7.0V 
Input Voltage (VI) OVtoS.SV 

DC Input Diode Current (11K) 
Output Voltage (Vo) OVtoVee 

VI = -O.SV -20mA Operating Temperature (TAl -40·Cto +8S·C 

DC Input Voltage (VI) -0.SVt07V Input Rise and Fall Time (I!.t/l!.v) o nsN to 1 00 nsN 

DC Output Diode Current (10K) 
Vo = -O.SV -20mA 
Vo = Vee + O.SV +20mA 

DC Output Voltage (Vo) -O.SV to Vee + O.SV 
DC Output Source 

or Sink Current (10) ±2SmA 

DC Vee or Ground Current 
(Icc or IGNO) ±SOmA 

Storage Temperature (T 8TG) -6S·C to + 1S0·C 

Power Dissipation 180mW 
Note: The "Absolute Maximum Ratings" are those values 
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The 
parametric values defined in the "Electrical Characteristics" 
table are not guaranteed at the absolute maximum ratings. 
The "Recommended Operating Conditions" table will define 
the conditions for actual device operation. 

D.C Electrical Characteristics 
74LVX14 74LVX14 

Symbol Parameter Vee TA = +2S·C 
TA= Units Conditions 

-40"Cto +8S·C 

Min Typ Max Min Max 

Vt+ Positive 3.0 
2.2 2.2 V Threshold 

Vt- Negative 3.0 
0.9 0.9 V Threshold 

VH Hysteresis 3.0 0:3 1.2 0.3 1.2 V 

VOH High Level 2.0 1.9 2.0 1.9 VIN = Vil or VIH 10H = -SOp.A 
Output 3.0 2.9 3.0 2.9 V 10H = -SOp.A 
Voltage 3.0 2.S8 2.48 10H = -.4mA 

VOL Low Level 2.0 0.0 0.1 0.1 VIN = Vil or VIH 10l= SOp.A 
Output 3.0 0.0 0.1 0.1 V 10l = SO p.A 
Voltage 3.0 0.36 0.44 10l = 4mA 

liN Input 3.6 ±0.1 ±1.0 p.A VIN = S.SV or GND 
Leakage 
Current 

Icc Quiescent 3.6 2.0 20 p.A VIN = Vee or GND 
Supply 
Current 
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Noise Characteristics: See Section 2 for Test Methodology 

74LVX14 

Symbol Parameter Vee 
TA = 25°C Units CL(PF) 

(V) 
Typ Limit 

VOlP Quiet Output Maximum Dynamic VOL 3.3 0.3 0.5 V 50 

VOlV Quiet Output Minimum Dynamic VOL 3.3 -0.3 -0.5 V 50 

VIHO Minimum High Level Dynamic Input Voltage 3.3 2.0 V 50 

VllO Maximum Low Level Dynamic Input Voltage 3.3 0.8 V 50 

Note: Input t,. = tf = 3 ns 

AC Electrical Characteristics: See Section 2 for Test Methodology 

74LVX14 74LVX14 

Symbol Parameter Vee 
TA = +25°C 

TA= Units CL(pF) 
(V) - 40"C to + 85°C 

Min Typ Max Min. Max 

tplH. Propagation 8.7 16.3 1.0 19.5 15 
tpHl Delay Time 2.7 

11.2 19.8 1.0 23.0 50 . , ns 
6.8 10.6 1.0 12.5 15 

3.3 ±0.3 
9.3 14.1 1.0 16.0 50 

tOSlH. Output to Output 
2.7 1.5 1.5 ns 50 

tOSHl Skew (Note 1) 

Note t: Parameter guaranteed by design. IoSLH = IIpLHm - tpLHnl. IoSHL · .. jtPHLm - .IpHLnI 

Capacitance 
74LVX14 74LVX14 

Symbol Parameter TA = +25"C 
TA = 

- 40"C to + 85°C 
Units 

Min Typ Max Min Max 

CIN Input Capacitance ·4 10 10 pF 

CPO Power Dissipation 
21 pF 

Capacitance (Note 1) 

Note 1: CPO is defined as the value of the internal equivalent capacitance which is calculated from the operating current consump· 
tion without load. 

Average oparating current can be obtained by the equation: ICC(opr.) = Cpo X6 ~~r ~;::) + Icc 

" 
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~National 
~ semiconductor 

74LVX32 
Low Voltage Quad 2-lnput OR Gate 

General Description 
The LVXS2 contains four 2-input OR gates. The inputs toler
ate voltages up to 7V allowing the interface of 5V systems 
to SV systems. 

Ordering Code: See Section 11 

Logic Symbol 

IEEE/IEC 

TUF/11604-2 

Pin Names 

An,Sn 
On 

SOICJEDEC 

Order Number 74LVXS2M 
74LVXS2MX 

NSPackage 
M14A 

Number 

Features 
• Input voltage level translation from 5V to SV 
• Ideal for low power/low noise S.SV applications 
• Available in SOIC JEDEC, SOIC EIAJ and SSOP pack

ages 

• Guaranteed simultaneous switching noise level and dy
namic threshold performance 

Connection Diagram 

lie 
So 
°0 
,., 
~ 

°1 
GND 

Description 

Inputs 
Outputs 

SOICEIAJ 

74LVXS2SJ 
74LVX32SJX 

M14D 

Pin Assignment 
for SOIC and SSOP 

14 

2 

4 

SSOPTYPEI 

74L VXS2MSCX 

MSC14 

Vee 
Az 

8z 

°z 

A3 

83 

°3 

TUF/11604-1 
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Absolute Maximum Ratings (Note) Recommended Operating 
If Military/Aerospace specified devices are required, Conditions' ., 

please contact the National Semiconductor Sales 
Supply Voltage (Vee> 2.0Vt03.6V 

Office/Distributors for availability and specifications. 

Supply Voltage (Vee> -O.SVto +7.0V 
Input Voltage (VI) OVtoS.SV 

DC Input Diode Current (11K) 
Output Voltage (Vo) OV to Vcc 

VI = -O.SV -20mA Operating Temperature (T A) -40"Cto :l-8S·C 

DC Input Voltage (VI) -0.SVt07V Inp~t Rise and Fall Time (~t/ll.v) , o nsN to 100 nsN 

DC Output Diode Current (10K> 
" 

Vo = -O.SV "-20 rnA 
Vo = Vee + O.SV ' +20mA " 

DC Output Voltage (Vol -O.SVto Vcc+ 'O.SV " 

DC Output Source 
or Sink Current (10) ±'2SmA 

DC Vee 'or Ground Current ' 
(lee or IGND) ±SOmA 

Storage Temperature (T 8TG) - 6S·C to + 1SO"C 

Power DisSipation 180mW 
Note: The "Absolute Maximum Ratings" are those values 
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The 
parametric values defined in the "Electrical Characteristics" 
table are not guaranteed at the absolute maximum ratings. 
The "Recommended Operating Conditions" table will define 
the conditions for actual device operatiOn. 

DC Electrical Characteristics 
, ,74LVX32 74LVX32 

Symbol Parameter Vee TA = +2S·C 
TA = Units Conditions 

-40"C to + 8S·C 

Min l)Ip Max Min Max 

VIH High Level 2.0 1.S 1.S 
Input 3.0 2.0 2.0 V 
Voltage 3.6 2.4 2.4 

VIL Low Level 2.0 O.S O.S 
Input 3.0 0.8 0.8 V 
Voltage 3.6 0.8 0.8 

VOH High Level 2.0 1.9 2.0 1.9 VIN = VIL or VIH 10H = -SOp.A 
Output 3.0 2.9 3.0 , - 2.9 V 10H = -SOp.A 
Voltage 3.0 2.58 2.48 10H = -4mA 

VOL Low Level 2.0 .0.0 0.1 0.1 VIN = VIL or VIH 10L = SOp.A 
Output 3.0 0.0 0.1 0.1 V 10L = SOp.A 
Voltage 3.0 0.36 0.44 10L = 4mA 

liN Input 3.6 ±0.1 ±1.0 p.A VIN = S.SV or GND 
Leakage 
Current 

Icc Quiescent 3.6 .2.0 20 ,P.A VIN =? Vcc or GND 
Supply 
Current .. ' 

" 
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Noise Characteristics: See Section 2 for Test Methodology 

74LVX32 

Symbol Parameter Vee 
TA = 25'C Units CL (pF) 

(V) 
Typ Limit 

VOlP Quiet Output Maximum Dynamic VOL 3.3 0.3 0.5 V 50 

VOlV Quiet Output Minimum Dynamic VOL 3.3 -0.3 -0.5 V 50 

VIHO Minimum High Level Dynamic Input Voltage 3.3 2.0 V 50 

VllO Maximum Low Level Dynamic Input Voltage 3.3 0.8 V 50 

Note: (Input tr = tf = 3 ns) 

AC Electrical Characteristics: See Section 2 for Test Methodology 

74LVX32 74LVX32 

Symbol Parameter Vee 
TA = +25'C 

TA = Units CL (pF) 
(V) - 40'C to + 85'C 

Min Typ Max Min Max 

tplH. Propagation 5.8 10.7 1.0 12.5 15 
tpHl Delay Time 2.7 

8.3 14.2 1.0 16.0 50 
ns 

4.4 6.6 1.0 7.5 15 
3.3 ±0.3 

6.9 10.1 1.0 11.5 50 

tOSlH. Output to Output 
2.7 1.5 1.5 ns 50 

tOSHl Skew (Note 1) 

Note 1: Parameter guaranteed by design. toSLH = itpLHm - tPLHni. toSHL = itPHLm - tpHLni 

Capacitance 
74LVX32 74LVX32 

Symbol Parameter TA = +25'C 
TA= Units 

-40'Cto +85"C 

Min Typ Max Min Max 

CIN Input Capacitance 4 10 10 pF 

CPO Power Dissipation 
14 pF 

Capacitance (Note 1) 

Note 1: Cpo is defined as the value of the internal equivalent capacitance which is calculated from the operating current consumption 
without load. 

Average operating current can be obtained by the equation: ICC(opr) = Cpo x ~cc ~ fiN) + Icc 
. 4 per ate 
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j:! 

~ ~National· 
~ semiconductor 

74LVX74 
Low Voltage Dual D.;.Type 
Positive Edge-Trig,gered Flip-Flop 
General Description , 
The LVX74 is a dual D-type flip-flop with Asynchronous 
Clear and Set inputs and complementary (a. 0) outputs. 
Information at the input is transferred to the outputs on the 
positive .edge of the clock pulse. After the Clock Pulse input 
threshold voltage ha~ been passed. the Data input is locked 
out and information present will not be transferred to the 
outputs until the next rising edge of the Clock Pulse input. 
Asynchronous Inputs: ' .' 

LOW input to So (Set) sets a to HIGH level 
LOW input to ~O (Clear) sets a to LOW level . 
Clear and Set are independent of clock , 
Simultan!lous LOW on ~O and 'So makes both a and 0 
HIGH 

Ordering Code: See Section 11 

~ogic Symbols 

- CPl 

Col 0, P-
Y 

TLlF/11606-1 TLlF/11606-2 

Pin Names Description 

Dl. D2 Data Inputs 
CPl. CP2 Clock Pulse Inputs 

~01.~02 Direct Clear Inputs 

SOl. 'S02 Direct Set Inputs 

01. 0 1. 0 2. 02 Outputs 

SOICJEOEC 

Order Number 74LVX74M 

74LVX74MX 

SeaNS 

Package Number 
M14A 

Features 
iii Input voltage level translation from 5V to 3V 
• Ideal for low power/low noise 3.3V applications 
• Avai.la~le in SOIC JEDEC. SOIC EIAJ and SSOP pack

ages 
• Guaranteed simultaneous switching noise level and dy

namic threshold performance 

Connection Diagram 

IEEE/IEC 

TL/F/II606-4 

Pin Assignment 
for SOIC and SSOP 

Truth Table (Each Half) 

Inputs 

So Co CP 

L H X 
H L X 
L L X 
H H .../ 
H H .../ 
H H L 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 

SOICEIAJ SSOPTYPEI 

74LVX74SJ 

74LVX74SJX 74LVX74MSCX 

M140 MSC14 

Outputs 

D Q Q 

X H L 
X L H 
X H H 
H H L 
L L H 
X 00 00 

.../ = LOW·to·HIGH Clock Transition 
00(00) = Previous 0(0) before LOW· 
to-HIGH Transition of Clock 
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Absolute Maximum Ratings (Note) Recommended Operating 
If Military/Aerospace specified devices are required, Conditions 
please contact the National Semiconductor Sales Supply Voltage (Vee> 2.0Vto 3.6V 
Office/Distributors for availability and specifications. 

Supply Voltage (Vee) -0.5Vto +7.0V 
Input Voltage (VI) OVt05.5V 

DC Input Diode Current (11K) 
Output Voltage (Vo) OV to Vee 

VI = -0.5V -20mA Operating Temperature (T A) - 40·C to + 85·C 

DC Input Voltage (VI) -0.5Vt07V Input Rise and Fall Time (A.t/ A.v) o nslV to 100 nslV 

DC Output Diode Current (10K) 
Vo = -0.5V -20mA 
Vo = Vee + 0.5V +20mA 

DC Output Voltage (Vo) -0.5V to Vee + 0.5V 

DC Output Source 
or Sink Current (10) ±25mA 

DC Vee or Ground Current 
(lee or IGNO) ±50mA 

Storage Temperature (T STG) -65·Cto + 150·C 

Power Dissipation 180mW 

Note: The "Absolute Maximum Ratings" are those values 
beyond which the safety of the device cannot be guaran-
teed The device should not be operated at these limits. The 
parametric values defined in the "Electrical Characteristics" 
table are not guaranteed at the absolute maximum ratings. 
The "Recommended Operating Conditions" table will define 
the conditions for actual device operation. 

-, 

DC Electrical Characteristics 
74LVX74 74LVX74 

Symbol Parameter Vee TA = +25·C 
TA = 

-40·Cto +85·C 
Units Conditions 

Min Typ Max Min Max 

VIH High Level 2.0 1.5 1.5 
Input 3.0 2.0 2.0 V 
Voltage 3.6 2.4 2.4 

VIL Low Level 2.0 0.5 0.5 
Input 3.0 0.8, 0.8 V 
Voltage 3.6 0.8 0.8 

VOH High Level 2.0 1.9 2.0 1.9 VIN = VIL or VIH 10H = -50 p.A 
Output 3.0 2.9 3.0 2.9 V 10H = -50p.A 
Voltage 3.0 2.58 2.48 10H = -4mA 

VOL Low Level 2.0 0.0 0.1 0.1 VIN = VIL or VIH 10L = 50 p.A 
Output 3.0 0.0 0.1 0.1 V 10L = 50 p.A 
Voltage 3.0 0.36 0.44 10L = 4mA 

liN Input 3.6 ±0.1 ±1.0 p.A VIN = 5.5V or GND 
Leakage 
Current 

lee Quiescent 3.6 2.0 20.0 p.A VIN = Vee or GND 
Supply 
Current 
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Noise Characteristics: See Section 2 for Test Methodology 

74LVX74 

Symbol Parameter Vee 
TA = 25"C Units CL(PF) 

(V) 
Typ Limit 

VOLP Quiet Output Maximum Dynamic VOL 3.3 0.3 0.5 V 50 

VOLV Quiet Output Minimum Dynamic VOL 3.3 -0.3 -0.5 V 50 

VIHO Minimum High Level Dynamic Input Voltage 3.3 2.0 V 50 

VILO Maximum Low Level Dynamic Input Voltage 3.3 0.8 V 50 

Note: Inpul Ir = If = 3 ns 

AC Electrical Characteristics: See Section 2 for Test Methodology 

74LVX74 74LVX74 

Symbol Parameter Vee 
TA = +2S"C 

TA = Units CL(PF) 
(V) - 4O'C to + 8S"C 

Min Typ Max Min Max 

tpLH. Propagation Delay 
2.7 

7.3 15 1.0 18.5 15 

tpHL CPn to Qn or an 9.8 18.5 1.0 22 50 
ns 

3.3 ±0.3 
5.7 9.7 1.0 11.5 15 

8.2 13.2 1.0 15 50 

tpLH. Propagation Delay 
2.7 

8.4 15.6 1.0 18.5 15 

tpHL COn to SOn to Qn or an 10.9 19.1 1.0 22 50 
ns 

3.3 ±0.3 
6.6 10.1 1.0 12 15 

9.1 13.6 1.0 15.5 50 

tw CPn or COn or SOn 2.7 8.5 10 
Pulse Width 

ns 
3.3 ±0.3 6 7 

ts Setup Time 2.7 8.0 9.5 
ns 

Dnto CPn 3.3 ±0.3 5.5 6.5 

tH Hold Time 2.7 0.5 0.5 
ns 

DntoCPn 3.3 ±0.3 0.5 0.5 

tree Recovery Time 2.7 6.5 7.5 

CPn or SOn to CPn 
ns 

3.3 ±0.3 5.0 5.0 

fmax Maximum Clock Frequency 
2.7 

55 135 50 15 

45 60 40 50 
MHz 

3.3 ±0.3 
95 145 80 15 

60 85 50 50 

tOSLH. Output to Output Skew 
2.7 1.5 1.5 ns 50 

loSHL (Note 1) 

Note 1: Parameter guaranleed by design. tosLH = itPLHm-IPLHni. toSLH = ilpHLm-IpHLni 
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Capacitance 
74LVX74 74LVX74 

Symbol Parameter TA = +2SoC 
TA= Units 

-40"Cto +8SoC 

Min Typ Max Min Max 

C'N Input Capacitance 4 10 10 pF 

CPO Power Dissipation 
2S pF 

Capacitance (Note 1) 

Note 1: CpO I. defined as the value of the internal equivalent capaciuince which is calculated from the operating 'current consumption 
without load. 

Average operating current can be obtained by t~e equation: ICc(opr) = Cpo x ~cc x :~ + Icc 
. 2 perF 
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~ ~------------------------------------------------------------------------, 
co 

~ ~National 
~ Semiconductor 

74LVX86 
Low Voltage Quad 2-lnput Exclusive-OR Gate 

General Description 
The LVX86 contains four 2-input exclusive-OR gates. The 
inputs tolerate voltages up to 7V allowing the interface of 5V 
systems to 3V systems. 

Ordering Code: See Section 11 

Logic Symbol 

IEEE/IEC 

2:1 

°1 

TUF/11605-2 

Pin Names 

Ao-As 
Bo-Bs 
0o-Os 

Features 
• Input voltage level translation from 5V to 3V 
• Ideal for low powerllow noise 3.3V applications 
• Available in SOIC JEDEC, SOIC EIAJ and SSOP pack

ages 
• Guaranteed simultaneous switching noise level and dy

namic threshold performance 

Connection Diagram 

Pin Assignment 
for SOIC and SSOP 

Ao 
14 

Vee 

Bo 
13 

A2 

00 
12 

82 

A1 
11 

°2 
a, 10 

A3 

01 83 

GND 
8 

~ 

TUF/11605-1 

Description 

Inputs 
Inputs 
Outputs 

SOICJEDEC SOICEIAJ SSOP TYPE I 

Order Number 74LVX86M 74LVX86SJ 
74LVX86MX 74LVX86SJX 74LVX86MSCX 

See NS Package Number M14A M14D MSC14 
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Absolute Maximum Ratings (Note) Recommended Operating 
If Military/Aerospace specified devices are required, Conditions 
please contact the National Semiconductor Sales 

Supply Voltage (Vecl 2.0Vt03.6V 
Office/Distributors for availability and specifications. 

Supply Voltage (Vee) -0.5Vto +7.0V 
Input Voltage (VI) OVt05.5V 

DC Input Diode Current (Iud Output Voltage (VO) OVtoVee 

VI = -0.5V -20mA Operating Temperature (T A) -40·Cto + 85·C 

DC Input Voltage (VI) -0.5Vt07V Input Rise and Fall Time (ilt/ ilv) o nslV to 100 nslV 

DC Output Diode Current (loKl 
Vo = -0.5V -20mA 
Vo = Vee + 0.5V +20mA 

DC Output Voltage (Vo) -0.5VtoVee + 0.5V 
DC Output Source 

or Sink Current (10) ±25mA 

DC Vee or Ground Current (Icc or IGNO) ±50mA 

Storage Temperature (T 8TG) - 65·C to + 150·C 

Power Dissipation 180mW 

Note: The "Absolute Maximum Ratings" are those values 
beyond which the safety of the device cannot be guaran-
teed The device should not be operated at these limits. The 
parametriC values defined in the "Electrical Characteristics" 
table are not guaranteed at the absolute maximum ratings. 
The "Recommended Operating Conditions" table will define 
the conditions for actual device operation. 

DC Electrical Characteristics 
74LVX86 74LVX86 

Symbol Parameter Vee TA = +25"C 
TA = Units Conditions 

-40"Cto +85·C 

Min Typ Max Min Max 

VIH High Level 2.0 1.5 1.5 
Input 3.0 2.0 2.0 V 
Voltage 3.6 2.4 2.4 

VIL Low Level 2.0 0.5 0.5 
Input 3.0 0.8 0.8 V 
Voltage 3.6 0.8 0.8 

VOH High Level 2.0 1.9 2.0 1.9 VIN = VIL or VIH 10H = -50 poA 
Output 3.0 2.9 3.0 2.9 V 10H = -50 poA 
Voltage 3.0 2.58 2.48 10H = -4mA 

VOL Low Level 2.0 0.0 0.1 0.1 VIN = VIL or VIH 10L = 50 poA 
Output 3.0 0.0 0.1 0.1 V 10L = 50 poA 
Voltage 3.0 0.36 0.44 10L = 4mA 

liN Input 3.6 ±0.1 ±1.0 poA VIN = 5.5V or GND 
Leakage 
Current 

lee Quiescent 3.6 2.0 20.0 poA VIN = Vee or GND 
Supply 
Current 
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Noise Characteristics: See Section 2 for Test Methodology .'" 

74LVX86 

Symbol Parameter Vee TA = 2SoC Units . CL(pF) 
(V) 

Typ Umlt· 

VOlP Quiet Output Maximum Dynamic VOL 3.3 0.3 0.5 V 50 

VOlV Quiet Output Minimum Dynamic VOL 3.3 -0.3 -0.5 .V 50 

VIHO Minimum High Level Dynamic Input Voltage 3.3 2.0 V 50 

VllO Maximum Low Level Dynamic Input Voltage 3.3 0.8 V 50 

Note: (Inpul Ir = If = 3 ns) 

AC Electrical Characteristics: See Section 2 for Test Methodology 

74LVX86 74LVX86 

Symbol Parameter Vee 
TA = +25"C 

TA= Units CL(PF) 
(V) -40"Cto +85"C 

Min Typ Max Min Max 

tplH. Propagation 7.5 14.5 1.0 17.5 15 
tpHl Delay Time 2.7 

10.0 18.0 1.0 21.0 50 
ns 

5.8 9.3 1.0 11.0 15 
3.3 ±0.3 

8.3 12.8 1.0 14.5 50 

tOSLH Output to Output 
2.7 1.5 1.5 ns 50 

toSHl Skew (Note 1) 

Note 1: Parameter guaranteed by design. ioSLH = IIpLHm - IpLHnl. iosHL = IIpHLm - tpHLnI 

Capacitance 
74LVX86 74LVX86 

Symbol Parameter TA = +25"C 
TA= Units 

-40"C to + 85"C 
"" 

Min Typ Max Min" Max 

CIN Input Capacitance 4 10 10 pF 

CPO Power Dissipatio~ 
18 pF 

Capacitance (Note 1) 

Note 1: CpO Is defined as the value of the internal equivalent capacitance which is calculated from the operating current consumption 
. w"houl load. 
.. . . Cpo x Vcc X fiN + Icc Average oparating currant can be obtained by Ihe equation: ICC(op,) = 4 ( G ) . par ale 

' .. 
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~National 
~ Semiconductor 

74LVX125 
Low-Voltage Quad Buffer with TRI-STATE® Outputs 

General Description 
The LVX125 contains four independent non-inverting buff
ers with TRI-STATE outputs. The inputs tolerate voltages up 
to 7V allowing the interface of 5V systems to 3V systems. 

Ordering Code: See Section 11 

Logic Symbol 

IEEE/IEC 

Bo 1>' 
Aa 

V 

s, 
V 

A, 

B2 
V 

A2 

B3 
V 

A3 

Truth Table 

°0 

0, 

°2 

°3 

TL/F/12007-1 

Pin Names 

An.Bn 
On 

Inputs 

An Bn 

L L 
L H 
H X 

H = HIGH Voltage Level 
L = LOW Voltage Level 
Z = High Impedance 
X = Immaterial 

Features 
• Input voltage level translation from 5V to 3V 
• Ideal for low power/low noise 3.3V applications 
• Available in SOIC JEDEC. SOIC EIAJ and SSOP 

packages 
• Guaranteed simultaneous switching noise level and dy

namic threshold performance 

Connection Diagram 

Pin Assignment for 
SOIC and SSOP 

Aa-'+--, 
Bo 

°0 

Ii, -,+--, 
s, 
0, 

GND 7 

Description 

Inputs 
Outputs 

Output 

On 

L 
H 
Z 

TL/F/12007-2 

SOICJEDEC SOICEIAJ SSOPTYPEI 

Order Number 74LVX125M 74LVX125SJ 
74LVX125MX 74LVX125SJX 74LVX125MSCX 

See NS Package Number M14A M14D MSC14 
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Absolute Maximum Ratings (Note) Recommended Operating 
If Military/Aerospace specified devices are required, Conditions 
please contact the National Semiconductor Sales Supply Voltage (Vee) 2.0Vt03.6V 
Office/Distributors for availability and specifications. 

Input Voltage (VI) OVto5.5V 
Supply Voltage (Vee) -0.5Vto +7.0V 

Output Voltage (Vo) OV to Vee 
DC Input Diode Current (I"d VI = -0.5V -20mA 

Operating .Temperature (TAl -40·Cto +B5·C 
DC Input Voltage (VI) -0.5Vto +7.0V 

Input Rise and Fall Time (At! AV) o nsN to 100 nsN 
DC Output Diode Current (10K) 

Vo = 0.5V -20mA 
Vo = Vee + 0.5V +20mA 

Output Voltage (VO) -0.5V to Vee + 0.5V 

DC Output Source/Sink Current (10) ±25mA 

DC Vee or Ground Current 
(lee or IGND) ±50mA 

Storage Temp. Range (T 8TG) - 65·C to + 150·C 

Power Dissipation 1BOmW 

Note: The "Absolute Maximum Ratings" are those values 
beyond which the safety of the device cannot be guaran-
teed The device should not be operated at these limits. The 
parametric values defined in the "Electrical Characteristics" 
table are not guaranteed at the absolute maximum ratings. 
The "Recommended Operating Conditions" table will define 
the conditions for actual device operation. 

DC Electrical Characteristics 
74LVX125 74LVX125 

Symbol Parameter Vee 
TA = 25"C 

TA= Units Conditions 
(V) - 40"C to + 85"C 

Min Typ Max Min Max 

VIH High Level 2.0 1.5 1.5 
Input Voltage 3.0 2.0 2.0 V 

3.6 2.4 2.4 

VIL Low Level 2.0 0.5 0.5 

Input Voltage 3.0 O.B O.B V 
3.6 O.B O.B 

VOH High Level 2.0 1.9 2.0 1.9 VIN=VILor 10H= -50 /LA 
Output Voltage 3.0 2.9 3.0 2.9 V VIH 10H= -50/LA 

3.0 2.5B 2.4B 10H= -4mA 

VOL Low Level 2.0 0.0 0.1 0.1 VIN=VILor IOL=50p.A 
Output Voltage 3.0 0.0 0.1 0.1 V VIH IOL=50 p.A 

3.0 0.36 0.44 10L =4mA 

loz TRI-STATE Output 
3.6 ±0.25 ±2.5 /LA 

VIN = VIH or VIL 
Off-State Current VOUT = Vee or GND 

liN Input Leakage 
3.6 ±0.1 ±1.0 /LA 

VIN = 5.5V or GND 
Current 

lee Quiescent Supply 
3.6 4.0 40.0 /LA 

VIH = Vee or GND 
Current 
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Noise Characteristics: See Section 2 for Test Methodology 

74LVX125 

Symbol Parameter 
Vee 

TA = 25'C Units 
CL 

(V) (pF) 
Typ Limit 

VOLP Quiet Output Maximum Dynamic VOL 3.3 0.3 0.8 V 50 

VOLV Quiet Output Minimum Dynamic VOL 3.3 -0.3 -0.8 V 50 

VIHO Minimum High Level Dynamic Input Voltage 3.3 2.0 V 50 

VILO Maximum Low Level Dynamic Input Voltage 3.3 0.8 V 50 

Nole: Input t, ~ If ~ 3 ns. 

AC Electrical Characteristics: See Section 2 Test Methodology 

74LVX125 74LVX125 

Symbol Parameter 
Vee 

TA = +25'C 
TA = 

Units Conditions 
(V) -40'Cto +85'C 

Min Typ Max Min Max 

tpLH, Propagation Delay Time 
2.7 

5.8 10.1 1.0 13.5 CL = 15pF 

tpHL Data to Output 8.3 13.6 1.0 17.0 CL = 50pF 
ns 

3.3 ±0.3 
4.4 6.2 1.0 8.5 CL = 15pF 

6.9 9.7 1.0 12.0 CL = 50pF 

tpZH, Output Enable Time 
2.7 

5.3 9.3 1.0 12.5 CL = 15 pF, RL = 1 kG 

tpZL 7.8 12.8 1.0 16.0 CL = 50 pF, RL = 1 kG 
ns 

3.3 ±0.3 
4.0 5.6 1.0 7.5 CL = 15 pF, RL = 1 kG 

6.5 9.1 1.0 11.0 CL = 50 pF, RL = 1 kG 

tpHZ, Output Disable 2.7 10.0 15.7 1.0 19.0 CL = 50 pF, RL = 1 kG 

tpLZ Time ns 
3.3 ±0.3 8.3 11.2 1.0 13.0 CL = 50 pF, RL = 1 kG 

tOSHL, Output to Output 
2.7 1.5 1.5 ns 

CL = 50pF 

tOSLH Skew (Note 1) 

Nole 1: Parameter guaranteed by design. toSLH ~ ItPLHm - IpLHnl, toSHL ~ ItPHLm - tpHLnI 

Capacitance 
74LVX125 74LVX125 

Symbol Parameter TA = 25'C 
TA= 

Units 
-40'C to +85'C 

Min Typ Max Min Max 

CIN Input Capacitance 4.0 10 10 pF 

CPO Power Dissipation 
14 pF 

Capacitance (Note 1) 

Nole 1: CPO is defined as the value of the internal equivalent capacitance which Is calculated from the operating current consumption 
. . . . CPO X Vcc X fIN + ICC 

without load. Average operallng current can be obtained by the equation: ICC(op,) ~ 4 ( b" ) " per It 
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~ .-------------------------------------------------------------------------, 
CW) .... 
~ ~Nalional ~ Semiconductor 

74LVX138 
Low Voltage 1-of-8 Decoder/Demultiplexer 

General Description 
The LVX138 is a high-speed 1-of-8 decoder/demultiplexer. 
This device is ideally suited for high-speed bipolar memory 
chip select address decoding. The multiple input enables 
allow parallel expansion to a 1-of-24 decoder using just 
three LVX138 devices or a 1-of-32 decoder using four 
LVX138 devices and one inverter. 

Ordering Code: See Section 11 

Logic Symbols 

Features 
• Input voltage level translation from 5V to 3V 
• Ideal for low power/low noise 3.3V applications 
• Available in SOIC JEDEC, SOIC EIAJ and SSOP pack

ages 
• Guaranteed simultaneous switching noise level and 

dynamic threshold performance 

Connection Diagram 

Pin Assignment 

IEEEIIEC for SOIC and SSOP 

BIN/OCT 
00 

Ao 
°1 

'" 
2 

°2 
E3 A2 4 

~ 
& °4 

E3 Os TUF/11615-1 [1 EN 06 
[2 

~ 

Ao 16 Vce 
Al 15 °0 

A2 14 ~ 
E; 4 13 °2 
[2 5 12 °3 

E3 6 11 °4 

~ 7 10 °5 
GND °6 

TL/F/11615-2 
TLlF/11615-3 

Pin Names Description 

Ao-A2 Address Inputs 

El-E2 Enable Inputs 

Ea Enable Input 

00-07 Outputs 

SOICJEDEC SOICEIAJ SSOPTYPEI 

Order Number 74LVX138M 74LVX138SJ 
74LVX138MX 74LVX138SJX 74LVX138MSCX 

See NS Package Number M16A M16D MSC16 
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Functional Description 
The LVX13B high-speed 1-of-B decoder/demultiplexer ac
cepts three binary weighted inputs (Ao. A1. A2) and. when 
enabled. provides eight mutually exclusive active-LOW out
puts (00-07). The LVX13B features three Enable inputs. 
two active-LOW (E1. E2) and one active-HIGH (Es). All out
puts will be HIGH unless E1 and E2 are LOW and Es is 
HIGH. 

Truth Table 
Inputs 

E1 E2 Es AD A1 A2 00 01 02 

H X X 
X H X 
X X L 

L L H 
L L H 
L L H 
L L H 

L L H 
L L H 
L L H 
L L H 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 

X 
X 
X 

L 
H 
L 
H 

L 
H 
L 
H 

Logic Diagram 

SELECT 
INPUTS 

X X H H H 
X X H H H 
X X H H H 

L L L H H 
L L H L H 
H L H H L 
H L H H H 

L H H H H 
L H H H H 
H H H H H 
H H H H H 

ENABLE {r, 
INPUTS ~2--=------' 

~ ~>---------~ 

The LVX13B can be used as an B-output demultiplexer by 
using one of the active LOW Enable inputs as the data input 
and the other Enable inputs as strobes. The Enable inputs 
which are not used must be permanently tied to their appro
priate active-HIGH or active-LOW state. 

outputs 

03 04 05 06 07 

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 

H L H H H 
H H L H H 
H H H L H 
H H H H L 

TUF/11B15-4 

Please "note that this diagram is provided only for the underslending of logic operations and should not bB used to estimale propagation delays. 
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Absolute Maximum Ratings (Nota) Recommended Operating 
If Military/Aerospace specified devices are required, Conditions 
please contact the National Semiconductor Sales 

Supply Voltage (Vecl 2.0Vt03.6V 
Office/Distributors for availability and specifications. 

Supply Voltage (vccl -0.5Vto +7.0V 
Input Voltage (VI) OVto5.5V 

DC Input Diode Current (11K) 
Output Voltage (Vo) OV to Vee 

VI = -0.5V -20mA Operating Temperature (TAl -40·C to + 85·C 

DC Input Voltage (VI) .-0.5Vt07V Input Rise and Fall Time (atl ay ) o nsN to 1 00 nsN 

DC Output Diode Current (10K> 
Vo = -0.5V -20mA 
Vo = Vee + 0.5V +20mA 

DC Output Voltage (Vo) -0.5V to Vee + 0.5V 
DC Output Source 

or Sink Current (10) ±25mA 

DC Vee or Ground Current (Icc or IGNO) ±75mA 

Storage Temperature (T STG) - 65·C to + 150·C 

Power Dissipation 180mW 

Note: The "Absolute Maximum Ratings" are those values 
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The 
parametric values defined in the "Electrical Characteristics" 
table are not guaranteed at the absolute maximum ratings. 
The "Recommended Operating Conditions" table will define 
the conditions for actual device operation. 

DC Electrical Characteristics 
74LVX138 74LVX138 

Symbol Parameter Vee TA = +2S·C 
TA= Units Conditions 

-40"Cto +8S·C 

Min Typ Max Min Max 

VIH High Level 2.0 1.5 1.5 
Input 3.0 2.0 2.0 V 
Voltage 3.6 2.4 2.4 

VIL Low Level 2.0 0.5 0.5 
Input 3.0 0.8 0.8 V 
Voltage 3.6 0.8 0.8 

VOH High Level 2.0 1.9 2.0 1.9 VIN = VIL or VIH 10H = -50 p.A 
Output 3.0 2.9 3.0 2.9 V 10H =-50 IlA 
Voltage 3.0 2.58 2.48 10H = -4mA 

VOL Low Level 2.0 0.0 0.1 0.1 VIN = VIL or VIH 10L = 50llA 
Output 3.0 0.0 0.1 0.1 V 10L = 50llA 
Voltage 3.0 0.36 0.44 10L = 4mA 

liN Input 3.6 ±0.1 . ±1.0 IlA VIN = 5.5V or GND 
Leakage 
Current 

lee Quiescent 3.6 4.0 40.0 IlA VIN = Vee or GND 
Supply 
Current 
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Noise Characteristics: See Section 2 for Test Methodology 

74LVX138 

Symbol Parameter Vee 
TA = 25"C Units 

CL 
(V) (pF) 

Typ Limit 

VOLP Quiet Output Maximum Dynamic VOL 3.3 0.3 0.5 V 50 

VOLV Quiet Output Minimum Dynamic VOL 3.3 -0.3 -0.5 V 50 

VIHO Minimum High Level Dynamic Input Voltage 3.3 2.0 V 50 

VILO Maximum Low Level Dynamic Input Voltage 3.3 0.8 V 50 

Nole: Input tr ~ tf ~ 3 ns 

AC Electrical Characteristics: See Section 2 for Test Methodology 

74LVX138 74LVX138 

Symbol Parameter Vee 
TA = +25"C 

TA= Units 
CL 

(V) -40·Cto +85·C (pF) 

Min Typ Max Min Max 

tpLH Propagation 7.1 13.8 1.0 16.5 15 

tpHL Delay Time 2.7 I---
9.6 17.3 1.0 20.0 50 

AntoDn ns -
5.5 8.8 1.0 10.5 15 

3.3 ±0.3 
8.0 12.3 1.0 14.0 50 

tpLH Propagation 8.8 16.0 1.0 18.5 15 

tpHL Delay Time 2.7 
11.3 19.5 1.0 22.0 50 

ElorE2toDn ns 
6.9 10.4 1.0 11.5 15 

3.3 ±0.3 
9.4 13.9 1.0 15.0 50 

tpLH Propagation 8.7 16.3 1.0 19.5 15 

tpHL Delay Time 2.7 
11.2 19.8 1.0 23.0 50 

E3 toDn ns 
6.8 10.6 1.0 12.5 15 

3.3 ±0.3 
9.3 14.1 1.0 16.0 50 

toSHL Output to Output 
2.7 1.5 1.5 ns 50 

toSLH Skew (Note 1) 

Nole 1: Parameter guaranteed by design. IosLH ~ ItPLHm-tPLHnl. IosHL ~ itPHLm-tPHLnI 

Capacitance 
74LVX138 74LVX138 

Symbol Parameter TA = +2S·C 
TA = 

Units 
- 40"C to + 8S·C 

Min Typ Max Min Max 

CIN Input Capacitance 4 10 10 pF 

CPO Power Dissipation 
34 pF 

Capacitance (Note 1) 

Nole 1: CPO is defined as the value of the internal equivalent capacitance which is calculated from the operating current consump-
tion wRhout load. 
Average operating current can be obtained by the equation: Icclopr.) ~ CPO X Vee x fiN + Icc 
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~ ,-------------------------------------------------------------------------, 
LI) 

§ ·~National 
~ Semiconductor 

74LVX157 
Low Voltage Quad 2-lnput Multiplexer 

General Description 
The LVX1.57 is a high-speed quad 2-input multiplexer. Four 
bits of data from two sources can be selected using the 
common Select and Enable inputs. The four outputs present 
the selected data in the true (noninverted) form. The 
LVX157 can also be used as a function generator. 

Ordering Code: See Section 11 

Logic Symbols 

Features· 
• Input voltage level translation from 5V to 3V 
• Ideal for low power/low noise 3.3V applications 
• Available in SOIC JEDEC, SOIC EIAJ and SSOP 

packages 
• Guaranteed simultaneous switching noise level and 

dynamiC threshold performance 

Connection Diagram 

IEEE/IEC 
Pin Assignment 

for SOIC and SSOP 

s vee 
IDa E 
11a 10e 

Za Za ~e 
lOb Z. 

It, lIb 10d 

It, lId 

Zd GND 

TL/FI1160B-l 

Z. 
TLlF/llBOB-2 

TLlF/llBOB-4 

Pin Names Description 

IOa-IOd Source 0 Data Inputs 

Ila-lld Source 1 Data Inputs 
E Enable Input 
S Select Input 

Za-Zd Outputs 

SOICJEDEC SOICEIAJ SSOPTYPEI 

Order Number 74LVX157M 74LVX157SJ 
74LVX157MX 74LVX157SJX 74LVX157MSCX 

See NS Package Number M16A M16D MSC16 

8-36 



Functional Description 
The LVX157 is a quad 2-input multiplexer. It selects four bits 
of data from two sources under the control of a common 
Select input (S). The Enable input (E) is active-LOW. When 
E is HIGH, all of the outputs (2) are forced LOW regardless 
of all other inputs. The LVX157 is the logic implementation 
of a 4-pole, 2-position switch where the position of the 
switch is determined by the logic levels supplied to the Se
lect input. The logic equations for the outputs are shown 
below: 

Za = E • (lla • S + lOa • 5) 
Zb = E • (Ilb • S + lOb. 5) 
Ze = E • (Ile • S + 10e. 5) 
Zd = E • (lld • S + 10d • 5) 

A common use of the LVX157 is the moving of data from 
two groups of registers to four common output busses. The 
particular register from which the data comes is determined 
by the state of the Select input. A less obvious use is as a 
function generator. The LVX157 can generate any four of 
the sixteen different functions of two variables with one vari
able common. This is useful for implementing gating func
tions. 

2 
10• 

~" 

3 ~B 
11. 

5 
lOb 

<1>" 

<l>B 
lib 

11 
IDe 

~" 

10 <l>B 
lIe 

14 
IOd 

~" 

13 ~B 
lId 
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Truth Table 
Inputs 

E 5 

H X 
L H 
L H 
L L 
L L 

H = HIGH Voltage Level 
L = LOW Vollage Level 
X = Immaterial 

10 

X 
X 
X 
L 
H 

Outputs 

11 Z 

X L 
L L 
H H 
X L 
X H 

TL/F/II608-3 



Absolute Maximum Ratings (Note) Recommended Operating 
If Military/Aerospace specified devices are required, Conditions 
please contact the National Semiconductor Sales Supply Voltage (Vcc) 2.0Vt03.6V 
Office/Distributors for availability and specifications. 

Supply Voltage (Vee) -0.5V to + 7.0V 
Input Voltage (VI) OVt05.5V 

DC Input Diode Current (11K) 
Output Voltage (Vo) OVtoVee 

VI = -0.5V -20mA Operating Temperature (TAl -40·C to + 85·C 

DC Input Voltage (VI) -0.5Vt07V Input Rise and Fall Time (At/ Av) o nslV to 100 nslV 

DC Output Diode Current (10K> 
Vo = -0.5V -20mA 
Vo = Vee + 0.5V +20mA 

DC Output Voltage (Vo) -0.5V to Vee + 0.5V 

DC Output Source 
or Sink Current (10) ±25mA 

DC Vee or Ground Current 
(Icc or IGND) ±50mA 

Storage Temperature (T STG) -65·Cto + 1500C 

Power Dissipation 180mW 

Note: The "Absolute Maximum Ratings" are those values 
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The 
parametric values defined in the "Electrical Characteristics" 
table are not guaranteed at the absolute maximum ratings. 
The "Recommended Operarting Conditions" table will de-
fine the conditions for actual device operation. 

DC Electrical Characteristics 
74LVX157 74LVX157 

Symbol Parameter Vee TA = +25·C 
TA = Units Conditions 

-40"C to +85"C 

Min Typ, Max Min Max 

VIH High Level 2.0 1.5 1.5 
Input 3.0 2.0 2.0 V 
Voltage 3.6 2.4 2.4 

VIL Low Level 2.0 0.5 0.5 
Input 3.0 0.8 0.8 V 
Voltage 3.6 0.8 0.8 

VOH High Level 2.0 1.9 2.0 1.9 VIN = VIL or VIH 10H = -50 p.A 
Output 3.0 2.9 3.0 2.9 V 10H = -50/LA 
Voltage 3.0 2.58 2.48 10H = -4mA 

VOL Low Level 2.0 0.0 0.1 0.1 VIN = VIL or VIH 10L = 50/LA 
Output 3.0 0.0 0.1 0.1 V 10L = 50/LA 
Voltage 3.0 0.36 0.44 10L = 4mA 

liN Input 3.6 ±0.1 ±1.0 VIN = 5.5V or GND 
Leakage p.A 
Current 

Icc Quiescent 3.6 4.0 40.0 VIN = Vee or GND 
Supply 
Current 

p.A 
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Noise Characteristics: See Section 2 for Test Methodology 

74LVX157 

Symbol Parameter Vee 
TA = 25·C 

(V) 
Typ Limit 

VOLP Quiet Output Maximum Dynamic VOL 3.3 0.3 0.5 

VOLV Quiet Output Minimum Dynamic VOL 3.3 -0.3 -0.5 

V,HO Minimum High Level Dynamic Input Voltage 3.3 2.0 

V,LO Maximum Low Level Dynamic Input Voltage 3.3 0.8 

Note: (Input Ir = If = 3 ns) 

AC Electrical Characteristics: See Section 2 for Test Methodology 

74LVX157 74LVX157 

Symbol Parameter Vee 
TA = +25·C 

TA= 
(V) -40·C to + 85"C 

Min Typ Max Min Max 

tpLH. Propagation 6.6 12.5 1.0 15.5 
tpHL Delay Time 2.7 

9.1 16.0 1.0 19.0 
IntoZn 

5.1 7.9 1.0 9.5 
3.3 ±0.3 

7.6 11.4 1.0 13.0 

tpLH. Propagation 8.9 16.9 1.0 20.5 
tpHL Delay Time 2.7 

11.4 20.4 1.0 24.0 
StoZn 

7.0 11.0 1.0 13.0 
3.3 ±0.3 

9.5 14.5 1.0 16.5 

tpLH. Propagation 9.1 17.6 1.0 20.5 
tpHL Delay Time 2.7 

11.6 21.1 1.0 24.0 
EtoZn 

7.2 11.5 1.0 13.5 
3.3 ±0.3 

9.7 15.0 1.0 17.0 

IoSHL. Output to Output 
2.7 1.5 1.5 

tOSLH Skew (Note 1) 

Note 1: Parameter guaranleed by design. toSLH = ItPLHm - tpLHnl. 
toSHL = ItPHLm - IpHLnI. 

Capacitance 
74LVX157 74LVX157 

Symbol Parameter TA = +25·C 
TA= 

-40·Cto +85·C 
Units 

Min Typ Max Min Max 

C'N Input Capacitance 4 10 10 pF 

CpO Power Dissipation 
20 pF 

Capacitance (Note 1) 

Nole 1: CPO is defined as the value of Ihe internal equivalent capacitance which Is calculated from Ihe operating current consumption 
wilhout load. 
Average operating current can be obtained by the equation: ICC(opr.) = CPO X Vee X fiN + IcC 
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Units 

V 

V 

V 

V 

Units 

ns 

ns 

ns 

ns 

CL(PF) 

50 

50 

50 

50 

CL(pF) 

15 

50 

15 

50 

15 

50 

15 

50 

15 

50 

15 

50 

50 

s .... 
CII 
...... 



~National 
~ semiconductor 

74LVX174 
Low Voltage Hex D Flip-Flop with Master Reset 

General Description 
The LVX174 is a high-speed hex D flip-flop. The device is 
used primarily as a 6-bit edge-triggered storage register. 
The information on the D inputs is transferred to storage 
during the LOW-to-HIGH clock transition. The device has a 
Master Reset to simultaneously clear aU flip-flops. 

Ordering Code: See Section 11 

Logic Symbols 

Features 
• Input voltage level translation from 5V to 3V 
• Ideal for low power/low noise 3.3V applications 
• Available in SOIC JEDEC, SOIC EIAJ and SSOP pack

ages 

• Guaranteed simultaneous switching noise level and 
dynamic threshold performance 

Connection Diagram 
Pin Assignment for 

IEEEIIEC SOIC and SSOP 

NR MR 1 16 Vee 
Do .. .. 0, 0, 0, 0, 

CP 00 2' 15 05 c, 

•• Do 14 Os Do 00 
~ 13 04 

0, 0, 
0, 12 04 

O2 Oz O2 11 03 TLlF/11607-1 
03 03 

O2 10 03 
0, 0, GND 9 CP 

Os Os 

TLlF/11607-4 
TLlF/11607-2 

Logic Diagram 
Do 0, D2 0, D, Os 

6 11 13 1. 

NR 

CP 

00 a, Oz Os 0, Os 
TLlF/11607-3 

Pin Names Description 
SOICJEDEC SOICEIAJ SSOPTYPEI 

Do-Ds Data Inputs 
Order Number 74LVX174M 74LVX174SJ CP Clock Pulse Input 

MR Master Reset Input 74LVX174MX 74LVX174SJX 74LVX174MSCX 

00-0 5 Outputs See NS Package Number M16A M16D MSC16 
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Absolute Maximum Ratings (Note) Recommended Operating 
If Military/Aerospace specified devices are required, Conditions 
please contact the National Semiconductor Sales 

Supply Voltage (Vee) 2.0Vt03.6V 
Office/Distributors for availability and specifications. 

Supply Voltage (Vee> -O.SVto +7.0V 
Input Voltage (VI) OVtoS.SV 

DC Input Diode Current (11K) 
Output Voltage (VO) OVtoVee 

VI = -O.SV -20mA Operating Temperature (TAl -40'Cto +8S'C 

DC Input Voltage (VI) -0.SVt07V Input Rise and Fall Time (al/av) o nsN to 100 nsN 

DC Output Diode Current (10K) 
Vo = -O.SV -20mA 
Vo = Vee + O.SV +20mA 

DC Output Voltage (VO) -O.SV to Vee + O.SV 
DC Output Source 

or Sink Current (10) ±2SmA 

DC Vee or Ground Current 
(Icc or IGNO) ±SOmA 

Storage Temperature (T STG) -6S'C to + 1S0'C 
Power Dissipation (Po) 180mW 

Note: The "Absolute Maximum Ratings" are those values 
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The 
parametric values defined in the "Electrical Characteristics" 
table are not guaranteed at the absolute maximum ratings. 
The "Recommended Operating Conditions" table will define 
the conditions for actual device operation. 

