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INTRODUCTION 

The 3.3-V era has arrived! The combination of continuous advancement in semiconductor wafer 
fabrication technologies and the proliferation of battery-powered qomputing devices has changed 
system-design methodologies of the past, and indeed our entire industry. This new era brings a new 
set of possibilities for computing and hand-held instruments: products that run faster, consume less 
power, and use fewer total system components than ever before; products that are smaller and 
lighter, yet maintain interface compatibility with existing industry standard bus architectures;, and 
products that will bring on the next era in the computer industry. 

Welcome to the 1996 Texas Instruments Low-Voltage Logic Data Book. A single family of 3.3-V 
logic products could not possibly cover the diverse needs of all of the end-equipment segments. 
Products ranging from hand-held point-of-sale terminals, notebook and laptop personal 
computers, low-power environmentally conscious desktop computers and peripherals, and 
high-performance RISC and CISC workstation platforms share the need for low-voltage 
technology, but have radically different price, performance, and feature requirements for the logic 
they employ. As a response to these diverse needs, Texas Instruments has developed four 
independent logic families: 

Advanced Low-Voltage CMOS (ALVC) 
Low-Voltage HCMOS (LV) 
Low-Voltage CMOS (LVC) 
Low-Voltage Technology (LVT) 

These products span four generations of CMOS and BiCMOS process technologies and years of 
fine-pitch packaging and innovative circuit developments to deliver a set of products for each of 
these end-equipment segments. In addition to popular octal and Widebus™ bus-interface circuits, 
two of the families also include SSI and MSllogic functions to help streamline design and facilitate 
time to market. 

Voltage translators are provided to bridge the gap between the 5-V and 3.3-V environments. In 
addition to the LVT family, the LVC family also is 5 V tolerant. This creates even more flexibility in 
the mixed-signal environments. Also new this year is the addition of the 2.5-V specification to the 
ALVC family. DeSigners of high-speed backplane applications will have great interest in the GTL 
family of transceivers. 

Some of the information in this data book is in product-preview or advance-information form. For 
more information on these products including availability dates, pricing, and final timing 
specifications, please contact your local Texas Instruments field sales representative, authorized 
distributor, or call our Advanced System Logic hotline at (903) 868-5202. 

We are sure you will agree that Texas Instruments has developed the most complete line of 
low-voltage logic products in the industry. We hope that these products will meet your system and 
design needs. Texas Instruments has been and will continue to be the logic leader for bus-interface 
products. 

OEC, SCOPE, UBE, UBT, Widebus, and Widebus+ are trademarks of Texas Instruments Incorporated. 
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PRODUCT STAGE STATEMENTS 

Product stage statements are used on Texas Instruments data sheets to indicate the development 
stage(s) of the product(s) speCified in the data sheets. 

If all products specified in a data sheet are at the same development stage, the appropriate statement 
from the following list is placed in the lower left corner of the first page of the data sheet. 

PRODUCTION DATA information is current as of publication date. Products conform to 
specifications per the terms of Texas Instruments standard warranty. Production processing 
does not necessarily include testing of all parameters. 

ADVANCE INFORMATION concerns new products in the sampling or preproduction phase of 
development. Characteristic data and other specifications are subject to change without notice. 

PRODUCT PREVIEW information concerns products in the formative or design phase of 
development. Characteristic data and other specifications are design goals. Texas Instruments 
reserves the right to change or discontinue these products without notice. 

If not all products specified in a data sheet are at the PRODUCTION DATA stage, then the first 
statement below is placed in the lower left corner of the first page of the data sheet. Subsequent pages 
ofthe data sheet containing PRODUCT PREVIEW information or ADVANCE INFORMATION are then 
marked in the lower left-hand corner with the appropriate statement given below: 

UNLESS OTHERWISE NOTED this document contains PRODUCTION DATA information 
current as of publication date. Products conform to specifications per the terms of Texas 
Instruments standard warranty. Production processing does not necessarily include testing of 
all parameters. 

ADVANCE INFORMATION concerns new products in the sampling or preproduction phase of 
development. Characteristic data and other specifications are subject to change without notice. 

PRODUCT PREVIEW information concerns products in the formative or design phase of 
development. Characteristic data and other speCifications are design goals. Texas Instruments 
reserves the right to change or discontinue these products without notice. 
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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 (lEC) for international use. 

operating conditions and characteristics (in sequence by letter symbols) 

Ci Input capacitance 

fmax 

ICC 

ICEX 

II(hold) 

The internal capacitance at an input of the device 

Input/output capacitance 
Input-to-output internal capacitance; transcapacitance 

Output capacitance 
The internal capacitance at an output of the device 

Power dissipation capacitance 
Used to determine the no-load dynamic power dissipation per logic function (see individual circuit pages): 
Po = Cpd.Vee2 f + lee Vee 

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 

Supply current 
The current into* the Vee supply terminal of an integrated circuit 

Supply curr~nt change 
The increase in supply current for each input that is at one of the specified TIL voltage levels rather than 
o V or Vee 

Output high leakage current 
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, will 
establish a high level at the output 

·Current out of a tenninal is given as a negative value. 

~1ExAs 
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GLOSSARY 
SYMBOLS, TERMS, AND DEFINITIONS 

IOL Low~level output current 
The current into· an output with input conditions applied that, according to the product specification, will 
establish a low level at the output . 

'OZPu/PD Off-state (hlgh-Impedance-state) output current (of a 3-state output) 
The current flowing into· an output having 3-state capability with input conditions established that, 
according to the product specification, will establish the high-impedance state at the output 

ta· Access time 
The time interval between the application of a specified input pulse and the availability of valid signals 
at an output 

te Clock cycle time 
Clock cycle time is 1/fmax 

tdis Disable time (of a 3-state or open-collector output) 
The propagation time between the specified reference paints on the input and output voltage waveforms 
with the output changing from either of the defined active levels (high or low) to a high-impedance (off) 
state 
NOTE: For 3-state outputs, ~Is = tpHZ or tpLZ' Open-collector outputs will change only if they are low 

at the time of disabling, so tdis = tpLH' 

ten Enable time (of a 3-state or open-collector output) 
The propagation time between the specified reference points on the input and output voltage waveforms 
with the output changirig from a high-impedance (off) state to either of the defined active levels (high or 
low) 
NOTE: In the case of memories, this is the access time from an enable input (e.g., OE). For 3-state 

outputs, ten = tpZH ortpZL. Open-collector outputs will change only if they are responding to data 
that would cause the output to go low, so ten = tpHL' 

th Hold time 
The time interval during which a signal is retained at a specified input terminal after an active transition 
occurs at another specified input terminal 
NOTES: 1. The hold time is the actual time interval between two signal events and is determined by the 

system in which the digital circuit operates. A minimum value is specified that is the shortest 
interval for which correct operation of the digital circuit is to be expected. ' 
2. The hold time may have a negative value in which case the minimum limit defines the longest 
interval (between the release of the signal and the active tranSition) for which correct operation 
of the digital circuit is to be expected. 

tpd Propagation delay time 
The time between the specified reference paints on the input and output voltage waveforms with the 
output changing from one defined level (high or low) to the other defined level (tpd = tpHL or tpLH) 

tpHL Propagation delay time, hlgh-to-Iow level output 
The time between the specified reference paints 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 paints 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 

·Current out of a terminal Is given as a negative value. 
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tpLH Propagation delay time, low-to-hlgh 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 low level to the defined high level 

tpLZ Disable time (of a 3-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 3-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(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 output. 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. 

tsu Setup time 
The time interval between the application of a signal at a specified input terminal and a subsequent active 
transition at another specified input terminal 
NOTES: 1. The setup time is the actual time interval between two signal events and is determined by 

the system in which the digital circuit operates. A minimum value is specified that is the shortest 
interval for which correct operation of the digital circuit is guaranteed. 
2. The setup time may have a negative value, in which case the minimum limit defines the 
longest interval (between the active transition and the application of the other signal) for which 
correct operation of the digital circuit is guaranteed. 

tw Pulse duration (width) 
The time interval between specified reference points on the leading and trailing edges of the pulse 
waveform 

VIH High-level Input voltage 
An input voltage within the more positive (less negative) of the two ranges of values used to represent 
the binary variables 
NOTE: A minimum is speCified that is the least-positive value of high-level input voltage for which 

operation of the logic element within specification limits is to be expected. 

VIL Low-level input voltage 
An input voltage within the less positive (more negative) of the two ranges of values used to represent 
the binary variables 
NOTE: A maximum is specified that is the most-positive value of low-level input voltage for which 

operation of the logic element within specification limits is to be expected. 

VOH High-level output voltage 
The voltage at an output terminal with input conditions applied that, according to product speCification, 
will establish a high level at the output 

~1ExAs 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALlAS. TEXAS 75265 1-7 



GLOSSARY 
SYMBOLS, TERMS, AND DEFINITIONS 

VOL Low-level output voltage 
The voltage at an output terminal with input conditions applied that, according to product speCification, 
will establish a low level at the output 

VIT + Positive-going Input threshold level 
The voltage level at a transition-operated input that causes operation of the logic element according to 
specification as the input voltage rises from a level below the negative-going threshold voltage, VIT-

VIT _ Negative-going Input threshold level 

1-8 

The voltage level at a transition-operated input that causes operation of the logic element according to 
specification as the input voltage falls from a level above the positive-going threshold voltage, VIT + 
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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 low level (steady state) 
; transition from low to high level 
J.. transition from high to low level -
X 
z 
a ... h 

00 
00 

-U
Toggle 

value/level or resulting value/level is routed to indicated destination 
value/level 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 0 before the indicated steady-state input 
conditions were established 
level of 0 before the most recent active transition indicated by J.. or ; 
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 ; 

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; 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 00), 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,..f1... or-U-, the pulse follows 
the indicated input transition and persists for an interval dependent on the circuit.) 
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EXPLANATION OF FUNCTION TABLES 

Among the most complex function tables are those of the shift registers. These embody most of the symbols used 
in any of the function tables, plus more. Below is the function table of a 4-bit bidirectional universal shift register, e.g., 
type SN74194. 

FUNCTION TABLE 

INPUTS OUTPUTS 

MODE SERIAL PARALLEL 
QA CLEAR CLOCK QB Qc QD 

S1 SO LEFT RIGHT A B C D 

L X X X X X X X X X L L L L 

H X X L X X X X X X QAO QBO QCO QDO 
H H H t x x a b C d a b C d 

H L H t X H H H H H H QAn QBn QCn 

H L H t X L L L L L L QAn QBn QCn 

H H L t H X X X X X QBn QCn QDn H 

H H L t L X X X X X QBn QCn QDn L 

H L L X X X X X X X QAO QBO QCO QDO 

The first line of the table represents a synchronous clearing of the register and says that if clear is low, all four outputs 
will be reset low regardless of the other inputs. In the following lines, clear is inactive (high) and so has no effect. 

The second line shows that so long as the clock input remains low (while clear is high), no other input has any effect 
and the outputs maintain the levels they assumed before the steady-state combination of clear high and clock low 
was established. Since on other lines of the table only the rising transition of the clock is shown to be active, the second 
line implicitly shows that no further change in the outputs will occur while the clock remains high or on the high-.to-Iow 
transition of the clock. 

The third line of the table represents synchronous parallel loading of the register and says that if S1 and SO are both 
high then, without regard to the serial input, the data entered at A will be at output QA, data entered at B will be at 
Qs, and so forth, following a low-to-high clock transition. 

The fourth and fifth lines represent the loading of high- and low-level data, respectively, from the shift-right serial input 
and the shifting of previously entered data one bit; data previously at QA is now at Qs, the previous levels of Qs and 
Qc are now at Qc and QD, respectively, and the data previously at QD is no longer in the register. This entry of serial 
data and shift takes place on the low-to-high transition of the clock when S1 is low and SO is high and the levels at 
inputs A through D have no effect. 

The sixth and seventh lines represent the loading of high- and low-level data, respectively, fror:n the shift-left serial 
input and the shifting of previously entered data one bit; data previously at Qs is now at QA, the previous levels of 
Qc and QD are now at Qs and Qc, respectively, and the data previously at QA is no longer in the register. This entry 
of serial data and shift takes place on the low-to-high transition of the clock when S1 is high and SO is low and the 
levels at inputs A through D have no effect. 

The last line shows that as long as both inputs are low, no other input has any effect and, ~s in the second line, the 
outputs maintain the levels they assumed before the steady-state combination of clear high and both mode inputs 
low was established. 

The function table functional tests do not reflect all possible combinations or sequential modes. 

~1ExAs 
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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 Ootype 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 0 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 

FLIP-FLOP 

5 

6 

5 

6 

Q 

Q 
ClR 
ClK 

o 
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 (I:::..) 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. 

~TEXAS 
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THERMAL INFORMATION 

In digital system design, consideration must be given to thermal management of components. The small size of the 
small-outline package makes this even more critical. Figure 1 shows the thermal resistance of these packages for 
various .rates of air flow. -Figures 2, 3, 4, and 5 are derating curves for the DB package. 

The thermal resistances in Figure 1 can be used to approximate typical and maximum virtual junction temperatures 
for the LVL family. In general, thejunction temperature for any device can be calculated using the following equation. 

TJ = RaJA X PT + TA 

Where: 

1-12 

T J virtual junction temperature 
RaJA thermal resistance, junction to free air 
Pr total power dissipation of the device 
T A free-air temperature 

JUNCTION-TO-AMBIENT THERMAL RESISTANCE 
vs 

AIR VELOCITY 
1~r---'----r--~----r---~--, 

14-Pln D Package 
1~~--+----h~~----r---T---~ 

iII-Pin D Package 
110~--+-~~~~----r---T---~ 

2()'Pln DW Package 

~~~~~~~~----~~+-~~ 

80~~+-+-~c-~~-

70~~~~~--~~~~~~--~ 

~J--r~~~~~=t-j 

40~--+---~---+----~--+---~ 

30~--~--~--~--~--~--~ 

o 100 200 300 400 500 600 

Air Velocity - Feet/Min 

Figure 1 
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FUNCTIONAL INDEX 

Current Texas Instruments Advanced Logic Publications 

Listed below is the current collection of Texas Instruments logic technical documentation. The alphanumeric code 
is the literature number for each item listed. These documents can be ordered through a TI representative or 
authorized distributor by referencing the literature number. 

Document Literature Number 

Advanced BiCMOS Technology Data Book (1994) ................... SCBD002B 

Advanced Bus-Interface SPICE 1/0 Models Data Book (1995) ......... SCBD004A 

Advanced CMOS Logic Data Book (1993) .......................... SCAD001 C 

Advanced Logic and Bus-Interface Logic Data Book (1991) ....•...... SCYD001 

ALS/AS Logic Data Book (1995) .................................. SDAD001 C 

BCT BiCMOS Bus-Interface Logic Data Book (1994) . . . . . . . . . . . . . . . .. SCBD001 B 

Boundary-Scan Logic, IEEE Std. 1149.1 (JTAG) 5-Vand 3.3-V 
Bus-Interface and Scan-Support Products Data Book (1994) .......... SCTD002 

CBT Bus Switches Crossbar Technology Data Book (1995) ........... SCDD001 

CDC Clock-Distribution Circuits Data Book (1994) ................... SCAD004 

F Logic Data Book (1994) ........................................ SDFD001 B 

High-Performance FIFO Memories Data Book (1996) ................ SCAD003C 

High-Performance FIFO Memories Designer's Handbook (1996) ...... SCAA012A 

High-Speed CMOS Logic Data Book (1989) ........................ SCLD001 C 

Low-Voltage Logic Data Book (1996) .............................. SCBD003B 

TTL Logic Data Book (TTL, LS, S) (1988) .......................... SDLD001 A 

Semiconductor Group Package Outlines Reference Guide. . . . . . . . . . .. SSYU001 A 

In addition to the books listed above, the following documents are available only in Europe. 

Document Literature Number 

Advanced BiCMOS Technology Data Book (1994) ................... SCBDE08 

CBT Crossbar Technology Data Book (1995) ................•....•. SCDDE01 

CDC Data and Applications Manual (1995) ......................... SCBTE07B 

Packaging Data Book (1995) ..................................... SCYDE04 

ASL SCOPETM Products Data and Applications Manual (1994) ........ SCBDE09 
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Positive-NAND Gates 

g 
!il-... 
~ Z-.ar 
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DESCRIPTION 

8 Input 

131npu1 / 

Dual 4 Input 

Triple 3 Input 

Quad21~ut 

Hex 2 Input 

Quad 2 Input 

Dual 2 Input m~g 
': ~ ~ I Positive-AND Gates 

;~ DESCRIPTION 

j 
Quad 2 Input 

Dual 4 Input 

Triple 3 Input 

Quad 2 Input 

Hex 2 Input 

OUTPUT 

OC 

OC 

OUTPUT 

OC 

.-...J---

TYPE 
ALS 

'30 II' 

'133 II' 

'20 II' 

'10 II' 

'00 II' 

'37 II' 

'38 II' 

'132 

'1000 

'804 II' 

'1804 

'03 II' 

'8003 II' 

TYPE 
ALS 

'09 II' 

7001 

'21 II' 

'11 II' 

'08 II' 

'1008 

'808 

'1808 

GATES 

TECHNOLOGY 

AS F LS S , TTL AC ACT AHC AHCT 

II' II' II' II' II' 

II' 

II' II' II' II' 

II' II' II' II' II' II' 

II' II' II' II' 11'- 11'. II' II' II' 

II' II' II' 

II' II' II' II' 

II' II' II' 

II' 

II' 

II' 

II' 

TECHNOLOGY 

AS F LS S m AC ACT AHC AHCT 

II' II' 

II' II' II' 

II' II' II' II' II' II' 

II' II' II' II' 11'. 11'. II' II' 

II' 

II' 

II' 

II' Product available in technology indicated • Product available in reduced-noise advanced CMOS (11000 series) + New product planned in technology indicated 

HC HCT 

II' 

II' 

II' II' 

II' 

II' 

HC HCT 

II' 

II' 

II' 

II' II' 

LY 

II' 

LY 

II' 

LYC 

II' 

II' 

LYC 

II' 

"'11 
c: z 
~ 
o z » 
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Z 
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GATES 

Positive-ORINOR Gates 

DESCRIPTION OUTPUT TYPE 
ALS AS F LS S 

'32 ~ ~ ~ ~ ~ 
Quad 2 Input 

'1032 ~ 

'832 ~ ~ 
Hex 2 Input 

'1832 ~ 

Dual 5 Input '260 ~ ~ 

Triple 3 Input '27 ~ ~ ~ ~ 

'02 ~ ~ ~ ~ ~ 

Quad 2 1'1JUI OC '33 ~ 

7002 

'805 ~ ~ 
Hex 2 Input 

'1805 ~ 

ORINOR Gates 

DESCRIPTION OUTPUT TYPE 
AS F LS S ALS 

Quad 2-lnput ExcIusive-OR Gates 
'86 ~ ~ ~ With Totem-Pole Outputs 

Quad 2-lnput ExcIusiv&NOR Gates 00 '266 ~ 

~ Product available in technology indicated • Product available in reduced-noise advanced CMOS (11000 series) 

TECHNOLOGY 

m AC ACT AHC AHCT 

~ ~. ~. ~ ~ 

_.IECHNOLOGY 

m AC ACT AHC AHCT 

~. ~ ~ ~ 

+ New product planned in technology indcaIed 

HC HCT 

~ ~ 

~ 

~ ~ 

~ 

HC HCT 

~ 

~. --

LY LYC 

~ ~ 

~ ~ 

LY LYC 

~ 

." 
c: z 
~ 
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Z 
C 
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INVERTING/NONINVERTING BUFFERS 

Hex Inverters/Noninverters 

DESCRIPTION OUTPUT 
TECHNOLOGY 

TYPE 
ALS AS F LS S TTL AC ACT AHC AHCT 

'04 t/ t/ t/ t/ t/ t/ t/. t/. t/ t/ 

'U04 t/ 

'05 t/ oc t/ t/ t/ 

Hex Inverters '06 t/ 

'14 t/ t/ t/ t/ t/ t/ 

'1004 t/ t/ 

'1005 t/ 

oc '35 t/ 

Hex Noninverters '1034 t/ t/ 

OC '1035 t/ 

BUFFERS/DRIVERS AND BUS TRANSCEIVERS 

Buffers/ Drivers 

TECHNOLOGY 
DESCRIPTION OUTPUT TYPE 

ABT BCT LVT ALS AS F LS S m AC ACT AHC AHCT ALVC 
2-Bit Buffers 3S '306 t/ 

'125 t/ t/ t/ t/ t/ + + 
Quad BullersJDrivers 3S 

'126 t/ t/ t/ t/ + + 
Hex Buffers OC '07 t/ 

Noninverting 3S '365 t/ 

Hex Buffers/Drivers 3S '367 t/ t/ 

Inverting 
3S '368 t/ t/ 

Hex Buffers/Drivers 
-~---

t/ Product available in technology indicated • Product available in reduced-noise advanced CMOS (11000 series) + New product planned in technology indicated 

HC HCT 
t/ t/ 

t/ 

t/ 

t/ 

HC HCT LV 

t/ t/ t/ 

t/ 

t/ 

t/ 

t/ 

LV 
t/ 

t/ 

t/ 

LVC 

t/ 

LVC 
t/ 

t/ 

t/ 

OTHER 

-
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BUFFERS/DRIVERS AND BUS TRANSCEIVERS 

Buffers/ Drivers (Continued) 

TECHNOLOGY 
DESCRIPTION OUTPUT TYPE 

ABT BCT LVT ALS AS F LS S TTL AC ACT AHC AHCT ALVC 

'241 tI' tI' tI' tI' tI' tI' tI' tI' tI' tI' 

'244 tI' tI' tI' tI' tI' tI' tI' tI' tI'. tI'- tI' tI' 

'1240 tI' 
3S 

Noilinverting '1244 tI' 

Octal BufferslDrivers '25244 tI' 

'541 tI' tI' tI' tI' tI' tI' tI' 

OC 
'757 tI' 

'760 tI' tI' tI' 

'240 tI' tI' tI' tI' tI' tI' tI' tI' tI'. tI'- tI' tI' 
Inverting 3S 
Octal Buffers/Drivers 

'540 tI' tI' tI' tI' tI' tI' 

OC '756 tI' tI' 

Inverting and Noninverting 
3S '230 tI' 

Octal Buffers/Drivers 

Noninverting '827 tI' 
3S 

IO-BH BuffersiDrivers '29827 tI' tI' 

Inverting '828 
3S 

IO-BH BuffersiDrivers '29828 tI' tI' 

'16241 tI' tI' tI' 
Noninverting 3S '16244 tI' tI' tI' tI' tI' 
16-BH Buffers/Drivers 

'16541 tI' tI' 

Inverting '16240 tI' tI' tI' tI' 
3S 

16-BH Buffers/Drivers '16540 tI' tI' 

Noninverting '16825 tI' tI' tI' 
3S 

18-BH Buffers/Drivers '16835 tI' tI' 

Noninverting 
3S '16827 tI' tI' tI' 

2O-BH Buffers/Drivers 

tI' Product available in technology indicated • Product available in reduced-noise advanced CMOS (11000 series) + New product planned in technology indicated 

HC HCT LV 

tI' 

tI' tI' tI' 

tI' tI' 

tI' tI' tI' 

tI' tI' 

LVC 

tI' 

tI' 

tI' 

tI' 

tI' 

tI' 

tI' 

tI' 

tI' 

tI' 

tI' 

OTHER 

+LVCH 
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Universal Bus Transceivers (UBPM)/Universal Bus Exchangers (UBETM) 

DESCRIPTION OUTPUT TYPE 
TECHNOLOGY 

ABT BCT LVT LY 

Noninverting ~ 4-Port USETII 3S '16409 

Noninverting 17-Bi1 USTTII With Buffered Clock OuIpuls and 0u1put Edge Control (0Ee"') OD '16616 

'16500 ~ ~ 

Noninverting 18-Bi1 UBfTII 
'16501 ~ ~ 

3S 
'16600 ~ 

'16601 ~ 

Noninverting 18-Bi1 UBTTII With OuIput Edge Control (OEC"') OD '16612 

Noninverting 18-Bi1 USTTM OD '16622 

Nonirwel1ing 36-B~ UBTTM 3S '32501 ~ 

Noninverting 18-Bi1 TrH'ort UBETM 3S '32316 ~ 

Noninverting 18-Bi1 T rH'ort UBETM 3S '32318 ~ 

'162500 ~ 

18-Bi1 UBTTII Wdh Series Resistors on B Port 3S '162501 ~ 

'162601 ~ 

Noninverting 18-Bi1 UBTTM Wdh Parity Generators /Checkers 3S '16901 

SCOPE'" 18-Bi1 UBTTII 3S '18502 ~ ~ 

SCOPE'" 2O-Bit UBTTII 3S '18504 ~ ~ 

~ Product available illechnology indicated· • Product available in reduceckIoise advanced CMOS (11000 series) + New product planned in technology indicated 

Lye ALye 

~ 

~ 

~ 

~ 

~ 

~ 

~ 

OTHER 
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tlGTL 
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BUFFERS/DRIVERS AND BUS TRANSCEIVERS 

Bus Transceivers 

DESCRIPTION OUTPUT TYPE 
TECHNOLOGY 

ABT BCT LVT ALS AS F LS S TTL AC ACT AHC AHCT ALYC 

Inverting 
OC 758 tI' Quad T ransceiveIs 

Noninverting as '243 tI' tI' tI' Quad Transceivers 

'245 tI' tI' tI' tI' tI' tI' tI' tI'- tI'- tI' tI' 

'1245 tI' 

as '25245 tI' tI' 

Noninverting '645 tI' tI' tI' 
Octal Transceivers '1645 tI' 

'621 tI' 
OC 

'641 tI' tI' tI' 

0C/3S '639 tI' tI' 

'620 tI' tI' 

'623 
3S 

tI' tI' tI' tI' tI' 

Inverting '640 tI' tI' tI' tI' tI' 
Octal Transceivers '1640 tI' 

OC '642 tI' tI' 

0C/3S '638 tI' tI' 

Noninverting '863 tI' as 
9-Bit Transceivers '2Q863 tI' tI' 

NoninverHng as '861 tI' lD-Bit Transceivers 

Noninverting '16245 tI' tI' tI' tI' tI' 
3S 

16-BR Transceivers '16623 tI' tI' 

Noninverting 
16-BHransceivers, as '164245 tI' 
3.$-V-t0-5-V Level Shiller 

Inverting '16640 tI' tI' tI' 
3S 

16-BR Transceivers '16620 tI' tI' 

Noninverling 
3S '16863 tI' tI' tI' 18-Bi1 Transceivels 

tI' Product available in technology indicated - Product available in reduced-noise advanced CMOS (11000 series) + New product planned in technology indicated 

HC HCT LY 

tI' tI' tI' 

tI' tI' 

tI' tI' 

tI' 

LYC OTHER 

tI' +LYCH 

tI' 

tI' 

tI' tl'ABTE 
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Bus Transceivers (Continued) 

TECHNOLOGY 
DESCRIPTION OUTPUT TYPE 

ABT BCT LVT ALS AS F LS S TTL AC ACT AHC AHCT ALYC HC 

Inverting 
3S '16864 ~ 18-BHransceivers 

Noninverling 
3S '16861 ~ 

2O-B~ Transceivers 

'543 ~ ~ ~ ~ 

'646 ~ ~ ~ ~ ~ ~ ~ 

Noninverting 3S 
'652 ~ ~ ~ ~ ~ ~ . . ~ 

Octal Registered 
'2952 ~ ~ Transceivers 

OC/3S 
'653 ~ 

'654 ~ 

Inverting '648 ~ ~ ~ 

Octal Registered 3S '651 ~ ~ ~ 

Transceivers '2953 ~ 

'16470 ~ ~ 

Noninverting '16543 ~ ~ ~ ~ ~ 

16-Bit Registered 3S '16646 ~ ~ ~ ~ ~ 

Transceivers '16852 ~ ~ ~ ~ 

'16952 ~ ~ ~ 

Inverting '16544 ~ 

16-Bit Registered 3S '16848 ~ 

Transceivers '16851 ~ 

'16474 ~ 

NonilVerting '16500 ~ ~ ~ 

18-B~ Registered 3S '16501 ~ ~ ~ 

Transceivers '16800 ~ ~ 

'16801 ~ ~ 

Noninverting 
3S '32245 ~ 

36-B~ Transceivers 

Noninverling 36-8H '32501 ~ 
3S 

Registered Transceivers '32543 ~ 
-- - -------- ---

~ Product available in technology indicated • Product available in reduced-noise advanced CMOS (11000 series) + New product planned in technology indicated 

HCT LY LYC 

~ 

~ ~ 

~ ~ 

~ 

~ 
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BUFFERS/DRIVERS AND BUS TRANSCEIVERS 

Bus Transceivers (Continued) 

DESCRIPTION OUTPlTT TYPE 
TECHNOLOGY 

ABT BCT LVT ALS AS F LS S TTL AC ACT AHC AHCT ALVC 

'657 ttl 

8-I9-Bit 
3S '833 ttl 

Bus Transceivers '853 ttl 

With Parity Checkers! '29833 ttl 
Generators 3S/OC '29834 ttl 

'29854 ttl 

Dual8-l9-Btt '16833 ttl ttl 
Bus Transceivers 

3S '16657 ttl ttl With Parity Checkers! 

~ 

~~4r 
;~d 
~~~ 
i~G; 

Generators '16853 ttl 

Noninverting 16-Btt 
T ri-Port Registered 3S '32316 ttl 
Bus Exchangers 

Noninverting 18-Btt 
Tri-Port Regislered 3S '32318 ttl 
Bus Exchangers , 
7-BHTlA3TL 

OC '2041 
Transceivers 

6-Btt TTlA3TL 
OC '2040 Transceivers 

j 6-Btt TTlA3JL 
OC '2033 Registered Transceivers 

9-Btt TTlA3Tl 
Competition OC '2032 
Transceivers 

9-Btt TIUBTL Address! 
OC '2031 

Data Transceivers 

17-BttTIUSTL 
Universal Storage OC '1651 
Transceivers 

18-Btt TIUBTl 
Universal Storage OC '1650 
Transceivers 

--- L __ - - ---

ttl Product available in technology indi:ated • Product available in reduced-noise advanced CMOS (11000 series) + New product planned in technology indicated 

~ 

~ 

HC HCT LV Lve OTHER 

ttlFB 

ttlFB 

ttlFB 

+FB 

ttlFB 

ttlFB 
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MOS Memory Drivers/Transceivers 

DESCRIPTION OUTPUT 
TECHNOLOGY 

TYPE 
ABT BCT LVT ALS AS F AC ACT 

'2240 '" '" '" 
'2241 '" Octal BuffelSlDrivers With Series Resistors on 0u1put 3S 
'2244 '" '" '" 
'2541 '" 

0cIa1 TransceiVers With Series Resistors on B Port 3S '2245 '" '" '" '2827 '" 1O-Bit BufferslDrivers With Series Resistors 3S 
'2828 '" la-Bit Rip-Ffops Wdh Dual Outputs and Series Resistors 3S '162820 

'5400 '" ll-Bit BuffersJDrivers With Series Resistors 3S 
'5401 '" 

12-Bit BufferilJDrivers With Series Resistors 
'5402 '" 3S 
'5403 '" 16-Bit BufferslDrivers With Series Resistors 3S '162244 '" '" 16-Bit Transceivers With Series Resistors 3S '162245 '" '" 16-BR D-Type Latches With Series Resistors 3S '162373 '" 16-8R D-Type Rip-Flops With Series Resistors 3S '162374 '" 4-11>-1 MultipfexedlDemulqllexed Registered Transceivers With Series Resistors 3S '162460 '" '162500 '" 18-Bit UBTTM With Series Resistors on B Port 3S '162501 '" '162601 '" 18-Bit Bus-Interface Rip-Raps With Series Resistors 3S '162823 '" 18-Bit Buffers/Drivers With Series Resistors 3S '162825 '" 2j)-Bit Buffers/Drivers With Series Resistors 3S '162827 '" 12-t0-24 Multiplexed D-Type Latches With Series Resistors on B Port .3S '162260 '" 

'" Product available in technology indicated • Product available in reduced-noise advanced CMOS (11000 series) + New product planned in technology indicated 

ALYC LY 

'" 

'" 
'" 

'" 

LYC 

'" 

OTHER 

"'LVTH 
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TESTABILITY BUS-INTERFACE CIRCUITS 

IEEE 1149.1 (JTAG) Boundary-Scan Logic 

DESCRIPTION NO. OF TECHNOLOGY 
BITS OUTPUT TYPE 

ABT BCT LVT F LS S 

'8240 + til' 
BuffersIDrivers 8 3S 

'8244 + til' 

Transceivers 
8 3S '8245 til' til' 

18 3S '18245 tI' tI' 

Transparent l.atches 8 3S '8373 + tI' 

Flip-Flops 8 3S '8374 + til' 

'8543 tI' 

'8646 tI' 
8 3S 

'8652 tI' 

'8952 tI' 
Registered Transceivers 

'18502 tI' tI' 

18 3S '18646 tI' tI' 

'18662 tI' til' 

20 3S '18504 tI' tI' 

Test Bus Controllers 3S '8990 

FLIP-FLOPS AND LATCHES 

Flip-Flops 

TECHNOLOGY 
DESCRIPTION OUTPUT TYPE 

ABT BCT LVT ALS AS F LS S TTL AC ACT AHC AHCT 
'109 tI' tI' tI' tI' 

DualJ-K 
'112 tI' tI' tI' tI' Edge Triggered 
'113 - tI' 

DualO-Type '74 tI' tI' tI' tI' tI' tI' tI'- tI'- tI' tI' 

Dual 4 Bit O-T ype '874 tI' tI' 
3S 

Edge Triggered '876 tI' tI' 

QuadO-Type '175 tI' tI' tI' tI' tI' tI' 

'174 tI' tI' tI' tI' tI' 
Hex O-Type 

'378 tI' 

TTL 

ALYC HC 
tI' 

tI' 

tI' 

tI' 

tI' 

tI' Product available in technology indcated - Product available in reduced-noise advanced CMOS (11000 series) + New product planned in technology inclCBted 

AC ACT 

tI' 

HCT LY LYC 

+ 

tI' tI' tI' 

tI' 

OTHER 

OTHER 

+CDC 

-
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Flip-Flops (Continued) 

DESCRIPTION OIlTPUT TYPE 
TECHNOLOGY 

ABT BCT LVT ALS AS f LS S TTL AC ACT AHC AHCT ALVC 

Octal D-Type '374 '" '" '" '" '" '" '" ",. ",. + + 
3S 

True Data '574 '" '" '" '" '" '" '" '" '" 
Octal D-Type '273 '" '" '" '" True Data '575 '" '" W~hClear 3S 

'874 '" '" Octal D-Type 
True Data '377 '" '" '" Wdh Clock Enable 

'534 '" '" '" '" Octal D-Type 
3S '564 '" '" '" Inverting 

'576 '" '" 
Octal Dual Ranked 
TrueDaia 3S '4374 '" -
Octal Inverting as '577 '" WdhClear 

Octall,nverting as '876 '" '" Wdh Preset 

Octal True Daia as '825 '" '823 '" '" 9 Bit True Data as 
'29823 '" 1 0 B~ Noninverting 3S '16820 '" '821 '" '" 1 0 BRT rue Data 3S 
'29821 tI' '" 16 Bit Noninverting 3S '16374 '" '" '" '" '" 18 Bit Noninverting 3S '16823 '" '" '" '" '16721 '" 20 Bit Noninverting 3S 
'16821 '" '" '" 20 Bit Noninverting 00 '16921 

Wdh GTL I/O Levels 

tI' Product available in technology indicated • Product available in reduced-noise advanced CMOS (11000 series) + New product planned in technology indicated 

HC HCT LV 

'" '" '" '" '" '" '" '" '" 

tI' '" 
tI' 

c 

--

LVC 

'" 
'" 

'" 
+ 

'" 

L-___ 

OTHER 

+GTL 
_._--
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FLIP-FLOPS AND LATCHES 

Latches 

NO. TECHNOLOGY 
DESCRIPTION OF OUTPUT TYPE 

BITS ABT BCT LVT ALS AS F LS S TTL AC ACT AHC AHCT ALVC 

[Hype Edge 
Triggered Inverting 8 3S '996 ~ 
and Noninverting 

[). Type Transparent 8 3S '990 ~ 

Readback latch, 9 3S '992 ~ 

True 10 3S '994 ~ 

[). Type Transparent 
With Clear, 8 3S '666 ~ 
True Outputs 

[). Type Transparent 
With Clear, 8 3S '667 ~ 
Inverting OUtputs 

'373 ~ ~ ~ ~ Ii' ~ ~ ~. ~. + + 
[)'Type 8 3S 
Transparent True '573 ~ ~ ~ ~ ~ ~ ~ ~ ~ 

16 3S '16373 ~ ~ ~ ~ ~ 

[)'Type Dual 4 8ft 
8 3S '873 ~ ~ Transparent True 

[)'Type '533 ~ ~ ~ ~ ~ 

Transparent 8 3S '563 ~ ~ ~ 

Inverting '580 ~ 

Addressable 8 2S '259 ~ ~ 

8 3S '845 ~ 

'843 ~ ~ 
9 3S 

'29843 ~ 

[)'Type True Inputs '841 ~ ~ 
10 3S 

'29841 ~ ~ 

18 3S '16843 + ~ 

20 3S '16841 ~ ~ ~ 

[)'Type 
10 3S '842 ~ Inverting Inputs 

~ Product available in technology indicated • Product ava~abIe in reduced-noise advanced CMOS (11000 series) + New product planned in technology inalCated 

HC HCT LV 

~ ~ ~ 

~ ~ ~ 

~ 

~ 

LVC 

~ 

~ 

~ 

+ 

~ 

OTHER 
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Shift Registers 

DESCRIPTION 

ParaDelln, ParaDei Out, Bidirectional 

Parallel In, Parallel Out 

Serial In, ParaDei Out 

Parallel In, Serial Out 

Serial In, ParaDei Out With Output latches 

Noninvelti~ 

Register Files 

DESCRIPTION 

Dual 16 WOld x 4 Bits 

tI' Product available in technology indcated 

REGISTERS 

NO. OF TECHNOLOGY 
BITS OUTPUT TYPE 

ABT BCT LVT ALS AS F LS S m AHC 
4 '194 tI' tI' tI' 

8 
'299 tI' tI' tI' tI' 

'323 tI' tI' 

4 '195 tI' tI' 

8 '164 tI' tI' 

'165 tI' tI' 
8 

'166 tI' tI' 

'594 tI' 
8 3S 

'595 tI' 

8 3S '299 tI' tI' tI' tI' 

9 3S '29823 tI' 

TECHNOLOGY 
OUTPUT TYPE 

ABT I BCT I LVT IALS I AS I F I LS I S 

3S '870 I I I tI' I I I I 

• Product available in reduced-noise advanced CMOS (11000 series) + New product planned in technology indcated 

AHCT HC HCT LV 

tI' tI' 

tI' 

tI' 

tI' 

tI' 

ImlACIACT 

I I I 
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COUNTERS 

Synchronous Counters - Positive Edge Triggered 

PARALLEL TECHNOLOGY 
DESCRIPTION LOAD TYPE 

ABT BCT LVT ALS AS F LS S TTL 
4 B~ Decade Up/Down Sync '568 ." 

'161 ." ." ." ." 

4 B~ Binary Sync '163 ." ." ." ." ." 

'561 ." 

'169 ." ." ." ." ." 

'569 ." 
4 B~ Binary Up/Down Sync 

'191 ." ." 

'193 ." ." ." 

Sync Clear '869 ." ." 
8~Up/Down 

AsyncClear '867 ." ." 

Asynchronous Counters (Ripple Clock) - Negative Edge Triggered 

PARALLEL TECHNOLOGY 
DESCRIPTION LOAD TYPE 

ABT BCT LVT ALS AS F LS S m 
Dual 4 B~ Binary None '393 ." 

12 B~ Binary Asyoo '4040 

'4020 
14 B~Binary Async 

'4060 

8-Bit Binary Counters With Registers 

PARALLEL TECHNOLOGY 
DESCRIPTION LOAD TYPE 

ABT BCT LVT ALS AS F LS S m 
Parallel Register Outputs 38 '590 ." 

Parallel Register Inputs 3S '593 ." 

." Product available in technology indicated • Product available in reduced-noise advanced CMOS (11000 series) + New product planned in technology indicated 

AHC AHCT 

AHC AHCT 

AHC AHCT 

HC 

." 

." 

." 

." 

HC 
." 

." 

." 

." 

HC 
." 

HCT 

HCT 

HCT 
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DECODERS, ENCODERS, DATA SELECTORS/MULTIPLEXERS 

Encoders/Data Selectors/Multiplexers 

TECHNOLOGY 
DESCRIPTION OUTPUT TYPE 

ABT BCT LVT ALS AS F LS S m AC ACT AHC 
'157 '" '" '" '" '" '" + 
'158 '" '" '" '" '" + 

Quad 2-10-1 '298 '" '" '257 '" 3S '" '" '" '" . + 
'258 '" '" '" '" + 

Hex 2-10-1 Universal Multiplexers 3S '857 '" '153 '" '" '" '" '" Dual4-to-l '253 '" 3S '" '" '" '353 '" 4-10-1 Registered Transceivers 3S '16460 '" Cascadable Octals '148 '" '" '151 '" '" '" '" '" 8-10-1 
3S '251 '" '" '" '" 16-10-1 3S '250 '" 12-10-24 Multiplexed OoType Latches 3S '16260 '" '16269 

12-10-24 Registered Bus Exchangers 3S 
'16270 

Decoders/Demultiplexers 

DESCRIPTION OUTPUT TYPE 
ALS AS F LS S 

TECHNOLOGY 
m AC ACT AHC AHCT ALVC 

'131 '" Dual 2-10-4 '139 '" '" '" . . + + 
OC '156 '" '" '" Dual 2-10-4 lor Battery Backed-Up Memories '2414 

3-10-8 '138 '" '" '" '" '" • + + 
3-to-8 With Address Registers '137 '" '" '" 4-10-10 BCD-to-Decimal '42 '" 

AHCT 

+ 
+ 

+ 
+ 

HC 

'" 

'" 
-- - --- - ,---'" 

'" Pro<iJct available in technology indicated • Product available in reduced-noise advanced CMOS (11000 series) + New product planned in technology indicated 

ALVC 

'" 
'" 
'" 

HCT 

'" 

'" 
-

HC HCT LV LVC 

'" '" '" '" 

'" '" '" 

'" '" 

'" '" '" 

LV LVC OTHER 

'" '" + 
-- . '-----
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COMPARATORS AND PARITY GENERATORS/CHECKERS 

Comparators 
DESCRIPTION TECHNOLOGY 

INPUT P:Q P:Q P>Q P>Q P<O OUTPUT 
TYPE 

ENABLE ALS AS F LS AC 
8 BttWilh No Yes No No No 28 Yes '520 tI' . 
2(H«l 

Pullup No Yes No Yes No 28 No '682 tI' 

No Yes No No No 28 Yes '521 tI' tI' 
8Btt 

No Yes No Yes No 28 No '684 tI' 
Standard 

No Yes No No No 28 Yes '688 tI' tI' 

8Btt 
No No Yes No Yes 28 Yes '885 tI' Latched P 

Parity Generators/Checkers 

NO. OF TECHNOLOGY 
DESCRIPTION BITS TYPE 

ALS AS F LS S TTL AC 

0ddIEven 9 
'280 tI' tI' tI' tI' tI' 

'286 tI' 
----'-------

tI' ProWct available in technology indicated • Product available in reduced-noise advanced CMOS (11000 series) + New product planned in technology indicated 

ACT He 

tI' 

tI' 

tI' 

ACT He 

. 
----

HCT 

HCT 
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BUS SWITCHES AND 5-V/3-V VOLTAGE TRANSLATORS 

Bus Switches 

DESCRIPTION TYPE 
TECHNOLOGY 

CBT CBTS CBTD OTHER 

Quad Bus Switches '3125 t/ 

DuaI4-Bit Bus Switches With '244 Pinout '3244 t/ 

6-Bn Bus SwiIches With '245 Pinou1 '3245 t/ 

Quad 2-to-l-Bit FET MultiplexersIDemultiplexers '3257 t/ 

Dual Bus Switches '3306 t/ t/ t/ 

8-Bit Bus Switches '3345 t/ 

I~Bn~BroNmgeSwitches '3383 t/ 

Dual5-Bn Bus Switches '3384 t/ t/ t/ 

10 Bn With Precharged Outputs lor Uve Insertion '6800 t/ 

16-Bn~BroNmgeSwitches '16209 t/ 

'16211 t/ 

24-Bn Bus-Brohange Switches '16212 t/ 

'16213 t/ 

12-Bn 3-10-1 Bus Select '16214 t/ 

Synchronous 16-Bn-t0-32-Bn FET Multiplexers '16232 t/ 

16-Bn-t0-32-Bit FEr MultiplexerslDemultiplexers '16233 t/ 

ARITHMETIC CIRCUITS 

Parallel Binary Adders 

DESCRIPTION OUTPUT TYPE 
TECHNOLOGY 

~I~I F I~I S Iml~I~I~lml~l~ 
4Bn '283 I It/lt/lt/[ I I I I I ~ 

Arithmetic Logic Units 

TECHNOLOGY 
DESCRIPTION OUTPUT TYPE 

ALSIASI F I ~ I S 1m I HC IHCTI AC I ACT I LV I LVC 

4-Bn Arithmetic Logic Unns: Function Generalor '181 I t/ I I I 1 I I 1 I 1 I 

t/ Product available in technology indicated • Product available in reduced-noiseadvanced CMOS (11000 series) + New product planned in technology indicated 
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FIFO MEMORIES 

First-In, First-Out (FIFO) Memories 

DESCRIPTION TECHNOLOGY 

TYPEi' 
OUTPUT TYPE 

SIZE ABT acT LVT ALS AS F LS S 

16 Words x 4 Bits U 3S '232 t/ 

'225 t/ 
16 Words x 5 Bits U 3S 

'233 t/ 

32 Words x 9 Bits B 3S '2238 t/ 

64 Words x 4 Bits U 
3S '234 t/ 

'236 t/ 

64 Words x l! Bits U 3S '235 t/ 

64 Words x 8 Bits U 3S '2232 t/ 

64 Words x 9 Bits U 3S '2233 t/ 

U,C 3S 7813 
64 Words x 18 Bits 

U 3S '7814 

'3612 t/ 
B,C 3S 

'3614 t/ 
64 Words x 36 Bits 

'3611 t/ 
U,C 3S 

'3613 t/ 

Dual 64 x 1 C 3S 
'2226 

"027 

'2228 
Dual 256 x 1 C 3S 

'2229 

256 Words x 9 Bits U 3S 7200L 

256 Words x 18 Bits 
U,C 3S 7805 

U 3S 7806 

256x36x2 Bits B,C 3S '3622 

512 Words x 9 Bits U 3S 7201 LA 

t/ ProciJcI available in technology irxicated • Product available in reduced-noise advanced CMOS (11000 series) + New product planned in technology indicated 
t U ~ Unkireclional 

B = Bidirectional 
C = Clocked 
S = Synchronized 

m AC ACT 

t/ 

t/ 

t/ 

t/ 

t/ 

t/ 

t/ 

t/ 

t/ 

t/ 

t/ 

ALVC 

t/ 

t/ 

t/ 
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First-In, First-Out (FIFO) Memories (Continued) 

DESCRIPTION TECHNOLOGY 

TYPEt 
OUTPUT TYPE 

SIZE AST SCT LVT ALS AS F LS S 

U,C 3S '7803 

U 3S 7804 
512 Words x 18 Bits 

B,C 3S '7819 ~ 

B 3S 7820 ~ 

512 Words x 32 Bits B,C 3S '3638 

U,C 3S '3631 
512 Words x 36 Bits 

B,C 3S '3632 

B 3S 
'2235 

lK Words x 9 Bits '2236 

U 3S 7202LA 

'7811 
U,C 3S 

lKWordsx 18 Bits 7881 

U 3S '7802 

1 K Words x 36 Bits U,C 3S '3641 

lKx36x2Bits B,C 3S '3642 

U,C 3S '7807 

2K Words x 9 Bits 
U 3S 

'7203L 

7808 

2K Words x 18 Bits U,C 3S '7882 

2K Words x 36 Bits U,C 3S '3651 

4K Words x 9 Bits U 3S 7204L 

4K Words x 18 Bits U,C 3S 7884 

~ Product available in 1echnology indicated • Product available in reduced-noise advanced CMOS (11000 series) + New product planned in technology indicated 
t U = Unidirectional 

B = Bidirectional 
C = Clocked 
S = Synchronized 

m AC ACT 

~ 

~ 

~ 

~ 

~ 

~ 

~ 

~ 

~ 

~ 

~ 

~ 

+ 
~ 

~ 

~ 

~ 

+ 
~ 

~ 

ALVC 

~ 

~ 
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CLOCK-DISTRIBUTION CIRCUITS 

3.3-V Clock-Distribution Circuits (CDC) 

DESCRIPTION UOLEVELS 
TECHNOLOGY 

TYPE 
AS AC 

3.3-V Hex Inverting Clock Drivers/Buffers CMOSICMOS '203 '" 1-10-9 DifierentiallVPECl Buffers lVPECLAVPECl '111 

1-10-9 DifierentiallVPECl Buffers Wrth Output Enable lVPECLAVPECl '112 

'351 
1-10-10 Buffers With Output Enable TTUITL 

'2351 

1-10-6 Pll Clock Drivers TTlJITl 
'536 

'2536 

'586 
TTUITL 

1-10-12 Pll Clock Drivers 
'2566 

'582 
lVPEClJITl 

'2582 

'587 
Phase-locked-loop 1-10-16 Clock Drivers SSTUITL 

'2587 

'9841 

P5 Motherboard Clock SynlhesizersiDrivers TTlJITl '9842 

'9843 

P6 Motherboard Clock SynlhesizersiDrivers TTlJITl '916 

PC Motherboard Clock Generators Wrth Duall-t0-4 Buffers TTlJITl '913 

'" ProOOct available in technology indicated • Product available in reduced-noise advanced CMOS (11000 series) + New product planned in technology indicated 

ACT ABT 

+ 
+ 

'" 
'" + 
+ 

'" '" + 
+ 
+ 
+ 

'" '" 
'" + 
+ 
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5-V Clock-Distribution Circuits (CDC) 

TECHNOLOGY 
DESCRIPTION UOLEVELS TYPE 

AS AC ACT 

'204 '" Hex Inverters CMOSICMOS , '204-7 '" 
1-10-6 Exclusive 0Rs 

TIlJTTL '328 

TIUCMOS '329 

1-10-6 ExckJsive 0Rs Wdh Output Enable 
TIlJTTL '391 

TIUCMOS '392 

TIUCMOS 
'208 '" '208-7 '" Dual 1-10-4 Buffers (2 inputs, 8 ouIpuIs) 

CMOSICMOS 
'209 '" '209-7 '" 1-10-8 Divide-by-2 Aip-FIops (6 inverting, 2 noninvelling) TIlJTTL '303 '" 1-10-8 Oivide-by-2 Aip-FIops (8 noninverting) TIlJTTL '304 '" 1-10-8 Divide-by-2 Flip-Flops (4 inverting, 4 noninverting) TIlJTTL '305 '" 

1-10-8 Fanouls (4 noninvelling buffers, 4 civide-by-2 flip-flops) 
TIUCMOS '337 

TIlJTTL '339 

1-10-8 NANOs TIlJTTL '340 

l-1o-8ANOs TIlJTTL '341 

3-Wsy Fanout Buffers (dual1-t0-3 noninvelling buffers, 1-10-4 divide-by--2 trrp-flops) TIlJTTL '330 
----- -- _ .. - ---

'" Procb:t available in technology indicated • ProWct available in reciJced.floise advanced CMOS (11000 series) + New product planned in technology indicaIed 

ABT 

'" '" '" '" 

'" '" '" 
'" 

_. -"'-
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• State-of-the-Art Advanced BICMOS 
Technology (ABT) Design for 3.3-V 
Operation 

• Members of the Texas Instruments 
Widebus™ Family 

• Fastest Buffer/Driver: 2 ns Maximum Input 
to Output Time Delay 

• 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 Smail-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 (S.S-V) 
Vee operation. This device is intended to replace 
the conventional driver in any speed-critical path. 
The propagation delay from input to output is 2 ns 
maximum. The small propagation delay is 
achieved using a unity gain amplifier on the input 
and feedback resistors from input to output, 

SN74ALB16244 
16·BIT BUFFER/DRIVER 

WITH 3·STATE OUTPUTS 
SCBS647 - AUGUST 1995 

DGG OR DL PACKAGE 
(TOP VIEW) 

10E 
1Y1 
1Y2 

GND 
1Y3 
1Y4 
Vee 
2Y1 
2Y2 

GND 
2Y3 
2Y4 
3Y1 
3Y2 

GND 
3Y3 
3Y4 
Vee 
4Y1 
4Y2 

GND 
4Y3 

.4Y4 
4Oi: 

! 1 U 48 g 
! 2 47 ~ ! 3 46 
! 4 45 
i 5 44 
I 6 43 

7 42 
8 41 
9 40 
10 39 
11 38 
12 37 
13 36 
14 35 
15 34 
16 33 
17 32 
18 31 
19 30 
20 29 
21 28 
22 27 

~ 23 26 
24 25 1 

20E 
1A1 
1A2 
GND 
1A3 
1A4 
Vee 
2A1 
2A2 
GND 
2A3 
2A4 
3A1 
3A2 
GND 
3A3 
3A4 
Vee 
4A1 
4A2 
GND 
4A3 
4A4 
30E 

which allows the output to track the input with a small offset voltage (Vofil. 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 SN74ALB 16244 is characterized for operation from -40°C to 85°C. 

applications 

The SN74ALB16244 is particularly suitable for driving the system bus, which requires external drivers due to 
high capacitive loading caused by address multiplexing. The 25-mA drive capability and 2-ns delay is ideal for 
this application. 

The SN74ALB16244 is ideal in cache memory (SRAM) or main memory (DRAM and EDO DRAM) interface; 
it can also be used in high-speed graphics and multimedia applications. 

