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INTRODUCTION 

Texas Instruments (TI) Advanced System Logic group has a broad portfolio of devices designed 
for high-speed memory interfacing. Sections 2, 3, and 4-Data Transceivers/Multiplexers, Address 
Buffers/LatcheslFIip-Flops, and Clock-Distribution Circuits-contain devices that have set the 
industry standards for fast propagation-delay speeds, bus hold, and low simultaneous-switching 
noise. Device families within this text include: 

ALVC - One of the highest-performance 3.3-V bus-interface device families is ALVC. These 
specially designed 3.3-V products are processed in 0.6-11 CMOS technology, giving propagation 
of delays less than 3 ns, along with current drive of 24 mA and static power consumption of 40 I1A 
for bus-interface functions. The ALVC devices have bus-hold cells on inputs to eliminate the need 
for external pulluplpulldown resistors for floating inputs. The family also inclUdes innovative 
functions with integrated series-damping resistors for memory interleaving, multiplexing, and 
interfacing to synchronous DRAMS. 

SSTL - TI is the first to offer interface logic based on the new SSTL_3 (stub series terminated logic) 
standard. With both an address driver and a clock driver that conform to this standard, TI continues 
to innovate logic for future generations of SDRAM. 

LVT - The specially designed 3.3-V LVT family uses the latest 0.8-11 BiCMOS-process technology 
for bus-interface functions. LVT can provide up to 24 mA of drive, 4-ns propagation delays, and, 
in addition, consumes less than 100 I1A of standby current. The inputs have the bus-hold feature 
to eliminate the need for external pulluplpulldown resistors and II0s that can tolerate up to 7 volts, 
which can allow them to act as 5-V/3.3-V translators. 

ALB - The specially designed 3.3-V ALB family uses the latest in 0.6-11 technology for bus-interface 
functions. ALB provides 25 mA of drive at 3.3 V and boasts a maximum propagation delay of 
2.2 ns, making it the. fastest Tllogic family to date. The inputs have clamping diodes to eliminate 
signal overshoot and undershoot. 

CDC - Tl's CDCs provide accurate clock-generation circuitry fundamental to every digital system, 
producing timing signals that are used to synchronize system activity. To meet the stringent 
clock-signal timing requirements of today's systems, TI offers a series of low-propagation delay and 
skew, high-fan-out clock drivers designed to effectively drive high-performance clocking systems. 

CBT - The CBT (crossbar technology) family is the industry's bus switch of choice. CBT enables 
a bus-interface device to function in one of two valuable roles. When the switch is closed, it is a very 
fast bus switch, effectively isolating buses. When the SWitch is open, it offers very little propagation 
delay. These devices can function as high-speed bus interfaces for computer-system components 
such as the central processing unit (CPU) and memory. 

For more information on these or other TI products, please contact your local TI representative, 
authorized distributor, the TI technical support hotline at 972-644-5580, or visit the TI home page 
at http://www.tLcom. 

For a complete listing of all TI logic products, please order the Logic Selection Guide (literature 
number SDYU001) by calling our literature response center at 1-800-477-8924. 
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GLOSSARY 
SYMBOLS, TERMS, AND DEFINITIONS 

INTRODUCTION 

These symbols, terms, and definitions are in accordance with those currently agreed upon by the JEDEC 
Council of the Electronic Industries Association (EIA) for use in the USA and by the International 
Electrotechnical Commission (lEG) for international use. 

operating conditions and characteristics (in sequence by letter symbols) 

Ci Input capacitance 

The internal capacitance at an input of the device 

Cio Input/output capacitance 

Input-to-output internal capacitance; transcapacitance 

Co Output capacitance 

The internal capacitance at an output of the device 

Cpd Power dissipation capacitance 

Used to determine the no-load dynamic power dissipation per logic function (see individual circuit pages): 
PD = Cpd Vee2 f + Icc Vee 

fmax Maximum clock frequency 

The highest rate at which the clock input of a bistable circuit can be driven through its required sequence 
while maintaining stable transitions of logic level at the output with input conditions established that 
should cause changes of output logic level in accordance with the specification 

Icc Supply current 

The current into' the Vee supply terminal of an integrated circuit 

b.ICC Supply current change 

The increase in supply current for each input that is at one of the specified TTL voltage levels rather than 
o VorVee 

ICEX Output high leakage current 

II (hold) 

The maximum leakage current into the collector of the pulldown output transistor when the output is high 
and the output forcing condition Vo = 5.5 V 

Input hold current 

Input current that holds the input at the previous state when the driving device goes to a high-impedance 
state 

IIH High-level input current 

The current into' an input when a high-level voltage is applied to that input 

IlL Low-level input current 

The current into' an input when a low-level voltage is applied to that input 

loff Input/output power-off leakage current 

The current into a circuit mode when the device or a portion of the device affecting that circuit node is 
in the off state 

IOH High-level output current 

The current into' an output with input conditions applied that, according to the product specification, 
establish a high level at the output 

'Current out of a terminal is given as a negative value. 

~TEXAS 
INSTRUMENTS 
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tpHL Propagation delay time, hlgh-to-Iow level output 

GLOSSARY 
SYMBOLS, TERMS, AND DEFINITIONS 

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 

tpHZ Disable time (of a 3-state output) from high level 
The time interval between the specified reference points on the input and the output voltage waveforms 
with the 3-state output changing from the defined high level to the high-impedance (off) state 

tpLH Propagation delay time, low-to-hlgh level output 
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 

tpLZ Disable time (of a a-state output) from low level 
The time interval between the specified reference points on the input and the output voltage waveforms 
with the 3-state output changing from the defined low level to the high-impedance (off) state 

tpZH Enable time (of a 3-state output) to high level 
The time interval between the specified reference points on the input and output voltage waveforms with 
the 3-state output changing from the high-impedance (off) state to the defined high leve 

tpZL Enable time (of a a-state output) to low level 
The time interval between the specified reference points on the input and output voltage waveforms with 
the 3-state output changing from the high-impedance (off) state to the defined low level 

tsk(l) Input skew 
The difference between any two propagation delay times that originate at different inputs and terminate 
at a single output. Input skew describes the ability of a device to manipulate (stretch, shrink, or chop) a 
clock signal. This is typically accomplished with a multiple-input gate wherein one of the inputs acts as 
a controlling signal to pass the clock through. tsk(\) describes the ability of the gate to shape the pulse 
to the same duration regardless of the input used as the controlling input. 

tsk(l) Limit skew 
The difference between 1) the greater of the maximum specified values of tpLH and tPHL and 2) the lesser 
of the minimum specified values of tpLH and tpHL. Limit skew is not directly observed on a device but 
rather is calculated from the data sheet limits fortpLH and tPHL. tsk(l) quantifies forthe designer how much 
variation in propagation delay time will be induced by operation over the entire ranges of supply voltage, 
temperature, output load, and other specified operating conditions. Specified as such, tsk(i) also accounts 
for process variation. In fact, all other skew specifications [tsk(o), tsk(i), tsk(p)' andtsk(pr)l are subsets oftsk(i); 
they are never greater than tsk(i). 

tsk(o) Output Skew 
The difference between any two propagation delay times when a single switching input or multiple inputs 
switching simultaneously cause multiple outputs to switch, as observed across all switching outputs. This 
parameter is used to describe the fanout capability of a clock driver and is of concern when making 
decisions on clock buffering and distribution networks. 

tsk(p) Pulse Skew 
The difference between propagation delay times tpHL and tpLH when a single switching input causes one 
or more outputs to switch. tsk(p) quantifies the duty cycle characteristic of a clock driver. Certain 
applications require a fixed duty cycle for proper operation. As an example, the CLK2 input of an 
MC68020 processor operating at 40 MHz requires a duty cycle of 50 ± 5%. tsk(p) is a measure of a clock 
driver's ability to supply such a precisely controlled pulse. 

~lExA.s 
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EXPLANATION OF FUNCTION TABLES 

The following symbols are used in function tables on TI data sheets: 

H high level (steady state) 
L 
i 
J., --
X 
z 
a ... h 

00 
00 

-v
Toggle 

low level (steady state) 
transition from low to high level 
transition from high to low level 
valuellevel or resulting valuellevel is routed to indicated destination 
valuellevel is re-entered 
irrelevant (any input, including transitions) 
off (high-impedance) state of a 3-state output 
the level of steady-state inputs A through H respectively 
level of 0 before the indicated steady-state input conditions were established 
complement of 00 or level of Q before the indicated steady-state input 
conditions were established 
level of 0 before the most recent active transition indicated by J., or i 
one high-level pulse 
one low-level pulse 
each output changes to the complement of its previous level on each active 
transition indicated by J., or i 

If, in the input columns, a row contains only the symbols H, L, and/or X, this means the indicated output is valid 
whenever the input configuration is achieved and regardless of the sequence in which it is achieved. The output 
persists so long as the input configuration is maintained. 

If, in the input columns, a row contains H, L, and/or X together with i and/or J." this means the output is valid whenever 
the input configuration is achieved but the transition(s) must occur following the achievement of the steady-state 
levels. If the output is shown as a level (H, L, 00, or (0), it persists so long as the steady-state input levels and the 
levels that terminate indicated transitions are maintained. Unless otherwise indicated, input transitions in the opposite 
direction to those shown have no effect at the output. (If the output is shown as a pulse,.JL or-V-, the pulse follows 
the indicated input transition and persists for an interval dependent on the circuit.) 

-!/} TEXAS 
INSTRUMENTS 
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D FLlP·FLOP AND LATCH SIGNAL CONVENTIONS 

It is normal TI practice to name the outputs and other inputs of a O-type flip-flop or latch and to draw its logic symbol 
based on the assumption of true data (0) inputs. Outputs that produce data in phase with the data inputs are called 
o and those producing complementary data are called 'O. An input that causes a 0 output to go high or a '0 output 
to go low is called preset (PRE). An input that causes a'O output to go high or a 0 output to go low is called clear 
(CLR). Bars are used over these pin names (PRE and CLR) if they are active low. 

The devices on several data sheets are second-source designs, and the pin name conventions used by the original 
manufacturers have been retained. That makes it necessary to designate the inputs and outputs of the inverting 
circuits 0' and O. 

In some applications, it may be advantageous to redesignate the data input from 0 to 0' or vice versa. In that case, 
all the other inputs and outputs should be renamed as shown below. Also shown are corresponding changes in the 
graphical symbols. Arbitrary pin numbers are shown. 

PRE 
C 

o 

CLR 

PRE 
CLK 

o 
CLR 

1 
2 

3 

4 

1 
2 

3 

4 

"-

" 

"-

"-

S 

C1 

10 

R 

LATCH 

S 

C1 

10 

R 

FLlp·FLOP 

5 
Q 

6 

5 
Q 

CLR 
CLK 

6 
Q 

0 
PRE 

1 "- R 5 
2 

C1 
3 "- 10 6 
4 

" S 
Q 

LATCH 

1 "- R 5 
2 

C1 
3 "- 10 6 
4 

" S 
Q 

FLIP·FLOP 

The figures show that when 0 and '0 exchange names, the preset and clear pins also exchange names. The polarity 
indicators (~ ) on PRE and CLR remain, as these inputs are still active low, butthe presence or absence ofthe polarity 
indicator changes at 0 (or 0'),0, and 'O. Pin 5 (0 or '0) is still in phase with the data input (0 or D); their active levels 
change together. 

~1ExAs 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALLAS. TEXAS 75265 1-11 



--

~ 
I 
c 
0 

~ a. 

= i5 

I 
0. 
E 
:l 
E 
';c .. 
:::E 
I 

o.Q 

~ 
I 
c 
0 :; 
a. 
'iii .. 
i5 

I 
0. 
E 
:l 
E 
;c 

~ 
I 

o.Q 

1200 

1100 

1000 

900 

800 

700 

600 

500 

400 

300 

200 

100 

o 

THERMAL INFORMATION 

DERATING CURVES FOR 210-MIL SHRINK SMALL-OUTLINE PACKAGE (DB) 

1200 
8 Pin 16 Pin 

--I"-- r-I"--

it 
E 1000 
I 
c 
0 

~ 800 a. 

1 c 

I 600 

0. 
E 

400 :l 
E 
';c 

~ ~ --:... r=-~ F-1 ;::...:; ~ ,..':" ' ... 

~ --- - - ~-........ 
I"-

..... r=~ :::s 
........ f.,.. 

""r--... ........ 
Air Velocity ........ r--.. 

I- (linear m/sec) ------ =1 
........ 

r--- .. 
:::E ---- =0.75 
I 200 

o.Q I- --- =0.5 
- - =0.25 

o I I I=~ I 
25 30 35 40 45 50 55 60 65 70 75 80 85 90 25 30 35 40 45 50 55 60 65 70 75 80 85 90 

TA - Free-Air Temperature - 00 T A - Free-Air Temperature - 00 

Figure 2 Figure 3 

1400 

2200 

2000 

20PI~ I I I I I I 
Air Velocity -

(linear mJsec) -

1400 

2200 
it 
E 2000 

2~PI~ I I I I I I 
Air Velocity -

(linear m/sec) -
---- =1 I ---- =1 

1800 

1600 

1400 

---- =0.75-
--- =0.5 _ 
- - =0.25 

=0 -

c 1800 

i 1600 

1 1400 c 

---- =0.75-
--- =0.5 _ 
- - =0.25 

=0 -
1200 

1000 

800 

600 

400 

b 
~ :,,:, ..:: ~ ----1'"-,.;- "":..:: ~ - -

j 1200 

1000 
E 

800 :l 
E 
~ 600 
:::E 
I 400 

o.Q 

;::: ~ --I-- ::..: ~ ~...:: ..... 
-l"-I-- ""::~..., ~ ::=::; ~-==.. -~ 

00:::: 

200 200 

o o 
25 30 35 40 45 50 55 60 65 70 75 80 85 90 25 30 35 40 45 50 55 60 65 70 75 80 85 90 

T A - Free-Air Temperature - 00 TA - Free-Air Temperature - 00 

Figure 4 Figure 5 

~ThxAs 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALLAS. TEXAS 75265 1-13 



----

2-1 



-

• Member of the Texas Instruments 
W/debus™ Family 

• EPICTM (Enhanced-Performance Implanted 
CMOS) Submlcron Process 

• UBTTM (Universal Bus Transceiver) 
Combines D-Type latches and D-Type 
Flip-Flops for Operation In Transparent, 
Latched, or Clocked Mode 

• ESD Protection Exceeds 2000 V Per 
Mll-STD-883, Method 3015; Exceeds 
200 V Using Machine Model 
(C = 200 pF, R = 0) 

• latch-Up Performance Exceeds 250 mA Per 
JEDEC Standard JESD-17 

• Bus Hold on Data Inputs Eliminates the 
Need for External Pullup/Pulldown 
Resistors 

• Package Options Include Plastic 30o-mll 
Shrink Smail-Outline (Dl) and Thin Shrink 
Smail-Outline (DGG) Packages 

description 

This 18-bit universal bus transceiver is designed 
for 2.3-V to 3.6-V Vee operation. 

Data flow in each direction is controlled by 
output-enable (OEAB and OEBA), latch-enable 
(LEAB and LEBA), and clock (CLKAB and 
CLKBA) inputs. For A-to-B data flow, the device 
operates in the transparent mode when LEAB is 
high. When LEAB is low, the A data is latched if 
CLKAB is held at a high or low logic level. If LEAB 

SN74ALVCH16500 
18·BIT UNIVERSAL BUS TRANSCEIVER 

WITH 3·STATE OUTPUTS 

DGG OR DL PACKAGE 
(TOP VIEW) 

OEA6 
LEA6 

A1 
GND 

A2. 
A3 

Vee 
A4 
A5 
A6 

GND 
A7 
A8 
A9 

A10 
A11 
A12 

GND 
A13 
A14 
A15 
Vee 
A16 
A17 

GND 
A18 

4 
5 
6 
7 
8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

56 
55 
54 
53 
52 
51 
50 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
39 
38 
37 
36 

GND 
CLKA6 
61 
GND 
82 
63 
Vee 
B4 
65 
66 
GND 
67 
B8 
69 
610 
611 
612 
GND 
613 
614 
615 
Vee 
B16 
617 
GND 
618 

OE6A eLK6A 
LEBA GND "",-__ .r 

is low, the A-bus data is stored in the latch/flip-flop on the high-to-Iow transition of CLKAB. Output-enable OEAB 
is active high. When OEAB is high, the B-port outputs are active. When OEAB is low, the B-port outputs are in 
the high-impedance state. 

Data flow for B to A is similar to that of A to B but uses OEBA, LEBA, and CLKBA. The output enables are 
complementary (OEAB is active high, 'and OEBA is active low). 

To ensure the high-impedance state during power up or power down, OEBA should be tied to Vee through a 
pullup resistor and OEAB should be tied to GND through a pulldown resistor; the minimum value of the resistor 
is determined by the current-sinking/current-sourcing capability of the driver. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

The SN74ALVCH16500 is available in TI's shrink small-outline (DL) and thin shrink small-outline (DGG) 
packages, which provide twice the I/O pin count and functionality of standard small-outline packages in the 
same printed circuit board area. 

The SN74ALVCH16500 is characterized for operation from --40°C to 85°C. 

EPIC. UBT. and Widebus are trademarks of Texas Instruments Incorporated. 

~1ExAs 
INSTRUMENTS 

Copyright@ 1996. Texas Instruments Incorporated 
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SN74ALVCH16500 

18-BIT UNIVERSAL BUS TRANSCEIVER 
WITH 3-STATE OUTPUTS 

SCES023C - JULY 1995 - REVISED NOVEMBER 1996 

logic diagram (positive logic) 

OEAB 

CLKAB 55 

LEAB 
2 

LEBA 28 

CLKBA 
30 

OEBA _27 __ -0 

Al ---.:.3----411--1 ~-~r------~~_+-r-~lD 
H--iCl 

CLK 

lD~~~44--~~~+--< 
Cll---+ .. 

CLK 

~------------~v~------------~ 
To 17 Other Channels 

54 Bl 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vee ...................................................•..... -0.5 V to 4.6 V 
Input voltage range, VI: Except 1/0 ports (see Note 1) ......•.......................... -0.5 V to 4.6 V 

1/0 ports (see Notes 1 and 2) .......................... -0.5 V to Vee + 0.5 V 
Output voltage range, Vo (see Notes 1 and 2) ............................•.... -0.5 V to Vee + 0.5 V 
Input clamp current, 11K (VI < 0) ........................................................... -50 mA 
Output clamp current, 10K (Vo < 0 or Vo > Vecl ............................................ ±50 mA 
Continuous output current, 10 (VO = 0 to Vecl .............................................. ±50 mA 
Continuous current through each Vee or GND ............................................. ± 1 00 mA 
Maximum power dissipation at T A = 55°C (in still air) (see Note 3): DGG package .................. 1 W 

DL package ................... 1.4 W 
Storage temperature range, Tstg •••••••.••••••.•.•......••.••.••.....•.••••••.••••. -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings· may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maxi mum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
2. This value Is limited to 4.6 V maximum. 
3. The maximum package power dissipation is calculated using a junction temperature of 150·C and a board trace length of 750 mils. 

For more information, refer to the Package 7hennalConsiderationsapplication note in the ABT Advanced BiCMOS Technology Data 
Book. 

~1ExAs 
INSTRUMENTS 

POST OFFICE BOX 855303 • DALLAS. TEXAS 75285 2-5 



SN74ALVCH16500 
18-BIT UNIVERSAL BUS TRANSCEIVER 

WITH 3·STATE OUTPUTS 
SCES023C - JULY 1995 - REVISED NOVEMBER 1996 

timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) 

Vcc = 2.5 V 
VCC=2.7V 

Vcc = 3.3 V 
±O.2V ±O.3V UNIT 

MIN MAX MIN MAX MIN MAX 

fclock Clock frequency 0 150 0 150 0 150 MHz 

lE high 3.3 3.3 3.3 
tw Pulse duration ns 

ClK high or low 3.3 3.3 3.3 

Data before ClK.!. 1.7 1.4 1.3 

tsu Setup time Data before lE.!.. ClK high 1.1 1 1 ns 

Data before lE.!., ClK low 1.9 1.6 1.4 

Data after ClK.!. 1.7 1.6 1.3 

th Hold time Data after lE.!., ClK high 2 1.8 1.5 ns 

Data after lE.!., ClK low 1.6 1.5 1.2 

switching characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (see Figures 1 and 2) 

FROM TO 
Vcc = 2.5 V 

PARAMETER ±O.2V 
(INPUT) (OUTPUT) 

MIN MAX 

fmax 150 

AorB BorA 1 5.7 

tpd lEAB or lEBA AorB 1 6.5 

ClKAB or ClKBA AorB 1 7.2 

ten OEAB B 1 6.2 

tdis OEAB B 1.7 6.3 

ten OEBA A 1 6.7 

tdis OEBA A 1 5.6 

operating characteristics, TA = 25°C 

PARAMETER 

Cpd Power dissipation capacitance 

TEST CONDITIONS 

I Outputs enabled 

I Outputs disabled 
Cl= 50 pF, f= 10MHz 

-!I TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALLAS. TEXAS 75265 

Vcc=2.7V 
Vcc =3.3V 

±O.3V UNIT 

MIN MAX MIN MAX 

150 150 MHz 

4.7 1 3.9 

5.5 1 4.7 ns 

6.6 1.1 5.5 

5.4 1 4.6 ns 

5.7 1.5 5 ns 

6.2 1 5.2 ns 

4.6 1 4.3 ns 

VCC=2.5V VCC=3.3V 
±O.2V ±O.3V UNIT 

TYP TYP 

40 51 

6 6 
pF 
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SN74ALVCH16500 

18-BIT UNIVERSAL BUS TRANSCEIVER 
WITH 3-STATE OUTPUTS 

SCES023C - JULY 1995 - REVISED NOVEMBER 1996 

PARAMETER MEASUREMENT INFORMATION 
VCC = 2.7 V AND 3.3 V ± 0.3 V 

S1 5000 
From Output_ .... _---4.----'W,,--__ ./ 

Under Teet 

CL=50pF T 
(_NomA) 

5000 

o 8V 

o Open 

rD 

TEST S1 

tpd Open 

tPLZltpZL 6V 

tpHZltpZH GND 

LOAD CIRCUIT 14--- tw -----+I 

~,....--------",\~,.--- 2.7V 

Input ~ l\",'_.5_V __ 0 V 

TI:~,:: _____ --'~"'1-.5-V----
~ teu·~ th 

~ 
I 

2.7 V 

OV VOLTAGE WAVEFORMS 
PULSE DURATION 

Dats --"'\~.5 V 
Input 1\ 

~2.7V 
1.5V 

. OV 
Output 
Control 

(low-level 
enabling) 

~ ~7V 

~ 1.5V t1.5~ ___ OV VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

tpZL --.! IIIII-t ~ LL-
I I PLZ -I roo-

Input L 1.5 V \ 1.5-; - - - 2.7 V 

---Il I . OV 
tpLH~ ~ I I 

Output 
Waveform 1 

S1 aUV 
(see Note B) 

I J __ ..J_~I_ 3V 

: " 1.5V I VOL+O.3V 
I· 1- --- VOL 
I tpHZ~ I+-

tpZH~ II1II- I I I 1l1li ~ tpHL 
I I 
I~------~~n --VOH 

Output !1.5V 1.5V 

Output 
Waveform 2 

S1 atGND 
(_Note B) 

I tv;--- VOH 

___ ... IJ- 1.~V ___ ~H-O.3V OV 
________ J. VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

NOTES: A. CL includes probe and jig capacttance. 

VOLTAGE WAVEFORMS 
ENABLe AND DISABLE TIMES 

B. waYelonn 1 is for an output wtth internal condttlons such that the output Is low except when disabled by the output control. 
Wayelonn 2 is lor an output wtth internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses are supplied by generatOrs haYing the lollowlng characteristics: PRR s 10 MHz, Zo • 50 C, tr s 2$ns, tl s 2.5 ns. 
D. The outputs are measured one at a time with one transition per measurement. 
E. tpLZ and tpHZ are the same as 'dis. 
F. tpZL and tpZH are the same as len. 
G. tpLH and tPHL are the same as Ipd. 

Figure 2. Load Circuit and Voltage Waveforms 

~1ExAs . 
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• Member of the Texas Instruments 
WldebusTM Family 

• EPICTM (Enhanced-Performance Implanted 
CMOS) Submlcron Process 

• UBTTM (Universal Bus Transceiver) 
Combines D-Type Latches and D-Type 
Flip-Flops for Operation In Transparent, 
Latched, or Clocked Mode 

• ESD Protection Exceeds 2000 V Per 
MIL-STD-883, Method 3015; Exceeds 
200 V Using Machine Model 
(C = 200 pF, R = 0) 

• Latch-Up Performance Exceeds 250 mA 
Per JEDEC Standard JESD-17 

• Bus Hold on Data Inputs Eliminates the 
Need for External PullupiPulidown 
Resistors 

• Package Options Include Plastic 30o-mll 
Shrink Smail-Outline (DL) and Thin Shrink 
Smail-Outline (DGG) Packages 

description 

This 18-bit universal bus transceiver is designed 
for 2.3-V to 3.6-V Vcc operation. 

Data flow in each direction is controlled by 
output-enable (OEAB and OEBA), latch-enable 
(LEAB and LEBA), and clock (CLKAB and 
CLKBA) inputs. For A-to-B data flow, the device 
operates in the transparent mode when LEAB is 
high. When LEAB is low, the A data is latched if 
CLKAB is held at a high or low logiC level. If LEAB 

SN74ALVCH16501 
18-BIT UNIVERSAL BUS TRANSCEIVER 

WITH 3-STATE OUTPUTS 

DGG OR DL PACKAGE 
(TOP VIEW) 

OEAB l' 
LEAB 

A1 
GND 

A2 
A3 

A6 
GND 

A7 
A8 
A9 

A10 
A11 
A12 

GND 
A13 
A14 
A15 
Vee 
A16 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

GND 
CLKAB 
B1 
GND 
B2 
B3 
Vee, 
B4 
B5 
B6 
GND 
B7 
B8 
B9 
B10 
B11 
B12 
GND 
B13 
B14 
B15 
Vee 
916 

A17 B17 
GND GND 
A18 B18 

OEBA CLKBA 
LEBA -",;;;,;;._;;.;.r GND 

is low, the A-bus data is stored in the latchlflip-flop on the low-to-high tranSition of CLKAB. When OEAB is high, 
the outputs are active. When OEAB is low, the outputs are in the high-impedance state. 

To ensure the high-impedance state during power up or power down, OEBA should be tied to VCC through a 
pullup resistor and OEAB should be tied to GND through a pulldown resistor; the minimum value of the resistor 
is determined by the current-sinking capability of the driver. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logiC level. 

Data flow for B to A is similar to that of A to B but uses OEBA, LEBA, and CLKBA. The output enables are 
complementary (OEAB is active high and OEBA is active low). 

The SN74ALVCH16501 is available in TI's shrink small-outline (DL) and thin shrink small-outline (DGG) 
packages, which provide twice the 1/0 pin count and functionality of standard small-outline packages in the 
same printed circuit board area. 

The SN74ALVCH16501 is characterized for operation from -40·C to 85·C. 

EPIC, UBT, and Widebus are trademarks of Texas Instruments Incorporated. 

~1ExAs 
INSTRUMENTS 

Copyright II» 1996. Texas Instruments Incorporated 
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SN74ALVCH16501 

18·BIT UNIVERSAL BUS TRANSCEIVER 
WITH 3-STATE OUTPUTS 

SCES024A - JULY 1995 - REVISED NOVEMBER 1996 

logic diagram (positive logic) 

OEAB 

ClKAB 
55 

lEAB 
2 

lEBA 28 

30 
ClKBA 

OEBA _2_7 __ -0 

3 
A 1 --''---.... -1 ~--r------~r-~r+-~1D 

H-~C1 

ClK 

>-_~.;;..54_ B1 

1D~~~~~~==~~--< 
C1t--~ 

ClK 

~------------~vr--------------~ 
To 17 Other Channels 

absolute maximum ratings over operating free·air temperature range (unless otherwise noted)t 

Supply voltage range, Vee ......................................................... -0.5 V to 4.6 V 
Input voltage range, VI: Except 1/0 ports (see Note 1) ................................. -0.5 V to 4.6 V 

1/0 ports (see Notes 1 and 2) ........................... -0.5 V to Vee + 0.5 V 
Output voltage range, Vo (see Notes 1 and 2) .................................. -0.5 V to Vee + 0.5 V 
Input clamp current, 11K (VI < 0) ........................................................... -50 mA 
Output clamp current, 10K (Vo < 0 or Vo > Vecl ............................................ ±50 mA 
Continuous output current, 10 (VO = 0 to Vecl .............................................. ±50 mA 
Continuous current through each Vee or GND ............................................. ±100 mA 
Maximum power dissipation at TA = 55°C (in still air) (see Note 3): DGG package .................. 1 W 

DL package ................... 1.4 W 
Storage temperature range, Tstg ................................................... -65°C to 150°C 

t Stresses beyond those listed under"absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maxi mum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
2. This value is limited to 4.6 V maximum. 
3. The maximum package power dissipation is calculated using a junction temperature 01 150·C and a board trace length of 750 mils. 

For more information, relerto the Package Thermal Considerations application note in the ABT Advanced BiCMOS Technology Data 
Book. 

~TEXAS 
INSTRUMENTS 
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SN74ALVCH16501 
18-BIT UNIVERSAL BUS TRANSCEIVER 

WITH 3-STATE OUTPUTS 
SCES024A - JULY 1995 - REVISED NOVEMBER 1996 

timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) 

Vee = 2.5 V 
VCC=2.7V 

Vee =3.3V 
±O.2V ±O.3V UNIT 

MIN MAX MIN MAX MIN MAX 

fclock Clock frequency 0 150 0 150 0 150 MHz 

LE high 3.3 3.3 3.3 
tw Pulse duration ns 

CLK high or low 3.3 3.3 3.3 

Data before CLKi 2.2 2.1 1.7 

tsu Setup time Data before LE!, CLK high 1.9 1.6 1.5 ns 

Data before LE!, CLK low 1.3 1.1 1 

Data after CLKi 0.6 0.6 0.7 
th Hold time 

Data after LE!, CLK high or low 
ns 

1.4 1.7 1.4 

switching characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (see Figures 1 and 2) 

FROM TO 
Vee = 2.5 V 

VCC=2.7V 
VCC=3.3V 

PARAMETER ±O.2V ±O.3V UNIT (INPUT) (OUTPUT) 
MIN MAX MIN MAX MIN MAX 

fmax 150 150 150 MHz 

AorB BorA 1.2 5.4 4.5 1 3.9 

tpd LE AorB 1.6 6.3 5.3 1.3 4.6 ns 

CLK AorB 1.7 6.7 5.6 1.4 4.9 

ten OEAB B 1.1 6.3 5.3 1 4.6 ns 

tdis OEAB B 2.2 6.4 5.7 1.4 5 ns 

ten OEBA A 1.4 6.8 6 1.1 5 ns 

tdis OEBA A 2 5.5 4.6 1.3 4.2 ns 

operating characteristics, T A = 25°C 

VCC=2.5V VCC=3.3V 
PARAMETER TEST CONDITIONS ±O.2V ±O.3V UNIT 

TYP TYP 

Cpd Power dissipation capacitance 
I Outputs enabled 44 54 

l0utputs disabled 
CL-50pF, f.10MHz pF 

6 6 

~1EXAS 
INSTRUMENTS 
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SN74ALVCH16501 
18-BIT UNIVERSAL BUS TRANSCEIVER 

WITH 3·STATE OUTPUTS 
SCES024A - JULY 1995 - REVISED NOVEMBER 1996 

PARAMETER MEASUREMENT INFORMATION 
VCC = 2.7 V AND 3.3 V ± 0.3 V 

o 6V 

S1 o Open 

r~ 
soon From Output_ .... __ .... _.I\I\/Iv-__ -/ 

Under Test 

CL=SOpF 
(see Note A) I soon 

LOAD CIRCUIT 

TEST S1 

tpd Open 
tpLZ/tpZL 6V 

tpHZltpZH GND 

*-- tw--+l 
1 1 

Input 3 _____ J}(r-1-.S-V---

2.7 V 

OV 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

Input L 1.SV \1.S-;--- 2.7 V 

---II I· OV 
tpLH 14 ~I 1 1 

I 1 14 ~ tpHL 
1 1 
1 ,....----~- VOH 

Output !1.SV 1.SV _______ J VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

NOTES: A. CL includes probe and jig capacitance. 

Output 
Control 

(Iow·level 
enabling) 

Output 
Waveform 1 

S1 aUV 
(see Note B) 

Output 
Waveform 2 

S1 atGND 
(see Note B) 

VOLTAGE WAVEFORMS 
PULSE DURATION 

~ I 2.7 V 

~ 1.SV 4_1.~ ___ OV 

tPZL -+I I+-t ...J ~ 
I 1 PLZ"I""-

I 1 __ -.J_~I_ 3V 

I \ 1.SV I VOL+0.3V 
I '. 1- --- VOL 
I tpHZ~ i+ 

tpZH~ 14- I 
1 tv; -- VOH 

___ .J.l'-. 1.~V ___ ~H-0.3V OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses are supplied by generators having the following characteristics: PRR s 1 0 MHz, Zo = 50 n, tr s 2.5 ns, tf S 2.5 ns. 
D. The outputs are measured one at a time with one transition per measurement. 
E. tpLZ and tpHZ are the same as !dis. 
F. tpZL and tpZH are the same as ten. 
G. tPLH and tpHL are the same as tpd. 

Figure 2. Load Circuit and Voltage Waveforms 

~lExAs 
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SN74ALVCH16600 
18·BIT UNIVERSAL BUS TRANSCEIVER 

WITH 3·STATE OUTPUTS 
SCES030A - JULY 1995 - NOVEMBER 1996 

• Member of the Texas Instruments 
Wldebus™ Family 

• EPICTM (Enhanced-Performance Implanted 
CMOS) Submlcron Process 

• UBTTM (Universal Bus Transceiver) 
Combines OoType Latches and OoType 
Flip-Flops for Operation in Transparent, 
Latched, Clocked, or Clock-Enabled Mode 

• ESO Protection Exceeds 2000 V Per 
MIL-STO-883, Method 3015; Exceeds 
200 V Using Machine Model (C = 200 pF, 
R= 0) 

• Latch-Up Performance Exceeds 250 mA 
Per JEOEC Standard JESO-17 

• Bus Hold on Data Inputs Eliminates the 
Need for External Pullup/Pulldown 
Resistors 

• Package Options Include Plastic 30o-mil 
Shrink Smail-Outline (OL) and Thin Shrink 
Smail-Outline (OGG) Packages 

description 

This 18-bit universal bus transceiver is designed 
for 2.3-V to 3.6-V Vcc operation. 

The SN7 4ALVCH16600 combines D-type latches 
and D-type flip-flops to allow data flow in 
transparent, latched, and clocked modes. 

Data flow in each direction is controlled by 
output-enable (OEAB and OEBA), latch-enable 
(LEAB and LEBA), and clock (CLKAB and 

DGG OR DL PACKAGE 
(TOP VIEW) 

OEA8 
LEA8 

A2 
A3 

vee 
A4 
A5 9 
A6 

GND 11 
A7 
A8 
A9 

A10 
A11 
A12 

GND 
A13 
A14 
A15 

Vee 
A16 
A17 

GND 
A18 

OE8A 

CLKENA8 
CLKA8 
81 
GND 
82 
83 

Vee 
84 
85 
86 
GND 
87 
88 
89 
810 
811 
812 
GND 
813 
814 
815 

Vee 
816 
817 
GND 
818 
CiJ<BA 

LE8A CLKEN8A ...... __ .r 

CLKBA) inputs. The clock can be controlled by the clock-enable (CLKENAB and CLKENBA) inputs. For A-to-B 
data flow, the device operates in the transparent mode when LEAB is high. When LEAB is low, the A data is 
latched if CLKAB is held at a high or low logic level. If LEAB is low, the A-bus data is stored in the latch/flip-flop 
on the high-to-Iow transition of CLKAB. Output enable OEAB is active low. When OEAB is low, the outputs are 
active. When OEAB is high, the outputs are in the high-impedance state. 

Data flow for B to A is similar to that of A to B but uses OEBA, LEBA, CLKBA, and CLKENBA. 

To ensure the high-impedance state during power up or power down, OE should be tied to V cc through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

The SN74ALVCH16600 is available in TI's shrink small-outline (DL) and thin shrink small-outline (DGG) 
packages, which provide twice the I/O pin count and functionality of standard small-outline packages in the 
same printed circuit board area. 

The SN74ALVCH 16600 is characterized for operation from -40°C to 85°C. 

EPIC, UBT, and Widebus are trademarks of Texas Instruments Incorporated. 

~TEXAS 
INSTRUMENTS 
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CoPyri9ht © 1996, Texas Instruments Incorporated 
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SN74ALVCH16600 
18-BIT UNIVERSAL BUS TRANSCEIVER 

WITH 3-STATE OUTPUTS 
SCES030A - JULY 1995 - REVISED NOVEMBER 1996 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, VCC ......................................................... -0.5 V to 4.6 V 
Input voltage range, VI: Except 1/0 ports (see Note 1) ................................. -0.5 V to 4.6 V 

1/0 ports (see Notes 1 and 2) ........................... -0.5 V to Vcc + 0.5 V 
Output voltage range, Vo (see Notes 1 and 2) .................................. -0.5 V to Vcc + 0.5 V 
Input clamp current, 11K (VI < 0) ........................................................... -50 mA 
Output clamp current, 10K (Vo < 0 or Vo > Vce) ............................................ ±50 mA 
Continuous output current, 10 (Vo = 0 to V ce) .............................................. ±50 mA 
Continuous current through each Vcc or GND ............................................. ±100 mA 
Maximum power dissipation at TA = 55°C (in still air) (see Note 3): DGG package .................. 1 W 

DL package ................... 1.4 W 
Storage temperature range, Tsl9 ................................................... -65°C to 150°C 

t Stresses beyond those listed under"absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
2. This value is limited to 4.6 V maximum. 
3. The maximum package power dissipation is calculated using a junction temperature of 1500 e and a board trace length of 750 mils. 

For more information, refertothe Package Thermal Considerations application note in the ABT Advanced BiCMOS Technology Data 
Book. 

recommended operating conditions (see Note 4) 

Vee Supply voltage 

Vee = 2.3 V to 2.7 V 
VIH High-level input voltage 

Vee = 2.7 V to 3.6 V 

Vee=2.3Vt02.7V 
VIL Low-level input voltage 

Vee = 2.7 V to 3.6 V 

VI Input voltage 

Vo Output voltage 

Vee = 2.3 V 

IOH High-level output current Vee=2.7V 

Vee=3V 

Vee = 2.3 V 

IOL Low-level output current Vee=2.7V 

Vee = 3 V 

AIlAV Input transition rise or fall rate 

TA Operating free-air temperature 

NOTE 4: Unused control Inputs must be held high or low to prevent them from floallng. 
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MIN MAX UNIT 

2.3 3.6 V 

1.7 
V 

2 

0.7 
V 

0.8 

0 Vee V 

0 Vee V 

-12 

-12 rnA 

-24 

12 

12 rnA 

24 

0 10 nsN 
-40 85 °e 
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SN74ALVCH16600 
18-BIT UNIVERSAL BUS TRANSCEIVER 

WITH 3·STATE OUTPUTS 
SCES030A - JULY 1995 - REVISED NOVEMBER 1996 

switching characteristics over recommended operating free-air temperature range, CL = 50 pF 
(unless otherwise noted) (see Figures 1 and 2) 

FROM TO 
Vce=2.5V 

VCC=2.7V 
Vec = 3.3 V 

PARAMETER ±O.2V ±O.3V UNIT (INPUT) (OUTPUT) 
MIN MAX MIN MAX MIN MAX 

Imax 150 150 150 MHz 

AorB BorA 1 5.7 4.7 1 4 

tpd LEAB or LEBA AorB 1 6.5 5.5 1 4.8 ns 

CLKAB or CLKBA AorB 1.4 7.9 6.8 1.3 5.7 

ten OEABorOEBA AorB 1.1 7.1 6.3 1.1 5.2 ns 

tdis OEABorOEBA AorB 1.7 5.7 4.7 1.2 4.4 ns 

operating characteristics, T A = 25°C 
Vce = 2.5 V vcc = 3.3 V 

PARAMETER TEST CONDITIONS ±O.2V ±O.3V UNIT 
TYP TYP 

I Outputs enabled 43 56 
Cpd Power dissipation capacitance I Outputs disabled 

CL - 50pF. l-l0MHz pF 
6 6 

~1ExAs 
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SN74ALVCH16600 
18-BIT UNIVERSAL BUS TRANSCEIVER 

WITH 3·STATE OUTPUTS 
SCES030A-JULY 1995- REVISED NOVEMBER 1996 

PARAMETER MEASUREMENT INFORMATION 
VCC = 2.7 V AND 3.3 V ± 0.3 V 

o 6V 

S1 o Open 

r' 
5000 

From Output_-4I--_ .... _JV\/Ir-__ -J 

Under Test 

CL=50pF 
(see Note A) I 5000 

LOAD CIRCUIT 

TI~~:~ _____ ..J~\..1-.5-V-. ___ _ 

2.7 V 

OV 

r tsu·~ th 
~ 
I 

Oats ___ .J~1.5V 
Input 1\ 

~2.7V 
1.5 V 

OV 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

Input ~ 1.5 V \-;-5-; - - - 2.7 V 

I I I OV 

tpLH ,.. ~ ~ J tpHL 

I I 
I~-----~~rl --VOH 

Output !1.5V 1.5V 
________ oJ. VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

NOTES: A. CL includes probe and jig capacitance. 

Output 
Control 

(Iow·level 
enabling) 

Output 
Waveform 1 

S1 at 6 V 
(see Note B) 

Output 
Waveform 2 

S1 atGND 
(see Note B) 

TEST S1 

tpd Open 

tpLZ/tpZL 6V 

tPHZltpZH GND 

VOLTAGE WAVEFORMS 
PULSE DURATION 

~ I 2.7 V 

~ 1.5V 4_1.: ___ ov 

tpZL -.! ~t. ...J ""---, I PLZ"I roo-

--i-' n-' -.J-l- 3 V I \ 1.5V : v.:::v ,. , t~~~~ VOL 

, tPHZ~~, 
tpZH ~ 14-

I tv; -- VOH 

___ ... It... 1.~V ___ ~H-0.3V OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses are supplied by generators having the following characteristics: PRR oS 1 0 MHz, Zo K 50 0. tr oS 2.5 ns, tf oS 2.5 ns. 
D. The outputs are measured one at a time with one transition per measurement. 
E. tpLZ and tpHZ are the same as !dis. 
F. tpZL and tpZH are the same as len. 
G. tpLH and tpHL are the same as tpd. 

Figure 2. Load Circuit and Voltage Waveforms 
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SN74ALVCH16601 
18·BIT UNIVERSAL BUS TRANSCEIVER 

WITH 3·STATE OUTPUTS 

• Member of the Texas Instruments 
Wldebus™ Family 

• UBTTM (Universal Bus Transceiver) 
Combines OoType Latches and OoType 
Flip-Flops for Operation in Transparent, 
Latched, Clocked, or Clock-Enabled Mode 

• EPICTM (Enhanced-Performance Implanted 
CMOS) Submicron Process 

• Bus Hold on Data Inputs Eliminates the 
Need for External Pullup/Pulidown 
Resistors 

• ESO Protection Exceeds 2000 V Per 
MIL-STO-883, Method 3015; Exceeds 
200 V Using Machine Model (C = 200 pF, 
R = 0) 

• Latch-Up Performance Exceeds 250 mA 
Per JEOEC Standard JESO-17 

• Package Options Include Plastic 300-mil 
Shrink Smail-Outline (OL) and Thin Shrink 
Smail-Outline (OGG) Packages 

description 

This 18-bit universal bus transceiver is designed 
for 2.3-V to 3.6-V Vcc operation. 

The SN74ALVCH16601 combines D-type latches 
and D-type flip-flops to allow data flow in 
transparent, latched, and clocked modes. 

Data flow in each direction is controlled by 
output-enable (OEAB and OEBA), latch-enable 
(LEAB and LEBA), and clock (CLKAB and 

OGG OR OL PACKAGE 
(TOP VIEW) 

OEA8 1 

LEA8 2 

A1 3 

GND 4 

A2 5 

Vee 
A4 

A7 
A8 
A9 

Al0 
A11 
A12 

GND 
A13 
A14 
A15 
Vee 
A16 
A17 

GND 

16 
17 

18 
19 
20 
21 

CLKENA8 
CLKA8 
81 
GND 
82 
83 

50 Vce 
49 84 
48 85 
47 86 
46 GND 
45 87 
44 88 
43 89 

810 
811 
812 
GND 
813 
814 
815 
Vee 
816 
817 
GND 

A18 818 
OE8A CLK8A 
LE8A CLKEN8A 

______ or 

CLKBA) inputs. The clock can be controlled by the clock-enable (CLKENAB and CLKENBA) inputs. For A-to-B 
data flow, the device operates in the transparent mode when LEAB is high. When LEAB is low, the A data is 
latched if CLKAB is held at a high or low logic level. If LEAB is low, the A-bus data is stored in the latch/flip-flop 
on the low-to-high transition of CLKAB. Output enable OEAB is active low. When OEAB is low, the outputs are 
active. When OEAB is high, the outputs are in the high-impedance state. 

Data flow for B to A is similar to that of A to B but uses OEBA, LEBA, CLKBA, and CLKENBA. 

To ensure the high-impedance state during power up or power down, OE should be tied to V CC through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

The SN74ALVCH16601 is available in TI's shrink small-outline (DL) and thin shrink small-outline (DGG) 
packages, which provide twice the I/O pin count and functionality of standard small-outline packages in the 
same printed circuit board area. 

The SN74ALVCH16601 is characterized for operation from -40°C to 85°C. 

EPIC, UBT, and Widebus are trademarks of Texas Instruments Incorporated. 
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SN74ALVCH16601 
18-BIT UNIVERSAL BUS TRANSCEIVER 

WITH 3-STATE OUTPUTS 
SCES027 A - JULY 1995 - REVISED NOVEMBER 1996 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 
Supply voltage range, Vcc ......................................................... -0.5 V to 4.6 V 
Input voltage range, VI: Except 1/0 ports (see Note 1) ................................. -0.5 V to 4.6 V 

1/0 ports (see Notes 1 and 2) ........................... -0.5 V to Vcc + 0.5 V 
Output voltage range, Vo (see Notes 1 and 2) .................................. -0.5 V to Vcc + 0.5 V 
Input clamp current, 11K (VI < 0) ........................................................... -50 rnA 
Output clamp current, 10K (Vo < 0 or Vo > Vccl ............................................ ±50 rnA 
Continuous output current, 10 (Vo = 0 to Vccl .............................................. ±50 rnA 
Continuous current through each V CC or GND ............................................. ±100 rnA 
Maximum power dissipation at T A = 55°C (in still air) (see Note 3): DGG package .................. 1 W 

DL package ................... 1.4 W 
Storage temperature range, Tstg ................................................... -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, ared 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maxi mum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
2. This value is limited to 4.6 V maximum. 
3. The maximum package power dissipation is calculated using a junction temperature of 150·C and a board trace length of 750 mils. 

For more Information, refer to the Package Thermal Gonsiderationsapplication note in the ABT Advanced BiGMOS Technology Data 
Book. 

recommended operating conditions (see Note 4) 

VCC Supply voltage 

VCC = 2.3 V to 2.7 V 
VIH High-level input voltage 

VCC = 2.7 V to 3.6 V 

VCC. 2.3 V to 2.7 V 
Vil low-level input voltage 

VCC-2.7VI03.6V 

VI Input voltage 

Vo Output voltage 

VCC=2.3V 

IOH High-level output current VCC-2.7V 

VCC=3V 

VCC - 2.3 V 

IOl low-level output current VCC=2.7V 

VCC. 3 V 

t.tJt.v Input transition rise or fall rate 

TA Operating free-air temperature 

NOTE 4: Unused control Inputs must be held high or low to prevent them from floating. 

~TEXAS 
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MIN MAX UNIT 

2.3 3.6 V 

1.7 
V 

2 

0.7 
V 

0.8 

0 VCC V 

0 VCC V 

-12 

-12 rnA 

-24 

12 

12 rnA 

24 

0 10 nsN 

-40 85 ·C 
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SN74ALVCH16601 
18-BIT UNIVERSAL BUS TRANSCEIVER 

WITH 3-STATE OUTPUTS 
SCES027A - JULY 1995 - REVISED NOVEMBER 1996 

switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, CL = 50 pF (unless otherwise noted) (see Figures 1 and 2J 

FROM TO 
VCC=2.5V 

VCC=2.7V 
Vcc =3.3V 

PARAMETER ±O.2V ±O.3V UNIT (INPUT) (OUTPUT) 
MIN MAX MIN MAX MIN MAX 

'max 150 150 150 MHz 

AorB BorA 1.3 4.9 4.6 4.1 

tpd LEAB or LEBA AorB 1.2 5.6 5.3 4.7 ns 

CLKAB or CLKBA AorB 1.7 6.2 5.8 5 

ten OEABor OEBA Aor B 1.2 6.1 6.1 5.2 ns 

tdis OEABorOEBA AorB 2.1 5.4 4.8 4.4 ns 

operating characteristics, T A = 25°C 

VCC=2.5V Vcc =3.3V 
PARAMETER TEST CONDITIONS ±O.2V ±O.3V UNIT 

TYP TYP 

I Outputs enabled 41 52 
Cpd Power dissipation capacitance CL s 50pF, ,= 10 MHz pF I Outputs disabled 6 6 

~1ExAs 
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SN74ALVCH16601 
18-BIT UNIVERSAL BUS TRANSCEIVER 

WITH 3-STATE OUTPUTS 
SCES027A - JULY 1995 - REVISED NOVEMBER 1996 

PARAMETER MEASUREMENT INFORMATION 
VCC = 2.7 V AND 3.3 V ± 0.3 V 

S1 500n 
From Output-..... --e_-'I,'V\r----/ 

Under Test 

CL=50pF 
(_Note A) T 500n 

LOAD CIRCUIT 

o 6V 

o Open 

1-
TI;;:~:~ ______ ~\.1-.5-V----

2.7 V 

OV 

~ 
I ~ tsu ~~ th 

Data --""\~1.5 V 
Input 1\ 

€2.7V 
1.5V 

OV 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

Input L 1.5V \~5-;--- 2.7V 

---11 I· ov 
tPLH!.. ~I II 

1- 14 ~ tpHL 
1 1 
1 ,-----~-- VOH 

Output !1.5V 1.5V 
________ J. VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

NOTES: A. CL includes probe and jig capacitance. 

TEST S1 

tpd Open 
tPLZltPZL 6V 
tPHZltPZH GND 

14---- tw --+I 
1 1,..--__ 

Input 3'"-____ J}(\,.1_.5_V ___ :.: V 

Output 
Control 

(low-level 
enabling) 

VOLTAGE WAVEFORMS 
PULSE DURATION 

~ I 2.7 V 

l' 1.5V 4_1.: ___ ov 

tpZL --.! I+-t ...J ""----
1 1 PLZ -I ro-

Output ___ -;I...,rtl --,_~I- 3V 

Waveform 1 I \. 1.5 V I VOL + 0.3 V 
S1 at6V I· 1 - --- VOL 

(see Note B) 1 tPHZ -+i I+-
tpZH~ I+- 1 

Output 1 ~ waveform 2-- - VOH 
S1 atGND !1.5V. VOH-0.3V 

(see Note B) ___ J_l.. ---,,;::---- 0 V 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

B. Waveform 1 is for an output with internal condHions such that the output is low except when disabled by the output control. 
Waveform 2 Is for an output with internal condHions such that the output is high except when disabled by the output control. 

C. All input pulses are supplied by generators having the following characteristics: PRR S 10 MHz, Zo - 50 n. tr s2.5 ns, tfs 2.5 ns. 
D. The outputs are measured one at a time wHh one transition per measurement. 
E. tpLZ and tpHZ are the same as !dis. 
F. tpZL and tpZH lire the same as len. 
G. tpLH and tpHL are the same as Ipd. 

Figure 2. Load Circuit and Voltage Waveforms 
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SN74ALVCH162601 
18-BIT UNIVERSAL BUS TRANSCEIVER 

WITH 3-STATE OUTPUTS 

• Member of the Texas Instruments 
Wldebus™ Family 

• EPIC ™ (Enhanced· Performance Implanted 
CMOS) Submlcron Process 

• usr™ (Universal Bus Transceiver) 
Combines D· Type Latches and D-Type 
Flip-Flops for Operation In Transparent, 
Latched, Clocked, or Clock·Enabled Mode 

• Output Ports Have Equivalent 26-0 Series 
ReSisters, So No External Resistors Are 
Required 

• ESD Protection Exceeds 2000 V Per 
MIL·STD·883, Method 3015; Exceeds 200 V 
Using Machine Model 
(C = 200 pF, R = 0) 

• Latch·Up Performance Exceeds 250 mA 
Per JEDEC Standard JESD·17 

• Bus Hold on Data Inputs Eliminates the 
Need for External Pullup/Pulldown 
Resistors 

• Package Options Include Plastic 3000mll 
Shrink Small·Outline (DL) and Thin Shrink 
Small·Outline (DGG) Packages 

description 

This 18-bit universal bus transceiver is designed 
for 2.3-V to 3.6-V Vcc operation. 

The SN74ALVCH162601 combines D-type 
latches and D-type flip-flops to allow data flow in 
transparent, latched, and clocked modes. 

DGG OR DL j)ACKAGE 
(TOP VIEW) 

OEA6 1 
LEA6 2 

A1 3 

GND 4 

A2 5 
A3 6 

Vcc 7 
A4 8 
A5 9 
A6 10 

GND 11 
A7 
A8 
A9 

A10 
A11 
A12 

GND 
A13 
A14 
A15 
Vce 
A16 
A17 

GND 

45 
44 
43 
42 
41 
40 
39 
38 
37 
38 

CLKENA6 
CLKAB 
61 
GND 
62 
63 
Vee 
64 
65 
66 
GND 
67 
B8 
69 
610 
611 
612 
GND 
613 
614 
615 
Vce 
616 
617 
GND 

A18 618 
OE6A CLK6A 
LE6A CLKENBA -..;..;;._.;;..r 

Data flow in each direction is controlled by output-enable (OEAB and OEBA), latch-enable (LEAB and LEBA), 
and clock (CLKAB and CLKBA) inputs. The clock can be controlled by the clock-enable (CLKENAB and 
CLKENBA) inputs. For A-to-B data flow, the device operates in the transparent mode when LEAB is high. When 
LEAB is low, the A data is latched if CLKAB is held at a high or low logic level. If LEAB is low, the A-bus data 
is stored in the latch/flip-flop on the high-to-Iow transition of CLKAB. When OEAB is low, the outputs are active. 
When OEAB is high, the outputs are in the high-impedance state. 

Data flow for B to A is similar to that of A to B but uses OEBA, LEBA, CLKBA, and CLKENBA. 

The B-port outputs include 26-0 series resistors to reduce overshoot and undershoot. 

To ensure the high-impedance state during power up or power down, DE should be tied to V CC through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

EPIC, UBT, and Widebus are trademarks of Texas Instruments Inoorporated. 

~1ExAs 
INSTRUMENTS 

Copyright C 1996, Texas Instruments Incorporated 

POST OFFICE BOX 656303 • DALLAS. TEXAS 75265 2-35 



SN74ALVCH162601 
18-BIT UNIVERSAL BUS TRANSCEIVER 

WITH 3·STATE OUTPUTS 
SCES026A - JULY 1995 - REVISED NOVEMBER 1996 

logic diagram (positive logic) 

OEAB 

CLKENAB 56 

CLKAB 
55 

LEAB 
2 

LEBA 28 

CLKBA 
30 

CLKENBA 29 

OEBA 
27 

A1 3 
CE 

~---r---------r~--~rr-i1D 

..-++--IC1 
CLK 

~----4.-=.54.:.... B1 

CE 
1D~r+~-4rr+-------~---< 

C1~r+ .. 
CLK 

~----------~v~----------~ 
To 17 Other Channels 
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SN74ALVCH162601 
18·BIT UNIVERSAL BUS TRANSCEIVER 

WITH 3-STATE OUTPUTS 
SCES026A - JULY 1995 - REVISED NOVEMBER 1996 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS VCC 

10H - -100 IIA 2.3 Vl03.6 V 

10H=-4 mA, VIH=1.7V 2.3 V 

VIH-1.7V 2.3V 
VOH (Sport) 10H=-6 mA 

VIH-2V 3V 

10H =-6mA, VIH .2V 2.7 V 

10H =-12mA, VIH =2V 3V 

10H - -100 IIA 2.3 Vl03.6 V 

10H=-6 mA, VIH = 1.7 V 2.3V 

VIH • 1.7 V 2.3V 
VOH (Aport) 

10H =-12 mA VIH-2V 2.7V 

VIH=2V 3V 

10H =-24 mA, VIH =2V 3V 

10l = 100 I1A 2.3 Vlo 3.6 V 

IOl=4mA, Vll=0.7V 2.3V 

Vll=0.7V 2.3V 
VOL (Sport) IOl=6mA 

Vll=O.BV 3V 

10l=BmA, Vll= O.BV 2.7V 

10l= 12mA, ._. Vll= O.BV 3V 

10l= 1OOl1A 2.3 V 10 3.6 V 

IOl=6mA, Vll= 0.7 V 2.3 V 

VOL (Aport) Vll- 0.7 V 2.3V 
IOl=12mA 

Vll=O.BV 2.7V 

IOl=24 mA, Vll= O.BV 3V 

II VI = VCC or GND 3.6 V 

VI = 0.7 V 

VI = 1.7 V 
2.3V 

II(hold) VI·O.BV 
3V 

VI=2V 

VI = 0 10 3.6 V:j: 3.6V 

10Z§ Vo = VCC or GND 3.6 V 

ICC VI = VCC or GND, 10=0 3.6 V 

.6.ICC One input at VCC - 0.6 V, Other inputs at VCC or GND 3 Vto 3.6 V 

Ci / Control inputs VI = VCC or GND 3.3V 

Cio /AorSports Vo - VCC or GND 3.3V 

t All tYPical values are measured at VCC. 3.3 V, TA - 25°C. 
:j: This is the bus-hold maximum dynamic current required to swttch the input from one state to another. 
§ For 1/0 ports, the parameter 10Z includes the input leakage current. 

-!11 TEXAS 
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MIN TYPt MAX UNIT 

VCc-O·2 

1.9 

1.7 
V 

2.4 

2 

2 

VCc-O·2 

2 

1.7 
V 

2.2 

2.4 

2 

0.2 

0.4 

0.55 
V 

0.55 

0.6 

O.B 

0.2 

0.4 

0.7 V 

0.4 

0.55 

±5 IIA 
45 

-45 

75 I1A 

-75 

±500 

±10 I1A 

40 I1A 

750 I1A 

4 pF 

B pF 
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SN74ALVCH162601 
18-BIT UNIVERSAL BUS TRANSCEIVER 

WITH 3-STATE OUTPUTS 
SCES026A - JULY 1995 - REVISED NOVEMBER 1996 

PARAMETER MEASUREMENT INFORMATION 
VCC=2.5V ± 0.2 V 

S1 5000 
From Output_-'_--4~--'W.,..-__ ./ 

Under Taat 

CL=50pF T 
(_NoteA) 

5000 

LOAD CIRCUIT 

o 4.8V 

o Opan 

r" 
TEST S1 

tpd Open 
tpLZItPZL 4.8 V 
tPHZItPZH GND 

2.3V 

~ tw---.t 
1 1 

Input 3,......----"\}(:,~.2~V~~~~ :.: V 

I tau th I 

OV VOLTAGE WAVEFORMS 
PULSE DURATION 

I~:: --~*1.2V ~2.3V 
1.2V 

OV 
Output 
Control 

(low-level 
enabling) 

~ I 2.3 V 

~ 1.2V 4_": ___ ov VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

Input L 1.2 V \1.2~--- 2.3 V 

---11 I· OV 

tPLH ~ .II 1 J 

tpZL~ I+-t ~ 
1 1 PLZ- I _ _ -+1,"\1 I 

Output I 
Waveform 1 I 

S1 aU.8V 
(saeNota B) 

~PHZ~ 

2.3 V 

VOL+O.3V 
VOL 

l1li PI tpHL 
1 1 
1 ,.----~~. --. VOH 

Output 
Wavaform2 

S1atGND 

Ir---~ VOH 
VOH-O.3V 

Output 11.2 V 1.2 V ____ J, VOL (saa Nota B) ___ .I OV 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

NOTES: A. CL includes probe and Jig capacitance. 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

B. Waveform 1 is for an output with Internal condHlons such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses are supplied by generators having the following characteristics: PRR s 1 0 MHz. Zo = 50 0. tr s 2.5 ns. tf S 2.5 ns. 
D. The outputs are measured one at a time with one transition per measurement. 
E. tpLZ and tpHZ are the same as telis. 
F. tpZL and tpZH are the same as ten. 
G. tpLH and tpHL are the same as tpd. 

Figure 1. Load Circuit and Voltage Waveforms 
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SN74ALVCH16901 
18·BIT UNIVERSAL BUS TRANSCEIVER 

WITH PARITY GENERATORS/CHECKERS 

• Member of the Texas Instruments 
Wldebus+™ Family 

• EPIC ™ (Enhanced· Performance Implanted 
CMOS) Submlcron Process 

• USTTM (Universal Bus Transceiver) 
Combines D·Type Latches and D·Type 
Flip·Flops for Operation in Transparent, 
Latched, or Clocked Mode 

• Simultaneously Generates and Checks 
Parity 

• Option to Select Generate Parity and Check 
or Feed·Through Data/Parity in A·to·B or 
B·to·A Directions 

• ESD Protection Exceeds 2000 V Per 
MIL·STD·883, Method 3015; Exceeds 
200 V Using Machine Model (C = 200 pF, 
R = 0) 

• Latch·Up Performance Exceeds 250 mA 
Per JEDEC Standard JESD·17 

• Bus Hold on Data Inputs Eliminates the 
Need for External Pullup/Pulidown 
Resistors 

• Packaged in Thin Shrink Small·Outline 
Package 

description 

This 18-bit (dual-octal) non inverting registered 
transceiver is designed for 2.3-V to 3.6-V VCC 
operation. 

The SN74ALVCH16901 is a dual9-bit to dual9-bit 
parity transceiver with registers. The device can 
operate as a feed-through transceiver or it can 
generate/check parity from the two 8-bit data 
buses in either direction. 

OGGPACKAGE 
(TOP VIEW) 

1CLKENAB 
LEAB 

CLKAB 3 
1ERRA 4 

1A1 
1A2 57 

56 

Vee 55 
1A4 54 
1A5 53 
1A6 52 

GND 51 
1A7 50 
1A8 49 
2A1 
2A2 

GND 
2A3 
2A4 
2A5 
Vee 
2A6 
2A7 
2A8 

GND 
2APAR 
2ERRA 

OEAB 
SEL 

2CLKENAB 

1CLKENBA 
LEBA 
CLKBA 
1ERRB 
1 BPAR 
GND 
1B1 
1B2 
1B3 
Vee 
1B4 
1B5 
1B6 
GND 
1B7 
1B8 
2B1 
2B2 
GND 
2B3 
2B4 
2B5 
Vee 
2B6 
2B7 
2B8 
GND 
2BPAR 
2ERRB 
OEBA 
ODD/EVEN 
2CLKENBA 

The SN74ALVCH16901 features independent clock (CLKAB or CLKBA), latch-enable (LEAB or LEBA), and 
dual9-bit clock-enable (CLKENAB or CLKENBA) inputs. It also provides parity-enable (SEL) and parity-select 
(ODD/EVEN) inputs and separate error-signal (ERRA or ERRB) outputs for checking parity. The direction of 
data flow is controlled by OEAB and OEBA. When SEL is low, the parity functions are enabled. When SEL is 
high, the parity functions are disabled and the device acts as an 18-bit registered transceiver. 

To ensure the high-impedance state during power up or power down, OE should be tied to V CC through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logiC level. 

Widebus+. EPIC. and UBT are trademarks of Texas Instruments Incorporated. 
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SN74ALVCH16901 
18-BIT UNIVERSAL BUS TRANSCEIVER 

WITH PARITY GENERATORS/CHECKERS 
SCES010B - JULY 1995 - REVISED NOVEMBER 1996 

FUNCTION TABLet 

INPUTS OUTPUT 
CLKENAB OEAB LEAB CLKAB A B 

X H X X X Z 

X L H X L L 

X L H X H H 

H L L X X BO* 
L L L i L L 

L L L i H H 

L L L L X BO* 
L L L H X BO§ 

.. t A-to-B data flow IS shown: B-to-A flow IS similar, but uses OEBA, 
LEBA, and CLKENBA. 

* Output level before the indicated steady-state input conditions were 
established 

§ Output level before the indicated steady-state input conditions were 
established, provided that CLKAB was low before LEAB went low 
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SN74ALVCH16901 
18-BIT UNIVERSAL BUS TRANSCEIVER 

WITH PARITY GENERATORS/CHECKERS 
SCES010B - JULY 1995 - REVISED NOVEMBER 1996 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vee ......................................................... -0.5 V to 4.6 V 
Input voltage range, VI: Except 1/0 ports (see Note 1) ................................. -0.5 V to 4.6 V 

1/0 ports (see Notes 1 and 2 ............................ -0.5 V to Vee + 0.5 V 
Output voltage range, Vo (see Notes 1 and 2) .................................. -0.5 V to Vee + 0.5 V 
Input clamp current, 11K (VI < 0) ........................................................... -50 rnA 
Output clamp current, 10K (Vo < 0 or Vo > Vee) ............................................ ±50 rnA 
Continuous output current, 10 (Vo = 0 to Vee> .............................................. ±50 rnA 
Continuous current through each Vee or GND ............................................. ±100 rnA 
Maximum power dissipation atTA = 55°C (in still air) (see Note 3) ................................ 1 W 
Storage temperature range, Tstg ................................................... --65°C to 150°C 

t Stresses beyond those listed under"absolute maximum ratings· may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating condHions· is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
2. This value is limited to 4.6 V maximum. 
3. The maximum package power dissipation is calculated using a junction temperature of 150·e and a board trace length of 750 mils. 

Formore information, refertothe Package Thermal Considerationsapplication note in the ABT Advanced BiCMOS Technology Data 
Book. 

recommended operating conditions (see Note 4) 
MIN MAX UNIT 

vee Supply voltage 2.3 3.6 V 

Vee = 2.3 V to 2.7 V 1.7 
VIH High-level Input voltage V 

Vee = 2.7 V to 3.6 V 2 

Vee = 2.3 V to 2.7 V 0.7 
Vil low-level Input voltage V 

Vee - 2.7Vto 3.6 V 0.8 

VI Input voltage 0 Vee V 

Vo Output voltage 0 Vee V 

Vee=2.3V -12 

IOH High-level output current Vee - 2.7 V -12 mA 

Vee=3V -24 

Vee- 2.3V 12 

IOl low-level output current Vee=2.7V 12 mA 

Vee=3V 24 

I1Vl1v Input transition rise or fall rate 0 10 nsN 

TA Operating free-air temperature -40 85 ·e 

NOTE 4: Unused control Inputs must be held high or low to prevent them from floating. 
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SN74ALVCH16901 
18-BIT UNIVERSAL BUS TRANSCEIVER 

WITH PARITY GENERATORS/CHECKERS 
SCES01 OB - JULY 1995 - REVISED NOVEMBER 1996 

switching characteristics over recommended operating free-air temperature range, CL = 50 pF 
(unless otherwise noted) (see Figures 1 and 2) 

FROM TO 
Vee =2.5V 

PARAMETER ±O.2V 
(INPUT) (OUTPUT) 

MIN MAX 

fmax 125 

AorB Bor A 1.5 5.8 

AorB BPARorAPAR 2.5 9.5 

APAR or BPAR BPARor APAR 1.5 6.3 

APARor BPAR ERRAor ERRB 2.5 10.3 

ODD/EVEN ERRAor ERRB 2 9.3 

ODD/EVEN BPARorAPAR 2 8.9 

SEL BPARorAPAR 1.5 6.7 

CLKAB or CLKBA Aor B 1.5 7 

CLKAB or CLKBA 
BPARor APAR 

2 7.7 tpd parity feedthrough 

CLKAB or CLKBA 
BPARor APAR 

3 10.8 
parity generated 

CLKAB or CLKBA ERRAor ERRB 3 11.1 

LEABorLEBA AorB 1.5 6.6 

LEAB or LEBA 
. BPAR or APAR 

2 7.3 
parity feedthrough 

LEAB or LEBA 
BPARorAPAR 

3 10.4 
parity generated 

LEABor LEBA ERRA or ERRB 3 10.5 

ten OEABorOEBA B. BPAR or A. APAR 1.5 6.8 

tdis OEABorOEBA B. BPAR or A. APAR 2 6.3 

ten OEABorOEBA ERRAor ERRB 1.5 6.7 

tdis OEABorOEBA ERRAor ERRB 2 7.5 

ten SEL ERRAor ERRB 1.5 7.2 

tdis SEL ERRAor ERRB 2 6.6 

operating characteristics, T A = 25°C 

PARAMETER 

Cpd Power dissipation capacitance 

TEST CONDITIONS 

I Outputs enabled 

I Outputs disabled 
CL = 50pF. f = 10 MHz 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALLAS. TEXAS 75265 

Vee=2.7V Vee =3.3V 
±O.3V UNIT 

MIN MAX MIN MAX 

125 125 MHz 

4.8 1 4.4 

7.6 2 6.7 

5.2 1 4.7 

8.7 2 7.5 

7.9 1.5 6.8 

7.6 1.5 6.5 

5.9 1 5.1 

5.8 1 5.1 

6.3 1.5 5.6 ns 

8.7 2 7.7 

8.9 2 7.9 

5.5 1 4.8 

6 1.5 5.3 

8.3 2 7.4 

8.5 2 7.5 

6.1 1 5.3 ns 

5.2 1.5 4.9 ns 

5.5 1 4.9 ns 

6.5 1 5.7 ns 

6.5 1 5.5 ns 

5.4 1.5 4.9 ns 

Vee = 2.5 V Vee = 3.3 V 
±O.2V ±O.3V UNIT 

TYP TYP 

22 27 

5 8 
pF 
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SN74ALVCH16901 
18-BIT UNIVERSAL BUS TRANSCEIVER 

WITH PARITY GENERATORS/CHECKERS 
SCES010B-JULY 1995- REVISED NOVEMBER 1996 

PARAMETER MEASUREMENT INFORMATION 
VCC = 2.7 V AND 3.3 V ± 0.3 V 

o 6V TEST 
S1 

S1 

Open o Open 

rD 

5000 
From Output --e---<iJ---'\/Ii'V----' 

tpd 
tpLz/tpZL 6V 

Under Test tpHz/tpZH GND 

CL = 50 pF 
(see Note A) T 5000 

-=-

LOAD CIRCUIT I+--- lw --+f 
1 I 

2.7 V Input 3 }(:1~.5~V~~~~ :.: V 

~ 
I 

OV 

2.7V 

VOLTAGE WAVEFORMS 
PULSE DURATION 

Data 
Input ~ 

~OV Output 
Control 

(low-level 
enabling) 

~ I 2.7 V 

~ 1.5V 4_1.~ ___ OV VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

tPZL -+I I4-t -J ""-
I I PLZ"I roo-

Input L 1.5V ~5~--- 2.7 V 

......../I I . OV 

tpLH 114 .II I J 

Output 
Waveform 1 

S1 at 6 V 
(see Note B) 

I 1 __ ....J_y;;;I_ 3V 

I \ 1.5V I VOL+0.3V 
I· 1- --- VOL 
I tPHZ-+! *-

14 .... tPHL tpZH ~ I+- I 
1 1 
I~----"""'Ii~:-I --VOH 

Output !1.5V 1.5V 

Output 
Waveform 2 

S1 at GND 
(see Note B) 

1 t~~ -- VOH 

___ ..J!~ 1.5V ___ ~H-0.3V OV 
________ J VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

NOTES: A. CL includes probe and jig capacitance. 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses are supplied by generators having the following characteristics: PRR s 1 0 MHz, Zo = 50 0, tr s 2.5 ns, tf s 2.5 ns. 
D. The outputs are measured one at a time with one transition per measurement. 
E. tpLZ and tpHZ are the same as tdis. 
F. tpZL and tpZH are the same as ten. 
G. tpLH and tpHL are the same as tpd. 

Figure 2. Load Circuit and Voltage Waveforms 
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SN54LVT16500,SN74LVT16500 
3.3-V ABT 18-BIT UNIVERSAL BUS TRANSCEIVERS 

WITH 3-STATE OUTPUTS 
-MAY 1992- REVISED NOVEMBER 1996 

• State-of-the-Art Advanced BICMOS 
Technology (ABT) Design for 3.3-V 
Operation and Low-Static Power 
Dissipation 

SN54LVT16500 •.• WD PACKAGE 
SN74LVT16500 ••. DGG OR DL PACKAGE 

• Members of the Texas Instruments 
W/debus™ Family 

• Support Mixed-Mode Signal Operation (5-V 
Input and Output Voltages With 3.3-V Vee) 

• Support Unregulated Battery Operation 
Down to 2.7V 

• USTTM (Universal Bus Transceiver) 
Combines D-Type Latches and D-Type 
Flip-Flops for Operation in Transparent, 
Latched, or Clocked Mode 

• Typical VOLP (Output Ground Bounce) 
< 0.8 V at Vee = 3.3 V, TA = 25°C 

• ESD Protection Exceeds 2000 V Per 
MIL-STD-883, Method 3015; Exceeds 200 V 
Using Machine Model 
(C = 200 pF, R = 0) 

• Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 

• Bus Hold on Data Inputs Eliminates the 
Need for External Pullup/Pulidown 
Resistors 

• Support Live Insertion 
• Distributed Vee and GND Pin Configuration 

Minimizes High-Speed Switching Noise 

• Flow-Through Architecture Optimizes 
PCB Layout 

• Package Options Include Plastic 30o-mil 
Shrink Smail-Outline (DL) and Thin Shrink 
Smail-Outline (DGG) Packages and 38o-mll 
Fine-Pitch Ceramic Flat (WD) Package 
USing 25-mll Center-to-Center Spacings 

description 

OEAB 
LEAB 

A2 

Vee 
A4 
A5 
A6 

GND 
A7 
A8 
A9 

Al0 
All 
A12 

GND 
A13 
A14 
A15 
Vee 
A16 
A17 

GND 
A18 

OEBA 
LEBA 

(TOP VIEW) 

1 GND 
2 CLKAB 

Bl 
GND 
B2 
B3 
Vee 
B4 

9 B5 
B6 
GND 
B7 
B8 
B9 
Bl0 
Bl1 
B12 
GND 
B13 
B14 
B15 
Vee 
B16 
B17 
GND 
B18 
CLKBA 
GND 

The 'LVT16500 are IS-bit universal bus transceivers designed for low-voltage (3.3-V) V CC operation. but with 
the capability to provide a TIL interface to a 5-V system environment. 

Data flow in each direction is controlled by output-enable (OEAB and OEBA).latch-enable (LEAS and LEBA). 
and clock (CLKAS and CLKSA) inputs. For A-to-S data flow. the device operates in the transparent mode when 
LEAS is high. When LEAS is low. the A data is latched if CLKAS is held at a high or low logic level. If LEAB is 
low. the A-bus data is stored in the latch/flip-flop on the high-to-Iow transition of CLKAB. Output-enable OEAS 
is active high. When OEAB is high. the S-port outputs are active. When OEAB is low. the S-port outputs are in 
the high-impedance state. 

Widebus and UBT are trademarks of Texas Instruments Incorporated. 

UNLESS OTHERWISE NOTeD this document contal .. PROOUCTION 
DATA InfortnaUon current .a of pubilcaUOn date. Products conform to 
specifications per the terms of Texas Instruments standard warranty, 
_uctl .. processing _ not n ...... rily Include tesUng of all 
parameters. ~TEXAS 

INSTRUMENTS 
POST OFFICE BOX 655303 • DALLAS. TEXAS 75265 

Copyright © 1996, Texas Instruments Incorporated 
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logic symbolt 

OEAB 
CLKAB 

LEAB 

OEBA 
CLKBA 

LEBA 

Al 

A2 

A3 

A4 

A5 

A6 

A7 

A8 

A9 

Al0 

All 

A12 

A13 

A14 

A15 

A16 

A17 

A18 

1 
55 

2 

27 

30 
28 

3 

5 

6 

8 

9 

10 

12 

13 

14 

15 

16 

17 

19 

20 

21 

23 

24 

26 

" 
Lt, 

" 
" 

SN54LVT16500,SN74LVT16500 
3.3·V ABT 18·BIT UNIVERSAL BUS TRANSCEIVERS 

WITH 3·STATE OUTPUTS 
SCBS146D - MAY 1992 - REVISED NOVEMBER 1996 

ENl 
2C3 

C3 
G2 

EN4 
5C6 

Lt, C6 
~5 r 

l.-
3D 1 l'i7 
4'i7 1 60 

54 

W 
52 

51 

49 

48 

47 

45 

44 

43 

42 

41 

40 

38 

37 

36 

34 

33 

31 

Bl 

B2 

B3 

B4 

B5 

B6 

B7 

B8 

B9 

B10 

Bll 

B12 

B13 

B14 

B15 

B16 

B17 

B18 

tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
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SN54LVT16500, SN74LVT16500 
3.3-V ABT 18-BIT UNIVERSAL BUS TRANSCEIVERS 

WITH 3-STATE OUTPUTS 
SCBS146D - MAY 1992 - REVISED NOVEMBER 1996 

recommended operating conditions (see Note 4) 

Vee Supply voHage 

VIH High-level input voltage 

VIL Low-level input voltage 

VI Input voHage 

IOH High-level output current 

IOL Low-level output current 

11t/!J.v Input transition rise or fall rate I Outputs enabled 

TA Operating free-air temperature 

NOTE 4: Unused control Inputs must be held high or low to prevent them from floating. 

PIIODUCT PIIEVlEW I_on _. products In lholorml1lvo or = Db... 01 dovolopmll11. ClIInIC1er1I1Ic dI1a .nd O11Ier 
coil ... aro daalgn gooil. roUlinl1rumllllS ........ 111. r1ghllO 

nga or dl8ccn1lnuelh ... prodUC1t wi1IIou1 nouca. ~1ExAs 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 

SN54LVT16500 SN74LVT16500 
UNIT 

MIN MAX MIN MAX 

2.7 3·1i 2.7 3.6 V 

2 W 2 V 

jjp.8 0.8 V 

4"5.5 5.5 V 

.. ~ -24 -32 rnA 

iif 48 64 rnA 

4JQ;;' 10 10 nsN 

-55 125 -40 85 °e 
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SN54LVT16500,SN74LVT16500 
3.3-V ABT 18-BIT UNIVERSAL BUS TRANSCEIVERS 

WITH 3-STATE OUTPUTS 
SCBS146D - MAY 1992 - REVISED NOVEMBER 1996 

timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) (see Figure 1) 

SN54LVT16500 SN74LVTl8500 

VCC=3.3V 
VCC=2.7V 

VCC=3.3V 
VCC=2.7V UNIT 

±O.3V ±O.3V 

MIN MAX MIN MAX MIN MAX MIN MAX 

fclock Clock frequency 0 150 0 125 0 150 0 125 MHz 

LE high 3.3 3~ 3.3 3.3 
Iw Pulse duration 

CO< high or low .#$ 
ns 

3.3 3.3 3.3 

A before CLKAB.J. 1.8 _~.1 1.8 1.1 

B before CLKBAJ. 1.9 ~ ..... 1.2 1.9 1.2 
tsu Setup time 

A or B before LE.J. • CLK high 2.2 ~ 1.3 2.2 1.3 
ns 

A or B before LE.J. • CLK low 2.7 0 1.9 2.7 1.9 

A or B after CO<.J. 1.2 q,' 1.2 1.2 1.2 
th Hold time 

A or B after LE.J. 
ns 

0.9 1.1 0.9 1.1 

switching characteristics over recommended operating free-air temperature range, CL = 50 pF 
(unless otherwise noted) (see Figure 1) 

SN54LVT16500 SN74LVTl6600 

PARAMETER 
FROM TO VCC=3.3V 

VCC=2.7V 
VCC=3.3V 

VCC=2.7V UNIT (INPUT) (OUTPUT) ±O.3V ±O.3V 

MIN MAX MIN MAX MIN TYpt MAX MIN MAX 

fmax 150 125 150 125 MHz 

tpLH 1.7 5.8 7 1.7 3 5.4 6.8 
BorA AorB .g:.- ns 

tpHL 1.6 6 7.8 1.6 3.2 5.9 7.7 

tPLH 2.3 7.3 !G' 8.9 2.3 4 7 8.5 
LEBA or LEAB AorB 

~. 
ns 

tPHL 2.7 8.2 9.8 2.7 4.3 7.9 9.7 

tpLH CLKBAor 2 7/. 8.8 2 4.1 7 8.3 

CLKAB 
AorB 

# 
ns 

tpHL 2.4 10 2.4 4.4 7.9 9.9 

tpZH OEBAor 1.2 At'5.2 6.1 1.2 3 5 5.9 

OEAB 
AorB ns 

tpZL 1.5 5.9 7 1.5 3 5.8 6.9 

tpHZ OEBAor 2.7 7.7 8.6 2.7 4.6 7.4 8.3 

OEAB 
AorB ns 

tpLZ 2.8 7.3 7.7 2.8 4.7 6.7 7.2 

t AIIIYPlcal values are at VCC ~ 3.3 V. TA = 25°C .. 
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SN54LVT16501,SN74LVT16501 
3.3-V ABT 18-BIT UNIVERSAL BUS TRANSCEIVERS 

WITH 3-STATE OUTPUTS 

• State-of-the-Art Advanced BICMOS 
Technology (ABT) Design for 3.3-V 
Operation and Low-Static Power 
Dissipation 

• Members of the Texas Instruments 
Wfdebus™ Family 

• Support Mixed-Mode Signal Operation (5-V 
Input and Output Voltages With 3.3-V Vee) 

• Support Unregulated Battery Operation 
Downt02.7V 

• USTTM (Universal Bus Transceiver) 
Combines D-Type Latches and D-Type 
Flip-Flops for Operation in Transparent, 
Latched, or Clocked Mode 

• Typical VOlP (Output Ground Bounce) 
< 0.8 V at Vee = 3.3 V, TA = 25°C 

• ESD Protection Exceeds 2000 V Per 
MIL-STD-883, Method 3015; Exceeds 200 V 
Using Machine Model 
(C = 200 pF, R = 0) 

• Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 

• Bus Hold on Data Inputs Eliminates the 
Need for External Pullup/Pulidown 
Resistors 

• Support Live Insertion 
• Distributed Vee and GND Pin Configuration 

Minimizes High-Speed Switching Noise 

• Flow-Through Architecture Optimizes 
PCB Layout 

• Package Options Include Plastic 30o-mil 
Shrink Small-Outline (DL) and Thin Shrink 
Smail-Outline (DGG) Packages and 38o-mll 
Fine-Pitch Ceramic Flat (WD) Package 
Using 25-mll Center-to-Center Spacings 

description 

SCBS147G - MAY 1992 - REVISED NOVEMBER 1996 

SN54LVT16501 .•• WD PACKAGE 
SN74LVT16501 ••• DGG OR DL PACKAGE 

(TOP VIEW) 

OEAB 1 
LEAB 

A1 
GND 

A2 

A6 
GND 11 

A7 
A8 
A9 

A10 
A11 
A12 

GND 
A13 
A14 
A15 
Vee 
A16 
A17 

GND 
A18 

OEBA 
LEBA 

33 
32 
31 
30 
29 "'-__ .r 

GND 
CLKAB 
B1 
GND 
B2 
B3 
Vee 
B4 
B5 
B6 
GND 
B7 
B8 
B9 
B10 
B11 
B12 
GND 
B13 
B14 
B15 
Vee 
816 
B17 
GND 
B18 
CLKBA 
GND 

The 'LVT16S01 are 18-bit universal bus transceivers designed for low-voltage (3.3-V) VCC operation, but with 
the capability to provide a TIL interface to a S-V system environment. 

Data flow in each direction is controlled by output-enable (OEAB and OEBA) , latch-enable (LEAB and LEBA), 
and clock (CLKAB and CLKBA) inputs. For A-to-B data flow, the devices operate in the transparent mode when 
LEAB is high. When LEAB is low, the A data is latched if CLKAB is held at a high or low logic level. If LEAB is 
low, the A-bus data is stored in the latch/flip-flop on the low-to-high transition of CLKAB. When OEAB is high, 
the outputs are active. When OEAB is low, the outputs are in the high-impedance state. 

Widebus and UBT are trademarks of Texas Instruments Incorporated. 
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logic symbolt 

OEAB 
CL.KAB 

L.EAB 

OEBA 
CL.KBA 

L.EBA 

A1 

A2 

A3 

A4 

A5 

A6 

A7 

A8 

A9 

A10 

A11 

A12 

A13 

A14 

A15 

A16 

A17 

A18 
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27 

30 
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5 

6 
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9 

10 

12 

13 

14 
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18 

17 
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SN54LVT16501,SN74LVT16501 
3.3-V ABT 18-BIT UNIVERSAL BUS TRANSCEIVERS 

WITH 3-STATE OUTPUTS 
SCBS147G - MAY 1992 - REVISED NOVEMBER 1996 

EN1 
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tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and lEe Publication 617-12. 
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SN54LVT16501,SN74LVT16501 
3.3·V ABT 18·BIT UNIVERSAL BUS TRANSCEIVERS 

WITH 3·STATE OUTPUTS 
SCBS147G - MAY 1992 - R::VISED NOVEMBER 1996 

recommended operating conditions (see Note 4) 

Vee Supply voltage 

VIH High-level input voltage 

VIL Low-level input voltage 

VI Input voltage 

IOH High-level output current 

IOL Low-level output current 

AtiAv Input transition rise or fall rate J Outputs enabled 

TA Operating free-air temperature 

NOTE 4: Unused control inputs must be held high or low to prevent them from floating. 

-!!1 TEXAS 
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SN54LVT16501 

MIN MAX 

2.7 3.6 

2 

0.8 

5.5 

-24 

48 

10 

-55 125 

SN74LVT16501 
UNIT 

MIN MAX 

2.7 3.6 V 

2 V 

0.8 V 

5.5 V 

-32 mA 

64 mA 

10 nsN 

-40 85 °e 
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SN54LVT16501,SN74LVT16501 
3.3-V ABT 18-BIT UNIVERSAL BUS TRANSCEIVERS 

WITH 3-STATE OUTPUTS 
SCBS147G - MAY 1992 - REVISED NOVEMBER 1996 

timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) (see Figure 1) 

SN54LVT16501 SN74LVT16501 

VCC=3.3V 
VCC=2.7V 

VCC=3.3V 
VCC=2.7V UNIT 

±O.3V ±O.3V 

MIN MAX MIN MAX MIN MAX MIN MAX 

fclock Clock frequency 0 150 0 125 0 150 0 125 MHz 

LE high 3.3 3.3 3.3 3.3 
tw Pulse duration ns 

CLK high or low 3.3 3.3 3.3 3.3 

A before CLKABi 1.6 2.1 1.6 2.1 

B before CLKBA i 1.6 2.1 1.6 2.1 
tsu Setup time 

A or B before LEJ" CLK high 3.1 2.7 2.6 1.9 
ns 

A or B before LEJ" CLK low 2.6 2.0 2 1.3 

A or B after CLKi 2 2.1 2 2.1 
th Hold time ns 

A or B after LEJ, 1.3 1.2 0.9 1.2 

switching characteristics over recommended operating free-air temperature range, CL = 50 pF 
(unless otherwise noted) (see Figure 1) 

PARAMETER 
FROM TO 

(INPUT) (OUTPUT) 

'max 

tPLH 
B or A AorB 

tpHL 

tpLH 
LEBA or LEAB AorB 

tpHL 

tpLH CLKBAor 
CLKAB 

AorB 
tpHL 

tpZH 

tpZL 
OEBAor OEAB AorB 

tpHZ 
OEBAor OEAB AorB 

tpLZ 

t All typical values are at VCC = 3.3 V, TA _ 25°C. 