DC Electrical Characteristics 
74LVX174 74LVX174 

Symbol Parameter Vee TA = +25'C 
TA= Units Conditions 

- 40'C to + 85'C 

Min Typ Max Min Max 

VIH High Level 2.0 1.S 1.S 
Input 3.0 2.0 2.0 V 
Voltage 3.6 2.4 2.4 

VIL Low Level 2.0 O.S O.S 
Input 3.0 0.8 0.8 V 
Voltage 3.6 0.8 0.8 

VOH High Level 2.0 1.9 2.0 1.9 VIN = VIL or VIH IOH = -SOJJ.A 
Output 3.0 2.9 3.0 2.9 V IOH = -SOJJ.A 
Voltage 3.0 2.S8 2.48 IOH = -4mA 

VOL Low Level 2.0 0.0 0.1 0.1 VIN = VIL or VIH IOL = SOJJ.A 
Output 3.0 0.0 0.1 0.1 V IOL = SOJJ.A 
Voltage 3.0 0.36 0.44 IOL = 4mA 

liN Input 3.6 ±0.1 ±1.0 JJ.A VIN = S.SV or GND 
Leakage 
Current 

lee Quiescent 3.6 4.0 40.0 JJ.A VIN = Vee or GND 
Supply 
Current 
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Noise Characteristics: See Section 2 for Test Methodology 

74LVX174 

Symbol Parameter Vee TA = 25'C Units CL(pF) (V) 
Typ Limit 

VOLP Quiet Output Maximum Dynamic VOL 3.3 0.3 0.5 ·V 50 

VOLV Quiet Output Minimum Dynamic VOL 3.3 -0.3 -0.5 V 50 

VIHO Minimum High Level Dynamic Input Voltage 3.3 2.0 V 50 

VILO Maximum Low Level Dynamic Input Voltage 3.3 0.8 V 50 

Note: (Input" = tf = 3 ns) 

AC Electrical Characteristics: See Section 2 for Test Methodology 

74LVX174 74LVX174 

Symbol Parameter Vee TA = +25'C 
TA= Units CL(pF) (V) -40'C to +85"C 

Min Typ Max Min Max 

tpLH Propagation 7.6 14.5 1.0 17.5 15 
tpHL Delay Time 2.7 

10.1 18.0 1.0 21.0 50 
CPtoQn ns 

5.9 9.3 1.0 11.0 15 
3.3 ±0.3 

8.4 12.8 1.0 14.5 50 

tpHL Propagation Delay 7.9 15.0 1.0 18.5 15 
MRtoQn 2.7 

10.4 18.5 1.0 22.0 50 
ns 

3.3 ±0.3 
6.2 9.7 1.0 11.5 15 

8.7 13.2 1.0 15.0 50 

ts Setup Time 2.7 7.5 8.5 
Dn to CP 3.3 ±0.3 5.0 6.0 

tH Hold Time 2.7 
ns 

0 0 
On to CP 3.3 ±0.3 0 0 

tREM Removal Time 2.7 4.5 4.5 
MRtoCP 3.3 ±0.3 3.0 3.0 

Clock Pulse 
ns 

tw 2.7 6.5 7.5 
Width 3.3 ±0.3 5.0 5.0 

tw MR Pulse 2.7 6.5 7.5 
Width ns 

3.3 ±0.3 5.0 5.0 

fMAX Maximum 65 130 55 15 
Clock 2.7 

45 60 40 50 
Frequency MHz 

115 180 95 15 
3.3 ±0.3 

65 95 55 50 

tOSLH Output to Output 
2.7 1.5 1.5 ns 50 

IosHL Skew (Note 1) 

Note 1: Parameter guaranteed by design.IosLH = IIpLHm - tPLHnl. toSHL = ItpHLm - IpHLnl 

Capacitance 
74LVX174 74LVX174 

Symbol Parameter TA = +25"C 
TA= Units 

-40'Cto +85'C 

Min Typ Max Min Max 

CIN Input Capacitance 4 10 10 pF 

CPO Power Dissipation 
29 pF 

Capacitance (Note 1) 

Note 1: CPO Is defined as the value of the internal equivalent capacitance which is calculated from the operating current consumption 
without load. 

Average operating current can be obtained by the equation: ICC(opr.) = CPO X4~~~r ~;~ + Icc 
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~National 
Semiconductor 

74LVX240 
Low Voltage Octal Buffer/Line Driver 
with TRI-STATE® Outputs 
General Description Features 
The LVX240 is an octal inverting buffer and line driver de- • Input voltage translation from 5V to 3V 
signed to be employed as a memory address driver, clock • Ideal for low power/low noise 3.3V applications 
driver and bus oriented transmitter or receiver which pro- • Available in SOIC JEDEC, SOIC EIAJ and SSOP pack-
vides improved PC board denSity. The inputs tolerate up to ages 
7V allowing interface of 5V systems to 3V systems. • Guaranteed simultaneous switching noise level and dy-

namic threshold performance 

Ordering Code: See Section 11 

Logic Symbol Connection Diagram 
Pin Assignment 

IEEE/IEC for SOIC and SSOP 

or, I ::-J !2...vcc EN or, 2 19 _ 

'0 --'" 
~ .r-

OE2 

~- t> v 1'--0. o.-=- 18 -

17 00 
1,- 1'--0, ~....! ....;..-" 

~ 16 ~ 
'2 -

1'--0, -,-=- .r--
Os 6 --'-l. 15 0, 

1,- I'-- a, ,2---'-

~ 14 ~ 0,2 .r--
,,2 ....;..-" 13 °2 

0E2 EN -,2 ~ .r-- 12 ~ 
0, 10 --'-l. 11 °3 

',- t> V I'-- A. GND";";;' 7 
'5- 1'-- AS TUF/11609-1 ,,- I'-- a, 
7- I"-~ 

TUF111609-2 

Pin Names Description 

OE1,OE2 TRI-STATE Output Enable Inputs 
10-17 Inputs 
'00-'07 Outputs 

Truth Tables 
Inputs Outputs Inputs Outputs 

OEl In (Pins 12, 14, 16, 18) OE2 In (Pins 3, 5, 7, 9) 

L L H L L H 
L H L L H L 
H X Z H X Z 

H = HIGH Voltage Level L = LOW Voltage Level X = Immaterial Z = High Impedance 

SOICJEDEC SOICEIAJ SSOPTYPEI 

Order Number 74LVX240M 74LVX240SJ 
74LVX240MX 74LVX240SJX 74LVX240MSCX 

See NS Package Number M20B M20D MSC20 
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Absolute Maximum Ratings (Note) Recommended Operating 
If Military/Aerospace specified devices are required, Conditions 
please contact the National Semiconductor Sales 

Supply Voltage (Vce> 2.0Vto3.6V 
Office/Distributors for availability and specifications. 

Supply Voltage (Vcc) -O.SVto +7.0V 
Input Voltage (VI) OVtoS.SV 

DC Input Diode Current (111<> 
Output Voltage (VO) OVtoVcc 

VI = -0.5V ·-20mA Operating Temperature (TAl -40"Cto +8S·C 

DC Input Voltage (VI) -0.SVto7V Input Rise and Fall TIme (.(\t!.(\ V) o nsN to 100 nsN 

DC Output Diode Current (10K) 
Vo = -O.SV -20mA 
Vo = Vee + O.SV +20 inA 

DC Output Voltage (VO) '-O.SV to Vee + O.SV 

DC Output Source 
or Sink Current (10) ±2SmA 

DC. Vee or Ground Current 
(Icc or IGNO) ±7SmA 

Storage Temperature (T 8TG) - 6S·C to + 1SO"C 

Power Dissipation (Po) 180mW 

Note: Absolute Maximum Ratings are those values beyond 
which the safety to the device cannotbe guaranteed. The 
device should not be operated at these limits. The paramet-
ric values defined in the "Electrical Characteristics" table 
are not guaranteed at the absolute maximum ratings. The 
"Recommended Operarting Conditions" table will define 
the conditions for actual device operation. 

DC Electri~al Characteristics 
74LVX240 74LVX240 

Symbol Parameter Vee TA = +25"C 
TA= Units Conditions 

- 40·C to + 8S·C 

Min Typ Max Min Max 

VIH High Level, 2.0 1.S 1.S 
Input 3.0 2.0 2.0 V 
Voltage 3.6 2.4 2.4 

VIL Low Level 2.0 O.S O.S 
Input 3.0 0.8 0.8 V 
Voltage 3.6 0.8 ,0.8 

VOH High Level 2.0 1.9 2.0 1.9 VIN = VIH or VIL 10H = -50pA 
Output 3.0 2.9 3.0 2.9 V 10H = -SO/loA 
Voltage 3.0 2.S8 2.48 10H = -4mA 

VOL Low Level 2.0 0.0 0.1 0.1 VIN = VIH or VIL 10L = SOpA 
Output 3.0 0.0 0.1 0.1 V 10L = SO /loA 
Voltage 3.0 0.36 0.44 IOL=4mA 

loz TRI- 3.6 ±0.2S ±2.S VIN = VIH or VIL 
STATE 

pA. Your = VeeorGND 
Output 
Off-State 
Current 

liN Input 3.6 
±0.1 ±1.0 pA 

VIN = S.5V or GND 
Leakage 
Current 

Icc Quiescent 3.6 
4.0 40.0 /loA 

VIN = Vee or GND 
Supply 
Current 

8-44 



Noise Characteristics: See Section 2 for Test Methodology 

74LVX240 

Symbol Parameter Vee 
TA = 25'C Units CL(pF) 

(V) 
Typ Limit 

VOLP Quiet Output Maximum Dynamic VOL 3.3 0.5 0.8 V 50 

VOLV Quiet Output Minimum Dynamic VOL 3.3 -0.5 -0.8 V 50 

VIHD Minimum High Level Dynamic Input Voltage 3.3 2.0 V 50 

VILD Maximum Low Level Dynamic Input Voltage 3.3 0.8 V 50 

Note: (Input Ir = If = 3 ns) 

AC Electrical Characteristics: See Section 2 for Test Methodology 

74LVX240 74LVX240 

Symbol Parameter Vee 
TA = +25'C 

TA= Units Conditions 
(V) -40'Cto +85'C 

Min Typ Max Min Max 

tpLH. Propagation 5.7 10.1 1.0 12.5 CL = 15pF 
tpHL Delay Time 2.7 

8.2 13.6 1.0 16.0 CL = 50pF 
ns 

4.3 6.2 1.0 7.5 CL = 15 pF 
3.3 ±0.3 

6.6 9.7 1.0 11.0 CL = 50pF 

tPZL. TRI-STATE Output 7.1 13.8 1.0 16.5 CL = 15 pF. RL = 1 kO 
tPZH Enable Time 2.7 

9.6 17.3 1.0 20.0 CL = 50 pF. RL = 1 kO 
ns 

5.5 8.8 1.0 10.5 CL = 15 pF. RL = 1 kO 
3.3 ±0.3 

8.0 12.3 1.0 14.0 CL = 50 pF. RL = 1 kO 

tpLZ. TRI-STATE Output 2.7 11.6 16.0 1.0 19.0 CL = 50 pF. RL = 1 kO 

tpHZ Disable Time 
ns 

3.3 ±0.3 9.7 11.4 1.0 13.0 CL = 50 pF. RL = 1 kO 

tOSLH Output to Output 
2.7 1.5 1.5 ns CL = 50pF 

tosHL Skew (Note 1) 

Note 1: Parameler guaranleed by design. toSLH = ilPLHm - IPLHni. iosHL = ilPHLm - tpHLni 

Capacitance 
74LVX240 74LVX240 

Symbol Parameter TA = +25'C 
TA= 

- 40'C to + 85'C 
Units 

Min Typ Max Min Max 

CIN Input Capacitance 4 10 10 pF 

COUT Output Capacitance 6 pF 

CpD Power Dissipation 
17 10 pF 

Capacitance (Note 1) 

Note 1: CPO is defined as the value 01 the internal equivalent capacitance which is calculated from the operating current consumption 
wilhout load. 

. . . CPD X Vee x fiN + lee 
Average operallng currenl can be obtained by Ihe equation: leC(opr) = (b' ) 

. 8 per It 
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~National 
Semiconductor 

74LVX244 
Low Voltage Octal Buffer/Line Driver 
with TRI-STATE® Outputs 
General Description Features 
The L VX244 is an octal non-inverting buffer and line driver • Input voltage translation from 5V to 3V 
designed to be employed as a memory address driver, clock • Ideal for low power/low noise 3.3V applications 
driver and bus oriented transmitter or receiver which pro- • Available in SOIC JEDEC, SOIC EIAJ and SSOP 
vides improved PC board density. The inputs tolerate up to packages 
7V allowing interface of 5V systems to 3V systems. • Guaranteed simultaneous switching noise level and 

dynamic threshold performance 

Ordering Code: See Section 11 

Logic Symbol. Connection Diagram 

IEEE/IEC Pin Assignment for 
SOIC and SSOP 

~~ I .~ 20 
or; 2 ~~ 

10 I>VDo 103" 
~ .r'- 18 DE, 

\ ~ 0'"4 1-'-1. " Do 
12 02 \"5 

~ .r-'- 16 14 

13 03 %~ 1-'-1. 15 ~ 
'2"";' 

~ .r-'- 14 15 
• ..2 

~~ 
0" 8 1-'-1. 13 O2 

'3 "";' 

~ 
12 I, 

,...2. .r-'-
I, I> V 0, '7 10 ~ I I 0, 

GND"""'" " 15 Os 

I, . 0" TLlF/11552-1 

I, '7 
TL/F111552-2 

Pin Names Description 

OE1,OE2 . TRI-STATE Output Enable Inputs 

10-17 Inputs 

00-0 7 Outputs 

Truth Tables 
Inputs Outputs Inputs outputs 

OE1 In 
(Pins 12, 14, 16, 18) 

OE2 In 
(Pins 3, 5, 7, 9) 

L L L L L L 

L H H L H H 
H X Z H X Z 

H = HIGH Vo~age Level X = Immaterial L = LOW Voltage Level Z = High Impedance 

SOICJEDEC SOICEIAJ SSOPTYPEI 

Order Number 74LVX244M 74LVX244SJ 

74LVX244MX 74LVX244SJX 74LVX244MSCX 

See NS Package Number M20B M20D MSC20 
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Absolute Maximum Ratings (Note) Recommended Operating 
If Military/Aerospace specified devices are required, Conditions 
please contact the National Semiconductor Sales 

Supply Voltage (Vee> 2.0Vt03.6V 
Office/Distributors for availability and specifications. 

Supply Voltage (Vee> -O.SV to + 7.0V 
Input Voltage (VI) OVtoS.SV 

DC Input Diode Current (Iud 
Output Voltage (Vo) OVtoVee 

VI = -O.SV -20mA Operating Temperature (T A) -40'Cto +8S'C 

DC Input Voltage (VI) -0.SVt07V Input Rise and Fall Time (at/a V) o nsN to 1 00 nsN 

DC Output Diode Current (loKl 
Vo = -O.SV -20mA 
Vo = Vee + O.SV +20mA 

DC Output Voltage (VO) -O.SVtoVee + O.SV 
DC Output Source 

or Sink Current (10) ±2SmA 

DC Vee or Ground Current 
(Icc or IGND) ±7SmA 

Storage Temperature (T STG) -6S·Cto +1S0'C 

Power Dissipation 180mW 
Note: The "Absolute Maximum Ratings" are those values 
beyond which the safety of the device cannot be guaran· 
teed. The device should not be operated at these limits. The 
parametric values defined in the "Electrical Characteristics" 
table are not guaranteed at the absolute maximum ratings. 
The "Recommended Operating Conditions" table will define 
the conditions for actual device operation. 

DC Electrical Characteristics 
74LVX244 74LVX244 

Symbol Parameter Vee TA = +25·C 
TA= 

- 40'C to + 85'C 
Units Conditions 

Min Typ Max Min Max 

VIH High Level 2.0 1.S 1.S 
Input 3.0 2.0 2.0 V 
Voltage 3.6 2.4 2.4 

Vil Low Level 2.0 O.S O.S 
Input 3.0 0.8 0.8 V 
Voltage 3.6 0.8 0.8 

VOH High Level 2.0 1.9 2.0 1.9 VIN = VIH orVll 10H = -SO ",A 
Output 3.0 2.9 3.0 2.9 V 10H = -SO ",A 
Voltage 3.0 2.S8 2.48 10H = -4mA 

VOL Low Level 2.0 0.0 0.1 0.1 VIN = VIH orVll 10l = SO ",A 
Output 3.0 0.0 0.1 0.1 V 10l = SO ",A 
Voltage 3.0 0.36 0.44 10l = 4mA 

10Z TRI·STATE 3.6 ±0.2S ±2.5 ",A VIN = VIH orVll 
Output 
Off·State 

VOUT = Vee or GND 

Current 

liN Input 3.6 ±0.1 ±1.0 p.A VIN = S.SV or GND 
Leakage 
Current 

Icc Quiescent 3.6 4.0 40.0 ",A VIN = Vee or GND 
Supply 
Current 
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Noise Characteristics: See Section 2 for Test Methodology 

74LVX244 

Symbol Parameter 
Vee 

TA = 25"C Units CL(pF) 
(V) 

Typ Limit 

VOLP Quiet Output Maximum Dynamic VOL 3.3 0.5 0.8 V 50 

VOLV Quiet Output Minimum Dynamic VOL 3.3 -0.5 -0.8 V 50 

VIHO Minimum High Level Dynamic Input Voltage 3.3 2.0 V 50 

VILO Maximum Low Level Dynamic Input Voltage 3.3 0.8 V 50 

Note: InPllt t,. = tf = 3 ns 

AC Electrical Characteristics: See Section 2 for Test Methdology 

74LVX244 74LVX244 

Symbol Parameter Vee 
TA = +2S·C 

TA = -40·C 
Units' Conditions 

(V) to +85"C 

Min Typ Max Min Max 

tpLH. Propagation Delay 2.7 6.1 11.4 1.0 13.5 CL = 15pF 

tpHL Time 8.6 14.9 1.0 17.0 CL = 50pF 
ns 

3.3 ±0.3 4.7 7.1 1.0 8.5 CL = 15pF 

7.2 10.6 1.0 12.0 CL = 50pF 

tPZL. TRI-STATE Output 2.7 
7.1 13.8 1.0 16.5 

CL = 15pF. 

. tPZH Enable Time RL = 1 kfl 

9.6 17.3 1.0 20.0 
CL = 50pF. 
RL = 1 kfl 

ns 
3.3 ±0.3 

5.5 . 8.8 1.0 10.5 
CL = 15pF. 
RL = 1 kfl 

8.0 12.3 1.0 14.0 
CL = 50pF. 
RL=1kfl 

tpLZ. TRI-STATE Output 2.7 11.6 16.0 1.0 19.0 CL = 50pF. 

tpHZ Disable Time ns RL = 1 kO 3.3 ±0.3 9.7 11.4 1.0 13.0 

toSLH. Output to Output 
2.7 1.5 1.5 ns 

CL = 50pF 

tOSHL Skew (Note 1) 

Note 1: Parameter guaranteed by design. toSLH = IIpLHm - tpLHnl, tosHL = ItPHLm - tpHLnl 

Capacitance 
74LVX244 74LVX244 

Symbol Parameter TA = +2S·C 
TA = 

- 40"C to + 8S·C 
Units 

Min Typ Max Min Max 

CIN Input Capacitance 4 10 10 pF 

COUT Output Capacitance 6 pF 

CPO Power Dissipation 
19 pF 

Capacitance (Note 1) 

Note 1: CPO Is defined as the value of the internal equivalent capacitance which is calculated from the operating current consumption 
without load. 

Average operating current can be obtained by the equation: ICC(opr) = CPO X ~~ Xb~'~ + Icc . per It 
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~Nat1onal 
~ semiconductor 

74LVX245 
Low Voltage Octal Bidirectional Transceiver 
General Description Features 
The LVX245 contains eight non-inverting bidirectional buff
ers is intended for bus-oriented applications. The Transmitl 
Receive (T fR) input determines the direction of data flow 
through the bidirectional transceiver. Transmit (active
HIGH) enables data from A ports to B ports; Receive (ac
tive-LOW) enables data from B ports to A ports. The Output 
Enable input, when HIGH, disables both A and B ports by 
placing them in a HIGH-Z condition. 

• Ideal for low powerllow noise 3.3V applications 

Ordering Code: See Section 11 

Logic Symbols 

TL/F111597-1 

Pin 
Names 

OE 
T/Fi 
Ac-A7 
Bo-B7 

Truth Table 

DE 
L 
L 
H 

Or 
TIR 

A, 

" As 

" As .. ., 

• Available in SOIC JEDEC, SOIC EIAJ and SSOP 
packages 

• Guaranteed simultaneous switching noise level and 
dynamic threshold performance 

Do 

., .. 
B, 

B, 

lis 
Be 
a, 

TUF/11597-5 

Connection Diagram 

T/ii 
A., 
A, 

Aa 
A, 

A4 

As 
As 

" GND 

Pin Assignment for 
SSOP and sOle 

....!r';<I...ll-rU>;. ~ 
2 .ll 
3 18 

4 17 

5 16 

6 15 

7 14 

8 13 

9 12 

.1J!11' 11 

TUF111597-3 

Description 

Output Enable Input 
Transmit/Receive Input 
Side A TRI-STATEIB> Inputs or TRI-STATE Outputs 
Side B TRI-STATE Inputs or TRI-STATE Outputs 

Inputs 
Outputs 

T/R 

L Bus B Data to Bus A 
H Bus A Data to Bus B 
X HIGH-Z State 

H = HIGH Voltage Level L = LOW Voltage Level X = Immaterial 

SOICJEDEC SOICEIAJ SSOPTYPEI 

Order Number 74LVX245M 74LVX245SJ 
74LVX245MX 74LVX245SJX 74LVX245MSCX 

See NS Package Number M20B M20D MSC20 
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Absolute Maximum Ratings (Note) Recommended Operating 
If Military/Aerospace specified devices are required, Conditions 
please contact the National Semiconductor Sales 

Supply Voltage {Vee> 2.0Vt03.6V 
Office/Distributors for availability and specifications. 

Input Voltage T fR, OE (VI) OVt05.5V 
Supply Voltage {Vee> -0.5Vto +7.0V 

DC Input Diode Current (111<> 
Bus I/O Voltage (VI/O) OVtoVee 

VI = -0.5V -20mA Operating Temperature (TAl - 40·C to + 85·C 

DC Input Voltage T IR, OE (VI) -0.5Vt07V Input Rise and Fall Time (At/ A V) o nslV to 100 nslV 

DC Diode Current {10K> 
Vo = -0.5V -20mA 
Vo = Vee + 0.5V +20mA \ 

DC Bus I/O Voltage (VI/O) -0.5V to Vee + 0.5V 

DC Output Source 
or Sink Current (10) ±25mA 

DC Vee or Ground Current 
{lee or IGND) ±75mA 

Storage Temperature (T STG) -65·Cto + 1500C 

Power Dissipation 180mW 

Note: The "Absolute Maximum Ratings" are those values 
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The 
parametric values defined in the "Electrical Characteristics" 
table are not guaranteed at the absolute maximum ratings. 
The "Recommended Operating Conditions" table will define 
the conditions for actual device operation. 

DC Electrical Characteristics 
74LVX245 74LVX245 

Symbol Parameter Vee TA = +2S·C 
TA= Units Conditions 

- 40"C to + 8S·C 

Min Typ Max Min Max 

VIH High Level 2.0 1.5 1.5 
Input 3.0 2.0 2.0 V 
Voltage 3.6 2.4 2.4 

VIL Low Level 2.0 0.5 0.5 
Input 3.0 0.8 0.8 V 
Voltage 3.6 0.8 0.8 

VOH High Level 2.0 1.9 2.0 1.9 VIN = VIH orVIL 10H = -50p.A 
Output 3.0 2.9 3.0 2.9 V 10H = -50 p.A 
Voltage 3.0 2.58 2.48 10H = -4mA 

VOL Low Level 2.0 0.0 0.1 0.1 VIN = VIH orVIL 10L = 50p.A 
Output 3.0 0.0 0.1 0.1 V 10L = 50 p.A 
Voltage 3.0 0.36 0.44 10L = 4mA 

loz TRI-5TATE ±0.25 ±2.5 VIN = VIH orVIL 
Output 

3.6 Off-State 
p.A Your = Vee or GND 

Current 

liN Input ±0.1 ±1.0 VIN = 5.5V or GND 
Leakage 
Current 

3.6 p.A 

lec Quiescent 4.0 40.0 VIN = Vee or GND 
Supply 
Current 

3.6 p.A 

8-50 



Noise Characteristics: See Section 2 for Test Methodology 

74LVX245 

Symbol Parameter Vee Units 
Conditions 

(V) 
TA = 25"C 

CL (pF) 
Typ Limit 

VOlP Quiet Output Maximum Dynamic VOL 3.3 0.5 O.B V 50 

VOlV Quiet Output Minimum Dynamic VOL 3.3 -0.5 -O.B V 50 

VIHD Minimum High Level Dynamic Input Voltage 3.3 2.0 V 50 

VILD Maximum Low Level Dynamic Input Voltage 3.3 O.B V 50 

Nole: Input t, = tf = 3 ns 

AC Electrical Characteristics: See Section 2 for Test Methodology 

74LVX245 74LVX245 

Symbol Parameter Vee 
TA = +25'C 

TA= Units Conditions 
(V) -40'Cto +85"C 

Min Typ Max Min Max 

tpLH Propagation Delay Time 
2.7 

6.1 10.7 1.0 13.5 CL = 15pF 

tpHL B.6 14.2 1.0 17.0 CL = 50pF 
ns 

3.3 ±0.3 
4.7 6.B 1.0 8.0 CL = 15pF 

7.2 10.1 1.0 11.5 CL=50pF 

tpZL TRI-STATE Output 
2.7 

9.0 16.9 1.0 20.5 CL = 15 pF, RL = 1 kO 

tpZH Enable Time 11.5 20.4 1.0 24.0 CL = 50 pF, RL = 1 kO 
ns 

3.3±0.3 
7.1 11.0 1.0 13.0 CL = 15 pF, RL = 1 kO 

9.6 14.5 1.0 16.5 CL = 50 pF, RL = 1 kO 

tpLZ TRI-STATE Output 2.7 11.5 18.0 1.0 21.0 CL = 50 pF, RL = 1 kO 

tpHZ Disable Time 
ns 

3.3 ±0.3 9.6 12.8 1.0 14.5 CL = 50 pF, RL = 1 kO 

tOSLH Output to Output Skew 
2.7 1.5 1.5 ns 

CL = 50 pF (Note 1) 

tOSHL (Note 1) 

Nole 1: Parameter guaranteed by design. toSLH = itPLHm - tPLHnl. toSHL = IIpHLm - tpHLnI 

Capacitance 
74LVX245 74LVX245 

Symbol Parameter TA = +25'C 
TA = 

-40'Cto +85'C 
Units 

Min Typ Max Min Max 

CIN Input Capacitance T IR, OE 4 10 10 pF 

CliO Output Capacitance An, Sn 8 pF 

CPD Power Dissipation 
21 pF 

Capacitance (Note 1) 

Nole 1: Cpo is defined as the value of the internal equivalent capacitance which is calculated from the operating current consumption 
without load. 

. . . CPO X Vcc X fiN + Icc 
Average operating current can be obtruned by the equation: ICC(opr.) = 8 (per bit) 
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~ ~National ~ semiconductor 

74LVX273 
Low Voltage Octal D Flip-Flop 
General Description 
The LVX273 has eight edge-triggered D-type flip-flops with 
individual D inputs and Q outputs. The common buffered 
Clock (CP) and Master Reset (MR) input load and reset 
(clear) all flip-flops simultaneously. 

The register is fully edge-triggered. The state of each Din
put, one setup time before the LOW-to-HIGH clock tran
sition, is transferred to the corresponding flip-flop's Q out
put. 

All outputs will be forced LOW independently of Clock or 
Data inputs by a LOW voltage level on the MR input. The 
device is useful for applications where the true output only is 
required and the Clock and Master Reset are common to ail 
storage elements. The inputs tolerate up to 7V allowing in
terface of 5V systems to 3V systems. 

Ordering Code: See Section 11 

Logic Symbols 

Features 
• Input voltage translation from 5V to 3V 
• Ideal for low power/low noise 3.3V applications 
• Available'in SOIC JEDEC, SOIC EIAJ and SSOP pack

ages 
• Guaranteed simultaneous switching noise level and 

dynamic threshold performance 

Connection Diagram 

Pin Assignment for 
IEEE/IEC SOIC and SSOP 

Mil iiIi 20 Vee 
CP 00 19 <? 

CP 

MR °0 
0, 

°2 
TL/F/11614-1 °3 

00 Do 18 I? 

0, 0, 4 17 Os' , 
~ 16 Oe 

O2 
O2 6 15 Os 

03 O2 7 14 Os 

°4 04 03 13 0, 

°5 05 03 12 0, 

°6 Os GNO 10 11 CP 

~ ~ 
TL/F/11614-2 

TUF/11614-4 

Pin Names Description 

Do-D7 Data Inputs 
MR Master Reset 
CP Clock Pulse Input 
QO-Q7 Data Outputs 

SOICJEDEC SOICEIAJ SSOPTYPEI 

Order Number 74LVX273M 74LVX273SJ 
74LVX273MX 74LVX273SJX 74L VX273MSCX 

See NS Package 
M20B M20D MSC20 

Number 
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Mode Select-Function Table 

Operating Mode 
Inputs 

MR CP 

Reset (Clear) L X 

Load '1' H ...r 
Load '0' H ...r 

Logic Diagram 

On 

X 

H 

L 

Outputs 

On 

L 

H 

L 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 
....r = LOW-to-HIGH Transition 

TL/F/11614-3 

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays_ 
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Absolute Maximum Ratings (Note) 

If Military/Aerospace specified devices are required, Note: " The" ""Absolute Maximum Ratings" are those values 
please contact the National Semiconductor Sales beyond which the safety of the device cannot be guaran-
Office/Distributors for availability and specifications. :teed. The device should not be operated at these limits. The 

Supply Voltage {Vee> -0.5Vto +7.0V parametric values defined in the "Electrical Characteristics" 

DC Input Diode Current (11K) 
table are not guaranteed at the absolute maximum ratings. 

VI = -0.5V " -20mA The "Recommended Operating Conditions" table will define 

DC Input Voltage (VI) -0.5Vto 7V 
the conditions for actual device operation. 

DC Output Diode Current (10K> Recommended Operating 
Vo = -0.5V -20mA Conditions Vo = Vee + 0.5V +20mA 

DC Output Voltage (VO) -0.5VtoVee + 0.5V Supply Voltage (Vee) 2.0Vt03.6V 

DC Output Source Input Voltage (VI) OVtoS.SV 

or Sink Current (10) ±2SmA Output Voltage (VO) OVtoVee 

DC Vee or Ground Current Operating Temperature (TAl -40'Cto +8S'C 
(Icc or IGNO) ±7SmA Input Rise and Fall Time (at! a V) o nslV to 100 nslV 

Storage Temperature (T STG) -6S'Cto + 150'C 

Power Dissipation 180mW 

DC Electrical Characteristics 
'74LVX273 74LVX273 

Symbol Parameter Vee TA = +25"C 
TA= Units Conditions 

-40'Cto +85"C 

Min Typ Max Min Max 

VIH High Level Input 2.0 1.S 1.5 
Voltage 3.0 2.0 2.0 V 

3.6 2.4 2.4 

VIL Lov. Level Input 2.0 0.5 0.5 
Voltage 3.0 0.8 0.8 V 

3.6 0.8 0.8 

VOH High Level Output 2.0 1.9 2.0 1.9 VIN = VIH or VIL 10H = -SOIJ.A 
Voltage 3.0 2.9 3.0 2.9 V 10H = -SOIJ.A 

3.0 2.S8 2.48 10H = -4mA 

VOL Low Level Output 2.0 0.0 0.1 0.1 VIN = VIH or VIL 10L = SOIJ.A 
Voltage 3.0 0.0 0.1 0.1 V 10L = SOIJ.A 

3.0 0.36 0.44 10L = 4mA 

loz TRI-STATEIIi> Output 3.6 ±0.2S ±2.S IJ.A VIN = VIH or VIL 
Off-State Current VOUT = Vee or GND 

liN Input Leakage 3.6 ±0.1 ±1.0 IJ.A VIN = S.SV or GND 
Current 

Icc Quiescent Supply 3.6 4.0 40.0 IJ.A VIN = Vee or GND 
Current 

Noise Characteristics: See Section 2 for Test Methodology 

74LVX273 

Symbol Parameter Vee 
TA = 25'C Units CL(pF) 

(V) 
Typ Limit 

VOLP Quiet Output Maximum Dynamic VOL 3.3 O.S 0.8 V 50 

VOLV Quiet Output Minimum Dynamic VOL 3.3 -0.5 -0.8 V 50 

VIHO Minimum High Level Dynamic Input Voltage 3.3 2.0 V SO 

VILO Maximum Low Level Dynamic Input Voltage 3.3 0.8 V SO 

Note: Input I, = If = 3 ns 
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AC Electrical Characteristics: See Section 2 for Test Methodology 

74LVX273 74LVX273 

Symbol Parameter Vcc 
TA = +25'C 

TA = Units CL(pF) 
(V) -40'Cto +85'C 

Min Typ Max Min Max 

tpLH Propagation 9.0 16.9 1.0 20.5 15 

tpHL Delay Time 2.7 
11.5 20.4 1.0 24.0 50 

CPtoOn ns 
7.1 11.0 1.0 13.0 15 

3.3 ±0.3 
9.6 14.5 1.0 16.5 50 

tpHL Propagation Delay 9.3 17.8 1.0 20.5 15 
MRtoOn 

2.7 
11.8 21.1 1.0 24.0 50 

ns 
7.3 11.5 1.0 13.5 15 

3.3 ±0.3 
9.8 15.0 1.0 17.0 50 

ts Setup Time 2.7 8.0 9.5 

Dn toCP ns 
3.3 ±0.3 5.5 6.5 

tH Hold Time 2.7 1.0 1.0 

Dn toCP ns 
3.3 ±0.3 1.0 1.0 

tREM Removal Time 2.7 4.0 4.0 
MRtoCP ns 

3.3 ±0.3 2.5 2.5 

tw Clock Pulse 2.7 8.0 9.5 
Width ns 

3.3 ±0.3 5.5 6.5 

tw MR Pulse 2.7 7.5 8.5 
Width ns 

3.3 ±0.3 5.0 6.0 

fMAX Maximum 55 110 45 15 
Clock 2.7 

45 60 40 50 
Frequency MHz 

95 150 80 15 
3.3 ±0.3 

60 90 50 50 

tOSLH Output to Output 
2.7 1.5 1.5 ns 50 

tOSHL Skew (Note 1) 

Note 1: Parameter guaranteed by design. toSLH = ItPLHm - tPLHnl. toSHL = ItPHLm - tpHLnl 

CapaCitance 
74LVX273 74LVX273 

Symbol Parameter TA = +25'C 
TA= Units 

- 40'C to + 85'C 

Min Typ Max Min Max 

CIN Input CapaCitance 4 10 10 pF 

COUT Output Capacitance 6 pF 

CPD Power Dissipation 
31 pF 

CapaCitance (Note 1) 

Note 1: CPO is defined as the value of the internal equivalent capacitance which is calculated from the operating current consumption 
without load. 

. . . CPO X Vee x liN + Icc 
Average operating current can be obtained by the equation: ICC(opr.) = 8 (per F/F) 
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~National 
~ semiconductor 

74LVX373 
Low Voltage Octal Transparent Latch 
with TRI-STATE® Outputs 

General Description Features 
The LVX373 consists of eight latches with TRI-STATE out
puts for bus organized system applications. The latches ap
pear transparent to the data when Latch Enable (LE) is 
HIGH. When LE is low, the data satisfying the input timing 
requirements is latched. Data appears on the bus when the 
Output Enable (OE) is LOW. When OE is HIGH, the bus 
output is in the high impedance state. The inputs tolerate up 
to 7V allowing interface of 5V systems to 3V systems. 

• Input voltage translation from 5V to 3V 

Ordering Code: See Section 11 

Logic Symbols 

Q[ 

LE LE 

Do 

~ 

TLlF/11613-1 
O2 

°3 
°4 
05 

06 

f7 

Pin Names 

00-07 
LE 
DE 
00-0 7 

Order Number 

See NS Package Number 

• Ideal for low powerllow noise 3.3V applications 
• Available in sOle JEDEe, sOle EIAJ and SSOP 

packages 

• Guaranteed simultaneous switching noise level and 
dynamic threshold performance 

IEEEilEC 

°0 

0, 

°2 

°3 

0, 

Os 

°6 

0., 

TL/F/11613-4 

Description 

Data Inputs 
Latch Enable Input 
Output Enable Input 

Connection Diagram 

Q[ 

00 

DO 

~ 

°1 

°2 
O2 

03 

°3 

GNO 

Pin Assignment for 
SOIC and SSOP 

2 

10 

20 Vee 

19 0., 

18 f7 
Os 
°6 

Os 

Os 

13 04 

12 0, 

11 LE 

TLlF/11613-2 

TRI-STATE Latch Outputs 

SOICJEDEC SOICEIAJ SSOPTYPEI 

74LVX373M 74LVX373SJ 
74LVX373MX 74LVX373SJX 74LVX373MSeX 

M20B M20D MSC20 
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Functional Description 
The LVX373 contains eight D-type latches with TRI-STATE 
standard outputs. When the Latch Enable (LE) input is 
HIGH, data on the Dn inputs enters the latches. In this con
dition the latches are transparent, i.e., a latch output will 
change state each time its D input changes. When LE is 
LOW, the latches store the information that was present on 
the D inputs a setup time preceding the HIGH-to-LOW tran
sition of LE. The TRI-STATE standard outputs are con
trolled by the Output Enable (OE) input. When OE is LOW, 
the standard outputs are in the 2-state mode. When OE is 
HIGH, the standard outputs are in the high impedance mode 
but this does not interfere with entering new data into the 
latches. 

Logic Diagram 

Do 

LE 

0, 

Truth Table 
Inputs 

LE OE 

X H 
H L 
H L 
L L 

H = HIGH Voltage Level 
L = LOW Voltage Level 
Z = High Impedance 
X = Immaterial 

outputs 

On On 

X Z 
L L 
H H 
X 00 

00 = Previous 00 before HIGH to Low transition of Latch Enable 

TL/F/11613-3 

Please note that this diagram is provided only for the understanding of logiC operations and should not be used to estimate propagation delays . 
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Absolute Maximum Ratings (Note) Recommended Operating 
If Military/Aerospace specified devices are required, Conditions 
please contact the National Semiconductor Sales Supply Voltage {Vecl 2.0Vt03.6V 
Office/Distributors for availability and specifications. 

Supply Voltage (Vecl -0.5Vto +7.0V 
Input Voltage (VI) OVt05.5V 

DC Input Diode Current (Illd 
Output Voltage (Vo) OVtoVee 

VI = -0.5V -20mA Operating Temperature (T A) -40'Cto +85'C 

DC Input Voltage (VI) -0.5Vt07V Input Rise and Fall Time (At! AV) o nslV to 1 00 nslV 

DC Output Diode Current (10K) 
Vo = -0.5V -20mA 
Vo = Vee + 0.5V +20mA 

DC Output Voltage (Vo) -0.5V to Vee + 0.5V 

DC Output Source 
or Sink Current (10) ±25mA 

DC Vee or Ground Current 
(Icc or IGND) ±75mA 

Storage Temperature (T STG) -65'C to + 150'C 

Power Dissipation 180mW 

Note: The "Absolute Maximum Ratings" are those values 
beyond which the safety of the device cannot be guaran-
teed The device should not be operated at these limits. The 
parametric values defined in the "Electrical Characteristics" 
table are not guaranteed at the absolute maximum ratings. 
The "Recommended Operating Conditions" table will define 
the conditions for actual device operation. 

DC Electrical Characteristics 
74LVX373 74LVX373 

Symbol Parameter Vee TA = +25'C 
TA = Units Conditions 

-40'Cto +85'C 

Min Typ Max Min Max 

VIH High Level 2.0 1.5 1.5 
Input 3.0 2.0 2.0 V 
Voltage 3.6 2.4 2.4 

VIL Low Level 2.0 0.5 0.5 
Input 3.0 0.8 0.8 V 
Voltage 3.6 0.8 0.8 

VOH High Level 2.0 1.9 2.0 1.9 VIN = VIH or VIL 10H = -50/LA 
Output 3.0 2.9 3.0 2.9 V 10H = -50/LA 
Voltage 3.0 2.58 2.48 10H = -4mA 

VOL Low Level 2.0 0.0 0.1 0.1 VIN = VIH or VIL 10L = 50/LA 
Output 3.0 0.0 0.1 0.1 V 10L = 50/LA 
Voltage 3.0 0.36 0.44 10L = 4mA 

loz TRI-STATE 3.6 ±0.25 ±2.5 /LA VIN = VIH or VIL 
Output VOUT = VeeorGND 
Off-State 
Current 

liN Input 3.6 ±0.1 ±1.0 /LA VIN = 5.5V or GND 
Leakage 
Current 

Icc Quiescent 3.6 4.0 40.0 /LA VIN = Vee or GND 
Supply 
Current 
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Noise Characteristics: See Section 2 for Test Methodology 

74LVX373 

Symbol Parameter Vee 
TA = 25°C Units CL (pF) 

(V) 
Typ Limit 

VOLP Quiet Output Maximum Dynamic VOL 3.3 0.5 0.8 V 50 

VOLV Quiet Output Minimum Dynamic VOL 3.3 -0.5 -0.8 V 50 

VIHD Minimum High Level Dynamic Input Voltage 3.3 2.0 V 50 

VILD Maximum Low Level Dynamic Input Voltage 3.3 0.8 V 50 

Nate: Input" ~ If ~ 3 ns. 

AC Electrical Characteristics: See Section 2 for Test Methodology 

74LVX373 74LVX373 

Symbol Parameter Vee TA = +25°C 
TA= Units Conditions 

(V) -40"Cto + 85°C 

Min Typ Max Min Max 

tpLH Propagation Delay Time 
2.7 

7.7 15.0 1.0 18.5 CL = 15pF 
tpHL Dn to On 10.2 18.5 1.0 22.0 CL = 50pF 

ns 

3.3 ±0.3 
6.0 9.7 1.0 11.5 CL = 15pF 

8.5 13.2 1.0 15.0 CL=50pF 

tpLH Propagation Delay Time 
2.7 

7.5 14.5 1.0 17.5 CL = 15pF 

tpHL LE to On 10.0 18.0 1.0 21.0 CL = 50pF 
ns 

3.3 ±0.3 
5.8 9.3 1.0 11.0 CL = 15pF 

8.3 12.8 1.0 14.5 CL = 50pF 

tPZL TRI-STATE Output 
2.7 

7.7 15.0 1.0 18.5 CL = 15 pF, RL = 1 kn 
tpZH Enable Time 10.2 18.5 1.0 22.0 CL = 50 pF, RL = 1 kn 

ns 

3.3 ±0.3 
6.0 9.7 1.0 11.5 CL = 15 pF, RL = 1 kn 

8.5 13.2 1.0 15.0 CL = 50 pF, RL = 1 kn 

tpLZ TRI-STATE Output 2.7 9.8 18.0 1.0 21.0 CL = 50 pF, RL = 1 kn 
tpHZ Disable Time 

ns 
3.3 ±0.3 8.2 12.8 1.0 14.5 CL = 50 pF, RL = 1 kn 

tw LE Pulse Width, HIGH 2.7 6.5 7.5 
ns 

3.3 ±0.3 5.0 5.0 

ts Setup Time, Dn to LE 2.7 6.0 6.0 
ns 

3.3 ±0.3 4.0 4.0 

tH Hold Time, Dn to LE 2.7 1.0 1.0 
ns 

3.3 ±0.3 1.0 1.0 

tOSLH Output to Output Skew 
2.7 1.5 1.5 ns 

CL = 50 pF 

tOSHL (Note 1) 

Nate 1: Parameler guaranleed by design. toSLH ~ IIPLHm - tpLHnl, toSHL ~ IlpHLm - IPHLnI 
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~ .---------------------------------------------------------------------------------~ 

"'" 
~ 

Capacitance 
74LVX373 74LVX373 

Symbol Parameter TA = +2SOC 
TA= Units 

-40"C to +8SOC 

Min Typ Max Min Max 

CIN Input Capacitance 4 10 10 pF 

COUT Output Capacitance 6 pF 

CPO Power Dissipation 
27 pF Capacitance (Note 1) 

Note 1: Cpo is defined as the value of the intemal equivalent capacitance which is calculated from the operating current consumption 
without load. 

. ~x~x~+~ 
Average operatIng current can be obtained by the equation: ICC(opr.) = 8 (per Latch) 
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~National 
~ Semiconductor 

74LVX374 
low Voltage Octal D Flip-Flop with TRI-STATE® Outputs 
General Description 
The LVX374 is a high-speed, low-power octal D-type flip
flop featuring separate Ootype inputs for each flip-flop and 
TRI-STATE outputs for bus-oriented applications. A buff
ered Clock (CP) and Output Enable (DE) are common to all 
flip-flops. The inputs tolerate up to 7V allowing interface of 
5V systems to 3V systems. 

Ordering Code: See Section 11 

Logic Symbols 

Features 
• Input voltage translation from 5V to 3V 
• Ideal for low power/low noise 3.3V applications 
• Available in SOIC JEOEC, SOIC EIAJ and SSOP 

packages 
• Guaranteed simultaneous switching noise level and 

dynamic threshold performance 

Connection Diagram 

IEEE/IEC 
Pin Assignment for 

SOIC and SSOP 

- ep 

-C OE 

111111" 
do 0, O2 03 0, Os 0, 0, 

0,,0,°2 °3 °.%0,0, 
I I I I I I I I 

TL/F/1I612-1 

liE 
ep 

EN 

el 

00 - 10 

0,-

O2 -

03 -

0.-

Os-

I> V-o" 
-0, 

-0, 

-0, 

-0. 
-0, 

liE-I 
00- 2 

00 - 3 

0, - 4 

0,-5 

02- 6 

0,- 7 

03 - 8 

03- 9 

20 I- Vee 

191-0, 

181-0, 

171-0. 

161-0, 

15r-°5 

14(-05 

13 (- o. 
12(-0, 

0,- -0, 
GNo- 10 11 (-ep 

Pin Names 

0,- -0, 

TUF/1I612-4 

Description 
Data Inputs 
Clock Pulse Input 
TRI-STATE Output Enable Input 
TRI-STATE Outputs 

SOICJEDEC SOICEIAJ 

Order Number 74LVX374M 74LVX374SJ 

SSOPTYPEI 

74LVX374MX 74LVX374SJX 74LVX374MSCX 

See NS Package Number M20B M20D MSC20 
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Functional Description 
The LVX374 consists of eight edge-triggered flip-flops with 
individual Ootype inputs and TRI-STATE true outputs. The 
buffered clock and buffered Output Enable are common to 
all flip-flops. The eight flip-flops will store the state of their 
individual 0 inputs that meet the setup and hold time re
quirements on the LOW-to-HIGH Clock (CP) transition. With 
the Output Enable (OE) LOW, the contents of the eightflip
flops are available at the outputs. When the OE is HIGH, the 
outputs go to the high impedance state. Operation of the 
OE input does not affect the state of the flip-flops. 

Logic Diagram 

CP 

or 

Truth Table 
Inputs 

On CP 

H ...r 
L ...r 
X X 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 
Z = High Impedance 
./ = LOW-to-HIGH Transition 

Outputs 

OE On 

L H 
L L 
H Z 

TL/F/11612-3 

Please note that this diagram Is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (Note) Recommended Operating 
If Military/ Aerospace specified devices are required, Conditions 
please contact the National Semiconductor Sales 

Supply Voltage (Vee> 2.0Vto 3.6V 
Office/Distributors for availability and specifications. 

Supply Voltage (Vee> -0.5Vto +7.0V 
Input Voltage (VI) OVto 5.5V 

DC Input Diode Current (11K) 
Output Voltage (Vo) OV to Vee 

VI = -0.5V -20mA Operating Temperature (T A) -40'Cto +85'C 

DC Input Voltage (VI) -0.5Vt07V Input Rise and Fall Time (At! AV) o nslV to 100 nslV 

DC Output Diode Current (10K) 
VA = -0.5V -20 rnA 
Va = Vee + 0.5V +20mA 

DC Output Voltage (Va) -0.5V to Vee + 0.5V 
DC Output Source 

or Sink Current (10) ±25 rnA 

DC Vee or Ground Current 
(Icc or IGND) ±75 rnA 

Storage Temperature (T 8TG) - 65'C to + 150'C 

Power Dissipation 180mW 
Note: The "Absolute Maximum Ratings" are those values 
beyond which the safety of the device cannot be guaran-
teed The device should not be operated at these limits. The 
parametric values defined in the "Electrical Characteristics" 
table are not guaranteed at the absolute maximum ratings. 
The "Recommended Operarting Conditions" table will de-
fine the conditions for actual device operation. 