FUNCTION TABLE 
(eaeh buffer) 

INPUTS OUTPUT 

OE A Y 

L H H 

L L L 

H X Z 

Widebus is a trademark of Texas Instruments lneoreorated. 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALLAS. TEXAS 75265 

Copyright (ill 1995. Texas Instruments Incorporated 
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SN74ALB16244 
16·BIT BUFFER/DRIVER 
WITH 3·STATE OUTPUTS 
SCBS647 - AUGUST 1995 

logic symbolt logic diagram (positive logic) 
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EN1 
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1'\7 1Y1 
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2'\7 I 
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2Y1 

2Y2 
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2Y3 
12 

2Y4 
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3Y1 

14 
3Y2 

16 
3Y3 

17 
3Y4 

4'\7 19 
4Y1 

20 
4Y2 

22 
4Y3 

23 
4Y4 

tThis symbol is in accordance with ANSI/IEEE Std 91-1984 
and IEC Publication 617-12. 
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SN74ALB16244 
16-BIT BUFFER/DRIVER 

WITH 3-STATE OUTPUTS 
SCBS647 - AUGUST 1995 

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

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 < a or Vo > Vce> .......................................... ± 50 mA 
Continuous output current, 10 (Vo = a to Vce> .......••................................... ± 50 mA 
Continuous current through each V CC or GND ............................................ ± 1 00 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 
impiied. 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-<:urrent ratings are observed. 
2. The input and output positive-voltage ratings may be exceeded up to 4.6 V if the input and output clamp-<:urrent ratings are observed. 
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 ThermalConsiderationsapplication note inthe 1994 ABT Advanced BiCMOS Technology 
Data Book, literature number SCBD002B. 

recommended operating conditions (see Note 4) 

MIN MAX UNIT 

Vec Supply voltage 3 3.6 V 

VIH:j: High-level Input voltage 2.2 V 

VIL:j: Low-level input voltage 0.6 V 

IOH High-level output current 9 -25 rnA 

IOL LOW-level output current 25 rnA . 
l!.tll!.v Input transition rise or fall rate I Outputs enabled 5 ns/V 

TA Operating free-air temperature -40 85 ·C 

:j: The outputs are warranted to be TTL compatible. 
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SN74ALB16244 
16·BIT BUFFER/DRIVER 
WITH 3·STATE OUTPUTS 
SCBS647 - AUGUST 1995 

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

PARAMETER TEST CONDITIONS MIN TYpt MAX UNIT 

VIK VCC-3V, 11--18mA -1.2 V 

VOH; Vec-3V 
10H"0 VI-o·2 v 
IOH--25mA 2 

VOL; Vec-3V 
10L-OmA VI +0.2 

V 
IOL-25 rnA VI +0.2 

VI a Vee or GND Control inputs ±10 !.lA 
II Vee=3.6V VI-Vec 1 

Data pins rnA 
VI=O -1.5 

10ZH VCC- 3.6V, VO-3V 20 !.lA 
10ZL Vce- 3.6V, Va - 0.5 V -20 !.lA 
ICC Vce- 3.6V, 10=0, Outputs high 5 9 

rnA 
(per buffer) VI_ Vee or GND Outputs low 5 9 

ICC Entire device In the high-impedance state 0.8 rnA 

Alec§ 
Vce =3 Vt03.6 V, One Input at Vce -0.6 V, 

750 !.lA Other inputs at Vec or GND 

Ci VI-3 VorO 4 pF 

Co Vo-3VorO 10 pF 

t All typical values are at Vee = 3.3 V, TA - 25·C. 
; Limits are valid only If the buffer is in the linear region. In the nonlinear region, the output transistors are clamped at the output voltage margins. 
§ This is the increase In supply current for each Input that is at the specified TTL voltage level rather than Vec or GND. . 

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

FROM TO Vee = 2.7 V 
Vee = 3.3 V 

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

tpd A Y 2 ns 

ten OE Y 6 

OE 
ns 

!dis Y 6 

t All tYPical values are at Vee" 3.3 V. TA = 25·C. 
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SN74ALB16244 
16-BIT BUFFER/DRIVER 

WITH 3·STATE OUTPUTS 
SCBS647-AUGUST 1995 

PARAMETER MEASUREMENT INFORMATION 

o 6V 

S1 o Open 

rD 

5000 
From Output - ____ --.~-'\,'VIr----/ 

Under Test 

CL=50pF 
(see Note A) T 5000 

-=-

LOAD CIRCUIT 

TI~~:~ _____ ...J~\.1-.5-V----
3V 

OV 

r tsu ~~ th 
~ 
I 

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

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

Input L1.5V \~5-;--- 3V 

---11 I, OV 

tpLH :4 ~I I J 
14 Pi tpHL 

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

tpLz/tpZL 6V 

tpHzltpZH GND 

I4---tw~ 

I 1,----

Input 3 "'1.5 V 3V 

'----- ON 
VOLTAGE WAVEFORMS 

Output 
Control 

(low-level 
enabling) 

Output 
Waveform 1 

S1 at6V 
(see NoteS) 

Output 
Waveform 2 

S1 atGND 
(see Note B) 

PULSE DURATION 

~,.y l~---:: 
tpZL --+I I+-t ....J 1.0..-

I I PLZ"I roo-

I 1 __ .J_~I_. 3V 

I \ 1.5V I vOL+O.3V 
I, 1- --- VOL 
I tPHZ-+j ~ 

tPZH ~ 14- . I 
I tv;; -- VOH 

___ .. It... 1.~V ___ ~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 a 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 arid 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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• Member of the Texas Instruments 
W/debus™ Family 

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

• ESO Protection Exceeds 2000 V Per 
MIL·STO·883C, 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/Pulldown 
Resistors 

• Package Options Include Plastic 30D-mll 
Shrink Small·Outllne (OL) and Thin Shrink 
Small·Outline (OGG) Packages 

description 

This 16-bit buffer/driver is designed for 2.3-V to 
3.6-V Vee operation. 

The SN74ALVCH16240 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 
inverting outputs and symmetrical active-low 
output-enable (OE) inputs. 

SN74ALVCH16240 
16·BIT BUFFER/DRIVER 

WITH 3·STATE OUTPUTS 
1995 

DGG OR DL PACKAGE 
(TOP VIEW) 

10E 20E 
1Y1 1A1 
1Y2 3 1A2 

GND 4 GND 
1Y3 5 1A3 
1Y4 6 1A4 
Vee Vee 
2Y1 2A1 
2Y2 2A2 

GND GND 
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 SN74ALVCH16240 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. 

To ensure the high-impedance 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. 

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

ThE! SN74ALVCH16240 is characterized for operation from -40°C to 85°C. 

FUNCTION TABLE 
(each 4-blt buffer) 

INPUTS OUTPUT 

OE A Y 

L H L 

L L H 

H X Z 

EPle and Widebus are trademarks of Texas Instruments Incorporated. 

~1ExAs 
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SN74ALVCH16240 
16-BIT BUFFER/DRIVER 
WITH 3-STATE OUTPUTS 
SCES045-JULY 1995 

logic symbolt logic diagram (positive logic) 

1CE 

20E 

30E 

40E 

1A1 

1A2 

1A3 

1A4 

2A1 

2A2 

2A3 

2A4 

3A1 

3A2 

3A3 

3A4 

4A1 

4A2 

4A3 

4A4 

1 

48 

25 

24 

47 

46 

44 

43 

41 

40 

38 

37 

38 

35 

33 

32 

30 

29 

27 

26 

-~ EN1 

" EN2 

" EN3 

" EN4 , r 2 
1 1'17 1Y1 

3 
1Y2 

5 
1Y3 

6 
1Y4 

1 2'17 
8 

2Y1 
9 

2Y2 
11 

2Y3 
12 

2Y4 
1 3'17 

13 
3Y1 

14 
3Y2 

16 
3Y3 

17 
3Y4 

1 4'17 
19 

4Y1 
20 

4Y2 
22 

4Y3 
23 

4Y4 

t This symbol is in accordance with ANSI/IEEE Std 91-1984 
and lEe Publication 617-12. 
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SN74ALVCH16240 
16·BIT BUFFER/DRIVER 

WITH 3-STATE OUTPUTS 
SCES045 - JULY 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 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 ............... 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 ThermalConsiderationsapplication note in the 1994 ABT Advanced BiGMOS Technology 
Data Book, literature number SeBD002B. 

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 -2.3 Vt02.7V 0.7 
VIL Low-level input voltage V 

Vee ~2.7Vt03.6 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 

VCC=2.3V 12 

IOL Low-level output current Vce- 2.7V 12 mA 

Vec- 3V 24 

II.tllI.v 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 floating. 

~1ExAs 
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SN74ALVCH16240 
16·BIT BUFFER/DRIVER 
WITH 3·STATE OUTPUTS 
SCES045-JULY 1995 

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

PARAMETER TEST CONDITIONS VCCt MIN TYP* 

10H = -100 JJA MINto MAX VCC-0.2 

10H --6mA, VIH=I.7V 2.3V 

VIH-l.7V 2.3V 
VOH 

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

VIH=2V 3V 

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

10l = 100 JJA MINto MAX 

IOl-6mA, Vll-0.7V 2.3V 

VOL Vll=0.7V 2.3V 
10l= 12mA 

Vll-0.8V 2.7V 

IOl=24mA, Vll=0.8V 3V 

II VI = VCC or GND 3.6V 

VI =0.7V 
2.3V 

VI = 1.7 V 

I I (hold) VI =0.8V 

Vr- 2V 
3V 

VI = Oto 3.6 V 3.6V 

10Z ·VO = VCC or GND 3.6V 

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

~ICC One input at VCC - 0.6 V, Other inputs at VCC or GND 3Vt03.6V 

Ci 
Control inputs 

Data inputs 
VI = VCC or GND 3.3V 

Co Outputs Vo = VCC or GND 3.3V 
.. t For conditions shown as MIN or MAX, use the appropriate values under recommended operating conditions . 

:j:Typical values are measured at VCC - 3.3 V, TA = 25°C. 

2 

1.7 

2.2 

2.4 

2 

45 

-45 

75 

-75 

3 

6 

7 

MAX UNIT 

V 

0.2 

0.4 

0.7 V 

0.4 

0.55 

±5 JJA 

JJA 

±500 

±10 JJA 
40 JJA 

750 JJA 

pF 

pF 

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

FROM TO 
VCC=2.5V 

PARAMETER ±O.2V 
(INPUT) (OUTPUT) 

MIN MAX 

tpd A Y 1 5.9 

ten OE y 1 6.9 

tdis OE y 1.5. 5.6 

operating characteristics, T A = 25°C 

PARAMETER 

Cpd Power dissipation capacitance 

3-6 

TEST CONDITIONS 

I Outputs enabled 

I Outputs disabled 
Cl=50pF, 

~1ExAs 
INSTRUMENTS 
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VCC=2.7V 
VCC=3.3V 

±O.3V UNIT 
MIN MAX MIN MAX 

5.3 1 4.2 ns 

6.1 1 5 ns 

4.8 1 4.4 ns 

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

TYP TYP 

16 19 

4 5 
pF 



SN74ALVCH16240 
16·BIT BUFFER/DRIVER 

WITH 3·STATE OUTPUTS 
SCES045-JULY 1995 

PARAMETER MEASUREMENT INFORMATION 
V CC = 2.5 V ± 0.2 V 

o 4.6V 
TEST Sl 

Sl o Open 

r' 
5000 

From Output ----.>---e---'\I\/V----./ 
Under Test 

CL=50pF 
(see Nota A) T 5000 

tpd Open 

tpLZitpZL 4.6 V 

tpHzltpZH GND 

-=- -=-

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

2.3V 

TI~~nu~ _____ ...J~\.l-.2-V-----

I 1 __ ----

Input 3 y<\.l_.2_V ___ :.: V 

r tsu·~ th 
~ 
I 

OV VOLTAGE WAVEFORMS 
PULSE DURATION 

Data --~~1.2 V 

Input " 

~2.3V 
1.2V 

OV 
Output 
Control 

(Iow·level 
enabling) 

~ I 2.3V 

~ 1.2V 4_1
.: ___ ov VOLTAGE WAVEFORMS 

SETUP AND HOLD TIMES 
tpZL -+I 14- I 

Input L 1.2V \7.";;--- 2.3V 

--" I· OV 

Output 
Waveform 1 
Sl at4.6V 

(see Note B) 

I I tPLZ -+j i+-

II --1-~1- 2.3V 

I \ 1.2V I VOL+0.3V 
I· 1- --- VOL 

tpLH 114 .II I J tpZH -...l ~PHZ ~ ~ 14 .. tPHL 
I I 
I _----"'i~:1 -- VOH 

Output !1.2V 1.2V 

Output 
Waveform 2 

Sl atGND 
(see Note B) 

I t-v;--- VOH 

____ 't- 1.~V ___ ~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 10 MHz, Zo = 50 Cl, 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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SN74ALVCH16240 
16·BIT BUFFER/DRIVER 
WITH 3·STATE OUTPUTS 
SCES046-JULY 1995 

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

S1 500n 
From Output_ .... _-._~'V\r __ --' 

Under Teat 

CL=50pF T' (sea Note A) 
soon 

LOAD CIRCUIT 

o 6V 

o Open 

r' 
TI~~n~ _____ --'~"'1-.5-V----

2.7 V 

OV 

14 tall, ~~ th 
~ 
I 

Data --""\~.5 V 
Input __ --'" 

€2.7V 
1.5V 

OV 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

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

----II 1 • OV 
tPLH!. ~I 1 1 

I' 14 ~ tPHL 
1 1 
1 ,.----'""t'1~-- VOH 

Output 11.5 V 1.5 V ________ J. VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

TEST Sl 

tpd Open 
tpL,ZItpZL 6V 

tPHz/tPZH GND 

I4---tw~ 1 1 __ _ 

Input 3 :)(",,1_.5_V ___ :.: V 

Output 
Control 

(low-level 
enabling) 

Output 
Waveform 1 

Sl aUV 
(sea Note B) 

Output 
Wav8torm2 

S1 atGND 
(sea Note B) 

VOLTAGE WAVEFORMS 
PULSE DURATION 

~'.'V l" 
tpZL -.I I+-t -.! 1..01.-

2.7 V 

OV 

1 1 PLZ"I ro-

__ Ir-n-I --1-1- 3V 

I \ 1.5V 1 v.:::v 
1 '1 t.!~~c:! VOL 

1 tPHZ-+j I+-
tPZH ~ 14- 1 

1 tv; - VOH 

_____ J.l~ 1.~V ___ ~H-O.3~ ov 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

NOTES: A. CL Includes probe and jig capacitance. 
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 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 charac!eristics: 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 thesame 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 
MIL-STD-883C, Method 3015; Exceeds 
200 V Using Machine Model (C = 200 pF, 
R=O) 

• 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 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 GND 
1Y3 1A3 
1Y4 6 1A4 
Vee Vee 
2Y1 2A1 
2Y2 9 2A2 

GND GND 
2Y3 2A3 
2Y4 2A4 
3Y1 3A1 
3Y2 3A2 

GND GND 
3Y3 3A3 
3Y4 32 3A4 
Vee 31 Vee 
4Y1 30 4A1 
4Y2 29 4A2 

GND 28 GND 
4Y3 27 4A3 
4Y4 23 26 4A4 
40E 24 25 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. 
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SN74ALVCH16244 
16-BIT BUFFER/DRIVER 
WITH 3·STATE OUTPUTS 
SCES014-JULY 1995 

logic symbolt logic diagram (positive logic) 

1A1 

1A2 

1A3 

1A4 

2A1 

2A2 

2A3 

2A4 

3A1 

3A2 

3A3 

3A4 

4A1 

4A2 

4A3 

4A4 

1 

48 

25 

24 

47 

46 

44 

43 

41 

40 

38 

37 

36 

35 

33 

32 

30 

29 

27 

26 

" EN1 

" EN2 

" EN3 

" EN4 .., 
I'" 

1 1'\7 

1 2'\7 

1 3'\7 

1 4'\7 

2 

3 

5 

6 

8 

9 

11 

12 

13 

14 

16 

17 

19 

20 

22 

23 

1Y1 

1Y2 

1Y3 

1Y4 

2Y1 

2Y2 

2Y3 

2Y4 

3Y1 

3Y2 

3Y3 

3Y4 

4Y1 

4Y2 

4Y3 

4Y4 

t This symbol is In accordance with ANSI/IEEE Std 91-1984 and 
lEe Publication 617-12. 
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10E 

1A1 

1A2 

1A3 

1A4 

20E 

2A1 

2A2 

2A3 

2A4 

30E 

3A1 

3A2 

3A3 

3A4 

40E 

4A1 

4A2 

4A3 

4A4 
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47 

46 

44 

43 

48 

41 

40 

38 

37 

25 

36 

35 

33 

32 

24 

30 

29 

27 

26 

>--+ __ 2_ 1Y1 

>---+_...;;3_ 1Y2 

>--+ __ 5_ 1Y3 

>-__ ...;;6_ 1Y4 

>--+_...;;.8_ 2Y1 

>---+_...:9_ 2Y2 

>--+_1_1_ 2Y3 

>-_---'1:.;:2_ 2Y4 

>---+_1:..:3_ 3Y1 

>--+---,1...;;4_ 3Y2 

16 >--+-- 3Y3 

>-_---'1:.:..7_ 3Y4 

>--+_1_9_ 4Y1 

20 
>--+-...:...... 4Y2 

>--+---:2:::2_ 4Y3 

>-__ 2.;..3_ 4Y4 



SN74ALVCH16244 
16·BIT BUFFER/DRIVER 

WITH 3·STATE OUTPUTS 
SCESOI4-JULY 1995 

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 (see Note 1) ................................................ -0.5 V to 4.6 V 
Output voltage range, Va (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 (Va < 0 or Va > Vce> ........................................... ±50 mA 
Continuous output current, 10 (Va = 0 to Vce> ............................................. ±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 ............... 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 condHions" 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·e and a board trace length of 750 mils. 

For more information, reiertothe Package ThermalConsiderationsapplication note in the 1994 ABT Advanced BiCMOS Technology 
Data Book, literature number SeBD002B. 

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 =2.7V 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 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=2.3V· 12 

IOL Low-level output current Vee- 2.7V 12 mA 

Vee=3V 24 

I!.tll!.v Input transition rise or fall rate 0 10 nslV 

TA Operating free-air temperature -40 85 ·e 

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

~1EXAS 
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SN74ALVCH16244 
16·BIT BUFFER/DRIVER 
WITH 3·STATE OUTPUTS 
SCESOI4-JULY 1995 

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

PARAMETER TEST CONDITIONS VCCt MIN TYpt 

IOH--1001lA MINto MAX VCC-0.2 

IOH--6mA, VIH -1.7V 2.3 V 2 

VIH-1.7V 2.3V 1.7 
VOH 

IOH=-12mA VIH =2V 2.7V 2.2 

VIH .2V 3V 2.4 

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

10L = 100 IlA MIN to MAX 

IOL=6mA, VIL=0.7V 2.3V 

VOL VIL'-0.7V 2.3V 
IOL=12mA 

VIL=0.8V 2.7V 

IOL-24mA, VIL=0.8V 3V 

II VI = VCC or GND 3.6 V 

VI-0.7V 45 
2.3V 

VI-1.7V -45 

II(hold) VI- 0.8 V 

VI_2V 
3V 

VI-Oto3.6V 3.6V 

10Z Vo - VCC or GND 3.6V 

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

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

Control Inputs 
Ci VI - VCC or GND 3.3V 

Data inputs 

Co Outputs Vo = VCC or GND 3.3V 
.. '. .. t For conditions shown as MIN or MAX, use the appropriate values under recommended operating condilions. 

:j: Typical values are measured at VCC = 3.3 V, TA = 25°C. 

75 

-75 

3 

6 

7 

MAX UNIT 

V 

0.2 

0.4 

0.7 V 

0.4 

0.55 

±5 IlA 

IlA 

±500 

±10 IlA 
40 IlA 

750 IlA 

pF 

pF 

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 

~d A Y 1 5 

ten OE y 1 6.8 

tdis OE y 1 6 

operating characteristics, T A = 25°C 

PARAMETER 

Cpd Power dissipation capacitance 

3-12 

TEST CONDITIONS 

I Outputs enabled 
CL=50pF, I Outputs disabled 

~TEXAS 
INSTRUMENTS 

f-10MHz 
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VCC=2.7V 
VCC=3.3V 

±O.3V UNIT 
MIN MAX MIN MAX 

4 1 3.6 ns 

6 1 5 ns 

5.2 1 5 ns 

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

TYP TYP 

16 19 

4 5 
pF 



SN74ALVCH16244 
16-BIT BUFFER/DRIVER 

WITH 3-STATE OUTPUTS 
SCES014-JULY 1995 

PARAMETER MEASUREMENT INFORMATION 
VCC = 2.5 V ± 0.2 V 

o 4.8V 

S1 o Open 

r~ 
6000 From Output_ .... _____ ~_'\N'v----/ 

Under Test 

CL=60pF 
(see Note A) T 6000 

-=-

LOAD CIRCUIT 

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

OV 

~ ~ tsu·~ th 

Data --""'\V1.2 V 
Input __ --'" 

I 
€2.3V 

1.2V 
OV 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

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

--J'I I· OV 
tPLH 114 ~I I I 

14 ~ tpHL 
I I 
I,----~~~ -VOH 

Output !1.2V 1.2V 
____ ..J. VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

NOTES: A.. CL Includes probe and jig capacitance. 

TEST S1 

tpd Open 
tpLZ/tpZL 4.6 V 

tPHZItPZH GND 

14--- tw -----.I 
I I 

Input 3 'X"1-.2-V-- :.: V 

Output 
Control 

(low-level 
enabling) 

VOLTAGE WAVEFORMS 
PULSE DURATION 

~ I 2.3 V 

~ 1.2V 4~'~V ___ OV 

tpZL -.! 14- , 
I I tpLZ~ 14-

Output I i l-~'- 2.3V 
Waveform 1 I \ 1.2 V I VOL + 0.3 V 

S1 at 4.6 V I· I ----- VOL 
(- Note B) I tPHZ ~ 1+-, 

tpZH ~ 14-
Output I ~ ---- VOH 

Waveform 2 ! V 03V 

(.!!::N~ ___ ...I-~.~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 Cl, 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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SN74ALVCH16244 
16-BIT BUFFER/DRIVER 
WITH 3-STATE OUTPUTS 
SCES014-JULY 1995 

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_-._--ef----'\IV\r __ --/ tpd Open 

tpJ,ZItpZL 6V 
Under Test 

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

LOAD CIRCUIT 

2.7 V 
Timing )( 

Input ______ . .1 I \.1_.5_V ___ _ 
OV 

~ ~ tsu·~ th 

Data ---~1.5V 
Input 1\ 

I 
€2.7V 

1.5V 
OV 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

Input L1.5V \ ~5-;--- 2.7 V 

----II I ' OV 
tPLH!.. .II I I 

I' 14 ~ tpHL 
I I 
I ,------~- VOH 

Output !1.5V 1.5V --------.I. VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

tPHZ/tpZH GND 

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

Input 3 XI..1_.5_V ___ :.:V 

Output 
Control 

(low-level 
enabling) 

Output 
Waveform 1 

S1 at6V 
(see Note B) 

Output 
Waveform 2 

S1 atGND 
(see Note B) 

VOLTAGE WAVEFORMS 
PULSE DURATION 

~ I 2.7V 

~ 1.5V 4_1.: ___ ov 

tpZL ~ I4-t .....! L0l.-
I I PLZ 'I roo-

I 1 __ -.J_~I_ 3V 

I \. 1.5V I VOL + 0.3 V 
I' 1- --- VOL 
I tpHZ~ i+ 

tpZH -+I I+- I 
I tv; -- VOH 

____ .1.,'-1.~V ___ ~H-0.3V OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

NOTES: A. CL includes probe and jig capaCitance. . 

3-14 

B. Waveform 1 is for an o\llput with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an outp\ll 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 '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 

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

• 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 30o-mll 
Shrink Small-Outline (OL) and Thin Shrink 
Small-Outline (OGG) Packages 

description 

This 16-bit (dual-octal) noninverting bus 
transceiver is designed for 2.3-V to 3.6-V Vee 
operation. 

The SN74ALVCH16245 is designed for 
asynchronous communication between data 
buses. The control-function implementation 
minimizes external timing requirements. 

This device can be used as two 8-bit transceivers 
or one 16-bit transceiver. It allows data 

SN74ALVCH16245 
16-BIT BUS TRANSCEIVER 

WITH 3·STATE OUTPUTS 

DGG OR DL PACKAGE 
(TOP VIEW) 

1DIR 10E 
181 1A1 
182 3 46 1A2 

GND 4 45 GND 
183 5 44 1A3 
184 6 43 1A4 

42 Vee 
1A5 

186 9 1A6 
GND GND 
187 1A7 
188 1A8 
281 2A1 
2.82 2A2 

GND GND 
283 2A3 
284 2A4 
Vee Vee 
285 2A5 
286 2A6 

GND GND 
287 2A7 
288 2A8 

2DIR 2m: 

transmission from the A bus to the B bus or from the B bus to the A bus, depending on the logic level at the 
direction-control (OIR) input. The output-enable (OE) input can be used to disable the device so that the buses 
are effectively isolated. 

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 SN74ALVCH16245 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 SN74ALVCH16245 is characterized for operation from -40·C to 85·C. 

EPle and Widebus are trademarks of Texas Instruments Incorporated. 
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SN74ALVCH16245 
16·BIT BUS TRANSCEIVER 
WITH 3-STATE OUTPUTS 
SCES015 - JULY 1995 

logic symbolt 

10E 

lDIR 

20E 

2DIR 

lAl 

lA2 

lA3 

lA4 

lA5 

lA8 

lA7 

lA8 

2Al 

2A2 

2A3 

2A4 

2A5 

2A6 

48 

1 

25 

24 

47 

46 

44 

43 

41 

40 

38 

37 

36 

35 

33 

32 

30 

29 

27 

"- G3 
"-

L 
3 ENl [BA] 

3 EN2[AB] 
"- G6 

"- 8 EN4 [BA] 

L 8EN5[AB] ., 
L 

Vl <l 

I> 

L 
V4 <l 

I> 

r 

2V 

5V 

FUNCTION TABLE 
(each 8-blt section) 

INPUTS 

OE 
L 

L 

H 

~ 

~ 

DIR 

2 

3 

5 

6 

8 

9 

11 

12 

13 

14 

16 

17 

19 

20 

22 

L 

H 

X 

lBl 

lB2 

lB3 

lB4 

lB5 

lB8 

lB7 

lB8 

2Bl 

2B2 

2B3 

2B4 

2B5 

2B6 

OPERATION· 

B data to A bus 

A data to B bus 

Isolation 

logic diagram (positive logic) 

lDIR --=..:1 ---t>-l 

~ ______ ~;-______ -4~48_10E 

lA 1 --=..:47-'--+---1 

1--+-___ 2_ lBl 

To Seven Other Channels 

2DIR __ 24---t>-l 

~ ______ ~~ ______ -4~25_20E 

2Al 36 

13 
1---_+_---- 2Bl 

2A7 2B7 
26 23 

2A8 2B8 

t This symbol Is in accordance wHh ANSI/IEEE Std 91-1984 and '-----v----I 
lEe Publication 617-12. 

To Seven Other Channels 
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SN74ALVCH16245 
16-BIT BUS TRANSCEIVER 

WITH 3-STATE OUTPUTS 
SCES015-JULY 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: 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 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 I,s calculated using a junction temperature of 150·e and a board trace length of 750 mils. 

For more information, refertothe Package Therma/Considerationsapplication note inthe 1994 ABT Advanced BiCMOS Technology 
Data Book, IHerature number SeBD002B. ' 

recommended operating conditions (see Note 4) 

MIN MAX UNIT 

Vee Supply voltage 2.3 3.6 V 

Vee - 2.3 Vto 2.7V 1.7 
VIH High-level input voltage V 

Vee = 2.7 Vto 3.6 V 2 

Vee-2.3 Vt02.7V 0.7 
VIL Low-level input voltage V 

Vee. 2.7 Vto 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- 2.7V -12 mA 

Vee- 3V -24 

Vee- 2.3V 12 

IOL Low..Jevel output current Vee = 2.7 V 12 mA 

VCC- 3V 24 

At/Av InputtransHion rise or fall rate 0 10 nsiV 

TA Operating free-air temperature -40 85 ·e 

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

~1ExAs 
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SN74ALVCH16245 
16-BIT BUS TRANSCEIVER 
WITH 3-STATE OUTPUTS 
SCES015 - JULY 1995 

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

PARAMETER TEST CONDITIONS VCCt MIN TYP:j: 

10H - -100 lIA MIN to MAX Vee-0.2 

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

VIH = 1.7V 2.3V 
VOH 

IOH--12mA VIH-2V 2.7 V 

VIH .2V 3V 

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

10L -100 lIA MINto MAX 

IOL=6 rnA, VIL-0.7V 2.3V 

VOL VIL-0.7V 2.3V 
IOL-12mA 

VIL-0.8V 2.7V 

IOL-24 rnA, VIL=0.8V 3V 

II VI - Vee or GND 3.6V 

VI_0.7V 

VI-1.7V 
2.3V 

II(hold) VI=0.8V 
3V 

VI=2V 

VI=Oto3.6V 3.6V 

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 IAorBports Vo - Vee or GND 3.3V 
.. t For conditions shown as MIN or MAX, use the appropriate values under recommended operating condHlons . 

:j: Typical values are measured at Vee. 3.3 V, TA = 25°C. 
§ For 1/0 ports, the parameter 10Z includes the Input leakage current. 

2 

1.7 

2.2 

2.4 

2 

45 

-45 

75 

-75 

4 

8 

MAX UNIT 

V 

0.2 

0.4 

0.7 V 

0.4 

0.55 

±5 lIA 

lIA 

±500 

±10 lIA 
40 lIA 

750 lIA 
pF 

pF 

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 

Vee = 2.7 V 
Vee=3.3V 

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

ted AorB BorA 1 5 4 1 3.6 ns 

ten OE BorA 1 6.8 6 1 5 ns 

tdis OE BorA 1 6 5.2 1 5 ns 

operating characteristics, TA = 25°C 

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

TYP TYP 

epd Power dissipation capacitance 
I Outputs enabled 22 29 

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

4 5 
pF 

-!!11EXAS 
INSTRUMENTS 
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SN74ALVCH16245 
16-BIT BUS TRANSCEIVER 

WITH 3·STATE OUTPUTS 
SCES015 - JULY 1995 

PARAMETER MEASUREMENT INFORMATION 
VCC=2.SV ± 0.2 V 

o 4.6 V 
TEST S1 

S1 o Open 

r' 
5000 

From Output - ...... ----.....---'l.Mr-----/ 
Under Test 

CL=50pF 
(see Note A) T 5000 

tpd Open 
tPLZ/tpZL 4.6 V 

tPHZItPZH GND 

LOAD CIRCUIT 14-- tw ------.I 

2.3 V 

I 1,...-__ 

Input 3 y<\o1_.2_V __ :.: V 

OV 

1 tau th 1 

--.... 1 r----E' 2.3 V Data V 1•2V Input 7\ 1.2 V 
OV 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

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

---II I· OV 
tPLH I4 ~ I I 

1 I II1II ~tpHL 
I I 
I r----~~-- VOH 

Output 11.2 V 1.2 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 at 4.6 V 
(see Note B) 

Output 
Waveform 2 

S1 atGND 
(see Note B) 

VOLTAGE WAVEFORMS 
PULSE DURATION 

~ I 2.3V 

~ 1.2V 4_1.:.:' ___ OV 

tpZL -.! 14- 1 
I I tPLZ-i1 ~ 

11 __ -1_~I- 2.3V 

I \ 1.2V 1 VOL+0.3V 
I· 1- --- VOL 

tpZH -J ~PHZ -+i i+ 
I tv':--- VOH 

___ .J.lc.. 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 ,;; 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 

~1ExAs 
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. SN74ALVCH16245 
16-BIT BUS TRANSCEIVER 
WITH 3-STATE OUTPUTS 
SCES016-JULY 1996 

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

S1 5000 
From Output-..... _---4.------W.,....--./ 

Under Test 

CL=50pF 
(see Note A) T 5000 

LOAD CIRCUIT 

o 6V 

o Open 

r~ 

2.7 V 

OV 

I tau th 

Data --'"'W1.5 V 
Input ___ " 

I 
~2.7V 

1.5V 
OV 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

Input L 1.SV \ 7."s-;--- 2.7V 

---II I· OV 
tPLH 114 ~I I J 

14 Pi tPHL 
I I 
I '----~~- VOH 

Output 11.s V 1.5 V 
_______ J. VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

TEST S1 

tpd Open 
tpLzltpZL 6V 
tpHzltpZH OND 

14---- tw -.! 
I 1,.-_-

Input 3 Y<",1_.S_V __ :.: V 

Output 
Control 

(low-level 
enabling) 

VOLTAGE WAVEFORMS 
PULSE DURATION 

~ I 2.7 V 

. l' 1.SV 4_1.: ___ ov 

tPZL --.! I4-t -.! 1..01-
I I PLZ -I roo-

__ +-1 ttl -.l-i- 3 V 

wav~~~~ I \ 1.SV i v.::: V 
S1 at6V I· I t.!~~~ VOL 

(see Note B) I tPHZ -+i *-1 

tpZH~ 14-
Output I ~ -- VOH 

~I~~:~£ 11.~v ___ VoH-O.3V OV 

VOLTAGE WAVEFORMS 
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 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 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 transHlon per measurement. 
E. tpLZ and tpHZ are the same as tdls' 
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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SN74ALYC164245 
16-81T 3.3-Y TO 5-Y LEYEL SHIFTING TRANSCEIYER 

WITH 3-STATE OUTPUTS 

• Member of the Texas Instruments 
W/debus™ Family 

• EPICTM (Enhanced-Performance Implanted 
CMOS) Submlcron Process 

• latch-Up Performance Exceeds 250 rnA Per 
JEOEC Standard JESO-17 

• Package Options Include Plastic 30o-mll 
Shrink Small-Outline (Ol) and Thin Shrink 
Smail-Outline (OGG) Packages 

description 

This 16-bit (dual-octal) noninverting bus 
transceiver contains two separate supply rails; 
8 porthasVCC8, which issetat5V, and Aport has 
VCCA, which is set to operate at 3.3 V. This allows 
for translation from a 3.3-V to a 5-V environment 
and vice-versa. 

The SN74ALVC164245 is designed for 
asynchronous communication between data 
buses. 

The SN74ALVC164245 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. 

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. 

The SN74ALVC164245 is characterized for 
operation from -40°C to 85°C. 

FUNCTION TABLE 
(each &obit section) 

INPUTS 

OE DIR 
OPERATION 

L L B data to A bus 

L H A data to B bus 

H X Isolation 

EPIC and W1debus are trademarks of Texas Instruments Incorporated. 

~1ExAs 
INSTRUMENTS 

DGG OR DL PACKAGE 
(TOP VIEW) 

1DIR 1 10E 
181 47 1A1 
182 46 1A2 

GND 45 GND 
183 44 1A3 
184 6 43 1A4 

(5 V) VCCB 42 VCCA (3.3 V) 
185 41 1A5 
186 9 40 1A6 

GND 39 GND 
187 11 38 1A7 
188 1A8 
281 2A1 
282 2A2 

GND GND 
283 2A3 
284 2A4 

(5 V) VCCB VCCA (3.3 V) 
285 2A5 
286 2A6 

GND GND 
287 2A7 
288 2A8 

2DIR 20E 

Copyright © 1995. Texas Instruments Incorporated 
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SN74ALVCi6424S 
i6·BIT 3.3·V TO S·V LEVEL SHIFTING TRANSCEIVER 
WITH 3·STATE OUTPUTS 
SCAS416A - MARCH 1994 - REVISED DECEMBER 1995 

logic symbolt logic diagram (positive logic) 

10E 
10lR 

20E 
20lR 

lAl 

1A2 

1A3 

lA4 

lA5 

lA6 

lA7 

lA8 

2Al 

2A2 

2A3 

2A4 

2A5 

2A6 

2A7 

2A8 

48 

1 

25 

24 

47 

46 

44 

43 

41 

40 

38 

37 

36 

35 

33 

32 

30 

29 

27 

26 

r--

" L 
" 

--"" 
L 

L 

L 

G3 

3EN1 [BA] 
3EN2 [AB] 

G6 

6EN4[BA] 
6EN5[AB] , r 2 
V1 <l -=:r I> 2v 

3 

5 

6 

8 

9 

11 

12 

13 
V4 <l -=:r I> 5V 

14 

16 

17 

19 

20 

22 

23 

tThis symbol is in accordance with ANSJIIEEE Std 91-1984 and 
IEC Publication 617-12. 

10lR 

1A1 

1B1 

1B2 

1B3 

1B4 

1B5 

1B6 

1B7 

1B8 20lR 
2B1 

2B2 

2B3 

2B4 2A1 

2B5 

2B6 

2B7 

2B8 
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~ 
To Seven Other Channels 

To Se~en Other Channels 

48 
10E 

2 
1B1 

25 
20E 

13 
2B1 



SN74ALVC16424S 
16·81T 3.3-V TO S·V LEVEL SHIFTING TRANSCEIVER 

WITH 3·STATE OUTPUTS 
SCAS416A - MARCH 1994 - REVISED DECEMBER 1995 

absolute maximum ratings over operating free-air temperature range for VCCB at 5 V (unless 
otherwise noted)t 

Supply voltage range, Vcce ......................................................... -0.5 V to 6 V 
Input voltage range, VI (see Note 1) ....•............................................. -0.5 V to 6 V 
Output voltage range, Vo (see Note 1) ...................................... -0.5 V to Vcce + 0.5 V 
Input clamp current, 11K (VI < 0 or VI > Vcce) .............................................. -50 mA 
Output clamp current, 10K (Vo < 0 or Vo > Vcce) .......................................... ±50 mA 
Continuous output current, 10 (Vo = 0 to Vcce) ............................................ ±50 mA 
Continuous current through each Vcce or GND ..•....................................... ±100 mA 
Maximum power dissipation at TA = 55°C (in still air) (see Note 2): 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. This value is limited to 6 V maximum. 
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 ThermalGonsiderationsapplication note in the 1994 ABT Advanced BiGMOS Technology 
Data Book, literature number SCBD002B. 

absolute maximum ratings over operating free-air temperature range for VCCA at 3.3 V (unless 
otherwise noted)t 

Supply voltage range, VCCA ....................................................... -0.5 V to 4.6 V 
Input voltage range, VI: Except I/O ports (see Note 3) ........... :.................... -0.5 V to 4.6 V 

I/O ports (see Note 3) ................................ -0.5 V to VCCA + 0.5 V 
Output voltage range, Vo (see Note 3) ...................................... -0.5 V to VeeA + 0.5 V 
Input clamp current, 11K (VI < 0) .......................................................... -50 mA 
Output clamp current, 10K (Vo < 0 or Vo > VecAl .......................................... ±50 mA 
Continuous output current, 10 (Vo = 0 to VeeAl ............................................ ±50 mA 
Continuous current through each VecA or GND .......................................... ± 100 mA 
Maximum power dissipation at TA = 55°C (in still air) (see Note 2): 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: 2. The maximum package power dissipation is calculated using ajunction temperature of 150·C and a board trace length of 750 mils. 
For more information, refertothe Package ThermalGonsiderationsapplication note in the 1994 ABT Advanced BiGMOS Technology 
Data Book, literature number SCBD002B. 

3. This value Is limited to 4.6 V maximum. 
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SN74ALVC164245 
16-BIT 3.3-V TO 5-V LEVEL SHIFTING TRANSCEIVER 
WITH 3-STATE OUTPUTS 
SCAS416A- MARCH 1994- REVISED DECEMBER 1995 

recommended operating conditions for VCCB at 5 V (see Note 4) 

vccs Supply voltage 

VIH High-level input voltage 

VIL Low-level input voltage 

VIA Input voltage 

Vas Output voltage 

IOH High-level output current 

IOL Low-level output current 

allav I nput transition rise or fall rate 

TA Operating free-air temperature 

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

recommended operating conditions for VCCA at 3.3 V (see Note 4) 

VCCA Supply voltage 

VIH High-level input voltage VCCA = 2.7 V to 3.6 V 

VIL Low-level input voltage VCCA - 2.7 V to 3.6 V 

VIB Input voltage 

VOA Output voltage 

IOH High-level output current 
VCCA-2.7V 

VCCA=3V 

VCCA = 2.7 V 
IOL Low-level output current 

VCCA-3V 
all av Input transition rise or fall rate 

TA Operating free-air temperature 

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

~1ExAs 
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MIN MAX UNIT 
4.5 5.5 V 

2 V 

0.8 V 

0 VCCB V 

0 VCCB V 

-24 mA 

24 mA 

0 10 ns/V 

-40 85 ·C 

MIN MAX UNIT 
2.7 3.6 V 

2 V 

0.8 V 

0 VCCA V 

0 VCCA V 

-12 
mA 

-24 

12 
mA 

24 

0 10 ns/V 

-40 85 ·C 



SN74ALVC164245 
16-81T 3.3-V TO 5-V LEVEL SHIFTING TRANSCEIVER 

WITH 3-STATE OUTPUTS 
SCAS416A - MARCH 1994 - REVISED DECEMBER 1995 

electrical characteristics over recommended operating free-air temperature range for VCCB = 5 V 
(unless otherwise noted) (see Note 5) 

PARAMETER TEST CONDITIONS Vcce MIN TYPt MAX 

4.5 V 4.3 
10H = -100 IlA 

5.5 V 5.3 
VOH (A to B) 

4.5V 3.7 
IOH=-24mA 

5.5 V 4.7 

4.5 V 0.2 
10L = 100 IlA 

5.5 V 0.2 
VOL (A to B) 

4.5V 0.55 
IOL=24mA 

5.5V 0.55 

II I Control inputs VI - VCCB or GND 5.5 V ±5 

IOZ:j: I A or B ports Vo = VCCB or GND 5.5 V 

ICC VI = VCCB or GND, 10- 0 5.5 V 

t.ICC§ One input at 3.4 V, Other inputs at VCCB or GND 4.5Vt05.5V 

Ci I Control inputs VI - VCCB or GND 5V 6.5 

Cio I A or B ports Vo = VCCB or GND 5V 6.5 

tTYPlcal values are measured at VCC = 3.3 V, TA = 25°C. 
:j: For I/O ports, the parameter 10Z includes the input leakage current. 
§ This is the increase in supply current for each input that is at one of the specified TTL voltage levels rather then at 0 V or VCCA. 
NOTE 5: VCCA - 2.7 V to 3.6 V 

UNIT 

V 

V 

jIA 

jIA 

jIA 

jIA 

pF 

pF 

electrical characteristics over recommended operating free-air temperature range for V CCA = 3.3 V 
(unless otherwise noted) (see Note 6) 

PARAMETER TEST CONDITIONS VCCA~ MIN TYPt MAX 

10H = -100 jIA MINto MAX VCC-0.2 

2.7 V 2.2 
VOH(BtoA) IOH--12mA 

3V 2.4 

IOH =-24 mA 3V 2 

10L = 100 IlA MINto MAX 0.2 

VOL (B to A) IOL=12mA 2.7 V 0.4 

IOL=24 mA 3V 0.55 

II I Control inputs VI - VCCA or GND 3.6 V ±5 

10Z:j: Vo - VCCA or GND 3.6 V ±10 

ICC VI = VCCA or GND, 10=0 3.6 V 40 

t.ICC§ One input at VCCA - 0.6 V, Other inputs at VCCA or GND 3Vt03.6V 750 

Ci I Control Inputs VI = VCCA or GND 3.3 V 6.5 

Cio IAorBports Vo - VCCA or GND 3.3 V 8.5 

tTYPlcal values are measured at VCC - 3.3 V, TA _ 25°C. 
:I: For I/O ports, the parameter 10Z includes the input leakage current. 
§ This is the increase in supply current for each input that is at one of the specified TTL voHage levels rather then at 0 V or VCCA. 
11 For conditions shown as MIN or MAX, use the appropriate values under recommended operating conditions. 
NOTE 6: VCCB = 5 V:!: .05 V 
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UNIT 

V 

V 

jIA 

jIA 

jIA 

jIA 

pF 

pF 
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SN74ALVC164245 
16-BIT 3.3-V TO 5-V LEVEL SHIFTING TRANSCEIVER 
WITH 3-STATE OUTPUTS 
SCAS416A - MARCH 1994 - REVISED DECEMBER 1995 

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

vcce =5V±O.5V 

PARAMETER 
FROM TO 

VCCA=2.7V 
VCCA=3.3V 

UNIT (INPUT) (OUTPUT) ±O.3V 

MIN MAxt MINt MAxt 

A B 5.9 1 5.8 ns 
tpd 

B A 6.7 1.2 5.8 ns 

ten OE B 9.3 1 8.9 ns 

'dis OE 8 9.2 2.1 9.5 ns 

ten OE A 10.2 2 9.1 ns 

'dis OE A 9 2.9 B.6 ns 
. . t This datasheet hmlt can vary among supphers . 

operating characteristics, T A = 25°C 

VCCA=3.3V 
PARAMETER TEST CONDITIONS Vcce=5V UNIT 

TYP 

I outputs enabled (A or 8) 56 
Cpd Power dissipation capacitance I Outputs disabled (A or B) 

CL=50 pF, f= 10MHz pF 
6 

~1ExAs 
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SN74ALVC164245 
16·BIT 3.3·V TO 5·V LEVEL SHIFTING TRANSCEIVER 

WITH 3·STATE OUTPUTS 
SCAS416A - MARCH 1994 - REVISED DECEMBER 1995 

PARAMETER MEASUREMENT INFORMATION 
V CCB = 5 V ± 0.5 V 

TEST S1 
S1 SOOO From Output_--e>--~ ___ .A,/I,rv-__ -./ 

o 2 x VCCB 

o Open tpd Open 

tpLZ/tpZL 2 x VCCB Under Test 

CL=SOpF 
tpHzltpZH GND 

SOOO 
(see Note A) T 

LOAD CIRCUIT 

Output 
Control 

(low·level 
enabling) 

~ I 2.7 V 

~ 1.SV 4_1
.:: ___ ov 

tpZL -.r ~t --J 1..00-
1 1 PLZ"I ~ 

Input . L 1.SV \7."s-;--- 2.7 V 

~ I· ov 

Output 
Waveform 1 

S1 at2 x VCCB 
(see Note B) 

1 1 I 1 
---;-ri- -!-E;;- .. VCCE 

i \ SO% VCC~ 200/0 VCCB 
1 1 -- VOL 

1 .~ 1 1 
tpLH 14 I ~ ~ tpHL 

1 tPHZ-+j i+ 
tPZH ~ I+- 1 

1 1 
1 ,.----""I~rl - VOH IsO% VCCB SO% VCCB 

____ J, VOL 
Output 

Output 
Waveform 2 

Sl atGND 
(see Note B) 

___ .... 1 ..... \0% ~~~~VCCB ::H 
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 wHh 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 0, tr s 2.5 ns, tf s 2.S ns. 
D. The outputs are measured one at a time with one transHion per measurement. 
E. tpLZ and tpHZ are the same as tdis. 
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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SN74ALVC164245 
16-81T 3.3-V TO 5-V LEVEL SHIFTING TRANSCEIVER 
WITH3-STATE OUTPUTS 
SCAS416A- MARCH 1994- REVISED DECEMBER 1995 

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

o 6V 
TEST 

S1 
S1 

o Open 5000 
From Output_-,_~,----JIMr-__ ./ tpd Open 

tpLZitpZL 6V Under Test 

CL = 50 pF 
(see Note A) T 5000 

LOAD CIRCUIT 

Input L 1.5V \ ~5-;--- 3V 

---II I· OV 
tpLH I~ ~I I J 

II1II Pi tpHL 
I I 
I ,-----~- VOH 

Output 11.5 V 1.5 V 
_______ J. VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

Output 
Control 

(low-level 
enabling) 

Output 
Waveform 1 

S1 at6V 
(_Note B) 

Output 
Waveform 2 

S1 atGND 
(_Note B) 

tpHzltpZH GND 

~,.. ,~~---:: 
tpZL 1 r-tPLZ-.! l+-

I 1 __ -'_~I_ -3V 

I '\ 1.5V : VOL+O.3V 
I· 1- --- VOL 
I tPHZ-+j i+ 

tPZH -toI I+- I 
I tv; -- VOH 

_____ ..J.l~ 1.~V ___ ~H-O.3V OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

NOTES: A. CL includes probe and Jig capacitance. 

3-28 

B. Wavelorm 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 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 0, tr s 2.5 ns, tf s 2.5 ns. 
D. The outputs are measured one at a time wHh one transHion per measurement. 
E. tpLZ and tpHZ are the same as tdis. 
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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SN74ALVCH16260 
12·BIT TO 24·BIT MULTIPLEXED D·TVPE LATCH 

WITH 3·STATE OUTPUTS 

• Member of the Texas Instruments 
W/debus™ 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 Shrink 
Small·Outllne (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. 

The SN74ALVCH16260 is used in applications 
where two separate datapaths must be 
multiplexed onto, or demultiplexed from, a 
single datapath. Typical applications include 
multiplexing andlor demultiplexing address and 
data information in microprocessor or 
bus-interface applications. This device is also 
useful in memory-interleaving applications. 

Three 12-bit 1/9 ports (A1-A12, 181-1812, and 
281-2812) are available for address and/or data 

DGG OR DL PACKAGE 
(TOP VIEW) 

OEA 
LE18 

283 
GND 
282 5 

A4 
AS 
A6 
A7 
A8 
A9 

GND 
A10 
A11 
A12 
Vee 
181 
182 

GND 
183 

LE28 

48 
47 
46 
45 

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 

SEL OE18 ____ .r 

transfer. The output-enable (OE18, OE28, and OEA) inputs control the bus transceiver functions. The OE18 
and OE28 control signals also allow bank control in the A-to-8 direction. 

Address and/or data information can be stored using the internal storage latches. The latch-enable (LE18, 
LE28, LEA 18, and LEA28) 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 SN74ALVCH16260 is characterized for operation:1rom -40·C to 85·C. 

EPle and Widebus are trademarks of Texas Instruments Incorporated. 
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SN74ALVCH16260 
12·81T TO 24-81T MULTIPLEXED D·TYPE LATCH 
WITH 3-STATE OUTPUTS 
SCES046-JULY 1996 

1B 2B 

H X 

L X 

X X 

x H 

X L 

X X 

x x 

A LEA1B 

H H 

L H 

H H 

L H 

H L 

L L 

X L 

X X 

x x 
X X 

X X 

Function Tables 
BTOA(OEB=H) 

INPUTS 

SEL LE1B LE2B 

H H X 

H H X 

H L X 

L X H 

L X H 

L X L 

x x X 

ATOB(OEA=H) 

INPUTS 

LEA2B OE1B OE2B 

H L L 

H L L 

L L L 

L L L 

H L L 

H L L 

L L L 

X H H 

X L H 

X H L 

X L L 

OUTPUT 

OEA A 

L H 

L L 

L Ao 
L H 

L L 

L Ao 
H Z 

OUTPUTS 

1B 2B 

H H 

L L 

H 280 
L 280 

180 H 

180 L 

180 280 
Z Z 

Active Z 

Z Active 

Active Active 
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logic diagram (positive logic) 

2 
LE1B 

LE2B 

LEA1B 

LEA2B 

OE2B 

SEL 

Ai 

27 

30 

55 

56 

29 

1 

28 

8 

:{>-

):1" L, 

C1 

10 

G~ 
1 

11--

C1 

10 

SN74ALVCH16260 
12·BIT TO 24·BIT MULTIPLEXED D·TVPE LATCH 

WITH 3-STATE OUTPUTS 
SCES046-JULY 1995 

C1 

23 
10 1B1 

C1 ~ 
-t>= 

6 
- 10 2B1 

rt> 

\~----------------~v~------------------~ 
To 11 other Channels 
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SN74ALVCH16260 
12-BIT TO 24-BITMULTIPLEXED D-TYPE LATCH 
WITH 3-STATE OUTPUTS 
SCES046 - 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: 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, 1,K (V, < 0) ........................................................... -50 rnA 
Output clamp current, 10K (Vo < 0 or Vo > Vecl ........................................... ±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, 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 Gonsiderationsapplication note in the 1994 ABT Advanced BiGMOS Technology 
Data Book, literature number SeBD002B. . 

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 t02.7V 
VIL Low-level input voltage 

Vee = 2.7 V to 3.6 V 

VI Input voltage 

Vo Output vo~age 

Vee=2.3 V 

IOH High-level output current Vee=2.7V 

Vee=3V 

Vee=2.3V 

IOL Low-level output current Vee=2.7V 

Vee=3V 
AIIAv 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. 

3-32 
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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 ns/V 

-40 85 ·e 



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

WITH 3-STATE OUTPUTS 
SCES046-JULY 1995 

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

PARAMETER TEST CONDITIONS VCCt MIN TYpt 

10H--l00jiA MINto MAX Vee-O.2 

10H--SmA, VIH -1.7V 2.3 V 2 

VIH-l.7V 2.3 V 1.7 
VOH 

IOH--12mA VIH-2V 2.7V 2.2 

VIH-2V 3V 2.4 

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

IOL-l00 jiA MINto MAX 

10L-SmA, VIL-0.7V 2.3 V 

VOL VIL-0.7V 2.3V 
IOL-12 mA 

IVIL-0.8V 2.7 V 

IOL-24mA, VIL-0.8V 3V 

II VI - VCC or GND 3.SV 

VI'!"0.7V 45 
2.3 V 

VI_l.7V -45 

II (hold) VI-0.8V 
3V 

75 

VI_2V -75 

VI_ Oto3.6V 3.SV 

10Z§ Vo - Vee or GND 3.6 V 

ICC VI_ VCC or GND, 10- 0 3.SV 

t.ICC One input at VCC - O.S V, Other Inputs at VCC or GND 3 Vto 3.S V 

CI I Control inputs VI - VCC or GND 3.3V 

Cia I A orB ports Vo - VCC or GND 3.3V 

t For conditions shown as MIN or MAX, use the appropriate values under recommended operating condHions. 
:j: All typical values are at Vee - 3.3 V, TA - 25·C. 
§ For I/O ports, the parameter 10Z Includes the Input leakage current. 