SN54LVT16501 

VCC=3.3V 
VCC=2.7V 

±O.3V 

MIN MAX MIN MAX 

150 125 

1.7 5.4 6.8 

1.6 6 7.8 

2.3 7.3 9 

2.7 8.2 9.8 

2.5 8.3 9.7 

3.5 9.4 10.7 

1.2 5.1 6.1 

1.5 5.9 7 

2.7 7.5 8.5 

2.8 6.8 7.5 

~TEXAS 
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SN74LVT16501 

VCC=3.3V 
VCC=2.7V UNIT 

±O.3V 

MIN TYPt MAX MIN MAX 

150 125 MHz 

1.7 3 5.4 6.8 
ns 

1.6 3.2 5.9 7.7 

2.3 4 7 8.5 
ns 

2.7 4.3 7.9 9.7 

2.5 4.1 7.9 9.2 
ns 

3.5 5.4 8.9 10.4 

1.2 3 5 5.9 
ns 

1.5 3 5.8 6.9 

2.7 4.6 7.4 8.3 
ns 

2.8 4.7 6.7 7.2 
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SN74ALVCH16524 
18·BIT REGISTERED BUS TRANSCEIVER 

WITH 3·STATE OUTPUTS 

• Member of the Texas Instruments 
Wldebus™ Family 

• EPICTM (Enhanced-Performance Implanted 
CMOS) Submlcron Process 

• ESD Protection Exceeds 2000 V Per 
MIL-STD-883C, Method 3015; Exceeds 200 V 
Using Machine Model (C = 200 pF, R = 0) 

• Latch-Up Performance Exceeds 250 mA 
Per JEDEC Standard JESD-17 

• Bus Hold on Data Inputs Eliminates the 
Need for External Pullup/Pulidown 
Resistors 

• Package Options Include Plastic 30o-mll 
Shrink Small-Outline (DL) and Thin Shrink 
Small-Outline (DGG) Packages 

description 

This 18-bit universal bus transceiver is designed 
for 2.3-V to 3.6-V Vee operation. 

Data flow in each direction is controlled by 
output-enable (OEAB and OEBA) and clock 
enable (ClKENBA) inputs. For the A-to-B data 
flow, the data flows through a single register. The 
B-to-A data can flow through a four-stage pipeline 
register path, or through a single register path, 
depending on the state of SEL. 

Data is stored in the internal registers on the 
low-to-high transition of the ClK input, provided 
that the appropriate ClKENBA input is low. The 
B-to-A data transfer is synchronized with the ClK 
input. 

SCEsoao- :,'1996 

DGG OR DL PACKAGE 
(TOP VIEW) 

GND GND 
OEAB SEl 

A1 B1 
GND GND 

A2 B2 
B3 

Vee Vee 
A4 B4 
A5 9 B5 
A6 B6 

GND GND 
A7 B7 
A8 B8 
A9 B9 

A10 B10 
A11 B11 
A12 B12 

GND GND 
A13 B13 
A14 B14 
A15 B15 
Vee Vee 
A16 B16 
A17 B17 

GND GND 
A18 B18 

OEBA elK 
ClKENBA GND 

____ .T 

To ensure the high-impedance state during power up or power down, OE should be tied to Vee through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

Active bus-hold circuitry is provided to hold unused or floating data inputs 'at a valid logic level. 

The SN74AlVCH16524 is available in Tl's shrink small-outline (Dl) and thin shrink small-outline (DGG) 
packages, which provide twice the 1/0 pin count and functionality of standard small-outline packages in the 
same printed-circuit-board area. 

The SN7 4AlVCH16524 is characterized for operation from -40°C to 85°C. 

EPle and Widebus are trademarks of Texas Instruments Incorporated. 
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Copyright © 1996, Texas Instruments Incorporated 
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SN74ALVCH16524 
18-BIT REGISTERED BUS TRANSCEIVER 

WITH 3·STATE OUTPUTS 

CLKENBA 

H 

L 

L 

L 

L 

FUNCTION TABLE 
B-TO-A STORAGE (OEBA = L) 

INPUTS 

CLK SEL B 

X X X 

i H L 

i H H 

i L L 

i L H 

OUTPUT 
A 

Aot 

L 

H 

L:j: 

H:j: 

t Output level before the Indicated steady-state Input 
conditions were established 

:j: Four positive CLK edges are needed to propagate data 
from B to A when SEL is low. 

SCES080 -JULY 1996 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)§ 

Supply voltage range, Vee ......................................................... -0.5 V to 4.6 V 
Input voltage range, VI (see Note 1) ................................................. -0.5 V to 4.6 V 
Output voltage range, Vo (see Notes 1 and 2) ................................. -0.5 V to Vee + 0.5 V 
Output clamp current, 10K (Vo < 0 or Vo > Vee> ............................................ ±50 mA 
Continuous output current, 10 (Vo = 0 to Vee> .............................................. ±50 mA 
Continuous current through each Vee or GND ............................................. ± 1 00 mA 
Maximum power dissipation at T A = 55°C (in still air) (see Note 3): DGG package .................. 1 W 

DL package ................... 1.4 W 
Storage temperature range, Tstg ................................................... -65°C to 150°C 

§ Stresses beyond those listed under"absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maxi mum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. The input and output voltage ratings may be exceeded if the input and output current ratings are observed. 
2. This value is limited to 4.6 v maximum. 
3. The maximum package power dissipation is calculated using a junction temperature of 150°C and a board trace length of 750 mils. 

For more information, refer to the Package Thermal Gonsiderations application note in the ABT Advanced BiGMOS Technology Data 
Book. 
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SN74ALVCH16524 
18-BIT REGISTERED BUS TRANSCEIVER 

WITH 3-STATE OUTPUTS 
SCES080 -JULY 1996 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS Vce 
10H = -100 I1A 2.3 Vto 3.6 v 
IOH=-6mA, VIH = 1.7V 2.3V 

VIH = 1.7 V 2.3V 
VOH 

IOH=-12mA VIH =2V 2.7V 

VIH =2V 3V 

10H =-24mA, VIH -2V 3V 

10L = 100 I1A 2.3 Vto 3.6 v 
IOL=6 mA, VIL-0.7 V 2.3V 

VOL VIL - 0.7 V 2.3V 
iOL=12mA 

VIL-0.8 V 2.7 V 

IOL=24 mA, VIL=0.8 V 3V 

II VI = VCC or GND 3.6V 

VI·0.7V 
2.3V 

VI= 1.7V 

Ihold VI= 0.8V 
3V 

VI-2V 

VI = Oto 3.6 V:j: 3.6V 

10Z§ Vo = VCC or GND 3.6V 

ICC VI = VCC or GND, 10=0 3.6V 

t..ICC One input at VCC - 0.6 V, Other inputs at VCC or GND 3 Vto 3.6 V 

Ci I Control inputs VI = VCC or GND 3.3V 

Co IAorBports Vo = VCC or GND 3.3V 

t All typical values are at V CC = 3.3, TA = 25°C. 
:j: This is the bus-hold maximum dynamic current required to switch the input from one state to another. 
§ For I/O ports, the parameter 10Z includes the input leakage current. 

MIN TYPt MAX UNIT 

VCC-0.2 

2 

1.7 
V 

2.2 

2.4 

2 

0.2 

0.4 

0.7 V 

0.4 

0.55 

±5 I1A 

45 

-45 

75 !LA 

-75 

±500 

±10 !LA 

40 !LA 

750 !LA 

3 pF 

7 pF 

timing requirements over recommended ranges of supply voltage and operating free-air 
temperature range (unless otherwise noted) 

fclock Clock frequency 

tw Pulse duration, CLK high or low 

tsu Setup time 

th Hold time 

vce=2.5V 
±O.2V 

MIN MAX 

0 120 

3.2 

B data before CLKi 1.5 

SEL before CLKi 2.7 

CLKENBA before CLKi 2.7 

B data after CLKi 1 

SEL after CLKi 0.5 

CLKENBA after CLKi 0.1 

~1EXAS 
INSTRUMENTS 
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Vec=2.7V Vec = 3.3 V 
±O.3V UNIT 

MIN MAX MIN MAX 

0 125 0 150 MHz 

3.2 3 ns 

1.2 1.1 

2.4 2.1 ns 

2.6 2 

0.6 1.2 

0.2 0.8 ns 

0.1 0.3 
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SN74ALVCH16524 
18-BIT REGISTERED BUS TRANSCEIVER 

WITH 3-STATE OUTPUTS 
SCES080 - JULY 1996 

PARAMETER MEASUREMENT INFORMATION 
V CC = 2.5 V ± 0.2 V 

o 4.6 V TEST Sl 
Sl o Open 

rD 

5000 
From Output --4i----t--J\AiV----J 

Under Test 

CL=50pF 
(see Note A) T 5000 

tpd Open 
tPLZ/tpZL 4.6 V 
tpHZ/tpZH GND 

-=- -=-

LOAD CIRCUIT ~tw----.! 

TI~~:~ ______ ~'"1-.2-V-----
2.3V 

I I 

Input 3 }(:1.~2~V~~~~ :.: V 

OV 

~ tsu·~ th 
~ 
I 

2.3V 
Date 

Input __ .J*1.2V ~ ~OV 
VOLTAGE WAVEFORMS 

SETUP AND HOLD TIMES 

Input L 1.2V \ ~2~--- 2.3V 

---II 1 . OV 

tpLH ~ .II 1 I 
14 ~ tpHL 

I I 
I r----~~" -- VOH 

Output !1.2V 1.2V 
_______ J. VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

NOTES: A. CL includes probe and jig capacitance. 

Output 
Control 

(low-level 
enabling) 

Output 
Waveform 1 
Sl at 4.6 V 

(see Note B) 

Output 
Waveform 2 

Sl at GND 
(see Note B) 

VOLTAGE WAVEFORMS 
PULSE DURATION 

~ I 2.3 V 

~ 1.2V 4_1.: ___ ov 

tpZL -.I I+-t -...! "----
I I PLZ -I ro-

I J --l-~l- 2.3V 
I \ 1.2V I VOL + 0.3 V 
I· 1- -- VOL 
I tPHZ-+! i+ 

tPZH ~ 14- I 
I ~--- VOH ! VOH-0.3V 

1.2V 
___ oJ- ----- OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses are supplied by generators having the following characteristics: PRR s 10 MHz, Zo = 50 0. tr s 2.5 ns, 
tf s 2.5 ns. 

D. The outputs are measured one at a time with one transition per measurement. 
E. tpLZ and tpHZ are the same as !dis. 
F. tpZL and tpZH are the same as ten. 
G. tpLH and tpHL are the same as tpd. 

Figure 1. Load Circuit and Voltage Waveforms 
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• Member of the Texas Instruments 
Wldebus™ Family 

• EPle™ (Enhanced-Performance Implanted 
CMOS) Submlcron Process 

• ESD Protection Exceeds 2000 V Per 
MIL-STD-883, Method 3015jExceeds 200V 
Using Machine Model (C = 200 pF, R = 0) 

• Latch-Up Performance Exceeds 250 mA 
Per JEDEC Standard JESD-17 

• Bus Hold on Data Inputs Eliminates the 
Need for External Pullup/Pulidown 
Resistors 

• Package Option Includes Plastic 30D-mll 
Shrink Smail-Outline (DL) and Thin Shrink 
Smail-Outline (DGG) Packages 

description 

This 18-bit universal bus transceiver is designed 
for 2.3-V to 3.6-V VCC operation. 

Data flow in each direction is controlled by 
output-enable (OEAB and OEBA) and clock
enable (ClKENAB and ClKENBA) inputs. For the 
A-to-B data flow, the data flows through a single 
register. The B-to-A data can flow through a 
four-stage pipeline register path, or through a 
Single register path, depending on the state of 
SEL 
Data is stored in the internal registers on the 
low-to-high transition of the ClK input, provided 
that the appropriate ClKEN inputs are low. The 
A-to-B data transfer is synchronized to the CLKAB 
input, and B-to-A data transfer is synchronized 
with the CLK1 BA and ClK2BA inputs. 

SN74ALVCH16525 
18·BIT REGISTERED BUS TRANSCEIVER 

WITH 3·STATE OUTPUTS 

DGG OR DL PACKAGE 
(TOP VIEW) 

CLKENAB 
OEAB 

Vee 
A4 
A5 9 
A6 10 

GND 11 

A7 12 

A8 13 
A9 14 

A10 15 
A11 16 

A12 17 
GND 
A13 
A14 
A15 
Vee 
A16 
A17 

GND 

SEL 
CLKAB 
B1 
GND 
B2 
B3 
Vee 
B4 
B5 
B6 
GND 

45 B7 
44 B8 
43 B9 
42 B10 
41 B11 

B12 
GND 
B13 
B14 
B15 

35 Vee 
34 B16 
33 B17 
32 GND 

A18 31 B18 
OEBA 30 CLK1BA 

CLKENBA 29 CLK2BA 
-",;;.;.-~ 

To ensure the high-impedance state during power up or power down, OE should be tied to VCC through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

The SN74AlVCH16525 is characterized for operation from --40·C to 85·C. 

EPIC and Widebus are trademarks of Texas Instruments Incoreorated. 

Copyright C 1996, Texas Instruments Incorporated 
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SN74ALVCH16525 
18-BIT REGISTERED BUS TRANSCEIVER 

WITH 3-STATE OUTPUTS 
SCES059A - NOVEMBER 1995 - REVISED NOVEMBER 1996 

CLKENBA 

H 

L 

L 

L 

L 

Function Tables 

A-TO-B STORAGE IOEAB = L) 

INPUTS OUTPUT 

CLKENAB CLKAB A B 

H X x Bot 

L i L L 

L i H H 

t Output level before the mdlcated steady-state 
input conditions were established 

B-TO-A STORAGE IOEBA = L) 

INPUTS OUTPUT 

CLK2BA CLK1BA SEL B A 

X X X X Aot 

i X H L L 

i X H H H 

i i L L L:I: 

i i L H H:I: 

t Output level before the Indicated steady-state mput conditions were 
established 

:I: Three CLK1 BA edges and one CLK2BA edge are needed to propagate 
data from B to A when SEL is low. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)§ 

Supply voltage range, Vee ......................................................... -0.5 V to 4.6 V 
Input voltage range, VI (see Note 1) ................................................. -0.5 V to 4.6 V 
Output voltage range, Vo (see Notes 1 and 2) .................................. -0.5 V to Vee + 0.5 V 
Output clamp current, 10K (Vo < 0 or Vo > Vee> ............................................ ±50 rnA 
Continuous output current, 10 (Vo = 0 to Vee> .............................................. ±50 rnA 
Continuous current through each Vee or GND ............................................. ±100 rnA 
Maximum power dissipation at TA = 55°C (in still air) (see Note 3): DGG package .................. 1 W 

DL package ................... 1.4 W 
Storage temperature range, Tst9 ................................................... -65°C to 150°C 

§ Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maxi mum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
2. This value is limited to 4.6 V maximum. 
3. The maximum package power dissipation is calculated using a junction temperature of 150·C and a board trace length of 750 mils. 

For more information, referto the Package Thermal Considerations application note in the ABT Advanced BiCMOS Technology Data 
Book. 
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SN74ALVCH16525 
18·BIT REGISTERED BUS TRANSCEIVER 

WITH 3·STATE OUTPUTS 
SCES059A - NOVEMBER 1995 - REVISED NOVEMBER 1996 

timing requirements over recommended ranges of supply voltage and operating free-air 
temperature range (unless otherwise noted) 

vce = 2.5 V 
VCC=2.7V 

Vee =3.3 V 
±O.2V ±O.3V UNIT 

MIN MAX MIN MAX MIN MAX 

fclock Clock frequency 0 120 0 125 0 150 MHz 

tw Pulse duration, CLK high or low 3.2 3.2 3 ns 

A data before CLKABi 1.3 1.3 1.3 

B data before CLK2BA i 2.1 1.8 1.7 

B data before CLK1 BA i 1.3 1.2 1.1 

tsu Setup time SEL before CLK2BA i 3.3 3.3 3.3 ns 

CLKENAB before CLKABi 2.1 1.9 1.6 

CLKENBA before CLK1BAi 2.7 2.5 2.1 

CLKENBA before CLK2BAi 2.7 2.5 2.2 

A data after CLKABi 0.7 0.4 0.9 

B data after CLK2BA i 0.4 0 0.6 

B data after CLK1 BA i 0.8 0.4 1 

th Hold time SEL after CLK2BA i 0 0 0.1 ns 

CLKENAB after CLKABi 0.1 0.3 0.3 

CLKENBA after CLK1 BA i 0 0 0.1 

CLKENBA after CLK2BA i 0 0 0 

switching characteristics over recommended operating free-air temperature range, CL = 50 pF 
(unless otherwise noted) (see Figures 1 and 2) 

FROM TO 
Vce= 2.5 V 

PARAMETER ±O.2V 
(INPUT) (OUTPUT) 

MIN MAX 

fmax 120 

tod CLKAB or CLK2BA AorB 1 5.1 

ten OEABorOEBA AorB 1 6.6 

tdis OEABor OEBA AorB 1 6.5 

operating characteristics, T A = 25°C 

PARAMETER 

Cpd Power dissipation capacitance 

TEST CONDITIONS 

I Outputs enabled 
CL= 50 pF, f= 10 MHz I Outputs disabled 

~TEXAS 
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Vce=2.7V 
Vec = 3.3 V 

±O.3V UNIT 

MIN MAX MIN MAX 

125 150 MHz 

4.4 1 4.2 ns 

6.1 1 5.1 ns 

5.4 1 4.9 ns 

Vce = 2.5 V vcc =3.3V 
±O.2V ±O.3V UNIT 

TYP TYP 

160 160 pF 

2-81 



SN74ALVCH16525 
18-BIT REGISTERED BUS TRANSCEIVER 

WITH 3·STATE OUTPUTS 
SCES059A - NOVEMBER 1995 - REVISED NOVEMBER 1996 

PARAMETER MEASUREMENT INFORMATION 
VCC=2.7VAND3.3V ± 0.3 V 

S1 500n 
From Output --.f---.---'\I\/'v-----" 

Under Teat 

CL=50pF 
(see Note A) T 500n 

LOAD CIRCUIT 

o 6V 

o Open 

rD 

-::-

TEST S1 

tpd Open 
tpLZ/tpZL 6V 
tpHZ/tpZH GND 

~ tw---.l 

TI~~:~ _____ ....J~\,.1-.5-V-----
2.7 V 

1 1 

Input 3 _____ ..J}(,..1-.5-V-- ~:V 
OV 

~ tau·~ th 
~ 
I 

2.7 V 
Data ___ -'~1.5 V 

Input 1\ ~ 
~OV 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

Input L 1.5V \~r:v--- 2.7V 

---II 1 . OV 

tpLH 14 .11 1 J 
14 Pi tpHL 

1 1 
1 ,.----~~:i -- VOH 

Output 11.5 V 1.5 V 
________ J. VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

NOTES: A. CL includes probe and jig capacitance. 

Output 
Control 

(Iow·level 
enabling) 

Output 
Waveform 1 

S1 at 6 V 
(see Note B) 

Output 
Waveform 2 

S1 alGND 
(see Note B) 

VOLTAGE WAVEFORMS 
PULSE DURATION 

~ j 2.7V 

~ 1.5V 4_1.~ ___ OV 

tpzv1 r-tPLZ-+! ~ 
I I I I 

-----+~n- -.J-r;;- 3 V 

: \ 1.5V I VOL+0.3V 
I· I ----- VOL 

tpZH -.I ~PHZ ~ r-
1 i~:--- VOH ___ ~l,- 1.5V ___ ~H-0.3V OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses are supplied by generators having the following characteristics: PRR,;; 10 MHz, Zo = 50 n. tr ,;;2.5 ns, tf,;;2.5 ns. 
D. The outputs are measured one at a time with one transition per measurement. 
E. tpLZ and tpHZ are the same as !dis. 
F. tpZL and tpZH are the same as ten. 
G. tpLH and tPHL are the same as tpd. 

Figure 2. Load Circuit and Voltage Waveforms 
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SN74ALVCH162525 
18·BIT REGISTERED BUS TRANSCEIVER 

WITH 3·STATE OUTPUTS 

• Member of the Texas Instruments 
Widebus™ Family 

• EPICTM (Enhanced· Performance Implanted 
CMOS) Submlcron Process 

• B·Port Outputs Have Equlvalen 26-0 Series 
Resistors, So No External Resistors Are 
Required 

• ESD Protection Exceeds 2000 V Per 
MIL·STD·883, Method 3015;Exceeds 200V 
Using Machine Model (C = 200 pF, R = 0) 

• Latch·Up Performance Exceeds 250 mA 
Per JEDEC Standard JESD·17 

• Bus Hold on Data Inputs Eliminates the 
Need for External Pullup/Pulidown 
Resistors 

• Package Option Includes Plastic 300-mil 
Shrink Small·Outline (DL) and Thin Shrink 
Small·Outiine (DGG) Packages 

description 

This 18-bit universal bus transceiver is designed 
for 2.3-V to 3.6-V Vee operation. 

Data flow in each direction is controlled by 
output-enable (OEAB and C5"EBA) and clock
enable (CLKENAB and CLKENBA) inputs. Forthe 
A-to-B data flow, the data flows through a single 
register. The B-to-A data can flow through a 
four-stage pipeline register path, or through a 
single register path, depending on the state of 
SEL. 

SCES058A- 1996 

DGG OR DL PACKAGE 
(TOP VIEW) 

CLKENA8 SEL 
OEA8 CLKA8 

A1 81 
GND GND 

A2 82 
A3 83 

Vee Vee 
A4 84 
A5 85 
A6 86 

GND GND 
A7 87 
A8 88 
A9 89 

A10 810 
A11 811 
A12 812 

GND GND 
A13 813 
A14 814 
A15 815 
Vee Vee 
A16 816 
A17 817 

GND GND 
A18 B18 

OEBA CLK1BA 
CLKENBA CLK2BA 

Data is stored in the internal registers on the low-to-high transition of the CLK input, provided that the appropriate 
CLKEN inputs are low. The A-to-B data transfer is synchronized to the CLKAB input, and B-to-A data transfer 
is synchronized with the CLK1 BA and CLK2BA inputs. 

The B outputs, which are designed to sink up to 12 mA, include 26-0 resistors to reduce overshoot and 
undershoot. 

To ensure the high-impedance state during power up or power down, OE should be tied to Vec through a pull up 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

The SN74ALVCH162525 is characterized for operation from -40°C to 85°C. 

EPle and Widebus are trademarks of Texas Instruments Incorporated. 
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SN74ALVCH162525 
18·BIT REGISTERED BUS TRANSCEIVER 

WITH 3·STATE OUTPUTS 
SCES058A - NOVEMBER 1995 - REVISED NOVEMBER 1996 

ClKENBA 

H 

L 

L 

L 

L 

Function Tables 

A-TO-B STORAGE (OEAB = l) 
INPUTS OUTPUT 

ClKENAB ClKAB A B 

H X x Bot 

l i L L 

L i H H 

t Output level before the indicated steady-state 
input conditions were established 

B-TO-A STORAGE (OEBA = l) 
INPUTS OUTPUT 

ClK2BA ClK1BA SEl B A 

X X X X AOt 

i X H L L 

i X H H H 

i i L L L:t: 

i i L H H:t: 
.. 

t Output level before the Indicated steady-state Input conditions were 
established 

:t: Three CLK1 BA edges and one CLK2BA edge are needed to propagate 
data from B to A when SEL is low. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)§ 

Supply voltage range, Vee ......................................................... -<l.5 V to 4.6 V 
Input voltage range, VI (see Note 1) ................................................. -<l.5 V to 4.6 V 
Output voltage range, Vo (see Notes 1 and 2) .................................. -<l.5 V to Vee + 0.5 V 
Output clamp current, 10K (Vo < 0 or Vo > Vee) ............................................ ±50 mA 
Continuous output current, 10 (VO = 0 to Vee) .............................................. ±50 mA 
Continuous current through Vee or GND .................................................. ±100 mA 
Maximum power dissipation at TA = 55°C (in still air) (see Note 3): DGG package .................. 1 W 

DL package ................... 1.4 W 
Storage temperature range, T519 ......•.....•..............•..................••... -65°C to 150°C 

§ Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maxim urn-rated conditions for extended periods may affect device reliability. . 

NOTES: 1. The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
2. This value is limited to 4.6 V maximum. 
3. The maximum package power dissipation is calculated using a junction temperature of 150·C and a board trace length of 750 mils. 

For more information, refer to the Package Thermal Considerations application note in the ABT Advanced BiCMOS Technology Data 
Book. 
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SN74ALVCH162525 
18·BIT REGISTERED BUS TRANSCEIVER 

WITH 3·STATE OUTPUTS 
SCES058A - NOVEMBER 1995 - REVISED NOVEMBER 1996 

electrical characteristics over recommended operating free·air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS Vec 
10H = -100 J!A 2.3 Vto 3.6 V 

10H=-6mA, VIH = 1.7V 2.3V 

VIH = 1.7V 2.3V 
VOH (Aport) 

IOH=-12mA VIH =2V 2.7V 

VIH=2V 3V 

10H =-24 rnA, VIH =2V 3V 

10H = -100 J!A 2.3Vt03.6V 

10H =-4 rnA, VIH = 1.7V 2.3V 

VIH = 1.7V 2.3V 
VOH (Sport) IOH=-6mA 

VIH =2V 3V 

10H =-8 rnA, VIH =2V 2.7V 

IOH=-12mA, VIH =2V 3V 

IOL = 100 J!A 2.3 Vto 3.6 V 

IOL=6 rnA, VIL = 0.7 V 2.3V 

VOL (Aport) VIL = 0.7 V 2.3V 
10L= 12 rnA 

VIL= 0.8 V 2.7V 

IOL=24 rnA, VIL=0.8V 3V 

10L = 100 J!A 2.3 Vto 3.6 V 

IOL=4 rnA, VIL=0.7V 2.3V 

VOL (S port) VIL=0.7V 2.3V 
IOL=6 rnA 

VIL = 0.8 V 3V 

10L = 8 rnA, VIL = 0.8 V 2.7 V 

10L= 12 rnA, VIL = 0.8 V 3V 

II VI = Vee or GND 3.6V 

VI = 0.7V 
2.3V 

VI= 1.7V 

Ihold VI = 0.8V 
3V 

VI=2V. 

VI = 0 to 3.6 V=I= 3.6 V 

10Z§ Vo = Vee or GND 3.6 V 

ICC VI = Vee or GND, 10=0 3.6V 

Alec One input at Vee - 0.6 V, Other inputs at Vee or GND 3 Vto 3.6V 

ei I Control inputs VI = Vee or GND 3.3V 

Co I AorSports Vo = Vee or GND 3.3V 

t All typical values are at Vee = 3.3 V, TA = 25°C. 
=1= This is the bus-hold maximum dynamic current required to switch the input from one state to another. 
§ For 1/0 ports, the parameter 10Z includes the input leakage current. 
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MIN TYPt MAX UNIT 

Vec-O·2 

2 

1.7 
V 

2.2 

2.4 

2 

Vee-{)·2 

1.9 

1.7 
V 

2.4 

2 

2 

0.2 

0.4 

0.7 V 

0.4 

0.55 

0.2 

0.4 

0.55 
V 

0.55 

0.6 

0.8 

±5 J!A 
45 

-45 

75 itA 

-75 

±500 

±10 itA 

40 itA 

750 itA 

3 pF 

7 pF 
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SN74ALVCH162525 
18-BIT REGISTERED BUS TRANSCEIVER 

WITH 3-STATE OUTPUTS 
SCES058A- NOVEMBER 1995 - REVISED NOVEMBER 1996 

PARAMETER MEASUREMENT INFORMATION 
VCC=2.5V ± 0.2 V 

o 4.6V TEST S1 
S1 o Open 

r~ 
5000 

From Output - ..... ----<.--"V'v"v----/ 
Under Teat 

CL=50pF 

(sse Note A) T 5000 

tpd Open 
tpLZ/tpZL 4.6 V 

tPHZ/tpZH GND 

LOAD CIRCUIT iIIII-- tw ~ 

TI~~:~ _____ --'~"'1-.2-V-----
2.3V 

1 1,--__ 

Input 3 ______ Y<"'1_.2_V ___ :.: V 

OV 

~ tau·~ th 
11/ 
I 

2.3V 
Data ___ J\!t1.2 V 

Input 1\ ~ 
~OV 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

Input ----.f 1.2 V \ 1.2~ - - - 2.3 V 

1 I 1 OV 

tpLH 1l1li ~ 1l1li ~ tPHL 
1 1 
1 r----~~-- VOH 

Output !1.2V 1.2V 
________ ..I. VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

NOTES: A. CL includes probe and jig capac~ance. 

Output 
Control 

(low-level 
enabling) 

Output 
Waveform 1 

S1 at 4.6 V 
(sse Note B) 

Output 
Waveform 2 

S1 at GND 
(sse Note B) 

VOLTAGE WAVEFORMS 
PULSE DURATION 

~ I 2.3 V 

~ 1.2V ~~~ ___ OV 

tpZL ~ II1II-t -.! '-"-
1 1 PLZ"I rr-

: 1 --1-~1- 2.3V 

1 \ 1.2V. 1 VOL+0.3V 
1 1 --- VOL 
1 tpHZ~ i+ 

tpZH·~ I+- 1 

1 t-v;--- VOH 

___ .... It- 1.~V ___ ~H-0.3V OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

B. Waveform 1 is for an output with internal cond~ions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses are supplied by generators having the following characteristics: PRR s 10 MHz, Zo = 50 n tr s 2.5 ns, tf S 2.5 ns. 
D. The outputs are measured one at a time with one transition per measurement. 
E. tpLZ and tpHZ are the same as tdis. 
F. tPZL and tpZH are the same as ten. 
G. tPLH and tPHL are the same as tpd. 

Figure 1. Load Circuit and Voltage Waveforms 
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SN74ALVCH16260 
12·81T TO 24·81T MULTIPLEXED D·TYPE LATCH 

WITH 3·STATE OUTPUTS 
- REVISED NOVEMBER 1996 

• Member of the Texas Instruments 
Wldebus™ Family 

DGG OR DL PACKAGE 
(TOP VIEW) 

• EPIC ™ (Enhanced-Performance Implanted 
CMOS) Submlcron Process 

• ESD Protection Exceeds 2000 V Per 
MIL-STD-B83, Method 3015; Exceeds 
200 V Using Machine Model 
(C = 200 pF, R = 0) 

• Latch-Up Performance Exceeds 250 mA 
Per JEDEC Standard JESD-17 

• Bus Hold on Data Inputs Eliminates 
the Need for External Pullup/Pulidown 
ReSistors 

• Package Options Include Plastic Shrink 
Small-Outline (DL) and Thin Shrink 
Small-Outline (DGG) Packages 

description 

This 12-bit to 24-bit multiplexed Ootype latch is 
designed for 2.3-V to 3.6-Vee operation. 

OEA 
LE18 

283 
GND 
282 
281 
Vee 

A1 
A2 
A3 

GND 
A4 
A5 
A6 
A7 
A8 
A9 

GND 
A10 

The SN74ALVCH16260 is used in applications A11 
where two separate datapaths must be A12 
multiplexed onto, or demultiplexed from, a Vee 
single datapath. Typical applications include 181 
multiplexing and/or demultiplexing address and 182 

3 

6 
7 
8 
9 
10 

13 
14 
15 
16 
17 
18 
19 

data information in microprocessor or GND 25 
bus-interface applications. This device is also 183 26 
useful in memory-interleaving applications. LE28 27 

54 
53 
52 
51 
50 
49 
48 
47 
46 

Three 12-bit I/O ports (A1-A12, 1B1-1B12, and SEL 28 29 
2B1-2B 12) are available for address and/or data 

OE28 
LEA28 
284 
GND 
285 
286 
Vee 
287 
288 
289 
GND 
2810 
2811 
2812 
1812 
1811 
1810 
GND 
189 
188 
187 
Vee 
186 
185 
GND 
184 
LEA18 
OE18 

transfer. The output-enable (OE1 B, OE2B, and OEA) inputs control the bus transceiver functions. The OE1 B 
and OE2B control signals also allow bank control in the A-to-B direction. 

Address and/or data information can be stored using the internal storage latches. The latch-enable (LE1 B, 
LE2B, LEA 1 B, and LEA2B) inputs are used to control data storage. When the latch-enable input is high, the 
latch is transparent. When the latch-enable input goes low, the data present at the inputs is latched and remains 
latched until the latch-enable input is returned high. 

To ensure the high-impedance state during power up or power down, OE should be tied to Vee through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

The SN74ALVCH16260 is available in TI's shrink small-outline (OL) and thin shrink small-outline (OGG) 
packages, which provide twice the I/O pin count and functionality of standard small-outline packages in the 
same printed circuit board area. 

The SN74ALVCH 16260 is characterized for operation from -40°C to 85°C. 

EPIC and Widebus are trademarks of Texas Instruments Incorporated. 
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logic diagram (positive logic) 

lE1B 

lE2B 

lEA1B 

lEA2B 

OE2B 

SEl 

A1 

2 

27 

30 

55 

56 

29 

1 :[>---
28 

8 J1 I, 

C1 

10 

~ 
1 

if--

C1 

10 

SN74ALVCH16260 
12·81T TO 24-81T MULTIPLEXED D·TYPE LATCH 

WITH 3-STATE OUTPUTS 
SCES046A - JULY 1995 - REVISED NOVEMBER 1996 

C1 

23 
10 1B1 

-t>= 
C1 ~ 

6 
- 10 2B1 

ri> 

~~------------------~V~--------------------JI 
To 11 Other Channels 
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SN74ALVCH16260 
12·BIT TO 24-BIT MULTIPLEXED D·TYPE LATCH 

WITH 3-STATE OUTPUTS 
SCES046A - JULY 1995 - REVISED NOVEMBER 1996 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS Vee 
10H - -100 IIA 2.3Vt03.SV 

10H--SmA, VIH-l.7V 2.3V 

VIH-l.7V 2.3V 
VOH 

IOH=-12mA VIH =2V 2.7V 

VIH=2V 3V 

IOH=-24mA, VIH=2V 3V 

10L= 100 l1A 2.3Vt03.SV 

10L-SmA, VIL-0.7V 2.3V 

VOL I VIL - 0.7 V 2.3 V 
10L= 12mA 

IVIL=O.BV 2.7 V 

IOL-24mA, VIL-O.BV 3V 

II VI - Vee or GND 3.SV 

VI =0.7V 
2.3V 

VI= 1.7V 

II(hOld) VI =O.BV 
3V 

VI-2V 

VI - 0 to 3.S v:I: 3.SV 

10Z§ Vo = Vee or GND 3.SV 

lee VI = Vee or GND, 10=0 3.SV 

.ll.lee One input at Vee - O.S V, Other inputs at Vee or GND 3Vt03.SV 

ei I eontrol inputs VI = Vee or GND 3.3V 

eio I A or B ports Vo = Vee or GND 3.3V 

t All tYPical values are at Vee - 3.3 V, TA _ 25°e. 
:I: This is the bus-hold maximum dynamic current required to switch the input from one state to another. 
§ For 1/0 ports, the parameter 10Z includes the input leakage current. 

MIN TYPt MAX UNIT 

Vee-0.2 

2 

1.7 
V 

2.2 

2.4 

2 

0.2 

0.4 

0.7 V 

0.4 

0.55 

±5 IIA 
45 

-45 

75 IIA 
-75 

±500 

±10 IIA 
40 IIA 

750 IIA 
3.5 pF 

9 pF 

timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 

tw 

tsu 

th 

Vee=2.5V 
±O.2V 

MIN MAX 

Pulse duration, LEl B, LE2B, LEAl B, or LEA2B high 3.3 

Setup time, data before LEl B, LE2B, LEAl B, or LEA2B 1.4 

Hold time, data after LEl B, LE2B, LEAl B, or LEA2B 1.S 

~ThxAs 
INSTRUMENTS 
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Vec=2.7V 
Vee=3.3V 

±O.3V UNIT 
MIN. MAX MIN MAX 
3.3 3.3 ns 

1.1 1.1 ns 

1.9 1.5 ns 

2-97 



SN74ALVCH16260 
12·BIT TO 24-BIT MULTIPLEXED D-TYPE LATCH 

WITH 3-STATE OUTPUTS 
SCES046A - JULY 1995 - REVISED NOVEMBER 1995 

PARAMETER MEASUREMENT INFORMATION 
VCC = 2.5 V ± 0.2 V 

o 4.6 V 
TEST 

S1 o Open 

r~ 
soon 

From Output_ ...... f--_ ... _JV\~ __ -/ tpd 
tpLZ/tpZL Under Test 

CL=50pF 
(see Note A) T soon 

tPHz/tpZH 

S1 
Open 
4.6 V 
GND 

LOAD CIRCUIT I4--tw~ 

TI~~:~ ______ ~ .... 1-.2-V-----

2.3 V 

I I 

Input 3 }(:1~.2~V~~~~ :.: V 

OV 

~ 
I 

2.3V 

~ tau·~ th 

Oats --"",,\\!t1.2 V 
Input __ ....I" ~ 

l'\:.::.:..... 0 V 

VOLTAGE WAVEFORMS 
SET~P AND HOLD TIMES 

Input L 1.2V \ ~2-;--- 2.3 V 

---" I· OV 
tPLH I~ .II I J 

~ PI tpHL 
I I 
I ,.-----rl~-- VOH 

Output !1.2V 1.2V 
________ J. VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

NOTES: A. CL includes prObe and jig capacitance. 

Output 
Control 

(low-level 
enabling) 

Output 
Waveform 1 

S1 at4.6V 
(see Note B) 

Output 
Waveform 2 

S1 atGND 
(see Note B) 

VOLTAGE WAVEFORMS 
PULSE DURATION 

~ I 2.3 V 

~ 1.2V 4_1.~V ___ OV 

tpZL --.I I+-t -.! ""-
I I PLZ -I ,...-

: 1 __ -l_~I- 2.3 V 

I '1.2V I VOL + 0.3 V 
I I --- VOL 
I tpHZ~ I+-

tpZH~ ~ I 
I. tv;--- VOH 

___ "'!f- 1.~"-__ ~H-O.3V OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses are supplied by generators having the following characteristics: PRR s 10 MHz, Zo - 50 n, tr s 2.5 ns, tf S 2.5 ns. 
D. The outputs are measured one at a time with one transition per measurement. 
E. tpLZ and tpHZ are the same as tdis. 
F. tpZL and tpZH are the same as ten. 
G. tpLH and tpHL are the same as tpd. 

Figure 1. Load Circuit and Voltage Waveforms 

~lEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALlAS. TEXAS 75265 2-99 



SN74ALVCH162260 
12·BIT TO 24·BIT MULTIPLEXED D·TYPE LATCH 

WITH 3·STATE OUTPUTS 

• Member of the Texas Instruments 
Wldebus™ Family 

• EPICTM (Enhanced-Performance Implanted 
CMOS) Submlcron Process 

• B-Port Outputs Have Equivalent 26-0 
Series Resistors, So No External Resistors 
Are Required 

• ESO Protection Exceeds 2000 V Per 
MIL-STO·883, Method 3015; Exceeds 
200 V Using Machine Model 
(C = 200 pF, R = 0) 

• Latch-Up Performance Exceeds 250 mA 
Per JEOEC Standard JESO-17 

• Bus Hold on Data Inputs Eliminates 
the Need for External Pullup/Pulldown 
Resistors 

• Package Options Include Thin-Shrink 
Small·Outline (OGG) and Plastic Shrink 
Smail-Outline (OL) Packages 

description 

This 12-bit to 24-bit multiplexed D-type latch is 
designed for 2.3-V to 3.6-Vee operation. 

The SN74ALVCH162260 is used in applications 
where two separate datapaths must be 
multiplexed onto, or demultiplexed from, a 
single datapath. Typical applications include 
multiplexing and/or demultiplexing address and 
data information in microprocessor or 
bus-interface applications. This device is also 
useful in memory-interleaving applications. 

DGG OR DL PACKAGE 
(TOP VIEW) 

Vee 
A1 
A2. 
A3 

GND 
A4 
A5 
A6 
A7 
A8 
A9 

GND 
A10 
A11 
A12 
Vee 
181 
182 

GND 
183 

LE28 

OE28 
LEA2.8 
284 
GND 
285 
286 
Vee 
287 
288 
289 
GND 
2810 
2811 
2812 
1812 
1811 
1810 
GND 

38 189 
37 188 
36 187 
35 Vee 
34 186 
33 185 

GND 
184 
LEA18 

SEL OE18 ""-_-J" 

Three 12-bit I/O ports (A1-A12, 1 B1-1 B12, and 2B1-2B12) are available for address and/or data transfer. The 
output-enable (OE1 B, OE2B, and OEA) inputs control the bus transceiver functions. The OE1 Band OE2B 
control signals also allow bank control in the A-to-B direction. 

Address and/or data information can be stored using the internal storage latches. The latch-enable (LE1 B, 
LE2B, LEA 1 B, and LEA2B) inputs are used to control data storage. When the latch-enable input is high, the 
latch is transparent. When the latch-enable input goes low, the data present at the inputs is latched and remains 
latched until the latch-enable input is returned high. 

The B outputs, which are designed to sink up to 12 rnA, include 26-0 resistors to reduce overshoot and 
undershoot. 

To ensure the high-impedance state during power up or power down, OE should be tied to Vee through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

EPle and Widebus are trademarks of Texas Instruments Incorporated. 
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logic diagram (positive logic) 

LE1B 

LE2B 

LEA1B 

LEA2B 

OE2B 

SEL 

A1 

2 

27 

30 

55 

56 

29 

1 {>-
28 

8 j::l ~ 

C1 

10 

~ 
1 

"1-

SN74ALVCH162260 
12·81T TO 24·81T MULTIPLEXED D·TYPE LATCH 

WITH 3·STATE OUTPUTS 
SCAS570B - MARCH 1996 - REVISED NOVEMBER 1996 

C1 

23 
10 1B1 

C1 ~ ~ 
6 2B1 - 10 

-r> 
C1 

10 

~------------------~vr--------------------~ 
To 11 Other Channels 
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SN74ALVCH162260 
12·81T TO 24·81T MULTIPLEXED D·TYPE LATCH 

WITH 3·STATE OUTPUTS 
SCAS570B - MARCH 1996 - REVISED NOVEMBER 1996 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS Vee 
10H - -100 p.A 2.3 Vt03.6 v 
IOH--6mA, VIH-l.7V 2.3V 

VIH-l.7V 2.3V 
VOH (A port) 

10H --12mA VIH-2V 2.7V 

VIH=2V 3V 

IOH=-24mA, VIH .2V 3V 

10H. -100 p.A 2.3Vto3.6V 

IOH=-4mA, VIH= 1.7V 2.3V 

VIH=1.7V 2.3V 
VOH (Bport) 10H =-6 mA 

VIH-2V 3V 

10H=-SmA, VIH =2V 2.7V 

10H =-12 mA, VIH =2V 3V 

10l = 100 p.A 2.3 Vto3.6 v 
10l= 6 mA, Vll= 0.7 V 2.3V 

VOL (A port) Vll= 0.7 V 2.3V 
IOl=12mA 

Vll= 0.8V 2.7 V 

IOl=24mA, Vil = 0.8 V I 3V 

10l = 100 itA 2.3Vt03.6V 

IOl=4 mA, Vll= 0.7 V 2.3V 

Vil = 0.7 V 2.3V 
VOL (8 port) IOl=6 mA 

Vll-O.S V 3V 

10l = SmA, Vil = 0.8 V 2.7V 

10l= 12mA, Vll= 0.8 V 3V 

II VI = Vee or GND 3.6V 

VI = 0.7 V 
2.3V 

VI = 1.7 V 

il(hold) VI = 0.8V 
3V 

VI=2V 

VI = Oto 3.6 V:t: 3.6 V 

10Z§ Vo = Vee or GND 3.6V 

ICC VI = Vee or GND, 10=0 3.6V 

~Iee One input at Vee - 0.6 V, Other inputs at Vee or GND 3Vto3.6V 

ei I Control inputs VI = Vee or GND 3.3V 

eio JAorBports Vo = Vee or GND 3.3V 

t All tYPical values are at Vee = 3.3 V, TA = 25°C. 
:t: This is the bus-hold maximum dynamic current required to switch the input from one state to another. 
§ For 1/0 ports, the parameter 10Z includes the input leakage current. 

~TEXAS 
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MIN TYPt MAX UNIT 

Vee-0.2 

2 

1.7 v 
2.2 

2.4 

2 

Vee- 0.2 

1.9 

1.7 
V 

2.4 

2 

2 

0.2 

0.4 

0.7 V 

0.4 

0.55 

0.2 

0.4 

0.55 
V 

0.55 

0.6 

O.S 

±5 itA 

45 

-45 

75 itA 

-75 

±500 

±10 itA 

40 itA 

750 p.A 

3.5 pF 

4.5 pF 
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SN74ALVCH162260 
12·81T TO 24·81T MULTIPLEXED D·TYPE LATCH 

WITH 3·STATE OUTPUTS 
SCAS570B - MARCH 1996 - REVISED NOVEMBER 1996 

PARAMETER MEASUREMENT INFORMATION 
V CC = 2.5 V ± 0.2 V 

o 4.6V 
TEST S1 

S1 o Open ro 5000 
From Output --.--.---'V\I\r----" 

Under Test 

CL=50pF 
(see Note A) T 5000 

tpd Open 
tpLZ/tpZL 4.6 V 
tpHZ/tpZH GND 

LOAD CIRCUIT I4--tw~ 

TI~~:~ _____ --'~"'~-.2-V-----
2.3 V 

I I~ __ 

Input 3 y< .. 1_.2_V ___ :.: V 

OV 

~ tau ~~ th 
~ 
I 

2.3V 
Data 

Input __ .J*1.2V ~ ~OV 
VOLTAGE WAVEFORMS 

SETUP AND HOLD TIMES 

Input L 1.2V \-:;:-2-;--- 2.3V 

---II I . OV 

tPLH 14 ~I I J 14 Pi tpHL 
I I 
Ir----~~rl --VOH 

Output !1.2V 1.2V 
________ J VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

NOTES: A. CL includes probe and jig capacitance. 

Output 
Control 

(low-level 
enabling) 

Output 
Waveform 1 

S1 at 4.6 V 
(see Note B) 

Output 
Waveform 2 

S1 at GND 
(see Note B) 

VOLTAGE WAVEFORMS 
PULSE DURATION 

~ I 2.3 V 

~ 1.2V 4_1.~V ___ OV 

tpZL -.! I4-t -.! "'-
I I PLZ. I rooo--
I I I I 

---rI~rI- -I-~- 2.3 V 
I \. 1.2V I VOL+0.3V 
I· 1- --- VOL 
I tpHZ~ i+ 

tPZH ~ I+- I 
I t-v;--- VOH 

_____ J,i-1.2~ __ ~H-0.3V OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses are supplied by generators having the following characteristics: PRR s 10 MHz, Zo = 50 0. tr s 2.5 ns, 
tf s 2.5 ns. 

D. The outputs are measured one at a time with one transition per measurement. 
E. tpLZ and tpHZ are the same as 'dis. 
F. tPZL and tpZH are the same as ten. 
G. tpLH and tpHL are the same as tpd. 

Figure 1. Load Circuit and Voltage Waveforms 

~TEXAS 
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SN74ALVCH162268 
12-BIT TO 24-BIT REGISTERED BUS EXCHANGER 

WITH 3-STATE OUTPUTS 

• Member of the Texas Instruments 
Wldebus™ Family 

• EPIC ™ (Enhanced-Performance Implanted 
CMOS) Submlcron Process 

• B-Port Outputs Have Equivalent 26-0 
Series Resistors, So No External Resistors 
Are Required 

• ESD Protection Exceeds 2000 V Per 
MIL-STD-883, Method 3015; Exceeds 
200 V Using Machine Model 
(C = 200 pF, R = 0) 

• Latch-Up Performance Exceeds 250 mA 
Per JEDEC Standard JESD-17 

• Bus Hold on Data Inputs Eliminates 
the Need for External Pullup/Pulidown 
Resistors 

• Package Options Include Plastic Shrink 
Small-Outline (DL) and Thin Shrink 
Smail-Outline (DGG) Packages 

description 

This 12-bit to 24-bit registered bus exchanger is 
designed for 2.3-V to 3.6-V VCC operation. 

The SN74AlVCH162268 is used for applications 
where data must be transferred from a narrow 
high-speed bus to a wide, lower-frequency bus. 

The device provides synchronous data exchange 
between the two ports. Data is stored in the 
internal registers on the low-to-high transition of 
the clock (ClK) input when the appropriate 
clock-enable (ClKEN) inputs are low. The select 
(SEl) line is synchronous with ClK and selects 
1 B or 2B input data for the A outputs. 

SCES018B - AUGUST 

DGG OR DL PACKAGE 
(TOP VIEW) 

OEA DEB 
ClKEN1B ClKENA2 

2B3 3 2B4 
GND 4 GND 
2B2 2B5 
2B1 2B6 
Vee Vee 

A1 2B7 
A2 9 2B8 
A3 2B9 

GND 11 GND 
A4 2B10 
A5 2B11 
A6 2B12 
A7 1B12 
A8 1B11 
A9 1B10 

GND GND 
A10 1B9 
A11 1B8 
A12 1B7 
Vee Vee 
1B1 1B6 
1B2 1B5 

GND GND 
1B3 1B4 

ClKEN2B ClKENA1 
SEl ClK 

For data transfer in the A-to-B direction, a two-stage pipeline is provided in the A-to-1 B path with a single storage 
register in the A-to-2B path. Proper control of these inputs allows two sequential 12-bit words to be presented 
synchronously as a 24-bit word on the B port. Data flow is controlled by the active-low output enables (OEA, 
OEB). These control terminals are registered so bus direction changes are synchronous with ClK. 

The B outputs, which are designed to sink up to 12 mA, include 26-0 resistors to reduce overshoot and 
undershoot. 

To ensure the high-impedance state during power up or power down, OE should be tied to V CC through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

The SN74AlVCH162268 is characterized for operation from -40°C to 85°C. 

EPle and Widebus are trademarks of Texas Instruments Incorporated. 

~TEXAS 
INSTRUMENTS 
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SN74ALVCH162268 
12·BIT TO 24·BIT REGISTERED BUS EXCHANGER 

WITH a·STATE OUTPUTS 
SCES018B - AUGUST 1995 - REVISED JANUARY 1997 

logic diagram (positive logic) 

ClK 29 

2 
ClKEN1B 

ClKEN2B 
27 

ClKENA1 
30 <{>-

ClKENA2 
55 

OEB 
56 

28 
SEl 

OEA 
1 

~ 
10 

C1< 

r-----I--
8 ;; 

A1 
! 

L _____ 
1--

I-- > C1 

~ I> C1 
10 

10 r--

1----- -- - 1---------------
1 
1 CE 

I I-- > C1 
1 
1 10 

H 
1 
1 

-c>= 1-. 1-...1 ~ G~ CE 

1f-- t-- > C1 

1 10 

CE CE 
'-- p,. C1 t-- > C1 '---

10 10 

~ CE 

~ > C1 

10 
1 of 12 Channels 

1-------- --- - 1---------------, 
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1 
123 

I 
1B1 

1 
1 
1 
1 
1 6 

! 
2B1 

_ __ ...J 
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SN74ALVCH162268 
12·BIT TO 24·BIT REGISTERED BUS EXCHANGER 

WITH 3·STATE OUTPUTS 
SCES018B - AUGUST 1995 - REVISED JANUARY 1997 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS Vce 
10H = -100 I1A 2.3 Vto 3.6 v 
10H =-4 mA, VIH = 1.7 V 2.3V 

VOH VIH=1.7V 2.3V 
IOH=-6mA 

(8 port) VIH =2V 3V 

10Hz-SmA, VIH =2V 2.7V 

IOH=-12mA, VIH =2V 3V 

10l- 100 I1A 2.3 V to 3.6 V 

IOl=4 mA, Vil =0.7 V 2.3V 

VOL Vil = 0.7 V 2.3V 
IOl=6mA (8 port) Vil = O.S V 3V 

10l= SmA, Vll=O.S V 2.7V 

10l= 12mA, Vil = O.S V 3V 

10H = -100 I1A 2.3 Vt03.6 V 

IOH=-6mA, VIH=1.7V 2.3V 

VOH VIH=1.7V 2.3V 

(Aport) IOH=-12mA VIH =2V 2.7 V 

VIH =2V 3V 

10H =-24 mA, VIH =2V 3V 

10l = 100 I1A 2.3 Vt03.6 V 

IOl=6 mA, Vil = 0.7 V 2.3V 
VOL VIL = 0.7 V 2.3V 
(Aport) IOL=12mA 

VIL = O.S V 2.7V 

IOL=24 mA, VIL = O.S V 3V 

II VI = Vee or GND 3.6V 

VI = 0.7V 
2.3V 

VI= 1.7V 

II(hold) VI = O.S V 
3V 

VI=2V 

VI = 0 to 3.6 V:I: 3.6 V 

10Z§ Vo = Vee or GND 3.6V 

lee VI = Vee or GND, 10=0 3.6 V 

Alee One input at Vee - 0.6 V, Other inputs at Vee or GND 3 Vt03.6 V 

ei I Control inputs VI = VCC or GND 3.3V 

eio LA or 8 ports Vo = Vcc or GND 3.3V 

t All typical values are at Vec = 3.3 V, TA = 25°C. 
:I: This is the bus-hold maximum dynamic current required to sw~ch the input from one state to another. 
§ For I/O ports, the parameter 10Z includes the input-leakage current. 

~1ExAs 
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MIN TYPt MAX UNIT 

Vee-O.2 

1.9 

1.7 
V 

2.4 

2 

2 

0.2 

0.4 

0.55 
V 

0.55 

0.6 

O.S 

Vee- 0.2 

2 

1.7 
V 

2.2 

2.4 

2 

0.2 

0.4 

0.7 V 

0.4 

0.55 

±5 I1A 

45 

-45 

75 I1A 

-75 

±500 

±10 I1A 

40 I1A 

750 I1A 

3.5 pF 

9 pF 
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SN74ALVCH162268 
12·BIT TO 24·BIT REGISTERED BUS EXCHANGER 

WITH 3·STATE OUTPUTS 
SCES018B - AUGUST 1995 - REVISED JANUARY 1997 

PARAMETER MEASUREMENT INFORMATION 
V CC = 2.5 V ± 0.2 V 

o 4.6V 

S1 o Open 

rD 

soon 
From Output -~f---,--.A,/\Iv----f 

Under Test 

CL=50pF 
(see Note A) T soon 

LOAD CIRCUIT 

TI~~:~ _____ ....J~'"1-.2-V-----
2.3 V 

OV 

I tau .~ th I 
2.3V 

TEST S1 

tpd Open 

tPLZ/tpZL 4.6 V 

tPHZ/tpZH GND 

I4---lw~ 
1 1,...-__ 

Input 3 '1\.1_.2_V __ 

VOLTAGE WAVEFORMS 
PULSE DURATION 

2.3V 

OV 

Data --.... \!;1.2 V 
Input 1\ ~ 

.A:.::.:.- 0 V 
Output 
Control 

(Iow-Iavel 
enabling) 

~, I 2.3V 

~1.2V ~_1.: ___ OV VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

Input .11.2 V \ :;:; -; - - - 2.3 V 

---" 1 • OV 
tpLH -1II!...I--~~ 1 1 

Output 
Waveform 1 

S1at 4.6 V 
(see Note B) 

tpZL --, r-tPLZ-.! 

--+-'",:' , , , 
, , 

tpZH~ 

I 

~PHZ-+i 

2.3V 

VOL + 0.3 V 
VOL 

1- i 14 ~ tpHL 
1 1 
1 ,...----~t1 -- VOH 

Output 
Wavaform2 

S1 atGND 
(sea Note B) 

1,.-__ + VOH 

Output 
VOH-0.3V 

!1.2V 1.2V 
________ J. VOL OV 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

NOTES: A. CL includes probe and jig capacitance. 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses are supplied by generators having the following characteristics: PRR s 10 MHz, Zo = 50 n, tr s 2.5 ns, tf S 2.5 ns. 
D. The outputs are measured one at a time with one transition per measurement. 
E. tpLZ and tpHZ are the same as tdis. 
F. tpZL and tPZH are the same as ten. 
G. tpLH and tpHL are the same as tpd. 

Figure 1. Load Circuit and Voltage Waveforms 

~TEXAS 
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SN74ALVCH16269 
12·BIT TO 24·BIT REGISTERED BUS TRANSCEIVER 

WITH 3·STATE OUTPUTS 

• Member of the Texas Instruments 
Wldebus™ Family 

• EPICTM (Enhanced-Performance Implanted 
CMOS) Submlcron Process 

• ESD Protection Exceeds 2000 V Per 
MIL-STD-883, Method 3015; Exceeds 200 V 
Using Machine Model (C = 200 pF, R = 0) 

• Latch-Up Performance Exceeds 250 mA 
Per JEDEC Standard JESD-17 

• Bus Hold on Data Inputs Eliminates 
the Need for External Pullup/Pulldown 
Resistors 

• Package Options Include Plastic Shrink 
Small-Outline (DL) and Thin Shrink 
Small-Outline (DGG) Packages 

description 

This 12-bit to 24-bit registered bus transceiver is 
designed for 2.3-V to 3.6-V Vee operation. 

The SN74AlVCH16269 is used in applications 
where two separate ports must be multiplexed 
onto, or demultiplexed from, a single port. The 
device is particularly suitable as an interface 
between synchronous DRAMs and high-speed 
microprocessors. 

Data is stored in the internal B-port registers on 
the low-to-high transition of the clock (ClK) input 
when the appropriate clock-enable (ClKENA) 
inputs are low. Proper control of these inputs 
allows two sequential 12-bit words to be 
presented as a 24-bit word on the B port. For data 

DGG OR DL PACKAGE 
(TOP VIEW) 

OEA 
OEBl 

2B3 
GND 
2B2 

Vee 
Al 
A2 
A3 

GND 11 
A4 
A5 
A6 
A7 
A8 
A9 

GND 
Al0 
All 
A12 

Vee 
lBl 
lB2 

GND 

C5EB2 
elKENA2 
2B4 
GND 
2B5 
2B6 
Vee 
2B7 
2B8 
2B9 
GND 
2B10 
2Bll 
2B12 
lB12 
1 Bll 
1Bl0 
GND 
lB9 
lB8 
lB7 
Vee 
1B6 
1B5 
GND 

1B3 1B4 
NC "'e"lK7o'E""N"'A71 

SEl ClK ""----
Ne - No internal connection 

transfer in the B-to-A direction, a single storage register is provided. The select (SEl) line selects 1 B or 2B data 
for the A outputs. The register on the A output permits the fastest possible data transfer, thus extending the 
period that the data is valid on the bus. The control terminals are registered so that all transactions are 
synchronous with ClK. Data flow is controlled by the active-low output enables (OEA, OEB1, OEB2). 

To ensure the high-impedance state during power up or power down, OE should be tied to Vee through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

The SN74AlVCH16269 is available in Tl's shrink small-outline (Dl) and thin shrink small-outline (DGG) 
packages, which provide twice the I/O pin count and functionality of standard small-outline packages in the 
same printed circuit board area. 

The SN74AlVCH16269 is characterized for operation from -40°C to 85°C. 

EPle and Widebus are trademarks of Texas Instruments Incorporated. 

=;~:fo:1: ::~~~~;.~:~,::: ,c:~:::m~~ 
standard warranty. Production proce08lng dOlI not n ...... rily Includa 
testing of all parameters. ~TEXAS 

INSTRUMENTS 
POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 

Copyright © t997, Texas Instruments Incorporated 
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logic diagram (positive logic) 

CL K 
29 

81 
2 

82 
56 

CLKEN Ai 30 

CLKEN A2 
55 

EL 
28 

A~ 
10 

r- -
C1 

I 
r--'---

___ ...J 

<l= 
C1 

8j 

10 
Ai 

L _____ 1------ -
1 

-

--

SN74ALVCH16269 
12·BIT TO 24·BIT REGISTERED BUS TRANSCEIVER 

WITH 3·STATE OUTPUTS 
SCES019B-JULY 1995- REVISED JANUARY 1997 

C1 

10 

f? C1 

10 r--

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

~ G~ 
'1 

1 

CE 
~ > C1 ~ 

10 

CE 

~ F> C1 

10 

1 of 12 Channels 1---------------
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SN74ALVCH16269 
12·BIT TO 24-BIT REGISTERED BUS TRANSCEIVER 

WITH 3·STATE OUTPUTS 
SCES019B - JULY 1995 - REVISED JANUARY 1997 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS VCC 
10H - -100 J.LA 2.3Vt03.6V 

IOH--6mA, VIH -1.7V 2.3V 

VIH-l.7V 2.3V 
VOH 

IOH--12mA VIH -2V 2.7V 

VIH -2V 3V 

IOH--24mA, VIH -2V 3V 

IOL- 1OO I1A 2.3 V to 3.6 V 

IoL-6mA, VIL-0.7V 2.3V 

VOL IVIL=0.7V 2.3V 
IOL-12mA 

VIL-0.8V 2.7 V 

IOL-24mA, VIL-0.8V 3V 

II VI - VCC or GND 3.6V 

VI-0.7V 

VI_l.7V 
2.3V 

II(hold) VI-0.8V 

VI-2V 
3V 

VI - 0 to 3.6 V* 3.6 V 

10Z§ Vo • VCC or GND 3.6V 

ICC VI - Vee or GND, 10. 0 3.6V 

.o.lce One input at Vee - 0.6 V, Other Inputs at Vec or GND 3Vt03.6V 

ei I Control inputs VI - VCC or GND 3.3 V 

elo I Aor B ports Vo - Vec or GND 3.3V 

t All typical values are at VCC - 3.3 V, TA - 25·C. 
* This is the bus-hold maximum dynamic current required to swttch the input from one state to another. 
§ For I/O ports, the parameter 10Z includes the Input-leakage current. 

~1EXAS 
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MIN TYPt MAX UNIT 

VCC-0.2 

2 

1.7 

2.2 
V 

2.4 

2 

0.2 

0.4 

0.7 V 

0.4 

0.55 

±5 I1A 

45 

-45 

75 J.LA 
-75 

±500 

±10 I1A 

40 J.LA 
750 I1A 

3.5 pF 

9 pF 
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SN74ALVCH16269 
12·BIT TO 24-BIT REGISTERED BUS TRANSCEIVER 

WITH 3·STATE OUTPUTS 
SCES019B - JULY 1995 - REVISED JANUARY 1997 

PARAMETER MEASUREMENT INFORMATION 
V CC = 2.5 V ± 0.2 V 

o 4.8V 

S1 o Open 

r~ 
5000 

From Output -_ti>---.--JV\/'v----/ 
Under Test 

CL=50pF 
(see Note A) T 5000 

LOAD CIRCUIT 

2.3 V 

TI~:U~ _____ ...J~\.1-.2-V-----
OV 

~ tsu·~ th 
~ 

TEST S1 

tpd Open 

tpLZ/tpZL 4.8 V 

tPHZ/tpZH GND 

~tw--+l 
1 I~ __ __ 

Input 3 ~,-1_.2_V __ 

VOLTAGE WAVEFORMS 
PULSE DURATION 

2.3 V 

OV 

Data ---~1.2 V 
Input 1\ 

I 
~2.3V 

1.2V 
OV 

Output 
Control 

(low-level 
enabling) 

~, I 2.3 V 

~1.2V 4_1.: ___ ov VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

Input .L1.2V \1.2-;--- 2.3V 

---II I· OV 
tPLH -;'I~e----t!~ I 1 i 14 ~ tpHL 

1 1 
1 ~----~~-- VOH 

Output !1.2V 1.2V 
____ J. VOL 

Output 
Waveform 1 

S1 at 4.8 V 
(see Note B) 

Output 
Waveform 2 

S1 at GND 
(see Note B) 

tpZL -, r-tPLZ-+! 

_-+1",\:1 1 
1 
I 

~PHZ~ 

1,..-----+ 

2.3 V 

VOL + 0.3 V 
VOL 

VOH 
VOH-0.3V 

OV 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

NOTES: A. CL includes probe and jig capac~ance. 
B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 

Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 
C. All input pulses are supplied by generators having the follOwing characteristics: PRR s 10 MHz, Zo = 50 0. tr s 2.5 ns, tf s 2.5 ns. 
D. The outputs are measured one at a time with one transition per measurement. 
E. tpLZ and tpHZ are the same as Idis. 
F. tpZL and tpZH are the same as ten. 
G. tPLH and tpHL are the same as tpd. 

Figure 1. Load Circuit and Voltage Waveforms 
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SN74ALVCHR162269 
12·BIT TO 24·BIT REGISTERED BUS EXCHANGER 

WITH 3·STATE OUTPUTS 

• Member of the Texas Instruments 
Wldebus™ Family 

• EPICTM (Enhanced·Performance Implanted 
CMOS) Submlcron Process 

• ESO Protection Exceeds 2000 V Per 
MIL·STO·883, Method 3015; Exceeds 200 V 
Using Machine Model (C = 200 pF, R = 0) 

• Latch·Up Performance Exceeds 250 mA 
Per JEOEC Standard JESO·17 

• All Outputs Have Equivalent 26-0 Series 
Resistors, So No External Resistors Are 
Required 

• Bus Hold on Data Inputs Eliminates 
the Need for External Pullup/Pulidown 
Resistors 

• Package Options Include Plastic Shrink 
Small·Outline (OL) and Thin Shrink 
Small·Outline (OGG) Packages 

description 

This 12-bit to 24-bit registered bus exchanger is 
designed for 2.3-V to 3.6-V VCC operation. 

The SN7 4ALVCH R 162269 is used in applications 
where two separate ports must be multiplexed 
onto, or demultiplexed from, a single port. It is 
particularly suitable as an interface between 
synchronous DRAMs and high-speed micro
processors. 

Data is stored in the internal B-port registers on 
the low-to-high transition of the clock (CLK) input 
when the appropriate clock enable (CLKENA) 

DGG OR DL PACKAGE 
(TOP VIEW) 

OEA 
OEB1 

2B3 
GND 
2B2 

Vee 
A1 
A2 
A3 

GND 
A4 
A5 
A6 
A7 
A8 
A9 

GND 
A10 
A11 
A12 
Vee 
1B1 
1B2 

GND 
1B3 

0EB2 
ClKENA2 
2B4 
GND 
2B5 
2B6 
Vee 
2B7 
2B8 
2B9 
GND 
2B10 
2B11 
2B12 
1B12 
1B11 
1B10 
GND 
1B9 
1B8 
1B7 
Vee 
1B6 
1B5 
GND 
1B4 

NC ClKENA1 
SEl ClK ",-__ .I" 

Ne - No internal connection 

inputs are low. Proper control of these inputs allows two sequential 12-bit words to be presented as a 24-bit word 
on the B port. For data transfer in the B-to-A direction, a single storage register is provided. The select (SEL) 
line selects 1 B or 2B data for the A outputs. The register on the A output permits the fastest possible data 
transfer, thus extending the period that the data is valid on the bus. The control terminals are registered so that 
all transactions are synchronous with CLK. Data flow is controlled by the active-low output enables (OEA, OEB1 , 
and OEB2). 

To ensure the high-impedance state during power up or power down, OE should be tied to V CC through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

All outputs are designed to sink up t012 rnA and include 26-0 resistors to reduce overshoot and undershoot. 

The SN74ALVCHR162269 is characterized for operation from -40°C to 8SoC. 

EPle and Widebus are trademarks of Texas Instruments InCOrporated. 
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logic diagram (positive logic) 
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SN74ALVCHR162269 
12·BIT TO 24·BIT REGISTERED BUS EXCHANGER 

WITH 3·STATE OUTPUTS 
SCES050B - AUGUST 1995 - REVISED JANUARY 1997 
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SN74ALVCHR162269 
12·BIT TO 24·BIT REGISTERED BUS EXCHANGER 

WITH 3·STATE OUTPUTS 
SCES050B - AUGUST 1995 - REVISED JANUARY 1997 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS VCC 

10H = -100 I!A 2.3 Vto 3.6 v 
VIH = 1.7V 2.3V 

IOH=-4mA 
VIH =2 V 2.7V 

VOH VIH = 1.7 V 2.3V 
10H =-6 mA 

VIH =2V 3V 

10H=-SmA, VIH =2V 2.7V 

10H =-12 mA, VIH =2V 3V 

10L = 100 I!A 2.3 V to 3.6 V 

VIL=0.7V 2.3V 
IOL=4 mA 

VIL=O.S V 2.7V 

VOL VIL= 0.7 V 2.3V 
10L = 6 mA 

VIL=O.S V 3V 

10L=S mA, VIL= O.S V 2.7V 

10L= 12 mA, VIL=O.S V 3V 

II VI = Vee or GND 3.6V 

VI =0.7V 

VI=1.7V 
2.3'1 

II (hold) VI =O.SV 

VI=2V 
3V 

VI = Oto 3.6 V 3.6V 

10Z§ Vo = Vee or GND:l: 3.6V 

lee VI = Vce or GND, 10=0 3.6 V 

L>.ICC One input at Vee - 0.6 V, Other inputs at Vee or GND 3 V to 3.6 V 

Ci I Control inputs VI = Vee or GND 3.3V 

eio I A or B ports Vo = VCC or GND 3.3V 

t All tYPical values are at Vce = 3.3 V, TA = 25°e. 
:l: This is the bus-hold maximum dynamic current required to switch the input from one state to another. 
§ For 1/0 ports, the parameter 10Z includes the input leakage current. 

-!!1TEXAS 
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POST OFFICE BOX 655303 • DALLAS. TEXAS 75265 

MIN TYPt MAX UNIT 

Vee-0.2 

1.9 

2.2 

1.7 V 

2.4 

2 

2 

0.2 

0.4 

0.4 

0.55 V 

0.55 

0.6 

O.S 

±5 I!A 

45 

-45 

75 I!A 

-75 

±500 

±10 I!A 

40 I!A 

750 I!A 

3.5 pF 

9 pF 
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SN74ALVCHR182289 
12·BIT TO 24-BIT REGISTERED BUS EXCHANGER 

WITH 3-STATE OUTPUTS 
SCES050B - AUGUST 1996 - REVISED JANUARY 1997 

PARAMETER MEASUREMENT INFORMATION 
VCC=2.5V ± 0.2 V 

o 4.IIV TEST 
Sl 5000 

From Output_ ..... _--. ___ --".rw __ -./ o Open tpd 
tpLZitPZL 

UnderTast 

CL-50pF I 
,aeeNoteA) 

tPHZitPZH 

6000 

Sl 

Open 
4.11 V 
GND 

LOAD CIRCUIT 14--- tw ---tJI 

n:::~,: _____ ,.,~""~_.2_V----
2.3 V 

, ,~--
Input 3 Y(,-1._2V __ :.: V 

~ teu ~~ '" 

Data --'"'W1.2 V 
Input ___ 1\ 

~ 
I 

OV 

"€: 2.3V 
1.2 V 

OV 

VOLTAGE WAVEFORMS 
PULSE DURATION 

2.3 V 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

~ ~ 'l.2V '-1.2 V 
,low-level 1\ 
enabling), ---- OV 

tpZL~ (4-- , 
, , tpLZ~ 

Input .L1.2V \~-;--- 2.3V 

-II ,. OV 

tpLH ~ .I, 'J 

--+',,\;' , Omput , 
waveform 1 , I 
Sl at 4.11 V , 

,aeeNoteB) , 

tPZH~ 

2.3 V 

VOL + 0.3 V 
VOL 

I4--tpHZ~ ~ 
14 Pi tpHL , , 

',....---~~ti -- VOH 

Omput 
wavaform2 

Sl atGND 
, .. eNoteB) 

I,-__ -r VOH 

Output 11.2 V 1.2 V ____ J. VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

NOTES; A. CL includas probe and jig capacitanca. 

VOH-0.3V 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

OV 

B. Waveform 1 is for an ol.llput with intemal conditions such that the outpl.ll is low except when disabled by the output control. 
Waveform 2 Is for an output with intemal conditions such that the outpl.llis high except when disabled by the output control. 

C. All Input pulses are supplied by generators having the following characteristics; PRR ~ 10 MHz, Zo - 50 0. tr s 2;6 ns, tf ~ 2.5 ns. 
D. The outputs are measured one at a time with one transition per measurement. 
E. tpLZ and tPHZ are the same as Idis. 
F. tpZL and tPZH are the same as ten. 
G. tpLH and tpHL are the same as Ipd. 

Figure 1. Load Circuit and Voltage Waveforms 
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SN74ALVCH16270 
12·BIT TO 24·BIT REGISTERED BUS EXCHANGER 

WITH 3·STATE OUTPUTS 
SCES0288 - JULY 1995 - REVISED JANUARY 1997 

• Member of the Texas Instruments 
Wldebus™ Family 

• EPICTM (Enhanced-Performance Implanted 
CMOS) Submlcron Process 

• ESD Protection Exceeds 2000 V Per 
MIL-STD-883, Method 3015; Exceeds 
200 V Using Machine Model 
(C = 200 pF, R = 0) 

• Latch-Up Performance Exceeds 250 mA 
Per JEDEC Standard JESD-17 

• Bus Hold on Data Inputs Eliminates 
the Need for External Pullup/Pulldown 
Resistors 

• Package Options Include Plastic Shrink 
Smail-Outline (DL) and Thin Shrink 
Small-Outline (DGG) Packages 

description 

This 12-bit to 24-bit registered bus exchanger is 
designed for 2.3-V to 3.6-V VCC operation. 

The SN74AlVCH16270 is used in applications 
where data must be transferred from a narrow 
high-speed bus to a wide lower-frequency bus. 

The device provides synchronous data exchange 
between the two ports. Data is stored in the 
internal registers on the low-to-high transition of 
the clock (ClK) input when the appropriate 
ClKEN inputs are low. The select (SEl) line 
selects 1 B or 2B data for the A outputs. For data 
transfer in the A-to-B direction, a two-stage 
pipeline is provided in the A-to-1 B path, 

DGG OR DL PACKAGE 
(TOP VIEW) 

OEA 
ClKEN1B 

2B3 
GND 4 

A3 
GND 

A4 
A5 
A6 
A7 
A8 
A9 

GND 
A10 
A11 
A12 
Vee 
1 B1 
1B2 

GND 
1B3 

OEB 
ClKENA2 
2B4 
GND 
2B5 
2B6 
Vee 
2B7 
2B8 
2B9 
GND 
2B10 
2B11 
2B12 
1B12 
1 B11 
1B10 
GND 
1B9 
1B8 
1B7 
Vee 
1B6 
1B5 
GND 
1B4 

ClKEN2B ClKENA 1 
SEl ClK "",-__ .I" 

with a single storage register in the A to 2B path. Proper control of the ClKENA inputs allows two sequential 
12-bit words to be presented synchronously as a 24-bit word on the B port. Data flow is controlled by the 
active-low output enables (OEA, OEB). The control terminals are registered to synchronize the bus direction 
changes with ClK. 

To ensure the high-impedance state during power up or power down, OE should be tied to V CC through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

The SN74AlVCH16270 is available in TI's shrink small-outline (Dl) and thin shrink small-outline (DGG) 
packages, which provide twice the I/O pin count and functionality of standard small-outline packages in the 
same printed circuit board area. 

The SN74AlVCH16270 is characterized for operation from -40cC to 85cC. 

EPle and Widebus are trademarks of Texas Instruments InCOrporated. 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 

Copyright t!:l1997, Texas Instruments Incorporated 

2-133 



SN74ALVCH16270 
12·BIT TO 24·BIT REGISTERED BUS EXCHANGER 

WITH 3·STATE OUTPUTS 
SCES028B - JULY 1995 - REVISED JANUARY 1997 

logic diagram {positive logic} 

ClK 29 

2 
ClKEN1B 

ClKEN2B 
27 

ClKENA1 
30 1>-

ClKENA2 
55 ~ > C1 

OEB 
56 10 

28 
SEl 

OEA 1 

~ 
r-----r--- _0 -------------------, 
I 
I CE 

10 I ~ > C1 
I 23 
I 10 C1 < H 
I 

1B1 

I 

-r>= -- ro-o r-J ~ G~ CE r-----
8 h 1f-I-- ~ > C1 

Ai 1[) 6 

! 1 ! 
2B1 

CE CE 
'--- > C1 ~ > C1 r--

10 10 

F CE 

~ > C1 

10 
L _____ 1 of 12 Channels _ __ ...J - :-------- 1--- - 1---------------

~1ExAs 
INSTRUMENTS 

POST OffiCE BOX 655303 • DALLAS, TEXAS 75265 2-135 



SN74ALVCH16270 
12·BIT TO 24-BIT REGISTERED BUS EXCHANGER 

WITH 3-STATE OUTPUTS 
SCES028B - JULY 1995 - REVISED JANUARY 1997 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS Vce 
10H - -100!1A 2.3V to 3.6 V 

IOH--6mA, VIH-l.7V 2.3V 

VIH-l.7V 2.3V 
VOH 

10H --12mA VIH .2V 2.7V 

VIH -2V 3V 

IOH--24mA, VIH -2V 3V 

10L -100!LA 2.3 Vt03.6 v 
IOL=6mA, VIL=0.7V 2.3V 

VOL IVIL-0.7V 2.3V 
IOL-12mA I VIL = O.B V 2.7V 

IOL-24mA, VIL - O.B V 3V 

II VI - Vce or GND 3.6V 

VI_0.7V 
2.3V 

VI = 1.7 V 

II(hOld) VI_ O.BV 
3V 

VI-2V 

VI - 0 to 3.6 v:I: 3.6V 

10Z§ Vo = VCC or GND 3.6V 

ICC VI - Vec or GND, 10- 0 3.6V 

AICC One input at VCC - 0.6 V, Other inputs at Vec or GND 3Vt03.6V 

ej I Control inputs VI • VCC or GND 3.3V 

Cio I A or B ports Vo - VCC or GND 3.3V 

t All typical values are at VCC - 3.3 V, TA - 25°C. 
:j: This is the bus-hold maximum dynamic current required to switch the input from one state to another. 
§ For 1/0 ports, the parameter 10Z includes the input leakage current. 
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MIN TYPt MAX UNIT 

Vcc-0.2 

2 

1.7 
V 

2.2 

2.4 

2 

0.2 

0.4 

0.7 V 

0.4 

0.55 

±5 IlA 

45 

-45 

75 IlA 

-75 

±500 

±10 !LA 

40 !LA 

750 !LA 

3.5 pF 

9 pF 
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SN74ALVCH16270 
12·BIT TO 24·BIT REGISTERED BUS EXCHANGER 

WITH 3·STATE OUTPUTS 
SCES028B - JULY 1995 - REVISED JANUARY 1997 

PARAMETER MEASUREMENT INFORMATION 
V CC = 2.5 V ± 0.2 V 

o 4.6V TEST 
S1 o Open 

rD 

5000 
From Output --.--f--.I\I\f'v----/ 

tpd 
tPU/tpZL 

Under Test tPHZ/tpZH 
CL=50pF 

(see Note A) T 5000 

S1 

Open 
4.6 V 
GND 

LOAD CIRCUIT I4---tw~ 

TI~~U~ ______ ~""1-.2-V-----
2.3 V 

I 1,--__ 

Input 3 :K\.1_.2_V __ :.: V 

~ tsu"~ th 
~ 
I 

OV 

2.3 V 

VOLTAGE WAVEFORMS 
PULSE DURATION 

Oats --~~1.2V 
Input 1\ ~ 

~OV Output 
Control 

(low-level 
enabling) 

~. I 2.3 V 

~1.2V 4_1.: ___ ov VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

Input L1.2V \;.;-;--- 2.3V 

---" I· OV 
tpLH --1II!...I--~~ I I 

tpZL~ I+-t ~ I I PLZ- I 

_--;1"",\ I 1 
Output 1 

Waveform 1 I 
S1 at 4.6 V 

(see Note B) 
~PHZ-+i 

2.3V 

VOL+0.3V 
VOL 

I~ i 14 ~ tpHL 
I I 
I ,.----~~-- VOH 

Output 
Waveform 2 

S1 atGND 
(see Note B) 

I r----r- VOH 

Output !1.2V 1.2V 
_____ -J. VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

NOTES: A. CL includes probe and jig capacitance. 

VOH -0.3 V 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

OV 

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses are supplied by generators having the following characteristics: PRR s 10 MHz, Zo = 50 Q, tr s 2.5 ns, tf S 2.5 ns. 
D. The outputs are measured one at a time with one transition per measurement. 
E. tpLZ and tPHZ are the same as !dis. 
F. tpZL and tpZH are the same as ten. 
G. tpHL and tpLH are the same as Ipd. 

Figure 1. Load Circuit and Voltage Waveforms 
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SN74ALVCH16271 
12·BIT TO 24·BIT MULTIPLEXED BUS EXCHANGER 

• Member of the Texas Instruments 
Wldebus™ Family 

• EPIC ™ (Enhanced· Performance Implanted 
CMOS) Submlcron Process 

• Bus Hold on Data Inputs Eliminates 
the Need for External Pullup/Pulidown 
Resistors 

• Packaged In Plastic Shrink Small·Outline 
(OL) and Thin Shrink Small·Outline (OGG) 
Packages 

description 

This 12-bit to 24-bit bus exchanger is designed for 
2.3-V to 3.6-V Vcc operation. 

The SN74ALVCH16271 is intended for applica
tions where two separate datapaths must be 
multiplexed onto, or demultiplexed from, a single 
datapath. This device is particularly suitable as an 
interface between conventional DRAMs and 
high-speed microprocessors. 

A data is stored in the internal A-to-B registers on 
the low-to-high transition of the clock (CLK) input, 
provided that the CLKENA inputs are low. Proper 
control of these inputs allows two sequential 
12-bit words to be presented as a 24-bit word on 
the B port. 

Transparent latches in the B-to-A path allow 
asynchronous operation in order to maximize 
memory access throughput. These latches 
transfer data when the latch-enable (LE) inputs 
are low. The select (SEL) line selects 1 B or 2B 
data for the A outputs. Data flow is controlled by 
the active-low output enables (OEA, OEB). 

WITH 3·STATE OUTPUTS 
1995 - REVISED JANUARY 1997 

DGG OR DL PACKAGE 
(TOP VIEW} 

lE1B 
2B3 

GND 
2B2 

A3 
GND 

A4 
A5 
A6 
A7 
A8 
A9 

GND 
A10 
A11 
A12 
Vee 
1 B1 
1B2 

GND 
1B3 

lE2B 
SEl '"'-__ .r 

OEB 
ClKENA2 
2B4 
GND 
2B5 
2B6 
Vee 
2B7 
2B8 
2B9 
GND 
2B10 
2B11 
2B12 
1B12 
1 B11 
1B10 
GND 
1B9 
1B8 
1B7 
Vee 
1B6 
1B5 
GND 
1B4 
ClKENA1 
ClK 

To ensure the high-impedance state during power up or power down, OE should be tied to VCC through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

The SN74ALVCH16271 is available in TI's shrink small-outline (DL) and thin shrink small-outline (DGG) 
packages, which provide twice the I/O pin count and functionality of standard small-outline packages in the 
same printed circuit board area. 

The SN7 4ALVCH 16271 is characterized for operation from -40°C to 85°C. 

EPle and Widebus are trademarks of Texas Instruments Incorporated. 

PRODUCT PREVIEW Information concerns products In Ihe formative or d21 n phase of development. Characteristic data and other 
a ftcattons are design goals. Tell8lnstruments reserves the right to 
c ang. or discontinue these products without notice. ~TEXAS 

INSTRUMENTS 
POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 

Copyright © 1997, Texas Instruments Incorporated 
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SN74ALVCH16271 
12·BIT TO 24·BIT MULTIPLEXED BUS EXCHANGER 

WITH 3·STATE OUTPUTS 

Function Tables 

OUTPUT ENABLE 

INPUTS OUTPUTS 

OEA OEB A 1B,2B 

H H Z Z 

H L Z Active 

L H Active Z 

L L Active Active 

A-TO-B STORAGE lOEB = L) 

SCES017B - JULY 1995 - REVISED JANUARY 1997 

INPUTS OUTPUTS 

CLKENA2 CLK A 1B 2B 

H X X 1 BOt 2BOt 

X l' L L X 

X l' H H X 

L l' L X L 

L l' H AO H 

B-TQ-A STORAGE IOEA = L) 

INPUTS OUTPUT 

SEL 1B 2B A 

X X X AOt 

X X X AOt 

H L X L 

H H X H 

L X L L 

L X H H 

t Output level before the indicated steady-state 
input conditions were established 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted}:!: 

Supply voltage range, Vee ......................................................... -0.5 V to 4.6 V 
Input voltage range, VI: Except I/O ports (see Note 1) ................................. -0.5 V to 4.6 V 

I/O ports (see Notes 1 and 2) .......................... -0.5 V to Vee + 0.5 V 
Output voltage range, Vo (see Notes 1 and 2) ................................. -0.5 V to Vee + 0.5 V 
Input clamp current, 11K (VI < 0) ........................................................... -50 mA 
Output clamp current, 10K (Vo < 0 or Vo > Vee> ............................................ ±50 mA 
Continuous output current, 10 (Vo = 0 to Vee> .............................................. ±50 mA 
Continuous current through each Vee or GND ............................................. ±100 mA 
Maximum power dissipation at T A = 55°C (in still air) (see Note 3): DGG package .................. 1 W 

DL package ................... 1.4 W 
Storage temperature range, Tsig ................................................... -65°C to 150°C 

:j: Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maxi mum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
2. This value is limited to 4.6 V maximum. 
3. The maximum package power dissipation is calculated using a junction temperature of 150·C and a board trace length of 750 mils. 

For more information, refertothe Package Thermal Considerations application note in the ABT Advanced BiCMOS Technology Data 
Book. 

~TEXAS 
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SN74ALVCH16272 
12·BIT TO 24·BIT MULTIPLEXED BUS EXCHANGER 

WITH 3·STATE OUTPUTS 

• Member of the Texas Instruments 
Wldebus™ Family 

• EPICTM (Enhanced-Performance Implanted 
CMOS) Submlcron Process 

• Bus Hold on Data Inputs Eliminates 
the Need for External Pullup/Pulldown 
Resistors 

• Packaged In Plastic Shrink Smail-Outline 
(OL) and Thin Shrink Smail-Outline (OGG) 
Packages 

description 

This 12-bit to 24-bit bus exchanger is designed for 
2.3-V to 3.3-V VCC operation. 

The SN74AlVCH 16272 is intended for applica
tions where two separate datapaths must be 
multiplexed onto, or demultiplexed from, a single 
datapath. This device is particularly suitable as an 
interface between conventional DRAMs and 
high-speed microprocessors. 

Data from the A inputs is stored in the internal 
registers on the low-to-high transition of the clock 
(ClK) input, when the ClKENA inputs are low. A 
two-stage pipeline is provided in each of the 
A-to-1 Band A-to-2B paths to serve as a shallow 
write buffer. 

Transparent latches are provided in the B-to-A 
path to allow asynchronous operation to maximize 
memory access throughput. These latches 
transfer data when the latch-enable (lE) inputs 
are low. The select (SEl) line selects 1 B or 2B 
data for the A outputs. Data flow is controlled by 
the active-low output enables (OEA, OEB). 

DGG OR DL PACKAGE 
(TOP VIEW) 

A3 
GND 11 

A4 
A5 
A6 
A7 
A8 
A9 

GND 
A10 
A11 
A12 
Vee 
1 B1 
1B2 

GND 
1B3 

lE2B 
SEl ""1... __ ..T" 

OEB 
ClKENA2 
2B4 
GND 
2B5 
2B6 
Vee 
2B7 
2B8 
2B9 
GND 
2B10 
2B11 
2B12 
1B12 
1B11 
1B10 
GND 
1B9 
1B8 
1B7 
Vee 
1B6 
1B5 
GND 
1B4 
ClKENA1 
ClK 

To ensure the high-impedance state during power up or power down, OE should be tied to V cc through a pullup 
reSistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logiC level. 

The SN74AlVCH16272 is available in TI's shrink small-outline (Dl) and thin shrink small-outline (DGG) 
packages, which provide twice the 1/0 pin count and functionality of standard small-outline packages in the 
same printed circuit board area. 

The SN74AlVCH 16272 is characterized for operation from -40°C to 85°C. 

EPle and Widebus are trademarks of Texas Instruments Incorporated. 

PRODUCT PflEYIEW Inlonnatlon concern. producto In tholormlllYl or 
de:" ph... of development. Charactlrt.tlc data and other 
• ftcatlon. are design goals. Texaalnatruments ..... rv .. the right to 
c ang& or discontinue thai products whhoUi notice. ~TEXAS 

INSTRUMENTS 
POST OFFICE BOX 655303 • DALLAS. TEXAS 75265 
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CLKENA1 

H 

L 

L 

X 

X 

SN74ALVCH16272 
12·BIT TO 24-BIT MULTIPLEXED BUS EXCHANGER 

WITH 3·STATE OUTPUTS 

Function Tables 

OUTPUT ENABLE 

CCES057B - OCTOBER 1995 - REVISED JANUARY 1997 

INPUTS OUTPUTS 

OEA OEB A 1B,2B 

H H Z Z 

H L Z Active 

L H Active Z 

L L Active Active 

A-T()"B STORAGE (OEB = L) 

INPUTS OUTPUTS 

CLKENA2 CLK A 1B 2B 

H X X 1Bot 2Bot 

X i L Lt X 

X i H Ht X 

L i L X L 

L i H AD H 

t Two eLK edges are needed to propagate data. 