DC Electrical Characteristics 
74LVX374 74LVX374 

Symbol Parameter Vee TA = +25'C 
TA= Units Conditions 

-40'C to +85'C 

Min Typ Max Min Max 

VIH High Level 2.0 1.5 1.5 
Input 3.0 2.0 2.0 V 
Voltage 3.6 2.4 2.4 

Vil Low Level 2.0 0.5 0.5 
Input 3.0 0.8 0.8 V 
Voltage 3.6 0.8 0.8 

VOH High Level 2.0 1.9 2.0 1.9 VIN = VIH or Vil 10H = - 5O fLA 
Output 3.0 2.9 3.0 2.9 V 10H = - 5O fLA 
Voltage 3.0 2.58 2.48 IOH=-4mA 

Val Low Level 2.0 0.0 0.1 0.1 VIN = VIH or Vil IOl = 50 fLA 
Output 3.0 0.0 0.1 0.1 V 10l = 50 fLA 
Voltage 3.0 0.36 0.44 10l = 4mA 

loz TRI-STATE 3.6 ±0.25 ±2.5 VIN = VIH or Vil 
Output 

fLA 
VOUT = VeeorGND 

Off-State 
Current 

liN Input 3.6 ±0.1 ±1.0 VIN = 5.5V or GND 
Leakage fLA • Current 

Icc Quiescent 3.6 4.0 40.0 VIN = Vee or GND 
Supply fLA 
Current 
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Noise Characteristics: See Section 2 for Test Methodology 

74LVX374 

Symbol Parameter Vee TA = 25'C Units CdpF) (V) 
Typ Limit 

VOLP Quiet Output Maximum Dynamic VOL 3.3 0.5 0.8 V 50 

VOLV Quiet Output Minimum Dynamic VOL 3.3 -0.5 -0.8 V 50 

VIHO Minimum High Level Dynamic Input Voltage 3.3 2.0 V 50 

VILO Maximum Low Level Dynamic Input Voltage 3.3 0.8 V 50 

Note: Input t, ~ tf ~ 3 ns 

AC Electrical Characteristics: See Section 2 for Test Methodology 

74LVX374 74LVX374 

Symbol Parameter Vee TA = +25'C 
TA= 

Units Conditions (V) - 40'C to + 85'C 

Min Typ Max Min Max 

tpLH Propagation 8.5 16.3 1.0 19.5 CL = 15pF 
tpHL Delay Time 2.7 

CL = 50pF 11.0 19.8 1.0 23.0 
CPtoOn ns 

CL = 15pF 6.7 10.6 1.0 12.5 
3.3 ±O.3 

9.2 14.1 1.0 16.0 CL= 50pF 

tpZL TRI-STATE Output 7.6 14.5 1.0 17.5 CL.= 15 pF, RL = 1 kG 
tPZH Enable Time 2.7 

CL = 50 pF, RL = 1 kG 10.1 18.0 1.0 21.0 
ns 

5.9 9.3 1.0 11.0 CL = 15 pF, RL = 1 kG 
3.3 ±0.3 

8.4 12.8 1.0 14.5 CL = 50 pF, RL = 1 kG 

tpLZ TRI-STATE Output 2.7 11.5 . 18.5 1.0 22.0 CL = 50 pF, RL = 1 kG 
tpHZ Disable Time 3.3 ±0.3 9.6 13.2 1.0 15.0 

ns 
CL = 50 pF, RL = 1 kG 

tw CPPuise 2.7 7.5 8.0 
Width ns 

3.3 ±0.3 5.0 5.5 

ts Setup Time 2.7 6.5 6.5 
Dn toCP 3.3 ±0.3 4.5 

ns 
4.5 

tH Hold Time 2.7 2.0 2.0 
Dn toCP 3.3 ±0.3 2.0 2.0 

ns 

fMAX Maximum Clock 60 115 50 CL = 15pF 
Frequency 2.7 

45 60 40 CL = 50pF 
MHz 

100 160 85 CL = 15pF 
3.3 ±0.3 

60 95 55 CL = 50pF 

tOSLH Output to Output 
2.7 1.5 1.5 ns CL = 50pF 

tOSHL Skew (Note 1) 

Note 1: Parameter guaranteed by design. IosLH ~ IIpLHm - tPLHnl. IosHL ~ ItpHLm - tpHLnI 

Capacitance 
74LVX374 74LVX374 

Symbol Parameter TA = +25'C 
TA= 

Units -40'C to + 85'C 

Min Typ Max Min Max 

CIN Input Capacitance 4 10 10 pF 

COUT Output Capacitance 6 pF 

CPO Power Dissipation 
32 pF 

Capacitance (Note 1) 

Note 1: cpo i. defined as the value of the Internal equivalent capacHance which is calculated from the operating current consumption 
without load. 

. Cpo x Vee x fiN + Icc 
Average operating current can be obtained by the equation: ICC(opr.) ~ 8 (per F/F) 

8-64 



~National 
~ Semiconductor 

74LVX573 
Low Voltage Octal Latch with TRI-STATE® Outputs 

General Description Features 
• Input voltage translation from 5V to 3V 
• Ideal for low power/low noise 3.3V applications 

The LVX573 is a high-speed octal latch with buffered com
mon Latch Enable (LE) and buffered common Output En
able (OE) inputs. The LVX573 is functionally identical to the 
LVX373 but with inputs and outputs on opposite sides of the 
package. The inputs tolerate up to 7V allowing interface of 
5V systems to 3V systems. 

• Available in SOIC JEDEC, SOIC EIAJ and SSOP pack
ages 

Ordering Code: See Section 11 

Logic Symbols 

OE 

TUF/11616-1 

Pin Names 

00-07 
LE 
OE 
00-0 7 

Order Number 

See NS Package Number 

• Guaranteed simultaneous switching noise level and 
dynamic threshold performance 

IEEE/IEC 

DE 
LE 

Do 00 
~ <1 
O2 °2 

03 03 

04 °4 

05 °s 

06 °6 

0, 0, 

TLlF/11816-4 

Description 

Data Inputs 
Latch Enable Input 

Connection Diagram 

DE 
Do 

~ 
O2 

03 

04 

05 

06 

0, 
GNo 

Pin Assignment for 
SOIC and SSOP 

20 

19 

18 

9 

10 

Vee 

°0 

0, 

°2 

°3 

°4 

°5 

°6 

0, 
LE 

Tl/F/11818-2 

TRI-STATE Output Enable Input 
TRI-STATE Latch Outputs 

SOICJEDEC SOICEIAJ SSOPTVPE1 

74LVX573M 74LVX573SJ 
74LVX573MX 74LVX573SJX 74LVX573MSCX 

M20B M20D MSC20 
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Functional Description 
The LVX573 contains eight D-type latches with 
TRI-STATE@ output buffers. When the Latch Enable (LE) 
input is HIGH, data on the Dn inputs enters the latches. In 
this condition the latches are transparent, i.e., a latch output 
will change state each time its D input changes. When LE is 
LOW the latches store the information that was present on 
the D inputs a setup time preceding the HIGH-to-LOW tran
sition of LE. The TRI-STATE@ buffers are controlled by the 
Output Enable (OE) input. When OE is LOW, the buffers are 
enabled. When OE is HIGH the buffers are in the high im
pedance mode but this does not interfere with entering new 
data into the latches. 

Logic Diagram 

Truth Table 
Inputs 

OE 

L 
L 
L 
H 

H = HIGH Voltage 
L = LOW Voltage 
Z = High Impedance 
X = Immaterial 

LE 

H 
H 
L 
X 

Outputs 

D On 

H H 
L L 
X 00 
X Z 

00 = Previous 00 before HIGH·to·LOW transition of Latch Enable 

Tl/F/11616-3 

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Rating (Note) Recommended Operating 
If Military/Aerospace specified devices are required, Conditions 
please contact the National Semiconductor Sales 

Supply Voltage {VeC> 2.0Vt03.6V 
Office/Distributors for availability and specifications. 

Supply Voltage {VeC> -0.5Vto +7.0V 
Input Voltage (VI) OVt05.5V 

DC Input Diode Current {Iud 
Output Voltage (yo) OVtoVee 

VI = -0.5V -20mA Operating Temperature (TAl -40"C to + 65·C 

DC Input Voltage (VI) -0.5Vt07V Input Rise and Fall Time (alia V) o nsN to 100 nsN 

DC Output Diode Current (10K) 
Vo = -0.5V -20mA 
Vo = Vee + O.5V +20mA 

DC Output Voltage (Vo) -0.5V to Vee + 0.5V 

DC Output Source 
or Sink Current (10) ±25mA 

DC Vee or Ground Current (lee or IGNO) ±75mA 

Storage Temperature (T STG) -65·Cto + 150·C 

Power Dissipation 180mW 

Note: The "Absolute Maximum Ratings" are those values 
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The 
parametric values defined in the "Electrical Characteristics" 
table are not guaranteed at the absolute maximum ratings. 
The "Recommended Operating Conditions" table will define 
the conditions for actual device operation. 

DC Electrical Characteristics 
74LVX573 74LVX573 

Symbol Parameter Vee TA = +25·C 
TA= 

-40·Cto +85·C 
Units Conditions 

Min Typ Max Min Max 

VIH High Level 2.0 1.5 1.5 
Input 3.0 2.0 2.0 V 
Voltage 3.6 2.4 2.4 

VIL Low Level 2.0 0.5 0.5 
Input 3.0 0.8 0.8 V 
Voltage 3.6 0.6 0.6 

VOH High Level 2.0 1.9 2.0 1.9 VIN = VIH or VIL 10H = -50/LA 
Output 3.0 2.9 3.0 2.9 V 10H = -50/LA 
Voltage 3.0 2.56 2.46 10H = -4mA 

VOL Low Level 2.0 0.0 0.1 0.1 VIN = VIH or VIL 10L = 50/LA 
Output 3.0 0.0 0.1 0.1 V 10L = 50/LA 
Voltage 3.0 0.36 0.44 10L = 4mA 

loz TRI-STATE 3.6 ±0.25 ±2.5 /LA VIN = VIH or VIL 
Output VOUT = Vee or GND 
Off-State 
Current 

liN Input 3.6 ±0.1 ±1.0 /LA VIN = 5.5V or GND 
Leakage 
Current 

ICC Quiescent 3.6 4.0 40.0 /LA VIN = Vee or GND 
Supply 
Current 
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Noise Characteristics:' See Section 2 for Test Methodology 

74LVX573 

Symbol Parameter Vee 
TA= 25°C Units CL(PF} 

(V) 
Typ Limit 

VOLP Quiet Output Maximum Dynamic VOL 3.3 0.5 0.8 V 50 

VOLV Quiet Output Minimum Dynamic VOL 3.3 -0.5 -0.8 V. 50 

VIHD Minimum High Level Dynamic Input Voltage 3.3 2.0 'V 50 

VILD Maximum Low Level Dynamic Input Voltage 3.3 0.8 V .50 

Note: (Input I, = If = 3 no) 

AC Electrical Characteristics: See Section 2 for Test Methodology 

74LVX573 74LVX573 

Symbol Parameter Vee 
TA = +25oC 

TA= Units Conditions 
(V) -40"Cto + 85°C 

Min Typ Max Min Max 

tpLH Propagation 7.6 14.5 1.0 17.5 CL = 15pF 

tpHL Delay Time 2.7 
10.1 18.0 1.0 21.0 CL = 50pF 

DntoOn ns 
5.9 9.3 1.0 11.0 CL == 15pF 

3.3 ±0.3 
8.4 12.8 1.0 14.5 CL = 50pF 

tpLH Propagation 8.2 15.6 1.0 18.5 CL= 15pF 

tpHL Delay Time 2.7 
10.7 19.1 1.0 22.0 CL = 50pF 

LEtoOn ns 
6.4 10.1 1.0 12.0 CL = 15pF 

3.3 ±0.3 
8.9 13.6 1.0 15.5 CL = 50pF 

tp2L TRI·STATEI/I) Output 7.8 15.0 1.0 18.5 CL = 15 pF, RL = 1 kG 

tPZH Enable Time 2.7 
10.3 18.5 1.0 22.0 CL = 50pF,RL = 1 kG 

ns 
6.1 9.7 1.0 12.0 CL = 15 pF, RL = 1 kG 

3.3 ±0.3 
8.6 13.2 1.0 15.5 CL = 50 pF, RL = 1 kG 

tpLZ TRI·STATEI/I) Output 2.7 12.1 19.1 1.0 22.0 CL = 50 pF, RL = 1 kG 
tpHZ Disable TIme ns 

3.3 ±0.3 10.1 13.6 1.0 15.5 CL = 50 pF, RL = 1 kG 

two LEPuise 2.7. 6.5 7.5 
Width ns 

3.3 ±0.3 5.0 5.0 

ts Setup Time . 2.7 5.0 5.0 
Dnto LE ns 

3.3 ±0.3 3.5 3.5 

tH Hold Time 2.7 1.5 1.5 
Dnto LE ns 

3.3 ±0.3 1.5 1.5 

toSHL Output to Output 
2.7 1.5 1.5 ns CL = 50pF 

tOSLH Skew (Note 1) 

Note 1: Parameler guaranleed by design. IosLH = ItpLHm - IPLHnl, IosHL = ItpHLm - IpHLnI. 
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Capacitance 
74LVX573 74LVX573 

Symbol Parameter TA = +25'C TA = -40'C to +85'C Units 

Min Typ Max Min Max 

CIN Input Capacitance 4 10 10 pF 

COUT Output Capacitance 6 pF 

CPD Power Dissipation 
27 pF 

Capacitance (Note 1) 

Note 1: CPO is defined as the value of the internal equivalent capacitance which is calculated from the operating current consumption 
without load. 

. . CPO X Vcc X fiN + Icc 
Average operating current can be obtained by the equation: ICC(opr.) ~ 8 (per latch) 
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~National 
Semiconductor 

LVQ Family 
Low Voltage Quiet CMOS Logic 

Features Advantages 

Extended Vee range from 2.7V to 3.6V, compatible with Fully characterized for unregulated battery operation 
JEDEC Std. No. 8-1 B 

1.5 fLm CMOS process Good performance with propagation delays as fast as 9.5 ns max 

for octals 

Low standby current (IcC 40 fLA max for octal over temp) Saves power, extends battery life 

± 12 mA drive current Balanced drive, guaranteed incident wave switching into 750 

SOIC, EIAJ-SOIC, and asap (octals only) packaging Saves board space and weight; same form between asap (20 
leads) and SOIC (14 leads) 

Alternate source available Product standardization. Ensured product supply 
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C) r-----------------------------------------------------~--------------------~ 
C) 

~ ~National 
~ Semiconductor 

74LVQOO 
Low Voltage Quad 2-lnput NAND Gate 

General Description 
The LVQOO contains four 2-input NAND gates. 

Ordering Code: See Section 11 

Logic Symbol 

IEEE/IEC 

Ao &: 
00 

Bo 
Al 

~ 
~ 
A2 O2 
82 

A3 03 
83 

TLlFfl1341-1 

Pin Names 

An.Bn 
On 

Order Number 

See NS Package Number 

Features 
• Ideal for low power/low noise 3.3V applications 
• Guaranteed simultaneous switching noise level and 

dynamic threshold performance 
• Guaranteed pin-to-pin skew AC performance 
• Guaranteed incident wave switching into 75!l 
• MIL-STD-883 54AC products are available for Military/ 

Aerospace applications 

Connection Diagram 

Pin Assignment 
for SOIC JEDEC and EIAJ 

Ao Vee 

80 A2 

00 82 

Al °2 

~ A3 

01 83 

GND 

TLlFf11341-2 

Description 

Inputs 
Outputs 

SOICJEDEC SOICEIAJ 

74LVQOOSC 74LVQOOSJ 
74LVQOOSCX 74LVQOOSJX 

M14A M14D 
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Absolute Maximum Ratings (Note) Recommended Operating 
If Military/Aerospace specified devices are required, Conditions 
please contact the National Semiconductor Sales Supply Voltage (Vecl 
Office/Distributors for availability and specifications. LVQ 2.0Vt03.6V 
Supply Voltage (Vecl -O.SVto +7.0V Input Voltage (VI) OVtoVee 
DC Input Diode Current (111<> Output Voltage (VO) OVtoVee 

VI = -O.SV -20mA 
Operating Temperature (TAl 

VI = Vee + 0.5V +20mA 74LVQ -40'Cto +8S'C 
DC Input Voltage (VI) -O.SV to Vee + O.SV Minimum Input Edge Rate (/:N I At) 
DC Output Diode Current (10K) VIN from 0.8V to 2.0V 

Vo = -O.SV -20mA Vee@3.0V 12SmV/ns 
Vo = Vee + O.SV +20mA 

DC Output Voltage (VO) -O.SV to Vee + O.SV 

DC Output Source 
or Sink Current (10) ±SOmA 

DC Vee or Ground Current 
(Icc or IGND) ±200mA 

Storage Temperature (T STG) -65'C to + 150'C 

DC Latch-Up Source or 
Sink Current ±100mA 

Note: The ''Absolute Maximum Ratings" are those values 
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The 
parametric values defined in the "Electrical Characteristics" 
table are not guaranteed at the absolute maximum ratings. 
The "Recommended Operating Conditions" table will define 
the conditions for actual device operation. 

DC Characteristics 
74Lvaoo 74LVaOO 

Symbol Parameter Vee TA = +25'C TA= Units Conditions 
(V) - 40'C to + 85'C 

Typ Guaranteed Limits 

VIH Minimum High Level 
3.0 1.S 2.0 2.0 V VOUT = 0.1V 

Input Voltage orVcc - 0.1V 

VIL Maximum Low Level 
3.0 1.S 0.8 0.8 V VOUT = 0.1V 

Input Voltage orVcc - 0.1V 

VOH Minimum High Level 3.0 2.99 2.9 2.9 V lOUT = -SO,...A 
Output Voltage 

3.0 2.S8 2.48 V ·VIN = VIL or VIH 
10H = -12mA 

VOL Maximum Low Level 3.0 0.002 0.1 0.1 V lOUT = SOILA 
Output Voltage 

3.0 0.36 0.44 V ·VIN = VIL or VIH 
10L = 12mA 

liN Maximum Input 
3.6 ±0.1 ±1.0 Il-A VI = Vee.GND 

Leakage Current 

• All outputs loaded; thresholds on input associated with output under test. 
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DC Characteristics (Continued) 

74LVQOO 74LVQOO 

Symbol Parameter Vee TA = +25"C 
TA= 

Units Conditions 
(V) -40"C to + 85°C 

Typ Guaranteed Limits 

IOLD tMinimum Dynamic 3.6 36 mA VOLD = 0.8V Max (Note 1) 

IOHD 
Output Current 3.6 -25 mA VOHD = 2.0V Min (Note 1) 

IcC Maximum Quiescent 
3.6 2.0 20.0 ,.,.A 

VIN = Vee 
Supply Current orGND 

VOlP Quiet Output 
3.3 0.6 1.0 V 

(Notes 2, 3) 
Maximum Dynamic VOL 

VOlV Quiet Output 
3.3 -0.5 -1.0 V 

(Notes 2, 3) 
Minimum Dynamic VOL 

VIHD Maximum High Level 
3.3 1.5 2.0 V 

(Notes2,4) 
Dynamic Input Voltage 

VllD Maximum Low Level 
3.3 1.5 0.8 V 

(Notes 2, 4) 
Dynamic Input Voltage 

tMaximum test duration 2.0 ms. one output loaded at a time. 
Note 1: Incident wave switching on transmission lines with Impedances as low as 750 for commercial temperature range is guaranteed for 74lVa. 
Nate 2: Worst case package. 
Nate 3: Max number of outputs defined as (n). Data Inputs are driven OV to 3.3V; one output at GND. 
Note 4: Max number of Data Inputs (nl switching. (n - II inputs switching OV to 3.3V. Input·under·test switching: 3.3V to threshold (VILOI, OV to threshold 
(VIHOI, f = 1 MHz. 

AC Electrical Characteristics: See Section 2 for Test Methodology 

74LVQOO 74LVQOO 

.' TA = -40"C 
Symbol Parameter Vee TA = +25"C 

to +85"C Units 
(V) CL = SOpF 

CL=SOpF 

Min Typ Max Min Max 

tplH Propagation Delay 2.7 2.0 8.4 13.4 2.0 14.0 
3.3 ± 0.3 2.0 7.0 9.5 2.0 10.0 

ns 

tpHl Propagation Delay 2.7 1.5 6.6 11.3 1.0 12.0 
3.3 ± 0.3 1.5 5.5 8.0 1.0 8.5 

ns 

toSHl, Output to Output Skew' 2.7 1.0 1.5 1.5 

tOSlH ,3.3 ± 0.3 1.0 1.5 1.5 
ns 

'Skew Is ,defined as the absolute value of the difference between the actual propagation delay for any two separate outputs of the same device. The specification 
applies to any outputs switching In the same direction, e"her HIGH to lOW (\oSHU or lOW to HIGH (tosLHl. Parameter guaranteed by design, 

" 

Capacitance 
Symbol Parameter Typ Units Conditions 

CIN Input Capacitance 4.5 pF Vcc = Open 

CPD Power Dissipation 
22 pF Vee = 3.3V 

(Note 1) Capacitance 

Nate 1: Cpo is measured at 10 MHz. 
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~National 
~ Semiconductor 

74LVQ02 
Low Voltage Quad 2-lnput NOR Gate 

General Description 
The LVQ02 contains four, 2-input NOR gates. 

Ordering Code: See Section 11 

Logic Symbol 

IEEE/IEC 

flo 00 
Bo 
Al 

0, e, 
A2 

O2 
B:z 
A3 

03 
83 

TL/F/11342-1 

Pin Names 

An, Bn 
On 

Order Number 

See NS Package Number 

Features 
• Ideal for low power/low noise 3.3V applications 
• Guaranteed simultaneous switching noise level and 

dynamic threshold performance 

• Guaranteed pin-to-pin skew AC performance 
• Guaranteed incident wave switching into 750 
• MIL-STD-883 54AC products are available for Military/ 

Aerospace applications 

Connection Diagram 

00 

flo 
Bo 
01 

Al 

81 

GND 

Description 

Inputs 
Outputs 

Pin Assignment for 
SOIC JEDEC and EIAJ 

14 

13 

12 

4 11 

10 

9 

8 

vee 
O2 

82 

A2 

~ 
83 

A3 

TUF/11342-2 

SOICJEDEC SOICEIAJ 

74LVQ02SC 74LVQ02SJ 
74LVQ02SCX 74LVQ02SJX 

M14A M14D 
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N o 

~ Absolute Maximum Ratings (Note) Recommended Operating 
If Military/Aerospace specified devices are required, Conditions 
please contact the National Semiconductor Sales 

Supply Voltage (Vecl 
Office/Distributors for availability and specifications. 

LVQ 2.0Vt03.6V 
Supply Voltage (Vee) -O.SV to + 7.0V 

Input Voltage (VI) OV to Vee 
DC Input Diode Current (11K) Output Voltage (VO) OVtoVee 

VI = -O.SV -20mA 
VI = Vee + O.SV +20 rnA Operating Temperature (TAl 

DC Input Voltage (VI) -O.SV to Vee + O.SV 
74LVQ -40"Cto +8S·C 

DC Output Diode Current (10K> 
Minimum Input Edge Rate (~VI~t) 

Vo = -O.SV -20 rnA 
VIN from 0.8V to 2.0V 

Vo = Vee + O.SV +20mA 
Vee@3.0V 12S mVlns 

DC Output Voltage (Vo) -O.SVtoVee + O.SV 

DC Output Source 
or Sink Current (10) ±SOmA 

DC Vee or Ground Current 
(lee or IGND) ±200mA 

Storage Temperature (T STG) -6S·C to + 1S0·C 

DC Latch-Up Source or 
Sink Current ±100mA 

Note: The "Absolute Maximum Ratings" are those values 
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The 
parametric values defined in the "Electrical Characteristics" 
table are not guaranteed at the absolute maximum ratings. 
The "Recommended Operating Conditions" table will define 
the conditions for actual device operation. 

DC Characteristics 
74LVQ02 74LVQ02 

Symbol Parameter Vee TA = +2S·C 
TA = 

Units Conditions 
(V) -400C to + 8S·C 

Typ Guaranteed Limits 

VIH Minimum High Level 
3.0 1.S 2.0 2.0 V 

VOUT = 0.1V 
Input Voltage or Vee - 0.1V 

VIL Maximum Low Level 
3.0 1.S 0.8 0.8 V 

VOUT = 0.1V 
Input Voltage or Vee - 0.1V 

VOH Minimum High Level 3.0 2.99 2.9 2.9 V lOUT = -50 p.A 

Output Voltage 'VIN = VILorVIH 
3.0 2.58 2.48 V 

IOH = -12mA 

VOL Maximum Low Level 3.0 0.002 0.1 0.1 V lOUT = SO p.A 

Output Voltage 'VIN = VIL or VIH 
3.0 0.36 0.44 V 

IOL = 12mA 

liN Maximum Input 
3.6 ±0.1 ±1.0 p.A 

VI = Vee,GND 
Leakage Current 

• All outputs loaded; thresholds on Input associated with output under test. 
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DC Characteristics (Continued) 

74LVQ02 74LVQ02 

Symbol Parameter Vee TA = +2SoC 
TA= 

Units Conditions 
(V) -400C to +8SoC 

Typ Guaranteed Limits 

IOlD tMinimum Dynamic 3.6 36 mA VOlD = O.BV Max (Note 1) 

IOHD 
Output Current 3.6 -25 mA VOHD = 2.0V Min (Note 1) 

Icc Maximum Quiescent 
3.6 2.0 20.0 ",A 

VIN = Vee 
Supply Current orGND 

VOlP Quiet Output 
3.3 0.6 1.0 V 

(Notes2&3) 
Maximum Dynamic VOL 

VOlV Quiet Output 
3.3 -0.7 -1.0 V 

(Notes2&3) 
Minimum Dynamic VOL 

VIHD Maximum High Level 
3.3 1.7 2.0 V 

(Notes2&4) 
Dynamic Input Voltage 

VILD Maximum Low Level 
3.3 1.7 O.B V 

(Notes 2 &4) 
Dynamic Input Voltage 

tMaximum test duration 2.0 ms, one output loaded at a time. 

Note 1: Incident wave switching on transmission lines with impedances as low as 750 for commercial temperature range is guaranteed for 74LVQ. 

Note 2: Worst case package. 

Note 3: Max number of outputs defined as (n). Data inputs are driven OV to 3.3V; one output at GND. 
Note 4: Max number of Data Inputs (n) switching. (n - 1) inputs swHching OV to 3.3V. Input·under·test switching: 3.3V to threshold (V,LD), OV to threshold 
(VIHD), f = 1 MHz. 

AC Electrical Characteristics: See Section 2 for Test Waveforms and Output Load 

74LVQ02 74LVQ02 

Vee TA = +2SoC 
TA = -40°C 

Symbol Parameter to +8SoC Units 
(V) CL = SOpF 

CL = 50pF 

Min Typ Max Min Max 

tplH Propagation Delay 2.7 1.5 6.0 10.6 1.0 12.0 
3.3 ±0.3 1.5 5.0 7.5 1.0 B.O ns 

tpHl Propagation Delay 2.7 1.5 6.0 10.6 1.0 12.0 
3.3 ±0.3 1.5 5.0 7.5 1.0 B.O ns 

tOSHL, Output to Output Skew' 2.7 1.0 1.5 1.S 
tOSLH Data to Output 3.3 ±0.3 1.0 1.5 1.5 

ns 

'Skew is defined as the absolute value of the difference between the actual propagation delay for any two separate outputs of the same device. The specification 
applies to any outputs switching in the same direction, either HIGH to lOW (IosHU or lOW to HIGH (toSLH)' Parameter guaranteed by design. 

Capacitance 
Symbol Parameter Typ Units Conditions 

CIN Input Capacitance 4.5 pF Vee = Open 

CpO (Note 1) Power Dissipation Capacitance 20 pF Vee = 3.3V 

Note 1: epD is measured at 10 MHz. 

g.g 

~ 
C 
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~ ~National 
~ Semiconductor 

74LVQ04 
low Voltage Hex Inverter 

General Description 
The LVQ04 contains six inverters. 

Ordering Code: See Section 11 

Logic Symbol 

IEEE/IEC 

TUF/11343-1 

Pin Names 

An 
On 

Order Number 

See NS Package Number 

Features 
• Ideal for low power/low noise 3.3V applications 
• Guaranteed simultaneous switching noise level and 

dynamic threshold performance 
• Guaranteed pin-to-pin skew AC performance 
• Guaranteed incident wave switching into 750 
• MIL-STD-883 54AC Products are available for Military/ 

Aerospace Applications 

Connection Diagram 

Pin Assignment 
for SOIC JEDEC and EIAJ 

Ao 
14 

Vee 
00 

2 13 
A3 

~ 
3 12 

~ 
0; 4 11 

A4 

Az 
5 10 

°4 

°2 
9 

As 
GND 7 8 

°5 

TUF/11343-2 

Description 

Inputs 
Outputs 

SOICJEDEC SOICEIAJ 

74LVQ04SC 74LVQ04SJ 
74LVQ04SCX 74LVQ04SJX 

M14A M14D 
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Absolute Maximum Ratings (Note) Recommended Operating 
If Military/Aerospace specified devices are required, Conditions 
please contact the National Semiconductor Sales 

Supply Voltage (Vee> 
Office/Distributors for availability and specifications. 

LVQ 2.0Vto 3.6V 
Supply Voltage {Vee> -0.5Vto +7.0V 

Input Voltage (VI) OV to Vee 
DC Input Diode Current (Ilid 

Output Voltage (Vo) OV to Vee VI = -0.5V -20mA 
VI = Vee + 0.5V +20mA Operating Temperature (TAl 

DC Input Voltage (VI) -0.5V to Vee + 0.5V 
74LVQ -40·Cto +85·C 

DC Output Diode Current {loKl 
Minimum Input Edge Rate (t.V/t.t) 

VIN from 0.8V to 2.0V 
Vo = -0.5V -20mA 

Vee@3.0V 125 mV/ns 
Vo = Vee + 0.5V +20mA 

DC Output Voltage (Vo) -0.5V to Vee + 0.5V 
DC Output Source 

or Sink Current (10) ±50mA 

DC Vee or Ground Current 
(Icc or IGNO) ±200mA 

Storage Temperature (T STG) - 65·C to + 150·C 

DC Latch-Up Source or 
Sink Current ±100mA 

Note: The "Absolute Maximum Ratings" are those values 
beyond which the safety of the device cannot be guaran-
teed The device should not be operated at these limits. The 
parametric values defined in the "Electrical Characteristics" 
table are not guaranteed at the absolute maximum ratings. 
The "Recommended Operating Conditions" table will define 
the conditions for actual device operation. 

DC Characteristics 
74LVQ04 74LVQ04 

Symbol Parameter Vee TA = +25·C 
TA= 

Units Conditions 
(V) -40"C to +85"C 

Typ Guaranteed Limits 

VIH Minimum High Level 
3.0 1.5 2.0 2.0 V 

VOUT = 0.1V 
Input Voltage or Vee - 0.1V 

VIL Maximum Low Level 
3.0 

1.5 
0.8 0.8 V 

VOUT = 0.1V 
Input Voltage or Vee - O.IV 

VOH Minimum High Level 3.0 2.99 2.9 2.9 V lOUT = - 50 /LA 
Output Voltage ·VIN = VIL or VIH 

3.0 2.58 2.48 V 
10H = -12mA 

VOL Maximum Low Level 3.0 0.002 0.1 0.1 V lOUT = 50/LA 
Output Voltage ·VIN = VILorVIH 

3.0 0.36 0.44 V 
10L = 12mA 

liN Maximum Input 
3.6 ±0.1 ±1.0 /LA 

VI = Vee.GND 
Leakage Current 

• All oulpuls loaded; thresholds on input associated with output under test 
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DC Characteristics (Continued) 

·74LVQ04 74LVQ04 

Symbol Parameter Vee 
TA = +25'C 

TA = 
Units Conditions 

(V) - 40'C to + 85'C 

Typ Guaranteed Limits 

IOlD tMinimum Dynamic 3.6 36 mA VOlD = O.8V Max (Note 1) 

IOHD 
Output Current 3.6 -25 mA VOHD = 2.0V Min (Note 1) 

Icc Maximum Quiescent 
3.6 2.0 20.0 p.A 

VIN = Vcc 
Supply Current orGND 

VOlP Quiet Output 
3.3 0.8 1.1 V 

(Notes2&3) 
Maximum Dynamic VOL 

VOlV Quiet Output 
3.3 -0.8 -1.1 V 

{Notes 2 &3) 
Minimum Dynamic VOL 

VIHD Maximum High Level 
3.3 1.7 2.0 V 

(Notes 2 &4) 
Dynamic Input Voltage 

VllD Maximum Low Level 
3.3 1.6 0.8 V 

{Notes 2 &4) 
Dynamic Input Voltage 

tMaxfmum test duration 2.0 ms, one output loaded at a time. 
Note 1: Incident wave switching on transmission lines with impedances as low as 75n lor commercial temperature range is guaranteed lor 74LVQ. 
Note 2: Worst case package. 
Note 3: Max number 01 outputs defined as (n). Data inputs are driven OV to 3.3V; one output at GND. 
Note 4: Max number 01 Data Inputs (n) switching. (n - 1) Inputs switching OV to 3.3V. Input·under·test switching: 3.3V to threshold . (VIle) OV to threshold 
(VIHO) I = 1 MHz. 

AC Electrical Characteristics: See Section 2 for Test Methodology. 

74LVQ04 74LVQ04 

Vee TA = +25'C 
TA = -40'C 

Symbol Parameter 
(V) CL = 50pF 

to +85'C Units 
CL = 50pF 

Min Typ Max Min Max 

tpLH Propagation Delay 2.7 1.5. 5.4 12.7 1.0 14,0 
3.3 ±0.3 1.5 4.5 9.0 1.0 10.0 

ns 

tpHL Propagation Delay 2.7 1.5 5.4 12.0 1.0 12.0 
3.3 ±0.3 1.5 4.5 8.5 1.0 9.5 

ns 

toSHl, Output to Output Skew· 2.7 1.0 1.5 1.5 

tOSlH Data to Output 3.3 ±0.3 1.0 1.5 1.5 
ns 

'Skew is defined as the absolute value 01 the difference between the actual propagation delay lor any two separate outputs 01 the same device. The specification 
applies to any outputs switching in the same direction, either HIGH to LOW (tosHLl or LOW to HIGH (toSLH). Parameter guaranteed by design. 

Capacitance 
Symbol Parameter Typ Units Conditions 

CIN Input Capacitance 4.5 pF Vee = Open 

CPO Power Dissipation 
17 pF Vec = 3.3V 

(Note 1) Capacitance 

Note 1: CPO is measured at 10 MHz. 
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~National 
~ Semiconductor 

74LVQ08 
Low Voltage Quad 2-lnput AND Gate 

General Description 
The LVQOB contains four. 2-input AND gates. 

Ordering Code: See Section 11 

Logic Symbol 

IEEE/IEC 

Ao &: 

So 
~ 
e, 

A2 

82 

A3 

83 

TL/F/11344-1 

Pin Names 

An.Sn 
On 

Order Number 

See NS Package Number 

Features 
• Ideal for low powerllow noise 3.3V applications 
• Guaranteed simultaneous switching noise level and 

dynamic threshold performance 
• Guaranteed pin-to-pin skew AC performance 
• Guaranteed incident wave switching into 750. 
• MIL-STD-BB3 54AC products are available for Military/ 

Aerospace applications 

Connection Diagram 

Description 

Inputs 
Outputs 

SOICJEDEC 

74LVQOBSC 
74LVQOBSCX 

M14A 

Pin Assignment 
for SOIC JEDEC and EIAJ 

Ao ..:.r----, 
80 

00 

~--T--' 

e, 
01 

GND 

SOICEIAJ 

74LVQOBSJ 
74LVQOBSJX 

M14D 

TL/F/11344-2 
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Absolute Maximum Ratings (Note) Recommended Operating 
If Military/Aerospace specified devices are required, Conditions 
please contact the National Semiconductor Sales Supply Voltage {Vecl 
Office/Distributors for availability and specifications. LVa 2.0Vt03.6V 
Supply Voltage (Vecl -0.5Vto +7.0V Input Voltage (V,) OV to Vcc 
DC Input Diode Current (1,K) Output Voltage (Vo) OVtoVcc 

V, = -0.5V ~20mA 
Operating Temperature (TAl 

V, = Vee + 0.5V +20mA 74LVa -40"Cto +85°C 
DC Input Voltage (V,) -0.5V to Vee + 0.5V Minimum Input Edge Rate (aVlat) 
DC Output Diode Current (10K> V,N from 0.8V to 2.OV 

Vo = -0.5V -20mA Vee@3.0V 125mVlns 
Vo = Vee + 0.5V +20mA 

DC Output Voltage (Vo) -0.5V to Vee +0.5V 

DC Output Source 
or Sink Current (lo) ±50mA 

DC Vee or Ground Current 
(Icc or IGNO) ±200mA 

Storage Temperature (T STG) -65·C to + 150·C 

DC Latch-Up Source or 
Sink Current ±100mA 

Note: The "Absolute Maximum Ratings" are those values 
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The 
parametric values defined in the "Electrical Characteristics" 
table are not guaranteed at the absolute maximum ratings. 
The "Recommended Operating Conditions" table will define 
the conditions for actual device operation. 

DC Characteristics 
74LVQOS 74LVQOS 

.. 

Symbol Parameter, Vee TA = +25"C 
TA= 

Units Conditions 
(V) -40"C to +ss·c 

Typ Guaranteed Umlts 

V,H Minimum High Level 
3.0 1.5 2.0 2.0 V 

VOUT = 0.1V 
Input Voltage orVcc - 0.1V 

V,L Maximum Low Level 
3.0 1.5 0.8 0.8 V 

VOUT = 0.1V 
Input Voltage 

VOH Minimum High Level 3.0 2.99 2.9 2.9 V lOUT = -50 IJA 
Output Voltage ·V,N = V,L or V,H 

3.0 2.58 2.48 V 
10H = -12mA 

VOL Maximum Low Level 3.0 0.002 0.1 0.1 V lOUT = 50IJA 
Output Voltage 

V 
·V,N = V,L or V,H 

3.0 0.36 0.44 
10L = 12mA 

liN Maximum Input 
3.6 ±0.1 ±1.0 IJA 

V, = Vcc.GND 
Leakage Current 

• All outputs loaded; thresholds on input associated wHh output under test. 
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DC Characteristics (Continued) 

74LVQOB 74LVQOB 

Symbol Parameter Vee TA = +2S·C 
TA= 

Units Conditions 
(V) - 40·C to + BS·C 

Typ Guaranteed Limits 

IOLD tMinimum Dynamic 3.6 36 mA VOLD = O.BV Max (Note 1) 

IOHD 
Output Current 3.6 -25 mA VOHD = 2.0V Min (Note 1) 

lee Maximum Quiescent 
3.6 2.0 20.0 poP. 

Y,N = Vee 
Supply Current orGND 

VOLP Quiet Output 
3.3 0.4 0.8 V 

(Notes 2 &3) 
Maximum Dynamic VOL 

VOLV Quiet Output 
3.3 -0.4 -0.8 V 

(Notes 2 &3) 
Minimum Dynamic VOL 

V,HD Maximum High Level 
3.3 1.8 2.0 V 

(Notes 2 &4) 
Dynamic Input Voltage 

V,LD Maximum Low Level 
3.3 1.8 0.8 V 

(Notes2&4) 
Dynamic Input Voltage 

tMaximum test duration 2.0 ms, one output loaded at a time. 

Note 1: Incident wave switching on transmission lines with impedances as low as 7511 for commercial temperature range is guaranteed for 74LVQ. 

Note 2: Worsl case package. 
Note 3: Max number of outputs defined as (n). Data inputs are driven OV to 3.3V; one output at GND. 
Note 4: Max number of Data Inputs (n) switching. (n - 1) Inputs switching OV to 3.3V. Input-under·lest switching: 3.3V to threshold (V,LO), OV to threshold 
(V,HO), f = 1 MHz. 

AC Electrical Characteristics: See Section 2 for Test Methodology 

74LVQOB 74LVQOB 

Vee TA = +2S·C 
TA = -40·C 

Symbol Parameter to +BS·C Units 
(V) CL = SOpF 

CL = SOpF 

Min Typ Max Min Max 

tpLH Propagation Delay 2.7 1.5 9.0 13.4 1.0 14.0 
3.3 ±0.3 1.5 7.5 9.5 1.0 10.0 

ns 

tpHL Propagation Delay 2.7 1.5 8.4 12.0 1.0 13.0 
3.3 ±0.3 1.5 7.0 8.5 1.0 9.0 

ns 

toSHL, Output to Output Skew' 2.7 1.0 1.5 1.5 
tOSLH 3.3 ±0.3 1.0 1.5 1.5 

ns 

'Skew is defined as the absolute value of the difference between the actual propagation delay for any two separate outputs of Ihe same device. The specification 
applies to any outputs switching in the same direction, either HIGH to LOW (tosHLl or LOW to HIGH (toSLH). Parameter guaranteed by design. 

Capacitance 
Symbol Parameter Typ Units Conditions 

C'N Input Capacitance 4.5 pF Vee = Open 

CPO Power Dissipation 
17 pF 

Vee = 3.3V 
(Note 1) Capacitance 

Note 1: CPO is measured at 10 MHz. 
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~ r----------------------------------------------------------------------------, .... 
~ ~National 
~ semiconductor 

74LVQ14 
Low Voltage Hex Inverter with Schmitt Trigger Input 

General Description· 
The LVQ14 contains six ·inverter gates each with a Schmitt 
trigger input. They are capable of transforming slowly 
changing input signals into sharply. defined, jitter-free output 
signals. In addition, they have a greater noise margin than 
conventional inverters. 

The LVQ14 has hysteresis between the positive-going and 
negative-going input thresholds (typically 1.0V) which is de
termined internally by transistor ratios and is essentially in
sensitive to temperature and supply voltage variations. 

Ordering Code: See Section 11 

Logic Symbol 

IEEE/IEC 

0; 

12 °2 

13 03 

14 °4 

Is Os 
TL/F/11345-1 

Pin Names 

In 
On 

Truth Table 
Input 

A 

L 
H 

Order Number 

See NS Package Number 

Features 
• Ideal for low power/low noise 3.3V applications 

. • Guaranteed simultaneous switching noise level and 
dynamic threshold performance 

• Guaranteed pin-to-pin skew AC performance 
• Guaranteed incident wave switching into 750 
• MIL-STD-883 54AC products are available for Military/ 

Aerospace applications 

Connection Diagram 

Pin Assignment 
for SOIC JEDEC and EIAJ 

10 

Oa 
2 

11 
3 

0; 4 

12 
5 

°2 
6 

13 

GND 7 

TL/F/II345-2 

Description 

Inputs 
Outputs 

Output 

0 

H 
L 

SOICJEDEC SOICEIAJ 

74LVQ14SC 74LVQ14SJ 
74LVQ14SCX 74LVQ14SJX 

M14A M14D 
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Absolute Maximum Ratings (Note) Recommended Operating 
If Military/Aerospace specified devices are required, Conditions 
please contact the National Semiconductor Sales Supply Voltage (Vecl 
Office/Distributors for availability and specifications. 

LVQ 2.0Vto 3.6V 
Supply Voltage (Vecl -0.5Vto +7.0V Input Voltage (VI) OVtoVee 
DC Input Diode Current (liid Output Voltage (Va) OV to Vee VI = -0.5V -20mA 

VI = Vee + 0.5V +20mA Operating Temperature (T A) 

DC Input Voltage (VI) -0.5VtoVee + 0.5V 
74LVQ -40·Cto +85·C 

DC Output Diode Current (10K) 
Minimum Input Edge Rate (boV/bot) 

VIN from 0.8V to 2.0V 
Va = -0.5V -20mA Vee@3.0V 125 mV/ns 
Va = Vee + 0.5V +20mA 

DC Output Voltage (Va) -0.5V to to Vee + 0.5V 

DC Output Source 
or Sink Current (10) ±50mA 

DC Vee or Ground Current 
(Icc or IGNO) ±200mA 

Storage Temperature (T STG) -65·Cto +150·C 

DC Latch-Up Source or 
Sink Current ±100mA 

Note: The "Absolute Maximum Ratings" are those values 
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The 
parametric values defined in the "Electrical Characteristics" 
table are not guaranteed at the absolute maximum ratings. 
The "Recommended Operating Conditions" table will define 
the conditions for actual device operation. 

DC Characteristics 
74LVQ14 74LVQ14 

Symbol Parameter Vee TA = +25·C 
TA= 

Units Conditions 
(V) -40·Cto +85·C 

Typ Guaranteed Limits 

VOH Minimum High Level 
3.0 2.99 2.9 2.9 V lOUT = -50/LA Output Voltage 

3.0 2.58 2.48 V ·VIN = VIL or VIH 
10H = -12mA 

VOL Maximum Low Level 
3.0 0.002 0.1 0.1 V lOUT = 50/LA Output Voltage 

3.0 0.36 0.44 V 'VIN = VIL or VIH 
IOL=12mA 

liN Maximum Input 
3.6 ±0.1 ±1.0 /LA VI = Vee,GND 

Leakage Current 

Vt+ Maximum Positive 
3.0 2.2 2.2 V T A = Worst Case 

Threshold 

Vt- Minimum Negative 
3.0 0.5 0.5 V T A = Worst Case 

Threshold 

'All outpuls loaded; thresholds on input aSSOCiated with output under test. 
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DC Characteristics (Continued) 

74LVQ14 74LVQ14 

Symbol Parameter Vee TA = +25"C 
TA= 

Units CondHlons 
(V) - 40"C to + 85'C 

Typ Guaranteed Limits 

Vh(max) Maximum Hysteresis 3.0 1.2 1.2 V T A = Worst Case 

Vh(min) Minimum Hysteresis 3.0 0.3 0.3 V TA = Worst Case 

IOLD tMinimum Dynamic 3.6 36 mA VOLD = 0.8V Max (Note 1) 

IOHD 
Output Current 3.6 -25 mA VOHD = 2.0V Min (Note 1) 

lee Maximum Quiescent 
3.6 2.0 20.0 p.A VIN = Vee or GND 

Supply Current 

VOLP Quiet Output 
3.3 0.9 1.1 V 

(Notes 2, 3) 
Maximum Dynamic VOL 

VOLV Quiet Output 
3.3 -0.8 -1.1 V 

(Notes 2, 3) 
Minimum Dynamic VOL 

VIHD Maximum High Level 
3.3 1.9 2.0 V 

(Notes 2, 4) 
Dynamic Input Voltage 

VILD Maximum Low Level 
3.3 1.3 2.0 V (Notes 2, 4) 

Dynamic Input Voltage 

tMaximum test duration 2.0 ms, one output loaded at a time. 
Note 1: Incident wave switching on transmission lines with impedances as low as 750 lor commercial temperature range Is guaranteed lor 74LVO. 
Note 2: Worst case package. 
Note 3: Max number of outputs deli ned as (n). Data Inputs are driven OV to 3.3V: one output at GND. 
Note 4: Max number 01 Data Inputs (n) switching. (n - 1) Inputs switching OV to 3.3V. Input·under.test switching: 3.3V to threshold (VILO), OV to threshold 
(VIHO), I = 1 MHz. 

AC Electrical Characteristics: See Section 2 for Test Methodology 

74LVQ14 74LVQ14 

Symbol Parameter Vee TA = +25'C TA = -40'Cto +85"C Units 
(V) CL = 50pF CL = 50pF 

Min Typ Max Min Max 

tpLH Propagation Delay 2.7 1.5 11.4 19.0 1.5 21.0 
3.3 ±0.3 1.5 9.5 13.5 1.5 15.0 

ns 

tpHL Propagation Delay 2.7 1.5 9.0 16.2 1.5 19.0 
3.3 ±O.3 1.5 7.5 11.5 1.5 13.0 

ns 

toSHL, Output to Output 2.7 1.0 1.5 1.5 

tOSLH Skew· 3.3 ±0.3 1.0 1.5 1.5 
ns 

Data to Output 

'Skew is defined as the absolute value of the difference between the actual propagation delay lor any two separate outputs of the same device. The specification 
applies to any outputs switching in the same direction, either HIGH to LOW (toSHU or LOW to HIGH (IosLH). Parameter guaranteed by deSign. 

Capacitance 
Symbol Parameter Typ Units Conditions 

erN Input Capacitance 4.5 pF Vee = Open 

CPO Power Dissipation 
20 pF 

Vee = 3.3V 
(Note 1) Capacitance 

Note 1: CPO Is measured at 10 MHz. 
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~National 
~ Semiconductor 

74LVQ32 
Low Voltage Quad 2-lnput OR Gate 

General Description 
The LVQ32 contains four. 2-input OR gates. 

Ordering Code: See Section 11 

Logic Symbol 

IEEE/IEC 

Ao :?:1 

So 
~ 
~ 

A2 

B2 

A3 

~ 

TLiF/11346-1 

Pin Names 

An.Sn 
On 

Order Number 

See NS Package Number 

features 
.. Ideal for low power/low noise 3.3V applications· 
II Guaranteed simultaneous switching noise level and dy-

namic threshold performance 
Il Guaranteed pin-to-pin skew AC performance 
iii Guaranteed incident wave switching into 75,n 
III MIL-STD-883 54AC products are available for Military/ 

Aerospace applications 

Connection Diagram 

Pin Assignment 
for SOIC JEDEC and EIAJ 

Ao vee 
So A2 

00 82 

Aj O2 

a, A3 

0, 83 

GND 03 

TL/F/11346-2 

Description 

Inputs 
Outputs 

SOICJEDEC SOICEIAJ 

74LVQ32SC 74LVQ32SJ 
74LVQ32SCX 74LVQ32SJX 

M14A M14D 

9-19 



Absolute Maximum Ratings (Note) Recommended Operating 
If Military/Aerospace specified devices are required, Conditions 
please contact the National Semiconductor Sales 

Supply Voltage (Vee) 
Office/Distributors for availability and specifications. 

LVa 2.0Vt03.6V 
Supply Voltage (Vee) -0.5Vto +7.0V Input Voltage (VI) OV to Vee 
DC Input Diode Current (l1I() 

Output Voltage (Vo) OV to Vee 
VI = -0.5V -20mA 
VI = Vee + 0.5V +20mA Operating Temperature (TAl 

DC Input Voltage (VI) -0.5V to Vee + 0.5V 
74LVa -40'Cto +85'C 

DC Output Diode Current (loKl 
Minimum Input Edge Rate (t.Vlt.t) 

VIN from 0.8V to 2.0V 
Vo = -0.5V -20mA 

Vee@3.0V 125mV/ns 
Vo = Vee + 0.5V +20mA 

DC Output Voltage (Vo) -0.5V to to Vee + 0.5V 

DC Output Source 
or Sink Current (10) ±50mA 

DC Vee or Ground Current 
(Icc or IGNO) ±200mA 

Storage Temperature (T 8TG) - 65'C to + 150'C 

DC Latch-Up Source or 
Sink Current ±100mA 

Note: The "Absolute Maximum Ratings" are those values 
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The 
parametric values defined in the "Electrical Characteristics" 
table are not guaranteed at the absolute maximum ratings. 
The "Recommended Operating Conditions" table will define 
the conditions for actual device operation. 