3.5 

9 

MAX UNIT 

V 

0.2 

0.4 

0.7 V 

0.4 

0.65 

±5 jiA 

jiA 

±500 

±10 jiA 

40 jiA 

750 jiA 

pF 

pF 

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

Vee = 2.5 V 
Vee=2.7V 

Vcc = 3.3 V 
±O.2V ±O.3V UNIT 

MIN MAX MIN MAX MIN MAX 

tw Pulse duration, LEI B, LE2B, LEAl B, or LEA2B high 3.3. 3.3 3.3 ns 

tsu Setup time, data baiore LEI B, LE2B, LEAl B, or LEA2B 1.4 1.1 1.1 ns 

th Hold time, data after LE1B, LE2B, LEA1B, or LEA2B 1.6 1.9 1.5 ns 

~1EXAS 
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SN74ALVCH16260 
12·81T TO 24-81T MULTIPLEXEDD-TYPE LATCH 
WITH 3·STATE OUTPUTS 
SCES046-JULY 1995 

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 

AorB BorA 1.2 6 5.1 1.2 4.3 

Ipd LE AorB 1 6.2 5.2 1 4.4 ns 

SEL A 1.2 7.5 6.6 1.1 5.6 

ten OE AorB 1 7.2 6.4 1 5.4 ns 

Ielis OE AorB 1.7 5.9 5 1.3 4.6 ns 

operating characteristics, T A = 25°C 

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

TYP TYP 

Cpd 
I Outputs enabled 87 120 

Power dissipation capacitance I Outputs disabled 
CL=50pF, f=10MHz pF 

80.5 118 

~1ExAs 
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SN74ALVCH16260 
12·81T TO 24·81T MULTIPLEXED D·TVPE LATCH 

WITH 3·STATE OUTPUTS 
SCES046-JULY 1995 

PARAMETER MEASUREMENT INFORMATION 
VCC = 2.5 V ± 0.2 V 

o 4.6V 
TEST S1 

S1 o Open 

r' 
5000 

From Output --.----.--"v"lv---...J 
Under Test 

CL=50pF 
(see Note A) T 5000 

tpd Open 

tpLZ/tpZL 4.6V 

tpHZ/tpZH GND 

LOAD CIRCUIT I4--tw~ 

2.3 V 

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

I I 

Input 3 y<:1.~2~V~~~~ :.: V 

OV 

14 tsu ~~ th 
~ 
I 

Data ----"~1.2 V 

Input " 

~2.3V 
1.2V 

OV 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

Input .L 1.2V \ 1.2-;--- 2.3 V 

---II I - OV 
tPLH 14 ~I I I 

I I 14 ~tpHL 
I I 
I ,.-----n~-- 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 

~ j 2.3V 

~ 1.2V 4_1.: ___ ov 

tpZL~ ~t ...J ""--
I I PLZ' I roo-

--i-! ttl -i-I- 2.3 V 

1\1.2V '~V 
I I t~~~~ VOL 

I tpHZ -+I *-, 

tpZH~ 14-
I ~. --- VOH 

!1.2V VOH-0.3V 

-----~-'- -- - 0 V 

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 len. 
G. tpLH and tpHL are the same as tpd. 

Figure 1. Load Circuit and Voltage Waveforms 
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SN74ALVCH16260 
12-BIT TO 24-BIT MULTIPLEXED D-TYPE LATCH 
WITH 3-STATE OUTPUTS 
SCES046 - JULY 1995 

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

o 8V TEST 
S1 

S1 
5000 

From Output --*-...... I---'\N'v----' 
Under Test 

o Open tpd Open 
tpultpZL 8V 

CL=60pF 
(see Note A) T 5000 

LOAD CIRCUIT 

2.7 V 

OV 

I tau th 

Data --,-,,\W1.5 V 
Input __ ..11\ 

I 
~2.7V 

1.&V 
OV 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

,----....... ----- 2.7 V 
Input L 1.5 V \ 1.5 V . 

---J'I I· OV 
tpLH 114 ~I I J 

14 Pi tpHL 
I I 
I ~--VOH 

Output !1.5V 1.5V ________ J. VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

tpHzltpZH GND 

14--- tw ------.I 
I I 

Input 3 y(r1.-5-V-- :.:V 

Output 
Control 

(low-level 
enabling) 

VOLTAGE WAVEFORMS 
PULSE DURATION 

~ I 2.7 V 

~ 1.5V 4_1.: ___ ov 

tpZL ~ I4-t --.! ""--
I I PLZ -I ...---

__ ;-1 ttl -1-1-· 3 V 

waV::~r~U! I \ 1.& V 1 v.:: V 
S1 st8V I· I t.!~~~ VOL 

(see Note B) I tPHZ ~ '+-1 . 

tpZH~ 14-
Output I s:: waveform 2 - - - VOH 

S1 atGND !1.5V. VOH-O.3V 

(see Note B) _ -- -'-__ 0 V 

VOLTAGE WAVEFORMS 
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 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 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 wHh one transHlon 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 2. Load Circuit and Voltage Waveforms 
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SN74ALVCH162268 
12-BIT TO 24-BIT REGISTERED BUS EXCHANGER 

WITH 3-STATE OUTPUTS 

• Member of the Texas Instruments 
W/debus™ Family 

• EPICTM (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-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 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 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. 

DGG OR DL PACKAGE 
(TOP VIEW) 

OEA 
CLKEN18 

283 3 

GND 
282 

Vee 
A1 

A4 
A5 
A6 
A7 
A8 
A9 

GND 
A10 
A11 
A12 
Vce 
181 
182 

GND 
183 

CLKEN2B 
SEL 

41 

40 
39 

38 

37 

""1.... __ .r 

OEB 
CLKENA2 
284 
GND 
285 
286 
Vee 
287 
288 
289 
GND 
2810 
2811 
2812 
1812 
1811 
1810 
GND 
189 
188 
187 
Vee 
186 
185 
GND 
184 
CLKENA1 
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. 

EPIC and Widebus are trademarks of Texas Instruments Incorporated. 
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SN74ALVCH162268 
12·BIT TO 24·BIT REGISTERED BUS EXCHANGER 
WITH 3·STATE OUTPUTS 
SCES018 - AUGUST 1995 

3-38 

ClK 

l' 
l' 

J 
l' 

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-T()'B STORAGE (OEB = l) 
INPUTS OUTPUTS 

ClKENA1 ClKENA2 elK A 1B 2B 

H H X x 180* 280* 
L X l' L Lt x 
L X l' H Ht x 
x L l' L X L 

X L l' H X H 

t Two eLK edges are needed to propagate data. * Output level before the indicated steady-state Input 
conditions were established 

B-T()'A STORAGE (OEA = l) 
INPUTS OUTPUT 

ClKEN1B ClKEN2B ClK SEl 1B 2B A 

H X X H X X AO* 
X H X L X X AO* 
L X l' H L X L 

L X l' H H X H 

X L l' L X L L 

X L l' L X H H * Output level before the indicated steady-state input conditions were 
established 
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SN74ALVCH162268 
12·BIT TO 24·BIT REGISTERED BUS EXCHANGER 

WITH 3·STATE OUTPUTS 
SCES018 - AUGUST 1995 

logic diagram (positive logic) 

CLK 29 

2 
CLKEN1B 

CLKEN2B 
27 

CLKENA1 30 <t>-
CLKENA2 

55 ~ i> C1 

OEB 
56 .-> C1 

10 

28 
SEL 10 -

1 

~ 
1----- ~-- - ~---~----------1---. OEA 
1 
I CE 

10 1 ...-- I> C1 
1 

10 23 
C1< ,..... I ! 

I 
1B1 

1 

-t>= -- .... .. .J ~ a;r CE r-----
8 ,r:; 1-I- ~ I> C1 

Ai '1 10 6 

! ! 
2B1 

CE CE 
~ > C1 ...-- i> C1 r--

10 10 

ut>= CE 

...-- I> C1 

10 
L _____ 1 of 12 Channels 

~- -------- ~--~- ~--------------I---..J , 
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SN74ALVCH162268 
12·BIT TO 24·B11 REGISTERED BUS EXCHANGER 
WITH 3·STATE OUTPUTS 
SCESOI8-AUGUST1995 

absolute rnaxlmum ratings over operating free-air temperature range (unress otherwise noted)t 

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 rnA 
Output clamp current, 10K (VO < a or Vo > Vee> ........................................... ±50 rnA 
Continuous output current, 10 (Vo = a 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, 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 condHions 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 ThermaiConsiderationsapplication note in the 1994 ABT Advanced BiCMOS Technology 
Data Book, literature number SCBD002B. 

recommended operating conditions (see Note 4) 

MIN MAX UNIT 

VCC Supply voltage 2.3 3.6 V 

High-level InpUt voRage 
VCC-2.3 Vt02.7V 1.7 

VIH V 
VCC - 2.7 V to 3.6 V 2 

VCC - 2.3 Vto 2.7 V 0.7 
VIL Low-level input voltage V 

VCC -2.7Vt03.6 V 0.8 

VI Input voltage 0 VCC V 

Vo Output voltage 0 VCC V 

VCC-2.3V -6 

IOH High-level output current (B port) VCC z 2.7V -8 mA 

VCC=3V -12 

VCC = 2.3 V 6 

IOL Low-level output current (B port) VCC=2.7V 8 mA 

VCC=3V 12 

VCC=2.3V -12 

IOH High-level output current (A port) VCC-2.7V -12 mA 

VCC=3V -24 

VCC-2.3V 12 

IOL Low-level output current (A port) VCC=2.7V 12 mA 

VCC-3V 24 

At/Av Input transHion rise .or fall rate 0 10 ns/V 

TA Operating free-alr temperature -40 85 'C 

NOTE 4: Unused control Inputs must be held high or low to prevent them from floating. 
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SN74ALVCH162268 
12·BIT TO 24·BIT REGISTERED BUS EXCHANGER 

WITH 3·STATE OUTPUTS 
SCES018 - AUGUST 1995 

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

PARAMETER TEST CONDITIONS VCCt MIN TVP* 

10H - -100 IIA MINto MAX Vee-0.2 

IOH--4mA, VIH -1.7V 2.3V 1.9 

VOH VIH-l.7V 2.3 V 1.7 
10H --SmA 

(Sport) VIH-2V 3V 2.4 

10H--BmA, VIH .2V 2.7V 2 

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

10L -100 IIA MINto MAX 

IOL=4mA, VIL=0.7V 2.3 V 

VOL VIL-0.7V 2.3V 
10L-SmA (Sport) VIL-O.BV 3V 

10L-BmA, VIL-O.BV 2.7 V 

IOL-12mA, VIL-O.BV 3V 

10H - -100 IIA MINto MAX Vee-0.2 

10Hz-SmA, VIH= 1.7V 2.3 V 2 

VOH VIH=1.7V 2.3 V 1.7 

iAport) IOH=-12mA VIH =2V 2.7 V 2.2 

VIH =2V 3V 2.4 

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

10L = 100 IIA MINto MAX 

10L=SmA, VIL-0.7V 2.3 V 
VOL VIL-0.7V 2.3 V 
(Aport) IOL-12mA 

VIL-O.BV 2.7 V 

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

II VI - Vee or GND 3.SV 

VI-0.7V 45 
2.3V 

VI-l.7V -45 

II(hold) VI-O.BV 75 
3V 

VI=2V -75 

VI=Oto3.SV 316 V 

10Z§ Vo - Vee or GND 3.SV 

ICC VI - Vee or GND, 10- 0 3.SV 

61ee One input at Vee - O.S V, Other inputs at Vee or GND 3 Vto3.SV 

ei I Control inputs VI- Vee or GND 3.3 V 

eio I A or S ports Vo. Vee or GND 3.3 V 
.. t For conditions shown as MIN or MAX, use the appropriate values under recommended operating conditions . 

:j:AII typical values are at Vee - 3.3 V, TA _ 25°C. 
§ For I/O ports, the parameter 10Z includes the input-leakage current. 
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3.5 

9 

MAX UNIT 

V 

0.2 

0.4 

0.55 
V 

0.55 

O.S 

O.B 

V 

0.2 

0.4 

0.7 V 

0.4 

0.55 

±5 IIA 

IIA 

±500 

±10 IIA 
40 IIA 

750 IIA 
pF 

pF 

3-41 



SN74ALVCH162268 
12-BIT TO 24-BIT REGISTERED BUS EXCHANGER 
WITH 3-STATE OUTPUTS 
SCES018-AUGUST 1995 

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

Vcc = 2.5 V 
VCC=2.7V 

VCC=3.3V 
±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 3.3 3.3 3.3 ns 

A data before clKi I 4.5 4 3.4 

B data before clKi 0.8 1.2 1 

SEl before clKi 1.4 1.6 1.3 
tsu Setup time 

ClKENA 1 or ClKENA2 before ClKi 
ns 

3.6 3.4 2.8 

ClKENBl or ClKENB2 before clKi 3.2 3 2.5 

OE before ClK'!' 4.2 3.9 3.2 

A data after clKi 0 0 0.2 

B data after clKi 1.3 1.2 1.3 

SEl after CLK'!' 1 1 1 
th Hold time 

ClKENA 1 or ClKENA2 after clKi 
ns 

0.1 0.1 0.4 

ClKENBl or ClKENB2 after ClK'!' 0.1 0 0.5 

OE after clKi 0 0 0.2 

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

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 

fmax 120 125 150 MHz 

Ipd ClK B 2.1 6.7 5.9 1.8 5.4 ns 

tpd ClK A 
2.1 

{lB) 
6.4 5.4 1.7 4.8 ns 

tpd ClK A 
2.1 6.4 5.3 1.8 4.8 

(2B) 
ns 

tpd ClK A 
3 7.9 6.5 2.4 5.8 " 

(SEl) 
ns 

len ClK B 2.8 7.7 6.8 2.6 6.1 ns 

!dis ClK B 3.5 7.4 6.1 2.5 5.9 ns 

len ClK A 2.1 6.7 5.6' 1.8 5.1 ns 

!dis ClK A 2.7 6.7 5.4 2.1 5 ns 

operating characteristics, T A = 25°C 

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

TYP TYP 

Cpd Power dissipation capacitance 
I Outputs enabled 87 120 

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

80.5 118 
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SN74ALVCH162268 
12·BIT TO 24-BIT REGISTERED BUS EXCHANGER 

WITH 3-STATE OUTPUTS 
SCES018-AUGUST 1995 

PARAMETER MEASUREMENT INFORMATION 
VCC = 2.5 V ± 0.2 V 

o 4.SV TEST 
S1 o Open 

l~ 
5000 

From Output --...---.>-----"I."IIr----.J 
tpd 

tpL,ZItpZL 
Under Test 

tPHzitPZH 
CL=50pF 

(see Note A) T 5000 

S1 
Open 
4.6 V 
GND 

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

2.3 V 
Timing V 1•2V Input ______ ~'". ____ _ 

I I 

Input 3 "':1.~2~V~~~~ :.: V 

~ tsu·~ th 
., , 

OV 

Data --~'4t1.2 V 
Input 1\ 

€2.3V 
1.2V 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

OV 

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

---II I· OV 
tPLH 114 .,II I I 

14 ~ tpHL 

Output 

I I 
I ,.----~~- VOH 

!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 

S1 at 4.6 V 
(see Note B) 

Output 
Waveform 2 

S1 atGND 
(_Nota B) 

VOLTAGE WAVEFORMS 
PULSE DURATION 

~, I 2.3 V 

i'1.2V 4_1.: ___ ov 

tpZL -+I I4-t ...J 
I I PLZ 'I 

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

2.3V 

VOL + 0.3 V 
VOL 

I . tPHZ-+! 
tpZH ~ I+-

1,----+ VOH 
VOH-0.3V 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

OV 

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 wHh internal condttions such that the output is high except when disabled by the output control. 

C. All input pulses are supplied by generators having the following charscteristics: 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 trsnsition 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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SN74ALVCH162268 . 
12·BIT TO 24-BIT REGISTERED BUS EXCHANGER 
WITH 3-STATE OUTPUTS 
SCES018-AUGUST 1996 

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

S1 5000 
From Output - ..... - ...... --'I/I(V----' 

Under Teet 

CL=50pF 
(_NoteA) J 5000 

o IIV TEST 

o Open tpd 
tpLZItpZL 
tPHz/lPZH 

S1 
Open 
6V 

GND 

LOAD CIRCUIT ~Iw---.! 

2.7 V 

I 1,...-__ 

Input 3 }(\oo1.5_V __ :.:V 

n~~,:: _____ ~'"1-.5-V----
~ leu ~~ th 

Data --"'W1.5 V 
Input __ oJ!\ 

OV 
~ 
I 

,€:2.7V 
1.5V 

OV 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

Output 
Control 

(low-level 
enabling) 

VOLTAGE WAVEFORMS 
PULSE DURATION 

~,.v l'v 
tPZL -.t I4-t -.! 

I I PLZ- I 

_--+1"",1 I 
Output I 

2.7 V 

OV 

3V 

waveform 1 I VOL + 0.3 V 
S111t8V VOL 

(_Nota B) 

Input L.,.5V \ 1.5 V --- 2.7 V 

---II I' 1 OV 
tPLH I~ .II oJ 14 ... tpHL 

I 1 
I ~----~n VOH 

Output !1.I5V UV ________ J. VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

NOTES: A. CL Includes probe and Jig capacitance. 

Output 
Waveform 2 

S1 atGND 

~PHZ~ 

1,--_-.... 

(_Nota B) __ .....I 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

OV 

B. Waveform 1 Is for an output with Intemal conditions such that the output Is low except when disabled by the output control. 
Wavelonn 2 Is for an output with Intemal conditions such that the output Is high except when Qlsabled 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. tpLH and tpHL are the same as tpd. 

Figure 2. Load Circuit and Voltage Waveforms . 
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SN74ALVCH16269 
12·BIT TO 24·BIT REGISTERED BUS TRANSCEIVER 

WITH 3·STATE OUTPUTS 

• Member of the Texas Instruments 
WJdebus™ Family 

• EPJCTM (Enhanced-Performance Implanted 
CMOS) Submlcron Process 

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

• 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 reglsterea bus transceiver is 
designed for 2.3-Y to 3.6-Y YCC operation. 

The SN74AlYCH16269 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 

SCES019-

DGG OR DL PACKAGE 
(TOP VIEW) 

OEA OE82 
OE81 ClKENA2 

283 3 284 
GND GND 
282 285 
281 286 
Vee Vee 

A1 287 
A2 288 
A3 289 

GND 11 GND 
A4 2810 
A5 2811 
A6 2812 
A7 1812 
AS 1811 
A9 1810 

GND GND 
AiD 189 
All 188 
A12 187 
Vee Vee 
181 186 
182 185 

GND GND 
183 184 
NC ClKENAl 

SEl ClK ",-__ .I" 

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 Y 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 SN74AlYCH16269 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 SN74AlYCH16269 is characterized for operation from -40°C to 85°C. 

EPle and Widebus are trademarks of Texas Instruments Incorporated. 

Copyright © 1995. Texas Instruments Incorporated 
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SN74ALVCH16269 
12·BIT TO 24·BIT REGISTERED BUS TRANSCEIVER 
WITH 3-STATE OUTPUTS· 
SCESOI9-JULY 1995 

3-46 

CLK 

l' 
l' 
l' 
l' 

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-T()'B STORAGE (OEB = L) 

INPUTS OUTPUTS 

CLKENA1 CLKENA2 CLK A 1B 2B 

H H X X 1 Bot 2BOt 

L X l' L L X 

L X l' H H X 

X L l' L X L 

X L l' H X H 

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

B-T()'A STORAGE (OEA = L) 

INPUTS OUTPUT 
CLK ill 1B 2B A 

X H X X Aot 

X L X X Act 
l' H L X L 

l' H H X H 

l' L X L L 

l' L X H H 

t Output level before the Indicated steady-state 
input condRlons were established 
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logic diagram (positive logic) 

LK 
29 

B1 
2 

B2 
56 

CLKEN A1 30 

CLKEN A2 55 

EL 
28 

A~ 
10 

r-
C1 

I 
r----- 1----' 

A1 

I 

~ 
C1 

81 
10 

L _____ ------

--

--

~-. 

.. 

--

SN74ALVCH16269 
12-BIT TO 24-BIT REGISTERED BUS TRANSCEIVER 

WITH 3-STATE OUTPUTS 
SCES019 - JULY 1995 

C1 

10 

C1 
I-

10 

C1 

10 I--

1--------. ------- ------ ----., 
l, 0:,r-

i 23 
1 1B1 

"1 

CE 

~ po. C1 ~ 
10 

6 

CE ! 
2B1 

~ > C1 ~ 
10 

1 of 12 Channela 
~-------

io-_____ 1------- ----
~ 
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SN74ALVCH16269 
12·BIT TO 24·BIT REGISTERED BUS TRANSCEIVER 
WITH 3·STATE OUTPUTS 
SCESOI9-JULY 1995 

absolute maximum ratings over operating free·alr 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 > 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 TA = 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 

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 nol 
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 ThermalConsiderationsapplication note in the 1994 ABT Advanced BiCMOS Technology 
Data Book, literature number SCBD002B. 

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 Vto 3.6 V 2 

Low-level input vo~age 
VCC = 2.3 V to 2.7 V 0.7 

VIL V 
VCC = 2.7 V to 3.6 V 0.8 

VI Input voltage 0 VCC V 

Vo Output voltage 0 VCC V 

VCC-2.3V -12 

IOH High-level output current VCC=2.7V -12 mA 

VCC=3V -24 

VCC-2.3V 12 

IOL Low-level output current VCC=2.7V 12 mA 

VCC=3V 24 
I;.t/Av Input transition rise or fall rate 0 10 ns/V 

TA Operating free-air temperature -40 85 ·C 

NOTE 4: Unused control Inputs must be held high or low to prevent them from floating. 
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SN74ALVCH16269 
12·BIT TO 24·BIT REGISTERED BUS TRANSCEIVER 

WITH 3·STATE OUTPUTS 
SCES019-JULY 1995 

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

PARAMETER TEST CONDITIONS VCCt MIN TYP:j: 

10H - -100 jIA MIN to MAX VCC-0.2 

IOH--6mA, V'H- 1.7V 2.3 V 

V'H=1.7V 2.3V 
VOH 

IOH=-12mA V,H=2V 2.7V 

V,H =2V 3V 

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

10L - 100 jIA MINto MAX 

'OL=6mA, V'L=0.7V 2.3V 

VOL V'L-0.7V 2.3 V 
IOL=12mA 

V'L-0.8V 2.7 V 

IOL-24mA, V'L=0.8V 3V 

" 
V, - VCC or GND 3.6V 

V, = 0.7 V 

V,_1.7V 
2.3Y 

"(ho'd) V,.0.8V 

V,-2V 
3V 

V, = Ot03.6 V 3.6V 

10Z§ Vo = VCC or GND 3.6V 

ICC V, • VCC or GND, 10- 0 3.6V 

.o.ICC One input at VCC - 0.6 V, Other inputs at VCC or GND 3Vt03.6V 

Ci I Control inputs V, - VCC or GND 3.3 V 

Cio IAorBports Vo - VCC or GND 3.3V 

t For conditions shown as MIN or MAX, use the appropnate values under recommended operating conditions. 
:j: All typical values are at VCC = 3.3 V, TA - 25°C. 
§ For I/O ports, the parameter 10Z Includes the input-leakage current. 

2 

1.7 

2.2 

2.4 

2 

45 

-45 

75 

-75 

3.5 

9 

MAX UNIT 

V 

0.2 

0.4 

0.7 V 

0.4 

0.55 

±5 jIA 

jIA 

±500 

±10 jIA 

40 jIA 

750 jIA 

pF 

pF 

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

Vce = 2.5 V 
Vee = 2.7 V 

Vee=3.3V 
±O.2V ±O.3V UNIT 

MIN MAX MIN MAX MIN MAX 

fclock Clock frequency 0 135 0 135 0 135 MHz 

tw Pulse duration, CLK high or low 3.3 3.3 3.3 ns 

A data before CLKi 2 2 1.7 

B data before CLKi 2.2 2.1 1.8 

tsu Setup time SEL before CLKi 1.6 1.6 1.3 ns 

CLKENA 1 or CLKENA2 before CLKi 1 1.2 0.9 

OE before CLKi 1.5 1.6 1.3 

A data after CLKi 0.7 0.6 0.6 

B data after CLKt 0.7 0.6 0.6 

th Hold time SEL after CLKt 1.1 0.7 0.7 ns 

CLKENA 1 or CLKENA2 after CLKi 1 0.8 1.1 

OE after CLKt 0.8 0.8 0.8 
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SN74ALVCH16269 
12-BIT TO 24-BIT REGISTERED BUS TRANSCEIVER 
WITH 3-STATE OUTPUTS 
SCES019-JULY 1995 

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

FROM TO 
VCC=2.5V 

VCC=2.7V 
VCC=3.3V 

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

fmax 135 135 135 MHz 

B 1 8.8 7.3 1 6.2 
tpd ClK ns 

A 1 7 5.8 1 5 

B 1 8.4 6.7 1 6.1 
len ClK ns 

A 1 8.1 6.2 1 5.9 

B 1.4 8.3 6.9 1 6.1 
tdis ClK ns 

A 1.5 7.7 6.8 1 5.6 

operating characteristics, T A = 25°C 

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

TYP TYP 

I Outputs enabled 87 120 
Cpd Power dissipation capacitance I Outputs disabled 

Cl = 50 pF, f= 10MHz pF 
80.5 118 
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SN74ALVCH16269 
12·BIT TO 24-BIT REGISTERED BUS TRANSCEIVER 

WITH 3·STATE OUTPUTS 
SCES019-JULY 1995 

PARAMETER MEASUREMENT INFORMATION 
VCC = 2.5 V ± 0.2 V 

o 4.6V TEST 
S1 o Open 

r' 
500n 

From Output ----.-~.-----'Wv----./ 
tpd 

tpLZ/tpZL 
Under Test tPHZ/tpZH 

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

S1 

Open 
4.6 V 
GND 

14--- tw ----.! LOAD CIRCUIT 

2.3 V 

TI~~~~ _____ -.J~\.1-.2-V----
"P~ 3 *:1~'2~V~~~~ :.: V 

14 tsu ~~ th ~ 

OV VOLTAGE WAVEFORMS 
PULSE DURATION 

Data --""""\~1.2 V 
Input __ -.J!\ 

I 
€2.3V 1.2 V 

OV 
Output 
Control 

(low-level 
enabling) 

~, I 2.3V 

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

Input ./1.2 V \~-;--- 2.3V 

~ I· OV 
tpLH ---jII!.I---.!~ 1 1 

Output 
Waveform 1 

S1 at4.6V 
(see Note B) 

tPZL 1 r-tPLZ--l 

_--;1..,.1 1 
1 
1 

tpHZ~ 
14-

2.3 V 

VOL + 0.3 V 
VOL 

I" i 14 ~ tPHL 
1 1 
I,-----~~ VOH 

Output 
Waveform 2 

S1 atGND 

1 ---- VOH 
VOH-0.3V 

Output 11.2 V 1.2 V 
...... ___ ooJ. VOL (see Note 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 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 len. 
G. tpLH and tpHL are the same as tpd. 

Figure 1. Load Circuit and Voltage Waveforms 
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SN74ALVCH16269 
12·BIT TO 24·BIT REGISTERED BUS TRANSCEIVER 
WITH 3·STATE OUTPUTS 
SCES019-JULY 1995 

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

o 8V TEST 
S1 o Open 1 WID 

500n 
From Output - ...... --.>--.....J\f\IIr---/ 

Under Teat 

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

tpd 
tpLZltPZL 
tpHzltPZH 

S1 
Open 
8V 

GND 

LOAD CIRCUIT 14--'- Iw -----.! 

2.7 V 

TI~~~~ _____ -'~\..1.-5-V----

, ,---
Input 3 :K .... 1_.5_Y._. __ :.:V 

OV 

~ ~ tau ~~ th 

Dats ---~1.5 V. 
Input __ -," 

I 
~2.7V 

1.5V 
OV 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

Input --1f1•5V \1.5-;--- 2.7 V 

'.1 " OV 
tpLH 14 ~, 'oJ 14 Pi tPHL , , 

',.----~n - VOH 
Output 11.5 V 1.5 V 

____ J. VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

VOLTAGE WAVEFORMS 
PULSE DURATION 

2.7 V Output 
Control 

(low-level 
enabling) 

~'.5V '-'~y 
-- OV 

tPZL ~ I+-t ....J 
, , PLZ- 1 __ -+'",\,' I Output I 

Waveform 1 I 
S1 at6V 

(see Note B) tPHZ-+! 
I+-

3V 

VOL+O.3V 
VOL 

Output 
Waveform 2 

Sl atGND 

,_--+ VOH 
VOH-O.3V 

(see Note B) ___ .I 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

OV 

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 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 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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SN74ALVCHR162269 
12·BIT TO 24·BIT REGISTERED BUS EXCHANGER 

WITH 3·STATE OUTPUTS 

• Member of the Texas Instruments 
W/debus™ 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 

• 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/Pulldown 
Resistors 

• Package Options Include Plastic Shrink 
Small·Outllne (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 SN74AlVCHR162269 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) 

SCES050 - AUGUST 1995 

DGG OR DL PACKAGE 
(TOP VIEW) 

OEA 1 

OEB1 
2B3 

GND 
2B2 
281 6 

Vee 7 
A1 
A2 

A4 
A5 
A6 
A7 
A8 
A9 

GND 
A10 
A11 
A12 
Vee 22 
1B1 23 

182 24 

GND 25 

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

38 1B9 
37 1B8 
36 1B7 
35 Vee 
34 1B6 
33 1B5 
32 GND 

1B3 26 31 184 
NC ClKENA1 

SEC ClK 
____ .r 

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 28 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, OEB 1, 
andOEB2). 

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 to12 mA and include 26-0 resistors to reduce overshoot and undershoot. 

The SN74AlVCHR162269 is characterized for operation from -40°C to 85°C. 

EPle and Widebus are trademarks of Texas Instruments Incorporated. 

Copyrlght@ 1995, Texas Instruments Incorporated 
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SN74ALVCHR162269 
12·BIT TO 24-BIT REGISTERED BUS EXCHANGER 
WITH 3-STATE OUTPUTS 
SCES050-AUGUST 1995 

3-54 

ClK 

i 
i 
i 
i 

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-T()'B STORAGE (OEB = l) 
INPUTS OUTPUTS 

ClKENA1 CLKENA2 CLK A 1B 2B 

L H i L L 2Bot 
L H i H H 2Bot 
L L i L L L 

L L i H H H 

H L i L 1 Bot L 

H L i H 1 Bot H 

H H X X 1 Bot 2Bot 
t Output level before the indicated steady-state input 

conditions were established 

B-T()'A STORAGE (OEA = l) 
INPUTS OUTPUT 

CLK SEL 1B 2B A 

X H X X Act 
X L X X Aot 
i H L X L 

i H H X H 

i L X L L 

i L X H H 

t Output level before the indicated steady-state 
Input conditions were established 
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logic diagram (positive logic) 

C LK 
29 

81 
2 

2 
56 

CLKEN A1 30 

CLKEN A2 55 

EL 
26 

~ 
10 

r-
C1 

I 
r-----

___ .J 

A1 

I 

<1=. 
C1 

81 
10 

L _____ 1------

--r-

r- --

SN74ALVCHR162269 
12·BIT TO 24·BIT REGISTERED BUS EXCHANGER 

WITH 3-STATE OUTPUTS 
SCES050 - AUGUST 1995 

C1 

10 

C1 
I-

10 

C1 

10 
sa -

-------_. 1------------_. 1----, 

L, G~ 
1 

. i 23 
181 

'1 

CE 
~ po. C1 ~ 

10 

6 

CE ! 
281 

~ > C1 ~ 
10 

1 of 12 Channels 1---------1------- ... ------ ----
• 
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SN74ALVCHR162269 
12·BITTO 24·BIT REGISTERED BUS EXCHANGER 
WITH 3·STATE OUTPUTS 
SCES050 - AUGUST 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: 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 > Vecl ........................................... ±50 rnA 
Continuous output current, 10 (VO = 0 to Vecl ............................................. ±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°e 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-maxirylum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. The input and output negatlve-vo"age ratings may be exceeded if the input and output clam~urrent ratings are observed. 
2. This value is limited to 4.6 V maximum. 
3. The maximum package power dissipation is calculated using ajunction temperature of 150·C and a board trace length of 750 mils. 

For more information, refertothe Package Thermal Considerations application note in the 1994 ABT Advanced BiCMOS Technology 
Data Book, literature number SCBD002B. 

recommended operating conditions (see Note 4) 
MIN MAX UNIT 

VCC Supply voltage 2.3 3.6 V 

VCC a 2.3 Vt02.7V 1.7 
VIH High-level input voltage V 

VCC-2.7Vt03.6 V 2 

VCC - 2.3 Vto 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 

Vo Output voltage 0 VCC V 

VCC - 2.3 V -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 

AIIAv Input transition rise or fall rate 0 10 ns/V 

TA Operating free-air temperature -40 85 ·C 

NOTE 4: Unused control Inputs must be held high or low to prevent them from floating. 
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SN74ALVCHR162269 
12·BIT TO 24-BIT REGISTERED BUS EXCHANGER 

WITH 3-STATE OUTPUTS 
SCES050 - AUGUST 1996 

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

PARAMETER TEST CONDITIONS VCCt MIN TVP* 

10H - -100 J.IA MIN to MAX Vee-0.2 

VIH=1.7V 2.3V 
IOH--4mA 

VIH -2V 2.7 V 

VOH VIH .1.7V 2.3 V 
10H--SmA 

VIH -2V 3V 

IOH--8mA, VIH -2V 2.7 V 

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

10l - 100 J.IA MIN to MAX 

Vll-0.7V 2.3 V 
IOl-4mA 

Vll-0.8V 2.7 V 

VOL Vll-0.7V 2.3V 
10l=SmA 

Vll=0.8V 3V 

IOl-8mA, Vll-0.8V 2.7V 

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

II VI - Vee or GND 3.SV 

VI-0.7V 

VI_l.7V 
2.3V 

II(hold) VI-0.8V 
3V 

VI-2V 

VI-Oto3.SV 3.SV 

10Z§ Vo - Vec or GND 3.SV 

ICC VI - VCC or GND, 10- 0 3.SV 

.6.lce One input at Vec - 0.6 V, Other inputs at Vee or GND 3Vio3.6 V 

Ci I Control inputs VI - Vee or GND 3.3 V 

Cio I A or B ports Vo = VCC or GND 3.3V 
.. t For conditions shown as MIN ~r MAX, use the appropriate values under recommended operating conditions • 

:t:AII typical values are at VCC - 3.3 V, TA - 25°C. 
§ For 110 ports, the parameter 10Z includes the input leakage current. 
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1.9 

2.2 

1.7 

2.4 

2 

2 

45 

-45 

75 

-75 

3.5 

9 

MAX UNIT 

V 

0.2 

0.4 

0.4 

0.55 ·V 

0.55 

0.6 

0.8 

±5 J.IA 

J.IA 

±500 

±10 J.IA 
40 J.IA 

750 J.IA 
pF 

pF 
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SN74ALVCHR162269 
12·BITTO 24·BIT REGISTERED BUS EXCHANGER 
WITH 3·STATE OUTPUTS 
SCES050 - AUGUST 1995 

timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (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 0 135 0 135 0 135 MHz 

tw Pulse duration, ClK high or low 3.3 3.3 3.3 ns 

A data before ClKt 2 2 1.7 

B data before ClKt 2.2 2.1 1.8 

tsu Setup time SEl before ClKt 1.6 1.6 1.3 ns 

ClKENA 1 or ClKENA2 before ClKt 1 1.2 0.9 

OE before ClKt 1.5 1.6 1.3 

A data after ClKt 0.7 0.6 0.6 

B data after ClKt 0.7 0.6 0.6 

th Hold time SEl after ClKt 1.1 0.7 0.7 ns 

ClKENA 1 or ClKENA2 after ClKt 1 0.8 1.1 

OE after ClKt 0.8 0.8 0.8 

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 

Vce = 2.7 V 
VeC=3.3V 

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

fmax 135 135 135 MHz 

B 1.5 9.2 7.9 1.6 6.7 
tpd ClK ns 

A 1.5 7.4 6.4 1.6 5.5 

B 1.5 8.8 7.3 1.6 6.6 
ten ClK ns 

A 1.5 8.5 6.8 1.6 6.4 

ClK 
B 1.8 8.7 7.5 1.6 6.5 

!dis ns 
A 1.9 8.1 7.4 1.6 6 

operating characteristics, T A = 25°C 

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

TYP TYP 

Cpd 
I Outputs enabled 87 120 

Power dissipation capacitance I Outputs disabled 
Cl-50pF, l-l0MHz pF 

80.5 118 
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SN74ALVCHR162269 
12·BIT TO 24·BIT REGISTERED BUS EXCHANGER 

WITH 3-STATE OUTPUTS 
SCES050 - AUGUST 1995 

PARAMETER MEASUREMENT INFORMATION 
V CC = 2.5 V ± 0.2 V 

o 4.6V TEST S1 
S1 o Open 

l~ 
5000 

From Output_ .... _~f-----'\fVIv __ --J 

Under Test 

CL=50pF 
(see Note A) T 5000 

tpd Open 

tpLZ/tpZL 4.6 V 

tPHZ/tpZH GND 

LOAD CIRCUIT 

2.3\1 

TI~~nu~ _____ --'~'"'-.2-V----
~ tsu·~ th 

OV 

~ 

I4--tw~ 
. 1 Ir-__ _ 

Input 3 l<",,1_.2_V __ 

VOLTAGE WAVEFORMS 
PULSE DURATION 

2.3 V 

OV 

Data --....... ~,.2 V 
Input __ --'" 

I 
~2.3V 

1.2V 
OV 

Output 
Control 

(low-level 
enabling) 

~. j 2.3 V 

~'.2V 4~:--- ov VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

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

----" 1 . OV 
tpLH ~ .~I 1 1 

14 ~ tpHL 
1 1 
Ir--'---~--VOH 

Ou1put 11.2 V 1.2 V 
_______ J. VOL 

tPZL1 itPLZ~ 
_ _ -+1"",\1 1 

Output 1 
Waveform 1 1 

S1 at 4.6 V 
(see Note B) 

Output 
Waveform 2 

S1 atGND 
(see Note B) ___ .I 

2.3 V 

VOL+0.3V 
VOL 

VOH 
VOH-0.3V 

OV 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

VOLTAGE WAVEFORMS 
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 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 ~ 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 Ielis. 
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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SN74ALVCHR162269 
12·BIT TO 24·BIT REGISTERED BUS EXCHANGER 
WITH 3·STATE OUTPUTS 
SCES060 - AUGUST 1995 

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

S1 5000 
From Output --+----il--'\I\IIr-----" 

Under Test 

CL=50pF 
(see Note A) T 5000 

o 6V TEST 

o Open tpd 
tpLZ/tpZL 
tPHZItPZH 

S1 

Open 
6V 

GND 

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

2.7 V 

TI~~~~ _____ -J~""1_.5_V----

I I 

Input 3 ~",,"'1~.5~V~~~~ :.:V 

OV 
~ I4L·~ th I ... u 

Data --~W1.5 V 
Input __ ....J1\ 

I 
~2.7V 

1.5V 

OV 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

Input L1.5V \ 1.5-;--- 2.7 V 

---" I· OV 
tPLH!. ~I I I ,- 14 ~ tpHL 

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

Output 11.5 V 1.5 V 
____ oJ. VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

VOLTAGE WAVEFORMS 
PULSE DURATION 

Output 
Control 

(low·level 
enabling) 

~ I 2.7 V 

~1.5V 4_1
.: ___ ov 

tpZL~ J4- I 
I I tPLZ--; 

_--11 ..... 1 I 
Output I 

Waveform 1 I I 
S1 st6V I 

(see Nota B) I 

Output 
Waveform 2 

S1 atGND 

tpZH~ 

(see Note B) ___ oJ 

VOL+0.3V 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

3V 

VOL 

OV 

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 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 = 50 r.l, tr s 2.5 ns, tf S 2.5 ns. 
D. The outputs are meesured 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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SN74ALVCH16270 
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 

• ESO Protection Exceeds 2000 V Per 
MIL·STO·883C, 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 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 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 a~riate 
ClKEN inputs are low. The select (SEl) line 
selects 1 8 or 28 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 

OEA 
CLKEN18 

283 
GND 
282 
281 
Vee 

A1 
A2 
A3 

GND 
A4 
A5 
A6 
A7 
A8 
A9 

GND 
A10 
A11 
A12 
Vee 
181 
182 

GND 
183 

(TOP VIEW} 

1 

6 
7 

11 

OE8 
CLKENA2 
284 
GND 
285 
286 
Vee 
287 
288 
289 
GND 
2810 
2811 
2812 
1812 
1811 
1810 
GND 
189 
188 
187 
Vee 
186 
185 
GND 
184 

CLKEN28 CLKENA 1 
SEC CLK "" __ .1'" 

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 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 SN74AlVCH16270 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 SN74AlVCH16270 is characterized for operation from -40°C to 85°C. 

EPIC and Widebus are trademarks of Texas Instruments InCOrporated. 

Copyright <1:11995, Texas Instruments Incorporated 
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SN74ALVCH16270 
12·BIT TO 24·BIT REGISTERED BUS EXCHANGER 
WITH 3·STATE OUTPUTS 
SCES028-JULY 1995 

3-62 

ClK 

i 
i 
i 
i 

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 (OEB = l) 
INPUTS OUTPUTS 

~lKENA1 ClKENA2 ClK A lB 2B 

l H i L Lt 2BO:; 

L H i H Ht 2BO:; 

L L i L Lt L 

L L i H Ht H 

H L i L 1BO:; L 

H l i H 1BO:; H 

H H X X 1BO:; 2BO:; 

t Two eLK edges are needed to propagate data. 
:; Output level befor.e· the indicated steady-state input 

conditions were established 

B-TO-A STORAGE (OD; = l) 
INPUTS OUTPUT 

ClKEN1B ClKEN2B ClK SEl lB 2B A 

H X X H X X AQ:J: 
X H X L X X Ao:; 
l X i H L X L 

L X i H H X H 

X L i L X L L 

X L i L X H H 

:; Output level before the indICated steady-state input conditions were 
established 
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SN74ALVCH16270 
12·BIT TO 24·BIT REGISTERED BUS EXCHANGER 

WITH 3·STATE OUTPUTS 
SCES028-JULY 1995 

logic diagram (positive logic) 

ClK 29 

ClKEN1B 
2 

ClKEN2B 
27 

ClKENA1 30 4>-
ClKENA2 

55 ,.J ~ ;> C1 

OEB 
56 10 

28 
SEl 

OEA 
1 

~ 
r-------- --~- ~-~-------------.., 
I 
I CE 

10 I ~ > C1 
I 23 

C1< -< I 10 
! I 

1B1 

I 

-t>= ~-
_. J~ G:r CE r-----

8 ~ 1r-- ~ > C1 

A1 1" 10 6 

! ! 
2B1 

CE CE 

- ~ C1 ~ > C1 ~ 

10 10 

ut>= CE 

~ > C1 

10 
L _____ 1 of 12 Channels _ __ ..J 

~- ~------- --- - ~--------------, 
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SN74ALVCH16270 
12·BIT TO 24·81T REGISTERED BUS EXCHANGER 
WITH 3·STATE OUTPUTS 
SCES028-JULY 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: 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 H 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 application note in the 1994 ABT Advanced BiCMOS Technology 
Data Book, literature number SeBD002B. 

recommended operating conditions (see Note 4) 
MIN MAX UNIT 

Vee Supply voltage 2.3 3.6 V 

Vee = 2.3 Vto2.7V 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 = 2.7 V to 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 rnA 

Vee=3V -24 

Vee- 2.3V 12 

IOL Low-level output current Vee=2.7V 12 rnA 

Vee· 3V 24 

!!.t/M 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. 

~1ExAs 
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SN74ALVCH16270 
12·BIT TO 24·BIT REGISTERED BUS EXCHANGER 

WITH 3-STATE OUTPUTS 
SCES028-JULYI995 

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

PARAMETER TEST CONDITIONS VCCt MIN TVP* 

10H - -100 IIA MIN to MAX Vee-0.2 

10H--SmA, VIH-1.7V 2.3V 

VIH-1.7V 2.3V 
VOH 

IOH--12mA VIH-2V 2.7V 

VIH-2V 3V 

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

10L -100 IIA MINto MAX 

IOL-6mA, VIL-0.7V 2.3V 

VOL VIL-0.7V 2.3V 
IOL-12 rnA 

VIL-0.8V 2.7V 

IOL-24 rnA, VIL-0.8V 3V 

II VI - VCC or GND 3.SV 

VI_0.7V 

VI-1.7V 
2.3 V 

II(hold) VI_0.8V 

VI_2V 
3V 

VI_Oto3.SV 3.SV 

10Z§ Vo = VCC or GND 3.SV 

ICC VI_ VCC or GND, 10- 0 3.SV 

.6.lee One input at Vee - O.S V, Other inputs at VCC or GND 3Vto3.SV 

Ci I Control inputs VI = Vee or GND 3.3 V 

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

t For conditions shown as MIN or MAX, use the appropriate values under recommended operating cond~ions. 
:j: All typical values are at VCC - 3.3 V, TA _ 25·C. 
§ For 110 ports, the perameter 10Z includes the input leakage current. 
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2 

1.7 

2.2 

2.4 

2 

45 

-45 

75 

-75 

3.5 

9 

MAX UNIT 

V 

0.2 

0.4 

0.7 V 

0.4 

0.55 

±5 IIA 

.,.A 

±500 

±10 .,.A 

40 .,.A 

750 .,.A 

pF 

pF 
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SN74ALVCH16270 
12·BIT TO 24·BIT REGISTERED BUS EXCHANGER 
WITH 3·STATE OUTPUTS . 
SCES028-JULY 1995 

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

VCC~2.5V 
VCC=2.7V 

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 

A data before clKi 4.1 3.8 3.1 

B data before clKi 0.9 1.2 0.9 

tsu Setup time ClKENA 1 or ClKENA2 belore clKi 3.5 3.2 2.7 ns 

ClKENl B or ClKEN2B belore clKi 3.4 3 2.6 

OE data belore clKi 4.4 3.9 3.2 

A data after ClKi 0 0 0.2 

B data after clKi 1.4 1 1.7 

th Hold time ClKENA 1 or ClKENA2 after ClKi 0 0.1 0.3 ns 

ClKENl B or ClKEN2B after COO 0 0 0.6 

OE after clKi 0 0 0.1 , 

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

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 

Imax 150 150 150 MHz 

ClK B 2 6.5 5.8 1.1 5.1 

tpd ClK A 1.7 6 5.4 1 4.7 ns 

SEl A 1.9 6.8 6.4 1 5.5 

ten elK AorB 1.6 7.5 6.8 1 6 ns 

tdis ClK AorB 2.6 7.4 6.5 1.1 5.8 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 
L Outputs enabled 87 120 

Cl= 50 pF, 1= 10MHz pF I Outputs disabled SO.5 118 

~1ExAs 
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SN74ALVCH16270 
12·BIT TO 24·BIT REGISTERED BUS EXCHANGER 

WITH 3·STATE OUTPUTS 
SCES028-JULY 1995 

PARAMETER MEASUREMENT INFORMATION 
VCC=2.5V ± O.2V 

o 4.6V 

51 o Open soon 
From Output --t>---._-.J\,f\/\r---/ r' Under Test 

CL = 50 pF 
(see Note A) T soon 

-=-

LOAD CIRCUIT 

TI~~nu~ _____ --J~\.1-.2-V-----
2.3 V 

OV 

~ tsu·~ th 
.1 

1 
2.3V 

Data ___ ...I~1.2V 
Input 1\ ~ 

~OV 
VOLTAGE WAVEFORMS 

SETUP AND HOLD TIMES 

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

--1'1 1 . OV 
tpLH ~1.1--~.! 1 1 

I" i 14 ~ tPHL 

Output 

I I 
1 '----~~.-I -- VOH 

!1.2V 1.2V -------...I, VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

NOTES: A. CL includes probe and jig capacitance. 

TEST 51 

tpd Open 

tpLZ/tpZL 4.6V 

tPHz/tpZH GND 

14--- tw ------+I 
I 1,---

Input ? "'1.2 V 2.3 V 

~ '----OV 

Output 
Control 

(Iow·level 
enabling) 

Output 
Waveform 1 

51 at4.6V 
(see Note B) 

Output 
Waveform 2 

51 atGND 
(see Note B) 

VOLTAGE WAVEFORMS 
PULSE DURATION 

~, I 2.3V 

~1.2V 4~:--- OV 

tPZL ~ r-tPLZ-': 

---iI""\1 I 
1 

I I 
I 
I 

tpZH -+I ~PHZ-+I 

I~_-+ 

2.3 V 

VOL + 0.3 V 
VOL 

VOH 
VOH-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 ,;; 10 MHz, Zo = 50!l, 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 len. 
G. tPHL and tPLH are the same as tpd. 

Figure 1. Load Circuit and Voltage Waveforms 
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SN74ALVCH16270 
12·BIT TO 24·BIT REGISTERED BUS EXCHANGER 
WITH 3·STATE OUTPUTS 
SCES028-JULY.1996 

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

S1 6000 
From Output - ...... --.f---'\N'v----' 

Under Test 

CL=60pF 
(see Note A) T 6000 

o 6V TEST 

o Open tpd 
tpLZltpZL 
tpHzltpZH 

S1 

Open 
6V 

GND 

LOAD CIRCUIT 14-- tw ---+I 

TI~~~~ _____ -'~\.1-.S-V----
2.7 V 

I 1 __ _ 

Input 3 Y<",1_.S_V __ :.: V 

OV 

~ r tau ~~ th 

Data --...... W1.5 V 
Input __ -J1\ 

I 
~2.7V 

1.SV 

OV 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

Input L 1•sv \-:;S-;---2.7V 

----'I I . OV 

tPLH 1'41 ~I I J ''II Pi tPHL 
I I 
I ~----"""ti~- VOH 

Output 11.6 V 1.5 V 
________ J. VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

Output 
Control 

(low-level 
enabling) 

Output 
Waveform 1 

S1 aUV 
(see Note B) 

Output 
Waveform 2 

81 atGND 
(eee Note B) 

VOLTAGE WAVEFORMS 
PULSE DURATION 

~'~V l" 
tPZL -+I I+-t --J 

I I PLZ- I 

-----+1...,.1 I 
I I 
I I 
I tPHZ-+j 

tpZH~ 14-

VOL+O.3V 

2.7V 

OV 

3V 

VOL 

Ir------+ VOH 
VOH-O.3V 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

OV 

NOTES: A. CL Includes probe and Jig capacitance. 
B. Waveform 1 is for an output wHh intemal conditions such that the output is low except when disabled by 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 s 10 MHz, Zo - 50 C. tr s 2.5 ns, tf S 2.5 ns. 
D. The outputs are measured one at a time wRh one transRlon 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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SN74ALVCH16271 
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 Small-Outline 
(DL) and Thin Shrink Smail-Outline (DGG) 
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, DEB). 

DGG OR DL PACKAGE 
(TOP VIEW) 

lE18 
283 

GND 
282 
281 6 

Vee 7 
Al 8 
A2 9 
A3 10 

GND 11 

A4 12 

A5 
A6 
A7 
A8 
A9 

GND 
Al0 
All 
A12 

Vee 
181 
182 

GND 
183 

OEB 
ClKENA2 

54 284 
53 GND 
52 285 
51 286 
50 Vee 
49 287 
48 288 
47 289 
46 GND 
45 2810 
44 2811 

2812 
1812 
1811 
1810 
GND 
189 
188 
187 

Vee 
186 
185 
GND 
184 

lE28 ClKENAl 
SE[ ClK 

____ .I" 

To ensure the high-impedance state during power up or power down, DE 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 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 SN74AlVCH16271 is characterized for operation from -40·C to 85·C. 

EPle and Widebus are trademarks of Texas Instruments InCOrporated. 
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SN74ALVCH16271 
12·BIT TO 24-BI1MULTIPLEXED BUS EXCHANGER 
WITH 3·STATE OUTPUTS 
SCES017-JULY 1995 

logic diagram (positive logic) 

ClK 29 

E1B-2 ~ -l -

27 
E2B -l-

ClKE NA1 30 {>-
ClKE NA2~ r---- ---------

I 
OEB 

56 I lE --. 

I ;-

28 i 10 
SEl 

I 
OEA 

1 i>- I 
I 

J~ G:r r----
8j ~. 

lE 
1 

1 10 A1 

CE 

I- > C1 

10· 

~ - CE 

I- > C1 
10 

L _____ . 1 of 12 Channels 

--1-'--1-- --------------_. 
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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 lB,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 lB 2B 

H X X 1 Bot 2Bot 

X t L L X 

X t H H X 

L t L X L 

L t H AO H 

B-T()'A STORAGE (OEA = L) 

INPUTS OUTPUT 

SEL lB 2B A 

X X X AOt 

X X X Act 

H L X L 

H H X H 

L X L L 

L X H H 

SCES017 - JULY 1995 

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 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 > 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 

:I: 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 ajunction temperature of 150·C and a board trace length of 750 mils. 

For more information. refer to the Package ThermalConsideratlonsapplication note in the 1994 ABT Advanced BiCMOS Technology 
Data Book, literature number SCBD002B. 

~1ExAs 
INSTRUMENTS 

POST OFFICE eox 655303 • DALLAS. TEXAS 75265 3-71 

~ 
5> w a: 
a.. 
b 
::J 
C o a: 
a.. 