B-T()"A STORAGE (OEA = L) 

INPUTS OUTPUT 

LE SEL 1B 2B A 

H X X X AO; 

H X X X AO; 

L H L X L 

L H H X H 

L L X L L 

L L X H H 

; Output level before the indicated steady-state 
input conditions were established 

~TEXAS 
INSTRUMENTS 
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SN74ALVCH16272 
12·BIT TO 24·BIT MULTIPLEXED BUS EXCHANGER 

WITH 3·STATE OUTPUTS 
SCES057B - OCTOBER 1995 - REVISED JANUARY 1997 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS Vce 
10H = -100 IIA 2.3 Vt03.6 v 
IOH=-6mA, VIH = 1.7V 2.3V 

VIH = 1.7V 2.3V 
VOH 

10H = -12 mA VIH =2V 2.7V 

VIH =2V 3V 

10H =-24 mA, VIH =2V 3V 

10L= 100 I1A 2.3 V to 3.6 V 

IOL=6 mA, VIL = 0.7 V 2.3 V 

VOL VIL = 0.7 V 2.3 V 
IOL=12mA 

VIL = 0.8 V 2.7V 

IOL=24 mA, VIL = 0.8 V 3V 

II VI = Vee or GND 3.6V 

VI = 0.7 V 
2.3V 

VI = 1.7V 

I I (hold) VI =0.8 V 
3V 

VI =2V 

VI = Oto 3.6 v:I= 3.6 V 

10Z§ Vo = Vee or GND 3.6V 

ICC VI = Vee or GND, 10=0 3.6 V 

~Iee One input at Vee - 0.6 V, Other inputs at Vee or GND 3 Vt03.6 V 

ei I eontrol.inputs VI = Vee or GND 3.3V 

eio I AorBports Vo = Vee or GND 3.3V 

t TYPical values are measured at Vee = 3.3 V, T A = 25°C. 
:1= This is the bus-hold maximum dynamic current required to switch the input from one state to another. 
§ For 1/0 ports, the parameter 10Z includes the input leakage current. 

~TEXAS 
INSTRUMENTS 
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MIN TYPt MAX UNIT 

Vee-0.2 

2 

1.7 
V 

2.2 

2.4 

2 

0.2 

0.4 

0.7 V 

0.4 

0.55 

±5 I1A 

45 

-45 

75 I1A 

-75 

±500 

±10 !LA 
40 I1A 

750 !LA 
pF 

pF 
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• 
• 
• 

• 
• 

• 

Member of the Texas Instruments 
Wldebus™ Family 

EPICTM (Enhanced· Performance Implanted 
CMOS) Sub·Mlcron Process 

ESD Protection Exceeds 2000 V Per 
MIL·STD883, Method 3015; Exceeds 200 V 
Using Machine Model (C = 200 pF, R = 0) 

SN74ALVCH16282 
18·BIT TO 36·BIT REGISTERED BUS EXCHANGER 

WITH 3·STATE OUTPUTS 

OBBPACKAGE 
(TOP VIEW} 

Vee Vee 
GND GND 
289 1810 

2810 
288 1811 

Latch·up Performance Exceeds 250 mA Per GND GND 
JEDEC Standard JESD·17 188 2811 
Bus Hold on Data Inputs Eliminates the 287 1812 
Need for External Pullup/Pulldown 2812 
Resistors Vee vee 
Packaged In Thin Shrink Small·Outllne 286 1813 
Package 186 2813 

285 1814 
description 185 2814 

The SN74AlVCH16282 is an 18-bit to 36-bit 
registered bus exchanger designed for 2.3-V to 
3.6-V Vee operation. This part is intended for use 
in applications where data must be transferred 
from a narrow high-speed bus to a wide 
lower-frequency bus. It is designed specifically for 
low-voltage (3.3-V) Vee operation. 

The device provides synchronous data exchange 
between the two ports. Data is stored in the 
internal registers on the low-to-high transition of 
the ClK input. For data transfer in the 8-to-A 
direction, SEl selects 18 or 28 data for the A 
outputs. 

For data transfer in the A-to-8 direction, a 
two-stage pipeline is provided in the 18 path, with 
a single storage register in the 28 path. Data flow 
is controlled by the active-low output enable (OE) 
and the DIR input. The DIR control pin is 
registered to synchronize the bus direction 
changes with the clock. 

Active bus-hold circuitry is provided to hold 
unused or floating data inputs at a valid logic level. 

The SN74AlVCH16282 is characterized for 
operation from -40°C to 85°C. 

EPIC and Widebus are trademarks of Texas Instruments Incorporated. 

~TEXAS 
INSTRUMENTS 
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GND GND 
284 1815 
184 2815 
283 1816 
183 2816 
Vee Vee 

GND GND 
282 1817 
182 2817 
281 1818 
181 2818 
Vee Vee 

A1 A18 
A2 A17 
A3 A16 

GND GND 
A4 A15. 
A5 A14 
A6 A13 

Vee Vee 
A7 A12 
A8 A11 
A9 A10 

GND GND 
elK OE 
SEl DIR 

Copyright © 1996, Texas Instruments Incorporated 
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SN74ALVCH16282 
18-BIT TO 36-BIT REGISTERED BUS EXCHANGER 

WITH 3-STATE OUTPUTS 
SCES036A - JULY 1995 - REVISED AUGUST 1996 

logic diagram (positive logic) 

CLK 
39 

SEL 40 

OE 
42 

'--

OIR 
41 

r----- 1---

Ai J1" 27 

! 

L ____ ' __ 
r---

I-- CE r-O 
~ I> C1 

10 ~~ 

r--------- ---r-----------
I 
I 
I 
I 
I 

~.J 

L, G~ 

rr>= CE 
> C1 ~ 1-r-- f> C1 ~ 

10 r-- "1 10 

CE 

~ > C1 
~ f> C1 f--

10 
10 

u-t>= CE 

~ f> C1 

10 
1 of 18 Channals r------------ --------------

-!!11EXAS 
INSTRUMENTS 
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---.., 
25 

181 

i 24 281 

_ __ ...J 
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SN74ALVCH16282 
18-BIT TO 36-BIT REGISTERED BUS EXCHANGER 

WITH 3-STATE OUTPUTS 
SCES036A - JULY 1995 - REVISED AUGUST 1996 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS Vee 

10H =-100 pA 2.3Vt03.6V 

10H=-6 mA, VIH • 1.7 V 2.3V 

VIH-l.7V 2.3V 
VOH 

10H .-12mA VIH-2V 2.7V 

VIH .2V 3V 

10H =-24 mA, VIH .2V 3V 

10L= l00I1A 2.3Vt03.6V 

IOL-6mA, VIL-0.7V 2.3 V 

VOL VIL-0.7V 2.3V 
IOL=12mA 

VIL=0.8V 2.7 V 

IOL-24 mA, VIL=0.8V 3V 

II VI = VCC or GND 3.6V 

VI·0.7V 

VI=1.7 V 
2.3V 

II(hold) VI_0.8V 

VI-2V 
3V 

VI = 0 to 3.6 "* 3.6 V 

10Z§ Vo • VCC or GND 3.6 V 

ICC VI = VCC or GND, 10- 0 3.6 V 

.Il.ICC One input at VCC - 0.6 V, Other Inputs at VCC or GND 3V103.6V 

Ci I Control inputs VI = VCC or GND 3.3 V 

Cia JAorBports Vo - VCC or GND 3.3 V 

tTYPlcalvalues are measured atVCC - 3.3 V, TA = 25°C. 
:I: This is the bus-hold maximum dynamic current required to switch the input from one state to another. 
§ For 1/0 ports, the parameter 10Z includes the input leakage current. 

MIN TYPt MAX UNIT 

VCC-O·2 

2 

1.7 
V 

2.2 

2.4 

2 

0.2 

0.4 

0.7 V 

0.4 

0.55 

±5 pA 

45 

-45 

75 pA 

-75 

±500 

±10 pA 

40 pA 

750 pA 

4 pF 

8.5 pF 

timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) (see Figures 1 and 2) 

VCC=2.5V 
Vee=2.7V 

Vee=3.3V 
±O.2V ±O.3V UNIT 

MIN MAX MIN MAX MIN MAX 

fclock Clock frequency 150 150 150 MHz 

tw Pulse duration, CLK high or low 3.3 3.3 3.3 ns 

A data before CLKi 2.4 2.3 2 

tsu Setup time 
B data before CLKi 2.2 2.2 1.8 

DIR before CLKi 
ns 

2.2 2.1 1.7 

SEL before CLKi 2 2 1.8 

A data aiter CLKi 0.5 0.5 0.7 

th Hold time 
B data aiter CLKi 0.5 0.5 0.6 

DIR aiter CLKi 
ns 

0.5 0.5 0.5 

SEL aiter CLKi 0.7 0.7 0.8 

~1ExAs 
INSTRUMENTS 
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SN74ALVCH16282 
18·BIT TO 36·BIT REGISTERED BUS EXCHANGER 

WITH 3·STATE OUTPUTS 
SCES036A - JULY 1995 - REVISED AUGUST 1996 

PARAMETER MEASUREMENT INFORMATION 
V CC = 2.5 V ± 0.2 V 

o 4.6V 
TEST S1 

S1 o Open 

r' 
5000 

From Output -4I>---.--.A./\f\r----/ 
Under Teat 

CI.=50pF 
(see Note A) T 5000 

tpd Open 
tpl.Z/tpZI. 4.6 V 
tpHZ/tpZH GND 

1.0AD CIRCUIT ~ tw---.! 

TI~~nu~ _____ -'~\,,1-.2-V-----
2.3 V 

1 1,....-__ 

Input 3 ..... ____ .....I~'-1_.2_V __ 
OV 

2.3 V 

OV 

~ ~ tau·~ th 

Data ----.~1.2 V 
Input 1\ 

1 

"€2.3V 
1.2V 

OV 

VOI.TAGE WAVEFORMS 
SETUP AND HOI.D TIMES 

Input L 1.2V \1.2~--- 2.3 V 

---II I . OV 

tPI.H~ ~I I I 
14 ~ tPHI. 

I 1 
1 ,.----...,~:i -- VOH 

Output !1.2V 1.2V 
--------~. VOl. 

VOI.TAGE WAVEFORMS 
PROPAGATION DEI.AY TIMES 

NOTES: A. CL includes probe and jig capacitance. 

Output 
Control 

(low-level 
enabling) 

Output 
Waveform 1 

S1 at 4.6 V 
(see Note B) 

Output 
Waveform 2 

S1 atGND 
(see Note B) 

VOI.TAGE WAVEFORMS 
PUI.SE DURATION 

~ I 2.3 V 

l' 1.2V 4_1.~V ___ OV 

tpZI. --.! 14- I 
I I tpl.Z~ 14-
I I I I 

---;1-& -I-~- 2.3V 

I \. 1.2V I VOI.+0.3V 
I· 1- --- VOl. 

tPZH ~ ~PHZ -+i 1+ 
1 tv~-- VOH ___ .... l~ 1.2V ___ ~H-0.3V ov 

VOI.TAGE WAVEFORMS 
ENABI.E AND DISABI.E TIMES 

B. Waveform 1 is for an output with internal condttions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses are supplied by generators having the following characteristics: PRR s 10 MHz. Zo - 50 0, tr s 2.5 ns, tf s 2.5 ns. 
D. The outputs are measured one at a time with one transition per measurement. 
E. tpLZ and tpHZ are the same as 'dis. 
F. tpZL and tpZH are the same as ten. 
G. tPLH and tpHL are the same as tpd. 

Figure 1. Load Circuit and Voltage Waveforms 

I~TEXAS NSTRUMENTS 
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SN74ALVCH16409 
9-BIT, 4-PORT UNIVERSAL BUS EXCHANGER 

WITH 3-STATE OUTPUTS 

• Member of the Texas Instruments 
Wldebus+TM Family 

• EPICTM (Enhanced-Performance Implanted 
CMOS) Submlcron Process 

• UBETM (Universal Bus Exchanger) Allows 
Synchronous Data Exchange 

• ESD Protection Exceeds 2000 V Per 
MIL-STD·883, Method 3015; Exceeds 200 V 
Using Machine Model 
(C=200pF,R=0) 

• Latch-Up Performance Exceeds 250 mA 
Per JEDEC Standard JESD-17 

• Bus Hold on Data Inputs Eliminates the 
Need for External Pullup/Pulidown 
Resistors 

• Package Options Include Plastic 30o-mil 
Shrink Small·Outline (DL) and Thin Shrink 
Small-Outline (DGG) Packages 

description 

This 9-bit, 4-port universal bus exchanger is 
designed for 2.3-V to 3.6-V Vcc operation. 

The SN7 4ALVCH16409 allows synchronous data 
exchange between four different buses. 

Data flow is controlled by the select (SEL0-5EL4) 
inputs. A data-flow state is stored on the rising 
ea~e 0Uhe clock (CLK) input if the select-enable 
( LE) input is low. Once a data-flow state has 
been established, data is stored in the flip-flop on 
the rising edge of CLK if SELEN is high. 

DGG OR DL PACKAGE 
(TOP VIEW) 

PRE CLK 
SELO SELEN 

1A1 3 54 181 
GND 53 GND 

52 182 
51 183 

Vee 50 Vee 
1A4 49 184 
1A5 9 185 
1A6 10 186 

GND 11 GND 
1A7 12 187 
1A8 13 188 
1A9 14 189 
2A1 281 
2A2 282 
2A3 283 

GND GND 
2A4 284 
2A5 285 
2A6 286 
Vee Vee 
2A7 287 
2A8 268 

GND GND 
2A9 269 

SEL1 SEL4 
SEL2 SEL3 

The data-flow control logic is designed to allow glitch-free data transmission. 

NOVEMBER 1996 

To ensure the high-impedance state during power up or power down, SELEN should be tied to VCC through a 
pullup resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

The SN74ALVCH16409 is available in Tl's shrink small-outline (DL) and thin shrink small-outline (DGG) 
packages, which provide twice the 110 pin count and functionality of standard small-outline packages in the 
same printed circuit board area. 

The SN74ALVCH16409 is characterized for operation from -40°C to 85°C. 

Wldebus+. EPIC. and USE are trademarks of Texas Instruments Incorporated. 

~TEXAS 
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SELEN CLK 

H i 
L i 
L i 
L i 
L i 
L i 
L i 
L i 
L i 
L i 
L i 
L i 
L i 
L i 
L i 
L i 
L i 
L i 
L i 
L i 
L i 
L i 
L i 
L i 
L i 
L i 
L i 
L i 
L i 
L i 
L i 
L i 
L i 

SN74ALVCH16409 
9-BIT, 4-PORT UNIVERSAL BUS EXCHANGER 

WITH 3-STATE OUTPUTS 
SCES022A-JULY 1995- REVISED NOVEMBER 1996 

DATA-FLOW CONTROL FUNCTION TABLE 

SELO 

X 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

1 

1 , 
1 

1 

1 

1 

1 

1 

1 

INPUTS 

SEL1 SEL2 SEL3 SEL4 

X X X X 

0 0 0 0 

0 0 0 1 

0 0 1 0 

0 0 1 1 

0 1 0 0 

0 1 0 1 

0 1 1 0 

0 1 1 1 

1 0 0 0 

1 0 0 1 

1 0 1 0 

1 0 1 1 

1 1 0 0 

1 1 0 1 

1 1 1 0 

1 1 1 1 

0 0 0 0 

0 0 0 1 

0 0 1 0 

0 0 1 1 

0 1 0 0 

0 1 0 1 

0 1 1 0 

0 1 1 1 

1 0 0 0 

1 0 0 1 

1 0 1 0 

1 0 1 1 

1 1 0 0 

1 1 0 1 

1 1 1 0 

1 1 1 1 

~TEXAS 
INSTRUMENTS 

DATAFLOW 

No change 

None, aliliOs off 

Not used 

Not used 

Not used 

Not used 

Not used 

Not used 

Not used 

2A to 1A and 18 to 28 

2A to 1A 

28 to 18 

2A to 1A and 28 to 18 

1A to 2A and 18 to 28 

1A to 2A 

1B to 2B 

1A to 2A and 2B to 18 

1A to 18 and 28 to 2A 

1A to 18 

2A to 28 

1A to 1B and 2A to 28 

18to 1Aand2At028 

18t01A 

28 to 2A 

18 to 1A and 28 to 2A 

2B to 1A and 2A to 1B 

18 to 2A 

2B to 1A 

28t01Aand18t02A 

1A to 2B and 18 to 2A 

lA to 28 

2A to 1B 

1A to 28 and 2A to 18 

POST OFFICE BOX 655303 • DALLAS. TEXAS 75265 2-161 



SN74ALVCH16409 
9-BIT, 4-PORT UNIVERSAL BUS EXCHANGER 

WITH 3-STATE OUTPUTS 
SCES022A - JULY 1996 - REVISED NOVEMBER 1996 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS Vee 

10H ~ -100 !LA 2.3 V to 3.6 V 

10H=-6 mA, VIH a l.7V 2.3V 

VIH=1.7V 2.3V 
VOH 

10H =-12mA VIH =2V 2.7V 

VIH -2V 3V 

10H --24mA, VIH .2V 3V 

10l = 100 !lA, 2.3 Vt03.6 v 
IOl-6mA, Vil - 0.7 V 2.3V 

VOL Vil. 0.7 V 2.3V 
10l = 12 mA 

Vil = 0.8 V 2.7V 

IOl=24 mA, Vil = 0.8 V 3V 

II VI = VCC or GND 3.6V 

VI-0.7V 
2.3V 

VI-l.7V 

II(hold) VI·0.8V 

VI=2V 
3V 

VI = Oto 3.6 v:I: 3.6V 

10Z§ Vo = VCC or GND 3.6 V 

ICC VI = VCC or GND, 10. 0 3.6 V 

t..lCC One input at V CC - 0.6 V, Other inputs at VCC or GND 3Vt03.6V 

Ci I Control inputs VI = VCC or GND 3.3 V 

Cio I AorBports Vo = VCC or GND 3.3V 

t All typical values are measured at VCC = 3.3 V, T A = 25°C. 
:I: This is the bus-hold maximum dynamic current required to switch the input from one state to another. 
§ For 1/0 ports, the parameter 10Z includes the input leakage current. 

MIN TYPt MAX UNIT 

VCc-O·2 

2 

1.7 
V 

2.2 

2.4 

2 

0.2 

0.4 

0.7 V 

0.4 

0.55 

±5 !LA 
45 

-45 

75 !lA 

-75 

±500 

±10 I1A 
40 I1A 

750 I1A 

4 pF 

8 pF 

timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 

Vee = 2.5 V 
Vee = 2.7 V 

Vee=3.3V 
±O.2V ±O.3V UNIT 

MIN MAX MIN MAX MIN MAX 

fclock Clock frequency 0 120 0 120 0 120 MHz 

tw Pulse duration, ClK high or low 4.2 4.2 3 ns 

A or B before ClKi 1.9 1.9 1.4 

SEl before ClKi 5.1 4.2 3.5 
tsu Setup time 

SElEN before ClKi 
ns 

2.5 2.5 1.8 

PRE before ClKi 1 1 0.7 

A or B after ClKi 0.8 0.8 1 

th Hold time SEl after ClKi 0 0 0 ns 

SElEN after ClKi 0.5 0.5 0.8 

-!!11EXAS 
INSTRUMENTS 
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SN74ALVCH16409 
9-BIT, 4-PORT UNIVERSAL BUS EXCHANGER 

WITH 3-STATE OUTPUTS 
SCES022A - JULY 1995 - REVISED NOVEMBER 1996 

PARAMETER MEASUREMENT INFORMATION 
VCC=2.5V ± 0.2 V 

S1 5000 
From Output_-._-._---",N'v----J 

UndarTast 

CL=50pF 
(_NotaA) T 5000 

LOAD CIRCUIT 

o 4.8V 

o Opan 

r~ 

2.3 V 

11~~:~ _____ ...J~"'~-.2-V----
OV 

r teu~ th 
~ 
I 

Date ---....~1.2 V 

Input " 

~2.3V 
1.2V 

OV 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

Input ~ 1.2V \~;;--- 2.3 V 

1 I 1 OV 

tpLH r- ~ ~ J tpHL 

1 1 
1 _----~- VOH 

Output !1.2V 1.2V ________ J. VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

NOTES: A. CL includes probe and jig capac~ance. 

TEST S1 

tpd Open 

tpLZltPZL 4.8 V 

tpHZ/tpZH GND 

I+-- tw ------.! 
1 1,.-__ 

Input 3 :K"'1_.2_V ____ :.: V 

Output 
Control 

(Iow-Iavel 
anabllng) 

VOLTAGE WAVEFORMS 
PULSE DURATION 

~. I 2.3 V 

~1.2V 4_1.: ___ ov 

tpZL ~ I+-t ....J 1..00-
1 1 PLZ -, ....-

Output __ ..,I..,rtl -_-'_~I- 2.3 V 

Waveform 1 I \. 1.2 V I VOL + 0.3 V 
S1 st4.8V I· 1 - -- VOL 

(saa Note B) 1 tPHZ ~ *-1 

tpZH~ 14-
Output 

Wavaform2 
S1 atGND 

(saaNotaB) 

1 ~ VOH !1.2V VQH-0.3V 

------"-;,.. --- - OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

B. Waveform 1 Is for an output wRh internal condRions such that the output is low except when disabled by tha output control. 
Waveform 2 is for an output wRh internal conditions such that the output is high excapt when disabled by the output control. 

C. All input pulses are supplied by generators having the following characteristics: PRR:s 10 MHz, Zo - 50 Or!r:S 2.5 ns, tf:S 2.5 ns. 
o D. The outputs are measured one at a time with one transition per measurement. 
E. tpLZ and tpHZ are the same as 'dis. 
F. tpZL and tpZH are the same as len. 
G. tPLH and tPHL are the same as Ipd. 

Figure 1. Load Circuit and Voltage Waveforms 
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SN74ALVCHR162409 
9·BIT, 4·PORT UNIVERSAL BUS EXCHANGER 

WITH 3·STATE OUTPUTS 
SCES056A - SEPTEMBER 1995 - REVISED 996 

• Member of the Texas Instruments 
Wldebus+™ Family 

• EPICTM (Enhanced·Performance Implanted 
CMOS) Submlcron Process 

• B·Port Outputs Have Equivalent 26-0 
Series Resistors, So No External Resistors 
are Required 

• UBETM (Universal Bus Exchanger) Allows 
Synchronous Data Exchange 

• ESD Protection Exceeds 2000 V Per 
MIL·STD·S83, Method 3015; Exceeds 200 V 
Using Machine Model 
(C = 200 pF, R = 0) 

• Latch.Up Performance Exceeds 250 rnA 
Per JEDEC Standard JESD·17 

• Bus Hold on Data Inputs Eliminates the 
Need for External Pullup/Pulidown 
Resistors 

• Package Options Include Plastic Shrink 
Small·Outline (DL) and Thin Shrink 
Small·Outline (DGG) Packages 

description 

This 9-bit 4-port universal bus exchanger is 
designed for 2.3-V to 3.6-V Vee operation. 

The SN7 4ALVCHR 162409 allows synchronous 
data exchange between four different buses. Data 
flow is controlled by the select (SEl0-8El4) 
inputs. A data-flow state is stored on the rising 
edge of the clock (ClK) input, provided the 

DGG OR DL PACKAGE 
(TOP VIEW) 

PRE 
SElO 

Vee 
1A4 
1A5 9 
1A6 

GND 
1A7 
1A8 
1A9 
2A1 
2A2 
2A3 

GND 
2A4 
2A5 
2A6 
Vee 
2A7 
2A8 

GND 
2A9 

elK 
SElEN 
1B1 
GND 
1B2 
1B3 
Vee 
184 
1B5 
1B6 
GND 
1B7 
1B8 
1B9 
2B1 
2B2 
2B3 
GND 
284 
2B5 
2B6 
Vee 
2B7 
2B8 
GND 
2B9 

SEl1 SEl4 
SEL2 29 SEl3 ____ or 

select-enable (SElEN) input is low. Once a data-flow state is established, data is stored in the flip-flop on the 
rising edge of the ClK, provided SElEN is high. 

The data-flow control logic is designed to allow glitch-free data transmission. 

The 8 outputs, which are designed to sink up to 12 mA, include 26-0 resistors to reduce overshoot and 
undershoot. 

To ensure the high-impedance state during power up or power down, SElEN should be tied to Vee through a 
pullup resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

The SN74AlVCHR162409 is available in TI's shrink small-outline (Dl) and thin shrink small-outline (DGG) 
packages, which provide twice the 1/0 pin count and functionality of standard small-outline packages in the 
same printed circuit board area. 

The SN74AlVCHR162409 is characterized for operation from -40°C to 85°C. 

Wldebus+. EPIC. and UBE are trademarks 01 Texas Instruments Incorporated. 
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SELEN eLK 
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SN74ALVCHR162409 
9-BIT, 4-PORT UNIVERSAL BUS EXCHANGER 

WITH 3-STATE OUTPUTS 
SCes056A- SEPTEMBER 1995 - REVISED NOVEMBER 1996 

DATA-FLOW CONTROL FUNCTION TABLE 

INPUTS 

SELO SEL1 SEL2 SEL3 SEL4 
DATAFLOW 

x x x x X No change 

0 0 0 0 0 None, alillOs off 

0 0 0 0 1 Not used 

0 0 0 1 0 Not used 

0 0 0 1 1 Not used 

0 0 1 0 0 Not used 

0 0 1 0 1 Not used 

0 0 1 1 0 Not used 

0 0 1 1 1 Not used 

0 1 0 0 0 2A to 1A and 18 to 28 

0 1 0 0 1 2A to 1A 

0 1 0 1 0 28 to 18 

0 1 0 1 1 2A to 1A and 28 to 18 

0 1 1 0 0 1At02Aand 18t02B 

0 1 1 0 1 1A to 2A 

0 1 1 1 0 1B to 28 

0 1 1 1 1 lA to 2A and 28 to 18 

1 0 0 0 0 lA to 18 and 28 to 2A 

1 0 0 0 1 lA to 1B 

1 0 0 1 0 2A t02B 

1 0 0 1 1 lA to 18 and 2A to 2B 

1 0 1 0 0 lBto lAand2At02B 

1 0 1 0 1 lBto1A 

1 0 1 1 0 2Bt02A 

1 0 1 1 1 18to lA and 28 to 2A 

1 1 0 0 0 28 to lAand2Ato 1B 

1 1 0 0 1 18t02A 

1 1 0 1 0 28 to lA 

1 1 0 1 1 28 to lA and 18 to 2A 

1 1 1 0 0 1At02Band 18t02A 

1 1 1 0 1 lA to 28 

1 1 1 1 0 2A to 16 

1 1 1 1 1 lA to 2B and 2A to 18 

~1ExAs 
INSTRUMENTS 

POST OFFICE BOX 855303 • DALlAS, TEXAS 75265 2-169 



SN74ALVCHR162409 
9-BIT, 4·PORT UNIVERSAL BUS EXCHANGER 

WITH 3·STATE OUTPUTS 
SCES056A - SEPTEMBER 1995 - REVISED NOVEMBER 1996 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS Vee 

10H = -100 IIA 2.3 V to 3.6 V 

10H =-4 mA, VIH = 1.7V 2.3V 

IVIH=1.7V 2.3V 
VOH 10H =-6 mA I VIH =2 V 3V 

10H=-8mA, VIH =2 V 2.7V 

IOH=-12mA, VIH =2V 3V 

10l= 100 llA 2.3Vt03.6V 

IOl=4 mA, Vll=O.7V 2.3 V 

I Vll=0.7V 2.3V 
VOL 10l = 6 mA 

I Vll=0.8V 3V 

IOl=8mA, Vll= 0.8V 2.7V 

10l= 12 mA, Vll=0.8V 3V 

II VI = VCC or GND 3.6V 

VI=0.7V 
2.3V 

VI=1.7V 

II(hold) VI =0.8V 
3V 

VI=2V 

VI = Oto 3.6 V:I: 3.6V 

10Z§ Vo = VCC or GND 3.6 V 

ICC VI = VCC or GND, 10=0 3.6 V 

Ll.ICC One input at V CC - 0.6 V, Other inputs at VCC or GND 3 Vto 3.6 V 

Ci I Control inputs VI = VCC or GND 3.3V 

Cio I AorBports Vo = VCC or GND 3.3V 

t All typical values are at V CC = 3.3 V, T A = 25°C. 
:I: This is the bus-hold maximum dynamic current required to switch the input from one state to another. 
§ For I/O ports, the parameter 10Z includes the input leakage current. 

MIN TYPt MAX UNIT 

VCc-O·2 

1.9 

1.7 
V 

2.4 

2 

2 

0.2 

0.4 

0.55 
V 

0.55 

0.6 

0.8 

±5 I1A 

45 

-45 

75 I1A 

-75 

±500 

±10 I1A 

40 I1A 

750 IIA 
4 pF 

8 pF 

timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 

fclock Clock frequency 

tw Pulse duration 

tsu Setup time 

th Hold time 

Vcc = 2.5 V 
±O.2V 

MIN MAX 

0 120 

ClK high or low 4.2 

A or B before ClK! 1.9 

SEl before ClK! 5.1 

SElEN before ClK! 2.5 

PRE before ClK! 1 

A or B after ClK! 0.8 

SafterClK! 0 

SElEN after ClKi 0.5 

~1EXAS 
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Vee = 2.7 V 
VeC=3.3V 

±O.3V UNIT 
MIN MAX MIN MAX 

0 120 0 120 MHz 

4.2 3 ns 

1.9 1.4 

4.2 3.5 
ns 

2.5 1.8 

1 0.7 

0.8 1 

0 0 ns 

0.5 0.8 
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SN74ALVCHR162409 
9-BIT, 4-PORT UNIVERSAL BUS EXCHANGER 

WITH 3-STATE OUTPUTS 
SCES056A - SEPTEMBER 1995 - REVISED NOVEMBER 1996 

PARAMETER MEASUREMENT INFORMATION 
VCC= 2.5 V ± 0.2 V 

o 4.6 V 

5000 
From Output_ ...... __ - ..... -.A,/\tv----J 

Under Test 

CL=50pF 
(sse Note A) T 5000 

S1 o Open 

r' 
LOAD CIRCUIT 

TI~:~ _____ -J~\.1-.2-V-----
2.3V 

OV r tsu·~ th 
~ 
I 

2.3 V 

TEST S1 

tpd Open 

tPLZI1PZL 4.6 V 
tpHZ/tpZH GND 

VOLTAGE WAVEFORMS 
PULSE DURATION 

Oats --~XI1.2 V 
Input __ --'. . 

~ 
~OV Output 

Control 
(Iow·level 
enabling) 

~. j 2.3V 

~1.2V 4_1.: ___ ov VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

Input --.i1.2V \1.2-;--- 2.3 V 

I I OV 
tpLH -1j'1' __ -t!~ I 1 

tpZL~!+- I 
1 1 tpLZ~ 

_--;1""\.1 1 
Output 1 

Waveform 1 1 
S1 at 4.6 V 

(sse Nota B) 
~PHZ~ 

2.3V 

1 ~ III tpHL 
1 1 
1 ~----_~:-i -- VOH 

Output 
Waveform 2 

S1 atGND 
(sse Note B) 

I~---+ VOH 

Output !1.2V 1.2V 
________ J VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

NOTES: A. CL includes probe and jig capacitance. 

VOH-0.3V 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

OV 

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses are supplied by generators having the following characteristics: PRR s 10 MHz, Zo = 50 0, tr s 2.5 ns, tf s 2.5 ns. 
D. The outputs are measured one at a time with one transition per measurement. 
E. tpLZ and tpHZ are the same as tdis. 
F. tpZL and tpZH are the same as ten. 
G. tpLH and tpHL are the same as tpd. 

Figure 1. Load Circuit and Voltage Waveforms 
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SN74CBT16232 
SYNCHRONOUS 16·BIT TO 32·BIT FET MULTIPLEXER/DEMULTIPLEXER 

• 5-0 Switch Connection Between Two Ports 
• TTL-Compatible Input and Output Levels 

• Package Options Include Plastic Thin 
Shrink Smail-Outline (DGG) and 30Q-mll 
Shrink Smail-Outline (DL) Packages 

description 

The SN74CBT16232 is a 16-bit to 32-bit 
synchronous switch used in applications in which 
two separate datapaths must be multiplexed onto, 
or demultiplexed from, a single path. 

Two select inputs (SO and S1) control the data 
flow. A clock (ClK) and a clock enable (ClKEN) 
synchronize the device operation. When ClKEN 
is high, the bus switch remains in the last clocked 
function. 

The SN74CBT16232 is characterized for 
operation from -40·C to 85·C. 

FUNCTION TABLE 

S1 so elK ClKEN FUNCTION 

X X X H Last state 
L L i L Disconnect 
L H i L A = B1 and A - B2 
H L i L A- B1 
H H i L A=B2 

DGG OR Dl PACKAGE 
(TOP VIEW) 

181 
182 
2A 
381 
382 
4A 

5A 581 
681 582 
682 9 6A 

7A 781 
881 11 782 
882 8A 

GND GND 
Vee 14 43 Vee 

9A 15 42 981 
1081 16 41 982 
1082 17 40 10A 

11A 18 39 1181 
1281 19 38 1182 
1282 20 37 12A 

13A 36 1381 
1481 1382 
1482 14A 

15A 1581 
1681 1582 
1682 16A 
ClK SO 

ClKEN S1 
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SN74CBT16232 
SYNCHRONOUS 16·BIT TO 32·BIT FET MULTIPLEXER/DEMULTIPLEXER 

SCDS009F - MAY 1995 - REVISED AUGUST 1996 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS MIN TYPt MAX UNIT 

VIK VCC=4.5V, 11=-18mA -1.2 V 

II VCC = 5.5 V, VI s 5.5 V or GND ±1 I1A 

ICC VCC=5.5V, 10=0, VI = VCC or GND 3 I1A 

AICC:!: Control pins VCC = 5.5 V, One input at 3.4 V, Other inputs at V CC or GND 2.5 mA 

CI Control pins VI = 3 VorO 4.5 pF 

Aport 6.5 
Cio(OFF) 

B port 
VO=3VorO, ClKEN =0, 80=0, 81 = 0 

4 
pF 

VCC = 4 V, VI = 2.4 V, 11=15mA 14 20 

ron§ 
VI=O, II = 64 mA 5 7 

Q 
VCC=4.5V VI = 0, II =30mA 5 7 

VI = 2.4 V, 11=15mA 10 15 

t All typical values are at VCC = 5 V, TA = 25°C. 
:!:This is the increase in supply current for each input that is at the specified TTL voltage level rather than VCC or GND. 
§ Measured by the voltage drop between the A and B terminals at the indicated current through the switch. On-state resistance is determined by 

the lower of the voltages of the two (A or B) terminals. 

timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 

VCC=5V 
VCC=4V 

PARAMETER ±O.5V UNIT 
MIN MAX MIN MAX 

fclock Clock frequency 0 150 0 150 MHz 

tw Pulse duration ClK high or low 3.3 3.3 ns 

80,81 before ClKi 1.9 2.2 
tsu 8etuptime 

ClKEN before ClKi 
ns 

1.9 2.4 

80,81 after ClKi 1 0.5 
th Hold time 

ClKEN after ClKi 
ns 

1.8 1.9 

switching characteristics over recommended operating free-air temperature range, CL = 50 pF 
(unless otherwise noted) (see Figure 1) 

FROM TO 
Vcc =5V 

Vcc = 4 V 
PARAMETER ±O.5V UNIT (INPUT) (OUTPUT) 

MIN MAX MIN MAX 

fmax 150 150 MHz 

tpd~ AorB B or A 0.25 0.25 ns 

tpd ClK Aor B 2 5.8 6.1 ns 

ten ClK A,B1,B2 1.8 6.2 6.8 ns 

ten ClK B1 or B2 3.1 7.9 8.5 ns 

tdis ClK Aor B 1.9 6.2 5.8 ns 

~ ThiS parameter IS warranted but not production tested. The propagation delay is based on the RC time constant of the typical on-state resistance 
of the switch and a load capacitance of 50 pF, when driven by an ideal voltage source (zero output impedance). 
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SN74CBT16233 
16·BIT TO 32·BIT FET MULTIPLEXER/DEMULTIPLEXER 

• 5·Q Switch Connection Between TlNo Ports 
• TTL·Compatlble Input and Output Levels 
• Package Options Include Plastic Thin 

Shrink Small·Outline (DGG) and 30G-mll 
Shrink Small·Outline (DL) Packages 

description 

The SN74CBT16233 is a 16-bit to 32-bit switch 
used in applications in which two separate data 
paths must be multiplexed onto, or demultiplexed 
from, a single path. This device can be used for 
memory interleaving, where two different banks of 
memory need to be addressed simultaneously. 
The SN7 4CBT16233 can be used as two 8-bit to 
16-bit multiplexers or as one 16-bit to 32-bit 
multiplexer. 

Two select inputs (SEL 1 and SEL2) control the 
data flow. When the TEST inputs are asserted, the 
A port is connected to both the B1 and the B2 
ports. SEL 1, SEL2, and the TEST inputs can be 
driven with a 5-V CMOS, a 5-V TIL, or a 
low-voltage TIL driver. 

The SN74CBT16233 is specified by design not to 
have through current when switching directions. 

The SN74CBT16233 is characterized for 
operation from O°C to 70°C. 

FUNCTION TABLE 

INPUTS 
FUNCTION 

SEL TEST 

L L A= 81 

H L A=82 

X H A = 81 and A = 82 

~TEXAS 
INSTRUMENTS 
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DGG OR DL PACKAGE 
(TOP VIEW) 

181 
281 182 
282 2A 

3A 4 381 
382 
4A 

5A 581 
681 582 
682 6A 

7A 781 
881 782 
882 8A 

GND GND 

Vee Vee 
9A 981 

1081 982 
1082 10A 

11A 1181 
1281 1182 
1282 12A 
13A 1381 

1481 1382 
1482 14A 
15A 1581 

1681 1582 
1682 16A 

TEST1 SEL1 
TEST2 SEL2 

Copyright © 1996. Texas Instruments Incorporated 
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SN74CBT16233 
16-BIT TO 32·BIT FET MULTIPLEXER/DEMULTIPLEXER 

SCDS01 OD - MAY 1995 - REVISED AUGUST 1996 

recommended operating conditions 
MIN MAX UNIT 

Vee Supply voltage 4.75 5.25 V 

VIH High-level control input voltage 2 V 

VIL Low-level control input voltage 0.8 V 

TA Operating free-air temperature 0 70 'e 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS MIN TYPt MAX UNIT 

VIK Vec = 4.75 V, II =-18mA -1.2 V 

VCC=O VI = 5.25 V 10 itA 
II 

VCC = 5.25 V, VI = 5.25 V or GND ±1 itA 

ICC VCC= 5.25 V, 10=0, VI = VCC or GND 3 itA 

"ICC:!: I Control pins VCC - 5.5 V, One input at 3.4 V, Other inputs at VCC or GND 2.5 mA 

CI J Control pins VI =3 VorO 4.5 pF 

Cio(OFF) Vo = 3 VorO 4 pF 

VI=O, II =64mA 5 7 

ron§ VCC=4.75V VI =2.4 V, II =30mA 5 7 n 
VI =2.4 V, 11=15mA 7 12 

t All typical values are at VCC = 5 V, TA = 25'C. 
:!:This is the increase in supply current for each input that is at the specified TIL voltage level rather than VCC or GND. 
§ Measured by the voltage drop between A and B terminals at the indicated current through the switch. On-state resistance is determined by the 

lower of the voltages of the two (A, B) terminals. 

switching characteristics over recommended operating free-air temperature range, CL = 50 pF 
(unless otherwise noted) (see Figure 1) . 

FROM TO 
TA=O'CTO 

PARAMETER 70'C UNIT (INPUT) (OUTPUT) 
MIN MAX 

tpdll AorB B or A 0.25 ns 

too SEL A 1.6 5.3 ns 

ten 1.3 5.2 
TESTorSEL B ns 

tdis 1 5.3 

1l This parameter is warranted but not production tested. The propagation delay is based on the Re time constant of the typical on-state resistance 
of the switch and a load capacitance of 50 pF, when driven by an ideal voltage source (zero output impedance). 
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• Member of the Texas Instruments 
W/debus ™ Family 

• EPIC ™ (Enhanced· Performance Implanted 
CMOS) Submlcron Process 

• Bus Hold on Data Inputs Eliminates the 
Need for External Pullup/Pulidown 
Resistors 

• Latch·Up Performance Exceeds 250 mA Per 
JEDEC Standard JESD·17 

• Package Options Include Plastic 30Q-mll 
Shrink Small·Outllne (DL) and Thin Shrink 
Small·Outllne(DGG) Packages 

description 

The SN74ALVCH 16344 is a 1-bit to 4-bit address 
driver used in applications where four separate 
memory locations must be addressed by a single 
address. 

To ensure the high-im~dance state during power 
up or power down, OE should be tied to Vee 
through a pullup resistor; the minimum value of 
the resistor is determined by the current-sinking 
capability of the driver. 

Active bus-hold circuitry is provided to hold 
unused or floating inputs at a valid logic level. 

The SN74ALVCH16344 is available in Tl's shrink 
small-outline (DL) and thin shrink small-outline 
(DGG) packages, which provide twice the I/O pin 
count and functionality of standard small-outline 
packages in the same printed circuit board area. 

The SN74ALVCH16344 is characterized for 
operation from -40°C to 85°C. 

FUNCTION TABLE 

INPUTS OUTPUT 
OE A BN 

L H H 

L L L 

H H Z 

EPle and Widebus are trademarks of Texas Instruments Incoreorated. 
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SN74ALVCH16344 
1-T0-4 ADDRESS DRIVER 
WITH 3-STATE OUTPUTS 

DGG OR DL PACKAGE 
(TOP VIEW) 

OE1 56 OE4 
181 55 881 
182 3 54 882 

GND 53 GND 
183 883 

884 
Vee Vee 

1A 8A 
281 9 781 
282 782 

GND 11 GND 
283 783 
284 784 

2A 7A 
3A 6A 

381 41 681 
382 40 682 

GND 39 GND 
383 38 683 
384 37 684 

4A 36 5A 
Vee 35 Ver; 
481 34 581 
482 33 582 

GND 32 GND 
483 31 583 
484 30 584 
OE2 29 0E3 

Copyright <C 1996. Texas Instruments Incorporated 
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SN74ALVCH16344 
1· T0-4 ADDRESS DRIVER 
WITH 3-STATE OUTPUTS 

SCES064B - SEPTEMBER 1995 - REVISED NOVEMBER 1996 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vee ......................................................... -0.5 V to 4.6 V 
Input voltage range, VI: Except 1/0 ports (see Note 1) .................................. -0.5 V to 4.6 V 

I/O ports (see Notes 1 and 2) ........................... -0.5 V to Vee + 0.5 V 
Output voltage range, Vo (see Notes 1 and 2) .................................. -0.5 V to Vee + 0.5 V 
Input clamp current, 11K (VI < 0) ........................................................... -50 mA 
Output clamp current, 10K (Vo < 0 or Vo > Vee> ............................................ ±50 mA 
Continuous output current, 10 (VO = 0 to Vee> .............................................. ±50 mA 
Continuous currentthrough each Vee or GND ............................................. ±100 mA 
Maximum power dissipation at T A = 55°C (in still air) (see Note 3): DGG package .........•........ 1 W 

DL package .•................. 1.4 W 
Storage temperature range, Tstg ................................................ .' .. -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings· may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. The input and output negatlve-voltage ratings may be exceeded If the Input and output clamp-current ratings are observed. 
2. This value is limited to 4.6 V maximum. 
3. The maximum package power dissipation is calculated using a junction temperature of 150·e and a board trace length of 750 mils. 

For more information, refer to the Package Thermal Considerationsapplication note in the ABT Advanced BiCMOS Technology Data 
Book. 

recommended operating conditions (see Note 4) 
MIN MAX UNIT 

Vee Supply voltage 2.3 3.6 V 

Vee- 2.3 Vt02.7V 1.7 
VIH High-level input voltage V 

Vee - 2.7 Vto 3.6 V 2 

Vee = 2.3Vt02.7V 0.7 
VIL LOW-level input voltage V 

Vee = 2.7 Vto 3.6 V 0.8 

VI Input voltage 0 Vee V 

Va Output voltage 0 Vee V 

Vee=2.3V -12 

IOH High-level output current VCC- 2.7V -12 mA 

Vee- 3V -24 

I Vee = 2.3 V 12 

IOL Low-level output current Vee = 2.7 V 12 mA 

Vee=3V 24 

AVAv Input transition rise or fall rate 0 10 nsN 

TA Operating free-air temperature -40 85 ·e 

NOTE 4: Unused contrallnputs must be held high or low to pravent them from floating. 
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SN74ALVCH16344 
1·TO·4 ADDRESS DRIVER 
WITH 3·STATE OUTPUTS 

SCES054B - SEPTEMBER 1995 - REVISED NOVEMBER 1996 

switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature range, CL = 50 pF (unless otherwise noted) (see Figures 1 and 2) 

FROM TO 
Vce = 2.5 V 

Vee=2.7V 
Vec= 3.3 V 

PARAMETER ±O.2V ±O.3V UNIT (INPUT) (OUTPUT) 
MIN MAX MIN MAX MIN MAX 

tpd A B 1.3 5.2 4.6 1.4 4 ns 

ten OE B 1.1 6.7 6.2 1.2 5.1 ns 

tdis OE B 1.5 5.3 4.4 1.2 4 ns 

tsk(o)t 0.35 ns 

tsk(o):I: 0.5 ns 
.. t Skew between outputs 01 same bank and same package (same transition). This parameter IS warranted but not production tested • 

:I: Skew between outputs 01 aU banks and same package (A 1 through A8 tied together). This parameter is warranted but not production tested. 

operating characteristics, TA = 25°C 

PARAMETER 

Cpd Power dissipation capacitance 

TEST CONDITIONS 

I Outputs enabled 11= 10MHz I Outputs disabled 
CL= 50 pF, 

~TEXAS 
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Vee = 2.5 V Vee=3.3V 
±O.2V ±O.3V UNIT 

TYP TYP 

68 84 

11 14 
pF 
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SN74ALVCH16344 
1·TO·4 ADDRESS DRIVER 
WITH 3·STATE OUTPUTS 

SCES054B - SEPTEMBER 1995 - REVISED NOVEMBER 1996 

PARAMETER MEASUREMENT INFORMATION 
VCC = 2.7 V AND 3.3 V ± 0.3 V 

o 6V TEST 

S1 tpd o Open 

r' 
5000 

From Output_ ..... __ .... _.A./\IV-__ -/ tPLZ/tpZL 
Under Teat tpHZ/tpZH 

CL=50pF 
(see Note A) T 5000 

LOAD CIRCUIT 

81 
Open 
6V 

GND 

~ tw---+l 
I I 

Input 3 ..... ____ -.JY<,.1-.5-V---

2.7V 

TI~:u~ _____ -J~\.1-.5-V-----
~ tau·~ th 

~ 
I 

2.7V 

OV 

2.7 V 

VOLTAGE WAVEFORMS 
PULSE DURATION 

OV 

Data ___ .J~/\5 V 
Input 1\ ~ 

~OV Output 
Control 

(Iow-Ieval 
anabllng) 

~ j 2.7V 

~1.5V 4~:--- OV VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

tPZL-.! 
I 
I 3V 

VOL+0.3V Input .L1.5V \1.5-;--- 2.7V 

---II I· OV 
tPLH!. .II I I 

Output 
Waveform 1 

81 aUV 
(eee Note B) 

I 
I 
I 

VOL 

tpZH~ 
~PHZ~ 

1- 1l1li ~ tPHL 
I I 
I ,.----_~:-1 -- VOH 

Output 
Wavaform2 

S1 at GND 
(eea Note B) 

1,.-----+ VOH 

Output 11.5V 1.5V 
_______ -J. VOL 

VOH-0.3V 

OV 

VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES ENABLE AND DISABLE TIMES 

NOTES: A. CL includes probe and jig capacitance. 
B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 

Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 
C. All input pulses are supplied by generators having the following characteristics: PRR s 10 MHz, Zo = 50 0. tr s 2.5 ns, tf s 2.5 ns. 
D. The outputs are measured one at a time with one transition per measurement. 
E. tpLZ and tpHZ are the same as !dis. 
F. tpZL and tpZH are the same as ten. 
G. tPHL and tPLH are the same as \pd. 

Figure 2. Load Circuit and Voltage Waveforms 
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• Member of the Texas Instruments 
Wldebu$TM Family 

• EPICTM (Enhanced-Performance Implanted 
CMOS) Submlcron Process 

• Output Ports Have Equivalent 26-0 Series 
Resistors, So No External Resistors Are 
Required 

• Bus Hold on Data Inputs Eliminates the 
Need for External Pullup/Pulldown 
Resistors 

• Package Options Include Plastic 30().mll 
Shrink Small-Outline (DGG) and Thin 
Shrink Small-Outline (DL) Packages 

description 

The SN74ALVCH162344 is a 1-bit-to-4-bit 
address driver used in applications where four 
separate memory locations must be addressed by 
a single address. 

The outputs, which are designed to sink up to 
12 mA, include 26-0 resistors to reduce 
overshoot and undershoot. 

To ensure the high-impedance state during power 
up or power down, OE should be tied to Vee 
through a pullup resistor; the minimum value of 
the resistor is determined by the current-sinking 
capability of the driver. 

Active bus-hold circuitry is provided to hold 
unused or floating inputs at a valid logic level. 

SN74ALVCH162344 
1·T0-4 ADDRESS DRIVER 
WITH 3·STATE OUTPUTS 

SCES085A - AUGUST 1996-

DGG OR DL PACKAGE 
(TOP VIEW) 

183 
184 
Vee 7 

lA 
281 
282 

GND 
283 
284 
2A 
3A 

381 
382 

GND 
383 
384 
4A 

Vee 
481 
482 

GND 
483 

OE4 
B81 
B82 
GND 
B83 
B84 
Vee 
BA 
781 
782 
GND 
783 
784 
7A 
6A 
681 
682 
GND 
683 
684 
5A 
Vee 
581 
582 
GND 
583 

484 584 
OE2 OE3 "1-__ .1'" 

The SN74ALVCH162344 is packaged in Tl's shrink small-outline package, which provides twice the 1/0 pin 
count and functionality of standard small-outline packages in the same printed circuit board area. 

The SN74ALVCH 162344 is characterized for operation from -40cC to 85cC. 

A·TO·B FUNCTION TABLE 

INPUTS OUTPUT 
OE A Bn 

L H H 

L L L 

H X Z 

EPIC and Widebus are trademarks of Texas Instruments Incorporated. 

PRODUCT PREVIEW Information ........ produeta In tho formative or =:: ~hooo of _I""",ont. Charactarlad. da1a and other 
• cations are .... Ign goaIa. Texaa Instrumants ..... tho right to 

or discontinue th .. pt"Oducta without notice. ~TEXAS 
INSTRUMENTS 
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SN74ALVCH162344 
1-TO-4 ADDRESS DRIVER 
WITH 3-STATE OUTPUTS 

SCES085A - AUGUST 1996 - REVISED OCTOBER 1996 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vee ......................................................... -0.5 V to 4.6 V 
Input voltage range, V, (see Note 1) ................................................. -0.5 V to 4.6 V 
Output voltage range, Vo (see Notes 1 and 2) .................................. -0.5 V to Vee + 0.5 V 
Input clamp current, ',K (V, < 0) ........................................................... -50 mA 
Output clamp current, 10K (Vo < 0 or Vo > Vee> ............................................ ±50 mA 
Continuous output current, 10 (Vo = 0 to Vee> .............................................. ±50 mA 
Continuous current through each Vee or GND ............................................. ±100 mA 
Maximum power dissipation at TA = 55°C (in still air) (see Note 3): DGG package .................. 1 W 

DL package ................... 1.4 W 
Storage temperature range, Tstg ................................................... -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. The input and output negative-voltage ratings may be exceeded if the input and output cJamp-current ratings are observed. 
2. This value is limited to 4.6 V maximum. 
3. The maximum package power dissipation is calculated using a junction temperature of 150·C and a board trace length of 750 mils. 

For more information, refer to the Package ThermalConsiderationsapplication note in the ABT Advanced SiCMOS Technology Data 
Sook. 

recommended operating conditions (see Note 4) 
MIN MAX UNIT 

VCC Supply voltage 2.3 3.6 V 

VCC -2.3 Vt02.7V 1.7 
VIH High-level input vo~age V 

VCC -2.7Vt03.6 V 2 

VCC = 2.3 Vt02.7V 0.7 
VIL Low-level input voltage V 

VCC=2.7Vt03.6V 0.8 

VI Input voltage 0 VCC V 

Vo Output voltage 0 VCC V 

VCC- 2.3V -6 

IOH High-level output current VCC- 2.7V -8 mA 

VCC=3V -12 

VCC-2.3V 6 

IOL LOW-level output current VCC-2.7V 8 mA 

VCC .3V 12 

"tiM I nput transition rise or fall rate 0 10 nsN 

TA Operating free-air temperature -40 85 ·C 

NOTE 4: Unused control Inputs must be held high or low to prevent them from floating. 

~1ExAs 
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SN74ALVCH162344 
1·TO·4 ADDRESS DRIVER 
WITH 3·STATE OUTPUTS 

SCES085A - AUGUST 1996 - REVISED OCTOBER 1996 

operating characteristics, T A = 25°C 

PARAMETER 

Cpd Power dissipation capacitance 

TEST CONDITIONS 

I Outputs enabled 
CL= 0, I Outputs disabled 

~1EXAS 
INSTRUMENTS 

f=10MHz 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 

Vee = 2.5 V Vee = 3.3 V 
±O.2V ±O.3V UNIT 

TYP TYP 

pF 
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SN74ALVCH162344 
1· TO·4 ADDRESS DRIVER 
WITH 3·STATE OUTPUTS 

SCES085A - AUGUST 1996 - REVISED OCTOBER 1998 

PARAMETER MEASUREMENT INFORMATION 
VCC = 2.7 V AND 3.3 V±O.3 V 

Sl 
From Output _--._---<.-_5-\01\,01\,0 __ --/ 

Under Test 

CL = 50 pF 
(see Note A) T 5000 

LOAD CIRCUIT 

o BV 

o Open 

l~ 

TEST Sl 

tpd Open 
tpLZ/tpZL 6V 

tpHZ/tpZH GND 

14-- tw--+l 

TI:~:~ _____ --'~""1_.5_V-----

, ',...---
Input 3 Y<",,1_.5_V __ :.: V 2.7V 

~ tau·~ th 
~ 

OV VOLTAGE WAVEFORMS 
PULSE DURATION 

Data ___ .JW1.5 V 
Input 1\ 

I 
~2.7V 

1.5V 
OV 

Output 
Control 

(Iow·level 
enabling) 

~ j 2.7 V 

~1.5V ~_1.: ___ OV VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

Input L 1•5V \7."5-;--- 2.7V 

--...II I· OV 

tPLH I~ .I, I J 14 PI tpHL , , 
, ,.----~~- VOH 

Output !1.5V 1.5V 
_______ oJ. VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

NOTES: A. CL includes probe and jig capacitance. 

Output 
Waveform 1 

Sl at 6 V 
(see Note B) 

Output 
Waveform 2 

Sl atGND 
(see Note B) 

tpZL ~ !+-t -.! 
1 1 PLZ- I 

_---;1...,.1 1 
1 
1 1 

1 , 
tpZH~ 

~PHZ~ 

',.---+ 

VOL + 0.3 V 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

3V 

VOL 

OV 

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses are supplied by generators having the following characteristics: PRR ,;; 10 MHz, Zo ~ 50 0, tr ,;; 2.5 ns, tf ,;; 2.5 ns. 
D. The outputs are measured one at a time with one transition per measurement. 
E. tpLZ and tpHZ are the same as !dis. 
F. tpZL and tpZH are the same as len. 
G. tpHL and tpLH are the same as tpd' 

Figure 2. Load Circuit and Voltage Waveforms 
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• Member of the Texaalnstruments 
Wldebus™ Family 

• EPICTM (Enhancecf..Performance Implanted 
CMOS) Submlcron Process . 

• High-Impedance State During Power Up 

• Bus Hold on Data Inputs Eliminates the 
Need for External PullupiPulldown 
Resistors 

• Packaged In Plastic 3GO-mll Thin Shrink 
Smail-Outline Package 

description 

This 1-bit-to-~bit address register/driver. is 
designed for 2.3-V to 3.6-V Vcc operation, The 
device is ideal for use in applications where a 
single address bus is driving four separate 
memory locations. The SN74ALVCH16831 can 
be used as a buffer or a rsg~rer, depending on the 
logic level of the select ( ) input. . 

When SEL is logic high, the device Is In the buffer 
mode. The· outputs follow the inputs .and are 
controlled by the two output-enable (C5E) controls. 
Each C5E controls two groups of nine outputs. 

When SEC is logic low, the device is In the register 
mode. The register Is an edge-triggered D-type 
flip-flop. On the positive transition of the clock 
(CLK) input, data set up at the A inputs is stored 
In the internal registers. C5E controls operate the 
.same as in buffer mode. 

When OE is logic low, the outputs are in a normal 
logic state (high or low logic level). When OE is 
logic high, the outputs are in the high~impedance 
state. 

SEC or C5E does.not affect the internal operation 
of the flip-flops. Old data can be retained or new 
data can be entered while the outputs are in the 
high-impedance state. 

When V CC is between 0 and 1.2 V, the device is 
in the high-impedance state during power up. 
However, to ensure the high-impedance state 
above 1.2 V, OE should be tied to VCC through a 
pullup resistor; the minimum value of the resistor 
is determined by the current-sinking caipability of 
the driver. 

EPic and Widebus are trademarks of TeXas Instruments Incorporated. 

.SN74ALVCH16831 
1· T().4 ADDRESS REGISTER/DRIVER 

WITH 3-STATE OUTPUTS 

4Y1 
3Y1 

GND 
2Y1 
1Y1 
VCC 

NC 
A1 

GND 
NC 
A2 

GND 
NC 
A3 

Vee 
NC 
A4 

GND 
CLK 
W 
m 
m 
GND 

AS 
A6 

Vee 
A7 
NC 

GND 
AS 
NC 

GND 
A9 
NC 

Vee 
4Y9 
3Y9 

GND 
2Y9 
1Y9 

DBBPACKAGE 
(TOP VIEW) 

1 U 8O~ 
2 79 
3 78 
4 77 
5 76 

6 75 
7 74 
8 73 
9 72 
10 71 

111 70 

1 ~~ 
69 
68 

14 67 
15 66 

16 65 
17 64 

18 63 
19 62 
20 61 
21 80 

22 59 
23 58 
24 57 
25 56 

26 55 
27 54 

28 53 
29 52 

30 51 
31 50 
32 49 
33 48 

34 47 
35 46 
36 45 
37 44 

36 43 
39 42 
40 41 

1Y2 
2Y2 
GND 
3Y2 
4Y2 
Vee 
1Y3 
2Y3 
GND 
3Y3 
4Y3 
GND 
1Y4 
2Y4 
Vee 
3Y4 
4Y4 
GND 
1Y5 
2Y5 
3Y5 
4Y5 
GND 
1Y6 
2Y6 
VCC 
3Y6 
4Y6 
GND 
1Y7 
2Y7 
GND 
3Y7 
4Y7 
Vee 
1Y6 
2Y6 
GND 
3Y6 
4Y6 

NC - No internal connection 

Copyright C 1996. Texa8lns1ruments Incorporated 
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SN74ALVCH16831 
1· TO·4 ADDRESS REGISTER/DRIVER 

WITH 3·STATE OUTPUTS 
SCES083-AUGUST 1996 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vee ......................................................... -<l.5 V to 4.6 V 
Input voltage range, VI (see Note 1) ................................................. -<l.5 V to 4.6 V 
Output voltage range, Vo (see Notes 1 and 2) .................................. -<l.5 V to Vee + 0.5 V 
Input clamp current, 11K (VI < 0) ........................................................... -50 mA 
Output clamp current, 10K (Vo < 0 or Vo > Vecl ............................................ ±50 mA 
Continuous output current, 10 (VO = 0 to Vecl .............................................. ±50 mA 
Continuous current through each Vee or GND ............................................. ±100 mA 
Maximum power dissipation at T A = 55°C (in still air) (see Note 3) .............................. 0.84 W 
Storage temperature range, Tsig ................................................... -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
2. This value is limited to 4.6 V maximum. 
3. The maximum package power dissipation is calculated using a junction temperature of 150°C and a board trace length of 750 mils. 

For more information, refertothe Package Thermal Considerations application note in the AST Advanced SiCMOS Technology Data 
Book. 

recommended operating conditions (see Note 4) 
MIN MAX UNIT 

Vee Supply voltage 2.3 3.6 V 

Vee = 2.3 V to 2.7 V 1.7 
VIH High-level input voltage V 

Vee = 2.7 V to 3.6 V 2 

Vee=2.3Vt02.7V 0.7 
VIL Low-level input voltage V 

Vee = 2.7 Vt03.6 V 0.8 

VI Input voltage 0 Vee V 

Vo Output voltage 0 Vee V 

Vee=2.3V -12 

IOH High-level output current Vee=2.7V -12 mA 

Vee=3V -24 

vee = 2.3 V 12 

IOL Low-level output current Vee=2.7V 12 mA 

Vee=3V 24 

l!.tlM Input transition rise or fall rate 0 10 nsN 

At/AVec Power-up ramp rate 200 ~N 

TA Operating free-air temperature -40 85 °e 

NOTE 4: Unused control mputs must be held high or low to prevent them from floating. 
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SN74ALVCH16831 
1· TO·4 ADDRESS REGISTER/DRIVER 

WITH 3·STATE OUTPUTS 
SCES083 - AUGUST 1996 

switching characteristics over recommended operating free-air temperature range, CL = 50 pF 
(unless otherwise noted) (see Figures 1 and 2) 

FROM 
PARAMETER (INPUT) 

Imax 

A 

tpd ClK 

SEl 

ten OE 

tdis OE 

operating characteristics, T A = 25°C 

PARAMETER 

Cpd Power dissipation capacitance 

TO 
Vce =2.5V 

±O.2V 
(OUTPUT) 

MIN MAX 

150 

y 

y 

Y 

TEST CONDITIONS 

I Outputs enabled 
Cl=OpF, 1=10MHz I Outputs disabled 

~TEXAS 
INSTRUMENTS 
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Vee = 2.7 V 
Vee = 3.3 V 

±O.3V UNIT 

MIN MAX MIN MAX 

150 150 MHz 

ns 

ns 

ns 

Vee =2.5V Vee =3.3V 
±O.2V ±O.3V UNIT 

TYP TYP 

pF 
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SN74ALVCH16831 
1·TO·4 ADDRESS REGISTER/DRIVER 

WITH 3·STATE OUTPUTS 
SCES083 - AUGUST 1996 

PARAMETER MEASUREMENT INFORMATION 
VCC = 2.7V AND 3.3 V±O.3 V 

S1 
From Output _ ....... >--_ ...... _""sol\o"o~ __ ./ 

UncierTeat 

CL=SOpF 
(see Note A) T sooo 

LOAD CIRCUIT 

o 6V 

o Open 

rD 

TEST S1 

tpd Open 
tpl.ZItPZL 6V 

tpHZ'tpZH GND 

14--- tw --.I 

2.7 V 

1 1,--_-

Input =:0( }('I...,_,S_V __ :.: V 

OV 

I tau th 

Data ----..\1/1.S V 
Input __ --'" 

I 
~2.7V 

1.SV 
OV 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

Input L 1.SV \~s-;--- 2.7 V 

---11 I· OV 
tpLH !. ~I 1 1 

'" 14 ~ tpHL 
1 1 
I,----~~rl --VOH 

Output !1.SV 1.SV 

-------'. VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DEl.AY TIMES 

NOTES: A. CL includes probe and jig capacitance. 

Output 
Control 

(low-level 
enabling) 

Output 
Waveform 1 

S1 at 6 V 
(see Note B) 

Output 
Waveform 2 

S1 atGND 
(see Note B) 

VOLTAGE WAVEFORMS 
PULSE DURATION 

~ I 2.7V 

~'.sv 4_1.: ___ ov 

tpZL~ I+- 1 
1 1 tPl.Z-+j 

----+1"'"\1 I 
1 
1 1 

1 
1 

tpZH -+I 
tpHZ~ 

14-

3V 

VOL +0.3V 
VOL 

1,----+ VOH 
VOH -0.3 V 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

OV 

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses are supplied by generators having the following characteristics: PRR s 10 MHz, Zo = 50 0, tr s 2.5 ns, tf s 2.5 ns. 
D. The outputs are measured one at a time with one transition per measurement. 
E. tpLZ and tpHZ are the same as 'dis. 
F. tpZL and tpZH are the same as ten. 
G. tpHL and tpLH are the same as tpd. 

Figure 2. Load Circuit and Voltage Waveforms 
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• Member of the Texas Instruments 
Wldebus™ Family 

• EPICTM (Enhanced-Performance Implanted 
CMOS) Submlcron Process 

• Output Ports Have Equivalent 26-0 Series 
Resistors, So No External Resistors Are 
Required 

• High-Impedance State During Power Up 
• Bus Hold on Data Inputs Eliminates the 

Need for External PullupiPulidown 
Resistors 

• Packaged In Plastic 300-mll Thin Shrink 
Smail-Outline Package 

description 

This 1-bit-to-4-bit address register/driver is 
designed for 2.3-V to 3.6-V VCC operation. The 
device is ideal for use in applications where a 
single address bus is driving four separate 
memory locations. The SN74AlVCH162831 can 
be used as a buffer or a register, depending on the 
logic level of the select (SEl) input. 

When SEl is logic high, the device is in the buffer 
mode. The outputs fol/ow the inputs and are 
control/ed by the two output-enable (OE) controls. 
Each OE controls two groups of nine outputs. 

When SEl is logic low, the device is in the register 
mode. The register is an edge-triggered D-type 
flip-flop. On the positive transition of the clock 
(ClK) input, data set up at the A inputs is stored 
in the internal registers. OE controls operate the 
same as in buffer mode. 

When OE is logic low, the outputs are in a normal 
logic state (high or low logic level). When OE is 
logic high, the outputs are in high-impedance 
state. 

SEl or OE does not affect the internal operation 
of the flip-flops. Old data can be retained or new 
data can be entered while the outputs are in the 
high-impedance state. 

The outputs, which are designed to sink up to 
12 mA, include 26-0 resistors to reduce 
overshoot and undershoot. 

EPIC and Widebus are trademarks of Texas Instruments Incorporated. 

PRODUCT PREVIEW Informlllon ....... producta In II1e tOl1lllllve or := phne of _Iopmtnt. ChI_ ctota and other 
tIcaIl ...... deBlgn goals. T .... lnatnunents _ .. th. right to 
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SN74ALVCH162831 
1· TO-4 ADDRESS REGISTER/DRIVER 

WITH 3-STATE OUTPUTS 

OBBPACKAGE 
(TOP VIEW) 

4Yl lY2 
3Yl 2Y2 

GND GND 
2Yl 3Y2 
lYl 4Y2 

Vee Vee 
NC lY3 
Al 2Y3 

GND GND 
NC 3Y3 
A2 4Y3 

GND GND 
NC 1Y4 
A3 2Y4 

Vee vee 
NC 3Y4 
A4 4Y4 

GND GND 
ClK lY5 
OEl 2Y5 
OE2 3Y5 
SEl 4Y5 

GND GND 
A5 1Y6 
A6 2Y6 

vee Vee 
A7 3Y6 
NC 4Y6 

GND GND 
A8 30 lY7 
NC 31 2Y7 

GND 32 GND 
A9 33 3Y7 
NC 34 4Y7 

Vee 35 Vee 
4Y9 36 lY8 
3Y9 37 2Y8 

GND 38 GND 
2Y9 39 3Y8 
lY9 40 41 4Y8 

Ne - No internal connection 

Copyright ~ 1996, Texas Instruments Incorporated 
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SN74ALVCH162831 
1·TO·4 ADDRESS REGISTER/DRIVER 

WITH 3·STATE OUTPUTS 
SCES084 - AUGUST 1996 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vee ... , ..................................................... -0.5 V to 4.6 V 
Input voltage range, VI (see Note 1) ................................................. -0.5 V to 4.6 V 
Output voltage range, Vo (see Notes 1 and 2) .................................. -0.5 V to Vee + 0.5 V 
Input clamp current, 11K (VI < 0) ........................................................... -50 mA 
Output clamp current, 10K (Vo < 0 or Vo > Vee) ............................................ ±50 mA 
Continuous output current, 10 (VO = 0 to Vee) .............................................. ±50 mA 
Continuous current through each Vee or GND ............................................. ±100 mA 
Maximum power dissipation at T A = 55°C (in still air) (see Note 3) .............................. 0.84 W 
Storage temperature range, Tstg ................................................... -65°C to 150°C 

t Stresses beyond those listed under "'absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only. and 
functional operation of the device at these or any other conditions beyond those indicated under "'recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for ex1ended periods may affect device reliability. 

NOTES: 1. The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
2. This value is limited to 4.6 V maximum. 
3. The maximum package power dissipation is calculated using a junction temperature of 150°C and a board trace length of 750 mils. 

For more information. refer to the Package Thermal Considerations application note in the ABT Advanced BiCMOS Technology Data 
Book. 

recommended operating conditions (see Note 4) 
MIN MAX UNIT 

Vee Supply voltage 2.3 3.6 V 

Vee =2.3 Vt02.7V 1.7 
VIH High-level input voltage V 

Vee = 2.7 Vto 3.6 V 2 

Vee=2.3Vt02.7V 0.7 
Vil low-level input voltage V 

Vee = 2.7Vto 3.6 V 0.8 

VI Input voltage 0 Vee V 

Vo Output voltage 0 Vee V 

Vee = 2.3 V -6 

IOH High-level output current Vee =2.7V -8 mA 

Vee=3V -12 

Vee = 2.3 V 6 

IOl low-level output current Vee = 2.7 V 8 mA 

Vee = 3 V 12 

At/ll.v Input transition rise or fail rate 0 10 nsN 

At/AVec Power-up ramp rate 200 (lsN 

TA Operating free-air temperature -40 85 °e 

NOTE 4: Unused control Inputs must be held high or low to prevent them from floating. 
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SN74AlVCH162831 
1·TO·4 ADDRESS REGISTER/DRIVER 

WITH 3·STATE OUTPUTS 
SCES084-AUGUST 1996 

switching characteristics over recommended operating free-air temperature range, CL = 50 pF 
(unless otherwise noted) (see Figures 1 and 2) 

FROM 
PARAMETER (INPUT) 

'max 

A 

tpd ClK 

SEl 

ten OE 

tdis OE 

operating characteristics, T A = 25°C 

PARAMETER 

Cpd Power dissipation capacitance 

TO 
Vcc =2.SV 

±O.2V 
(OUTPUT) 

MIN MAX 

150 

Y 

Y 

Y 

TEST CONDITIONS 

L Outputs enabled 
Cl=OpF. ,= 10MHz I Outputs disabled 

~TEXAS 
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Vee=2.7V 
Vcc = 3.3 V 

±O.3V UNIT 

MIN MAX MIN MAX 

150 150 MHz 

ns 

ns 

ns 

Vee =2.SV Vee =3.3V 
±O.2V ±O.3V UNIT 

TYP TYP 

pF 

3-31 

~ 
W -> w 
a: 
D.. 

t; 
::J 
C o 
a: 
D.. 



SN74ALVCH162831 
1· TO·4 ADDRESS REGISTER/DRIVER 

WITH 3·STATE OUTPUTS 
SCES084 - AUGUST 1996 

PARAMETER MEASUREMENT INFORMATION 
VCC = 2.7 V AND 3.3 V±O.3 V 

S1 
From Output _-._ ..... io--_5-\00N\r0 __ --/ 

Under Teat 

CL=50pF 

(see Note A) r 5000 

LOAD CIRCUIT 

o 6V 

o Open 

1-
TEST S1 

tpd Open 

tPLZ/tpZL 6V 

tPHZ/tpZH GND 

14-- tw -----.t 

TI~~:~ _____ -J¥ .... 1_.5_V ___ _ 

2.7V 

, ,~--

Input 3 X .... 1_.5_V ___ :.: V 

rtau~ th 
~ 

OV VOLTAGE WAVEFORMS 
PULSE DURATION 

Date --~W1.5V 
Input __ ...J1\ 

I 
~2.7V 

1.5V 
OV 

Output 
Control 

(low-level 
enabling) 

~ I 2.7V 

~1.5V 4_1
.: ___ ov VOLTAGE WAVEFORMS 

SETUP AND HOLD TIMES 

Input .L1•5V \~5~--- 2.7V 

---II , . OV 

tpLH I'.. ~, 'J 
,.. PI tpHL 

tpZL -.! I+-t -.! 
, , PLZ- I 

---;'"" , , Output I 
Waveform 1 I I 

S1 at6V I 
(see Note B) , 

tpZH~ 
tpHZ~ 

I+-

3V 

VOL + 0.3 V 
VOL 

, , 
',.----~~-- VOH 

Output 
Waveform 2 

S1 atGND 
(see Note B) 

'r------+ VOH 

Output !1.5V 1.5V _______ J. VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

NOTES; A. CL Includes probe and jig capacttance. 

VOH -0.3 V 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

OV 

B. Waveform 1 Is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses are supplied by generators having the following characteristics: PRR ,;; 10 MHz, Zo - 50 n. Ir ,;; 2.5 ns, If ,;; 2.5 ns. 
D. The outputs are measured one at a time with one transition per measurement. 
E. tPLZ and tpHZ are the same as Idis. 
F. tpZL and tpZH are the same as ten. 
G. tpHL and tpLH are the same as Ipd. 

Figure 2. Load Circuit and Voltage Waveforms 
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• Member of the Texas Instruments 
W/debusTt.4 Family 

• EPICTM (Enhanced-Performance Implanted 
CMOS) Submicron Process 

• ESD Protection Exceeds 2000 V Per 
Mll-STD-883, Method 3015; Exceeds 
200 V Using Machine Model 
(C = 200 pF, R = 0) 

• latch-Up Performance Exceeds 250 mA 
Per JEDEC Standard JESD-17 

• Bus Hold on Data Inputs Eliminates the 
Need for External pUllup/Pulidown 
Resistors 

• Package Options Include Plastic 30o-mil 
Shrink Small-Outline (Dl) and Thin Shrink 
Small-Outline (DGG) Packages 

description 

This 1 O-bit flip-flop is designed for 2.3-V to 3.6-V 
VCC operation. 

The flip-flops of the SN74AlVCH16820 are 
edge-triggered D-type flip-flops. On the positive 
transition of the clock (ClK) input, the device 
provides true data at the Q outputs. 

A buffered output-enable (OE) input can be used 
to place the ten outputs in either a normal logic 
state (high or low logic level) or a high-impedance 
state. In the high-impedance state, the outputs 
neither load nor drive the bus lines significantly. 
The high-impedance state and increased drive 
provide the capability to drive bus lines without 
need for interface or pullup components. 

SN74ALVCH16820 
3.3-V 10-81T FLIP-FLOP 
WITH DUAL OUTPUTS 

DGG OR DL PACKAGE 
(TOP VIEW) 

10E 1 

Vee 
301 
302 9 
401 

GNO 
402 
501 
502 
601 
602 
701 

GNO 
702 
801 
802 

ClK 
01 
NC 
GNO 
02 
NC 
Vee 
03 
NC 
04 
GNO 
NC 
05 
NC 
06 
NC 
07 
GNO 
NC 
08 
NC 

Vee Vee 
901 09 
902 NC 

GNO GNO 
1001 010 
1002 NC 
20E NC -..... __ .r 

Ne - No internal connection 

OE input does not affect the internal operation of the flip-flops. Old data can be retained or new data can be 
entered while the outputs are in the high-impedance state. 

To ensure the high-impedance state during power up or power down, OE should be tied to V cc through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

The SN74AlVCH16820 is available in TI's shrink small-outline (Dl) and thin shrink small-outline (DGG) 
packages, which provide twice the 1/0 pin count and functionality of standard small-outline packages in the 
same printed circuit board area. 

The SN74AlVCH16820 is characterized for operation from -40°C to 85°C. 

EPIC and Widebus are trademarks of Texas Instruments Incorporated. 
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SN74ALVCH16820 
3.3-V 1()"BIT FLIP-FLOP 
WITH DUAL OUTPUTS 

SCES035A - JULY 1995 - REVISED NOVEMBER 1996 

recommended operating conditions (see Note 4) 

MIN MAX UNIT 

Vee Supply voltage 2.3 3.6 V 

Vee = 2.3 V to 2.7 V 1.7 
VIH High-level input voltage V 

Vee. 2.7 V to 3.6 V 2 

Vee - 2.3 V to 2.7 V 0.7 
Vil low-level input voltage V 

Vee - 2.7 V to 3.6 V 0.8 

VI Input vottage 0 Vee V 

Vo Output voltage 0 Vee V 

Vee = 2.3 V -12 

10H High-level output current VCC- 2.7V -12 mA 

Vec =3V -24 

Vec- 2.3V 12 

10l low-level output current VCC=2.7V 12 mA 

VCC -3V 24 

/;.t//;.v Input transition rise or fall rate 0 10 nsN 

TA Operating free-air temperature -40 B5 ·C 

NOTE 4: Unused control inputs must be held high or low to prevent them from floating. 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS VCC 
10H = -100 JJA 2.3Vt03.6V 

10H=~mA, VIH=1.7V 2.3V 

VIH = 1.7 V 2.3 V 
VOH 

IOH=-12mA VIH =2V 2.7 V 

VIH-2V 3V 

10H =-24 mA, VIH=2V 3V 

10l= 1OOl1A 2.3Vt03.6V 

IOl=6 mA, VIL = 0.7 V 2.3V 

VOL Vil = 0.7 V 2.3 V 
IOL=12mA 

VIL=O.BV 2.7V 

IOl=24 mA, VIL-O.B V 3V 

II VI = Vce or GND 3.6 V 

VI = 0.7 V 

VI=1.7V 
2.3V 

II(hOld) VI_ O.BV 

VI =2V 
3V 

VI = Oto 3.6 V:t: 3.6V 

10Z Vo = Vce or GND 3.6V 

ICC VI = Vce or GND, 10=0 3.6V 

Ll.ICC One input at Vce - 0.6 V, Other inputs at Vce or GND 3Vt03.6 V 

Ci 
Control inputs 

Data inputs 
VI = VCC or GND 3.3V 

Co Outputs Vo - VCC or GND 3.3V 

t All tYPical values are at VCC = 3.3 V. TA = 25·C. 
:t: This is the bus-hold maximum dynamic current required to switch the input from one state to another. 
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MIN TYPt MAX UNIT 

VCc-O·2 

2 

1.7 
V 

2.2 

2.4 

2 

0.2 

0.4 

0.7 V 

0.4 

0.55 

±5 I1A 

45 

-45 

75 I1A 

-75 

±500 

±10 I1A 

40 JJA 
750 I1A 

3.5 

6 
pF 

7 pF 
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SN74ALVCH16820 
3.3-V 10-81T FLIP-FLOP 
WITH DUAL OUTPUTS 

SCES035A-JULY 1995- REVISED NOVEMBER 1996 

PARAMETER MEASUREMENT INFORMATION 
V CC = 2.5 V ± 0.2 V 

o 4.6V TEST S1 
S1 o Open 

r' 
500n 

From Output -41I---..... -.I\I\/'v----J 
Under Test 

CL=50pF 
(see Note A) T 500n 

tpd Open 

tPLZitPZL 4.6 V 

tPHZ/tpZH GND 

LOAD CIRCUIT ~ tw--+l 

2.3V 

1 I~ __ 

Input 3 _____ -JX'-1_.2_V __ :.: V 

OV 

I tsu th I 
2.3V 

Data ---~1.2V 
Input __ --'" 

~ 
~OV 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

Input L1.2V \1.2-;--- 2.3V 

----II 1 . OV 
tPLH --;.11.t--.,.! 1 I 

I i'II ~ tpHL 
1 I 
I ~----~~-- VOH 

Output !1.2V 1.2V _____ J VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

NOTES: A. CL includes probe and jig capacitance. 

Output 
Control 

(low-level 
enabling) 

Output 
Waveform 1 

S1 at 4.6 V 
(see Note B) 

Output 
Waveform 2 

S1 atGND 
(see Note B) 

VOLTAGE WAVEFORMS 
PULSE DURATION 

~. I 2.3 V 

~1.2V 4_1.: ___ ov 

tpZL~ 
I 
I 

I 
I 
I 

tpZH~ 
~PHZ~ 

2.3 V 

VOL + 0.3 V 
VOL 

1 r---"" VOH 
VOH-0.3V 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

OV 

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses are supplied by generators having the following characteristics: PRR s 10 MHz, Zo ~ 50 n. tr s 2.5 ns, tf S 2.5 ns. 
D. The outputs are measured one at a time with one transition per measurement. 
E. tpLZ and tpHZ are the same as Idis. 
F. tpZL and IpZH are the same as len. 
G. tpLH and tpHL are the same as tpd. 

Figure 1. Load Circuit and Voltage Waveforms 
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SN74ALVCH162820 
3.3-V 10·BIT FLlp·FLOP WITH DUAL OUTPUTS 

• Member of the Texas Instruments 
Wldebus™ Family 

• EPICTM (Enhanced·Performance Implanted 
CMOS) Submlcron Process 

• Output Ports Have Equivalent 2EHl Series 
Resistors, So No External Resistors Are 
Required. 

• ESD Protection Exceeds 2000 V Per 
Mll·STD·883, Method 3015; Exceeds 200 V 
Using Machine Model 
(C = 200 pF, R = 0) 

• latch·Up Performance Exceeds 250 mA 
Per JEDEC Standard JESD·17 

• Bus Hold on Data Inputs Eliminates 
the Need for External Pullup/Pulidown 
Resistors 

• Package Options Include Plastic Shrink 
Small·Outline (Dl) and Thin Shrink 
Small-Outline (DGG) Packages 

description 

This 10-bit flip-flop is designed for 2.3-V to 3.6-V 
VCC operation. 

The SN74AlVCH162820 flip-flops are edge
triggered D-type flip-flops. On the positive 
transition of the clock (ClK) input, the device 
provides true data at the Q outputs. 

A buffered output-enable (OE) input can be used 
to place the eight outputs in either a normal logic 
state (high or low logic levels) or a high
impedance state. In the high-impedance state, 

AND 3·STATE OUTPUTS 

DGG OR DL PACKAGE 
(TOP VIEW) 

10E 
101 
102 3 

GNO 4 

201 
202 
Vee 
301 
302 9 
401 

GNO 11 
402 
501 
502 
601 
602 
701 

GNO 
702 
801 
802 
Vee 
901 
902 

GNO 

54 
53 
52 
51 
50 
49 
48 

ClK 
01 
NC 
GNO 
02 
NC 
Vee 
03 
NC 
04 
GNO 
NC 
05 
NC 
06 
NC 
07 
GNO 
NC 
08 
NC 
Vee 
09 
NC 
GNO 

1001 010 
1002 NC 
20E NC 

____ .r 

Ne - No internal connection 

1996 

the outputs neither load nor drive the bus lines significantly. The high-impedance state and increased drive 
provide the capability to drive bus lines without need for interface or pullup components. 

OE does not affect the internal operations of the flip-flops. Old data can be retained or new data can be entered 
while the outputs are in the high-impedance state. 

The outputs, which are designed to sink up to 12 rnA, include 26-0 resistors to reduce overshoot and 
undershoot. 

To ensure the high-impedance state during power up or power down, OE should be tied to VCC through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

EPle and Widebus are trademarks 01 Texas Instruments Incorporated. 
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SN74ALYCH162820 
3.3·Y 10·BIT FLlP·FLOP WITH DUAL OUTPUTS 

AND 3·STATE OUTPUTS 
SCES012A - JULY 1995 - REVISED NOVEMBER 1996 

recommended operating conditions (see Note 4) 

Vee Supply voltage 

Vee=2.3Vt02.7V 
VIH High-level input voltage 

Vee = 2.7 V to 3.6 V 

Vee=2.3Vt02.7V 
VIL Low-level input voltage 

Vee = 2.7 V to 3.6 V 

VI Input voltage 

Vo Output voltage 

Vee =2.3 V 

IOH High-level output current Vee=2.7V 

Vee = 3 V 

Vee=2.3V 

IOL Low-level output current Vee = 2.7 V 

Vee = 3 V 

t;t/t;v I nput transition rise or fall rate 

TA Operating free-air temperature 

NOTE 4: Unused control Inputs must be held high or low to prevent them from lIoatlng. 
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MIN MAX UNIT 

2.3 3.6 V 

1.7 
V 

2 

0.7 
V 

0.8 

0 Vee V 

0 Vee V 

-6 

-8 rnA 

-12 

6 

8 rnA 

12 

0 10 nsN 

--40 85 °e 
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SN74ALVCH162820 
3.3-V 10·BIT FLlP·FLOP WITH DUAL OUTPUTS 

AND 3·STATE OUTPUTS 
SCES012A - JULY 1995 - REVISED NOVEMBER 1996 

timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 

Vcc = 2.5 V 
VCC=2.7V 

Vec = 3.3 V 
±O.2V ±O.3V UNIT 

MIN MAX MIN MAX MIN MAX 

Iclock Clock frequency 0 150 0 150 0 150 MHz 

tw Pulse duration, ClK high or low 3.3 3.3 3.3 ns 

tsu Setup time, data before ClKi 1.7 1.8 1.4 ns 

th Hold time, data after ClKi 1.1 1.1 1 ns 

switching characteristics over recommended operating free-air temperature range, CL = 50 pF 
(unless otherwise noted) (see Figures 1 and 2) 

FROM TO 
Vcc = 2.5 V 

PARAMETER ±O.2V 
(INPUT) (OUTPUT) 

MIN MAX 

fmax 150 

tpel ClK Q 1 7 

ten OE Q 1 7.4 

tdis OE Q 1.3 6.4 

operating characteristics, T A = 25°C 

PARAMETER 

Cpd Power dissipation capacitance 

TEST CONDITIONS 

I Outputs enabled 

I Outputs disabled 
Cl-50pF, f_l0MHz 

~TEXAS 
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VCC=2.7V 
VCC=3.3V 

±O.3V UNIT 
MIN MAX MIN MAX 

150 150 MHz 

6.2 1 5.4 ns 

6.8 1 5.6 ns 

5.5 1 5 ns 

VCC=2.5V vcc = 3.3 V 
±O.2V ±O.3V UNIT 

TYP TYP 

68 66 

39 47 
pF 
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SN74ALYCH162820 
3.3·Y 10·BIT FLlp·FLOP WITH DUAL OUTPUTS 

AND 3·STATE OUTPUTS 
SCES012A - JULY 1995 - REVISED NOVEMBER 1996 

PARAMETER MEASUREMENT INFORMATION 
VCC = 2.7 V AND 3.3 V ± 0.3 V 

o 6V 

S1 o Opan 

r' 
500n 

From Output ---.>---.---JV\/v----/ 
UndarTast 

CL=50pF 
(sea Nota A) I 500n 

LOAD CIRCUIT 

TEST S1 

tpd Opan 
tPLZ/tpZL 6V 
tPHZ/tpZH GND 

14-- tw ~ 
I I 

TI~~n~ _____ .....J~\.,1-.5-V-----
2.7 V 

Input 3,...-----""j(r1-.5-V--

OV 

2.7 V 

OV 

~ r tsu·~ th 

Data ___ ~W1.5 V 

I 
~2.7V 

~OV Input 1\ 
VOLTAGE WAVEFORMS 

SETUP AND HOLD TIMES 

Input ~.5V \-;5-;--- 2.7 V 

---II I· OV 
tPLH I~ ~I I J 14 Pi tPHL 

I I 
I ,.-----~r1--- VOH 

Output !1.5V 1.5V 
_____ .....J, VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

NOTES: A. CL includes probe and jig capacitance, 

Output 
Control 

(low-laval 
anabllng) 

Output 
Wavaform 1 

S1 at 6 V 
(sea Nota B) 

Output 
Wavaform2 

S1 atGND 
(sea Nota B) 

VOLTAGE WAVEFORMS 
PULSE DURATION 

~ I 2.7 V 

~1.5V 4~:--- ov 
tpZL -.! I4-t -.! 