DC Characteristics 
74LVQ32 74LVQ32 

Symbol Parameter Vee TA = +2S'C 
TA= 

Units Conditions 
(V) - 40'C to + 85'C 

Typ Guaranteed Limits 

VIH Minimum High Level 
3.0 1.5 2.0 2.0 V 

VOUT = 0.1V 
Input Voltage orVee - 0.1V 

VIL Maximum Low Level 
3.0 1.5 0.8 0.8 V 

VOUT = 0.1V 
Input Voltage orVee - 0.1V 

VOH Minimum High Level 3.0 2.99 2.9 2.9 V lOUT = -50/loA 
Output Voltage 'VIN = VIL or VIH 

3.0 2.58 2.48 V 
10H = -12mA 

VOL Maximum Low Level 3.0 0.002 0.1 0.1 V lOUT = 50/loA 
Output Voltage 'VIN = VIL or VIH 

3.0 0.36 0.44 V 
10L = 12mA 

liN Maximum Input 
3.6 ±0.1 ±1.0 /loA 

VI = Vee. GND 
Leakage Current 

'All outputs loaded; thresholds on input associated with output under test 
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DC Characteristics (Continued) 

74LVQ32 74LVQ32 

Symbol Parameter Vee TA = +25"C 
TA = 

Units Conditions 
(V) -40'Cto +85'C 

Typ Guaranteed Limits 

IOLD tMinimum Dynamic 3.6 36 mA VOLD = 0.8V Max (Note 1) 

IOHD 
Output Current 3.6 -25 mA VOHD = 2.0V Min (Note 1) 

lee Maximum Quiescent 
3.6 2.0 20.0 p.A Y,N = Vee 

Supply Current orGND 

VOlP Quiet Output 
3.3 0.5 0.8 V 

(Notes 2 &3) 
Maximum Dynamic VOL 

VOLV Quiet Output 
3.3 -0.5 -0.8 V 

(Notes 2 &3) 
Minimum Dynamic VOL 

V,HD Maximum High Level 
3.3 1.9 2.0 V 

(Notes 2 &4) 
Dynamic Input Voltage 

V,LD Maximum Low Level 
3.3 1.8 0.8 V (Notes 2 &4) 

Dynamic Input Voltage 

tMaximum test duration 2.0 ms, one output loaded at a time. 
Note 1: Incident wave switching on transmission lines with impedances as low as 7Sn for commercial temperature range is guaranteed for 74LVQ. 

Note 2: Worst case package. 
Note 3: Max number of outputs defined as (n). Data inputs are driven OV to 3.3V; one output at GND. 
Note 4: Max number of Data Inputs (n) switching. (n - 1) inputs switching OV to 3.3V. Input·under-test switching: 3.3V to threshold (VILO), OV to threshold 
(VIHO), f = 1 MHz. 

AC Electrical Characteristics: See Section 2 for Test Methodology 

74LVQ32 74LVQ32 

Vee TA = +25"C 
TA = -40'C 

Symbol Parameter to + 85'C Units 
(V) Cl=50pF 

Cl = 50pF 

Min Typ Max Min Max 

tpLH Propagation Delay 2.7 1.5 8.4 12.7 1.5 14.0 
3.3 ±0.3 1.5 7.0 9.0 1.5 10.0 

ns 

tpHL Propagation Delay 2.7 1.5 8.4 12.0 1.0 13.0 
3.3 ±0.3 1.5 7.0 8.5 1.5 9.0 

ns 

tOSHL, Output to Output Skew· 2.7 1.0 1.5 1.5 

toSLH 3.3 ±0.3 1.0 1.5 1.5 
ns 

·Skew is defined as the absolute value of, the difference between the actual propagation delay for any two separate outputs of the same device. The specification 
applies to any outputs switching in the same direction, either HIGH to lOW (toSHU or LOW to HIGH (toSLH). Parameter guaranteed by deSign. 

Capacitance 
Symbol Parameter Typ Units Conditions 

CIN Input Capacitance 4.5 pF Vee = Open 

CPD Power Dissipation 
17 pF 

Vee = 3.3V 
(Note 1) Capacitance 

Note 1: CPO is measured at 10 MHz. 
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~ ,----------------------------------------------------------------------------, 
~ ~National 
~ Semiconductor 

74LVQ74 
Low Voltage Dual D-Type Positive 
Edge-Triggered Flip-Flop 

General. Description 
The LV074 is a dual D-tYPe flip-flop with Asynchronous 
Clear and Set inputs and complementary (0, 0) outputs. 
Information at the input is transferred to the outputs on the 
positive edge of the clock pulse. Clock triggering occurs at a 
voltage level of the clock pulse and is not directly related to 
the transition time of the positive-going pulse. After the 
Clock Pulse input threshold voltage has been passed, the 
Data input is locked out and information present will not be 
transferred to the outputs until the next rising edge of the 
Clock Pulse input. 

Ordering Code: See Section 11 

Logic $ymbols 

Asynchronous Inputs: 
LOW input to So (Set) sets 0 to HIGH level 
LOW input to eo (Clear) sets 0 to LOW level 
Clear and Set are independent of clock 
Simultaneous LOW on Co and So makes both 0 and 0 
HIGH 

Features 
• Ideal for low power/low noise 3.3V applications 
• Guaranteed simultaneous switching noise level and dy-

namic threshold performance 
• Guaranteed pin-ta-pin skew AC performance 
• Guaranteed incident wave switching into 750 
• MIL-STD-883 54AC products are available for Military/ 

Aerospace applications 

Connection Diagram 

Pin Assignment 
IEEE/IEC for SOIC JEDEC and EIAJ 

TUF/11347-1 TUF/11347-2 TUF/11347-3 TUF/11347-4 

Pin Names Description 

D1,D2 Data Inputs 
CP1oCP2 Clock Pulse Inputs 

C01o C02 Direct Clear Inputs 
5 01,502 Direct Set Inputs 
0 1,01,02,02 Outputs 

SOICJEDEC SOICEIAJ 

Order Number 74LV074SC 74LV074SJ 
74LV074SCX 74LV074SJX 

See NS Package Number M14A M14D 
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Truth Table (Each Half) 

Logic Diagram 

Inputs 

So Co CP 

L H X 
H L X 
L L X 
H H ~ 

H H ~ 

H H L 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 

0 

X 
X 
X 
H 
L 
X 

...r = LOW-to-HIGH Clock Transition 

Outputs 

Q Q 

H L 
L H 
H H 
H L 
L H 

QO 00 

00(00) = Previous 0(0) before LOW-to-HIGH Transition of Clock 

%--------------------------~----------------~ 

o 

cp---------r----------------------------~ .. ~. 

~------------------------~--------------~ 

IO--..---Q 

JO-4.-.--- ii 

TL/F/11347-6 

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (Note) Recommended Operating 
If Military/Aerospace specified devices are required, Conditions 
please contact the National Semiconductor Sales. 

Supply Voltage (Vee) 
Office/Distributors for availability and specifications. 

LVa 2.0Vt03.6V 
Supply Voltage (Vee> -0.5Vto +7.0V 

Input Voltage (VI) OV to Vee 
DC Input Diode Current (I"d Output Voltage (Vo) OVtoVee 

VI = -0.5V -20mA 
VI = Vee + 0.5V +20mA Operating Temperature (TAl 

DC Input Voltage (VI) -0.5V to Vee + 0.5V 
74LVa - 40'C to + 85'C 

DC Output Diode Current (10K) 
Minimum Input Edge Rate (a V I at) 

VIN from 0.8V to 2.0V 
Vo = -0.5V -20mA 

Vee@3.0V 125 mV/ns 
Vo = Vee + 0.5V +20mA 

DC Output Voltage (VO) -O.SVto to Vee + 0.5V 
DC Output Source 

or Sink Current (10) ±50mA 

DC Vee or Ground Current 
(lee or IGND) ±200mA 

Storage Temperature (T STG) - 6S'C to + 150'C 
DC Latch-Up Source or 
Sink Current ±100mA 

Note: The "Absolute Maximum Ratings" are those values 
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The 
parametric values defined in the "Electrical Chara9teritics" 
table are not guaranteed at the absolute maximum ratings. 
The "Recommended Operating Conditions" table will define 
the conditions for actual device operation. 

DC Characteristics 
74LVQ74 74LVQ74 

Symbol Parameter 
Vee 

TA = + 25'C. 
TA= 

Units Conditions 
(V) - 40'C to + 8S'C 

Typ Guaranteed limits 

VIH Minimum High Level 
3.0 1.5 2.0 2.0 V 

VOUT = 0.1V 
orVee - 0.1V 

VIL Maximum Low Level 
3.0 1.S 0.8 0.8 V 

VOUT = 0.1V 
Input Voltage orVee - 0.1V 

VOH Minimum High Level 3.0 2.99 2.9 2.9 V lOUT = -SO,...A 
Output Voltage 'VIN = VIL or VIH 

3.0 2.S8 2.48 V 
10H = -12mA 

VOL Maximum Low Level 3.0 0.002 0.1 0.1 V lOUT = 50,...A 
Output Voltage 'VIN = VILorVIH 3.0 0.36 0.44 V 

10L = 12mA 

liN Maximum Input 
3.6 ±0.1 ±1.0 ,...A 

VI = Vee,GND 
Leakage Current 

• All outputs loaded; thresholds on Input associated with output under test. 
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DC Characteristics (Continued) 

74LVQ74 74LVQ74 

Symbol Parameter Vee TA = +25°C 
TA= 

Units Conditions 
(V) - 40"C to + 85°C 

Typ Guaranteed Limits 

IOLO tMinimum Dynamic 3.6 36 mA VOLO = 0.8V Max (Note 1) 

IOHO 
Output Current 3.6 -25 mA VOHO = 2.0V Min (Note 1) 

Icc Maximum Quiescent 
3.6 2.0 20.0 /LA 

VIN = Vcc 
Supply Current orGND 

VOLP Quiet Output 
3.3 0.2 0.8 V 

(Notes 2 and 3) 
Maximum Dynamic VOL 

VOLV Quiet Output 
3.3 -0.2 -0.8 V 

(Notes 2 and 3) 
Minimum Dynamic VOL 

VIHO Maximum High Level 
3.3 1.7 2.0 V 

(Notes 2 and 4) 
Dynamic Input Voltage 

VILO Maximum Low Level 
3.3 1.6 0.8 V (Notes 2 and 4) 

Dynamic Input Voltage 

tMaximum test duration 2.0 ms. one output loaded at a time. 
Note 1: Incident wave switching on transmission lines with impedances as low as 750 for commercial temperature range is guaranteed for 74LVO. 

Note 2: Worst case package. 
Note 3: Max number 01 outputs delined as (n). Data inputs are driven OV to 3.3V; one output at GND. 
Note 4: Max number 01 Data Inputs (n) switching. (n - 1) inputs switching OV to 3.3V. Input·under-test switching: 3.3V to threshold (VILD. OV to threshold 
(VIHD. I = 1 MHz. 

AC Electrical Characteristics: See Section 2 for Test Methodology 

74LVQ74 74LVQ74 

Vee TA = +25°C 
TA = -40°C 

Symbol Parameter 
(V) CL = 50pF 

to +85"C Units 
CL = 50pF 

Min Typ Max Min Max 

fmax Maximum Clock 2.7 50 100 40 
MHz 

Frequency 3.3 ±0.3 100 125 95 

tpLH Propagation Delay 2.7 3.5 9.6 16.9 3.5 19.0 

COn or SOn to Qn 3.3 ± 0.3 3.5 8.0 12.0 2.5 13.0 
ns 

tpHL Propagation Delay 2.7 4.0 12.6 16.9 3.5 19.0 
COn or SOn to Qn 3.3 ±0.3 4.0 10.5 12.0 3.5 13.5 

ns 

tpLH Propagation Delay 2.7 4.5 9.6 19.0 4.0 23.0 
CPn to Qn or On 3.3 ±0.3 4.5 8.0 13.5 4.0 16.0 

ns 

tpHL Propagation Delay 2.7 3.5 9.6 19.7 3.5 21.0 
CPn to Qn or On 3.3 ±0.3 3.5 8.0 14.0 3.5 14.5 

ns 

toSHL. Output to Output Skew' 2.7 1.0 1.5 1.5 
ns 

toSLH Data to Output 3.3 ±0.3 1.0 1.5 1.5 

'Skew Is defined as the absolute value of the difference between the actual propagation delay lor any two separate outputs of the same device. The specification 
applies to any outputs switching In the same direction. either HIGH to LOW (IosHU or LOW to HIGH (toSLH)' Parameter guaranteed by design. 
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AC Operating Requirements: See Section 2 for Test Methodology 

74LVQ74 74LVQ74 

Vee TA = +25"C 
TA = -40"C 

Symbol Parameter 
(V) CL = 50pF 

to +85"C Units 
CL = 50pF 

Typ Guaranteed Minimum 

ts Set-up Time, HIGH or LOW 2.7 1.8 5.0 6.5 
3.3 ±0.3 1.5 4.0 4.5 

ns 

tH Hold Time, HIGH or LOW 2.7 -2.4 0.5 0.5 
DntoCPn 3.3 ±0.3 -2.0 0.5 0.5 

ns 

tw Pulse Width 2.7 3.6 7.0 10.0 
3.3 ±0.3 3.0 5.5 7.0 

ns 

tree Recovery Time 2.7 3.0 0 0 
3.3 ±0.3 -2.5 0 0 

ns 

Capacitance 
Symbol Parameter Typ Units Conditions 

CIN Input Capacitance 4.5 pF Vee = Open 

CPO Power Dissipation 
25 pF 

Vee = 3.3V 
(Note 1) Capacitance 

Note 1: Cpo is measured at 10 MHz. 
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~National 
~ Semiconductor 

74LVQ86 
Low Voltage Quad 2-lnput Exclusive-OR Gate 

General Description 
The LV086 contains four, 2-input exclusive-OR gates. 

Ordering Code: See Section 11 

Logic Symbol 

IEEEIIEC 

TUF/11348-1 

Pin Names 

Ao-A3 
Bo-B3 
00-0 3 

Order Number 

See NS Package Number 

Features 
• Ideal for low power/low noise 3.3V applications 
• Guaranteed simultaneous switching noise level and 

dynamic threshold performanc~ 
• Guaranteed pin-to-pin skew AC performance 
• Guaranteed incident wave switching into 750 
• MIL-STO-883 54AC Products are available for Military/ 

Aerospace applications 

Connection Diagram 

flo 
Bo 
00 
~ 

~ 
l1 

GND 

Pin Assignment for 
SOIC JEDEC and EIAJ 

Description 

Inputs 
Inputs 
Outputs 

SOICJEDEC SOICEIAJ 

74LV086SC 74LV086SJ 
74LV086SCX 74LV086SJX 

M14A M140 
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Absolute Maximum Ratings (Note) Recommended Operating 
If Military/Aerospace specified devices are required, Conditions 
please contact the National Semiconductor Sales 

Supply Voltage (Vee) 
Office/Distributors for availability and specifications. 

LVa 2.OVt03.6V 
Supply Voltage <Vee) -0.5Vto +7.0V 

Input Voltage <VI) OV to Vee 
DC Input Diode Current (111<> 

Output Voltage (VO) OV to Vee VI = -0.5V -20mA 
VI = Vee + 0.5V +20mA Operating Temperature (T A) 

DC Input Voltage <VI) -0.5VtoVee + 0.5V 
74LVa -40'Cto +85'C 

Minimum Input Edge Rate (a V I at) 
DC Output Diode Current (10K> 

VIN from 0.8V to 2.OV 
Vo = -0.5V -20mA 

Vee@3.0V 125 mV/ns 
Vo = Vee + 0.5V +20mA 

DC Output Voltage <Vo) -0.5VtoVee + 0.5V 
DC Output Source 

or Sink Current (10) ±50mA 

DC Vee or Ground Current 
(lee or IGNO) ±200mA 

Storage Temperature (T 8TG) - 65'C to + 150'C 
DC Latch·Up Source or 

Sink Current ±100mA 

Note: The "Absolute Maximum Ratings" are those values 
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The 
parametric values defined in the "Electrical Characteristics" 
table are not guaranteed at the absolute maximum ratings. 
The "Recommended Operating Conditions" table will define 
the conditions for actual device operatiOn. 

DC Characteristics 
74LVQ86 74LVQ86 

Symbol Parameter Vee 
TA = 25'C 

TA= (Units Conditions 
(V) - 40'C to + 85'C 

Typ Guaranteed Umlts 

VIH Minimum High Level 
3.0 1.5 2.0 2.0 V 

VOUT = o.ni 
Input Voltage or Vee - 0.1V 

VIL Maximum Low Level 
3.0 1.5 0.8 0.8 V 

VOUT = 0.1V 
Input Voltage or Vee - 0.1V 

VOH Minimum High Level 3.0 2.99 2.9 2.9 V lOUT = - 50 /LA 
Output Voltage ·VIN = VIL or VIH 3.0 2.58 2.48 V 

10H = -12mA 

VOL Maximum Low Level 3.0 0.002 0.1 0.1 V lOUT = 5OI£A 
Output Voltage ·VIN = VIL or VIH 

3.0 0.36 0.44 
10L = 12 mA 

liN Maximum Input 
3.6 ±0.1 ±1.0 /LA 

VI = Vee.GND 
Leakage Current 

• All outputs loaded: thresholds on input associated with output under test. 
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DC Characteristics (Continued) 

74LVQ86 74LVQ86 

Symbol Parameter Vee 
TA = 25'C 

TA= Units Conditions 
(V) -40'C to +85'C 

Typ Guaranteed Limits 

IOLD tMinimum Dynamic 3.6 36 mA VOLD = 0.8V Max (Note 1) 

IOHD 
Output Current 3.6 -25 mA VOHD = 2.0V Min (Note 1) 

lec Maximum Quiescent 
3.6 2.0 20.0 /LA 

VIN = Vee or GND 
Supply Current 

VOLP Quiet Output 
3.3 0.5 0.8 V 

(Notes2,3) 
Maximum Dynamic VOL 

VOLV Quiet Output 
3.3 -0.5 -0.8 V 

(Notes 2, 3) 
Minimum Dynamic VOL 

VIHD Maximum High Level 
3.3 1.8 2.0 V 

(Notes 2, 4) 
Dynamic Input Voltage 

VILD Maximum Low Level 
3.3 1.8 0.8 V 

(Notes 2, 4) 
Dynamic Input Voltage 

tMaximum test duration 20 ms. one output loaded at a time. 
Note 1: Incident wave switching on transmission lines with impedances as low as 750 lor commercial temperature range is guaranteed lor 74LVQ. 
Note 2: Worst case package. 
Note 3: Max number 01 outputs delined as (n). Data inputs are driven OV to 3.3V; one output at GND. 
Note 4: Max number 01 Data Inputs (n) switching. (n - 1) inputs switching OV to 3.3V. Input·under-test switching: 3.3V to threshold (VILO). OV to threshold 
(VIHO). I ~ 1 MHz. 

AC Electrical Characteristics: See Section 2 for Test Methodology 

74LVQ86 74LVQ86 

TA = +25'C 
TA = -40'C 

Symbol Parameter Vee(V) to +85'C Units 
CL = 50pF CL = SOpF 

Min Typ Max Min Max 

tpLH Propagation Delay 2.7 2.0 7.2 16.2 1.5 18.0 
3.3 ±0.3 2.0 6.0 11.5 1.5 12.5 

ns 

tpHL Propagation Delay 2.7 2.0 7.8 16.2 1.5 18.0 
3.3 ±0.3 2.0 6.5 11.5 1.5 12.5 

ns 

tOSHL, Output to Output Skew· 2.7 1.0 1.5 1.5 
tOSLH 3.3 ±0.3 1.0 1.5 1.5 

ns 

'Skews defined as the absolute value of the difference between the actual propagation delay lor any two separate outputs 01 the same device. The specification 
applies to any outputs switching in the same direction. either HIGH to LOW (toSHU or LOW to HIGH (toSLH)' Parameter guaranteed by design. 

Capacitance 
Symbol Parameter Typ Units Conditions 

CIN Input Capacitance 4.5 pF Vee = Open 

CPD Power Dissipation Capacitance 
23 pF 

Vee = 3.3V 
(Note 1) 

Note 1: Cpo is measured at 10 MHz. 
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~National 
~ Semiconductor 

74LVQ125 
Low Voltage Quad Buffer with TRI-STATE® Outputs 

General Description Features 
The LVQ125 contains four independent non-inverting buff- • Ideal for low powerllow noise 3.3V applications' 
ers with TRI-STATE outputs. • Guaranteed simultaneous switching noise level and 

Ordering Code: See Section 11 

Logic Symbol 

IEEEIIEC 

110 1>1 
AO v 

a, 
v Aj 

82 
V 

A2 

83 
V 

A3 

00 

~ 

°2 

°3 

TL/F/11349-1 

Pin Names 

An,Sn 
On 

dynamic threshold performance 
• Guaranteed pin-to-pin skew AC performance 
• Guaranteed incident wave switching into 750 
• MIL-STD-883 54AC products are available for Militaryl 

Aerospace applications . 

Connection Diagram 

Description 

Inputs 
Outputs 

Pin Assignment for 
SOIC JEDEC and EIAJ 

AO~I-=~-r='1 

110 

00 
Aj-'"t-. 
a, .-----f.l.~ 

~ 
GND 

TUF/11349-2 

Truth Table 

Order Number 

Inputs 

An Bn 

L L 
L H 
H X 

H = HIGH Voltage Level 
L = LOW Vollage Level 
Z = HIGH Impedance 
X = Immaterial 

Output 

On 

L 
H 
Z 

SOICJEDEC 

74LVQ125SC 
74LVQ125SCX 

See NS Package Number M14A 
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Absolute Maximum Ratings (Note 1) Recommended Operating 
If Military/Aerospace specified devices are required, Conditions 
please contact the National Semiconductor Sales 

Supply Voltage (Vee> 
Office/Distributors for availability and specifications. LVQ 2.0Vto3.6V 
Supply Voltage (Vee> -0.5Vto +7.0V 

Input Voltage (VI) OVtoVee 
DC Input Diode Current (11K) 

Output Voltage (Va) OVtoVee 
VI = -0.5V -20mA 
VI = Vee + 0.5V +20mA Operating Temperature (TAl 

DC Input Voltage (VI) -0.5V to Vee + 0.5V 
74LVQ -40'Cto +85'C 

Minimum Input Edge Rate (aV/at) 
DC Output Diode Current (10K) 

VIN from 0.8V to 2.0V 
Va = -0.5V -20mA 

Vee@3.0V 125 mV/ns 
Va = Vee + 0.5V +20mA 

DC Output Voltage (Va) -0.5Vto to Vee + 0.5V 

DC Output Source 
or Sink Current (10) ±50mA 

DC Vee or Ground Current 
(Icc or IGND) ±200mA 

Storage Temperature (T STG) -65'C to + 150'C 

DC Latch·Up Source or 
Sink Current ±100mA 

Note 1: The "Absolute Maximum Ratings" are those values 
beyond which the safety of the device cannot be guaran· 
teed. The device should not be operated at these limits. The 
parametric values defined in the "lElectrical Characteritics" 
table are not guaranteed at the absolute maximum ratings. 
The "Recommended Operating Conditions" table will define 
the conditions for actual device operation. 

DC Characteristics. 
74LVQ12S 74LVQ12S 

Symbol Parameter Vee TA = +2S'C 
TA= 

Units Conditions 
(V) - 40'C to + 8S'C 

Typ Guaranteed Limits 

VIH Minimum High Level 
3.0 1.5 2.0 2.0 V 

VOUT = O.lV 
Input Voltage or Vee - O.lV 

VIL Maximum Low Level 
3.0 1.5 0.8 0.8 V 

VOUT = O.lV 
Input Voltage or Vee - o.w 

VOH Minimum High Level 3.0 2.99 2.9 2.9 V lOUT = -50,...A 

Output Voltage ·VIN = VILorVIH 3.0 2.58 2.48 V 
10H = -12mA 

VOL Maximum Low Level 3.0 0.002 0.1 0.1 V lOUT = 50,...A 
Output Voltage 'VIN = VIL or VIH 

3.0 0.36 0.44 V 
10L = 12mA 

liN Maximum Input 
3.6 ±0.1 ±1.0 ,...A 

VI = Vee.GND 
Leakage Current 

loz Maximum TRI·STATE VI (OE)· = VIL. VIH 
Leakage Current 3.6 ±0.25 ±2.5 ,...A VI = Vee.GND 

Va = Vee. GND 

• All outputs loaded; thresholds on input associated with output under test. 
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DC Characteristics (Continued) 

74i..VQ12S 74LVQ12S 

Symbol Parameter Vee TA = +25"C 
TA= 

Units Conditions 
(V) -40"Cto +8SoC 

Typ Guaranteed Limits 

IOLD tMinimum Dynamic 3.6 36 mA VOLD = 0.8V Min (Note 1) 

IOHD 
Output Current 3.6 -25 mA VOHD ';' 2.0V Min (Note 1) 

lee Maximum Quiescent 
3.6 4.0 40.0 p.A VIN = Vee 

Supply Current orGND 

VOLP Quiet Output 
3.3 0.6 1.0 V 

(Notes 2 and 3) 
Maximum Dynamic VOL 

VOLV Quiet Output 
3.3 -0.6 -1.0 V 

(Notes 2 and 3) . 
Minimum Dynamic VOL 

VIHD Maximum High Level 
3.3 1.7 2.0 V 

(Notes 2 and 4) 
Dynamic Input Voltage 

VILD Maximum Low Level 
3.3 1.5 0.8 V (Notes 2 and 4) 

Dynamic Input Voltage 

tMaximum test duration 2.0 ms, one output loaded at a time. 
Note 1: Incident wave switching on lransmission lines with Impedances as low as 750 lor commercial temperature range is guaranteed lor 74LVQ. 
Note 2: Worst case package. 
Note 3: Max number 01 outputs defined as (n). Data inputs are driven OV to 3.3V; one outpuf at GND. 
Note 4: Max number 01 Data Inputs (n) switching. (n - 1) inputs switching OV to 3.3V. Input·under·te~ switching: 3.3V to threshold (VILD), OV to threshold 
(VIHol, I = 1 MHz. 

AC Electrical Characteristics: See Section 2 for Test Methodology 

74LVQ12S, 74LVQ12S 

Vee TA = +25"C 
TA = -40"C 

Symbol Parameter to +85"C Units 
(V) CL = 50pF 

CL = 50pF 

Min Typ Max Min Max 

tpLH Propagation Delay 2.7 1.0 7.8 12.7 1.0 14.0 
Data to Output 3.3 ±0.3 1.0 6.5 9.0 1.0 10.0 

ns 

tpHL Propagation Delay 2.7 1.0 7.8 12.7 1.0 14.0 
Data to Output 3.3 ±0.3 1.0 6.5 9.0 1.0 10.0 

ns 

tpZH Output Enable Time ' 2.7 1.0 7.2 14.8 1.0 16.0 
3.3 ±0.3 1.0 6.0 10.5 1.0, 11.0 

ns 

tPZL Output Enable Time 2.7 1.0 9.0 14.0 1.0 16.0 
3.3 ±0.3 1.0 7.5 10.0 1.0 11.0 

ns 

tpHZ Output Disable Time 2.7 1.0 9.0 14.0 1.0 15.0 
3.3 ±0.3 1.0 7.5 1.0.0 1.0 10.5 

ns 

tpLZ . Output Disable Time 2.7 1.0 9.0 14.8 1.0 16.5 
3.3 ±0.3 1.0 7.5 10.5 1.0 11.5 

ns 

toSHL, Output to Output Skew' 2.7 1.0 1.5 1.5 

toSLH . Data to Output 3.3 ±0.3 1.0 1.5 1.5 
ns 

'Skew is defined as the absolute value 01 the difference between the actual propagation delay lor any two separate outputs 01 the same device. The specification 
applies to any outputs switching in the same direction, either HIGH to LOW (toSHU or LOW to HIGH (tosLH)' Parameter guaranteed by design. 
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Capacitance 
Symbol Parameter Typ Units Conditions 

CIN Input Capacitance 4.5 pF Vee = Open 

CPD Power Dissipation 
34 pF 

Vee = 3.3V 
(Note 1) Capacitance 

Note 1: CPO is measured at 10 MHz. 
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co r----------------------------------------------------------------------------, 
CO) ,.. 

~ ~National ~ semiconductor 

74LVQ138 
Low Voltage 1-of-8 Decoder/Demultiplexer 

General Description Features 
• Ideal for low power/low noise 3.3V applications The LVQ138 is a high-speed 1-of-8 decoder/demultiplexer. 

This device is ideally suited for high-speed bipolar memory 
chip select address decoding. The multiple input enables 
allow parallel expansion to a 1-of-24 decoder using just 
three LVQ138 devices or a 1-of-32 decoder using four 
LVQ138 devices and one inverter. 

• Guaranteed simultaneous switching noise level and 

Ordering Code: See Section 11 

Logic Symbols 

Ao 
A, 
A2 

&: 
E3 

~ 
~ 

TLlFt11350-1 

Pin Names 

Ao-A2 
E,-E2 
Es 
00-07 

Order Number 

See NS Package Number 

dynamic threshold performance 

• Improved latCh-Up immunity 
• Guaranteed incident wave switching into 750 
• 4 kV minimum ESO immunity 
• Oemultiplexing capability 
• Multiple input enable for each expansion 
• Active LOW mutually exclusive outputs 
• MIL-STO-883 54AC products are available for Military/ 

Aerospace applications 

Connection Diagram 

Pin Assignment 
IEEE/IEC for SOIC JEDEC and EIAJ 

BIN/OCT 
00 Ao vec 

~ A, 00 
°2 A2 0; 
~ ~ ~ 
°4 £2 ~ 
°5 

EN 
Os 

E3 °4 

0, °5 

0, GND Os 

TLlFt11350-4 TLlFt11350-2 

Description 

Address Inputs 
Enable Inputs 
Enable Input 
Outputs 

SOICJEDEC SOICEIAJ 

74LVQ138SC 74LVQ138SJ 
74LVQ138SCX 74LVQ138SJX 

M16A M160 
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Functional Description 
The LV0138 high-speed 1-of-8 decoder/demultiplexer ac
cepts three binary weighted inputs (Ae, Al, A2) and, when 
enabled, provides eight mutually exclusive active-LOW out
puts (00-07). The LV0138 features three Enable inputs, 
two active-LOW (El, E2) and one active-HIGH (E3). All out
puts will be HIGH unless El and E2 are LOW and E3 Is 
HIGH. This multiple enable function allows easy parallel ex-

Truth Table 
Inputs 

El E2 E3 Ao Al A2 00 01 02 

H X X 
X H X 
X X L 

L L H 
L L H 
L L H 
L L H 

L L H 
L L H 
L L H 
L L H 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 

X 
X 
X 

L 
H 
L 
H 

L 
H 
L 
H 

Logic Diagram 

X X H H H 
X X H H H 
X X H H H 

L L L H H 
L L H L H 
H L H H L 
H L H H H 

L H H H H 
L H H H H 
H H H H H 
H H H H H 

pansion of the device to a 1-of-32 (5 lines to 32 lines) de
coder with just four LV0138 devices and one in~erter (see 
Figure 1). The LV0138 can be used as an 8-output demulti
plexer by using one of the active LOW Enable inputs as the 
data input and the other Enable inputs as strobes. The En
able inputs which are not used must be permanently tied to 
their appropriate active-HIGH or active-LOW state. 

Outputs 

03 04 05 0& 07 

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 

H L H H H 
H H L H H 
H H H L H 
H H H H L 

TL/F/11350-5 

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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FIGURE 1. Expansion to 1-of-32 Decoding 
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Absolute Maximum Ratings (Note) Recommended Operating 
If Military/Aerospace specified devices are required, Conditions 
please contact the National Semiconductor Sales Supply Voltage (Vee> 
Office/Distributors for availability and specifications. LVa 2.0Vt03.6V 
Supply Voltage (Vee> -0.5Vto +7.0V Input Voltage (VI) OVtoVee 
DC Input Diode Current (111<1 Output Voltage (VO) OVtoVee 

VI = -0.5V -20 rnA 
Operating Temperature (TAl 

VI = Vee + 0.5V +20 rnA 
I 74LVa -40·Cto +BS·C 

DC Input Voltage (VI) -0.5V to Vee + O.SV Minimum Input Edge Rate (aV/at) 
DC Output Diode Current (10K) VIN from O.BV to 2.0V 

Vo = -O.SV -20 rnA Vee@3.0V 12S mV/ns 
Vo = Vee + O.SV +20mA 

DC Output Voltage (Vo) -O.SV to Vee + O.SV 

DC Output Source 
or Sink Current (10) ±SOmA 

DC Vee or Ground Current 
(Icc or IGNO) ±200mA 

Storage Temperature (T STG) - 6S·C to + 1S0·C 

DC Latch-Up Source or 
Sink Current ±300mA 

Note: The "Absolute Maximum Ratings" are those values 
beyond which the safety of the device cannot be guaran-
teed The device should not be operated at these limits. The 
parametric values defined in the "Electrical Characteristics" 
table are not guaranteed at the absolute maximum ratings. 
The "Recommended Operating Conditions" table will define 
the conditions for actual device operation. 

DC Characteristics 
74LVQ138 74LVQ138 

Symbol Parameter Vee TA = +2S·C 
TA= 

Units Conditions 
(V) -40·Cto +8S·C 

Typ Guaranteed Limits 

VIH Minimum High Level 
3.0 1.S 2.0 2.0 V 

VOUT = 0.1V 
Input Voltage or Vee - 0.1V 

VIL Maximum Low Level 
3.0 1.5 0.8 0.8 V 

VOUT = 0.1V 
Input Voltage or Vee - 0.1V 

VOH Minimum High Level 3.0 2.99 2.9 2.9 V lOUT = -SOp.A 

Output Voltage 
2.48 V 'VIN = VIL or VIH 3.0 2.SB 

10H = -12mA 

VOL Maximum Low Level 3.0 0.002 0.1 0.1 V lOUT = 50 p.A 
Outut Voltage 'VIN = VIL or VIH 

3.0 0.36 0.44 V 
10L:= 12mA 

liN Maximum Input 
3.6 ±0.1 ±1.0 p.A 

VI = Vee.GND 
Leakage Current 

10LD tMinimum Dynamic 3.6 36 rnA YOLO = 0.8V Max (Note 1) 

10HO 
Output Current 3.6 -25 rnA VOHO = 2.0V Min (Note 1) 

• All outputs loaded; thresholds on input associated wRh output under test 
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DC Characteristics (Continued) 

74LVQ138 74LVQ138 

Symbol Parameter Vee TA = +2S·C 
TA= Units Conditions 

(V) -40"Cto +8S·C 

TyP Guaranteed LImits 

Icc Maximum Quiescent 
3.6 4.0 40.0 p.A VIN = Vee 

Supply Current orGND 

VOLP Quiet Output 
3.3 0.8 V 

(Notes2&3) 
Maximum Dynamic VOL 

VOLV Quiet Output 
3.3 -0.8 V 

(Notes 2 &3) 
Minimum Dynamic VOL 

VIHO Maximum High Level 
3.3 1.7 2.0. V 

(Notes2&4) 
Dynamic Input Voltage 

VILO Maximum Low Level 
3.3 1.7 0.8 V 

(Notes2&4) 
Dynamic Input Voltage 

tMaximum test duration 2.0 mo. one output loaded at a time. 
Note 1: Incident wave switching on transmission lines with impedances as low as 750 lor commercial temperature range is guaranteed lor 74LVQ. 
Note 2: Worst case package. 
Note 3: Max number 01 outputs defined as (n). Data Inputs are driven OV to 3.3V; one output at GND. 
Note 4: Max number 01 Data Inputs (n) switching. (n - 1) inputs switching OV to 3.3V. Input-under-test switching: 3.3V to threshold (VII.a>. OV to threshold 
(VIHO). I = 1 MHz. 

AC Electrical Characteristics: See Section 2 for Test Methodology . 

74LVQ138 74LVQ138 

Vee TA = +2S·C 
TA = -4O"C 

Symbol Parameter 
(V) CL = SOpF 

to +85"C Units 
CL=SOpF 

Min Typ Max Min Max 

tpLH Propagation Delay 2.7 1.5 10.2 18.3 1.5 21.0 
An to On 3.3 ±0.3 1.5 8.5 13.0· 1.5 15.0 

ns 

tpHL Propagation Delay 2.7 1.5 9.6 17.6 1.5 ... 20.0 
An to On 3.3 ±0.3 1.5 8.0 12.5 1.5 14.0 

ns 

tpLH Propagation Delay 2.7 1.5 13.2 21.0 1.5 23.0 
E10rE2toOn 3.3 ±0.3 1.5 11.0 15.0 1.5 16.0 

ns 

tpHL Propagation Delay 2.7 1.5 11.4 19.0 1.5 21.0 
E1orE2toOn 3.3 ±0.3 1.5 9.5 13.5 1.5 15.0 

ns· 

tpLH Propagation Delay 2.7 1.5 13.2 21.8 1.5 23.5 
EstoOn 3.3 ±0.3 1.5 11.0 15.5 1.5 16.5 

ns 

tpHL Propagation Delay 2.7 1.5 10.2 18.3 1.5 20.0 
EstoOn 3.3 ±0.3 1.5 8.5 13.0 1.5 14.0 

ns 

toSHL. Output to Output Skew' . 2.7 1.0 1.5 1.5 
tosLH Data to Output 3.3 ±0.3 1.0 1 .. 5 1.5. 

ns 

'Skew Is defined as the absolute value of the difference between the actuar'propagation delay for any two separate outputs of the same devloe. The speclflcation 
applies to any outputs switching In the same direction. either HIGH to LOW (tosHU or LOW to HIGH (losLH)' Parameter guaranteed by .deslgn. 

CapaCitance 
Symbol Parameter Typ Units Conditions 

CIN Input Capacitance 4.5 pF Vee = Open 

CPO Power Dissipation 
45 pF Vee = 3.3V 

(Note 1) CapaCitance 

Note 1: Cpo is measured at 10 MHz. 
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~National 
~ Semiconductor 

74LVQ151 
Low Voltage a-Input Multiplexer 

General Description 
The lVQ151 is a high-speed 8-input digital multiplexer. It 
provides, in one package, the ability to select one line of 
data from up to eight sources. The lVQ151 can be used as 
a universal function generator to generate any logic function 
of four variables. Both true and complementary outputs are 
provided. 

Ordering Code: See Section 11 

Logic Symbols 

Features 
• Ideal for low powerllow noise 3.3V applications 
• Guaranteed simultaneous switching noise level and 

dynamic threshold performance 
• Guaranteed pin-to-pin skew AC performance 
• Guaranteed incident wave switching into 750 
• Mll-STD-883 54AC products are available for Military/ 

Aerospace applications 

Connection Diagram 

IEEEIIEC 
Pin Assignment 

SOIC JEDEC and EIAJ 

I I I I I J I I 
--CE 1o~121314151617 

- 50 

-~ 
-52 

L....----,y~-r__I---I 

PIn Names 

TL/F/11351-1 

Description 

Data Inputs 
Select Inputs 
Enable Input 
Data Output 
Inverted Data Output 

E- EN 

50-
:}G¥ ~-

52-

10- 0 

11-1 

12- 2 

13- 3 

1.- 4 

15- 5 

16- 6 

7- 7 

MUX 
13- 1 

12- 2 

11- 3 

10 - 4 

z- 5 

z- 6 

r- 7 

GND- 8 

TL/F/11351-4 

Truth Table 
Inputs 

E S2 Sl 

H X X 
l l l 
l l l 
l l H 
l l H 
l H l 
l H l 
l H H 
l H H 

H ~ HIGH Voltage Level 
L ~ LOW Voltage Level 
X ~ Immaterial 

SOICJEDEC SOICEIAJ 

.........., 
16 rVcc 

15 :-14 

14 .... 1s 
13 rl6 

12 -17 

11 .... SO 
10 :-~ 

9 -52 

TLlF/11351-2 

Outputs 

So Z Z 

X H l 
l io 10 
H i1 11 
l i2 12 
H ia 13 
l i4 14 
H is Is 
l is Is 
H i7 17 

Order Number 74lVQ151SC 74lVQ151SJ 
74lVQ151SCX 74lVQ151SJX 

See NS Package Number M16A M16D 
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~ .-------------------------------------------------------------------------------------~ 
II) 
~ 

~ 
Functional Description 
The LVQ151 is a logic implementation of a single pole, 8-
position switch with the switch position controlled by the 
state of three 5elect inputs, 50, 51, 52' Both true and com
plementary outputs are provided. The Enable input (El is 
active LOW. When it is not activated, the complementary 
output is HIGH and the true output is LOW regardless of all 
other inputs. The logic function provided at the output is: 

Z = E. (10 • So • 51 • S2 + 11 • 50 • 51 • 52 + 
12 • 50 • 51 • 52 + 13· So • 51 • 52 + 
14 • So • SI • 52 + Is· 50 • SI • S2 + 
Is • 50 • 51 • 52 + 17· So • 51 • 52) 

Logic Diagram 

-- I -. 
- -- I -
- -- I -

- - . 
... ~ "',., 

~ -

T 
-

The LVQ151 provides the ability, in one package to select 
from eight sources of data or control information. By proper 
manipulation of the inputs, the LVQ151 can provide any'log
ic function of four variables and its comple~ent. 

- - . ~ . ro- . ~ . I-

r ,,~ ... "" 

.J. ~ 

)1 

-
z z 

TL/F/11351-5 

Please note that this diagram Is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (Note) Recommended Operating ~ .... 
If Military/Aerospace specified devices are required, Conditions C7I .... 
please contact the National Semiconductor Sales Supply Voltage (Ved 
Office/Distributors for availability and specifications. LVQ 2.0Vt03.6V 
Supply Voltage (Ved -O.SVto +7.0V Input Voltage (VI) OVtoVee 
DC Input Diode Current (1110 Output Voltage (VO) OVtoVee 

VI = -O.SV -20 rnA 
Operating Temperature (T JV 

VI = Vee + O.SV +20mA 
74LVQ -40'Cto +8S'C 

DC Input Voltage (VI) -O.SV to Vee + O.SV Minimum Input Edge Rate (A V I At) 
DC Output Diode Current (10K) VIN from 0.8V to 2.0V 

Vo = -O.SV -20 rnA Vee@3.OV 12S mV/ns 
Vo = Vee + O.SV +20 rnA 

DC Output Voltage (Vo) -o.SV to Vee + O.SV 

DC Output Source 
or Sink Current (10) ±SOmA 

DC Vee or Ground Current 
(lee or IGND) ±200mA 

Storage Temperature (T STG) -6S'Cto +IS0'C 

DC Latch-Up Source or 
Sink Current ±100mA 

Note: The "Absolute Maximum Ratings" are those values 
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The 
parametric values defined in the "Electrical Characteristics" 
table are not guaranteed at the absolute maximum ratings. 
The "Recommended Operating Conditions" table will define 
the conditions for actual device operation. 

DC Characteristics 
74LVQ151 74LVQ151 

Symbol Parameter Vee TA = +25"C 
TA = 

Units Conditions 
(V) -40'Cto +85'C 

Typ Guaranteed Limits 

VIH Minimum High Level 
3.0 I.S 2.0 2.0 V 

VOUT = O.tv 
Input Voltage or Vee - O.tv 

VIL Maximum Low Level 
3.0 I.S 0.8 0.8 V 

VOUT = O.tv 
Input Voltage orVee - O.tv 

VOH Minimum High Level 3.0 2.99 2.9 2.9 V lOUT = -SO /LA 
Output Voltage 'VIN = VILorVIH 

3.0 2.S8 2.48 V 
IOH = -12mA 

VOL Maximum Low Level 3.0 0.002 0.1 0.1 V lOUT = SO /LA 
Output Voltage . 'VIN = VILorVIH 

3.0 0.36 0.44 V 
10L = 12 rnA 

liN Maximum Input 
3.6 ±0.1 ±1.0 /LA 

VI = Vee. GND 
Leakage Current 

• All outputs loaded; thresholds on input associated with output under test. 

II 
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DC Characteristics (Continued) 

74LVQ1S1 74LVQ1S1 

Symbol Parameter Vee TA = +2SoC 
TA= 

Units Conditions 
(V) - 40"C to + 8SoC 

Typ Guaranteed Limits 

IOLD tMinimum Dynamic 3.6 36 mA VOLD = 0.8V Max 
Output Current (Note 1) 

IOHD 3.6 -25 mA VOHD = 2.0V (Note 1) 

lee Maximum Quiescent 
3.6 4.0 40.0 p.A VIN = Vee 

Supply Current orGND 

VOLP Quiet Output 
3.3 0.8 V 

(Notes 2 &3) 
Maximum Dynamic VOL 

VOLV Quiet Output 
3.3 -0.8 V 

(Notes 2 &3) 
Minimum Dynamic VOL 

VIHD Maximum High Level 
3.3 1.7 2.0 V 

(Notes 2 &4) 
Dynamic Input Voltage 

VILD Maximum Low Level 
3.3 1.7 0.8 V 

(Notes 2 &4) 
Dynamic Input Voltage 

tMaximum test duration 2.0 ms. one output loeded at a time. 
Note 1: Incident wave switching on transmission lines with impedances as low as 7Sn lor commercial temperature range is guaranteed lor 74LVQ. 
Note 2: Worst case package. 
Note 3: Max number 01 outputs defined as (n). Data Inputs are driven OV to 3.3V; one output at GND. 
Note 4: Max number of Data Inputs (n) switching. (n - I) inputs switching OV to 3.3V. Input·under-test sw"ching: 3.3V to threshold (VILO), OV to Ihreshold 
(VIHO), f = I MHz. 

AC Elec~rical Characteristics: See Section 2 for Test Methodology 

74LVQ1S1 74LVQ1S1 

Vee TA = +2SoC TA = -40"C 
Symbol Parameter to +8SoC Units 

(V) CL =' SOpF 
CL = SOpF 

Min Typ Max Min Max 

tpLH Propagation Delay 2.7 3.0 13.8 25.3 3.0 28.0 
SntoZorZ 3.3 ±0.3 3.0 11.5 18.0 3.0 20.0 

ns' 

tpHL Propagation Delay 2.7 2.5 14.4 25.3 2.5 28.0 
SntoZorZ 3.3 ±0.3 2.5 12.0 18.0 2.5 20.0 

ns 

tpLH Propagation Delay 2.7 2.5 9.6 18.3 2.0 20.0 
EtoZorZ 3.3 ±0.3 2.5 8.0 13.0 2.0 14.0 

ns 

tpHL Propagation Delay 2.7 1.5 10.2 18.3 1.5 20.0 
EtoZQrZ 3.3 ±0.3 1.5 8.5 13.0 1.5 14.0 

ns 

tpLH Propagation Delay 2.7 2.5 11.4 19.7 2.0 22.0 
In toZorZ 3.3 ±0.3 2.5 9.5 14.0 2.0 15.5 

ns 

tpHL Propagation Delay 2.7 2.5 11.4 21.1 2.0 23.0 
IntoZorZ 3.3 ±0.3 2.5 9.5 15.0 2.0 16.0 

ns 

ioSHL. Output to Output Skew' 2.7 1.0 1.5 1.5 

ioSLH Data to Output 3.3 ±0.3 1.0 1.5 1.5 
ns 

'Skew is defined as the absoiute value of the difference between the actual propagation delay for any two separate outputs 01 the same device. The specification 
applies to any outputs switching in the same direction, either HIGH to LOW ('oSHU or LOW to HIGH (IosLJi). Parameter guaranteed by deSign. 
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Capacitance 
Symbol Parameter Typ 

CIN Input Capacitance 4.5 

CPO Power Dissipation 45 
(Note 1) Capacitance 

Note 1: CPO is measured at 10 MHz. 

Units 

pF 

pF 

9·43 

Conditions 

Vee = Open 

Vee = 3.3V 
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~ .-------------------------------------------------------------------------, 
an .... 
~ ~National ~ Semiconductor 

74LVQ157 
Low Voltage Quad 2-lnput Multiplexer 

General Description 
The LVQ157 is a high-speed quad 2-input multiplexer. Four 
bits of data from two sources can be selected using the 
common Select and Enable inputs. The four outputs present 
the selected data in the true (noninverted) form. The 
LVQ157 can also be used as a function generator. 

Ordering Code: See Section 11 

Logic Symbols 

Features 
• Ideal for low power/low noise 3.3V applications 
• Guaranteed simultaneous switching noise level and 

dynamic threshold performance 
• Guaranteed pin-to-pin skew AC performance 
• Guaranteed incident wave switching into 750. 
• MIL-STD-883 54AC products are available for Military/ 

Aerospace applications 

Connection Diagram 
Pin Assignment 

IEEE/IEC for SOIC JEDEC and EIAJ 

E S 16 Vee 
s loa 15 E 

lOa 

Iia 

I'a 14 Ioe 
Za Z. lie 

lob 

TUF/11352-1 ~b 

lab Z. 
z,. 

~b IOd 

lad 

lid 

z,. lid 
z.t GND 8 ~ 

Ioe 

lie 
Z. TL/F/11352-2 

TL/F/11352-3 

Pin Names Description 

IOa-lod Source 0 Data Inputs 

11a-lld Source 1 Data Inputs 
E Enable Input 
S Select Input 

Za-Zd Outputs 

SOICJEDEC SOICEIAJ 

Order Number 74LVQ157SC 74LVQ157SJ 
74LVQ157SCX 74LVQ157SJX 

See NS Package Number M16A M16D 
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Functional Description 
The LVQ157 is a quad 2-input multiplexer. It selects four bits 
of data from two sources under the control of a common 
Select input (S). The Enable input (E) is active-LOW. When 
E is HIGH, all of the outputs (Z) are forced LOW regardless 
of all other inputs. The LVQ157 is the logic implementation 
of a 4-pole, 2-position switch where the position of the 
switch is determined by the logic levels supplied to the Se
lect input. The logic equations for the outputs are shown 
below: 

Za = E • (11a • S + lOa • S) 
Zb = E • (11b • S + lab. S) 
ZC = E· (11c· S + lac. S) 
Zd = E. (l1d. S + lad • S) 

A common use of the LVQ157 is the moving of data from 
two groups of registers to four common output busses. The 
particular register from which the data comes is determined 
by the state of the Select input. A less obvious use is 

Logic Diagram 

as a function generator. The LVQ157 can generate any four 
of the sixteen different functions of two variables with one 
variable common. This is useful for implementing gating 
functions. 

Truth Table 
Inputs 

E S 

H X 
L H 
L H 
L L 
L L 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 

Outputs 

10 11 Z 

X X L 
X L L 
X H H 
L X L 
H X H 

TUF/11352-5 

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (Note) Recommended Operating 
If Military/Aerospace specified devices ara required, Conditions 
please contact the National Semiconductor Se ... Supply Voltage (VCC) 
Office/Distributors tor availability and apecIfIcationa. 

LVQ 2.0Vto 3.6V 
Supply Voltage (Vcc) -0.5V to + 7.0V 

Input Voltage (VI) OV to Vee 
DC Input Diode Current (III() 

OutputVoltage (Vo) OV to Vee 
VI = -0.5V -20mA 
VI = Vcc + 0.5V +20mA Operating Temperature (TAl 

DC Input Voltage (VI) -0.5V to Vee +.0.5V 
74LVQ -4Q"Cto +85"C 

Minimum Input Edge Rate (AVlAt) 
DC Output Diode Current (10K> 

VIN from 0.8V to 2.0V 
Vo = -0.5V -20mA 

Vee@3.0V 125 mVins 
Vo = Vee + 0.5V +20mA 

DC Output Voltage (Vo) -0.5VtoVee +0.5V 

DC Output Source 
or Sink Current (10) ±50mA 

DC Vee or Ground Current 
(Icc or IGNO) ±200mA 

Storage Temperature (T STG) -6SoC to + 15O"C 

DC LatCh-Up Source or 
Sink Current ±100mA 

Note: The "Absolute Maximum Ratings" are ~ values 
beyond which the safety of the device csnnot be guars". 
teed. The devics should not be opersted at these limits. The 
parametric values defined in the "Electrical Charscterlstlcs" 
table are not guaranteed at the absolute maximum rsUngs. 
The "Recommended Operating Conditions" table will define 
the conditions for actual device operstion. 