"lJ 
:lJ o 
C 
C 

~ 
"lJ 
:lJ m 
S 
m :e 

SN74ALVCH16271 
12·BIT TO 24·BITMULTIPLEXED BUS EXCHANGER 
WITH 3·STATE OUTPUTS 
SCES017 - JULY 1995 

recommended operating conditions (see Note 4) 

Vee Supply voltage 

VIH High-level input voltage 

VIL Low-level input vottage 

VI Input voltage 

Vo Output voltage 

10H High-level output current 

10L Low-level output current 

!J.t/!J.v Input transition rise or fall rate 

TA Operating free-air temperature 

Vee -2.3 Vt02.7V 

Vee -2.7Vt03.6 V 

Vee -2.3 Vt02.7V 

Vee =2.7Vt03.6 V 

Vee = 2.3 V 

Vee = 2.7V 

Vee=3V 

Vee=2.3V 

Vee=2.7V 

Vee=3V 

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

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 ns/V 

-40 85 ·e 

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

PARAMETER TEST CONDITIONS VCCt MIN TYP* MAX UNIT 

IOH=-1001lA MINto MAX Vee-0.2 

IOH--6mA, VIH -1.7V 2.3V 2 

VIH = 1.7 V 2.3V 1.7 
VOH V 

IOH=-12mA VIH-2V 2.7V 2.2 

VIH=2V 3V 2.4 

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

10L -100 IlA MINto MAX 0.2 

IOL=6mA, VIL-0.7V 2.3V 0.4 

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

VIL - 0.8 V 2.7V 0.4 

IOL=24 mA, VIL=0.8V 3V 0.55 

II VI - Vee or GND 3.6V ±5 IlA 
VI_0.7V 45 

VI-l.7V 
2.3V 

-45 

II(hold) VI-0.8V 75 IlA 
VI=2V 

3V 
-75 

VI-Ot03.6V 3.6V ±500 

10Z§ Vo - Vee or GND 3.6V ±10 IlA 
lee VI_ Vee or GND, 10=0 3.6V 40 IlA 
.bolee One Input at Vee - 0.6 V, Other inpuls at Vee or GND 3Vt03.6V 750 IlA 
ei I Control inputs VI = Vee or GND 3.3V pF 

eio I A or B ports Vo = Vee or GND 3.3V pF 
.. .. t For conditions shown as MIN or MAX, use the appropriate values under recommended operating conditions . 

* Typical values are measured at Vee 0; 3.3 V, TA = 25·e. 
§ For I/O ports, the parameter 10Z includes the input leakage current. 
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SN74ALVCH16272 
12·BIT TO 24·BIT MULTIPLEXED BUS EXCHANGER 

WITH 3·STATE OUTPUTS 

• 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 PullupiPulidown 
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 SN74AlVCH16272 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 28 
data for the A outputs. Data flow is controlled by 
the active-low output enables (OEA, OEB). 

SCES057-

DGG OR DL PACKAGE 
(TOP VIEW) 

OEA 
LE18 
283 

GND 

A4 
A5 
A6 
A7 
A8 
A9 

GND 
A10 
A11 
A12 
Vee 
181 
182 

GND 
183 

LE28 
SEL 

OE8 
CLKENA2 
284 
GND 
285 
286 
Vee 
287 
288 
289 
GND 
2810 
2811 
2812 
1812 
1811 
1810 
GND 
189 
188 
187 
Vee 
186 
185 
GND 
184 
CLKENA1 
CLK 

1995 

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 SN74AlVCH16272 is characterized for operation from -40°C to 85°C. 

EPle and Widebus are trademarks of Texas Instruments InCOrporated. 

Copyright C 1995. Texas Instruments Incorporated 
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SN74ALVCH16272 
12·BITTO 24-BI1. MULTIPLEXED BUS EXCHANGER 
WITH 3·STATE OUTPUTS 
SCES057 - OCTOBER 1995 

logic diagram (positive logic) 

ClK 29 

lE1B 2 

lE2B 27 

ClKE NA1 30 

r----------------
55 I 

NA2 I ClKE 
I 
I lE f-

OEB 56 
r--

I 
10 

SEl 28 J 
I 

A1 

1 {>- I 
OEA I 

~L, r----- - G~ 
lE -

8 J:1 1 

! "1 10 

CE CE 

~ I> C1 C1 

10 10 

LCE 
...... r- CE 

C1 
~ I> C1 10 

10 

To 11 Other Channels 

------ ._-----------------, , , , 
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SN74ALVCH16272 
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 (OEB = L) 

INPUTS OUTPUTS 

CLKENA1 CLKENA2 CLK A 1B 

H H X X 1Bot 

L X i L Lt 

L X i H Ht 

X L i L X 

X L i H AO 

t Two eLK edges are needed to propagate data. 

B·TO-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 Indl,cated steady-state 
input conditions were established 
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2Bot 

X 

X 

L 

.H 
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SN74ALVCH16272 
12·BIT TO 24-BIT MULTIPLEXED BUS EXCHANGER 
WITH 3-STATE OUTPUTS 
SCES057 - 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 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 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 ............................................ ± 1 00 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-maxlmum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. The Input and output negative-voltage ratings may be exceeded H 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 celculated using a junction temparature of 150·e and a board trace length of 750 mils. 

For more information, refertothe Package ThermalConsiderationsapplication note in the 1994 ABT Advanced BiCMOS Technology 
"tJ Data Book. literature number Se800028. 

::D o recommended operating conditions (see Note 4) 

C 
c: 
~ 
"tJ 
::D m 
< -
~ 

Vee Supply voltage 

Vee = 2.3 Vt02.7 V 
VIH High-level Input voltage 

Vee - 2.7 Vt03.6 V 

VIL Low-level Input voHage 
Vee - 2.3 V to 2.7 V 

Vee = 2.7 V to 3.6 V 

VI Input voltage 

Vo Output voltage 

Vee=2.3V 

IOH High-level output current Vee- 2•7V 

Vee=3V 

Vee- 2.3V 

IOL Low-Ievel output current Vee- 2•7V 

VCC- 3V 
!J.t/!J.v Input transition rise or fall rate 

TA Operating free-alr 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 ns/V 

-40 85 ·C 



SN74ALVCH16272 
12·BIT TO 24·BIT MULTIPLEXED BUS EXCHANGER 

WITH 3·STATE OUTPUTS 
SCES057 - OCTOBER 1995 

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

PARAMETER TEST CONDITIONS VCCt MIN TYP:j: 

10H = -100!IA MINto MAX VCC-0.2 

10H =-6mA, VIH-l.7V 2.3V 

VIH-l.7V 2.3V 
VOH 

IOH--12mA VIH-2V 2.7 V 

VIH =2V 3V 

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

10L = 100!IA MINto MAX 

IOL-6 mA, VIL-0.7V 2.3V 

VOL VIL=0.7V 2.3V 
IOL=12mA 

VIL=0.8V 2.7V 

IOL-24mA, VIL-O.8V 3V 

II VI - VCC or GND 3.6V 

VI_0.7V 

VI-1.7V 
2.3V 

II(hold) VI-0.8V 

VI=2V 
3V 

VI=Oto3.6V 3.6V 

loz§ Vo = VCC or GND 3.6V 

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

AICC One input at VCC - 0.6 V, Other inputs at VCC or GND 3 Vto3.6V 

Cj I Control inputs VI - VCC or GND 3.3V 

Cio IAorBports Vo - VCC or GND 3.3V 
.. t For conditions shown as MIN or MAX, use the appropriate values under recommended operating conditions. 

:I: Typical values are measured at VCC = 3.3 V, TA. 25·C. 
§ For 1/0 ports, the parameter 10Z includes the Input leakage current. 

~1ExAs 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 

2 

1.7 

2.2 

2.4 

2 

45 

-45 

75 

-75 

MAX UNIT 

V 

0.2 

0.4 

0.7 V 

0.4 

0.55 

±5 !IA 

!IA 

±500 

±10 !IA 

40 !IA 

750 !IA 

pF 

pF 
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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 

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

description 

This 1-bit-to-4-bit address driver is designed for 
2.3-V to 3.6-V Vee operation. 

The SN74ALVCH16344 is used in applications 
where four separate memory locations must be 
addressed by a single address. 

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

The SN74ALVCH 16344 is packaged 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. 

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 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 

EPIC, and Widebus are trademarks of Texas Instruments Incorporated. 
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SN74ALVCH16344 
1·TO·4 ADDRESS DRIVER 
WITH 3·STATE OUTPUTS 

DGG OR DL PACKAGE 
(TOP VIEW) 

OE1 OE4 
1B1 8B1 
1B2 8B2 

GND GND 
1B3 8B3 

8B4 
Vee Vee 

1A 8A 
2B1 9 7B1 
2B2 7B2 

GND GND 
2B3 7B3 
2B4 7B4 
2A 7A 
3A 6A Z 

3B1 6B1 0 
3B2 6B2 -

GND GND ~ 3B3 6B3 :E 3B4 6B4 
4A 5A a: 

Vee Vee 0 
4B1 5B1 U. 
4B2 5B2 Z 

GND GND 
W 4B3 5B3 

4B4 5B4 0 
OE2 OE3 Z 

~ 
C 
<C 

Copyright ~ 1995, Texas Instruments Incorporated 
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SN74ALVCH16344 
1·TO·4 ADDRESS DRIVER 
WITH 3-STATE OUTPUTS 
SCES054 - SEPTEMBER 1995 

logic diagram (positive logic) 

OE4 56 

OE3 29 

OE2 28 

OE1 1 

2 1B1 34 
5B1 

3 33 
1B2 5B2 

1A 8 5A 36 
5 31 

l> 
1B3 5B3 

C 8 30 

~ 
1B4 5B4 

Z 9 41 

0 
2B1 6B1 

m 10 40 - 2B2 8B2 

Z 2A 14 6A 42 
'TI 12 38 

0 2B3 6B3 

::rJ 13 37 
3: 2B4 8B4 

~ 18 48 - 3B1 7B1 
0 
Z 17 47 

3B2 7B2 
3A 15 7A 43 

19 45 
3B3 7B3 

20 44 
3B4 7B4 

23 55 
4B1 8B1 

24 54 
4B2 8B2 

4A 21 8A 49 
28 52 

4B3 8B3 

27 51 
4B4 8B4 
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SN74ALVCH16344 
1·TO·4 ADDRESS DRIVER 
WITH 3-STATE OUTPUTS 

SCES054- SEPTEMBER 1995 

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 
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 

: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-maxlmum-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, reiertothe Package ThermaiConslderationsapplicatlon note In the 1994ABT Advanced BiGMOS Technology 
Data Book, literatura number SeBDOO2B. 

recommended operating conditions (see Note 4) 
MIN MAX UNIT 

Vee Supply voltage 2.3 3.6 V 

Vee-2.3Vt02.7V 1.7 
VIH High-level Input voltage V 

Vee ~2.7Vt03.6 V 2 

Vee -2.3 Vt02.7V 0.7 
VIL Low-levellnput voltage V 

Vcc = 2.7 Vto 3.6 V 0.8 

VI Input voltage 0 Vee V 

Vo Output voltage 0 Vee V 

VCC· 2.3V -12 

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

Vee- 3V -24 

VCC- 2.3V 12 

IOL Low-Ievel output current Vee=2.7V 12 rnA 

Vee- 3V 24 

AtlAv Input transition rise or fall rate 0 10 ns/V 

TA Operating free-air temperatura -40 85 'e 

NOTE 4: Unused control Inputs must be held high or low to prevent them from floating. 
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SN74ALVCH16344 
1·TO·4ADDRESS DRIVER 
WITH 3·STATE OUTPUTS 
SCES054 - SEPTEMBER 1995 

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

PARAMETER TEST CONDITIONS VCCt MIN TYP* 

10H = -100 IJA MINto MAX Vee-0.2 

IOH=-6mA, VIH=1.7V 2.3V 2 

VIH=1.7V 2:3V 1.7 
VOH 

10H --12mA VIH -2V 2.7V 2.2 

VIH =2V 3V 2.4 

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

10L = 100 IJA MIN to MAX 

IOL=6mA, VIL=0.7V 2.3V 

VOL VIL-0.7V 2.3V 
IOL-12 mA 

VIL=0.8V 2.7V 

IOL-24 mA, VIL-0.8V 3V 

II VI - Vee or GND 3.6V 

VI=0.7V 45 
2.3V 

VI=1.7V -45 

II(hold) VI-0.8V 75 
3V 

VI_2V -75 

VI -Oto3.6V 3.6V 

10Z Vo - Vee or GND 3.6V 

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

Alee One input at Vee - 0.6 V, Other Inputs at Vee or GND 3Vto3.6V 

ei 
eontrollnputs 

VI = Vee or GND 
3.5 

Data inputs 
3.3 V 

6 

eo Outputs VI - Vee or GND 3.3V 7 
.. .. t For conditions shown as MIN or MAX, use the appropnate values under recommended operating condllions . 

:j: All typical values are at Vee = 3.3 V, TA = 25°e. . 
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MAX UNIT 

V 

0.2 

0.4 

0.7 V 

0.4 

0.55 

:i:5 IJA 

IJA 

±500 

±10 IJA 
40 IJA 

750 IJA 

pF 

pF 



SN74ALVCH16344 
1·TO·4 ADDRESS DRIVER 
WITH 3-STATE OUTPUTS 

SCES054-SEPTEMBER 1995 

PARAMETER MEASUREMENT INFORMATION 
VCC=2.5V ± 0.2 V 

o 4.6V 

S1 o Open 

rD 

5000 
From Output ---..--.---'\i'Vv------/ 

Under Test 

CL=50pF 
(see Note A) T 5000 

LOAD CIRCUIT 

TI~~nu~ _____ -J~\.1_.2_V----
2.3 V 

OV 
~ ~ tsu ~~ th 

Data --~XI1.2 V 
Input __ ~ .• 

I 
~2.3V 

1.2V 
OV 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

Input ./UV \~-;--- 2.3 V 

---11 , . OV 
tPLH '14 ~, " '4 ~ tPHL , , 

'r----~~-- VOH 
Output !UV 1.2V 

----.... VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

NOTES: A. CL includes probe and jig capacHance. 

TEST S1 

tpd Open 

tpLZ/tpZL 4.6V 

tPHZItPZH GND 

I4---tw~ , , 
Input ? ~r1-.2-V-- 2.3 V 

...::.:J\ ---- 0 V 

Output 
Control 

(Iow·level 
enabling) 

Output 
Waveform 1 

S1 at 4.6 V 
(see Note B) 

Output 
Waveform 2 

S1 atGND 

VOLTAGE WAVEFORMS 
PULSE DURATION 

~. I 2.3 V 

. ~1.2V 4_1.: ___ ov 

tpZL~ J+- I 
, , tPLZ-+j 

----f'""\, , , 
I 

2.3 V 

VOL + 0.3 V 
VOL 

VOH 
VOH-0.3V 

(see Note B) ___ .I OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

B. Waveform·' is for an oulput with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with Internal condttions such that the output is high except when disabled by the output control. 

C. All input pulses are supplied by generators having Ihe following characteristics: PRR s '0 MHz, Zo = 50 n. Ir s 2.5 ns, If s 2.5 ns. 
D. The outputs are measured one al a time wtth one transilion per measurement. 
E. IpLZ and tpHZ are the same as tdis. 
F. tpZL and tpZH are the same as len. 
G. IpHL and IpLH are the same as tpd. 

Figure 1. Load Circuit and Voltage Waveforms 
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SN74ALVCH16344 
1-T0-4 ADDRESS DRIVER 
WITH 3-STATE OUTPUTS 
SCES054-SEPTEMBER 1995 

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

o 6V TEST 

81 o Open tpd 
tpLZltpZL 

soon 
From Output_ ..... _-4II---'\N'v __ --' 

Under Test tpHzltPZH 
CL=50pF 

(see Note A) T 500n 

S1 

Open 
6V 

GND 

LOAD CIRCUIT I4---tw~ 
1 1,.--__ 

Input 3 ~ ... 1._5_V __ :.:V 2.7 V 

TI~~:~ _____ J~\.,1.5-V---_ 
~ tau ~~ th 

~ 
I 

OV VOLTAGE WAVEFORMS 
PULSE DURATION 

Data ---V1.5V 
Input __ ..J!\ 

~. 2.7 V 1.5V 
OV 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

Output 
Control 

(low-level 
enabling) 

~ I 2.7 V 

"f\1.5V 'l~:--- OV 

Input L1.5V \ ~5-;--- 2.7 V 

--'I I· OV 
tPLH!. ~II I I 

tPZL -.! I4-t -.! 
1 1 PLZ- I 

_ --;.1",;1 1 
Output 1 

Waveform 1 I 
S1 at6V 

(see Note B) tpHZ~ 
14-

3V 

VOL+O.3V 
VOL 

1- 14 -' tPHL 
I I 
I~----~~ VOH 

Output 
Waveform 2 

S1 atGND 

1,... __ + VOH 

Output !1.5V 1.5V ____ J. VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

NOTES: A. CL Includes probe and jig capacitance. 

VOH-O.3V 
(see Note B) __ --.I 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

OV 

B. Wavefom1 1 Is for an output with Internal conditions such that the output Is low except when disabled by the output control. 
Wavefom1 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 .50n, 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 idls. 
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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SN74ALVCH16373 
16·81T TRANSPARENT O·TYPE LATCH 

• Member of the Texas Instruments 
W/debus™ Family 

• EPICTM (Enhanced-Performance Implanted 
CMOS) Submlcron Process 

• ESD Protection Exceeds 2000 V Per 
MIL-STD-833C, 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-blt transparent O~type latch is designed 
for 2.3-V to 3.6-V Vee operation. 

The SN74ALVCH16373 is particularly suitable 
for implementing buffer registers, I/O ports, 
bidirectional bus drivers, and working registers. 
This device can be· used as two a-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. 

WITH 3·STATE OUTPUTS 
SCES020-JULY 

DGG OR DL PACKAGE 
(TOP VIEW) 

10E 1LE 
1Q1 101 
1Q2 3 102 

GNO GNO 
1Q3 103 
104 104 
Vee 42 Vee 
1Q5 8 41 105 
1Q6 9 40 106 

GNO 39 GNO 
1Q7 11 38 107 
1Q8 37 108 
2Q1 36 201 
2Q2 35 202 

GNO 34 GNO 
2Q3 33 203 
204 32 204 
Vee 31 Vee 
2Q5 30 205 
2Q6 29 206 

GNO 28 GNO 
2Q7 27 207 
2Q8 26 208 
20E 25 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, OEshould 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 (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 SN74ALVCH16373 is characterized for operation from -40°C to 85°C. 

EPle and Wldebus are trademarks of Texas Instruments Incorporated. 

Copyright tel 1995. Texas Instruments Incorporated 
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SN74ALVCH16373 
16-81T TRANSPARENT D·TYPE LATCH 
WITH 3·STATE OUTPUTS 
SCES020-JULY 1995 

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 

"-

'" 

OE 

L 
L 

L 

H 

1EN 

C3 

2EN 

C4 , r 2 
3D 1'7 

3 

5 

6 

8 

9 

11 

12 

40 2'7 
13 

14 

16 

17 

19 

20 

22 

23 

FUNCTION TABLE 
(each 8-blt section) 

INPUTS 

LE 

H 

H 

L 
X 

1Q1 

1Q2 

1Q3 

104 

1Q5 

1Q6 

1Q7 

1Q8 

2Q1 

2Q2 

2Q3 

2Q4 

2Q5 

2Q6 

2Q7 

2Q8 

OUTPUT 

0 Q 

H H 

L L 
X 00 
X Z 

logic diagram (positive logic) 

10E -'-------d 

1LE 

101 _4.:.,:7 ___ -1--1 

To Seven Other Channels 

20E -=::....------d 

2LE 

201 _3;:.:6'--__ -1--1 

To Seven Other Channels 

t This symbol is in accordance with ANSI/IEEE Std 91-1984 and 
lEG Publication 617-12. 
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SN74ALVCH16373 
16·BIT TRANSPARENT D·TYPE LATCH 

WITH 3·STATE OUTPUTS 
SCES020-JULY 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 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 ............................................ ± 1 00 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 condnions" 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 ajunction temperature of 150·e and a board trace length of 750 mils . 

. For more information, refertothe Package ThermalConsiderationsapplication note in the 1994ABT AdvancedBiCMOS Technology 
Data Book, literature number SeBD002B. 

recommended operating conditions (see Note 4) 

vee Supply voltage 

Vee -2.3 Vt02.7V 
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 Vt03.6 V 

VI Input voltage 

Va Output voltage 

Vee- 2.3V 

IOH High-level output current Vee=2.7V II> 

Vee- 3V 

Vee- 2.3V 

IOL Low-level output current Vee=2.7V 

Vee=3 V 
I!.tll!.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 f1oallng. 
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MIN MAX UNIT 

2.3 3.6 V 

1.7 
V 

2 

0.7 
V 

0.8 

a Vee V 

0 Vee V 

-12 

-12 mA 

-24 

12 

12 mA 

24 

a 10 nsN 
-40 85 ·e 
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SN74ALVCH16373 
16-81T TRANSPARENT D·TYPE LATCH 
WITH 3·STATE OUTPUTS 
SCES020 - JULY 1995 

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

PARAMETER TEST CONDITIONS VCCt MIN TY"* 

10H - -100 J.IA MIN to MAX Vee-0.2 

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

VIH-1.7V 2.3V 
VOH 

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

VIH -2V 3V 

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

10L - 100 J.IA MINto MAX 

10L=SmA VIL=0.7V 2.3 V 

VOL IOL-12mA VIL-0.7V 2.3V 

IOL-12mA VIL-0.8V 2.7V 

IOL-24mA VIL-0.8V 3V 

II VI - Vee or GND 3.SV 

VI-0.7V 2.3 V 

VI-l.7V 3V 

II(hold) VI-0.8V 3V 

VI-2V 3V 

VI-Oto3.SV 3.SV 

10Z Vo - Vee or GND 3.SV 

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

Alee One input at Vee - O.S V, Other Inputs at Vee or GND 3Vto3.SV 

Control inputs 
ei 

Data inputs 
VI - Vee or GND 3.3 V 

eo Outputs Vo - Vee or GND 3.3 V 

t For cond~ions shown as MIN or MAX use the appropriate values under recommended operating conditions. 
:j:Typicalvaluas are measured at Vee - 3.3 V, TA _ 25°e. 

2 

1.7 

2.2 

2.4 

2 

45 

-45 

75 

-75 

3 

S 

7 

MAX UNIT 

V 

0.2 

0.4 

0.7 V 

0.4 

0.55 

±5 J.IA 

J.IA 

±500 

±10 J.IA 
40 J.IA 

750 J.IA 

pF 

pF 

timing requirements over recof'i,mend~perating free-air temperature range (unless otherwise 
noted) (see Figures 1 and 2) 

VCC=2.5V 
Vee = 2.7 V 

VCC=3.3V 
±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 before LE!. 1 1 1.1 ns 

th Hold time, data after LEJ. 1.5 1.7 1.~ ns 
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SN74ALVCH16373 
16-BIT TRANSPARENT D·TYPE LATCH 

WITH 3-STATE OUTPUTS 
SCES020-JULY 1995 

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

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 

D Q 1 5.1 4.3 1.1 3.6 
tpd ns 

LE Q 1 5.5 4.6 1 3.9 

ten OE Q 1 6.5 5.7 1 4.7 ns 

'dis OE Q 1.9 5.3 4.5 1.4 4.1 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 19 22 
Cpd Power dissipation capacitance I Outputs disabled 

CL-50pF. f-l0MHz pF 
4 5 

:lllExAs 
INSTRUMENTS 

POST OFFICE BOX _. DAIJ..AS. TEXAS 75266 3-89 



SN74ALVCH16373 
16·81T TRANSPARENT D·TYPE LATCH 
WITH 3·STATE OUTPUTS 
SCES020 - JULY 1995 

PARAMETER MEASUREMENT INFORMATION 
VCC = 2.5 V ± 0.2 V 

o .4.6 V 

500n 
From Output_ .... _-e_-"I.IVIr __ --' 

Under Test 

CL=50pF 
(see Note A) I 

SI o Open 

500n l~ 
LOAD CIRCUIT 

2.3V 

TI~~:~ _____ ....I~ .... I-.2-V----
OV 

I tau .~ th I 
Data --~~1.2 V 

Input ___ 1\ ~2.3V 
1.2 V 

OV 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

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

---1'1 II . I OV 
tPLH 1l1li ~ 

I I II1II ~tpHL 
I I 
I ,.----""'t'i~- VOH 

Output 11.2 V 1.2 V 
____ -I. VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

TEST SI 

tpd Open 

tputtpZL 4.6 V 

tPHzltPZH GND 

14-- tw ----+I 
I I~ __ __ 

Input 3 Y<",I_.2_V __ :.: V 

VOLTAGE WAVEFORMS 
PULSE DURATION 

Output 
Control 

(low-level 
enabling) 

~ j 2.3V 

. ~ 1.2V 4_1.: ___ ov 

tPZL -+I 14- I 
I I tpLZ~ 

- --il"", I I 
Output I 

Waveform 1 II I 
SI at 4.6 V 

(see Note B) I 
tpZH~ 

2.3V 

VOL+O.3V 
VOL 

~PHZ~ 
Output 

Waveform 2 
SI atGND 

1,.----+ VOH 
VOH-O.3V 

(see Note B) ___ -I 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

OV 

NOTES: A. CL includes probe and jig capacitance. 
B. Wavefonn 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 trans~lon per measurement. 
E. tpLZ and tpHZ are the same as tdls. 
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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SN74ALVCH16373 
16·81T TRANSPARENT O·TYPE LATCH 

WITH 3·STATE OUTPUTS 
SCES020-JULY 1995 

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

o 6V TEST S1 
S1 o Open 

r' 
500n 

From Output_--._-. ___ --'\N\r----f 
Under Teat 

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

tpd Open 
tPLZ/tpZL 6V 
tPHZ/tpZH GND 

-=-
LOAD CIRCUIT I4-- tw-.! 

TI~~~~ _____ ....J~ ... '-.5-V----
2.7 V ',." 3 *:~~'5~V~~~~ :.: V 

~I 
I 

OV VOLTAGE WAVEFORMS 
PULSE DURATION ~ tau ~~ th 

Data --""'""\~,.5V 
Input __ -.11\ 

~2.7V 
1.5V 

OV 
Output 
Control 

(low-level 
enabling) 

~ j 2.7 V 

~ 1.5V 4_"~ ___ OV VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

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

--II 1 • OV 
tPLH I... ~I 1 1 

, , I'" ~tpHL 

tpZL~ j4- , 
, , tpLZ~ 

---;'""'\' , Output , 
Waveform 1 , VOL+O.3V 

S1 at6V 
(see Note B) ~PHZ~ r-

3V 

VOL 

I 1 
1 '----~~--- VOH 

Output 
Waveform 2 

S1 atGND 

I~ __ -;- VOH 
VOH-O.3V 

Output !,.5V 1.5V 
. VOL 

(see Note B) ___ -' 
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 w~h one transition per measurement. 
E. tpLZ and tpHZ are the same as lelis. 
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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SN74ALVCH16374 
16-BIT EDGE·TRIGGERED D·TYPE FLlp·FLOP 

WITH 3-STATE OUTPUTS 

• Member of the Texas Instruments 
W/debus™ Family 

• EPICTM (Enhanced-Performance Implanted 
CMOS) Submlcron Process 

• ESO Protection Exceeds 2000 V Per 
MIL-STO-833C, 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 30D-mll 
Shrink Smail-Outline (OL) and Thin Shrink 
Small-Outline (OGG) 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 Q outputs of the flip-flop take on 
the logic levels set up at the data (0) inputs. OE) . 

DGG OR DL PACKAGE 
(TOP VIEW) 

10E 
101 
102 

GNO 4 

103 
104 
Vee 
105 
106 9 

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 

29 206 
28 GNO 
27 207 
26 208 
25 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 1/0 pin count and functionality of standard small-outline packages in the 
same printed-circuit-board area. 

The SN74AlVCHlI~374 is characterized for operation from -40°C to 85°C. 

EPle and Widebus are trademarks of Texas Instruments Incorporated. 

Copyright \!:) 1995. Texas Instruments Incorporated 
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SN74ALVCH16374 
16·BIT EDGE·TRIGGERED D·TVPE FLlp·FLOP 
WITH 3·STATE OUTPUTS 
SCES021 - JULY 1995 

FUNCTION TABLE 
(eech flip-flop) 

INPUTS OUTPUT 

OE ClK 0 Q 

L l' H H 

L l' L L 

L H or L X 00 
H X X Z 

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 

_f'.. 1EN 

C1 
f'.. 2EN 

C2 ., 
10 

20 

.. 2 
1V 

3 

5 

6 

8 

9 

11 

12 

13 
2V 

14 

16 

17 

19 

20 

22 

23 

1Q1 

1Q2 

1Q3 

1Q4 

1Q5 

1Q6 

1Q7 

1Q8 

2Q1 

2Q2 

2Q3 

2Q4 

2Q5 

2Q6 

2Q7 

2Q8 

10E ......:...-------1:::1 

1ClK 

101 47 

To Seven Other Channels 

2ClK 

201 -.:.;38:"'-__ +--1 

To Seven Other Channels 

tThis symbol is in accordance with ANSI/IEEE Std 91-1984 
and I EC Publication 617-12. 
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SN74ALVCH16374 
16-81T EDGE·TRIGGERED D·TVPE FLlp·FLOP 

WITH 3·STATE OUTPUTS 
SCES021-JULY 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 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 ............... 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 cond~ions" 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 ajunction temperature of 150·C and a board trace length of 750 mils. 

For more information. refer to the Package ThermafConsiderationsapplication note in the 1994 ABT Advanced BiCMOS Technology 
Data Book, literature number SCBD002B. 

recommended operating conditions (see Note 4) 

VCC Supply voltage 

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

VCC =2.7Vt03.6 V 

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

VCC = 2.7 Vto 3.6 V 

VI Input voltage 

Vo Output voltage 

VCC=2.3V 

IOH High-level output current VCC=2.7V 

VCC=3 V 

VCC=2.3V 

IOL Low-level output current VCCz2.7V 

VCC =3 V 
!J.t/I!.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 VCC V 

0 VCC V 

-12 

-12 rnA 

-24 

12 

12 mA 

24 

0 10 ns/V 

-40 85 ·C 
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SN74ALVCH16374 
16-81T EDGE·TRIGGERED D-TYPE FLlP·FLOP 
WITH 3·STATEOUTPUTS 
SCES021-JULY1995 

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

PARAMETER TEST CONDITIONS VCCt MIN TYP* MAX UNIT 

IOH • -100 IlA MINto MAX VCC-0.2 

IOH--6mA. VIH _1.7V 2.3 V 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 IlA MIN to MAX 0.2 

IOL=6mA. VIL-0.7V 2.3V 0.4 

VOL IOL-12mA. VIL=0.7V 2.3 V 0.7 V 

IOL= 12 mAo VIL=0.8V 2.7V 0.4 

IOL=24mA. VIL=0.8V 3V 0.55 

II VI = VCC or GND 3.6V ±5 IlA 
VI=0.7V 2.3V 45 

VI=1.7V 2.3V -45 

II(hold) VI-0.8V 3V 75 IlA 
VI=2V 3V -75 

VI-Ot03.6V 3.6V ±500 

IOZ Vo = VCC or GND 3.6 V ±10 IJ.A 
ICC VI = VCC or GND. 10- 0 3.6V 40 IlA 
AICC One input at VCC - 0.6 V. Other Inputs at VCC or GND 3Vt03.6V 750 IlA 

Ci 
Control Inputs 

VI = VCC or GND 
3 

Data Inputs 
3.3V pF 

6 

Co Outputs Vo = VCC or GND 3.3 V 7 pF 
.. t For conditions shown as MIN or MAX use the appropriate values under recommended operating conditions . * Typical values are measured at VCC = 3.3 V. TA = 25°C. . 

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

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 

tw Pulse duration. CLK high or low 3.3 3.3 3.3 ns 

tsu Setup time. data before CLK1' 2.1 2.2 1.9 ns 

th Hold time. data alter CLKt 0.6 0.5 0.5 ns 
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SN74ALVCH16374 
16-81T EDGE·TRIGGERED D-TYPE FLlP·FLOP 

WITH 3-STATE OUTPUTS 
SCES021-JULY1995 

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= 3.3 V 

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

fmax 150 150 150 MHz 

Ip<f ClK a 1 5.9 4.9 1 4.2 ns 

ten ClK a 1 6.7 5.9 1 4.8 ns 

idis ClK a 1.7 5.5 4.7 1.2 4.3 ns 

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

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

I Outputs enabled 31 30 
CpeI Power dissipation capacitance I Outputs disabled 

Cl-50pF. f-l0MHz 
18 

pF 
16 
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SN74ALVCH16374 
16·81T EDGE·TRIGGERED D·TVPE FLlP·FLOP 
WITH 3·STATE OUTPUTS 
SCES021-JULY 1996 

PARAMETER MEASUREMENT INFORMATION 
VCC = 2.5 V ± 0.2 V 

o 4.6V 

S1 o Open 500n 
From Output_ ..... _ ....... I-----\N\r __ ---J 

Under Test 

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

LOAD CIRCUIT 

TI~~:~ ..... ____ ..J~'-1_.2_V----
2.3 V 

OV 

.1 ~ tau·~ th 

Data ..... -....,W1.2 V 
Input __ ..J1\ 

1 

~2.3V 
1.2V 

OV 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

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

----11 I . OV 

tpLH II... ~I I J 
l1li .. tpHL 

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

Output 11.2 V 1.2 V 
----.... VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

TEST S1 

tpd Open 

tpL.ZItpZL . 4.6 V 

tPHZItPZH GND 

l1li--- tw ~ 
I I 

Input 3 j(r1-.2-V--

OV 

2.3 V 

VOLTAGE WAVEFORMS 
PULSE DURATION 

Output 
Control 

(low-level 
enabling) 

~ I 2.3 V 

~ 1.2V 4~~--- OV 

tpZL~ 14- 1 
I 1 tPLZ~ 

__ -+I""'\.I 1 
Output 1 

Waveform 1 1 1 
S1 at 4.6 V 1 

(see Note B) 1 

Output 
Waveform 2 

S1 atGND 
(see Note B) 

tpZH~ 
tpHZ~ 

I+-
Ir----t 

2.3 V 

VOL + 0.3 V 
VOL 

VOH 
VOH-0.3V 

OV 

VOLTAGE WAVEFORMS 
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 n. tr s 2.5 ns, tf S 2.5 ns. 
D. The outputs are measured one at a time with one transHion 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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SN74ALVCH16374 
16-81T EDGE·TRIGGERED D·TVPE FLlp·FLOP 

WITH 3-STATE OUTPUTS 
SCES021 -JULY 1995 

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

o !IV 

S1 o Open 

rD 

SOOO 
From Output_-+_-._-II,I\IIr __ .-J 

Under Test 

CL=SOpF 
(see Note A) T 5000 

LOAD CIRCUIT 

TI~~nu~ _____ --'~\.1_.S_V----
2.7 V 

OV 

~ ~ tsu·~ th 

Data ---"'1.5 V 
Input 1\ 

I 
,£2.7V 

1.5V 
OV 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

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

---II I· OV 

tPLH !. .II 1 I 
1- 14 ~ tPHL 

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

Output !1.SV 1.SV 
____ J. VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

NOTES: A. CL includes probe and jig capacitance. 

TEST S1 

tpd Open 

tpLZltpZL 6V 

tpHZ/tpZH GND 

~tw----.l 
I I~ __ V 

Input 3 ~\.~_.S_V __ :.: 

VOLTAGE WAVEFORMS 
PULSE DURATION 

Output 
Control 

(low-level 
enabling) 

~ j 2.7 V 

~ 1.5V 4_1.~ ___ OV 

tpZL -+I 14- I 
I I tPLZ--toj 

__ ;-1'\.;1 I 
Output I 

Waveform 1 I 
S1 at6V 

(see Note B) ~PHZ~ 

3V 

VOL + 0.3 V 
VOL 

Output 
Waveform 2 

S1 atGND 

1,--__ + VOH 

VOH-O.3V 

(see Note B) ___ .I 

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 leIis. 
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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SN74ALVCH16409 
9-BIT, 4-PORT UNIVERSAL BUS EXCHANGER 

WITH 3-STATE OUTPUTS 

• Member of the Texas Instruments 
W/debus+ ™ Family 

• EPICTM (Enhanced-Performance Implanted 
CMOS) Submlcron Process 

• USETM (Universal Bus Exchanger) Allows 
Synchronous Data Exchange 

• 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/Pulldown 
Resistors 

• Package Options Include Plastic 30D-mll 
Shrink Smail-Outline (DL) and Thin Shrink 
Smail-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 SN74ALVCH16409 allows synchronous data 
exchange between four different buses. 

Data flow is controlled by the select (SELO-SEL4) 
inputs. A data-flow state is stored on the rising 
edge of .the .clock (CLK) input if the select-enable 
(SELEN) 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 1 
SELO 

1A1 
GND 4 

1A6 
GND 11 
1A7 
1A8 
1A9 
2A1 
2A2 
2A3 

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

GND 
2A9 

SEL1 
SEL2 

38 
37 
36 
35 
34 
33 
32 
31 
30 
29 ...... __ .r 

elK 
SELEN 
181 

.GND 
182 
183 
Vee 
184 
185 
186 
GND 
187 
188 
189 
281 
282 
283 
GND 
284 
285 
286 
Vee 
287 
288 
GND 
289 
SEL4 
SEL3 

The data-flow control logic is deSigned to allow glitch-free data transmission. 

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 SN74ALVCH16409 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 SN74ALVCH16409 is characterized for operation from -40°C to 8SoC. 

Widebus+, EPIC, and UBE are trademarks of Texas Instruments Incorporated. 

copyright 1Cl1995, Texas Instruments Incorporated 
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SN74ALVCH16409 
9-BIT, 4-PORT UNIVERSAL BUS EXCHANGER 
WITH 3-STATE OUTPUTS 
SCES022 - JULY 1995 

logic diagram (positive logic) 

ClK _56_---1 

SElO ----::;2_---1 

SEl1 ----::;27'-----1 

r---
I 
I 
I 

1A ---il~.-< 
I 
I 

I 
I 

2A ---~t--< 

I 

Flow and Storage Control 

3 3 

1Ax 
1Bx 
2Bx 

1Ax 
2Ax 
1Bx 

28 
1--~SEL2 

29 
1-----':":""- SEl3 

t-----'3;.;;.O_ SEl4 

- ---., 

>--e-tr----1B 

I 2Ax 2Bx-----oC,. 

3-102 

I One of Nine Channels 

~---------------------------------~ 
FUNCTION TABLE 

INPUTS OUTPUT 

ClK 
SEND RECEIVE 
PORT PORT 

X X Bot 
X L L 

X H H 

i L L 

i H H 

H X Bot 
L X Bot 

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

~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 
9-8IT, 4-PORT UNIVERSAL BUS EXCHANGER 

WITH 3-STATE OUTPUTS 
SCES022 - JULY 1995 

DATA-FLOW CONTROL FUNCTION TABLE 

INPUTS 
DATAFLOW 

SElO SEl1 SEl2 SEl3 SEL4 

X X X X X No change 

0 0 0 0 0 None, alliiOs 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 Nolused 

0 1 0 0 0 2A 10 1A and 18 t028 

0 1 0 0 1 2At01A 

0 1 0 1 0 28t018 

0 1 0 1 1 2A to 1A and 28 1018 

0 1 1 0 0 1A to 2A and 18 to 28 

0 1 1 0 1 1At02A 

0 1 1 1 0 18t028 

0 1 1 1 1 1A t02A and 28 to 18 

1 0 0 0 0 1A to 18 and 28 to 2A 

1 0 0 0 1 1Ato 18 

1 0 0 1 0 2Al028 

1 0 0 1 1 1A to 18 and 2A to 28 

1 0 1 0 0 18 to 1A and 2A to 28 

1 0 1 0 1 18t01A 

1 0 1 1 0 28 to 2A 

1 0 1 1 1 18 to 1Aand 28 t02A 

1 1 0 0 0 28 to 1A and 2A to 18 

1 1 0 0 1 18t02A 

1 1 0 1 0 28t01A 

1 1 0 1 1 28 to 1A and 18 t02A 

1 1 1 0 0 1A to 28 and 18 to 2A 

1 1 1 0 1 1A 1028 

1 1 1 1 0 2At018 

1 1 1 1 1 1A t028 and 2A to 18 

~1ExAs 
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SN74ALVCH16409 
9-BIT, 4-PORT UNIVERSAL BUS EXCHANGER 
WITH 3-STATE OUTPUTS 
SCES022 - JULY .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: 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, 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 condHlons 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 beard trace length of 750 mils. 

For more information, refertothe Package Thermal Considerations application note in the 1994 ABT Advanced BiCMOS Technology 
Data Book, literature number SCBD002B. 

recommended operating conditions (see Note 4) 
MIN MAX UNIT 

VCC Supply voltage 2.3 3.6 V 

VCC = 2.7 Vto 3.6 V 2 
VIH High-level input voltage V 

VCC - 2.3 Vt02.7 V 1.7 

VCC = 2.7V to 3.6 V 0.8 
VIL Low-level Input voltage V 

VCC-2.3Vt02.7V 0.7 

VI Input voltage 0 VCC V 

Vo Output voltage 0 VCC V 

VCC" 2.3 V -12 

IOH High-level output current VCC .. 2.7V -12 rnA 

VCC=3V -24 

VCC-2.3V 12 

IOL Low-level output current VCC-2.7V 12 rnA 

VCC=3V 24 

AtlAv I nput transition rise or fall rate 0 10 nslV 

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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SN74ALVCH16409 
9-BIT, 4-PORT UNIVERSAL BUS EXCHANGER 

WITH 3-STATE OUTPUTS 
SCES022 - JULY 1996 

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

PARAMETER TEST CONDITIONS Veet MIN TYp:j: 

10H--l0011A MINto MAX VCC-0.2 

10H--BmA, VIH -1.7V 2.3 V 

VIH-1.7V 2.3V 
VOH 

IOH--12mA VIH-2V 2.7 V 

VIH-2V 3V 

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

10L - 100 IIA, MINto MAX 

'OL-BmA, VIL-0.7V 2.3 V 

VOL VIL-0.7V 2.3V 
IOL-12 mA 

VIL- 0.8 V 2.7 V 

IOL-24mA, VIL-0.8V 3V 

II VI- VCC or GND 3.BV 

VI-0.7V 

VI-1.7V 
2.3 V 

II(hold) VI-0.8V 

VI-2V 
3V 

VI-Oto3.BV 3.BV 

10Z§ Vo - VCC or GND 3.BV 

lee VI- VCC or GND, 10- 0 3.BV 

Alee One Input at VCC - O.B V, Other Inputs at VCC or GND 3Vto3.6V 

Ci I Control inputs VI- VCC or GND 3.3 V 

Clo I A or B ports Vo - Vee or GND 3.3 V 
.. t For conditions shown as MIN or MAX, use the appropriate values under recommended operating conditions • 

:I: All typical values are measured at Vce - 3.3 V, TA - 25°C. 
§ For I/O ports, the parameter 10Z Includes the input leakage current. 

2 

1.7 

2.2 

2.4 

2 

45 

-45 

75 

-75 

4 

8 

MAX UNIT 

V 

0.2 

0.4 

0.7 V 

0.4 

0.55 

±5 IIA 

IIA 

±500 

±10 IIA 
40 IIA 

750 IIA 
pF 

pF 

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

Vcc = 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 COO 1.9 1.9 1.4 

tsu Setup time 
SEL before CLKi 5.1 4.2 3.5 

SELEN before CLKi 
ns 

2.5 2.5 1.8 

PRE before CLKi 1 1 0.7 

A or Baiter CLKi 0.8 0.8 1 

Ih Hold time SEL aiter CLKi 0 0 a ns 

SELEN aiter CLKi 0.5 0.5 0.8 

~1ExAs 
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SN74ALVCH16409 
9-BIT, 4-PORT UNIVERSAL BUS EXCHANGER 
WITH 3-STATEOUTPUTS 
SCES022 - JULY 1 ~95 

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

FROM TO 
Vee=2.5V 

PARAMETER ±O.2V 
(INPUT) (OUTPUT) 

MIN MAX 

'max 120 

tDd CLK (A or B) BorA 2 6.6 

ten CLK(SEL) AorB 2.5 7.4 

'dis CLK(SEL) AorB .3 7.3 

'dis PRE AorB 3.5 7.7 

operating characteristics, T A = 25°C 

PARAMETER 

Cpd Power dissipation capacitance 

timing diagram 

3-106 

TEST CONDITIONS 

I Outputs enabled 
CL-50pF, I Outputs disabled 

~TEXAS 
INSTRUMENTS 
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Vee=2.7V 
Vee = 3.3 V 

±O.3V UNIT 
MIN MAX MIN MAX 

120 120 MHz 

5.7 1.5 5.1 ns 

6.3 2 5.7 ns 

6 2 5.7 ns 

6.5 2.5 6.1 ns 

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

TYP TYP 

60 60 pF 



SN74ALVCH16409 
9-BIT, 4-PORT UNIVERSAL BUS EXCHANGER 

WITH 3-STATE OUTPUTS 
SCES022 - JULY 1995 

PARAMETER MEASUREMENT INFORMATION 
VCC =-2.5 V ± 0.2 V 

o ,4.8 V 
TEST S1 

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

Under Test 

CL=50pF 
(see Note A) T 5000 

tpd Open 

tpLZltpZL 4.6V 

tPHZItPZH GND 

LOAD CIRCUIT I4--tw~ 

2.3 V 

TI~~~~ _____ ...J~\.1-.2-V----

I I~ __ V 

Input 3 Y<\.1_.2_V ____ :.: 

OV 

~ r tsu·~ th 

Data --....... ""1.2 V 
Input 1\ 

I 
€2.3V 

1.2V 
OV 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

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

----" I . OV 
tpLH i4 .II I I 

1- 14 ~ 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 at 4.8 V 
(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 --.! I4-t -.! 1.0-
I I PLZ 'I rw--

11 __ -l_~I- 2.3 V 

I " 1.2V I VOL+0.3V 
I· 1- --- VOL 
I tpHZ~ i+ 

tpZH ~ 14- I 
I ~ -VOH 

!UV 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 condHlons 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 ere the same as tpd. 

Figure 1. Load Circuit and Voltage Waveforms 
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SN74ALVCH16409 
9-oBIT, 4-PORT UNIVERSAL BUS EXCHANGER 
WITH 3-STATE OUTPUTS 
SCES022 - JULY 1995 

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

o 6V TEST 
81 

S1 
o Open 6000 

F~Ompm __ -' __ -'~~~ ____ -J tpd Open 
tPLZItpZL 6V Under Teat 

CL=50pF 
(see Note A) T 6000 

LOAD CIRCUIT 

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

2.7 V 

OV 

~ tau·~ th 

Date ---X'1.5 V 
Inpm __ ""' •• 

€2.7V 
1.5V 

OV 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

Input L1.5V \1.5-;--- 2.7 V 

---II I· I OV 
tPLH ~ ~ ~ ~ tpHL 

I I 
I~---~~n --VOH 

Output 11.5 V 1.5 V 
________ J. VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

tPHzltpZH GND 

14--- tw -----+I 
I I~ __ 

Input 3 Y<\o,1._5_V __ :.:V 

Outpm 
Control 

(low-level 
enabling) 

VOLTAGE WAVEFORMS 
PULSE DURATION 

--\ I 2.7 V 

~ 1.5V 4_1.: ___ ov 

tpZL -.! 14-t ..J ""-
1 1 PLZ 'I ,.-

Outpm ---;1..,&1 --.J-~l- 3 V 
Waveform 1 i \. 1.5 V I VOL + 0.3 V 

S1at6V I· 1 - --- VOL 
(see Note B) I tPHZ -+! *-1 

tpZH~ 14-
Output I s: Waveform 2 - - VOH 

(!:~:N~ ___ &...11.~,,-___ VoH-0.3V ov 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

NOTES: A. CL includes probe and Jig capacitance. 
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 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. 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 seme as 'dis. 
F. tpZL and tpZH are the same as Ian. 
G. tpLH and tPHL are the same as tpd. 

Figure 2. Load Circuit arid Voltage Waveforms 
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SN74ALVCHR162409 
9-BIT, 4-PORT UNIVERSAL BUS EXCHANGER 

WITH 3-STATE OUTPUTS 
SCES056-SEPTEMBER 1995 

• Member of the Texas Instruments 
W/debus+ ™ 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 Oata Exchange 

• ESO Protection Exceeds 2000 V Per 
MIL-STO-883C, 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 Shrink 
Small-Outline (OL) and Thin Shrink 
Smail-Outline (OGG) Packages 

description 

This 9-bit 4-port universal bus exchanger is 
designed for 2.3-V to 3.6-V Vcc operation. 

The SN74ALVCHR162409 allows synchronous 
data exchange between four different buses. Data 
flow is controlled by the select (SELO-SEL4) 
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 
1A6 

GND 
1A7 
1AS 
1A9 
2A1 
2A2 
2A3 

GND 
2A4 
2A5 
2A6 
Vee 
2A7 
2As 

GND 

9 

11 

15 
16 
17 
18 
19 
20 

56 
55 
54 
53 

ClK 
SElEN 
181 
GND 
182 
183 
Vee 
184 
185 
186 
GND 
187 
18S 
189 
281 
282 
283 
GND 
284 
285 
286 
Vee 
287 
28S 
GND 

2A9 289 
SEL1 SEL4 
SEL2 SEL3 '''_ __ J" 

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 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, SELEN 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 SN74ALVCHR162409 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 SN74ALVCHR162409 is characterized for operation from -40°C to 85°C. 

Widebus+, EPIC, and USE are trademarks of Texas Instruments Incorporated. 

Copyrighl @ 1995. T~xas Instruments Incorporated 
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SN74ALVCHR162409 
9.BIT, 4-PORT UNIVERSAL BUS EXCHANGER 
WITH 3·STATE OUTPUTS 
SCES056-SEPTEMBER 1995 

logic diagram (positive logic) 

CL.K ~56~-I 

SEL.EN ---:;5.::,.5_d 

SEL.O --=2_-1 Flow and Storage Control 

SEL.1 --=27-=----1 

28 
t---SEL.2 

29 
t-----'~ SEL.3 

t----'30~ SEL.4 

----, 
I 
I 

1A ---+-.__-< 
I 
I 

>---.>--11----1 B 

I 
I 
I 

1Ax 1Ax I 
1Bx 2Ax I 

2A ---1---4_< 2Bx 1 Bx .>----.>-11--- 2B 

3-110 

I I 
I 2Ax 2Bx I 
I One of Nine Channels I ~ _________________________________ J 

FUNCTION TABL.E 

INPUTS OUTPUT 
SEND RECEIVE 

CL.K 
PORT PORT 

X X Bot 
X L. L 

X H H 

i L L 

i H H 

H X Bot 
L X Bot 

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

H t 
L t 
L t 
L t 
L t 
L t 
L t 
L t 
L t 
L t 
L t 
L t 
L t 
L t 
L t 
L t 
L t 
L t 
L t 
L t 
L t 
L t 
L t 
L i 
L i 
L i 
L t 
L i 
L i 
L i 
L i 
L i 
L i 

SN74ALVCHR162409 
9-BIT, 4-PORT UNIVERSAL BUS EXCHANGER 

WITH 3-STATE OUTPUTS 
SCES056 - SEPTEMBER 1995 

DATA·FLOW CONTROL FUNCTION TABLE 

INPUTS 
DATAFLOW 

SELO SELl SEL2 SEL3 SEL4 

X X X X X No change 

0 0 0 0 0 None. aliI/Os 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 lA and 18 to 28 

0 1 0 0 1 2AtolA 

0 1 0 1 0 28to18 

0 1 0 1 1 2A to lA and 28 to 18 

0 1 1 0 0 1At02Aand 18t028 

0 1 1 0 1 1At02A 

0 1 1 1 0 18t028 

0 1 1 1 1 lA t02A and 28 to 18 

1 0 0 0 0 lA to 18 and 28 to 2A 

1 0 0 0 1 lAto18 

1 0 0 1 0 2At028 

1 0 0 1 1 lA to 18 and 2A to 28 

1 0 1 0 0 18 to 1A and 2A to 28 

1 0 1 0 1 18to lA 

1 0 1 1 0 28t02A 

1 0 1 1 1 18 to lA and 28 to 2A 

1 1 0 0 0 28 to lA and 2A to 18 

1 1 0 0 1 18t02A 

1 1 0 1 0 28tolA 

1 1 0 1 1 28 to lA and 18 to 2A 

1 1 1 0 0 lA to 28 and 18 to 2A 

1 1 1 0 1 lAt028 

1 1 1 1 0 2Ato18 

1 1 1 1 1 1A to 28 and 2A to 18 

-!!11ExAs 
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SN74ALVCHR162409 
9-BIT, 4-PORT UNIVERSAL BUS EXCHANGER 
WITH 3-STATE OUTPUTS 
SOES056 - SEPTEMBER 1995 

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 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 Vce + 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, IO(VO = 0 to Vce) ............................................. ±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-voHage 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 ThermalConsiderationsapplication note inthe 1994 ABT Advanced BiCMOS Technology 
Data Book, literature number seBD002B. 

recommended operating conditions (see Note 4) 
MIN MAX UNIT 

Vee Supply voltage 2.3 3.6 V 

Vee E2.7Vt03.6V 2 
VIH High-level Input voltage 

Vee _2.3 Vt02.7V 1.7 V 

VeeE2.7Vt03.6 V 0.8 V 
VIL Low-level input voltage 

Vee -2.3 Vt02.7V 0.7 

VI I nput voltage 0 Vec V 

Vo Output voltage 0 VCC V 

VCC,,2.3V -6 mA 

IOH High-level output current VCC E2.7V -8 mA 

VCC- 3V -12 mA 

Vec· 2.3V 6 mA 

IOL Low-level output current VCC- 2•7V 8 
mA 

Vee- 3V 12 

AtlAv Input transition rise or fail rate 0 10 nsIV 

TA Operating free-air temperature -40 85 ·e 

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

~ThxAs 
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SN74ALVCHR162409 
9-BIT, 4-PORT UNIVERSAL BUS EXCHANGER 

WITH 3-STATE OUTPUTS 
SCES056 - SEPTEMBER 1995 

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

PARAMETER TEST CONDITIONS VCCt MIN TYP* 

10H - -100 J.IA MIN to MAX VCC-0.2 

IOH=-4mA, VIH=1.7V 2.3V 1.9 

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

IVIH .2V 3V 2.4 

10H--BmA, VIH .2V 2.7V 2 

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

10L - 100 J.IA MINto MAX 

IOl=4mA, VIL-0.7V 2.3 V 

IVIL=0.7V 2.3V 
VOL IOL-6mA J Vll= O.B V 3V 

10L=BmA, VIL=O.BV 2.7V 

IOL-12mA, VIL-O.BV 3V 

II VI = VCC or GND 3.6V 

VI = 0.7 V_ 45 
2.3V 

VI = l.7V -45 

II(hold) VI -O.BV 75 
3V 

VI_2V -75 

VI_Oto3.6V 3.6V 

10Z§ Vo = VCC or GND 3.6V 

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

Ll.ICC One Input at VCC - 0.6 V, Other inputs at VCC or GND 3Vto3.6V 

Ci I Control inputs VI • VCC or GND 3.3 V 

Cio IAorBports Vo = VCC or GND 3.3V 
.. .. .. t For condItIons shown as MIN or MAX, use the appropriate values specIfIed under recommended operating condItIons . 