I I PLZ"I 

-_+1,,;1 I 
I 
I I 

I 
I 

tpZH -lit ~PHZ~ 

1,.-__ -+ 

3V 

VOL+0.3V 
VOL 

VOH 
VOH-0.3V 

OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high excapt when disabled by the output control. 

C. All input pulses are supplied by generators having the following characteristics: PRR:s 10 MHz, Zo = 50 n. tr:s 2.5 ns, tf:S 2.5 ns. 
D. The outputs are measured one at a time with one transition per measurement. 
E. tpLZ and tpHZ are the same as tdis. 
F. tpZL and tpZH are the same as ten. 
G. tPHL and tpLH are the same as tpd. 

Figure 2. Load Circuit and Voltage Waveforms 
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SN74ALVCH16334 
16·BIT UNIVERSAL BUS DRIVER 

• EPIC ™ (Enhanced-Performance Implanted 
CMOS) Submlcron Process 

• Member of the Texas Instruments 
Wldebus™ Family 

• Bus Hold on Data Inputs Eliminates 
the Need for External Pullup/Pulldown 
Resistors 

• Package Options Include Plastic Shrink 
Smail-Outline (DL) and Thin Shrink 
Small-Outline (DGG) Packages 

description 

This 16-bit universal bus driver is designed for 
2.3-V to 3.6-V Vcc operation. 

Data flow from A to Y is controlled by the 
output-enable (OE) input. The device operates in 
the transparent mode when the latch-enable (LE) 
input is low. The A data is latched if the clock (CLK) 
input is held at a high or low logic level. If LE is 
high, the A-bus data is stored in the latch/flip-flop 
on the low-to-high transition of CLK. When OE is 
high, the outputs are in the high-impedance state. 

Active bus-hold circuitry is provided to hold 
unused or floating data inputs at a valid logic level. 

The SN74ALVCH16334 is avaiiable in TI's shrink 
small-outline (DL) and thin shrink small-outline 
(DGG) packages, which provide twice the I/O pin 
count and functionality of standard small-outline 
packages in the same printed circuit board area. 

The SN74ALVCH16334 is characterized for 
operation from -40°C to 85°C. 

EPIC and Widebus are trademarks of Texas Instruments Incorporated. 
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WITH 3·STATE OUTPUTS 
SCES090 - OCTOBER 1996 

DGG OR DL PACKAGE 
(TOP VIEW) 

DE 1 eLK 
Yl Al 
Y2 A2 

GND GND 
Y3 A3 

A4 

Vee Vee 
Y5 41 A5 
Y6 9 40 A6 

GND 39 GND 
Y7 38 A7 
Y8 37 AS 
Y9 36 A9 

Yl0 35 Al0 
GND 34 GND 
Yll 33 All 
Y12 32 A12 
Vee Vee 
Y13 A13 
Y14 A14 

GND GND 
Y15 A15 
Y16 A16 
NC LE 

Ne - No internal connection 

Copyright <!:l1996, Texas Instruments Incorporated 
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logic diagram (positive logic) 

OE---<l 

48 
ClK----i 

lE 25 

SN74ALVCH16334 
16-BIT UNIVERSAL BUS DRIVER 

WITH 3-STATE OUTPUTS 
SCES090 - OCTOBER 1996 

A1 47 ~--------------------+--+~1D >-_--=2"-Y1 

t--+~C1 

ClK 

~~------------__ vr------------~/ 
To 15 Other Channels 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vee ......................................................... -0.5 V to 4.6 V 
Input voltage range, VI (see Note 1) ................................................. -0.5 V to 4.6 V 
Output voltage range, Va (see Notes 1 and 2) .................................. -0.5 V to Vee + 0.5 V 
Input clamp current, 11K (VI < 0) ........................................................... -50 mA 
Output clamp current, 10K (Va < 0 or Va > Vee) ............................................ ±50 mA 
Continuous output current, 10 (VA == 0 to Vecl .............................................. ±50 mA 
Continuous current through each Vee or GND ............................................. ±100 mA 
Maximum power dissipation at T A == 55°C (in still air) (see Note 3): DGG package ................ 0.85 W 

DL package ................... 1.2 W 
Storage temperature range, Tstg ................................................... -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maxi mum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
2. This value is limited to 4.6 V maximum. 
3. The maximum package power dissipation is calculated using a junction temperature of 150'C and a board trace length of 750 mils. 

For more information, refer to the Package Thermal Considerations application note in the ABT Advanced BiCMOS Technology Data 
Book. 
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SN74ALVCH16334 
16-BIT UNIVERSAL BUS DRIVER 

WITH 3-STATE OUTPUTS 
SCES090-0CTOBER 1996 

electrical characteristics ov~r recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS Vee 

10H" -100 JIA 2.3 Vto 3.S v 
10H--6mA, VIH-l.7V 2.3V 

VIH - 1.7 V 2.3V 
VOH 

IOH--12mA VIH-2V 2.7V 

VIH -2V 3V 

IOH--24mA, VIH -2V 3V 

10l = 100 JIA 2.3Vt03.SV 

10l-SmA, Vll-0.7V 2.3V 

VOL Vll=0.7V 2.3V 
IOl"t2mA 

Vll-0.8V 2.7V 

10l =24 mA, Vll,,0.8V 3V 

II VI = VCC or GND 3.SV 

VI = 0.7 V 

VI" 1.7 V 
2.3 V 

Ihold VI =0.8V 

VI-2V 
3V 

VI .. 0 to 3.S V:I: 3.SV 

10Z§ Vo - VCC or GND 3.SV 

ICC VI - VCC or GND, 10- 0 3.SV 

.6.ICC One input lit VCC - O.S V, Other Inputs at VCC or GND 3Vt03.SV 

Ci 
Control Inputs 

Data inputs 
VI - VCC or GND 3.3V 

Co Outputs Vo - VCC or GND 3.3 V 

t Ali typical values are at VCC = 3.3 V. 
:I: This is the bus-hold maximum dynamic current required to swttch the input from one state to another. 
§ For i/O ports, the parameter 10Z Includes the input leakage current. 

MIN TYPt MAX UNIT 

Vcc-O·2 

2 

1.7 
V 

2.2 

2.4 

2 

0.2 

0.4 

0.7 V 

0.4 

0.55 

±5 JIA 
45 

-45 

75 JIA 
-75 

±500 

±to JIA 
40 JIA 

750 JIA 

pF 

pF 

timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 

fciock Clock frequency 

tw Pulse duration 

tsu Setup time 

th Hold time 

Vee=2.5V 
±O.2V 

MIN 

lElow 

ClK high or low 

Data before ClKi 

Data before lEi, ClK high 

Data before lEi, ClK low 

Data after ClKi 

Data after lEi, ClK high or low 
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MAX 

VCC=2.7V 
VCC=3.3V 

±O.3V UNIT 
MIN MAX MIN MAX 

MHz 

ns 

ns 

ns 
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SN74ALVCH16334 
16·BIT UNIVERSAL BUS DRIVER 

WITH 3·STATE OUTPUTS 
SCES090 - OCTOBER 1996 

PARAMETER MEASUREMENT INFORMATION 
VCC = 2.5 V ± 0.2 V 

o 4.6V 

Sl o Open 

r~ 
5000 

From Output_ ...... >--_ .... _JV\fIr-__ -' 
Under Teat 

CL=50pF 
(see Note A) T 5000 

LOAD CIRCUIT 

TI~:U~ _____ -J~\..~-.2-V-----
2.3 V 

OV 

r tau·~ th 

Data ___ ... ~1.2V 
Input 1\ 

~ 
I 
~2.3V 

~OV 
VOLTAGE WAVEFORMS 

SETUP AND HOLD TIMES 

Input L 1.2V \~2~--- 2.3 V 

---" 1 . ov 
1 I 1 1 

tPLH (II ·1 14 ~ tpHL 

1 1 
1 r----~~<I - VOH 

Output !1.2V 1.2V _____ -J. VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

NOTES: A. CL includes probe and jig capacitance. 

TEST Sl 

tpd Open 
tpLZ/tpZL 4.6 V 

tPHz/tpZH GND 

14-- tw ---.I 
1 1 

Input 3 ______ X,. ... 1~.2~V~~~~ :.: V 

Output 
Control 

(low-level 
enabling) 

VOLTAGE WAVEFORMS 
PULSE DURATION 

~ I 2.3 V 

~ 1.2V 4_1.~ ___ OV 

tPZL -.! I+-t -.! LL-
1 I PLZ -I ~ 
I I ..J I 

Output ----+j.,i;T - I-~- 2.3 V 

Waveform 1 1 \ 1.2 V I VOL + 0.3 V 
Sl at 4.6 V I· I ----- VOL 

(see Note B) I tpHZ -+i *-
tpZH~ I+- I 

Output 1 ~ 
Waveform 2 ! -V--0-3V VOH 

(':~~~!N~ ___ ... "" 1.~V__ :H-' OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses are supplied by generators having the following characteristics: PRR s 10 MHz, Zo = 50 Q, tr s 2.5 ns, tf S 2.5 ns. 
D. The outputs are measured one at a time with one transition per measurement. 
E. tpLZ and tpHZ are the same as !dis. 
F. tpZL and tpZH are the same as ten. 
G. tpLH and tpHL are the same as tpd. 

Figure 1. Load Circuit and Voltage Waveforms 
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• State-of-the-Art Advanced low-Voltage 
BICMOS Technology (ALB) Design for 3.3-V 
Operation 

• Member of the Texas Instruments 
Widebus n .. Family 

• Schottky Diodes on All Inputs to Eliminate 
Overshoot and Undershoot 

• Industry Standard '16244 Pinout 
• Distributed Vee and GND Pin Configuration 

Minimizes High-Speed Switching Noise 

• Flow-Through Architecture Optimizes PCB 
Layout 

• Package Options Include Plastic 30o-mil 
Shrink Small-Outline (Dl) and Thin Shrink 
Smail-Outline (DGG) Packages 

description 

The SN74ALB16244 16-bit buffer and line driver 
is designed for high-speed, low-voltage (3.3-V) 
Vee operation. This device is intended to replace 
the conventional driver in any speed-critical path. 
The small propagation delay is achieved using a 
unity gain amplifier on the input and feedback 
resistors from input to output, which allows the 
output to track the input with a small offset voltage. 

The device can be used as four 4-bit buffers, two 
8-bit buffers, or one 16-bit buffer. This device 
provides true outputs and symmetrical active-low 
output-enable (OE) inputs. 

The SN74ALB16244 is characterized for 
operation from -40°C to 85°C. 

FUNCTION TABLE 
(each buffer) 

INPUTS OUTPUT 

OE A Y 

L H H 

L L L 

H X Z 

Widebus is a trademark of Texas Instruments Incorporated. 
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SN74ALB16244 
16-BIT BUFFER/DRIVER 

WITH 3-STATE OUTPUTS 

DGG OR DL PACKAGE 
(TOP VIEW) 

10E 
1Y1 

2Y4 
3Y1 
3Y2 

GND 
3Y3 
3Y4 
Vee 
4Y1 
4Y2 

GND 
4Y3 
4Y4 
40E 

20E 
1A1 
1A2 
GND 
1A3 
1A4 

Vee 
2A1 
2A2 
GND 
2A3 
2A4 
3A1 
3A2 
GND 
3A3 
3A4 

Vee 
4A1 
4A2 
GND 
4A3 
4A4 
30E 

Copyright © 1996, Texas Instruments Incorporated 
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SN74ALB16244 
, 16-BIT BUFFER/DRIVER 
WITH 3·STATE OUTPUTS 

SCBS647A - AUGUST 1995 - REVISED OCTOBER 1996 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vee ......................................................... -0.5 V to 4.6 V 
Input voltage range, VI: Except 1/0 ports (see Note 1) ................................. -0.5 V to 4.6 V 

1/0 ports (see Notes 1 and 2) ........................... -0.5 V to Vee + 0.5 V 
Output voltage range, Vo (see Notes 1 and 2) .................................. -0.5 V to Vee + 0.5 V 
Input clamp current, 11K (VI < 0) ........................................................... -50 mA 
Output clamp current, 10K (Vo < 0 or Vo > Vecl ............................................ ±50 mA 
Continuous output current, 10 (VO = 0 to Vecl .............................................. ±50 mA 
Continuous current through each Vee or GND ............................................. ±100 mA 
Maximum power dissipation at TA = 55°C (in still air) (see Note 3): DGG package ................... 1 W 

DL package .................... 1.4 W 
Storage temperature range, Tstg ................................................... -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
2. This value is limited to 4.6 V maximum. 
3. The maximum package power dissipation is calculated using a junction temperature of 150·C and a board trace length of 750 mils. 

For more information, referto the Package Thermal Considerations application note in the ABT Advanced BiCMOS Technology Data 
Book. 

recommended operating conditions 

VCC Supply voltage 

10H+ High-level output current 

10L+ Low-level output current 

!;.V!;.v Input transition rise or fall rate 

TA Operating free-air temperature 

:j: Refer to Figures 1 and 2 for tYPical 1/0 ranges. 
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MIN MAX UNIT 

3 3.6 V 

-18 mA 

18 mA 

5 nsN 

-40 85 ·C 
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SN74ALB16244 
16-BIT BUFFER/DRIVER 

WITH 3·STATE OUTPUTS 
SCBS647A- AUGUST 1995 - REVISED OCTOBER 1996 

OUTPUT VOLTAGE LOW 
vs 

INPUT VOLTAGE 
2 r------r------,-----~~r_~ 

1.5 

0.5 

o L-____ ~ ______ ~ ____ _J ______ ~ 

o 0.5 1.5 2 

VI -Input Voltage - V 

Figure 2. VOL Over Recommended Free-Air Temperature Range 

switching characteristics over recommended operating free-air temperature range, CL = 50 pF 
(unless otherwise noted) (see Figure 3) 

PARAMETER 
FROM TO Vcc = 3.3 V ± 0.3 V 

UNIT 
(INPUT) (OUTPUT) MIN TYPt MAX 

tpd A Y O.S 1.6 2.2 ns 

ten OE y 2.5 3.4 4.4 ns 

tdis OE y 2 2.9 4 ns 

t All tYPical values are at Vee - 3.3 V, TA = 25°e. 
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• Member of the Texas Instruments 
Wldebusn .. Family 

• EPICM (Enhanced-Performance Implanted 
CMOS) Submlcron Process 

• ESD Protection Exceeds 2000 V Per 
MIL-STD-883, Method 3015; Exceeds 
200 V Using Machine Model (C = 200 pF, 
R = 0) 

• Latch-Up Performance Exceeds 250 mA 
Per JEDEC Standard JESD-17 

• Bus Hold on Data Inputs Eliminates the 
Need for External Pullup/Pulldown 
Resistors 

• Package Options Include Plastic 30()..mil 
Shrink Small-Outline (DL) and Thin Shrink 
Small-Outline (DGG) Packages 

description 

This 16-bit buffer/driver is designed for 2.3-V to 
3.6-V Vee operation. 

The SN74ALVCH16244 is designed specifically 
to improve both the performance and density of 
3-state memory address drivers, clock drivers, 
and bus-oriented receivers and transmitters. 

The device can be used as four 4-bit buffers, two 
8-bit buffers, or one 16-bit buffer. It provides true 
outputs and symmetrical active-low output-
enable (OE) inputs. 

SN74ALVCH16244 
16·BIT BUFFER/DRIVER 

WITH 3·STATE OUTPUTS 

DGG OR DL PACKAGE 
(TOP VIEW) 

10E 1 20E 
1Y1 1A1 
1Y2 1A2 

GND 4 GND 
1A3 
1A4 

Vee 42 Vee 
2Y1 41 2A1 
2Y2 9 40 2A2 

GND 39 GND 
38 2A3 
37 2A4 

3Y1 36 3A1 
3Y2 35 3A2 

GND 34 GND 
3Y3 33 3A3 
3Y4 32 3A4 
Vee 31 Vee 
4Y1 30 4A1 
4Y2 29 4A2 

GND GND 
4Y3 4A3 
4Y4 4A4 
40E 30E 

To ensure the high-impedance state during power up or power down, OE should be tied to Vee through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

The SN74ALVCH16244 is available in TI's shrink small-outline (OL) and thin shrink small-outline (OGG) 
packages, which provide twice the I/O pin count and functionality of standard small-outline packages in the 
same printed circuit board area. 

The SN74ALVCH16244 is characterized for operation from -40°C to 85°C. 

FUNCTION TABLE 
(each 4-blt buffer) 

INPUTS OUTPUT 
OE A Y 

L H H 

L L L 

H X Z 

EPle and Widebus are trademarks of Texas Instruments Incorporated. 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALLAS. TEXAS 75265 

Copyright © 1996. Texas Instruments Incorporated 

3-63 



SN74ALVCH16244 
16-BIT BUFFER/DRIVER 

WITH 3-STATE OUTPUTS 
SCES014A - JULY 1995 - REVISED NOVEMBER 1996 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted}t 

Supply voltage range, Vee ......................................................... -0.5 V to 4.6 V 
Input voltage range, VI (see Note 1) ................................................. -0.5 V to 4.6 V 
Output voltage range, Vo (see Notes 1 and 2) .................................. -0.5 V to Vee + 0.5 V 
Input clamp current, 11K (VI < 0) ........................................................... -50 mA 
Output clamp current, 10K (Vo < 0 or Vo > Vee) ............................................ ±50 mA 
Continuous output current, 10 (Vo = 0 to Vee) .............................................. ±50 mA 
Continuous current through each Vee or GND ............................................. ±100 mA 
Maximum power disSipation at T A = 55°e (in still air) (see Note 3): DGG package ................ 0.85 W 

DL package ................... 1.2 W 
Storage temperature range, Tstg ................................................... -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only. and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
2. This value is limited to 4.6 V maximum. 
3. The maximum package power dissipation Is calculated using a junction temperature of 150·e and a board trace length of 750 mils. 

For more information, refer to the Package Thermal Considerations application note in the ABT Advanced BiCMOS Technology Data 
Book. 

recommended operating conditions (see Note 4) 

Vee Supply voltage 

Vee = 2.3 V to 2.7 V 
VIH High-level Input voltage 

Vee=2.7Vt03.6V 

Vee = 2.3 V to 2.7 V 
Vil lOW-level input voltage 

Vee=2.7Vt03.6V 

VI Input voltage 

Vo Output voltage 

Vee=2.3V 

IOH High-level output current Vee=2.7V 

Vee=3V 

Vee" 2.3 V 

IOl low-level output current Vee = 2.7 V 

Vee =3V 

At/AV Input transition rise or fall rate 

TA Operating free-air temperature 

NOTE 4: Unused control Inputs must be held high or low to prevent them from floating. 
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MIN MAX UNIT 

2.3 3.6 V 

1.7 
V 

2 

0.7 
V 

0.8 

0 Vee V 

0 Vee V 

-12 

-12 mA 

-24 

12 

12 mA 

24 

0 10 nsN 

-40 85 °e 
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SN74ALVCH16244 
16-BIT BUFFER/DRIVER 

WITH 3-STATE OUTPUTS 
SCESOI4A-JULY 1995 - REVISED NOVEMBER 1996 

PARAMETER MEASUREMENT INFORMATION 
VCC = 2.5 V ± 0.2 V 

o 4.6V 
TEST S1 

S1 o Open 

r' 
5000 

From Output_-eo--_ ..... _.A./\~ __ ....../ 
Under Test 

CL=50pF 
(see Note A) T 5000 

tpd Open 
tpLz/tpZL 4.6 V 

tpHZ/tpZH GND 

-=-

LOAD CIRCUIT 14-- tw ----.I 

TI~~~ _____ -J~ ... 1-.2-V.....,----

2.3 V 

I ,....-___ ..., I ,--__ 

Input 3 }( ... 1_.2_V __ :.: V 

OV 

~ tsu·~ th 
~ 
I 

2.3V 
Date 

Input __ -'xu V ~ ~OV 
VOLTAGE WAVEFORMS 

SETUP AND HOLD TIMES 

Input --.Jf 1.2V \1.2-;--- 2.3 V 

I I I OV 

tpLH 14 ~ 14 J tpHL 

I I 
I ~----"""'t"i~-- VOH 

Output !1.2V 1.2V 
______ -J. VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

NOTES: A. CL includes probe and jig capacitance. 

Output 
Control 

(low-level 
enabling) 

Output 
Waveform 1 

S1 at 4.6 V 
(see Note B) 

Output 
Waveform 2 

S1 atGND 
(see Note B) 

VOLTAGE WAVEFORMS 
PULSE DURATION 

~ I 2.3V 

j\ 1.2V 4~'::--- ov 
tpZL~ 

I 
I 
I 
I 
I 
I 

tpZH~ 

14- I 
I tpLZ~ 14-

L __ -i_~I- 2.3 V 

\ 1.2V 1 VOL+0.3V 
. 1- --- VOL 
tpHZ~ i+-

14- I 
I ::\.-v;--- VOH ___ .... l~ 1.~V ___ ~H-0.3V OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses are supplied by generators having the following characteristics: PRR s 10 MHz, Zo = 50 0, tr s 2.5 ns, tf s 2.5 ns. 
D. The outputs are measured one at a time with one transition per measurement. 
E. tPLZ and tpHZ are the same as '<tis. 
F. tpZL and tpZH are the same as ten. 
G. tpLH and tpHL are the same as 'Pd. 

Figure 1. Load Circuit and Voltage Waveforms 
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• Member of the Texas Instruments 
W1debus™ Family 

• EPICM (Enhanced-Performance Implanted 
CMOS) Submicron Process 

• Output Ports Have Equivalent 26-0 Series 
Resistors, So No External Resistors Are 
Required. 

• ESD Protection Exceeds 2000 V Per 
MIL-STD-883, Method 3015; Exceeds 
200 V Using Machine Model 
(C = 200 pF, R = 0) 

• Latch-Up Performance Exceeds 250 mA 
Per JEDEC Standard JESD-17 

• Bus Hold on Data Inputs Eliminates the 
Need for External Pullup/Pulldown 
Resistors 

• Package Options Include Plastic 30G-mil 
Shrink Small-Outline (DL) and Thin Shrink 
Smail-Outline (DGG) Packages 

description 

This 16-bit buffer/driver is designed for 2.3-V to 
3.6-V Vce operation. 

The SN74ALVCH162244 is designed specificaily 
to improve both the performance and density of 
3-state memory address drivers, clock drivers, 
and bus-oriented receivers and transmitters. 

SN74ALVCH162244 
16·BIT BUFFER/DRIVER 

WITH 3·STATE OUTPUTS 

DGG OR DL PACKAGE 
(TOP VIEW) 

10E 1 20E 
1Y1 1A1 
1Y2 1A2 

GND GND 
1Y3 1A3 

1A4 
Vee 7 Vee 
2Y1 2A1 
2Y2 2A2 

GND GND 
2Y3 2A3 
2Y4 2A4 
3Y1 3A1 
3Y2 3A2 

GND GND 
3Y3 3A3 
3Y4 3A4 
Vee Vee 
4Y1 4A1 
4Y2 4A2 

GND GND 
4Y3 4A3 
4Y4 4A4 
40E 30E 

The device can be used as four 4-bit buffers, two B-bit buffers, or one 16-bit buffer. It provides true outputs and 
symmetrical active-low output-enable (OE) inputs. 

The outputs, which are designed to sink up to 12 mA, include 26-0 resistors to reduce overshoot and 
undershoot. 

To ensure the high-impedance state during power up or power down, OE should be tied to Vee through a puilup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

The SN74ALVCH162244 is available in TI's shrink smail-outline (DL) and thin shrink small-outline (DGG) 
packages, which provide twice the I/O pin count and functionality of standard small-outline packages in the 
same printed circuit board area. 

The SN74ALVCH 162244 is characterized for operation from -40°C to B5°C. 

FUNCTION TABLE 
(each 4-blt buffer) 

INPUTS OUTPUT 

OE A V 

L H H 

L L L 

H X Z 

EPle and Widebus are trademarks of Texas Instruments Incorporated. 
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SN74ALVCH162244 
16·BIT BUFFER/DRIVER 

WITH 3·STATE OUTPUTS 
SCES065A - JANUARY 1996 - REVISED NOVEMBER 1996 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vee ......................................................... -0.5 V to 4.6 V 
Input voltage range, VI (see Note 1) ................................................. -0.5 V to 4.6 V 
Output voltage range, Vo (see Notes 1 and 2) .................................. -0.5 V to Vee +0.5 V 
Input clamp current, 11K (VI < 0) ........................................................... -50 mA 
Output clamp current, 10K (Vo < 0 or Vo > Vee) ............................................ ±50 mA 
Continuous output current, 10 (VO = 0 to Vee) .............................................. ±50 mA 
Continuous current through each Vee or GND ............................................. ±100 mA 
Maximum power dissipation at TA = 55°C (in still air) (see Note 3): DGG package .................. 1 W 

DL package ................... 1.4 W 
Storage temperature range, Tstg ................................................... -65°C to 150°C 

t Stresses beyond those listed under"absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
2. This value is limited to 4.6 V maximum. 
3. The maximum package power dissipation is calculated using a junction temperature of 1500 e and a board trace length of 750 mils. 

For more information, refer to the Package Thermal Considerations application note in the ABT Advanced BiCMOS Technology Data 
Book . 

recommended operating conditions (see Note 4) 

Vee Supply voltage 

Vee=2.3Vt02.7V 
VIH High-level input voltage 

Vee=2.7Vt03.6V 

Vee=2.3Vt02.7V 
Vil low-level input voltage 

Vee=2.7Vt03.6V 

VI Input voltage 

Vo Output voltage 

Vee = 2.3 V 

IOH High-level output current Vee = 2.7 V 

Vee=3V 

Vee = 2.3V 

IOl low-level output current Vee = 2.7 V 

Vee=3V 

t;.t/t;.v Input transition rise or fall rate 

TA Operating free-air temperature 

NOTE 4: Unused controlmputs must be held high or low to prevent them from floating. 
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MIN MAX UNIT 

2.3 3.6 V 

1.7 
V 

2 

0.7 
V 

0.8 

0 Vee V 

0 Vee V 

-6 

-8 mA 

-12 

6 

8 mA 

12 

0 10 nsN 
-40 85 °e 
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SN74ALVCH162244 
16-BIT BUFFER/DRIVER 

WITH 3·STATE OUTPUTS 
SCES065A - JANUARY 1996 - REVISED NOVEMBER 1996 

PARAMETER MEASUREMENT INFORMATION 
V CC = 2.5 V ± 0.2 V 

o 4.6 V 
TEST S1 

S1 o Open 

r' 
soon 

From Output_-.~_.-_-'V\rv-__ -/ 
Under Test 

CL=50pF 
(see Note A) T soon 

tpd Open 
tpLZ/tpZL 4.6V 
tPHz/tpZH GND 

-=-

LOAD CIRCUIT 

TI~~nu~ _____ --J~ ... 1-.2-V-----

2.3V 

~ tw---+l , , 
Input 3"'--____ -.J}('"1-.2-V-- :.: V 

OV 

~ 
I 

2.3V 

~ tsu·~ th 

Date ---~1.2 V 
Input ___ 1\ ~ 

~OV 
VOLTAGE WAVEFORMS 

SETUP AND HOLD TIMES 

Input L 1.2V \1.2-;--- 2.3V 

--11 , 'OV 

tPLH 1'4 .I, 'J 14 Pi tpHL , , 
, '"-----t'i~-- VOH 

Output !1.2V 1.2V 
_________ J, VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

NOTES: A. CL includes probe and jig capacHance. 

Output 
Control 

(Iow·level 
enabling) 

Output 
Waveform 1 

S1 at 4.6 V 
(see Note B) 

Output 
Waveform 2 

S1 atGND 
(see Note B) 

VOLTAGE WAVEFORMS 
PULSE DURATION 

~ j 2.3 V 

~ 1.2V 4_1.~ ___ OV 

tPZL-.t 
I , 
I 
I 
I 
I 

tPZH -+i 

14- I 
, tPLZ-+j 14-

L_-1-~I- 2.3V 

\ 1.2V I VOL+0.3V 
. 1- --- VOL 

~PHZ~ I+-
, ~--- VOH 

!1.2V VOH-0.3V 

---'-- --- - OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

B, Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. AU input pulses are supplied by generators having the following characteristics: PRR s 10 MHz, Zo = 50 n. tr s 2.5 ns, tf S 2.5 ns. 
D. The outputs are measured one at a time with one transition per measurement. 
E. tpLZ and tpHZ are the same as !dis. 
F. tPZL and tpZH are the same as ten. 
G. tPLH and tpHL are the same as Ipd. 

Figure 1. Load Circuit and Voltage Waveforms 
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• Members of the Texas Instruments 
W/debus™ Family 

• High-Impedance State During Power Up 
and Power Down 

• SOV 1/0 Compatible 
• High-Drive Capability (-32 mA/64 mAl 
• Typical VOLP (Output Ground Bounce) 

< 0.8 V at Vee = 3.3 V,TA = 25°C 
• Auto 3-State Eliminates Bus Current 

Loading When Voltage at the Output 
Exceeds Vee 

• Bus Hold on Data Inputs Eliminates the 
Need for External PulluplPulidown 
Resistors 

• Power Off Disables Inputs/Outputs, 
Permitting Live Insertion 

• Package Options Include Plastic 30o-mll 
Shrink Smail-Outline (DL), Thin Shrink 
Smail-Outline (DGG), Thin Very 
Smail-Outline (DGV) Packages, and 38o-mll 
Fine-Pitch Ceramic Flat (WD) Package 

description 

The 'ALVTH16244 are 16-bit buffers/line drivers 
designed for 2.5-V or 3.3-V Vee operation, but 
with the capability to provide a TIL interface to a 
5-V system environment. These devices can be 
used as four 4-bit buffers, two 8-bit buffers, or one 
1 6-bit buffer. 

SN54ALVTH16244, SN74ALYTH16244 
2.S-Y/3.3-Y 16-BIT BUFFERs/DRIYERS 

WITH 3-STATE OUTPUTS 
1996 - REVISED JULY 1996 

SN54ALVTH16244 ••• WD PACKAGE 
SN74ALVTH16244 ••• DGG, DGV, OR DL PACKAGE 

(TOP VIEW) 

2Y4 
3Y1 
3Y2 

GND 
3Y3 
3Y4 
Vee 
4Y1 
4Y2 

GND 
4Y3 
4Y4 
40E 

1A1 
1A2 
GND 
1A3 
1A4 
Vee 
2A1 
2A2 
GND 
2A3 
2M 
3A1 
3A2 
GND 
3A3 
3A4 
Vee 
4A1 
4A2 
GND 
4A3 
4M 
30E 

Active bus-hold Circuitry is provided to hold unused or floating data inputs at a valid logic level. 

When Vee is between 0 and 1.2 V, the device is in the high-impedance state during power up or power down. 
However, to ensure the high-impedance state above 1.2 V, OE should be tied to Vee through a pullup resistor; 
the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN7 4ALVTH16244 is available in TI's thin very small-outline package (DGV), which provides the same I/O 
pin count and functionality of standard Widebus packages in less than half the printed circuit board area. 

The SN54ALVTH16244 is characterized for operation over the full military temperature range of -55°C to 
125°C. The SN74ALVTH16244 is characterized for operation from -40°C to 85°C. 

FUNCTION TABLE 
(each buffer) 

INPUTS OUTPUT 

OE A V 

L H H 

L L L 

H X Z 

Wldebus Is a trademark of Texas Instruments Incorporated. 
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SNS4ALYTH16244, SN74ALVTH16244 
2.S·Y/3.3-Y 16·BIT BUFFERS/DRIYERS 

WITH 3·STATE OUTPUTS 
SCES070A-JUNE 1996 - REVISED JULY 1996 

recommended operating conditions, Vee = 2.5 V ± 0.2 V (see Note 3) 

SN54ALVTH16244 

MIN MAX 

Vee Supply voltage 2.3 2.7 

VIH High-level input voltage 1.7 

VIL Low-level input voltage 0.7 

VI Input voltage 0 5.5 

IOH High-level output current --6 

IOL 
I Low-level output current 6 

I Low-level output current; current duty cycle s 50%; f ?: 1 KHz 18 

1J.t/lJ.v Input transition rise or fall rate I Outputs enabled 10 

TA Operating free-air temperature -55 125 

NOTE 3. Unused control Inputs must be held high or low to prevent them from floating. 

recommended operating conditions, Vee = 3.3 V ± 0.3 V (see Note 3) 

SN54ALVTH16244 

MIN 

Vee Supply voltage 3 

VIH High-level input voltage 2 

VIL Low-level input voltage 

VI Input voltage 0 

IOH High-level output current 

I Low-level output current 
IOL I Low-level output current; current duty cycle S 50%; , ?: 1 KHz 

IJ.t/lJ.v Input transition rise or fall rate I Outputs enabled 

TA Operating free-air temperature -55 

NOTE 3: Unused control Inputs must be held high or low to prevent them from floating. 

~TEXAS 
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MAX 

3.6 

0.8 

5.5 

-24 

24 

48 

10 

125 

SN74ALVTH16244 
UNIT 

MIN MAX 

2.3 2.7 V 

1.7 V 

0.7 V 

0 5.5 V 

--8 rnA 

8 
mA 

24 

10 ns/V 

-40 85 °e 

SN74ALVTH16244 
UNIT 

MIN MAX 

3 3.6 V 

2 V 

0.8 V 

0 5.5 V 

-32 rnA 

32 
rnA 

64 

10 ns/V 

-40 85 °e 
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SN54ALYTH16244, SN74ALYTH16244 
2.5-Y/3.3-Y 16-BIT BUFFERS/DRIYERS 

WITH 3-STATE OUTPUTS 
SCES070A-JUNE 1996 - REVISED JULY 1996 

electrical characteristics over recommended operating free-air temperature range, 
Vee = 3.3 V ± 0.3 V (unless otherwise noted) (see Figure 2) 

TEST CONDITIONS 
SN54ALVTH16244 SN74ALVTH16244 

PARAMETER 
MIN TYPt MAX 

VIK Vee=3V, II =-18 mA -1.2 

Vee=3Vt03.6V, 10H =-IOO IiA Vee-0.2 

VOH 10H =-24 mA 2 
Vee = 3 V 

10H =-32mA 

Vee = 3 V to 3.6 V, 10l= 100 J!A 0.2 

IOl=16mA 

IOl=24 mA 0.5 
VOL 

Vee = 3 V 10l = 32 mA 

IOl=48mA 0.55 

10L = 64 mA 

Vee = 3.6 V, VI = Vee or GND ±1 

Vee = 0 or3.6 V, VI =5.5V 
Control inputs 

10 

II VI =5.5V 20 

Vee = 3.6 V VI = Vee Data inputs 10 

VI=O -5 

loff Vee=O, Vl orVO=Ot04.5V ±100 

VI =0.8 V 75 

I I (hold) 
Vee = 3 V 

VI=2V Data inputs -75 

Vee = 3.6 v:I:, VI = Ot03.6 V ±500 

IEX§ Vee=3V, Vo = 5.5 V 125 

10l{PU/PD) ~ 
Vee:>I.2V, Vo = 0.5 V to Vee, 

±100 
VI = GND or Vee, OE = don't care 

10lH Vee = 3.6 V, Vo = 3 V, VI = 0.8 V or 2 V 5 

lOll Vee = 3.6 V, Vo = 0.5 V, VI = 0.8 V or 2 V -5 

Outputs high 0.07 0.09 

Vee =3.6V, 10=0, Outputs low 3.2 5 
lee VI = Vee or GND Outputs 

disabled 
0.07 0.09 

~Iee# 
Vee = 3 V to 3.6 V, One input at Vee -0.6 V, 

0.2 
Other inputs at Vee or GND 

ei Vee = 3.3 V, VI =3.3VorO 3 

Co Vee = 3.3 V, VO=3.3VorO 9 

t All tYPical values are at Vee = 3.3 V, TA = 25°C. 
:I: This is the bus-hold maximum dynamic current required to switch the input from one state to another. 
§ Current into an output in the high state when Vo > Vee 

MIN TYPt 

Vee-0.2 

2 

75 

-75 

0.07 

3.2 

0.07 

3 

9 

~ High-impedance state during power up/high-impedance state during power down 
#This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vee or GND. 
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MAX 

-1.2 

0.2 

0.4 

0.5 

0.55 

±1 

10 

20 

10 

-5 

±100 

±500 

125 

±100 

5 

-5 

0.09 

5 

0.09 

0.2 

UNIT 

V 

V 

V 

J!A 

IiA 

J!A 

J!A 

J!A 

IiA 
J!A 

mA 

mA 

pF 

pF 
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SN54ALVTH~5244, SN74ALVTH16244 
2.5-V/3.3-V 16-BIT BUFFERS/DRIVERS 

WITH 3-STATE OUTPUTS 
SCES070A-JUNE 1996 - REVISED JULY 1996 

PARAMETER MEASUREMENT INFORMATION 
V CC = 2.5 V ± 0.2 V 

o 2xVCC 
TEST 

S1 o Open 

l~ 
500n 

From Output_-._-.~-\N'v __ -...J tpd 
tPLZ/tpZL Under Test 

CL=50pF 
(see Note A) T 500n 

tpHz/tpZH 

-=-

S1 

Open 
2xVCC 

GND 

LOAD CIRCUIT ~ tw--+l 
1 I~ __ 

Input 3 _____ J~ VCcJ2 ::c 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

Input .L VCcJ2 \ vc"d; - - VCC 

---" 1 . OV 
tpLH ~ .II 1 1 

104 ~ tpHL 
1 1 
I ~----~~-- VOH 

Output I VCcJ2 VCcJ2 ________ J. VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

NOTES: A. CL includes probe and jig capacitance. 

Output 
Control 

(low-level 
enabling) 

Output 
Waveform 1 

S1 at2xVCC 
(see Note B) 

Output 
Waveform 2 

S1 atGND 
(see Note B) 

VOLTAGE WAVEFORMS 
PULSE DURATION 

~PHZ-+! 
I~ __ + 

VOL+ 0.3 V 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

Vcc 

OV 

Vcc 

VOL 

OV 

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses are supplied by generators having the folloWing characteristics: PRR s 10 MHz, Zo = 50 Cl, Ir s 2.5 ns, tf s 2.5 ns. 
D. The outputs are measured one at a time With one transition per measurement. 
E. tpLZ and tpHZ are the same as Ictis. 
F. tpZL and tpZH are the same as ten. 
G. tpLH and tpHL are the same as tpd. 

Figure 1. Load Circuit and Voltage Waveforms 

~1ExAs 
INSTRUMENTS 

POST OFFICE sox 655303 • DALlAS. TEXAS 75265 3-81 

~ 
W 
:; 
w 
a: 
D.. 

t5 
:::l o o 
a: 
D.. 



• Members of the Texas Instruments 
W/debus™ Family 

• Output Ports Have Equivalent 3()'0 Series 
Resistors, So No External Resistors Are 
Required 

• High-Impedance State During Power Up 
and Power Down 

• 5-V I/O Compatible 
• High-Drive Capability (-12 mA/12 mAl 

• Typical VOLP (Output Ground Bounce) 
< 0.8 V at Vee = 3.3 V, TA = 25°C 

• Auto 3-State Eliminates Bus Current 
loading When Voltage at the Output 
Exceeds Vee 

• Bus Hold on Data Inputs Eliminates the 
Need for External Pullup/Pulldown 
Resistors 

• Power Off Disables Inputs/Outputs, 
Permitting live Insertion 

• Package Options Include Plastic 30().mll 
Shrink Smail-Outline (Dl), Thin Shrink 
Smail-Outline (DGG), Thin Very 
Small-Outline (DGV) Packages, and 38().mll 
Fine-Pitch Ceramic Flat (WD) Package 

description 

The 'ALVTH162244 are 16-bit bufferslline drivers 
designed for low-voltage 2.5-V or 3.3-V Vee 
operation, but with the capability to provide a TTL 
interface to a 5-V system environmElnt. 

SNS4ALVTH162244, SN74ALVTH162244 
2.S·V/3.3-V 16-BIT BUFFERSlDRIVERS 

WITH 3-STATE OUTPUTS 

SN54ALVTH182244 ••• WD PACKAGE 
SN74ALVTH182244 ••• DGG, DGV, OR DL PACKAGE 

(TOP VIEW) 

10E 20E 
1Y1 1A1 
1Y2 1A2 

GND 4 GND 
1Y3 5 1A3 
1Y4 6 1A4 
Vee 7 Vee 
2Y1 8 2A1 
2Y2 9 2A2 

GND GND 
2Y3 11 2A3 
2Y4 2A4 
3Y1 3A1 
3Y2 14 35 3A2 

GND 15 34 GND 
3Y3 16 33 3A3 
3Y4 17 32 3A4 
Vee 18 31 Vee 
4Y1 19 30 4A1 
4Y2 20 29 4A2 

GND 28 GND 
4Y3 4A3 
4Y4 4A4 
40E 30E 

These devices can be used as four 4-bit buffers, two 8-bit buffers, or one 16-bit buffer. These devices provide 
true outputs and symmetrical active-low output-enable (OE) inputs. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

When Vee is between 0 and 1.2 V, the device is in the high-impedance state during power up or power down. 
However, to ensure the high-impedance state above 1.2 V, OE should be tied to Vee through a pullup resistor; 
the minimum value of the resistor is determined by the current-sinking capability of the driver. 

All outputs are designed to sink up to 12 mA and include 30-0 resistors to reduce overshoot and undershoot. 

The SN74ALVTH162244 is available in TI's thin very small-outline package (DGV), which provides the same 
1/0 pin count and functionality of standard Widebus packages in less than half the printed circuit board area. 

The SN54ALVTH162244 is characterized for operation over the full military temperature range of -55°C to 
125°C. The SN74ALVTH162244 is characterized for operation from -40°C to 85°C. 

Widebus is a trademark of Texas Instruments Incorporated. 
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SN54ALVTH162244, SN74ALVTH162244 
2.5-V/3.3-V 16-BIT BUFFERS/DRIVERS 

WITH 3-8TATE OUTPUTS 
SCES074A-JUNE 1996 - REVISED JULY 1996 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vee ..•............•......................................... -0.5 V to 4.6 V 
Input voltage range, VI (see Note 1) .................................................. -0.5 V to 7 V 
Voltage range applied to any output in the high state or power-off state, Vo (see Note 1) .... -0.5 V to 7 V 
Output current in the low state, 10 •..••.•.•......•...•.......•.•...•.•.....•......•......... 30 mA 
Output current in the high state, 10 •...•...•.••.•.•..•.••.•.•..•..•.•...................... -30 mA 
Input clamp current, 11K (VI < 0) ........................................................... -50 mA 
Output clamp current, 10K (VO < 0) ........................................................ -50 mA 
Maximum power dissipation at T A = 55°C (in still air) (see Note 2): DGG package ................. 0.85 W 

DGV package ................ 0.87 W 
DL package ................... 1.2 W 

Storage temperature range, Tstg ................................................... -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
2. The maximum package power dissipation is calculated using a junction temperature of 150·C and a board trace length of 750 mils. 

For more information, refertothe Package ThermalConsiderationsapplicatlon note In the ABT Advanced BiCMOS Technology Data 
Book. 

recommended operating conditions, Vee = 2.5 V ± 0.2 V (see Note 3) 
SN54ALVTH162244 SN74ALVTH162244 

UNIT 
MIN MAX MIN MAX 

Vcc· Supply vottage 2.3 2.7 2.3 2.7 V 

VIH High-level input vottage 1.7 1.7 V 

VIL Low-level Input vottage 0.7 0.7 V 

VI Input voltage 0 5.5 0 5.5 V 

IOH High-level output current mA 

IOL Low-level output current mA 

at/av Input transition rise or fall rate I Outputs enabled 10 10 nslV 

TA Operating free-air temperature -55 125 -40 65 ·C 

NOTE 3: Unused control Inputs must be held high or low to prevent them from floating. 

recommended operating conditions, Vee = 3.3 V ± 0.3 V (see Note 3) 

SN54ALVTH162244 SN74ALVTH162244 

MIN MAX MIN 
UNIT 

MAX 

VCC Supply vottage 3 3.6 3 3.6 V 

VIH High-level Input voltage 2 2 V 

VIL LOW-level input voltage 0.8 0.8 V 

VI Input vottage 0 5.5 0 5.5 V 

IOH High-level output current -8 -12 mA 

IOL Low-level output current 8 12 mA 

at/av Input transition rise or fall rate I Outputs enabled 10 10 nslV 

TA Operating free-alr temperature -55 125 -40 85 ·C 

NOTE 3: Unused control Inputs must be held high or low to prevent them from floating. 
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SN54ALVTH162244, SN74ALVTH162244 
2.5·V/3.3-V 16·BIT BUFFERS/DRIVERS 

WITH 3·STATE OUTPUTS 
SCES074A-JUNE 1996 - REVISED JULY 1996 

electrical characteristics over recommended operating free-air temperature range, 
Vee = 3.3 V ± 0.3 V (unless otherwise noted) (see Figure 2) 

SN54ALVTH162244 SN74ALVTH162244 
PARAMETER TEST CONDITIONS 

TYPt MIN MAX 

VIK Vee=3V, 11=-18mA -1.2 

Vee = 3 Vt03.6 V, 10H =-100/LA Vee-0.2 

VOH 10H =-8 rnA 
Vee = 3 V 

IOH=-12mA 

Vee = 3 V to 3.6 V, 10L = 100 /LA 0.2 

VOL IOL=8mA 
Vee = 3 V 

10L= 12 rnA 

Vee = 3.6 V, VI = Vee or GND ±1 

Vee = 0 or 3.6 V VI =5.5V 
Control inputs 

10 

II VI =5.5V 20 

Vee=3.6V VI = Vee Data inputs 10 

VI=O -5 

loff Vee = 0, VI or Va = 0 to 4.5 V ±100 

VI =0.8V 75 

II(hold) 
Vee = 3 V 

VI=2V Data inputs -75 

Vee = 3.6 V:t:, VI =Ot03.6V ±500 

IEX§ Vee=3V, Va = 5.5 V 125 

10Z(PU/PD)1f 
Vee" 1.2 V, Va = 0.5 Vto Vee, 

±100 
VI = GND or Vee, OE = don't care 

Outputs high 0.07 0.09 

Vee =3.6 V, 10=0, Outputs low 3.2 5 
lee VI = Vee or GND Outputs 

disabled 
0.07 0.09 

dlee# 
Vee = 3 Vto 3.6 V, One input at Vee - 0.6 V, 

0.2 
Other inputs at Vee or GND 

ei Vee = 3.3 V, VI =3.3VorO 3 

Co Vee = 3.3 V, VO=3.3VorO 9 

t All tYPical values are at Vee = 3.3 V, T A = 25°C. 
:t: This is the bus-hold maximum dynamic current required to switch the input from one state to another. 
§ Current into an output in the high state when Va > Vee 
If High-impedance state during power up/high-impedance state during power down 

MIN TYPt 

Vee-0.2 

75 

-75 

0.07 

3.2 

0.07 

3 

9 

#This is the increase in supply current for each input that is at the specified TIL voltage level rather than Vee or GND. 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALLAS. TEXAS 75265 

MAX 

-1.2 

0.2 

±1 

10 

20 

10 

-5 

±100 

±500 

125 

±100 

0.09 

5 

0.09 

0.2 

UNIT 

V 

V 

V 

/LA 

I1A 

/LA 

I1A 

/LA 

rnA 

rnA 

pF 

pF 
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SNS4ALVTH162244, SN74ALVTH162244 
2.S-V/3.3-V 16-BIT BUFFERS/DRIVERS 

WITH 3-STATE OUTPUTS 
SCES074A-JUNE 1996 - REVISED JULY 1996 

PARAMETER MEASUREMENT INFORMATION 
VCC = 2.5 V ± 0.2 V 

S1 soon 
From Output_-4II--_e-_JV\/V-__ -J 

Under Test 

CL=SOpF 
(see Note A) T soon 

LOAD CIRCUIT 

o 2xVCC 

o Open 

r' 
----...... r-----· VCC 

TI~~n~ _____ -J):( VCcJ2 
OV 

14 .. '* 10/ 
Itsul"'th I 

Data --..... \!t \!c::"" VCC 

TEST S1 

tpd Open 

tpLZItPZL 2xVCC 
tpHZltpZH GND 

~ tw-----+l 
1 1 

Input 3 ...... ____ ..I:KrV-C-cJ-2--

VOLTAGE WAVEFORMS 
PULSE DURATION 

VCC 

OV 

Input 1\ VCcJ2 ~ 0 V 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

Output 
Control 

(low-level 
enabling) 

Vcc 

'----...ti4 V~~ _ _ 0 V 

Input L VCcJ2 \ ;-cd; - - VCC 

---./l 1 . OV 
tpLH '4.,1 1 1 

I 1 14 ~ tpHL 
1 1 
1 r-----"'Ii~:i -- VOH 

Output I VCcJ2 VCcJ2 _______ J. VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

NOTES: A. CL includes probe and jig capacitance. 

Output 
Waveform 1 

S1 at2xVcc 
(see Note B) 

Output 
Waveform 2 

S1 at GND 
(see Note B) 

VOL + 0.3 V 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

Vcc 

VOL 

OV 

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses are supplied by generators having the following characteristics: PRR s 10 MHz, Zo = 50 n. tr s 2.5 ns, tf S 2.5 ns. 
D. The outputs are measured one at a time with one transition per measurement. 
E. tpLZ and tpHZ are the same as tdis. 
F. tpZL and tpZH are the same as ten. 
G. tpLH and tpHL are the same as tpd. 

Figure 1. Load Circuit and Voltage Waveforms 
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• State-of-the-Art Advanced BICMOS 
Technology (ABT) Design for 3.3-V 
Operation and Low-Static Power 
Dissipation 

• Members of the Texas Instruments 
Widebus™ Family 

• High-Impedance State During Power Up 
and Power Down 

• Support Mixed-Mode Signal Operation (5-V 
Input and Output Voltages With 3.3-V Vee) 

• Support Unregulated Battery Operation 
Down to 2.7V 

• typical VOLP (Output Ground Bounce) 
< 0.8 Vat Vee = 3.3 V, TA = 25°C 

• ESD Protection Exceeds 2000 V Per 
MIL-STD-883, Method 3015; Exceeds 200 V 
Using Machine Model (C = 200 pF, R = 0) 

• Latch-Up Performance Exceeds 500 mA Per 
JEDEC Standard JESD-17 

• Bus Hold on Data Inputs Eliminates the 
Need for External Pullup/Pulidown 
Resistors 

• Power Off Disables Inputs/Outputs, 
Permitting Live Insertion 

• Package Options Include Plastic 30G-mil 
Shrink Small-Outline (DL) and Thin Shrink 
Small-Outline (DGG) Packages, and 38G-mil 
Fine-Pitch Ceramic Flat (WD) Packages 
Using 25-mll Center-to-Center Spacings 

description 

SN54LVTH16244A,SN74LVTH16244A 
3.3-V ABT 16-BIT BUFFERS/DRIVERS 

WITH 3-STATE OUTPUTS 

SN54LVTH16244A ••. WD PACKAGE 
SN74LVTH16244A ••• DGG OR DL PACKAGE 

(TOP VIEW) 

10E 20E 
1Y1 1A1 
1Y2 1A2 

GND GND 
1Y3 1A3 
1Y4 1A4 
Vee Vee 
2Y1 2A1 
2Y2 9 2A2 

GND GND 
2Y3 2A3 
2Y4 2A4 
3Y1 3A1 
3Y2 3A2 

GND GND 
3Y3 3A3 
3Y4 3A4 
Vee Vee 
4Y1 4A1 
4Y2 4A2 

GND GND 
4Y3 4A3 
4Y4 4A4 
40E 30E 

The 'LVTH16244A are 16-bit buffers and line drivers designed for low-voltage (3.3-V) Vee operation, but with 
the capability to provide a TTL interface to a 5-V system environment. These devices can be used as four 4-bit 
buffers, two 8-bit buffers, or one 16-bit buffer. These devices provide true outputs and symmetrical active-low 
output-enable (OE) inputs. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

When Vee is between 0 and 1.5-V, the devices are in the high-impedance state during power up or power down. 
However, to ensure the high-impedance state above 1.5-V, OE should be tied to Vee through a pullup resistor; 
the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN74LVTH16244A is available in TI's shrink small-outline (DL) and thin shrink small-outline (DGG) 
packages, which provide twice the 110 pin count and functionality of standard small-outline packages in the 
same printed circuit board area. 

Widebus is a trademark of Texas Instruments Incorporated. 
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SN54LYTH16244A, SN74LYTH16244A 
3.3-Y ABT 16-BIT BUFFERS/DRIYERS 

WITH 3-STATE OUTPUTS 
SCBS142G - MAY 1992 - REVISED NOVEMBER 1996 

logic diagram (positive logic) 

10E 

1A1 
47 

1A2 
46 

1A3 
44 

43 
1A4 

48 
20E 

2A1 
41 

2A2 
40 

2A3 
38 

37 
2A4 

>-_+-.--:2~ 1 Y1 

>---'1-----=3:... 1 Y2 

>-_+----:5:.... 1 Y3 

>-__ ---'6~ 1Y4 

>-_1-----'8~ 2Y1 

9 
>--1---- 2Y2 

11 
>--t--2Y3 

12 
>-----2Y4 

25 
30E 

3A1 
36 

3A2 
35 

3A3 
33 

32 
3A4 

24 
40E 

4A1 
30 

29 
4A2 

4A3 
27 

26 
4A4 

>-_+---:.13:..- 3Y1 

>-_1--_1_4_ 3Y2 

16 
>--+-- 3Y3 

17 
>----- 3Y4 

>-_+---=-19:..- 4Y1 

>-_t-_2::.;0~ 4Y2 

>--+_-=22;,;.. 4Y3 

23 
>----4Y4 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vee ......................................................... -0.5 V to 4.6 V 
Input voltage range, VI (see Note 1) .................................................. -0.5 V to 7 V 
Voltage range applied to any output in the high state or power-off state, Vo (see Note 1) .... -0.5 V to 7 V 
Current into any output in the low state, 10: SN54LVTH16244A ................................ 96 mA 

SN74LVTH16244A ............................... 128 mA 
Current into any output in the high state, 10 (see Note 2): SN54LVTH16244A .................... 48 mA 

SN74LVTH16244A .................... 64 mA 
Input clamp current, 11K (VI < 0) ........................................................... -50 mA 
Output clamp current, 10K (V 0 < 0) ........................................................ -50 mA 
Maximum power dissipation at TA = 55°C (in still air) (see Note 3): DGG package ................. 0.85 W 

. DL package .................... 1.2 W 
Storage temperature range, Tsig ................................................... -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
2. This current flows only when the output is in the high state and Vo > Vee. 
3. The maximum package power dissipation is calculated using a junction temperature of 1500e and a board trace length of 750 mils. 

For more information, refer to the Package Thermal Considerations application note in the ABT Advanced BiCMOS Technology Data 
Book. 
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SN54LVTH16244A, SN74LVTH16244A 
3.3·V ABT 16-BIT BUFFERS/DRIVERS 

WITH 3-STATE OUTPUTS 
SCBS142G - MAY 1992 - REVISED NOVEMBER 1996 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

SN54LVTH16244A SN74LVTH16244A 
PARAMETER TEST CONDITIONS 

TYPt TYPt MIN MAX MIN MAX 

VIK Vee = 2.7 V, 11=-18mA -1.2 -1.2 

Vee = 2.7 V to 3.6 V, 10H =-1OO I1A Vee-O·2 Vee-0.2 

Vee =2.7 V, 10H =-8mA 2.4 2.4 
VOH 

10H =-24 mA 2 
Vee=3V 

10H =-32mA 2 

10L = 100 I1A 0.2 0.2 
Vee=2.7V 

IOL=24 mA 0.5 0.5 

IOL=16mA 0.4 0.4 
VOL 

IOL=32 mA 0.5 0.5 
Vee =3 V 

IOL=48mA 0.55 

IOL=64 mA oJ;;. 0.55 

Vee = 0 or 3.6 V, VI =5.5V § 10 10 

VI = Vee or GND 
Control A,rio,::l ±1 ±1 

II inputs 
Vee =3.6 V 

VI = Vee Data ,:3" 1 1 

VI = 0 inputs t.it -5 -5 

loff Vee = 0, VI orVo = Ot04.5 V ,,;!{' ±100 ±100 

VI =0.8V Data 75 75 
I I (hold) Vee =3V 

VI=2V inputs -75 -75 

10ZH Vee = 3.6 V, Vo = 3 V, 5 5 

10ZL Vee=3.6 V, VO= 0.5 V, -5 -5 

10ZPU* Vee = Oto 1.5 V, VO=0.5Vt03V, OE=O ±100 ±100 

10ZPD* Vee=1.5VtoO, VO=0.5Vt03V, OE=O ±100 ±100 

Vee=3.6V, Outputs high 0.19 0.19 

ICC 10. 0, Outputs low 5 5 
VI = Vee or GND Outputs disabled 0.19 0.19 

L\lee§ 
Vee = 3 V to 3.6 V, One input at Vee - 0.6 V, 

0.2 0.2 
Other inputs at Vee or GND 

ei VI = 3 VorO 4 4 

Co VO=3 VorO 9 9 

t All tYPical values are at Vee = 3.3 V, TA = 25°C. 
:j: This parameter is warranted by characterization but not production tested. 
§ This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vee or GND. 

PRODUCT PREVIEW InformaDon concerns products In the lormadve or en phase of developmenL Characteristic da1a and other 
cations are design goals. Texaslnstrumtnts reserves the right to 

C ang. or discontinue these products whhout notice. ~TEXAS 
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SN54LVTH16244A,SN74LVTH16244A 
3.3-V ABT 16-BIT BUFFERS/DRIVERS 

WITH 3-STATE OUTPUTS 
SCBS142G - MAY 1992 - REVISED NOVEMBER 1996 

PARAMETER MEASUREMENT INFORMATION 

o 8V 
S1 

From Output _ ..... _-.~--A,50f'vo"'n __ ---/ o Open 

Under Teat 

CL=50pF 
(_NoteA) T 500n 

LOAD CIRCUIT 

I4--tw~ 

r' 
I 1,-__ 

Input 3 X\.1_.5_V __ 

2.7 V 

Input 

VOLTAGE WAVEFORMS 
PULSE DURATION 

~1.5V X1•5V 
I 

OV 

2.7 V 

OV 

tpLH +---I ~ tPHL 

I t· i ~VOH 11.5V I UV 
I I VOL 

Output 

I 
tPHL~ ~tpLH 

\1.5 V 
FVOH 

1.5V 

- VOL 
Output 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

INVERTING AND NONINVERTING OUTPUTS 

NOTES: A. CL includes probe and Jig capacitance. 

Timing Input 

Date Input 

Output 
Control 

Output 
Waveform 1 

S1 aHlV 
(_Note B) 

Output 
Wavaform2 

S1 atGND 
(_Note B) 

TEST S1 

tPLHltpHL Open 
tpLZltpZL 8V 
tPHZltpZH GND 

2.7 V ------'i1.5 V 

-----.1·1'------- OV 

I .. 't_ ~~ ~ 
1 "IOU th i 

--""'*1.5 V ~ :.:V 
VOLTAGE WAVEFORMS 

SETUP AND HOLD TIMES 

==>:<1.5 V ):(1.5 V 

2.7 V 

OV 
tpZL~ 14-- I 

~ ·3V I I tPLZ--.I 

I '\ I ~L+0.3V V 
1 1•5V I 

. I I --- OL 

I 1 tpHZ~ jf-
tpZH~ j4-

I - __ VOH 

!1.5V 
~H-0.3V 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

LOW· AND HIGH·LEVEL ENABLING 

... OV 

B. Waveform 1 is for an output with Intemal conditions such that the output Is low except when disabled by the output control. 
Waveform 2 is for an output with Intemal conditions such Ihal Ihe output is high except when disabled by the output control. 

C. All Input pulses are supplied by generalors having Ihe following characteristics: PRR s 10 MHz, Zo • 50 n. tr S 2.5 ns, If S 2.5 ns. 
D. The outputs are measurad one at a time with one transition per measurement. 

Figure 1. Load Circuit and Voltage Waveforms 
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• Output Ports Have Equivalent 22-0 Series 
Resistors, So No External Resistors Are 
Required 

• State-of-the-Art Advanced BICMOS 
Technology (ABT) Design for 3.3-V 
Operation and Low-Static Power 
Dissipation 

• Members of the Texas Instruments 
Widebus™ Family 

• Support Mixed-Mode Signal Operation (5-V 
Input and Output Voltages With 3.3-V Vee) 

• Support Unregulated Battery Operation 
Downt02.7V 

• High-Impedance State During Power Up 
and Power Down 

• Typical VOlP (Output Ground Bounce) 
< 0.8 V at Vee = 3.3 V, TA = 25°C 

• ESD Protection Exceeds 2000 V Per 
MIL-STD-883, Method 3015; Exceeds 200 V 
Using Machine Model 
(C = 200 pF, R = 0) 

• Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 

• Bus Hold on Data Inputs Eliminates the 
Need for External Pullup/Pulidown 
Resistors 

• Power Off Disables Inputs/Outputs, 
Permitting Live Insertion 

• Distributed Vee and GND Pin Configuration 
Minimizes High-Speed Switching Noise 

• Flow-Through Architecture Optimizes 
PCB Layout 

• Package Options Include Plastic 30o-mil 
Shrink Smail-Outline (DL) and Thin Shrink 
Smail-Outline (DGG) Packages and 38o-mll 
Fine-Pitch Ceramic Flat (WD) Package 
Using 25-mll Center-to-Center Spacings 

description 

SN54LVTH162244,SN74LVTH162244 
3.3-V ABT 16-BIT BUFFERS/DRIVERS 

WITH 3-STATE OUTPUTS 
SCBS258E - JUNE 1993 - REVISED NOVEMBER 1996 

SN54LVTH162244 ••. WO PACKAGE 
SN74LVTH162244 ..• OGG OR OL PACKAGE 

(TOP VIEW) 

10E 
1Y1 

Vee 
2Y1 
2Y2 

GND 
2Y3 
2Y4 
3Y1 
3Y2 

GND 
3Y3 
3Y4 
Vee 
4Y1 
4Y2 

GND 
4Y3 
4Y4 
40E 

20E 
1A1 
1A2 
GND 
1A3 
1A4 

Vee 
2A1 
2A2 
GND 
2A3 
2A4 
3A1 
3A2 
GND 
3A3 
3A4 

Vee 
4A1 
4A2 
GND 
4A3 
4A4 
30E 

The 'LVTH162244 are 16-bit buffers and line drivers designed for low-voltage (3.3-V) Vee operation, but with 
the capability to provide a TIL interface to a 5-V system environment. These devices can be used as four 4-bit 
buffers, two 8-bit buffers, or one 16-bit buffer. These devices provide true outputs and symmetrical active-low 
output-enable (OE) inputs. 

The outputs, which are designed to source or sink up to 12 mA, include 22-0 series resistors to reduce overshoot 
and undershoot. 

Widebus is a trademark of Texas Instruments Incorporated. 

UNLESS OTHERWISE NOTED this documont contains PRODUCTION 
DATA Information current .. of ~bHcatlon date. Products conform to 
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logic symbolt 

1A1 

1A2 

1A3 

1A4 

2A1 

2A2 

2A3 

2A4 

3A1 

3A2 

3A3 

3A4 

4A1 

4A2 

4A3 

4A4 

1 

46 

25 

24 

47 

46 

44 

43 

41 

40 

38 

37 

36 

35 

33 

32 

30 

29 

27 

26 

"- EN1 

" EN2 
J'., EN3 

" EN4 , r 2 
1 1V 

3 

5 

6 

8 
1 2V 

9 

11 

12 

13 
1 3V 

14 

16 

17 

19 
1 4V 

20 

22 

23 

SN54LVTH162244,SN74LVTH162244 
3.3-V ABT 16-BIT BUFFERS/DRIVERS 

WITH 3-STATE OUTPUTS 
SCBS258E - JUNE 1993 - REVISED NOVEMBER 1996 

logic diagram (positive logic) 

10E 

1A1 47 2 1Y1 

1A2 
46 3 

1Y2 

1Y1 
44 5 

1Y2 1A3 1Y3 

1Y3 
6 43 1Y4 1Y4 1A4 

2Y1 

2Y2 20E 
46 

2Y3 

2Y4 2A1 41 8 2Y1 

3Y1 

3Y2 40 9 2Y2 2A2 
3Y3 

3Y4 38 11 
2Y3 2A3 

4Y1 

4Y2 37 12 2Y4 2A4 
4Y3 

4Y4 
30E 

25 

t This symbol is in accordance with ANSI/IEEE Std 91-1984 
and lEe Publication 617-12. 3A1 36 13 3Y1 

35 14 
3Y2 3A2 

33 16 
3Y3 3A3 

32 17 
3Y4 3A4 

40E 
24 

4A1 30 19 
4Y1 

4A2 
29 20 4Y2 

4A3 
27 22 

4Y3 

26 23 
4Y4 4A4 
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SN54LVTH162244,SN74LVTH162244 
3.3-V ABT 16·BIT BUFFERS/DRIVERS 

WITH 3-5TATE OUTPUTS 
SCBS258E - JUNE 1993 - REVISED NOVEMBER 1996 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

SN54LVTH162244 SN74LVTH162244 
PARAMETER TEST CONDITIONS 

TYpt TYPt MIN MAX MIN MAX 

VIK Vee=2.7V, 11=-18mA -1.2 -1.2 

VOH Vee- 3V, IOH--12mA 2 2 

VOL Vee- 3V, IOl-12 mA 0.8 0.8 

Vee - 00r3.6 V VI-5.5V 10 10 

VI - Vee or GNO Control pins ±1 ±1 
II 

Vee = 3.6 V VI-Vee ~1 1 

VI-O 
Data pins 

_fI -5 -5 

loff Vee· O, VI orVO = Oto 4.5 V ~ ±100 

VI = 0.8 V 75 ~ .... 75 
II(hold) Vee=3V 

VI=2V 
A inputs 

-75 :S' -75 

10ZH Vee- 3.6V, VO=3V is' 5 5 

10Zl Vee = 3.6 V, VO=0.5V 4, ... -5 -5 

10ZPU* Vee = Oto 1.5V, VO=0.5Vt03V,OE=X ±100 ±100 

10ZPO* Vee = 1.5 Vto 0, VO= 0.5Vto 3 V, OE-X ±100 ±100 

Outputs high 0.19 0.19 

ICC 
Vee- 3.6V, 10=0, Outputs low 5 5 
VI • Vee or GNO 

Outputs disabled 0.19 0.19 

Alee§ 
Vee = 3 V to 3.6 V, One input at Vee - 0.6 V, 

0.2 0.2 
Other inputs at Vee or GNO 

ei VI = 3 VorO 4 4 

Co VO=3VorO 9 9 

t All typical values are at Vee = 3.3 V, TA = 25°C. 
* This parameter is characterized but not tested. 
§ This is the Increase in supply current for each input that is at the specified TTL voHage level rather than Vee or GNO. 

UNIT 

V 

V 

V 

!LA 

!LA 

!LA 

!LA 

!LA 
!LA 

!LA 

mA 

mA 

pF 

pF 

switching characteristics over recommended operating free-air temperature range, CL = 50 pF 
(unless otherwise noted) (see Figure 1) . 

SN54LVTH162244 SN74LVTH162244 

PARAMETER 
FROM TO VCC=3.3V 

VCC=2.7V 
VCC=3.3V 

VCC=2.7V UNIT (INPUT) (OUTPUT) ±O.3V ±O.3V 

MIN MAX MIN MAX MIN TYPt MAX MIN MAX 

tplH 1.3 4.5 #~ 5.1 1.4 3.4 4 4.8 
A y ./k-.... v 

ns 
tpHl 1.1 3.9 4.5 1.2 2.9 3.6 4.1 

tpZH 
OE 

1.1 5.3 ~ ... 6.7 1.2 3.9 5.1 6.5 y ns 
tpZl 1.3 -~ 6.1 1.4 3.8 4.5 5.8 

tpHZ 
OE 

2.1..,.0"t.3 5.6 2.2 4.4 5 5.4 y 
1.11'" 

ns 
tpLZ 5.5 5.8 2 4.2 5 5.4 

t All typical values are at Vee = 3.3 V, TA _ 25°e. 
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• Member of the Texas Instruments 
W/debus™ Family 

• EPIC ™ (Enhanced-Performance Implanted 
CMOS) Sub micron Process 

• ESD Protection Exceeds 2000 V Per 
MIL-STD-833, Method 3015; Exceeds 
200 V Using Machine Model 
(C = 200 pF, R = 0) 

• Latch-Up Performance Exceeds 250 mA 
Per JEDEC Standard JESD-17 

• Bus Hold on Data Inputs Eliminates the 
Need for External Pullup/Pulidown 
Resistors 

• Package Options Include Plastic 300-mil 
Shrink Smail-Outline (DL) and Thin Shrink 
Small-Outline (DGG) Packages 

description 

This 16-bit transparent D-type latch is designed 
for 2.3-V to 3.6-V Vee operation. 

The SN74ALVCH16373 is particularly suitable 
for implementing buffer registers, 1/0 ports, 
bidirectional bus drivers, and working registers. 
This device can be used as two 8-bit latches or 
one 16-bit latch. When the latch-enable (LE) input 
is high, the Q outputs follow the data (D) inputs. 
When LE is taken low, the Q outputs are latched 
at the levels set up at the D inputs. 

SN74ALVCH16373 
16·81T TRANSPARENT D·TYPE LATCH 

WITH 3·STATE OUTPUTS 

DGG OR DL PACKAGE 
(TOP VIEW) 

10E 1 1LE 
1Q1 101 
1Q2 102 

GNO 4 GNO 
1Q3 103 
1Q4 104 
Vee Vee 
1Q5 105 
1Q6 9 106 

GNO GNO 
1Q7 107 
1Q8 108 
2Q1 201 
2Q2 202 

GNO GNO 
2Q3 203 
2Q4 204 
Vee Vee 
2Q5 205 
2Q6 206 

GNO GNO 
2Q7 207 
2Q8 208 
20E 2LE 

A buffered output-enable (OE) input can be used to place the eight outputs in either a normal logic state (high 
or low logic levels) or a high-impedance state. In the high-impedance state, the outputs neither load nor drive 
the bus lines significantly. The high-impedance state and the increased drive provide the capability to drive bus 
lines without need for interface or pullup components. OE does not affect internal operations of the latch. Old 
data can be retained or new data can be entered while the outputs are in the high-impedance state. 

To ensure the high-impedance state during power up or power down, OE should be tied to Vee through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

The SN74ALVCH16373 is available in TI's shrink small-outline (DL) and thin shrink small-outline (DGG) 
packages, which provide twice the 1/0 pin count and functionality of standard small-outline packages in the 
same printed circuit board area. 

The SN74ALVCH16373 is characterized for operation from -40cC to 85 cC. 

EPle and Widebus are trademarks of Texas Instruments Incorporated. 
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SN74ALVCH16373 
16·BIT TRANSPARENT O·TYPE LATCH 

WITH 3·STATE OUTPUTS 
SCES020A-JULY 1995- REVISED NOVEMBER 1996 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted}t 

Supply voltage range, Vee ......................................................... -0.5 V to 4.6 V 
Input voltage range, VI (see Note 1) ................................................. -0.5 V to 4.6 V 
Output voltage range, Vo (see Notes 1 and 2) .................................. -0.5 V to Vee + 0.5 V 
Input clamp current, 11K (VI < 0) ........................................................... -50 mA 
Output clamp current, 10K (Vo < 0 or Vo > Vee) ............................................ ±50 mA 
Continuous output current, 10 (Vo = 0 to Vecl .............................................. ±50 mA 
Continuous current through each Vee or GND ............................................. ±100 mA 
Maximum power dissipation at T A = 55°C (in still air) (see Note 3): DGG package ................ 0.85 W 

DL package ................... 1.2 W 
Storage temperature range, Tstg ................................................... -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
2. This value is limited to 4.6 V maximum. 
3. The maximum package power diSSipation is calculated using a junction temperature of 1500 e and a board trace length of 750 mils. 

For more information, refer to the Package Thermal Considerations application note in the ABT Advanced BiCMOS Technology Data 
Book. 

recommended operating conditions (see Note 4) 

Vee Supply voltage 

Vee = 2.3 V to 2.7 V 
VIH High-level input voltage 

Vee = 2.7 V to 3.6 V 

Vee = 2.3 V to 2.7 V 
VIL LOW-level input voltage 

Vee=2.7Vt03.6V 

VI Input voltage 

Vo Output voltage 

Vee = 2.3 V 

IOH High-level output current Vee=2.7V 

Vee = 3 V 

Vee=2.3V 

IOL LOW-level output current Vee=2.7V 

Vee = 3 V 

!J.t//!.v Input transition rise or fall rate 

TA Operating free-air temperature 

NOTE 4: Unused control Inputs must be held high or low to prevent them from floating. 

-!!1 TEXAS 
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MIN MAX UNIT 

2.3 3.6 V 

1.7 
V 

2 

0.7 
V 

0.8 

0 Vee V 

0 Vee V 

-12 

-12 mA 

-24 

12 

12 mA 

24 

0 10 nsN 

-40 85 °e 
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SN74ALVCH16373 
16-BIT TRANSPARENT D·TVPE LATCH 

WITH 3·STATE OUTPUTS 
SCES020A - JULY 1995 - REVISED NOVEMBER 1996 

timing requirements over recommended operating free-air temperature range (unless otherwise 
noteCl) (see Figures 1 and 2) 

Vee = 2.5 V 
Vee = 2.7 V 

Vee = 3.3 V 
±O.2V ±O.3V UNIT 

MIN MAX MIN MAX MIN MAX 

tw Pulse duration, LE high or low 3.3 3.3 3.3 ns 

tsu Setup time, data belore LE.l. 1 1 1.1 ns 

th Hold time, data after LE.l. 1.5 1.7 1.4 ns 

switching characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (see Figures 1 and 2) 

FROM TO 
Vee = 2.5 V 

PARAMETER ±O.2V 
(INPUT) (OUTPUT) 

MIN MAX 

D Q 1 5.1 
tpd 

LE Q 1 5.5 

ten OE Q 1 6.5 

!dis OE Q 1.9 5.3 

operating characteristics, T A = 25°C 

PARAMETER 

Cpd Power dissipation capacitance 

TEST CONDITIONS 

I Outputs enabled 

I Outputs disabled 
CL- 50 pF, I -10 MHz 

~TEXAS 
INSTRUMENTS 
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VCC=2.7V Vee = 3.3 V 
±O.3V UNIT 

MIN MAX MIN MAX 

4.3 1.1 3.6 
ns 

4.6 1 3.9 

5.7 1 4.7 'ns 

4.5 1.4 4.1 ns 

Vee = 2.5 V Vee = 3.3 V 
±O.2V ±O.3V UNIT 

TYP TYP 

19 22 

4 5 
pF 
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SN74ALVCH16373 
16-BIT TRANSPARENT D·TVPE LATCH 

WITH 3·STATE OUTPUTS 
SCES020A - JULY 1995 - REVISED NOVEMBER 1996 

PARAMETER MEASUREMENT INFORMATION 
VCC = 2.7 V AND 3.3 V ± 0.3 V 

o 6V TEST S1 
S1 o Open 

r' 
5000 

From Output_-. __ .--.A./\f\r----/ 
Under Test 

CL=50pF 
(see Note A) T 5000 

tpd Open 

tPLZ/tpZL 6V 

tpHz/tpZH GND 

-=-

LOAD CIRCUIT 14-- tw ----+I 

2.7V 

TI~~:~ _____ --'~'-1-.5-V--_--
1 1 r----

Input 3 ..... ____ --J:KI...1_.5_V __ :.: V 

~ tsu·~ th 
~ 
I 

OV 

Data 
Input __ ...1*1.5 V 

~2.7V 
1.5V 

OV 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

Input L 1.5V \~5~--- 2.7 V 

--II ,. OV 

tPLH 1'4 .I, 'J 
14 Pi tpHL , , 

'r----~~:i -- VOH 
Output !1.5V 1.5V _______ J. VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

NOTES: A. CL includes probe and jig capacitance. 

Output 
Control 

(Iow·level 
enabling) 

Output 
Waveform 1 

S1 at 6 V 
(see Note B) 

Output 
Waveform 2 

S1 at GND 
(see Note B) 

VOLTAGE WAVEFORMS 
PULSE DURATION 

~ 2.7 V 

~ 1.5V t1'~ ___ OV 

tpZL~ 14- ' .... 
, , tpLZ~ roo-

_~I"""I I' 

I , , 
tpZH~ 

, I , 
tpHZ~ 

14-

VOL + 0.3 V 

3V 

VOL 

1,-----+ VOH 
VOH -0.3 V 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

OV 

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses are supplied by generators having the following characteristics: PRR" 1 0 MHz, Zo = 50 0. Ir " 2.5 ns, tf" 2.5 ns. 
D. The outputs are measured one at a time with one transition per measurement. 
E. tPLZ and tpHZ are the same as tdis. 
F. tpZL and tpZH are the same as ten. 
G. tpLH and tpHL are the same as tpd. 

Figure 2. Load Circuit and Voltage Waveforms 
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SN54LYTH16373,SN74LVTH16373 
3.3·Y ABT 16·BIT TRANSPARENT O·TYPE LATCHES 

WITH 3·STATE OUTPUTS 

• State-of-the-Art Advanced BICMOS 
Technology (ABn Design for 3.3N 
Operation and Low-Static Power 
Dissipation 

• Members of the Texas Instruments 
Widebusn .. Family 

• Support Mixed-Mode Signal Operation (5-V 
Input and Output Voltages With 3.3-V Vee) 

• Support Unregulated Battery Operation 
Down t02.7V 

• High-Impedance State During Power Up 
and Power Down 

• Typical VOlP (Output Ground Bounce) 
< 0.8 V at Vee = 3.3 V, TA = 25°C 

• ESD Protection Exceeds 2000 V Per 
MIL-STD-883, Method 3015; Exceeds 200 V 
Using Machine Model 
(C = 200 pF, R = 0) 

• LatCh-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 

• Bus Hold on Data Inputs Eliminates the 
Need for External Pullup/Pulidown 
Resistors 

• Power Off Disables InputS/Outputs, 
Permitting Live Insertion 

• Distributed Vee and GND Pin Configuration 
Minimizes High-Speed Switching Noise 

• Flow-Through Architecture Optimizes 
PCB Layout 

• Package Options Include Plastic 30o-mll 
Shrink Small-Outline (DL) and Thin Shrink 
Small-Outline (DGG) Packages and 38o-mil 
Fine-PitCh CeramiC Flat (WD) Package 
Using 25-mll Center-to-Center Spacings 

description 

MAY - REVISED NOVEMBER 1996 

SN54LVTH16373 .•• WD PACKAGE 
SN74LVTH16373 .•. DGG OR DL PACKAGE 

(TOP VIEW) 

10E 1 1LE 
101 101 
102 102 

GNO 4 GNO 
103 5 103 
104 6 104 
Vee Vee 
105 105 
106 9 106 

GNO GNO 
107 38 107 
108 37 108 
201 36 201 
202 35 202 

GNO 34 GNO 
203 33 203 
204 204 
Vee Vee 
205 205 
206 206 

GNO GNO 
207 207 
208 208 
20E 2lE 

The 'LVTH16373 are 16-bit transparent Ootype latches with 3-state outputs designed for low-voltage (3.3-V) 
Vee operation, but with the capability to provide a TIL interface to a 5-V system environment. These devices 
are particularly suitable for implementing buffer registers, I/O ports, bidirectional bus drivers, and working 
registers. 

These devices can be used as two 8-bit latches or one 16-bit latch. When the latch-enable (LE) input is high, 
the Q outputs follow the data (0) inputs. When LE is taken low, the Q outputs are latched at the levels set up 
at the 0 inputs. 

Widebus is a trademark of Texas Instruments Incorporated. 

UNLESS OTHERWISE HOlED this document ..... Ins PRODUCTlDN 

DATA Into::::=: ~': = 'I:::'"f=:;~-: ~ == proceatIng _ not _Iy Include 'HUng 01"31 

po .... -
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logic symbolt 

10E 

1LE 

20E 

2LE 

101 

102 

103 

104 

105 

106 

107 

108 

201 

202 

203 

204 

205 

206 

207 

208 

1 

48 

24 

25 

47 

46 

44 

43 

41 

40 

38 

37 

36 

35 

33 

32 

30 

29 

27 

26 

'" 1EN 

C3 
,... 

2EN 

C4 , I" 
3D 1V 

40 2V 

2 

3 

5 

6 

8 

9 

11 

12 

13 

14 

16 

17 

19 

20 

22 

23 

SN54LVTH16373,SN74LVTH16373 
3.3-V ABT 16·BIT TRANSPARENT D·TYPE LATCHES 

WITH 3·STATE OUTPUTS 
SCBSl44F - MAY 1992 - REVISED NOVEMBER 1996 

logic diagram (positive logic) 

10E~-----a 

1LE 

101 _4...;;7 ___ -+---I 

1Q1 

1Q2 

1Q3 

1Q4 
To seven Other Channels 

lQ5 

1Q6 

1Q7 20E 

1Q8 

2Q1 2LE 

2Q2 

2Q3 201 36 

2Q4 

2Q5 

2Q6 

2Q7 

2Q8 To Seven Other Channels 

tThis symbol is in accordance with ANSIIIEEE Std 91-1984 
and lEe Publication 617-12. 
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SN54LVTH16373,SN74LVTH16373 
3.3-V ABT 16-BIT TRANSPARENT D-TYPE LATCHES 

WITH 3-STATE OUTPUTS 
SCBS144F - MAY 1992 - REVISED NOVEMBER 1996 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS 

VIK Vee - 2.7 V, 11--1BmA 

Vee-2.7Vt03.6V 10H D -100 jJA 

Vee = 2.7 V, 10H=-BmA 
VOH 

10H _-24 mA 
Vee. 3 V 

10H =-32mA 

10L - 100 I1A 
Vee=2.7V 

IOL-24mA 

IOLD16 mA 
VOL 

IOL-32 mA 
Vee - 3 V 

IOL-4BmA 

IOL-64 mA 

Vee = 0 or 3.6 V VI -5.5V 

eontrol inputs Vee = 3.6 V, VI = Vee or GND 
II 

VI-Vee 
Data inputs Vee- 3.6V 

VI=O 

loff Vee- O, VI or Vo = 0 to 4.5 V 

VI=O.BV 
II(hOld) Data inputs Vee=3V 

VI=2V 

10ZH Vee - 3.6 V, VO=3V 

10ZL Vee = 3.6 V, VO- 0.5V 

10ZPU:l: Vee- Oto 1.5V, Vo = 0.5Vto 3 V, OE =X 

10ZPD:I: Vee = 1.5VtoO, VO-0.5Vt03V, OE=X 

Outputs high 

lee Outputs low Vee=3.6V, 10- 0, 

Outputs disabled 
VI = Vee or GND 

alee§ 
Vee - 3 V to 3.6 V, One input at Vee - 0.6 V, 
Other inputs at Vee or GND 

ei VI =3VorO 

eo Vo = 3 Vor 0 

t All tYPical values are at Vee - 3.3 V, TA - 25°e. 
:I: This parameter is characterized but not tested. 

SN54LVTH16373 SN74LVTH16373 

MIN TYPt MAX MIN TYPt MAX 

-1.2 -1.2 

Vee-0.2 Vee-0.2 

2.4 2.4 

2 

2 

0.2 0.2 

0.5 0.5 

0.4 0.4 

0.5 0.5 

0.55 

"*' 
0.55 

~ 10 10 

~ ±1 ±1 

4. 1 1 

S -5 -5 

0"" ±100 ±100 

7f§. 75 

-75 -75 

5 5 

-5 -5 

±100 ±100 

±100 ±100 

0.19 0.19 

5 5 

0.19 0.19 

0.2 0.2 

3 3 

9 9 

§ This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vee or GND. 

UNIT 

V 

V 

V 

I1A 

I1A 

jJA 

jJA 

jJA 

I1A 

I1A 

mA 

mA 

pF 

pF 

timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) (see Figure 1) 

tw Pulse duration, LE high 

tsu Setup time, data before LE.l. 

th Hold time, data after LEt 

PIIODUCT PIIEVIEW Informlllon conc:oma products in III. _III .. or =: phaoo 01 _opm.n~ ClIonICttrIIIIc daIII and _ 
_ one a" clHlan goaIt. To ... in ...... onto ........ 111. rlghtlo 

ngo or d_ .. lMIe ptOd_ without noli ... 

SN54LVTH16373 

vee = 3.3 V 
Vee=2.7V ±O.3V 

MIN MAX MIN 

3 ,\;;,~ 3 

1 ~t'>tl~, ~"'0.6 
1 <:Y'~ 

~TEXAS 
INSTRUMENTS 

1.1 

POST OFFICE BOX 655303 • DALLAS. TEXAS 75265 

MAX 

SN74LVTH16373 

Vee = 3.3 V 
Vee=2.7V UNIT ±O.3V 

MIN MAX MIN MAX 

3 3 ns 

1 0.6 ns 

1 1.1 ns 
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SN54LVTH16373,SN74LVTH16373 
3.3·V ABT 16·BIT TRANSPARENT O·TYPE LATCHES 

WITH 3·STATE OUTPUTS 
SCBSl44F - MAY 1992 - REVISED NOVEMBER 1996 

PARAMETER MEASUREMENT INFORMATION 

o 6V 

Sl 
From Output _-4>--_._--\SOI\O""O----" 

o Open 

r~ 
Under Teat 

CL=SOpF 
(see Note A) T SOOO 

LOAD CIRCUIT FOR OUTPUTS 

I4--tw~ 
I 1,.--__ 

Input 3 XI..1_.S_V __ 

2.7 V 

VOLTAGE WAVEFORMS 
PULSE DURATION 

OV 

Input ~_l.S_V __ J~l.SV :.:V 

tpLH --j.--.! ~ tpHL 

1 1 I .~--VOH 
1 !l.SV I 1.SV 

--+1 ---J 1 VOL 
Output 

tPHL --l.---.! ~ tpLH 

I!r.:"::'" VOH \1.5 V Zl.SV Output 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

INVERTING AND NONINVERTING OUTPUTS 

NOTES: A. CL includes probe and jig capacitance. 

VOL 

Timing Input 

Data Input 

Output 
Control 

Output 
Waveform 1 

Sl at 6 V 
(see Note B) 

Output 
Waveform 2 

Sl at GND 
(see Note B) 

TEST Sl 

tpLH/tpHL Open 

tPLZ/tpZL 6V 

tpHZ/tpZH GND 

2.7 V 
------"l.S V 

----...J·I'------- OV 

"- ·~th~ I tau I 

__J)k1.SV ~ :.:V 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

~l.SV ¥",1._S_V __ _ 

tpZL~ 14- I 
__ ;-1 "' I tPLZ -1 

2.7 V 

OV 

3V 

1 1 
I 
I 

~!::..+~~ VOL 

tpZH~ ~ 
I 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

LOW· AND HIGH·LEVEL ENABLING 

.. OV 

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses are supplied by generators having the following characteristics: PRR ,;; 10 MHz, Zo = 50 Q, tr ,;; 2.5 ns, tf';; 2.5 ns. 
D. The outputs are measured one at a time with one transition per measurement. 

Figure 1. Load Circuit and Voltage Waveforms 
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SN74ALVCH16374 
16·BIT EDGE·TRIGGERED D·TYPE FLlp·FLOP 

WITH 3·STATE OUTPUTS 

• Member of the Texas Instruments 
Wldebus™ Family 

• EPICTM (Enhanced·Performance Implanted 
CMOS) Submlcron Process 

• ESD Protection Exceeds 2000 V Per 
MIL·STD-833, Method 3015; Exceeds 
200 V Using Machine Model (C = 200 pF, 
R= 0) 

• Latch·Up Performance Exceeds 250 mA 
Per JEDEC Standard JESD-17 

• Bus Hold On Data Inputs Eliminates the 
Need for External Pullup/Pulidown 
Resistors 

• Package Options Include Plastic 30o-mil 
Shrink Small·Outline (DL) and Thin Shrink 
Small·Outline (DGG) Packages 

description 

This 16·bit edge-triggered O-type flip-flop is 
designed for 2.3-V to 3.6-V Vcc operation. 