DC Characteristics 
74LVQ157 74LVQ157 

Symbol Parameter Vee 
TA = +25"C 

TA= 
Units Conditions 

(V) -4O"C to + 85"C 

Typ Guaranteed Umlta 

VIH Minimum High Level 
3.0 1.5 2.0 2.0 V 

VOUT = O.W 
Input Voltage or Vee - O.W 

VIL Maximum Low Level 
3.0 1.5 0.8 0.8 V 

VOUT = O.W 
Input Voltage or Vee - O.W 

VOH Minimum High Level 3.0 2.99 2.9 2.9 V lOUT = -50 pA 

Output Voltage 
2.S8 2.48 V 

·VIN = VIL or VIH 
3.0 

10H = -12mA 

VOL Maximum Low Level 3.0 0.002 0.1 0.1 V lOUT = SOpA 
Output Voltage 

0.44 V 
·VIN = VIL orVIH 

3.0 0.36 
10L = 12mA 

liN Maximum Input 
3.6 ±0.1 ±1.0 pA 

VI = Vee.GND 
Leakage Current 

• All outputs loaded; thresholds on Input associated with output under __ 



DC Characteristics (Continued) 

74LVQ157 74LVQ157 

Symbol Parameter Vee TA = +25'C 
TA = -40'C 

Units Conditions 
(V) to +85'C 

Typ Guaranteed Limits 

IOLD tMinimum Dynamic 
3.6 36 mA 

VOLD = 0.8V Max 
Output Current (Note 1) 

IOHD 3.6 -25 mA VOHD = 2.0V Min (Note 1) 

Icc Maximum Quiescent 
3.6 4.0 40.0 p.A VIN = Vcc 

Supply Current orGND 

VOLP Quiet Output 
3.3 0.7 0.8 V 

(Notes2&3) 
MaXimum Dynamic VOL 

VOLV Quiet Output 
3.3 -0.4 -0.8 V 

(Notes 2 &3) 
Minimum Dynamic VOL 

VIHD Maximum High Level 
3.3 1.7 2.0 V 

(Notes2&4) 
Dynamic Input Voltage 

VILD Maximum Low Level 
3.3 1.6 0.8 V 

(Notes 2 &4) 
Dynamic Input Voltage 

tMaximum test duration 2.0 ms. one output loaded at a time. 
Note 1: Incident wave switching on transmission lines with impedances as low as 7sn for commercial temperature range is guaranteed for 74LVQ. 

Note 2: Worst case package. 
Note 3: Max number 01 outputs defined as (n). Data inputs are driven OV to 3.3V; one output at GND. 
Note 4: Max number 01 Data Inputs (n) switching. (n - 1) inputs switching OV to 3.3V. Input-under·test switching: 3.3V to threshold (V,LO), OV to threshold 
(V,HO), I = 1 MHz. 

AC Electrical Characteristics: See Section 2 for Test Methodology 

74LVQ157 74LVQ157 

Vee TA = +25'C 
TA = -40'C 

Symbol Parameter to +85'C Units 
(V) CL=50pF 

CL = 50pF 

Min Typ Max Min Max 

tpLH Propagation Delay 2.7 1.5 84 16.2 1.5 19.0 
StoZn 3.3 ±0.3 1.5 7.0 11.5 1.5 13.0 

ns 

tpHL Propagation Delay 2.7 1.5 7.8 15.5 1.5 17.0 
StoZn 3.3 ±0.3 1.5 6.5 11.0 1.5 12.0 

ns 

tpLH Propagation Delay 2.7 1.5 8.4 16.2 1.5 19.0 
EtoZn 3.3 ±0.3 1.5 7.0 11.5 1.5 13.0 ns 

tpHL Propagation Delay 2.7 1.5 7.8 15.5 1.5 17.0 
EtoZn 3.3 ±0.3 1.5 6.5 11.0 1.5 12.0 . 

ns 

tpLH Propagation Delay 2.7 1.5 6.0 12.0 1.0 13.0 
In to Zn 3.3 ±0.3 1.5 5.0 8.5 1.0 9.0 

ns 

tpHL Propagation Delay 2.7 1.5 6.0 11.3 1.0 13.0 
In to Zn 3.3 ±0.3 1.5 5.0 8.0 1.0 9.0 

ns 

tOSHL, Output to Output Skew· 2.7 1.0 1.5 1.5 

toSLH Data to Output 3.3 ±0.3 1.0 1.5 1.5 
ns 

'Skew is defined as the absolute value 01 the difference between the actual propagation delay lor any two separate outputs 01 the same device. The 
specification applies to any outputs switching in the same direction, eijher HIGH to LOW (toSHU or LOW to HIGH (toSLH)' Parameter guaranteed by design. 
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~ ,---------------------------------------------------------------------------------, 
In .... 
~ 

Capacitance 
Symbol Parameter 

CIN Input Capacitance 

CPO Power Dissipation 
(Note 1) Capacitance 

Note 1: Cpo Is measured al 1 D, MHz. 

Typ Units Conditions 

4.5 pF Vee = Open 

34.0 pF Vee = 3.3V 
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~National 
~ Semiconductor 

74LVQ174 
Low Voltage Hex D Flip-Flop with Master Reset 

General Description 
The LV0174 is a high-speed hex D flip-flop. The device is 
used primarily as a 6-bit edge-triggered storage register. 
The information on the D inputs is transferred to storage 
during the LOW-to-HIGH clock transition. The device has a 
Master Reset to simultaneously clear all flip-flops. 

Ordering Code: See Section 11 

Logic Symbols 

Features 
• Ideal for low power/low noise 3.3V applications 
• Guaranteed simultaneous switching noise level and 

dynamic threshold performance 
• Guaranteed pin-to-pin skew AC performance 
• Guaranteed incident wave switching into 750 
• MIL-STD-883 54AC products are available for Military! 

Aerospace applications 

Connection Diagram 

IEEE!IEC 
Pin Assignment for 

SOIC JEDEC and EIAJ 

"fiR 16 Vcc 

00 15 °s 

cp Do 3 I' Os 

WR 
00 OJ • 13 D. 

OJ 5 12 0. 
OJ 

~ 11 Il:l 
°2 °2 10 03 

03 GND 8 9 cp 
TL/F/11353-1 

0. TLlF/11353-3 

Os 

TLlF/11353-2 

Pin Names Description 

Do-Ds Data Inputs 
CP Clock Pulse Input 
MR Master Reset Input 
00-05 Outputs 

SOICJEDEC SOICEIAJ 

Order Number 74LV0174SC 74LV0174SJ 
74LV0174SCX 74LV0174SJX 

See NS Package Number M16A M16D 
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~ r---~----------------------------------------------------------------------~----~ .... .... 
g .... 

Functional Description 
The L V017 4 consists of six edge-triggered 0 flip-flops with 
individual 0 inputs and a outputs. The Clock (CP) and Mas
ter Reset ~) are common to all flip-flops. Each 0 input's 
state is transferred to the corresponding flip-flop's output 
following the LOW-to-HIGH Clock (CP) transition. A LOW 
input to the Master Reset (~ will force all outputs LOW 
independent of Clock or Oata inputs. The LV0174 is useful 
for applications where the true output only is required and 
the Clock and Master Reset are common to all storage ele
ments. 

Logic Diagram 

iiii cp' Os 

Truth Table 
Inputs 

MR CP 

L X 
H .../ 

·H .../ 
H 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immatertal 

L 

....r = LOW-to-HIGH TransHion 

Output 

D Q 

X L 
H H 
L L 
X a 

Q3 00 
TL/F/t1353-5 

Please note that this diagram Is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 

9-50 



Absolute Maximum Ratings (Note) Recommended Operating 
If Military/Aerospace specified devices are required, Conditions 
please contact the National Semiconductor Sale. Supply Voltage (Veel 
Office/Distributors for availability and spaclflcaUonL 

LVQ 2.0V10 3.6V 
Supply Voltage {Veel -0.5Vto +7.0V Input Voltage (VI) OVtoVee 
DC Input Diode Current (Iu<l Output Voltage (Vo) OVloVee VI = -0.5V -20mA 

VI = Vee + 0.5V +20mA Operating Temperature (TAl 

DC Input Voltage (VI) -0.5V to Vee + 0.5V 
74LVQ -40"C 10 + 85"C 

DC Output Diode Current {loKI Minimum Input Edge Rate (~V I ~t) 
VIN from O.SV to 2.0V 

Vo = -0.5V -20mA 
Vee@3.0V 125 mV/ns 

Vo = Vee + 0.5V +20mA 
DC Output Voltage (Vo) -0.5VtoVee + 0.5V 
DC Output Source 

or Sink Current (10) ±50mA 

DC Vee or Ground Current 
(Icc or IGNO) ±200mA 

Storage Temperature (T STG) -6S"Cto +1SO"C 
DC Latch·Up Source or 

Sink Current ±100mA 

Note: The "Absolute Maximum Ratings" are those values 
beyond which the safety of the device cannot be guaran· 
teed. The device should not be operated at these limits. The 
parametric values defined In the "Electrical Charact6listics" 
table are not guaranteed at the absolute maximum ratings. 
The "Recommended Operating Conditions" table will define 
the conditions for actual device operation. 

DC Characteristics 
74LVQ174 74LVQ174 

Symbol Parameter Vee TA = +25"C 
TA= 

Units Conditions 
(V) -40"C to +85"C 

Typ Guaranteed Llmlta 

VIH Minimum High Level 
3.0 1.S 2.0 2.0 V 

VOUT = O.W 
Input Voltage or Vee - O.W 

VIL Maximum Low Level 
3.0 1.S O.S 0.8 V 

VOUT = O.W 
Input Voltage or Vee - 0.1V 

VOH Minimum High Level 
3.0 2.99 2.9 2.9 V 

lOUT = -SOp.A 
Output Voltage 

3.0 2.58 2.48 V 'VIN = VIL or VIH 
10H = -12mA 

VOL Maximum Low Level 
3.0 0.002 0.1· 0.1 V 

lOUT = SOp.A 
Output Voltage 

3.0 0.36 0.44 V 'VIN = VIL or VIH 
10L = 12mA 

liN Maximum Input 
3.6 ±0.1 ±1.0 p.A 

VI = Vee,GND 
Leakage Current 

• All outputs loaded; thresholds on Input associated with output undar test. 
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DC Characteristics (Continued) . 

74LVQ174 74LVQ174 

Symbol Parameter Vee 
TA = +2S'C 

TA= 
Units Conditions 

(V) - 40'C to + 85'C 

Typ Guaranteed LImits 

IOLD tMinimum Dynamic 
3.6 36 mA 

VOLD = 0.8V Max 
Output Current (Note 1) 

IOHD 3.6 -25 mA 
VOHD = 2.0V Min 
(Note 1) 

Icc Maximum Quiescent 
3.6 4.0 4·0.0 p.A. VIN = Vcc 

Supply Current orGND 

VOLP Quiet Output 
3.3 0.7 0.8 V 

(Notes 2, 3) 
Maximum Dynamic VOL 

VOLV Quiet Output 
3.3 -0.6 -0.8 V 

(Notes 2, 3) 
Minimum Dynamic VOL 

VIHD Maximum High Level 
3.3 1.8 2.0 V 

(Notes 2, 4) 
Dynamic Input Voltage 

VILD Maximum Low Level 
3.3 1.6 0.8 V 

(Notes 2, 4) 
Dynamic Input Voltage 

tMaximum test duration 2.0 ms. one output loaded at a time. 
Note 1: Incident wave switching on transmission lines with Impedances as low as 750 for commercial. iemperature range is guaranteed for. 74LVQ. 

Note 2: Worst case package. 
Note 3: Max number of outputs defined as (n). Data Inputs are driven OV to 3.3V: one output at GND. 
Note 4: Max number of Data Inputs (n) switching. (n - 1) Inputs switching OV to 3.3V. Input·under·test switching: 3.3V to threshold (VILO). OV to threshold (VIHO). 
f ~ 1 MHz. 

AC Electrical Characteristics: See Section 2 for Test Methodology 

74LVQ174 74LVQ174 

Vee TA = +2S'C 
TA = -40'C 

Symbol Parameter to +8S'C Units 
(V) CL=SOpF 

CL=SOpF 

Min Typ Max Min Max 

fmax Maximum Clock 2.7 60 90 50 
MHz 

Frequency 3.3 ±0.3 90 100 70 

tpLH Propagation Delay 2.7 2.0 10.8 16.2 1.5 18.0 
CPtoQn 3.3 ±0.3 2.0 9.0 11.5 1.5 12.5 

ns 

tpHL Propagation Delay 2.7 2.0 10.2 15.5 1.5 17.0 
CP to Qn 3.3 ±0.3 2.0 8.5 11.0 1.5 12.0 

ns 

tpHL Propagation Delay 2.7 2.5 10.8 16.2 2.0 18.0 
MA to Qn 3.3 ±0.3 2.5 9.0 11.5 2.0 12.5 

ns 

tOSHL, Output to :2.7 1.0 1.5 1.5 
tOSLH Output Skew' 3.3 ±0.3· ·1.0 1.5 1.5 

ns 

'Skew Is defined as the absolute value of the difference between the actual propagation delay for any two separate outputs of the same device. The specification 
applies to any outputs switching in the same direction. enher HIGH to LOW (tosHU or LOW to HIGH (tosLHl. Parameter guaranteed by design. 



AC Operating Requirements: See Section 2 for Test Methodology 

74LVQ174 74LVQ174 

Vcc TA = +25'C 
TA = -40'C 

Symbol Parameter to +85'C Units 
(V) CL = 50pF 

CL = 50pF 

Typ Guaranteed Minimum 

ts Setup Time, HIGH or LOW 2.7 3.0 8.0 10.0 
Dn toCP 3.3 ±0.3 2.5 6.5 7.0 

ns 

th Hold Time, HIGH or LOW 2.7 1.2 4.0 4.5 
Dn toCP 3.3 ±0.3 1.0 3.0 3.0 

ns 

tw MR Pulse Width, LOW 2.7 1.2 7.0 10.0 
3.3 ±0.3 1.0 5.5 7.0 

ns 

tw CP Pulse Width 2.7 1.2 7.0 10.0 
3.3 ±0.3 1.0 5.5 7.0 

ns 

tree Recovery Time 2.7 0 3.5 3.5 
MRtoCP 3.3 ±0.3 . 0 2.5 2.5 

ns 

Capacitance 
Symbol Parameter Typ Units Conditions 

CIN Input Capacitance 4.5 pF Vee = Open 

CPO Power Dissipation 
23 pF Vee = 3.3V 

(Note 1) Capacitance 

Note 1: CPO is measured at 10 MHz. 
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~National 
semicOnductor 

74LVQ240 
Low Voltage Octal Buffer/Line Driver 
with TRI-STATE® Outputs 
General Description Features 
The LVQ240 is an inverting octal buffer and line driver de- • Ideal for low power/low noise 3.3V applications 
signed to be employed as a memory address driver. clock • Implements patented Quiet Series EMI reduction 
driver and bus oriented transmitter or receiver which pro- circuitry 
vides improved PC board denSity. • Available in SOIC JEOEC. SOIC EIAJ and QSOP' 

packages 
• Guaranteed simultaneous switching noise level and 

dynamic threshold performance 

• Improved latch-up immunity 
• Guaranteed incident wave switching into 750 
• 4 kV minimum ESO immunity 
• MIL-STD-883 54ACQ products are available for Mill-

·tary/ Aerospace applications 

Ordering Code: See Section 11 

Logic Symbol Connection Diagram 

Pin ASSignment, 
IEEE/IEC SOIC and asop 

~~ 
- 1 ~ !!..vcc or, 2 19 _ 

'0 I> V ~ 
10-

~~ 18 
OE:! 

o,--=-
17 

00 
I, 0, I,...! 
'2 0" ~~ 16 

I, _ 5 
0, 

I. o. 05"6 15 
'2""";' 

~~ 
15 _ 7 14 O2 0a"6 13 

"~ 
I.""";' 

~~ 
Is 

-,...! 12 
0, 

I, I>V~, ~ 10 11 
GNO";';; " '5 05 

I, 0. TLlFI11611-2 
17 0, 

TLlF/11611-1 

Truth Tables 
Inputs Outputs Pin Names Description 

OE1 In 
(Pins 12, 14, 16, 18) 0E1.0E2 TRI-STATE Output Enable Inputs 

L L H 
10-17 Inputs 
0 0-07 Outputs 

L H L 
H X Z 

SOIC SOIC SSOP 
Inputs Outputs JEDEC EIAJ JEDEC 

OE2 In 
(Pins 3, 5, 7, 9) 

Order Number 74LVQ240SC 74LVQ240SJ 74LVQ240QSC 

L L H 74LVQ240SCX 74LVQ240SJX 74LVQ240SCX 

L H L SeeNS 
H X Z Package M20B M20D MQA20 

H = HIGH Voltage Level X = Immaterial Number 

L = LOW Voltage Level Z = High Impedance 
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Absolute Maximum Ratings (Note) Recommended Operating 
If Military/Aerospace specified devices are required, Conditions 
please contact the National Semiconductor Sales 

Supply Voltage (Vecl 
Office/Distributors for availability and specifications. 

LVQ 2.0Vt03.6V 
Supply Voltage (Vecl -0.5Vto +7.0V 

Input Voltage (VI) OVtoVee 
DC Input Diode Current (111<1 Output Voltage (Va) OVtoVee 

VI = -0.5V -20mA 
VI = Vee + 0.5V +20mA Operating Temperature (TAl 

DC Input Voltage (VI) -0.5V to Vee + 0.5V 
74LVQ -40·C to + 85·C 

DC Output Diode Current (loKl 
Minimum Input Edge Rate Il.V/ll.t 

VIN 0.8V to 2.0V 
Va = -0.5V -20mA 

Vee@3.0V 125mV/ns 
Va = Vee + 0.5V +20mA 

DC Output Voltage (Va) -0.5V to Vee + 0.5V 

DC Output Source 
or Sink Current (10) ±50mA 

DC Vee or Ground Current 
(Icc or IGNO) ±400mA 

Storage Temperature (TSTG) -65·Cto + 150·C 

DC Latch-Up Source or 
Sink Current ±300mA 

Note: The "Absolute Maximum Ratings" are those values 
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The 
parametric values defined in the "Electrical Characteristics" 
table are not guaranteed at the absolute maximum ratings. 
The "Recommended Operating Conditions" table will define 
the conditions for actual device operation. 

DC Characteristics 
74LVQ240 74LVQ240 

Symbol Parameter Vee TA = +25·C TA= Units Conditions 
(V) -400Cto +85·C 

Typ Guaranteed Limits 

VIH Minimum High Level 
3.0 1.5 2.0 2.0 V VOUT = O.W 

Input Voltage or Vee - O.lV 

VIL Maximum Low Level 
3.0 1.5 0.8 0.8 V VOUT = O.W 

Input Voltage or Vee - O.W 

VOH Minimum High Level 
3.0 2.99 2.9 2.9 V lOUT = - 50 p.A 

Output Voltage 

3.0 2.58 2.48 V ·VIN = VIL or VIH 
10H = -12mA 

VOL Maximum Low Level 
3.0 0.002 0.1 0.1 V lOUT = 50p.A 

Output Voltage 

3.0 0.36 0.44 V ·VIN = VIL or VIIi 
10L = 12mA 

liN Maximum Input 
3.6 ±0.1 ±1.0 p.A VI = Vee.GND Leakage Current 

• All outputs loaded; thresholds on Input associated with output under tesl 
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DC Characteristics (Continued) 

74LV0240 74LV0240 

Symbol Parameter Vee 
TA = +25"C 

TA = 
Units Conditions 

(V) -40"Cto +85"C 

Typ Guaranteed Limits 

10LD tMinimurn Dynamic 
3.6 36 rnA 

VOLD = 0.8V Max 
Output Current (Note 1) 

10HD 3.6 -25 mA 
VOHD = 2.0V Min 
(Note 1) 

lee Maximum Quiescent 
3.6 4.0 40.0 p.A 

VIN = Vee 
Supply Current orGND 

loz Maximum TRI-STATE 
3.6 ±0.25 ±2.5 p.A 

VI(OE) = VIL, VIH 
Leakage Current VI = Vee,GND 

Vo = Vee,GND 

VOLP Quiet Output 
3.3 0.4 0.8 V 

(Notes 2, 3) 
Maximum Dynamic VOL 

VOLV Quiet Output 
3.3 -0.4 -0.8 V 

(Notes 2, 3) 
Minimum Dynamic VOL 

VIHD Maximum High Level 
3.3 1.6 2.0 V (Notes 2, 4) 

Dynamic Input Voltage 

VILD Maximum Low Level 
3.3 1.6 0.8 V (Notes 2, 4) 

Dynamic Input Voltage 

tMaximum test duration 2.0 ms, one output loaded at a time. 
Note 1: Incident wave switching on transmission lines with impedances as low as 750 for commercial temperature range is guaranteed lor 74LVQ. 
Note 2: Worst case package. 
Note 3: Max number 01 outputs defined as (n). Data Inputs are driven OV to 3.3V. One output @ GND. 
Note 4: Max number 01 Data Inputs (n) switching. n -1 Inputs swHchlng OV to 3.3V. Input-under-test switching: 3.3V to threshold (VILD), OV to threshold (VIHO), I = 
1 MHz. 

AC Electrical Characteristics: See Section 2 for Test Methodology 

74LV0240 74LV0240 

Vee TA = +25°C 
TA = -40"C 

Symbol Parameter to +85"C Units 
(V) CL = 50pF 

CL = 50pF 

Min Typ Max Min Max 

tpHL, tpLH Propagation Delay 2.7 2.0 8.4 14.0 2.0 15.0 
Data to Output 3.3 ±0.3 2.0 7.0 10.0 2.0 10.5 

ns 

tpZL, tPZH Output Enable Time 2.7 2.5 9.6 16.9 2.5 18.0 
3.3±0.3 2.5 8.0 12.0 2.5 12.5 

ns 

tpHZ, tpLZ Output Disable Time 2.7 1.0 10.2 19.0 1.0 20.0 
3.3 ±0.3 1.0 8.5 13.5 1.0 14.0 

ns 

tOSHL, Output to Output 2.7 1.0 1.5 1.5 
tOSLH Skew ° Data to Output 3.3 ±0.3 1.0 1.5 1.5 

ns 

'Skew Is defined as the absolute value 01 the difference between the actual propagation delay lor any two separate outputs of the same device. The specification 
applies to any outputs switching in the same direction, either HIGH to LOW (toSHU or LOW to HIGH (tosLH). Parameter guaranteed by design. 
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Capacitance 
Symbol Parameter Typ Units Conditions 

CIN Input Capacitance 4.5 pF Vee = Open 

CPD Power Dissipation 
70 pF Vee = 3.3V 

(Note 1) Capacitance 

Nole 1: CpO is measured at 10 MHz. 
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~ ~National ~ Semiconductor 

74LVQ241 
Low Voltage Octal Buffer/Line Driver 
with TRI-STATE® Outputs 
General Description 
The LVQ241 is an octal buffer and line driver designed to be 
employed as a memory address driver, clock driver and bus 
oriented transmitter or receiver which provides improved PC 
board density. 

Ordering Code: See Section 11 

Logic Symbol 

Truth Tables 
Inputs 

L L 
L H 
H x 

Inputs 

L X 
H H 
H L 

IEEE/IEC 

TLlF/11355-1 

Outputs 
(Pins 12, 14, 16, 18) 

L 
H 
Z 

Outputs 
(Pins 3,5,7,9) 

Z 
H 
L 

H = HIGH Voltage Level L = LOW Voltage Level 
X = Immaterial Z = High Impedance 

Features 
• Ideal for low power/low noise 3.3V applications 
• Implements patented Quiet Series EMI reduction 

circuitry 

• Available in SOIC JEOEC, SOIC EIAJ and QSOP 
packages 

• Guaranteed simultaneous switching noise level and 
dynamic threshold performance 

• Improved latch-up immunity 
• Guaranteed incident wave switching into 75.0 

• 4 kV minimum ESO immunity 
• MIL-STO-883 54ACQ products are available for Mili

tary / Aerospace applications 

Connection Diagram 

9-58 

Pin Names 

OE1,OE2 
10-17 
0 0-0 7 

Pin Assignment for 
SOIC and asop 

20 r,;-Vcc 
18 OE:z 

00 

Description 

TLlF/11355-2 

TRI-STATE Output Enable Inputs 
Inputs 
Outputs 

SOIC JEDEC SOIC EIAJ SSOP JEDEC 

Order Number 74LV0241SC 74LV0241SJ 74LV02410SC 
74LV0241SCX 74LV0241SJX 74LV02410SCX 

SeeNS 
Package Number 

M20B M20D M0A20 



Absolute Maximum Rating (Note) Recommended Operating 
If Military/Aerospace specified devices are required, Conditions 
please contact the National Semiconductor Sales Supply Voltage (Vee) 2.0Vt03.6V 
Office/Distributors for availability and specifications. 

Supply Voltage (Vecl -O.SVto +7.0V 
Input Voltage (VI) OV to Vee 

DC Input Diode Current (11K) 
Output Voltage (Va) OVtoVee 

VI = -O.SV -20mA Operating Temperature (T A) 

VI = Vee + O.SV +20mA 74LVQ -40'Cto +8S'C 

DC Input Voltage (VI) -O.SVtoVee + O.SV Minimum Input Edge Rate a V I at 

DC Output Diode Current (loKI 
VIN 0.8V to 2.0V 

Va = -0.5V -20mA 
Vee@3.0V 125 mVlns 

Va = Vee + 0.5V +20mA 

DC Output Voltage (Va) -0.5V to Vee + 0.5V 

DC Output Source 
or Sink Current (10) ±50mA 

DC Vee or Ground Current 
(Icc or IGND) ±400mA 

Storage Temperature (T STG) -6S'C to + 150'C 

DC Latch-Up Source or 
Sink Current ±300 mA 

Note: The "Absolute Maximum Ratings" are those values 
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The 
parametric values defined in the "Electrical Characteristics" 
table are not guaranteed at the absolute maximum ratings. 
The "Recommended Operating Conditions" table will define 
the conditions for actual device operation. 

DC Characteristics 
74LVQ241 74LVQ241 

Symbol Parameter Vee TA = +25'C 
TA= Units Conditions (V) -40'C to +85'C 

Typ Guaranteed Limits 

VIH Minimum High Level 
3.0 1.5 2.0 2.0 V VOUT = O.W 

Input Voltage or Vee - O.W 

VIL Maximum Low Level 
3.0 1.S 0.8 0.8 V VOUT = O.W 

Input Voltage or Vee - O.W 

VOH Minimum High Level 3.0 2.99 2.9 2.9 V lOUT = -SOIJ.A 
Output Voltage 

·VIN = VILorVIH 3.0 2.S8 2.48 V 
10H = -12mA 

VOL Maximum Low Level 3.0 0.002 0.1 0.1 V lOUT = SOIJ.A 
Output Voltage 

·VIN = VIL or VIH 3.0 0.36 0.44 V 
10L = 12mA 

liN Maximum Input 
3.6 ±0.1 ±1.0 IJ.A VI = Vcc.GND Leakage Current 

• All outputs loaded; thresholds on Input assoclated with output under test. 

9-S9 



... 
N 

~ 
DC Characteristics (Continued) 

74LVQ241 74LVQ241 

Symbol Parameter Vee TA = +25·C 
TA = 

Units Conditions 
(V) - 40·C to + 85"C 

Typ Guaranteed Limits 

IOLD tMinimum Dynamic 
3.6 36 mA 

VOLD = 0.8V Max 
Output Current ,(Note 1) 

IOHD 3.6 -25 mA 
VOHD = 2.0V Min 
(Note 1) 

ICC Maximum Quiescent 
3.6 4.0 .40.0 p.A 

VIN = Vee or GND 
Supply Current 

loz Maximum TRI-STATE 
3.6 ±0.25 ±2.5 p.A 

VI(OE) = VIL. 'IIH 
Leakage Current VI = Vcc.GND 

Vo = Vcc.GND 

VOLP Quiet Output 
3.3 0.4 0.8 V 

(Notes 2. 3) 
Maximum Dynamic VOL 

VOLV Quiet Output 
3.3 -0.4 -0.8 .v (Notes 2. 3) 

Minimum Dynamic VOL 

VIHD Maximum High Level 
3.3 1.6 2.0 V (Notes 2. 4) 

Dynamic Input Voltage 

VILD Maximum Low Level 
3.3 1.6 0.8 V (Notes 2. 4) 

Dynamic Input Voltage 

tMaximum test duration 2.0 ms. one output loaded at a time. 
Note 1: Incident wave swHching on transmission lines with impedances as low as 750 lor commercial temperature range is guaranteed lor 74LVQ, 
Note 2: Worst case package. 
Note 3: Max number 01 outputs defined es (n). Date Inputs are driven OV to 3.3V, One output @ GND. 
Note 4: Max number 01 Date Inputs (n) switching. n -1 Inputs swHching OV to 3.3V. Input-under-test swHching: 3.3V 10 threshold (VILO), OV to thrashold CViHO), I = 
1 MHz. 

AC Electrical Characteristics: See Section 2 for Test Methodology 

74LVQ241 74LVQ241 

Vee TA = +25·C 
TA = -40"C 

Symbol Parameter to +85·C Units 
(V) CL = 50pF 

CL = 50pF 

Min Typ Max Min Max 

tpHL. Propagation Delay 2.7 2.0 7.8 12.7 2.0 14.0 
tpLH Data to Output 3.3 ±0.3 2.0 6.5 9.0 2.0 9.5 

ns 

tpZL. Output Enable Time 2.7 2.5 9.6 18.3 2.5 19.0 
tPZH 3.3 ±0.3 2.5 8.0 13.0 2.5 13.5 

ns 

tpHZ. Output Disable Time 2.7 1.0 10.2 20.4 1.0 21.0 
tpLZ 3.3 ±0.3 1.0 8.5 14.5 1.0 15.0 

ns 

toSHL. Output to Output 2.7 1.0 1.5 1.5 

toSLH Skew 'Data to Output 3.3 ±0.3 1.0 1.5 1.5 
ns 

'Skew is defined as the absolute value 01 the difference between the actual propagation delay lor any two separate outputs 01 the same device. The specification 
applies 10 any outputs switching in the same diraction, either HIGH to LOW (IoSHU or LOW to HIGH (IoSLH)' Parameter guaranteed by design. 
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Capacitance 
Symbol Parameter Typ Units Conditions 

CIN Input Capacitance 4.5 pF Vee = Open 

CPD Power Dissipation 
70 pF Vee = 3.3V (Note 1) Capacitance 

Note 1: CPD is measured at 10 MHz. 
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~National 
Semiconductor , 

74LVQ244 
Low Voltage Octal· Buffer/Line Driver 
with TRI-STATE® Outputs 
General Description Features 
The LVQ244 is an octal buffer and line driver designed to be • Ideal for low power/low noise 3.3V applications 
employed as a memory address driver. clock driver and bus • Implements patented Quiet Series EMI reduction 
oriented transmitter or receiver which provides improved PC circuitry 
board density. • Available in SOIC JEOEC. SOIC EIAJ and QSOP 

packages 
• Guaranteed simultaneous switching noise level and 

dynamic threshold performance 
• Improved latch-up immunity 
• Guaranteed incident wave switching into 750 
• 4 kV minimum ESO immunity 
• MIL-STO-883 54ACQ products are available for Mili-

tary/ Aerospace applications 

Ordering Code: See Section 11 

Logic Symbol Connection Diagram 
Pin Assignment for 

IEEE/IEC SOIC and asop 

~ EN ~ 
1 ~ ~v 

,2 19 ~ 
10 3 

~~ 
18 o~ 

10- I> vr-Oo 0 • .....;. 
17 00 

\- I-~ • ....! 
\ 5 ~~ 

16 I. 
Iz - I-Oz Os-; 15 ~ 
13 - I-Os Iz~ 

~~ 
1. 15 

00-; 13 Oz 
~ EN 

13""';' 

~~ 
12 Ia • ...2. 

17 10 11 Os 
1.- I> v 1-0. 

GNO"';';; '> 
15 - I-Cs TlIF/113S6-2 

Ia- 1-00 

'>- 1-17 
TlIF/I1356-1 

Truth Tables 
Inputs outputs Pin Names Description 

OE1 In (Pins 12, 14, 16, 18) 
C5E1•0E2 TRI-STATE Output Enable Inputs 

L L L 10-17 Inputs 
L H H 

Oo-Or Outputs H X Z 

Inputs Outputs 

OE2 In (Pins 3, 5, 7, 9) 

L L L 
L H H 

SOICJEDEC SOICEIAJ SSOPJEDEC H X Z 

H = HIGH Voltage Level 
Order Number 74LVQ244SC 74LVQ244SJ 74LVQ244QSC 

L = LOW VoHage Level 
74LVQ244SCX 74LVQ244SJX 74LVQ244OSCX 

X = Immaterial SeaNS 
Z = High Impedance Package Number 

M20B M20D MQA20 
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Absolute Maximum Rating (Note) Recommended Operating 
If Military/Aerospace specified devices are required, Conditions 
please contact the National Semiconductor Sales Supply Voltage (Vecl 
Office/Distributors for availability and specifications. lVQ 2.0Vto 3.6V 
Supply Voltage (Vecl -0.5Vto +7.0V Input Voltage (V,) OVtoVee 
DC Input Diode Current (1,K) Output Voltage (Va) OVtoVee V, = -0.5V -20mA 

V, = Vee + 0.5V +20mA Operating Temperature (TAl 

DC Input Voltage (V,) -0.5V to Vee + 0.5V 
74lVQ -40'C to + 85'C 

DC Output Diode Current (loKI 
Minimum Input Edge Rate tN/b.t 

V,N from 0.8V to 2.0V 
Va = -0.5V -20mA Vee@3.0V 125 mV/ns 
Va = Vee + 0.5V +20mA 

DC Output Voltage (Va) -0.5VtoVcc + 0.5V 

DC Output Source 
or Sink Current (10) ±50mA 

DC Vee or Ground Current 
(leeorIGNO) ±400mA 

Storage Temperature (T STG) -65'C to + 150"C 

DC latch-Up Source or 
Sink Current ±300mA 

Note: The "Absolute Maximum Ratings" are those values 
beyond which the safety of the device cannot be guaran-
teed The device should not be operated at these limits. The 
parametric values defined in the "Electrical Characteristics" 
table are not guaranteed at the absolute maximum ratings. 
The "Recommended Operating Conditions" table will define 
the conditions for actual device operation. 

DC Electrical Characteristics 
74LV0244 74LV0244 

Symbol Parameter Vee TA = +2S'C 
TA = -40"C 

Units Conditions 
(V) to +85'C 

Typ Guaranteed Limits 

V,H Minimum High level 
3.0 1.5 2.0 2.0 V 

VOUT = O.W 
Input Voltage orVcc - O.W 

V,L Maximum low level 
3.0 1.5 0.8 0.8 V 

VOUT = O.W 
Input Voltage or Vee - O.W 

VOH Minimum High level 3.0 2.99 2.9 2.9 V lOUT = -50/-LA 
Output Voltage 'V,N = V,L or V,H 

3.0 2.58 2.48 V 
10H = -12mA 

VOL Maximum low level 3.0 0.002 0.1 0.1 V lOUT = 50/-LA 
Output Voltage 'V,N = V,LorV,H 3.0 0.36 0.44 V 

10L = 12mA 

liN Maximum Input 
3.6 ±0.1 ±1.0 /-LA 

V, = Vee.GND 
leakage Current 

• All outputs loaded thresholds on Input associated with output under test 
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DC Electrical Characteristics (Continued) 

74LVQ244 ' 74LVQ244 

Symbol Parameter Vee TA = +25·C 
TA =-40"C 

Units Conditions' 
(V) to +85·C 

Typ Guaranteed Limits 

IOlD tMinimum Dynamic 3.6 36 mA VOLD = O.BV Max (Note 1) 

IOHD 
Output Current 3.6 -'25 mA VOHD = 2.0VMin (Note 1) 

IcC Maximum Quiescent 
3.6 4.0 40.0 ,..A 

VIN = Vec 
Supply Current orGND 

loz Maximum TRI-STATE VI(OE) = VIL, VIH 
Leakage Current 3.6 ±0.25 ±2.5 p.A VI = Vee,GND 

Vo = Vcc,GND 

VOlP Quiet Output 
3.3 0.4 O.B V 

(Notes 2, 3) 
Maximum Dynamic VOL 

VOlV Quiet Output 
3.3 -0.4 -O.B V 

(Notes 2,3) 
Minimum DynamiC VOL 

VIHD Minimum High Level 
3.3 1.7 2.0 '" 'V 

(Notes 2,4) 
Dynamic Input Voltage 

VILD Maximum Low Level 
3.3 1.7 O.B V 

(Notes 2,4) 
Dynamic Input Voltage 

tMaximum test duration 2.0 ms, one output loaded at a time. 
Note 1: Incident wave switching on transmission lines with impedances as low as 750 lor commercial temperature range Is guaranteed lor 74lVQ, 
Note 2: Worst case package. 
Note 3: Max number 01 outputs defined as (n). Data inputs are driven OV to 3.3V; one output at GND. 
Note 4: Max number 01 Data Inputs (n) switching. (n - 1) inputs swHching OV to 3,3V. Input·under-test swHching: 3.3V to threshold (VILO), OV to threshold 
(VIHO), I = 1 MHz. 

AC Electrical Characteristics: See Section 2 for Test Methodology 

74LVQ244 74LVQ244 

Vee: TA = +25·C 
TA = -40·C 

Symbol Parameter 
(V) ,CL = 50pF 

to +85"C Units 
CL = 50pF 

Min Typ Max Min Max 

tpHLo Propagation Delay 2.7 2.0 8.4 12.7 ,2.0 14.0 

tplH Data to Output 3.3 ±0.3 2.0 7.0 9.0 2.0 ,9.5 
ns 

tpZl, Output Enable Time 2.7 2.5 9.6 16.9 2.5 1B.0 

tPZH 3.3'±0.3 2.5 B.O 12.0 2.5 12.5 
ns 

tpHZ, Output Disable Time 2:7 1.0 10.B 19.0 1.0 20.0 
tpLZ 3.3 ±0.3 1.0 9.0 13.5 1.0 14.0 

ns 

toSHL, Output to Output 2.7 1.0 1.5 1.5 

toSLH Skew' Data to Output 3.3 ±0.3 1.0 1.5 1~5 
ns 

'Skew is defined as the absolute value of the difference between the actual propagation delay lor any two separate outputs 01 the same device. The specHication 
applies to any outputs switching in the same direction, either HIGH to lOW (toSHU or LOW to HIGH (tosLH)' Parameter guaranteed by design, 

CapaCitance 
Symbol Parameter Typ Units Conditions 

CIN Input Capacitance 4.5 pF Vee = Open 

CPO Power Dissipation 
70 pF 

Vee = 3.3V 
Capacitance 

Note 1: CPO Is measured at 10 MHz. 
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~National 
~ Semiconductor 

74LVQ245 
Low Voltage Octal Bidirectional Transceiver 
with TRI-STATE® Inputs/Outputs 
General Description 
The LVQ245 contains eight non-inverting bidirectional buff
ers with TRI-STATE outputs and is intended for bus-orient
ed applications. Current sinking capability is 12 mA at both 
the A and B ports. The Transmit/Receive (T /R) input deter
mines the direction of data flow through the bidirectional 
transceiver. Transmit (active-HIGH) enables data from A 
ports to B ports; Receive (active-LOW) enables data from B 
ports to A ports. The Output Enable input, when HIGH, dis
ables both A and B ports by placing them in a HIGH Z condi
tion. 

Ordering Code: See Section 11 

Logic Symbols 

Features 
• Ideal for low powerllow noise 3.3V applications 
• Implements patented Quiet Series EMI reduction 

circuitry . 

• Available in SOIC JEDEC, SOIC EIAJ and QSOP 
packages 

• Guaranteed simultaneous switching noise level and 
dynamic threshold performance 

• Improved latch-up immunity 
• Guaranteed incident wave switching into 750 

• 4 kV minimum ESD immunity 
• MIL-STD-883 54 ACQ products are available for 

Military/Aerospace applications 

Connection Diagram 

IEEEIlEC 
Pin Assignment for 

sOle and QSOP 

Pin Names 

OE 
T/R 

Ao-A7 

Bo-B7 

TUF/11357-1 

TUF/11357-2 

Truth Table 
Description Inputs 

Output Enable Input OE 
Transmit/Receive Input L 
Side A TRI-STATE Inputs or L 
TRI-STATE Outputs H 
Side B TRI-STATE Inputs or 
TRI-STATE Outputs 

Order Number 

See NS Package Number 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 

SOICJEDEC SOICEIAJ 

74LVQ245SC 74LVQ245SJ 
74LVQ245SCX 74LVQ245SJX 

M20B M20D 
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2 L rJ2. 
3 18 

4 17 

5 16 

6 15 
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8 13 
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.1!! 11 

TLlF/11357-3 

outputs 
T/R 

L Bus B Data to Bus A 
H Bus A Data to Bus B 
X HIGH-Z State 

SSOPJEDEC 

74LVQ245QSC 
74LVQ245QSCX 

MQA20 

• 



Absolute Maximum Ratings (Note) 

If Military/Aerospace specified devices are required, Recommended Operating 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. Conditions 
Supply Voltage (Vee) -0.5Vto +7.0V Supply Voltage (Vee> 

DC Input Diode Current (1110 LVQ 2.0Vt03.6V 

VI = -O.SV -20mA Input Voltage (VI) OV to Vee 
VI = Vee + O.SV +20mA Output Voltage (VO) OV to Vee 

DC Input Voltage (VI) -O.SV to Vee + O.SV Operating Temperature (TAl 
DC Output Diode Current (10K! 74LVQ -40·Cto +8S·C 

Vo = -O.SV -20mA Minimum Input Edge Rate (tN/!:.t) 
Vo = Vee + O.SV +20mA VIN from 0.8V to 2.0V 

DC Output Voltage (Vo) -O.SV to Vee + O.SV Vee@3.0V 125 mVI ns 

DC Output Source 
or Sink Current (10) ±50mA 

DC Vee or Ground Current 
(lee or IGNO) ±400mA 

Storage Temperature (T STG) -65·Cto + 150·C 

DC Latch-Up Source or 
Sink Current ±300mA 

Note: The "Absolute Maximum Ratings" are those values 
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The 
parametric values defined in the "Electrical Characteristics" 
table are not guaranteed at the absolute maximum raings. 
The "Recommended Operating Conditions" table will define 
the conditions for actual device operation. 

DC Electrical Characteristics 
74LVQ245 74LVQ245 

Symbol Parameter Vee TA = +25"C 
TA= 

Units Conditions 
(V) -40"Cto +85"C 

Typ Guaranteed Limits 

VIH Minimum High Level 
3.0 1.5 2.0 2.0 V 

VOUT = o.w 
Input Voltage orVee - 0.1V 

VIL Maximum Low Level 
3.0 1.5 0.8 0.8 V 

VOUT = O.W 
Input Voltage orVee - O.W 

VOH Minimum High Level 
3.0 2.99 2.9 2.9 V 

lOUT = -50 p.A 
Output Voltage 

3.0 2.58 2.48 V 'VIN = VILorVIH 
10H = -12mA 

VOL Maximum Low Level 
3.0 0.002 0.1 0.1 V 

lOUT = SOp.A 
Output Voltage 

3.0 0.36 0.44 V 
'VIN = VIL or VIH 

10L = +12mA 

liN Maximum Input 
3.6 ±0.1 ±1.0 p.A 

- VI = Vee. GND 
Leakage Current 

• All outputs loaded; thresholds on Input associated \'lith output under test. 
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DC Electrical Characteristics (Continued) 

74LVQ245 74LVQ245 

Symbol Parameter Vee TA = +2SOC 
TA= 

Units Conditions 
(V) -4lr.Cto +85'C 

Typ Guaranteed Limits 

IOLD tMinimum Dynamic 
3.6 36 mA 

VOLD = 0.8V Max 
Output Current (Note 1) 

IOHD 3.6 -25 mA 
VOHD = 2.0V Min 
(Note 1) 

Icc Maximum Quiescent 
3.6 4.0 40.0 p.A VIN = Vee 

Supply Current orGND 

IOZT Maximum I/O VI(OE) = VIL. VIH 
Leakage Current 3.6 ±0.3 ±3.0 /LA VI = Vee.GND 

Vo = Vee.GND 

VOLP Quiet Output 
3.3 0.5 0.8 V 

(Notes 2. 3) 
Maximum Dynamic VOL 

VOLV Quiet Output 
3.3 -0.5 -0.8 V 

(Notes 2. 3) 
Minimum Dynamic VOL 

VIHD Maximum High Level 
3.3 1.6 2.0 V 

(Notes 2. 4) 
Dynamic Input Voltage 

VILD Maximum Low Level 
3.3 1.7 0.8 V 

(Notes 2. 4) 
Dynamic Input Voltage 

tMaximum test duration 2.0 ms. one output loaded at a time. 
Note 1: Incident wave switching on transmission lines with impedances as low as 750 for commercial temperature range is guaranteed for 74LVO. 
Nota 2: Worst case package. 
Nota 3: Max number of outputs defined as (n). Data inputs are driven OV to 3.3V: one output at GNO. 
Nota 4: Max number of Data Inputs (n) Switching. (n - 1) inputs switching OV to 3.3V. Input·under·test switching: 3.3V to threshold (V,LD). OV to threshold 
(V,HO). f = 1 MHz. 

AC Electrical Characteristics: See Section 2 for Test Methodology 

74LVQ245 74LVQ245 

Vee TA = +25'C 
TA = -40'C 

Symbol Parameter (V) CL = 50pF 
to +85'C Units 

CL=50pF 

Min Typ Max Min Max 

tpHL. tpLH Propagation Delay 2.7 2.0 9.0 14.0 2.0 15.0 
3.3 ±0.3 2.0 7.5 10.0 2.0 10.5 

ns 

tPZL. tPZH Output Enable Time 2.7 3.0 10.2 18.3 3.0 19.0 
ns 

3.3 ±0.3 3.0 8.5 13.0 3.0 13.5 

tpHZ. tpLZ Output Disable Time 2.7 1.0 10.2 20.4 1.0 21.0 
3.3 ±0.3 1.0 8.5 14.5 1.0 15.0 

ns 

toSHL. Output to Output 2.7 1.0 1.5 1.5 
toSLH Skew' 3.3 ±0.3 1.0 1.5 1.5 

ns 

'Skew is defined as the absolute value of the difference between the actual propagation delay for any two separate outputs of the same device. The specification 
applies to any outputs switching in the same direction. either HIGH to LOW (toSHU or LOW to HIGH (tosLHl. Parameter guaranteed by design. 
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U) r---------------------------------------------------------------------------------~ 

~ Capacitance 
Symbol Parameter Typ Unlta Conditions 

CIN Input Capacitance 4.5 pF Vee = Open 

CliO Input/Output 15 pF Vee = 3.3V Capacitance 

CPO Power Dissipation 67 pF Vee = 3.3V (Note 1) Capacitance 

Note 1: CPD is measured at 10 MHz. 
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~National 
~ Semiconductor 

74LVQ273 
Low Voltage Octal D Flip-Flop 

General Description 
The LV0273 has eight edge-triggered D-type flip-flops with 
individual D inputs and 0 outputs. The common buffered 
Clock (CP) and Master Reset (MR) input load and reset 
(clear) all flip-flops simultaneously. 

The register is fully edge-triggered. The state of each D in
put, one setup time before the LOW-te-HIGH clock tran
sition, is transferred to the corresponding flip-flop's 0 out
put. 

All outputs will be forced LOW independently of Clock or 
Data inputs by a LOW voltage level on the MR input. The 
device is useful for applications where the true output only is 
required and the Clock and Master Reset are common to all 
storage elements. 

Ordering Code: See Section 11 

Logic Symbols 

Features 
• Ideal for low powerllow noise 3.3V applications 
• Implements patented Ouiet Series EMI reduction 

circuitry 
• Available in SOIC JEDEC, SOIC EIAJ and asap 

packages 
• Guaranteed simultaneous switching noise level and 

dynamic threshold performance 
• Improved latch-up immunity 
• Guaranteed incident wave switching into 750 
• 4 kV minimum ESD immunity 
• MIL-STD-883 54ACQ products are available for Mili

tary/ Aerospace applications 

Connection Diagram 

Pin Assignment for 

IEEEIiEC SOIC and QSOP 

i.iR 
CP 

CP 

MR 
Do Co 
0, 0, 
O2 °2 
03 Q3 

TLlF/I135B-l 04 Q4 

05 Qs 
06 Os 
I? cq 

TLlF/1135B-2 

Pin Names Description 

Do-D7 Data Inputs 
MR Master Reset 
CP Clock Pulse Input 

00-0 7 Data Outputs 

SOIC SOIC 
JEDEC EIAJ 

Order Number 74LV0273SC 74LVQ273SJ 
74LVQ273SCX 74LVQ273SJX 

See NS Package Number M20B M20D 
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i.iR 
Co 
Do 
0, 
0, 
Q2 

Da 
°3 

03 

GNO 

4 

9 

10 

SSOP 
JEDEC 

74LVQ2730SC 
74LVQ2730SCX 

MQA20 

20 vee 
19 cq 
18 I? 
17 °6 
16 Os 
15 Os 
14 Os 
13 °4 
12 04 

11 CP 

TLlF/1135B-3 



Absolute Maximum Ratings (Note) Recommended Operating 
If Military/Aerospace specified devices are required, Conditions 
please contact the National Semiconductor Sales Supply Voltage (Vee) 
Office/Distributors for availability and specifications. 