=!: All typical values are at VCC = 3.3 V, TA = 25°C. 
§ For 110 ports, the parameter 10Z includes the input leakage current. 

4 

B 

MAX UNIT 

V 

0.2 

0.4 

0.55 
V 

0.55 

0.6 

O.B 

±5 J.IA 

J.IA 

±500 

±10 J.IA 
40 J.IA 

750 J.IA 
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 

VCC = 2.5 V 
±O.2V 

MIN MAX 

0 120 

CLK high or low 4.2 

A or B before cud' 1.9 

SEL before CLKt 5.1 

SELEN before CLKt 2.5 

PRE before CLKt 1 

A or B after ClKt O.B 

SafterCLKt 0 

SElEN after ClKt 0.5 

~TEXAS 
INSTRUMENTS 
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VCC=2.7V 
VCC=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.B 

1 0.7 

O.B 1 

0 0 ns 

0.5 O.B 
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SN74ALVCHR162409 
9-BIT, 4-PORT UNIVERSAL BUS EXCHANGER 
WITH 3-STATE OUTPUTS 
SCES056-SEPTEMBER 1995 

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

FROM TO 
VCC=2.5V 

PARAMETER ±O.2V 
(INPUT) (OUTPUT) 

MIN MAX 

fmax 120 

tpd CLK (A or B) BorA 2 7.5 

!en CLK(SEL) AorB 2.5 8.3 

tdis CLK(SEL) AorB 3 7.8 

ldis PRE AorB 3.5 8.4 

operating characteristics, TA = 25°C 

PARAMETER 

Cpd Power dissipation capacitance 

timing diagram 

CLK 

I Outputs enabled 

I Outputs disabled 

TEST CONDITIONS 

CL~50pF. 

I 
I 

f=10MHz 

I I 
It I I I 

I I 
I I I I 

SEL ~tsu : th 

I I I I 

S~~~ 

VCC = 2.7 V 

MIN MAX 

120 

7 

7.6 

6.4 

7 

VCC=2.5V 
±O.2V 

60 

CLK (SEL) A or B I : I 

Rec:~~ ~ . _'-----
It I lien I I 

CLK~orB CLK(SEL) 
AorB 

~1ExAs 
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VCC = 3.3 V 
±O.3V UNIT 

MIN MAX 

120 MHz 

1.5 6.2 ns 

2 6.8 ns 

2 6.1 ns 

2.5 6.4 ns 

VCC=3.3V UNIT 
±O.3V 

60 pF 



SN74ALVCHR162409 
9-BIT, 4-PORT UNIVERSAL BUS EXCHANGER 

WITH 3-STATE OUTPUTS 
SCES056 - SEPTEMBER 1995 

PARAMETER MEASUREMENT INFORMATION 
VCC = 2.5 V ± 0.2 V 

o 4.6V TEST S1 
S1 o Open 

rD 

5000 
From Output_-._-ilf-----'\N\r __ -J 

Under Test 

CL=50pF 

(see Note A) I 5000 

tpd Open 

tPLZltpZL 4.6 V 

tPHZItPZH GND 

LOAD CIRCUIT 14-- tw--+l 

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

I I 

Input 3 Y<,_"1_.-2~V~~~~ :.: V 

~ tsu ~~ th 
~ 
I 

OV VOLTAGE WAVEFORMS 
PULSE DURATION 

Data --~~1.2V 
Input ____ 1\ €2.3V 

1.2V 
OV 

Output 
Control 

(low-level 
enabling) 

~, I 2.3 V 

T'1.2V 4_1.: ___ ov VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

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

---" I· OV 

tpzL1 r-tPLZ--! 

_--;I~I I 
Output I 

Waveform 1 I 
S1 at4.6V 

(see Note B) 
~PHZ~ 

2.3V 

VOL+O.3V 
VOL 

tpLH ~ ~ I.. J tPHL 
I I 
I ~----""rI~- VOH 

Output 
Waveform 2 

S1 atGND 

I,..----t- VOH 
VOH-O.3V 

Output !1.2V 1.2V 

----.... , VOL 
(see Note B) ___ -' 

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 wHh internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is fot 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!l, tr :s; 2.5 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 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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SN74ALVCHR162409 
9-BIT, 4-PORT UNIVERSAL BUS EXCHANGER 
WITH 3-STATE OUTPUTS 
SCES056 - SEPTEMBER 1995 

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

o 6V TEST 

S1 

S1 

Open o Open 

l~ 
600n 

From Output ___ --t..-.-JIN\,-----J 
tpd 

tPLZ/tpZL 6V 
UnderTest . 

CL=60pF 
(see Note A) T 600n 

LOAD CIRCUIT 

TI:::~:~ _____ .J~""1_.6_V----
2.7 V 

OV 

~ ~ tsu·~ th I . 
Data --""'W1.6 V 

Input __ -oJ!\ 
€2.7V 

1.6V 
OV 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

Input L.t.6V \ -;5~--- 2.7 V 

---11 I· ov 
L. ~I 1 1 

tpLH 1- 14 ~ tPHL 
1 1 
I,----~~--VOH 

Output 11.6 V 1.5 V _____ J VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY: TIMES 

tpHzltpZH aND 

I4---tw~ 
1 1 

Input 3 X'~-.5-V-- 2:1V 

'---- OV. 

VOLTAGE WAVEFORMS 
PULSE DURATION 

Output 
Control 

(low-level 
anabllng) 

~ j 2.7V 

~1.5V 4~:--- ov 
tpZL~ 14- I 

1 1 tpLZ~ 
__ -+1,;1 I 

Output 1 
Waveform 1 . I 

S1 aUV 
(see Note B) 

Output 
Waveform 2 

S1 staND 
(see Note B) ___ .I 

VOL+0.3V 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

3V 

VOL 

OV 

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 wRh 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 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 len. 
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 

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

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

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

• Package Options Include Plastic 3OD-mil 
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. 

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 
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. 

SN74ALVCH16500 
18·BIT UNIVERSAL BUS TRANSCEIVER 

WITH 3·STATE OUTPUTS 

DGG OR DL PACKAGE 
(TOP VIEW) 

OEAB 1 

LEAB 
A1 

GND 4 

A2 
A3 

Vee 
A4 
A5 
A6 

GND 11 

A7 
A8 
A9 

A10 
A11 
A12 

GND 
A13 
A14 
A15 
Vee 
A16 
A17 

GND 
A18 

GND 
CLKAB 
B1 
GND 
B2 
B3 
Vee 
B4 
B5 
B6 
GND 
B7 
B8 
B9 

42 B10 
41 B11 
40 B12 
39 GND 
38 B13 

B14 
B15 
Vee 
B16 
B17 
GND 
B18 

OEBA CLKBA 
LEBA GND "''_ __ or 

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 Vcc through a 
pull up 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. 

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, UeT, and Widebus are trademerks of Texas Instruments Incorporated. 

ADvANCE INFORMATION concomo IIIW~ p ........ In tIIo _pOng or 
preprodUCllon pI*I 01 _apm .... ~ daII .... othor apec_ ...... ouIIjecllo ..... g. __ ~1ExAs 
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18·BIT UNIVERSAL BUS TRANSCEIVER 
WITH 3·STATE OUTPUTS 
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. FUNCTION TABLEt 

INPUTS OUTPUT 
OEAB LEAB CLKAB A B 

L X X X Z 

H H X L L 

H H X H H 

H L .j. L L 

H L .j. H H 

H L H X BO; 

H L L X BO§ 
.. t A-to-B data flow Is shown: B-to-A flow Is Similar but 

uses OEBA, LEBA, and CLKBA. 
; 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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INSTRUMENTS 

POST OFFICE BOX 655303 • DALLAS. TEXAS 75265 



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 

ENl 
to-. 2C3 

G 
C3 
G2 

.... EN4 
to-. 5C6 

C6 
G~5 

4-
3D 
4V 

r 
1 1';7 

1 60 

SN74ALVCH16500 
18-BIT UNIVERSAL BUS TRANSCEIVER 

WITH 3·STATE OUTPUTS 
SCES023 - JULY 1995 

54 

W 
52 

Bl 

B2 
51 

B3 
49 

B4 
48 

B5 
47 

B6 
45 

B7 
44 

B8 
43 

B9 
42 

Bl0 
41 

Bl1 
40 

B12 
38 

B13 
37 

B14 
36 

B15 
34 

B16 
33 

B17 
31 

B18 

tThis symbol is in accordance with ANSIIIEEE Std 91-1984 and lEe Publication 617-12. 
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SN74ALVCH16500 
18-BIT UNIVERSAL BUS TRANSCEIVER 
WITH 3-STATE OUTPUTS 
SCES023-JULY 1995 

logic diagram (positive logic) 

OEAB 

ClKAB 
55 

lEAB 2 

lEBA 28 

ClKBA 
30 

OEBA --=.27=--_-0 

Ai 3 ~--~-----4_~~-r-~1D 
.-t--IC1 

ClK 

~_.-5_4_ B1 

1DI-~r--W-===~+---< 
C1I--+ .. 

ClK 

\~------------~vr--------------~I 
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 > Vee) .••..•...•................................. ±50 mA 
Continuous output cu~rent, 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. 

3-120 

2. This value is limited to 4.6 V maximum. 
3. The maximum package power dissipation is caiculated using a lunction temperature of 150·C and a board trace length of 750 mils. 

For more information, refertothe Package ThermalConsiderationsapplication note in the 1994 ABT Advanced BICMOS Technology 
Data Book, literature number SCBD002B. 
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SN74ALVCH16500 
18-BIT UNIVERSAL BUS TRANSCEIVER 

WITH a-STATE OUTPUTS 
SCES023-JULY 1995 

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 voltage V 

VCC -2.7Vt03.6 V 2 

VCC -2.3 Vt02.7V 0.7 
VIL Low-level input voltage V 

VCC -2.7Vt03.6 V 0.8 

VI Input voltage 0 VCC V 

Vo Output voRage 0 VCC V 

VCC- 2.3V -12 

10H High-level output current VCC· 2.7V -12 mA 

VCC- 3V -24 

Vcc- 2.3V 12 

10L Low-level output current VCC· 2.7V 12 mA 

VCC- 3V 24 

AtlAv Input transition rise or fall rate 0 10 ns/V 

TA Operating free-air temperatura -40 85 ·C 

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

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

PARAMETER TEST CONDITIONS VCCt MIN TYP:j: 

IOH--10011A MINto MAX VCC-0.2 

IOH--6mA, VIH _1.7V 2.3V 

VIH -1.7V 2.3V 
VOH 

10H =-12mA VIH _2V 2.7V 

VIH,,2V 3V 

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

10L -100 IIA MINto MAX 

IOL=6mA, VIL-0.7V 2.3V 

VOL VIL " 0.7 V 2.3 V 
10(= 12mA 

VIL=0.8V 2.7V 

10L= 24 mA, VIL-0.8V 3V 

II VI - VCC or GND 3.6V 

VI·0.7V 

VI_1.7V 
2.3 V 

II(hold) VI-0.8V 

VI_2V 
3V . 

VI - 0 to 3.6'v 3.6V 

10Z§ Vo = VCC or GND 3.6V 

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

AICC One Input at VCC - 0.6 V, Other Inputs at VCC or GND 3Vt03.6V 

Ci I Control inputs VI = VCC or GND 3.3V 

Clo IAor B ports Vo - VCC or GND 3.3V 
.. t For conditions shown as MIN or MAX, use the appropriate values under recommended operating conditions . 

:I: Typical values are measured atVCC" 3.3 V, TA _ 25·C. 
§ For I/O ports, the parameter 10Z includes the input leakage current. 
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1.7 

2.2 

2.4 

2 

45 

-45 

75 

-75 

MAX UNIT 

V 

0.2 

0.4 

0.7 V 

0.4 

0.55 

±5 IIA 

IIA 

±SOO 
±10 IIA 

40 IIA 
750 IIA 

pF 

pF 
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SN74ALVCH16501 
18·BIT UNIVERSAL BUS TRANSCEIVER 

WITH 3·STATE OUTPUTS 

• Member of the Texas Instruments 
W/debus™ Family 

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

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

• 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 PulluplPulldown 
Resistors 

• Package Options Include Plastic 30o-mil 
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), 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 

DGG OR DL PACKAGE 
(TOP VIEW) 

OEA8 
LEA8 

A1 
GND 4 

A2. 

A7 
A8 
A9 

A10 
A11 
A12 

GND 
A13 
A14 
A15 
Vcc 
A16 

15 
16 
17 
18 
19 
20 
21 

45 
44 
43 
42 
41 
40 
39 
38 
37 
36 

GND 
eLKA8 
81 
GND 
82 
83 
Vee 
84 
85 
B6 
GND 
B7 
B8 
89 
B10 
B11 
B12 
GND 
B13 
B14 
815 
Vec 
B16 

A17 B17 
GND GND 
A18 B18 

OEBA CLKBA 
LEBA GND 

"'1...._-.T 

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. 

To ensure the high-impedance state during power up or power down, OEBA should be tied to Vce 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 I/O 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. 
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SN74ALVCH16501 
18-BIT UNIVERSAL BUS TRANSCEIVER 
WITH 3-STATE OUTPUTS 
SCES024 - JULY 1995 

logic symbolt 

OEAB 

ClKAB 

lEAB 

OEBA 

ClKBA 

lEBA 

A1 

A2 

A3 

A4 

A5 

A6 

A7 

A8 

A9 

A10 

A11 

A12 

A13 

A14 

A15 

A16 

A17 

A1B 

FUNCTION TABLEt 

INPUTS OUTPUT 

OEAB lEAB ClKAB A B 

l X X X Z 

H H X L L 

H H X H H 

H L l' L L 

H L l' H H 

H l H X BO* 

H l L X BO§ 
.. 

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

* Output level qefore the indicated steady-state input 
cond~ions were established, provided that CLKAB is 
high before LEAB goes low 

§ Output level before the indicated steady-state input 
cond~ions were established 

1 

55 
EN1 

203 
2 

G 
C3 
G2 

27 
'" EN4 

30 
5C6 

28 
G C6 

3 
~5 r 

54 

l.-
3D 1 1V 

W 4V ,1 60 
5 52 

6 51 

8 49 

9 48 

10 47 

12 45 

13 44 

14 43 

15 42 

16 41 

17 40 

19 38 

20 37 

21 36 

23 34 

24 33 

26 31 

tThis symbol is in accordancewlth ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
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B6 
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SN74ALVCH16501 
18·BIT UNIVERSAL BUS TRANSCEIVER 

WITH 3-STATE OUTPUTS 
SCES024 - JULY 1995 

logic diagram (positive logic) 

OEAB 

ClKAB 
55 

lEAB 2 

lEBA 28 

ClKBA 
30 

Ai 3 ~----~----------~~~-r--~1D 
H--IC1 

ClK 

1D~~~~~~==~~--~ 
C1I-......., ..... 

ClK 

~------------~vr--------------J/ 
To 17 Other Channels 

54 B1 

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,: 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, ',K (V, < 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): 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 H 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 ajunction temperature of 150·C and a board trace length of 750 mils. 

For more information, refertothe Package ThermalConsiderationsapplication note in the 1994 ABT Advanced BiCMOS Technology 
Data Book, literature number SCBD002B. 
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SN74ALVCHi650i 
is-BIT UNIVERSAL BUS TRANSCEIVER 
WITH 3-STATE OUTPUTS 
SCES024-JULY 1995· 

recommended operating conditions (see Note 4) 

Vee Supply voHage 

VIH High-level input voltage 

VIL Low-level input voltage 

VI I nput voltage 

Vo Output voltage 

IOH High-level output current 

'OL Low-level output current 

at/av I nput transition rise or fall rate 

TA Operating free-air temperature 

Vee-2.3Vt02.7V 

Vee=2.7Vt03.6 V 

Vee=2.3Vt02.7V 

Vee = 2.7Vt03.6 V 

Vee=2.3V 

Vee- 2.7 Y 
Vee- 3V 

Vee. 2.3 V 

Vee- 2.7V 

Vee=3V 

NOTE 4: Unused control Inputs must be held high or low \0 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 ns/V 

-40 85 ·e 



SN74ALVCH16501 
18-BIT UNIVERSAL BUS TRANSCEIVER 

WITH 3·STATE OUTPUTS 
SCES024-JULY 1995 

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

PARAMETER TEST CONDITIONS VCCt MIN TYP* 

IOH=-1001lA MINto MAX VCC-0.2 

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

VIH = 1.7V 2.3 V 
VOH 

IOH=-12mA VIH =2V 2.7V 

VIH -2V 3V 

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

10L -100 IlA MINto MAX 

IOL-6 mA, VIL - 0.7 V 2.3 V 

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

VIL=0.8V 2.7V 

IOL=24 mA, VIL=0.8V 3V 

II VI = VCC or GND 3.6 V 

VI- 0.7 V 

VI-l.7V 
2.3V 

I/(hold) VI =0.8V 

VI-2V 
3V 

VI =Ot03.6V 3.6V 

10Z§ Vo = VCC or GND 3.6V 

ICC VI • VCC or GND, 10=0 3.6V 

AICC One input at VCC - 0.6 V, Other inputs at VCC or GND 3Vt03.6V 

Ci I Control inputs VI - VCC or GND 3.3V 

Cio I A or B ports Vo - VCC or GND 3.3V 

t For conditions shown as MIN or MAX, use the appropriate values under recommended operating conditions. 
tAli typical values are at VCC = 3.3 V, TA = 25°C. 
§ For I/O ports, the parameter 10Z includes the input leakage current. 

2 

1.7 

2.2 

2.4 

2 

45 

-45 

75 

-75 

4 

8 

MAX UNIT 

V 

0.2 

0.4 

0.7 V 

0.4 

0.55 

±5 IlA 

IlA 

±500 

±10 IlA 
40 IlA 

750 IlA 
pF 

pF 

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

Vee=2.5V 
Vee=2.7V 

Vee = 3.3 V 
±O.2V ±O.3V UNIT 

MIN MAX MIN MAX MIN MAX 

fclock Clock frequency 0 150 0 150 0 150 MHz 

LEhigh 3.3 3.3 3.3 
tw Pulse duration ns 

CLK high or low 3.3 3.3 3.3 

Data before CU<1' 2.2 2.1 1.7 

tsu Setup time Data before lEJ., ClK high 1.9 1.6 1.5 ns 

Data before lEJ., ClK low 1.3 1.1 1 

Data aiter clKi 0.6 0.6 0.7 
th Hold time 

Data aiter lEJ., ClK high or low 
ns 

1.4 1.7 1.4 
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SN74ALVCH16501 
18-BIT UNIVERSAL BUS TRANSCEIVER 
WITH 3-STATE OUTPUTS 
SCES024-JULY 1995 

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) (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, TA = 25°C 

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

TYP TYP 

Cpd 
I Outputs enabled 44 54 

Power dissipation capac~ance CL-50pF, f= 10MHz pF I Outputs disabled 6 6 

:lllExAs 
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SN74ALVCH16501 
18·BIT UNIVERSAL BUS TRANSCEIVER 

WITH 3-STATE OUTPUTS 
SCES024-JUL.Y 1995 

PARAMETER MEASUREMENT INFORMATION 
VCC = 2.5 V ± 0.2 V 

o 4.6V 

S1 o Open 

r~ 
5000 

From Output - ..... ---e>----"I.II/Ir--~ 
Under Test 

CL=50pF 
(S88 Note A) T 5000 

LOAD CIRCUIT 

TI~~~ _____ -'~\.~-.2-V----
2.3 V 

OV 

r tau·~ th 
., , 

Date ---~1.2V 
Input __ --'" 

€2.3V 
1.2 V 

OV 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

Input L 1.2V \7."2-;--- 2.3 V 

---II II " OV 
tpLH !. .I, 

,- 14 -' tpHL 
I I 
I~----~~rl -VOH 

Output 11.2 V 1.2 V 
____ J. VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

NOTES: A. CL includes probe and jig capacitance. 

TEST S1 

tpd Open 
tpLZltpZL 4.6 V 
tPHZ/tpZH GND 

14--- tw ---.t 
, • I 

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

VOLTAGE WAVEFORMS 
PULSE DURATION 

Output 
Control 

(low-level 
enabling) 

~ I 2.3 V 

T' 1.2V 4_1.~ ___ OV 

tpZL -, r-tPLZ-.! 14-

" ..J I Output ---ij-ri- - I-~- 2.3 V 

Waveform 1 " \ 1.2 V ,VOL + 0.3 V 
S1 at 4.6 V I· I - --- VOL 

(see Note B) I tpHZ ~ I+-
tpZH~ 14- I 

VOH Output I s: 
Waveform 2 ! V 03Y 

(!~~:N~ ___ ... ~ 1.2~ __ :H-' OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

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 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 serne as tdis. 
F. tpZL and tpZH are the same as len. 
G. tpL.H and tpHL are the same as tpd. 

Figure 1. Load Circuit and Voltage Waveforms 
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SN74ALVCH16501 
18·BIT UNIVERSAL BUS TRANSCEIVER 
WITH 3·STATE OUTPUTS 
SCES024-JULY 1995 

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

o 6V 
TEST 

S1 
S1 

o Open 

r' 
500n 

From Output --.----.~--'\N'v--~ 
tpd Open 

tPLZ/tpZL 6V Under Test 

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

LOAD CIRCUIT 

TI~~:~ ______ ~,,1-.5-V----
~ tsu ~~ th 

~I 
I 

2.7 V 

OV 

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

~2.7V 
1.5V 

OV 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

Input -.-i 1.5 V ).1.5-;--- :.:V 

, I " 
tpLH 14 ~ '4 ~ tPHL , , 

'r-·----~--- VOH 
Output 11.5 V 1.5 V 

_______ J. VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

tPHZ/tpZH GND 

l1li-- tw ---.! 
I ,,--__ V 

Input 3 ~\.~_.5_V ___ :.: 

Output 
Control 

(low-level 
enabling) 

VOLTAGE WAVEFORMS 
PULSE DURATION 

~ j 2.7 V 

i' 1.5V 4~~--- ov 
tPZL -+I 14- I 

I I tpLZ -+j I+-

Output Il---~-~I- 3V 

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

(see Note B) I t Z~ I+-
tpZH ~ I+-PHI 

Output , ~ 
Waveform 2 f -V - -0-3 V VOH 

(s!!~~:N:' ____ l-~.~V__ :'H-. OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

NOTES: A. CL includes probe and jig capacHance. 
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 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 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 wHh one transHlon per measurement. 
E. tpLZ and tpHZare 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 
WJdebus™ Family 

• EPIC ™ (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/Pulldown 
Resistors 

• Package Option Includes Plastic 30o-mll 
Shrink Smail-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. 

Data flow in each direction is controlled by 
output-enable (OEAB and OEBA) 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. -

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 SEL 
OEAB CLKAB 

A1 B1 
GND 4 GND 

A2 B2 
A3 B3 

Vee Vee 
A4 B4 
A5 B5 
A6 B6 

GND 11 GND 
A7 B7 
AB BB 
A9 B9 

A10 B10 
A11 B11 
A12 B12 

GND GND 
A13 B13 
A14 B14 
A15 B15 
Vee Vee 
A16 B16 
A17 617 

GND GND 
A1B 31 B1B 

OEBA 30 CLK1BA 
CLKENBA 29 CLK2BA 

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 data inputs at a valid logic level. 

The SN74ALVCH16525 is characterized for operation from -40°C to 85°C. 

EPle and Widebus are trademarks of Texas Instruments InCOrporated. 

Copyright ~ t 995, Texas Instruments Incorporated 
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SN74ALVCH16525 
18·81T REGISTERED BUS TRANSCEIVER 
WITH 3-STATE OUTPUTS 
SCES059 - NOVEMBER 1995 

logic diagram (positive logic) 

CLKAB 

CLK1BA 

CLK2BA 

CLKENBA 

CLKENAB 

~~+---------~tt·Ht--------------------, I 

A1 

3-132 

r-----~~~---~---J 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 

CE 

WU===f>C1 .1D 

CE CE 

C1 
1D 

I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 

I L ____ _ 
1 of 18 Channel. I 

----------~~·H~+--------------------~ 
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SN74ALVCH16525 
18-BIT REGISTERED BUS TRANSCEIVER 

WITH 3-STATE OUTPUTS 

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 t L L 

L t H H 

t Output level before .the Indicated steady-state 
input condHions were established 

B-TO-A STORAGE IOEBA = L) 

INPUTS OUTPUT 
CLK2BA CLK1BA SEL B A 

X X X X Act 
t X H L L 

t X H H H 

t t L L L; 

t t L H H; 

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

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

SCES059 - NOVEMBER 1995 

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 (Va < 0 or Va > Vee) •....••••....•.•..••....•••......•......... ±50 mA 
Continuous output current, la (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 

§ Stresses beyond those listed under "absolute mliximum 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 ThermalConsiderationsapplication note in the 1994 ABT Advanced BiCMOS Technology 
Data Book, literature number SCBD002B. 
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SN74ALVCH16525 
18-BIT REGISTERED BUS TRANSCEIVER 
WITH 3-STATEOUTPUTS 
SCES059 - NOVEMBER 1995 

recommended operating conditions (see Note 4) 

Vee Supply voltage 

VIH High-level input voHage 

VIL Low-level input voHage 

VI I nput voltage 

Vo Output voltage 

10H High-level output current 

10L Low-level output current 

allav Input transHion rise or fall rate 

TA Operating free-air temperature 

Vee - 2.7 Vt03.6 V 

Vee = 2.3 Vt02.7 V 

Vee = 2.7 V to 3.6 V 

Vee -2.3 Vt02.7V 

VCC=2.3V 

VCC- 2.7V 

VCC- 3V 

Vee- 2.3V 

VCC=2.7V 

VCC- 3V 

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

MIN MAX UNIT 

2.3 3.6 V 

2 
V 

1.7 

0.8 
V 

0.7 

0 Vee V 

0 Vee V 

-12 

-12 rnA 

-24 

12 

12 rnA 

24 

0 10 ns/V 

-40 85 ·C 

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

PARAMETER TEST CONDITIONS VCCt MIN TYP* MAX UNIT 

10H - -100 IIA MINto MAX Vee-0.2 

10H--BmA, VIH -1.7V 2.3V 2 

VIH = 1.7V 2.3V 1.7 
VOH V 

IOH--12mA VIH =2V 2.7 V 2.2 

VIH -2V 3V 2.4 

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

10L - 100 IIA MIN to MAX 0.2 

10L= 6 rnA, VIL=0.7V 2.3V 0.4 

VOL VIL=0.7V 2.3V 0.7 V 
10L= 12 rnA 

VIL=0.8V 2.7V 0.4 

IOL-24 rnA, VIL-0.8V 3V 0.55 

II VI = Vec or GND 3.6V ±5 IIA 
VI- 0.7 V 45 

2.3 V 
VI-1.7V -45 

Ihold VI-O.BV 75 IIA 
3V 

VI_2V -75 

VI-Ot03.6V 3.6V ±500 

10Z§ Vo • VCC or GND 3.BV ±10 IIA 
ICC VI - Vec or GND, 10- 0 3.6V 40 IIA 
.o.ICC One Input at VCC - 0.6 V, Other inputs at VCC or GND 3Vt03.6V 750 IIA 
Ci I Control inputs VI = VCC or GND 3.3 V 3 pF 

Co IAorBports Vo - Vec or GND 3.3V 7 pF 
.. .. t For conditions shown as MIN or MAX, use the appropriate values under recommended operating condilions . * All typical values are at VCC - 3.3, TA - 25·e. . 

§ For 1/0 ports, the parameter 10Z Includes the input-leakage current. 

~1ExAs 
INSTRUMENTS 

3-134 POST OFFICE BOX 655303 • DALLAS, TEXAS 75.265 



SN74ALVCH16525 
18-BIT REGISTERED BUS TRANSCEIVER 

WITH 3-STATE OUTPUTS 
SCES059 - NOVEMBER 1995 

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

VCC=2.5V 
VCC=2.7V 

VCC = 3.3 V 
to.2V ±0.3V 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 CLKAB1' 1.3 1.3 1.3 

B data before CLK2BA l' 2.1 1.8, 1.7 

B data before CLK1 BA l' 1.3 1.2 1.1 

tsu Setup time SEL before CLK2BA1' 3.3 3.3 3.3 ns 

CLKENAB before CLKAB1' 2.1 1.9 1.6 

CLKENBA before CLK1 BA l' 2.7 2.5 2.1 

CLKENBA before CLK2BA1' 2.7 2.5 2.2 

A data after CLKAB1' 0.7 0.4 0.9 

B data after CLK2BA l' 0.4 0 0.6 

B data after CLK1 BA l' 0.8 0.4 1 

th Hold time SEL after CLK2BA l' 0 0 0.1 ns 

CLKENAB after CLKAB1' 0.1 0.3 0.3 

CLKENBA after CLK1 BA l' 0 0 0.1 

CLKENBA after CLK2BA1' 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 
vcc = 2.5 V 

VCC=2.7V 
VCC=3.3V 

PARAMETER ±O.2V ±0.3V UNIT (INPUT) (OUTPUT) 
MIN MAX MIN MAX MIN MAX 

fmax 120 125 150 MHz 

tpd CLKAB or CLK2BA AorB 1 5.1 4.4 1 4.2 ns 

ten OEABorOEBA AorB 1 6.6 6.1 1 5.1 ns 

tdis OEABorOEBA AorB 1 6.5 5.4 1 4.9 ns 

operating characteristics, T A = 25°C 

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

TYP TYP 

Cpd Power dissipation capacitance 
L Outputs enabled 

CL~50pF, f .. 10MHz 160 160 pF I Outputs disabled 

~1EXAS 
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SN74ALVCH16525 
18·BIT REGISTERED BUS TRANSCEIVER 
WITH 3-STATE OUTPUTS 
SCES059 - NOVEMBER 1995 

PARAMETER MEASUREMENT INFORMATION 
VCC=2.5V ± 0.2 V 

o 4.6V TEST 
S1 

S1 

o Open 

r' 
5000 

From Output - ..... ----4t---'I/VI,------J 
tpd Open 

tpLZltpZL 4.6V 
Under Test 

tPHzltPZH GND 
CL=50pF 

(see Note A) T 5000 

LOAD CIRCUIT 

TI~~:~ _____ ..J~"'~_.2_V----
~ tau·~ th 

~ 
I 

2.3 V 

OV 

Data ---W1.2 V 
Input __ --'" 

~2.3V 
1.2 V 

ov 
VOLTAGE WAVEFORMS 

SETUP AND HOLD TIMES 

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

---1'1 II • I OV 
tPLH ~ ~ 

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

Output 11.2 V 1.2 V ____ J. VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

14-- tw ----.I 
I 1,.---- V 

Input 3 ~",1_.2_V __ :.: 

Output 
Control 

(Iow·level 
anabllng) 

.vOLTAGE WAVEFORMS 
PULSE DURATION 

~ I 2.3 V 

~ 1.2V. 4_1.~ ___ OV 

tPZL --+I I+-t -J ~ 
1 1 PLZ -, roo-

Output 11 --l-~'- 2.3 V 
Waveform 1 1 \. 1.2V 1 VOL + 0.3 V 

S1 at 4.6 V I· 1 - --- VOL 
(see Note B) 1 tpHZ ~ '+1 

tpZH~ I+-
Output I s: --- VOH 

~I~~:~~ ___ ..1.''-. 1.~V ____ VoH-0.3V OV 

VOLTAGE WAVEFORMS 
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 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 - 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 len. 
G. tpLH and tpHL are the same as tpd. 

Figure 1. Load Circuit and Voltage Waveforms 
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SN74ALVCH16525 
18-BIT REGISTERED BUS TRANSCEIVER 

WITH 3-STATE OUTPUTS 
SCES059 - NOVEMBER 1995 

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

S1 5000 
From Output - ..... ---.---A,"/'v------/ 

Under Test 

CL=50pF 
(see Note A) T 5000 

LOAD CIRCUIT 

o 6V 

o Open 

TEST S1 

tpd Open 
tPLZltpZL 6V 

tpHzltPZH GND 

14--1w~ 

2.7 V 

TI~~:~ _____ --'~\,,1_.5_V----

, ,,..----
Input 3 }(I,,1_.5_V ___ :.:V 

~ tau.j4 th 
~ 
I 

OV 

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

~2.7V 
1.5V 

OV 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

Input ..I~.5V \~5~--- 2.7 V 

---II , " OV 

tPLH I~.l, ' ... l1li .. tpHL , , 
',.----~~-- 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 
(eee Note B) 

Output 
Waveform 2 

S1 stGND 
(eee Note B) 

VOLTAGE WAVEFORMS 
PULSE DURATION 

~ I 2.7 V 

~ 1.5V 4_1.~ ___ OV 

tPZL1 r-tPLZ-.! I+-

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

, tpHZ -+! *-, 

tpZH~ ~ 

, :l-;;~ -~ VOH 

___ ...,j!!... 1.5~ __ ~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 row except when disabled by the output control. 
Waveform 2 is for en 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 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 !pd. 

Figure 2. Load Circuit and Voltage Waveforms 

~1ExAs 
INSTRUMENTS 

POST OFFICE eox 655303 • DALLAS. TEXAS 75265 3-137 



3-138 



• Member of the Texas Instruments 
Widebus™ Family 

• EPICTM (Enhanced·Performance Implanted 
CMOS) Submlcron Process 

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

• 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/Pulldown 
Resistors 

• Package Option Includes Plastic 30D-mil 
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. 

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. 

SN74ALVCH162525 
18-BIT REGISTERED BUS TRANSCEIVER 

WITH 3-STATE OUTPUTS 

DGG OR DL PACKAGE 
(TOP VIEW) 

CLKENAB 1 
OEA8 

A1 
GND 

A2 
A3 

A7 
A8 
A9 

A10 
A11 
A12 

GND 
A13 
A14 
A15 
Vee 
A16 
A17 

GND 

SEL 
CLKAB 
B1 
GND 
82 
B3 
Vee 
B4 
B5 
B6 
GND 
B7 
B8 
B9 
B10 
B11 
B12 
GND 
813 
B14 
B15 

Vee 
B16 
B17 
GND 

A18 818 
'OEBA CLK18A 

CLKENBA CLK2BA 
____ .I" 

Data is stored in the internal registers on the low-to-high transition ofthe ClK input, provided thatthe 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 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 SN74AlVCH162525 is characterized for operation from -40°C to 85°C. 

EPle and Widebus are trademarks of Texas Instruments Incorporated. 

Copyright @ 1995, Texas Instruments Incorporated 
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SN74ALVCH162525 
18-BIT REGISTERED BUS TRANSCEIVER 
WITH 3·STATE OUTPUTS 
SCES058 - NOVEMBER 1995 

logic diagram (positive logic) 

CLKENAB 1 

++++,+-------------------, >-r+~----------------+I~ I 
I I 

A1 3 

3-140 

r----
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I L ___ _ 

- ______ 1 I 

C1 
10 

CE 

C1 
10 

CE 

C1 
10 

I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 

1 of 18 Channels I 
---------~~.~~+-------------------~ 
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SN74ALVCH162525 
18-BIT REGISTERED BUS TRANSCEIVER 

WITH 3-STATE OUTPUTS 

CLKENBA 

H 

L 

L 

L 

L 

Function Tables 

A-T()"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 mdlcated steady-state 

input conditions were established 

B-T()"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:j: 

i i L H H:j: 

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

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

SCES058 - NOVEMBER 1995 

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 Vecl ............................................. ±50 mA 
Continuous currentthrough 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 

§ 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 cond~ions" is not 
implied. Exposure to absolute:-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. The input and output negative-voHage 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 ThermalConsiderations application note in the 1994 ABT Advanced BiCMOS Technology 
Data Book, literature number SCBD002B. 
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SN74ALVCH162525 . 
18-BIT REGISTERED BUS TRANSCEIVER 
WITH 3·STATEOUTPUTS 
SCES058 - NOVEMBER 1995 

recommended operating conditions (see Note 4) 

Vee Supply voltage 

VIH High-level input voHage 

VIL Low-level input voHage 

VI I nput voltage 

Vo Output voltage 

IOH High-level output current (A port) 

IOL Low-level output current (A port) 

IOH High-level output current (8 port) 

IOL Low-level output current (8 port) 

AtlM Input transition rise or fall rate 

TA Operating free-air temperature 

Vee -2.7Vt03.6V 

Vee = 2.3 V to 2.7 V 

Vee =2.7Vt03.6V 

Vee-2.3 Vt02.7V 

Vee- 2.3V 

Vee=2.7V 

Vee· 3V 

Vee- 2.3V 

Vee=2.7V 

Vee=3V 

Vee=2.3V 

Vee=2.7V 

Vee=3V 

Vee- 2.3V 

Vee=2.7V 

Vee=3V 

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 

2 
V 

1.7 

0.8 
V 

0.7 

0 Vee v 
0 Vee v 

-12 

-12 mA 

\ -24 

12 

12 mA 

24 

-6 
-8 mA 

-12 

6 

8 mA 

12 

0 10 ns/V 

-40 85 ·e 



SN74ALVCH162525 
18-BIT REGISTERED BUS TRANSCEIVER 

WITH 3-STATE OUTPUTS 
SCES058- NOVEMBER 1995 

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

PARAMETER TEST CONDITIONS VCCt MIN TYP* 

10H _-100 IlA MIN to MAX Vee-0.2 

IOH=-6mA, VIH= 1.7V 2.3V 2 

VIH = 1.7V 2.3V 1.7 
VOH (Aport) 

IOH=-12mA VIH=2V 2.7V 2.2 

VIH=2V 3V 2.4 

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

10H --100 IlA MIN to MAX Vee-0.2 

IOH=-4mA, VIH= 1.7V 2.3 V 1.9 

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

VIH=2V 3V 2.4 

10H--BmA, VIH-2V 2.7V 2 

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

10L= 100 IlA MINto MAX 

10L = 6 mA, VIL=0.7V 2.3V 

VOL (Aport) VIL=0.7V 2.3 V 
IOL=12mA 

VIL=O.BV 2.7V 

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

IOL-l00pA MINto MAX 

IOL=4mA, VIL=0.7V 2.3V 

VOL (B port) VIL=0.7V 2.3V 
IOL=6mA 

VIL= O.B V 3V 

10L-BmA, VIL-O.BV 2.7V 

IOL-12mA, VIL=O.BV 3V 

II VI = Vee or GND 3.6V 

VI =0.7V 45 
2.3V 

VI- 1.7 V -45 

Ihold VI-O.BV 75 
3V 

VI-2V -75 

Vl a Ot03.6V 3.6 V 

10Z§ Vo = Vee or GND 3.6V 

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

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

ei I Control inputs VI_ Vee or GND 3.3V 

Co IAorBports Vo - Vee or GND 3.3V 
.. t For conditions shown as MIN or MAX, use the appropriate values under recommended operating conditions . * All typical values are at Vee = 3.3 V, TA = 25°C. 

§ For I/O ports, the parameter 10Z includes the input leakage current. 
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3 

7 

MAX UNIT 

V 

V 

0.2 

0.4 

0.7 V 

0.4 

0.55 

0.2 

0.4 

0.55 
V 

0.55 

0.6 

O.B 

±5 pA 

pA 

±500 

±10 pA 

40 pA 

750 pA 

pF 

pF 
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SN74ALVCH162525 
18-BIT REGISTERED BUS TRANSCEIVER 
WITH 3-STATE OUTPUTS 
SCES058 - NOVEMBER 1995 

timing requirements over recommended ranges of supply voltage and 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 0 120 0 125 0 150 MHz 

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

A date before CLKAB1' 1.3 1.3 1.3 

B date before CLK2BA l' 2.1 1.8 1.7 

B date before CLK1 BA l' 1.3 1.2 1.1 

tsu Setup time M before CLK2BA l' 3.3 3.3 3.3 ns 

CLKENAB before CLKAB1' 2.1 1.9 1.6 

OLK~NBA before CLK1 BAt 2.7 2.5 2.1 

CLKENBA before CLK2BA1' 2.7 2.5 2.2 

A data after CLKAB1' 0.7 0.4 0.9 

B date after CLK2BA l' 0.4 0 0.6 

B data after CLK1 BA l' 0.8 0.4 1 

th Hold time M after CLK2BA1' 0 0 0.1 ns 

CLKENAB after CLKAB1' 0.1 0.3 0.3 

CLKENBA after CLK1 BA l' 0 0 0.1 

O[K~NBA after CLK2BA l' 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 
VCC=2.5V 

VCC=2.7V 
VCC=3.3V 

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

fmax 120 125 150 MHz 

CLKAB B 1 6.1 5.4 1 4.7 
tpd 

CLK2BA A 1 5.1 4.4 1 4.2 
ns 

C5EBA A 1 6.6 6.1 1 5.1 
ten 

OEAB B 1 7.2 6.8 1 5.7 
ns 

C5ESA A 1 6.5 5.4 1 4.9 
tdis 

OEAB 
ns 

B 1 6.5 5.4 1 4.9 

operating characteristics, T A = 25°C 

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

TYP TYP 

Cpd Power dissipation capacitance 
I Outputs enabled 

CL-50pF, f.10MHz 160 160 pF I Outputs disabled 
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SN74ALVCH162525 
18·BIT REGISTERED BUS TRANSCEIVER 

WITH 3·STATE OUTPUTS 
SCES058 - NOVEMBER 1995 

PARAMETER MEASUREMENT INFORMATION 
V CC = 2.5 V ± 0.2 V 

S1 500n 
From Output -_>---_-JV\I\,---.-./ 

Under Test 

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

LOAD CIRCUIT 

o 4.6V 

o Open 

TEST S1 

tpd Open 

tpLZ/tpZL 4.6V 

tPHZ/tpZH GND 

14--- tw ----+I 
1 1 

2.3V 
Input 3 J(r1-.2-V--

OV 

2.3V 

OV 

I tsu th I 
2.3V 

Data --~~1.2 V 
Input 1\ ~ 

A:.::.:...... ov 
VOLTAGE WAVEFORMS 

SETUP AND HOLD TIMES 

Input --.i 1.2V \~2~--- 2.3V 

1 1 1 OV 
tPLH 14 .1 1 J 

14 .. tpHL 
1 1 
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 at GND 
(see Note B) 

VOLTAGE WAVEFORMS 
PULSE DURATION 

~ I 2.3V 

l' 1.2 V 4~~--- ov 
tpZL -.I I+- I 

1 1 tPLZ -+j 14-

Il---l-~I- 2.3V 

1 \ 1.2V I VOL+0.3V 
I· I ----- VOL 

tPZH -.l ~PHZ -+i ~ 
1 ~---- VOH ! VOH-0.3V 

1.2 V ___ ....6-____ 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 tdis. 
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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SN74ALVCH162525 
18-BIT REGISTERED BUS TRANSCEIVER 
WITH 3·STATE OUTPUTS 
SCES058 - NOVEMBER 1995 

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

o BV TEST 
S1 

S1 

Open o Open 

1-
5000 

From Output --...---.--"IIIII'v----/ 
Under Test 

tpd 
tPLZ/tpZL BV 

CL=50pF 
(see Note A) T 5000 

LOAD CIRCUIT 

TI~~nu~ ______ ~'"1_.5_V----

r tau·~ th ~ 
I 

2.7 V 

OV 

Data --~:V1.5 V 
Input __ ....J1\ 

~2.7V 
1.5V 

OV 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

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

----'I I· OV 

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

Output !1.5V 1.5V 
_______ J. VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

tPHZItpZH GND 

14--- tw-.l 
1 I~ ___ V 

Input 3 XI..1_.5_V ___ :.: 

Output 
Control 

(low-level 
enabling) 

Output 
Waveform 1 

S1 atBV 
(aeeNoteB) 

Output 
Waveform 2 

S1 atGND 
(see Note B) 

VOLTAGE WAVEFORMS 
PULSE DURATION 

~ I 2.7 V 

l' 1.5V 4_1•5V ___ OV 

tPZL -+I I4-t --.!!..o-
1 1 PLZ 'I roo-

! 1 _.J_~!_ 3V 

I \ 1.5V I VOL+O.3V 
!. ! - --- VOL 
! tPHZ-+! i+ 

tpZH~ 14- ! 
1 i~: -- VOH 

___ ... IL- 1.~V ___ ~H-O.3V OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

NOTES: A. CL includes probe and jig capacHance. 
B. Waveform 1 is for an output with intemal conditions such that the output is low except when dis$led by 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 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 transHion per measurament. 
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 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 

• Package Options Include Plastic 30o-mll 
Shrink Small·Outline (OL) and Thin Shrink 
Small·Outline (OGG) Packages 

description 

This 16-bit registered transceiver is designed for 
2.3-V to 3.6-V Vcc operation. 

The SN74ALVCH16543 can be used as two 8-bit 
transceivers or one 16-bit transceiver. Separate 
latch-enable (LEAB or LEBA) and output-enable 
(OEAB or OEBA) inputs are provided for each 
register to permit independent control in' either 
direction of data flow. 

The A-to-B enable (CEAB) input must be low in 
order to enter data from A or to output data from 
B. If CEAB is low and LEAB is low, the A-to-B 
latches are transparent; a subsequent low-to-high 
transition of LEAB puts the A latches in the 
storage mode. With CEAB and OEAB both low, 
the 3-state B outputs are active and reflect the 
data present at the output of the A latches. Data 
flow from B to A is similar but requires using 
CEBA, LEBA, and OEBA. 

SN74ALVCH16543 
16-BIT REGISTERED TRANSCEIVER 

WITH 3-STATE OUTPUTS 

DGG OR DL PACKAGE 
(TOP VIEW) 

10EAB 10EBA 
lLEAB 1 LEBA 
lCEAB 3 lCEBA 

GND GND 
1Al lBl 
lA2 6 lB2 
Vee Vee 
lA3 lB3 
lA4 9 lB4 
lA5 lB5 

GND 11 GND 
lA6 lB6 
lA7 lB7 
lA8 lB8 
2Al 2Bl 
2A2 2B2 
2A3 2B3 

GND GND 
2A4 2B4 
2A5 2B5 
2A6 2B6 
Vee Vee 
2A7 2B7 
2A8 2B8 

GND GND 
2CEAB 2CEBA 
2LEAB 2LEBA 
20EAB 20EBA 

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 SN74ALVCH16543 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 SN74ALVCH16543 is characterized for operation from -40°C to 85°C. 

EPle and Wldebus are trademarks of Texas Instruments InCOrporated. 

~1ExAs 
INSTRUMENTS 

Copyright @ 1995. Texas Instruments Incorporated 

POST OFFICE BOX 655303 • OALLAS. TEXAS 75265 3-147 

z o 
~ 
::E a: o 
LL. 
Z 
W o 
Z 

~ c « 



» 
C 

~ 
Z 
0 m -Z 

" 0 
::D s:: 
~ 
0 
Z 

SN74ALVCH16543 
16-81T REGISTERED TRANSCEIVER 
WITH 3-STATE OUTPUTS 
SCES025-JULY 1995 

logic symbolt 

10E8A· 
66 

54 
lCE8A 

55 
lLE8A 

1 
10EA8 

3 
lCEA8 

2 
lLEA8 

29 
20EBA 31 
2CE8A 

30 
2LE8A 28 
2OEA8 

26 
2CEA8 

27 
2LEA8 

5 
lAl 

6 
lA2 

8 
lA3 

9 
lA4 

10 
lA5 

12 
lA6 

13 
lA7 

14 
lA8 

15 
2Al 

16 
2A2 

17 
2A3 

19 
2A4 

20 
2A5 

21 
2A6 

2A7 
23 

24 
2A8 

"- lEN3 

" Ql 

" lC5 
"- 2EN4 
"- Q2 
"- 2C6 
"- 7EN9 
"- Q7 
"- 7Cll 
"- 8EN10 
"- G8 

"- 8C12 ., r 

L 
V3 50 

~ 60 4V 

L 
V9 110 

--=-.J 120 10V 

t This symbol Is in accordance with ANSI/IEEE Std 91-1984 and lEe .Publication 617-12. 

~1ExAs 
INSTRUMENTS 

3-148 POST OFFICIO BOX 655303 • DALLAS. TEXAS 75265 

52 

51 

49 

48 

47 

45 

44 

43 
42 

41 

40 

38 

37 

36 

34 

33 

181 

182 

183 

184 

185 

186 

187 

188 
281 

282 

283 

284 

285 

286 

287 

288 



SN74ALVCH16543 
16-BIT REGISTERED TRANSCEIVER 

WITH 3-STATE OUTPUTS 
SCES025-JULYl995 

logic diagram (positive logic) 

1(jEiA 68 

1CEBA 
54 

1 LEBA 
55 

10EAB 

1CEAB 
3 

1LEAB 
2 

1A1 
5 C1 

52 1B1 10 

Z 
C1 0 -10 

!cc 
::E 

v 
I a: 

0 
To Seven Other Channela LL 

20DA 29 Z 
31 W 2CEBA 0 

2LEBA 
30 Z 

20EAB 
28 ~ 
28 C 

2CEAB <C 
2LEAB 

27 

2A1 
15 C1 

42 2B1 10 

C1 

10 

\ 
V 

I 

To Seven Other Channels 
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SN74ALVCH16543 
16-81T REGISTERED TRANSCEIVER 
WITH 3·STATE OUTPUTS 
SCES025-dULY 1995 

CEAB 

H 

X 

L 

L 

L 

FUNCTION TABLEt 
(each B-blt section) 

INPUTS 

LEAB OEAB A 

X X X 

X H X 

H L X 

L L L' 

L L H 

OUTPUT 
B 

Z 

Z 

Bot 

L 

H 

t A-to-B data flow Is shown; B-to-A flow control is the 
same except that H uses CEBA, LEBA, and OEBA. 

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 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 < a or Vo > Vee) ........................................... ±50 mA 
Continuous output current, 10 (Vo = a to Vecl ............................................. ±50 mA 
Continuous current through each Vee or GND ....•...............•....................... ± 1 00 mA 
Maximum power dissipation at TA = 55°C (instill 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 t~e device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicaied 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. 

3-150 

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 ThermalGonsiderationsapplication note in the 1994 ABT Advanced BiGMOS Technology 
Data Book, literature number SCBD002B. 
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SN74ALVCH16543 
16-81T REGISTERED TRANSCEIVER 

WITH 3-STATE OUTPUTS 
SCES025-JULY 1995 

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 voltage 0 Vee V 

Va Output voltage 0 Vee V 

Vee=2.3V -12 

10H High-level output current Vee=2.7V -12 mA 

Vee=3V -24 

VCC=2.3V 12 

10l low-level output current Vee=2.7V 12 mA 

Vee=3V 24 

atlav 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. 

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

PARAMETER TEST CONDITIONS VCCt MIN TYP* 

10H = -100!IA MINto MAX Vee-0.2 

IOH--6mA, VIH=I.7V 2.3V 

VIH = 1.7V 2.3V 
VOH 

IOH--12mA VIH =2V 2.7V 

VIH=2V 3V 

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

10l = 100!IA MIN to MAX 

IOl=6mA, Vll=0.7V 2.3V 

Val Vll=0.7V 2.3V 
10l= 12 mA 

Vil = 0.8 V 2.7V 

IOl=24 mA, Vll=0.8V 3V 

II VI = Vee or GND 3.6V 

VI-0.7V 

VI = 1.7 V 
2.3V 

II(hold) VI = 0.8V 
3V 

VI_2V 

VI = Ot03.6 V 3.6V 

10Z§ Va = Vee or GND 3.6V 

ICC VI • Vee or GND, 10=0 3.6V 

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

ei I eontrol inputs VI = Vee or GND 3.3 V 

eio IAorBports Va = Vee or GND 3.3V 
.. t For conditions shown as MIN or MAX, use the appropriate values under recommended operating conditions . 

* Typical values are measured at Vee = 3.3 V, TA = 25·e. 
§ For I/O ports, the parameter 10Z includes the input leakage current. 

~TEXAS· 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 

2 

1.7 

2.2 

2.4 

2 

45 

-45 

75 

-75 

MAX UNIT 

V 

0.2 

0.4 

0.7 V 

0.4 

0.55 

±5 !IA 

!IA 

±500 

±10 !IA 
40 !IA 

750 !IA 
pF 

pF 
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SN74ALVCH16600 
18·BIT UNIVERSAL BUS TRANSCEIVER 

WITH 3·STATE OUTPUTS 
SCES030 - JULY 1995 

• Member of the Texas Instruments 
W/debus™ Family 

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

• USTTM (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-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-mil 
Shrink Small-Outline (DL) and Thin Shrink 
Sma Ii-Outline (OGG) Packages 

description 

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

The SN74ALVCH 16600 combines Ootype latches 
and Ootype 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) 

OEAB 1 
LEAB 

A1 
GND 4 

A2 
A3 

Vee 
A4 
A5 
A6 

GND 11 
A7 
A8 
A9 

A10 
A11 
A12 

GND 
A13 
A14 
A15 
Vee 
A16 
A17 

GND 

CLKENAB 
CLKAB 
B1 
GND 
B2 
B3 
Vee 
B4 
B5 
B6 
GND 
B7 
B8 
B9 
B10 
B11 
B12 
GND 
B13 
B14 
B15 
Vee 
B16 
B17 
GND 

A18 31 818 
OEBA 30 CD<BA 
LEBA 29 CLKENBA "1...,;;_......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 (OL) 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 SN74ALVCH16600 is characterized for operation from -40°C to 85°C. 