The SN74ALVCH16374 is particularly suitable 
for implementing buffer registers, 1/0 ports, 
bidirectional bus drivers, and working registers. It 
can be used as two 8-bit flip-flops or one 16-bit 
flip-flop. On the positive transition of the clock 
(CLK) input, the a outputs of the flip-flop take on 
the logic levels set up at the data (0) inputs. C5E) 

DGG OR DL PACKAGE 
(TOP VIEW) 

10E 
101 
102 3 

GNO 4 
103 
104 
Vee 7 
105 
106 

GNO 
107 11 
108 
201 
202 

GNO 
203 
204 
Vee 
205 
206 

GNO 
207 
208 
20E 

1CLK 
101 
102 
GNO 
103 
104 
Vee 
105 
106 
GNO 
107 
108 
201 
202 
GNO 
203 
204 
Vee 
205 
206 
GNO 
207 
208 
2CLK 

can be used to place the eight outputs in either a normal logic state (high or low logic levels) or a high-impedance 
state. In the high-impedance state, the outputs neither load nor drive the bus lines significantly. The 
high-impedance state and the increased drive provide the capability to drive bus lines without need for interface 
or pullup components. OE does not affect internal operations of the flip-flop. Old data can be retained or new 
data can be entered while the outputs are in the high-impedance state. 

To ensure the high-impedance state during power up or power down, OE should be tied to V cc through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

The SN74ALVCH16374 is available in TI's shrink small-outline (OL) and thin shrink small-outline (OGG) 
packages, which provide twice the I/O pin count and functionality of standard small-outline packages in the 
same printed circuit board area. 

The SN7 4ALVCH1637 4 is characterized for operation from -40°C to 85°C. 

EPIC and Widebus are trademarks of Texas Instruments Incorporated. 
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SN74ALVCH16374 
16-BIT EDGE·TRIGGERED D·TVPE FLIP·FLOP 

WITH 3-STATE OUTPUTS 
SCES021A - JULY 1995 - REVISED NOVEMBER 1996 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vee ......................................................... -0.5 V to 4.6 V 
Input voltage range, VI (see Note 1) ................................................. -0.5 V to 4.6 V 
Output voltage range, Vo (see Notes 1 and 2) .................................. -0.5 V to Vee + 0.5 V 
Input clamp current, 11K (VI < 0) ........................................................... -50 mA 
Output clamp current, 10K (Vo < 0 or Vo > Vee) ............................................ ±50 mA 
Continuous output current, 10 (VO = 0 to Vee> .............................................. ±50 mA 
Continuous currentthrough each Vee or GND ............................................. ±100 mA 
Maximum power dissipation at TA = 55°C (in still air) (see Note 3): DGG package ................ 0.85 W 

DL package ................... 1.2 W 
Storage temperature range, Tstg ........................•.......................... -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. The Input and output negative-voltage ratings may be exceeded If the Input and output clamp-current ratings are observed. 
2. This value is limited to 4.6 V maximum. 
3. The maximum package power dissipation is calculated using a junction temperature of 150·e and a board trace length of 750 mils. 

For more information, refertothe Package Thermal Considerations applicatioA note in the ABT Advanced BiCMOS Technology Data 
Book. 

recommended op,ratlng conditions (see Note 4) 

Vee Supply voltage 

High-level input voltage 
Vee = 2.3 Vto 2.7 V 

VIH 
Vee = 2.7 Vto 3.6 V 

Vee- 2.3 Vt02.7V 
Vil low-level input voHage 

Vee - 2.7 V to 3.6 V 

VI Input voHage 

Va Output voltage 

Vee=2.3V 

IOH High-level output a,-arrent Vee = 2.7 V 

Vee- 3V 

Vee- 2.3V 

IOl low-level output current Vee = 2.7 V 

Vee- 3V 
at/liN Input transition rise or fall rate 

TA Operating free-air temperature 

NOTE 4: Unused control Inputs must be held high or low to prevent them from floating. 

~TEXAS 
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MIN MAX UNIT 

2.3 3.6 V 

1.7 
V 

2 

0.7 
V 

0.8 

0 Vee V 

0 Vee V 

-12 

-12 mA 

-24 

12 

12 mA 

24 

0 10 nsN 

-40 85 ·e 
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SN74ALVCH16374 
16-81T EDGE· TRIGGERED D· TYPE FLIP·FLOP 

WITH 3-STATE OUTPUTS 
SCES021A - JULY 1995 - REVISED NOVEMBER 1996 

timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) (see Figures 1 and 2) 

VCC=2.5V 
VCC = 2.7 V 

VCC=3.3V 
±O.2V ±O.3V UNIT 

MIN MAX MIN MAX MIN MAX 

fclock Clock frequency 0 150 0 150 0 150 MHz 

tw Pulse duration, ClK high or low 3.3 3.3 3.3 ns 

tsu Setup time, data before ClKf 2.1 2.2 1.9 ns 

th Hold time, data after ClKf 0.6 0.5 0.5 ns 

switching characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (see Figures 1 and 2) 

FROM TO 
VCC = 2.5 V 

VCC=2.7V 
VCC=3.3V 

PARAMETER ±O.2V ±O.3V UNIT 
(INPUT) (OUTPUTI 

MIN MAX MIN MAX MIN MAX 

fmax 150 150 150 MHz 

tcd ClK Q 1 5.9 4.9 1 4.2 ns 

ten ClK Q 1 6.7 5.9 1 4.8 ns 

tdis ClK Q 1.7 5.5 4.7 1.2 4.3 ns 

operating characteristics, T A = 25°C 
VCC=2.5V VCC=3.3V 

PARAMETER TEST CONDITIONS ±O.2V ±O.3V UNIT 

TYP TYP 

I Outpu1s enabled 31 30 
Cpd Power dissipation capacitance I Outputs disabled 

Cl-50pF, f.l0MHz pF 
16 18 

-!111ExAs 
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SN74ALVCH16374 
16·BIT EDGE·TRIGGERED D·TYPE FLlp·FLOP 

WITH 3·STATE OUTPUTS 
SCES021A- JULY 1995 - REVISED NOVEMBER 1996 

PARAMETER MEASUREMENT INFORMATION 
VCC = 2.7 V AND 3.3 V ± 0.3 V 

o 6V 

S1 o Open 

r' 
5000 

From Output -__.-----.---'V\f\r----/ 
Under Test 

CL=50pF 
(see Note A) T 5000 

TEST S1 

tpd Open 

tPLZ/tpZL 6V 

tpHZ/tpZH GND 

LOAD CIRCUIT 

TI~~:~ _____ ...J~1..1-.5-V-----
2.7V 

14-- tw --+I 
I I 

Input 3 ...... ____ ...J}(:1~.5~V~~~~ :.: V 

OV 

tsu .~ th I 
2.7V 

Date 
Input ~ 

~OV 
VOLTAGE WAVEFORMS 

SETUP AND HOLD TIMES 

Input L 1.5V \~:v--- 2.7V 

---II I . OV 

tPLH!. .II I I 
I" 14 ~ tpHL 

I I 
I ,....----~- VOH 

Output 1 1•5 V 1.5 V ________ J. VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

NOTES: A. CL includes probe and jig capacitance. 

Output 
Control 

(Iow·level 
enabling) 

Output 
Waveform 1 

S1 at 6 V 
(see Note B) 

Output 
Waveform 2 

S1 atGND 
(see Note B) 

VOLTAGE WAVEFORMS 
PULSE DURATION 

~ I 2.7V 

~ 1.5V 4~:--- OV 

tpZL~ ~ 1 
1 1 tpLZ~ 

----+1'"'\1 1 
I 
1 1 

1 
1 

tpZH~ 
tpHZ~ 

I+- . 

3V 

VOL + 0.3 V 
VOL 

I,....-----r VOH 
VOH-0.3V 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

OV 

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses are supplied by generators having the following characteristics: PRRs 10 MHz, Zo = 50 0. trS2.5 ns, tfs2.5 ns. 
D. The outputs are measured one at a time with one transition per measurement. 
E. tpLZ and tpHZ are the same as tdis. 
F. tpZL and tpZH are the same as ten. 
G. tpLH and tpHL are the same as tpd. 

Figure 2. Load Circuit and Voltage Waveforms 
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SN54LYTH16374,SN74LYTH16374 
3.3·Y ABT 16·BIT EDGE·TRIGGERED D·TYPE FLlp·FLOPS 

WITH 3·STATE OUTPUTS 

• State-of-the-Art Advanced BICMOS 
Technology (ABT) Design for 3.3-V 
Operation and Low-Static Power 
Dissipation 

• Members of the Texas Instruments 
Wldebus™ Family 

• Support Mixed-Mode Signal Operation (5-V 
Input and Output Voltages With 3.3-V Vee) 

• Support Unregulated Battery Operation 
Down to 2.7V 

• High-Impedance State During Power Up 
and Power Down 

• Typical VOLP (Output Ground Bounce) 
< 0.8 V at Vee = 3.3 V, TA = 25°C 

• ESD Protection Exceeds 2000 V Per 
MIL-STD-883, Method 3015; Exceeds 200 V 
USing Machine Model 
(C = 200 pF, R = 0) 

• Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 

• Bus Hold on Data Inputs Eliminates the 
Need for External Pullup/Pulldown 
Resistors 

• Power Off Disables Inputs/Outputs, 
Permitting Live Insertion 

• Distributed Vee and GND Pin Configuration 
Minimizes High-Speed Switching Noise 

• Flow-Through Architecture Optimizes 
PCB Layout 

• Package Options Include Plastic 30o-mil 
Shrink Smail-Outline (DL) and Thin Shrink 
Smail-Outline (DGG) Packages and 38o-mil 
Fine-Pitch Ceramic Flat (WD) Package 
Using 25-mll Center-to-Center Spacings 

description 

SN54LVTH16374 ••. WD PACKAGE 
SN74LVTH16374 .•. DGG OR DL PACKAGE 

(TOP VIEW) 

10E 1CLK 
101 1D1 
102 3 102 

GND GND 
103 103 
104 6 104 
Vee 7 Vee 
105 105 
106 106 

GND GND 
107 11 107 
108 108 
201 2D1 
202 2D2 

GND GND 
203 203 
204 204 
Vee Vee 
205 205 
206 206 

GNO GNO 
207 207 
208 208 
20E 24 2CLK 

The 'lVTH16374 are 16-bit edge-triggered Ootype flip-flops with 3-state outputs designed for low-voltage 
(3.3-V) VCC operation, but with the capability to provide a TIL interface to a S-V system environment. These 
devices are particularly suitable for implementing buffer registers, I/O ports, bidirectional bus drivers, and 
working registers. 

These devices can be used as two 8-bit flip-flops or one 16-bit flip-flop. On the positive transition of the clock 
(elK), the Q outputs of the flip-flop take on the logic levels set up at the data (0) inputs. 

Widebus is a trademark of Texas Instruments Incorporated. 
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SN54LVTH16374,SN74LVTH16374 
3.3·V ABT 16·BIT EDGE·TRIGGERED D·TYPE FLIP·FLOPS 

WITH 3·STATE OUTPUTS 
SCBSI45F - MAY 1992 - REVISED NOVEMBER 1996 

logic symbolt logic diagram (positive logiC) 

10E 

1CLK 

20E 

2CLK 

101 

102 

103 

104 

105 

106 

107 

108 

201 

202 

203 

204 

205 

206 

207 

208 

1 "-
48 

24 "-
25 

47 

46 

44 

43 

41 

40 

38 

37 

36 

35 

33 

32 

30 

29 

27 

26 

1EN 

C1 

2EN 

C2 ., 
f'" 

10 1'7 

20 2'7 

10E ---=------a 

lCLK 

101 --.:.;47:....-__ -+_-1 
2 

1Q1 
3 

1Q2 
5 

1Q3 
6 

1Q4 
8 To Seven Other Channels 

1Q5 
9 

1Q6 
11 

12 
1Q7 20E 
1Q8 

13 
2Q1 2CLK 

14 
2Q2 

16 

17 
2Q3 201 36 

2Q4 
19 

2Q5 
20 

2Q6 
22 

2Q7 
23 

2Q8 To Seven Other Channels 

t This symbol is in accordance with ANSI/IEEE Std 91-1984 
and lEe Publication 617-12. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vee ......................................................... -0.5 V to 4.6 V 
Input voltage range, VI (see Note 1) .................................................. -0.5 V to 7 V 
Voltage range applied to any output in the high state or power-off state, Vo (see Note 1) .... -0.5 V to 7 V 
Current into any output in the low state, 10: SN54LVTH16374 ................................. 96 rnA 

SN74LVTH16374 ................................ 128 rnA 
Current into any output in the high state, 10 (see Note 2): SN54LVTH16374 ...................... 48 rnA 

SN74LVTH16374 ..................... 64 rnA 
Input clamp current, 11K (VI < 0) ........................................................... -50 rnA 
Output clamp current, 10K (Vo < 0) ........................................................ -50 rnA 
Maximum power dissipation at TA = 55°C (in still air) (see Note 3): DGG package ................. 0.85 W 

DL package ................... 1.2 W 
Storage temperature range, Tstg ................................................... -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
2. This current flows only when the output is in the high state and Vo > Vee. 
3. The maximum package power dissipation is calculated using a junction temperature of 1500 e and a board trace length of 750 mils. 

For more information, refertothe Package Thennal Considerations application note in the ABT Advanced BiCMOS Technology Data 
Book. 
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SN54LVTH16374,SN74LVTH16374 
3.3-V ABT 16-BIT EDGE-TRIGGERED D-TYPE FLIP-FLOPS 

WITH 3-STATE OUTPUTS 
SCBSl46F - MAY 1992 - REVISED NOVEMBER 1996 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS 
SN54LVTH18374 SN74LVTH16374 

TYPt TYPt MIN MAX MIN MAX 

VIK Vee- 2•7V, 11--18 mA -1.2 -1.2 

Vee - 2.7 V to 3.6 V 10H - -100 vA Vee-0.2 Vee-0.2 

Vee- 2.7V, 10H=-8mA 2.4 2.4 
VOH 

IOH--24mA 2 
Vee- 3V 

IOH--32mA 2 

10l - 100 vA 0.2 0.2 
Vee- 2.7V 

IOl-24mA 0.5 0.5 

IOl-16 mA 0.4 0.4 
VOL 

10l-32mA 0.5 0.5 
Vee- 3V 

IOl-48mA 0.55 

IOl-64mA ~ 0.55 

Vee - 0 or 3.6 V VI-5.5V ~ 10 10 

Control Inputs Vee- 3•6V, VI_ Vee or GND # ±1 ±1 
II 

VI-Vee ~ 1 1 
Data inputs Vee- 3.6V 

VI=O ;:,- -5 -5 

loff Vee- O, VI orVO - Oto 4.5 V ",,0'" ±100 ±100 

VI =0.8V 79.' 75 
II (hold) Data inputs Vee=3V 

VI_2V -75 -75 

10ZH Vee- 3.6V, VO·3V 5 5 

10Zl Vee- 3.8V, VO-0.5V -5 -5 

10ZPU* Vee-Oto1.5V, Vo. 0.5Vt03V, OE- x ±100 ±100 

10ZPD* Vee-1.5VtoO, Vo- 0.5Vt03V, OE-X ±100 ±100 

Outputs high 0.19 0.19 

lee Outputs low Vee- 3.6V, 10- 0, 5 5 

Outputs disablad 
VI - Vee or GND 

0.19 0.19 

4lee§ 
Vee - 3 V to 3.6 V, One Input at Vee - 0.6 V, 

0.2 0.2 
Other Inputs at Vee or GND 

ei VI =3VorO 3 3 

eo VO-3VorO 9 9 

t All typical values are at Vee = 3.3 V, TA. 25°e. 
* This parameter is characterlzad but not tested. 
§This Is the increase in supply current for each input that is at the specified TTL voltage level rather than Vee or GND. 
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SN54LVTH16374,SN74LYTH16374 
3.3·Y ABT 16-BIT EDGE·TRIGGERED D·TYPE FLlp·FLOPS 

WITH 3·STATE OUTPUTS 
SCBS145F - MAY 1992 - REVISED NOVEMBER 1996 

PARAMETER MEASUREMENT INFORMATION 

o 6V 

S1 
From Output _-e-_-.I---,\SOI\iO",O __ -../ o Open 

r~ 
Under Test 

CL=SOpF 
(see Note A) T SOOO 

LOAD CIRCUIT FOR OUTPUTS 

~tw~ 
1 1,--__ 

Input 3 X",,1._S_V __ 

VOLTAGE WAVEFORMS 
PULSE DURATION 

2.7 V 

OV 

Input ~ ... 1.S_V __ J~",,1_.S_V ___ :.: V 

I 1 H-tpLH~ 1 tpHL 

I 1 1 ~--VOH 
I !1.SV 1 1.SV 

--+-I--J 1 VOL 

tPHL~ ~tPLH 

Output 

1 ~I VOH 
\.1.SV T"SV 

. -- VOL 
Output 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

INVERTING AND NON INVERTING OUTPUTS 

NOTES: A. CL includes probe and jig capacitance. 

Timing Input 

Date Input 

Output 
Control 

Output 
Waveform 1 

S1 aUV 
(eee Note B) 

Output 
Waveform 2 

S1 atGND 
(eee Note B) 

TEST S1 

tpLH/tPHL Open 

tPLZ/tpZL 6V 

tpHZ/tpZH OND 

2.7 V ------"'.S V 
____ --J. 1'-______ ° V 

14 .1.. th .I I tsu r I 

--"""'"')(1.5 V ~ :.: V 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

~1:SV ~ ..... 1._S_V __ _ 

tpZL~ 14- 1 

2.7 V 

OV 

I I tpLZ -+I I+-: 
--;-1 ""\L, 1 I/~-- 3 V 

1 ".SV 1.£ VOL + 0.3 V 
I . IT --- VOL 
I I tpHZ ~ j4-

tpZH -+j j+- I 
1---- VOH 

!'.SV ~H-0.3V 
----'. ",OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

LOW· AND HIGH·LEVEL ENABLING 

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal cond~ions such that the output is high except when disabled by the output control. 

C. All input pulses are supplied by generators having the fOllowing characteristics: PRR ~ 10 MHz, Zo = 50 Q, tr ~ 2.5 ns, tf ~ 2.5 ns. 
D. The outputs are measured one at a time with one transition per measurement. 

Figure 1. Load Circuit and Voltage Waveforms 
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• Member of the Texas Instruments 
W/debus™ Family 

• EPICTM (Enhanced· Performance Implanted 
CMOS) Submlcron Process 

• Bus Hold on Data Inputs Eliminates the 
Need for External Pullup/Pulidown 
Resistors 

• ESD Protection Exceeds 2000 V Per 
MIL-STD-883, Method 3015; Exceeds 200 V 
Using Machine Model (C = 200 pF, R = 0) 

• Latch·Up Performance Exceeds 250 mA Per 
JEDEC Standard JESD-17 

• Package Options Include Plastic Shrink 
Small-Outline (DL) and Thin Shrink 
Small-Outline (DGG) Packages 

description 

This 18-bit universal bus driver is designed for 
2.3-V to 3.6-V Vcc operation. 

Data flow from A to Y is controlled by the 
output-enable (OE). The device operates in the 
transparent mode when the latch-enable (lE) 
input is high. The A data is latched if the clock 
(ClK) input is held at a high or low logic level. If lE 
is low, the A-bus data is stored in the latch/flie:!!.0p 
on the low-to-high transition of ClK. When OE is 
high, the outputs are in the high-impedance state. 

To ensure the high-im~dance state during power 
up or power down, OE should be tied to Vce 
through a pullup resistor; the minimum value of 
the resistor is determined by the current-sinking 
capability of the driver. 

SN74ALVCH16835 
18·BIT UNIVERSAL BUS TRANSCEIVER 

WITH 3·STATE OUTPUTS 
SCES053A - SEPTEMBER 1995 - REVISED NOVEMBER 1996 

DGG OR DL PACKAGE 
(TOP VIEW) 

Y9 
Y10 
Y11 
Y12 

GND 
Y13 
Y14 
Y15 
Vee 
Y16 
Y17 

GND 
Y18 
OE 

GND 
NC 
A1 
GND 
A2 
A3 
Vee 
A4 
A5 
A6 
GND 
A7 
A8 
A9 
A10 
A11 
A12 
GND 
A13 
A14 
A15 

Vee 
A16 
A17 
GND 
A18 
ClK 

lE GND ~ __ .r 

Ne - No internal connection 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

The SN74AlVCH16835 is available in Tl's shrink small-outline (Dl) and thin shrink small-outline (DGG) 
packages, which provide twice the I/O pin count and functionality of standard small-outline packages in the 
same printed circuit board area. 

The SN74AlVCH16835 is characterized for operation from -40·C to 85·C. 

EPle and Widebus are trademarks of Texas Instruments InCOrporated. 
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logic diagram (positive logic) 

OE _2_7 __ 0 

ClK ...;3;.;;.0 __ -1 

lE 28 

A1 54 >--+--+---110 

"'--+--fC1 

ClK 

\ 
v 

SN74ALVCH16835 
18-BIT UNIVERSAL BUS TRANSCEIVER 

WITH 3-STATE OUTPUTS 
SCES063A - SEPTEMBER 1995 - REVISED NOVEMBER 1996 

~_....::3:... Y1 

To Seventeen Other Channels 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted}t 

Supply voltage range, Vee ......................................................... -0.5 V to 4.6 V 
Input voltage range, VI (see Note 1) ................................................. -0.5 V to 4.6 V 
Output voltage range, Vo (see Notes 1 and 2) .................................. -0.5 V to Vee + 0.5 V 
Input clamp current, 11K (VI < 0) ........................................................... -50 mA 
Output clamp current, 10K (Vo < a or Vo > Vee) ............................................ ±50 mA 
Continuous output current, 10 (Vo = a to Vee> .............................................. ±50 mA 
Continuous current through each Vee or GND ............................................. ±100 mA 
Maximum power dissipation at TA = 55°C (in still air) (see Note 3): DGG package .................. 1 W 

DL package ................... 1.4 W 
Storage temperature range, Tstg ..•.•.....•...•.•.••..••.•.•........•...•.....•.•.. -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings" niay cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
2. This value is limited to 4.6 V maximum. 
3. The maximum package power dissipation is calculated using a junction temperature 01 150°C and a board trace length of 750 mils. 

For more information, refer to the Package ThermalConsiderationsapplication note in the ABT Advanced BiCMOS Technology Data 
Book. 
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SN74ALVCH16835 
18-BIT UNIVERSAL BUS TRANSCEIVER 

WITH 3-STATE OUTPUTS 
SCES053A - SEPTEMBER 1996 - REVISED NOVEMBER 1996 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS VCC MIN TYPt MAX UNIT 

IOH - -100 I1A 2.3 Vt03.6 v VCc-O·2 

IOH--6mA, VIH-1.7V 2.3V 2 

VIH-1.7V 2.3 V 1.7 
VOH V 

IOH _-12mA VIH ~2V 2.7V 2.2 

VIH -2V 3V 2.4 

IOH--24mA, VIH-2V 3V 2 

IOl· 100 I1A 2.3 Vto 3.6 v 0.2 

IOl-6mA, Vll-0.7V 2.3V 0.4 

Val Vll-0.7V 2.3V 0.7 V 
IOl=12mA 

Vll-0.8V 2.7V 0.4 

IOl=24mA, Vll. 0.8 V 3V 0.55 

II VI - VCC or GND 3.6 V ±5 I1A 
VI-0.7V 2.3V 45 

VI-1.7V 2.3V -45 

II (hold) VI-0.8V 3V 75 I1A 
VI=2V 3V -75 

VI - 0 to 3.6 V:I: 3.6V ±500 

IOZ Va = VCC or GND 3.6 V ±10 I1A 

ICC VI - VCC or GND, 10- 0 3.6V 40 I1A 

alCC 
One input at VCC - 0.6 V, 

3Vt03.6V 750 I1A Other inputs at V CC or GND 

Control inputs VI = VCC or GND 3.3V 3.5 
Ci 

Data inputs VI- VCC or GND 3.3V 6 
pF 

Cio Outputs Va· Vcc or GND 3.3V 7 pF 

t All typical values are at VCC. 3.3 V, TA. 25°C. 
:I: This is the bus-hold maximum dynamic current required to switch the input from one state to another. 

timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 

VCC=2.5V 
VCC=2.7V 

VCC = 3.3 V 
±O.2V ±O.3V UNIT 

MIN MAX MIN MAX MIN MAX 

fclock Clock frequency 0 150 0 150 0 150 MHz 

lE high 3.3 3.3 3.3 
tw Pulse duration ns 

ClK high or low 3.3 3.3 3.3 

Data before ClKi 2.2 2.1 1.7 

tsu Setup time Data before lE.J-, ClK high 1.9 1.6 1.5 ns 

Data before lE.J-, ClK low 1.3 1.1 1 

Data after ClKi 0.6 0.6 0.7 
th Hold time 

Data after lE.J-, ClK high or low 
ns 

1.4 1.7 1.4 
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SN74ALVCH16835 
18-BIT UNIVERSAL BUS TRANSCEIVER 

WITH 3-STATE OUTPUTS 
SCES053A - SEPTEMBER 1995 - REVISED NOVEMBER 1996 

PARAMETER MEASUREMENT INFORMATION 
V CC = 2.5 V ± 0.2 V 

o 4.6V 

S1 o Open 

r~ 
5000 

From Output_-. __ .--JV\.I\r----J 
Under Test 

CL = 50 pF 
(see Note A) T 5000 

LOAD CIRCUIT 

2.3V 

TI~~n~ _____ ...J~'-1-.2-V-----
OV r tsu·~ th 

~ 

TEST S1 

tpd Open 

tpLZ/tpZL 4.6 V 

tPHZ/tpZH GND 

~tw--+l 
I I~ ___ 

Input 3 }(\.1_.2_V __ 

VOLTAGE WAVEFORMS 
PULSE DURATION 

2.3V 

OV 

Data 
Input __ .J*1.2V 

I 
~2.3V 

1.2V 
OV 

Output 
Control 

(low-level 
enabling) 

~. I 2.3 V 

~1.2V 4~:--- OV VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

Input L1.2V \~2-;--- 2.3 V 

---11 I . OV 
---iII!.I--~~ I I 

Output 
Waveform 1 

S1 at 4.6 V 
(see Note B) 

tpZL -.!!4- 1 
1 1 tpLZ~ 

_--+1,",\1 1 
1 
1 VOL+0.3V 1 

1 
1 

tpZH~ 
~PHZ~ ~ 

2.3 V 

VOL 

tpLH I'" 1 1<11 ~ tpHL 
I 1 
1 ,.....----~t"i - VOH 

Output 
Waveform 2 

S1 atGND 
(see Note B) 

Ir-____ -+ VOH 

Output !1.2V 1.2V 
________ J. VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

NOTES: A. CL includes probe and jig capacitance. 

VOH~0.3V 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

OV 

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses are supplied by generators having the following characteristics: PRR :s; 10 MHz, Zo = 50 0. tr :s; 2.5 ns, tf :s; 2.5 ns. 
D. The outputs are measured one at a time with one transition per measurement. 
E. tpLZ and tpHZ are the same as tdis. 
F. tpZL and tpZH are the same as ten. 
G. tpLH and IpHL are the same as tpd. 

Figure 1. Load Circuit and Voltage Waveforms 
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SN74LVT16835 
3.3-V ABT 18-BIT UNIVERSAL BUS DRIVER 

WITH 3-STATE OUTPUTS 

• State-of-the-Art Advanced BICMOS 
Technology (ABT) Design for 3.3-V 
Operation and Low-Static Power 
Dissipation 

• Member of the Texas Instruments 
Widebus™ Family 

• Supports Mixed-Mode Signal Operation 
(5-V Input and Output Voltages With 
3.3-VVee) 

• Supports Unregulated Battery Operation 
Down to 2.7V 

• Typical VOlP (Output Ground Bounce) 
< 0.8 V at Vee = 3.3 V, TA = 25°C 

• Bus Hold on Data Inputs Eliminates the 
Need for External Pullup/Pulldown 
Resistors 

• Supports Live Insertion 
• Distributed Vee and GND Pin Configuration 

Minimizes High-Speed Switching Noise 

• Flow-Through Architecture Optimizes 
PCB Layout 

• Package Options Include Plastic 30o-mll 
Shrink Smail-Outline (DL) and Thin Shrink 
Smail-Outline (DGG) Packages Using 25-mll 
Center-to-Center Spacings 

description 

The SN74LVT16835 is an 18-bit universal bus 
driver designed for low-voltage (3.3-V) VCC 
operation, but with the capability to provide a TTL 
interface to a 5-V system environment. 

Data flow from A to Y is controlled by the 
output-enable (OE) input. This device operates in 
the transparent mode when the latch-enable (LE) 

DGG OR DL PACKAGE 
(TOP VIEW) 

NC 
NC 

Vee 
Y4 
Y5 9 
Y6 

GND 
Y7 
Y8 
Y9 

Y10 
Y11 
Y12 

GND 
Y13 
Y14 
Y15 

Vee 
Y16 
Y17 

GND 
Y18 
DE 

GND 
NC 
A1 
GND 
A2. 
A3 

Vee 
A4 
A5 
A6 
GND 
A7 
A8 
A9 
A10 
A11 
A12 
GND 
A13 
A14 
A15 

Vee 
A16 
A17 
GND 

31 A18 
30 ClK 

lE 29 GND ...... __ .r 

Ne - No internal connection 

input is high. The A data is latched if the clock (ClK) input is held at a high or low logic level. If LE is low, the 
A-bus data is stored in the latch/flip-flop on the low-to-high transition of the clock. When OE is high, the outputs 
are in the high-impedance state. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

To ensure the high-impedance state during power up or power down, OE should be tied to V CC through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN7 4LVT16835 is available in TI's shrink small-outline (DL) and thin shrink small-outline (DGG) packages, 
which provide twice the input/output (I/O) pins and functionality of standard small-outline packages in the same 
printed circuit board area. 

The SN74LVT16835 is characterized for operation from -40°C to 85°C. 

Widebus is a trademark of Texas Instruments Incorporated. 
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logic diagram (positive logic) 

OE 27 

ClK,.......::3.:..0 __ ~ 

lE _2-,-8 __ -; 

A1 _5_4 ----4 

SN74LVT16835 
3.3-V ABT 18-BIT UNIVERSAL BUS DRIVER 

WITH 3·STATE OUTPUTS 

>---+--+---41D 
__ -t--tC1 

ClK 

~----~v~----~ 
To 17 Other Channels 

SCBS309D - MARCH 1994 - REVISED NOVEMBER 1996 

3 Y1 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vee ......................................................... -0.5 V to 4.6 V 
Input voltage range, VI (see Note 1) .................................................. -0.5 V to 7 V 
Voltage range applied to any output in the high state or power-off state, Vo (see Note 1) .... -0.5 V to 7 V 
Current into any output in the low state, 10 .................................................. 128 mA 
Current into any output in the high state, 10 (see Note 2) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 64 mA 
Input clamp current, 11K (VI < 0) .....................•.......•............................. -50 mA 
Output clamp current, 10K (VO < 0) ........................................................ -50 mA 
Maximum power dissipation at T A = 55°C (in still air) (see Note 3): DGG package . . . . . . • . . . . . . . . . . .. 1 W 

DL package ................... 1.4 W 
Operating free-air temperature range, T A ............................................ -40°C to 85°C 
Storage temperature range, Tstg ................................................... -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings' may cause permanent damage to the device. These are stress ratings only. and 
functional operation of the device at these or any other conditions beyond those indiceted under "recommended operating conditions· is not 
implied. Exposure to absolute-maximum-rated conditions lor extended periods may affect device reliability. 

NOTES: 1. The input and output negative-voltage ratings may be exceeded If the input and output clamp-current ratings are observed. 
2. This current flows only when the output Is in the high state and Vo > Vee. 
3. The maximum package power dissipation Is calculated using a junction temperature 01 150·e and a board trace length of 750 mils. 

For more information. relertothe Package ThermalConsiderafionsapplication note in the ABT Advanced B/CMOS Technology Data 
Book. 
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SN74LVT16835 
3.3-V ABT 18-BIT UNIVERSAL BUS DRIVER 

WITH 3·STATE OUTPUTS 
SCBS309D - MARCH 1994 - REVISED NOVEMBER 1996 

timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) (see Figure 1) 

Vce= 3.3 V Vee=2.7V 
±O.3V UNIT 

MIN MAX MIN MAX 

fclock Clock frequency 0 150 0 125 MHz 

lE high 3.3 3.3 
tw Pulse duration ns 

ClK high or low 3.3 3.3 

Data before ClKi 1.6 2.1 

tsu Setup time Data before lEJ., ClK high 2.6 1.9 ns 

Data before lEJ., ClK low 2 1.3 

Data after ClKi 2 2.1 
th Hold time 

Data after lEJ. 
ns 

0.9 1.2 

switching characteristics over recommended operating free-air temperature range, CL = 50 pF 
(unless otherwise noted) (see Figure 1) 

PARAMETER FROM TO 
(INPUT) (OUTPUT) 

fmax 

tplH 
A Y 

tPHl 

tPlH 
lE y 

tpHl 

tplH 

tpHl 
ClK y 

tpZH 

tpZl 
OE y 

tPHZ 
OE y 

tpLZ 

t All tYPical values are at VCC = 3.3 V, TA = 25°C. 
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Vee = 3.3 V±O.3 V Vce=2.7V 
UNIT 

MIN TYPt MAX MIN MAX 

150 150 MHz 

1.7 3 5.4 6.8 
ns 

1.6 3.2 5.9 7.7 

2.3 4 7 8.5 
ns 

2.7 4.3 7.9 9.7 

2.5 4.1 7.9 9.2 

3.5 5.4 8.9 10.4 
ns 

1.2 3 5 5.9 
ns 

1.5 3 5.8 6.9 

2.7 4.6 7.4 8.3 
ns 

2.8 4.7 6.7 7.2 
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• Member of the Texas Instruments 
Wldebus™ Family 

• EPle™ (Enhanced-Performance Implanted 
CMOS) Submlcron Process 

• Latch-Up Performance Exceeds 250 mA Per 
JEDEC Standard JESD-17 

• ESD Protection Exceeds 2000 V Per 
Mll-STD-S83, Method3015; Exceeds 
200 V Using Machine Model 
(C = 200 pF, R = 0) 

• Bus Hold on Data Inputs Eliminates 
the Need for External Pullup/Pulidown 
ReSistors 

• Package Options Include Plastic 300-mil 
Shrink Smail-Outline (Dl) and Thin Shrink 
Smail-Outline (DGG) Packages 

description 

This 18-bit buffer and line driver is designed for 
2.3-V to 3.6-V Vee operation. 

This SN74ALVCH16825 improves the perform
ance and density of 3-state memory address 
drivers, clock drivers, and bus-oriented receivers 
and transmitters. 

The device can be used as two 9-bit buffers or one 
18-bit buffer. It provides true data. 

SN74ALVCH16825 
18-BIT BUFFER/DRIVER 

WITH 3-STATE OUTPUTS 
JULY 1995 - REVISED 

DGG OR DL PACKAGE 
(TOP VIEW) 

10E1 1 56 10E2 
1Y1 2 1A1 
1Y2 3 1A2 

GND 4 GND 
1Y3 5 1A3 
1Y4 6 1A4 
Vee 7 Vee 
1Y5 8 1A5 

1A6 
1Y7 1A7 

GND 11 GND 
1Y8 1A8 
1Y9 1A9 

GND GND 
GND GND 
2Y1 2A1 
2Y2 2A2 

GND GND 
2Y3 2A3 
2Y4 2A4 
2Y5 2A5 
Vee Vee 
2Y6 2A6 
2Y7 2A7 

GND GND 
2Y8 2A8 

The 3-state control gate is a 2-input AND gate with 2Y9 2A9 
active-low J.!!e.uts so that if either output-enable 200 20E2 
(OE1 or OE2) input is high, all nine affected 
outputs are in the high-impedance state. 

To ensure the high-impedance state during power up or power down, OE should be tied to Vee through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

Active bus-hold circuitry is provided to hold unused or floating inputs at a valid logic level. 

The SN74ALVCH16825 is available in Tl's shrink small-outline (DL) and thin shrink small-outline (DGG) 
packages, which provides twice the 1/0 pin count and functionality of standard small-outline packages in the 
same printed circuit board area. 

The SN74ALVCH16825 is characterized for operation from -40°C to 85°C. 

EPle and Widebus are trademarks of Texas Instruments Incorporated. 

~TEXAS 
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Copyright Cl1996, Texas Instruments Incorporated 
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SN74ALVCH16825 
18-BIT BUFFER/DRIVER 

WITH 3-STATE OUTPUTS 
SCES039A-JULY 1995- REVISED NOVEMBER 1996 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vee ......................................................... -0.5 V to 4.6 V 
Input voltage range, VI (see Note 1) ................................................. -0.5 V to 4.6 V 
Output voltage range, Vo (see Notes 1 and 2) .................................. -0.5 V to Vee + 0.5 V 
Input clamp current, 11K (VI < 0) ........................................................... -50 mA 
Output clamp current, 10K (Vo < 0 or Vo > Vecl ............................................ ±50 mA 
Continuous output current, 10 (Vo = 0 to Vecl .............................................. ±50 mA 
Continuous current through each Vee or GND ............................................. ±100 mA 
Maximum power disSipation at TA = 55°C (in still air) (see Note 3): DGG package .................. 1 W 

DL package ................... 1.4 W 
Storage temperature range, Tstg ................................................... -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maxi mum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
2. This value is limited to 4.6 V maximum. 
3. The maximum package power dissipation is calculated using a junction temperature of 1500 e and a board trace length of 750 mils. 

For more information, refer to the Package Thermal Considerations application note in the ABT Advanced BiCMOS Technology Data 
Book. 

recommended operating conditions (see Note 4) 

Vee Supply voltage 

Vee=2.3Vt02.7V 
VIH High-level input voltage 

Vee=2.7Vt03.6V 

Vee = 2.3 V to 2.7 V 
VIL Low-level input voltage 

Vee = 2.7 V to 3.6 V 

VI Input voltage 

Va Output voltage 

Vee = 2.3 V 

IOH High-level output current Vee=2.7V 

Vee = 3 V 

Vee = 2.3V 

IOL LOW-level output current Vee=2.7V 

Vee = 3 V 

l>Vl>v Input transition rise or fall rate 

TA Operating free-air temperature 

NOTE 4: Unused control Inputs must be held high or low to prevent them from floating. 
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MIN MAX UNIT 

2.3 3.6 V 

1.7 
V 

2 

0.7 v 
0.8 

0 Vee V 

0 Vee V 

-12 

-12 mA 

-24 

12 

12 mA 

24 

0 10 nsN 

-40 85 ·e 
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SN74ALVCH16825 
18-BIT BUFFER/DRIVER 

WITH 3·STATE OUTPUTS 
SCES039A - JULY 1995 - REVISED NOVEMBER 1996 

PARAMETER MEASUREMENT INFORMATION 
VCC = 2.5 V ± 0.2 V 

St 5000 
From Output---e---el----'\Mr----' 

Under Test 

CL=50pF 
(_NoteA) T 5000 

LOAD CIRCUIT 

o 4.8 V 

o Open 
TEST St 

tpd Open 
tPLZ/tpZL 4.8 V 
tpHZltpZH GND 

14-- tw ~ 

TI~~: _____ .J~\o,.t-.2-V----
2.3 V 

I ,...-___ .., I ~ __ 

Input 3 X",1_.2_V ___ :.: V 

~I 
I 

OV 

~ tau ~~ th 

Data --~~t.2 V 
Input ___ 1\ £ 2.3 V 

t.2V 
OV 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

Input L 1.2 V \ ~2-;--- 2.3V 

---'1 I· OV 

tPLH ~ .II I J 14 Pi tPHL 
I I 
I ~----~~-- VOH 

Output !1.2V t.2V 
________ J. VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

NOTES: A. CL includes probe and jig capacitance. 

Output 
Control 

(low-level 
enabling) 

Output 
WBveform1 

S1 at 4.8 V 
(_Note B) 

Output 
Waveform 2 

St atGND 
(_Note B) 

VOLTAGE WAVEFORMS 
PULSE DURATION 

~ I 2.3 V 

~ t.2V 4_1.~V ___ OV 

tpZL --.! I+-t -J "'"--
I I PLZ -I roo-

I I .J I 
-----ij-ri- - I-Y;;;- 2.3 V 

I \, t.2V I ~ VOL + 0.3 V 
I I --- VOL 
I tpHZ~ I+-

tpZH~ 14- I 
I tv':--- VOH 

___ ...,j!t... t.2V __ ~H-0.3V OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses are supplied by generators having the following characteristics: PRR s 10 MHz, ZO - 50 0, tr s 2.5 ns, tf s 2.5 ns. 
D. The outputs are measured one at a time with one transition per measurement. 
E. tpLZ and tpHZ are the same as tdis. 
F. tpZL and tpZH are the same as ten. 
G. tpLH and tpHL are the same as tpd. 

Figure 1. Load Circuit and Voltage Waveforms 
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• Member of the Texas Instru.ments 
W/debusTM Family 

• EPIC TN (Enhanced-Performance Implanted 
CMOS) Submlcron Process 

• Bus Hold on Data Inputs Eliminates the 
Need for External PulluplPulidown 
Resistors 

• Package Options Include Plastic 300-mll 
Shrink Smail-Outline (Dl) and Thin Shrink 
Smail-Outline (DGG) Packages 

description 

This 18-bit bus-interface Ootype latch is designed 
for 2.3-V to 3.6-V VCC operation. 

The SN74ALVCH16843 features 3-state outputs 
designed specifically for driving highly capacitive 
or relatively low-impedance loads. This device is 
particularly suitable for implementing buffer 
registers, unidirectional bus drivers, and working 
registers. 

The SN74ALVCH 16843 can be used as two 9-bit 
latches or one 18-bit latch. The 18 latches are 
transparent Ootype latches. The device has 
nonlnverting data (0) inputs and provides true 
data at its outputs. 

A buffered output-enable (OE) input can be used 
to place the nine outputs in either a normal logic 
state (high or low logic levels) or a high-impedance 
state. The outputs also are in the high-impedance 
state during power-up and power-down 

SN74ALVCH16843 
18·BIT BUS-INTERFACE O·TYPE LATCH 

WITH 3·STATE OUTPUTS 
SCES044A - JULY 1995 -

DGG OR DL PACKAGE 
(TOP VIEW) 

1CLR 
10E 
101 

GNO 4 

102 5 

103 6 

Vee 7 
104 8 
105 9 
106 10 

GNO 11 
107 12 
108 13 
109 14 

201 15 

202 16 

203 17 
GNO 18 

204 19 

205 20 

206 21 

Vee 22 
207 23 

208 24 

GNO 25 

209 26 

20E 27 

2CLR 28 

50 

49 

48 
47 

46 
45 

44 

1LE 
1PRE 
101 
GNO 
102 
103 
Vee 
104 
105 
106 
GNO 
107 
108 
109 
201 
202 
203 
GNO 
204 
205 
206 
Vee 
207 
208 
GNO 
209 
2PRE 
2LE 

1996 

conditions. The outputs remain in the high-impedance state while the device is powered down. In the 
high-impedance state, the outputs neither load nor drive the bus lines significantly. The high-impedance state 
and increased drive provide the capability to drive bus lines without need for interface or pullup components. 

The output-enable (OE) input does not affect the internal operations of the latch. Previously stored data can be 
retained or new data can be entered while the outputs are in the high-impedance state. 

To ensure the high-impedance state during power up or power down, OE should be tied to V CC through a pull up 
reSistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

Active bus-hold circuitry is provided to hold unused or floating inputs at a valid logic level. 

The SN74ALVCH16843 is available in TI's shrink small-outline (OL) and thin shrink small-outline (OGG) 
packages, which provide twice the 1/0 pin count and functionality of standard small-outline packages in the 
same printed circuit board area. 

The SN74ALVCH16843 is characterized for operation from -40°C to 85°C. 

EPIC and Widebus are trademarks of Texas Instruments Incorporated. 
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PRE CLR 

L X 

H L 

H H 

H H 

H H 

X X 

SN74ALVCH16843 
18-BIT BUS-INTERFACE OoTYPE LATCH 

WITH 3-STATE OUTPUTS 
SCES044A-JULY 1995 - REVISED NOVEMBER 1996 

FUNCTION TABLE 
(each G-blt latch) 

INPUTS OUTPUT 

OE LE 0 Q 

L X X H 

L X X L 

L H L L 

L H H H 

L L X QO 

H X X Z 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vee ......................................................... -0.5 V to 4.6 V 
Input voltage range, VI (see Note 1) ................................................. -0.5 V to 4.6 V 
Output voltage range, Vo (see Notes 1 and 2) .................................. -0.5 V to Vee + 0.5 V 
Input clamp current, 11K (VI < 0) ........................................................... -50 mA 
Output clamp current, 10K (VO < 0 or Vo > Vee) ............................................ ±50 mA 
Continuous output current, 10 (VO = 0 to Vee) .............................................. ±50 mA 
Continuous current through each Vee or GND ............................................. ±100 mA 
Maximum power dissipation at TA = 55°C (in still air) (see Note 3): DGG package .................. 1 W 

DL package ................... 1.4 W 
Storage temperature range, Tst9 ................................................... -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. The input and output negative-voltage ratings may be exceeded if the input and output clamp-currenl ratings are observed. 
2. This value is limited to 4.6 V maximum. 
3. The maximum package power dissipation is calculated using a junction temperature of 1500 e and a board trace length of 750 mils. 

For more information, refer to the Package Thermal Considerations application note in the ABT Advanced BiCMOS Technology Data 
Book. 

recommended operating conditions (see Note 4) 

vee Supply voltage 

Vee = 2.3 V to 2.7V 
VIH High-level input voltage 

Vee = 2.7 V to 3.6 V 

Vee = 2.3 Vto 2.7V 
VIL LOW-level input voltage 

Vee = 2.7 V to 3.6 V 

VI Input voltage 

Vo Output voltage 

Vee = 2.3 V 

IOH High-level output current Vee = 2.7 V 

Vee =3V 

Vee = 2.3V 

IOL Low-level output current Vee = 2.7 V 

Vee = 3 V 

/l.tJ/l.v Input transition rise or fall rate 

TA Operating free-air temperature 

NOTE 4: Unused control inputs must be held high or low to prevent them from floating. 
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MIN MAX UNIT 

2.3 3.6 V 

1.7 
V 

2 

0.7 
V 

0.8 

0 Vee V 

0 Vee V 

-12 

-12 mA 

-24 

12 

12 mA 

24 

0 10 nsN 

-40 85 °e 
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• Member of the Texas Instruments 
W/debus ™ Family 

• EPIC ™ (Enhanced·Performance Implanted 
CMOS) Submlcron Process 

• ESO Protection Exceeds 2000 V Per 
MIL·STO·883, Method 3015; Exceeds 
200 V Using Machine Model (C = 200 pF, 
R= 0) 

• Latch·Up Performance Exceeds 250 mA 
Per JEOEC Standard JESD-17 

• Bus Hold on Data Inputs Eliminates the 
Need for External Pullup/Pulidown 
Resistors 

• Package Options Include Plastic 30o-mil 
Shrink Small·Outline (OL) and Thin Shrink 
Small·Outline (OGG) Packages 

description 

This 18-bit bus-interface flip-flop is designed for 
2.3-V to 3.6-V VCC operation. 

The SN74ALVCH16823 features 3-state outputs 
designed specifically for driving highly capacitive 
or relatively low-impedance loads. This device is 
particularly suitable for implementing wider buffer 
registers, I/O ports, bidirectional bus drivers with 
parity, and working registers. 

The SN74ALVCH16823 can be used as two 9-bit 
flip-flops or one 18-bit flip-flop. With the 
clock-enable (CLKEN) input low, the D-type 
flip-flops enter data on the low-to-high transitions 
of the clock. Taking CLKEN high disables the 
clock buffer, thus latching the outputs. Taking the 
clear (CLR) input low causes the Q outputs to go 
low independently of the clock. 

SN74ALVCH16823 
18·BIT BUS·INTERFACE FLIP·FLOP 

WITH 3·STATE OUTPUTS 

DGG OR DL PACKAGE 
(TOP VIEW) 

1CLR 1CLK 
WE 1CLKEN 
1Q1 101 

GNO 4 GNO 
102 
103 

Vee 7 Vee 
1Q4 8 104 
1Q5 9 105 
1Q6 106 

GNO GNO 
1Q7 107 
1Q8 108 
1Q9 109 
2Q1 201 
2Q2 202 
2Q3 203 

GNO GNO 
2Q4 204 
2Q5 205 
2Q6 206 
Vee Vee 
2Q7 207 
2Q8 208 

GNO GNO 
2Q9 209 
20E 2CLKEN 

2CLR 2CLK 

A buffered output-enable (OE) input can be used to place the nine outputs in either a normal logic state (high 
or low logic levels) or a high-impedance state. In the high-impedance state, the outputs neither load nor drive 
the bus lines significantly. The high-impedance state and increased drive provide the capability to drive bus lines 
without need for interface or pullup components. 

The output-enable (OE) input does not affect the internal operation of the flip-flops. Old data can be retained 
or new data can be entered while the outputs are in the high-impedance state. 

To ensure the high-impedance state during power up or power down, OE should be tied to V CC through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

EPle and Widebus are trademarks of Texas Instruments Incorporated. 
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logic symbolt 

10E 

1CLR 

1CLKEN 

1CLK 

20E 

2CLR 

2CLKEN 

2CLK 

101 

102 

103 

104 

105 

106 

107 

108 

109 

201 

202 

203 

204 

205 

206 

207 

208 

209 

2 "-
1 "-
55 "-
56 

27 "-
28 ~ 

30 "-
29 

54 

52 

51 

49 

48 

47 

45 

44 

43 

42 

41 

40 

38 

37 

36 

34 

33 

31 

EN1 

R2 

G3 

3C4 

EN5 

R6 

G7 

7C8 ., r-
40 1,2V 

80 5,6V 

SN74ALVCH16823 
18-BIT BUS·INTERFACE FLlp·FLOP 

WITH 3·STATE OUTPUTS 
SCES038A-JULY 1995 - REVISED NOVEMBER 1996 

3 

5 

6 

8 

9 

10 

12 

13 

14 

15 

16 

17 

19 

20 

21 

23 

24 

26 

1Q1 

1Q2 

1Q3 

1Q4 

1Q5 

1Q6 

1Q7 

1Q8 

1Q9 

2Q1 

2Q2 

2Q3 

2Q4 

2Q5 

2Q6 

2Q7 

2Q8 

2Q9 

tThis symbol is in accordance with ANSI/lEEE Std 91-1984 and lEe Publication 617-12. 
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SN74ALVCH16823 
18-BIT BUS-INTERFACE FLIP-FLOP 

WITH 3-STATE OUTPUTS 
SCES038A - JULY 1995 - REVISED NOVEMBER 1996 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vee ......................................................... -0.5 V to 4.6 V 
Input voltage range, VI (see Note 1) ................................................. -0.5 V to 4.6 V 
Output voltage range, Vo (see Notes 1 and 2) .................................. -0.5 V to Vee + 0.5 V 
Input clamp current, 11K (VI < 0) ........................................................... -50 mA 
Output clamp current, 10K (Vo <.0 or Vo > Vee) ............................................ ±50 mA 
Continuous output current, 10 (Vo = 0 to Vee) .............................................. ±50 mA 
Continuous current through each Vee or GND ............................................. ±100 mA 
Maximum power dissipation at TA = 55·C (in still air) (see Note 3): DGG package .................. 1 W 

DL package ................... 1.4 W 
Storage temperature range, Tstg ................................................... -65·C to 150·C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
2. This value is limited to 4.6 V maximum. 
3. The maximum package power dissipation is calculated using a junction temperature of 150·C and a board trace length of 750 mils. 

For more information, refer to the Package Thermal Considerations application note in the ABT Advanced BiCMOS Technology Data 
Book. 

recommended operating conditions (see Note 4) 
MIN MAX UNIT 

VCC Supply voltage 2.3 3.6 V 

VCC = 2.3 V to 2.7 V 1.7 
VIH High-level input voltage V 

VCC = 2.7 V to 3.6 V 2 

VCC = 2.3 V to 2.7 V 0.7 
Vil low-level input voltage V 

VCC = 2.7 V to 3.6 V 0.8 

VI Input voltage 0 VCC V 

Va Output voltage 0 VCC V 

VCC = 2.3 V -12 

IOH High-level output current VCC=2.7V -12 mA 

VCC=3V -24 

VCC = 2.3 V 12 

IOl low-level output current VCC = 2.7 V 12 mA 

VCC=3V 24 

I1Vl1v Input transition rise or fall rate 0 10 nsN 

TA Operating free-air temperature -40 85 ·C 

NOTE 4: Unused control Inputs must be held high or low to prevent them from floallng. 
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SN74ALVCH16823 
18-BIT BUS·INTERFACE FLlp·FLOP 

WITH 3·STATE OUTPUTS 
SCES038A - JULY 1995 - REVISED NOVEMBER 1996 

timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 

Vce=2.5V 
Vee=2.7V 

Vec= 3.3 V 
±O.2V ±O.3V UNIT 

MIN MAX MIN MAX MIN MAX 

fclock Clock frequency 0 150 0 150 0 150 MHz 

ClR low 3.3 3.3 3.3 
tw Pulse duration ns 

ClK high or low 3.3 3.3 3.3 

ClRlow 0.7 0.7 0.8 

Data low 1.4 1.6 1.3 
tsu Setup time ns 

Data high 1.1 1.1 1 

ClKEN low 1.8 1.9 1.5 

Data low 0.4 0.5 0.5 

th Hold time Data high 0.7 0.1 0.8 ns 

ClKEN low 0.2 0.3 0.4 

switching characteristics over recommended operating free-air temperature range, CL = 50 pF 
(unless otherwise noted) (see Figures 1 and 2) 

FROM TO 
Vee = 2.5 V 

Vce=2.7V 
Vee =3.3V 

PARAMETER ±O.2V ±O.3V UNIT (INPUT) (OUTPUT) 
MIN MAX MIN MAX MIN MAX 

fmax 150 150 150 MHz 

ClK Q 1 6.4 5.2 1 4.5 
tpd ns 

ClR Q 1.4 6 5.2 1.2 4.6 

ten OE Q 1 6.5 5.7 1 4.8 ns 

tdis OE Q 1.8 5.6 4.7 1.3 4.5 ns 

operating characteristics, T A = 25°C 

Vee = 2.5 V Vee =3.3V 
PARAMETER TEST CONDITIONS ±O.2V ±O.3V UNIT 

TYP TYP 

I Outputs enabled 27 30 
Cpd Power dissipation capacitance I Outputs disabled 

CL = 50pF, f = 10 MHz pF 
16 18 

~1ExAs 
INSTRUMENTS 
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SN74ALVCH16823 
18-BIT BUS-INTERFACE FLIP-FLOP 

WITH 3-STATE OUTPUTS 
SCES038A - JULY 1995 - REVISED NOVEMBER 1996 

PARAMETER MEASUREMENT INFORMATION 
VCC = 2.7 V AND 3.3 V ± 0.3 V 

S1 5000 
From Output_-._ ...... _~¥r __ --' 

Under Test 

CL=50pF T 
(_Note A) 

5000 

LOAD CIRCUIT 

o 6V 

o Open 
TEST S1 

tpd Open 

tpLZltpZL 6V 

tpHZItPZH GND 

14-- tw --.! 

TI~~ _____ -J~\.1-.5-V----
2.7 V 

I I~ __ 

Input 3 ..... _____ -'~ .... 1._5_V __ :.:V 

OV 

I leu ~ 'h 

Date --~~.5 V 
Input 1\ 

I 
~2.7V 

1.5V 
OV 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

Input .L1.5V \~5-;--- 2.7V 

--II I· OV 
tpLH L. ~I I I 

1- 14 ., tpHL 
I I 
I,--------~~rl VOH 

Output 11.5 V 1.5 V ________ J. VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

NOTES: A. CL includes probe and jig capacitance. 

Output 
Control 

(low-level 
enabling) 

Output 
Waveform 1 

S1 st6V 
( .. eNoteB) 

Output 
Waveform 2 

S1 stGND 
( .. eNoteB) 

VOLTAGE WAVEFORMS 
PULSE DURATION 

~ I 2.7 V 

~ 1.5V 4_1.:___ ov 

tpZL ~ I4-t -.! "'"-
I I PLZ -I ,...----

I 1 __ -.J_~I_ 3V 

i \ uv I VOL + 0.3 V 
I· 1- -- VOL 

I tp. HZ -+I i4-1 tpZH"'" 14-
I Jl-v; VOH 

_____ .. I:... 1.5V ___ ~H-0.3V OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

B. Waveform 1 Is for an oU1put with Intemal cond~lons such that the output Is low except when disabled by the output control. 
Waveform 2 Is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All Input pulses are supplied by generators having the following characteristics: PRR s 10 MHz, Zo = 50 a. trs2.5 ns, tf s 2.5 ns. 
D. The oU1puts are measured one at a time with one transition per measurement. 
E. tpLZ and tpHZ are the same as Idis. 
F. tpZL and tpZH are the same as len. 
G. tpLH and tpHL are the same as Ipd. 

Figure 2. Load Circuit and Voltage Waveforms 
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• Member of the Texas Instruments 
Wldebus™ Family 

• EPICTM (Enhanced-Performance Implanted 
CMOS) Submlcron Process 

• Bus Hold on Data Inputs Eliminates the 
Need for External Pullup/Pulidown 
Resistors 

• Plastic 30o-mll Thin Shrink Smail-Outline 
Package 

description 

This 1-bit-to-2-bit address driver is designed for 
2.3-V to 3.6-V Vee operation. 

Active bus-hold circuitry is provided to hold 
unused or floating inputs at a valid logic level. 

To ensure the high-impedance state during power 
up or power down, OE should be tied to Vee 
through a pullup resistor; the minimum value of 
the resistor is determined by the current-sinking 
capability of the driver. 

The SN74ALVCH16830 is packaged in TI's thin 
shrink small-outline (DBB) package, which 
provides twice the I/O pin count and functionality 
of standard small-outline packages in the same 
printed-circuit-board area. 

The SN74ALVCH16830 is characterized for 
operation from -40°C to 85°C. 

FUNCTION TABLE 

INPUTS OUTPUTS 

OE1 OE2 A 1Yn 2Yn 

L H H H Z 

L H L L Z 

H L H Z H 

H L L Z L 

L L H H H 

L L L L L 

H H X Z Z 

EPle and Widebus are trademarks of Texas Instruments Incorporated. 

PRODUCT PREVIEW Information ....... productlln 1ft.lormaU •• or 
den phlle 01 dovoIopmlnl ChlncttrloUc do1a end _ 
• ftcatlonl are deoIgn gooIo. T .... lnoUumonto ........ Iftl ~ght 10 
c ngoor dloconttnut Ihlll productl without notice. ~TEXAS 

INSTRUMENTS 
POST OFFICE BOX 655303 • DALlAS, TEXAS 75265 

SN74ALVCH16830 
1·T()"2 ADDRESS DRIVER 
WITH 3·STATE OUTPUTS 

OBBPACKAGE 
(TOP VIEW) 

2Y2 1Y3 
1Y2 2Y3 

GND GND 
2Y1 1Y4 
1Y1 2Y4 
Vee Vee 

A1 1Y5 
A2 2Y5 

GND GND 
A3 1Y6 
A4 2Y6 

GND GND 
A5 1Y7 
A6 2Y7 

Vee Vee 
A7 1Y8 
A8 2Y8 3: GND GND W 
A9 1Y9 -OE1 2Y9 > 

OE2 1Y10 W 
A10 2Y10 a: 

GND GND c.. 
A11 1Y11 I-
A12 2Y11 0 
Vee Vee ::l 
A13 1Y12 C 
A14 2Y12 0 GND GND a: A15 1Y13 c.. 
A16 2Y13 

GND GND 
A17 1Y14 
A18 2Y14 
Vee Vee 

2Y18 1Y15 
1Y18 2Y15 
GND GND 
2Y17 1Y16 
1Y17 2Y16 

Copyright Ill> 1996, Texas Instruments Incorporated 
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recommended operating conditions (see Note 4) 

Vee Supply voltage 

VIH High-level Input voltage 

VIL Low-Ievellnput voltege 

VI Input voltage 

Vo Output voltage 

IOH High-level output current 

ioL Low-level output current 

I1t/l1v Input transition rise or fall rate 

TA Operating free-air temperature 

NOTE 4: Unused control Inputs must be held high or low to prevent them from floating. 

:lflExAs 
INSTRUMENTS 

SN74ALVCH16830 
1-T0-2 ADDRESS DRIVER 
WITH 3-STATE OUTPUTS 

SCES081-AUGUST 1996 

MIN MAX UNIT 

2.3 3.6 V 

Vee - 2.3 Vto 2.7 V 1.7 
V 

Vee - 2.7 V to 3.6 V 2 

Vee -2.3 Vto 2.7 V 0.7 
V 

Vee - 2.7 Vto 3.6 V 0.8 

0 Vee V 

0 Vee V 

Vee- 2•3V -12 

Vee- 2•7V -12 mA 

Vee- 3V -24 

Vee- 2•3V 12 

Vee- 2•7V 12 mA 

Vee· 3V 24 

0 10 nsN 

-40 85 "C 
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SN74ALVCH16830 
1·TO·2 ADDRESS DRIVER 
WITH 3·STATE OUTPUTS 

SCES081-AUGUST 1996 

PARAMETER MEASUREMENT INFORMATION 
VCC = 2.5 V ± 0.2 V 

o 4.6V TEST S1 
S1 o Open 

r~ 
From Output _ _.---<.--5-\0"'0"'O---.J 

UncierTest 

tpd Open 

tPLZ/tpZL 4.6 V 

CL=50pF 
(see Note A) T 5000 

LOAD CIRCUIT 

2.3 V 

OV 

I tsu th 

tpHZ/tpZH GND 

I4--tw~ 
I 1,.-__ 

Input 3 y<\,.1_.2_V __ 

VOLTAGE WAVEFORMS 
PULSE DURATION 

2.3V 

OV 

Data --~~1.2 V 

Input __ --'" 

I 
~2.3V 

1.2V 
OV 

Output 
Control 

(Iow·level 
enabling) 

~. I 2.3 V 

"f\1.2V 4~:--- ov VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

Input .11.2 V \;2-; - - - 2.3 V 

---'I I· OV 
tpLH --;'!.f---"~ 1 I 

1- I 14 ~ tPHL 
I I 
I ,.----""""'II~~ - VOH 

Output 11.2 V 1.2 V 
______ J. VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

NOTES: A. CL includes probe and jig capacitance. 

Output 
Waveform 1 

S1 at 4.6 V 
(see Note B) 

Output 
Waveform 2 

S1 atGND 
(see Note B) 

tpZL --+I 
I 
I 

VOL + 0.3 V 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

2.3 V 

VOL 

OV 

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses are supplied by generators having the following characteristics: PRR " 10 MHz, Zo = 50 n, tr " 2.5 ns, tf " 2.5 ns. 
D. The outputs are measured one at a time with one transition per measurement. 
E. tpLZ and tpHZ are the same as tdis. 
F. tpZL and tpZH are the same as ten. 
G. tpHL and tpLH are the same as tpd. 

Figure 1. Load Circuit and Voltage Waveforms 

~TEXAS 
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• Member of the Texas Instruments 
W/debus™ Family 

• EPICTM (Enhanced-Performance Implanted 
CMOS) Submlcron Process 

• Output Ports Have Equivalent 26-0 Series 
Resistors, So No External Resistors Are 
Required 

• Bus Hold on Data Inputs Eliminates the 
Need for External Pullup/Pulidown 
Resistors 

• Plastic 30o-mll Thin Shrink Smail-Outline 
Package 

description 

This 1-bit-to-2-bit address driver is deSigned for 
2.3-V to 3.6-V Vee operation. 

Active bus-hold circuitry is provided to hold 
unused or floating inputs at a valid logic level. 

The outputs, which are designed to sink up to 
12 mA, include 26-0 resistors to reduce 
overshoot and undershoot. 

To ensure the high-im~dance state during power 
up or power down, OE should be tied to Vee 
through a pullup reSistor; the minimum value of 
the resistor is determined by the current-sinking 
capability of the driver. 

The SN74ALVCH162830 is packaged in Tl's thin 
shrink small-outline (DBB) package, which 
provides twice the I/O pin count and functionality 
of standard small-outline packages in the same 
printed-circuit-board area. 

The SN74ALVCH162830 is characterized for 
operation from -40°C to 85°C. 

FUNCTION TABLE 

INPUTS OUTPUTS 

OE1 OE2 A 1Yn 2Yn 

L H H H Z 

L H L L Z 

H L H Z H 

H L L Z L 

L L H H H 

L L L L L 

H H X Z Z 

EPle and Widebus are trademarks of Texas Instruments InCOrporated. 

PROOUCT PREVIEW InIormlllon ......... ~ In till _dve at =: ""... of _opm.... C__ dota and other 
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SN74ALVCH162830 
1-T0-2 ADDRESS DRIVER 
WITH 3-STATE OUTPUTS 

OBBPACKAGE 
(TOP VIEW) 

2Y2 1Y3 
1Y2 2Y3 

GND GND 
2Y1 1Y4 
1Y1 2Y4 
Vee Vee 

A1 1Y5 
A2 2Y5 

GND GND 
A3 1Y6 
A4 2Y6 

GND GND 
A5 1Y7 
A6 2Y7 

Vee Vee 
A7 1Y8 
A8 2Y8 3: GND GND W 
A9 1Y9 5> OE1 2Y9 

0E2 1Y10 W 
A10 2Y10 a: 

GND GND a. 
A11 1Y11 I-
A12 2Y11 0 
Vee Vee ::l 
A13 1Y12 C 
A14 2Y12 0 GND GND a: A15 1Y13 a. 
A16 2Y13 

GND GND 
Al7 1Y14 
A18 2Y14 
Vee Vee 

2Y18 1Y15 
1Y18 2Y15 
GND GND 
2Y17 1Y16 
1Y17 2Y16 

Copyright (ll) 1996. Texas Instruments Incorporated 
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recommended operating conditions (see Note 4) 

Vee Supply voltage 

VIH High-level input voltage 

VIL low-level input voltage 

VI Input voltage 

Vo Output voltage 

IOH High-level output current 

IOL Low-level output current 

!J.t/!J.v Input transition rise or fall rate 

TA Operating free-air temperature 

NOTE 4: Unused control Inputs must be held high or low to prevent them from floating. 

~1EXAS 
INSTRUMENTS 

SN74ALVCH162830 
1· TO·2 ADDRESS DRIVER 
WITH 3·STATE OUTPUTS 

SCES082 - AUGUST 1996 

MIN MAX UNIT 

2.3 3.6 V 

Vec - 2.3 Vto 2.7 V 1.7 
V 

VCC - 2.7 Vto 3.6 V 2 

VCC - 2.3 Vto 2.7 V 0.7 
V 

VCC - 2.7Vt03.6 V 0.8 

0 VCC V 

0 Vee V 

Vec- 2.3V -6 

VCC- 2.7V -8 mA 

VCC =3V -12 

VCC -2.3 V 6 

VCC- 2.7V 8 mA 

VCC -3V 12 

0 10 nsN 

-40 85 ·C 
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SN74ALVCH162830 
1·TO·2 ADDRESS DRIVER 
WITH 3·STATE OUTPUTS 

SCES082-AUGUST 1996 

PARAMETER MEASUREMENT INFORMATION 
V CC = 2.5 V ± 0.2 V 

o 4.6V 

51 o Open 

r' 
From outPut ___ ~_"-_"I50I\OI\0 __ ~ 

Under Test 

CL=50pF 

(see Note A) T 5000 

LOAD CIRCUIT 

TI:~:~ _____ .J~\.1_.2_V-----
2.3 V 

OV r tsu·~ th 
.1 

1 

TEST 51 

tpd Open 

tPLZ/tpZL 4.6 V 

tPHZ/tpZH GND 

14--- tw --.I 
1 1 

Input 3 j("1-.2-V--

2.3V 

OV 

VOLTAGE WAVEFORMS 
PULSE DURATION 

Data ----."'1.2 V 
Input ___ " 

~2.3V 
1.2V 

OV 
Output 
Control 

(low-level 
enabling) 

~, I 2.3V 

T'1.2V 4_1
.: ___ ov VOLTAGE WAVEFORMS 

SETUP AND HOLD TIMES 

Input L1.2 V \ ;-:; -; - - - 2.3 V 

--II I· OV 
tpLH ---/II!...I--~.! 1 1 ,- i loiii ~ tpHL 

Output 
Waveform 1 

51 at4.6V 
(see Note B) 

tpzL1 r-tPLZ-.! 

_--;I""'\,I I 
I 
I I 

I 
I 

tpZH -.t ~PHZ-+t 

2.3V 

VOL + 0.3 V 
VOL 

1 1 
1 ,.----_~:i -- VOH 

Output 
Waveform 2 

51 atGND 
(see Note B) 

1,.-__ + VOH 

Output !1.2V 1.2V ____ J. VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

NOTES: A. CL includes probe and jig capacitance. 

VOH-0.3V 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

OV 

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses are supplied by generators having the following characteristics: PRR s 10 MHz, Zo = 500, tr s 2.5 ns, tf s 2.5 ns. 
D. The outputs are measured one at a time with one transition per measurement. 
E. tpLZ and tpHZ are the same as !dis. 
F. tpZL and tpZH are the same as ten. 
G. tpHL and tpLH are the same as tpd. 

Figure 1. Load'Clrcult and Voltage Waveforms 
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SN74ALVCH16836 
20·BIT UNIVERSAL BUS DRIVER 

• EPIC ™ (Enhanced· Performance Implanted 
CMOS) Submlcron Process 

• Member of the Texas Instruments 
W/debus™ Family 

• Bus Hold on Data Inputs Eliminates 
the Need for External Pullup/Pulidown 
Resistors 

• Package Options Include Plastic Shrink 
Small·Outline (DL) and Thin Shrink 
Small·Outline (DGG) Packages 

description 

This 20-bit universal bus driver is designed for 
2.3-V to 3.6-V Vcc operation. 

Data flow from A to Y is controlled by the 
output-enable (OE) input. The device operates in 
the transparent mode when the latch-enable (lE) 
input is low. The A data is latched if the clock (ClK) 
input is held at a high or low logic level. If LE is 
high, the A-bus data is stored in the latch/flip-flop 
on the low-to-high transition of ClK. When OE is 
high, the outputs are in the high-impedance state. 

Active bus-hold circuitry is provided to hold 
unused or floating data inputs at a valid logic level. 

The SN74ALVCH 16836 is available in Tl's shrink 
small-outline (DL) and thin shrink small-outline 
(DGG) packages, which provide twice the I/O pin 
count and functionality of standard small-outline 
packages in the same printed circuit board area. 

The SN74AlVCH16836 is characterized for 
operation from -40°C to 85°C. 

EPle and Widebus are trademarks of Texas Instruments InCOrporated. 

PRODUCT PREVIEW Infonnatlon concerns prodUcts In tIIo fonnlllve or en ..- of dovolopmont. C_orIsII. _ and 0lil .. 
• cations ... dosIgn gosJo. TlllllnltrumenfS ........ tIIo right to 

ange or dlscontinuo til ... products without notice. ~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALLAS. TEXAS 75265 

WITH 3·STATE OUTPUTS 
SCES089 - OCTOBER 1996 

DGG OR DL PACKAGE 
(TOP VIEW) 

DE 1 ClK 
Yl Al 
Y2 A2 

GND 4 GND 
Y3 A3 
Y4 A4 

Vee Vee 
Y5 A5 
Y6 9 A6 

A? 
GND 

YB AB 
Y9 A9 

Yl0 Al0 
Yll All 
Y12 A12 
Y13 A13 

GND GND 
Y14 A14 
Y15 A15 
Y16 A16 
Vee Vee 
Yl? Al? 
Y1B AlB 

GND GND 
Y19 A19 
Y20 A20 
NC lE 

Ne - No internal connection 

Copyright © 1996. Texas Instruments Incorporated 
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SN74ALVCH16836 
20-BIT UNIVERSAL BUS DRIVER 

WITH 3-STATE OUTPUTS 
SCES089 - OCTOBER 1996 

logic diagram (positive logic) 

OE---a 

CLK_56 __ -I 

lE 29 

A 1 -=..:55=----I ~-------------------+--r-~10 

...--+--IC1 

ClK 

'~------------v~------------~/ 
To 19 Other Channels 

>-__ 2_V1 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted}t 

Supply voltage range, Vee ; ........................................................ -0.5 V to 4.6 V 
Input voltage range, VI (see Note 1) ................................................. -0.5 V to 4.6 V 
Output voltage range, Va (see Notes 1 and 2) .................................. -0.5 V to Vee + 0.5 V 
Input clamp current, 11K (VI < 0) ........................................................... -50 mA 
Output clamp current, 10K (Va < 0 or Va > Vee) ............................................ ±50 mA 
Continuous output current, 10 (Va = 0 to Vee) .............................................. ±50 mA 
Continuous current through each Vee or GND ............................................. ±100 mA 
Maximum power dissipation at TA = 55°C (in still air) (see Note 3): DGG package .................. 1 W 

DL package ................... 1.4 W 
Storage temperature range, Tstg ................................................... -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
2. This value is limited to 4.6 V maximum. 
3. The maximum package power dissipation is calculated using a junction temperature of 150·C and a board trace length of 750 mils. 

For more information, referto the Package Thermal Considerations application note in the ABT Advanced BiCMOS Technology Data 
Book. 

~TEXAS 
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SN74ALVCH16836 
2()'BIT UNIVERSAL BUS DRIVER 

WITH 3·STATE OUTPUTS 
SCES089 - OCTOBER 1996 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS Vee 

10H = -100!1A 2.3 Vto 3.6 v 
10H =-6 rnA, VIH-1.7V 2.3V 

VIH -1.7V 2.3V 
VOH 

10H _-12mA VIH _2V 2.7V 

VIH .2V 3V 

10H =-24 rnA, VIH =2V 3V 

10L - 100 ~A 2.3 Vt03.6 v 
IOL-6 rnA, VIL- 0.7V 2.3V 

VOL VIL - 0.7 V 2.3V 
IOL=12mA 

VIL = 0.8 V 2.7V 

10L= 24 rnA, VIL = 0.8 V 3V 

II VI = VCC or GND 3.6 V 

VI-0.7V 
2.3V 

VI=1.7V 

Ihold VI -0.8V 
3V 

VI=2V 

VI = Oto 3.6 V:I: 3.6 V 

10Z§ Vo = VCC or GND 3.6V 

ICC VI = VCC or GND, 10=0 3.6V 

.!lICC One input at VCC - 0.6 V, Other inputs at VCC or GND 3 Vt03.6 V 

Ci 
Control inputs 

VI - VCC or GND 3.3V 
Data inputs 

Co Outputs Vo = VCC or GND 3.3V 

t All typical values are at VCC = 3.3 V. 
:I: This is the bus-hold maximum dynamic current required to switch the input from one state to another. 
§ For 110 ports, the parameter 10Z includes the input leakage current. 

MIN TYPt MAX UNIT 

VCC-0.2 

2 

1.7 
V 

2.2 

2.4 

2 

0.2 

0.4 

0.7 V 

0.4 

0.55 

±5 ~A 

45 

-45 

75 ~A 

-75 

±500 

±10 ~A 

40 ~A 

750 ~A 

pF 

pF 

timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 

fclock Clock frequency 

tw Pulse duration 

tsu Setup time 

th Hold time 

Vee =2.5V 
±O.2V 

MIN MAX 

LElow 

CLK high or low 

Data before CLKt 

Data before LEi, CLK high 

Data before LEi, CLK low 

Data after CLKi 

Data after LEi, CLK high or low 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 

Vce=2.7V 
Vee = 3.3 V 

±0.3V UNIT 
MIN MAX MIN MAX 

MHz 

ns 

ns 

ns 
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SN74ALVCH16836 
20-BIT UNIVERSAL BUS DRIVER 

WITH 3-STATE OUTPUTS 
SCES089-0CTOBER 1996 

PARAMETER MEASUREMENT INFORMATION 
V CC = 2.5 V ± 0.2 V 

S1 5000 
From Output_ ...... >__-e--JV\/Ir-----' 

Under Test 

CL=50pF 
(see Note A) T 5000 

LOAD CIRCUIT 

o 4.6 V 

o Open 

r' 
TEST S1 

tpd Open 
tpLZ/tpZL 4.6 V 

tPHz/tpZH GND 

I4--tw~ 

TI~~:~ _____ ~~\,,1_.2_V ____ _ 

2.3V 

I I~ __ __ 

Input 3 Y(\,,1._2_V __ :.: V 

OV 

~ tau·~ th 
-.I 
I 

2.3 V 
Date --~""1.2 V 
Input ___ 1\ ~ 

~OV 
VOLTAGE WAVEFORMS 

SETUP AND HOLD TIMES 

Input .L 1.2 V \ ~2-; - - - 2.3 V 

---II I· OV 

tpLH 14 .II I J 
14 Pi tpHL 

I I 
I ,...----~~:i -- VOH 

Output !1.2V 1.2V _____ J. VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

NOTES: A. CL includes probe and jig capacnance. 

Output 
Control 

(low-level 
enabling) 

Output 
Waveform 1 

S1 at 4.6 V 
(see Note B) 

Output 
Waveform 2 

S1 at GND 
(see Note B) 

VOLTAGE WAVEFORMS 
PULSE DURATION 

~ I 2.3 V 

~ 1.2V 4_1.~ ___ OV 

tpZL ~ I+-t -.! '""'--
I I PLZ - I r0-

Il __ -1_~I- 2.3 V 

I \ 1.2 V I VOL+0.3V 
I· 1- -- VOL 
I tpHZ~ i+ 

tpZH ~ 14- I 
I t.v,:--- VOH 

___ ~l:... 1.2V ___ ~H-0.3V OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

B. Waveform 1 Is for an output wnh internal condRions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses are supplied by generators having the following characteristics: PRR s 10 MHz, Zo = 50 0, tr s 2.5 ns, tf s 2.5 ns. 
D. The outputs are measured one at a time with one transition per measurement. 
E. tpLZ and tpHZ are the same as !dis. 
F. tpZL and tpZH are the same as len. 
G. tPLH and tPHL are the same as tpd. 

Figure 1. Load Circuit and Voltage Waveforms 
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SN7 4SSTL 16837 
20·BIT SSTL 3 INTERFACE UNIVERSAL BUS DRIVER 

- WITH 3·STATE OUTPUTS 

• Member of the Texas Instruments 
Wldebus™ Family 

• Supports SSTL_3 Signal Inputs and 
Outputs 

• Flow-Through Architecture Optimizes PCB 
Layout 

• Meets SSTL_3 Class I and Class II 
Specifications 

• Packaged In Plastic Thin Shrink 
Smail-Outline Package 

description 

This 20-bit universal bus driver is designed for 3-V 
to 3.6-V Vee operation and SSTl_3 or lVTTl 
I/O levels. 

Data flow from A to Y is controlled by the 
output-enable (OE). The device operates in the 
transparent mode when lE is high. The A data is 
latched if lE is low and ClK is held at a high or low 
logic level. If lE is low, the A-bus data is stored in 
the latch/flip-flop on the low-to-high transition of 
ClK. When OE is high, the outputs are in the 
high-impedance state. 

To ensure the high-impedance state during power 
up or power down, OE should be tied to Vee 
through a pullup resistor; the minimum value of 
the resistor is determined by the current-sinking 
capability of the driver. 

The SN7 4SSTl 16837 is available in Tl's thin 
shrink small-outline package, which provides 
twice the I/O pin count and functionality of 
standard small-outline packages in the same 
printed-circuit-board area. 

The SN7 4SSTl 16837 is characterized for 
operation from -40°C to 85°C. 

Widebus is a trademark of Texas Instruments Inooreorated. 

PRODUCT PREVIEW 1_ -. procIucIIln ... tannaave or 

~ of d~ CIIo_. dIII.nII_ 
... dtIIan goIII. Tuulnlllum.nta_ II. rlgbllO .ngoor_lhoioprocl __ ...... ~TEXAS 

INSTRUMENTS 
POST OFFICE BOX 665303 • DALLAS. TEXAS 75265 . 

OGGPACKAGE 
(TOP VIEW) 

Yl 64 Al 
Y2 63 A2. 

GND 3 62 GND 
Y3 61 A3 
Y4 60 A4 

Vooa 6 59 Vee 
Y5 58 A5 
Y6 57 A6 

GND 9 56 GND 
Y7 A7 
Y8 11 A8 

Vooa Vee 
Y9 A9 

Yl0 14 Al0 
GND 15 GND 

OE 16 49 elK 
VREF 17 48 lE 
GND 18 47 GND 
Yll 19 46 All 
Y12 20 45 A12 

Vooa 44 Vee 
Y13 A13 
Y14 A14 

GND GND 
Y15 A15 
Y16 A16 

Vooa vee 
Y17 A17 
Y18 A18 

GND GND 
Y19 A19 
Y20 A2.0 

Ccpyrlght iii> 1996. Texas Instruments Incorporaled 
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SN74SSTL 16837 
20·BIT SSTL 3 INTERFACE UNIVERSAL BUS DRIVER 

- WITH 3·STATE OUTPUTS 
seBS67S-SEPTEMBER 1996 

recommended operating conditions (see Note 4) 
MIN NOM MAX UNIT 

Vcc Supply voltage 3 3.6 V 

VDDa I/O supply voHage 3 3.6 V 

VREF Supply voltage 1.3 1.5 1.7 V 

VI Input voltage 0 VCC V 

VIH High-level input voltage I All pins VREF+200rnV V 

VIL Low-level input voltage I All pins VREF-200rnV V 

10H High-level output current -20 
rnA 

10L Low-level output current 20 

TA Operating free-air temperature -40 85 °c 

NOTE 4: Unused Inputs must be held high or low to prevent them from floating. 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS 

VIK VCC - 3 V 11--18mA 

VCC = 3 Vt03.6 V 10H =-100I1A 

VOH 10H =-16 mA 
VCC-3V 

IOH =-20mA 

VCC = 3 Vto 3.6 V 10L = 100 !LA 
VOL IOH -16mA 

VCC=3V 
IOH =20mA 

lE VI = 2.1 Vor 0.9V, VREF = 1.3 V or 1.7 V 

lE VI = 3.6 V or 0, VREF = 1.3 Vor 1.7 V 

Data inputs, OE VI = 2.1 V or 0.9V, VREF = 1.3 Vor 1.7 V 

II Data inputs, OE VCC. 3.6 V VI = 3.6 V or 0, VREF = 1.3 V or 1.7 V 

ClK VI = 2.1 V or 0.9V, VREF = 1.3 Vor1.7 V 

ClK VI • 3.6 V or 0, VREF = 1.3 V or 1.7 V 

VREF VREF = 1.3 V or 1.7 V 

VO=0.9Vor2.1 V 
10Z VCC=3.6V 

Vo=Oor3.6V 

VI-2.1 VorO.9 V, 10=0 
ICC VCC=3.6V 

VI • 3.6 V or 0, 10. 0 

Ci 
Control pin 

VCC - 3.3 V VI = 2.1 V or 0.9 V 
Aport 

Co Yport VCC - 3.3 V VO=2.1 VorO.9V 

t All typical values are at V CC - 3.3 V, T A • 25°C. 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALLAS. TEXAS 75265 

MIN TYPt MAX UNIT 

-1.2 V 

2.2 V 

2.1 

0.5 V 

0.55 

±40 

±500 

±5 I1A 

±5 

±150 

±2 mA 

±150 I1A 

±10 

±10 
I1A 

90 
mA 

90 

pF 

pF 
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SN74SSTL 16837 
20-BIT SSTL 3 INTERFACE UNIVERSAL BUS DRIVER 

- WITH 3-STATE OUTPUTS 
SCBS675 - SEPTEMBER 1996 

PARAMETER MEASUREMENT INFORMATION 

Test 
Point 250 

CL= 10 pF or 30 pF 
(see Note A) 

VTT 

T 

25 0 = SSTL_3 Class II 
50 0 = SSTL_3 Class I 

LOAD CIRCUIT 

1.9V 
14--tw~ Timing Input -------X1.5 V ____ ..J·I'-_____ _ 

14 t + ~ 
1 su th 1 

Dela Input--';"""*1.5 V ~ 

1.1 V I~M =* U. *r-1.-5 -v---1'9V 

1.1 V 

VOLTAGE WAVEFORMS 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

1.9V 

1.1 V 

Output 
Control 

PULSE DURATION 

~1.5V ~ .... 1.5_V __ _ 

1.9V 

1.1 V 

Input L 1.5 V \ 1.5-; - - - 1.n 

---11 I . 1.1 V 
Output 

Waveform 1 
(see Note B) 

tPZL ~ 14- 1 I 
__ .;.'"-\ : tpLZ -.I l--_-- VTT 

: \1.1 V : ~.1V 
tPLH~ ~I I I 

I' 14 ~ tpHL 
I I 
I r----~~- VOH 

Output 11.5 V 1.5 V 
________ J. VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

INVERTING AND NONINVERTING OUTPUTS 

NOTES: A. CL includes probe and jig capacitance. 

Output 
Waveform 2 
(see Note B) 

, I 
'I ~ !+-tPHZ 

tPZH ~ J4- I 
_____ J)l1-.9-V----~~~~9V 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

LOW· AND HIGH-LEVEL ENABLING 

VOL 

VOH 

VTT 

B. Waveform 1 Is for an output wRh internal condRions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output wHh internal condRions such that the output is high except when disabled by the output control. 

C. All Input pulses are supplied by generators having the following characteristics: PRR S 10 MHz. Zo = 50 0. tr S 1 ns. tf S 1 ns. 
D. The outputs are measured one at a time with one transition per measurement. 
E. VTT. VREF • VCC X 0.45 
F. tpLZ and tpHZ are the same as !dis. 
G. tPZL and tpZH are the same as ten. 
H. tpHL and tpLH are the same as !Pd. 

Figure 1. Load Circuit and Voltage Waveforms 
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• Member of the Texas Instruments 
W/debus ™ Family 

• EPICTM (Enhanced· Performance Implanted 
CMOS) Submlcron Process 

• ESO Protection Exceeds 2000 V Per 
MIL·STO·883, Method 3015; Exceeds 
200 V Using Machine Model (C = 200 pF, 
R= 0) 

• Latch·Up Performance Exceeds 250 mA 
Per JEOEC Standard JESO·17 

• Bus Hold on Data Inputs Eliminates the 
Need for External Pullup/Pulidown 
Resistors 

• Package Options Include Plastic 30Q-mil 
Shrink Small·Outline (OL) and Thin Shrink 
Small·Outline (OGG) Packages 

description 

This 2Q-bit non-inverting buffer/driver is designed 
for 2.3-V to 3.6-V Vee operation. 

The SN74ALVCH16827 is composed of two 10-bit 
sections with separate output-enable signals. For 
either 1 O-bit buffer section, the two output-enable 
(1 OE1 and 1 OE2 or 20E1 and 20E2) inputs must 
both be low for the corresponding Y outputs to be 
active. If either output-enable input is high, the 
outputs of that 1 O-bit buffer section are in the 
high-impedance state. 

To ensure the high-im~dance state during power 
up or power down, OE should be tied to Vee 
through a pull up resistor; the minimum value of 
the resistor is determined by the current-sinking 
capability of the driver. 

SN74ALVCH16827 
20·BIT BUFFER/DRIVER 

WITH 3·STATE OUTPUTS 
SCES041A-

DGG OR DL PACKAGE 
(TOP VIEW) 

10E1 1 10E2 
1Y1 2 1A1 
1Y2 3 1A2 

GND 4 GND 
1Y3 5 1A3 
1Y4 6 1A4 
Vee 7 Vee 
1Y5 8 1A5 
1Y6 9 1A6 
1Y7 10 1A7 

GND 11 GND 
1Y8 12 1A8 
1Y9 13 1A9 

1Y10 14 1A10 
2Y1 15 2A1 
2Y2 16 2A2 
2Y3 17 2A3 

GND GND 
2Y4 2A4 
2Y5 2A5 
2Y6 2A6 
Vee Vee 
2Y7 23 2A7 
2Y8 24 2A8 

GND 25 GND 
2Y9 26 2A9 

2Y10 27 2A10 
2m 28 20E2 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

The SN74ALVCH16827 is available in Tl's shrink small-outline (DL) and thin shrink small-outline (DGG) 
packages, which provide twice the I/O pin count and functionality of standard small-outline packages in the 
same printed circuit board area. 

The SN74ALVCH16827 is characterized for operation from -40°C to 85°C. 

EPle and Widebus are trademarks of Texas Instruments Incoreorated. 