LVQ 2.0Vto3.6V 
Supply Voltage (Vee) -0.5Vto +7.0V Input Voltage (VI) OVtoVee 
DC Input Diode Current (11K) Output Voltage (Va) OVtoVee 

VI = -0.5V -20mA 
VI = Vee + 0.5V +20mA Operating Temperature (TAl 

DC Input Voltage (VI) -0.5VtoVee + 0.5V 
74LVQ -40"Cto +B5·C 

DC Output Diode Current (10K> 
Minimum Input Edge Rate AV I At 

VIN from O.BV to 2.0V 
Va = -0.5V -20mA 

Vee@3.0V 125mVlns 
Va = Vee + 0.5V +20mA 

DC Output Voltage (Va) -0.5V to Vee + 0.5V 

DC Output Source 
or Sink Current (10) ±50mA 

DC Vee or Ground Current 
(lee or IGNO) ±400mA 

Storage Temperature (T sm) -65·Cto + 150"C 

DC Latch-up Source or 
Sink Current ±300 mA 

Note: The "Absolute Maximum Ratings" ara those values 
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The 
parametric values defined in the "Electrical Characteristics" 
table are not guaranteed at the absolute maximum ratings. 
The "Recommended Operating Conditions" table will define 
the conditions for actual device operation. 

DC Characteristics 
74LVQ273 74LVQ273 

Sym~ol Parameter Vee TA = +25·C TA= Units Conditions 
(V) - 40"C to + 85·C 

Typ Guaranteed Limits 

VIH Minimum High Level 
3.0 1.5 2.0 2.0 V VOUT = 0.1V 

Input Voltage or Vee - 0.1V 

VIL Maximum Low Level 
3.0 1.5 O.B O.B V VOUT = 0.1V 

Input Voltage or Vee - 0.1V 

VOH Minimum High Level 
3.0 ·2.99 2.9 2.9 V lOUT = -50p.A 

Output Voltage 

3.0 2.5B 2.4B V 'VIN = VIL or VIH 
10H = -12mA 

VOL Maximum Low Level 
3.0 0.002 0.1 0.1 V lOUT = 50p.A 

Output Voltage 

3.0 0.36 0.44 V 'VIN = VIL or VIH 
10L =12mA 

liN Maximum Input 
3.6 ±0.1 ±1.0 p.A VI = Vee,GND 

Leakage Current 

• All outputs loaded; thresholds on input associated with ~utput under test 
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DC Characteristics (Continued) 

74LVQ273 74LVQ273 

Symbol Parameter Vee TA = +25'C 
TA= 

Units Conditions 
(V) -40'Cto +85'C 

Typ Guaranteed Limits 

IOLD 
tMinimum Dynamic 

3.6 36 mA 
VOLD = 0.8V Max 

Output Current (Note 1) 

IOHD 3.6 -25 rnA 
VOHD = 2.0V Min 
(Note 1) 

Icc Maximum Quiescent 
3.6 4.0 40.0 /LA 

VIN = Vee or GND 
Supply Current 

VOLP Quiet Output 
3.3 0.4 0.8 V 

(Notes 2, 3) 
Maximum Dynamic VOL 

VOLV Quiet Output 
3.3 -0.3 -0.8 V 

(Notes 2, 3) 
Minimum Dynamic VOL 

VIHD Maximum High Level 
3.3 1.7 2.0 V (Notes 2, 4) 

Dynamic Input Voltage 

VILD Maximum Low Level 
3.3 1.6 0.8 V (Notes 2, 4) 

Dynamic Input Voltage 

tMaximum tast duration 2.0 ms, one output loaded at a time. 

Note 1: Incident wave switching on transmission lines with impedances as low as 75n lor commercial temperature range is guaranteed lor 74LVO. 
Note 2: Worst case package. 
Note 3: Max number 01 outputs delined as (n). Data Inputs are driven OV to 3.3V; one output at GND. 
Note 4: Max number 01 Data Inputs (n) switching. (n - 1) inputs switching OV to 3.3V. Inpul-under-test switching: 3.3V to threshold (VILO), OV to threshold (VIHO), I 
= 1 MHz. 

AC Electrical Characteristics: See Section 2 for Test Methodology 

74LVQ273 74LVQ273 

Vee TA = +25'C 
TA = -40'C 

Symbol Parameter to +85'C Units 
(V) CL = 50pF 

CL = 50pF 

Min Typ Max Min Max 

fmax Maximum Clock 2.7 50 45 
MHz 

Frequency 3.3 ±0.3 90 75 

tpLH Propagation Delay 2.7 4.0 9.6 17.6 3.0 20.0 
CPtoQn 3.3 ±0.3 4.0 8.0 12.5 3.0 14.0 

ns 

tpHL Propagation Delay 2.7 4.0 10.2 18.3 3.5 20.5 
CPtoQn 3.3 ±0.3 4.0 8.5 13.0 3.5 14.5 

ns 

tpHL Propagation Delay 2.7 4.0 10.2 18.3 3.5 20.0 
MRtoQn 3.3 ±0.3 4.0 8.5 13.0 3.5 14.0 

ns 

toSHL, Output to Output 2.7 1.0 1.5 1.5 

tOSLH Skew' 3.3 ±0.3 1.0 1.5 1.5 
ns 

'Skew is defined as the absolute value 01 the difference between the actual propagation delay lor any two outputs within the same packaged device. The 
specification applies to any outputs switching in the same direction, eHher HIGH to LOW (toSHU or LOW to HIGH (toSLH)' Parameter guaranteed by deSign. Not 
tested. 
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AC Operating Requirements: See Section 2 for Test Methodology 

74LVQ273 74LVQ273 

Vee TA = +25"C 
TA = -!Cerc 

Symbol Parameter to +85"C UnitS 
(V) CL = 50pF 

CL = 50pF 

Typ Guaranteed Minimum 

ts . Setup Time, HIGH or LOW 2.7 6.5 8.5 
On to CP 3.3 ±O.3 5.0 6.0 

ns 

th Hold Time, HIGH or LOW 2.7 0.0 0.0 
On to CP 3.3 ±0.3 0.0 0.0 

ns 

Iw Clock Pulse Width 2.7 7.0 8.5 
HIGH or LOW 3.3 ±0.3 5.5 6.0 

ns 

tw UFi Pulse Width 2.7 7.0 8.5 
HIGH or LOW 3.3 ±0.3 5.5 6.0 

ns 

tw Recovery Time 2.7 5.0 6.5 
UFitoCP 3.3 ±0.3 4.0 4.5 

ns 

Capacitance 
Symbol Parameter Typ Units Conditions. 

C'N Input Capacitance 4.5 pF Vee = Open 

CpD Power Dissipation 
35 pF 

Vee = 3.3V 
(Note 1) Capacitance 

Note 1: CPD Is measured at 10 MHz. 

, . 
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~National 
~ Semiconductor 

74LVQ373 
Low Voltage Octal Transparent Latch 
with TRI-STATE® Outputs 
General Description Features 

• Ideal for low power/low noise 3.3V applications 
• Implements patented Quiet Series EMI reduction 

circuitry 
• Available in SOIC JEDEC, SOIC EIAJ and QSOP 

packages 

The LVQ373 consists of eight latches'with TAl-STATE out
puts for bus organized system applications. The latches ap
pear transparent to the data when Latch Enable (LE) is 
HIGH. When LE is low, the data satisfying the input timing 
requirements is latched. Data appears on the bus when the 
Output Enable (DE) is LOW. When DE is HIGH, the bus 
output is in the high impedance state. 

• Guaranteed simultaneous switching noise level and 

Ordering Code: See Section 11 

Logic Symbols 

LE 

TL/F/11359-1 

Of 
LE 

Do 

~ 
O2 

03 

D. 

Os 

06 

~ 

dynamic threshold performance 

• Improved latch-up immunity 
• Guaranteed incident wave switching into 750 
• 4 kV minimum ESD immunity 
• MIL-STD-883 54ACQ products are available for Mili

tary/ Aerospace applications 

IEEEIiEC 

°0 

<1 
°2 

°3 

°4 

°5 

°6 

C? 
TUF/11359-2 

Connection Diagram 

Of 

°0 

Do 

01 

<1 
°2 
O2 

03 

°3 
GND 

Pin Assignment for 
SOIC and asop 

9 12 

10 11 

vee 
~ 

~ 

Os 
0& 

Os 

Os 
D. 

°4 
LE 

TUF/11359-3 

Pin Names Description 

00-0 7 Data Inputs 
LE Latch Enable Input 
DE Output Enable Input 
00-0 7 TAI-STATE Latch Outputs 

SOICJEDEC SOICEIAJ SSOPJEDEC 

Order Number 74LVQ373SC 74LVQ373SJ 74LVQ373QSC 
74LVQ373SCX 74LVQ373SJX 74LVQ373QSCX 

See NS Package Number M20B M20D MQA20 
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~ r------------------------------------------------------------------------------------------, 
I:; 

~ 
Functional Description 
The LVQ373 contains eight Ootype latches with TRI-STATE 
standard outputs. When the Latch Enable (LE) input is 
HIGH, data on the On inputs enters the latches. In this con
dition the latches are transparent, i.e., a latch output will 
change state each time its 0 input changes. When LE is 
LOW, the latches store the information that was present on 
the 0 inputs a setup time preceding the HIGH-to-LOW tran
sition of LE. The TRI-STATE standard outputs are con
trolled by the Output Enable (DE) input. When DE is LOW, 
the standard outputs are in the 2-state mode. When DE is 
HIGH, the standard outputs are in the high impedance mode 
but this does not interfere with entering new data into the 
latches. . 

Logic Diagram 

Truth Table 
Inputs 

LE OE 

X H 
H L 
H L 
L L 

H = HIGH Voltage Level 
L = LOW Voltage Level 
Z = High Impedance 
X = Immaterial 

Outputs 

On On 

X ,Z 

L L 
H H 
X 0 0 

00 = 'PreVious 00 before HIGH to tow transriion of Latch Enable 

TLlF/11359-5 

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (Note) 

If Military/Aerospace specified devices are required, Recommended Operating 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. Conditions 
Supply Voltage (Vee) -0.5Vto"+7.0V Supply Voltage (Vee> 

DC Input Diode Current (11K) LVQ 2.0Vt03.6V 

VI = -0.5V -20mA Input Voltage (VI) OVtoVee 
VI = Vee + 0.5V +20mA Output Voltage (Vo) OV to Vee 

DC Input Voltage (VI) -0.5VtoVee + 0.5V Operating Temperature (TN 
DC Output Diode Current (10K> 74LVQ -40'Cto +85'C 

Vo = -0.5V -20mA Minimum Input Edge Rate (AV/At) 
Vo = Vee + 0.5V +20mA VIN from 0.8V to 2.0V 

DC Output Voltage (VO) -0.5V to Vee + 0.5V Vee@3.0V 125 mV/ns 

DC Output Source 
or Sink Current (10) ±50mA 

DC Vee or Ground Current 
(Ice or IGNO) ±400mA 

Storage Temperature (T STG) - 65'C to + 150'C 
DC Latch-Up Source or 

Sink Current ±300mA 

Note: The "Absolute Maximum Ratings" are those values 
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The 
parametric values defined in the "Electrical Characteristics" 
table are not guarenteed at the absolute maximum ratings. 
The "Recommended Operating Conditions" table will define 
the conditions for actual device operation. 

DC Characteristics 
74LVQ373 74LVQ373 

Symbol Parameter Vee TA = +25'C 
TA= 

Units Conditions 
(V) - 40'C to + 85'C 

Typ Guaranteed Limits 

VIH Minimum High Level 
3.0 1.5 2.0 2.0 V 

VOUT = O.W 
Input Voltage or Vee - O.W 

VIL Maximum Low Level 
3.0 1.5 0.8 0.8 V 

VOUT = O.W 
Input Voltage or Vee - O.W 

VOH Minimum High Level 3.0 2.99 2.9 2.9 V lOUT = -50 ",A 
Output Voltage 

3.0 2.58 2.48 V 'VIN = VILorVIH 
10H = -12mA 

VOL Maximum Low Level 3.0 0.002 0.1 0.1 V lOUT = 50 ",A 
Output Voltage 

3.0 0.36 V 
'VIN = VIL or VIH 

0.44 
IOL=12mA 

'IN Maximum Input 
3.6 ±0.1 ±1.0 ",A 

VI = Vee,GND 
Leakage Current 

• All outputs loaded; threshold. on Input associated with output under test. 
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DC Electrical Characteristics (Continued) 

74LVQ373 .74LVQ373· 

Symbol Parameter Vee TA = +25"C 
TA = -40"C 

Units Conditions 
(V) to +85~C 

TyP Guaranteed Limits 

10LD tMinimum Dynamic 3.6 36 rnA VOLD = 0.8V Max (Note 1) 

10HD 
Output Current 3.6. -25 rnA VOHD"" 2.0V Min (Note 1) 

Icc Maximum Quiescent 
3.6 4.0 40.0 p.A 

VIN = Vee 
Supply Current orGND 

loz Maximum TRI-STATE VI(OE) = VIL. VIH 
Leakage Current 3.6 ±0.25 ±2.5 p.A VI = Vee.GND 

Vo = Vee.GND 

VOLP Quiet Output 
3.3 0.4 0.8 V 

(Notes 2. 3) 
Maximum Dynamic VOL 

VOLV Quiet Output 
3.3 -0.3 -0.8 V 

(Notes 2. 3) 
Minimum Dynamic VOL 

VIHD Maximum High Level 
3.3 1.7 2.0 ·V (Notes 2. 4) 

Dynamic Input Voltage 

VILD Maximum Low Level 
3.3 1.6 0.8 V 

(Notes 2. 4) 
Dynamic Input Voltage 

tMaximum test duration 2.0 ms. one output loaded at a time. 
Note 1: Incident wave switching on transmission lines with impedances as low as 750 lor commercial temperature range·ls guaranteed lor 74LVQ. 
Note 2: Worst case package. 
Note 3: Max number 01 outputs defined as (n). Data inputs are driven OV to 3.3V; one output at GND. 
Note 4: Max number 01 Data Inputs (n) switching. (n - t) inputs switching OV to 3.3V. Input-under-test switching: 3.3V to threshold (VILO), OV to threshold 
(VIHO). I = t MHz. 

AC Electrical Characteristics: See Section 2 for Test Methodology 

74LVQ373 74LVQ373 

Vee TA = +25"C 
TA = -40"C 

Symbol Parameter 
(V) CL = 50pF 

to +85"C Units 
CL=50pF 

Min Typ Max Min Max 

tpHL. Propagation Delay 2.7 2.5 9.6 14.8 2.5 16.0 
tpLH Dn to On 3.3 ±0.3 2.5 8.0 10.5 2.5 11.0 

ns 

tpLH. Propagation Delay 2.7 2.5 9.6 16.9 2.5 18.0 
tpHL LEtoOn 3.3 ±0.3 2.5 8.0 ·12.0 2.5 ·12.5 

ns 

tPZL. Output Enable Time 2.7 2.5 10.2 18.3 2.5 19.0 ns 
tPZH 3.3 ±0.3 2.5 8.5 13.0 2.5 13.5 

tpHZ. Output Disable Time 2.7 1.0 10.8 20.4 1.0 21.0 ns 
tpLZ 3.3 ±0.3 1.0 9.0 14.5 1.0 15.0 

toSHL. Output to Output Skew' 2.7 1.0 1.5 1.5 
tOSLH 3.3 ±0.3 1.0 1.5 1.5 

ns 

'Skew Is dellned as the absolute value 01 the difference between the actual propagation delay for any two separate outputs of the seme device. The 
specification applies to any outputs switching in the same direction, either HIGH to LOW (\oSHU or LOW to HIGH (\oSLH)' Parameter guaranteed by design. 
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AC Operating Requirements: See Section 2 for Test Methodology 

74LVQ373 74LVQ373 

Vee TA = +25"C 
TA = -40'C 

Symbol Parameter to +85'C Units 
(V) CL=50pF 

CL = 50pF 

Typ Guaranteed Minimum 

ts Setup Time, HIGH or LOW 2.7 0 4.0 4.5 
3.3 ±0.3 0 3.0 3.0 

ns 

tH Hold Time, HIGH or LOW 2.7 0 1.5 1.5 
3.3 ±0.3 0 1.5 1.5 

ns 

tw LE Pulse Width, HIGH 2.7 2.4 5.0 6.0 
3.3 ±0.3 2.0 4.0 4.0 

ns 

Capacitance 
Symbol Parameter Typ Units Conditions 

CIN Input Capacitance 4.5 pF Vee = Open 

CPO Power Dissipation 
39 pF 

Vee = 3.3V 
(Note 1) Capacitance 

Note 1: Cpo is measured at to MHz. 
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~ r----------------------------------------------------------------------------, 
I' 

~ . ~National 
~ semiconductor 

74LVQ374 
. Low Voltage Octal D Flip-Flop with TRI-STATE® Outputs 
General Description Features 
The LVQ374 is a high-speed, low-power octal D-type flip
flop featuring separate D-type inputs for each flip-flop and 
TAl-STATE outputs for bus-oriented applications. A buff
ered Clock (CP) and Output Enable (CE) are common to all 
flip-flops. 

• Ideal for low powerllow noise 3.3V applications 
• Implements patented Quiet Series EMI reduction 

circuitry 
• Available in SOIC JEDEC, SOIC EIAJ and QSOP 

packages 

Ordering Code: See Section 11 

Logic Symbols 

CP 

OE 

TLlF/113S0-1 

OE 
CP 

Do 
0, 

~ 
~ 
04 

Os 
Os 

I? 

Pin Names 

Do-D7 
CP 
OE 
0 0-0 7 

Order Number 

See NS Package Number 

• Guaranteed simultaneous switching noise level and dy-
namic threshold performance 

• Improved latch-up immunity 
• Guaranteed incident wave switching into 750 
• 4 kV minimum ESD immunity 
• Buffered positive edge-triggered clock 
• TAl-STATE outputs drive bus lines or buffer memory 

,address registers 
• MIL-STD-883 54ACQ Products are available for Mili-

tary/Aerospace Applications . 

Connection Diagram 

IEEE/IEC 
Pin Assignment for 

SOIC and asop 

OE 

°0 

Do 
00 0, 
0, 0, 

°2 °2 
°3 ~ 

°4 D3 

Os °3 

°6 GND 

I? 
TLlF/11360-2 

Description 

Data Inputs 
Clock Pulse Input 

2 

3 

20 Vee 

19 0., 

18 I? 
De 
Os 
Os 
Os 
04 

12 04 

10 11 CP 

TLlF/I1360-3 

TRI-STATE Output Enable Input 
TRI-STATE Outputs 

SOICJEDEC SOICEIAJ SOICJEDEC 

74LVQ374SC 74LVQ374SJ 74LVQ374QSC 
74LVQ374SCX 74LVQ374SJX 74LVQ374QSCX 

M20B M20D MQA20 
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Functional Description 
The LVQ374 consists of eight edge-triggered flip-flops with 
individual D-type inputs and TRI-STATE true outputs. The 
buffered clock and buffered Output Enable are common to 
all flip-flops. The eight flip-flops will store the state of their 
individual D inputs that meet the setup and hold time re
quirements on the LOW-to-HIGH Clock (CP) transition. With 
the Output Enable (OE) LOW, the contents of the eight flip
flops are available at the outputs. When the OE is HIGH, the 
outputs go to the high impedance state. Operation of the 
OE input does not affect the state of the flip-flops. 

Logic Diagram 

Truth Table 
Inputs 

Dn CP 

H ....r 
L ....r 
X X 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 
Z = High Impedance 
...-r = LOW-to·HIGH Transition 

Outputs 

OE On 

L H 
L L 
H Z 

TLlF/11360-5 

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (Note) Recommended Operating 
If Military/Aerospace specified devices are required, Conditions 
please contact the National Semiconductor Sales 

Supply Voltage (Vcc) 
Office/Distributors for availability and specifications. 

LVQ 2.0Vt03.6V 
Supply Voltage (Vee> -0.5Vto +7.0V 

Input Voltage (VI) OVtoVcc 
DC Input Diode Current (111<> Output Voltage (Vo) OVtoVee 

VI = -0.5V -20mA 
VI = Vcc + 0.5V +20mA Operating Temperature (T A) 

DC Input Voltage (VI) -0.5VtoVee + 0.5V 
74LVQ -40'Cto + 85'C 

DC Output Diode Current (10K) 
Minimum Input Edge Rate (tN I at) 

VIN from 0.8V to 2.0V 
Vo = -0.5V -20mA 

Vee@3.0V 125 mV/ns 
Vo = Vee + 0.5V +20mA 

DC Output Voltage (Vo) -0.5V to Vee + 0.5V 

DC Output Source 
or Sink Current (10) ±50mA 

I 
DC Vee or Ground Current 

(Icc or IGNO) ±400mA 

Storage Temperature (T STG) -65'Cto + 150'C 

DC Latch·Up Source or 
Sink Current ±300mA 

Note: The "Absolute Maximum Ratings" are those values 
beyond which the safety of the device cannot be guaran· 
teed. The device should not be operated at these limits. The 
parametric values defined in the "Electrical Characteristics" 
table are not guaranteed at the absolute maximum ratings. 
The "Recommended Operating Conditions" table will define 
the conditions for actual device operation. 

DC Electrical Characteristics 
74LVQ374 74LVQ374 

Symbol Parameter Vee TA = +25"C 
TA = 

Units Conditions 
(V) - 40'C to + 85'C 

Typ Guaranteed Limits 

VIH Minimum High Level 
3.0 1.5 2.0 2.0 V 

Your = O.W 
Input Voltage or Vee - O.W 

VIL Maximum Low Level 
3.0 1.5 0.8 0.8 V 

Your = O.W 
Input Voltage or Vee - 0.1V 

VOH Minimum High Level 3.0 2.99 2.9 2.9 V lour = - 50 p.A 
Output Voltage 

·VIN = VILorVIH 
3.0 2.58 2.48 V 

10H = -12mA 

VOL Maximum Low Level 3.0 0.002 0 .. 1 0.1 V lour = 50p.A 
Output Voltage 

'VIN = VIL or VIH 
3.0 0.36 0.44 V 

IOL=12mA 

liN Maximum Input 
3.6 ±0.1 ±1.0 p.A 

VI = Vee.GND 
Leakage Current 

• All outputs loaded; thresholds on input associated with output under test. 
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DC Electrical Characteristics (Continued) 

74LVQ374 74LVQ374 

Symbol Parameter Vee 
TA = +25'C 

TA= 
Units Conditions 

(V) -40'Cto +S5'C 

Typ Guaranteed Limits 

IOLD tMinimum Dynamic 
3.6 36 rnA 

VOLD = O.BV Max 
Output Current (Note 1) 

IOHD 3.6 -25 rnA 
VOHD = 2.0V Min 
(Note 1) 

Icc Maximum Quiescent 
3.6 4.0 40.0 fJoA 

VIN = Vee or GND 
Supply Current 

loz Maximum TRI-STATE VI(OE) = VIL. VIH 
Leakage Current 3.6 ±0.25 ±2.5 fJoA VI = Vec.GND 

Vo = Vcc.GND 

VOLP Quiet Output 
3.3 0.5 0.8 V 

(Notes 2. 3) 
Maximum Dynamic VOL 

VOLV Quiet Output 
3.3 -0.3 -0.8 V 

(Notes 2. 3) 

Minimum Dynamic VOL 

VIHD Maximum High Level 
3.3 1.7 2.0 V 

(Notes 2. 4) 
Dynamic Input Voltage 

VILD Maximum Low Level 
3.3 1.6 0.8 V 

(Notes 2. 4) 
Dynamic Input Voltage 

tMaximum test duration 2.0 ms. one output loaded at a time. 
Note 1: Incident wave switching on transmission lines with impedances as low as 750 for commercial temperature range is guaranteed for 74LVa. 

Note 2: Worst case package. 
Note 3: Max number 01 outputs delined as (n). Data inputs are driven OV to 3.3V; one output at GND. 
Nate 4: Max number 01 Data Inputs (n) switching. (n - 1) inputs switching OV to 3.3V. Input-under-test switching: 3.3V to threshold (VILC), OV to threshold 
(VIHC), 1 = 1 MHz. 

AC Electrical Characteristics: See Section 2 for Test Methodology 

74LVQ374 74LVQ374 

Vee TA = +25'C 
TA = -40'C 

Symbol Parameter to +S5'C Units 
(V) CL = 50pF 

CL = 50pF 

Min Typ Max Min Max 

fmax Maximum Clock Frequency 2.7 55 50 
MHz 

3.3 ±0.3 75 70 

tpLH. Propagation Delay 2.7 3.0 11.4 18.3 3.0 19.0 

tpHL CP to On 3.3 ±0.3 3.0 9.5 13.0 3.0 13.5 
ns 

tpZL. Output Enable Time 2.7 3.0 11.4 18.3 3.0 19.0 ns 

tpZH 3.3 ±0.3 3.0 9.5 13.0 3.0 13.5 

tpHZ. Output Disable Time 2.7 1.0 11.4 20.4 1.0 21.0 ns 

tpLZ 3.3 ±0.3 1.0 9.5 14.5 1.0 15.0 

tOSHL. Output to Output Skew· 2.7 1.0 1.5 1.5 

toSLH CPtoOn 3.3 ±0.3 1.0 1.5 1.5 
ns 

'Skew is defined as the absolute value of the difference between the actual propagation delay for any two separate outputs of the same device. The specification 
applies to any outputs switching in the same direction, either HIGH to LOW (toSHt.l or LOW to HIGH (toSLH)' Parameter guaranteed by design. 
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AC Operating Requirements: See Section 2 for Test Methodology 

74LVQ374 74LVQ374 

Vee TA = +25"C 
TA = -40"C 

Symbol Parameter 
(V) CL = 50pF 

to +85"C Units 
CL=50pF 

Typ Guaranteed Minimum 

ts Setup Time, HIGH or LOW 2.7 0 4.0 4.5 

Dn toCP 3.3 ±0.3 0 3.0 3.0 
ns 

tH Hold Time, HIGH or LOW 2.7 0 1.5 1.5 
Dn toCP 3.3 ±0.3 0 1.5 1.5 

ns 

tw CP Pulse Width, 2.7 2.4 5.0 6.0 
HIGH or LOW 3.3 ±0.3 2.0 4.0 4.0 

ns 

Capacitance 
Symbol Parameter Typ Units Conditions 

CIN Input Capacitance 4.5 pF Vee = Open 

CPO Power Dissipation 
39 pF 

Vee = 3.3V 
(Note 1) Capacitance 

Note 1: CPO is measured at 10 MHz. 
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~National 
~ semiconductor 

74LVQ573 
Low Voltage Octal Latch with TRI-STATE® Outputs 

General Description Features 
The LVQ573 is a high-speed octal latch with buffered com
mon Latch Enable (LE) and buffered common Output En
able (DE) inputs. The LVQ573 is functionally identical to the 
LVQ373 but with inputs and outputs on opposite sides of 
the package. 

• Ideal for low powerllow noise 3.3V applications 
• Implements patented Quiet Series EMI reduction 

circuitry 
• Availl!ble in SOIC JEDEC, SOIC EIAJ and QSOP pack

ages 

Ordering Code: See Section 11 

Logic Symbols 

TL/F/11361-1 

Pin Names 

Do-D7 
LE 
OE 
00-0 7 

Order Number 

See NS Package Number 

OE 
LE 

°0 

°1 

°2 

°3 

°4 

°5 

Os 

~ 

• Guaranteed simultaneous switching noise level and 
dynamic threshold performance 

• Improved latch-up immunity 
• Guaranteed incident wave switching into 750 
• 4 kV minimum ESD immunity 
• MIL-STD-883 54ACQ products are available for Mili

tary I Aerospace applications 

Connection Diagram 
Pin Assignment for 

IEEE/IEC SOIC and QSOP 

OE 20 Vee 

°0 2 °0 

°0 
0, 3 ~ 

~ °2 4 °2 

°2 °3 03 

°3 °4 °4 

°4 Os 7 °s 
Os Os Os 

Os ~ ~ 

~ 
GNO 10 LE 

TLlF/113S1-2 
TL/F/11361-3 

Description 

Data Inputs 
Latch Enable Input 
TRI-STATE Output Enable Input 
TRI-STATE Latch Outputs 

SOICJEDEC SOICEIAJ SSOPJEDEC 

74LVQ573SC 74LVQ573SJ 74LVQ573QSC 
74LVQ573SCX 74LVQ573SJX 74LVQ573QSCX 

M20B M20D MQA20 
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Functional Description 
The LVQ573 contains eight D-type latches with TRI-STATE 
output buffers. When the Latch Enable (LE) input is HIGH, 
data on the Dn inputs enters the latches. In this condition 
the latches are transparent, i.e., a latch output will change 
state each time its D input changes. When LE is LOW the 
latches store the information that was present on the D in
puts a setup time preceding the HIGH-to-LOW transition of 
LE. The TRI-STATE buffers are controlled by the Output 
Enable (DE) input. When DE is LOW, the buffers are en
abled. When OE is HIGH the buffers are in the high imped
ance mode but this does not interfere with entering new 
data into the latches. 

Logic Diagram 

LE 

0, 

Truth Table 
Inputs 

OE 
L 
L 
L 
H 

H = HIGH Voltage 
L = LOW Voltage 
Z = High Impedance 
X = Immaterial 

LE 
H 
H 
L 
X 

Outputs 

D On 

H H 
L L 
X 00 
X Z 

, 00 = Previous 00 before HIGH-to-LOW transHion of Latch Enable 

0., 
TUF1t1361-5 

Please note that this diagram Is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (Note) Recommended Operating 
If Military/Aerospace specified devices are required, Conditions 
please contact the National Semiconductor Sales 

Supply Voltage (Vee) 
Office/Distributors for availability and specifications. 

LVQ 2.0Vt03.6V 
Supply Voltage (Vee> -0.5Vto +7.0V 

Input Voltage (VI) OVtoVee 
DC Input Diode Current (111<> Output Voltage (Vo) OVtoVee' 

VI = -0.5V -20mA 
VI = Vee + 0.5V +20mA Operating Temperature (TAl 

DC Input Voltage (VI) -0.5V to Vee + 0.5V 
74LVQ -40'Cto +85'C 

DC Output Diode Current (10K) 
Minimum Input Edge Rate (AV/At) 

VIN from 0.8V to 2.0V 
Vo = -0.5V -20 rnA 

Vee@3.0V 125 mV/ns 
Vo = Vee + 0.5V +20 rnA 

DC Output Voltage (Va) -0.5V to Vee + 0.5V 

DC Output Source 
or Sink Current (10) ±50mA 

DC Vee or Ground 
Current (Icc or IGNO) ±400mA 

Storage Temperature (T sm) - 65'C to + 150'C 

DC Latch-Up Source or 
Sink Current ±300 rnA 

Note: The "Absolute Maximum Ratings" are those values 
beyond which the safety of the device cannot be guaran-
teed The device should not be operated at these limits. The 
parametric values defined in the "Electrical Characteristics" 
table are not guaranteed at the absolute maximum ratings. 
The "Recommended Operating Conditions" table will define. 
the conditions for actual device operation. 

DC Electrical Characteristics 
74LVQ573 74LVQ573 

Symbol Parameter Vee 
TA = +25'C 

TA = -40'C 
Units Conditions 

(V) to +85'C 

Typ Guaranteed Limits 

VIH Minimum High Level 
3.0 1.5 2.0 2.0 V 

VOUT = 0.1V 
Input Voltage or Vee - 0.1V 

VIL Maximum Low Level 
3.0 1.5 0.8 0.8 V 

VOUT = 0.1V 
Input Voltage or Vee - 0.1V 

VOH Minimum High Level 3.0 2.99 2.9 2.9 V lOUT = -50,..A 
Output Voltage 

'VIN = VIL or VIH 
3.0 2.58 2.48 V 

10H = -12mA 

VOL Maximum Low Level 3.0 0.002 0.1 0.1 V lOUT = 50,..A 
Output Voltage 

'VIN = VIL or VIH 3.0 0.36 0.44 V 
IOL=12mA 

liN Maximum Input 
3.6 ±0.1 ±1.0 ,..A 

VI = Vee,GND 
Leakage Current 

• All outputs loaded; thresholds on input associated with output under test. 
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DC Characteristics (Continued) 

74LVQ573 74LVQ573 

Symbol Parameter Vee TA = +2SOC 
TA= 

Units Conditions 
(V) -4O"C to +8SOC : 

Typ Guaranteed Limits 

10LD tMinimum Dynamic 
3.6 36 rnA VOLD = 0.8 VMax 

Output Current (Note 1) 

10HD 3.6 -25 mA VOHD = 2.0VVMin 
(Note 1) 

Icc Maximum Quiescent 
3.6 4.0 40.0 p.A VIN = Vee or GND 

Supply Current 

loz Maximum TRI·STATE VI(OE) = VIL. VIH 
Leakage Curent 3.6 ±0.25 ±2.5 p.A VI = Vee.GND 

Va = Vcc.GND 

VOLP Quiet Output 
3.3 0.4 0.8 V 

(Notes 2. 3) 
Maximum Dynamic VOL 

VOLV Quiet Output 
3.3 -0.4 -0.8 V 

(Notes 2. 3) 
Minimum Dynamic VOL 

VIHD Maximum High Level 
3.3 1.6 2.0 V 

(Notes 2. 4) 
Dynamic Input Voltage 

VILD Maximum Low Level 
3.3 1.6 0.8 V 

(Notes 2. 4) 
Dynamic Input Voltage 

tMaximum test duration 2.0 ms. one output lceded at a time. 
Note 1: Incident wave switching on transmission lines with Impedances as low as 750 lor commercial temperature range Is guaranteed lor 74LVQ. 
Note 2: Worst case package. 
Note 3: Max number 01 outputs defined as In). Data Inputs are driven OV to 3.3V: one output at GND. 
Note 4: Max number 01 Data Inputs In) switching. In - 1) Inputs switching OV to 3.3V. Input-under·teBt switching: 3.3V to threshold (VILO). OV to threshold 
(VIHO). I = 1 MHz. 

AC Electrical Characteristics: See Section 2 for Test Methodology 

74LVQ573 74LVQ573 

Vee TA = +2SOC 
TA = -40"C 

Symbol Paramete.r 
(V) CL =.50pF 

to +85°C Units 
CL=50pF 

Min Typ Max Min Max 

tpHL. Propagation Delay 2.7 2.5 10.2 14.8 2.5 16.0 
tpLH On to On 3.3 ±0.3 2.5 8.5 10.5 2.5 11.0 

ns 

tpLH.' Propagation Delay 2.7 2.5 10.2 16.9 2.5 18.0 
tpHL ' LEtoOn 3.3 ±0.3 2.5 8.5 12.0 2.5 12.5 ' 

ns 

tPZL. Output Enable Time 2.7 2.5 10.2 18.3 2.5 19.0 
tpZH 3.3 ±0.3 2.5 8.5 13.0 2.5 13.5 

ns 

tpHZ. Output Disable Time 2.7 1.0 10.8 20.4 1.0 21.0 ' 
tpLZ 3.3 ±0.3 1.0, 9.0 14.5 1.0 15.0 

ns 

toSHL. Output to Output Skew· ·2.7 1.0 1.5 1.5 

toSLH On to On 3.3 ±0.3 1.0 1.5 1.5 
ns 

'Skew is defined as the absolute value of the difference between the actual propagation delay lor any two separate outputs of the same device. The specillcatlon 
applies to any outputs switching In the same direction. either HIGH to LOW ltoSHL or LOW to HIGH ltosLHl. Paremeter guaranteed by design. 
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AC Operating Requirements: See Section 2 for Test Methodology 

74LVQ573 74LVQ573 

Vee TA = +25"C 
TA = -40'C 

Symbol Parameter to +85'C Units 
(V) CL = 50pF 

CL = 50pF 

Typ Guaranteed Minimum 

ts Setup Time, HIGH or LOW 2.7 0 4.0 4.5 
Dn to LE 3.3 ±0.3 0 3.0 3.0 

ns 

tH Hold Time, HIGH or LOW 2.7 0 1.5 1.5 
Dn to LE 3.3 ±0.3 0 1.5 1.5 

ns 

tw LE Pulse Width, HIGH 2.7 2.4 5.0 6.0 
3.3 ±0.3 2.0 4.0 4.0 

ns 

Capacitance 
Symbol Parameter Typ Units Conditions 

CIN Input Capacitance 4.5 pF Vee = Open 

CpO Power Dissipation 
37 pF 

Vee = 3.3V 
(Note 1) Capacitance 

Note 1: CPO is measured at 10 MHz. 
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~National 
Semiconductor 

LVT Family 
Low Voltage High Speed BiCMOS logic 

Features Advantages 

Extended Vee range from 2.7V to 3.6V, compatible with Fully characterized for unregulated battery operation 
JEDEC Std. No. 8-1 B 

State-of-the-Art sub-micron BiCMOS process with special low 3.3V logic family with equivalent performance of 5V ABT logic 
voltage enhancements family; Propagation delays as fast as 4 ns 

Mixed-Voltage circuitry 5V tolerant inputs and outputs provide direct interface with 
standard 5V buses and 5V devices 

+ 64 mAl-32 mA drive current Drives large loads, buses, or memory arrays 

Bus-hold circuitry Eliminates external pullup or pulldown resistors on I/O pins 
that are being unused or floating 

Power Up/Down TRI-STATEIIl> Guaranteed glitch-free bus interface during Power Up/Down 
cycle; Guaranteed Live (Hot) Insertion 

SOIC, EIAJ-SOIC, and TSSOP packaging Saves board space and weight; TSSOP compatible with 
PCMCIA standards 

Alternate source available Product standardization. Ensured product supply 
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~National 
~ Semiconductor 

ADVANCE INFORMATION 

74LVT125 
3.3V ABT Quad Buffer with TRI-STATE® Outputs 

General Description 
The LVT125 contains four independent non-inverting buff
ers with TRI-STATE outputs. 

These buffers are designed for low-voltage (3.3V) Vee ap
plications. but with the capability to provide a TTL interface 
to a 5V environment. The L VT125 is fabricated with an ad
vanced BiCMOS technology to achieve high speed opera
tion similar to 5V ABT while maintaining a low power dissi
pation. 

Ordering Code: See Section 11 

Logic Symbol 

IEEE/IEC 

80 1>1 

Ao °0 

e, 
0, A, 

82 
°2 

A2 

83 
03 

A3 

Pin Names Description 

An.Bn Inputs 

On TRI-STATE Outputs 

TL/F/l20"-' 

Features 
• Input and output interface capability to systems at 5V 

Vee 
• Bus-Hold data inputs eliminate the need for external 

pull-up resistors to hold unused inputs 

• Live insertion/extraction permitted 
• Power Up/Down high impedance provides glitch-free 

bus loading 

• Outputs source/sink -32 mAl+64 mA 
• Available in SOIC JEDEC. SOIC EIAJ and TSSOP 
• Functionally compatible with the 74 series 125 
• Latch-up performance exceeds 500 mA 

Connection Diagram 

Ao 
So 
00 

AI 

e, 
0, 

GND 

Truth Table 

Pin Assignment for 
SOIC and TSSOP 

vee 
A2 

A3 

83 

03 

Inputs Output 

An Bn 

L L 
L H 
H X 

H = HIGH Vol1age Level 
L = LOW Vol1age Level 
Z = HIGH Impedance 
X = Immaterial 

On 

L 
H 
Z 

TLlF/120"-2 

SOICJEDEC SOICEIAJ TSSOP 

Order Number 74LVT125M 74LVT125SJ 
74LVT125MX 74LVT125SJX 74LVT125MTCX 

See NS Package Number M14A M14D MTC14 
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_National ADVANCE INFORMATION 

Semiconductor 

74LVT240 
3.3V ABT Octal Buffer/Line 
Driver with TRI-STATE® Outputs 
General Description Features 
The L VT240 is an inverting octal buffer and line driver de- • Input and output interface capability to systems at 5V 
signed to be employed as a memory address driver, clock Vee 
driver and bus oriented transmitter or receiver which pro- • Bus-Hold data inputs eliminate the need for external 
vides improved PC board density. pull-up resistors to hold unused inputs 

These octal buffers and line drivers are designed for low- • Live insertion/extraction permitted 
voltage (3.3V) Vee applications, but with the capability to • Power Up/Down high impedance provides glitch-free 
provide a TTL interface to a 5Venvironment. The L VT240 is bus loading 
fabricated with an advanced BiCMOS technology to achieve • Outputs source/sink -32 I"AI+64 mA 
high speed operation similar to 5V ABT while maintaining a • Available in SOIC JEDEC, SOIC EIAJ and TSSOP 
low power dissipation. • Functionally compatible with the 74 series 240 

II Latch-up performance exceeds 500 mA 

Ordering Code: See Section 11 

Logic Symbol Connection Diagram 
Pin Assignment for 

IEEEIiEC SOIC and TSSOP 

Or, EN Or, 
1 ~ ~v 
2 19 .5.C 

VI-a. '0 - ~ ~ 18 ~~ 10- I> 
_ 3 

'1 - 1"-0, °4. """"-:J. 17 00 
'1"";' 

~ 16 ~4 
'2 -

I"- 02 -;.2- e-
'3 - I"-~ Os 6 ..!::.,. 15 0, 

'2~ 

~ .c-- 14 ~ -,...2. 
0E2 EN 

Os B 
~ 

13 ~ 
'3- ~ 12 ~ _ 9 .r--

1,- I> V 1-04 C?1o """"-:J. 11 Os 

15 - 1-°5 
GND- ~ 

~- I"- 0e i lUF/12012-2 

'7 - I"-~ 
lUF/I2D12-1 

Truth Tables 
Inputs Outputs Inputs outputs 

OEl In (Pins 12, 14, 16, 18) 0E2 In (PIns 3. 5, 7, 9) 

L L H L L H' 
L H L L H L 
H X Z H X Z 

H = HIGH Voltage Level L = LOW Vollage Level X = Immaterial Z = High Impedance 
I 

Pin Names Description SOICJEDEC SOICEIAJ TSSOP 

OE1,OE2 TRI-STATE Output Order Number 74LVT240WM 74LVT24OSJ 
Enable Inputs 74LVT240WMX 74LVT240SJX 74LVT240MTCX 

10-17 Inputs SeeNS M20B M20D MTC20 
00-0 7 TRI-STATE Outputs Package Number 

II 
I 
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I'J National ADVANCE INFORMATION 

Semiconductor 

74LVT244 
3.3V ABT Octal Buffer/Line Driver 
with TRI-STATE® Outputs 
General Description Features 
The L VT244 is an octal buffer and line driver designed to be • Input and output interface' capability to systems at 5V 
employed as a memory address driver, clock driver and bus Vee 
oriented transmitter or receiver which provides improved PC • Bus-Hold data inputs eliminate the need for extemal 
board density. pull-up resistors to hold unused inputs 
These octal buffers and line drivers are designed for low- • Live insertion/extraction permitted 
voltage (3.3V) Vee applications, but with the capability to • Power Up/Down high impedance provides glitch-free 
provide a TTL interface to a 5V environment. The LVT244 is bus loading 
fabricated with an advanced BiCMOS technology to achieve • Outputs source/sink -32 mAl+64 mA 
high speed operation similar to 5V ABT while maintaining a • Available in SOIC JEDEC, SOIC EIAJ and TSSOP 
low power dissipation. • Functionally compatible with the 74 series 244 

• Latch-up performance exceeds 500 mA 

Ordering Code: See Section 11 

Logic Symbol Connection Diagram 

IEEE/IEC Pin Assignment 
for SOIC and TSSOP 

Of, EN 1 ~ 20 
Of, r,;-~c ,2 '0- I> v 1-00 '0 3 

~ .r- 18 o~ 
~- 1-0, 0.-; 

~ 17 00 

'2 - 1-0, 1,-; 

~ .r:- 16 I. 

'3 - 1-°3 Os&, ~ 15 0, 
12"'7 

~ ~ 
1. IS 

o~ EN 0.8' --" 13 °2 
138' 

~ or'- 12 '8 

'.- I> V 1-0. 0,10 
--" 

11 °3 

15'- 1-°5 
GNO- 7 

1,- ,..-0. TUF/12014-2 

7- ,..-0, 
TUF/I2G14-1 

Truth Tables 
Inputs Outputs Inputs Outputs 

0E1 In (Pins 12, 14,16, 18) 0E2 In (Pins 3, 5, 7, 9) 

L L L L L L 
L H H L H H 
H X Z H X Z 

H = HIGH Voltage Level L = LOW vOHage Level X = Immaterial Z = High Impedance 

Pin Names Description SOICJEDEC SOICEIAJ TSSOPJEDEC 

rn:1, 'OE2 rRI-STATE Output Order Number 74LVT244WM 74LVT244SJ 
Enable Inputs 74LVT244WMX 74LVT244SJX 74LVT244MTCX 

10-17 Inputs See NS Package M20B M20D MTC20 
Oo-D7 Outputs Number 
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Absolute Maximum Ratings (Note) Recommended Operating 
If Military/Aerospace specified devices are required, Conditions 
please contact the National Semiconductor Sales Supply Voltage 
Office/Distributors for availability and specifications. Operating 2.7Vt03.6V 
Supply Voltage {Vee> -0.5Vto +7.0V 

Input Voltage (VI) OVt05.5V 
DC Input Voltage (VI) -0.5Vto +7.0V Output Voltage (Vo) 
Output Voltage (VO) Output in Active State OV to Vee 

Outputs Tri-stated -0.5Vto +7.0V Output in "OFF" State OVt05.5V 
Outputs Active -0.5V to Vee Minimum Input Edge Rate (at! a V) 

DC Output Current (10) VIN = 0.8V-2.0V, Vee = 3.OV 10 ns/V 
Output in LOW State 128mA 

Free Air Operating Temperature (T A) -40·C to + 85·C 
Output in HIGH State, Vo > Vee 64mA 

DC Input Diode Current (11K) VI < 0 -50mA 

DC Output Diode Current (10K> Vo < 0 -50mA 

Storage Temperature Range (TSTG) -65·C to + 150·C 

Note: The "Absolute Maximum Ratings" are those values 
beyond which the safety of the device cannot be guaran-
teed The device should not be operated at these limits. The 
parametric values defined in the "Electrical Characteristics" 
table are not guaranteed at the absolute maximum ratings. 
The "Recommended Operating Conditions" table will define 
the conditions for actual device operation. 

DC Electrical Characteristics 

Vee 
TA=-40"Cto+85"C 

Symbol Parameter 
(V) Typ Units Conditions 

Min 
(Note 1) 

Max 

VIK Input Clamp Diode Voltage 2.7 -1.2 V 11= -18mA 

VIH Input HIGH Voltage 2.7-3.6 2.0 
V 

Vo';; O.1Vor 

VIL Input LOW Voltage 2.7-3.6 0.8 Vo;;;: Vee - 0.1V 

VOH Output HIGH Voltage 2.7-3.6 Vee - 0.2 V 10H = -100/loA 

2.7 2.4 V 10H = -8mA 

3.0 2.0 V 10H = -32mA 

VOL Output LOW Voltage 2.7 0.2 V IOL = 100/loA 

2.7 0.5 V IOL = 24mA 

3.0 0.4 V IOL = 16mA 

3.0 0.5 V IOL = 32mA 

3.0 0.55 V 10L = 64mA 

II(HOLD) Bus-Held Input Minimum Drive 3.0 75 /loA VI = O.BV 

-75 /loA VI = 2.0V 

11(00) Bus-Held Input Over-Drive 3.0 500 /loA (Note 2) 
Current to Change State -500 /loA (Note 3) 

II I nput Current 00r3.6 10 /loA VI = 5.5V 

Control Pins 3.6 ±1 /loA VI = OVorVee 

Data Pins 3.6 -5 /loA VI = OV 

1 /loA VI = Vee 

IIH+ Control Pin Input Current 3.6 10 /loA Vee';; VI ,;; 5.5V 

10FF Input or Output Current 0 ±100 p.A OV,;; VlorVO';; 5.5V 

10ZL TRI-STATE Output Leakage Current 3.6 -5 /loA Vo= OV 
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DC Electrical Characteristics (Continued) 

Vee 
TA = -40"Cto +85"C 

Symbol Parameter 
(V) Typ Units Conditions 

Min 
(Note 1) 

Max 

IOZH TRI-STATE Output Leakage Current 3.6 5 ,..A Vo = Vee 

IOZH+ TRI-STATE Output Leakage Current 3.6 10 ,..A Vee :s; Vo :s; 5.5V 

ICCH Power Supply Current 
3.6 0.19 mA 

VI = GND or Vee. 
Outputs High 

ICCl Power Supply Current 
3.6 12 mA 

VI =,GNDorVcc:. 
Outputs Low 

leez Power Supply Current 
3.6 0.19 mA 

VI = GND or VCC. 
Outputs Disabled 

leeZH+ Power Supply Current 
3.6 0.19 mA 

VI'=; GNDorVee. Vcc:S; Vo:S; 5.5V. 
Outputs Disabled 

~Iee Increase in Power Supply Current 
3.6 0.2 mA 

'One Input at Vcc - 0.6V 
(Note 4) Other Inputs at Vcc or GND 

Note 1: All typical values are at Vee = 3.3V. TA = 25"C. 
Note 2: An external driver must source at least the specified current to switch from LOW to HIGH. 
Note 3: An external driver must sink at least the specHied current to switch from HIGH to LOW. 
Note 4: This is the increase in supply current for each input that is at the spectned voltage level rather than Vee or GND. 