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

Ccpyright 1C11995, Texas Instruments Incorporated 
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SN74ALVCH16600 
18·BIT UNIVERSAL BUS TRANSCEIVER 
WITH 3-STATE OUTPUTS 
SCES030 - JULY 1995 

FUNCTION TABLEt 

INPUTS OUTPUT 

CLKENAB OEAB LEAB CI:KAi3 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: 

H L L X X BO:l: 

L L L ,J, L L 

L L L ,J, H H 

L L L H X BO:l: 

L L L L X BO§ 

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

:I: 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 

logic diagram (positive logic) 

OEAB --=---..0 

CLKENAB ---=.56::..-_..0 

CLKAB 
55 

LEAB 
2 

LEBA 
28 

CLKBA 
30 

CLKENBA 
29 

OEBA 
27 

A1 3 

3-154 

CE 
~----r----------r~r-~-r+-~lD 

H-+--IC1 
CLK 

CE 
1D~~-r--~~----------+---< 
C11--T-+ .. 

CLK 

~------------~V~------------~I 
To 17 Other Channel. 
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SN74ALVCH16600 
18-BIT UNIVERSAL BUS TRANSCEIVER 

WITH 3-STATE OUTPUTS 
SCES030-JULY 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: 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 TA = 55°C (in still air) (see Note 3): DGG package .................. 1 W 

DL package .................. 1.4 W 
Storage temperature range, Tstg .................................................. -65°e 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, reiertothe Package ThermaiConslderationsapplication note Inthe 1994 ABT Advanced BiCMOS Technology 
Data Book, literature number SCBD002B. 

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 voltage V 

VCC =2.7 Vto 3.6 V 2 

VCC =2.3 Vt02.7V 0.7 
Vil low-level Input vottage V 

VCC ~ 2.7Vto 3.6 V 0.8 

VI Input voltage 0 VCC V 

Vo Output voltage 0 VCC V 

VCC- 2.3V -12 

IOH High-level output current VCC=2.7V -12 rnA 

VCC=3V -24 

VCC=2.3V 12 

IOl low-level output current VCC = 2.7 V 12 rnA 

VCC=3V 24 

Atll!N Input transition rise or fall rate 0 10 ns/V 

TA Operating free-air temperature -40 85 ·C 

NOTE 4: Unused control Inputs must be held high or low to prevent them from floating. 
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SN74ALVCH16600 
18-BIT UNIVERSAL BUS TRANSCEIVER 
WITH 3-STATE OUTPUTS 
SCES030-JULY 1995 

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

PARAMETER TEST CONDITIONS VCCt MIN TYP:j: 

IOH--100JJA MINto MAX VCC-0.2 

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

VIH= 1.7V 2.3 V 
VOH 

IOH--12mA VIH-2V 2.7 V 

VIH=2V 3V 

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

10L -100 JJA MINto MAX 

IOL=6mA, VIL=0.7V 2.3 V 

VOL IVIL=0.7V 2.3V 
IOL-12mA 

VIL-0.8V 2.7V 

IOL-24mA, VIL-0.8V 3V 

II VI = VCC or GND 3.6V 

VI =0.7V 

VI=1.7V 
2.3 V 

II(hold) VI =0.8V 
3V 

VI-2V 

VI-Oto3.6V 3.6V 

10Z§ Vo - VCC or GND 3.6V 

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

.t.ICC One Input at VCC - 0.6 V, Other Inputs at VCC or GND 3Vto3.6V 

Ci I Control inputs VI = VCC or GND 3.3V 

Cio I A or B ports Vo = VCC or GND 3.3 V 
.. .. t For conditions shown as MIN or MAX, use the appropnate values under recommended operating conditions . 

:t:Typlcal values are measured at VCC - 3 .. 3 V, TA = 25°C. 
§ For 1/0 ports, the parameter 10Z Includes the input leakage current. 

2 

1.7 

2.2 

2.4 

2 

45 

-45 

75 

-75 

4 

8 

MAX UNIT 

V 

0.2 

0.4 

0.7 V 

. 0.4 

0.55 

±5 JJA 

JJA 

±500 

±10 JJA 

40 JJA 

750 JJA 

pF 

pF 

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

VCC=2.5V 
VCC=2.7V 

VCC=3.3V 
±O.2V ±O.3V UNIT 

MIN MAX MIN MAX MIN MAX 

fclock Clock frequency 0 150 0 150 0 150 MHz 

LEt 3.3 3.3 3.3 
tw Pulse duration 

CLi<t 
ns 

3.3 3.3 3.3 

Data before CLKt 1.3 1.3 1.2 

tsu Setup time 
Data before LE,J" CLKt 1.2 1.1 1.1 

Data before LE,J" C[j{,J, 
ns 

1.8 1.5 1.5 

CLKEN before CLKt 0.7 0.7 0.8 

Data after CLi<t 1.5 1.8 1.5 

Hold time 
Data after LE,J" CIKt 1.6 1.9 1.6 

th ns 
Data after LE,J" CLK,J, 1.2 1.6 1.3 

CLKEN after CLKt 1.4 1.7 1.4 
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INSTRUMENTS 

3-156 POST OFFICE ecx 665303 • DALlAS. TEXAS 75265 



SN74ALVCH16600 
18-BIT UNIVERSAL BUS TRANSCEIVER 

WITH 3-STATE OUTPUTS 
SCES030 - JULY 1995 

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

FROM TO 
VCC=2.5V 

Vcc = 2.7 V 
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 5.7 4.7 1 4 

tpd LEABorLEBA 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 OEAB B 1.1 7.1 6.3 1.1 5.2 ns 

tdis OEAB B 1.7 5.7 4.7 1.2 4.4 ns 

operating characteristics, T A = 25°C 

VCC=2.5V 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, 1.10 MHz pF 
6 6 

~1ExAs 
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SN74ALVCH16600 
18-BIT UNIVERSAL BUS TRANSCEIVER 
WITH 3-STATE OUTPUTS 
SCES030-JULY 1995 

PARAMETER MEASUREMENT INFORMATION 
V CC = 2.5 V ± 0.2 V 

TEST S1 
o 4.6V 

500 0 __ -,S1 ~ 0 Open 
From Output--<re--l---Wv- / 

Under Test ? GND 

CL=50pF...L 15000 1 
tpd 

tpLZ/tpZL. 
tPHzltpZH 

Open 
4.6 V 
GND 

(see Note AI T 
LOAD CIRCUIT 

TI~~nu~ _____ ...J~'I.'-.2-V----
~ tsu·~ th 

~ 
1 

2.3 V 

OV 

Data --~~,.2 V 
Input __ ...J1\ 

~2.3V 
1.2V 

OV 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

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

~ I· I OV 
tpLH 1,..1 J 

I I 14 ~ tpHL. 
I I 
I~-.------~~--VOH 

Output /,.2V 1.2V 
_______ J. VOL 

VOL.TAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

14----- tw ----.! 
I 1,---- V 

Input 3 "'1.2 V :.: 

Output 
Control 

(low-level 
enabling) 

VOLTAGE WAVEFORMS 
PULSE DURATION 

~ I 2.3 V 

l' 1.2V 4_"~V ___ OV 

tPZL.1 r-tpL.Z-+! I+-
O II l ___ -.JI_~I- 2.3 V 

utput ~ 

Wavaform1 I \ 1.2V I VOL+O.3V 
SI at 4.6 V I· I - --- VOL. 

(sae Note B) I t -+J i+ 
tpZH ~ I4-PHZ I 

Output I ~ 
Waveform 2 ! V - - 03 V VOH 

SI atGND ___ ....... <- 1.2V OH-· OV' 
(see Note B) _ _ 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

NOTES: A. CL includes probe and jig capacitance. 

3-158 

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 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 s 10 MHz, Zo = 50 a, 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 
INSTRUMENTS 
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SN74ALVCH16600 
18·BIT UNIVERSAL BUS TRANSCEIVER 

WITH 3-STATE OUTPUTS 
SCES030-JULY 1995 

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

o 6V 

Sl o Open 

rD 

500n 
From Output_ ..... _--._--'\;II/v-----/ 

Under Test 

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

-::-

LOAD CIRCUIT 

TI~~~~ _____ ..J~"'1-.5-V----
2.7 V 

OV 

~ ~ tsu·~ th 

Data --~~. 1.5 V 
Input __ --J1\ 

I 
~2.7V 

1.5V 
OV 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

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

1 I 1 OV 
tPLH ,4 ~I 1 J 14 M tpHL 

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

Output 11.5 V 1.5 V 
________ J. VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

NOTES: A. Cl includes probe and jig capacitance. 

TEST Sl 

tpd Open 

tpLZItPZL 6V 

tPHz/tpZH GND 

14--- tw ----.I 
1 1,--_-

Input 3 }(",1_.5_V __ :.:V 

VOLTAGE WAVEFORMS 
. PULSE DURATION 

Output 
Control 

pow-level 
enabling) 

~ I 2.7 V 

l' 1.5V 4_1.: ___ ov 

tpZL -+: r-tPLZ-.j 14-
1 1 -l 1 

Output ---+ ... .i- -~- 3 V 
Waveform 1 I \ 1.5 V I VOL + 0.3 V 

Sl aUV I· I ----- VOL 
(_NoteB) 1 t ~ ~ 

tpZH ~ I4-PHZ I 
Output 1 ~ - VOH 

Waveform 2 ! V 03V 

(.!!~~:NB~~·~V ___ :'H-. OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

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 w~h 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 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 Oata Inputs Eliminates the 
Need for External Pullup/Pulidown 
Resistors 

• ESO Protection Exceeds 2000 V Per 
MIL-STO-883C, 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 30D-mll 
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 

DGG OR DL PACKAGE 
(TOP VIEW) 

OEAB 
LEAB 

Vee 
A4 
AS 9 
A6 

GND 
A7 
A8 
A9 14 

MO 15 
A11 16 
A12 17 

GND 18 
A13 
A14 
A15 

56 
55 
54 
53 
52 
51 
50 
49 

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

Vee Vee 
A16 B16 
A17 B17 

GND GND 
A18 B18 

OEBA CLKBA 
LEBA CLKENBA 

-,,;;.;.-~ 

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 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 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. 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALlAS. TEXAS 76266 

Copyright \C) 1995. Texas Instruments Incorporated 
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SN74ALVCH16601 
18·BIT UNIVERSAL BUS TRANSCEIVER 
WITH 3-STATE OUTPUTS 
SCES021,.. JULY 1995 

FUNCTION TABLEt 

INPUTS OUTPUT 

CLKEiilAB OEAB LEAB CLKAB A B 

X IH X X X Z 

X L H X L L 

X L H X H H 

H L L X X BO:!: 

H L L X X Bo:!: 

L L L t L L 

L L L t 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, CLKBA, and CLKENBA. 

:!: Output level before the indicated steady-state Input condHlons were 
established 

§ Output level before the indicated steady-state input conditions were 
established, provided that CLKAB was high before LEAB went low 

logic diagram (positive logic) 

OEAB 

CLKENAB 58 

CLKAB 
55 

LEAB 
2 

LEBA 28 

CLKBA 
30 

CLKENBA 29 

OEBA 
27 

A1 3 

3-162 

CE 
~--~----------~~--~-r~1D 

.-+-+--IC1 
CLK 

CE 
1D~~~--~~------~-+---< 

C11--+-+ .. 
CLK 

'~------------~vr-------------J 
To 17 Other Channela 

~1ExAs 
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SN74ALVCH16601 
18-BIT UNIVERSAL BUS TRANSCEIVER 

WITH 3-STATE OUTPUTS 
SCES027 -JULY 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: 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 > 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 pac~age .................. 1 W 

DL package .................. 1.4 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-maxlmum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. The input and output negative-voltage ratings may be excaeded H 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 771ermalConslderationsapplication note inthe 1994 ABT Advanced BiCMOS Technology 
Data Book, literature number SeBD002B. 

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 _2.7Vt03.6V 2 

Vee - 2.3 Vto 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- 2.7V -12 mA 

Vee- 3V -24 

Vee" 2.3 V 12 

IOL Low-level output current Vee- 2.7V 12 mA 

VCC· 3V 24 

I1tll1v Input transition rise or fall rate 0 10 nslV 

TA Opereting free-air temperature -40 85 ·e 

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

~1ExAs 
INSTRUMENTS 
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SN74ALVCH16601 
18-BIT UNIVERSAL BUS TRANSCEIVER 
WITH 3-STATE OUTPUTS 
SCES027 - JULY 1995 

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

PARAMETER TEST CONDITIONS VCCt MIN TYpt 

10H=-100pA MINto MAX VCC-0.2 

IOH=-6mA, VIH=1.7V 2.3V 2 

VIH "" 1.7 V 2.3V 1.7 
VOH 

IOH=-12mA VIH=2V 2.7V 2.2 

VIH -2V 3V 2.4 

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

IOL-l00pA MINto MAX 

IOL=6mA, VIL-0.7V 2.3V 

VOL VIL-0.7V 2.3V 
10)..= 12mA 

VIL-0.8V 2.7V 

IOL-24mA, VIL=0.8V 3V 

II VI - VCC orGND 3.6V 

VI- 0.7 V 45 
2.3 V 

VI- 1.7V -45 

II(hold) VI·0.8V 

VI_2V 
3V 

VI-Oto3.6V 3.6V 

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 3Vto3.6V 

Ci I Control inputs VI_ VCC or GND 3.3V 

Cio I A or B ports Vo - VCC or GND 3.3V 
.. .. t For conditions shown as MIN or MAX, use the appropnate values under recommended operating conditions . 

:I: Typical values are measured at VCC = 3.3 V, TA _ 25°C. 
§ For 1/0 ports, the parameter 10Z includes the input leakage current. 

75 

-75 

4 

8 

MAX UNIT 

V 

0.2 

0.4 

0.7 V 

0.4 

0.55 

±5 pA 

pA 

±500 

±10 pA 

40 pA 

750 pA 

pF 

pF 

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

VCC=2.5V 
VCe=2.7V 

Vee = 3.3 V 
±O.2V ±O.3V UNIT 

MIN MAX MIN MAX MIN MAX 

fclock Clock frequency 0 150 0 150 0 150 MHz 

LEi 3.3 3.3 3.3 
tw Pulse duration ns 

CLI< high or low 3.3 3.3 3.3 

Data belore CLKi 2.3 2.4 2.1 

tsu Setup time 
Data before LEJ" CLKi 2 1.6 1.6 

Data before LEJ" CLKJ, 
ns 

1.3 1.2 1.1 

, CLKEN before CLKi 2 2 1.7 

Data after CLKi 0.7 0.7 0.8 

th Hold time 
Data after LEJ" CLKi 1.3 1.6 1.4 

Data after LEJ" CLKJ, 
ns 

1.7 2 1.7 

CLKEN after CLKi 0.3 0.5 0.6 

~1ExAs 
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SN74ALVCH16601 
18-81T UNIVERSAL BUS TRANSCEIVER 

, '. WITH ~STATE OUTPUTS 
SCES027 ...; JULY 1 eII6 

switching characteristics over recommended ra. nges Qf supply vOltare and operating free-air 
temperature, CL = 50 pF (unless otherwise noted) (see Figures 1 and 2 . 

" Vec: =2AV VCC=3.3V 
PARAMETER 

FROM TO ± 0.11 V 
Vcc= 2.7 V ±D.3V UNIT (INPUT) (OUTPUT) 

MIN MAX MIN MAl;(. MIN MAX 

fmax 160 160 160 MHz 

AorB BorA .' 1.3. 4.9 4.6 4.1 

tpel [EABorLEBA AorB 1.2 6.6 6.3 4.7 ns 

CLKAB or CLKBA AorB 1.7 6.2 6.,8 6 

ten l:5EAB or 0E'eA BorA 1.2 6.1 8.1 6.2 ns' 

Iells OEABorOEBA BorA 2.1 6.4 4.8 . 4.4. n8 

operating characteristics, TA = 25°C 

Vcc= 2.5 V VCC=UV 
PARAMETER TEST CONDITIONS ±0,2V ±O.3V UNIT 

TYP TYP 

I Outputs enabled 
CL-50pF, 

41 62 
CpeI Power dissipation capacitance I Outputs disabled 

f-10MHz • 6 6 
pF 

~1ExAs 
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SN74ALVCH16601 
18·BIT UNIVERSAL BUS TRANSCEIVER 
WITH 3·STATE OUTPUTS 
SCES027 - JULY 1995 

PARAMETER MEASUREMENT INFORMATION 
VCC=2.SV ± 0.2 V 

o 4.6V 
TEST 

S1 
S1 

6000 
From Output-..... ----4.---'IMr-----.J 

Under Test 

o Open 

l~ 
tpd 

tPLZltpZL 
tpHzitpZH 

Open 
4.6 V 
GND 

CL=60pF -L 
(see Note A) T 6000 

LOAD CIRCUIT 

Timing ______ "'X, 1.2 V Input , 'I.. ____ _ 

:4 tsu.~ th .: 

2.SV 

OV 

--""\ I "-'---~I 2.SV 
Date 'V,/1.2 V 2 V 

Input 7\ 1. 
OV 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

Input L 1.2V \~2-;--- 2.SV 

---II , . OV 

tPLH '14 .I, 'J '4 .. tPHL , , 
',.----~~-- VOH 

Output 11.2 V 1.2 V 
_______ J, VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

14--- tw -----+I , , 
Input 3 X"1-.2-V---

2.SV 

OV 

VOLTAGE WAVEFORMS 
PULSE DURATION 

Output 
Control 

(low-level 
enabling) 

~ I 2.SV 

~ 1.2V 4_1.:.:' ___ ov 

tPZL --.! I4-t .....! LL-
I I PLZ"I roo-

Output Il-_-l-~I- 2.SV 

Waveform 1 I \ 1.2 V I VOL + 0.3 V 
S1 at 4.6 V I· I - --- VOL 

(see Note B) I tPHZ -+! I,.-
tPZH ~ 14-- I 

Output I ~ 
Waveform 2 f V -o-svVOH 

(.!!~~:N~ _____ .... <- 1.~V__ :H-' OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

NOTES: A. CL Includes probe and jig capacitance. 
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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, 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 es !dis. 
F. tpZL and tpZH are the same es len. 
G. tPLH and tPHL are the same as tpd. \ 

Figure 1. Load Circuit and VOlta~e Waveforms 

\\ 
\ 
\ 
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SN74ALVCH16601 
18-BIT UNIVERSAL BUS TRANSCEIVER 

WITH 3-STATE OUTPUTS 
SCES027 - JULY 1995 

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

o 6V 

S1 o Open 

IGND 

soon 
From Output -_.--4t---J<I/V\,------/ 

Under Test 

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

-= 
LOAD CIRCUIT 

2.7 V 

TI~~nu~ ______ ~""1-.S-V----
OV 

~ 14 tsu·~ th 

Data ---~1.5V 
Input 1\ 

I 
~2.7V 

1.SV 
OV 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

Input ~ 1.SV \ ~s-;--- 2.7 V 

1 .1 I 1 OV 
tPLH 14 ~I .J 14 Pi tPHL 

1 1 
1 ~----"'~rl VOH 

Output !1.SV 1.SV ____ J. VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

NOTES: A. CL includes probe and Jig capacitance. 

TEST S1 

tpd Open 

tPLZltpZL 6V 

tPHz/tpZH GND 

I4--tw~ 
1 1,-__ 

Input 3 :K",,1_.S_V __ 

VOLTAGE WAVEFORMS 
PULSE DURATION 

2.7 V 

OV 

Output 
Control 

(low-level 
enabling) 

~ I 2.7V 

. ~ 1.SV 4_1
.: ___ ov 

tpZL 1 r-tPLZ-+! 14-

Output ---+I~irt-I __ --1_~I- 3V 

Waveform 1 I \ 1.SV I VOL+O.3V 
S1at6V I· 1- -- VOL 

(see Note B) I . tPHZ -+I I+-
tPZH ~ I+- I 

Output 
Waveform 2 

S1 atGND 
(see Note B) 

1 t-V':--- VOH 

___ .... IL. 1.~V ___ ~H-O.3V OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

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 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 len. 
G. tpLH and tpHL are the same as tpd. 

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 
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, 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·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-mil 
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. 

OGa OR OL PACKAGE 
(TOP VIEW) 

OEAB 
LEAB 

A1 
GND 

A2 
A3 

Vee 
A4 
A5 
A6 

GND 
A7 
A8 
A9 

A10 
A11 
A12 

GND 
A13 
A14 
A15 
Vee 
A16 
A17 

GND 

1 

4 

9 

11 

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

34 B16 
33 B17 
32 GND 

A18 31 B18 
OEBA 30 CLKBA 
LEBA 29 CLKENBA """L-__ ..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, 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. 

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

Copyright II) 1995, Texas Instruments Incorporated 
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SN74ALVCH162601 
18-BIT UNIVERSAL BUS TRANSCEIVER 
WITH 3-STATE OUTPUTS 
SCES026-JULY1995 

description (continued) 

3-170 

The SN74ALVCH162601 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 SN74ALVCH162601 is characterized for operation from -40·C to 85·C. 

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: 

H L L X X BO:l: 

L L L i L L 

L L L i H H 

L L L L X Bo:l: 

L L L H X BO§ 

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

:I: 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 is low before LEAB goes low 
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SN74ALVCH162601 
18-BIT UNIVERSAL BUS TRANSCEIVER 

WITH 3-STATE OUTPUTS 
SCES026-JULYl995 

logic diagram (positive logic) 

OEAB 

CLKENAB 56 

ClKAB 65 

lEAB 2 

lEBA 28 

ClKBA 
30 

ClKENBA 29 

OEBA 
27 

Ai 3 
CE 

>---~--~--~~r__r++_iiD 

~+-ICi 

CLK 

>--+-=54~ 81 

CE 
1Dr-rr+_-+++--------+_~ 

Ci t-t--r-. 
ClK 

~----------~vr----------~ 
To 17 Other Channels 
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SN74ALVCH162601 
18-BIT UNIVERSAL BUS TRANSCEIVER 
WITH 3-STATE OUTPUTS 
SCES026-JULY 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: 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 > 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 TA = 55°C (in still air) (see Note 3): DGG package .................. 1 W 

DL package .................. 1.4 W 
Storage temperature range, T8tg .................................................. -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 H 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 ThermalConsiderationsapplication note in the 1994 ABT Advanced BiCMOS Technology 
Data Book, literature number SC9D0029. 

recommended operating conditions (see Note 4) 

Vce Supply voltage 

VCC - 2.7Vto 3.6 V 
VIH High-level Input voltage 

Vee - 2.3 V to 2.7 V 

VCC-2.7Vt03.6 V 
VIL Low-level input voltage 

VCC - 2.3 V 102.7 V 

VI Input voltage 

Vo Output voltage 

VCC=2.3V 

IOH High-level output current (A port) VCC=2.7V 

VCC-3V 

Vee=2.3V 

IOL Low-level output currant (A port) VCC-2.7V 

Vec-3V 

VCC-2.3V 

IOH High-Ieval output current (9 port) VCC-2.7V 

VCC=3V 

VCC = 2.3 V 

IOL Low-level output current (9 port) Vee=2.7V 

VCC-3V 
At/l!..v Input transition rise or fall rate 

TA Operating frae-air temperature 

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

3-172 

~1ExAS 
INSTRUMENTS 

POST OFFICE BOX 855303 • DALLAS, TEXAS 75285 

MIN MAX UNIT 

2.3 3.6 V 

2 
V 

1.7 

0.8 
V 

0.7 

0 VCC V 

0 VCC V 

-12 

-12 mA 

-24 

12 

12 mA 

24 

-6 

-8 mA 

-12 

6 

8 mA 

12 

0 10 ns/V 

-40 85 ·C 



SN74ALVCH162601 
18-BIT UNIVERSAL BUS TRANSCEIVER 

WITH 3-STATE OUTPUTS 
SCES026 - JULY 1995 

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

PARAMETER TEST CONDITIONS VCCt MIN TYP:j: 

IOH--100JJA MINto MAX Vee-0.2 

IOH--4mA, VIH -1.7V 2.3V 1.9 

VIH-1.7V 2.3 V 1.7 
VOH (Bport) 10H--BmA 

VIH -2V 3V 2.4 

10H--BmA, VIH-2V 2.7V 2 

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

IOH--100JJA MINto MAX Vee-0.2 

10H--BmA, VIH _1.7V 2.3V 2 

VIH-1.7V 2.3V 1.7 
VOH (Aport) 

IOH--12mA VIH-2V 2.7V 2.2 

VIH-2V 3V 2.4 

IOH--24mA, VIH-2V 'JV 2 

IOL-100 JJA MIN to MAX 

IOL-4mA, VIL-0.7V 2.3V 

VIL-0.7V 2.3 V 
VOL (B port) 10L-BmA 

VIL-0.8V 3V 

10L-BmA, VIL-O.BV 2.7V 

IOL-12mA, VIL=O.BV 3V 

10L -100 JJA MINto MAX 

10L-BmA, VIL-0.7V 2.3V 

VOL (A port) VIL-0.7V 2.3V 
IOL-12mA 

VIL-O.BV 2.7 V 

IOL-24mA, VIL-0.8V 3V 

II VI- Vee or GND 3.BV 

VI- 0.7 V 45 
2.3V 

VI-1.7V -45 

II (hold) VI-O.BV 75 
3V 

VI-2V -75 

VI-Oto3.BV 3.BV 

10Z§ Vo - Vee or GND 3.BV 

ICC VI - Vee or GND, 10- 0 3.BV 

Alce One input at Vce - O.B V, Other inputs at VCC or GND 3 V to 3.B V 

Ci I Control inputs VI- Vec or GND 3.3V 

Cio I A or B ports Vo - VCC or GND 3.3 V 
.. t For condttlons shown as MIN or MAX, use the appropriate values under recommended operating conditions • 

:j: All typical values are measured at Vee - 3.3 V, TA - 25°C; 
§ For 1/0 ports, the parameter 10Z includes the input leakage current. 
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4 

8 

MAX UNIT 

V 

V 

0.2 

0.4 

0.55 
V 

0.55 

O.B 

0.8 

0.2 

0.4 

0.7 V 

0.4 

0.55 

±5 JJA 

JJA 

±500 

±10 JJA 
40 JJA 

750 JJA 
pF 

pF 
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SN74ALVCH162601 
18-BIT UNIVERSAL BUS TRANSCEIVER 
WITH 3-STATE OUTPUTS 
SCES026-JULY 1995 

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 = 3.3 V 

±O.2V ±O.3V UNIT 
MIN MAX MIN MAX MIN MAX 

fclock Clock frequency 0 140 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 high 2.3 2.4 2.1 

Data before lE low, ClK high 2 1.6 1.6 
Isu Setup time ns 

Data before lE low, ClK low 1.3 1.2 1.1 

ClKEN before CLK high 2 2 1.7 

Data after ClK high 0.7 0.7 0.8 

Data after lE low, ClK high 1.3 1.6 1.4 
th Hold time ns 

Data after lE low, ClK low 1.7 2 1.7 

ClKEN after ClK high 0.3 0.5 0.6 

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 

Vee=2.7V 
Vee=3.3V 

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

fmax 140 150 150 MHz 

led A B 1.8 5.4 5.2 1.6 4.5 ns 

ted B A 1.3 4.9 4.6 1 4.1 ns 

ipd lEAB B 1.5 6.1 5.9 1.5 5.1 ns 

led lEBA A 1.4 5.6 5.3 1 4.7 ns 

ipd ClKAB B 2 . 6.7 6.3 1.6 5.5 ns 

ipd ClKBA A 1.8 6.2 5.8 1.4 5 ns 

len OEAB B 1.7 6.6 6.7 1.6 5.7 ns 

!dis OEAB B 2.5 5.9 5.3 1.8 4.8 ns 

len OEBA A 1.2 6 6.1 1.1 5.2 ns 

!dis OEBA A 2.1 5.4 4.8 1.6 4.4 ns 

operating characteristics, T A = 25°C 

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

TYP TYP 

Cpd Power diSSipation capacitance 
I Outputs enabled 

Cl-50pF, f.10MHz 
41 50 

I Outputs disabled 6 6 
pF 
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SN74ALVCH162601 
18·BIT UNIVERSAL BUS TRANSCEIVER 

WITH 3·STATE OUTPUTS 
SCES026 - JULY 1995 

PARAMETER MEASUREMENT INFORMATION 
V CC = 2.5 V ± 0.2 V 

o 4.6V TEST 
S1 o Open 

r~ 
5000 

From Output-..... ----4~--'Wv----./ 
tpd 

tPLZItPZL 
Under Test 

tpHzltpZH 
CL=50pF 

(see Note A) T SOOO 

S1 

Open 
4.6 V 
GND 

LOAD CIRCUIT 14--- tw --+I 

2.3 V 

I 1,.....--

Input 3 }(",1_.2_V __ :.: V 

OV 

~ 
I £ 2.3 V 

1.2V 
OV 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

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

----" I· OV 
tpLH II.. ~I I J 14 .. tpHL 

Output 
Control 

(Iow·level 
enabling) 

Output 
Waveform 1 

S1 at 4.6 V 
(see Note B) 

VOLTAGE WAVEFORMS 
PULSE DURATION 

~ .. Y lOY 
tpZL ~ I4-t -J 

I I PLZ"I 

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

~PHZ~ 

VOL+0.3V 

2.3 V 

OV 

2.3V 

VOL 

I I 
I ,.----~~ VOH 

Output 
Waveform 2 

S1 atGND 
(see Note B) 

Ir-----~ VOH 
VOH-0.3V 

Output 11.2 V 1.2 V ____ J, VOL OV 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

NOTES: A. CL includes probe and Jig capacHance. 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

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 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 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 idis' 
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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SN74ALVCH162601 
18·BIT UNIVERSAL BUS TRANSCEIVER 
WITH 3·STATE OUTPUTS 
SCES026-JULY 1995 

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

Sl 5000 
From Output ...,---il>---.---JV\I\r----/ 

Under Test 

CL = 50 pF 
(see Note A) T 5000 

LOAD CIRCUIT 

~ 
I 

o 6V 

o Open 

r' 
-=-

2.7V 

OV 

2.7 V 

TEST Sl 

tpd Open 

tPLZ/tpZL 6V 
tPHZ/tpZH GND 

14-- tw--.l 
I . I 

Input 3 y(r1-.5-V--

VOLTAGE WAVEFORMS 
PULSE DURATION 

2.7 V 

OV 

~ 
~OV 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

Output 
Control 

(low-level 
enebllng) 

~ I 2.7 V 

~ 1.5V 4~:--- OV 

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

--1'1 I . OV 

tpLH 114 .11 I J 
loll Pi tPHL 

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

Output !1.5V 1.5V 
----..... VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

Output 
Waveform 1 

Sl at 6 V 
(see Note B) 

tpZL --.! 14- 1 
1 1 tPLZ-+j 

_--;1...,.1 1 
1 
1 I 

1 

1 

tpZH~ 
tpHZ~ 

I+-

3V 

VOL +0.3V 
VOL 

Output 
Waveform 2 

Sl at GND 

1,..._--+ VOH 
VOH-0.3V 

(see Note B) ___ oJ 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

OV 

NOTES: A. CL includes probe and jig capacitance. 
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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 2. Load Circuit and Voltage Waveforms 
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SN74ALVCH16646 
16·BIT BUS TRANSCEIVER AND REGISTER 

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/Pulidown 
Resistors 

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

description 

This 16-bit bus transceiver and register is 
designed for 2.3-V to 3.6-V VCC operation. 

The SN74ALVCH16646 can be used as two 8-bit 
transceivers or one 16-bit transceiver. Data on the 
A or 8 bus is clocked into the registers on the 
low-to-high transition of the appropriate clock 
(CLKA8 or CLK8A) input. Figure 1 illustrates the 
four fundamental bus-management functions that 
can be performed with the SN74ALVCH16646. 

Output-enable (OE) and direction-control (DIR) 
inputs are provided to control the transceiver 
functions. In the transceiver mode, data present at 
the high-impedance port may be stored in either 
register or in both. The select-control (SA8 and 
S8A) inputs can multiplex stored and real-time 
(transparent mode) data. The circuitry used for 
select control eliminates the typical decoding 
glitch that occurs in a multiplexer during the 
transition between stored and real-time data. 

DGG OR DL PACKAGE 
(TOP VIEW) 

lDIR 
lCLKA8 

lSA8 3 

GND 
lAl 
lA2 6 

lA6 
lA7 
lA8 
2Al 
2A2 
2A3 

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

GND 
2SA8 

2CLKA8 

10E 
lCLK8A 
1S8A 
GND 
181 
182 
Vee 
183 
184 
185 
GND 
186 
187 
188 
281 
282 
283 
GND 
284 
285 
286 
Vee 
287 
288 
GND 
2S8A 
2CLK8A 

2DIR 20E 
........ _--T 

DIR determines which bus receives data when OE is low. In the isolation mode (OE high), A data may be stored 
in one register andlor 8 data may be stored in the other register. 

When an output function is disabled, the input function is still enabled and may be used to store and transmit 
data. Only one of the two buses, A or 8, can be driven at a time. 

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 SN74ALVCH16646 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 SN74ALVCH16646 is characterized for operation from -40°C to 85°C. 

EPle and Widebus are trademarks of Texas Instruments Incorporated. 
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SN74ALVCH16646 
16·81T BUS TRANSCEIVER AND REGISTER~ 
WITH 3·STATE OUTPUTS 
SCES032-JULY 1995 

FUNCTION TABLE 

INPUts DATAI/O. 
OE DIR CLKAB CLKBA SAB SBA A1-A8 B1-B8 

X X i X X X Input Unspecilledt 

X X X i X X ' Unspecifiedt Input 

H X i i X X Input Input 

H X HorL HorL X X Input disabled Input disabled 

L L X X X L Output Input 

L L X H orL X H Output Input 

L H X X L X Input Output 

L H HorL X H X Input Output 

OPERATION OR FUNCTION 

Store A, B unspecifiedt 

Store B, A unspeciliedt 

Store A and B data 

Isolation, hold storage 

Real-time B data to A bus 

Stored B data to A bus 

Real-tim. A data to B bus 

Stored A data to B bus 

t The data output functions may be enabled or disabled by vanous Signals at the OE and DIR Inputs. Data Input functions are always enabled; 
i.e., data at the bus pins is stored on every low-to-high transition of the clock inputs. 
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OE 
L 

OE 
X 
X 
H 

DIR CLKAB CLKBA SAB 
L x x x 

REAL~TIME TRANSFER 
BUSBTOBUSA 

'---y--I 
DIR CLKAB CLKBA SAB 
X i X X 
X X i X 
X i i X 

STORAGE FROM 
A, B, OR A AND B 

SBA 
L 

SBA 
X-
X 
X 

SN74ALVCH16646 
16-BIT BUS TRANSCEIVER AND REGISTER 

WITH 3-STATE OUTPUTS 

OE 
L 

OE 
L 
L 

SCES032-JULYl995 

DIR CLKAB CLKBA SAB 
H X X L 

REAL·TIME TRANSFER 
BUSATO BUS B 

'---y--I 

ED 

! 
ED 

DIR CLKAB CLKBA SAB 
L X H orL X 
H H orL X H 

TRANSFER STORED DATA 
TOAAND/ORB 

SBA 
X 

SBA 
H 
X 

Figure 1. Bus-Management Functions 
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SN74ALVCH16646 
16·BIT BUS TRANSCEIVER AND REGISTER 
WITHa;.STATE OUTPUTS 
SCES032-JULY 1995 

logic symbolt 

10E 
58 " G3 

10lR 

1CLKBA 

1 
" L 

3EN1 [BA] 

55 
3 EN2[AB] 

C4 
54 

iSBA G5 
2 

1CLKAB C8 
3 

1SAB G7 

20E 
29 " G10 

20lR 

2CLKBA 

28 
" L 

10EN8[BA] 

30 
10 EN9[AB] 

C11 
31 

2SBA G12 
27 

2CLKAB C13 
28 

2SAB G14 ., 
f 

1A1 
5 :!:1 5 40 

---.J Vi 51 

r- 60 7 :!:1 
2V 

1 7 
6 

1A2 

1A3 
8 

9 
1A4 

10 
1A5 

12 
1A8 

13 
1A7 

14 
1A8 

2A1 
15 :!:1 12 110 

W V8 12 1 

r- 130 14 :!:1 
9V 

1 14 
16 

2A2 
17 

2A3 

2A4 
19 

20 
2A5 

21 
2A8 

2A7 
23 

24 
2A8 

tThis symbol Is In accordance with ANSI/IEEE Std 91-1984 and lEO Publication 617-12. 
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52 

51 

49 

48 

47 

45 

44 

43' 

42 

41 

40 

38 

37 

36 

34 

33 

1B1 

1B2 

1B3 

1B4 

1B5 

1B6 

1B7 

1B8 

2B1 

2B2 

2B3 

2B4 

2B5 

2B6 

2B7 

2B8 



SN74ALVCH16646 
16·BIT BUS TRANSCEIVER AND REGISTER 

WITH 3·STATE OUTPUTS 
SCES032-JULY 1995 

logic diagram (positive logic) 

1DIR ----+-""----J 
1CLKBA -=----+-------~ >--------1--1 

1SBA ....::...:.----+....-t >-<~------, 

1CLKAB 

1SAB ---+t....-t >1~----, 

1A1--+-r+t~ 

, 
I 

<t--+-+-+~ I I 
I 
I 

t-f-~ ....... ....;;5=2 1B1 
I 
I 
I 
I 
I 

oJ 

~------------~v~------------~ 
To Seven Other Channels 

2DIR ----+-""'---J 
2CLKBA -=----+---------1 >--------1--1 

2SBA ....;:..:.----+....-t >1~-----, 

2CLKAB 

2SAB -=..:.--+t....-t '">-<~---..., 

One of Eight Channels 

2A1 _1:,;:;5-+""';'-1-1'" 
t-f--+--! ......... _4=2 2B1 

~------------~v~--------------~ 
To Seven Other Channels 
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SN74ALVCH16646 
16-BIT BUS TRANSCEIVER AND REGISTER 
WITH 3-STATE OUTPUTS 
SCES032-JULY 1995 

absolute maximum ratings over operati'ng free-air temperature range (unless otherwise noted)* 

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 > 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 

:j: Str~sses 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 inthe 1994 ABT Advanced BiCMOS Technology 
Data Book, literature number SCBD002B. 

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-2.7Vt03.6 V 2 

VCC -2.3 Vt02.7V 0.7 
VIL Low-level input voltage V 

VCC=2.7Vt03;6 V 0.8 

VI Input voltage 0 VCC V 

Vo Output voltage 0 VCC V 

VCC-2.3V -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=2.7V 12 mA 

VCC-3V 24 

At/Av I nput transition rise or fall rate 0 10 ns/V 

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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SN74ALVCH16646 
16-BIT BUS TRANSCEIVER AND REGISTER 

WITH 3-STATE OUTPUTS 
SCES032-JULY 1995 

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

PARAMETER TEST CONDITIONS VCCt MIN TYP* 

10H = -100 I1A MINto MAX Vee-0.2 

10H",-SmA, VIH = 1.7V 2.3V 

VIH=1.7V 2.3V 
VOH 

10H =-12mA VIH _2V 2.7V 

VIH =2V 3V 

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

10L - 100 I1A MINto MAX 

10L=SmA, VIL-0.7V 2.3V 

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

VIL = 0.8 V 2.7V 

IOL=24mA, VIL m O.8V 3V 

II VI = Vee or GND 3.SV 

VI- 0.7V 

VI=1.7V 
2.3V 

II(hold) VI-0.8V 
3V 

VI=2V 

VI =Oto3.SV 3.SV 

loz§ Vo = Vee or GND 3.SV 

ICC VI - Vee or GND, 10- 0 3.SV 

.6.lee One input at Vee - O.S V, Other inputs at Vee or GND 3Vto3.SV 

ei I Control inputs VI = Vee or GND 3.3V 

eio IAorBports Vo = Vee or GND 3.3V 
.. .. t For conditions shown as MIN or MAX, use the appropnate values under recommended operating conditions . 

* Typical values are measured ilt Vee = 3.3 V, TA _ 25°C. 
§ For 1/0 ports, the parameter 10Z includes the Input leakage current. 
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2.4 
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45 

-45 

75 
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MAX UNIT 

V 

0.2 

0.4 

0.7 V 

0.4 

0.55 

±5 I1A 

I1A 

±500 

±10 I1A 
40 I1A 

750 I1A 
pF 

pF 
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SN74ALVCH16652 
16·BIT BUS TRANSCEIVER AND REGISTER 

WITH 3·STATE OUTPUTS 

• 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 

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

description 

This 16-bit bus transceiver and register is 
designed for 2.3-V to 3.6-V VCC operation. 

The SN74ALVCH16652 consists of D-type 
flip-flops and control circuitry arranged for 
multiplexed transmission of data directly from the 
data bus or from the internal storage registers. 
The device can be used as two 8-bit transceivers 
or one 16-bit transceiver. 

Complementary output-enable (OEAB and 
OEBA) inputs are provided to control the 
transceiver functions. Select-control (SAB and 
SBA) inputs are provided to select whether 
real-time or stored data is transferred. A low input 
level selects real-time data, and a high input level 
selects stored data. The circuitry used for select 
control eliminates the typical decoding glitch that 
occurs in a multiplexer during the transition· 
between stored and real-time data, Figure 1 
illustrates the four fundamental bus-management 
functions that can be performed with the 
SN74ALVCH16652. 

DGG OR DL PACKAGE 
(TOP VIEW) 

10EA8 1 10E8A 
1CLKA8 1CLK8A 

1SA8 1S8A 
GND 4 GND 

1A1 52 181 
1A2 51 182 
Vee 50 Vee 
1A3 49 183 
1A4 9 48 184 
1A5 47 185 

GND 11 GND 
1A6 186 
1A7 187 
1A8 188 
2A1 281 
2A2 282 
2A3 283 

GND GND 
2A4 284 
2A5 285 
2A6 286 
Vee Vee 
2A7 287 
2A8 288 

GND GND 
2SA8 2S8A 

2CLKA8 2CLK8A 
20EA8 20E8A 

Data on the A or B bus, or both, can be stored in the internal D flip-flops by low-to-high transitions at the 
appropriate clock (CLKAB or CLKBA) inputs regardless of the levels on the select-control or output-enable 
inputs. When SAB and SBA are in the real-time transfer mode, it also is possible to store data without using the 
internal D-type flip-flops by simultaneously enabling OEAB and OEBA. In this configuration, each output 
reinforces its input. Thus, when all other data sources to the two sets of bus line are in the high-impedance state, 
each set of bus lines remains at its last level configuration. 

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

To ensure the high-impedance state during power up or power down, OEBA should be tied to VCC through a 
pull up 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. 

The SN74ALVCH16652 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 SN74ALVCH16652 is characterized for operation from -40°C to 85°C. 

EPle and Widebus are trademarks of Texas Instruments Incorporated. 
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SN74ALVCH16652 
16·BIT BUS TRANSCEIVER AND REGISTER 
WITH 3·STATE OUTPUTS 
SCES034-JULY 1995 

FUNCTION TABLE 

INPUTS DATAI/Ot 

OEAB OEBA CLKAB CLKBA SAB SBA A1-A8 B1-B8 

L H HorL H orL X X Input Input 

L H l' l' X X Input Input 

X H l' HorL X X Input Unspecified:!: 

H H l' l' X:!: X Input Output 

L X H orL l' X X Unspecified:!: Input 

L L l' l' X X:!: Output Input 

L L X X X L Output Input' 

L L X H orL X H Output Input 

H H X X L X Input Output 

H H HorL X H X Input Output 

H L HorL H orL H H Output Output 

OPERATION OR FUNCTION 

Isolation 

Store A and B data 

Store A, hold B 

Store A in both registers 

Hold A, store B 

Store B in both registers 

Real-time B data to A bus 

Stored B data to A bus 

Real-time A dat,a to B bus 

Stored A data to B bus 

Stored A data to B bus, and 
stored B data to A bus 

t The data output functions may be enabled or disabled by a variety of level combinations at the OEAB or OEBA Inputs. Data Input functions are 
always enabled; i.e., data at the bus pins is stored on every low-to-high transition of the clock inputs. 

:!: Select control = L; clocks can occur simultaneously 
Select control- H; clocks must be ~aggered In order to load both registers 

~1ExAs 
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'--..,--J 
OEAB OEBA CLKAB CLKBA SAB SBA 

L L X X X L 

REAL·TIME TRANSFER 
BUSBTOBUSA 

'--..,--J 
OEAB OEBA CLKAB CLKBA SAB SBA 

X H t X X X 
L X X t X X 
L H t t X X 

STORAGE FROM 
A, B, ORAAND B 

SN74ALVCH16652 
16·BIT BUS TRANSCEIVER AND REGISTER 

WITH 3-STATE OUTPUTS 
SCES034-JULY 1995 

OEAB OEBA CLKAB CLKBA SAB SBA 
H H X X L X 

REAL· TIME TRANSFER 
BUSATOBUSB 

'--..,--J 
OEAB OEBA CLKAB CLKBA SAB SBA 

H L HorL HorL H H 

TRANSFER STORED DATA 
TOAAND/ORB 

Figure 1. Bus·Management Functions 
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SN74ALVCH16652 
16·BIT BUS TRANSCEIVER AND REGISTER 
WITH 3·STATE OUTPUTS 
SCES034-JULY 1995 

logic symbolt 

10EBA 58 ,.... 

1 
EN1 [BA] 

10EAB 
55 

EN2[AB] 
1CLKBA C3 

iSBA 
54 

04 
2 

1CLKAB C5 

1SAB 
3 

08 
20EBA 29 ,.... 

28 
EN7[BA] 

20EAB 
30 

EN8[AB] 

2CLKBA C9 
31 

2SBA 
27 

010 
2CLKAB C11 

28 
2SAB 012 , I'" 

1A1 
5 ~1 4 3D 

U Vi 
4 1 

U 50 8 '~1 
2V f---

8 
1 8 

1A2 
8 

1A3 
9 

1A4 
10 

1A5 
12 

1A8 

1A7 
13 

14 
1A8 

2A1 
~1 15 10 90 

-.l V7 
10 1 

--L 
110 12 ~1 

8V -
1 12 

18 
2A2 

17 
2A3 

19 
2A4 

20 
2A5 

21 
2A8 

23 
2A7 

24 
2A8 

t This symbol is in accordance wHh ANSI/IEEE Std 91-1984 and lEe Publication 617-12. 
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52 

51 

49 

48 

47 

45 

44 

43 

42 

41 

40 

38 

37 

38 

34 

33 

1B1 

1B2 

1B3 

1B4 

1B5 

1B8 

1B7 

1B8 

2B1 

2B2 

2B3 

2B4 

2B5 

2B8 

2B7 

2B8 



SN74ALVCH16652 
16·BIT BUS TRANSCEIVER AND REGISTER 

WITH 3-STATE OUTPUTS 
SCES034-JULY 1995 

logic diagram (positive logic) 

10EAB 

1CLKBA-='------i--------i >-------i-1 
iSBA ....:...:-----i.....-t >-OP--------, 

1CLKAB 

1SAB -=----t-l.....-t ~~-----, 

t++-t ....... ....::5::.,.2 1 B1 

~------------_,v~--------------~ 
To Seven Other Channels 

20EAB 

2CLKBA-='------i--------i >-------i-1 
2SBA ....:...:-----i.....-t >-OP--------, 

2CLKAB 

2SAB -='----t-l.....-t ~I-------, 

t++-t ....... ....:42=- 2B1 

~------------_,v~----------~~ 
To Seven Other Channela 

~1ExAs 
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SN74ALVCH16652 
16-BIT BUS TRANSCEIVER AND REGISTER 
WITH 3-STATE OUTPUTS 
SCES034-JULY 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: 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 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 
funciional 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 H 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 ajunction temperature of 150·e and a board trace length of 750 mils. 

For more information, refer to the Package Thermal Considerationsapplication note in the 1994 ABT Advanced BiCMOS Technology 
"tJ Data Book, IRerature number SeBD002B. 

:D o recommended operating conditions (see Note 4) 

C 
c: o 
-t 
"tJ 
:D m 
< -m 
== 

Vee Supply voltage 

Vee -2.3 Vt02.7V 
VIH High-level Input voltage 

Vee =2.7Vt03.6 V 

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

Vee-2.7Vt03.6 V 

VI Input vottage 

Vo Output voltage 

Vee = 2.3 V 

IOH High-level output current Vee- 2.7V 

Vee- 3V 

Vee- 2•3V 

IOL Low-level output current Vee- 2.7V 

Vee- 3V 
AtlAv 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. 

3-190 
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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 ns/V 

-40 85 ·e 



SN74ALVCH16652 
16-BIT BUS TRANSCEIVER AND REGISTER 

WITH 3-STATE OUTPUTS 
SCES034-JULY 1995 

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

PARAMETER TEST CONDITIONS VCCt MIN TYPt 

10H --100pA MINto MAX Vee-0.2 

10H--BmA, VIH a 1.7V 2.3V 

VIH -1.7V 2.3V 
VOH 

10H --12mA VIH _2V 2.7V 

VIH -2V 3V 

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

10l- 100pA MINto MAX 

10l-BmA, Vll-0.7V 2.3V 

VOL Vll=0.7V 2.3V 
10l= 12mA 

Vll-0.8V 2.7V 

IOl=24mA, Vll= 0.8 V 3V 

II VI - Vee or GND a:sV 

VI-0.7V 
2.3V 

VI_1.7V 

II(hold) VI =0.8V 

VI-2V 
3V 

VI-Oto3.BV 3.BV 

10Z§ Vo = Vee or GND 3.BV 

ICC VI- Vee or GND, 10- 0 3.BV 

Alec One Input at Vee - O.B V, Other inputs at Vee or GND 3Vto3.BV 

ei I Control inputs VI - Vee or GND 3.3V 

eio I A or B ports Vo - Vee or GND 3.3V 
.. t For conditions shown as MIN or MAX, use the appropriate values under recommended operating conditions. 

tTypical values are measured !ltVee = 3.3 V, TA _ 25°C. 
§ For 1/0 ports, the parameter 10Z includes the input leakage current. 
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1.7 

2.2 

2.4 

2 

45 

-45 

75 

-75 

MAX UNIT 

V 

0.2 

0.4 

0.7 V 

0.4 

0.55 

±5 pA 

pA 

±SOO 

HO pA 

40 pA 

750 pA 

pF 

pF 
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• Member of the Texas Instruments 
Wldebus™ Family 

• EPIC ™ (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 30D-mil 
Shrink Smail-Outline (DL) and Thin Shrink 
Small:Outline (DGG) 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 Ootype flip-flops with qualified clock 

storage. On the positive transition of the clock 
(ClK) input, the device provides true data at the 
Q outputs ifthe 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 

DGG OR DL PACKAGE 
(TOP VIEW) 

OE 
Q1 
Q2 3 

GNO 
Q3 
Q4 

Vee 
Q5 
Q6 
Q7 

GNO 11 
Q8 
Q9 

Q10 
Q11 
Q12 
Q13 

GNO 
Q14 
Q15 
Q16 

Vee 
Q17 
Q18 

GNO 

56 CLK 
55 01 
54 02 
53 GNO 
52 03 
51 04 
50 Vee 
49 05 
48 06 
47 07 
46 GNO 
45 08 

09 
010 
011 
012 
013 
GNO 
014 
015 
016 

Vec 
017 
018 
GNO 

Q19 019 
Q20 020 
NC 29 ~ ""1... __ r 

Ne - No internal connection 

provide the capability to drive bus lines without need for interface or pullup components. O'E 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 TI's shrink small-outline (Ol) 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 SN74AlVCH16721 is characterized for operation from -40°C to 85°C. 

EPIC and Widebus are trademarks of Texas instruments Incorporated. 

copyright C 1995, Texas Instruments Incorporated 
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SN74ALYCH16721 
3.3-Y 20-BIT FLIP-FLOP 
WITH 3-STATE OUTPUTS 
SCES052 - JULY 1995 

OE 
L 

L 

L 

L 

H 

FUNCTION TABLE 
(each flip-flop) 

INPUTS 

ClKEN ClK D 

H X X 

L i H 

L t L 

l lorH X 
X X X 

OUTPUT 
Q 

ao 
H 

L 

ao 
Z 

logic diagram (positive logic) 

ClK 56 

~_2_9_-a 

D1 155 

>---t--ICE 

C1 

1D 

'----""'\Vr---~I 

To 19 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 < 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 ................•. 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 absoIute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES; 1. The input and output negatlve-voHage ratings may be exceeded if the Input and output clamp-current ratings are observed. 

3-194 

2. This value is IImHed to 4.6 V maximum. 
3. The maximum package power dissipation Is celculated using a/unction temperature of 150'C and a board trace length of 750 mils. 

For more Information, reiertothe Package 71Ierma1Considerationsapplication note Inthe 1994 ABT Advanced BiCMOS Technology 
Data Book, IHerature number SCBD002B. 
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SN74ALVCH16721 
3.3-V 20-81T FLIP-FLOP 

WITH 3-STATE OUTPUTS 
SCES052-JUlY 1995 

recommended operating conditions (see Note 4) 
MIN MAX UNIT 

Vee Supply vo~age 2.3 3.S V 

Vec _2.3 Vto2.7V 1.7 
VIH High-level input voltage V 

VCC =2.7Vt03.S V 2 

VCC -2.3 Vt02.7V 0.7 
VIL Low-level input voltage V 

VCC _2.7Vt03.S V 0.8 

VI Input voltage 0 VCC V 

Vo Output voltage 0 VCC V 

Vce- 2.3V -12 

10H High-level output current VCC=2.7V -12 rnA 

VCC- 3V -24 

VCC- 2.3V 12 

10L Low-level output current VCC- 2.7V 12 mA 

VCC- 3V 24 

t;.tlt;.v Input transition rise or fall rate 0 10 ns/V 

TA Operating free-air temperature -40 85 ·C 

NOTE 4; Unused control mputs 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 VCCt MIN TYP;j; 

IOHm-l00jJA MIN to MAX VCC-0.2 

10H =-SmA, VIH = 1.7V 2.3V 

10H _-12mA, VIH _1.7V 2.3V 
VOH 

IOH=-12mA, VIH =2V 2.7V 

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

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

10L - 100 jJA MINto MAX 

10L-SmA, VIL=0.7V 2.3V 

VOL IOL-12 mA, VIL=0.7V 2.3V 

10L- 12 mA, VIL-0.8V 2.7V 

IOL=24 mA, 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-Oto3.6V 3.6V 

10Z Vo - VCC or GND 3.SV 

ICC VI = VCC or GND, 10- 0 3.SV 

t.ICC One input at VCC - O.S V, Other inputs at VCC or GND 3 Vt03.SV 

Ci 
Control inputs 

VI - Vee or GND 
Data Inputs 

3.3V 

Cio Data inputs Vo - VCC or GND 3.3V 
.. t For conditions shown as MIN or MAX, use the appropriate values under recommended operating conditions . 