~1EXAS 
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SN74ALVCH16827 
20-BIT BUFFER/DRIVER 

WITH 3-STATE OUTPUTS 
SCES041A-JULY 1995- REVISED NOVEMBER 1996 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)f 

Supply voltage range, Vee ......................................................... -0.5 V to 4.6 V 
Input voltage range, VI (see Note 1) ................................................. -0.5 V to 4.6 V 
Output voltage range, Vo (see Notes 1 and 2) .................................. -0.5 V to Vee + 0.5 V 
Input clamp current, 11K (VI < 0) ........................................................... -50 mA 
Output clamp current, 10K (Vo < 0 or Vo > Vee) ............................................ ±50 mA 
Continuous output current, 10 (Vo = 0 to Vee) .............................................. ±50 mA 
Continuous current through each Vee or GND ............................................. ±100 mA 
Maximum power dissipation at T A = 55°C (in still air) (see Note 3): DGG package .................. 1 W 

DL package ................... 1.4 W 
Storage temperature range, Tstg ................................................... -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only. and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions· is not 
implied. Exposure to absolute-maxi mum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
2. This value is limited to 4.6 V maximum. 
3. The maximum package power dissipation is calculated using a junction temperature of 1500 e and a board trace length of 750 mils. 

For more information. refer to the Package Thermal Considerations application note in the ABT Advanced BiCMOS Technology Data 
Book. 

recommended operating conditions (see Note 4) 

Vee Supply voltage 

Vee = 2.3 Vto 2.7 V 
VIH High-level input voltage 

Vee=2.7Vto3.6V 

Vee = 2.3 V to 2.7 V 
VIL LOW-level input voltage 

Vee = 2.7 V to 3.6 V 

VI Input vOfiage 

Vo Output voltage 

Vee = 2.3 V 

IOH High-level output current Vee- 2.7V 

Vee =3V 

Vee = 2.3 V 

IOL Low-level output current Vee=2.7V 

Vee=3V 

AlieN Input transition rise or fail rate 

TA Operating free-air temperature 

NOTE 4: Unused control inputs must be held high or low to prevent them from floating. 

~TEXAS 
INSTRUMENTS 
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MIN MAX UNIT 

2.3 3.6 V 

1.7 
V 

2 

0.7 
V 

0.8 

0 Vee V 

0 Vee V 

-12 

-12 mA 

-24 

12 

12 mA 

24 

0 10 nsN 

-40 85 °e 
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SN74ALVCH16827 
20-BIT BUFFER/DRIVER 

WITH 3-STATE OUTPUTS 
SCES041A - JULY 1995 - REVISED NOVEMBER 1996 

PARAMETER MEASUREMENT INFORMATION 
V CC = 2.5 V ± 0.2 V 

o 4.6V 
TEST S1 

51 o Opan 

r' 
500n 

From Output --tl>---._-.A.J\I'v----" 
UndarTast 

CL=50pF 
(sea Nota A) I 500n 

tpd Opan 

tpLZltpZL 4.6 V 

tpHZ/tpZH GND 

LOAD CIRCUIT ~ tw----+t 
I I 

TI~~~ _____ -'~ .... 1-.2-V-----

2.3V Input 3"-_____ }(:1~.2~V~~~~ 0 V 

2.3V 

r tsu"~ th 
~ 
I 

OV 

Data ----,.~1.2 V 
Input 1\ 

~2.3V 
1.2V 

OV 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

Input .L 1.2 V \ 1.2~ - - - 2.3 V 

~ I . OV 

tpLH 14 .II I J 14 Pi tpHL 
I I 
I r----..-oJI~;i VOH 

Output !1.2V 1.2V 
_____ J. VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

NOTES: A. CL includes probe and jig capacitance. 

Output 
Control 

(low-laval 
anabllng) 

Output 
Waveform 1 

S1 at 4.6 V 
(see Note B) 

Output 
Waveform 2 

51 atGND 
(see Note B) 

VOLTAGE WAVEFORMS 
PULSE DURATION 

~ I 2.3 V 

j\ 1.2V 4_1.2V ___ OV 

tpZL -.t I+-t -.! ~ 
I I PLZ"I roo-

11 --1-~L 2.3 V 

I \ 1.2V I VOL+0.3V 
I· 1- --- VOL 
ItpHZ~ i+-

tpZH~ ~ I 

I tv;---· VOH 

___ ... IL... 1.~V ___ ~H-0.3V OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses are supplied by generators having the following characteristics: PRR s 10 MHz, Zo = 50 n. tr s 2.5 ns, tf S 2.5 ns. 
D. The outputs are measured one at a time with one transition per measurement. 
E. tpLZ and tPHZ are the same as 1dis. 
F. tpZL and tpZH are the same as ten. 
G. tpLH and tpHL are the same as tpd. 

Figure 1. Load Circuit and Voltage Waveforms 
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• Member of the Texas Instruments 
W/debus™ Family 

• EPICTM (Enhanced-Performance Implanted 
CMOS) Submlcron Process 

• Output Ports Have Equivalent 26-0 Series 
Resistors, So No External ResIstors Are 
Required 

• ESD ProtectIon Exceeds 2000 V Per 
MIL-STD-883, Method 3015; Exceeds 
200 V Using Machine Model (C = 200 pF, 
R= 0) 

• Latch-Up Performance Exceeds 250 mA 
Per JEDEC Standard JESD-17 

• Bus Hold on Data Inputs Eliminates 
the Need for External Pullup/Pulidown 
Resistors 

• Package Options Include Plastic 30o-mil 
Shrink Small-Outline (DL) and Thin Shrink 
Smail-Outline (DGG) Packages 

description 

This 20-bit noninverting buffer/driver is designed 
for 2.3-V to 3.6-V Vee operation. 

The SN74ALVCH162827 is composed of two 
10-bit sections with separate output-enable 
signals. For either 10-bit buffer section, the two 
output-enable (1 OE1 and 1 OE2 or 20E1 and 
20E2) inputs must both be low for the 
corresponding Y outputs to be active. If either 
output-enable input is high, the outputs of that 
10-bit buffer section are in the high-impedance 
state. 

SN74ALVCH162827 
20·BIT BUFFER/DRIVER 

WITH 3·STATE OUTPUTS 
SCES013B- JULY 1995 - REVISED DECEMBER 1996 

DGG OR DL PACKAGE 
(TOP VIEW) 

Vee 
1Y5 

1Y7 
GND 
1Y8 
1Y9 

1Y10 

1A1 
1A2 
GND 
1A3 
1A4 

Vee 
1A5 
1A6 
1A7 
GND 
1A8 
1A9 
1A10 

2Y1 2A1 
2Y2 2A2 
2Y3 2A3 

GND GND 
2Y4 2A4 
2Y5 2A5 
2Y6 2A6 
Vee Vee 
2Y7 2A7 
2Y8 2A8 

GND GND 
2Y9 2A9 

2Y10 2A10 
20E1 20E2 '"'--_--T 

The outputs, which are designed to sink up to 12 mA, include 26-0 resistors to reduce overshoot and 
undershoot. 

To ensure the high-impedance state during power up or power down, OE should be tied to Vee through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

The SN74ALVCH162827 is available in TI's shrink small-outline (DL) and thin shrink small-outline (DGG) 
packages, which provide twice the I/O pin count and functionality of standard small-outline packages in the 
same printed circuit board area. 

The SN74ALVCH162827 is characterized for operation from -40°C to 85°C. 

EPle and Widebus are trademarks of Texas Instruments Incorporated. 
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SN74ALVCH162827 
20-BIT BUFFER/DRIVER 

WITH 3-STATE OUTPUTS 
SCES013B - JULY 1995 - REVISED DECEMBER 1996 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vee ......................................................... -0.5 V to 4.6 V 
Input voltage range, VI (see Note 1) ...•............................................. -0.5 V to 4.6 V 
Output voltage range, Vo (see Notes 1 and 2) .................................. -0.5 V to Vee + 0.5 V 
Input clamp current, 11K (VI < 0) ........................................................... -50 mA 
Output clamp current, 10K (Vo < 0 or Vo > Vee) ............................................ ±50 mA 
Continuous output current, 10 (Vo -= 0 to Vee) .............................................. ±50 mA 
Continuous current through each Vee or GND ............................................. ±100 mA 
Maximum power dissipation at TA -= 55°e (in still air): DGG package .............................. 1 W 

DL package ............................... 1.4 W 
Storage temperature range, Tstg ................................................... -65°C to 150°C 

t Stresses beyond those listed under"absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only. and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maxi mum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. The input and output negative-voltage ratings may be exceeded" the input and output clamp-current ratings are observed. 
2. This value is limited to 4.6 V maximum. 
3. The maximum package power dissipation is calculated using a junction temperature of 150·e and a board trace length of 750 mils. 

For more information. referto the Package Thermal Considerations application note in the ABT Advanced BiCMOS Technology Data 
Book. 

recommended operating conditions (see Note 4) 

Vee Supply voltage 

Vee =2.3 V to 2.7 V 
VIH High-level input voltage 

Vee = 2.7 V to 3.6 V 

Vee = 2.3 V to 2.7 V 
VIL Low-level input voltage 

Vee" 2.7 V to 3.6 V 

VI Input vo~age 

Vo Output voltage 

Vee" 2.3 V 

IOH High-level output current Vee=2.7V 

Vee=3V 

Vee = 2.3 V 

IOL LOW-level output current Vee=2.7V 

Vee=3V 

AVAv Input trans~ion rise or fall rate 

TA Operating free-air temperature 

NOTE 4: Unused control Inputs must be held high or low to prevent them from floating. 

~TEXAS 
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MIN MAX UNIT 

2.3 3.6 V 

1.7 
V 

2 

0.7 v 
0.8 

0 Vee V 

0 Vee V 

-6 

-8 mA 

-12 

6 

8 mA 

12 

0 10 nsN 

-40 85 ·e 
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SN74ALVCH162827 
2()"BIT BUFFER/DRIVER 

WITH 3-STATE OUTPUTS 
SCES013B-JULY 1995 - REVISED DECEMBER 1996 

PARAMETER MEASUREMENT INFORMATION 
VCC = 2.5 V ± 0.2 V 

o 4.6 V 

Sl o Open 5000 
From Output -4I...--.--"'V\I\r----J r' Under Test 

CL=50pF 
(see Note A) I 5000 

LOAD CIRCUIT 

TI~~nU~ _____ ....J¥\..1_.2_V ____ _ 

2.3V 

OV 

~ tsu·~ th 
~ 
I 

2.3V 
Data 

Input __ -,*1.2 V ~ ~OV 
VOLTAGE WAVEFORMS 

SETUP AND HOLD TIMES 

Input L 1.2V \-;2~--- 2.3V 

---'I , . OV 

tpLH ~ .I, " 1- I0Il ~ tpHL , , 
'r----~~:i -- VOH 

Output !1.2V 1.2V 

--------~. VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

NOTES: A. CL includes probe and jig capacitance. 

Output 
Control 

(low-level 
enabling) 

Output 
Waveform 1 

Sl at 4.6 V 
(see Note B) 

Output 
Waveform 2 

Sl atGND 
(see Note B) 

TEST Sl 

tpd Open 
tpLZ/tpZL 4.6 V 
tpHz/tpZH GND 

VOLTAGE WAVEFORMS 
PULSE DURATION 

~ I 2.3V 

~ 1.2V 4_1.~V ___ OV 

tPZL-.! , 
, 
I 
I , 
, 

tpZH~ 

I+- I 
, tPLZ -+j 14-
L __ -{_~I- 2.3 V 

\ 1.2V I VOL+0.3V 
. 1- --- VOL 

~PHZ~ r-
, ~ -- VOH 11.2 V VOH -0.3 V 

----~-'- --- - OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses are supplied by generators having the following characteristics: PRR s 10 MHz, Zo = 50 (.!, tr S 2.5 ns, tf S 2.5 ns. 
D. The outputs are measured one at a time with one transition per measurement. 
E. tpLZ and tpHZ are the same as tdis. 
F. tpZL and tpZH are the same as ten. 
G. tpLH and tpHL are the same as tpd' 

Figure 1. Load Circuit and Voltage Waveforms 
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• Member of the Texas Instruments 
Wldebus™ Family 

• EPIC ™ (Enhanced· Performance Implanted 
CMOS) Submlcron Process 

• latch·Up Performance Exceeds 250 mA Per 
JEOEC Standard JESO·17 

• ESO Protection Exceeds 2000 V Per 
Mll·STD-883, Method3015; Exceeds 
200 V Using Machine Model 
(C = 200 pF, R = 0) 

• Bus Hold on Data Inputs Eliminates the 
Need for External PulluplPulidown 
Resistors 

• Package Options Include Plastic 30o-mil 
Shrink Small·Outline (Ol) and Thin Shrink 
Small·Outline (OGG) Packages 

description 

This 20-bit bus-interface D-type latch is designed 
for 2.3-V to 3.6-V Vee operation. 

The SN74ALVCH16841 features 3-state outputs 
designed specifically for driving highly capacitive 
or relatively low-impedance loads. This device is 
particularly suitable for implementing buffer 
registers, unidirectional bus drivers, and working 
registers. 

The SN74ALVCH16841 can be used as two 10-bit 
latches or one 20-bit latch. The 20 latches are 
transparent D-type latches. The device has 
noninverting data (D) inputs and provides true 

SN74ALVCH16841 
20·BIT BUS·INTERFACE O·TYPE LATCH 

WITH 3·STATE OUTPUTS 
SCES043A - JULY 1996 - REVISED NOVEMBER 1996 

DGG OR DL PACKAGE 
(TOP VIEW) 

10E 1 
101 2 
102 3 

GNO 
103 
104 6 

Vee 
105 
106 9 
107 

GNO 11 
108 
109 

1010 
201 
202 
203 

GNO 
204 
205 
206 
Vee 
207 
208 

GNO 
209 

2010 
20E 

56 
55 
54 
53 

1LE 
101 
102 
GNO 
103 
104 
Vee 
105 
106 
107 
GNO 
108 
109 
1010 
201 
202 
203 
GNO 
204 
205 
206 
Vee 
207 
208 
GNO 
209 
2010 
2LE 

data at its outputs. While the latch-enable (1 LE or 2LE) input is high, the Q outputs of the corresponding 10-bit 
latch follOW the D inputs. When LE is taken low, the Q outputs are latched at the levels set up at the D inputs. 

A buffered output-enable (1 OE or 20E) input can be used to place the outputs of the corresponding 1 O-bit latch 
in either a normal logic state (high or low logic levels) or a high-impedance state. In the high-impedance state, 
the outputs neither load nor drive the bus lines significantly. 

The output-enable (OE) input does not affect the internal operation of the latches. Old data can be retained or 
new data can be entered while the outputs are in the high-impedance state. 

To ensure the high-impedance state during power up or power down, OE should be tied to Vee through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

Active bus-hold circuitry is provided to hold unused or floating inputs at a valid logic level. 

The SN74ALVCH16841 is available in TI's shrink small-outline (DL) and thin shrink small-outline (DGG) 
packages, which provide twice the 1/0 pin count and functionality of standard small-outline packages in the 
same printed circuit board area. 

The SN74ALVCH16841 is characterized for operation from -40°C to 85°e. 

EPle and Widebus are trademarks of Texas Instruments Incorporated. 

~1ExAs 
INSTRUMENTS 

Copyright @ 1996, Texas Instruments Incorporated 

POST OFFICE BOX 655303 • DALLAS. TEXAS 75265 3-209 



SN74ALVCH16841 
2()'BIT BUS-INTERFACE D-TYPE LATCH 

WITH 3-STATE OUTPUTS 
SCES043A-JULY 1995- REVISED NOVEMBER 1996 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vee ......................................................... -0.5 V to 4.6 V 
Input voltage range, VI (see Note 1) ................................................. -0.5 V to 4.6 V 
Output voltage range, Vo (see Notes 1 and 2) .................................. -0.5 V to Vee + 0.5 V 
Input clamp current, 11K (VI < 0) ........................................................... -50 rnA 
Output clamp current, 10K (VO < 0 or Vo > Vee) ............................................ ±50 rnA 
Continuous output current, 10 (Vo = 0 to Ved .............................................. ±50 rnA 
Continuous current through each Vee or GND ............................................. ±100 rnA 
Maximum power dissipation at TA '" 55°C (in still air) (see Note 3): DGG package .................. 1 W 

DL package ................... 1.4 W 
Storage temperature range, Tstg ................................................... --65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated cond~ions for extended periods may affect device reliability. 

NOTES: 1. The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
2. This value is limited to 4.6 V maximum. 
3. The maximum package power dissipation is calculated using a junction temperature 01 150·e and a board trace length of 750 mils. 

For more information, refer to the Package Thermal Considerations application note in the ABT Advanced BiCMOS Technology Data 
Book. 

recommended operating conditions (see Note 4) 
MIN MAX UNIT 

Vee Supply voltage 2.3 3.6 V 

Vee - 2.3 V to 2.7 V 1.7 
VIH High-level input voltage V 

Vee - 2.7 Vlo 3.6 V 2 

Vee = 2.3 V to 2.7 V 0.7 
VIL Low-level input voltage V 

Vee = 2.7 V to 3.6 V 0.8 

VI Input voltage 0 Vee V 

Vo Output voltage 0 Vee V 

Vee = 2.3 V -12 

IOH High-level output current VCC=2.7V -12 mA 

Vee- 3V -24 

Vee = 2.3 V 12 

IOL Low-level output current Vee=2.7V 12 mA 

Vee=3V 24 

l1t1l>v Input transition rise or lall rate 0 10 nsN 

TA Operating Iree-air temperature -40 85 ·e 

NOTE 4: Unused control Inputs must be held high or low to prevent them from floating. 
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SN74ALVCH16841 
20-BIT BUS·INTERFACE D-TYPE LATCH 

WITH 3·STATE OUTPUTS 
SCES043A - JULY 1995 - REVISED NOVEMBER 1996 

timing requirements over recommended ranges of supply voltage and operating free-air 
temperature, (unless otherwise noted) (see Figures 1 and 2) 

Vee = 2.5 V 
Vee=2.7V 

Vee=3.3V 
PARAMETER ±O.2V ±O.3V UNIT 

MIN MAX MIN MAX MIN MAX 

tw Pulse duration, LE high or low 3.3 3.3 3.3 ns 

tsu Setup time, data belore LEi 0.9 0.7 1.1 ns 

th Hold time, data after LEi 1.2 1.5 1.1 ns 

switching characteristics over recommended operating free·air temperature range, CL = 50 pF 
(unless otherwise noted) (see Figures 1 and 2) 

FROM TO 
Vee = 2.5 V 

VCC=2.7V 
Vee=3.3V 

PARAMETER ±O.2V ±O.3V UNIT (INPUT) (OUTPUT) 
MIN MAX MIN MAX MIN MAX 

D Q 1.1 5.6 4.7 1.2 3.9 
tpd ns 

LE Q 1 6.2 5.1 1 4.3 

ten OE Q 1 6.7 6 1 4.9 ns 

tdis OE Q 1.8 5.5 4.3 1.3 4.1 ns 

operating characteristics, T A = 25°C 
Vee = 2.5 V VCC=3.3V 

PARAMETER TEST CONDITIONS ±O.2V ±O.3V UNIT 

TYP TYP 

I Outputs enabled 12 20 
Cpd Power dissipation capacitance I Outputs disabled 

CL=50pF, 1= 10 MHz pF 
1 3 
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SN74ALVCH16841 
2()'BIT BUS-INTERFACE D·TVPE LATCH 

WITH 3·STATE OUTPUTS 
SCES043A - JULY 1995 - REVISED NOVEMBER 1996 

PARAMETER MEASUREMENT INFORMATION 
VCC = 2.7 V AND 3.3 V ± 0.3 V 

o 6V 
TEST S1 

S1 o Open 

rD 

500n From Output_-e _____ -.I\II.f\r----/ 
Under Test 

CL = 50 pF 
(see Note A) T 500n 

Ipd Open 
tpLZItPZL 6V 
tpHz/tpZH GND 

-= 
LOAD CIRCUIT ~ tw---+l 

I I 

TI~~nu~ _____ --'~'"1-.5-V-----
2.7 V Input 3 _____ ...J}(:1~.5~V~~~~ 0 V 

2.7V 

OV 

~ ~ tsu·~ th 

Data --'""""~.5 V 
Input 1\ 

I 
~2.7V 

1.5V 
OV 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

Input --.i 1.5 V \ -;'5~ - - - 2.7 V 

I I I OV 

tpLH 14 ~ 14 J tpHL 
I I 
I ~----""~rl - VOH 

Output !1.5V 1.5V 
________ J. VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

NOTES: A. CL includes probe and jig capacitance. 

Output 
Control 

(low-level 
ensbllng) 

Output 
Waveform 1 

S1 st 6 V 
(see Note B) 

Output 
Wsveform2 

S1 alGND 
(see Note B) 

VOLTAGE WAVEFORMS 
PULSE DURATION 

~ I 2.7 V 

~ 1.5V 4_1.: ___ ov 

tpZL~ i+-t -J ~ 
II PLZ- I r--

I 1 __ -'_~I_ 3V 

I \ 1.5V I VOL+0.3V 
I· 1- --- VOL 
I tpHZ~ *-

tpZH ~ 14-- I 
I tv~-- VOH 

___ ... /t.. 1.~V ___ ~H-0.3V OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses are supplied by generators having the following characteristics: PRR oS 10 MHz, Zo = 50 n, tr oS 2.5 ns, tf oS 2.5 ns. 
D. The outputs are measured one at a time with one transition per measurement. 
E. tpLZ and tpHZ are the same as tdis. 
F. tpZL and tpZH are the same as ten. 
G. tpLH and tPHL are the same as tpd. 

Figure 2. Load Circuit and Voltage Waveforms 
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• Member of the Texas Instruments 
W/debus™ Family 

• EPICTM (Enhanced·Performance Implanted 
CMOS) Submlcron Process 

• ESO Protection Exceeds 2000 V Per 
Mll·STD-883, Method 3015; Exceeds 
200 V Using Machine Model 
(C = 200 pF, R = 0) 

• Latch·Up Performance Exceeds 250 mA 
Per JEOEC Standard JESO·17 

• Bus Hold on Oata Inputs Eliminates the 
Need for External Pullup/Pulidown 
Resistors 

• Package Options Include Plastic 30().mll 
Shrink Small·Outline (Ol) and Thin Shrink 
Small·Outline (OGG) Packages 

description 

This 20-bit flip-flop is deSigned specifically for 
2.3-V to 3.6-V VCC operation. 

The SN74ALVCH16721 20 flip-flops are edge
triggered O-type flip-flops with qualified clock 
storage. On the positive transition of the clock 
(ClK) input, the device provides true data at the 
Q outputs if the clock-enable (CLKEN) input is low. 
If CLKEN is high, no data is stored. 

A buffered output-enable (OE) input places the 
20 outputs in either a normal logic state (high 
or low) or a high-impedance state. In the 
high-impedance state, the outputs neither load 
nor drive the bus lines significantly. The 
high-impedance state and increased drive 

SN74ALVCH16721 
3.3-V 20-81T FLlP·FLOP 

WITH 3·STATE OUTPUTS 
SCES052A-JULY 1995-

DOG OR DL PACKAGE 
(TOP VIEW) 

OE 
01 
02 3 

GND 4 
03 
04 

Vec 
05 
06 9 
07 

GND 
08 
Q9 

010 
011 
012 16 
013 17 

GND 18 
014 19 
015 20 
016 21 
Vec 22 
017 23 
018 24 

GND 25 
019 26 

ClK 
01 
02 
GNO 
03 
04 
Vcc 
05 
06 
07 
GNO 
D8 
09 
010 
011 

41 D12 
40 013 
39 GND 
38 014 
37 015 
36 016 
35 Vee 
34 017 
33 018 
32 GNO 
31 019 

020 020 
NC ClKEN "'_ __ r 

NC - No internal connection 

1996 

provide the capability to drive bus lines without need for interface or pullup components. OE does not affect the 
internal operation of the flip-flops. Old data can be retained or new data can be entered while the outputs are 
in the high-impedance state. 

To ensure the high-impedance state during power up or power down, OE should be tied to V cc through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

Active bus~hold circuitry is provided to hold unused or floating data inputs at a valid logiC level. 

The SN74ALVCH16721 is available in Tl's shrink small-outline (OL) and thin shrink small-outline (OGG) 
packages, which provide twice the 1/0 pin count and functionality of standard small-outline packages in the 
same printed circuit board area. 

The SN74ALVCH16721 is characterized for operation from -40°C to 85°C. 

EPle and Widebus are trademarks of Texas Instruments Incorporated. 
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SN74ALVCH16721 
3.3-V 2()'BIT FLlP·FLOP 

WITH 3-STATE OUTPUTS 
SCES062A - JULY 1996 - REVISED NOVEMBER 1996 

recommended operating conditions (see Note 4) 
MIN MAX UNIT 

Vee Supply voltage 2.3 3.6 V 

Vee = 2.3 V to 2.7V 1.7 
VIH High-level Input voltage V 

Vee - 2.7 V to 3.6 V 2 

Vee" 2.3 Vt02.7V 0.7 
VIL Low-level input voltage V 

Vee - 2.7Vt03.6 V 0.8, 

VI Input vo~age 0 Vee V 

Vo Output vo~ge 0 Vee V 

Vee- 2.3V -12 

IOH High-level output current Vee = 2.7 V r -12 mA 

Vee=3V -24 

Vee- 2.3V 12 

IOL Low-level output current Vee- 2.7V 12 mA 

Vee- 3V 24 

At/flY Input transition rise or fall rate 0 10 nsN 

TA Operating free-air temperature -40 86 ·e 

NOTE 4: Unused control Inputs must be held high or low to prevent them from floating. 

electrical characteristics over recommended operating free-air temperatu.re range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS Vee 
IOH--10011A 2.3 Vt03.6 V 

IOH,,-6 mA, VIH -1.7V 2.3V 

IOH--12mA, VIH = 1.7V 2.3V 
VOH 

IOH =-12 mA, VIH -2V 2.7 V 

IOH--12mA, VIH -2V 3V 

10H =-24 mA, VIH -2V 3V 

IOL-100IlA 2.3 Vt03.6 V 

IOL=6mA, VIL=0.7V 2.3 V 

VOL lOLa 12mA, VIL=0.7V 2.3V 

10L= 12mA, VIL-0.8V 2.7V 

IOL=24mA, VIL=0.8V 3V 

II VI .. Vee or GND 3.6 V 

VI-0.7V 

VI-1.7V 
2.3 V 

II(hold) VI-0.8V 

VI-2V 
3V 

VI - 0 to 3.6 y:1: 3.6 V 

10Z Va = Vee or GND 3.6V 

lee VI .. Vee or GND, 10- 0 3.6 V 

t.lee One input at Vee - 0.6 V, Other Inputs at Vee or GND 3Vt03.6V 

ei 
eontrollnputs 

VI - Vee or GND 
Data inputs 

3.3 V 

eio Data inputs Va - Vee or GND 3.3V 

tTYPICBI values are measured at Vee. 3.3 V, TA" 25·e. 
:I: This is the bus-hold maximum dynamic current required to switch the input from one state to another. 

:'I TEXAS 
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MIN TYPt MAX UNIT 

Vec-O·2 

2 

1.7 
V 

2.2 

2.4 

2 

0.2 

OA 
0.7 V 

0.4 

0.55 

±5 IIA 
45 

-45 

75 IIA 
-75 

±500 

±10 IIA 
40 IIA 

750 IlA 

3.5 

6 
pF 

7 pF 
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SN74ALVCH16721 
3.3-V 2G-BIT FLIP-FLOP 

WITH 3-STATE OUTPUTS 
SCES062A-JULY 1995- REVISED NOVEMBER 1996 

PARAMETER MEASUREMENT INFORMATION 
VCC=2.5V ± 0.2 V 

S1 5000 
F~mOWput __ -. ____ ~~~ ____ -/ 

Under Teat 

CL=50pF T 
(_Note A) 

5000 

LOAD CIRCUIT 

o 4.6V 

o Open 

TEST S1 

tpd Open 
tPuftPZL 4.6 V 
tpHZltpZH GND 

14-- tw ---.I 

2.3 V 

"~~': _____ J~\.1_.2_V----

I 1,..-__ 

Input 3 ~ .... 1._2_V __ :.:V 

~ tau ~ t., 
~ 
I 

OV VOLTAGE WAVEFORMS 
PULSE DURATION 

Data --""'~1.2 V 
Input __ J1\ 

€2.3V 
1.2V 

OV 
Output 
Cont~1 

(Iow-Ievel 
enabling) 

~. I 2.3 V 

~1.2V 4_1.~ ___ OV VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

Input -'1.2 V \ ;:; -; - - - 2.3 V 

---" I· OV 
tPLH!. til I I 

1- 141 ., tpHL 
I I 
I~-----~n -VOH 

OWput 11.2 V 1.2V 
____ J. VOL 

VOLTAGE WAVEFORM$ 
PROPAGATION DELAY TIMES 

NOTES: A. CL Includes probe and jig capacitance. 

Output 
waveform 1 

S1 at 4.8 V 
(see Note B) 

Output 
W8veform2 

S1 atelND 

tpzL -+I I+-tp ....! 
I I LZ- I 

_--+1",\;1 I 
I 
I VOL+O.3V 

(_ Note B) ___ .I 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

2.3 V 

VOL 

B. Waveform 1 is for an output wHh internal conditlons such that the output is low except when disabled lly the output control. 
Waveform 2 is for an output wHh internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses are supplied by generators having the following characteristics: PRR $ 10 MHz, Zo - 50 a. tr $ 2.5 ns, tf $ 2.5 ns. 
D. The outputs are measured one at a time wHh one transition per measurement. 
E. tpLZ and tpHZ are the same as Idis. 
F. tpZL and tPZH are the same as ten. 
G. tPLH and tPHL are the same as !pd. 

Figure 1. Load Circuit and Voltage Waveforms 
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• Member of the Texas Instruments 
W/debus™ Family 

• EPIC Ttot (Enhanced· Performance Implanted 
CMOS) Submlcron Process 

• Output Ports Have Equivalent 26-0 Series 
Resistors, So No External Resistors Are 
Required 

• ESD Protection Exceeds 2000 V Per 
MIL·STD·883, Method 3015; Exceeds 
200 V Using Machine Model (C = 200 pF, 
R = 0) 

• Latch·Up Performance Exceeds 250 mA 
Per JEDEC Standard JESD·17 

• Bus Hold on Data Inputs Eliminates the 
Need for External Pullup/Pulidown 
Resistors 

• Package Options Include Plastic 30Q.mll 
Shrink Small·Outline (DL) and Thin Shrink 
Small·Outline (DGG) Packages 

description 

This 20-bit flip-flOp is designed for low-voltage 
2.3-V to 3.6-V Vcc operation. 

The 20 flip-flops are edge-triggered D-type 
flip-flops with qualified clock storage. On the 
positive transition of the clock (ClK) input, the 
device provides true data at the Q outputs if the 
clock-enable (ClKEN) input is low. If ClKEN is 
high, no data is stored. 

A buffered output-enable (OE) input places the 
20 outputs in either a normal logic state (high or 
low level) or the high-impedance state. In the 

SN74ALYCH162721 
3.3·Y 20·BIT FLIP·FLOP 

WITH 3·STATE OUTPUTS 
I 

DGG OR DL PACKAGE 
(TOP VIEW) 

OE 
Q1 
Q2 3 

GNO 4 
Q3 
Q4 

Vee 
QS 
Q6 9 
Q7 

GNO 
Q8 
Q9 

Q10 
Q11 
Q12 
Q13 

GND 
Q14 
Q15 
Q16 
Vee 
Q17 
Q18 

GNO 

11 

ClK 
01 
02 
GNO 
03 
04 
Vee 
D5 
D6 
D7 
GNO 
08 
09 
010 
011 
012 
013 
GND 
014 
015 
016 
Vee 
017 
018 
GNO 

Q19 019 
Q20 D20 
NC ClKEN 

"1..-_--1'" 

Ne - No internal connection 

1996 

high-impedance state, the outputs neither load nor drive the bus lines significantly. The high-impedance state 
and increased drive provide the capability to drive bus lines without interface or pull up components. OE does 
not affect the internal operation of the flip-flops. Old data can be retained or new data can be entered while the 
outputs are in the high-impedance state. 

To ensure the high-impedance state during power up or power down, OE should be tied to V CC through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

Active bus-hold circuitry holds unused or floating data inputs at a valid logic level. 

The outputs, which are designed to sink up to 12 mA, include 26·0 resistors to reduce overshoot and 
undershoot. 

EPle and Widebus are trademarks of Texas Instruments Incorporated. 

Copyright © 1996, Texas Instruments Incorporated 
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SN74ALVCH162721 
3.3·V 2()'BIT FLIP·FLOP 

WITH 3·STATE OUTPUTS 
SCES055A- DECEMBER 1995 - REVISED NOVEMBER 1996 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vee ......................................................... -0.5 V to 4.6 V 
Input voltage range, VI (see Note 1) ................................................. -0.5 V to 4.6 V 
Output voltage range, Va (see Notes 1 and 2) .................................. -0.5 V to Vee + 0.5 V 
Input clamp current, 11K (VI < 0) ........................................................... -50 mA 
Output clamp current, 10K (Va < 0 or Va > Vee> ............................................ ±50 mA 
Continuous output current, 10 (Va = 0 to Vee> .............................................. ±50 mA 
Continuous currentthrough each Vee or GND ............................................. ±100 mA 
Maximum power dissipation at TA = 55°C (in still air) (see Note 3): DGG package .................. 1 W 

DL package ................... 1.4 W 
Storage temperature range, Tstg ................................................... -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only. and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
2. This value is limited to 4.6 V maximum. 
3. The maximum package power dissipation is calculated using a junction temperature of 150·e and a board trace length of 750 mils. 

For more information, refer to the Package Thermal Considerations application note in the ABT Advanced BiCMOS Technology Data 
Book. 

recommended operating conditions (see Note 4) 

Vee Supply voltage 

Vee = 2.3 V to 2.7 V 
VIH High-level input voltage 

Vee = 2.7Vto 3.6 V 

vee = 2.3 V to 2.7 V 
VIL Low-level input voltage 

Vee = 2.7 Vt03.6 V 

VI Input voltage 

Va Output voltage 

Vee = 2.3 V 

IOH High-level output current Vee = 2.7 V 

Vee = 3 V 

Vee = 2.3 V 

IOL LOW-level output current Vee- 2.7V 

Vee =3V 

t.tlt.v Input transition rise or fall rate 

TA Operating free-air temperature 

NOTE 4: Unused control Inputs must be held high or low to prevent them from floating. 
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MIN MAX UNIT 

2.3 3.6 V 

1.7 
V 

2 

0.7 
V 

0.8 

0 Vee V 

0 Vee V 

-6 

-8 mA 

-12 

6 

8 mA 

12 

0 10 nsN 
-40 85 ·C 
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SN74ALVCH162721 
3.3-V 20·BIT FLlP·FLOP 

WITH 3·STATE OUTPUTS 
SCES055A - DECEMBER 1995 - REVISED NOVEMBER 1996 

timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (see Figures 1 and 2) 

vcc = 2.5 V 
Vee = 2.7V 

Vee =3.3 V 
±O.2V ±O.3 V UNIT 

MIN MAX MIN MAX MIN MAX 

'clock Clock frequency a 150 a 150 a 150 MHz 

tw Pulse duration, ClK high or low 3.3 3.3 3.3 ns 

Data before ClKi 4 3.6 3.1 
tsu Setup time 

ClKEN belore ClKi 
ns 

3.4 3.1 2.7 

Data after ClKi a a a 
th Hold time 

ClKEN after ClKi 
ns a a a 

switching characteristics over recommended operating free-air temperature range, CL = 50 pF 
(unless otherwise noted) (see Figures 1 and 2) 

FROM TO 
vec =2.5V 

PARAMETER ±O.2V 
(INPUT) (OUTPUT) 

MIN MAX 

Imax 150 

ted ClK Q 1 7.5 

ten OE Q 1 7.9 

tdis OE Q 1 6.7 

operating characteristics, T A = 25°C 

PARAMETER 

Cpd Power dissipation capacitance 

TEST CONDITIONS 

I Outputs enabled 

I Outputs disabled 
Cl = 50 pF, I = 10 MHz 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 

VCC=2.7V 
Vee =3.3 V 

±O.3V UNIT 
MIN MAX MIN MAX 

150 150 MHz 

6.4 1 5.5 ns 

7.2 1 6 ns 

5.6 1 5.2 ns 

Vee = 2.5 V Vee = 3.3 V 
±O.2V ±O.3V UNIT 

TYP TYP 

55 59 

46 49 
pF 
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SN74ALVCH162721 
3.3-V 2()"BIT FLlp·FLOP 

WITH 3·STATE OUTPUTS 
SCES055A - DECEMBER 1995 - REVISED NOVEMBER 1996 

PARAMETER MEASUREMENT INFORMATION 
VCC = 2.7 V AND 3.3 V ± 0.3 V 

S1 500n 
From Output - ..... --.... -JV\fIr----/ 

Under Test 

CL=50pF 
(see Note A) T 

500n 

LOAD CIRCUIT 

o 6V 

o Open 

r' 
TEST S1 

tpd Open 
tpLZ/tpZL BV 

tpHZ/tpZH GND 

Timing 
Input 

2.7 V 

~ tw----.! 
I 1 

Input 3 ..... ____ J~~'_1-._5~V~~~~ :.:V 

Dete 
Input 

OV 

I 
~2.7V 

~OV 
VOLTAGE WAVEFORMS 

SETUP AND HOLD TIMES 

Input .-i1.5V \~5-;--- 2.7V 

I I I OV 

tPLH 14 ~ 14 J tpHL 

1 1 
I ,.-----~- VOH 

Output !1.5V 1.5V _______ J. VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

NOTES: A. CL includes probe and jig capacHance. 

Output 
Control 

(low-level 
enabling) 

Output 
Waveform 1 

S1 at 6 V 
(see Note B) 

Output 
Waveform 2 

S1 atGND 
(see Note B) 

VOLTAGE WAVEFORMS 
PULSE DURATION 

~ I 2.7 V 

"f'.1.5V 4_1.: ___ ov 

tpZL --.! I4-t -J '""--
1 1 PLZ"I roo-

! 1 __ -.l_~!_ 3V 

i \. 1.5V I VOL+0.3V 
!. ! - --- VOL 
! tPHZ-+j *-

tpZH ~ I+- ! 
I ~--- VOH [1.5 V VOH -0.3 V 

__ ....... _1- -- - OV 

VOLTAGE WAVEFORMS 
ENABLE; AND DISABLE TIMES 

B. Waveform 1 is for an output with intemal condHions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with intemal conditions such that the output is high except when disabled by the output control. 

C. All input pulses are supplied by generators having the following characteristics: PRR s 10 MHz, Zo K 50 n. tr s 2.5 ns, tf S 2.5 ns. 
D. The outputs are measured one at a time with one transition per measurement. 
E. tpLZ and tpHZ are the same as !dis. 
F. tpZL and tpZH are the same as ten. 
G. tpLH and tpHL are the same as tpd. 

Figure 2. Load Circuit and Voltage Waveforms 
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• Member of the Texas Instruments 
Wldebus™ Family 

• EPICTM (Enhanced-Performance Implanted 
CMOS) Submlcron Process 

• ESD Protection Exceeds 2000 V Per 
Mll-STD-883, Method 3015; Exceeds 
200 V Using Machine Model 
(C = 200 pF, R = 0) 

• Latch-Up Performance Exceeds 250 mA 
Per JEDEC Standard JESD-17 

• Bus Hold on Data Inputs Eliminates the 
Need for External Pullup/Pulidown 
ReSistors 

• Package Options Include Plastic 300-mil 
Shrink Small-Outline (Dl) and Thin Shrink 
Small-Outline (DGG) Packages 

description 

This 20-bit bus-interface flip-flop is designed for 
2.3-V to 3.6-V VCC operation. 

The SN7 4ALVCH 16821 can be used as two 10-bit 
flip-flops or one 20-bit flip-flop. The 20 flip-flops 
are edge-triggered Ootype flip-flops. On the 
positive transition of the clock (CLK) input, the 
device provides true data at the Q outputs. 

A buffered output-enable (OE) input can be 
used to place the ten outputs in either a normal 
logic state (high or low logiC levels) or a 
high-impedance state. In the high-impedance 
state, the outputs neither load nor drive the bus 
lines significantly. The high-impedance state and 
increased drive provide the capability to drive bus 
lines without need for interface or pullup 
components. 

SN74ALVCH16821 
3.3·V 20·BIT BUS·INTERFACE FLlP·FLOP 

WITH 3·STATE OUTPUTS 

DGG OR DL PACKAGE 
(TOP VIEW) 

10E 1CLK 
101 101 
102 3 102 

GND GNO 
103 103 
104 6 104 
Vee Vee 
105 105 
106 106 
107 107 

GND GND 
108 108 
109 109 

1010 1010 
201 201 
202 202 
203 203 

GNO GNO 
204 204 
205 205 
206 206 
Vee Vee 
207 207 
208 208 

GNO GND 
209 209 

2010 2010 
20E 2CLK 

OE does not affect the internal operation of the flip-flops. Old data can be retained or new data can be entered 
while the outputs are in the high-impedance state. 

To ensure the high-impedance state during power up or power down, OE should be tied to V cc through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

The SN74ALVCH 16821 is available in TI's shrink small-outline (OL) and thin shrink small-outline (OGG) 
packages, which provide twice the I/O pin count and functionality of standard small-outline packages in the 
same printed circuit board area. 

The SN74ALVCH16821 is characterized for operation from -40°C to 85°C. 

EPIC and Widebus are trademarks of Texas Instruments InCOrporated. 
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logic diagram (positive logic) 

SN74ALVCH16821 
3.3-V 20·BIT BUS·INTERFACE FLlp·FLOP 

WITH 3·STATE OUTPUTS 
SCES037A - JULY 1995 - REVISED NOVEMBER 1996 

10E ~---------------a 

1CLK ~56=--~ 

~--- ------------
lane ofTen 

55 

I Channels ._---1> C1 

101 -------+------!-----I10 
I 
I 

>--+--t-=-2 1 Q1 

1..---
~------~v~------~ 

To Nine Other Channels 

20E 28 

29 
2CLK ------I 

~--- ------------
lane ofTen 
I Channels ._---1> C1 

42 I >--+-....f--'-"- 2Q1 
201 -------+------+----\10 

I 
I 1..--- ___________ _ 

~------~vr------~ 

To Nine Other Channels 
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SN74ALVCH16821 
3.3-V 20·BIT BUS·INTERFACE FLlp·FLOP 

WITH 3·STATE OUTPUTS 
SCES037 A - JULY 1995 - REVISED NOVEMBER 1996 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS Vce 
10H =-100 I1A 2.3 Vt03.6 v 
10H=-6mA, VIH=1.7V 2.3V 

VIH = 1.7V 2.3V 
VOH 

10H =-12 mA VIH =2V 2.7V 

VIH =2V 3V 

10H =-24 mA, VIH =2 V 3V 

10L= 100J.LA 2.3 Vt03.6 V 

IOL=6 mA, VIL=0.7V 2.3V 

VOL VIL = 0.7 V 2.3V 
IOL=12mA 

VIL = 0.8 V 2.7V 

IOL=24 mA, VIL = 0.8 V 3V 

II VI = VCC or GND 3.6 V 

VI =0.7V 

VI = 1.7V 
2.3V 

II(hold) VI =0.8V 

VI=2V 
3V 

VI = 0 to 3.6 v:I: 3.6V 

10Z Vo = VCC or GND 3.6 V 

ICC VI = VCC or GND, 10=0 3.6V 

alCC One input at VCC - 0.6 V, Other inputs at VCC or GND 3 Vt03.6V 

Control inputs 
Ci 

Data inputs 
VI = Vee or GND 3.3V 

Co Outputs Vo = Vce or GND 3.3V 

t All typical values are measured at Vee = 3.3 V, T A = 25°e. 
:I: This is the bus-hold maximum dynamic current required to switch the input from one state to another. 
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MIN TYPt MAX UNIT 

VCC-D·2 

2 

1.7 
V 

2.2 

2.4 

2 

0.2 

0.4 

0.7 V 

0.4 

0.55 

±5 J.LA 

45 

-45 

75 J.LA 

-75 

±500 

±10 J.LA 

40 J.LA 

750 I1A 
3.5 

6 
pF 

7 pF 
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SN74ALVCH16821 
3.3-V 20·BIT BUS·INTERFACE FLlP·FLOP 

WITH 3-STATE OUTPUTS 
SCES037A - JULY 1995 - REVISED NOVEMBER 1996 

PARAMETER MEASUREMENT INFORMATION 
VCC = 2.5 V ± 0.2 V 

o 4.8V 

S1 o Open 

r' 
500n 

From Output -~--""-JV\I'v--_-/ 
Under Teat 

CL=50pF 
(see Note A) T 500n 

LOAD CIRCUIT 

2.3 V 

OV 

I tau th 

TEST S1 

tpd Open 
tpLZltpZL 4.8 V 
tPHZ/tpZH GND 

14-- tw -----.I 
1 1 

Input 3"---____ ..J}(,.,-·2-V---

VOLTAGE WAVEFORMS 
PULSE DURATION 

2.3V 

OV 

Date 
Input __ -,*UV 

I 
~2.3V 

1.2V 
OV 

Output 
Control 

(low-level 
enabling) 

~ . ~3V 

~1.2Y l":---.v VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

Input Luv \~-;--- 2.3 V 

--..11 I·· OV 
tpLH --1II!.J---"~ 1 1 

1- i 14 -' tPHL 

Output 
Waveform 1 

S1 at 4.8 V 
(see Note B) 

tpZL~ I+-t .....! 
1 1 PLZ- , 

_--+1 ",,:1 1 
1 
1 1 

1 
1 

tpZH~ 
~PHZ~ 

2.3 V 

VOL+0.3V 
VOL 

1 1 
Ir--------~~--VOH 

Output 
Waveform 2 

S1 atGND 
(see Note B) 

1,....---+ VOH 

Output !1.2V 1.2V ________ -J. VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

NOTES: A. CL includes probe and jig capacitance. 

VOH -0.3 V 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

OV 

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses are supplied by generators having the following characteristics: PRR s 10 MHz, Zo - 50 o,lr s 2.5 ns, tf s 2.5 ns. 
D. The outputs are measured one at a time with one transition per measurement. 
E. tpLZ and tpHZ are the same as Idis. 
F. tpZL and tPZH are the same as ten. 
G. tpLH and tpHL are the same as tpd. 

Figure 1. Load Circuit and Voltage Waveforms 
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CDC509 
3.3-V PHASE-LOCK LOOP CLOCK DRIVER 

WITH 3-STATE OUTPUTS 

• Phase-Lock Loop Clock Distribution for 
Synchronous DRAM Applications 

• Distributes One Clock Input to One Bank of 
Five and One Bank of Four Outputs 

• Separate Output Enable for Each Output 
Bank 

• External Feedback (FBIN) Pin Is Used to 
Synchronize the Outputs to the Clock Input 

• No External RC Network Required 

• Operates at 3.3-V Vce 
• Packaged in Plastic 24·Pin Thin Shrink 

Small·Outline Package 

description 

AGND 
Vee 
lYO 
1Yl 
1Y2 

GND 
GND 
lY3 

Vee 
lG 

FBOUT 

PWPACKAGE 
(TOP VIEW) 

1 

6 

16 

15 

11 14 

13 

elK 
AVee 
Vee 
2YO 
2Yl 
GND 
GND 
2Y2 
2Y3 
Vee 
2G 
FBIN 

The CDC509 is a high-performance, low-skew, low-jitter, phase-lock loop (Pll) clock driver. It uses a Pll to 
precisely align, in both frequency and phase, the feedback (FBOUT) output to the clock (ClK) input signal. It 
is specifically designed for use with synchronous DRAMs. The CDC509 operates at 3.3-V Vee and is designed 
to drive up to five clock loads per output. 

One bank of five outputs and one bank of four outputs provide nine low-skew, low-jitter copies of ClK. Output 
signal duty cycles are adjusted to 50 percent, independent of the duty cycle at ClK. Each bank of outputs can 
be enabled or disabled separately via the control (1 G and 2G) inputs. When the G inputs are high, the outputs 
switch in phase and frequency with ClK; when the G inputs are low, the outputs are disabled to the logic-low 
state. 

Unlike many products containing Plls, the CDC509 does not require external RC networks. The loop filter for 
the Pll is included on-chip, minimizing component count, board space, and cost. 

Because it is based on Pll circuitry, the CDC509 requires a stabilization time to achieve phase lock of the 
feedback signal to the reference signal. This stabilization time is required, following power up and application 
of a fixed-frequency, fixed-phase signal at ClK, as well as following any changes to the Pll reference or 
feedback signals. The Pll can be bypassed for test purposes by strapping AVee to ground. 

The CDC509 is characterized for operation from O°C to 70°C. 

PRODUCT PREVIEW ,nform.'on concema prod_,n 1II.lorml1lvt or := pha.. .f devtfGpllllllt. Ch.f1Ii:tIrfl1lc datil .nd oilier 
cI1Iont a" dellgn goIIs. T .... , .. trumen\I rtttNoolil. right .. 

c ango or dlocontlnu,lII ... p<oducIIwIIIIouf notice. 

FUNCTION TABLE 

INPUTS OUTPUTS 

1G 2G ClK 
1Y 2Y 

FBOUT 
(0:4) (0:3) 

X X L L L L 

L L H L L H 

L H H L H H 

H L H H L H 

H H H H H H 
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CDC509 
3.3-V PHASE-LOCK LOOP CLOCK DRIVER 

WITH 3-STATE OUTPUTS 
SCAS576A - JULY 1996 - REVISED OCTOBER 1996 

Terminal Functions 

TERMINAL 
TYPE DESCRIPTION 

NAME NO. 

Clock input. ClK provides the clock signal to be distributed by the CDC509 clock driver. ClK is used 
to provide the reference signal to the integrated Pll that generates the clock output signals. ClK must 

ClK 24 I have a fixed frequency and fixed phase for the Pll to obtain phase lock. Once the circuit is powered 
up and a valid ClK signal is applied, a stabilization time is required for the Pll to phase lock the 
feedback signal to its reference signal. 

Feedback input. FBIN provides the feedback signal to the internal PlL. FBIN must be hard-wired to 
FBIN 13 I FBOUT to complete the PlL. The integrated Pll synchronizes elK and FBIN so that there is 

nominally zero phase error between ClK and FBIN. 

Output bank enable. lG is the output enable for outputs lY(0:4). When lG is low, outputs lY(0:4) are 
lG 11 I disabled to a logic-low state. When 1 G is high, all outputs 1 Y(0:4) are enabled and switch at the same 

frequency as ClK. 

Output bank enable. 2G is the output enable for outputs 2Y(0:3). When 2G is low, outputs 2Y(0:3) are 
2G 14 I disabled to a logic low state. When 2G is high, all outputs 2Y(0:3) are enabled and switch at the same 

frequency as ClK. 

FBOUT 12 0 
Feedback output. FBOUT is dedicated for external feedback. It switches at the same frequency as 
ClK. When externally wired to FBIN, FBOUT completes the feedback loop of the PlL. 

1Y(0:4) 3,4,5,8,9 0 
Clock outputs. These outputs provide low-skew copies of elK. Output bank 1Y(0:4) is enabled via 
the 1 G input. Ihese outputs can be disabled to a logic-low state by deasserting the 1 G control input. 

2Y(0:3) 16, 17,2021 0 
Clock outputs. These outputs provide low-skew copies of elK. Output bank 2Y(0:3) is enabled via 
the 2G input. These outputs can be disabled to a logic-low state by deasserting the 2G control input. 

Analog power supply. AV CC provides the power reference for the analog circuitry. In addition, AV CC 
AVCC 23 Power can be used to bypass the Pll for test purposes. When AV CC is strapped to ground, Pll is bypassed 

and ClK is buffered directly to the device outputs. 

AGND 1 Ground Analog ground. AGND provides the ground reference for the analog circuitry. 

VCC 2,10,15,22 P9wer Power supply 

GND 6,7, 18, 19 Ground Ground 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vee ......................................................... -0.5 V to 6.5 V 
Input voltage range, VI (see Note 1) ................................................. -0.5 V to 6.5 V 
Voltage range applied to any output in the high-impedance state 
or power-off state, Vo (see Note 1) .................................................. -0.5 V to 6.5 V 
Voltage range applied to any output in the high 
or low state, Vo (see Notes 1 and 2) .......................................... -0.5 V to Vee + 0.5 V 
Input clamp current, 11K (VI < 0) ........................................................... -50 rnA 
Output clamp current, 10K (V 0 < 0 or Vo > Vee) ............................................ ±50 rnA 
Continuous output current, 10 (Vo = 0 to Vee> .............................................. ±50 rnA 
Continuous current through each Vee or GND ............................................. ±100 rnA 
Maximum power dissipation at TA = 55°C (in still air) (see Note 3) ............................... 0.7 W 
Storage temperature range, Tstg ................................................... -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maxi mum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
2. This value is limited to 4.6 V maximum. 
3. The maximum package power dissipation is calculated using a junction temperature of 150°C and a board trace length of 750 mils. 

For more information, refer to the Package Thermal Considerations application note in the ABT Advanced BiCMOS Technology Data 
Book, literature number SCBD002. 
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CDC509 
3.3·V PHASE· LOCK LOOP CLOCK DRIVER 

WITH 3·STATE OUTPUTS 
SCAS576A - JULY 1996 - REVISED OCTOBER 1996 

switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, CL = 30 pF (see Note 5 and Figures 1 and 2) 

FROM TO 
Vcc= 3.3 V VCC = 3.3 V 

PARAMETER ±0.165 V ±0.3V 
(INPUT) (OUTPUT) 

MIN MAX MIN MAX 

tphase error t CLKINt FBINt -150 150 

tskJojt Any Y or FBOUT Any Y or FBOUT 250 

Jitler(pk_pk) Any Y or FBOUT -100 100 

Duty cycle Any Y or FBOUT 45% 55% 

tr Any Y or FBOUT 0.4 1.6 0.5 2 

tf Any Y or FBOUT 0.4 1.6 0.5 2 
.. 

t The tsk(o) specification IS only valid for equal loading of all outputs . 
NOTE 5: The specifications for parameters in this table are applicable only after any appropriate stabilization time has elapsed. 

PARAMETER MEASUREMENT INFORMATION 

FromOulput 1=1 
Under Test 

5000 T 30pF 

- -
LOAD CIRCUIT FOR OUTPUTS 

NOTES: A. CL includes probe and jig capacitance. 

Input ~ SO% Vee 

Output 

tpd ~ ~ 
I 

2 V !t'Jeo----2""'V"''X,c- - - -- VOH 

0.4v/i-SO%VCC -t~ 
----.;;;..;..;;:11 I I I VOL 

tr -+I 14-- tf ~ 14--

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

UNIT 

ps 

ps 

ps 

ns 

ns 

B. All input pulses are supplied by generators having the following characteristics: PRR::; 100 MHz, Zo = 50 Q, tr::; 2.5 ns, tf::; 2.5 ns. 
C. The outputs are measured one at a time with one transition per measurement. 

Figure 1. Load Circuit and Voltage Waveforms 
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CDC2509 
3.3-V PHASE-LOCK LOOP CLOCK DRIVER 

WITH 3-STATE OUTPUTS 

• Phase-Lock Loop Clock Distribution for 
Synchronous DRAM Applications 

• Distributes One Clock Input to One Bank of 
Five and One Bank of Four Outputs 

• Separate Output Enable for Each Output 
Bank 

• External Feedback (FBIN) Pin Is Used to 
Synchronize the Outputs to the Clock Input 

• On-Chip Series Damping Resistors 
• No External RC Network Required 

• Operates at 3.3-V Vee 
• Packaged In Plastic 24-Pln Thin Shrink 

Smail-Outline Package 

description 

PWPACKAGE 
(TOP VIEW) 

AGND 
Vee 
1YO 3 
1Y1 
1Y2 

GND 
GND 
1Y3 

FBOUT 

SCAS580 - OCTOBER 1996 

elK 
AVee 
Vee 
2YO 
2Y1 
GND 
GND 
2Y2 
2Y3 
Vee 
2G 
FBIN 

The CDC2509 is a high-performance, low-skew, low-jitter, phase-lock loop (Pll) clock driver. It uses a Pll to 
precisely align, in both frequency and phase, the feedback (FBOUT) output to the clock (ClK) input signal. It 
is specifically designed for use with synchronous DRAMs. The CDC2509 operates at 3.3-V Vee and provides 
integrated series-damping resistors that make it ideal for driving point-to-point loads. 

One bank of five outputs and one bank of four outputs provide nine low-skew, low-jitter copies of ClK. Output 
signal duty cycles are adjusted to 50 percent, independent of the duty cycle at ClK. Each bank of outputs can 
be enabled or disabled separately via the control (1 G and 2G) inputs. When the G inputs are high, the outputs 
switch in phase and frequency with ClK; when the G inputs are low, the outputs are disabled to the logic-low 
state. 

Unlike many products containing Plls, the CDC2509 does not require external RC networks. The loop filter 
for the Pll is included on-chip, minimizing component count, board space, and cost. 

Because it is based on Pll circuitry, the CDC2509 requires a stabilization time to achieve phase lock of the 
feedback signal to the reference signal. This stabilization time is required, following power up and application 
of a fixed-frequency, fixed-phase signal at ClK, as well as following any changes to the Pll reference or 
feedback signals. The Pll can be bypassed for test purposes by strapping AVee to ground. 

The CDC2509 is characterized for operation from O°C to 70°C. 

1G 

PRODUCT PREVIEW Information concern. produc1o In Ihelormall ..... 
doal n oha.. of development. CharacterisUe data and 0lIl11' 
s caIIons are daalgn goala. TaxaslnlllUmenll reaarvas1ha right to 
e a or dlacondnua thale prodUcI8 without noll ... 

X 

L 

L 

H 

H 

FUNCTION TABLE 

INPUTS OUTPUTS 

2G CLK 
1Y 2Y 

(0:4) (0:3) 

X L L L 

L H L L 

H H L H 

L H H L 

H H H H 
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TERMINAL 

NAME NO. 

ClK 24 

FBIN 13 

lG 11 

2G 14 

FBOUT 12 

IV (0:4) 3,4,5,8,9 

2Y (0:3) 16,17,20,21 

AVCC 23 

AGND 1 

VCC 2,10,15,22 

GND 6,7,18,19 

TYPE 

I 

I 

I 

I 

0 

0 

0 

Power 

Ground 

Power 

Ground 

CDC2509 
3.3-V PHASE-LOCK LOOP CLOCK DRIVER 

WITH 3-STATE OUTPUTS 
SCAS580 - OCTOBER 1996 

Terminal Functions 

DESCRIPTION 

Clock input. ClK provides the clock signal to be distributed by the CDC2509 clock driver. ClK is used 
to provide the reference signal to the integrated Pll that generates the clock output signals. ClK must 
have a fixed frequency and fixed phase for the Pll to obtain phase lock. Once the circuit is powered 
up and a valid ClK signal is applied, a stabilization time is required for the Pll to phase lock the 
feedback signal to its reference signal. 

Feedback input. FBIN provides the feedback signal to the internal PlL. FBIN must be hard-wired to 
FBOUT to complete the PlL. The integrated Pll synchronizes ClK and FBIN so that there is 
nominally zero phase error between ClK and FBIN. 

Output bank enable •. 1 G is the output enable for outputs 1 V (0:4). When 1 G is low, outputs 1 Y (0:4) are 
disabled to a logic-low state. When 1 G is high, all outputs 1Y(0:4) are enabled and switch atthe same 
frequency as ClK. 

Output bank enable. 2G is the output enable for outputs 2V(0:3). When 2G is low, outputs 2Y(0:3) are 
disabled to a logic low state. When 2G is high, all outputs 2V(0:3) are enabled and switch at the same 
frequency as ClK. 

Feedback output. FBOUT is dedicated for external feedback. It switches at the same frequency as 
ClK. When externally wired to FBIN, FBOUT completes the feedback loop of the PlL. FBOUT has 
and integrated 25-0 series-damping resistor. 

Clock outputs. These outputs provide low-skew copies of ClK. Output bank 1Y(0:4) is enabled via 
the 1 G input. These outputs can be disabled to a logic-low state by deasserting the 1 G control input. 
Each output has an integrated 25-0 series-damping resistor. 

Clock outputs. These outputs provide low-skew copies of ClK. Output bank 2V(0:3) is enabled via 
the 2G input. These outputs can be disabled to a logic-low state by deasserting the 2G control input. 
Each output has an integrated 25-0 series-damping resistor. 

Analog power supply. AV CC provides the power reference for the analog circuitry. In addition, AV CC 
can be used to bypass the Pll for test purposes. When AV CC is strapped to grou nd, Pll is bypassed 
and ClK is buffered directly to the device outputs. 

Analog ground. AGND provides the ground reference for the analog circuitry. 

Power supply 

Ground 
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CDC2509 
3.3-V PHASE-LOCK LOOP CLOCK DRIVER 

WITH 3-STATE OUTPUTS 
SCAS580 - OCTOBER 1996 

timing requirements over recommended ranges of supply voltage and operating free-air 
temperature 

MIN MAX UNIT 

fclock Clock frequency 25 125 MHz 

Input clock duty cycle 40% 60% 

Stabilization timet I After power up 1 ms 

t Time required for the Integrated Pll CirCUit to obtain phase lock of its feedback signal to ItS reference signal. For phase lock to be obtained, a 
fixed-frequency, fixed-phase reference signal must be present at ClK. Until phase lock is obtained, the specifications for propagation delay, skew, 
and jitter parameters given in the switching characteristics table are not applicable. 

switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, CL = 15 pF (see Note 5 and Figures 1 and 2) 

FROM TO 
VCC =3.3 V VCC =3.3V 

PARAMETER ±0.16S v ±0.3V 
(INPUT) (OUTPUT) 

MIN MAX MIN MAX 

tphase error" ClKINi FBINi -150 150 

tsk(o)* Any Y or FBOUT Any Y or FBOUT 250 

Jitter(pk-Dkl Any Y or FBOUT -100 100 

Duty cycle Any Y or FBOUT 45% 55% 

tr Any Y or FBOUT 0.4 1.6 0.5 2 

If Any Y or FBOUT 0.4 1.6 0.5 2 

* The tsk(o) specification is only valid for equal loading of all outputs. 
NOTE 5: The specifications for parameters in this table are applicable only after any appropriate stabilization time has elapsed. 

PARAMETER MEASUREMENT INFORMATION 

From Output Tl 
Under Test 

1 1SPF 

SOOO 

LOAD CIRCUIT FOR OUTPUTS 

NOTES: A. Cl includes probe and jig capacitance. 

Input ~ SO% VCC \----- :: 
Output 

tpd I. ~ 
I 

2 V !i.'1o!------::2:":V-=""X1t=" - -- -- VOH 

0.4vrl-SO%VCC -t~ V 
--.....;,.;~I I I I OL 

tr ~ 14-- tf -+I I+-

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

UNIT 

ps 

ps 

ps 

ns 

ns 

B. All input pulses are supplied by generators having the following characteristics: PRR ~ 100 MHz, Zo = 50 n, tr ~ 2.5 ns, tf ~ 2.5 ns. 
C. The outputs are measured one at a time with one transition per measurement. 

Figure 1. Load Circuit and Voltage Waveforms 
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CDC516 
3.3-V PHASE·LOCK LOOP CLOCK DRIVER 

WITH 3-STATE OUTPUTS 

• Phase-Lock Loop Clock Distribution for 
Synchronous DRAM Applications 

• Distributes One Clock Input to Four Banks 
of Four Outputs 

• Separate Output Enable for Each Output 
Bank 

• External Feedback Pin (FBIN) Is Used to 
Synchronize the Outputs to the Clock Input 

• No External RC Network Required 

• Operates at 3.3-V Vee 
• Packaged In Plastic 48-Pln Thin Shrink 

Smail-Outline Package 

description 

The CDC516 is a high-performance, low-skew, 
low-jitter, phase-lock loop clock driver. It uses a 
phase-lock loop (Pll) to precisely align, in both 
frequency and phase, the feedback output 
(FBOUT) to the clock (ClK) input signal. It is 
specifically designed for use with synchronous 
DRAMs. The CDC516 operates at 3.3-V Vee and 
is designed to drive up to five clock loads per 
output. 

Four banks of four outputs provide 16 low-skew, 
low-jitter copies of the input clock. Output signal 
duty cycles are adjusted to 50 percent, 
independent of the duty cycle at the input clock. 
Each bank of outputs can be enabled or disabled 
separately via the 1 G, 2G, 3G, and 4G control 
inputs. When the G inputs are high, the outputs 
switch in phase and frequency with ClK; when the 
G inputs are low, the outputs are disabled to the 
logic-low state. 

SCAS575-JULY 1996 

DGGPACKAGE 
(TOP VIEW) 

Vee vee 
1YO 4YO 
1Y1 4Y1 

GND 4 GND 
GND GND 
1Y2 4Y2 
1Y3 4Y3 
Vee Vee 

1G 9 4G 
GND GND 

AVee 11 AVee 
elK FBIN 

AGND AGND 
AGND FBOUT 

GND GND 
2G 3G 

Vee Vee 
2YO 3YO 
2Y1 3Y1 

GND .GND 
GND GND 
2Y2 3Y2 
2Y3 3Y3 
Vee Vee 

Unlike many products containing Plls, the CDC516 does not require external RC networks. The loop filter for 
the Pll is included on-Chip, minimizing component count, board space, and cost. 

Because it is based on Pll circuitry, the CDC516 requires a stabilization time to achieve phase lock of the 
feedback signal to the reference signal. This stabilization time is required following power up and application 
of a fixed-frequency, fixed-phase signal at ClK, as well as following any changes to the Pll reference or 
feedback signals. The Pll may be bypassed for test purposes by strapping AVec to ground. 

The CDC516 is characterized for operation from O°C to 70°C. 
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CDC516 
3.3-V PHASE·LOCK LOOP CLOCK DRIVER 

WITH 3·STATE OUTPUTS 
SCAS575-JULY 1996 

functional block diagram 

10 9 

2 
1YO 

3 1Y1 

6 
1Y2 

7 1Y3 

20 16 

18 2YO 

19 2Y1 ;t 
W 

22 
2Y2 5> 

W 
23 a: 

2Y3 D. 
30 33 

I-
0 

31 
3YO ::l 

C 
30 3Y1 0 a: 

D. 
27 

3Y2 

26 3Y3 

40 40 

47 
4YO 

46 12 4Y1 CLK 

PLL 
43 37 4Y2 FBIN 

42 
4Y3 

AVec 
11 

35 FBOUT 
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CDC516 
3.3-V PHASE·LOCK LOOP CLOCK DRIVER 

WITH 3-STATE OUTPUTS 
SCAS575-JULY 1996 

absolute maximum ratings over operating free·alr temperature range (unless otherwise noted)t 

Supply voltage range, Vee ......................................................... -0.5 V to 6.5 V 
Input voltage range, VI (see Note 1) ................................................. -0.5 V to 6.5 V 
Voltage range applied to any output in the high-impedance state 
or power-off state, Va (see Note 1) .................................................. -0.5 V to 6.5 V 
Voltage range applied to any output in the high 
or low state, Va (see Notes 1 and 2) .......................................... -0.5 V to Vee + 0.5 V 
Input clamp current, 11K (VI < 0) ........................................................... -50 mA 
Output clamp current, 10K (Va < 0 or Va > Vecl ............................................ ±50 mA 
Continuous output current, 10 (Va = 0 to Vecl .............................................. ±50 mA 
Continuous current through each Vee or GND ............................................. ±100 mA 
Maximum power dissipation at TA = 55°C (in still air) (see Note 3) .............................. 0.85 W 
Storage temperature range, Tstg ................................................... -65°C to 150°C 

t Stresses beyond those listed under"absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
2. This value is limited to 4.6 V maximum. 
3. The maximum package power dissipation is calculated using a junction temperature of 150De and a board trace length of 750 mils. 

For more information, refer to the Package Thermal Considerations application note in the ABT Advanced BiCMOS Technology Data 
Book, IHereture number SeBD002. 

recommended operating conditions (see Note 4) 
MIN MAX UNIT 

Vee Supply voltage 3 3.6 V 

VIH High-level input vo~age 2 V 

VIL LOW-level input voltage 0.8 V 

VI Input vottage 0 Vee V 

IOH High-level output current -20 mA 

IOL Low-level output current 20 mA 

TA Operating free-air temperature 0 70 De 

NOTE 4: Unused Inputs must be held high or low to prevent them from floating. 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS Vee MIN TYP:j: 

VIK 11=-18mA 3V 

IOH - -100 f.1A MINto MAX Vee-0.2 
VOH 

IOH =-20mA 3V 2.4 

IOL - 100 f.1A MINto MAX 
VOL 

IOL-20mA 3V 

II VI - Vee or GND 3.6V 

lee VI = Vee or GND 10=0 3.6V 

t.lee One input at Vee - 0.6 V, Other inputs at Vee or GND 3.3Vt03.6V 

ei VI = Vee or GND 3.3V 4 

eo Vo = Vee or GND 3.3V 6 
.. .. .. * For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating condttlons . 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALLAS. TEXAS 75265 

MAX UNIT 

-1.2 V 

V 

0.2 
V 

0.55 

±5 I1A 

mA 

500 j.lA 

pF 

pF 
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CDC516 
3.3-V PHASE-LOCK LOOP CLOCK DRIVER 

WITH 3-STATE OUTPUTS 
SCAS575 -JULY 1996 

PARAMETER MEASUREMENT INFORMATION 

,,"----
I r tphase error 

FBOUT-Y' " / " I 

AnyY ~ " / 
I I 
~ j4- tsk(o) 

I 
AnyY~ " / 

I 
I 

AnyY ~ " / 
I I 
~ 14- tsk(o) 

Figure 2. Phase Error and Skew Calculations 
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CDC2516 
3.3·V PHASE·LOCK LOOP CLOCK DRIVER 

WITH 3·STATE'()UTPUTS 

• Phase-Lock Loop Clock Distribution for 
Synchronous DRAM Applications 

• Distributes One Clock Input to Four Banks 
of Four Outputs 

• Separate Output Enable for Each Output 
Bank 

• External Feedback Pin (FBIN) Is Used to 
Synchronize the Outputs to the Clock Input 

• On-Chip Series-Damping Resistors 
• No External RC Network Required 

• Operates at 3.3-V VCC 
• Packaged In Plastic 48-Pln Thin Shrink 

Smail-Outline Package 

description 

The CDC2516 is a high-performance, low-skew, 
low-jitter, phase-lock loop (PLl) clock driver. It 
uses a PlL to precisely align, in both frequency 
and phase, the feedback output (FBOUT) to the 
clock (ClK) input signal. It is specifically designed 
for use with synchronous DRAMs. The CDC2516 
operates at 3.3-V Vee and provides integrated 
series-cJamping resistors that make it ideal for 
driving point-to-point loads. 

DGG PACKAGE 
(TOP VIEW) 

Vee 
1YO 

5 

1Y2 6 
1Y3 7 

Vee 8 
1G 9 

GND 10 

AVec 11 
elK 12 

AGND 13 
AGND 

GND 
2G 

Vee 
2YO 
2Y1 

GND 
GND 
2Y2 
2Y3 

Vee 
4YO 
4Y1 
GND 

44 GND 
43 4Y2 
42 4Y3 
41 Vee 
40 4G 
39 GND 

38 AVee 
37 FBIN· 
36 AGND 

FBOUT 
GND 
3G 

Vee 
3YO 
3Y1 
GND 
GND 
3Y2 

26 3Y3 

Four banks of four outputs provide 16 low-skew, Vee 25 Vee 
low-jitter copies of the input clock. Output signal 
duty cycles are adjusted to 50 percent, 
independent of the duty cycle at the input clock. 
Each bank of outputs can be enabled or disabled 
separately via the 1 G, 2G, 3G, and 4G control 
inputs. When the G inputs are high, the outputs 
switch in phase and frequency with ClK; when the 
G inputs are low, the outputs are disabled to the 
logic-low state. 

Unlike many products containing Plls, the CDC2516 does not require external RC networks; The loop filter 
for the PlL is included on-chip, minimizing component count, board space, and cost. 

Because it is based on Pll circuitry, the CDC2516 requires a stabilization time to achieve phase lock of the 
feedback signal to the reference signal. This stabilization time is required following power up and application 
of a fixed-frequency, fixed-phase signal at ClK, as well as following any changes to the PLL reference or 
feedback signals. The Pll may be bypassed for test purposes by strapping AVee to ground. 

The CDC2516 is characterized for operation from O°C to 70°C. 
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CDC2516 
3.3-V PHASE· LOCK LOOP CLOCK DRIVER 

WITH 3·STATE OUTPUTS 
SCAS579 - OCTOBER 1996 

absolute maximum ratings over operaUng free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vee ......................................................... -0.5 V to 6.5 V 
Input voltage range, VI (see Note 1) ................................................. -0.5 V to 6.5 V 
Voltage range applied to any output in the high-impedance state 
or power-off state, Vo (see Note 1) .................................................. -0.5 V to 6.5 V 
Voltage range applied to any output in the high 
or low state, Vo (see Notes 1 and 2) .......................................... -0.5 V to Vee + 0.5 V 
Input clamp current, 11K (VI < 0) ..........................•................................ -50 mA 
Output clamp current, 10K (Vo < 0 or Vo > Vee> ............................................ ±50 mA 
Continuous output current, 10 (Vo = 0 to Vee> .............................................. ±50 mA 
Continuous current through each Vee or GND ............................................. ±100 mA 
Maximum power dissipation at T A = 55°C (in still air) (see Note 3) .............................. 0.85 W 
Storage temperature range, Tstg ................................................... -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maxim urn-rated conditions for extended periods may affect device reliability. 

NOTES: 1. The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
2. This value is limited to 4.6 V maximum. 
3. The maximum package power dissipation is calculated using a junction temperature of 150·C and a board trace length of 750 mils. 

For more information, refer to the Package Thermal Considerations application note in the ABT Advanced BiCMOS Technology Data 
Book, literature number SCBD002. 

recommended operating conditions (see Note 4) 
MIN MAX UNIT 

VCC Supply voltage 3 3.6 V 

VIH High-level input voltage 2 V 

VIL Low-level input voltage 0.8 V 

VI Input voltage 0 VCC V 

10H High-level output current -12 rnA 

10L Low-level output current 12 rnA 

TA Operating free-air temperature 0 70 ·C 

NOTE 4: Unused inputs must be held high or low to prevent them from floating. 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS Vee MIN TYP* MAX UNIT 

VIK 11=-18mA 3V -1.2 V 

VOH 
10H = -100 IlA MIN to MAX VCC-0.2 

V 
IOH--12mA 3V 2.4 

VOL 
10L· 100 IlA MIN to MAX 0.2 

IOL-12mA 
V 

3V 0.55 

II VI - VCC or GND 3.6V ±5 IlA 
ICC VI - VCC or GND 10. 0 3.6V rnA 

alCC One input at VCC - 0.6 V, Other inputs at VCC or GND 3.3 Vt03.6 V 500 I1A 

Ci VI - VCC or GND 3.3V 4 pF 

Co VO. VCC or GND 3.3V 6 pF 
.. 

:J: For condlllOns shown as MIN or MAX, use the appropriate value specified under recommended operating conditions . 
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CDC2516 
3.3·V PHASE·LOCK LOOP CLOCK DRIVER 

WITH 3·STATE OUTPUTS 
SCAS579 - OCTOBER 1996 

PARAMETER MEASUREMENT INFORMATION 

,,'-----
I r tphase error 

FBOUT~ " / " I 

AnyY ~ " / "--I I 
~ j4- tsk(o) 

1 

Anyy~ " / " J 

1 

AnyY 2' " / "--1 I 
~ 14- tsk(o) 

Figure 2. Phase Error and Skew Calculations 
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CDC536 
3.3·V PHASE·LOCK LOOP CLOCK DRIVER 

WITH 3·STATE OUTPUTS 

• Low-Output Skew for Clock-Distribution 
and Clock-Generation Applications 

• Operates at 3.3-V Vee 
• Distributes One Clock Input to Six Outputs 

• One Select Input Configures Three Outputs 
to Operate at One-Half or Double the Input 
Frequency 

• No External RC Network Required 
• External Feedback Pin (FBIN) Is Used to 

Synchronize'the Outputs to the Clock Input 

• Application for Synchronous DRAM, 
High-Speed Microprocessor 

• Negative-Edge-Triggered Clear for 
Half-Frequency Outputs 

• TTL-Compatible Inputs and Outputs 
• Outputs Drive 5()"0 Parallel-Terminated 

Transmission Lines 

• State-of-the-Art EPIC-Hsnl BICMOS Design 
Significantly Reduces Power Dissipation 

• Distributed Vee and Ground Pins Reduce 
Switching Noise 

• Packaged In Plastic 28-Pin Shrink Small 
Outline Package 

description 

AVee 
AGND 
CLKIN 

SEL 
OE 

1Y1 

1Y2 
Vee 

GND 
1Y3 
Vee 

01. PACKAGE 
(TOP VIEW) 

3 

20 
10 19 
11 18 
12 17 
13 16 
14 15 

AVee 
AGND 
FBIN 
TEST 
CLR 
Vee 
2Y1 
GND 
Vee 
2Y2 
GND 
Vee 
2Y3 
GND 

The CDC536 is a high-performance, low-skew, low-jitter clock driver. It uses a phase-lock loop (Pll) to precisely 
align, in both frequency and phase, the clock output signals to the clock input (ClKIN) signal. It is specifically 
designed for use with synchronous DRAMs and popular microprocessors operating at speeds from 50 MHz to 
100 MHz or down to 25 MHz on outputs configured as half-frequency outputs. The CDC536 operates at 3.3-V 
V CC and is de:;;igned to drive a properly terminated 50-0 transmission line. 

The feedback input (FBIN) is used to synchronize the output clocks in frequency and phase to the input clock 
(ClKIN). One of the six output clocks must be fed back to FBIN for the Pll to maintain synchronization between 
ClKIN and the outputs. The output used as the feedback pin is synchronized to the same frequency as ClKIN. 

The Y outputs can be configured to switch in phase and at the same frequency as ClKIN. The select (SEl) 
input configures three Y outputs to operate at one-half or double the ClKIN frequency depending on which pin 
is fed back to FBIN (see Tables 1 and 2). All output signal duty cycles are adjusted to 50% independent of the 
duty cycle at the input clock. 

Output-enable (OE) is provided for output control. When OE is high, the outputs are in the high-impedance state. 
When OE is low, the outputs are active. ClR is negative-edge triggered and can be used to reset the outputs 
operating at half frequency. TEST is used for factory testing of the device and can be use to bypass the PlL. 
TEST should be strapped to GND for normal operation. 

Unlike many products containing Plls, the CDC536 does not require external RC networks. The loop filter for 
the Pll is included on chip, minimizing component count, board space, and cost. 

EPIC-ITS is a trademark 01 Texas Instruments Incorporated. 
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functional block diagram 
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CDC536 
3.3-V PHASE-LOCK LOOP CLOCK DRIVER 

WITH 3-STATE OUTPUTS 

Phase-lock loop 
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CDC536 
3.3-V PHASE· LOCK LOOP CLOCK DRIVER 

WITH 3-STATE OUTPUTS 
SCAS378D - APRIL 1994 - REVISED APRIL 1996 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted}t 

Supply voltage range, Vee ......................................................... -0.5 V to 4.6 V 
Input voltage range, VI (see Note 1) .................................................. -0.5 V to 7 V 
Voltage range applied to any output in the high state or power-off state, Vo (see Note 1) ... -0.5 V to 5.5 V 
Current into any output in the low state, 10 ••.••••••••..••...••...••..••.....•.••...••.•...•• 64 mA 
Input clamp current, 11K (VI < 0) ........................................................... -20 mA 
Output clamp current, 10K (VO < 0) ........................................................ -50 mA 
Maximum power dissipation at TA = 55°C (in still air) (see Note 2) ............................... 0.7 W 
Operating free-air temperature range, T A .............................................. O°C to 70°C 
Storage temperature range, TSl9 .............•.....••••......••...•....•........... -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings· may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES; 1. The input and output negative-vo~age ratings may be exceeded if the input and output clamp-current ratings are Observed. 
2. The maximum package power dissipation is calculated using a junction temperature of 150·C and a board trace length of 75 mils. 

For more information, refer to thl! Package Thermal Considerations application note in the ABT Advanced BiCMOS Technology Data 
Book, literature number SCBD002. 

recommended operating conditions (see Note 3) 
MIN MAX UNIT 

VCC Supplyvo~e 3 3.6 V 

VIH High-level input voltage 2 V 

Vil low-level input voltage 0.8 V 

VI Input voRage 0 5.5 V 

10H High-level output current -32 mA 

10l low-level output current 32 mA 

TA Oper!lting free-air temperature 0 70 ·C 

NOTE 3: Unused inPuts must be held high or low. 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS 
TA=25·C 

UNIT 
MIN MAX 

VIK Vec-3V, II =-18 mA -1.2 V 

VOH 
VCC - MIN to MA)(.!:, 10H --100vA Vce-0.2 

V 
Vec-3V, IOH=-32mA 2 

VOL 
Vec- 3V, 10l - 100 vA 0.2 

Vec. 3 V, 
V 

IOl-32 mA 0.5 

II 
VCC - 0 or MAx:I:, VI-3.6V ±10 

VCC- 3.6V, VI = VCC or GND ±1 
I1A 

10ZH Vec- 3.6V, VO-3V 10 I1A 

10Zl VCC- 3.6V, VO-O -10 I1A 
Outputs high 2 

ICC 
VCC- 3.6V, 10- 0, Outputs low 2 mA 
VI. VCC or GND 

Outputs disabled 2 

Ci VI - VCC or GND 6 pF 

Co Vo - VCC or GND 9 pF 
.. .. :I: For conditions shown as MIN or MAX, use the appropnate value speCified under recommended operating conditions . 
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From Output 
Under Test 

CL=30pF 
(see note A) I 

CDC536 
3.3-V PHASE-LOCK LOOP CLOCK DRIVER 

WITH 3-STATE OUTPUTS 
SCAS378D - APRIL 1994 - REVISED APRIL 1996 

PARAMETER MEASUREMENT INFORMATION 

Input --i'f1.5V 

\phsee error 14 ~ 

\~5~--- 3V 
'-·----OV 

I 

5000 Output U ~.i4--~-1.-5-V-~2~y~~t:-1 0.8 V :OH 

I I I I OL 
tr -+i ~ tf ~ i+-

LOAD CIRCUIT FOR OUTPUTS 
VOLTAGE WAVEFORMS 

PROPAGATION DELAY TIMES 

NOTES: A. CL includes probe and jig capacHance. 
B. All input pulses are supplied by generators having the following characteristics: PRR :s 100 MHz, Zo = 50 0. It-:S 2.5 ns, tf:S 2.5 ns. 
C. The outputs are measured one at a time wHh one transition per measurement. 

Figure 1. Load Circuit and Voltage Waveforms 
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CDC536 
3.3-V PHASE-LOCK LOOP CLOCK DRIVER 

WITH3-STATE OUTPUTS 
SCAS378D - APRIL 1994 - REVISED APRIL 1996 

PARAMETER MEASUREMENT INFORMATION 

CLKIN ~~--------~/ ~~--

Outputs 
Operating 
atCLKIN 

Frequency 

Outputs 
Operating 

at2xCLKIN 
Frequency 

, , 
-Y( 
--+i ~ tphase error 10 

J.Y , , -+, j4- tphase error 11 

--l)' 
-+I ~ tphase error 12 

, '--, , , 
~ tphase error 13 

'--~ , 
14-- tphase error 14 

,---I 
, 
I+- tphase error 15 

NOTES: A. Output skew. tsk(o). is calculated as the greater of: 

~ / 
~ / 

- The difference between the fastest and slowest of tphase error n (n = 10. 11 •... 15) 
B. Process skew. tsk(pr). is calculated as the greater of: 

- The difference between the maximum and minimum tphase error n (n = 10. 11 •... 15) across multiple devices under identical 
operating conditions. 

Figure 3. Waveforms for Calculation of tsk{o) and tsk(pr) 
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• Low Output Skew for Clock-Distribution 
and Clock-Generation Applications 

• Operates at 3.3-V Vee 
• Distributes One Clock Input to Six Outputs 
• One Select Input Configures Three Outputs 

to Operate at One-Half or Double the Input 
Frequency 

• No External RC Network Required 
• On-Chip Series Damping Resistors 
• External Feedback Pin (FBIN) Is Used to 

Synchronize the Outputs to the Clock Input 

• Application for Synchronous DRAM, 
High-Speed Microprocessor 

• TTL-Compatible Inputs and Outputs 
• Outputs Drive 5()..Q Parallel-Terminated 

Transmission Lines 

• State-of-the-Art EPIC-nBTtA BICMOS Design 
Significantly Reduces Power Dissipation 

• Distributed Vee and Ground Pins Reduce 
Switching Noise 

• Packaged In Plastic 28-Pln Shrink 
Smail-Outline Package 

description 

CDC2536 
3.3-V PHASE-LOCK LOOP CLOCK DRIVER 

WITH 3-STATE OUTPUTS 
SCAS377B - APRIL 1994 - REVISED NOVEMBER 1995 

1Y1 
Vee 

GND 
1Y2 
Vee 

GND 
1Y3 
Vee 

DLPACKAGE 
(TOP VIEW) 

9 

11 

AVec 
AGND 
FBIN 
TEST 
CLR 
Vee 
2Y1 
GND 
Vee 
2Y2 
GND 
Vee 
2Y3 
GND 

The CDC2536 is a high-performance, low-skew, low-jitter clock driver. It uses a phase-lock loop (Pll) to 
precisely align, in both frequency and phase, the clock output signals to the clock input (ClKIN) signal. It is 
specifically designed for use with syncronous DRAMs and popular microprocessors operating at speeds from 
50 MHz to 100 MHz or down to 25 MHz on outputs configured as half-frequency outputs. The CDC2536 
operates at 3.3-V Vee and is designed to drive a properly terminated 50-Q transmission line. The CDC2536 
also provides on-chip series-damping resistors, eliminating the need for external termination components. 

The feedback (FBIN) input is used to synchronize the output clocks in frequency and phase to the input clock 
(ClKIN). One ofthe six output clocks must be fed back to FBIN forthe Pll to maintain synchronization between 
ClKIN and the outputs. The output used as the feedback pin is synchronized to the same frequency as ClKIN. 

The Y outputs can be configured to switch in phase and at the same frequency as ClKIN. The select (SEl) 
input configures three Y outputs to operate at one-half or double the ClKIN frequency depending on which pin 
is fed back to FBIN (see Tables 1 and 2). All output signal duty cycles are adjusted to 50% independent of the 
duty cycle at the input clock. 

Output-enable (OE) is provided for output control. When OE is high, the outputs are in the high-impedance state. 
When OE is low, the outputs are active. ClR is negative-edge triggered and can be used to reset the outputs 
operating at half frequency. TEST is used for factory testing of the device and can be use to bypass the PlL. 
TEST should be strapped to GND for normal operation. 

EPIC-lIB is a trademark of Texas Instruments Incorporated. 
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functional block diagram 

26 
FBIN 

3 
elKiN -=----1 

25 
TEST 

SEl 
4 

Phase·lock loop 

CDC2536 
3.3-V PHASE-LOCK LOOP CLOCK DRIVER 

WITH 3-STATE OUTPUTS 
SCAS377B - APRIL 1994 - REVISED NOVEMBER 1995 

7 
Wi 

10 
1Y2 

13 
1Y3 

22 
"">--t--- 2Y1 

>--+-_1_9 2Y2 

>-__ 1_6 2Y3 
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CDC2536 
3.3-V PHASE-LOCK LOOP CLOCK DRIVER 

WITH 3-STATE OUTPUTS 
SCAS377B-APRIL 1994- REVISED NOVEMBER 1995 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vee ......................................................... -0.5 V to 4.6 V 
Input voltage range, VI (see Note 1) .................................................. -0.5 V to 7 V 
Voltage range applied to any output in the high state or power-off state, Vo (see Note 1) ... -0.5 V to 5.5 V 
Current into any output in the low state, 10 .•.•..•..•................................•....... 24 mA 
Input clamp current, 11K (VI < 0) ........................................................... -20 mA 
Output clamp current, 10K (VO < 0) ........................................................ -50 mA 
Maximum power dissipation at TA = 55°C (in still air) (see Note 2) ............................... 0.7 W 
Storage temperature range, Tstg ................................................... -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maxi mum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
2. The maximum package power dissipation is calculated using a junction temperature of 150·e and a board trace length of 75 mils. 