Dynamic Switching Characteristics: See Section 2 for Test Methodology (Note 1) 

Symbol Parameter Vee TA = 25"C 
Units 

Conditions 
(V) Min Typ Max CL = 50 pF, RL = 500n 

VOLP Quiet Output Maximum Dynamic VOL 3.3 0.8 V (Note 2) 

VOlV Quiet Output Minimum Dynamic VOL 3.3 -0.8 V (Note 2) 

VIHD Minimum High Level Dynamic Input Voltage 3.3 V (Note 3) 

VILD Maximum Low Level Dynamic Input Voltage 3.3 V (Note 3) 

Nota 1: Characterized in SOIC package. Guaranteed parameter,'but nol tested. 
Note 2: Max number of outputs daflned as (n). n -1 data Inputs are driven OV to 3V. Output at LOW. 
Nota 3: Max numbar of data inputs (n) switching. n-1 inputs switching OV to 3V. Input-under-test switching: 3V to threshold (VILD). OV to threshold (VIHD)' 

AC Electrical Characteristics: See Section 2 for Test Methodology 

TA = -40"Cto +85"C 
CL = 50 pF, RL = 500n 

Symbol Parameter Vee = 3.3V ±0.3V Vee = 2.7V Units 

Min 
Typ 

Max Min Max 
(Note 1) 

tpLH Propagation Delay Data to Output 1.0 4.1 1.0 5.0 
tpHl 1.0 4.1 1.0 5.0 

ns 

tpZH Output Enable Time 1.0 5.2 1.0 6.3 

tPZl 1.0 5.2 1.0 6.3 
ns 

tpHZ Output Disable Time 1.8 5.1 1.8 5.6 
tpLZ 1.8 5.1 1.8 5.6 

ns 

tosHl Output to Output Skew 
1.0 ns 

toSlH (Note 2) 

Nole 1: All typical values are at Vee = 3.3V. TA = 25'C. 
Nota 2: Skew Is daflned as the absolute value of the difference between the actual propagation delay for any two separate outputs of the same device. The 
specification applies to any outputs switching in the same direction, either HIGH to LOW (tosHu or LOW to HIGH (IosLH)' Parameter guaranteed by design. 
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Capacitance (Note 1) 

Symbol Parameter Min Typ Max Units Conditions 

CIN Input Capacitance 4 pF Vee = OV, VI = OV or Vee 

COUT Output Capacitance 8 pF Vee = 3.0V, Vo = OVorVee 

Note 1: Capacitance is measured at frequency f ~ 1 MHz. per MIL·STD-BB38, Method 3012. 
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.~~!~2~~ 
ADVANCE INFORMATION 

74LVT245 
3.3V ABT Octal Bidirectional Transceiver 
with TRI-STATE® Inputs/Outputs 
General Description Features 
The LVT245 contains eight non-inverting bidirectional buff- • Input and output interface capability to systems at 5V 
ers with TRI-STATE outputs and is intended for bus-orient- Vee 
ed applications. Current sinking capability is 64 mA at both • Bus-Hold data inputs eliminate the need for extemal 
the A and B ports. The Transmit/Receive (T /R) input deter- pull-up resistors to hold unused inputs 
mines the direction of data flow through the bidirectional • Live insertion/extraction permitted 
transceiver. Transmit (active-HIGH) enables data from A • Power Up/Down high impedance provides glitch-free 
ports to B ports; Receive (active-LOW) enables data from B bus loading 
ports to A ports. The Output Enable input, when HIGH, dis- • Outputs source/sink -32 mAl +64 mA 
abies both A and B ports by placing them in a HIGH Z condi-

• Available in SOIC JEDEC, SOIC EIAJ and TSSOP 
tion. 

• Functionally compatible with the 74 series 245 
These transceivers are designed for low-voltage (3.3V) Vee 

• Latch-up performance exceeds 500 mA 
applications, but with the capability to provide a TTL inter-
face to a 5V environment. The L VT245 is fabricated with an 
advanced BiCMOS technology to achieve high speed oper-
ation similar to 5V ABT while maintaining a low power dissi-
pation. 

Ordering Code: See Section 11 

Logic Symbols Connection Diagram 

Pin Assignment 
IEEE/IEC for SOIC and TSSOP 

DE G3 

TIR 3 ENI (BA) T/R_' ~ ~Vcc 

I I I I I I I I 
3 EN2 (AB) "" 2 

L f!OE 

'" 3 
18 Bo 

""L VI <I o-Bo A2 
4 

,L:~ 17 a, 
-( 

Ao A,A2A3A4As~A7 I> 2V 5 t;;' 
OE A3 B2 

"'- r--a, A. 
6 15 B. 

- T/R 
A
2

_ r--e, As 
7 14 S .. 

Bo S,~B3B4B5Be~ A._ r--e. 8 1~hL-=~ 13 85 

I I I I I I I I A._ r++- B• 
"e 9 

12 a. ~ 
TLlF/12013-1 AS_ r++-Bs GND.!..O "~ 

"e- r++-a. 
~- r++-~ TLlF/12D13-3 

TLlF/I2013-2 

Truth Table 
Pin Names Description Inputs 

Outputs 
rn: Output Enable Input OE T/R 
TIR Transmit/Receive Input L L Bus B Data to Bus A 
Ao-A7 Side A Inputs or TRI-STATE Outputs L H Bus A Data to Bus B 
Bo-B7 Side B Inputs or TRI-STATE Outputs H X HIGH-Z State 

H ~ HIGH Voltage Level L ~ LOW Voltage Level X ~ Immaterial 

SOICJEDEC SOICEIAJ TSSOPJEDEC 

Order Number 74LVT245WM 74LVT245SJ 
74LVT245WMX 74LVT245SJX 74LVT245MTCX 

See NS Package Number M20B M20D MTC20 
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Absolute Maximum Ratings (Note) Recommended Operating 
If Military/Aerospace specified devices are required" Conditions 
please contact the National Semiconductor Sales 

Supply Voltage 
Office/Distributors for availability and specifications. Operating 2.7Vt03.6V 
Supply Voltage (Vecl -0.5Vto +7.0V 

Input Voltage (VI) OVt05.5V 
DC Input Voltage (VI) -0.5Vto +7.0V 

Output Voltage (Vo) 
Output Voltage (Vo) Output in Active State OVtoVee 

Outputs in TRI-STATE -0.5Vto +7.0V Output in "OFF" State OVto5.5V 
Outputs Active -0.5VtoVee Minimum Input Edge Rate (at! a V) 

DC Output Current (10) VIN = 0.BV-2.0V, Vee = 3.0V 10 nsN 
Output in LOW State 12BmA 

Free Air Operating Temperature (T A) -40'Cto +B5'C 
Output in HIGH State, Vo > Vee 64mA 

DC Input Diode Current (III() VI < 0 -50mA 

DC Output Diode Current (10K) Vo < 0 -50mA 

Storage Temperature (T STG) -65'C to + 150'C 

Note: The "Absolute Maximum Ratings" are those values 
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The 
parametric values defined in the "Electrical Characteristics" 
table are not guaranteed at the absolute maximum ratings. 
The "Recommended Operating Conditions" table will define 
the conditions for actual device operation. 

DC Electrical Characteristics 

Vee 
TA = -40'Cto +85'C 

Symbol Parameter Units Conditions 
(V) Min 

Typ 
Max 

(Note 1) 

VIK Input Clamp Diode Voltage 2.7 -1.2 V 11=-1BmA 

VIH Input HIGH Voltage 2.7-3.6 2.0 Vo s: O.Wor 
V Vo:<: Vee - O.W 

VIL Input LOW Voltage 2.7-3.6 O.B 

VOH Output HIGH Voltage 2.7-3.6 Vee - 0.2 V 10H = -100/LA 

2.7 2.4 V 10H = -BmA 

3.0 2.0 V 10H = -32mA 

VOL Output LOW Voltage 2.7 0.2 V 10L = 100 /LA 

2.7 0.5 V 10L = 24mA 

3.0 0.4 V IOL= 16mA 

3.0 0.5 V 10L = 32mA 

3.0 0.55 V 10L = 64mA 

II(HOLD) Bus-Held Input Minimum Drive 75 ,..A VI = O.BV 
3.0 

-75 ,..A VI = 2.0V 

11(00) Bus-Held Input Over-Drive 500 /LA (Note 2) 
Current to Change State 3.0 

-500 /LA (Note 3) 

II Input Current 00r3.6 10 /LA VI = 5.5V 

Control Pins 3.6 ±1 /LA VI = OVorVee 

Data Pins -5 /LA VI = OV 
3.6 

1 /LA VI = Vee 

IIH+ Control Pin Input Current 3.6 10 /LA Vee s: VI s: 5.5V 

IOFF Input or Output Current 0 ±100 /LA OV s: (VI or Va) s: 5.5V 
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DC Electrical Characteristics (Continued) 

Vee 
TA = -40"Cto + 85°C 

Symbol Parameter 
(V) Typ Units, Conditions 

Min 
(Note 1) 

Max 

IOZL TRI-STATE Output Leakage Current 3.6 -1 /LA Vo = OV 

IOZH TRI-STATE Output Leakage Current 3.6 1 /LA Vo = Vee 

IOZH+ TRI-STATE Output Leakage Current 3.6 10 /LA Vee :s: Vo :s: 5.5V 

ICCH Power Supply Current 
3.6 0.19 mA 

VI = GND or VCC. 
Outputs High 

ICCL Power Supply Current 
3.6 12 mA 

VI = GNDorVee. 
Outputs Low 

Iccz Power Supply Current 
3.6 0.19 mA 

VI = GNDorVee. 
Outputs Disabled 

ICCZH+ Power Supply Current 
3.6 0.19 mA 

VI = GND orVCC. Vee:S: Vo :s: 5.5V. 
Outputs Disabled 

alcc Increase in Power Supply Current 
3.6 0:2 ,mA 

One Input at VCC - 0.6V 
(Note 4) Other Inputs at VCC or GND 

Note 1: All typical values are at Vee = 3.3V, TA = 25"C. 

Note 2: An extemal driver must source at least the specified current to switch from LOW to HIGH. 
Nole 3: An extemal driver must sink at least the specified current to switch from HIGH to LOW. 
Nole 4: This Is the Increase in supply current for each input that Is at the specified voltage level rather than Vee or GND. 

Dynamic Switching Characteristics: See Section 2 for Test Methodology 

Symbol Parameter Vee TA = 25"C 
Units 

Conditions 
(V) Min Typ Max CL = 50 pF, RL = soon 

VOLP Quiet Output Maximum DynamiC VOL 3.3 0.8 V (Note 2) 

VOLV Quiet Output Minimum Dynamic VOL 3.3 -0.8 V (Note 2) 

VIHD Minimum High Level Dynamic Input Voltage 3.3 V (Note 3) 

VILD Maximum Low Level Dynamic Input Voltage 3.3 V (Note 3) 

Note 1: Characterized in SOIC package. Guaranteed parameter, but not tested. 
Nole 2: Max number of outputs defined as (n). n-l data inputs are driven OV to 3V. Output at LOW. 
Note 3: Max number of data inputs (n) switching. n-l inputs switching OV to av. Input-under-test switching: 3V to threshold (VILe), OV to threshold (VIHcl. 

AC Electrical Characteristics: See Section 2 for Test Methodology 

TA = -40°C to +8SoC 
CL = 50 pF, RL = soon 

Symbol Parameter 
Vee = 3.3V ±0.3V Vee = 2.7V 

Units 

Min 
Typ 

Max Min Max 
(Note 1) 

tpLH Propagation Delay Data to Output 1.0 4.0 1.0 4.7 
tpHL 1.0 4.0 1.0 4.6 

ns 

tPZH Output Enable Time 1.1 5.5 1.1 7.1 
tpZL 1.5 5.5 1.5 6.5 

ns 

tpHZ Output Disable Time 2.2 5.9 2.2 6.5 
tpLZ 2.0 4.8 2.0 4.8 

ns 

IoSHL ,Output to Output Skew 
1.0 ns 

IoSLH (Note 2) 

Nota 1: All typical values are at Vee = 3.3V, TA = 25"C. 

Note 2: Skew is defined as the absolute value of the difference between the actual propagation delay for any two separate outputs of the same device. The 
spaciticaUon applies to any outputs switching in the same direction, either HiGH to LOW (IosHLl or LOW to HIGH (IosUi). Paremeter guaranteed by design. 
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Capacitance (Note 1) 

Symbol Parameter Min Typ Max Units Conditions 

CIN Input Capacitance 4 pF Vee = OV, VI = OV or Vee 

CliO I/O Capacitance 8 pF Vee = 3V, VIIO = OvorVee 

Nole 1: Capacitance is measured al frequency f = 1 MHz, per MIL·STD·8B3B, Method 3012. 
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~ r----------------------------------------------------------------------------, ..... 

~ ~National ~ Semiconductor 

ADVANCE INFORMATION 

74LVT373 
3.3V ABT Octal Transparent Latch 
with TRI-STATE® Outputs 

. General Description 
The LVT373 consists of eight latches with TRI-STATE out
puts for bus organized system applications. The latches ap
pear transparent to the data when Latch Enable (LE) is 
HIGH. When LE is low, the data satisfying the input timing 
requirements is latched. Data appears on the bus when the 
Output Enable (OE) is LOW. When OE is HIGH, the bus 
output is in the high impedance state. 

These octal latches are designed for low-voltage (3.3V) Vee 
applications, but with the capability to provide a TTL inter
face to a 5V environment. The LVT373 is fabricated with an 
advanced BiCMOS technology to achieve high speed oper
ation similar to 5V ABT while maintaining a low power dissi
pation. 

Ordering Code: See Section 11 

Logic Symbols 

Features 
• Input and output interface capability to systems at 5V 

Vee 
• Bus-Hold data inputs eliminate the need for external 

pull-up resistors to hold unused inputs 

• Live insertion/ extraction permitted 
• Power Up/Down high impedance provides glitch-free 

bus loading 
• Outputs source/sink -32 mAl+64 mA 
• Available in SOIC JEDEC, SOIC EIAJ and TSSOP 
• Functionally compatible with he 74 series 373 
• Latch-up performance exceeds 500 mA 

Connection Diagram 

IEEE/IEC 
Pin Assignment for 
SOIC and TSSOP 

OE 
LE 

Do °0 

LE 
0, 0, 

O2 °2 

03 °3 

04 °4 

TLlF/12015-1 Os Os 

06 °6 

!7 0., 

TL/F/12015-2 

Pin Names Description 

00-07 Data Inputs 

LE Latch Enable Input 

OE Output Enable Input 

0 0-0 7 TRI-STATE Latch Outputs 

SOICJEDEC SOICEIAJ 

Order Number 74LVT373WM 74LVT373SJ 
74LVT373WMX 74LVT373SJX 

See NS Package Number M20B M20D 
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OE 
00 

DO 

0, 
0, 
O2 

O2 

03 

03 

GNO 10 

TSSOPJEDEC 

74LVT373MTCX 

MTC20 

20 Vee 

19 0., 

0., 
06 

Os 
Os 

Os 

°4 

12 04 

11 LE 

TLlF/I2015-3 



Functional Description 
The LVT373 contains eight D-type latches with TRI-STATE 
standard outputs. When the Latch Enable (LE) input is 
HIGH, data on the Dn inputs enters the latches. In this con
dition the latches are transparent, i.e., a latch output will 
change state each time its D input changes. When LE is 
LOW, the latches store the information that was present on 
the D inputs a setup time preceding the HIGH-to-LOW tran
sition of LE. The TRI-STATE standard outputs are con
trolled by the Output Enable (OE) input. When OE is LOW, 
the standard outputs are in the 2-state mode. When ()E is 
HIGH, the standard outputs are in the high impedance mode 
but this does not interfere with entering new data into the 
latches. 

Logic Diagram 

Truth Table 
Inputs 

LE OE 

X H 
H L 
H L 
L L 

H = HIGH Voltage Level 
L = LOW Voltage Level 
Z = High Impedance 
X = Immaterial 

Outputs 

On On 

X Z 
L L 
H H 
X 00 

00 = Previous 00 before HIGH to LOW transition of Latch Enable 

TLlF/12015-4 

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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ADVANCE INFORMATION 

74LVT374 
3.3V ABT Octal D Flip-Flop with TRI-STATE® Outputs 

General Description Features 
The LVT374 is a high-speed, low-power octal D-type flip
flop featuring separate D-type inputs for each flip-flop and 
TRI-STATE outputs for bus-oriented applications. A buff
ered Clock (CP) and Output Enable (OE) are common to all 
flip-flops. 

• Input .and output interface capability to systems at 5V 
Vee 

• Bus-Hold data inputs eliminate the need for external 
pull-up resistors to hold unused inputs 

• Live insertion/extraction permitted 
These octal flip-flops are designed for low-voltage (3.3V) 
Vee applications, but with the capability to provide a TTL 
interface to a 5V environment. The LVT374 is fabricated 
with an advanced BiCMOS technology. to achieve high 
speed operation similar to 5V ABT while maintaining a low 
power dissipation. 

• Power Up/Down high impedance provides glitch-free' 
bus loading 

• Outputs source/sink -32 mAl+64 mA 
• Available in SOIC JEDEC, SOIC EIAJ and TSSOP 
• Functionally compatible with. the 74 series 374 
• Latch-up performance exceeds 500 mA 

Ordering Code: See Section 11 

Logic Symbols 

OE 

TL/F/12016-1 

Pin 
Names 

00-07 
CP 
DE 
00-0 7 

Order Number 

OE 
CP 

DO 

01 

O2 

~ 
0, 

OS 

Os 

'7 

See NS Package Number 

IEEE/IEC 

°0 

0, 

°2 

~ 
0, 

°5 

Os 

Or 
TL/FI12016-2 

Description 

Data Inputs 
Clock Pulse Input 

Connection Diagram 

OE 

00 
Do 
0, 

0, 

°2 
O2 

03 

°3 
GNO 

Pin Assignment for 
SOIC and TSSOP 

20 

19 

18 

17 

10 

Vee 

Or 
'7 
06 

06 

Os 

05 

0, 

0, 

CP 

TUF/12016-3 

TRI-STATE Output Enable Input 
TRI-STATE Outputs 

SOICJEDEC SOICEIAJ TSSOPJEDEC 

74LVT374WM 74LVT374SJ 
74LVT374WMX 74LVT374SJX 74LVT374MTCX 

M20B M20D MTC20 

10-16 



Functional Description 
The LVT374 consists of eight edge-triggered flip-flops with 
individual Ootype inputs and TRI-STATE true outputs. The 
buffered clock and buffered Output Enable are common to 
all flip-flops. The eight flip-flops will store the state of their 
individual 0 inputs that meet the setup and hold time re
quirements on the LOW-to-HIGH Clock (CPI transition. With 
the Output Enable (OEI LOW, the contents of the eight flip
flops are available at the outputs. When the OE is HIGH, the 
outputs go to the high impedance state. Operation of the 
OE input does not affect the state of the flip-flops. 

Logic Diagram 

Truth Table 
Inputs 

On CP 

H ../" 
L ../" 
X L 
X X 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 
Z = High Impedance 
-" = LOW·to·HIGH Transition 

OE 

L 

L 
L 
H 

0 0 = Previous 0 0 before HIGH to LOW of CP 

Outputs 

On 

H 

L 
0 0 

Z 

TL/F/12016-4 

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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~ semiconductor 

ADVANCE INFORMATION 

74LVT646 
3.3V ABT Octal Transceiver IRegister 
with TRI-STATE® Outputs 
General Description 
The L VT646 consist of registered bus transceiver circuits, 
with outputs, D-type flip-flops, and control circuitry providing 
multiplexed transmission of data directly from the input bus 
or from the internal storage registers. Data on the A or B 
bus will be loaded into the respective registers on the LOW
to-HIGH transition of the appropriate clock pin (CPAB or 
CPBA). The four fundamental handling functions available 
are illustrated in Figures 1-4. 
The bus transceivers are designed for low-voltage (3.3V) 
Vee applications, but with the capability to provide a TTL 
interface to a 5V environment. The L VT646 is fabricated 
with an advanced BiCMOS technology to' achieve high 
speed operation similar to 5V ABT while maintaining a low 
power dissipation. 

Ordering Code: See Section 11 

Logic Symbols 

Features. 
• Input and output interface capability to systems at 5V 

Vee 
• Bus-Hold data inputs eliminate the need for external 

pull-up resistors to hold unused input 

• Live insertionl extraction permitted 
• Power Up/Down high impedance provides glitch-free 

bus loading 
• Outputs source/sink -32 mAl+64 mA 
• Available in SOIC JEDEC, and TSSOP 
• Functionally compatible with the 74 series 646 
• Latch-up performance exceeds 500 mA 

Connection Diagram 

IEEE/IEC 
Pin Assignment 

for SOIC and TSSOP 

DlR 

CPBA 

SSA 

CPAB 
SAS 

.. I1u 

.. ~ ., Bz 

A, ., 
A, B, 

TL/F/12017-1 

'5 lis 

.. .. 
" a, 

TLiF/12017-2 

Pin Names Description 

Ao-A7 Data Register A Inputs 
Data Register A Outputs 

Bo-B7 Data Register B Inputs 
Data Register B Outputs Order Number 

CPAB,CPBA Clock Pulse Inputs 
SAB,SBA Transmit/Receive Inputs 
(3" Output Enable Input 
DIR Direction Control Input 

SeeNS 
Package Number 

10-18 

CPAB 1 

SAB 2 

01. 3 

Ao 4 

A, 5 

A2 

A3 

" 8 

As 9 

As 10 .., 11 

GNO 12 

SOICJEDEC 

74LVT646WM 
74LVT646WMX 

M24B 

24 Vee 
23 CPBA 

22 SBA 

21 G 
20 Do 
19 e, 
18 e, 
17 II, 
16 B, 

15 Bs 
14 Ils 
13 a, 

TL/F/12017-3 

TSSOPJEDEC 

74LVT646MTCX 

MTC24 



Real Time Transfer Real Time Transfer Storage from Transfer from 
A·Bus to B·Bus B·Bus to A·Bus Bus to Register Register to Bus 

1 • 1 
A-Bus A-Bus A-Bus A-Bus 

:Glr~ !=:JI IE( M 
1 • ---I 

~ ~oRB 
• ~ 1 

a-Bus a-Bus 
B-Bus B-Bus 

TUFI12017-4 TUF/12017-5 
TLlF/12017-6 TLlF/12017-7 

FIGURE 1 FIGURE 2 FIGURE 3 FIGURE 4 

Truth Table (Note) 

Inputs Data 110 Function 
G DIR CPAB CPBA SAB SBA Ao-A7 Bo-B7 

H X HorL HorL X X Isolation 
H X -" X X X Input Input Clock An Data into A Register 
H X X -" X X Clock Bn Data into B Register 

L H X X L X An to Bn-Real Time (Transparent Mode) 
L H -" X L X Input Output 

Clock An Data into A Register 
L H HorL X H X A Register to Bn (Stored Mode) 
L H -" X H X Clock An Data into A Register and Output to Bn 

L L X X X L Bn to An-Real Time (Transparent Mode) 
L L X -" X L Output Input 

Clock Bn Data into B Register 
L L X HorL X H B Register to An (Stored Mode) 
L L X -" X H Clock Bn Data into B Register and Output to An 

Note: The data output functions may be enabled or disabled by various signals at the G" and DIR inputs. Data input functions are always enabled; I.e., data at the 
bus pins will be stored on every LOW·Io-HIGH transition of the appropriate clock Inputs. 
H = HIGH Voltage Level L = LOW Voltage Level X = Immaterial ...r = LOW·ta-HIGH Transition 

Logic Diagram 

DIR-..J.......:=t....J~r---------------, 

CP8A-------+----=---~-_I ;>O------t-, 
S8A----:-----+----I 

CPAB 

SA8--~--_t-+-_f.>Gtot> 

---------------- - - ----------------1 or a CHANNELS 

"., So·, 

TO 7 orHER CHANNELS TL/F/12017-B 

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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S ~National ~ Semiconductor 
ADVANCE INFORMATION 

74LVT652 
3.3V ABT Octal Transceiver/Register 
with TRI-STATE® Outputs 

General Description 
The LVT652 consists of bus transceiver circuits with D-type 
flip-flops, and control circuitry arranged for multiplexed 
transmission of data directly from the input bus or from the 
internal registers. Data on the A or B bus will be clocked into 
the registers as the appropriate clock pin goes to HIGH log
ic level. Output Enable pins (OEAB, OEBA) are provided to 
control the transceiver function. 

These bus/ octal buffers and line drivers is/are designed for 
low-voltage (3.3V) Vee applications, but with the capability 
to provide a TTL interface to a 5V environment. The LVT652 
is fabricated with an advanced BiCMOS technology to 
achieve high speed operation similar to 5V ABT while main
taining a low power dissipation. 

Ordering Code: See Section 11 

Logic Symbols 

Features 
• Input and output interface capability to systems at 5V 

Vee 
• Bus-Hold data inputs eliminate the need for external 

pull-up resistors to hold unused inputs 
• Live insertion/extraction permitted 
• Power Up/Down high impedance provides glitch-free 

bus loading 
• Outputs source/sink -32 mAl+64 mA 
• Available in SOIC JEDEC and TSSOP 
• Functionally compatible with the 74 series 652 
• Latch-up performance exceeds 500 mA 