;j;Typical values are measured at VCC = 3.3 V, TA - 25·C. 
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2 

1.7 

2.2 

2.4 

2 

45 

-45 

75 

-75 

3.5 

S 

7 

MAX UNIT 

V 

0.2 

0.4 

0.7 .V 

0.4 

0.55 

±5 jJA 

jJA 

±500 

±10 jJA 

40 jJA 

750 jJA 

pF 

pF 
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SN74ALVCH16721 
3.3-V 20-BIT FLlp·FLOP 
WITH 3·STATE OUTPUTS 
SCES052-JULY 1995 

timing requlrement~ over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (see Figures 1 and 2) 

vcc = 2.5 V 
VCC=2.7V 

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 

Data before CLKi 4 3.6 3.1 
Isu Setup time 

CLKEN before CLKi 
ns 

3.4 3.1 2.7 

Data after CLKi 0 0 0 
th Hold time 

CLKEN after CLKi 
ns 

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 
VCC=2.5V 

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 

tocl CLK Q 1 7 1 5.7 1 4.9 ns 

ten OE" Q. 1 7.4 1 6.5 1 5.4 ns 

!dis OE" Q 1 6.2 1 5.1 1 4.8 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 55 59 

I Outputs disabled 
CL-50pF. f-l0MHz pF 

46 49 

-!!11EXAs 
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SN74ALYCH16721 
3.3-Y 2()'BIT FLIP-FLOP 

WITH 3-STATE OUTPUTS 
SCES052-JULY 1995 

PARAMETER MEASUREMENT INFORMATION 
VCC = 2.5 V ± 0.2 V 

a 4.6V TEST S1 
S1 a Open 

r' 
5000 

From Output -~I---__ --'VII\r-_-/ 
Under Test 

CL=50pF 
(see Note Al T 5000 

tpd Open 

tpLZ/tpZL 4.6 V 

tPHz/tpZH GND 

-=-
LOAD CIRCUIT 

TI~~~~ _____ ....J~,,'-.2-V-----
~ tsu·~ th 

.1 

2.3 V 

14--- tw ------.I 
1 I 

Input 3 y(r,-.2-V--

VOLTAGE WAVEFORMS 
PULSE DURATION 

OV 

2.3 V 

OV 

Data __ --I~.2 V 
Input 1\ 

1 

~2.3V 
1.2V 

OV 
Output 
Control 

(low·level 
enabling) 

~, j 2.3 V 

~,.2V 4~:--- OV VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

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

--11 I· OV 

tpLH :4 .II 1 1 
14 ~ tpHL 

I 1 
I r----~~. - VOH 

Output 11.2 V 1.2 V 
____ ..J, VOL 

tpzv1 r-tPLZ-+! 

__ -;1"",\1 I 
Output I 

Waveform 1 I 
S1 at 4.6 V 

(sea Note B) 

Output 
Waveform 2 

S1 atGND 
(sea Note B) ___ ..I 

~PHZ~ 

Ir----t 

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 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 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 = 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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SN74ALVCH16721 
3.3-V 2()'BIT FLlp·FLOP 
WITH 3-STATE OUTPUTS 
SCES052-JULY 1995 

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

o 8V TEST 

S1 o Open 

r' 
soon 

From Output - .... ----.>--~N'v-----J 
Under Test 

CL=50pF 
(see Note A)I 

5000 

tpd 
tPLZ/tpZL 
tpHzltpZH 

-=-

S1 

Open 
6V 

GND 

LOA!) CIRCUIT I4--tw~ 

2.7 V 

I 1,.--__ 

Input ? "'1.5 V 2.7 V 

~ ----OV 
OV 

--""'-I r-----~I 2.7 V 
Data v'1.5V 

Input 7\ 1.5 V 
OV 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

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

--II I· OV 
tPLH 114 .II I J 

loll Pi tpHL 
I I 
I ,.----~~-- VOH 

Output !1.SV 1.SV 
________ J. VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

Output 
Control 

(low-level 
enabling) 

Output 
Waveform 1 

S1 at6V 
(see Note B) 

Output 
Waveform 2 

S1 atGND 
(see Note B) 

VOLTAGE WAVEFORMS 
PULSE DURATION 

~ I 2.7 V 

~1.5V 4_1.: ___ ov 

tPZL ~ I4-t -.! 
, , PLZ-, 

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

I 
tpZH~ 

~HZ~ 

3V 

VOL + 0.3 V 
VOL 

Ir-----~ VOH 
VOH-0.3V 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

OV 

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 w~h 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 '" 50 a. tr s 2.5 ns, tf S 2.5 ns. 
D. The outputs are measured one at a time with one trans~ion 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 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 
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-mil 
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 flip-flops of the SN74AlVCH16820 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 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-BIT FLIP.;FLOP 
WITH DUAL OUTPUTS 

SCES035 - JULY 

DGG OR DL PACKAGE 
rrOPVIEWj 

10E 
1Q1 
1Q2 

GNO 
2Q1 
202 
Vee 
3Q1 8 
3Q2 9 
4Q1 

GNO 
4Q2 
5Q1 
5Q2 
6Q1 
6Q2 
7Q1 

GNO 18 
7Q2 19 
8Q1 20 
8Q2 
Vee 
9Q1 
9Q2 

GNO 
10Q1 
10Q2 

49 
48 
47 
46 
45 
44 

43 
42 
41 

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 
010 
NC 

20E NC ........ __ 1" 

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 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 SN74AlVCH16820 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 SN74AlVCH16820 is characterized for operation from -40°C to 85°C. 

EPle and Widebus are trademarks of Texas Instruments Incorporated. 

Copyright to 1995. Texas Instruments Incorporated 
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SN74ALVCH16820 
3.3-V 10-81T FLIP-FLOP 
WITH DUAL OUTPUTS 
SCES035 - JULY 1996 

CEnt 
l 

l 

l 

H 

FUNCTION TABLE 
(each flip-flop) 

INPUTS OUTPUT 
CLK 0 Qnt 

t H H 

t l l 

l X 00 
X X Z 

logic diagram (positive logic) 

10E~--~----------<l 

20E 28 

CLK ........ 5_6 __ --t 

01 55 

C1 

10 

\""------....v,..------' 
To Nine Other Channels 

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, 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, '0 (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 

:f: Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These anI 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 H the Input and output clamp-current ratings are observed. 

3-200 

2. This value Is limited to 4.6 V maximum. 
3. The maximum packSge 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 1994 ABT Advanced BiGMOS Technology 
Data Book, literature number SCBD002B. 
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recommended operating conditions (see Note 4) 

Vee Supply voHage 

Vee-2.3Vt02.7V 
VIH High-level input voltage 

Vee =2.7Vt03.6V 

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

Vee - 2.7 Vio 3.6 V 

VI Input voltage 

Vo Output voltage 

Vee=2.3V 

10H High-level output current Vee=2.7V 

Vee=3V 

Vee- 2.3V 

10L Low-level output current Vee- 2.7V 

Vee- 3V 

l!.t/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. 

SN74ALYCH16820 
3.3-Y 1()'BIT FLIP-FLOP 
WITH DUAL OUTPUTS 

SCES035 - JULY 1995 

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 nslV 

-40 85 ·e 

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

PARAMETER TEST CONDITIONS VCCt MIN TYP* 

IOH =-100pA MINto MAX Vee-0.2 

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

VIH= 1.7V 2.3V 
VOH 

IOH =-12mA VIH-2V 2.7V 

VIH-2V 3V 

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

IOL-100pA MINto MAX 

IOL-6mA, VIL=0.7V 2.3V 

VOL VIL=0.7V 2.3 V 
IOL-12mA 

VIL-0.8V 2.7V 

IOL=24mA, VIL=0.8V 3V 

II VI - Vee or GND 3.6V 

VI-0.7V 

VI-1.7V 
2.3V 

II(hold) VI-0.8V 
3V 

VI_2V 

VI-Ot03.6V 3.6 V 

10Z Vo - Vee or GND 3.6V 

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

.6.ICC One Input at VCC - 0.6 V, Other Inputs at VCC or GND 3Vt03.6V 

Ci 
Control inputs 

VI • VCC or GND 
Data Inputs 

3.3 V 

Co Outputs Vo - VCC or GND 3.3 V .. t For condHlons shown as MIN or MAX, use the appropriate values under recommended operating conditions . * All typical values are at VCC - 3.3 V, TA - 25·C. 
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2 

1.7 

2.2 

2.4 

2 

45 

-45 

75 

-75 

3.5 

6 

7 

MAX UNIT 

V 

0.2 

0.4 

0.7 V 

0.4 

0.55 

±5 pA 

pA 

±500 

±10 pA 

40 pA 

750 pA 

pF 

pF 
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SN74ALVCH16820 
3.3-V 10-BIT FLIP-FLOP 
WITH DUAL OUTPUTS 
SCES035-JULY 1995 

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

VCC=2.5V 
Vee = 2.7V 

Vee = 3.3 V 
±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 

Isu Setup time, data before ClKt 1.7 1.8 1.4 ns 

th Hold time, data aiter ClKt 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 

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 

led ClK Q 1 6.5 5.5 1 4.8 ns 

ten OE Q 1 . 6.9 6.1 1 5 ns 

Ictis OE Q 1.3 5.9 5 1 4.5 ns 

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

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

I outputs enabled 60 63 
Cpd Power dissipation capacitance I Outputs disabled 

Cl=50 pF, f= 10 MHz pF 
38 46 
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SN74ALVCH16820 
3.3-V 10-81T FLIP-FLOP 
WITH DUAL OUTPUTS 

SCES036 - JULY 1995 

PARAMETER MEASUREMENT INFORMATION 
VCC=2.5V ± 0.2 V 

o 4.6V TEST S1 
S1 o Open 

r' 
500n 

From Output --.-....... ---Av'V'v------/ 
Under Test 

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

tpd Open 
tpLZltpZL 4.6 V 
tpHZItPZH GND 

LOAD CIRCUIT I4-tw--+l 

TI~~:~ _____ ...J~ ... 1-.2-V----

2.3 V 

I 1,.-__ 

Input 3 }(\.1_.2_V ___ :.: V 

~ tau·~ th 
~ 
I 

OV 

Data --"""'W 
Input 7\1.2 V 

~2.3V 
1.2V 

OV 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

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

~ I· OV 
tpLH ~ .II I I 

14 ~ tpHL 

Output 
Control 

(low-level 
enabling) 

Output 
waveform 1 

S1 at 4.6 V 
(see Note B) 

VOLTAGE WAVEFORMS 
PULSE DURATION 

~"2V , ... 

tPZL -, r-tPLZ-+! 

_---;.1"""1 I 
I 
I 

~PHZ~ 

VOL+O.3V 

2.3 V 

OV 

2.3 V 

VOL 

I I 
I ,.----~~-- VOH 

Output 
Waveform 2 

S1 atGND 
(see Note B) 

1,.------+ VOH 
VOH-O.3V 

Output !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 Intemal 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 s 2.5 ns, tf S 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 len. 
G. tPLH and tpHL are the same as tpd. 

Figure 1. Load Circuit and Voltage Waveforms 
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SN74ALVCH16820 
3.3-V 1D-BIT FLIP·FLOP 
WITH DUAL OUTPUTS 
SCES035-JULY 1995 

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

S1 500n 
From Output --.----.>--......... N'v----/ 

Under Test 

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

o 8V TEST 

o Open tpd 
tpLZitPZL 
tPHZltpZH 

S1 
Open 
6V 

GND 

LOAD CIRCUIT 14--- tw -----.! 

2.7 V 

TI~~U~ _____ -J~\.1_.5_V----

1 1 __ _ 

Input 3 y<\.~_.5_V ___ :.: V 

OV 

~ 
I ~ tau·~ th 

Data --'""W1•5 V 
Input __ -11\ 

~2.7V 
1.5V 

OV 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

Input L1.f5V \ ~5-;--- 2.7 V 

---II I' 1 OV 
tpLH ~ ~ 14 ~ tpHL 

1 1 
1 ,...----~~-- VOH 

Output 11.5 V 1.5 V ________ J. VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

VOLTAGE WAVEFORMS 
PULSE DURATION 

Output 
Control 

(low-level 
enabling) ~"V l" 

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

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

Waveform 1 1 I 
S1 st8V 1 

(_Note B) I 

Output 
Waveform 2 

S1 atGND 
(_Note B) 

tpZH~ 
~PHZ~ 

I_-.....t-

VOL + 0.3 V 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

2.7 V 

OV 

3V 

VOL 

OV 

NOTES: A. CL Includes probe and Jig capacltanca. 
B. Waveform 1 is for en output with Intema! conditions such that the output is low excapt when disabled by the output control. 

Waveform 2 Is for an output with Intema! conditions such that the output is high except when disabled by the output controt. 
C. All Input pulses are supplied by generetors 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 !pd. 

Figure 2. Load Circuit and Voltage Waveforms 
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SN74ALVCH162820 
3.3-V 10-81T FLIP-FLOP WITH DUAL OUTPUTS 

AND 3-STATE OUTPUTS 

• Member of the Texas Instruments 
Wldebus™ Family 

• EPIC Til (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-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 Shrink 
Smail-Outline (DL) and Thin Shrink 
Smail-Outline (DGG) Packages 

description 

This 1 D-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, 

DGG OR DL PACKAGE 
crOP VIEW) 

10E 1 
lQl 
lQ2 

GNO 
2Ql 
2Q2 6 

4Q2. 
5Ql 
5Q2 
6Ql 
6Q2 
7Ql 

GNO 18 
702 19 
8Ql 20 

8Q2 
Vee 
9Ql 
9Q2 

GNO 

56 
55 
54 
53 

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 

10Ql 010 
1002 NC 
20E NC 

____ or 

Ne - No internal connection 

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 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. 

EPle and Widebus are trademarks of Texas Instruments InCOrporated. 
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SN74ALVCH162820 
3.3N 1()"BIT FLIP-FLOP WITH DUAL OUTPUTS 
AND 3-STATE OUTPUTS 
SCES012-JULY 1995 

description (continued) 

The SN74ALVCH162820 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 SN74ALVCH162820 is characterized for operation from -40°C to 85°C. 

OEnt 
L 

L 

L 

H 

FUNCTION TABLE 
(each flip-flop) 

INPUTS OUTPUT 
CLK D Q 

t H H 

t L L 

L X 00 
X X Z 

logic diagram (positive logic) 

10E -'----Q 

20E --'----0 

eLK 

D1 ..;:;55'::""---+--I1D 

\,---...,v~-_...J/ 

To Nine Other Channels 

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 
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 GNO ............................................ ±100 rnA 
Maximum power dissipation at TA = 55°C (in still air) (see Note 3): OGG package •................• 1 W 

OL package .................. 1.4 W 
Storage temperature range, Tstg ...........................•.....••............... -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-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. 

3-206 

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 Therma/Considerationsapplication note inthe 1994 ABT Advanced BICMOS Technology 
Data Book, literature number SCBD002B. 
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SN74ALVCH162820 
3.3-V 10-81T FLIP-FLOP WITH DUAL OUTPUTS 

AND 3-STATE OUTPUTS 
SCES012-JULY 1995 

recommended operating conditions (see Note 4) 
MIN MAX UNIT 

Vee Supply voltage 2.3 3.6 V 

Vee - 2.3 Vto2.7 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 - 2.7Vto3.6V 0.8 

VI Input voltage 0 Vee V 

Vo Output voltage 0 Vee V 

Vee- 2.3V -6 

IOH High-level output current Vee- 2.7V -8 mA 

Vee- 3V -12 

Vee- 2•3V 6 

IOL Low-level output current Vee- 2.7V 8 mA 

Vee- 3V 12 

At/Av Input transition rise or fall rate 0 10 ns/V 

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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SN74ALYCH162820 
3.3-Y 1()';BIT FLIP-FLOP WITH DUAL OUTPUTS 
AND 3-STATE OUTPUTS 
SCESOI2-JULY 1995 

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

PARAMETER TEST CONDITIONS VCCt MIN TYP* 

10H = -100 IlA MINto MAX VCC-0.2 

IOH=-4mA, VIH=I.7V 2.3V 

IVIH-I.7V 2.3V 
VOH 10H--BmA 

IVIH -2V 3V 

10H--BmA, VIH-2V 2.7V 

10H --12mA. VIH .2V 3V 

10L = 100 IlA MIN 10 MAX 

IOL=4 mA, VIL-0.7V 2.3V 

I VIL=0.7V 2.3V 
VOL 10L=BmA 

IVIL-O.BV 3V 

10L=B mA, VIL=O.BV 2.7V 

10L= 12 mA, VIL=O.BV 3V 

II VI = VCC or GND 3.BV 

VI-0.7V 
2.3V 

VI=I.7V 

II (hold) VI =O.BV 

VI=2V 
3V 

VI-Ot03.BV 3.BV 

10Z Va - VCC or GND 3.BV 

ICC VI - VCC or GND, 10=0 3.BV 

t..ICC One input at VCC - O.B V, 
Other Inputs at VCC or 

3Vt03.BV 
GND 

Control inputs VI = VCC or GND 3.3V 
Ci 

Data inputs VI = VCC or GND 3.3V 

Co Outputs VI = VCC or GND 3.3V 
.. .. t For conditions shown as MIN or MAX, use the appropriate values under recommended operating conditions . 

:I: All typical values are at VCC - 3.3 V, TA = 25°C. 

1.9 

1.7 

2.4 

2 

2 

45 

-45 

75 

-75 

3.5 

B 

7 

MAX UNIT 

V 

0.2 

0.4 

0.55 
V 

0.55 

O.B 

O.B 

±5 IlA 

IlA 

±500 

±10 IlA 
40 IlA 

750 IlA 

pF 

pF 

pF 

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

VCe=2.5V 
Vee=2.7V 

Vee = 3.3 V 
±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 CLKt 1.7 I.B 1.4 ns 

th Hold time, data after CLKt 1.1 1.1 1 ns 

~1ExAs 
INSTRUMENTS 

3-20B POST OFFICE BOX 665303 • DALlAS. TEXAS 75285 



SN74ALYCH162820 
3.3-Y 10-BIT FLIP-FLOP WITH DUAL OUTPUTS 

AND 3-STATE OUTPUTS 
SCES012 -JULY 1995 

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 VeC=2.7V 

Vee = 3.3 V 
PARAMETER ±O.2V ±O.3V UNIT (INPUT) (OUTPUT) 

MIN MAX MIN MAX MIN MAX 

fmax 150 150 150 MHz 

tpd OLK Q 1 7 6.2 1 5.4 ns 

ten OE Q 1 7.4 6.8 1 5.6 ns 

'dis OE Q 1.3 6.4 5.5 1 5 ns 

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

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

I Outputs enabled 68 66 
Opd Power dissipation capacitance I Outputs disabled 

OL-50pF, f-10MHz 
39 47 

pF 
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SN74ALYCH162820 
3.3-Y 10-81T FLlP~FLOP WITH DUAL OUTPUTS 
AND 3-STATE OUTPUTS 
SCES012-JULY 1995 

PARAMETER MEASUREMENT INFORMATION 
VCC=2.5V ± 0.2 V 

o 4.6V TEST 
SI o Open 

rD 

500n 
From Output - .... ----.------'\,fI/'v------/ 

Under Test 

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

tpd 
tpLZltpZL 
tpHzltpZH 

SI 
Open 
4.6 V 
GND 

LOAD CIRCUIT l1li-- tw -----.I 

2.3 V 

TI~~U~ _____ -J~"'I-.2-V----

I I~ __ 

Input 3 Y<",I_.2_V __ :.: V 

OV 

III 
'III leu.~ th 

Data --"""\!t1.2 V 
Input 1\ 

I 
~2.3V 

1.2V 
OV 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

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

--1'1 I· OV 
tPLH 11111 .II I I 

1111 ., tPHL 
I I 
I ,....----~- VOH 

Output !1.2V 1.2V 
________ J. VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

Output 
Control 

(low-level 
enabling) 

Output 
Waveform 1 
SI at 4.6 V 

(see Note B) 

Output 
Waveform 2 

SI atGND 
(see Note B) 

VOLTAGE WAVEFORMS 
PULSE DURATION 

~. I 2.3V 

~1.2V 4_1.~ ___ ov 

tpZL1 r-tPLZ~ 
_--;.1,,1 I 

I 
I I 

I 
I 

tpZH~ 
~PHZ~ 

2.3 V 

VOL + 0.3 V 
VOL 

Ir-----~ VOH 
VOH-0.3V 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

OV 

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 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 tpZH are the same as ten. 
G. tpHL and tPLH are the same as tpd. 

Figure 1. Load Circuit and Voltage Waveforms 
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SN74ALYCH162820 
3.3-Y 10-81T FLIP-FLOP WITH DUAL OUTPUTS 

AND 3-STATE OUTPUTS 
SCES012-JULY 1995 

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

o 6V 

S1 o Open 

rD 

500n 
From Output --+-...... ---A,II/v-----/ 

Under Test 

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

.LOAD CIRCUIT 

TI~~nu~ _____ ....I~\.1-.5-V----
2.7 V 

OV 

~ ~ tau·~ th 

Data --'"'W1.5 V 
Input __ .....Jl\ 

I 
~2.7V 

1.5V 
OV 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

Input f...5V \-:;:-5-;--- 2.7V 

----'1 I· ov 
!... .II I I tpLH I • 14 ~ tpHL 

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

Output 11.5V 1.5V 
_______ ..I. VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

NOTES: A. CL includes probe and jig capacitance. 

TEST S1 

tpd Open 
tpLzltpZL 6V 
tPHz/tpZH GND 

14-- tw ----+I 
I I 

Input ? y<"~-.5-V--- 2.7 V 

....::J\ '---- OV 

VOLTAGE WAVEFORMS 
PULSE DURATION 

Output 
Control 

(low-level 
enabling) 

~ I 2.7 V 

~1.5V ~_1.: ___ OV 

tPZL -, r-tPLZ--': 
__ -;1"",\1 I 

Output I 
Waveform 1 I 

S1 at 6 V 
(see Note B) 

~PHZ~ 

3V 

VOL+0.3V 
VOL 

Output 
Waveform 2 

S1 etGND 

I r------;- VOH 
VOH-0.3V 

(see Note B) ___ ..I 

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 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 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 leIis. 
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 Texas Instruments 
Wldebus™ Family 

• EPICTM (Enhanced-Performance Implanted 
CMOS) Submlcron Process 

• ESO Protection Exceeds 2000 V Per 
MIL-STO-883C, 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/Pulldown 
Resistors 

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

description 

This 20-bit bus-interface flip-flop is designed for 
2.3-V to 3.6-V Vcc operation. 

The SN74AlVCH 16821 can be used as two 10-bit 
flip-flops or one 2Q-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 pull up 
components. 

SN74ALYCH16821 
3.3·Y 20·BIT BUS·INTERFACE FLlp·FLOP 

WITH 3·STATE OUTPUTS 

DGG OR DL PACKAGE 
(TOP VIEW) 

Vee 
105 
106 9 
107 

GNO 11 
108 
109 

1010 
201 
202 
203 

GNO 
204 
205 
206 
Vee 
207 
208 

GNO 
209 

1CLK 
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 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 SN74AlVCH16821 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 8SoC. 

EPIC and Widebus are trademarks of Texas Instruments Incorporated. 

Copyright @ 1995. Texas Instruments Incorporated 
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SN74ALVCH16821 
3.3-V 20·BITBUS-INTERFACE FLlp·FLOP 
WITH 3-STATE OUTPUTS 
SCES037-JULY1995 

OE 
L 

L 

L 

H 

logic symbolt 

1 
10E 

1ClK 
58 

20E 
28 

2ClK 
29 

55 
1D1 

54 
1D2 

52 
1D3 

51 
1D4 

49 
1D5 

48 
1D6 

47 
1D7 

1D8 
45 

44 
1D9 

1D10 
43 

42 
2D1 

41 
2D2 

40 
2D3 

2D4 
38 

2D5 
37 

2D6 
36 

34 
2D7 

33 
2D8 

31 
2D9 

30 
2D10 

FUNCTION TABLE 
(each 1D-blt flip-flop) 

INPUTS OUTPUT 
ClK D Q 

t H H 

t L L 

H orL X QO 
X X Z 

" EN2 

C1 

" EN4 

C3 ., r 
1D 2V 

3D 4V 

tThis symbol is In accordance with ANSI/IEEE Std 91-1984 and lEO Publication 617-12. 
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2 

3 

5 

8 

8 

9 

10 

12 

13 

14 

15 

18 

17 

19 

20 

21 

23 

24 

26 

27 

1Q1 

1Q2 

1Q3 

104 

1Q5 

1Q6 

1Q7 

1Q8 

1Q9 

1Q10 

201 
2Q2 

203 
2Q4 

205 

2Q6 

2Q7 

2Q8 

209 
2Q10 



logic diagram (positive logic) 

SN74ALVCH16821 
3.3-V 2()'BIT BUS-INTERFACE FLIP-FLOP 

WITH 3-STATE OUTPUTS 
SCES037 - JULY 1995 

10E ~--------------~ 

1CLK ~56=------1 

~--- ------------
lOne ofTen 
I Channels .,..-_--1> C1 
I 55 

1D1 ~=---~-+------+----I1D 
I 
I 

~-+-i-~2 1Q1 

L.. __ _ 

'~---~v~----~ 
To Nine Other Channels 

20E 28 

2CLK --.::;29::"'---1 

~--- ------------
lOne ofTen 
I Channels ~_-I> C1 
I 

2D1 ---:;42=---__ -+-____ -+ __ --11 D 

I 
I L..___ _ __________ _ 

'~------~V~------~I 

To Nine Other Channels 
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SN74ALYCH16821 
3.3-Y 20-BIT BUS-INTERFACE FLIP-FLOP 
WITH 3-STATE OUTPUTS 
SCES037 - JULY 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 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 ajunction temperature of 150·C and a board trace length of 750 mils. 

For more information, refer to the Package ThermalConsiderations application note in the 1994 ABT Advanced BiCMOS Technology 
Data Book, literature number SCBD002B. 

recommended operating conditions (see Note 4) 

VCC Supply voHage 

VCC =2.3 Vt02.7V 
VIH High-level input voltage 

VCC - 2.7 V to 3.6 V 

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

VCC - 2.7 Vto 3.6 V 

VI Input voltage 

Vo Output voltage 

VCC- 2.3V 

IOH High-level output current VCC=2.7V 

VCC=3V 

VCC=2.3V 

IOL Low-level output current VCC=2.7V 

VCC=3V 
atlav 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 floating. 

3-216 
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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 nslV 

-40 85 ·C 



SN74ALVCH16821 
3.3-V 20-BIT BUS·INTERFACE FLIp· FLOP 

WITH 3·STATE OUTPUTS 
SCES037-JULY 1995 

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

PARAMETER TEST CONDITIONS Veet MIN TYpt 

IOH--l001lA MINto MAX VCC-0.2 

10H--SmA, VIH -1.7 V 2.3 V 

VIH-l.7V 2.3 V 
VOH 

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

VIH-2V 3V 

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

10L - 100 IIA MINto MAX 

10L=SmA, VIL=0.7V 2.3 V 

VOL VIL-0.7V 2.3V 
IOL=12mA 

VIL-0.8V 2.7V 

IOL=24mA, VIL-0.8V 3V 

II VI - VCC or GND 3.SV 

VI_ 0.7 V 
2.3V 

VI_1.7V 

II(hold) VI_O.8V 

VI_2V 
3V 

VI_ Oto3.S V 3.6V 

10Z Vo - VCC or GND 3.6V 

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

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

Control Inputs 
Cj 

Data inputs 
VI- VCC or GND 3.3V 

Co Outputs Vo - VCC or GND 3.3V 
.. .. t For conditions shown as MIN or MAX, use the appropnate values under recommended operating conditIOns . 

:j: All typical values are measured at VCC - 3.3 V, TA - 25"C. 

2 

1.7 

2.2 

2.4 

2 

45 

-45 

75 

-75 

3.5 

6 

7 

MAX UNIT 

V 

0.2 

0.4 

0.7 V 

0.4 

0.55 

±5 IIA 

IIA 

±500 

±10 IlA 
40 IIA 

750 IlA 

pF 

pF 

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

Vee=2.5V 
Vee = 2.7 V 

Vee = 3.3 V 
±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 CLKi 4.4 3.9 3.4 ns 

. th Hold time, data aiter CLKi 0 0 0 ns 
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SN74ALYCH16821 
3.3-Y 2()'BIT BUS-INTERFACE FLIP-FLOP 
WITH 3-STATE OUTPUTS 
SCES037-JULY 1995 

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

FROM TO 
Vee=2.5V 

Vee = 2.7 V 
VCC=3.3V 

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

fmax 150 150 150 MHz 

tpd ClK Q 1 6.4 5.3 1 4.5 ns 

len ·OE Q 1 7.1 6.2 1 5.1 ns 

tdis ·OE Q 1.4 5.9 5 1 4.6 ns 

operating characteristics, TA = 25°C 
VCC=2.5V VCC=3.3V 

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

I Outputs enabled 36 40 
Cpd Power dissipation capacitance I Outputs disabled 

Cl=50pF, f=10MHz 
22 24 

pF 

\ 
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SN74ALVCH16821 
3.3-V 20·BIT BUS·INTERFACE FLlP·FLOP 

WITH 3·STATE OUTPUTS 
SCES037 - JULY 1995 

PARAMETER MEASUREMENT INFORMATION 
VCC = 2.5 V ± 0.2 V 

o 4.6V 

S1 o Open 

rD 

500n 
From Output --..--.--.J<",IV\r-----/ 

Under Test 

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

LOAD CIRCUIT 

TI~~:~ ______ ~\,,1-.2-V----
2.3 V 

OV 
.. I ~ tsu"~ th 

Date __ --I~1.2 V 
Input 1\ 

1 

~2.3V 
1.2V 

OV 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

Input L1.2V \~v--- 2.3 V 

---11 I· OV 
tpLH 114 ..!I I I 

14 ~ tPHL 
I I 
I ,.----~~-- VOH 

Output !1.2V 1.2V 
------'. VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

NOTES: A. CL includes probe and jig capacitance. 

TEST S1 

tpd Open 
tPLZ/tpZL 4.6V 
tpHzltpZH GND 

I+--- 1w ----+I 
I I 

Input 3 X:~~.2~V~~~~ :.: V 

VOLTAGE WAVEFORMS 
PULSE DURATION 

Output 
Control 

(low-level 
enabling) 

~, I 2.3V 

~1.2V 4_1.: ___ ov 

tpzL1 r-tPLZ-.j 
_ _ -;1"",\1 I 

Output I 
Waveform 1 I I 

S1 at 4.6 V I 

2.3 V 

VOL + 0.3 V 
VOL 

(see Note B) I 
tpZH~ 

Output 
Waveform 2 

S1 atGND 

~PHZ~ 

1,...---+---- VOH 
VOH-0.3V 

(see Note B) ___ oJ 

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 w~h 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 !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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SN74ALVCH16821 
3.3-V 2()'BIT BUS-INTERFACE FLIP-FLOP 
WITH 3-STATE OUTPUTS 
SCES037 - JULY 1995 

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

S1 SOOO 
From Output --.-~t-~Wv---_./ 

Under Test 

CL=SOpF 
(see Note A) T 5000 

o 6V TEST 

o Open 

r' 
tpd 

tpL,ZItpZL 
tpHzltpZH 

S1 

Open 
6V 

GND 

LOAD CIRCUIT 14-- lw -----+I 

2.7 V 

TI~~~~ ______ ~'"1-.5-V----

1 1 

Input 3 :K:1~.S~V~~~~ :.: V 

14 tsu ~~ th 
~ 
I 

OV 

Data --.... ~1.S V 
Input __ -J1\ 

'£ 2.7V 
1.SV 

OV 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

Input ft.5V \ ~5-;--- 2.7 V 

----" II • 1 OV 
tPLH!. ~I \" 14 ~ tpHL 

1 1 
I,----~~--VOH 

Output 11.5 V 1.5 V 
_______ J. VOL 

VOLTAGE WAVEFORMS· 
PROPAGATION DELAY TIMES 

VOLTAGE WAVEFORMS 
PULSE DURATION 

Output 
Control 

(low-level 
enabling) 

~ j 2.7 V 

~1.5V 4_1•5V ___ OV 

tPZL -, r-tPLZ-.l 

_ _ -+1"'\.,1 1 
. Output I 

Waveform 1 I 
S1 at6V 

(see Note B) 

Output 
Wsveform2 

S1 atGND 
(see Note B) _____ .I 

VOL + 0.3 V 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

3V 

VOL 

OV 

NOTES: A. CL includes probe and Jig capacitance. 
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 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 a 50 0, tr ~ 2.5 ns, If ~ 2.5 ns. 
D. The outputs are measured one at a time with one transition per meesurement. 
E. tpLZ and tpHZ are the same as !dis. 
F. tpZL and IPZH are the same as len. 
G. tpLH and IpHL 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 
MIL·STD-883C, Method 3015; Exceeds 
200 V Using Machine Model (C = 200 pF, 
R=O) 

• 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 30D-mil 
Shrink Small·Outiine (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, 1/0 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 Ootype 
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 FLlp·FLOP 

WITH 3·STATE OUTPUTS 
SCES038-JULY 1995 

DGG OR DL PACKAGE 
(TOP VIEW) 

1CLR 1CLK 
10E 1CLKEN 
101 3 101 

GNO GNO 
102 102 
103 103 
Vee Vee 
104 8 49 104 
105 9 48 105 
106 47 106 

GNO 46 GNO 
107 45 107 
108 44 108 
109 43 109 
201 42 201 
202 41 202 
203 203 

GNO GNO 
204 204 
205 205 
206 206 
Vee Vee 
207 207 
208 208 

GNO GNO 
209 209 
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 01 Texas Instruments Incorporated. 
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SN74ALVCH16823 
18-BIT BUS-INTERFACE FLIP·FLOP 
WITH 3·STATE OUTPUTS 
SCES038 - JULY 1995 

description (continued) 

The SN74ALVCH16823 is available in TI'sshrink 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. 

3-222 

The SN74ALVCH16823 is characterized for operation from -40°C to 85°C. 

OE 

L 

L 

L 

L 

L 

H 

~ 

L 

H 

H 

H 

H 

X 

FUNCTION TABLE 
(each 8-blt flip-flop) 

INPUTS 

CLKER CLK D 

X X X 
L t H 

L t L 

L L X 
H X X 
X X X 

{;. 
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L 

H 

L 

Qo 

Qo 
Z 
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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 

38 

34 

33 

31 

EN1 

R2 

G3 

304 

EN5 

R6 

G7 

7C8 
~ r 
40 1,2V 

80 5,6V 

SN74ALVCH16823 
18-BIT BUS·INTERFACE FLlP·FLOP 

WITH 3-STATE OUTPUTS 

3 

5 

6 

8 

9 

10 

12 

13 

14 

15 

18 

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 

SCESD38-JULY1995 

tThis symbol is In accordance with ANSI/IEEE Std 91-1984 and lEG Publication 617-12. 
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SN74ALVCH16823 
18·BIT BUS-INTERFACE FLlP·FLOP 
WITH 3·STATE OUTPUTS 
SCES038-JULY1995 

logic diagram (positive logic) 

10E~2~--------~----------------~ 

1CLR ------0 

1CLKEN 55 >----~~-+-;CE 

R 

1CLK 56 >----~~~~~C1 

101~M~-------r-r-r-i10 
'-----' 

>--+_-=3_ 1Q1 

\ 
V 

To Eight Other Channels 

20E 
27 

2CLR 
28 

2CLKEN 
30 

CE 

R 

2CLK 
29 15 C1 2Q1 

201 42 
10 

~-----~v~---~/ 

To Eight Other Channels 
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SN74ALVCH16823 
18-BIT BUS-INTERFACE FLIP-FLOP 

WITH 3-STATE OUTPUTS 
SCES038 - JULY 1996 

absolute maximum re.tings 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): 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-voltege 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 15000 and a board trace length of 750 mils. 

For more information, refer to the Package ThermalConsiderationsapplication note In the 1994ABT Advanced BiCMOS Technology 
Data Book, literature number SCBD002B. 

recommended operating conditions (see Note 4) 
MIN MAX UNIT 

VCC Supply voltege 2.3 3.6 V 

Vee" 2.3 V to 2.7 V 1.7 
VIH High-level input voltage V 

Vee -2.7 Vto 3.6 V 2 

Vee - 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 voHage 0 VCC V 

Vo Output voltage 0 VCC V 

Vce -2.3V -12 

IOH High-level output current VCC- 2•7V -12 rnA 

VCC .. 3V -24 

VCC- 2•3V 12 

IOL Low-level output current VCC- 2•7V 12 rnA 

VCC- 3V 24 
!;.t/!;.v Input transition rise or fail rate 0 10 ns/V 

TA Operating free-alr tt'mperature -40 85 ·C 

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

~1EXAS 
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SN74ALVCH16823 
18-BIT BUS-INTERFACE FLIP·FLOP 
WITH 3·STATE OUTPUTS 
SCES038- JULY 1995 

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

PARAMETER TEST CONDITIONS VCCt MIN TY~ 

10H· -100 JIA MIN to MAX VCC-O.2 

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

VIH-1.7V 2.3V 
VOH 

IOH--12mA VIH-2V 2.7 V 

VIH-2V 3V 

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

10l -100 JIA MIN to MAX 

IOl-6mA, Vll-0.7V 2.3 V 

VOL Vll-0.7V 2.3V 
IOl-12mA 

Vll-0.8V 2.7 V 

IOl-24mA, Vll-0.8V 3V 

II VI - Vee or GND 3.6V 

VI-0.7V 

VI-1.7V 
2.3 V 

II(hold) VI-0.8V 
3V 

VI_2V 

VI-Ot03.6V 3.6 V 

10Z Vo - Vee or GND 3.6 V 

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

~ICC One input at VCC - 0.6 V, Other inputs at VCC or GND 3Vt03.6V 

Control inputs 
Ci 

Data inputs 
Vi - VCC or GND 3.3V 

Co Outputs VO" VCC or GND 3.3 V 
.. t For conditions shown as MIN or MAX, use the appropriate values under recommended operating condHions . 

:I: Typical values are measured at VCC - 3.3 V, TA. 25°C. 

2 

1.7 

2.2 

2.4 

2 

45 

-45 

75 

-75 

4.5 

6.5 

7 

MAX UNIT 

V 

0.2 

0.4 

0.7 V 

0.4 

0.55 

±5 JIA 

JIA 

±500 

±10 JIA 
40 JIA 

750 JIA 

pF 

pF 

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

VCC=2.5V Vcc = 2.7 V 
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 

tw Pulse duration 
ClRlow 3.3 3.3 3.3 

ns 
ClK high or iow 3.3 3.3 3.3 

Cliilow 0.7 0.7 0.8 

tsu Setup time 
Data low 1.4 1.6 1.3 

Data high 
ns 

1.1 1.1 1 

CLi<mlow 1.8 1.9 1.5 

Data low 0.4 0.5 0.5 

th Hold time Dalahigh 0.7 0.1 0.8 ns 

ClKENiow 0.2 0.3 0.4 

~1ExAs 
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SN74ALVCH16823 
18-BIT BUS-INTERFACE FLIP-FLOP 

WITH 3-STATE OUTPUTS 
SCES038-JULY1995 

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

FROM TO 
VCC=2.5V 

VCC=2.7V 
Vcc = 3.3 V 

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 

VCC=2.5V VCC=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 

-!111ExAs 
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SN74ALVCH16823 
18-BIT BUS-INTERFACE FLlp·FLOP 
WITH 3-STATE OUTPUtS 
SCES038-JULY1995 

PARAMETER MEASUREMENT INFORMATION 
VCC = 2.5 V ± 0.2 V 

o 4.6V 
TEST 

S1 
S1 

o Open 

1-
6000 

From Output_ ..... _---4f----'\!V'v __ -J 
tpd Open 

tpultpZL 4.6 V Under Test 

CL=50pF 
(see Note A) T 5000 

LOAD CIRCUIT 

TI~~~ _____ -J~ .. 1_.2_V----

~I 

2.3 V 

OV 

~ tau ~~ th 

Data --"""'"1.2 V 
Input __ ....11\ 

I 
~2.3V 

1.2V 
OV 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

Input L 1.2 V \7.'2-;--- 2.3V 

---" I· OV 
tpLH 114 .11 I J 

14 Pi tpHL 
I I 
I '----~~- VOH 

Output 11.2 V 1.2 V _______ J. VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

tpHzltpZH GND 

14-- tw ----.J 
I I 

Input 3 ~'1-.2-V--- :.: V 

VOLTAGE WAVEFORMS 
PULSE DURATION 

Output 
Control 

(low-level 
enabling) 

~ I 2.3 V 

~ 1.2V 4~'~V ___ OV 

tPZL1 r-tPLZ--l 14-
I I .J I 

Output ----+I~n- I-~- 2.3 V 
Waveform 1 I \ 1.2V I VOL + 0.3 V 

S1 at 4.6 V I· I - -- VOL 
(see Note B) I t -+i i+ 

tpZH ~ I4-PHZ I 
Output I s: - VOH 

Waveform 2 ! V 03V 

(.!!:a:N~~'~V ___ :H-'. OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

NOTES: A. Cllncludes 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 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 0, tr s 2.5 ns, tf s 2.5 ns. 
D. The outputs are measured one at a time with one transHlon 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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SN74ALVCH16823 
18-BIT BUS·INTERFACE FLlP·FLOP 

WITH 3-STATE OUTPUTS 
SCES038-JULY1995 

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

o 6V 

S1 o Open 

r' 
5000 

From Output _ _.--tl>---'\I\IIr-----J 
Under Test 

CL=50pF 
(see Note A) T 5000 

LOAD CIRCUIT 

TI~~:~ _____ ...I~'"1_.5_V----
2.7 V 

OV 

~ tau·~ th 
., , 

Data --.....,"'1.5 V 
Input __ ...11\ 

~2.7V 
1.BV 

OV 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

Input .L1.5V \~5-;--- 2.7 V 

---1'1 I· OV 

tPLH~ ~I II 
1l1li ~ tpHL 

1 1 
I~.'------~--VOH 

Output ~.5V . 1.5V 
________ J. VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

NOTES: A. CL Includes probe and jig capacitance. 

TEST S1 

tpd Open 

tpL.,ZItPZL 6V 

. tPHz!tPZH GND 

II1II- lw ---.J 
1 1,----

Input 3 }(,,"~_.5_V ___ :.:V 

Output 
Control 

(low-level 
enabling) 

Output 
Waveform 1 

S1 at6V 
(see Note B) 

VOLTAGE WAVEFORMS 
PULSE DURATION 

~ I 2.7 V 

l' 1.5V 4~:--- OV 

tpZL~ ~ 1 
1 1 tpLZ~ ~ 
1 l ___ ...J_~I_ 3V 

i \ 1.5 V I VOL+0.3V 
1 1 ---- VOL 
1 tpHZ~ i+ 

tpZH -+I ~ 1 
Output 1 ~ Waveform2---- VOH 

(S!! ~~:N~ ___ ... 1<.... 1.~V_ _ VoH - 0.3 V 0 V 

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 MHl, Zo • 50 Cl, 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 ldls. 
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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• Member of the Texas Instruments 
W/debus™ Family 

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

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

• ESD Protection Exceeds 2000 V Per 
MIL·STD·883C, Method 3015; 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-mll 
Shrink Small·Outline (DL) and Thin Shrink 
Small·Outline (DGG) Packages 

description 

This la-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 
la-bit buffer. It provides true data. 

The 3-state control gate is a 2-input AND gate with 
active-low inputs so that if either output-enable 
(OEl or OE2) input is high, all nine affected 
outputs are in the high·impedance state. 

SN74ALVCH16825 
18-BITBUFFERIDRIVER 

WITH 3-STATE OUTPUTS 
1995 

DGG OR DL PACKAGE 
crOP VIEW) 

10El 
lYl 

lY7 
GND 
lY8 
lY9 

GND 
GND 
2Y1 
2Y2 

GND 
2Y3 
2Y4 
2Y5 
Vee 
2Y6 
2Y7 

GND 
2Y8 
2Y9 

200 

11 

23 
24 
25 
26 
27 
28 

10E2 
lAl 
lA2 
GND 
lA3 
lA4 
Vee 
lA5 
lA6 
lA7 
GND 
lA8 
lA9 
GND 
GND 
2Al 
2A2 
GND 

38 2A3 
37 2A4 
36 2A5 
35 Vee 

2A6 
2A7 
GND 
2A8 
2A9 
2m 

To ensure the high-impedance 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. 

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

The SN74ALVCH16825 is available in TI'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. 

EPIC and Wldebus are trademarks of Texas Instruments Incorporated. 

Copyrlght@ 1995. Texas Instruments Incorporated 
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SN74ALVCH16825 
18-ltIBUFFERIDRIVER 
witH 3-STA1E OUTPUTS 
SCESQ3i! . .,. JULY 1995 .. 

logic symbolt 

10E1 

10E2 

20E1 

20E2 

1A1 

1A2 

1A3 

1A4 

1A5 

1A6 

1A7 

1A8 

1A9 

2A1 

2A2 

2A3 

2A4 

2A5 

2A6 

2A7 

2A8 

2A9 

1 

56 

28 

29 

55 

54 

52 

51 

49 

48 

47 

45 

44 

41 

40 

38 

37 

38 

34 

33 

31 

30 

1'0. & 

1'0. 
EN1 

"- & 
"- EN2 

OE1 

L 

L 

H 

X 

,. 
1V 

2V 

FUNCTION TABLE 
(each 9-blt section) 

INPUTS OUTPUT 

2 

3 

5 

6 

8 

9 

10 

12 

13 

16 

17 

19 

20 

21 

23 

24 

26 

27 

OE2 

L 

L 

X 

H 

1Y1 

1Y2 

1Y3 

1Y4 

1Y5 

1Y6 

1Y7 

1Y8 

1Y9 

2Y1 

2Y2 

2Y3 

2Y4 

2Y5 

2Y6 

2Y7 

2Y8 

2Y9 

A Y 

L L 

H H 

X Z 

X Z 

logic diagram (positive logic) 

10E1 ---1"-_ 

10E2 - ____ -'-_ 

1A1 -='------+-1 >-_-=2,,-- 1Y1 

To Eight Other Channels 

20E1 ---1"-_ 

20E2 

2A1 ~----l--I >-__ 1!.:6~ 2Y1 

To Eight Other Channels 

t This symbol Is In accordance With ANSI/IEEE Std 91-1984 and 
lEe Publication 617-12. 
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SN74ALVCH16825 
18-BIT BUFFER/DRIVER 

WITH 3-STATE OUTPUTS 
SCES039-JULY 1995 

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 (see Note 1) ................................................ -0.5 V to 4.6 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 Vce> ............................................. ±50 mA 
Continuous current through each V CC or GND ............................................ ± 1 00 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~urrent ratings are observed. 
2. This value is limited to 4.6 V maximum. 
3. The maximum package power dissipation is calculated using ajunction temperature of 150·C and a board trace length of 750 mils. 

For more information, refertothe Package ThermalConsiderationsapplication note in the 1994 ABT Advanced BiCMOS Technology 
Data Book, literature number SCBD002B. 

recommended operating conditions (see Note 4) 

VCC Supply voltage 

VCC - 2.3 V to 2.7 V 
V,H High-level input voHage 

VCC -2.7Vt03.6 V 

Vee _2.3Vt02.7V 
V,L Low-level input voHage 

VCC - 2.7 V to 3.6 V 

V, Input voHage 

Va Output voltage 

VCC- 2.3V 

IOH High-level output curr!!nt Vee=2.7V 

Vec- 3V 

Vee =2.3 V 

IOL Low-level output current VCC=2.7V 

VCC- 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. 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALlAS. TEXAS 75265 

MIN MAX UNIT 

2.3 3.6 V 

1.7 
V 

2 

0.7 

0.8 
V 

0 Vec V 

0 VCC V 

-12 

-12 mA 

-24 

12 

12 rnA 

24 

0 10 ns/V 

-40 85 ·C 
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SN74ALVCH16825 
18-BIT BUFFER/DRIVER 
WITH 3-STATE OUTPUTS 
SCES039-JULY 1995 

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

PARAMETER TEST CONDITIONS VCCt MIN TYP* 

10H - -100 jiA MIN to MAX VCC-0.2 

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

VIH _1.7V 2.3V 
VOH 

IOH--12mA VIH _2V 2.7V 

VIH-2V 3V 

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

10L -100 jiA MINto MAX 

IOL=6mA, VIL=0.7V 2.3V 

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

VIL-0.8V 2.7 V 

IOL=24mA, VIL-0.8V 3V 

II VI = VCC or GND 3.6V 

VI = 0.7V 

VI=1.7V 
2.3V 

II(hold) VI-0.8V 

VI-2V 
3V 

VI -Ot03.6V 3.6V 

10Z Vo - VCC or GND 3.6V 

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

t.lCC One Input at VCC - 0.6 V, Other Inputs at VCC or GND 3Vt03.6V 

Control inputs 
Ci 

Data inputs 
VI = VCC or GND 3.3V 

Co Outputs Vo - VCC or GND 3.3V 
.. .. t For conditions shown as MIN or MAX, use the appropnate values under recommended operating conditions . 

* Typical values are measured at VCC = 3.3 V, TA = 25°C. 

2 

1.7 

2.2 

2.4 

2 

45 

-45 

75 

-75 

3.5 

6 

7.5 

MAX UNIT 

V 

0.2 

0.4 

0.7 V 

0.4 

0.55 

±5 jiA 

jiA 

±500 

±10 jiA 

40 jiA 

750 jiA 

pF 

pF 

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

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 

too A y 1 4.7 3.9 1 3.4 ns 

ten OE y 1 6.5 5.7 1 4.7 ns 

Idis OE y 1.9 5.8 4.9 1.3 4.5 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 

CL=50pF, 
16 18 

I Outputs disabled 
f-10MHz pF 

4 6 
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SN74ALVCH16825 
18-BIT BUFFER/DRIVER 

WITH 3-STATE OUTPUTS 
SCES039-JULY 1995 

PARAMETER MEASUREMENT INFORMATION 
VCC=2.SV ± 0.2 V 

o 4.8V 

S1 o Open 

rD 

500n 
From Output_-+_---.>----'\N'v __ -J 

Under Test 

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

LOAD CIRCUIT 

TI~~~~ _____ --'~1..1_.2_V----
2.3 V 

OV 

I tau ~~ th 

Date --....... XI1.2V 
Input __ -J .• 

I 
~2.3V 

1.2V 
OV 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

Input .L 1.2 V \. 1.2 V --- 2.3 V 

---./I I· OV 

tPLH 114 ~I I J 
14 Pi tPHL 

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

Output 11.2 V 1.2 V 
________ J. VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

NOTES: A. CL Includes probe and Jig capacHance. 

TEST S1 

tpd Open 

tpUltpZL 4.8 V 

tPHZItPZH GND 

~1w~ 
I 1,..-__ 

Input 3 }(,"1_.2_V __ :.: V 

Output 
Control 

(low-level 
enabling) 

VOLTAGE WAVEFORMS 
PULSE DURATION 

~ I 2.3 V 

"'i' 1.2V 4_1.2V ___ OV 

tpZL ~ ~t ...J ""--
I I PLZ -I roor--

Output 11 __ -1_~I- 2.3 V 

Waveform 1 I \ 1.2V I VOL+0.3V 
S1 at 4.8 V I· I - --- VOL 

(- Note B) I tPHZ ~ I+-
tpZH ~ 14- I . 

Output I s:. - VOH 
Waveform 2 ! V 03V (S!! ~~:N~ ___ -''- 1.2 V___ :H -. 0 V 

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 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 :s 2.5 ns. tf :S 2.5 ns. 
D. The outputs are measured one at a Ume 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 tpd. 

Figure 1. Load Circuit and Voltage Waveforms 
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SN74ALVCH16825 . 
18-BIT BUFFER/DRIVER 
WITH 3-STATE OUTPUTS 
SCES039 - JULY 1995 

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

o BV TEST 
S1 

S1 
o Open 

rD 

5000 
From Output_-.. _ __.---'I"I\f\r---J tpd Open 

tPLZitpZL BV 
Under Test 

CL=60pF 
(_NoteA) T 15000 

LOAD CIRCUIT 

TI~~:~ _____ ...J~\,1-.5-V----
14 .~ ~ 
1 tau th 1 

2.7 V 

OV 

--""I,.. ___ .... ~I 2.7 V 
Date 'V1•5V Input 7\ 1.5 V 

OV 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

Input L 1•5V \1.5-;---2.7V 

---1'1 I· OV 

tpLH 114 .II I J 
14 PC tPHL 

I I 
I ,.-----rl~ VOH 

Output 11.5 V 1.5 V ____ J. VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

tpHz!tPZH GND 

14-- tw -----.I 
I 1 __ --

Input 3 X\,,1_.5_V __ 
OV 

2.7V 

Output 
Control 

(low-level 
enabling) 

Output 
Waveform 1 

S1 at6V 
(see Note B) 

Output 
Waveform 2 

S1 atGND 
(_Note B) 

VOLTAGE WAVEFORMS 
PULSE DURATION 

~ I 2.7 V 

~ 1.5V 4_1.: ___ ov 

tPZL --..! I+-t. -J 100.-I I PLZ -I r0o-

t 1 _-.J_~I_ 3V 

:\ 1.6V I VOL+O.3V 
I· 1- --- VOL 
I tPHZ-+\ I+-

tpZH-+I ~ I 
I ::\:V~-:D.3 VOH 

___ .... It... 1.6V __ ~V OV 

VOLTAGE WAVEFORMS 
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 C. 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 Idls. 
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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• Member of the Texas Instruments 
Widebus™ Family 

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

• ESO Protection Exceeds 2000 V Per 
MIL-STO-883C, 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 30o-mil 
Shrink Small-Outline (OL) and Thin Shrink 
Small-Outline (OGG) Packages 

description 

This 20-bit non-inverting bufferldriver is designed 
for 2.3-V to 3.6-V Vee operation. 