For more information, refertothe Package ThermalGonsiderationsapplication note in theABT Advanced BiGMOS Technology Data 
Book, literature number SeBD002. 

recommended operating conditions (see Note 3) 
MIN MAX UNIT 

Vee Supply voltage 3 3.6 V 

VIH High-level input voltage 2 V 

Vil low-level input voltage 0.8 V 

VI Input voltage 0 5.5 V 

10H High-level output current -12 mA 

10l low-level output current 12 mA 

TA Operating freecair temperature 0 70 ·e 

NOTE 3: Unused Inputs must be held high or low to prevent them from floating. 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS 
TA =25·0 

MIN MAX 

VIK Vee ~3V, 11--18mA -1.2 

VOH 
Vee = MIN to MAX:!:, 10H =-100 IlA Vee-0.2 

Vee = 3V, IOH=-12mA 2 

Vee = 3 V, 10l= 100 "A 0.2 
VOL 

Vee = 3 V, IOl=12mA 0.8 

Vee = 0 or MAX:!:, VI =3.6V ±10 
II 

Vee=3.6V, VI = Vee or GND ±1 

10ZH Vee - 3.6 V, VO=3V 10 

10Zl Vee=3.6V, Vo=O -10 

Outputs high 2 

lee 
Vee = 3.6 V, 10=0, Outputs low 2 
VI = Vee or GND 

Outputs disabled 2 

ei VI = Vee or GND 6 

eo Vo = Vee or GND 9 
.. 

:!: For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions . 

~TEXAS 
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· . \ CDC2536 
3.3·V PHASE·LOCK LOOP CLOCK DRIVER 

WITH 3~STATE OUTPUTS 
SCAS377B - APRIL 1994 - REVISED NOVEMBER 1995 

PARAMETER MEASUREMENT INFORMATION 

ClKIN ~I' /1 "\ /1 ""-------
Outputs 

Operating 
at 1/2CLKIN 

Frequency 

Outputs 
Operating 
atClKIN 

Frequency 

I ----------------~ I 
I I 

--H 
---+I j4-- tphase error 1 

JY, 
--':. I"-- tphase error 2 

+( 
~ 14- tphase error 3 

I I 
I 

I 

---+i 
I j4- tphase error 4 ~ 

I I I 
I I 

I I+- tphase error 5 

I 
I r tphase error 6 ~ 

,,"-------,,"---'---
"""-------

I 
j4-- tphase error 7 

I 

I 
:-- tphase errorS 

NOTES: A. Output skew, tsk(o), is calculated as the greater of: 
, - The difference between the fastest and slowest of tphase error n (n = 1, 2, ... 6) 

- The difference between the fastest and slowest of tphase error n (n = 7, 8, 9) 
B. Process skew, tsk(pr), is calculated as the greater of: 

- The difference between the maximum and minimum tphase error n (n = 1, 2, ... 6) across multiple devices under identical 
ope(8ting conditions • 

- The difference between the maximum and minimum tphase error n (n = 7, 8, 9) across muHiple devices under identical 
operating conditions 

Figure 2. Waveforms for Calculations of tsk(o) and tsk(pr) 
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CDC582 
3.3-V PHASE-LOCK LOOP CLOCK DRIVER 

WITH DIFFERENTIAL LVPECL CLOCK INPUTS 
- JULY 1994 - REVISED FEBRUARY 

• Low Output Skew for Clock-Distribution 
and Clock-Generation Applications 

• State-of-the-Art EPIC-IIBTM BICMOS DeSign 
Significantly Reduces Power Dissipation 

• Operates at 3.3-V Vee 
• Distributes Differential LVPECL Clock 

Inputs to 12 TTL-Compatible Outputs 

• Two Select Inputs Configure Up to Nine 
Outputs to Operate at One-Half or Double 
the Input Frequency 

• No External RC Network Required 

• External Feedback Input (FBIN) Is Used to 
Synchronize the Outputs With the Clock 
Inputs 

• Application for Synchronous DRAMs 
• Distributed Vee and Ground Pins Reduce 

Switching Noise 

• Packaged In 52-Pin Quad Flatpack 

PAHPACKAGE 
(TOP VIEW) 

,-0 0 08Z~8 I-~LrlLrl~~~ 33 Iw fBI5 ClCJ)CJ)<u..<~o ~Ol-O 

52 51 50 49 48 4746 45 44 43 42 41 40 
39 Vee 

1Y1 2 38 4Y3 

3 37 GND 
4 36 Vee 
5 35 4Y2 

34 GND 
7 33 Vee 
8 32 4Y1 

9 31 GND 
10 30 GND 

29 Vee 
2Y1 12 28 3Y3 

13 27 GND 
14 15 16 17 18 19 20 21 2223 24 25 26 

description 

The CDC582 is a high-performance, low-skew, low-jitter clock driver. It uses a phase-lock loop (Pll) to precisely 
align the frequency and phase of the clock output signals to the differential lVPECl clock (ClKIN, ClKIN) input 
signals. It is specifically designed to operate at speeds from 50 MHz to 100 MHz or down to 25 MHz on outputs 
configured as half-frequency outputs. The CDC582 operates at 3.3-V Vee. 

The feedback input (FBIN) synchronizes the frequency of the output clocks with the input clock 
(ClKIN, ClKIN) signals. One of the twelve output clocks must be fed back to FBIN for the Pll to maintain 
synchronization between the differential ClKI Nand ClKIN inputs and the outputs. The output used as feedback 
is synchronized to the same frequency as the clock (ClKIN and ClKIN) inputs. 

EPIC-lIB is a trademark of Texas Instruments Incoreorated. 
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Copyright~ 1996, Texas Instruments Incorporated 

4-49 



output configuration B 

CDC582 
3.3-V PHASE-LOCK LOOP CLOCK DRIVER 

WITH DIFFERENTIAL LVPECL CLOCK INPUTS 
SCAS446B - JULY 1994 - REVISED FEBRUARY 1996 

Output configuration B is valid when any output configured as a 1 x frequency output in Table 2 is fed back to 
FBI N. The frequency range for the differential clock inputs is 25 MHz to 50 MHz when using output configuration 
B. Outputs configured as 1 x outputs operate at the input clock frequency, while outputs configured as 2x outputs 
operate at double the frequency of the differential clock inputs. 

Table 2. Output Configuration B 

INPUTS OUTPUTS 

SELl SELO 
lx 2x 

FREQUENCY FREQUENCY 

L L All None 

L H 1Yn 2Yn, 3Yn. 4Yn 

H l 1Yn.2Yn 3Yn.4Yn 

H H 1Yn. 2Yn. 3Yn 4Yn 

NOTE: n-1.2.3 
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CDC582 
3.3-V PHASE·LOCK LOOP CLOCK DRIVER 

WITH DIFFERENTIAL LVPECL CLOCK INPUTS 
SCAS446B - JULY 1994 - REVISED FEBRUARY 1996 

Terminal Functions 

TERMINAL 
1/0 DESCRIPTION 

NAME NO. 

Clock input. ClKIN and ClKIN are the differential clock signals to be distributed by the CDC582 clock-driver 

ClKIN 
circuit. These inputs are used to provide the reference signal to the integrated Pll that generates the clock 

ClKIN 
44,45 I output signals. ClKIN and ClKIN must have a fixed frequency and fixed phase for the Pll to obtain phase 

lock. Once the circuit is powered up and valid ClKIN and ClKIN signals are applied, a stabilization time is 
required for the Pll to phase lock the feedback signal to its reference signal. 

ClR 40 I 
Clear. ClR is used to reset the VCO/4 reference frequency. ClR is negative-edge triggered and should be 
strapped to VCC or GND for normal operation. 

Feedback input. FBIN provides the feedback signal to the internal PlL. FBIN must be hardwired to one of 
FBIN 48 I the twelve clock outputs to provide frequency and phase lock. The internal Pll adjusts the output clocks 

to obtain zero phase delay between the FBIN and the differential clock input (ClKIN and ClKIN). 

Output enable. OE is the output enable for all outputs. When OE is low, all outputs are enabled. When OE 
is high, all outputs are driven to the low state. Since the feedback signal for the PlL is taken directly from 

OE 42 I an output terminal, placing the outputs in the logic low state interrupts the feedback loop; therefore, when 
a high-to-Iow transition occurs at OE, enabling the output buffers, a stabilization time is required before the 
Pll obtains phase lock. 

SEL1, SElO 51,50 I 
Output configuration select. SElO and SEll select the output configuration for each output bank 
(e.g., 1 x , 1/2 x, or 2 x) (see Tables 1 and 2). 

TEST is used to bypass the PLl circuitry for factory testing of the device. When TEST is low, all outputs 
TEST 41 I operate using the PLL circuitry. When TEST is high, the outputs are placed in a test mode that bypasses 

the PLL circuitry. TEST should be strapped to GND for normal operation. 

1Yl-1Y3 2,5,8 
These outputs are configured by SElland SELO to transmit one-half or one-fourth the frequency of the 

2YI-2Y3 12,15,18 0 
VCO. The relationship between the input clock frequency and the output frequency is dependent on SEll 

3YI-3Y3 22,25,28 
and SELO and the frequency of the output being fed back to FBIN. The duty cycle of the Y outputs is 
nominally 50% independent of the duty cycle of the input clock signals. 

These outputs transmit one-half the frequency of the VCO. The relationship between the input clock 
4YI-4Y3 32,35,38 0 frequency and the output frequency is dependent on the frequency of the output being fed back to FBIN. 

The duty cycle of the Y outputs is nominally 50% independent of the duty cycle of ClKIN. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 
Supply voltage range, Vee ......................................................... -0.5 V to 4.6 V 
Input voltage range, VI (see Note 1) .................................................. -0.5 V to 7 V 
Voltage range applied to any output in the high state or power-off state, Vo (see Note 1) .. , -0.5 V to 5.5 V 
Current into any output in the low state, 10 ....•.............................••....•••...••.. 64 mA 
Input clamp current, 11K (VI < 0) ........................................................... -20 mA 
Output clamp current, 10K (Vo < 0) ........................................................ -50 mA 
Maximum power dissipationat T A = 55°C (in still air) (see Note 2) ............................... 1.2 W 
Storage temperature range, Tstg ................................................... -65°C to 150°C 

t Stresses beyond those listed under"absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maxi mum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
2. The maximum package power dissipation is calculated using a junction temperature of 150°C and a board trace length of 750 mils. 

For more information, refer to the Package Thermal Considerations application note in the ABT Advanced BiCMOS Technology Oat;! 
Book, literature number SCBD002. 
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, '.' . \." . .'000582 
3.3-V PHASE-LOCK LOOP CLOCKORIVER 

WITHOIFFERENTIAL LVPECL CLOCK INPUTS 
SCAS446a - JULY 1994 - REVISED FEBRUARY 1996 

timing requirements over recommended ranges of supply voltage and operating free-air 
temperature 

MIN MAX UNIT 

fclock Clock frequency 
VCO is operating at four times the ClKIN/ClKIN frequency 25 .50 

MHz 
VCO is operating at double the ClKIN/ClKIN frequency 50 100 

Input clock duty cycle 40% 60% 

After SEl1 , SElO , " 
50 

Stabilization timet After OEl , 50 J1S 
After power up 50 

t lim,e. required for the Integrated Pll circuit to obtain phase lock of tts feedback signal to Its reference signal. For phase lock to be obtained, a 
fixedHrequency, fixed-phase .reference signal must be present at ClKIN. Until phase lock is obtained, the specifications for propagation delay 
and skew parameters given in the switching characteristics' table are not applicable. . 

switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, CL = 15pF (see Note 4 and Figures 1, 2, and 3) , 

PARAMETER 
FROM TO 

MIN MAX UNIT 
(INPUT) (OUTPUT) 

Duty cycle '. ' . V 45% 55% 

fmax , 100 MHz 

Jilter(pk_pk) ,. ClKIN1' • 'x .. ' Vr.' 200 ps 

tohase error* 
, ClKIN1' ',' ..... v1' -500 5110 ps 

tsk(O)* V 0:5. ns 

tsk(pr)* V 1 ns 
" tr " 1A ns 

tf 1A ns 

* The propagation delay, iphase error, Is dependent o,n the feedback path from any output to theFBIN. The tphase error. tsk(o), 'and tsk(pr) 
specifications are only valid for equal loading of all outPuts. '. '. .... ..', ' ., .' . • ' 

NOTE 4: . 'The specifications for parameters in this table are applicable only after any appropriate stab!lization time Ms elapsed: 

PARAMETER 'MEASUREMENT INFORMATION 

From Output _~ ... __ -, 

Under Test -L 1 T . 5000 
CL=30 pi 

(see Note Al -=-

lOAD CIRCUIT FOR OUTPUTS 

NOTES: A. CL includes probe and jig capacitance. 

ClKIN -V..' 2V X·,---;....- 2.4 V 

ClKIN .....:...A, __ .-'-, -:-__ ...1. 2V 
1-BV 

Iphase error ~. . ~ 
I 

, '. 2V~Jeo~"""-'--""'Nk"'="'2V:-YOH 
Output' 0.8VEl-- 1•5V -....-1 0.8V - ___ ----"'!- I . I· .' VOL 

I I I I 
Ir -+I 14-- If -+I' 14--

VOLTAGE WAVEFdAMS 
PROP'AGATION DElAVTIMES 

B. The outputs are measured one at a time with one transition per measurement. 
C. All input pulses are supplied by generators having the following characteristics: PRR S 10 MHz, 20 = 50 0, Ir S 2.5As, tfS 2.5 ns. 

, ~ " 'i 

Figure 1. Load Circuit and Voltage Waveforms . , 
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CDC582 
3.3-V PHASE-LOCK LOOP CLOCK DRIVER 

WITH DIFFERENTIAL LVPECL CLOCK INPUTS 
SCAS446B - JULY 1994 - REVISED FEBRUARY 1996 

PARAMETER MEASUREMENT INFORMATION 

ClKIN V 
ClKlN /I\. X ... ____________ __ x X 

Outputs 
Operating 
atClKlN 

Frequency 

Outputs 
Operating 

at2XClKlN 
Frequency 

I 
I 

-I-:""'~ 
---.: :--- tphase error 10 

--H 
--+j J+- !phase error 11 

-L{ 
---.: I+- !phase error 12 

I 
I 

I+-- !phase error 13 

" 
" 
" 

I I 

~I X ,,_---'/ =+: j+- !phase error 14 

--.....: -J% ,, ___ / 
---.I i4- tphase error 15 

NOTES: A. Output skew, 'sk(o), is calculated as the greater of: 

/ 

/ 

/ 

- The difference between the fastest and slowest of tphase error n (n - la, 11, ..• 15) 
B. Process skew, tsk(pr), is calculated as the greater of: 

- The difference between the maximum and minimum tphase error n (n - 10, 11, ... 15) across multiple devices under identical 
operating conditions 

Figure 3. Waveforms for Calculation of tsk(o) 
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CDC2582 
3.3-V PHASE-LOCK LOOP CLOCK DRIVER 

WITH DIFFERENTIAL LVPECL CLOCK INPUTS 

• Low Output Skew for Clock-Distribution 
and Clock-Generation Applications 

• Operates at 3.3-V Vee 

SCAS379B - FEBRUARY 

• Application for Synchronous DRAMs 
• Outputs Have Internal 26-0 Series 

Resistors to Dampen Transmission-Line 
Effects • Distributes Differential LVPECL Clock 

Inputs to 12 TTL-Compatible Outputs 

• Two Select Inputs Configure Up to Nine 
Outputs to Operate at One-Half or Double 
the Input Frequency 

• State-of-the-Art EPIC-UBTM BICMOS Design 
Significantly Reduces Power Dissipation 

• Distributed Vee and Ground Pins Reduce 
Switching Noise 

• No External RC Network Required • Packaged In 52-Pin Quad Flatpack 

• External Feedback Input (FBIN) Is Used to 
Synchronize the Outputs With the Clock 
Inputs 

description 

PAHPACKAGE 
rrOPVIEWj 

52 51 50 49 48 47 46 45 44 43 42 41 40 
GND 1 39 

1Y1 2 38 

Vee 3 37 
GND 4 36 
1Y2 5 

Vee 6 
GND 7 
1Y3 8 

Vee 9 
GND 10 
GND 11 

35 
34 
33 
32 
31 

30 
29 

2Y1 12 28 

Vee 13 27 
14 15 16 17 18 19 20 21 2223 24 25 26 

Vee 
4Y3 
GND 

Vee 
4Y2 
GND 

Vee 
4Y1 
GND 
GND 

Vee 
3Y3 
GND 

The CDC2582 is a high-performance, low-skew, low-jitter clock driver. It uses a phase-lock loop (PLL) to 
precisely align the frequency and phase of the clock output Signals to the differential LVPECL clock (CLKIN, 
CLKIN) input signals. It is specifically designed to operate at speeds from 50 MHz to 100 MHz or down to 25 MHz 
on outputs configured as half-frequency outputs. Each output has an internal 26-0 series resistor that improves 
the signal integrity at the load. The CDC2582 operates at 3.3-V Vee. 

The feedback input (FBIN) synchronizes the frequency of the output clocks with the input clock (CLKIN, CLKIN) 
signals. One of the twelve output clocks must be fed back to FBIN for the PLL to maintain synchronization 
between the differential CLKIN and CLKIN inputs and the outputs. The output used as feedback is synchronized 
to the same frequency as the clock (CLKIN and CLKIN) inputs. 

EPIC-JIB is a trademark of Texas Instruments Incorporated. 
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output configuration B 

CDC2582 
3.3-V PHASE-LOCK LOOP CLOCK DRIVER 

WITH DIFFERENTIAL LVPECL CLOCK INPUTS 
SCAS379B - FEBRUARY 1993 - REVISED FEBRUARY 1996 

Output configuration B is valid when any output configured as a 1 x frequency output in Table 2 is fed back to 
FBIN. The frequency range forthe differential clock inputs is 25 MHz to 50 MHz when using output configuration 
B. Outputs configured as 1 x outputs operate at the input clock frequency, while outputs configured as 2x outputs 
operate at double the frequency of the differential clock inputs. 

Table 2. Output Configuration B 

INPUTS OUTPUTS 

SELl SELO 
lx 2x 

FREQUENCY FREQUENCY 

L L All None 

L H 1Yn 2Yn, 3Yn, 4Yn 

H L 1Yn,2Yn 3Yn,4Yn 

H H 1Yn, 2Yn, 3Yn 4Yn 

NOTE: n = 1, 2, 3 
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TERMINAL 
110 

, ' NAME NO. 

CLKIN 
CLKIN 

44,45 I 

a:R 40 I 

FBIN 48 I 

OE 42 I 
; 

,1.'''' .' ~ .. r 
CDC2582 ' 

3.3-V PHASE-LOCK LOOP CLOCK DRIVER 
WITH DIFFERENTIAL LVPECL CLOCK INPUTS 

SCAS3798 - FEBRUARY 1993 - REVISED FEBRUARY 1996 

Terminal Functions 

DESCRIPTION 

Clock input. CLKIN and CLKIN are the differential clock signals to be distributed by the CDC2582 
clock-diivet ,circuit. These inputs are used to provide the reference signal to the integrated PLL that 
generates the clock-output signals. CLKIN and CLKIN must have a fixed frequency and fixed phase for the 
PLL to obtain phase lock. Once the circuit is powered up and valid CLKIN and CLKIN signals are applied, 
a stabilization time is required for the PLL to phase lock the feedback signal to Its reference signal. 

Clear. CLR ,is used to reset the VCO/4 reference frequency. CLR is negative-edge triggered and should be 
strapped to VCC or GND for normal operation. 

Feedback input. FBIN provides the feedback signal to the internal PLL. FBIN must be hardwirad to one of 
the twelve crock outputs to provide frequency and phase lock. The internal PLL adjusts the output clocks 
to obtain zero-phase delay between the FBIN and the differantial clock input (CLKIN and CLKIN). 

Output enable. OE Is the output enable for all outputs. When OE is low, all outputs are enabled. When OE 
is high/ali outputs are in the high-impedance state. Since the feedback signal for the PLL is taken directly 
from an output terminal, placing the outputs in the high-impedance state interrupts the feedback loop; 
therefore, when a high-ta-Iow transition occurs at OE, enabling the output buffers, a stabilization time is 
required before the PLL obtains phase lock; , 

SEL1,SELO 51,50 I 
Output configuration, select. SELO and SEL 1 select the output configuration for each output 'bank 
(e.g., 1x, 1/2><, or2x) (see Tables 1 and 2). 

TEST is used to bypass the PLL circuitry for factory testing of the device. When TEST is low, all outputs 
TEST 41 I operate using the PI.L circuitry. When TEST is high; the outputs are placed in a test mode that bypasses 

the PLL circuitry. TEST should be strapped to GND for normal operation. 

These outputs are configured by SEL 1 and SELO to transmit one-half or one-fourth the frequency of the 
1Y1-1Y3 2,5,8, VCO. The relationship between the input clock frequency and the output frequency is dependent on SEL 1 
2Y1-2Y3 12,15,18 0 and SELO and the frequency of the output being fed' back to FBIN. The duty cycle of the Y outputs is 
3Y1-3Y3 22,25,28 nominally 50% independent of the duty cycle ,of the Input clock signals. Each output has an internal series 

resistor to dampen transmission-line effeCll! and improve the signal integrity at the load. 

These outputs transmit one-haH the frequency of the VCO. The relationship between the input clock 

4Y1-4Y3 32,35,38 0 
frequency and the output frequency is dependent on the frequency of the output being fed back to FBIN. 
The duty cyCle of the Y outputs is nominally 50% independent of the duty cycle of CLKIN. Each output has 
an internal series resistor to dampen transmission-line eff8cts and improve the signal integrity at the load. 

l' 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 
Supply voltage range, Vee , •.•••..•..........•....•.....•.•.•....•.•.....•...•..•.. -0.5 V to 4.6 V 
Input voltage range, VI (see Note 1) ...•........................................•..... -0.5 V to 7 V 
Voltage range applied to any output in the high state or power-off state, Vo (see Note 1) ... -0.5 V to 5.5 V 
Current into any output in the low state, 10 •••.••••••••.•.••.•••••••.•••••••••••••••••••••..• 24 mA 
Input clamp cUfrent, 11K (VI < 0) .......................................•.•........•........ -20 mA 
Output clamp current, 10K (Vo < 0) .............•..... , ..•...•..•..........•.•.•........... -50 mA 
Maximum power dissipation at TA = 55°C (in still air) (see Note 2) .............•................. 1.2 W 
Storage temperature range, Tstg ........•.....•.......... ~ ..•.........•..••..•..... -65°C to 150°C 

, t Stresses beyond those listed under "absolute maximum ratings' may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
2. The maximum peckage power dissipation is calculated using a junCtion temperature of 150°C and a board trace length of 750 mils. 

For more information, refer to the Package ThermalConslderationsapplication note in the ABTAdvanced BiCMOS Technology Data 
Book, literat\lre number SCBD002. 

" 
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CDC2582 
3.3-V PHASE-LOCK LOOP CLOCK DRIVER 

WITH DIFFERENTIAL LVPECL CLOCK INPUTS 
SCAS379B - FEBRUARY 1993 - REVISED FEBRUARY 1996 

timing requirements over recommended ranges of supply voltage and operating free-air 
temperature 

MIN MAX UNIT 

VCO is operating at four times the ClKIN/ClKIN frequency 25 50 
fclock Clock frequency MHz 

VCO is operating at double the ClKIN/ClKIN frequency 50 100 

Input clock duty cycle 40% 60% 

After SEll, SElO 50 

Stabilization timet AfterOEJ. 50 IJ.S 
After power up 50 

t Time required for the Integrated Pll CircUit to obtain phase lock of its feedback signal to ItS reference signal. For phase lock to be obtained, a 
fixed-frequency, fixed-phase reference signal must be present at ClKIN. Until phase lock is obtained, the specifications for propagation delay 
and skew parameters given in the switching characteristics table are not applicable. 

switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, CL = 15 pF (see Note 4 and Figures 1, 2, and 3) 

PARAMETER 
FROM TO 

MIN MAX UNIT 
(INPUT) (OUTPUT) 

Duty cycle Y 45% 55% 

fmax 100 MHz 

Jitter(pK-pk} ClKINi vi 200 ps 

tphase errort: ClKINi y -600 500 ps 

tsk(O)* y 0.5 ns 

tsk/or)* y 1 ns 

tr 1.4 ns 

tf 1.4 ns 
.. 

* The propagation delay, tphase error, IS dependent on the feedback path from any outputto FBI N. The tphase error, tsk(o), and tsk(pr) specifications 
are only valid for equal loading of all outputs. 

NOTE 4: The specifications for parameters in this table are applicable only after any appropriate stabilization time has elapsed. 

PARAMETER MEASUREMENT INFORMATION 

From Output 4{1J::::-=--=--...... ')---<+.----. 
Under Test - . -L i 

Cl=15 P'T 5000 
(see Note A) -: 

lOAD CIRCUIT FOR OUTPUTS 

NOTES: A. Cl includes probe and jig capacitance. 

ClKIN ---v~ V X'"2-V---- 2.4 V 

ClKIN -1I\ __ ~ __ .J_ • I.BV 

tphase error --joI~I--~~ 

Output 

I 
2V~~-------~1c~22V-v-- VOH 

0.8V.II--l.5V -i~ V 
----~~I I I I Ol 

tr ~ 14-- tf ~ 14-

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

B. The outputs are measured one at a time with one transition per measurement. 
C. All input pulses are supplied by generators having the following characteristics: PRR s 10 MHz, Zo = 50 0, 'r s 2.5 ns, If S 2.5 ns. 

Figure 1. Load Circuit and Voltage Waveforms 
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CDC2582 
3.3-V PHASE-LOCK LOOP CLOCK DRIVER 

WITH DIFFERENTIAL LVPECL CLOCK INPUTS 
SCAS379B - FEBRUARY 1993 - REVISED FEBRUARY 1996 

PARAMETER MEASUREMENT INFORMATION 

ClKlN ¥ 
ClKIN I X X 

I 
I 

~ " / 
-+l :-- !phase error 10 

" / Outputs IX Operating 
at elKIN I I 

Frequency -+! ~ !phase error 11 

I 

~ " / I 
I 

-+l ~ !phase error 12 

" / I 

X " / "-I 

~ :.- !Phase error 13 

I I 

/ " / "-Outputs I 

X " 
Operating I 

at 2XClKlN 

~ :.- 'Phase error 14 Frequency 

I 

~ " / " / "-I 
I 

--.I i+-- tphase error 15 

NOTES: A. Output skew. tsk(o). is calculated as the greater of: 
- The difference between the fastest and slowest of tphase error n (n = 10. 11 ••.• 15) 

B. Process skew.lsk(pr). is calculated as the greater of: 
- The difference between the maximum and minimum tphase error n (n - 10. 11 ••.. 15) across multiple devices under Identical 

operating conditions 

Figure 3. Waveforms for Calculation of tsk(o) and tsk(pr) 
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CDC586 
3.3-V PHASE-LOCK-LOOP CLOCK DRIVER 

WITH 3-STATE OUTPUTS 

• Low Output Skew for Clock-Distribution 
and Clock-Generation Applications 

• Operates at 3.3-V Vee 
• Distributes One Clock Input to Twelve 

Outputs 

• Application for Synchronous DRAM, 
High-Speed Microprocessor 

• TTL-Compatible Inputs and Outputs 
• Outputs Drive Parallel 50-n Terminated 

Transmission Lines 

• Two Select Inputs Configure Up to Nine 
Outputs to Operate at One-Half or Double 
the Input Frequency 

• State-of-the-Art EPIC-lIBn ... BiCMOS Design 
Significantly Reduces Power Dissipation 

• No External RC Network Required 
• Distributed Vee and Ground Pins Reduce 

Switching Noise 

• External Feedback Pin (FBIN) Is Used to 
Synchronize the Outputs to the Clock Input 

• Packaged in 52-Pin Thin Quad Flat Package 

PAH PACKAGE 
(TOP VIEW) 

o~o~z~(.)~ (.) I-z...J ...J <.!) _ <.!) (.) ~ () (.)~ en Ia: 
C!)~~ .. dE<~Bz~ ~B 

52 51 50 49 48 47 46 45 44 43 42 41 40 
39 Vee 

1Y1 2 38 4Y3 

3 37 GND 
4 36 Vee 

1Y2 5 35 4Y2 

Vee 6 34 GND 
GND 7 33 Vee 
1Y3 8 32 4Y1 

Vee 9 31 GND 
GND 10 30 GND 
GND 11 29 Vee 
2Y1 12 28 3Y3 

Vee 13 27 GND 
14 15 16 17 18 19 20 21 2223 24 25 26 

o ~ 80 ~ 8 0 0 :;: 8 0 ~ 8 
~ C\I >~ C\I> ~~ ('» ~ ('» 

Ne - No internal connection 

description 

The CDC586 is a high-performance, low-skew, low-jitter clock driver. It uses a phase-lock loop (PLl) to precisely 
align, in both frequency and phase, the clock output signals to the clock input (ClKIN) signal. It is specifically 
designed for use with popular microprocessors operating at speeds from 50 MHz to 100 MHz or down to 25 MHz 
on outputs configured as half-frequency outputs. The CDC586 operates at 3.3-V Vee and is designed to drive 
a properly terminated 50-0 transmission line. 

EPIC-lIB is a trademark 01 Texas Instruments Incorporated. 
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output configuration A 

CDC586 
3.3-V PHASE-lOCK-lOOP CLOCK DRIVER 

WITH 3-STATE OUTPUTS 
SCAS336C':" FEBRUARY 1993- REVISED NOVEMBER 1995 

Output configuration A is valid when any output configured as a 1 x frequency output in Table 1 is fed back to 
FBIN. The input frequency range for elKIN is 50 MHz to 100 MHz when using output configuration A. Outputs 
configured as 1 /2x outputs operate at half the elKIN frequency, while outputs configured as 1 x outputs operate 
at the same frequency as elKIN. . 

Table 1. Output Configuration A 

INPUTS OUTPUTS 

SEL1 SELO 
112x 1x 

FREQUENCY FREQUENCY 

L L None All 

L H Wn 2Yn, 3Yn, 4Yn 

H L 1Yn,2Yn 3Yn,4Yn 

H H 1Yn, 2Yn, 3Yn 4Yn 

NOTE: n = 1, 2, 3 

output configuration B 

Output configuration B is valid when any output configured as a 1 x frequency output in Table 2 is fed back to 
FBIN. The input frequency range for elKIN is 25,MHz to 50 MHz when using output configuration B. Outputs 
configured as 1x outputs operate at the elKIN frequency, while outputs configured as 2x outputs operate at 
double the frequency of elKIN. 

Table 2. Output Configuration B 

INPUTS OUTPUTS 

SEL1 SELO 
1x 2x 

FREQUENCY FREQUENCY 

L L All None 

L H Wn 2Yn, 3Yn, 4Yn 

H L Wn,2Yn 3Yn,4Yn 

H H Wn, 2Yn, 3Yn 4Yn 

NOTE: n = 1, 2, 3 
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CDC586 
3.3-V PHASE-LOCK-LOOP CLOCK DRIVER 

WITH 3-STATE OUTPUTS 
SCAS336C - FEBRUARY 1993 - REVISED NOVEMBER 1995 

Terminal Functions 

TERMINAL 
1/0 DESCRIPTION 

NAME NO. 

Clock input. ClKIN is the clock signal distribu1ed by the CDC586 clock-driver circuit. ClKIN provides the 
reference signal to the integrated Pll that generates the clock output signals. ClKIN must have a fixed 

ClKIN 45 I frequency and fixed phase forthe Pll to obtain phase lock. Once the circuH is powered up and a valid ClKIN 
signal Is applied, a stabilization time is required for the Pll to phase lock the feedback signal to its reference 
signal. 

ClR 40 I Clear. ClR resets the VCO/4 reference frequency. ClR is negative edge triggered and should be strapped 
to GND or VCC for normal operation. 

Feedback input. FBIN provides the feedback signal to the internal PlL. FBIN must be hardwired to one of 
FBIN 48 I the twelve clock outputs to provide frequency and phase lock. The internal Pll adjusts the output clocks 

to obtain zero phase delay between FBIN and ClKIN. 

OUtpu1 enable. OE is the OUtpu1 enable for all Ou1puts. When OE Is low, all outputs are enabled. When OE 
Is high, all outputs are in the high-impedance state. Since the feedback signal for the Pll is taken directly 

OE 42 I from an output terminal, placing the Ou1puts in the high-impedance state interrupts the feedback loop; 
therefore, when a high-to-Iow transition occurs at OE, enabling the output buffers, a stabilization time is 
required before the Pll obtains phase lock. 

SEl1, SElO 51,50 I 
Output configuration select. SElO and SEl1 select the Ou1pu1 configuration for each output bank 
(e.g. 1><, 112><, or 2x). (see Tables 1 and 2). 

TEST is used to bypass the Pll circuitry for factory testing of the device. When TEST is low, all outputs 
TEST 41 I operate using the Pll circuitry. When TEST is high, the OUtpu1S are placed in a test mode that bypasses 

the Pll circuitry. TEST should be strapped to GND for normal operation. 

1Y1-1Y3 2,5,8 
Outpu1 ports. These Ou1puts are configured by SEl1 and SElO to transmit one-half or one-fourth the 

2Y1-2Y3 12,15,18 0 
frequency of the VCO. The relationship between the ClKIN frequency and the Ou1pu1 frequency is 

3Y1-3Y3 22,25,28 
dependent on SEl1 and SElO and the frequency of the output being fed back to FBIN. The duty cycle of 
the Y Ou1put signals Is nominally 50% independent of the duty cycle of ClKIN. 

Output ports. 4Y1-4Y3 transmit one-half the frequency of the veo regardless of the state of SEl1 and 

4Y1-4Y3 32,35,38 0 
SElO. The relationship between the ClKIN frequency and the Ou1put frequency Is dependent on the 
frequency of the output being fed back to FBIN. The duty cycle of the Y output signals is nominally 50% 
independent of the duty cycle of ClKIN. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vee ......................................................... -0.5 V to 4.6 V 
Input voltage range, VI (see Note 1) .................................................. -0.5 V to 7 V 
Voltage range applied to any output in the high state or power-off state, 

Vo (see Note 1) .....................•................................... -0.5 V to Vee + 0.5 V 
Current into any output in the low state, 10 .•..••..•••....•.•••...•.•....•.•.•..• . • . . . • • • • • .. 64 mA 
Input clamp current, 11K (VI < 0) ........................................................... -20 mA 
Output clamp current, 10K (VO < 0) ........................................................ -50 mA 
Maximum power dissipation at T A = 55°C (in still air) (see Note 2) ............................... 1.2 W 
Storage temperature range, Tstg ................................................... -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. The inpu1 and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
2. The maximum package power dissipation Is calculated using a junction temperature of 150°C and a board trace length of 750 mils. 

For more information,refertothe Package ThermalConsiderationsapplication note in the ABT Advanced BiCMOS Technology Data 
Book, literature number SCBD002. 
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CDC586 
3.3-V PHASE·LOCK·LOOP CLOCK DRIVER 

WITH 3-STATE OUTPUTS 
SCAS336C - FEBRUARY 1993 - REVISED NOVEMBER 1995 

timing requirements over recommended ranges of supply voltage and operating free-air 
temperature 

MIN MAX UNIT 

VCO is operating at four times the ClKIN frequency 25 50 
fclock Clock frequency MHz 

VCO is operating at double the ClKIN frequency 50 100 

Input clock duty cycle 40% 60% 

After SEl I, SElO 50 

Stabilization timet 
AfterOEJ. 50 
After power up 50 

IlS 

AfterClKIN 50 
t Time required for the Integrated Pll CircUit to obtain phase lock of Its feedback signal to ItS reference signal. For phase lock to be obtained, a 

fixed-frequency, fixed-phase reference signal must be present at ClKIN. Until phase lock is obtained, the specifications for propagation delay 
and skew parameters given in the switching characteristics table are not applicable. 

switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, CL = 30 pF (see Note 4 and Figures 1 through 3) 

PARAMETER 
FROM TO 

MIN MAX UNIT 
(INPUT) (OUTPUT) 

fmax 100 MHz 

Duty cycle Y 45% 55% 

tphase erro;; ClKINi y -500 +500 ps 

Jitter(pk_pk) ClKINi y 200 ps 

tsk(o)* 0.5 ns 

tSk(pr)* 1 ns 

tr 1.4 ns 

tf 1.4 ns 
.. 

* The propagation delay, tphase error, IS dependent on the feedback path from any outputto FBI N. The tphase error, tsk( 0), and tsk(pr) specifications 
are valid only for equal loading of ali outputs. 

NOTE 4: The specifications for parameters in this table are applicable only after any appropriate stabilization time has elapsed. 
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CDC586 
3.3N PHASE~LOCK·LOOP CLOCK DRIVER 

WITH 3-STATE OUTPUTS 
SCAS336C - FEBRUARY 1993 - REVISED NOVEMBER 1995 

PARAMETER MEASUREMENT INFORMATION 

CLKIN ~ " ~ " I I 

-Lr I 

" 
I 
I 

--.J :.- tphase error 1 
I 
I 

Outputa --Yr I 

" Operating I I I I at 112 CLKIN 
-+i ~ tphase error 2 Frequency I 

JJ. I 

" 
I 
I 

I I --.J ~ tphase error 3 I 

IX " 
I t "-I 

I I I 
-+i j4- tphase error 4 --tJI 14- tphase error 7 

Iy " 
I ) "-Outputa I 

Operating I .. I I 
atCLKIN --.J i4-- tphase error 5 ~ I 

Frequency 
I 

j+-"" tphase error 8 

I I 
I I I 

~ . 

I 
~ !phase error 8 -.! !+- tphase error 9 

NOTES: A. Output skew, tsk(o), is calculated as the greater of: 
- The difference between the fastest and slowest of tphase error n (n - 1, 2, ' .. 6) 
- The difference between the fastest and slowest of tphase error n (n - 7, 8, 9) 

B. Process skew, tsk(pr), is calculated as the greater of: 
- The difference between the maximum and minimum tphase error n (n - 1, 2, ... 6) across multiple devices under identical 

operating conditions. 
- The difference between the maximum and minimum tphase error n (n - 7, 8, 9) across mu~iple devices under identical 

operating conditions. 

Figure 2. Waveforms for Calculation of tsk(o) 
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CDC2586 
3.3-VPHASE·LOCK LO,OPCLOCK DRIVER' 

WITH 3·STATE OUTPUTS 

• Low Output Skew for Clock-Distribution 
and Clock-Generation Applications 

• Operates at 3.3-V Vee 
• Distributes One Clock Input to Twelve 

Outputs 

• Application for Synchronous DRAM, 
Hlgh"Speed Microprocessor 

• TTL-Compatible Inputs and Outputs 

• Outputs Have Internal 26-0 Series 
Resistors to Dampen Transmission-Line 
Effects 

1995 

• Two Select Inputs Configure Up to Nine 
Outputs to Operate at One-Half or Double 
the Input Frequency 

• State-of-the-Art EPIC-nSn, BiCMOS Design 
Significantly Reduces Power Dissipation 

.• No External RC Network Required' •. Distributed Vee and Ground Pins Reduce 
Switching Noise • External Feedback (FBIN) Synchronizes the 

Outputs to the Clock Input • Packaged in 52-Pin Thin Quad Flat Package 

description 

PAHPACKAGE 
(TOP VIEW) 

o 0 Z .... 
o:i9z~z 852 8 Cf)1D: 
~W W C!) co C!) >.J 0 >lwow.J vCf)Cf)«U-««oz« .... 0 

52515049484746454443424140 
GND 10 ~ 
1Y1 2 38 

Vee 3 
GND 4 
1Y2 

Vee 
GND 7 
1Y3 8 
Vee 9 

GND 10 
GND 11 
2Y1 12 

Vee 13 27 
14 15 16 17 18 19 2021 2223 24 25 26 

NC - No internal connection 

Vee 
4Y3 
GND 
Vee 
4Y2 
GND 
Vce 
4Y1 
GND 
GND 
Vee 
3Y3 
GND 

The CDC2586 is a high-performance, low-skew, low-jitter clock driver. It uses a phase-lock loop (PLL) to 
preci~ely align, in both frequency and phase, the clock output signals to the clock input (ClKIN) signal. It is 
specifically deSigned for use with popular microprocessors operating at speeds from 50 MHz to 100 MHz or 
down to 25 MHz on outputs configured for half-frequency operation. Each output has an internal 26-0 series 
resistor that improves the signal integrity at the load. The CDC2586 operates at nominaI3.3-V Vee. 
The feedback input (FBIN) synchronizes the output clocks in frequency and phase to CLKIN. One of the twelve 
output clocks must be fed back to FBIN forthe PLL to maintain synchronization between CLKIN and the outputs. 
The output used as feedback is synchronized to the same frequency as CLKIN. 

EPle-IIB is a trademark of Texas Instruments Incorporated. 
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output configuration A 

CDC2586 
3.3-V PHASE-LOCK LOOP CLOCK DRIVER 

WITH 3-STATE OUTPUTS 
SCAS337B - FEBRUARY 1993 - REVISED NOVEMBER 1995 

Output configuration A is valid when any output configured as a 1 x frequency output in Table 1 is fed back to 
FBIN. The input frequency range for elKIN is 50 MHz to 100 MHz when using output configuration A. Outputs 
configured as 1/2 x outputs operate at half the elKIN frequency, while outputs configured as 1 x outputs 
operate at the same frequency as elKIN. 

Table 1. Output Configuration A 

INPUTS OUTPUTS 

SEL1 SELO 1/2x 1x 
FREQUENCY FREQUENCY 

l l None All 

l H 1Yn 2Yn, 3Yn, 4Yn 

H l lYn,2Yn 3Yn,4Yn 

H H lYn, 2Yn, 3Yn 4Yn 

NOTE: n - 1,2,3 

output configuration B 

Output configuration B is valid when any output configured as a 1 x frequency output in Table 2 is fed back to 
FBIN. The input frequency range for elKIN is 25 MHz to 50 MHz when using output configuration B. Outputs 
configured as 1 x outputs operate at the elKIN frequency, while outputs configured as 2 x outputs operate at 
double the frequency of elKIN. 

Table 2. Output Configuration B 

INPUTS OUTPUTS 

SEL1 SELO 1x 2x 
FREQUENCY FREQUENCY 

l l All None 

l H 1Yn 2Yn, 3Yn, 4Yn 

H l 1Yn,2Yn 3Yn,4Yn 

H H 1Yn, 2Yn, 3Yn 4Yn 

NOTE: n - 1,2,3 
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CDC2586 
3.3-V PHASE·LOCK LOOP CLOCK DRIVER 

WITH 3·STATE OUTPUTS 
SCAS337B - FEBRUARY 1993 - REVISED NOVEMBER 1995 

Terminal Functions 

TERMINAL 
I/O DESCRIPTION 

NAME NO. 

Clock input. ClKIN is the clock signal to be distributed by the CDC2586 clock-driver circuit. ClKIN provides 
the reference signal to the integrated Pll that generates the clock output signals. ClKIN must have a fixed 

ClKIN 45 I frequency and fixed phase forthe Pll to obtain phase lock. Once the circuit is powered up and a valid ClKIN 
signal is applied, a stabilization time is required for the Pll to phase lock the feedback signal to its reference 
signal. 

ClR 40 I 
Clear. ClR resets the VCO/4 reference frequency. ClR is negative-edge triggered and should be strapped 
to GND or VCC for normal operation. 

Feedback input. FBIN provides the feedback signal to the internal PlL. FBIN must be hard wired to one of 
FBIN 48 I the twelve clock outputs to provide frequency and phase lock. The internal Pll adjusts the output clocks 

to obtain zero phase delay between FBIN and ClKIN. 

Output enable. OE is the output enable for all outputs. When OE is low, all outputs are enabled. When OE 
is high, all outputs are in the high-impedance state. Since the feedback signal for the Pll is taken directly 

OE 42 I from an output, placing the outputs in the high-impedance state interrupts the feedback loop; therefore, 
when a high-to-Iowtransition occurs at OE, enabling the output buffers, a stabilization time is required before 
the Pll obtains phase lock. 

SEL1, SElO 51,50 I 
Output configuration select. SElO and SEll select the output configuration for each output bank (e.g., 1/2><, 
1><, or 2x) (see Tables 1 and 2). 

TEST is used to bypass the Pll circUitry for factory testing of the device. When TEST is low, all outputs 
TEST 41 I operate using the Pll circuitry. When TEST is high, the outputs are placed in a test mode that bypasses 

the Pll circuitry. TEST should be strapped to GND for normal operation. 

Output ports. These outputs are configured by the select inputs (SEll, SElO) to transmit one-half or 

1Yl-1Y3 2,5,8 
one-fourth the frequency of the VCO. The relationship between the ClKIN frequency and the output 

2Yl-2Y3 12,15,18 0 
frequency is dependent on the select inputs and the frequency of the output being fed back to FBIN 

3Yl-3Y3 22,25,28 
(see Tables 1 and 2). The duty cycle olthe Y output signals is nominally 50%, independent olthe duty cycle 
of ClKIN. Each output has an internal series resistor to dampen transmission-line effects and improve the 
signal integrity at the load. 

Output ports. 4Yl-4Y3 transmit one-half the frequency of the VCO regardless of the state of the select 
inputs. The relationship between the ClKIN frequency and the output frequency is dependent on the 

4Yl-4Y3 32,35,38 0 frequency of the output being fed back to FBIN (see Tables 1 and 2). The duty cycle of the Y output Signals 
is nominally 50%, independent of the duty cycle of ClKIN. Each output has an internal series resistor to 
dampen transmission-line effects and improve the signal Integrity at the load. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vee ......................................................... -0.5 V to 4.6 V 
Input voltage range, VI (see Note 1) .................................................. -0.5 V to 7 V 
Voltage range applied to any output in the high state or power-off state, Vo (see Note 1) ... -0.5 V to 5.5 V 
Current into any output in the low state, 10 .................................................. 24 rnA 
Input clamp current, 11K (VI < 0) ........................................................... -20 rnA 
Output clamp current, 10K (Vo < 0) ........................................................ -50 rnA 
Maximum power dissipation at T A = 55°C (in still air) (see Note 2) ............................... 1.2 W 
Storage temperature range, Tstg ................................................... -65°C to 1500 e 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
2. The maximum package power dissipation is calculated using a junction temperature of 150·C and a board trace length of 75 mils. 

For more information, refertothe Package Thermal Considerations application note in the ABT Advanced BiCMOS Technology Data 
Book, literature number SCBD002. 
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CDC2586 
3.3·V PHASE·LOCK LOOP CLOCK DRIVER 

WITH 3·STATE OUTPUTS 
SCAS337B - FEBRUARY 1993 - REVISED NOVEMBER 1995 

timing requirements over recommended ranges of supply voltage and operating free-air 
temperature 

MIN MAX UNIT 

VCO operating at four times the ClKIN frequency 25 50 
fclock Clock frequency MHz 

VCO operating at double the ClKIN frequency 50 100 

Input clock duty cycle 40% 60% 

After SEll. SElO 50 

Stabilization timet 
AfterOEJ. 50 

After power up 50 
I1S 

AfterClKIN 50 

t Time required for the Integrated Pll CirCUit to obtain phase lock of Its feedback signal to Its reference signal. In order for phase lock to be obtained. 
a fixed-frequency. fixed-phase reference signal must be present at ClKIN. Until phase lock is obtained. the specifications for propagation delay 
and skew parameters given in the switching characteristics table are not applicable. 

switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, CL = 15 pF (see Note 4 and Figures 1 through 3) 

PARAMETER 
FROM TO 

MIN MAX UNIT 
(INPUT) (OUTPUT) 

fmax 100 MHz 

Duty cycle Y 45% 55% 

tohase errorl' ClKINi Yi -500 +500 ps 

jitter ClKINi Yi 200 ps 

tsk(o)+ 0.5 ns 

tsk(pr)+ 1 ns 

tr 1.4 ns 

tf 1.4 ns 

+ The propagation delay. tphase error. is dependent on the feedback path from any output to FBIN. The tphase error. tsk(o). 
and tsk(pr) specifications are valid only for equal loading of all outputs. 

NOTE 4: The specifications for parameters in this table are applicable only after any appropriate stabilization time has elapsed. 
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CDC2586 
3~3-V PHASE-LOCK LOOP CLOCK DRIVER 

. WITH 3-STATE OUTPUTS 
SCAS337B - FEBRUARY 1993 - REVISED NOVEMBER 1995 

PARAMETER MEASUREMENT INFORMATION 

ClKIN l' " / " I 
I I 

--Lr I 

" I 
I I 

~ ~ tphase error 1 I 
I 

Outputs -+1 I 

" Operating I 
at1/2ClKIN 

I I 
I 

Frequency ~ I+- tphase error 2 I 

-LA' I 

" I 
I I 

~ ~ tphase error 3 I 
I I I I 

I I I 
j.- tphase error 4 

I 
~ ~ ~ tphase error 7 

I I I I 
Outputs I I Operating 

I I atClKIN 

~ I+- tphase error 5 --.I :-- tphase error 8 Frequency 
I I 

I I 
I I 

~ 
I j4"- tphase error 6 

NOTES: A. Output skew, tsk(o), is calculated as the greater of: 
- The difference between the fastest and slowest of tphase error n (n = 1, 2, ... 6) 
- The difference between the fastest and slowest of tphase error n (n = 7, 8, 9) 

B. Process skew, tsk(pr), Is calculated as the greater of: 
- The difference between the maximum and minimum tphase error n (n = 1, 2, ... 6) across multiple devices under identical 

operating conditions 
- The difference between the maximum and minimum tphase error n (n = 7,8,9) across multiple devices under identical operating 

conditions 
C. For configuration A, see Table 1 

Figure 2. Waveforms for Calculation of tsk(o) for Configuration A 
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CDC587 
3.3-V PHASE-LOCK LOOP CLOCK DRIVER 

• Low-Output Skew and Jitter for Clock 
Distribution and Synchronization 

• Operates at 3.3-V Vee 

• Distributes One Clock Input to 16 Outputs 

• Four Select Inputs Configure Output 
Frequency 

WITH 3-STATE OUTPUTS 

OGGPACKAGE 
(TOP VIEW) 

elKIN 1 56 Vee 
VREF 55 GND 
FBIN 54 AVee 
Vee 53 AGND 

• Internal Loop Filter Eliminates the Need for 
External RC Network 

FBOUT 52 AVee 

• Dedicated External Feedback Output and 
Input for Phase Synchronization With the 
Clock Input 

• Applications for Synchronous DRAM, 
High-Speed Microprocessors, and SSTL_3 
Applications 

• LVTTL- or SSTL_3-Compatlble Inputs and 
Outputs 

• Distributed Vee and Ground Pins Reduce 
Switching Noise 

• Meets SSTL_3 Class 1 and 2 Specifications 

• Packaged in Plastic Smail-Outline Package 

description 

The CDC587 is a high-performance, low-skew, 
low-jitter, phase-lock loop (PLL) clock driver. It 
uses a PLL to precisely align, in both frequency 
and phase, the clock output signals to the clock 
input (CLKIN) signal. The CDC587 operates at 
3.3-V Vee and provides LVTTL- or 
SSTL_3-compatible inputs and outputs. The 
CDC587 operates at frequencies from 16.67 MHz 
up to 150 MHz, and is ideally suited for high-speed 
microprocessor and synchronous DRAM 
applications. 

GND 6 
Vee 
1YO 

Vee 11 
1Y2 
1Y3 

GND 
Vee 
2YO 
2Y1 

GND 
Vee 
2Y2 
2Y3 

GND 
Vee 

GND 
SElO 
SEl1 
SEL2 
SEL3 28 

51 AGND 
50 Vee 
49 4YO 
48 4Y1 
47 GND 
46 Vee 

4Y2 
4Y3 
GND 
Vee 
3YO 
3Y1 
GND 
Vee 
3Y2 
3Y3 
GND 
Vee 
GND 
RESET 
TEST 
DE 
GND 

A dedicated feedback output (FBOUT) is used to synchronize the output clocks in frequency and phase to the 
CLKIN reference. Four banks of four outputs (1Yn, 2Yn, 3Yn, 4Yn) are configured to operate at specified ratios 
of the input frequency by four select (SELn) inputs. Selectable ratios of the input frequency are 1 X, 2X, 3X, 1/2X, 
and 1/3X. 

The output-enable (OE) input provides control for the Y output banks. When OE is high, the outputs are in a 
high-impedance state. When OE is low, the outputs switch in accordance with the select inputs. In addition, 
RESET provides a master reset for the CDC587 counter circuitry. This allows the outputs to be reset to a known 
state. TEST provides a bypass of the integrated PLL and divider circuitry. When TEST is high, the input clock 
bypasses the PLL and is buffered directly to the outputs. 
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functional block diagram 

RESET 

VREF ------., 

FBIN 

ClKIN 

TEST 

OE 

SElO 

SEl1 

SEl2 

SEl3 

Pll 

Select 
logic 

CDC587 
3.3·V PHASE·LOCK LOOP CLOCK DRIVER 

WITH 3·STATE OUTPUTS 
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CDC587 
3.3-V PHASE-LOCK LOOP CLOCK DRIVER 

WITH 3-STATE OUTPUTS 
SCAS562B- DECEMBER 1995 - REVISED JULY 1996 

recommended operating conditions (see Note 4) 

MIN NOM MAX UNIT 

Vee Supply voltage 3 3.6 V 

vREF SSTl reference voltage 1.3 1.5 1.7 V 

VI Input voltage 0 5.5 V 

elK, FBIN VREF+l00 mV 

VIH High-level input voltage elK, FBIN (VREF = GND) 2 V 

Other inputs 2 

elK, FBIN VREF-100mV 

VIL Low-level input voltage elK, FBIN (VREF = GND) 0.8 V 

Other inputs 0.8 

10H High-level output current -20 mA 

10l Low-level output current 20 mA 

TA Operating free-air temperature 0 70 °e 

NOTE 4: Unused inputs must be held high or low to prevent them from floating. 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 3: 

PARAMETER TEST CONDITIONS MIN TYPt 

VIK Vee=3V, II =-18mA 

Vee = MIN to MAX;, 10H = -100 Jl.A Vee-0.2 

VOH 10H =-16 mA 2.2 
Vee = 3 V 

IOH =-20mA 2.1 

IOL = 100 JJ.A 
VOL Vee=3V IOl=16mA 

IOl = 20 mA 

Vee = 0 or MAX;, VI=3.6V, VREF=GND 

II VI = Vee or GND, VREF= GND 
Vee=3.6V 

VI = 2.1 V or 0.9 V, VREF = 1.5 

IOZH Vee = 3.6 V, VO=3V 

10Zl Vee =3.6 V, Vo=O 

Vee = 3.6 V, VI = Vee or GND, VREF = GND 
lee 

10=0 VI = 2.1 V or 0.9 V, VREF = 1.5 V 

ei 
VI = Vee or GND, VREF= GND 3 

VI = 2.1 Vor 0.9 V, VREF = 1.5 V 3 

eo 
Vo = 3 Vor 0, VREF= GND 6 

VO=2.1 VorO.9V, VREF = 1.5 V 6 

t All tYPical values are at Vee = 3.3 V, TA = 25°e. 
:t: For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
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CDC587 
3.3-V PHASE-LOCK LOOP CLOCK DRIVER 

WITH 3-STATE OUTPUTS 
SCAS662B - DECEMBER 1996 - REVISED JULY 1996 

PARAMETER MEASUREMENT INFORMATION 

~~~f 1 
LOAD CIRCUIT 

5000 

CLK --1 1•5V 

tphaae error ~ ~ 

\-;5-;--- 3V 
'-.----OV 

~fw~ 
I I 3V 

1 
2 V !J."J, .... --~2~V~"r\t:---- VOH 

FBIN o.av/j 1.5V : ~ V 

Input ~ ! ~~ __ ov 

VOLTAGE WAVEFORMS 
PULSE DURATION 

NOTES: A. CL includes probe and lig capacitance. 

1 1 1 1 OL 
tr --+I ~ tf --+I 14-

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

B. All Input pulses are supplied by generators having the following characteristics: PRR s 150 MHz, Zo - 50 0. tr s 2.5 ns, tf s 2.5 ns. 
C. The outputs are measured one at a time with one transition per measurement. 

FIgure 1. Load Circuit and Voltage Waveforms for LVTTL 

Measurement 
Point 

• 250 
From OUtput n---"VV\~ .. 

CL=30pF 
_ (-NOtBAII 

250 

LOAD CIRCUIT 

NOTES: A. CL includes probe and jig capacitance. 

CLK ~ 1.5V \ -:;:~--- 1.9V 

'----MV 
tphaae error ~ ~ ,..-----r V 

FBIN 11.5V \. ._- OH 

. "-- VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

B. All Input pulses are supplied by generators having the following characteristics: PRR s 150 MHz, Zo - 50 0. tr s 2.5 ns, tf s 2.5 ns. 
C. The outputs are measured one at a'time with one transition per measurement. 
D. VTT. VREF - VCC x 0.45 

Figure 2. Load Circuit and Voltage Waveforms for SSTL_3 
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• Low-Output Skew and Jitter for Clock 
Distribution and Synchronization 

• Operates at 3.3-Y Yee 

• Distributes One Clock Input to 16 Outputs 

• Four Select Inputs Configure Output 
Frequency 

• Internal Loop Filter Eliminates the Need for 
External RC Network 

• Dedicated External Feedback Output and 
Input for Phase Synchronization With the 
Clock Input 

• Applications for Synchronous DRAM, 
High-Speed Microprocessors, and SSTL_3 
Applications 

• LYTTL- or SSTL_3-Compatlble Inputs and 
Outputs 

• Distributed Yee and GND Pin Configuration 
Minimize High-Speed Switching Noise 

• Meets SSTL_3 Class 1 and 2 Specifications 

• Packaged In 56-Pin Plastic Smail-Outline 
Package 

description 

The CDC2587 is a high-performance, low-skew, 
low-jitter, phase-lock loop (PLL) clock driver. It 
uses a PLL to precisely align, in both frequency 
and phase, the clock output signals to the clock 
input (CLKIN) signal. The CDC2587 operates at 
3.3-V Vee and provides LVTTL- or 
SSTL_3-compatible inputs and outputs. The 
CDC2587 operates at frequencies from 
16.67 MHz to 150 MHz, and is ideally suited for 
high-speed microprocessor and synchronous 
DRAM applications. The CDC2587 provides 
integrated 25-0 series damping resistors to 
improve signal integrity. 

CDC2587 
3.3-V PHASE-LOCK LOOP CLOCK DRIVER 

WITH 3-STATE OUTPUTS 

DGGPACKAGE 
(TOP VIEW) 

eLKIN 
VREF 
FBIN 3 

Vee 
FBOUT 

GND 6 
Vee 
1YO 

Vee 11 
1Y2 
1Y3 

GND 
Vee 
2YO 
2Y1 

GND 
Vee 
2Y2 
2Y3 21 

GND 22 
Vee 23 

GND 24 
SELO 25 
SEL1 26 
SEL2 27 
SEL3 28 

Vee 
GND 
AVee 
AGND 
AVee 
AGND 
Vee 
4YO 
4Y1 
GND 
Vee 
4Y2 
4Y3 
GND 
Vee 
3YO 
3Y1 
GND 
Vee 
3Y2 
3Y3 
GND 
Vee 
GND 
RESET 
TEST 
OE 
GND 

A dedicated feedback output (FBOUT) is used to synchronize the output clocks in frequency and phase to the 
CLKIN reference. Four banks of four outputs (1 Yn, 2Yn, 3Yn, 4Yn) are configured to operate at specified ratios 
of the input frequency by four select (SELn) inputs. Selectable ratios of the input frequency are 1 X, 2X, 3X, 1/2X, 
and 1/3X. 

PRODUCT PREVIEW Infomllllon ........ p_ln tho form.1Ivo or 
dC!, phuo 01 _apmont. Charactorllll. do1a and OIlIer 
a Helllona a .. dHlgn goaIa. T.I8.In.trum.ms ........ til. righl to 
• nga or dlaconllnue thlll prod.'" without nett ... ~ThXAS 

INSTRUMENTS 
POST OFFICE BOX 655303 • DALLAS. TEXAS 75265 

Copyright <!lJ 1996, Texas I nstruments Incorporated 

4-97 

3: w 
:; 
w 
a: 
D. 
I
U 
::l 
C o 
a: 
D. 



functional block diagram 

RESET 

VREF ~---, 

FBIN 

ClKIN 

TEST 

OE 

SElO 

SEl1 

SEl2 

SEl3 

Pll 

SELECT 
lOGIC 

CDC2587 
3.3-V PHASE-LOCK LOOP CLOCK DRIVER 

WITH 3-STATE OUTPUTS 
SCAS560B - DECEMBER 1995 - REVISED JULY 1996 

4 
1Y(O:3) 

3Y(O:3) 

4 4Y(O:3) 

5 FBOUT 
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CDC2587 
3.3-V PHASE-LOCK LOOP CLOCK DRIVER 

WITH 3-STATE OUTPUTS 
SCAS560B - DECEMBER 1995 - REVISED JULY 1996 

recommended operating conditions (see Note 4) 

MIN NOM MAX UNIT 

VCC Supply voltage 3 3.6 V 

VREF SSTl reference voltage 1.3 1.5 1.7 V 

VI Input voltage 0 5.5 V 

ClKIN, FBIN VREF+100mV 

VIH High-level input voltage ClKIN, FBIN (VREF = GND) 2 V 

Other inputs 2 

ClKIN, FBIN VREF-100mV 

Vil low-level input voltage elKIN, FBIN (VREF = GND) 0.8 V 

Other inputs 0.8 

10H High-level output current -12 rnA 

10l low-level output current 12 rnA 

TA Operating free-air temperature 0 70 °C 

NOTE 4: Unused Inputs must be held high or low to prevent them from floating. 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 3: 

PARAMETER TEST CONDITIONS MIN TYPt 

VIK Vee=3V, 11=-18mA 

VOH 
Vee = MIN to MAX:l:, 10H =-100 itA Vee-0.2 

Vee = 3 V, IOH=-12mA 2.4 

1i0l = 1 00 ItA 
VOL Vec=3V 

IIOL= 12 rnA 

Vee = 0 or MAX:l:, VI =3.6V, VREF= GND 

II I VI = Vee or GND, VREF= GND 
Vec=3.6V I VI = 2.1 V or 0.9 V, VREF= 1.5V 

10ZH Vee = 3.6 V, VO=3V 

10Zl Vee = 3.6 V, Vo=O 

Vee = 3.6 V, I VI = Vee or GND, VREF= GND 
lee 

10=0, I VI = 2.1 V or 0.9 V, VREF= 1.5V 

VI = Vee or GND, VREF= GND 3 
ei 

VI = 2.1 V or 0.9 V, VREF = 1.5 V 3 

Vo=3VorO, VREF= GND 6 
eo 

Vo=2.1 VorO.9V, VREF= 1.5 V 6 

t All tYPical values are at Vee = 3.3 V, T A = 25°e. 
:l: For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
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CDC2587 
3.3-V PHASE-LOCK LOOP CLOCK DRIVER 

WITH 3-STATE OUTPUTS 
SCAS560B - DECEMBER 1995 - REVISED JULY 1996 

PARAMETER MEASUREMENT INFORMATION 

Fr~~::~.f1 
CL=30pF I 5000 

(_NoteA) 

LOAD CIRCUIT 
CLK ----f 1.5V 

tphase error ~ ~ 

\~5-;--- 3V 

\..----ov 

I I4--fw--+l 
II ,-----._ 3 V 

2V!t'Ir--~~"t\~---- VOH 

FBIN O.8V/j 1.5V 2V I \;!!y V 

Input ~ !~~ __ O~ I I I I OL 

VOLTAGE WAVEFORMS 
PULSE DURATION 

NOTES: A. CL includes probe and jig capacitance. 

tr, ~ 14- tf -+I 14-

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

B. All input pulses are supplied by generators having the following characteristics: PR R S 150 MHz, Zo - 50 Q, tr S 2.5 ns, tf S 2.5 ns. 
C. The outputs are measured one at a time with one transition per measurement. 

Figure 1. Load Circuit and Voltage Waveforms 

Vn 

250 CLK ./ 1.5 V \ 1.5v--- 1.9V 

---" '----- 1.1 V From Output +- Measurement Point 
t_ !. N 
'l'haaeerror 1- p. ~----~ - VOH 

FBIN 11.5 V \. CL=30pF I 
(_NoteA) 

LOAD CIRCUIT 

NOTES: A. CL Includes probe and jig capacitance. 

. "--- VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

B. All Input pulses are supplied by generators having the lollowing characteristics: PRR S 150 MHz, Zo ~ 50 Q, trs 2.5 ns, tf S 2.5 ns. 
C. The outputs are measured one at a time with one transition per measurement. 
D. Vn - VREF • VCC x 0.4 

Figure 2. Load Circuit and Voltage Waveforms for SSTL_3 Class 1 
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TMS626162 
524288-WORD BY 16-BIT BY 2-BANK 

SYNCHRONOUS DYNAMIC RANDOM-ACCESS MEMORY 

• Organization ... 512K x 16 x 2 Banks 

• 3.3-V Power Supply (±10% Tolerance) 
• Two Banks for On.Chlp Interleaving 

(Gapless Accesses) 

• High Bandwidth - Up to 83·MHz Data Rates 

• Read Latency Programmable to 1, 2, or 3 
Cycles From Column·Address Entry 

• Burst Sequence Programmable to Serial or 
Interleave 

• Burst Length Programmable to 1, 2, 4, 8, or 
Full Page 

• Chip Select and Clock Enable for 
Enhanced·System Interfacing 

• Cycle-by·Cycle DQ·Bus Mask Capability 
With Upper and Lower Byte Control 

• Auto·Refresh and Self· Refresh Capability 

• 4K Refresh (Total for Both Banks) 

• Hlgh·Speed, Low·Nolse, Low·Voltage TTL 
(LVTTL) Interface 

• Power·Down Mode 
• Compatible With JEDEC Standards 

• Pipeline Architecture 
• Employs Enhanced Performance Implanted 

CMOS (EPICT,",) Technology Fabricated by 
Texas Instruments (TITM) 

• Temperature Ranges: 
Operating, O°C to 70°C 
Storage, - 55°C to 150°C 

• Performance Ranges: 
ACTV 

SYNCHRONOUS COMMAND TO REFRESH 

CLOCK CYCLE READORWRT TIME 

TIME COMMAND INTERVAL 

ICK IRCD IREF 
(MIN) (MIN) (MAX) 

'626162-12A 12 ns 30ns 64ms 
'626162-12 12 ns 30ns 64ms 
'626162-15 15 ns 30ns 64ms 

description 

The TMS626162 series of devices are high-speed 
16777216-bit synchronous dynamic random
access memories (SDRAMs) organized as two 
banks of 524288 words with sixteen bits per word. 

TI and EPIC are trademarks of Texas Instruments Incorporated. 

AO-A1O 

A11 
CAS 
CKE 
ClK 
CS 
DQO-DQ15 
DQMl,DQMU 
NC 
RAS 
VCC 
VCCQ 
VSS 
~SQ 
W 

~TEXAS 
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DGEPACKAGE 
(TOP VIEW) 

VCC 1 VSS 
DOO 2 D015 

D01 3 D014 

VSSQ 4 VSSQ 
D02 5 D013 

D03 6 D012 

VCCQ 7 VCCQ 
D04 8 D011 

005 9 D010 

VSSQ 10 VSSQ 
D06 11 D09 

D07 12 D08 

VCCQ 13 VCCQ 

DOMl 14 NC 

W 15 DOMU 

CAS 16 35 ClK 

RAS 17 34 CKE 

CS 18 33 NC 

A11 19 32 A9 

A10 20 31 AS 

AO 21 30 A7 

A1 22 A6 

A2 23 A5 

A3 24 A4 

VCC 25 VSS 

PIN NOMENCLATURE 

Address Inputs 
AO-A1O Row Addresses 
AO-A7 Column Addresses 
A 10 Automatic-Precharge Select 
Bank Select 
Column-Address Strobe 
Clock Enable 
System Clock 
Chip Select 
SDRAM Data Input/Data Output 
Data/Output Mask Enables 
No Connect 
Row-Address Strobe 
Power Supply (3.3 V Typ) 
Power Supply for Output Drivers (3.3 V Typ) 
Ground 
Ground for Output Drivers 
Write Enable 

Copyright © 1996, Texas Instruments Incorporated 
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operation (continued) 

Table 1. Basic Command Truth Tablet 

COMMAND 
STATE OF 
BANK(S) 

T = deac 
Mode register set 

B = deac 

Bank deactivate (precharge) X 

Deactivate all banks X 

Bank activate/row-address entry SB = deac 

Column-address entry /write operation SB = actv 

Column-address entry /write operation 
SB = actv with auto-deactivate 

Column-address entry/read operation SB = actv 

Column-address entry/read operation 
SB = actv with auto-deactivate 

Burst stop SB = actv 

No operation X 

Control-input inhibit/ no operation X 

Auto refresh; 
T = deac 
B = deac 

t For execution of these commands on cycle n: 
- CKE (n-l) must be high. or 
- tCESP must be satisfied for power-down exit, or 

CS 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

H 

L 

- tCESP and tRC must be satisfied for self-refresh exit, or 
- tCES and nCLE must be satisfied for clock-suspend exit. 

DQMx(n) is a don't care. 

RAS CAS iii 

L L L 

L H L 

L H L 

L H H 

H L L 

H L L 

H L H 

H L H 

H H L 

H H H 

X X X 

L L H 

A11 Al0 A9-AO 

A9=V 
X X AS-A7 = 0 

AS-AO =V 

BS L X 

X H X 

BS V V 

BS L V 

BS H V 

BS L V 

BS H V 

X X X 

X X X 

X X X 

X X X 

; Auto-refresh or self-refresh entry requires that all banks be deactivated or in an idle state prior to the command entry. 
Legend: 

n CLK cycle number 
L Logic low 
H Logic high 
X Don't care, either logic low or logic high 
V Valid 
T BankT 
B Bank B 
actv Activated 
deac Deactivated 
BS Logic high to select bank T; logic low to select bank 8 
S8 = Bank selected by A 11 at cycle n 

~1EXAS 
INSTRUMENTS 
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MNEMONIC 

MRS 

DEAC 

DCAB 

ACTV 

WRT 

WRT-P 

READ 

READ-P 

STOP 

NOOP 

DESL 

REFR 
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operation (continued) 

Table 3. DQM·Use Command Truth Tablet 

COMMAND 
STATE OF 
BANK(S) 

T. deac 
- and 

B - deac 

T. actv 
and - B. actv 

(no access operation)§ 

T-write 
Data-in enable or 

B.write 

T.write 
Data-in mask or 

B - write 
T _ read 

Data-out enable or 
B. read 

T - read 
Data-out mask or 

B. read 

t For execution of these commands on cycle n: 
- CKE (n) must be high, or 
- tCESP must be satisfied for power-down exit, or 
- tCESP and tRC must be satisfied for seH-refresh exit, or 

_ - tc.es.. and .!!Ql.E m~t be satisfied for clock suspend exit. 
CS(n), RAS(n), CAS(n), WIn), and AO-A11 are don't cares. 

; DOML controls 00-07 and 00-07 
DOMU controls 08 -0 15 and 08-015 

DQML DATA IN DQMU; 
(n) 

(n) 

X N/A 

X NlA 

L V 

I 

H M 

L N/A 

H N/A 

DATA OUT 
(n +2) MNEMONIC 

Hi-Z -

HI-Z -

N/A ENBL 

N/A MASK 

V ENBL 

Hi-Z MASK 

§ A bank is no longer in an access operation one cycle after the lest data-out cycle of a read operation, and two cycles after the last data-in cycle 
of a write operation. Neither the POE nor the HOLD command is allowed on the cycle immediately following the last data-in cycle of a write 
operation. 

Legend: 
n - CLK cycle number 
L _ Logiclow 
H - Logic high 
X - Don't care, either logic low or logic high 
V _ Valid 

M - Masked input data 
NlA - Not applicable 
T • BankT 
B _ BankB 
actv = Activated 
deac - Deactivated 
write - Activated and accepting data in on cycle n 
read • Activated and delivering data out on cycle (n + 2) 

~1ExAs 
INSTRUMENTS 
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burst sequence (continued) 

START 2ND 3RD 

0 1 2 

1 2 3 

2 3 4 

3 4 5 
Serial 

4 5 6 

5 6 7 

6 7 0 

7 0 1 

0 1 2 

1 0 3 

2 3 0 

3 2 1 
Interleave 

4 5 6 

5 4 7 

6 7 4 

7 6 5 

latency 

TMS626162 
524288·WORD BY 16·BIT BY 2·BANK 

SYNCHRONOUS DYNAMIC RANDOM·ACCESS MEMORY 
SMOS683D - FEBRUARY 1995 - REVISED JULY 1996 

Table 6. 8-Blt Burst Sequences 

INTERNAL COLUMN ADDRESS A2-AO 

DECIMAL BINARY 

4TH 5TH 6TH 7TH 8TH START 2ND 3RD 4TH 5TH 6TH 7TH 8TH 

3 4 5 6 7 000 001 010 011 100 101 110 111 

4 5 6 7 0 001 010 011 100 101 110 111 000 

5 6 7 0 1 010 011 100 101 110 111 000 001 

6 7 0 1 2 011 100 101 110 111 000 001 010 

7 0 1 2 3 100 101 110 111 000 001 010 011 

0 1 2 3 4 • 101 110 111 000 001 010 011 100 

1 2 3 4 5 110 111 000 001 010 011 100 101 

2 3 4 5 6 111 000 001 010 011 100 101 110 

3 4 5 6 7 000 001 010 011 100 101 110 111 

2 5 4 7 6 001 000 011 010 101 100 111 110 

1 6 7 4 5 010 011 000 001 110 111 100 101 

0 7 6 5 4 011 010 001 000 111 110 101 100 

7 0 1 2 3 100 101 110 111 000 001 010 011 

6 1 0 3 2 101 100 111 110 001 000 011 010 

5 2 3 0 1 110 111 100 101 010 011 000 001 

4 3 2 1 0 111 110 101 100 011 010 001 000 

The beginning data-out cycle of a read burst can be programmed to occur 1, 2, or 3 ClK cycles after the read 
command (see the section on setting the mode register, page 5-11). This feature allows the user to adjust the 
'626162 to operate in accordance with the system's capability to latch the data output from the '626162. The 
delay between the READ command and the beginning of the output burst is known as read latency (also known 
as CAS latency). After the initial output cycle begins, the data burst occurs at the ClK frequency without any 
intervening gaps. Use of minimum read latencies is restricted based on the particular maximum frequency rating 
of the '626162. 

There is no latency for data-in cycles (write latency). The first data-in cycle of a write burst is entered at the same 
rising edge of ClK on which the WRT command is entered. The write latency is fixed and is not determined by 
the mode-register contents. 

two-bank operation 

The '626162 contains two independent banks that can be accessed individually or in an interleaved fashion. 
Each bank must be activated with a row address before it can be accessed. Each bank then must be deactivated 
before it can be activated again with a new row address. The bank-activate/row-address-entry command 
(ACTV) is entered by holding RAS low, CAS high, W high, and A 11 valid on the rising edge of ClK. A bank can 
be deactivated either automatically during a READ-P or a WRT-P command or by use of the deactivate-bank 
(DEAC) command. Both banks can be deactivated at once by use of the DCAB command (see Table 1 and the 
section on bank deactivation, page 5-10). 

-!lJTEXAS 
INSTRUMENTS 
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CLK·suspend/power-down mode 

For normal device operation, CKE should be held high to enable CLK. If CKE goes low during the execution 
of a READ (READ-P) or WRT (WRT-P) operation, the state of the DO bus occurring at the immediate next rising 
edge of CLK is frozen at its current state, and no further inputs are accepted until CKE returns high. This is known 
as a CLK-suspend operation, and its execution is denoted as a HOLD command. The device resumes operation 
from the point at which it was placed in suspension, beginning with the second rising edge of CLK after CKE 
returns high. 

If CKE is brought low when no read or write command is in progress, the device enters power-down mode. If 
both banks are deactivated when power-clown mode is entered, power consumption is reduced to the minimum. 
Power-clown mode can be used during row-active or auto-refresh periods to reduce input-buffer power. After 
power-down mode is entered, no further inputs are accepted until CKE returns high. To ensure that data in the 
device remains valid during the power-down mode, the self-refresh command (SLFR) must be executed 
concurrently with the power-down entry (POE) command. When exiting power-down mode, new commands 
can be entered on the first CLK edge after CKE returns high, provided that the setup time (tCESP) is satisfied. 
Table 2 shows the command configuration for a CLK-suspend/power-down operation; Figure 19, Figure 20, 
and Figure 38 show examples of the procedure. 

setting the mode register 

The '626162 contains a mode register that must be programmed with the read latency, the burst type, and the 
burst length. This is accomplished by executing a mode-register set (MRS) command with the information 
entered on the address lines AO-A9. A logiC 0 must be entered on A7 and A8, but A 10 and A 11 are don't-care 
entries for the '626162. When A9 = 1, the write-burst length is always 1. When A9 = 0, the write-burst length 
is defined by AO-A2. Figure 1 shows the valid combinations for a successful MRS command. Only valid 
addresses allow the mode register to be changed. If the addresses are not valid, the previous contents of the 
mode register remain unaffected. The MRS command is executed by holding RAS, CAS, and W low and the 
input mode word valid on AO-A9 on the rising edge of CLK (see Table 1). The MRS command can be executed 
only when both banks are deactivated. 

I A11 I A1D I A9 I AS I A7 AS A5 A4 A3 A2 A1 AD 

REGISTER Write Burst 
BITA9 Length 

0 A2-AO 

1 1 

REGISTER 
BITSt READ 

LATENCY:!: 
A6 A5 A4 

0 0 1 1 
0 1 0 2 
0 1 1 3 

D = Serial 
1 = Interleave 

(burst type) 

REGISTER 
BITS§ 

A2 A1 AD 

0 0 0 
0 0 1 
0 1 0 
0 1 1 
1 1 1 

BURST LENGTH 

1 
2 
4 
8 

256 

t All other combinations are 
reserved. 

§ All other combinations are reserved. 

:j; Refer to timing requirements for 
minimum valid read latencies 
based on maximum frequency 
rating. 

Figure 1. Mode-Register Programming 

-!I1TEXAS 
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INTERRUPTING 
COMMAND 

READ. READ-P 

WRT. WRT-P 

DEAC.DCAB 

STOP 

TMS626162 
524288-WORD BY 16-BIT BY 2·BANK 

SYNCHRONOUS DYNAMIC RANDOM·ACCESS MEMORY 
SMOS683D - FEBRUARY 1995 - REVISED JULY 1996 

Table 7. Read-Burst Interruption 

EFFECT OR NOTE ON USE DURING READ BURST 

Current output cycles continue until the programmed latency from the superseding-READ (READ-P) command is met 
and new output cycles begin (see Figure 2). 

The WRT (WRT-P) command immediately supersedes the read burst in progress. To avoid data contention. DOMx must 
be held high before the WRT (WRT-P) command to mask output of the read burst on cycles (nCCO-1). nCCO. and 
(nCCD+1). assuming that there is any output on these cycles. For read latency. 1. read burst interruption by a WRT 
(WRT-P) command is not allowed at nCCD - 1. 2 (see Figure 3). 

The DO bus is in the high-impedance state when nHZP cycles are satisfied or when the read burst completes. whichever 
occurs first (see Figure 4). 

The DO bus is in the high-impedance state when nBSD cycles are satisfied or when the read burst completes. whichever 
occurs first. The bank remains active. A new read or write command cannot be entered for at least two cycles after the 
STOP command (see Figure 5). 

~TEXAS 
INSTRUMENTS 
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; 

interrupted bursts (continued) 

I+-- nCCD = Two Cycles --+I!oIII41-------- nHZP ______ -.. 
I I 

I 
CLK 

I I 
1 Interr~ptlng 

READ Command DEAC/DCAB 
I Command I I 
I 1 

DQ I 1 

< Q X Q > 
NOTE A: For this example, assume read latency = 3 and burst length = 4. 

Figure 4. Read Burst Interrupted by DEAC Command 

I4--nCCD = Two Cycles .1 
1 14 nBSD 

I 1 
CLK 

1 1 
1 1 
1 I 1 

READ Command Interrupting NEW Command 
I STOP Command I 

1 I 

> 
I 

DQ I I 

< Q I 

NOTE A: For this example, assume read latency = 3 and burst length = 4. 

Figure 5. Read Burst Interrupt by STOP Command 

Table 8. Write-Burst Interruption 

INTERRUPTING 
EFFECT OR NOTE ON USE DURING WRITE BURST 

COMMAND 

READ, READ-P Data in on previous cycle is written. No further data in is accepted (see Figure 6). 

WRT, WRT-P 
The new WRT (WRT-P) command and data in immediately supersede the write burst in progress 
(see Figure 7). 

The DEAC/DCAB command immediately supersedes the write burst in progress. DQMx must be used to 
DEAC,DCAB 

STOP 

mask the DQ bus such that the write recovery specification (tRwLl is not violated by the 
interrupt (see Figure 8). 

The data on the input pins at the time of the burst-STOP command is not written; no further data is accepted. 
The bank remains active. A new read or write command cannot be entered for at least nBSD cycles after the 
STOP command (see Figure 9). 

~TEXAS 
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interrupted bursts (continued) 

ClK 

OQ 

OQMx 

14---- nCCO = Three Cycles ---~ 

I I 
WRT Command I 

I I 
I I 

I 
Interrupting 

OEACorOCAB 
Commend 

---« .... --,..i --JX~_ir----'X Ignored X Ign~red )-,...-----
i4-~--- tRWl ----.r~ 

~~~~~----~:--~/ 
NOTE A: For this example, assume burst length - 4. 

Figure 8. Write Burst Interrupted by DEAC/DCAB Command 

14--nCCO = Two Cycles----+! 
I ~14------

I 
ClK 

I 
Interrupting 

I 
WRT Command New CO,mmand 

I STOP C~mmand I 
I I I 

OQ 0 X 0 X Ignored X Ignored X X ~_-JX __ _ 
NOTE A: For this example, assume burst length = 4. 

Figure 9. Write Burst Interrupted by STOP Command 

power up 

Device initialization should be performed after a power up to the full Vee level. After power is established, a 
200-j1S interval is required (with no inputs other than elK). After this interval, both banks of the device must be 
deactivated. Eight REFR commands must be performed, and the mode register must be set to complete the 
device initialization. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 
Supply voltage range, Vee ........................................................ - 0.5 V to 4.6 V 
Supply voltage range for output drivers, Veca ....................................... - 0.5 V to 4.6 V 
Voltage range on any pin (see Note 1) .............................................. - 0.5 V to 4.6 V 
Short-circuit output current ................................................................ 50 mA 
Power dissipation ..................................................................•....... 1 W 
Operating free-air temperature range, T A .............................................. ooe to 70°C 
Storage temperature range, T5t9 .................................................. - 55°C to 150°C 

t Stresses beyond those listed under"absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions· is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: All voltage values are with respect to VSS. 

-!11 TEXAS 
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~ 

!I' i~ 
ill 
I 
£ 

Y: 
CD 

electrical characteristics over recommended ranges of supply voltage and free-air temperature (unless otherwise noted) 
(see Note 2) 

'626162-12A '626162-12 '626162-15 
PARAMETER TEST CONDITIONS UNIT 

MIN MAX MIN MAX MIN MAX 

High-level 

VOH output IOH=-2mA 2.4 2.4 2.4 V 
voltage 

Low-level 
VOL output IOL=2mA 0.4 0.4 0.4 V 

voltage 

II 
Input current 

OV~VI ~VCC+ 0.3 V, All other pins = 0 V to V CC ±10 ±10 ±10 !iA (leakage) 

Output 
10 current OV~VO~VCC+ 0.3 V, Output disabled ±10 ±10 ±10 !iA 

(leakage) 

Burst length = 1 or 2 90 90 80 
Average 1 bank active 

tRC = MIN, tCK=MIN, Burst length = 4 or 8 115 115 100 
ICCl read or write mA 

current 
Read latency = 3 2 banks active, Burst length = 1 or 2 150 150 120 

inter1eaving Burst length = 4 or 8 190 190 150 

CKE=VIH 25 25 20 

Both banks deactivated CKE=VIL 2 2 2 mA 

ICC2 
Standby CKE = 0 V (CMOS) 
current 

1 1 1 

CKE=VIH 30 30 25 
1 or 2 banks active mA 

CKE=VIL 8 8 8 

Consecutive 

ICC3 CBR tRC=MIN 90 90 80 mA 
commands 

Burst Read latency = 1 80 80 70 

ICC4 
current, ACTV not allowed, tCK = MIN, 

Read latency = 2 140 120 110 mA 
gapless 2-bank interleaved 
burst Read latency = 3 160 160 140 

Self-refresh CKE=VIL 2 2 2 
ICC6 mA 

current CKE = 0 V (CMOS) 1 1 1 

NOTES: 2. All specifications apply to the device after power-up inttialization. All control and address inputs must be stable and valid. 
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ac timing requirements over recommended ranges of supply voltage and operating free-air 
temperaturet:t: 

'626162-12A '626162-12 '626162-15 

MIN MAX MIN MAX MIN MAX 
UNIT 

Read latency = 1 36 36 40 

tCK Cycle time, ClK (system clock) Read latency = 2 15 18 20 ns 

Read latency = 3 12 12 15 

tCKH Pulse duration, ClK (system clock) high 4 4 4 ns 

tCKl Pulse duration, ClK (system clock) low 4 4 4 ns 

Read latency = 1 31 31 35 

tAC 
Access time, ClK T to data out (see Note 

Read latency = 2 9 13 15 ns 
4) 

Read latency = 3 9 9 9 

tLZ Delay time, ClK to DO in the low-impedance state (see Note 5) 0 0 0 ns 

Delay time, ClK to DO in the Read latency = 1 20 20 20 

tHZ high-impedance state Read latency = 2 13 13 14 ns 
(see Note 6) Read latency = 3 10 10 11 

tDS Setup time, data input 3 3 3 ns 

tAS Setup time, address 3 3 3 ns 

tcs Setup time, control input (CS, RAS, CAS, W, DOMx) 3 3 3 ns 

tCES Setup time, CKE (suspend entry/exit, power-down entry) 3 3 3 ns 

tCESP Setup time, CKE (power-down/self-refresh exit) (see Note 7) 10 10 10 ns 

toH Hold time, ClK i to data out 3 3 3 ns 

tDH Hold time, data input 1 1.5 1.5 ns 

tAH Hold time, address 1 1.5 1.5 ns 

tCH Hold time, control input (CS, RAS, CAS, W, DOMx) 1 1.5 1.5 ns 

tCEH Hold time, CKE 1 1.5 1.5 ns 

REFR command to ACTV, MRS, REFR, or SlFR command; 

tRC ACTV command to ACTV, MRS, REFR, or SlFR command; 96 108 120 ns 
Self-refresh exil to ACTV, MRS, REFR, or SlFR command 

tRAS ACTV command to DEAC or DCAB command 60 100000 72 100000 75 100000 ns 

tRCD 
ACTV command to READ or WRT 

30 30 30 
command (see Note 8) 

ns 

tRP 
DEAC or DCAB command to ACTV, MRS, SlFR, or REFR 

36 36 45 ns 
command 

t See Parameter Measurement Information, page 5-24, for load circuits. 
=!: All references are made to the rising transition of ClK, unless otherwise noted. 
NOTES: 4. tAC is referenced from the rising transition of ClK that is previous to the data-out cycle. For example, the first data out tAC is 

referenced from the rising transition of ClK that is read latency - one cycle after the READ command. An access time is measured 
at output reference level 1.4 V. 