Connection Diagram 

IEEE/IEC 
Pin Assignment 

for SOIC and TSSOP 

AD 

CPAB 
SAB 
CPBA 

OEAB 

OEBA 

TL/F/1201B-B 

OEBA 
DEAB 
CPBA 

SBA 
CPAB 

SAB 

.~ 

So 

Bl 

CPAB 24 Vee 
SAB 23 CPBA 

DEAB 22 SBA 

Ao 21 OEBA 
.., 20 So 
A2 19 e, 
A3 lB B2 

A. 17 B3 

A2 ....... --=.:::J------[:::::~ ... AS 9 16 B. 
82 

'" 10 15 85 

Pin Names 

Ao-A7 

Bo-B7 

CPAB,CPBA 
SAB,SBA 
OEAB,OEBA 

A3 
A ........ ....::::::I------[::::::::~~ 

As 
~~~r--------C~~ 
A7 ....... --=.:::J------[:::::~ ... 

B3 

B, 

Bs 

B6 

~ 

TLiF/1201B-7 

Description 

Data .Register A Inputs/ 
TRI-STATE Outputs 
Data Register B Inputs/ 

Order Number TRI-STATE Outputs 
Clock Pulse Inputs 
Select Inputs See NS Package 
Output Enable Inputs Number 

10-20 

~ 11 14 lis 
GHO 12 13 ~ 

TL/F/12D1B-l 

SOICJEDEC TSSOPJEDEC 

74LVT652WM 
74L VT652WMX 74LVT652MTCX 

M24B MTC24 



Logic Diagram 

OEBA----Oi 

OEAB----I 

CPBA------------r-------------------~ 

SBA ------------r---i 

CPAB 

SAB ----"---+--H 

AO-7 ..... -++. t-IH...,.I--. BO-7 

. 
TO 7 OTHER CHANNELS 

TLlF/1201B-2 

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 

Functional Description 
In the transceiver mode, data present at the HIGH imped
ance port may be stored in either the A or B register or both. 

The select (SAB, SBA) controls can multiplex stored and 
real-time. 

The examples in Figure 1 demonstrate the four fundamental 
bus-management functions that can be performed with the 
LVT652. 

Data on the A or B data bus, or both can be stored in the 
internal 0 flip-flop by LOW to HIGH transitions at the appro-

Real-Time Transfer 
BusBtoBusA 

TLlF/1201B-3 

OEAB OEBA CPA8 CPBA SAS SSA 

Real-Time Transfer 
BusA to Bus B 

TLlF/1201B-4 

OEAB OEEJA CPAB CPBA SAB SSA 

priate Clock Inputs (CPAB, CPBA) regardless of the Select 
or Output Enable Inputs. When SAB and SBA are in the real 
time transfer mode, it is also possible to store data without 
using the internal 0 flip-flops by simultaneously enabling 
OEAB and OEBA. In this configuration each Output reinforc
es its Input. Thus when all other data sources to the two 
sets of bus lines are in a HIGH impedance state, each set of 
bus lines will remain at its last state. 

Storage 

.......... -.... -_ ...... 
'-::~' =:::::' I.' : 
r " III I 

III I 
III I .1. I 
.-. I .1. I , 

TL/F/1201B-5 

OEAB 'OEBA CPAB CPBA SAB SSA 

x .r 

Transfer Storage 
Datat AorB 

TL/F/1201B-B 

OEAD 'CEa: CPAB CPBA SAS SSA 

HorL HorL H 

FIGURE 1 
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Truth Table (Note) 

Inputs Inputs/Outputs 
Operating Mode 

OEAB OEBA CPAB CPBA SAB SBA AothruA7 Bothru B7 

L H HorL HorL X X 
Input Input 

Isolation 

L H ..r ..r X X Store A and 8 Data 

X H ..r HorL X X Input Not Specified Store A, Hold 8 

H H ..r ..r X X Input Output Store A in 80th Registers 

L X H orL ..r X X Not Specified Input Hold A, Store 8 

L L ..r ..r X X Output Input Store 8 in 80th Registers 

L L X X X L 
Output Input 

Real-Time 8 Data to A 8us 

L L X H orL X H Store 8 Data to A 8us 

H H X X L X 
Input Output 

Real-Time A Data to 8 Bus 

H H H orL X H X Stored A Data to 8 Bus 

H L HorL HorL H H Output Output 
Stored A Data to 8 Bus and 
Stored 8 Data to A 8us 

H = HIGH Voltage Level L = LOW Voltage Level X = Immaterial ./' = LOW to HIGH Clock Transition 

Note: The data output functions may be enabled or disabled by various signals at OEAB or OEBA inpUts: Data input functions are always enabled, I.e., data at the 
bus pins will be stored on every LOW to HIGH transition on the clock inputs. 

"" 
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~National 
~ Semiconductor 

ADVANCE INFORMATION 

74LVT16240 
3.3V ABT 16-Bit ~nverting Buffer/line Driver 
with TRI-STATE® Outputs 

General Description 
The LVT16240 contains sixteen inverting buffers with TRI
STATE outputs designed to be employed as a memory and 
address driver, clock driver, or bus-oriented transmitter/
receiver. The device is nibble controlled. 

Individual TRI-STATE control inputs can be shorted togeth
er for 8-bit or 16-bit operation. 

These buffers and line drivers are designed for low-voltage 
(3.3V) Vee applications, but with the capability to provide a 
TTL interface to a 5V environment. The LVT16240 is fabri
cated with an advanced BiCMOS technology to achieve 
high speed operation similar to 5V ABT while maintaining a 
low power disSipation. 

Ordering Code: See Section 11 

Logic Symbol 

~ ~ 

00 <1 02 03 0. 05 0, 0., 0, Og °'0°" <12 0'3 <1. 0'5 

Pin 
Names 

OEn 
10-1,5 
00-0 ,5 

TUF/'202S-, 

Description 

Output Enable Inputs (Active Low) 
Inputs 
TRI-STATE Outputs 

SSOP TSSOP JEDEC 

Order Number 74LVT16240MEA 74LVT16240MTD 
74LVT16240MEAX 74L VT16240MTDX 

See NS Package 
Number 

MS48A MTD48 

features 
• Input and output interface capability to systems at 5V 

Vee 
• Bus-Hold data inputs eliminate the need for external 

pull-up resistors to hold unused inputs 
II Live insertion/extraction permitted 
II Power Up/Down high impedance provides glitch-free 

bus loading 
r:I Outputs source/sink -32 mA/+64 rnA 
III Available in SSOP and TSSOP 
III Functionally compatible with the 74 series 16240 
[] LatCh-Up performance exceeds 500 rnA 

Connection Diagram 

liE, 
°0 
0, 

GND 

°2 
°3 

vee 

°4 
°5 

GND 

°6 
0., 
Os 

°9 
GND 

°10 
0" 
Vee 

°12 
°'3 
GND 

°14 
°15 
DE4 

Pin Assignment for 
SSOP and TSSOP 

48 

47 

46 

45 

5 44 

43 

7 42 

41 

40 

,0 39 

II 38 

12 37 

13 36 

14 35 

15 34 

16 33 

17 

18 

19 

20 

21 

22 

23 26 

24 25 

DE2 
'0 

I, 
GND 

'2 
13 
Vee 

'4 
'5 
GND 

'6 
'7 
Is 

19 
GND 

"0 
'11 
Vee 

',2 

',3 
GND 

',4 
',5 
Or3 

TLlF/'202S-2 
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. Functional Description 
The L VT16240 contains sixteen inverting buffers with 
TRI-STATE standard outputs. The device is nibble (4 bits) 
controlled with each nibble functioning identically, but inde
pendent of the other. The control pins may be shorted to
gether to obtain full 16-bit operation. The TRI-STATE out-

puts are controlled by an Output Enable (DEn) input for 
each nibble. When OEn is LOW, the outputs are in 2-state 
mode. When DEn is HIGH, the outputs are in the high im
pedance mode, but this does not interfere with entering new 
data into the inputs. 

Logic Diagram 

--------- .. 
I I 
I I 
I 10- 3 18- 11 I 

I I 
I I 
I 14- 7 112- 15 I 
I I 
I One of Eight I ._----------------------_. TL/F/1202S-3 

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 

Truth Tables 
Inputs Outputs Inputs Outputs 

0E1 lo-Ia 00-0 3 OE2 14-17 04-0 7 

L L H L L H 
L H L L H L 
H X Z H X Z 

Inputs Outputs Inputs Outputs 

OEa 18-111 08-0 11 OE4 112-115 012-0 15 

L L H L L H 
L H L L H L 
H X Z H X Z 

H = High Voltage Level L = Low Voltage Level x = Immaterial Z = High Impedance 
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ADVANCE INFORMATION ~National 
~ Semiconductor 

74LVT16244 
3.3V ABT 16-Bit Buffer/Line Driver 
with TRI-STATE® Outputs 

General Description 
The L VT16244 contains sixteen non-inverting buffers with 
TRI-STATE outputs designed to be employed as a memory 
and address driver, clock driver, or bus oriented transmitter / 
receiver. The device is nibble controlled. Individual TRI
STATE control inputs can be shorted together for 8-bit or 
16-bit operation. 

These bus buffers and line drivers are designed for low-volt
age (3.3V) Vee applications, but with the capability to pro
vide a TTL interface to a 5V environment. The LVT16244 is 
fabricated with an advanced BiCMOS technology to achieve 
high speed operation similar to 5V ABT while maintaining a 
low power dissipation. 

Ordering Code: See Section 11 

Logic Symbol 

TLlF/12019-1 

Pin Names Description 

OEn Output Enable Inputs (Active Low) 

10-115 Inputs 

00-0 15 Outputs 

SSOP TSSOP JEDEC 

Order Number 7 4L VT16244MEA 74L VT16244MTD 
74LVT16244MEAX 74LVT16244MTDX 

See NS Package 
Number 

MS48A MTD48 

Features 
• Input and output interface capability to systems at 5V 

Vee 
• Bus-Hold data inputs eliminate the need for external 

pull-up resistors to hold unused inputs 
• Live insertion/extraction permitted 
• Power Up/Down high impedance provides glitch-free 

bus loading 
• Outputs source/sink -32 mAl+64 mA 
• Available in SSOP and TSSOP 
• Functionally compatible with the 74 series 16244 
• Latch-up performance exceeds 500 mA 

Connection Diagram 

Pin Assignment for 
SSOP and TSSOP 

OE, 0E2 

°0 '0 

°1 
" 

GND GND 

°2 '2 

°3 '3 
Vee Vee 

°4 '4 
°5 '5 

GND GND 

°6 '6 
0., '7 
Os Is 

°9 '9 
GND GND 

0,0 
',0 

0" ',1 
Vee 18 Vee 

0,2 19 '12 
°13 20 

',3 
GND 21 GND 

0,4 22 ',4 
0,5 23 26 ',5 
0E4 24 25 0E3 

TUF/12019-2 
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• r-----------------------------------------------------------------------------~ • N 
CD .... 
S 

. Functional Description 
The L VT16244 contains sixteen non-inverting buffers with 
TRI-STATE outputs. The device is nibble (4 bits) controlled 
with each nibble functioning identically. but independent of 
the other. The control pins can be shorted together to ob
tain full 16-bit operation. 

Truth Tables 
Inputs Outputs 

OE1 10-13 0 0-0 3 

L L L 
L H H 
H X Z 

Inputs Outputs 

OE3 la- l11 0 8-0 11 

L L L 
L H H 
H X Z 

H = High Voltage Level L = Low Voltage Level 

Logic Diagram 

Inputs Outputs 

OE2 14-17 0 4-0 7 

L L L 
L H H 
H X Z 

Inputs Outputs 

OE4 112-115 0 12-0 15 

L L L 
L H H 
H X Z 

x = Immaterial Z = High Impedance 

TL/F/12019-3 
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~ semiconductor 

74LVT16245 
3.3V ABT 16 .. !Suft l'rralJrilscc®u'U'®rr 
with TRI .. Sl'Al'[E® (Q)~~~~~$ 

General Description 
The L VT16245 contains sixteen non-inverting bidirectional 
buffers with,TRI-STATE outputs and is intended for bus ori
ented applications. The device is byte controlled. Each byte 
has separate control inputs which can be shorted together 
for full 16-bit operation. The T /A inputs determine the direc
tion of data flow through the device. The OE inputs disable 
both the A and B ports by placing them in a high impedance 
state. 

This non-inverting transceiver is designed for low-voltage 
(3.3V) Vee applications, but with the capability to provide a 
TIL interface to a 5V environment. The LVT16245 is fabri
cated with an advanced BiCMOS technology to achieve 
high speed operation similar to 5V ABT while maintaining a 
low power dissipation. 

Ordering Code: See Section 11 

Logic Symbol 

TL/F/12020-1 

Pin Names Description 

OEn Output Enable Input (Active Low) 

T/An Transmit/Receive Input 

Ao-A15 Side A Inputs/TRI-STATE Outputs 

80-B15 Side B Inputs/TRI-STATE Outputs 

SSOP TSSOPJEDEC 

Order Number 74LVT16245MEA 7 4L VT16245MTD 
74LVT16245MEAX 74L VT16245MTDX 

See NS Package 
MS48A MTD48 

Number 

ADVANCE INFORMATION 

features 
D Input and output interface capability to systems at 5V 

Vee 
D Bus-Hold data inputs eliminate the need for external 

pull-up resistors to hold unused inputs 
D Live insertion/ extraction permitted 
D Power Up/Down high impedance provides glitch-free 

bus loading 
D Outputs source/sink -32 mAl + 64 mA 
D Available in SSOP and TSSOP 
D Functionally compatible with the 74 series 16245 
D Latch-up performance exceeds 500 mA 

Connection Diagram 
Pin Assignment for 
SSOP and TSSOP 

T/RI 48 Or, 
80 47 Ao 
81 46 A, 

GND 45 GND 

8z 44 Az 

83 43 A3 

Vee 42 Vee 

8. 41 A4 

85 40 A5 

GND 10 39 GND 

Be 11 38 A6 

~ 12 37 A7 

8a 13 36 Aa 

Bg 14 35 A9 

GND 15 34 GNO 

810 16 33 11,0 

811 17 32 All 

Vee 18 31 Vee 
81Z 19 30 A,z 
813 20 29 11,3 

GND 21 28 GND 

S,4 22 27 11,4 

815 23 26 11,5 

T/Rz 24 25 DEz 

TLlF/12020-2 
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Functional Description 
The L VT16245 contains sixteen non-inverting bidirectional 
buffers with TRI-STATE outputs. The device is byte con
trolled with each byte functioning identically 0 but indepen
dent of the other. The control pins can be shorted together 
to obtain full 16-bit operation. 

Truth Tables 
Inputs 

Outputs 
OEl T/Rl 

L L Bus Bo-B7 Data to Bus Ao-A7 
L H Bus Ao-A7 Data to Bus Bo-B7 
H X HIGH-Z State on Ao-A7o Bo-B7 

H = High Voltage Level L = Low Voltage Level 

Logic Diagrams 

I 
I 
I "0-7 
I 
I 
I 
I 
I 
11 OF 8 

.>-.... 80-7 

• 
I 
I 
I 
I 
I 
I 
I 
I 
I 

~---------------~ TUF/12020-3 

Inputs 
Outputs 

OE2 T/R2 

L L Bus Bs-B15 Data to Bus As-A15 
L H Bus As-A15 Data to Bus Bs-B15 
H X HIGH-Z State on As-A15o Bs-B15 

x = Immaterial Z = High Impedance 

r------------------. 
1 OF 8 

8S- IS 

AS-IS-"---I 

.. 

TUF/12020-4 

Please note that these diagrams are provided only for the understanding of logiC operations and should not be used to estimate propagation delays. 
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~ Semiconductor 

ADVANCE INFORMATION 

74LVT16373 
3.3V ABT 16-Bit Transparent Latch 
with TRI-STATE® Outputs 
General Description 
The L VT16373 contains sixteen non-inverting latches with 
TRI-STATE outputs and is intended for bus oriented appli
cations. The device is byte controlled. The flip-flops appear 
transparent to the data when the Latch Enable (LE) is HIGH. 
When LE is low. the data that meets the setup time is 
latched. Data appears on the bus when the Output Enable 
(OE) is LOW. When OE is HIGH. the outputs are in high Z 
state. 

These latches are designed for low-voltage (3.3V) Vee ap
plications. but with the capability to provide a TTL interface 
to a 5V environment. The LVT16373 is fabricated with an 
advanced BiCMOS technology to achieve high speed oper
ation similar to 5V ABT while maintaining a low power dissi
pation. 

Ordering Code: See Section 11 

Logic Symbol 

I I I I I I I I I I I I I I I I 

--c or, 

- Lr, 

I I I I I I I I I I I I I I I I 

Pin Names 

OEn 
LEn 
10-115 

00-0 15 

Order Number 

See NS Package 
Number 

TL/F/12021-1 

Description 

Output Enable Input (Active Low) 
Latch Enable Input 
Inputs 
TRI-STATE Outputs 

SSOP TSSOPJEDEC 

74LVT16373MEA 74LVT16373MTD 
74L VT16373MEAX 74L VT16373MTDX 

MS48A MTD48 

Features 
• Input and output interface capability to systems at 5V 

Vee 
• Bus-Hold data inputs eliminate the need for external 

pull-up resistors to hold unused inputs 
• Live insertion/extraction permitted 
• Power Up/Down high impedance provides glitch-free 

bus loading 
• Outputs source/sink -32 mAl+64 mA 
• Available in SSOP and TSSOP 
• Functionally compatible with the 74 series 16373 
• Latch-Up performance exceeds 500 mA 

Connection Diagram 

Pin Assignment for 
SSOP and TSSOP 

~-1 
'-./ 

48 I-Lr, 

00- 2 47 1-10 

01- 3 46 rll 

GNO- 4 45 I-GND 

02- 5 44 rl2 

03- 6 43 1-13 

Vee - 7 42 I- Vee 
04 - 8 41 rl4 

05- 9 40 1-15 

GND- 10 39 r GND 

06- 11 38 1-16 

0.,- 12 37 1-17 

Da- 13 36 ria 

09- 14 35 1-19 

GND - 15 34 -GND 

010- 16 33 -110 

~1- 17 32 ,-111 

Vee - 18 31 :- Vee 

0,2 - 19 3D 1-112 

013 - 20 291- 113 

GND - 21 28 I-GND 

~4- 22 27 1-114 

~5- 23 261- 115 

OEz- 24 25 I- LE2 

TL/F/12021-2 
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Functional Description 
The LVT16373 contains sixteen D-type latches with 
TRI-STATE standard outputs. The device is byte controlled 
with each byte functioning identically, but independent of 
the other. Control pins can be shorted together to obtain full 
16-bit operation. The following description applies to each 
byte. When the Latch Enable (LEn) input is HIGH, data on 
the Dn enters the latches. In this condition the latches are 
transparent, i.e., a latch output will change states each time 
its D input changes. When LEn is LOW, the latches store 
information that was present on the D inputs a setup time 
preceding the HIGH-to-LOW transition of LEn. The 
TRI-STATE standard outputs are controlled by the Output 
Enable (DEn) input. When DEn is LOW, the standard out
puts are in the 2-state mode. When DEn is HIGH, the stan
dard outputs are in the high impedance mode but this does 
not interfere with entering new data into the latches. 

Logic Diagrams 

Truth Tables 
Inputs 

LE1 OE1 

X H 
H L 
H L 
L L 

Inputs 

LE2 0E2 

X H 
H L 
H L 
L L 

H = High Voltage Level 
L = Low Voltage Level 
X = Immaterial 
Z = High Impedance 

outputs 

10-17 00-07 

X Z 
L L 
H H 
X 0 0 

Outputs 

18-115 08-015 

X Z 
L L 
H H 
X 0 0 

O. = Previous output prior to HIGH to LOW transition of LE 

~ 
TLlF1t202t-3 

TLlFIt 2021-4 

Please note that these diagrams are provided only for the understanding of logic oparatlons and should not be used to estimate propagation delays. 
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ADVANCE INFORMATION 

74LVT16374 
3.3V ABT 16-Bit D Flip-Flop with TRI-STATE® Outputs 
General Description 
The LVT16374 contains sixteen non-inverting D flip-flops 
with TRI-STATE outputs and is intended for bus oriented 
applications. The device is byte controlled. A buffered clock 
(CP) and Output Enable (OE) are common to each byte and 
can be shorted together for full 16-bit operation. 

These flip-flops are designed for low-voltage (3.3V) Vee ap
plications, but with the capability to provide a TTL interface 
to a 5V environment. The LVT16374 is fabricated with an 
advanced BiCMOS technology to achieve high speed oper
ation similar to 5V ABT while maintaining a low power dissi
pation. 

Ordering Code: See Section 11 

Logic Symbol 

Pin 
Description 

Names 

TUF/12022-1 

OEn TRI-STATE Output Enable Input (Active Low) 
CPn Clock Pulse Input 

10-115 Data Inputs 

00-0 15 TRI-STATE Outputs 

SSOP TSSOPJEDEC 

Order Number 74LVT16374MEA 74LVT16374MTD 
74LVT16374MEAX 74LVT16374MTDX 

See NS Package 
Number 

MS48A MTD48 

Features 
• Input and output interface capability to systems at 5V 

Vee 
• Bus-Hold data inputs eliminate the need for external 

pull-up resistors to hold unused inputs 
• Live insertion/ extraction permitted 
• Power Up/Down high impedance provides glitch-free 

bus loading 
• Outputs source/sink -32 mAl+64 rnA 
• Available in SSOP and TSSOP 
II Functionally compatible with the 74 series 16374 
• Latch-up performance exceeds 500 rnA 

Connection Diagram 

Pin Assignment for 
SSOP and TSSOP 
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~ 
CD .-

5 
Functional Description· 
The LVT16374 consists of sixteen edge-triggered flip-flops 
with individual D-type inputs and TRI-STATE true outputs. 
The device is byte controlled with each byte functioning 
identically, but independent of the other. The control pins 
can be shorted together to obtain full 16-bit operation. Each 
byte has a buffered clock and buffered Output Enable com
mon to all flip-flops within that byte. The description which 
follows applies to each byte. Each flip-flop will store the 
state of their individual D inputs that meet the setup and 
hold time requirements on the LOW-to-HIGH Clock (CPn) 
transition. With the Output Enable (OEn) LOW, the contents 
of the flip-flops are available at the outputs. When OEn is 
HIGH, the outputs go'to the high impedance 'state. Opera
tion of the OEn input does not affect the state of the flip
flops. 

Truth Tables· 
Inputs 

CPl OEI 

../ L 

../ L 
L L 
X H 

Inputs 

CP2 OE2 

../ L 

../ L 
L L 
X H 

H = High Voltage Level 
L = Low Voltage Level 
X = Immaterial 
Z = High Impedance 

10-17 

H 
L 
X 
X 

18-115 

H 
L 
X 
X 

0 0 = Previous 0 0 before HIGH to LOW of CP 

Logic Diagrams 

Byte 1 (0:7) 

13 

Byte 2 (8:15) 

," : 

Please note Ihallhese diagrams are proVided for the understanding of 

logic operaiton and should not be used to estimate propagation delays. 
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Outputs 

0 0-0 7 

H 
L 

0 0 

Z 

Outputs 

0 8-0 15 

H 
L 

0 0 

Z 

TLlF/12022-3 

TL/F112022-4 
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ADVANCE INFORMATION 

74LVT16646 
3.3V ABT 16-Bit Transceiver/Register 
with TRI-STATE® Outputs 
General Description 
The L VT16646 contains sixteen non-inverting bidirectional 
registered bus transceivers providing multiplexed transmis
sion of data directly from the input bus or from the internal 
storage registers. Each byte has separate control inputs 
which can be shorted together for full 16-bit operation. The 
DIR inputs determine the direction of data flow through the 
device. The CPAB and CPBA inpuls load data into the regis
ters on the LOW-to-HIGH transition. 

These transceivers are designed for low-voltage (3.3V) Vee 
applications, but with the capability to provide a TTL inter
face to a 5V environment. The L VT16646 is fabricated with 
an advanced BiCMOS technology to achieve high speed 
operation similar to 5V ABT while maintaining a low power 
dissipation. 

Ordering Code: See Section 11 

Logic Symbol 

CPAe, 

SAil, 

DIR, 

CPBA, 

SBA. 

G2 

CPAB:z 

SAB2 

DIR2 

CPBA2 

SB~ 

TUF/12D23-1 

SSOP TSSOP JEDEC 

Order Number 74LVT16646MEA 74LVT16646MTD 
74LVT16646MEAX 74LVT16646MTDX 

See NS Package 
Number 

MS56A MTD56 

Features 
• Input and output interface capability to systems at 5V 

Vee 
• Bus-Hold data inputs eliminate the need for external 

pull-up resistors to hold unused inputs 
• Live insertion/extraction permitted 
• Power Up/Down high impedance provides glitch-free 

bus loading 
• Outputs source/sink -32 mAl +64 mA 
• Available in SSOP and TSSOP 
• Functionally compatible with the 74 series 16646 
• Latch-up performance exceeds 500 mA 

Connection Diagram 
Pin Assignment for 
SSOP and TSSOP 

DlRI 56 G. 
ePAs, 55 CPB., 

SAS, 54 SB., 

GND 4 53 GND 

Aa 5 52 Bo ., 5. S, 

Vee 50 Vee 

A2 8 49 B2 

A, 9 4B B, 

A. .0 47 B4 

GND II 46 GND 

As .2 45 B5 .. 13 44 B, 

A7 14 43 II, 
As .5 42 Bs 

Ag .6 4. Bg 

"0 .7 40 s'o 
GND .B 39 GND .,. .9 38 s, • 

A. 2 20 37 S,2 

." 2 • 36 0" 
Vee 22 35 Vee .,. 23 34 s, • 

"5 2. 33 0,5 

GND 25 32 GND 

SABZ 2. 31 SBAZ 

CPAB2 27 30 CPBAz 
OIRz 28 29 G2 

TL/F/12023-2 

Preliminary Data: National Semiconductor reserves the right to make changes at any time without notlce_ 
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Real Time Transfer Real Time Transfer Storage from Transfer from 
A·Bus to B-Bus B·Bus to A·Bus Bus to Register Register to Bus 

• • • • • • • • A-Bus 

~ @ :g] l@[ ~ 
• • 

~ 
• 

~ ~ 
B-Bus B-Bus • • • • • • • • • • • TUF/12023-3 TLlF/12023-4 TUF/12023-5 TUF/12023-6 

FIGURE 1 FIGURE 2 FIGURE 3 FIGURE 4 

Truth Table (Note) 

Inputs Oatai/O 
Output Operation Mode 

G1 OlR1 CPAB1 CPBA1 SAB1 SBA1 AO-7 BO-7 

H X HorL HorL X X Isolation 
H X ~ X X X Input Input Clock An Data into A Register 
H X X ~ X X Clock Bn Data Into B Register 

L H X X L X An to Bn-Real Time (Transparent Mode) 
L H ~ X L X 

Input Output 
Clock An Data to A Register 

L H HorL X H X A Register to Bn (Stored Mode) 
L H ~ X H X Clock An Data into A Register and Output to Bn 

L L X X X L Bn to An-Real TIme (Transparent Mode) 
L L X ~ X L 

Output Input 
Clock Bn Data into B Register 

L L X HorL X H B Register to An (Stored Mode) 
L L X ~ X H Clock Bn into B Register and Output to An 

Note: The data output functions may be enabled or disabled by various Signals at the G and DIA inputs. Data Input functions are always enabled; i.e., data at the 
bus pins will be stored on every LOW-to-HIGH transition of the appropriate clock inputs. Also applies 10 data 110 (A and B: 8-15) and '" 2 control pins. 

H = HIGH Voltage Level X = Immaterial L = LOW Voltage Level ..r = LOW-to-HIGH Transition. 
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Logic Diagram 

DIR2 

.-I------(K 1----------I------cPaA, 

DO 

+-++-----1 Co 

98_ 15 

TO 7 OTHER CHANNELS 

G, 

0111, 

I----i------ saA, 

CPAB2 

I-t-il------ SAa, 

1 or 8 CHANNELS 

A8- 15 

DO 

Co t----l-t .. 

cpaA, -----+--------1 ~)_----+..., 
saA, -----+---1 

CPAB, 

SAB, -----++-1 

1 or 8 CHANNELS 

Do 
col--++-" 

80-7 

DO 

+-1-1------1 Co 

TO 7 OTHER CHANNELS 

TL/F/12023-7 

TLlF/12D23-B 

Please note that these diagrams are provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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ADVANCE INFORMATION 

74LVT16652 
3.3V ABT 16-Bit Transceiver/Register 
with TRI-STATE® Outputs 
General Description Features 
The L VT16652 consists of sixteen bus transceiver circuits 
with D-type flip-flops, and control circuitry arranged for multi
plexed transmission of data directly from the input bus or 
from the internal registers. Each byte has separate control 
inputs which can be shorted together for full 16-bit opera
tion. Data on the A or B bus will be clocked into the registers 
as the appropriate clock pin goes to HIGH logic level. Out
put Enable pins (OEAB, OEBA) are provided to control the 

• Input and output interface capability to systems at 5V 
Vee 

• Bus-Hold data inputs eliminate the need for external 
pull-up resistors to hold unused inputs 

. • Live insertion/ extraction permitted 
• Power Up/Down high impedance provides glitch-free 

bus loading 

transceiver function. . 
• Outputs source/sink -32 mAl+64 mA 
• Available in SSOP and TSSOP 

The transceivers are designed for low-voltage (3.3V) Vee 
applications, but with the capability to provide a TIL inter
face to a 5V environment. The LVT16652 is fabricated with 
an advanced BiCMOS technology to achieve high speed 
operation similar to 5V ABT while maintaining a low power 
dissipation. 

• Functionally compatible with the 74 series 16652 
• Latch-up performance exceeds 500 mA 

Ordering Code: See Section 11 

Pin Names 

CPABn, CPBAn 
SABn,SBAn 
OEABn, OEBAn 

Description 

Data Register A Inputs/ 
TRI-STATE Outputs 
Data Register B Inputs/ 
TRI-STATE Outputs 
Clock Pulse Inputs 
Select Inputs 
Output Enable Inputs 

SSOPEIAJ TSSOPJEDEC 

Order Number 74L VT16652MEA 
74LVT16652MEAX 

74LVT16652MTD 
74LVT16652MTDX 

NSPackage 
Number 

MS56A MTD56 

10-36 

Connection Diagram 
Pin Assignment for 
SSOP and TSSOP 

OEAS, - 1 
\"J 

56 - OEBII, 

CPAS, - 2 55 - CPBII, 

SAS, - 3 5. - SBII, 

GND- 4 53 - GND 

"0- 5 52 -80 
11,-6 51 -s, 

Vee - 7 50 - Vee 

A2 - 8 49 -~ 

A3 - 9 48 -1l;J 

A,- 10 47 -8, 

GND- 11 46 - GND 

.10- lZ 45 -Bs 
A,;- 13 44 -Bs 
A7 - 14 43 ~~ 

A,;- 15 42 i- Bs 
Ag- 16 41 i-Bg 

11,0- 17 40 i- s'o 

GNO- 18 39 i- GNO 

All - 19 38 i- S,1 

A12 - 20 37 I- S,2 

11,3- 21 36 i- S,3 

Vee - 22 35 i- Vee 

11,.- 23 34 i- S" 
'lI,s- 24 33 i- s's 

GNO- 25 32 i- GND 

SAB2 - 26 31 I- S8Az 

ePA~- 27 30 I- CPBAz 

OEA~- 28 291-0E8A2 

TUF/12024-1 



Logic Diagrams 

OEBA, ----e)l 

OEAB,----I >+---------------, 
CPBA,------+-----------I 

SBA, ------+--1 
CPAB, 

SAil, ----t--H 

Ao-7 +-i~H-" t;H...,. ..... BO_7 

. 
TO 7 OTHER CHANNELS 

TUF/12024-2 

OEAB2 ----I >+---------------, 
CPBA2 ------.j-----------I ~.o--_+..., 

SBA2 ------+---1 
CPAB2 

SAB2 --~---f--H 

AS-IS ++1-++. 

TO 7 OTHER CHANNELS 
TUF/12024-3 

Please note that these diagrams are provided only for the understanding of logiC operations and should not be used to estimate propagation delays. 
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Functional Description 
In the transceiver mode, data present at the HIGH imped
ance port may be stored in either the A or B register or both. 

The select (SABn, SBAn) controls can multiplex stored and 
real-time. 

The examples in Figure 1 demonstrate the four fundamental 
bus-management functions that can be performed with the 
LVT16652. 

Data on the A or B data bus, or both can be stored in the 
internal 0 flip-flop by LOW to HIGH transitions at the appro-

Real-Time Transfer 
BusBtoBusA 

Real· Time Transfer 
Bus A to BusB 

.·- •• 0'0-··-0 I J 0-··-0'0··--0 I III I I II I I 
I .. I I I III I 
I .. I I , .. I I 
I III I I III I 

i~~'~::~"~'::~'~~i ~~~'::~"~'::~'~~i 
I II. I I II. I 
I .1. I I II, I 
I .1. I I .1. I 

I '" I I .1. I 
I .'. I I '" I • ____ .1. ____ • • ___ ... 1 ... ___ • 

IIII III, IIII 1111 

IIIII I IIII . . 

priate Clock Inputs (CPABn, CPBAn) regardless of the Se
lect or Output Enable Inputs. When SAB and SBA are in the 
real time transfer mode, it is also possible to store data 
without using the internal 0 flip-flops by simultaneously en
abling OEABn and DEBAn. In this configuration each Output 
reinforces its Input. Thus when all other data sources to the 
two sets of bus lines are in a HIGH impedance state, each 
set of bus lines will remain at its last state. 

Storage 

'T:=::~;--·~·;' ;_.--; 
) , , , 

I III I 
I III I m 

: ::: : i 
I III I 
I ._. I 

: (K::==~~ : .. -.!,: .... !I L 
1111 IIII 

. III II 

Transfer Storage 
Datat AorB 

~UllLm ·r-rL JrV~ 
1111 IIII 

. II II , 
TUF/I2024-4 TLlF/I2024-5 TL/F/12024-6 TUF/I2024-7 

OEAB, ~, CPAB, CPBA, SAB, SBA, OEAB, tJEBA, CPAB, CPBA, SAB, SBA, OEAB, CEBA, CPAB, CPBA, SAB, SBA, OEAB, CEBA, CPABt CPBA, SAB, SBA, 

L L X X X L H H X X L X X H ...r x x x H L HorL Holl. H H 

L X X ~ X X 

L H ~ ~ X x 

FIGURE 1 

Truth Table (Note) 

Inputs Inputs/Outputs Operating Mode 

OEAB1 OEBA1 CPAB1 CPBA1 SAB1 SBA1 AothruA7 Bothru B7 

L H HorL HorL X X 
Input Input 

Isolation 

L H .../ .../ X X Store A and B Data 

X H .../ HorL X X Input Not Specified Store A, Hold B 

H H .../ .../ X X Input Output Store A in Both Registers 

L X HorL .../ X X Not Specified Input Hold A, Store B 

L L .../ .../ X X Output Input Store B in Both Registers 

L L X X X L 
Output Input 

Real-Time B Data to A Bus 

L L X HorL X H Store B Data to A Bus 

H H X X L X 
Input Output 

Real-Time A Data to B Bus 

H H HorL X H X 'Stored A Data to B Bus 

H L HorL H orL H H Output Output 
Stored A Data to B Bus and 
Stored B Data to A Bus 

H = HIGH Voltage Level L = LOW Voltage Level X = Immaterial ...r = LOW to HIGH Clock Transition 

Not.: The data output lunctlons may be enabled or disabled by various signals at OEAB or OEBA inputs. Data Inputlunctions are always enabled, i.e., data at the 
bus pins will be stored on every LOW to HIGH lransHion on the clock inputs. This also applies to data 1/0 (A and B: 8-15) and #2 control pins. 
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_National 
Semiconductor 

Package Offering 

Available and Planned Package Offering 
For most current packaging information, contact your National Semiconductor representative. 

Type 
Lead 

Count 
LVQ LVX LCX 

00 14 SOIC JEDEC & EIAJ SOIC JEDEC & EIAJ, SSOP I, TSSOP 

02 14 SOIC JEDEC & EIAJ SOIC JEDEC & EIAJ, SSOP I, TSSOP 

04 14 SOIC JEDEC & EIAJ SOIC JEDEC & EIAJ, SSOP I, TSSOP 

08 14 SOIC JEDEC & EIAJ SOIC JEDEC & EIAJ, SSOP I, TSSOP 

14 14 SOIC JEDEC & EIAJ SOIC JEDEC & EIAJ, SSOP I, TSSOP 

32 14 SOIC JEDEC & EIAJ SOIC JEDEC & EIAJ, SSOP I, TSSOP 

74 14 SOIC JEDEC & EIAJ SOIC JEDEC & EIAJ, SSOP I, TSSOP 

86 14 SOIC JEDEC & EIAJ SOIC JEDEC & EIAJ, SSOP I, TSSOP 

125 14 SOIC JEDEC & EIAJ SOIC JEDEC & EIAJ, SSOP I, TSSOP 

138 16 SOIC JEDEC & EIAJ SOIC JEDEC & EIAJ, SSOP I, TSSOP 

151 16 SOIC JEDEC & EIAJ 

157 16 SOIC JEDEC & EIAJ SOIC JEDEC & EIAJ, SSOP I, TSSOP 

174 16 SOIC JEDEC & EIAJ SOIC JEDEC & EIAJ, SSOP I, TSSOP 

240 20 SOIC JEDEC & EIAJ, asop SOIC JEDEC & EIAJ, SSOP I, TSSOP SOIC JEDEC & EIAJ, TSSOP 

241 20 SOIC JEDEC & EIAJ, asop 
244 20 SOIC JEDEC & EIAJ, asop SOIC JEDEC & EIAJ, SSOP I, TSSOP SOIC JEDEC & EIAJ, TSSOP 

245 20 SOIC JEDEC & EIAJ, asop SOIC JEDEC & EIAJ, SSOP I, TSSOP SOIC JEDEC & EIAJ, TSSOP 

273 20 SOIC JEDEC & EIAJ, asop SOIC JEDEC & EIAJ, SSOP I, TSSOP 

373 20 SOIC JEDEC & EIAJ, asop SOIC JEDEC & EIAJ, SSOP I, TSSOP SOIC JEDEC & EIAJ, TSSOP 

374 20 SOIC JEDEC & EIAJ, asop SOIC JEDEC & EIAJ, SSOP I, TSSOP SOIC JEDEC & EIAJ, TSSOP 

573 20 SOIC JEDEC & EIAJ, asop SOIC JEDEC & EIAJ, SSOP I, TSSOP 

646 24 SOIC JEDEC, TSSOP 

652 24 SOIC JEDEC, TSSOP 

3245 24 SOIC JEDEC, asop 
4245 24 SOIC JEDEC, asop 
C3245 24 SOIC JEDEC, asop 
04245 24 SOIC JEDEC, asop 
3L383 24 SOIC JEDEC, asop 
3L384 24 SOIC JEDEC, asop 
16240 46 SSOP, TSSOP 

16244 48 SSOP,TSSOP 

16245 48 SSOP, TSSOP 

16373 48 SSOP,TSSOP 

16374 48 SSOP, TSSOP 

16646 56 SSOP,TSSOP 

16652 56 SSOP, TSSOP 
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LVT 

SOIC JEDEC & EIAJ, TSSOP 

SOIC JEDEC & EIAJ, TSSOP 

SOIC JEDEC & EIAJ, TSSOP 

SOIC JEDEC & EIAJ, TSSOP 

SOIC JEDEC & EIAJ, TSSOP 

SOIC JEDEC & EIAJ, TSSOP 

SOIC JEDEC, TSSOP 

SOIC JEDEC, TSSOP 

SSOP, TSSOP 

SSOP, TSSOP 

SSOP, TSSOP 

SSOP, TSSOP 

SSOP, TSSOP 

SSOP,TSSOP 

SSOP, TSSOP 
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~ Semiconductor 

Ordering Information and Physical Dimensions 

Low Voltage Logic Ordering Information 

LVQ Family Ordering Information 
The device number is used to form part of a simplified purchasing code where the package type and temperature range are 
defined as follows: 

Temperature Range Family _____________ T-l4LVa 29<~ IS 

74 = Commercial 

Device Type 

Package Code ______________________________ ---1 

C x L Special Variations ' 
"X" = Tape and Reel 
" " = Rail/Tube 

Temperature Range 

S = Molded Small Outline Package, JEDEC 
SJ = (0.300' Wide) Molded Small Outline Package, EIAJ 
as = Shrink Small Outline Package, JEDEC 

(also known as aSOP) 

LVX Family Ordering Information 

C = Commercial (-40'C to + 85'C) 

The device number is used to form part of a simplified purchasing code where the package type and temperature range are 
defined as f.~lIows: 

74LVX 

T 
M X 

Temperature Range Family 
74 = Commercial 

Device Type 

I 

Package Code ---------------------------------' 
M = Molded Small Outline Package, JEDEC 

SJ = Molded Small Outline Package, EIAJ 
MSC = Shrink Small Outline Package, EIAJ, Type I 

LVX Translator Family Ordering Information 

L Special Variations 
"X" = Tape and Reel 
.. " = Rail/Tube 

The device number is'used to form part of a simplified purchasing code where the package type and temperature range are 
defined as follows: 

74LVX C 2Q!:~ IJ Temperature Range Family ---------------' 
74 = Commercial 

Translation Type -------------------------' 
"c" = Configurable 
" " = Non-Configurable 

Device Type --------------------------------' 

11-4 

WM X L Special Variations 
"X" = Tape and Reel 
.. " = Rail/Tube 

Package Code 
WM = (0.300' Wide) Molded Small 

Outline Package, JEDEC 
asc = Shrink Small Outline Package, 

JEDEC 
(also known as aSOP) 



LVX Bus Switch Family Ordering Information 
The device number is used to form part of a simplified purchasing code where the package type and temperature range are 
defined as follows: 

T '=Y.X~ ~x~ WM 
Temperature Range ------------' 

74 = Commercial 

Family------------------' 
LVX3L = Bus Switches 

Device Type -~------------------' 

Package Code --------------------' 
WM = (0.300" Wide) Molded Small Outline Package, JEDEC 
asc = Shrink Small Outline Package, JEDEC (also known as aSOP) 

Lex Family Ordering Information 

x 
L Special Variations 

"X" = Tape and Reel 
" " = Rail/Tube 

The device number is used to form part of a simplified purchasing code where the package type and temperature range are 
defined as follows: 

Temperature Range Family 
74 = Commercial 

Device Type 

74LCX 

T J 
M 

Package Code --------------------' 
M = (0.150" Wide) Molded Small Outline Package, JEDEC 

WM = (0.300" Wide) Molded Small Outline Package, JEDEC 
SJ = (0.300" Wide) Molded Small Outline Package, EIAJ 

MTC = Thin Shrink Small Outline Package, JEDEC, 
4.4 mm Body Width 

MEA = Shrink Small Outline Package, JEDEC (48/56-Lead) 
MTD = Thin Shrink Small Outline Package, JEDEC, 

6.1 mm Body Width 

LVT Family Ordering Information 

X 

L Special Variations 
"X" = Tape and Reel 
" " = Rail/Tube 

The device number is used to form part of a simplified purchasing code where the package type and temperature range are 
defined as follows: 

74LVT 2Q<~ M 

Temperature Range Family ________ T-J 
74LVT = Commercial 

Device Type ------------------' 

Package Code --------------------' 
M = (0.150" wide) Molded Small Outline Package, JEDEC 

WM = (0.300" wide) Molded Small Outline Package, JEDEC 
SJ = (0.300" Wide) Molded Small Outline Package, EIAJ 

MTC = Thin Shrink Small Outline Package, JEDEC, 
4.4 mm Body Width 

MEA = Shrink Small Outline Package, JEDEC (48/56-Lead) 
MTD = Thin Shrink Small Outline Package, JEDEC, 

6.1 mm Body Width 

11-5 

X 

L Special Variations 
"X" = Tape and Reel 
" " = Rail/Tube 
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Package Code vs NS Package Number 

Package Code Description 
NS Package Number 

14-Lead 16-Lead 20-Lead 24-Lead 

S Molded Small Outline Package, JEDEC M14A M16A M20B M24B 

M Molded Small Outline Package, JEDEC M14A M16A M20B M24B 

WM Molded Small Outline Package, JEDEC M14B M16B M20B M24B 

SJ Molded Small Outline Package, EIAJ M14D M16D M20D 

MSC Molded Shrink Small Outline Package, MSC14 MSC16 MSC20 
EIAJ, Type I 

MTC Molded Thin Shrink Small Outline Package, MTC14 MTC16 MTC20 MTC24 
JEDEC, 4.4 mm Body Width 

OS Molded Shrink Small Outline Package, MOA20 MOA24 
JEDEC (also known as OSOP) 

MEA Molded Shrink Small Outline Package, 
JEDEC 

MTD Molded Thin Shrink Small Outline Package, 
JEDEC, 6.1 mm Body Width 

JEDEC-EIAJ-SSOP Small Outline Package Comparison 
14-Pln 16-Pln 20-Pln 

Package Dim 
Min Max Min Max Min Max 

A 
0.228 0.245 0.228 0.245 0.393 0.420 

SOIC (5.80) (6.20) . (5.80) (6.20) (10.0) (10.65) 

JEDEC 0.149 0.158 0.149 ·0.158 0:291 0.300· 
B 

(3.80) (4.00) (3.80) (4.00) (7.40) (7.60) 

A 
0.295 0.319 0.295 0.319 0.295 0.319 

SOIC (7.50) (8.10) (7.62) (8.89) (7.62) . (8.89) 

EIAJ 0.205 0.213 0.205 0.213 0.205 0.213 
B 

(5.20) (5.40) (5.20) (5.40) (5.20) (5.40) 

A 
0.240 0.264 0.240 0.264. .0.240 0.264 

SSOP (6.10) (6.70) (6.10) (6.70) (6.10) (6.70) 

Type I 0.165 0.181 0.165 0.181 0.165 0.181 
B 

(4.20) (4.60) (4.20) (4.60) (4.20) (4.60) 

A 
0.244 0.260 0.244 0.260 0.244 0.260 

TSSOP 
(6.20) (6.60) (6.20j (6.60) (6.20) (6.60) 

B 
0.169 0.177 0.169 0.177 0.169 0.177 
(4.30) (4.50) (4.30) (4.50) (4.30) (4.50) 

A 
0.231 0.241 

SSOP (5.87) (6.12) 
JEDEC 

(akaOSOP) B 
0.151 0.157 
(3.84) (3.99) 

Units: Inch (mm) 

oar f A 

! 
TL/F/II642-1 
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48-Lead 56-Lead 

MS48A MS56A 

MTD48 MTD56 

24-Pin 

Min Max 

0.393 0.420 
(10.0) (10.65) 

0.291 0.300 
(7.40) (7.60) 

0.244 0.260 
(6.20) (6.60) 

0.169 0.177 
(4.30) (4.50) 

0.231 0.241 
(5.87) (6.12) 

0.151 0.157 
(3.84) (3.99) 

, 



Immediate lPac!{ing Me"U'DrQHal YOlU' lOlw VOlI~age logic ~ad{aQJes 

NS 
Primary Secondary 

Package Immediate Immediate 
Pacl<age Container Container Type Number 

~Ilethod Quantity Method 

Small M14A Rail/Tube 55 Tape and Reel 
Outline M14B Rail/Tube 50 Tape and Reel 
Package, 
JEDEC M16A Rail/Tube 48 Tape and Reel 

(SOIC) M16B Rail/Tube 45 Tape and Reel 

M20B Rail/Tube 36 Tape and Reel 

M24B Rail/Tube 30 Tape and Reel 

Small M14D Rail/Tube 47 Tape and Reel 
Outline M16D Rail/Tube 47 Tape and Reel 
Package, 
EIAJ M20D Rail/Tube 38 Tape and Reel 

(SOP) 

Shrink MQA20 Rail/Tube 54 Tape and Reel 
Small MQA24 Rail/Tube 54 Tape and Reel 
Outline 
Package, 
JEDEC 
(SSOP or QSOP) 

Shrink MSC14 Tape and Reel 2000 Not Available 
Small MSC16 Tape and Reel 2000 Not Available 
Outline 
Package, MSC20 Tape and Reel 2000 Not Available 

EIAJ, Type 1 
(SSOP) 

Shrink MEA48 Rail/Tube 29 Tape and Reel 
Small MEA56 Rail/Tube 29 Tape and Reel 
Outline 
Package, 
JEDEC 
(SSOP) 

Thin MTC14 Tape and Reel 2500 
Shrink MTC16 Tape and Reel 2500 
Small 
Outline MTC20 Tape and Reel 2500 

Package, MTC24 Tape and Reel 2500 
JEDEC4.4 mm 
(TSSOP) 

Thin MTD48 Rail/Tube 39 Tape and Reel 
Shrink MTD56 Rail/Tube 39 Tape and Reel 
Small 
Outline 
Package, 
JEDEC6.1 mm 
(TSSOP) 
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Quantity 
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Tube Specifications and Drawings 
JEDEC SOIC, JEDEC SSOP (QSOP) 

Package Type Tint Units/Rail 

14 SO (150 mil) (M14A) Static Dissipative Clear 55 

16 SO (150 mil) (M16A) Static Dissipative Clear 48 

20 SO (300 mil) (M20B) Static Dissipative Clear 36 

24 SO (300 mil) (M24B) Static Dissipative Clear 30 

20 550 (MOA20) Static Dissipative Clear 54 

24 550 (MOA24) Static Dissipative Clear 54 

JEDEC SSOP 20/24, JEDEC SOIC 14/16 (150 mil) Tube 
MQA20/MQA24, M14A1M16A 

119.500~g:g~~1 0.160:1: 0.005 .... +- 0.055:1: 0.005 

) 

"",1 ".m 1 
) 

( f 
) f 0.185:1:0.015 

rn ii" j 1 
4X R 0.025 

SCALE: lOX 0.093 MAX 
TLlF/11642-2 

JEDEC SOIC 20/24 (300 mil) Tube 
M20B/M24B 

0.205 I" 'I 

"":""""'1 ~ 119.500~g:ml - ~~:~~~ 

~ ; 0.375±0.0051~ f 0.110 

L!J~I 
RO.025 MAX TYP~ 

SCALE: 4X 
TL/F/11642-3 
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Tube Specifications and Drawings (Continued) 

EIAJ SOIC (TYPE II) 

Package Type Tint Units/Rail 

M14D 

M16D 

M20D 

Static Dissipative Clear 

Static Dissipative Clear 

Static Dissipative Clear 

EIAJ SOIC 14/16/20 (200 mil) Tube 
M14D/M16D/M20D 

--------------:11'----------------1 ---------------~ ----------------

:::::::::::::::( :::::::::::::::: 

I· 19.750~8:m ·1 
SCALE: 8X 

_0.220 ± 0.008_ 

TL/F/11642-4 

~ ALL AROUND 2X 0.0311 ~ lrO.024 ±0.004 

0.150 ± 0.008 - - 0.083 ± 0.008 

SCALE: 8X 

+-It---r,=r1=H~====~~---4 

0.051 ~8:88g I 
~ '----J 

-I '-- 2X 0.047 ~8:8~~ 
1----0.512:1: 0.008----1 
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0.020 

47 

47 

38 
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Tape and Reel Specifications and Drawings 

1 r WI (MEASURED AT HUB) 

TAPE SLOT 

A 
r 
N 

L 
SCALE: O.SX 

C 

DETAIL X 
SCALE: 3X 

Tl/FI11642-6 

Plastic 13" Reel for 16 mm and 24 mm Tape 

Tape 
A B C D N W1 W2 Ws Size 

24mm 
13.00 0.059 0.512 ± 0.008 0.795 7.000 0.961 + 0.078/ -0.000 1.197 WI +0.078/-0.039 
330.0 1.50 13.00 ± 0.20 20.20 178.00 24.40 +2.00/-0.00 30.40 WI +2.00/-1.00 

16mm 13.00 0.059 0.512 ± 0.008 0.795 7.000 0.646 + 0.078/ -0.000 0.882 WI +0.078/-0.039 
330.0 1.50 13.00 ± 0.20 20.20 178.00 16.40 +2.00/-0.00 22.40 WI +2.00/-1.00 
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Tape and Reel Specifications and Drawings (Continued) 

0,069 
(1.75) 

E 

r.i,105~ TYP -1---+ ...... -
Po 

SCALE: 6X 

JEDEC SOIC 16 mm and 24 mm Tape 

SECTION M-M 

11-11 

(2) r;~550) MIN TYP 
Dl 

-~-

N 

N 
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Tape and Reel Specifications and Drawings (Continued) 

JEDEC SOIC 16mm and 24mm Tape (Continued) 

f-- -Ko 

0.012\_ r (0.30) 
T 

R 

I , 
"""= 

!·/I/, . r 1 B 

I!~~-L --I~~----

SECTION N-N BEND RADIUS 
SCALE: 6X SCALE: 2X 

SMALLEST ALLOWABLE BENDING RADIUS. 

Pkg Tape Dim Dim Dim Dim Dim Dim 
Type Size B Bo Ko A Ao W 

24 SO (300 mil) 24mm 
0.630 0.624 0.118 0.437 0.429 0.945 

(16.00) (15.85) (3.00) (11.10) (10.90) (24.00) 

20 SO (300 mil) 24mm 
0.530 0.524 0.118 0.436 0.429 0.945 

(13.45) (13.30) (3.00) (11.08) (10.90) (24.00) 

16 SO (150 mil) 16mm 
0.411 0.406 0.083 0.262 0.256 0.630 

(10.45) (10.30) (2.10) (6.65) (6.50) (16.00) 

14 SO (150 mil) 16mm 
0.380 0.374 0.083 0.262 0.256 0.630 
(9.65) (9.50) (2.10) (6.65) (6.50) (16.00) 

24 SSO (150 mil) 16mm 
0.380 0.374 0.083 0.262 0.256 0.630 
(9.65) (9.50) (2.10) (6.65) (6.50) (16.00) 

20550 (150 mil) 16mm 
0.380 0.374 0.083 0.262 0.256 0.630 
(9.65) (9.50) (2.10) (6.65) (6.50) (16.00) 
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TUF/11642-8 

Dim Dim Rad 
F P1 R 

0.453 0.472 1.181 
(11.50) (12.00) (30.00) 

0.453 0.472 1.181 
(11.50) (12.00) (30.00) 

0.295 0.315 1.181 
(7.50) (8.00) (30.00) 

0.295 0.315 1.181 
(7.50) (8.00) (30.00) 

0.295 0.315 1.181 
(7.50) (8.00) (30.00) 

0.295 0.315 1.181 
(7.50) (8.00) (30.00) 



Tape and Reel Specifications and Drawings (Continued) 

4.0 TYP --t-----;~ 
Po 

1.75 ± 0.10 

T-
tf 

til 1.6 TYP 
01 

SCALE: 6X 

EIAJ SOIC 16 mm and 24 mm Tape 

!-12.0 TYP-! 

til 1.55 ± 0.05 TYP 
o 

(5.0) 
TYP 

SECTION M-M 
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Tape and Reel Specifications and Drawings (Continued) 

EIAJ SOIC 16 mm and 24 mm Tape (Continued) 

-f--Ko 

0.30:1: 0.05-r TAPE 
THICKNESS 

- -
I I r """"' I / / " J '/"~' L -

f- Bo 

I ~, -
I 

",_~,---
---------

SECTION N-N BEND RADIUS 
SCALE: 6X SCALE: 2X 

SMALLEST ALLOWABLE BENDING RADIUS. 

Pkg Tape Dim Dim Dim Dim Dim 
Type Size A Ao B Bo F 

20 SO (200 mil) 24mm 8.7 8.4 13.5 13.2 11.5 

14/16 SO (200 mil) 16mm 8.7 8.4 11.0 10.7 7.5 
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TL/FI11642-1D 

Dim Rad Dim 
Ko R W 

2.4 50.0 24.0 

2.4 50.0 16.0 



Tape and Reel Specifications and Drawings (Continued) 

Direction of Feed for SOIC Devices 

0 0 0 0 0 0 0 0 0 0 

[(] [(] [(] [(] [(] 
DIRECTION OF FEED 

~ 
TLlF/11642-11 

Tape and Reel Quantities 

Otyof 
Package Sealed 

Devices 

JEDEC 14/16 2500 

JEDEC20/24 1000 

EIAJ 14/16/20 1000 

JEDEC and EIAJ SOIC Carrier Tape Specifications 

Leader (mm) Hub (mm) 

Unsealed Sealed Overall Unsealed Sealed Overall 
Carrier Carrier Carrier Carrier Carrier Carrier 

Min I Max Min I Max Min I Max Min I Max Min I Max Min I Max 

0 I 400 500 I 1200 500 J 1200 0 J 340 300 I 640 300 J 740 

The overall carrier minimum specification is determined by the sealed carrier minimum. 

The overall carrier maximum consists of the sealed carrier minimum plus a combination of unsealed carrier and any additional 
sealed carrier. For example, the leader's overall maximum of 1200 mm consists of a 500 mm minimum sealed carrier, with a 
remaining 700 mm combination of unsealed (0 mm to 400 mm) and/or sealed (0 mm to 700 mm) carrier. 

The number of pockets in the leader or hub carrier tape are determined by the tape's pitch. For example the pitch for a JEDEC 
SOIC 14 (mil) 16 mm tape, the P1 dimension from the previous pages, is 6.0 mm. Thus the maximum leader unsealed carrier 
pockets would be 400 mm/6 mm or 50. 
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~National 
~ Semiconductor 

14 Lead (0.150" Wide) Molded Small Outline Package, JEOEC 
NS Package Number M 14A ' 

~X45' 
(0.214-0.1108) 

r--
0.008-0.010 

~ 
TYP ALL IfAIIS 

0.150-0.157 

(3.810-3.918) r 
r I'MAlTYP 

IJd-0.004 ' (0.406-1.270) 
iD.iiii TYP ALL LEA03 ' 

ALL LEAD TIPS 

All dimensions are in inches (millimeters) 

,
_ 0.335-0.:144 __ 

,ji509':'iT3ij I 
" 13 12 11 10 9 8 

-I ;w-I ~~~ 
0.228-0.2.4 

- 30' 
(5'7~91i',6"91) ~TYP 

LEAD NO.1 ;;;:::r;::;:;:;;;;;;;;;;;:;:=;:;! 
IDENT __ 

I I 3 4 5 6 7-, 

..!!!l!MAX 
(0.254) 

0.053-0.069 
(1.3C8-1.753) 

SEATING 
PLANE 

+ 

* t at 
trnii 

0.004 -0.010 
~ 

~-r::id---.l 
~J I--J-L -I D.-O.OIO TYP 
(1.270) (0.356-0.508) 

TYP , (~:=:) TYP 
M1tAtAeVI'I1 

14 Lead Molded Small Outline Package (SOP), EIAJ Type II 
NS Package Number M 140 

All dimensions are in inches (millimeters) 

.~g€ 
~ 

0.205-D.213 
(5.207 - 5.410) 

J L~ IOAOI-O.1I7) 

234587 

DETAILF 

0.071 0.III7-D.083 
D.OII8-0.010 (1.803) REF (1.702-2.108) 

(0.162-0.254) L t 
rrF=F=~~ ~------jH.--"+ 

"'l I ~ f f SEATING PLANE 

~=)REF t -1 l-(~:J L D.OOO-G.010 
G.014-D.020 (O.OOO-D.254) 

(0.358-0.508) 
SEE DETAIL F 

M14DtRI!VAj 
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r-------------------------------------------------------------------------------------~ ~ 

16 Lead (0.150" Wide) Molded Small Outline Package, JEDEC 
NS Package Number M16A 

10.254-0.508) x 
8" MAX TYP 

LEAD NO.1 
IDENT 

D.D53-0.069 
11.346-1.753) 

All dimensions are in inches (millimeters) 

0.OD4 - 0.01 D 
10.102-0.254) 

~ 45~ r(~:!~~=~::::) 1--
L All LEADS 

..£if )~ ~ 
+ 
'H~~ SEATING t I~::~:!~::~) TJ L I~i~::~~) 

TYP ALL LEADS D.004 TYP ALL LEADS 
10.102) 

f 0.014 

iIT56i J L 0.D50JL J L 001L.:~;p 
11.270) 10.356-0.508) 

TYP ~TYP 
ALL LEAD TIPS 

(0.203) MI6A(REV HI 

16 Lead Molded Small Outline Package (SOP), EIAJ Type II 
NS Package Number M16D 

DETAIL F 

SEE DETAIL F 

All dimensions are in inches (millimeters) 

(~O~~~=~o~~~) ~ 
16 15 14 13 12 11 10 9 

-r-----t-

I 
0.295-0.319 0.205- 0.213 

(7.493-8.103) (5.207-5.410) 

~~o :::;:::;:::;:::~ ~ 

o 071 0.067-0.083 
(1:803) REF (1.702-2.108) 

~~ ____________ ~. __ ~t 

frHF1t1t1J1J1Mj1~ 
t'tL..lt--L..It::t--jL..lt::t--jL..lt::t-1L..1t::t-1L..1t::t-1L..1t::t-1L..1t::t-:~*--_.- SEATING PLANE 

1- 0.049 REF 1 1 0.050 J L f f I (1.245) -I I-- (1.270) 0.000-0.010 
(0.000-0.254) 

0.014-0.020 
(0.356-0.508) 

11-17 

t.416D (REV A) 

:::r 
'< 
UI 
0" 
!!!. 
c 
3" 
(I) 
::J 
UI 
0" 
::J 
UI 

III 



! o 
'iii 
c 
CD 
E 
is 
1j 
'i-
.e 
a. 

20 Lead (0.300" Wide) Molded Small Outline Package, JEDEC 
NS Package Number M20B 

~ t 0.281-0.Z99 

0.010-0.028 45'. r ] 
10.254-0.7371 x 

S'MAXTYP 

0.093-0.10' 
12.362 -2.6421 

.. 

All dimensions are in inches (millimeters) 

0 .• IJo.013 ~!.2.=(:"':~"':"'1 /===::;;:="""'!~I ~E 
ii.i2i=o.33iii ALL LEAD TIPS .... (0.406 -1.2701 
TYP ALL LEADS TYP ALL LEADS 

L 5 ~ (::~~:::~~I 
~~SEATING 

f t J L JL IL~PLAIE I:'~~I ~ _ ~TYP 
. 11.2701 .. (0.356-0.5DSI 

TYP 
Jl!!!!!TYP 
to.203) M20B(REYF) 

20 Lead Molded Small Outline Package (SOP), EIAJ Type II 
NS Package Number M20D 

·~k 
~ L.~-~ 

(0.408-0.7871 

DETAILF 

SEE DETAIL F 

All dimensions are in inches (millimeters) 

rfiil=:::' """ 
0.285-0.319 [" "" ":::!:16:!:::::1,=!5:::!:'4:!:::::~~::!::!r_"""T 

'T~o . 
1 

0.071 REF 0.087 - 0.083 
11.803) 11.702-2.101) 

L' . ---.l 
·G~~t 
r=~J L' f f SEATING PLANE 

. ----+l 11.2701 0.000-0.010 
10.000 - 0.254) 

0.014 - 0.020 
(0.356 - 0.5DB) 

t.12OD(REVAI 
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24 Lead (0.300" Wide) Molded Small Outline Package, JEDEC 
NS Package Number M24B 

LEAD NO 1 
IDENTIFICATION 

0.6141 

1+------ ~.~~:~ ------I 
15.20 

0.4190 
0.3940 
10.65 

0.2992 10.00 
0.2914 
7:'6 

7.4 

m 
~;;:r;;r;::;;~;;;;:;::;r;:=r;::;;::~-.l 

II d . . inches 
A imenslons are In millimeters 

l~t2 0.0200 

~?JJ: TYP 1+IWs ®jA!C®191 
0.350 

0.1043 
0.0926 

2.65 L 0.0118 
2.35 . . 0.0040 

SEATING L~.r! 
PLANEIT - t . lMH 

0.35 

0.029 
450 x 0.010 

0.75 
0.25 

IQI0.O~4UI O. 
ALL LEAD TIPS 

0.0125 

1iT n. '" ~"] 

80 MAX Typr 
0.0500 ALL LEADS 
0.0160 TYP ALL LEADS 

1.27 
0.40 W24. (REV F) 

20 Lead (0.150" Wide) Molded Shrink Small Outline Package, JEDEC 
NS Package Number MQA20 . 

I 
0 .. 152 t 0.003(TOP) 
0.154 t 0.003(90T) 

~;:;:::;:;::::;:~~~ 0.236 t 0.005 

1 

1-$-1 0.007 ® 1 CiA ® 1 

11-19 

All dimensions are in inches 

YQA20 (REV A) 
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24 Lead (0.150" Wide) Molded Shrink Small Outline Package, JEDEC 
NS Package Number MQA24 

All dimensions are in inches 
\------0,341 to,003 m-------t 

0,040 t 0,005 
23 

I 
0,152 t 0.003(TOP) 
0,154 t O,003(BOT) 

t:;z::;;;:;:;::;::;::::;::;::::;::;:::;::;:::;:;:::::p~ 0,236 t 0,005 

1 

· ""T] .. "' ..... , . 1;6 ..... " 
i:C\'~; ;~ '~~~J~lL t clft llJ~{~:~~~TYP 

~,025 TYP I 5° t 3° TYP 0,026 t 0,002 TYP 

SEATING PLANE O,006:t 0,002 TYP 
0,010 :t 0,002 TYP 

1-$-1 0,007 @ 1 ciA ® 1 MOA24 (REV A) 

48 Lead (0.300" Wide) Molded Shrink Small Outline Package, JEDEC 
NS Package Number MS48A 

0,395 f 0,420 
[10,04- 10,66] 

All dimensions are in inches (millimeters) 

LEAD #1 
IDENT If I 0,010[0,25]1 D I A ® I B® I 

0,008-0,012 ~YP-ll- -II- 0,025 TYP 
[0,21 - 0,30] [0,63] 

If I O,OI0[o,25]@IDIA®IB®1 

GAUGE PL:j 
0,010 
[0,25] 

~ 0,005-0,009 
1[0,13-0,22] 

, Lt 
0,020 - 0,040 
[0,51 - 1,01] 

DETAIL E TYP 

450 x 0,015- 0,025 

[;~::D .• W.;D~}(;~~~"(t-J~~~~'!!!!!!....},~.;.l...L.f::tl.2:!!.!!!L!!.:.!.!!LJ 
0,025 TYP 0,008 - 0,016 TYP - c-
[0,64] [0,21 - 0,40] 00 - 80 TYP IIIS48A (REV A) 
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56 Lead (0.300" Wide) Molded Shrink Small Outline Package, JEDEC 
NS Package Number MS56A 

All dimensions are in inches (millimeters) 

LEAD #1 
IDENT 

0.395 f 0.420 
[10.04 - 10.66] 

I§I 0.010[0.25]1 D I A ® I B® I 

1 II 00 

0.008-0.012 TYp-I1- -1'- 0.025 TYP 
[0.21 - 0.30] r- [0.63] GAUGE PL~ 

0.010 
~ 0.005-0.009 

I[O.13-0.22] 

G020-0.040 
[0.51-1.01) 

1410.010[0.25] (f,j) I D I A ® I B® I [0.25] 

DETAIL E TYP 
450 x 0.015-0.025 [:::::;:1 ,~,,~~",~[0.39_0.631 ""'---r''''~_ ~SEEDETAILE 

-t -~OJlJlO.lUlJlOJUUlOJUlJl.DJtIUlOJUlJl.DJUUIJtd - -0 - +- .J..J..."""""""!~",,,L\.o/-J..J...j1 OaJlL.!!:!0.0~04l!!:..![0.I~O!l 
0.025 TYP 0.008 - 0.016 TYP - C - , ..-/ 
[0.64] [0.21 - 0.40] 00 - 80 TYP YS51A (REV A) 

14 Lead Molded Shrink Small Outline Package, EIAJ, Type I 
NS Package Number MSC14 

All dimensions are in millimeters rw; 5.0:t0.2 ~ 
I±l 

14 8 

0 4.4:t0.2 

m o 
7 

...L..-II."""":"" ---,1 0.15 -0.05 
1 1-5.5 MAX~ +0.10 ~6.4:t0.3 =hl 

1.2:to.~:..r"""J!'" l[! lid 
t 11 J t~ tl 0.55 TYP -c- -l 0.45:t 0.20 TYP 

10.65 TYPI~I- 0.2a 0.10 TYP 
1+10.13@ Icl A®I 9®1 .SCI4(REVA) 

11-21 
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16 Lead Molded Shrink Small Outline Package, EIAJ, Type I 
NS Package Number MSC16 

All dimensions are in millimeters 

~5'O:l:O'2~ m 
16 9 

0· 4.4:1:0.2 

m o 
8 

20 Lead Molded Shrink Small Outline Package, EIAJ, Type I 
NS Package Number MSC20 

All dimensions are in millimeters 

4.4:1:0.2 

m 

10 

11-22 



14 Lead Molded Thin Shrink Small Outline Package, JEDEC 
NS Package Number MTC14 

5.0 ± 0.1;M 

All dimensions are in millimeters 

I-A-I 
a 

n 
4.4 :t 0.1 

1,,10.2IclaIAI 
ALL LEAD TIPS 

DETAIL A 
TYPICAL 

~_ ....... rSEE DETAIL D 

/ r-'~--------~ 

(~( j )~-1 
", J 

" 0.1 C ~0.90) 
ALL LEAD TIPS ~ ~ S :e dctlctlctlctlc 1.1 ~AX TYP 

B f ~ Il~±o.osTYP '- - - 0.09-0.20 TYP 

~ 0.19 - 0.30 TYP 

1-$-1 0.13 @ 1 AlB ® 1 C ® 1 

20 Lead Molded Thin Shrink Small Outline Package, JEDEC 
NS Package Number MTC20 

.Te14 (REV A) 

All dimensions are in millimeters 

4.4 ± 0.1 

G 

~~U .. _r-

1-$-1 0. 13 @ 1 AlB ® 1 c ® 1 
.Te20 (REV B) 

11-23 

"tlI ::r 
':i 
[ 
c 
3" 
C1I ::s en 
0" 
::s en 

m 



o r--------------------------------------------------------------------------, 
C 
"~ 24 Lead Molded Thin Shrink Small Outline Package, JEDEC 
i NS Package Number MTC24 
E All dimensions are in millimeters 
is 
"iii 
U 24 

"i-
.e 
a. 

4.4:1: 0.1 

I-B-I 

~~U .. j:-t---I-
DETAIL A 

1 12 1"'10.2IcIBIAI TYPICAL 
ALL LEAD TIPS __ ....... r SEE DETAIL D 

(0.90) 1/ _;:.,' __________ .... 

m ~,.'; ',,:, fUIJ=lPJ:1J=lPJ:1J:JJ:tnilB" !.,d l ) ) ~-1 
L±J . f I-H 0.65 TYplll ~ :I: 0.05 T~P - - 0.09-0.20 TYP ] 

~ I-- 0.19 - 0.30 TYP 

1-$-1 0. 13 ® 1 AlB ® 1 c ® 1 

48 Lead Molded Thin Shrink Small Outline Package, JEDEC 
NS Package Number MTD48 

MTCZ. (REV A) 

All dimensions are in millimeters 

48 

lol0.2lc IB IA 1 
ALL LEAD TIPS 

DETAIL A 
TYPICAL 

00.1 C __ ..... rSEE DETAIL A 

ALL LEAD TIPS IT (0.90) " , 

~~~e"""~~~~~~"""~~"""b [ ... ;". ( .# I J B:JT . LlUUUULlLlUULlLlLlLlLlUQI:IULlLlULI ' .... _ .... 

-C- --l ~ --II- 0.17 _ 0.27 TYP 0.10 :I: 0.05 TYP 

. J~i 
0.09-0.20 TYP} 

1-$-10.13@IAIB ®Ic ®I WTD48 (REV A) 
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56 Lead Molded Thin Shrink Small Outline Package, JEDEC 
NS Package Number MTD56 

All dimensions are in millimeters 

156 

14.0 ± 0.1 --------1 
[±] 

._ _ _______ .J. ~
GAGEPLANE 
r 0.25 

oo-a±-- SEATING PLANE 

2a 1"'lo.2IcIBIA/ 
ALL LEAD TIPS 

0.60 ~~: ~~ 

DETAIL A 
TYPICAL 

'" 0.1 C rSEE DETAIL A 

ALL LEAD TIPS ..J: (0.90) /-- ..... , 

~~M.M.M.M.M.PJ1P.M.M~~ .,<." C,#(1(C,:;)====S)F\~J. 
L:£:..i I I I _ " '--, 0.09-0.20 TYPJ 

-I ~ --11-0.17 - 0.27 TYP 0.10 ± 0.05 TYP 

1-$-10.13 @IAIB®le®1 t4TD56 (REV A) 
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ADVANCED BiCMOS LOGIC (ABTC, IBF, BiCMOS SCAN, LOW VOLTAGE 
BiCMOS, EXTENDED TTL TECHNOLOGY) DATABOOK-1994 
ABTC/BCT Description and Family Characteristics. ABTC/BCT Ratings, Specifications and Waveforms 
ABTC Applications and Design Considerations. Quality and Reliability. Integrated Bus Function (IBF) Introduction 
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SSI/MSI Functions • Peripheral Functions. LSIIVLSI Functions. DeSign Guidelines • Packaging 
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CLOCK GENERATION AND SUPPORT (CGS) DESIGN DATABOOK-1994 
Low Skew Clock Buffers/Drivers. Video Clock Generators. Low Skew PLL Clock Generators 
Crystal Clock Generators 

CROSSVOLTTM LOW VOLTAGE LOGIC SERIES DATABOOK-1994 
LCX Family. LVX Translator Family. LVX Bus Switch Family. LVX Family. LVQ Family. LVT Family 

DATA ACQUISITION DATABOOK-1993 
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DATA ACQUISITION DATABOOK SUPPLEMENT -1992 
New devices released since the printing of the 1989 Data Acquisition Linear Devices Databook. 
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Consumer Series. Power Components. Transistor Datasheets • Process Characteristics 
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Quality Assurance and Reliability. Application Notes 
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Quiet Series: 54ACTQI74ACTQXXX. 54FCTI74FCTXXX. FCTA: 54FCTXXXA174FCTXXXA/B 

FAST® ADVANCED SCHOTTKY TTL lOGIC DATABOOK-1990 
Circuit Characteristics. Ratings, Specifications and Waveforms. Design Considerations. 54F174FXXX 

FAST® APPLICATIONS HANDBOOK-1990 
Reprint of 1987 Fairchild FAST Applications Handbook 
Contains application information on the FAST family: Introduction. Multiplexers • Decoders • Encoders 
Operators. FIFOs • Counters. TTL Small Scale Integration. Line Driving and System Design 
FAST Characteristics and Testing. Packaging Characteristics 

HIGH-PERFORMANCE BUS INTERFACE DATABOOK-1994 
QuickRing • Futurebus+ IBTL Devices. BTL Transceiver Application Notes. Futurebus+ Application Notes 
High Performance TTL Bus Drivers. PI-Bus. Futurebus + IBTL Reference 

IBM DATA COMMUNICATIONS HANDBOOK-1992 
IBM Data Communications • Application Notes 

INTERFACE: DATA TRANSMISSION DATABOOK-1994 
TIAIEIA-232 (RS-232) • TIAIEIA-422/423 • TIAIEIA-485. Line Drivers. Receivers. Repeaters 
Transceivers. Low Voltage Differential Signaling. Special Interface. Application Notes 

LINEAR APPLICATIONS HANDBOOK-1994 
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 APPLICATION SPECIFIC IC's DATABOOK-1993 
Audio Circuits. Radio Circuits. Video Circuits. Display Drivers. Clock Drivers. Frequency Synthesis 
Special Automotive. Special Functions. Surface Mount 

lOCAL AREA NETWORKS DATABOOK-1993 SECOND EDITION 
Integrated Ethernet Network Interface Controller Products. Ethernet Physical Layer Transceivers 
Ethernet Repeater Interface Controller Products • Token-Ring Interface Controller (TROPIC) 
Hardware and Software Support Products • FDDI Products. Glossary and Acronyms 



LOW VOLTAGE DATABOOK-1992 
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included for: Low Voltage Logic (LVQ), Linear, EPROM, EEPROM, SRAM, Interface, ASIC, Embedded Controllers, Real Time 
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Rigid Disk Data Controller. SCSI Bus Interface Circuits. Floppy Disk Controllers. Disk Drive Interface Circuits 
Rigid Disk Preamplifiers and Servo Control Circuits • Rigid Disk Microcontroller Circuits • Disk Interface Design Guide 
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FLASH. EEPROMs • EPROMs • Application Notes 
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PACKAGING DATABOOK-1993 
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Package Reliability Considerations. Packing Considerations. Surface Mount Considerations 

POWER IC's DATABOO.K-1993 
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RELIABILITY HANDBOOK-1987 
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883B/RETSTM Products. MILS/RETSTM Products. 883/RETSTM Hybrids. MIL·M·3851 0 Class B Products 
Radiation Hardened Technology. Wafer Fabrication. Semiconductor Assembly and Packaging 
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Design Considerations and Product Datasheets. The topics discussed are the advantages of VHCIVHCT AC Performance, 
Low Noise Characteristics and Improved Interface Capabilities. 
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