5. tLZ is measured from the rising transition of ClK that is read latency - one cycle after the READ command. 
6. tHZ (max) defines the time at which the outputs are no longer driven and is not referenced to output voltage levels. 
7. See Figure 20 and Figure 21 
8. For read or write operations with automatic deactivate, tRCD must be set to satisfy minimum tRAS. 
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Table 9. Number of Cycles Required to Meet Minimum Specification for Key Timing Parameters~ 

TMS826802·12A TMS626802·12 TMS626802·15 UNITS 

Operating frequency 83 66 50 83 66 50 66 50 33 MHz 

tCK Cycle time, ClK (system clock) 12 15 20 12 15 20 15 20 30 ns 

KEY PARAMETER NUMBER OF CYCLES REQUIRED 

Read latency, minimum programmed value 3 2 2 3 3 2 3 2 2 cycles 

tRCD ACTV command to READ or WRT command 3 2 2 3 2 2 2 2 1 cycles 

tRAS ACTV command to DEAC or DCAB command 5 4 3 6 5 4 5 4 3 cycles 

tRP 
DEAC or DCAB command to ACTV, MRS, SlFR, or REFR 

3 3 2 3 3 2 3 3 2 cycles 
command 

tRC 
REFR command to ACTV, MRS, or REFR command; 

8 7 5 9 8 6 8 6 4 cycles 
self-refresh exit to ACTV, MRS, SlFR, or REFR command 

tRWl Final data in to DEAC or DCAB command 2 2 1 3 2 1 2 2 1 cycles 

tRRD 
ACTV command for one bank to ACTV command for the 

2 2 2 2 2 2 2 2 1 cycles 
other bank 

Final data out of Read latency = 1 - - - - - - - - - cycles 
READ-P operation 

tAPR to ACTV, MRS, Read latency = 2 - 2 1 - , - 1 - 2 1 cycles 
SlFR, or REFR 
command Read latency. 3 1 1 0 1 1 0 1 1 0 cycles 

tAPW 
Final data in of WRT-P operation to ACTV, MRS, SlFR, or 

5 4 3 5 4 3 5 4 3 cycles 
REFR command 

t All references are made to the rising transition of ClK, unless otherwise noted. 
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PARAMETER MEASUREMENT INFORMATION 

rill Read Latency ~ 

I I 
I I 

CLK--f'y~~~ 
AeTV R~AD tAC 14 ~ I I 

Command Command I I I tHZ __ ~-.-t~ 
, , tLZ ~ I I I 
I I I I IHt- toH I 

DQ~~~?-----,~ ~ 
Figure 12. Output Parameters 

~r------0-
READ, WRT ~ nCCD ~ READ, READ-P, WRT, WRT-P, DEAC, DCAB 

DESL 14 nCDD ~ Command Dlaable 

ACTV ~ tRAS ~ DEAC, DCAB 

ACTV, REFR, SELF-REFRESH EXIT ~ tRC ~ ACTV, MRS, REFR, SLFR 

ACTV 14 tRCD ~ READ, READ-P, WRT, WRT-P 
I I 

DEAC, DCAB 14 tRP ~ ACTV, MRS, REFR, SLFR 

ACTV ~ tRRD ~ ACTV (different bank) 

MRS ~ nRSA ~ ACTV, MRS 
I I 

Figure 13. Command-to-Command Parameters 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 1443 • HOUSTON, TEXAS n251-1443 5-25 



CLK 

DQ 

DQMx 

CLK 
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PARAMETER MEASUREMENT INFORMATION 

nCWL~I---~ 

WRT 
Command 

I 
I 

WRT-P ACTV, MRS, 
Command REFR, or SLFR 

I Command 

DQ ---< D X I I 

D )~--------~I------
Figure 17. Write With Auto-Deactivate 

~ r-- tRWL --1 
I I 

I I I I I 
I WRT DEACor I 

READ I Command DCAB I 
Command I I I C0"lmand I 

~ 
I 

X 19+ed X 19nired ~d I ( ) ( D 
I I 
I I I I I I 
I ENBL MASK MASK MASK ENBL MASK MASK I 
I Command Command Command Command Command Command Command I I I I 

~ I I 
I I I 

\ I ~ I 

NOTE A: For this example, assume read latency - 3, and burst length = 4. 

Figure 18. DQ Masking 
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524288-WORD BY 16-BIT BY 2·BANK 

SYNCHRONOUS DYNAMIC RANDOM-ACCESS MEMORY 
SMOS683D - FEBRUARY 1995 - REVISED JULY 1996 
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I I Command I 
I I Only If tcESP I 
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Last I ~ But Must Ba ---.I I I 
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REAO I Before CKE I Exit Power-Down 
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Operation Power-Down I Command) 

I i \ Mode I I i 
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I . r tcESP--+j 
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Figure 20. Power·Down Operation 
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z CKE W 
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TYPE BURST CYClEt 

(D/Q) (BIT) ADDR a bed 

Q T RO co CO+1 CO+2 CO+3 

t Column-address sequence depends on programmed burst type and starting column address CO (see Table 5). 
NOTE A: This example illustrates minimum tRCD and nEP for the '626162-12 at 63 MHz. 

Figure 22. Read Burst (read latency = 3, burst length = 4) 
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t Column-address sequence depends on programmed burst type and starting column address CO and Cl (see Table 4). 
NOTE A: This example illustrates minimum IRCD and nEP for the '626162-12 at 83 MHz. 

Figure 24. Write-Read Burst (read latency = 3, burst length = 2) 
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(D/Q) (BIT) ADDR a b c d e f 9 h I 

Q T RO CO CO+1 CO+2 CO+3 CO+4 CO+5 CO+6 CO+7 
D T RO C1 

t Column-address sequence depends on programmed burst type and starting column address CO and C1 (see Table 6). 
NOTE A: This example illustrates minimum tRCD for the '626162-12 at 83 MHz. 

Figure 26. Read Burst - Single Write With Automatic Deactivate (read latency = 3, burst length = 8) 
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t Column-address sequence depends on programmed burst type and starting column address CO, C1, and C2 (see Table 6). 
NOTE A: This example illustrates minimum tRCD for the '626162-12 at 83 MHz. 
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C2 C2+1 C2+2 . 

Figure 28. Two-Bank Row-Interleaving Read Bursts With Automatic Deactivate (read latency = 3, burst length = 8) 
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t Column-address sequence depends on programmed burst type and starting column address CO and C1. (Refer to Table 5.) 
NOTE A: This example illustrates minimum IRCD, nEPo and tRWl for the '626162-12 at 83 MHz. 

Figure 30. Read-Burst Bank B, Write-Burst Bank T (read latency = 3, burst length = 4) 
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t Cclumn-address sequence depends on programmed burst type and starting column address CO and C1 (see Table 5). 
NOTE A: This example illustrates minimum IRCD for the '626162-12 at 83 MHz. 

Figure 32. Data Mask (read latency = 3, burst length = 4) 
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t Column-address sequence depends on programmed burst type and starting column address CO and Cl (see Table 5). 
NOTE A: This example illustrates minimum tRCO and nEP read burst, and a minimum tRWl wr~e burst for the '626162-12 at 83 MHz 

Figure 34. Data Mask With Byte Control (read latency = 3, burst length = 4) 
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t Column-address sequence depends on programmed burst type and starting column address CO (see 5). 
NOTE A: This example illustrates minimuim tRC, tRCD, and nEP for the '626162-12 at 83 MHz. 

Figure 36. Refresh Cycles (read latency = 3, burst length = 4) 
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t Column-address sequence depends on programmed burst type and starting column address CO and C1 (see 5). 

Figure 38. eLK Suspend (HOLD) During Read Burst and Write Burst (read Latency = 3, burst length = 4) 
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TMS626162 
524288-WORD BY 16-BIT BY 2·BANK 

SYNCHRONOUS DYNAMIC RANDOM·ACCESS MEMORY 
SMOS683D - FEBRUARY 1995 - REVISED JULY 1996 

-§p 
Speed Code (-12A, -12, -15) 

TMS626162 ~ 
Package Code 
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Aasembly Site Code 

Lot Traceability Code 

Month Code 

YeerCode 

Ole Revlalon Code 

Wafer Fab Code 
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TMS626812 
1 048576-WORD BY 8-BIT BY 2-BANK 

SYNCHRONOUS DYNAMIC RANDOM-ACCESS MEMORY 

• Organization •.. 1 M x a x 2 Banks 
• 3.3-V Power Supply (±10% Tolerance) 
• Two Banks for On-Chip Interleaving 

(Gapless Accesses) 

• High Bandwidth - Up to a3-MHz Data Rates 
• Read Latency Programmable to 1, 2, or 3 

Cycles From Column-Address Entry 

• Burst Sequence Programmable to Serial or 
Interleave 

• Burst Length Programmable to 1, 2, 4, or a 
• Chip Select and Clock Enable for 

Enhanced-System Interfacing 

• Cycle-by-Cycle DQ-Bus Mask Capability 
• Auto-Refresh and Self-Refresh Capability 
• 4K Refresh (Total for Both Banks) 
• High-Speed, Low-Noise Low-Voltage TTL 

(LVTTL) Interface 

• Power-Down Mode 
• Compatible With JEDEC Standards 

• Pipeline Architecture 
• Employs Enhanced Performance Implanted 

CMOS (EPICTM) Technology Fabricated by 
Texas Instruments (TITM) 

• Temperature Ranges 
Operating, O°C to 70°C 
Storage, -55°C to 150°C 

• Performance Ranges: 
ACTV 

SYNCHRONOUS COMMAND TO 

CLOCK CYCLE READ OR WRITE 

TIME COMMAND 

ICK IRCD 
(MIN) (MIN) 

'626812-12A 12 ns 30ns 
'626812-12 12 ns 30ns 
'626812-15 15 ns 30ns 

description 

REFRESH 

TIME 

INTERVAL 

IREF 
(MAX) 
64ms 
64ms 
64ms 

The TMS626812 series of devices are high-speed 
16777216-bit synchronous dynamic random
access memories (SDRAMs) organized as two 
banks of 1 048576 words with eight bits per word. 

All inputs and outputs of the TMS626812 series 
are compatible with the LVTTL interface. 

EPIC and TI are trademarks of Texas Instruments Incorporated. 

AO-A10 

All 
CAS 
CKE 
ClK 
CS 
DQO-DQ? 
DQM 
NC 
RAS 
VCC 
VCCQ 
VSS 
~SQ 
W 

~TEXAS 
INSTRUMENTS 

SMOS687-

DGEPACKAGE 
(TOP VIEW) 

VCC VSS 

DOO DO? 

VSSQ VSSQ 
DOl D06 

VCCQ VCCQ 
D02 6 D05 

VSSQ VSSQ 
D03 D04 

VCCQ VCCQ 
NC NC 

NC NC 

W DOM 

CAS ClK 

RAS CKE 

CS, NC 

All A9 

Al0 AS 

AO A? 

Al A6 

A2 A5 

A3 A4 

VCC VSS 

PIN NOMENCLATURE 

Address Inputs 
AD-Al0 Row Addresses 
AO-A8 Column Addresses 
A 10 Automatic-Precharge Select 
Bank Select 
Column-Address Strobe 
Clock Enable 
System Clock 
Chip Select 
SDRAM Data Input/ Data Output 
Data/Output Mask Enable 
No External Connect 
Row-Address Strobe 
Power Supply (3.3 V Typ) 

:Y1996 

Power Supply for Output Drivers (3.3 V Typ) 
Ground 
Ground for Output Drivers 
Write Enable 

Copyrighl ~ 1996, Texas Instruments Incorporated 
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TMS626812 
1 048576-WORD BY 8·BIT BY 2·BANK 

SYNCHRONOUS DYNAMIC RANDOM·ACCESS MEMORY 
SMOS687 -JULY 1996 

operation (continued) 

Table 1. Basic-Command Truth Tablet 

COMMAND 
STATE OF 
BANK(S) 

T - deac Mode register set 
B - deac 

Bank deactivate (precharge) X 

Deactivate all banks X 

Bank activate I row-address entry SB = deac 

Column-address entry Iwrite operation SB - actv 

Column-address entry Iwrite operation 
SB = actv with automatic deactivate 

Column-address entry I read operation SB - actv 

Column-address entry I read operation 
SB = actv with automatic deactivate 

Burst stop SB = actv 

No operation X 

Control-input inhibit I no operation X 

Auto-refresh:!: 
T=deac 
B = deae 

t For exceptIOn of these commands on cycle n: 
- CKE(n-1) must be high, or 
- tCESP must be satisfied for power-down exit, or 

CS 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

H 

L 

- tCESP and tRC must be satisfied for self-refresh exit, or 
- tCES and nCLE must be satisfied for clock-suspend exit. 
DOM(n) is a don't care. 

RAS CAS Vi 

L L L 

L H L 

L H L 

L H H 

H L l 

H l l 

H L H 

H L H 

H H L 

H H H 

X X X 

l l H 

A11 A10 A9-AO 

A9-V 
X X AS-A7 = 0 

A6-AO=V 

BS L X 

X H X 

BS V V 

BS L V 

BS H V 

BS L V 

BS H V 

X X X 

X X X 

X X X 

X X X 

:!: Auto-refresh or self-refresh entry requires that all banks be deactivated or in an idle state prior to the command entry. 
legend: 

n ClK cycle number 
L Logic low 
H = Logic high 
X Don't care, either logic low or logic high 
V Valid 
T BankT 
B = BankB 
actv = Activated 
deac Deactivated 
BS Logic high to select bank T; logic low to select bank B 
SB Bank selected by A 11 at cycle n 

-!!1 TEXAS 
INSTRUMENTS 

POST OFFICE BOX 1443 • HOUSTON, TEXAS 77251-1443 
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DCAB 
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TMS626812 
1 048576-WORD BY 8-BIT BY 2-BANK 

SYNCHRONOUS DYNAMIC RANDOM-ACCESS MEMORY 

operation (continued) 

Table 3. DQM-Use Command Truth Tablet 

COMMAND STATE OF BANK(S) 

T - deac 
- and 

B = deac 

T = actv 
and - B. actv 

(no access operation)* 

T. wrne 
Data-in enable or 

B-write 

T-wrtte 
Data-in mask or 

B.write 

T _ read 
Data-out enable or 

B = read 

T = read 
Data-out mask or 

B = read 

t For exception of these commands on cycle n: 
- CKE(n-1) must be high, or 
- tCESP must be satisfied for power-down exit, or 
- tCESP and tRC must be satisfied for self-refresh exit, or 
-=-tcE~ nCl.f.!I:lust ~ satisfied for clock-suspend extt. 

DQM 
(n) 

X 

X 

l 

H 

l 

H 

CS(n), RAS(n), CAS(n), WIn), and AO-A11(n) are don't cares 

DATA IN DATA OUT 
(n) (n+2) 

N/A Hi-Z 

N/A Hi-Z 

V N/A 

M N/A 

N/A V 

N/A Hi-Z 

SMOS687 - JULY 1996 

MNEMONIC 

-

-

ENBl 

MASK 

ENBl 

MASK 

* A bank is no longer in an access operation one cycle after the last data-out cycle of a read operation, and two cycles after the last data-in cycle 
of a write operation. Neither the POE nor the HOLD command is allowed on the cycle immediately following the last data-in cycle of a write 
operation. 

legend: 
n ClK cycle number 
l = logiclow 
H = logic high 
X • Don't care, either logic low or logic high 
V = Valid 
M • Masked input data 
N/A Not applicable 
T = BankT 
B = BankB 
actv = Activated 
deac Deactivated 
write = Activated and accepting data in on cycle n 
read - Activated and delivering data out on cycle (n + 2) 

~1ExAs 
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burst sequence (continued) 

START 2ND 3RD 

0 1 2 

1 2 3 

2 3 4 

3 4 5 
Serial 

4 5 6 

5 6 7 

6 7 0 

7 0 1 

0 1 2 

1 0 3 

2 3 0 

Interleave 
3 2 1 

4 5 6 

5 4 7 

6 7 4 

7 6 5 

latency 

TMS626812 
1 048576-WORD BY 8-BIT BY 2·BANK 

SYNCHRONOUS DYNAMIC RANDOM·ACCESS MEMORY 
SMOS687-JULY 1996 

Table 6. 8-Blt Burst Sequences 

INTERNAL COLUMN ADDRESS A2-AO 

DECIMAL BINARY 

4TH 5TH 8TH 7TH 8TH START 2ND 3RD 4TH 5TH 6TH 7TH 6TH 

3 4 5 6 7 000 001 010 011 100 101 110 111 

4 5 6 7 0 001 010 011 100 101 110 111 000 

5 6 7 0 1 010 011 100 101 110 111 000 001 

6 7 0 1 2 011 100 101 110 111 000 001 010 

7 0 1 2 3 100 101 110 111 000 001 010 011 

0 1 2 3 4 101 110 111 000 001 010 011 100 

1 2 3 4 5 110 111 000 001 010 011 100 101 

2 3 4 5 6 111 000 001 010 011 100 101 110 

3 4 5 6 7 000 001 010 011 100 101 110 111 

2 5 4 7 6 001 000 011 010 101 100 111 110 

1 6 -7 4 5 010 011 000 001 110 111 100 101 

0 7 6 5 4 011 010 001 000 111 110 101 100 

7 0 1 2 3 100 101 110 111 000 001 010 011 

6 1 0 3 2 101 100 111 110 001 000 011 010 

5 2 3 0 1 110 111 100 101 010 011 000 001 

4 3 2 1 0 111 110 101 100 011 010 001 000 

The beginning data-out cycle of a read burst can be programmed to occur 1, 2, or 3 ClK cycles after the read 
command (see the section on setting the mode register, page 5-59). This feature allows the user to adjust the 
'626812 to operate in accordance with the system's capability to latch the data output from the '626812. The 
delay between the READ command and the beginning of the output burst is known as read latency (also known 
as CAS latency). After the initial output cycle begins, the data burst occurs at the ClK frequency without any 
intervening gaps. Use of minimum read latencies is restricted based on the particular maximum frequency rating 
of the '626812. 

There is no latency for data-in cycles (write latency). The first data-in cycle of a write burst is entered at the same 
rising edge of ClK on which the WRT command is entered. The write latency is fixed and is not determined by 
the mode-register contents. 

two-bank operation 

The '626812 contains two independent banks that can be accessed individually or in an interleaved fashion. 
Each bank must be activated with a row address before it can be accessed. Each bank must then be deactivated 
before it can be activated again with a new row address. The bank-activate/row-address-entry command 
(ACTV) is entered by holding RAS low, CAS high, W high, and A 11 valid on the rising edge of ClK. A bank can 
be deactivated either automatically during a READ-P or a WRT-P command or by use of the deactivate-bank 
(DEAC) command. Both banks can be deactivated at once by use of the DCAB command (see Table 1 and the 
section on bank deactivation description, page 5-58). 

~TEXAS 
INSTRUMENTS 
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elK suspend/power-down mode (continued) 

as a ClK-suspend operation, and its execution is denoted as a HOLD com mand. The device resumes operation 
from the point at which it was placed in suspension, beginning with the second rising edge of ClK after CKE 
returns high. 

If CKE is brought low when no read or write command is in progress, the device enters power-down mode. If 
both banks are deactivated when power-<lown mode is entered, power consumption is reduced to the minimum. 
Power-<lown mode can be used during row-active or auto-refresh periods to reduce input buffer power. After 
power-<lown mode is entered, no further inputs are accepted until CKE returns high. To ensure that data in the 
device remains valid during the power-down mode, the self-refresh command (SlFR) must be executed 
concurrently with the power-<lown entry (POE) command. When exiting power-down mode, new commands 
can be entered on the first ClK edge after CKE returns high, provided that the setup time (tCESP) is satisfied. 
Table 2 shows the command configuration for a ClK suspend/power-down operation, and Figure 19, 
Figure 20, and Figure 38 show an example of the procedure. 

setting the mode register 

The '626812 contains a mode register that must be programmed with the read latency, the burst type, and the 
burst length. This is accomplished by executing a mode-register set (MRS) command with the information 
entered on address lines AO-A9. A logic 0 must be entered on A7 and A8, but A 10 and A 11 are don't-care entries 
for the '626812. When A9= 1, the write-burst length is always 1. When A9=0, the write-burst length is defined 
by AO-A2. Figure 1 shows the valid combinations for a successful MRS command. Only valid addresses allow 
the mode register to be changed. If the addresses are not valid, th~eviou~contents of the mode register 
remain unaffected. The MRS command is executed by holding RAS, CAS, and W low, and the input-mode word 
valid on AO-A9 on the rising edge of ClK (see Table 1). The MRS command can be executed only when both 
banks are deactivated. 

I Aii I Ai0 I AS I AS I A7 AS A5 A4 A3 A2 Ai AO 

REGISTER 
BIT AS 

0 
1 

WRrrE-BURST 
LENGTH 

A2-AO 
1 

REGISTER BITSt 

AS A5 A4 

0 0 1 
0 1 0 
0 1 1 

0=88rI81 
1 = Interleave 

(burst typal 

READ 
LATENCY:!: 

1 
2 
3 

t All other combinations are reserved. 
:j: Refer to timing requirements for 

minimum valid-read latencies based 
on maximum frequency rating. 

Figure 1. Mode-Register Programming 

~1ExAs 
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REGISTER BITS§ BURST 
A2 Ai AO LENGTH 

0 0 0 1 
0 0 1 2 
0 1 0 4 
0 1 1 8 

§ All other combinations are reserved. 
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interrupted bursts (continued) 

Table 7. Read-Burst Interruption 

INTERRUPTING 
EFFECT OR NOTE ON USE DURING READ BURST COMMAND 

READ. READ-P 
Current output cycles continue until the programmed latency from the superseding READ (READ-P) command is 
met and new output cycles begin (see Figure 2). 

The WRT (WRT-P) command immediately supersedes the read burst in progress. To avoid data contention, DQM 

WRT. WRT-P must be high before the WRT (WRT-P) command to mask output of the read burst on cycles (nCCD-1). nCCD, and 
(nCCD+ 1) assuming that there is any output on these cycles. For read latency. 1. read burst interruption by WRT 
(WRT-P) command is not allowed at nCCD • 1,2 (see Figure 3). 

DEAC.DCAB The DQ bus is in the high-impedance state when nHZP cycles are satisfied or when the read burst completes. 
whichever occurs first (see Figure 4). 

STOP 
The DQ bus is in the high-impedance state when nBSD cycles are satisfied or when the read burst completes. 
whichever occurs first. The bank remains active. A new read or write command cannot be entered for at least two 
cycles after the STOP command (see Figure 5). 

ClK 
I I I 

READ Command I Output Buret for the I 
at Column Address CO I Interrupting READ I 

I Command ~eglns Here I 
Intarruptlng I I 

READ Command 
at Column Address C1 I \ ~ 

--... ------------------------~(~ ___ C_0 __ J;>(~ ___ C_1 __ J;>(~ __ C_1_+_1 __ ~2 DQ 

a) INTERRUPTED ON ODD CYCLES 

14-- nCCD = Two cycle~ 
I I 
I I 

ClK 
I I I 

READ Command 
at Column Address CO 

Interrupting 
READ Command 

I Output Burst for the I 
I Interrupting READ I 

at Column Address C1 I Command Begins Here I 
I I I 

DQ 
I I \r--:L 

--... ------------------~--__«~ ___ C_O __ J)<:~ __ C_O_+_1_J)<:~ ____ C_1~~1 
b) INTERRUPTED ON EVEN CYCLES 

NOTE A: For these examples assume read latency - 3. and burst length - 4. 

Figure 2. Read Burst Interrupted by Read Command 

~1ExAs 
INSTRUMENTS 
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interrupted bursts (continued) 

Table 8. Write-Burst Interruption 

INTERRUPTING EFFECT OR NOTE ON USE DURING WRITE BURST COMMAND 

READ, READ-P 

WRT, WRT-P 

DEAC,DCAB 

STOP 

ClK 

Data in on previous cycle is written. No further data in is accepted (see Figure 6). 

The new WRT (WRT-P) command and data In immediately supersede the write burst in progress (see Figure 7). 

The DEAC/DCAB command immediately supersedes the write burst in progress. DaM must be used to mask the 
DO bus such that the write recovery specification (tRwLl is not violated by the Interrupt (see Figure 8). 

The data on the input pins at the time of the burst STOP command is not written, and no further data is accepted. 
The bank remains active. A new read or write command cannot be entered for at least nBSD cycles after the STOP 
command (see Figure 9). 

14-----...1-- nCCD = One Cycle 

WRT 
Command 

I 
I 

READ 
Command 

I I I 
I I I 
I I I 
I I I 
I I I 

< 
I 

X 
I x=t Q Q DQ----~(~ __ D-J)~--~--------------~ 

ClK 

a) INTERRUPTED ON ODD CYCLES 

14-- nCCD = Two Cycles ~ 
I I 

I 
WRTCommand 

I 
READ Command 

I I 
I I 
I I 
I I 
I I 
I \.r-LDQ ----C( .... __ D __ X .... __ D __ )~-..&...----------«"-_Q_~ 

b) INTERRUPTED ON EVEN CYCLES 

NOTE A: For these examples assume read latency = 3, burst lengt~ = 4. 

Figure 6. Write Burst Interrupted by Read Command 

~TEXAS 
INSTRUMENTS 
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Interrupted bursts (continued) 

ClK 

DQ 

I4--nCCD =1'wo Cycle8~ ____ ~ 
I ~ nBSD 
I I 

I I 
I I 

WRT Colnmand Interrupting 

I 
I 

I STOP C9mmand 
New Command 

I 
I I I 
I I I 
I 

X X 
I 

X D D Ignored ~Ig_no_m-JX~ ____ ~X~ _____ X~ ____ _ 

I 

NOTE A: For this example assume burst length. 4. 

Figure 9. Write Burst Interrupted by STOP Command 

power up 

Device initialization should be performed after a power up to the full Vee level. After power is established, a 
200-!1S interval is required (with no inputs other than elK). After this interval, both banks of the device must be 
deactivated. Eight REFR commands must be performed, and the mode register must be set to complete the 
device initialization. 

~TEXAS 
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electrical characteristics over recommended ranges of supply voltage and free-air temperature (unless otherwise noted) 
~~N~~ . 

'626812-12A '626812-12 '626812-15 
PARAMETER TEST CONDITIONS UNIT 

MIN MAX MIN MAX MIN MAX 

VOH High-level output voltage IOH=-2mA 2.4 2.4 2.4 V 

VOL Low-level output voltage IOL=2mA 0.4 0.4 0.4 V 

II Input current (leakage) OV,;;VI ';;VCC + 0.3 V, All other pins = 0 V to VCC ±10 ±10 ±10 I!A 
10 Output current (leakage) OV';;VO';;VCC + 0.3 V, Output disabled ±10 ±10 ±10 I!A 

Burst length = 1 or 2 85 85 75 
One bank active 

tRC = MIN, tCK=MIN, Burst length = 4 or 8 105 105 90 
ICCl Average read or wrne current mA 

Read latency = 3 Two banks active Burst length = 1 or 2 140 140 120 

interleaving Burst length = 4 or 8 165 165 135 

CKE=VIH 25 25 20 
Both banks 

CKE=VIL 2 2 2 mA 
deactivated 

ICC2 Standby current CKE = 0 V (CMOS) 1 1 1 

1 or2 banks CKE=VIH 30 30 25 

active 
mA 

CKE=VIL 8 8 8 

ICC3 Consecutive CBR commands tRC=MIN 80 80 70 mA 

Read latency = 1 60 60 50 

ICC4 Burst current, gapless burst 
ACTV not allowed, tcK=MIN, Read latency = 2 120 100 90 mA 
Two bank interleaved 

Read latency = 3 140 140 120 

CKE=VIL 2 2 2 
ICC6 Self-refresh current mA 

CKE = 0 V (CMOS) 1 1 1 

NOTE 2: All specifications apply to the device after power-up initialization. All control and address inputs must be stable and valid. 
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ac timing requirements over recommended ranges of supply voltage and operating free-air 
temperaturet:l: 

'626812-12A '626812-12 

MIN MAX MIN MAX 

tRAS ACTV command to DEAC or DCAB command 60 100000 72 100000 

tRCD 
ACTV command to READ or WRT command 

30 30 (see Note 8) 

tRP 
DEAC or DCAB command to ACTV, MRS, 

36 36 
SlFR, or REFR command 

tAPR 
Final data out of READ-P operation to ACTV, 

tRP + (nEP + tCK) MRS, SlFR, or REFR command 

tAPW 
Final data in of WRT-P operation to ACTV, 

60 60 
MRS, SlFR, or REFR command 

tRWl Final data in to DEAC or DCAB command 18 20 

tRRD 
ACTV command for one bank to ACTV 

24 24 
command for the other bank 

tT Transition time, all inputs (see Note 9) 1 5 1 5 

tREF Refresh interval 64 64 

t See Parameter Measurement Information for load circuits. 
:j: All references are made to the rising transition of ClK, unless otherwise noted. 
NOTES: 8. For read or write operations with automatic deactivate, tRCD must be set to satisfy minimum tRAS' 

9. Transition time, tT, is measured between VIH and Vil. 

~TEXAS 
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'626812-15 
UNIT 

MIN MAX 

75 100000 ns 

30 ns 

45 ns 

ns 

75 ns 

30 ns 

30 ns 

1 5 ns 

64 ms 

~9 



tCK 

tRCD 

tRAS 

tRP 

tRC 

tRWl 

tRRD 

tAPR 

tAPW 
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Table 9. Number of Cycles Required to Meet Minimum Specification for Key Timing Parameters 

TMS626812-12A TMS626812-12 TMS826812-15 UNITS 

Operating frequency 83 66 50 83 66 50 66 50 33 MHz 

Cycle time, ClK (system clock) 12 15 20 12 15 20 15 20 30 ns 

KEY PARAMETER NUMBER OF CYCLES REQUIRED 

Read latency, minimum programmed value 3 2 2 3 3 2 3 2 2 cycles 

ACTV command to READ or WRT command 3 2 2 3 2 2 2 2 1 cycles 

ACTV command to DEAC or DCAB command 5 4 3 6 5 4 5 4 3 cycles 

DEAC or DCAB command to ACTV, MRS, SlFR, or REFR 
3 3 2 3 3 2 3 3 2 cycles 

command 

REFR command to ACTV, MRS, or REFR command; 
8 7 5 9 8 6 8 6 4 cycles self-refresh exit to ACTV, MRS, SlFR, or REFR command 

Final data in to DEAC or DCAB command 2 2 1 3 2 1 2 2 1 cycles 

ACTV command for one bank to ACTV command for the 
2 2 2 2 2 2 2 2 1 cycles other bank 

Read latency B 1 - - - - - - - - - cycles 
Final data out of READ-P operation to 

Read latency = 2 - 2 1 - - 1 - 2 1 cycles 
ACTV, MRS, SlFR, or REFR command 

Read latency = 3 1 1 0 1 1 0 1 1 0 cycles 

Final data in of WRT-P operation to ACTV, MRS, SlFR, or 
5 4 3 5 4 3 5 4 3 cycles REFR command 

t All references are made to the rising transition of ClK, unless otherwise noted. 
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PARAMETER MEASUREMENT INFORMATION 

Figure 12. Output Parameters 

~r---0-
READ, WRT .. ~---- nCCD ---~~ READ, READ-P, WRT, WRT-P, DEAC, DCAB 

DESL 14 nCDD ----.!~ Command Dlaable 

ACTY ~ tRAS ~ DEAC, DCAB 

ACTY, REFR, SELF-REFRESH EXIT ~ tRC ~ ACTY, MRS, REFR, SLFR 

ACTY i4 tRCD ~ READ, READ-P, WRT, WRT-P 
I I 

DEAC, DCAB 14 tRP ~ ACTY, MRS, REFR, SLFR 

ACTY i4~---- tRRD ----~~ ACTY (different bank) 

MRS ... ~---- nRSA ----..~ ACTY, MRS 
I I 

Figure 13. Command-to-Command Parameters 

~TEXAS 
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ClK 

DQ 

DQM 

ClK 
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PARAMETER MEASUREMENT INFORMATION 

nCWl -+111------.. 

WRT 
Command 

I 
! 

WRT.P ACTV, MRS, 
Command REFR, or SlFR 

I Command 

SMOs687 - JULY 1996 

DQ --< D X I I 

D )~---------*I-------
Figure 17. Write With Auto-Deactivate 

~ r-- tRWl 

I 

I I I I I I 
I I I WRT DEACor I 

READ I I I COmmand DCAB I 
Command I I I I I CO"lmand I 

I I 

~ 
I 

X 19n;rad X '9n~red ~ I I I ( ) ( D 
I I I 
I I I I 

I . I 
I I I I 

I ENBl MASK MASK MASK ENBl MASK MASK I 
I Command Command COmmand COmr-nd Command Command Command I I I I 

~ I I 
I ! I 

\ I 
I ~ I 

NOTE A: For this example assume read latency. 3. and burst length. 4. 

Figure 18. DQ MaSking 
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PARAMETER MEASUREMENT INFORMATION 

I Ir~S~~.....J1 
Last Data-In I I I E~lt 

WRT I I I Power-Down 
(WRT-P) I I I ModeifteESP 

Operation I I I Is satisfied 
I I I ClKls I (New 
I I I I Don't Care, I Command) 
I Last I ~ But Must Be ---.I I 

I Data-Out I Stable I 
I READ I Before CKE I 
I (READ-P) Enter High I 
I Operation Power-Down I 
I I Mode I 

CKE--------~i ----~i--}~-+----~----~~t~j-------J1~~!----------
teEH --l+--+i I tCESP ~ 

ClK 

eKE 

I 

Last Data-In 
WRT 

(WRT-P) 
Operation 

I 

I 
I 
I 
I 
I 
I 
I 

~teES 

~~I 
I 
I 

DESlor 
NOOP 

I Command 
I Only If teESP 

ClK Is I Is Not 
I Don't Care, I Satisfied 

Last k- But Must Be -+I I 
Data-Out Stable I 

READ Before CKE I 
(READ-P) E~ter High I 

Exit Power-Down 
Mode (New 
Command) Operation Power-Down I 

I Mode I I 
I '- / I ~'~'~----------~~~~--------I i tCEH I I r tCESP ----t 

I'f---*- teES 

Figure 20. Power-Down Operation 
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~ 
~ I I 
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~ 

ACTVT READT DEACT 

ClK 

DQ --------------------------------------------~~~------
DQM 

RAS 

CAS 

~ ~ \d' ' , 

~ ----~~' ------' \.l/ 
Vi \j.J 

A10 ~~~ 
A11 ~-~~-'-

, :~ , 

AO-A9 

cs ~~~~ 
CKE W 

BURST 
BANK ROW BURST CYCLI:'t 

TYPE 

(D/Q) (BIT) ADDR a b c d 

Q T RO CO CO+1 CO+2 CO+3 

t Column-address sequence depends on programmed burst type and starting column address CO (see Table 5). 
NOTE A: This example illustrates minimum tRCD and nEP for the '626812-12 at 83 MHz. 

Figure 22. Read Burst (read latency = 3, burst length = 4) 
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h!~ g~ I 
a 
i~~ I 

~ I 
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£ 

~ 

CLK 

OQ 

DaM 

RAS 

CAS 

w 

Ai0 

Ai1 

AO-A9 

CS 

CKE 

BURST 
TYPE 

(O/Q) 

D 
Q 

ACTVB WRTB REAOB OEACB 

-~~:~ 
\.i./ 0 , ' , 

\i./\.U ' ' , , 

~ tA~ 
~~~tA~ 

I 

~~~tA!~ 
W ---1 

BANK ROW BURST CYCLEt 

(BIT) AOOR a b c d 

B RO CO CO+ 1 
B RO crt C1 + 1 

t Column-address sequence depends on programmed burst type and starting column address CO and C1 (see Table 4). 
NOTE A: This example illustrates minimum tRCD, nCWL, and nEP for the '626812-12 at 83 MHz. 

Figure 24. Write-Read Burst (read latency = 3, burst length = 2) 
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ACTVT READ·PT AqVT 
ACTVB READ-PB ACTVB READ-P B 
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DQM 
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\.:J '-+-I \.:J 

Vi 

A10~' : ~ I ~ 
A11 ma. :.f§BB, ~ I 'f»B&' : _ : ~111!!'l1!!'l1!!'l!\_ I ~ I '@ 
I' I I i I 

AO-A9 

cs ma. I .f§BB, I ~ : .f§BB, I ~ I .f§BB, I ~ I Am 
iD CKE fI 

BURST BANK 
TYPE 

ROW BURST CYClEt 

(D/Q) (BIT) ADDR I a 
Q B RO CO 

b d h k c e 9 m n o p 

CO+1 CO+2 CO+3 CO+4 CO+5 CO+6 CO+7 
Q T R1 Cl Cl+l Cl+2 C1+3 C1+4 Cl+5 Cl+6 Cl+7 
Q B R2 

t Column-address sequence depends on programmed burst type and starting column address CO, Cl, and C2 (see Table 6). 
NOTE A: This example illustrates minimum tRCD for the '626812·12 at 83 MHz. 

q s 

C2 C2+1 C2+2 . 

Figure 26. Two-Bank Row-Interleaving Read Bursts With Automatic Deactivate (read latency = 3, burst length = 8) 
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ACTVT WRTT DEACT 

ACTVB READB DEACB 

ClK 

DQ 

DQM_ '~' ~ 

\iJ....---~==== RAS : \' j,----

----:----~~'=----- ' ,., w ,'-'--J " \..i..../ '"U 

, " ' I" , .. ~ , '-+--J : \..;J :;: ~:~: ~iIi 
CAS 

A10 ~,~' -I , ~ A§§Q~ 
3: 
m » 
fJ) 

A11 ~'~~:/~~~ 
AO-A9 

CS ~'~~ ~~A§§Q 
CKE 

w ------- ~ 

BURST 
BANK ROW BURST CYCLI:"t TYPE 

(D/Q) (BIT) ADDR a b c d e g h 

Q B RO CO CO+1 CO+2 CO+3 
0 T R1 C1 C1 + 1 C1+2 C1+3 

t Column-address sequence depends on programmed burst type and starting column addresses CO and C1. (see Table 5). 
NOTE A: This example illustrates a minimum IRCD, nEP> and tRWL for the '626812-12 at 83 MHz. 

Figure 28. Read-Burst Bank B, Write-Burst Bank T (read latency = 3, burst length = 4) 
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ACTVT READT WRTT DCAB 

ClK 

DQ ( 

CAS 
:----------~ -------------------.~ 

w \i/~--------~ 

A10~'-~~ 
A11~'~'_'_ 

AO-A9 

CS~'~'_'~'A§§§§ 

CKEf! 

BURST 
BANK ROW BURST CYClEt TYPE 

(D/Q) (BIT) ADDR a b c d e f 9 h 

Q T RO CO CO+1 CO+2 CO+3 
0 T R1 C1 C1+1 C1+2 C1+3 

t Column-address sequence depends on programmed burst type and starting column address CO and C1 (see Table 5). 
NOTE A: This example illustrates minimum tRCD for the '626812-12 at 83 MHz. 

Figure 30. Data Mask (read latency = 3, burst length = 4) 
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DCAB MRS ACTVB WRT-PB 

ClK 

DQ 

DQM : ~ 

RAS \.U \ir\J..J o 0 0 

CAS \.i./ V 
Vi 

A10 

A11 ma_ 
o SeeNoteB 

AO-A9 

See Note B 

CS~:~:~:~:_ 

CKE W 
BURST 

BANK ROW BURST CYClEt 
TYPE 

(D/Q) (BIT) ADDR a b c d 

D B RO CO CO+1 CO+2 CO+3 

t Column-address sequence depends on programmed burst type and starting column address CO (see Table 5). 
NOTES: A. This example illustrates minimum tRP, nRSA, and tRCD for the '626812-12 at 83 MHz. 

B. Refer to Figure 1 

Figure 32. Set Mode Register (deactivate all, set mode register, write burst with automatic deactivate) 
(burst length = 4) 
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TMS626812 
1 048576-WORD BY 8·BIT BY 2·BANK 

SYNCHRONOUS DYNAMIC RANDOM·ACCESS MEMORY 
SMOS687 - JULY 1996 

MECHANICAL DATA 
DGE (R·PDSO·G44) PLASTIC SMALL·OUTLINE PACKAGE 

0.729 (18,51) 
0.721 (18,31) 

0.018 (0,45) 1-$-10.006 (0,16) @I 
0.012 (0,30) 

r 

22 

0.006 (0,15) NOM 

f b U U U U u U U u u u u u u u u u u u u u u d.J, Se~a~tln~g!.!p~la~n~e*-( • .f.:l=======i. 
0.047 (1,20) MAX 0.002 (0,05) MIN lL,.=--L._"";'':-''';:...J 

NOTES: A. All linear dimensions are in inches (millimeters). 
B. This drawing is subject to change without notice. 
C. Body dimensions do not include mold flash or protrusion. 

device symbolization 

b 
TI -~-
TMS626812 ~_ 

W A 
P T~ 

~TEXAS 
INSTRUMENTS 

Speed Code (-12A, -12, -15) 

Package Code 

.Lot Traceability Code 

Date Code 

Assembly Site Code 

Ole Revision Code 

Wafer Fab Code 

POST OFFICE BOX 1443. HOUSTON. TEXAS 77251-1443 

4040070-31 C 4195 

5-91 



TMS664414, TMS664814, TMS664164 
84M·BIT SYNCHRONOUS DYNAMIC RANDOM·AOCESS MEMORIES 

• Organization ..• 1M x 16 x 4 Banks 
2M x 8 x 4 Banks 
4Mx4x4Banks 

• 3.3-V Power Supply (±100/0 Tolerance) 

• High-Speed, Low-Noise Low-Voltage 
Transistor-Transistor Logic (LVTTL) 
Interface 

• Power-Down Mode 
• Compatible With JEDEC Standards 

1996 

• Four Banks for On-Chip Interleaving for 
x4lx8lx16 (Gapless Access) Depending on 
Organizations 

• 16K RAS-Only Refresh (Total for All Banks) 

• High Bandwidth - Up to 1DO-MHz Data 
Rates 

• 4K Auto Refresh (Total for All Banks)f64 ms 

• Burst Length Programmable to 1, 2, 4, 8, or 
Full Page 

• Programmable Output Sequence - Serial or 
Interleave 

• Chip Select and Clock Enable for 
Enhanced-System Interfacing 

• Cycle-by-Cycle DQ Bus Mask Capability 
• Only x16 SDRAM Configuration Supports 

Upper-fLower-Byte Masking Control 

• Programmable Read Latency From Column 
Address 

• Pipeline Architecture (Single-Cycle 
Architecture) 

• Single Write/Read Burst 
• Self-Refrash Capability (every 18 J&S) 

description 

• Automatic Precharge and Controlled 
Precharge 

• Burst Interruptions Supported 
- Read Interruption 
- Write Interruption 
- Stop Interruption 
- Precharge Interruption 

• Support Clock-8uspend Operation (Hold 
Command) 

• Performance Rangas: 
AerY 

SYNCHRONOUS COMMAND TO REFRESH 

CLOCK CYCLE READORWRT TIME 

TIME COMMAND INTERVAL 

tcK tRCD 'REF 
(MIN) (MIN) (MAX) 

'664xx4-1 0 10 nl 30 n. 84ml 
'664xx4-12 12 nl 35 n. 64 m. 

The TMS664xx4 series are high-speed, 67108864-bit synchronous dynamic random-access memories 
(SDRAMs), which are organized as follows: 

• Four banks of 1 048 576 words with 16 bits per word 

• Four banks of 2097152 words with 8 bits per word 

• Four banks of 4194304 words with 4 bits per word 

All inputs and outputs of the TMS664xx4 series are compatible with the lVTTl interface. 

The SDRAM employs state-of-the-art enhanced performance implanted CMOS (EPICTM) technology for 
high-performance, reliability, and low power. All inputs and outputs are synchonized with the ClK input to 
simplify system design and to enhance use with high-speed microprocessors and caches. 

The TMS664xx4 SDRAM is available in a 40Q-mil, 54-pin surface-mount thin small-outline package (TSOP) (II) 
(DGE suffix). 

EPIC Is a trademark of Texas Instruments Incorporated. 

~E¥I:,w=---:.='::.''::*"''': .lis ...... " .. ,. 
_o;~-=-....===...- ... lIgIItto ~ I~ 

INSTRUMENTS 

Copyright <C 1996, Texas Instruments Incorporated 
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TMS664414, TMS664814, TMS664164 
64M·BIT SYNCHRONOUS DYNAMIC RANDOM·ACCESS MEMORIES 

PIN NOMENCLATURE 

AO - A 13 Address Inouts 
Four Banks 

CAS 
CKE 
ClK 

CQlumn 
AO -A9 Column Addr (x4) 
AO -A8 Column Addr (x8) 
AO -A7 Column Addr (x16) 
A 10 Auto Precharge 
A12 - A13 Bank Select 

.8Qw 
AO - A11 Row Addrs 
A12 - A13 Bank Select 

Column-Address Strobe 
Clock Enable 
System Clock 

CS 
000-003 
DQO-D07 
000-0015 
DOMU/DOML 
DOM 

Chip Select 
SDRAM Data Input/Data Output (x4) 
SDRAM Data Input/Data Output (x8) 
SDRAM Data Input/Data Output (x16) 
Data/ Output Mask Enables for x16 
Data/ Output Mask Enables for x4 and x8 
No External Connect NC 

RAS 
VCC 
VCCO 
VSS 
VSSO 
W 

Row-Address Strobe 
Power Supply (3.3 V Typ) 
Power Supply for Output Drivers (3.3 V Typ) 
Ground 
Ground for Output Drivers 
Write Enable 

functional block diagram (four banks) 

eLK 
CKE 

cs ------1>-1 
~QM)DQMx------------~ 

RAS------------~ 

CAS------------~ 

W------------~ 

AO-A13-----~-----.~ 
14 

Array BankO 

Array Bank 1 

Array Bank 2 

Array Bank 3 

~1ExAs 
INSTRUMENTS 

POST OFFICE BOX 1443 • HOUSTON. TEXAS n251-1443 

DQ 
Buffer 

SMOS690 - DECEMBER 1996 

DQO-DQ15 (x16) 
or 

8 DQO-DQ7 (x8) 
or 

4 DQO-DQ3 (x4) 
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state diagram 

TMS664414, TMS664814, TMS664164 
64M·BIT SYNCHRONOUS DYNAMIC RANDOM·ACCESSMEMORIES 

SMOS690-DECEMBER 1996 

Automatic 

~1EXAS 
INSTRUMENTS 
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TMS664414, TMS664814, TMS664164 
64M·BIT SYNCHRONOUS DYNAMIC RANDOM·ACCESS MEMORIES 

SMOS690 - DECEMBER 1996 

operation (continued) 

Table 2. CKE·Use Command Truth Tablet 

COMMAND STATE OF BANKIS) 
CKE CKE CS RAS CAS W 

MNEMONIC 
In-1) In) In) In) In) In) 

Self-refresh entry All Banks = deac H. l l l l H SlFR 

Power-down entry at n + 1'1= All Banks = no 
H l X X X X PDE 

access operation§ 

All Banks = l H l H H H -
Self-refresh exit 

self-refresh l H H X X X -

Power-down exitll 
All Banks = 

l H X X X X 
power down 

-

ClK suspend at n + 1 
All Banks = access 

H l X X X X HOLD operation§ 

ClK suspend exit at n + 1 
All Banks = access 

l H X X X X operation§ -
t For execution of these commands. AO-A13 (n) and DQMx (n) are don1 cares. 
:j: On cycle n, the device executes the respective command (listed in Table 1). On cycle (n+ 1), the device enters the power-down mode. 
§ A bank is no longer in an access operation one cycle after the last data-out cycle of a READ (READ-P) operation, and two cycles after the last 

data-in cycle of a WRT (WRT-P) operation. Neither the PDE nor the HOLD command is allowed on the cycle immediately following the last data-in 
cycle of a WRT (WRT-P) operation. 

II If setup time from CKE high to the next ClK high satisfies tCESP, the device executes the respective command (listed in Table 1). Otherwise, 
either DESl or NOOP command must be applied before any other command. 

legend: 
n ClK cycle number 
l logic low 
H logic high 
X Don't care (either logic high or logic low) 
deac Deactivated 

-!!1lExAs 
INSTRUMENTS 
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burst sequence 

TMS664414, TMS664814, TMS664164 
64M·BIT SYNCHRONOUS DYNAMIC RANDOM·ACCESS MEMORIES 

SMOS690 - DECEMBER 1996 

All data for the '664xx4 is written or read in a burst fashion. That is, a single starting address is entered into the 
device and then the '664xx4 internally accesses a sequence of locations based on that starting address. Some 
of the subsequent accesses after the first one can be at preceding, as well as succeeding, column addresses, 
depending on the starting address entered. This sequence can be programmed to follow either a serial burst 
or an interleave burst (see Table 4 through Table 6). The length of the burst sequence can be user-programmed 
to be 1, 2, 4, 8, or full page [256 (x16), 512 (x8) , 1024 (x4)) accesses. After a read burst is completed (as 
determined by the programmed burst length), the outputs are in the high-impedance state until the next read 
access is initiated. 

Serial 

Interleave 

Serial 

Interleave 

Table 4. 2·Blt Burst Sequences 

INTERNAL COLUMN ADDRESS AO 

DECIMAL BINARY 

START 2ND START 2ND 

0 1 0 1 

1 0 1 0 

0 1 0 1 

1 0 1 0 

Table 5. 4-Blt Burst Sequences 

INTERNAL COLUMN ADDRESS A1-AO 

DECIMAL BINARY 

START 

0 

1 

2 

3 

0 

1 

2 

3 

2ND 3RD 4TH 

1 2 3 

2 3 0 

3 0 1 

0 1 2 

1 2 3 

0 3 2 

3 0 1 

2 1 0 

~TEXAS 
INSTRUMENTS 

START 

00 

01 

10 

11 

00 

01 

10 

11 

POST OFFICE BOX 1443 • HOUSTON. TEXAS 77251-1443 

2ND 3RD 

01 10 

10 11 

11 00 

00 01 

01 10 

00 11 

11 00 

10 01 

4TH 

11 

00 

01 

10 

11 

10 

01 

00 
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TMS664414, TMS664814, TMS664164 
64M·BIT SYNCHRONOUS DYNAMIC RANDOM·ACCESS MEMORIES 

SMOS690 - DECEMBER 1996 

four-bank row-access operation 

One of the features of the four-bank operation is access to information on random rows at a higher rate of 
operation than is possible with a standard DRAM. This can be accomplished by activating one of the banks with 
a row address and, while the data stream is being accessed to/from that bank, activating one of the other banks 
with other row addresses. When the data stream to/from the first activated bank is complete, the data stream 
to/from the second activated bank can begin without interruption. After the second bank is activated, the first 
bank can be deactivated to allow the entry of a new row address for the next round of accesses or the entry of 
new row addresses for other banks which currently are deactivated. In this manner, operation can continue in 
an interleaved fashion. Figure 30 is an example of four-bank row-interleaving read bursts with automatic 
deactivate with a read latency of 3 and a burst length of 8. 

four-bank column-access operation 

The availability of four banks allows the access of data from random starting columns between banks at a higher 
rate of operation. After activating each bank with a row address (ACTV command), A 12-A 13 for the four-bank 
column-access operation can be used to alternate READ or WRT commands between the banks to provide 
gapless accesses at the ClK frequency, provided all specified timing requirements are met. Figure 31 is an 
example of four-bank column-interleaving read bursts with a read latency of 3 and a burst length of 2. 

bank deactivation (precharge) 

All banks can be deactivated simultaneously (placed in precharge) by using the DCAB command. A single bank 
can be deactivated by using the DEAC command. The DEAC command is entered identically to the DCAB 
command except that Ai 0 must be low and A 12-A 13 selects the bank to be precharged as shown in Table 1. 
Figure 26 and Figure 34 provide examples. A bank also can be deactivated automatically by using Ai 0 during 
a READ or WRT command. If AiD is held high during the entry of a READ or WRT command, the accessed 
bank, selected by A 12-A 13 for the 4-bank option, is automatically deactivated upon completion of the access 
burst. If A 10 is held low during READ- or WRT-command entry, that bank remains active following the burst. 
The READ and WRT commands with automatic deactivation are denoted as READ-P and WRT-P. See 
Figure 29 for an example. 

chip select 

CS (chip select) can be used to select or deselect the '664xx4 for command entry which might be required for 
multiple-memory-device decoding. If CS is held high on the rising edge of ClK (DESL command), the. device 
does not respond to RAS, CAS, or W until the device is selected again. Device select is accomplished by holding 
CS low on the riSing edge of CLK. Any other valid command can be entered simultaneously on the same rising 
ClK edge of the select operation. The device can be selected/deselected on a cycle-by-cycle basis 
(see Table 1 and Table 2). Using CS does not affect an access burst that is in progress; the DESl command 
can restrict only RAS, CAS, and W input to the '664xx4. 

~1EXAS 
INSTRUMENTS 
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setting the mode register 

TMS664414, TMS664814, TMS664164 
64M-BIT SYNCHRONOUS DYNAMIC RANDOM-ACCESS MEMORIES 

SMOS690 - DECEMBER 1996 

The '664xx4 contains a mode register that should be user-programmed with the read latency, the burst type, 
and the burst length. This is accomplished by executing an MRS command with the information entered on 
address lines AO-A9. A logic 0 must be entered on A7 and AS, but A10-A13 are don't care entries for the 
'664xx4. When A9 = 1, the write burst length is always 1. When A9 = 0, the write burst length is defined by 
A2-AO. Figure 1 shows the valid combinations for a successful MRS command. Only valid addresses allow the 
mode register to be changed. If the addresses are not valid, the previous contents of the mode register remain 
unaffected. The MRS command is executed by holding RAS, CAS, and W low and the input-mode word valid 
on AO-A9 on the rising edge of ClK (see Table 1). The MRS command can be executed only when all banks 
are deactivated. See Figure 22 and Figure 36 for examples. 

Ai3 Ai2 I Aii I Ai0 I A9 I AS I A7 

REGISTER 
Write 
Burst BITA9 Length 

REGISTER 
BITSt 

A6 AS A4 

0 A2.-AO 
0 1 0 

1 1 0 1 1 

AS AS I A4 I A3 A2 

READ 
LATENCvt 

2 
3 

o = Serial 
1 = Interleave 

(burst type) 

REGISTER 
BITS§ 

A2 Ai AO 

0 0 0 
0 0 1 
0 1 0 
0 1 1 
1 1 1 

Ai AO 

BURST LENGTH 

1 
2 
4 
8 

256 (x16), 512 (x8), 
1024 (x4) 

t All other combinations are 
reserved. 

§ All other combinations are reserved. 

refresh 

:1= Refer to timing requirements for 
minimum valid read latencies 
based on maximum frequency 
rating. 

Figure 1. Mode-Register Programming 

The '664xx4 must be refreshed at intervals not exceeding tREF (see timing requirements) or data cannot be 
retained. Refresh can be accomplished by performing an ACTV command (RAS-only refresh) to every row in 
all banks, by performing 4096 auto-refresh (REFR) commands, or by placing the device in self refresh. 
Regardless of the method used, refresh must be accomplished before tREF has expired. See Figure 35 for an 
example. 

auto refresh 

Before performing an auto refresh, all banks must be deactivated (placed in precharge). To enter a REFR 
command, RAS and CAS must be low and W must be high upon the rising edge of ClK (see Table 1). The 
refresh address is generated internally such that after 4096 REFR commands, all banks of the '664xx4 are 
refreshed. The external address and bank select A12-A13 are ignored. The execution of a REFR command 
automatically deactivates all banks upon completion of the internal auto-refresh cycle. This allows consecutive 
REFR-only commands to be executed, if desired, without any intervening DEAC commands. The REFR 
commands do not necessarily have to be consecutive, but all 4096 must be completed before tREF expires. 

~ThxAs 
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TMS664414, TMS664814, TMS664164 
84M-BIT SYNCHRONOUS DYNAMIC RANDOM-ACCESS MEMORIES 

interrupted bursts (continued) 

CLK 

READ Command Interrupting 
at Column Addrass CO READ Command 

(eee Note A) ~t Column Address C1 
I (eee Note A) 

I ,.......I._~ ,.......1._"", 

DQ CO 

a) INTERRUPTED ON EVEN CYCLES 

CLK 

I 
READ Command Interrupting 

at Column Address CO READ Command 

(eee No:te A) ~ , ___ "",at Column Address C1 (eee ~ote A) 

,... ........ _"'\. 

DQ 

b) INTERRUPTED ON ODD CYCLES 

NOTE A: For this example. assume read latency z 2 and burst length> 2. 

Figure 2. Read Burst Interrupted by Read Command 

~-------------------nCCD+1 ------------------~ 

CLK 

I 
READ Command 

at Column Address CO 
Intarruptlng 

WRTCommand 

OQ 

DQMx 

(eeeNr
A

) ~ --...... ~ 
at Column Address C1 

(eee Note A) 

NOTES: A. For this example. read latency a 2 and burst length> 2. 
B. OQMx must be high to mask output of the read burst on cycles (ncco-1). (nCCO) and (nCCO+1). 

Figure 3. Read Burst Interrupted by Write Command 
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TMS664414, TMS664814, TMS664164 
64M-BIT SYNCHRONOUS DYNAMIC RANDOM-ACCESS MEMORIES 

interrupted bursts (continued) 

nCCD =2 

ClK 

I 
WRTCommand READ Command 

(see Note A) (see Note A) 
I I I 
I 

X ( DQ ( 0 0 ) 
a) INTERRUPTED ON EVEN CYCLES 

.-I nCCD= 1 
I 

ClK 

I I 
I I WRT READ I Command Command I (see Note A) (see Note A) I 

( ) 
I 

( 
I 

X DQ 0 I Q 

bllNTERRUPTED ON ODD CYCLES 

NOTE A: For this example, assume read latency = 2, burst length> 2. 

Figure 6. Write Burst Interrupted by Read Command 

ClK 

i+---nCCD = 2---~ 

WRTCommand 
at Column Address CO 

(see Note A) 

Interrupting 
WRT·P Command 
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I I 
I I 
I I 
I I 
I I 
I E Q 

I I 
I I 
I I 
I I 
I I 
I E Q 

DQ __ C_O ___ X CO + 1 X,-__ C_1_--,X C1 + 1 X C1 + 2 X C1 + 3 )>-----
NOTE A: For this example, burst length> 2. 

Figure 7. Write Burst Interrupted by Write Command 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 
Supply voltage range, Vee ................................................. ; ...... - 0.5 V to 4.6 V 
Supply voltage range for output drivers, Veea ....................................... - 0.5 V to 4.6 V 
Voltage range on any input pin (see Note 1) ......................................... - 0.5 V to 4.6 V 
Voltage range on any output pin (see Note 1) .................................. - 0.5 V to Vee + 0.5 V 
Short-circuit output current ................................................................ 50 mA 
Power dissipation .......................................................................... 1 W 
Operating free-airtemperature range, T A .............................................. O°C to 70°C 
Storage temperature range, Tstg .................................................. - 55°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: All voltage values are w~h respect to V SS. 

recommended operating conditions 

MIN NOM MAX UNIT 

VCC Supply voltage 3 3.3 3.6 V 

Vcca Supply voltage for output drivers:!: 3 3.3 3.6 V 

VSS Supply voltage 0 V 

Vssa Supply voltage for output drivers 0 V 

VIH High-level input voltage 2 VCC + 0.3 V 

VIL LOW-level input voltage -0.3 0.8 V 

TA Operating free-air temperature 0 70 'C 

:!:Vcca s VCC + 0.3V 
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capacitance over recommended ranges of supply voltage and operating free-air temperature, 
f = 1 MHz (see Note 3) 

MIN MAX UNIT 

CiIS\ I nput capacitance, ClK input 5 pF 

Ci(AC) Input capacitance, address and control inputs: AO-A13, CS, DOMx, RAS, CAS, W 5 pF 

Ci(E) Input capacitance, CKE input 5 pF 

Co Output capacitance 7 pF 

NOTE 4: V CC = 3.3 ± 0.3 V and bias on pins under test IS a V. 

ac timing requirements over recommended ranges of supply voltage and operating free-air 
temperaturef:l: 

'664xx4-10 '664xx4-12 
UNIT 

MIN MAX MIN MAX 

I Read latency = 2 15 18 
tCK Cycle time, ClK (system clock) 1 Read latency = 3 

ns 
10 12 

tCKH Pulse duration, ClK (system clock) high 3 4 ns 

tCKl Pulse duration, ClK (system clock) low 3 4 ns 

Access time, ClK t to data out I Read latency = 2 12 15 
tAC (see Note 4) 1 Read latency = 3 

ns 
8 10 

tLl Delay time, ClK to DO in the low-impedance state (see Note 5) a a ns 

Delay time, ClK to DO in the high-impedance state I Read latency = 2 7 9 
tHZ ns 

(see Note 6) I Read latency = 3 7 9 

tDS Setup time, data input 2 3 ns 

tAS Setup time, address 2 3 ns 

tes Setup time, control input (CS, RAS, CAS, W, DOMx) 2 3 ns 

tCES Setup time, CKE (suspend entry/exit, power-down entry) 2 3 ns 

tCESP Setup time, CKE (power-down/self-refresh exit) (see Note 7) 8 10 ns 

tOH Hold time, ClK t to data out 3 3 ns 

tDH Hold time, data input 1 1 ns 

tAH Hold time, address 1 1 ns 

tCH Hold time, control input (CS, RAS, CAS, W, DOMx) 1 1 ns 

tCEH Hold time, CKE 1 1 ns 

REFR command to ACTV, MRS, REFR, or SlFR command; ACTV command to 
tRC ACTV, MRS, REFR, or SlFR command; Self-refresh exit to ACTV, MRS, REFR, or 90 110 ns 

SlFR command 

tRAS ACTV command to DEAC or DCAB command (see Note 9) 60 120 000 70 120 000 ns 

tRCD ACTV command to READ or WRT command (see Note 9) 30 35 ns 

tRP DEAC or DCAB command to ACTV, MRS, SlFR, or REFR command 30 40 ns 
t See Figure 10 for load CircUits. 
:j: All references are made to the riSing transition of ClK, unless otherwise noted. 
NOTES: 5. tAC is referenced from the rising transition of ClK that is previous to the data-out cycle. For example, the first data out tAC is 

referenced from the riSing transition of ClK that is read latency - one cycle after the READ command. An access time is measured 
at output reference level 1.4 V. 

6. tLl is measured from the rising transition of ClK that is read latency - one cycle after the READ command. 
7. 1HZ (max) defines the time at which the outputs are no longer driven and is not referenced to output voltage levels. 
8. See Fi9ures '9 and 20. 
9. In case of WRITE with auto precharge (WRT _P), the tRCD parameter must be relaxed to satisfy tRAS parameter. For example, 

- tRCD = 40 ns, for BL = 1 in order to satisfy tRAS = 60 ns in - 10 spec. 
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Table 9, Number of Cycles Required to Meet Minimum Specification for Key Timing Parameterst 

Operating frequency 

tCK Cycle time, ClK (system clock) 

KEY PARAMETER 

Read latency, minimum programmed value 

tRCD ACTV command to READ or WRT command 

tRAS ACTV command to DEAC or DCAB command 

tRP DEAC or DCAB command to ACTV, MRS, SlFR, or REFR command 

tRC 
REFR command to ACTV, MRS, or REFR command; self-refresh exit to ACTV, MRS, SlFR, 
or REFR command 

IRWl Final data in to DEAC or DCAB command 

tRRD ACTV command for one bank to ACTV command for the other bank 

Final data out of READ-P operation to ACTV, MRS, I Read latency = 2 (nEP = -1) 
tAPR SlFR, or REFR command I Read latency = 3 (nEP = -2) 

tAPW Final data in of WRT-P operation to ACTV, MRS, SlFR, or REFR command 

t All references are made 10 the rising transition of ClK, unless otherwise noted. 

~TEXAS 
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'664xx4-10 '664xx4-12 UNITS 

100 66.6 83.3 55.5 MHz 

10 15 12 18 ns 

NUMBER OF CYCLES REQUIRED 

3 2 3 2 cycles 

3 2 3 2 cycles 

6 4 6 4 cycles 

3 2 3 2 cycles 

9 6 10 7 cycles 

2 1 2 1 cycles 

2 2 2 2 cycles 

- 2 - 2 cycles 

2 1 2 1 cycles 

4 3 5 3 cycles 
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PARAMETER MEASUREMENT INFORMATION 

Figure 12. Output Parameters 

ACTV I0Il14---- tRAS ~ DEAC, DCAB 

ACTV i4~---- tRCD ~ READ, WRT 

DEAC, DCAB 1oII~---- tRP ~ ACTV, MRS, REFR, SLFR 
I I 

REFR I0Il14---- tRC ~ ACTV, MRS, REFR, SLFR 

ACTV i4~---- tRC ~ ACTV, MRS, REFR, SLFR 

SELF-REFRESH EXIT '4r---- tRC ~ ACTV, MRS, REFR, SLFR 

ACTV I0Il14---- tRRD (see Note A) ~ ACTV (of a dlffarent bank) 

MRS i4~---- nRSA ----... ~ ACTV, REFR, SLFR, MRS 

READ, WRT '4r---- nCCD ----~~ STOP, READ, WRT, DEAC, DCAB 

DESL --¥- nCDD I 
Command I I 
~se~ I I 

CLK~~ 

NOTE A: tRRD is specified for command execution in one bank to command execution in the other bank. 

Figure 13. Command-to-Command Parameters 
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PARAMETER MEASUREMENT INFORMATION 

i4-- Read latency = 2 --.I 
I (see Note A) I 

~ I I tAPR 

I I I 
ClK ~ I 

READ·P Command I ACTV Command 

I I I I 
I I I 
I I I 

DQ I ( Q X Q ) I 
I I 

NOTE A: For this example, assume read latency = 2 and burst length = 2. 

Figure 16. Read·Automatlc Deactivate (Autoprecharge) 

14------ tAPW ------.... ~ 

ClK 
I ~----~~ 

WRT. P Command I 
I I 
I : 

ACTV Command 

DQ 

I I 

--<~_D--JX~_D--J)~--------------------------------+-------
NOTE A: For this example, the burst length = 2. 

ClK 

DQ 

CKE 

Figure 17. Write-Automatic Deactivate (Autoprecharge) 

14-- nClE ---.I 
I 

14-- nClE ---.I 
I I 

I I 
tCEH l+----! I I 

I I I 

~ ~ X 7 X Q (A~SUme Final Data Output of Burst) 

tCEH~ I I I 
I---*-tCES j4-*-tcES 

'\ 1 ~( J 

Figure 18. elK·Suspend Operation (Assume Bl = 4) 
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PARAMETER MEASUREMENT INFORMATION 

~~~~-- I ~ 
ClK Is Don't Care, But Must ~ ~ exit SlFR If tcESP ACTV, MRS, 
Be Stabl~ Before CKE rlgh Is Satisfied C~:~:~d 

I SlFR DESL or NOOP Only -I~ ___________ ~.! 

Both Banks Command Until tRC Is Satisfied i-I 
Deactlvatad I 1 1 

! i~~ __ tC_ES_""'/'rJ ____ -,t"'--I.~-_-_-_-_-_-t-RC---'J1/T-J --+j-
tcEH ~ tcESP ~ ~ 

~ro./v',~ I 
, I I Exit SLFR 

CLK Is Don't Care, But Must .., ... .-____ ~_~., tcESP Not 1 ACTV, MRS, or 
Be Stable Before CKE High I"" ~ Yet Satisfied REFR 

I I I 1 Command 
I SLFR DESL or NOOP Only 14 .! 

Both Banks Command . Until tRC Is Satisfied I - I 
Deactivated I I 1 1 

" 
\l~1 ,-_~ __ tc_E_S_,"",,"' ____ -J I 1 tI 1 ~ tI t : /I: 

tCEH ~ J; I 14-- tRC -----IJJlt 
~tCESP~ 

NOTES: A. Assume both banks are deactivated before the execution of SLFR. 
B. Before/aiter self-refresh mode, 4K burst auto refresh cycles are recommended to ensure the SDRAM is fully refreshed. 

Figure 20. Self· Refresh Entry/Exit 
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PARAMETER MEASUREMENT INFORMATION 

CLK 

READ Command 

14 nHZP ---~ 
I+--- nEP ~ 
1 1 

1 
1 

DEAC or DCAB Command 1 

tHZ-l4-+! 

DO ----------< 
NOTE A: For this example, assume read latency = 3, and burst length a 4. 

Figure 23. Read Followed by Deactivate 

14---- tAPR .1 

CLK ~~ 
I 

READ·P Command Final Data Out ACTV, MRS, REFR, or SLFR Command 

DO-~---------<~~-------------
NOTE A: For this example, assume read latency = 3, and burst length = 1. 

Figure 24. Read With Auto-Deactivate 
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PARAMETER MEASUREMENT INFORMATION 

Cl.K 

:.-- nEP ---...: 

OQ------------------------------------~~~-----

OQMX~ '-, 

\.i./ '\. ~, / RAS \....:..../ 

, 

\.i./ 
Vi 

A13~'~:_:_ 

A12~'~:_'_ 
, , 

A11 

~' , 
A10RO:_:_ , , 

AO-A9 

CKE1§ 

BURST 
BANK ROW BURSTCYCl.E TYPE 

(OIQ) (0-3) AOOR a b c d 

Q 0 RO cot CO + 1 CO+2 CO+3 
t Column-address sequence depends on programmed burst type and starting address CO (see Table 5). 
NOTE A: This example illustrates minimum tRCD and nEP for the '664xx4 at 100 MHz. 

Figure 26. Read Burst (read latency = 3, burst length = 4) 
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PARAMETER MEASUREMENT INFORMATION 

CLK 

, 
.... --- tRCD --"'~i 

DQ--------------------~ 

DQMX~' 

, , 
\ ~ r--\. ~ j 
~ ~ , , 

, 

V 
A13~: ~: ~: ~: M§§ 

A12§@§@' ~' ~ ~ '@§@ 
, 

A11 

, 
~'" 

A10 RO:~:~:M§§ 

AO-A9 

CKEW 

BURST 
BANK ROW BURST CYCLE TYPE 

(D/Q) (0-3) AD DR a b c d 

D 1 RO cot CO+l 

Q 1 RO Cl C1+1 

t Cclumn-address sequence depends on programmed burst type and starting addresses CO and C1 (see Table 4). 
NOTE A: This example illustrates minimum tRCD for the '664xx4 at 100 MHz. 

Figure 28. Write-Read Burst (read latency = 3, burst length = 2) 
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~~4r 
£~d 
if~ 
~tr1~ 
~~ 
~ 
.!. 
£ 

r 
!l:l 

ACTV_O REAO-P_O ACTV_1 REAO-P_1 ACTV_2 REAO-P_2 ACTV_3 

ClK 

OQ----~------~----~D(~~(!)GJ(!)OLK!)(CXI)~XJ)G~])~X])([XJJC[x: 

OQMx~ 

RAS ~ \.;J \.;J ~ 
CAS '\;J \..J \..J 

w 

A13~:~'~'~:~'~'~'U 

A12~:~'~'~'~'~'~'U 
A11 

A10~!_!_!~ , , , 

AO-A9 

CSma.I~I~I~I~I~I~'m 
CKE Y ---r--- ----------.-------------T------------

BURST 
BANK ROW BURST CYCLE 

TYPE 

(O/Q) (0-3) ADDR a b c d e 9 h k m 

Q 0 RO cot CO+1 CO+2 CO+3 CO+4 CO+5 CO+6 CO+7 

Q R1 Cl C1+1 Cl+2 Cl+3 C1+4 

Q 2 R2 

t Column-address sequence depends on programmed burst type and starting addresses CO, C1, and C2 (see Table 6). 
NOTE A: This example illustrates minimum tReD for the '664xx4 at 100 MHz. 

(a) 

n 0 p q s 

Cl+5 Cl+6 C1+7' 

C2 C2+1 C2+2 

Figure 30_ Four-Bank Row-Interleaving Read Bursts With Automatic Deactivate (read latency = 3, burst length = 8) 
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PARAMETER MEASUREMENT INFORMATION 

ClK 

DQ--~------~----~--------~------~~B)rb;K-cX-c 

DQMX_ 
\ I I I I I 

I ,-.--------------------------------------------

A13 ~ I ~ : l1#li I 'mW I \ : ~ I l1#li 
A12 ~ , l1#li ~ I l1#li \; l1#li ~ I l1#li ~ I IP 

I I I I 

A11 

BURST 
BANK ROW BURST CYCLE TYPE 

(D/Q) (0-3) ADDR a b c d e f g h .,. 
Q 0 RO cot CO+1 

Q 1 R1 C1 C1+1 

Q 2 R2 C2 C2+1 

Q 3 R3 C3 C3+1 

... ... ... ... 
t Column-address sequence depends on programmed burst type and starting addresses CO, C1, and C2 (see Table 4). 

Figure 31. Four-Bank Column-Interleaving Read Bursts (read latency = 3, burst length = 2) 
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PARAMETER MEASUREMENT INFORMATION 

ClK 

t4--.... ~--- "CWl 

DQ --i-----i--( 

:.. tRCD .:..-.--.... 

DQMX~: 

RAS\i.r\J 

, , 

\.iJ \.iJ 
Iii 

~'-
A12'{fj' 

A11 

A10~ 

~'-
CKE'{fj' 

BURST 
BANK ROW BURST CYCLE TYPE 

(D/Q) (0-3) ADDR a b c d e f 9 h 

D 3 RO cot CO+1 CO+2 CO+3 

Q '0 R1 C1 C1+1 C1+2 C1+3 
t Column-address sequence depends on programmed burst type and starting addresses CO and C1 (see Table 5). 
NOTE A: This example illustrates minimum nCWl and tRRD for the '664xx4 at 100 MHz. 

Figure 33. Write-Burst Bank 3, Read·Burst Bank 0 With Automatic Deactivate 
(read latency = 3, burst length = 4) 
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~~d 
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~~ 
~ 
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£ 

'i 
Co) 

'" 

REFR 

'. 

ACTV_3 READ_3 

, 
• tRC , 

DEAC_3 REFR 

DQ ~~ r-----~----~----<Ja[)~)(~~[)C!)(J:~i)~~----~----

DQMx ............................................. ~ ..................................................................... l~ I 

~ : ,..---t.,' ''----RAS ~ ,j \.;../ )~-

Vi 

A13 .:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.~ \:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.!) ~'WW~~ 

A12 .:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.~ ':.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:) WNNm-;~;-~,~ 
)iIoIIAIV , , 

A11 .:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.~ \:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.!\ 

A10 .:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.~ \:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:~ ~~~~~ 
AO-A9 .:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:~.:.:.:.:.~ \:.:.:.:.:.:.:.:.:.:.~:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:~ 

~'~~'~~' ,. " CS11.a.. I~I'-

CKE§? : "WS~ : 'WOOM~W,....--+---r---------+---+-

BURST 
TYPE 

(D/Q) 

Q 

BANK ROW 

(O~) ADDR 

3 RO 

BURST CYCLE 

a b c d e 9 h 

cot CO+1 CO+2 CO+3 CO+4 CO+5 CO+6 CO+7 

t Column-address sequence depends on programmed burst type and starting address CO (see Table 6), 
NOTE A: This example illustrates minimum tRC. tRCD, nEPo and tRP for the '664xx4-10 at 66.6 MHz, 

Figure 35. Refresh Cycles (Refreshes Followed by Read Burst, Followed by Refresh) 
(read latency = 2, burst length = 8) 
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PARAMETER MEASUREMENT INFORMATION 

ACT 

DQ _t_R_C_D_:' ___ '.,: __ 
'--_c ...... >CD--.,...----~~~ 

'_' Ale 
, 

I,,. 
, 

\..:J \..;J 
I,,. 

\..:..J l"e 
A13m&f: W' 
A12m&f, W', -- ~'~. 

~. 
A11 • ~. 

, , 
A10~ : _,-.;.: ""llll1III1III!!m!!!m!1Im 

, , 

AO-A9 • 

csm&" 
CKEJ 

BURST 
BANK TYPE 

(DIQ) (0-3) 

Q 3 

0 0 

ROW 

ADDR a 

RO cot 

R1 

-------~~----~----~'~ : \..:..J ,.~ 

BURST CYCLE 

b c d e f 9 h 

CO+1 CO+2 CO+3 

C1t C1+1 C1+2 C1+3 
t Column-address sequence depends on programmed burst type and starting addresses CO and C1 (see Table 5). 
NOTES: A. This example illustrates minimum tRCO and tAPW for the '664xx4-10 at 66.6 MHz. 

B. If entering the POE command with violation of short tAPW, the device still Is entering the power-clown mode and then both banks 
are deactivated (still in power-clown mode). 

Figure 37_ Use of CKE for Clock Gating (Hold) and Standby Mode 
(Read-Burst Bank 3 With Hold, Write-Burst Bank 0, Standby Mode) 

(read latency = 2, burst length = 4) 
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SMOS690 - DECEMBER 1996 

PARAMETER MEASUREMENT INFORMATION 

READ 1 · -• ACTV_O DCAB 

DQO-DQ7 ............ ~ ............ ~ .... ~-< 

. 
DQMl~·r;\ 

DQ8-DQi5 ............ ----..--.;.-{ 

DQMU~' . 
V 

· . 
V V . : ~ 

\..:J \...;..../ w Vi 

Ai3mm., '~Gi-It • 

. ~~ Ai2~ 'WW.\.~;_ .... 
Ai1 b 

I I I I I =:» 
A10~:_:~:'WC 

I I I I I 0 
AO-A9 a: 

. ~ Il.. 
1 I I !!:!:!!i. 

CKEft 

BURST 
BANK ROW BURST CYCLE TYPE 

(D/Q) (0-3) AD DR 8 b c d e f 9 h 

Q 1 RO cot CO+1 CO+2 CO+3 

0 0 R1 Cit C1+1 C1+2 C1+3 

t Column-address sequence depends on programmed burst type and starting addresses CO and C1 (see Table 5). 
NOTE A: This example illustrates minimum tRCO and a minimum tRWl write burst for the '664xx4-10 at 66.6 MHz. 

Figure 39. Use of DQM for Output and Data·ln Cycle Masking (Read-Burst Bank 1, Write-Burst Bank 0, 
Deactivate All Banks) [Only Masked Out the Lower Bytes (Random Bits)] for x16 

(read latency = 2, burst length = 4) 
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~~ 
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£ 

1: 
~ 

ACTV_1 READ_1 WRT-P_1 

ClK 

DQ-----r-------r----~~~J(~~~JCI)~X]j 

DQMX~ ~i~ 
RAS~ I j I I 

'I' I I 
CAS it------..V \..l..I 

W I \ ! /r--------------------I I '-+-' 

A13~i--i_i~ 
I I I 

A12~lwmwwl~l~ 

A11 

A10 i~ 
AO-A9 

cs~I __ I~I~ 
I I I 

CKEfr 

BURST 
BANK ROW BURST CYCLE TYPE 

(D/Q) (0-3) ADDR a b c d e 9 h 
Q RO cot CO+1 CO+2 CO+3 CO+4 CO+5 CO+6 CO+7 

0 RO C1 

t Column-address sequence depends on programmed burst type and starting addresses co and C1 (see Table 6). 
NOTE A: This example illustrates minimum tRCO for the '664xx4-10 at 100 MHz. 

Figure 41. Read Burst - Single Write With Automatic Deactivate (read latency = 3, burst length = 8) 
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TMS664414, TMS664814, TMS664164 
64M·BIT SYNCHRONOUS DYNAMIC RANDOM·ACCESS MEMORIES 

SMOS690 - DECEMBER 1996 

PARAMETER MEASUREMENT INFORMATION 

CLK 

DQ------~--------~ c ~~:--------~_ 
~ I : 

DQMx ' GNotaA , : 
RAS~----------------------~~~----------------------

, 
\.;J 

, 

~ 
A13m&'.W', I~,: 

I 

A12 
I I I I , 

A11 

A10~!_!~ 
I' I I I 

AO-A9 - ' csm&.... I~I 

CKE./ \ .... _' _~I 
BURST BANK 

ROW BURST CYCLE TYPE (0-1) 

(D/Q) ADDR a b c d e f 9 h 

Q 1 RO cot CO + 1 CO+2 CO+3 

D 0 R1 C1 C1 + 1 C1 +2 C1+3 

t Column-address sequence depends on programmed burst type and starting addresses CO and C1 (see Table 5). 
NOTES: A. These rising clocks during output "c"wtth DQMx = Hi would not mask outthe output "d" due to CKE insert lowto suspend those rising 

clocks at cycle DQMx = Hi. 
B. This example illustrates minimum tRCD for the '664xx4-10 at 66.6 MHz. 

Figure 43. Use of CKE for Clock Gating (Hold/Suspend) and DQM = HI Showed No Effect 
(read latency = 2, burst length = 4, two banks) 
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TMS664414, TMS664814, TMS664164 
64M·BIT SYNCHRONOUS DYNAMIC RANDOM·ACCESS MEMORIES 

SMOS690 - DECEMSER 1996 

MECHANICAL DATA 

DGE (R-PDSO-G54) PLASTIC SMALL-OUTLINE PACKAGE 

1 ~ 0.018 (0,45) I 0.012 (O'30~! -$-1 0.006 (0,16) @) 1 

0.404 (10,26) 

'-O"l"l"r'l"l"l'~I"I'I"I'l"'rl~,","I"I"r'l"l"l''I''I''I''I''I"I''''''''''~I'I''!'I''''''''''I''I"I''I''I''I'~J-
l' 27 

0.879 (22,32) -------.1 
0.871 (22,12) 

r 
0.471 (11,96) 
0.455 (11,56) 

[b u U U Ull U Ull U U U U U U U U U U U U U U U U U U d-j r--,~,...,~-:-o-'.j}~~:;~'_E~:\·~\O::l=3 
0.047 (1,20) MAX 0.000 (0,00) MIN 

4040070-610 12195 

NOTES: A. All linear dimensions are in inches (millimeters). 
B. This drawing is subject to change without notice. 
C. Body dimensions do not include mold flash or protrusion. 
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Timing Differences of 10-pF 
Versus 50-pF Loading 
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Introduction 

This application report provides a data analysis of Texas Instruments (TI) , ALVCHI6244, which is an advanced low-voltage 
CMOS (ALVC) 16-bit unidirectional driver. The 'ALVCHI6244, 'ALVCHI6721, 'ALVCHI62827, and 'ALVCH16835 are 
unidirectional drivers that are commonly used in personal computers and workstations for memory addressing in dual in-line 
memory modules (DIMMs). TypicaIDIMM applications, however, require loads of approximately 10 pF and a temperature range 
from O°C to 70°C. Since the data sheet values for 1><1, ten' and lctis are characterized under a 50-pF load and a temperature range 
of _40°C to 85°C, designers may fmd the difference in typical values to be beneficial. The purpose of this application report is 
to provide design engineers with the difference in typical values for tpd, ten' and lctis using a load of 10 pF, as opposed to 50 pF, 
and a temperature range of O°C to 70°C, as opposed to -4Q°C to 85°C. 

Laboratory Testing Technique 

Due to its widespread use, the 'ALVCHI6244 was selected as the device for actual laboratory data. The data measures 
propagation delay time, enable time, and disable time. The values presented are the averages of three different outputs. The data 
presented is indicative of the 'ALVCHI6721, the 'ALVCHI62827, and the ' ALVCH16835, since the size of their output 
transistors are the same as those on the' ALVCH 1 6244. All values provided are typical values. Unique testing specifications are 
shown in the top, left portion of each graph. 

Figure 1 shows the difference in propagation delay time, enable time, and disable time for Vee - 2.7 V and temperature values 
of O°C and 70°C. The impact of a 10-pF versus a 50-pF loading results in decreases of approximately 20% in propagation delay 
time, approximately 25% in enable time, and approximately 10% in disable time. 

VCC = 2.7 V, 
TA =O°C 

3.1 

2.91 

II) 
c 

VCC = 2.7 V, 
TA=70°C 

Figure 1. 'ALVCH162441o-pF Versus 5O-pF Switching-Time Differences for Vee = 2.7 V 

Figure 2 shows the difference in propagation delay time, enable time, and disable time for Vee - 3 V and temperature values 
of O°C and 70°C. The impact of a 10-pF versus a 50-pF loading results in decreases of approximately 25% in propagation delay 
time and enable time, and approximately 8% in disable time. 



Vcc = 3.6 V, VCC=3.6V, 
TA =0"0 TA=70·C 

2.55 

2.12 
II 1.95 II c C 

Figure 4. 'ALVCH16244 1o-pF Versus So-pF Switching-Time Differences for Vce = 3.6 V 

Conclusion 

There is a noticeable difference in propagation delay time, enable time, and disable time when a lO-pF load versus a 50-pF load 
is used, and when an operating temperature range of O°C to 70°C, as opposed to -40°C to 85°C, is used. The propagation delay 
time decreased an average of 26%, the enable time decreased an average of 24%, and the disable time decreased an average of 
8%. 
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ORDERING INSTRUCTIONS 

Electrical characteristics presented in this data book, unless otherwise noted, apply for the circuit type(s) listed in the 
page heading regardless of package. The availability of a circuit function in a particular package is denoted by an 
alphabetical reference above the pin-connection diagram(s). These alphabetical references refer to mechanical 
outline drawings shown in this section. 

Factory orders for circuits described in this catalog should include a three-part type number as explained in the 
following example. 

EXAMPLE: 
Prefix ______________________ --J 

MUST CONTAIN TWO TO FOUR LETIERS 
SN Standard prefix 
SNJ MIL-STD-883 processed and 

screened per JEDEC Standard 101 

Unique Circuit Description ---------------../ 

MUST CONTAIN SIX TO TWELVE CHARACTERS 
Examples: 74ALVCH16244 

7 4SSTL 16837 
CDC587 

Package --------------------.-/ 

MUST CONTAIN ONE TO THREE LETTERS 
DBB, DGV 
DGE, DGG, PW = 
DL 
PAH 

plastic thin very small-outline package (TVSOP) 
plastiC thin shrink small-outline package (TSSOP) 
plastic shrink small-outline package (SSOP) 
plastic thin quad flat package 

Tape and Reel Packaging-------------.J 

74ALVCH16721 DGG 

Valid for surface-mount packages only. All orders for tape and reel must be for whole reels. 

MUST CONTAIN ONE OR TWO LETTERS 
LE Left embossed tape and reel (required for PW package) 
R = Standard tape and reel (required for DBB, DGG, DGV; optional for DGE and DL packages) 
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MECHANICAL DATA 

DBB (R·PDSO-G**) 
80 PIN SHOWN 

PLASTIC SMALL·OUTLINE PACKAGE 

8~1 

6,20 8,40 
6,00 7,80 

""rTrrrTnn10 'TT'ITTTTTTI"Tm",-rTr'IT'mTTT'TT' J 
40 

A 

rGuuuUlluUUUUUUUU(tuuuuUUUUUUUUUUU ...! 
t,20 MAX 0,1;1 

..., .. p-~ @-+--------h.. 
1~lo,08 rJ 

~ DIM 80 100 

A MAX 17,10 20,90 

A MIN 16,90 20,70 

4040212/C 08195 

NOTES: A. All linear dimensions are in millimeters. 
B. This drawing is subject to change without notice. 
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MECHANICAL DATA 

DGG (R·PDS()"G**) 

48 PIN SHOWN 

PLASTIC SMALL·OUTLINE PACKAGE 

~ DIM 

6,40 8,40 
8,00 7,80 

~~nT"TTTT"TT"'J 
24 

~ ____________ A ____________ ~ 

t=6oouuuuuuuuuuuuuuouuuuuu~ 
1,20 MAX 0,05 MIN 

NOTES: A. All linear dimensions are in millimeters. 
B. This drawing is subject to change without notice. 
C. Falls w~hin JEDEC MO-153 

Seating Plan~ 
I c.1 0,10 
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A MAX 

A MIN 

48 56 64 

12,60 14,10 17,10 

12,40 13,90 16,90 

4040078/C 10/95 

7-7 



MECHANICAL DATA 

DL (R-PDSO-G**) 

48 PIN SHOWN 

PLASTIC SMALL-OUTLINE PACKAGE 

0.299 (7,59) 
0.291 (7,39) 

~ DIM 

A MAX 

A MIN 

J 0.420 (10,67) o ~~~~ 

!-rml, .".".,.,."...,.,.".,. M"TmA""""'~M"Tm~ ~.,.,.".,~ ~ ~M"Tm~ ~~i ~+--I _~l 

r ~ 
t110 (2,79) MAX 0.008 (0,20) MI:-J 

NOTES: A. AIiUnear dimensions are in inches (millimeters). 
B. This drawing is subject to change without notice. 
C. Body dimensions do not include mold flash or protrusion not to exceed 0.006 (0,15). 
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28 48 56 

0.380 0.630 0.730 
(9,65) (16,00) (18,54) 

0.370 0.620 0.720 
(9,40) (15,75) (18,29) 

40400461 B 02195 
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PW (R·PDSO·G**) 
14 PIN SHOWN 

1 r ~:~: I ~I 0,13 @I 

nl 
4,50 6,70 
4,30 6,10 

...,.,...,.0 T"'!"T""'T'T~ ~ 

MECHANICAL DATA 

PLASTIC SMALL·OUTLINE PACKAGE 

f6000000dj 
1,20 MAX 0,10 MIN 

,,~~,,~ @--+---~ 
1.0.10,10 ~ 

~ DIM 
8 14 16 20 

A MAX 3,10 5,10 5,10 6,60 

A MIN 2,90 4,90 4,90 6,40 

NOTES: A. All linear dimensions are in millimeters. 
B. This drawing is subject to change withou1 notice. 
C. Body dimensions do not include mold flash or protrusion not to exceed 0,15. 
D. Falls within JEDEC MO-153 
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24 28 

7,90 9,80 

7,70 9,60 

4040064/010/95 
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