The SN74ALVCH16827 is composed oftwo 10-bit 
sections with separate output-enable signals. For 
either 1 O-bit buffer section, the two output-enable 
(10E1 and 10E2 or20E1 and20E2) 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. 

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. 

SN74ALVCH16827 
20-BIT BUFFER/DRIVER 

WITH 3-STATE OUTPUTS 

DGG OR DL PACKAGE 
(TOP VIEW) 

lYl 
1Y2 

GND 4 

lY3 
lY4 

1Y7 
GND 11 

lY8 
lY9 

1Y10 
2Y1 
2Y2 
2Y3 

GND 
2Y4 
2Y5 
2Y6 
Vee 
2Y7 
2Y8 

GND 
2Y9 

2Y10 
20E1 

lAl 
lA2 
GND 
lA3 
lA4 
Vee 
lA5 
lA6 
lA7 
GND 
lA8 
lA9 
1A10 
2A1 
2A2 
2A3 
GND 
2A4 
2A5 
2A6 
Vee 
2A7 
2A8 
GND 
2A9 
2A10 
20E2 

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

The SN74ALVCH16827 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 SN74ALVCH16827 is characterized for operation from -40°C to 85°C. 

EPle and Widebus are trademarks of Texas Instruments Incorporated. 

~~o~~~~:'o~~T: 8~~r,r:I~~8 t;:~~: :,f 1e~!I:~~mC:~~ 
standard warranty. Production processing does not necessarily Include 
testing of all parameters. ~TEXAS 

INSTRUMENTS 
POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 

Copyright © 1995, Texas Instruments Incorporated 
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SN74ALVCH16827 
2()"BIT BUFFER/DRIVER 
WITH 3-STATE OUTPUTS 
SCES041-JULY1996 

OE1 

L 

L 

H 

X 

FUNCTION TABLE 
(each 1 G-blt section) 

INPUTS OUTPUT 

OE2 A Y 

L L L 

L H H 

X X Z 

H X Z 

logic symbolt logic diagram (positive logic) 

10E1 

10E2 

20E1 

20E2 

1A1 

1A2 

1A3 

1A4 

1A5 

1A6 

1A7 

1A8 

1A9 

1A10 

2A1 

2A2 

2A3 

2A4 

2A5 

2A6 

2A7 

2A8 

2A9 

2A10 

1 

66 

28 

29 

65 

64 

62 

51 

49 

48 

47 

45 

44 

43 

42 

41 

40 

38 

37 

36 

34 

33 

31 

30 

" & 

r-. 

r-. & 

r-. 

1 

1 

EN1 

EN2 

i 
2 

1V 1Y1 
3 

1Y2 
5 

1Y3 
6 

1Y4. 
8 

1Y5 
9 

1Y6 
10 

1Y7 
12 

1Y8 
13 

1Y9 
14 

1Y10 
15 

2V 2Y1 
16 

2Y2 
17 

2Y3 
19 

2Y4 
20 

2Y5 
21 

2Y6 
23 

2Y7 
24 

2Y8 
26 

2Y9 
27 

2Y10 

t This symbol is in accordance with ANSIIIEEE Sid 91-1984 
and lEO Publication 617-12. 
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SN74ALVCH16827 
20-BIT BUFFER/DRIVER 

WITH 3·STATE OUTPUTS 
SCES041-JULY 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 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 Vee) ............................................. ±50 rnA 
Continuous current through each Vee or GND ............................................ ± 1 00 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, 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 H 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 ThermalGonsiderationsapplication note in the 1994 ABT Advanced BiGMOS Technology 
Data Book, literature number SCBD002B. 

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 Vt02.7V 0.7 
VIL Low-level input voltage V 

VCC -2.7 Vto 3.6 V 0.8 

VI Input voHage 0 VCC V 

Vo Output voHage 0 VCC V 

VCC-2.3V -12 

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

VCC-3V -24 

VCC-2.3V 12 

IOL Low-level output current VCC-2.7V 12 mA 

VCC=3V 24 

At! Av Input transition rise or fall rate 0 10 ns/V 

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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SN74ALVCH16827 
2()'BIT BUFFER/DRIVER 
WITH 3·STATE OUTPUTS 
SCES041-JULY 1995 

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

PARAMETER TEST CONDITIONS VCCt MIN ,yr4 
10H - -100 jiA MINto MAX VCC-0.2 

IOH--6mA, VIH-l.7V 2.3 V 

VIH-l.7V 2.3V 
VOH 

IOH=-12mA VIH-2V 2.7 V 

VIH =2V 3V 

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

10L - 100 jiA MINto MAX 

IOL-6mA, VIL=0.7V 2.3V 

VOL VIL-0.7V 2.3V 
IOL-12mA 

VIL-0.8V 2.7V 

IOL-24mA, VIL=0.8V 3V 

II VI - VCC or GND 3.6V 

VI =0.7V 
, 2.3V 

VI_l.7V 

II(hold) VI =0.81/ 

VI_2V 
3V 

VI =Ot03.6V 3.6V 

10Z Vo - Vee or GND 3.6V 

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

DoICC One Input at VCC - 0.6 V, Other inputs at VCC or GND 3Vt03.6V 

Control Inputs 
Ci 

Data Inputs 
VI - VCC or GND 3.3V 

Co Outputs Vo - VCC or GND 3.3 V 
.. .. t For conditions shown as MIN or MAX, use the appropnate values under recommended operating conditions . 

:J:Typical values are measured atVCC = 3.3 V, TA = 25°C. 

2 

1.7 

2.2 

2.4 

2 

45 

-45 

75 

-75 

3.5 

6 

7.5 

MAX UNIT 

V 

0.2 

0.4 

0.7 V 

0.4 

0.55 

±5 jiA 

jiA 

±500 

±10 jiA 

40 jiA 

750 jiA 

pF 

pF 

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

FROM TO 
VCC=2.5V 

Vcc = 2.7 V 
VCC=3.3V 

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

tpd A Y 1 4.7 3.9 1 3.4 ns 

ten OE y 1 6.5 5.7 1 4.7 ns 

!dIs OE y 1.9 5.8 4.9 1.3 4.5 ns 

operating characteristics, T A = 25°C 

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

TYP TYP 

Cpd Power dissipation capacHance 
I Outputs enabled 

CL-50pF, 
16 18 

I Outputs disabled 
f=10MHz pF 

4 6 
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SN74ALVCH16827 
20·BIT BUFFER/DRIVER 

WITH 3-STATE OUTPUTS 
SCES041-JULYI995 

PARAMETER MEASUREMENT INFORMATION 
V CC = 2.5 V ± 0.2 V 

o 4.6V 

Sl o Open 500n 
From Output_-.._-._-4i¥v-__ --J 

r' Under Test 

CL=50pF 
(S88 Note A) T 500n 

LOAD CIRCUIT 

TI~~nu~ _____ ..J~"'1-.2-V----
~ tau·~ th 

~ 
I 

2.3 V 

OV 

Data --~"'1.2 V 
Inpilt __ -J!\ ~2.3V 

1.2V 
OV 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

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

---II I· OV 

tPLH 114 .II I J 
14 Pi tpHL 

I I 
Ir--. ------~--VOH 

Output 11.2 V 1.2 V 
________ J. VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

NOTES: A. CL Includes probe and jig capacitance. 

TEST Sl 

tpd Open 

tpLZltpZL 4.6 V 

tPHZItPZH GND 

14--- tw -----+I 
I I~ __ 

Input 3 J<",1_.2_V ___ :.: V 

Output 
Control 

(low-level 
enabling) 

VOLTAGE WAVEFORMS 
PULSE DURATION 

~ I 2.3 V 

~ 1.2V 4_1.~V ___ OV 

tpZL ~ 14-t ...J 1.0-

" PLZ- I roo-
I I I I 

O -----;I...,ri- _--l,_~_ 2.3 V utput ~ 
Waveform 1 , \ 1.2V ,VOL+0.3V 

S1at4.6V I· , - --- VOL 
(-Note B) 'tPHZ -+! '--I 

tpZH ~ 14-
Output I ~ 

Waveform 2 ! V - -0-3 V VOH 

(':~~:N~~.~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 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 len. 
G. tpLH and tPHL are the same as tpd. 

Figure 1. Load Circuit and Voltage Waveforms 
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SN74ALVCH16827 
20-BITBUFFERIDRIVER. 
WITH 3~STATE OUTPUTS 
SCES041-JULY 1995 

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

o 6V TEST 
Sl 

Sl 
o Open 500n 

From Output_ .... _--e>----'\N\r __ ---J 

r~ 
tpd Open 

tPLZitPZL 6V Under Test 

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

LOAD CIRCUIT 

TI~~nu~ _____ ...J~1..1_.5_V---.....;.. 
2.7 V 

OV 

~ 14 tau ~~ th 

Data --"'XI1.s V 
Input __ ....J •• 

I 
~2.7V 

1.6 V 
OV 

VOLTAGE WAVEFORMS 
• SETUP AND HOLD TIMES 

Input .L1•5V \1.5-;---UV 

--1'1 I· OV 

tPLH~ ~I I I 
14 -' tPHL 

I I 
I ,.....----~-- VOH 

Output !1.5V 1.5V 
________ J. VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

tPHzltPZH GND 

14-- tw --:--+I 
I I 

Input 3 j("1-.5-V-- :.:V 

Output 
Control 

(low-level 
enabling) 

Output 
Waveform 1 

S1 at6V 
(see Note B) 

Output 
Waveform 2 

S1 atGND 
(see Note B) 

VOLTAGE WAVEFORMS 
PULSE DURATION 

~ j 2.7 V 

. ""f'.1.6V 4_1.~ ___ OV 

tpZL --.! I4-t .....! I..oL.. 

I I PLZ"I r0-

Il --.-l-~l- 3V I '\ 1.5V I VOL + 0.3 V 
I· 1- --- VOL 
I tpHZ -+! i+-

tPZH -+I I+- I 
I l-v;--- VOH 

___ ~l'_ 1.~,,-__ ~H -0.3 V 0 V 

VOLTAGE WAVEFORMS 
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 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 - 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 2. Load Circuit and Voltage Waveforms 
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• Member of the Texas Instruments 
W/debus™ Family 

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

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

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

• 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 300-mll 
Shrink Small-Outline (OL) and Thin Shrink 
Smail-Outline (OGG) 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 
1 O-bit sections with separate output-enable 
signals. For either 10-bit buffer section, the two 
output-enable (10E1 and 10E2 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. 

SN74ALVCH162827 
2()'BIT BUFFER/DRIVER 

WITH 3·STATE OUTPUTS 

DGG OR DL PACKAGE 
{TOP VIEW) 

10E1 56 10E2 
1Y1 55 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 1A8 
1Y9 1A9 

1Y10 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 

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 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 SN74ALVCH162827 is characterized for operation from -40°C to 85°C. 

EPle and Wldebus are trademarks of Texas Instruments InCOrporated. 

Copyright @ 1995. Texas Instruments Incorporated 
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SN74ALVCH162827 
20-BIT BUFFER/DRIVER 
WITH 3~STATE OUTPUTS 
SCES013-JULY1995 

logic symbolt 

10E1 

10E2 

20E1 

20E2 

1A1 

1A2 

1A3 

lA4 

1A5 

lA6 

1A7 

1A8 

lA9 

lAl0 

2Al 

2A2 

2A3 

2A4 

2A5 

2A6 

2A7 

2A8 

2A9 

2A10 

1 

56 

28 

29 

55 

54 

52 

51 

49 

48 

47 

45 

44 

43 

42 

41 

40 

38 

37 

36 

34 

33 

31 

30 

"- & 

"-

"- & 

"- ., 

0E1 

L 

L 

H 

X 

EN1 

EN2 

r-
1 lV 

1 2V 

FUNCTION TABLE 
(each 1 G-blt section) 

INPUTS OUTPUT 

<>E2 

L 

L 

X 

H 

2 

3 

5 

6 

8 

9 

10 

12 

13 

14 

15 

16 

17 

19 

20 

21 

23 

24 

26 

27 

A Y 

L L 

H H 

X Z 

X Z 

logic diagram (positive logic) 

1Y1 

1Y2 

1Y3 

1Y4 

1Y5 

1Y6 

1Y7 

lY8 

1Y9 

1Y10 

2Y1 

2Y2 

2Y3 

2Y4 

2Y5 

2Y6 

2Y7 

2Y8 

2Y9 

2Y10 

10E1 _1=---<::r"""'""\ 

1<>E2 ...;:56"'--<1-.....1 

1A1 -'55:..:..... __ --1 >--+--=2:.... 1Y1 

To Nine Other Channels 

20E1 
28 

29 
20E2 

42 
2A1 >--+.......:..:15:.... 2Yl 

To Nine Other Channels 

t This symbol Is In accordance with ANSI/IEEE Std 91-1984 
and lEe Publication 617-12. 
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SN74ALVCH162827 
20-BIT BUFFER/DRIVER 

WITH 3-STATE OUTPUTS 
SCES013-JULY 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 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): 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 H 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 01750 mils. 

For more information, refertotl)e Package ThermalConsiderationsapplication note in the 1994 ABT Advanced BiCMOS Technology 
Data Book, literature number seBD002B. 

recommended operating conditions (see Note 4) 

Vee Supply voHage 

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

Vee a 2.7 Vt03.6 V 

Vee -2.3 Vt02.7V 
VIL Low-level input voHage 

Vee a 2.7V to 3.6 V 

VI Input voHage 

Va Output voHage 

Vee a 2.3 V 

IOH High-level output current Vee=2.7V 

Vee a3V 

Vec .. 2.3V 

IOL Low-level output current VCC- 2.7V 

Vee- 3V 
I1tll1v 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 

-6 

-8 mA 

-12 

6 

8 mA 

12 

0 10 nslV 

-40 85 ·C 

3-245 



SN74ALVCH162827 
20·BIT BUFFER/DRIVER 
WITH 3·STATE OUTPUTS 
SCES013 - JULY 1995 

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

PARAMETER TEST CONDITIONS vcct MIN TYP* 

10H - -:-100 jJA MIN to MAX VCC-0.2 

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

IVIH-1.7V 2.3V 
VOH IOH--6mA 

I VIH -2V 3V 

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

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

10L= 100 jJA MINto MAX 

IOL-4mA, VIL-0.7V 2.3V 

IVIL=0.7V 2.3V 
VOL .IOL=6mA I VIL-O.BV 3V 

10L-BmA, VIL = O.B V 2.7V 

IOL-12mA, VIL-O.BV 3V 

II VI - VCC or GND 3.6V 

VI-0.7V 

VI-1.7V 
2.3V 

II(hold) VI =O.BV 
3V 

VI_2V 

VI =Ot03.6V 3.6V 

10Z Vo - VCC or GND 3.6 V 

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

AICC One input at VCC - 0.6 V, Other inputs at VCC or GND 3Vt03.6V 

Control inputs VI = VCC or GND 3.3 V 
Ci 

Data inputs VI = VCC or GND 3.3V 

Co Outputs VI = VCC or GND 3.3 V 
.. .. t For conditions shown as MIN or MAX, use the appropriate values under recommended operating conditions . 

=!: All typical values are at VCC = 3.3 V, TA - 25°C. 

1.9 

1.7 

2.4 

2 

2 

45 

-45. 

75 

-75 

3.5 

6 

7 

MAX UNIT 

V 

0.2 

0.4 

0.55 
V 

0.55 

0.6 

O.B 

±5 jJA 

jJA 

±500 

±10 jJA 

40 jJA 

750 jJA 

pF 

pF 

pF 

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

FROM TO 
VCC=2.5V 

Vcc = 2.7 V 
VcC=3.3V 

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

tod A Y 1.3 5.2 4.6 1.5 4 ns 

len DE y 1.5 7 6.4 1.6 5.3 ns 

Idis OE y 2.4 6.3 5.4 1.B 4.9 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 dissispation capacitance 
I Outputs enabled 16 1B 

I Outputs disabled 
CL-50pF, f-10MHz pF 

4 6 
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SN74ALVCH162827 
20·BIT BUFFER/DRIVER 

WITH 3·STATE OUTPUTS 
SCES013 - JULY 1995 

PARAMETER MEASUREMENT INFORMATION 
V CC = 2.5 V ± 0.2 V 

o 4.6V 
TEST S1 

S1 o Open 

r~ 
5000 

From Output ----e------<._-'V'v'lr----/ 
Under Test 

CL=50pF 
(see Note A) T 5000 

tpd Open 

tPLZltpZL 4.6 V 

tpHzltpZH GND 

-= 
LOAD CIRCUIT 14-- tw ---.! 

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

I I~ __ V 

Input 3 ~ .... 1_.2_V __ :.: 2.3 V 

OV 

.1 ~ tau·~ th 

Data ---~1.2V 
Input __ --J1\ 

1 

€2.3V 
1.2 V 

OV 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

Input .L 1.2V \ 1.2-;--- 2.3 V 

-./I I· OV 

tpLH !.. ~I 1 I 
I" 10lil ~ tPHL 

I I 
1 ,.----~~--- VOH 

Output 11.2 V 1.2 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 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 1 r-tPLZ -.l IlIII-

11 --l-~I- 2.3V 

I \ 1.2V I VOL+0.3V 
I· 1- --- VOL 

tpZH -.I ~PHZ ~ ~ 
I :tv; -- VOH ___ ...I-l~·~,,-__ ~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 Q, 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. IpLZ and tPHZ are the same as Idis. 
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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SN74ALVCH162827 
20-BIT BUFFER/DRIVER 
WITH 3-STATE OUTPUTS 
SCESOI3-JULY 1995 

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

o BV 
TEST 

S1 
S1 

o Open 

r' 
500n 

From Output_-+_--tI>----'\fI./Ir __ -J 
tpd Open 

tpLZltpZL BV Under Test 

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

-=-
LOAD CIRCUIT 

2.7 V 

OV 

I tau ,th 

Data --~~1.5 V 
Input __ ....J1\ 

I 
~2.7V 

MV 
OV 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

Input L 1•5V \~5-;--- 2.7 V 

--'1 I· OV 
tpLH 14 ~ 1 1 

I I 14 -' tPHL 
1 I 
I,--------~--VOH 

Output !1.5V 1.5V 

-------~. VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

tpHzltpzH GND 

I4--tw~ 
1 1 

Input 3 ~:1~.5~V~~~~ :.:V 

Output 
Control 

(Iow·level 
enabling) 

VOLTAGE WAVEFORMS 
PULSE DURATION 

~ I 2.7V 

~ 1.5V 4~:--- ov 
tpZL --+I i+- 1 

I I tpLZ -+j 14-

Output 1 l ___ -.J_~I- 3V 

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

(see Note B) I tPHZ -+i '+-1 

tPZH ~ 14-
Output I ~ Waveform 2 - - - - VOH 

(!~~:N~ ____ ''-~.~V ___ VoH-0.3V OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

NOTES: A. CL includes probe and Jig capacitance. 
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 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 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 

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

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

• ESO Protection Exceeds 2000 V Per 
MIL-STO-SS3C, Method 3015; Exceeds 
200 V Using Machine Model (C = 200 pF, 
R=O) 

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

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

description 

This 18-bit universal bus driver is designed for 
2.3-V to 3.6-V Vce operation. 

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 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. 

SN74ALVCH16835 
18-BIT UNIVERSAL BUS DRIVER 

WITH 3-STATE OUTPUTS 

DGG OR DL PACKAGE 
(TOP VIEW) 

Ne 
NC 

Vee 
Y4 
Y5 9 
Y6 

GND 11 
Y7 
YB 
Y9 

Yl0 
Yll 
Y12 

GND 
Y13 
'(14 
Y15 

Vee 
Y16 
Y17 

GND 
Y1B 
OE 

GND 
NC 
Al 
GND 
A2 
A3 

Vee 
A4 
A5 
A6 
GND 
A7 
AB 
A9 
Al0 
All 
A12 
GND 
A13 
A14 
A15 

Vee 
A16 
A17 
GND 
AlB 
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 1/0 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 Incorperated. 

Copyright I!l) 1995, Texas Instruments Incorporated 
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SN74ALVCH16835 
18-BIT UNIVERSAL BUS DRIVER 
WITH 3-STATE OUTPUTS 
SCES053 - SEPTEMBER 1995 

logic symbolt 

OE 
CLK 

LE 

Yl 
Y2 

Y3 

Y4 

Y5 

Y6 
Y7 

Y8 

Y9 

Yl0 

Yll 

Y12 

Y13 

Y14 

Y15 
Y16 

Y17 

Y18 

FUNCTION TABLE 
INPUTS OUTPUT 

OE LE CLK A Y 

H X X X Z 

L H X L L 

L H X H H 

L L l' L L 

L L l' H H 

L L H X Yot 
L L L X YO* 

t Output level before the Indicated steady-state 
input conditions were established, provided 
that eLK is high before LE goes low * Output level before the Indicated steady-state 
input condltons were established 

27 
" ENl 

30 
2C3 

28 

~ 
C3 

G2 

3 ... 
, I'" 54 

~ 

6 52 

6 51 

8 49 
~ 1'Y' 1 3D 

9 48 

10 47 

12 ... 45 

13 44 

14 43 

15 42 

16 41 

17 40 

19 38 

20 37 
21 38 

23 34 

24 33 

26 31 

t This symbol is in accordance with ANSI/IEEE Std 91-1984 and lEe Publication 617-12. 
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Al 

A2 

A3 

A4 

A5 

A6 
A7 

A8 

A9 

Al0 

All 

A12 

A13 

A14 

A15 

A16 

A17 

A18 



logic diagram (positive logic) 

OE 27 

CLK.....;;.;30~-I 

LE 28 

SN74ALVCH16835 
18-BIT UNIVERSAL BUS DRIVER 

WITH 3·STATE OUTPUTS 
SCES053 - SEPTEMBER 1995 

A1-=-64~-I ~-------------------+--r-~lD >-__ 3;""Y1 

..... -+-tCLK 

C1 

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

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 > Vec) ........................................... ± 50 mA 
Continuous output current,lo (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 IimHed 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 ThermalConsiderationsapplication note in the 1994 ABT Advanced BiCMOS Technology 
Data Book, literature number SCBDOO2B. 
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SN74ALVCH16835 
18-BIT UNIVERSAL BUS DRIVER 
WITH 3-STATE OUTPUTS 
SCES053 - SEPTEMBER 1995 

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 

10H High-level output current 

10L Low-level output current 

Ilt/f.v Input transition rise or fall rate 

TA Operating free-air temperature 

Vee -2.3 Vt02.7V 

Vee -2.7Vt03.6V 

Vee -2.3 Vt02.7V 

Vee _2.7Vt03.6V 

Vee- 2.3V 

Vee- 2.7V 

Vee=3V 

Vee~2.3V 

Vee- 2.7V 

Vee- 3V 

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

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 

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

PARAMETER TEST CONDITIONS VCCt MIN TVP* 

IOH--10011A MINto MAX Vee-0.2 

10H--SmA. VIH-1.7V 2.3V 2 

VIH -1.7V 2.3 V 1.7 
VOH 

IOH--12mA VIH-2V 2.7 V 2.2 

VIH-2V 3V 2.4 

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

10L -100 IIA MINto MAX 

IOL-6mA. VIL-0.7V 2.3 V 

VOL VIL-0.7V 2.3V 
IOL-12 mA 

VIL-0.8V 2.7 V 

IOL-24mA. VIL-0.8V 3V 

II VI - Vee or GND 3.SV 

VI-0.7V 
2.3V 

45 

VI= 1.7V -45 

II(hold) VI-0.8V 
3V 

VI-2V 

VI_Ot03.SV 3.SV 

10Z Vo - Vee or GND 3.SV 

ICC VI = Vee or GND. 10- 0 3.SV 

.6.lce One input at Vee - O.S V • Other Inputs at Vee or GND 3Vt03.SV 

el 
Control inputs 

VI- Vee or GND 
Data inputs 

3.3V 

eio Outputs Vo - Vee or GND 3.3V 

t For conditions shown as MIN or MAX. use the appropriate values under recommended operating conditions. * All typical values are at Vee - 3.3 V. TA _ 25·e. 
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75 

-75 

3.5 

S 

7 

MAX UNIT 

V 

0.2 

0.4 

0.7 V 

0.4 

0.55 

±5 jJA 

jJA 

±500 

±10 jJA 

40 jJA 

750 jJA 

pF 

pF 



SN74ALVCH16835 
18-BIT UNIVERSAL BUS DRIVER 

WITH 3·STATE OUTPUTS 
SCES053-SEPTEMBER 1995 

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

VCC=2.5V 
VCC=2.7V 

VCC=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.L., ClK high 1.9 1.6 1.5 ns 

Data before lE.L., ClK low 1.3 1.1 1 

Data after clKi 0.6 0.6 0.7 
th Hold time 

Data after lE.L., 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 
VCC = 2.5 V 

VCC=2.7V 
VCC = 3.3 V 

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

'max 150 150 150 MHz 

A Y 1.3 5.4 4.5 1 3.9 

tpd lE Y 1.8 6.3 5.3 1.3 4.6 ns 

ClK Y 1.9 6.7 5.6 1.4 4.9 

len OE Y 1.5 6.8 6 1.1 5 ns 

tdis OE Y 2.1 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 capacHance 
I Outputs enabled 26 31 

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

12 14 

~1ExAs 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALlAS, TEXAS 75265 3-2~3 



SN74ALVCH16835 
18-BIT UNIVERSAL BUS DRIVER 
WITH 3-STATE OUTPUTS 
SCES053 '- SEPTEMBER 1995 

PARAMETER MEASUREMENT INFORMATION 
VCC=2.5V ± 0.2 V 

o 4.6V TEST 
S1 

S1 
Open o Open 

r' 
soon 

From Output ____ ----4~---'W.,...---./ 
tpd 

tpLZltpZL 4.6 V 
Under Test 

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

LOAD CIRCUIT 

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

~ 

2.3 V 

OV 

~ tsu ~~ th 

Data ___ ..i~1.2 V 
Input 1\ 

I 
~2.3V 

1.2V 
OV 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

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

---11 I· OV 
tpLH ~ ~I 1 1 

14 ~ tPHL 
1 1 
I,----~~~ -VOH 

Output !1.2V 1.2V 
___________ ..i VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

tpHzltpZH GND 

I+--- tw ---+I 
1 1 

Input 3 )\:1~.2~V~~~~ :.: V 

VOLTAGE WAVEFORMS 
PULSE DURATION 

Output 
Control 

(low-level 
enabling) 

~, I 2.3V 

'f\1.2V 4_1.: ___ ov 

tpZL -+I I+- I 
1 1 tpLZ~ 

_ _ -;1-,,1 I 
Output 1 

Waveform 1 1 
S1 at 4.6 V 

(see Note B) tpHZ~ 
14-

2.3 V 

VOL + 0.3 V 
VOL 

Output 
Waveform 2 

S1 atGND 

1,-______ -+ VOH 
VOH-0.3V 

(see Note B) ___ oJ 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

OV 

NOTES: A. CL Includes probe and jig capacitance. 
B. Wavefonn 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 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 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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SN74ALVCH16835 
18-BIT UNIVERSAL BUS DRIVER 

WITH 3-STATE OUTPUTS 
SCES053 - SEPTEMBER 1995 

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

o 6V TEST S1 

S1 o Open 

r' 
SOOO 

From Output - ....... -~.--..Jw.r-_--/ 
Under Test 

CL=SOpF 
(see Note A) T 5000 

tpd Open 

tpLZltPZL 6V 

tPHZltPZH GND 

LOAD CIRCUIT I4---tw~ 

2.7V 

I I~ __ _ 

Input 3 y<,"~_.S_V ___ :.: V 

I tsu th 
~I 

OV VOLTAGE WAVEFORMS 
PULSE DURATION 

Data --.... ~1.S V 
Input 1\ 

I 
~2.7V 

1.SV 
OV 

Output 
Control 

(Iow·level 
enabling) 

~ I 2.7 V 

T'1.SV 4_1.: ___ ov VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

Input L1.5V \~S-;--- 2.7 V 

---II I· OV 

tPLH 114 ~I I J 
14 .. tpHL 

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

Output !1.SV 1.SV 
_______ J. VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

NOTES: A. CL includes probe and jig capacitance. 

Output 
Waveform 1 

S1 aUV 
(see Note B) 

Output 
Waveform 2 

S1 atGND 

tPZL -.! 14- I 
I I tpLZ~ 

_--+1"'\.:1 I 
I 
I VOL + 0.3 V 

(see Note B) _____ .I 

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 contro\. 
Waveform 2 is for an output with internal condHlons 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 len. 
G. tpLH andtpHL are the same as Ipd. 

Figure 2. Load Circuit and Voltage Waveforms 
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• Member of the Texas Instruments 
Wldebus™ Family 

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

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

• ESD Protection Exceeds 2000 V Per 
MIL-STD-883C, Method 3015; 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 3OQ-mll 
Shrink Smail-Outline (DL) and Thin Shrink 
Smail-Outline (DGG) 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 SN74ALVCH 16841 can be used as two 1o-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 D·TYPE LATCH 

WITH 3·STATE OUTPUTS 

DGG OR DL PACKAGE 
(l'OPVIEW) 

10E 
1Q1 
1Q2 

GNO 

Vee 
1Q5 
1Q6 
1Q7 

GNO 
1Q8 
109 

1Q10 
2Q1 
202 
2Q3 

GND 
204 
2Q5 
2Q6 
Vee 
2Q7 
2Q8 

GNO 
209 

2Q10 
2<5E 

1 

4 

7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

50 
49 
48 
47 
46 
45 
44 

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 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 SN74ALVCH16841 is characterized for operation from -40°C to 85°C. 

EPIC and Widebus are trademarks of Texas Instruments Incorporated. 
PRODUCllON DATA InfOlllllllon II ou_ . 01 DUblIcaIIon ._ 
_conlomllOlI*I_poolltInllOir-lnetrumonto 
llIIIdanlWIIIIIII\<_--._not_lIIylncludo 
lIIUng 01111 paIIII\tItII. ~1EXAS 

INSTRUMENTS 
POST OFFICE ecx 655303 • DALlAS, TEXAS 75265 

Copyright IC 1995, Texas Inslruments Incorporated 
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SN74AlVCH16841 
2()"BIT BUS-INTERFACE D·TYPE LATCH 
WITH 3·STATE OUTPUTS 
SCES043-JULY 1995 

FUNCTION TABLE 
(each 1 G-blt latch) 

INPUTS OUTPUT 
~ LE D Q 

L H H H 

L H L L 
L L X 00 
H X X Z 

logic symbolt logic diagram (positive logic) 

10E 
1LE 

20E 
2LE 

101 

102 

103 

1D4 

105 

108 

1D7 

108 

109 

1010 

201 

202 

203 

204 

205 

208 

207 

208 

209 

2010 

1 " 56 

28 .... 
29 

55 

54 

52 

51 

49 

48 

47 

45 

44 

43 

42 

41 

40 

38 

37 

38 

34 

33 

31 

30 

EN2 
C1 

EN4 

C3 , r 2 
10 2V 

3 

5 

6 

8 

9 

10 

12 

13 

14 

30 4V 
15 

16 

17 

19 

20 

21 

23 

24 

26 

27 

t This symbol Is In accordance with ANSIIIEEE Sid 91-1984 
and lEO Publication 617-12. 

10E 

1LE 

101 
1Q1 

102 

1Q3 

1Q4 

1QS 

1Q6 20E 
1Q7 

2LE 
1Q8 

1Q9 2D1 
1Q10 

2Q1 

2Q2 

2Q3 
2Q4 

2Q5 

2Q8 

2Q7 

2Q8 

2Q9 

2Q10 

~1ExAs 
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1D 

\ v 
To Nine Other Channels 

1D 

\ v 
To Nine Other Channels 

2 1Q1 

I 

15 2Q1 

/ 



SN74ALVCH16841 
20·BIT BUS-INTERFACE D· TYPE LATCH 

WITH 3·STATE OUTPUTS 
SCES043 - JULY 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 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 ...•.............. 1 W 

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

t Stresses beyond those listed ~nder''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 condHlons 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 ajunction temperature of 150·C and a board trace length of 750 mils. 

For more information, refer to the Package ThermalConsiderationsapplication note inthe 1994 ABT Advanced BiCMOS Technology 
Data Book, literature number SCBD002B. 

recommended operating conditions (see Note 4) 

MIN MAX UNIT 

VCC Supply voHage 2.3 3.6 V 

VCC -2.3 Vt02.7V 1.7 
VIH High-level input voltage V 

VCC -2.7Vt03.6V 2 

VCC a 2.3 Vt02.7V 0.7 
VIL Low-level Input voHage V 

Vee -2.7 Vto 3.6 V 0.8 

VI Input voltage 0 Vee V 

Vo Output voltage 0 Vee V 

Vee a2.3V -12 

IOH High-level output current Vec-2.7V -12 rnA 

Vee a3V -24 

Vec-2.3V 12 

IOL Low-level output current Vee=2.7V 12 rnA 

Vec-3V 24 

/it! /iv Input transition rise or fall rate 0 10 ns/V 

TA Operating free-air temperature -40 85 ·C 

NOTE 4: Unused control Inputs must be held high or low to prevent them from floating. 
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SN74ALVCH168.41 
2()'BIT BUS-INTERFACE D-TYPELATCH 
WITH 3~STATE OUTPUTS 
SCES043-JULV 1995 

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

PARAMETER TEST CONDITIONS VeCt MIN TvF¢ 

IOH=-10011A MINto MAX VCC-0.2 

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

VIH = 1.7V 2.3V 
VOH 

IOH--12mA VIH _2V 2.7 V 

VIH =2V 3V 

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

10L -100 IIA MINto MAX 

IOL-6mA, VIL-0.7V 2.3V 

VOL VIL-0.7V 2.3 V 
IOL-12 mA 

VIL=O.BV 2.7V 

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

II VI = VCC or GND 3.6V 

VI_ 0.7 V 
2.3V 

VI= 1.7V 

II(hold) . VI-O.BV 
3V 

VI_2V 

VI-Ot03.6V 3.6V 

10Z Vo = VCC or GND 3.6 V 

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

t..ICC One Input at VCC - 0.6 V, Other Inputs at VCC or GND 3Vt03.6V 

Control inputs 
Ci 

Data inputs 
VI = VCC or GND 3.3V 

Co Outputs Vo - VCC or GND 3.3 V 

t For condHions shown as MIN or MAX, use the appropriate values under recommended operating condHions. 
:I: Typical values are measured atVCC - 3 .. 3 V, TA = 25°C. 

2 

1.7 

2.2 

2.4 

2 

45 

-45 

75 

-75 

3 

6 

7 

MAX UNIT 

V 

0.2 

0.4 

0.7 V 

0.4 

0.55 

±5 IIA 

IIA 

±500 

±10 IIA 
40 IIA 

750 IIA 

pF 

pF 

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 

Vcc = 3.3 V 
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 before LEt 0.9 0.7 1.1 ns 

th Hold time, data aiter LEt 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 

Vee = 2.7 V 
Vee=3.3V 

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

0 Q 1.1 5.6 4.7 1.2 3.9 
Ipd 

LE Q 
ns 

1 6.2 5.1 1 4.3 

ten OE Q 1 6.7 6 1 4.9 ns 

'dis OE Q 1.8 5.5 4.3 1.3 4.1 ns 

~1ExAs 
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SN74ALVCH16841 
20·BIT BUS-INTERFACE D· TYPE LATCH 

WITH 3-STATE OUTPUTS 
SCES043-JULY 1995 

operating characteristics, TA = 25°C 
Vee=2.5V Vee = 3.3 V 

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

L Outputs enabled 12 20 
Cpd Power dissipation capacitance I Outputs disabled 

CL-50pF, l-l0MHz pF 
1 3 

~1ExAs 
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SN74ALVCH16841 
20·BIT BUS·INTERFACE O·TYPE LATCH 
WITH 3·STATE OUTPUTS 
SCES043 - JULY 1995 

PARAMETER MEASUREMENT INFORMATION 
VCC = 2.5 V ± 0.2 V 

o 4.6V 
TEST 

Sl 
Sl 

o Open 

l~ 
5000 

From Output_ ..... _---.f----'\N\r __ ---" tpd Open 

tpLZ/tpZL 4.6 V Under Test 

CL=50pF 
(see Note A) T 5000 

LOAD CIRCUIT 

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

OV 

~ 14 tsu·~ th 

Data ----'\~1.2V 
Input __ ...J1\ 

I 
~2.3V 

1.2V 
OV 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

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

---II I' I OV 
tPLH 114 .11 oJ 

14 .. tPHL 
I I 
I ,.----~~--- VOH 

Output 11.2 V 1.2 V 

----.... VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

tPHZ/tpZH GND 

14--- tw ----+I 
I I~ __ 

Input 3 Y<,_1_.2_V __ :.: V 

Output 
Control 

(Iow·level 
enabling) 

VOLTAGE WAVEFORMS 
PULSE DURATION 

~ j 2.3V 

~ 1.2V 4~':---' ov 
tPZL--.! ~ I 

I I tpLZ -+j 14-

Output Il----{-~I- 2.3V 
Waveform 1 I "\ 1.2V I VOL+0.3V 
Sl at4.6V I, I ----- VOL 

(- Note B) I tPHZ -+i ,i+ 
tpZH ~ 14- I 

Output I ~ Waveform2---- VOH 

(s!~~~:NB~ ___ ... IL.~·~V ____ VOH-0.3V OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

NOTES: A. CL includes probe and jig capacitance. , 
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 0, tr s 2.5 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 tdls' 
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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SN74ALVCH16841 
20·BIT BUS·INTERFACE D·TYPE LATCH 

WITH 3·STATE OUTPUTS 
SCES043-JULY 1995 

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

a 6V TEST S1 
S1 a Open 

r' 
5000 

From Output ---4I>---.---A,f\(\r----J 
Under Test 

CL=50pF 
(see Note A) T 5000 

tpd Open 
tPLz/tpZL 6V 

tPHZltpZH GND 

LOAD CIRCUIT 14-- tw ----.! 

2.7 V 

TI:~:~ _____ .-J~ ... 1-.5-V-----

I 1,--__ 

Input 3 'K1•5V :.:V 

Date 
Input 

r tsu·~ th 

__ .J*1.5V 

OV 

~ 
I 
~2.7V 

1.5V 
OV 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

Input .L1.5V \1.5-;--- 2.7V 

-./I I· OV 
tpLH~ ~ I I 

I I 14 ~ tpHL 
I I 
I ,.-----~:-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 

~ I 2.7 V 

l' 1.5V 4~:--- OV 

tpZL --.! I4-t ....J ""-
II PLZ-lro-

I 1 __ -.J_~I_ 3V 

I \ 1.5V I VOL + 0.3 V 
I· 1- --- VOL 
I tPHZ-+I i+ 

tpZH -+I 14- I 
I t-v;--- VOH 

____ '~ 1.~V ___ ~H-0.3V OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE 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 len. 
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 

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

• Package Options Include Plastic 30o-mll 
Shrink Smail-Outline (OL) and Thin Shrink 
Smail-Outline (OGG) 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 SN74ALVCH16843 can be used as two 9-bit 
latches or one 18-bit lafch. The 18 latches are 
transparent Ootype latches. The device has 
noninverting 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 D·TYPE LATCH 

WITH 3·STATE OUTPUTS 

DGG OR DL PACKAGE 
(TOP VIEW) 

1CLR 1 
10E 
101 

GNO 4 
102 
103 
Vee 7 
104 
105 
106 10 

GNO 11 
12 107 

108 13 
109 14 
201 
202 
203 

GNO 
204 
205 
206 
Vee 
207 
208 

GNO 
209 
20E 

15 

48 
47 

46 
45 

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 

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 puliup 
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. 

EPle and Widebus are trademarks of Texas Instruments Incorporated. 

~1ExAs 
INSTRUMENTS 

Copyright Cl1995, Texas Instruments Incorporated 

POST OFFICE sox 658303 • OALLAS, TEXAS 75286 3-265 

~ s: w 
a: 
D. 

t; 
::J 
C o 
a: 
D. 



"tJ 
:D 
0 
C 
c: 
0 
-t 
"tJ 
:D 

~ -m :e 

SN74ALVCH16843 
18-BIT BUS·INTERFACE D·TVPE LATCH 
WITH 3·STATE OUTPUTS 
SCES044 - JULY 1995 

logic diagram (positive logic) 

10E ---=.2 __________ <1 

1PRE __ 55 ______ ---a 

1CLR --.-;.1 ---a 

1LE 

S2 

t-f----1C1 
101--M---------r~~~10 

t-t----if----1 R 

\ v 
To Eight Other Channels 

20E 
27 

·30 
2PRE 

2CLR 28 

2LE 

S2 

42 
C1 

201 10 

R 

>--+---=3_ 1Q1 

15. 
2Q1 

\~------~vr------~ 
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SN74ALVCH16843 
18·81T BUS-INTERFACE D·TYPE LATCH 

WITH 3-STATE OUTPUTS 
SCES044-JULY 1995 

FUNCTION TABLE 
(each 9-blt latch) 

INPUTS OUTPUT 

OE LE D Q 

L X X H 

L X X L 

L H L L 

L H H H 

L L X 00 
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, 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 "racommended operating condHions· is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliabllHy. 

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, rafertothe Package Therma/Conslderationsapplication note inthe 1994 ABT Advanced BiCMOS Technology 
Data Book, literature number SCBD002B. 

recommended operating conditions (see Note 4) 
MIN MAX UNIT 

Vec Supply voltage 2.3 3.6 V 

VIH High-level Input voltage 
Vec =2.3 Vt02.7V 1.7 

V 
VCC -2.7Vt03.6V 2 

VIL Low-level input voltage 
VCC-2.3Vto2.7V 0.7 

V 
VCC = 2.7V to 3.6 V 0.8 

VI Input voltage 0 VCC V 

Vo Output voltage 0 VCC V 

VCC- 2.3V -12 

IOH High-level output current VCC- 2.7Y -12 mA 

VCC- 3Y -24 

YCC- 2.3Y 12 

IOL Low-level output current VCC- 2•7Y 12 mA 

YCC-3Y 24 

At/Av Input transition rise or fall rate 0 10 nsIY 

TA Operating free-air temperature -40 85 ·C 

NOTE 4: Unused control Inputs must be held high or low to prevent them from floating. 
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SN74ALVCH16843 
18-BIT BUS-INTERFACE D-TYPE LATCH 
WITH 3-STATE OUTPUTS 
SCES044-JULY 1996 

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

PARAMETER TEST CONDITIONS VCCt MIN TYP* 

IOH--1oojJA MINto MAX VCC-0.2 

IOH--6mA, VIH _1.7V 2.3 V 

VIH-1.7V 2.3V 
VOH 

IOH--12mA VIH-2V 2.7V 

VIH-2V 3V 

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

10l -100 jJA MINto MAX 

IOl-6mA, Vll-0.7V 2.3V 

VOL Vll-0.7V 2.3 V 
IOl-12mA 

Vll-0.8V 2.7 V 

IOl-24mA, Vll-0.8V 3V 

II VI - VCC or GND 3.6V 

VI-0.7V 
2.3 V 

VI_1.7V 

II(hold) VI-0.8V 

VI_2V 
3V 

VI- 010 3.6 V 3.6V 

10Z Vo·VccorGND 3.6V 

ICC VI • Vee or GND, 10- 0 3.6V 

t.ICC One Input at VCC - 0.6 V, Other Inputs at VCC or GND 3Vt03.6V 

Ci 
Control inputs 

Data inputs 
VI • VCC or GND 3.3V 

Co Outputs Vo - Vee or GND 3.3 V 
.. t For conditions shown as MIN or MAX, use the appropnate values under recommended operating conditions . 

:J:Typical values are measured atVCC - 3.3 V, TA = 25·C. 
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• Member of the Texas Instruments 
Wldebus+ ™ Family 

• EPICTM (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-883C, Method 3015; Exceeds 
200 V Using Machine Model (C = 200 pF, 
R=O) 

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

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

• Packaged in Thin Shrink Small-Outline 
(DGG) Package 

description 

This 18-bit (dual-octal) noninverting 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. 

SN74ALVCH16901 
18·BIT UNIVERSAL BUS TRANSCEIVER 

WITH PARITY GENERATORS/CHECKERS 

OGGPACKAGE 
(TOP VIEW) 

1CLKENAB 1 
LEAB 

CLKAB 
1ERRA 4 

1APAR 5 

GND 6 
1A1 

1A5 
1A6 

GND 
1A7 
1A8 
2A1 
2A2 

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

GND 
2APAR 
2ERRA 

OEAB 
m 

2CLKENAB 

35 
34 
33 

""L-_.....I" 

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 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. 

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

Copyright C 1995, Texas Instruments Incorporated 
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SN74ALVCH16901 
18-BIT UNIVERSAL BUS TRANSCEIVER 
WITH PARITY GENERATORS/CHECKERS 
SCES010 - JULY 1995 

description (continued) 

The SN74ALVCH16901 is available in TI's thin shrink small-outline (DGG) package, which provides twice the 
1/0 pin count and functionality of standard small-outline packages in the sameprinted-circuit-board area. 

The SN74ALVCH16901is characterized for operation from -40°C to 85°C. 

block diagram 

LEAB 
1CLKENAB, 
2CLKENAB 

CLKAB 

OEAB 

1A1-1A8 

1APAR 

1ERRB 

2A1-2A8 

2APAR 

2ERRB 

ODD/EVEN 

SEL 

3-270 

~ 

~ 

2 

~ 

18 18-Blt 18 

A-Port Storage 
B·Port 

Parity Parity 
Generate Generate 

and and 
Check Check 
BData A Data 18 18-Blt 18 

Storage 

1 I 

2 

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 f L L 

L L L f 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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1 BPAR 

1ERRA 

2B1-2B8 

2BPAR 

2ERRA 

CLKBA 

1CLKENBA 
2CLKENBA 

LEBA 



INPUTS 

SEL OEBA 

L H 

L L 

L H 

L L 

H L 

H L 

H H 

H H 

SEL OEBA OEAB ODD/EVEN 

L H L L 

L H L L 

L H L L 

L H L L 

L L H L 

L L H L 

L L H L 

L L H L 

L H L H 

L H L H 

L H L H 

L H L H 

L L H H 

L L H H 

L L H H 

L L H H 

L H H L 

L H H L 

L H H L 

L H H L 

L H H H 

L H H H 

L H H H 

L H H H 

L L L L 

L L L H 

SN74ALVCH16901 
18-BIT UNIVERSAL BUS TRANSCEIVER 

WITH PARITY GENERATORS/CHECKERS 
SCES010-JULY 1995 

PARITY-ENABLE FUNCTION TABLE 

OEAB 
OPERATION OR FUNCTION 

L Parity is checked on port A and is generated on port B. 

H Parity is checked on port B and is generated on port A. 

H Parity is checked on port B and port A. 

L Parity is generated on port A and B if device is in FF mode. 

L Parity functions are OA data to B, OB data to A 

H disabled; device acts as a OBdatatoA 

L standard 18-blt registered OAdatatoB 

H 
transceiver. 

Isolation 

PARITY FUNCTION TABLE 

INPUTS OUTPUTS 

l:OFINPUTS l:OFINPUTS 
APAR BPAR APAR ERRA BPAR ERRB 

A1-A8=H B1-B8= H 

0,2,4,6,8 N/A L N/A NlA H L Z 

1,3,5,7 NlA L NlA NlA L H Z 

0,2,4,6,8 N/A H N/A N/A L L Z 

1,3,5,7 N/A H N/A N/A H H Z 

NlA 0,2,4,6,8 N/A L L Z N/A H 

N/A 1,3,5,7 N/A L H Z N/A L 

N/A 0,2,4,6,8 N/A H L Z N/A L 

NlA 1,3,5,7 NlA H H Z N/A H 

0,2,4,6,8 N/A L NlA NlA L H Z 

1,3,5,7 N/A L NlA NlA H L Z 

0,2,4,6,8 NlA H NlA NlA H H Z 

1,3,5,7 N/A H NlA NlA L L Z 

NlA 0,2,4,6,8 N/A L H Z N/A L 

N/A 1,3,5,7 NlA L L Z N/A H 

N/A 0,2,4,6,8 N/A H H Z NlA H 

N/A 1,3,5,7 N/A H L Z N/A L 

0,2,4,6,8 0,2,4,6,8 L L Z H Z H 

1,3,5 • .1 1,3,5,7 L L Z L Z L 

0,2,4,6,8 0,2,4,6,8 H H Z L Z L 

1,3,5,7 1,3,5,7 H H Z H Z H 

0,2,4,6,8 0,2,4,6,8 L L Z L Z L 

1,3,5,7 1,3,5,7 L L Z H Z H 

0,2,4,6,8 0,2,4,6,8 H H Z H Z H 

1,3,5,7 1,3,5,7 H H Z L Z L 

N/A N/A N/A NlA PEt Z PEt z 
N/A NlA N/A NlA PO:!: Z PO:!: z 
.. 

t Panty output IS set to the level so that the specifiC bus Side IS set to even panty • 
:!: Parity output is set to the level so that the specific bus side is set to odd parity. 
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SN74AlVCH16901 
18·BIT UNIVERSAL BUS TRANSCEIVER 
WITH PARITY GENERATORS/CHECKERS 
SCES010-JULY 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: Except I/O ports (see Note 1) .••............................. -0.5 V to 4.6 V 

I/O ports (see Notes 1 and 2) .......................... -0.5 Vto 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 at T A = 55°C (in still air) (see Note 3) ................................ 1 W 
Storage temperature range, T51g ................................................... -65°C to 150°C 

t Stresses beyond those listed under "absolu1e 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 ou1put 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 ThermaiConsiderationsapplication note in the 1994 ABT Advanced BiCMOS Technology 
Data Book, IHerature number SeBD002B. 

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 inpu1 voltage V 

Vee =2.7Vt03.6 V 2 

VIL Low-level input voltage 
Vee =2.3 Vto2.7V 0.7 

V 
Vee - 2.7 Vto 3.6 V 0.8 

VI Input voltage 0 Vee V 

Va Ou1put voHage 0 Vee V 

Vee- 2.3V -12 

.iOH High-level output current Vee- 2•7V -12 mA 

Vee- 3V -24 

Vee- 2.3V 12 

IOL Low-level output current Vee=2.7V 12 mA 

Vee- 3V 24 

At/Av Input transition rise or fall rate 0 10 ns/V 

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 
SCES010-JULYl995 

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

PARAMETER TEST CONDITIONS VCet MIN TYP* 

10H - -100 lIA MIN to MAX Vee-0.2 

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

VIH -1.7V 2.3V 
VOH 

IOH--12mA VIH-2V 2.7V 

VIH-2V 3V 

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

10L - 100 lIA MIN to MAX 

IOL-6mA, VIL-0.7V 2.3 V 

VOL VIL-0.7V 2.3V 
10L= 12 mA I VIL = 0.8 V 2.7 V 

IOL-24mA, VIL-0.8V 3V 

II VI - Vee or GND 3.6 V 

VI-0.7V 
2.3 V 

VI-1.7V 

II (hold) VI_0.8V 

VI=2V 
3V 

VI-Ot03.6V 3.6 V 

10Z§ Vo - Vee or GND 3.6 V 

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

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

ei Control inputs VI- Vee or GND 3.3V 

Cia A or B ports Vo - Vec or GND 3.3 V 

Co ERR ports Vo - VCC or GND 3.3 V 
.. .. t For condHlons shown as MIN or MAX, use the appropnate values under recommended operating condHlons . 

:j:Typical values are measured at VCC = 3.3 V, TA - 25·C. 
§ For I/O ports, the parameter 10Z includes the Input leakage current. 

2 

1.7 

2.2 

2.4 

2 

45 

-45 

75 

-75 

.3 

7.5 

6 

MAX UNIT 

V 

0.2 

0.4 

0.7 V 

0.4 

0.55 

±5 lIA 

lIA 

±500 

±10 lIA 
40 lIA 

750 lIA 
pF 

pF 

pF 

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

VCC=2.5V 
Vee = 2.7 V 

Vee = 3.3 V 
±0.2V ±O.3V UNIT 

MIN MAX MIN MAX MIN MAX 

fclock Clock frequency 0 125 0 125 0 125 MHz 

cud' 3 3 3 
tw Pulse duration ns 

LE high 3 3 3 

APAR or BPAR before CLKi 1.9 2 1.7 

tsu Setup time CLKEN before CLKi 2.1 2.1 1.7 ns 

APAR or BPAR before LEt 1.4 1.3 1.2 

APAR or BPAR after CLKi 0.4 0.4 0.5 

th Hold time CLKEN after CLKi 0.5 0.5 0.7 ns 

APAR or BPAR after LEt 0.9 1.1 0.9 
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SN74ALVCH16901 
18·BIT UNIVERSAL BUS TRANSCEIVER 
WITH PARITY GENERATORS/CHECKERS 
SCES010-JULY 1995 

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 

VCC=2.7V 
VCC=3.3V 

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

fmax 125 125 125 MHz 

AorB BorA 1.5 5.8 4.8 1 4.4 

AorB BPARorAPAR 2.5 9.5 7.6 2 6.7 

APARorBPAR BPARorAPAR 1.5 6.3 5.2 1 4.7 

APARorBPAR ERRAorERRB 2.5 10.3 8.7 2 7.5 

ODD/EVEN ERRAorERRB 2 9.3 7.9 1.5 6.8 

ODD/EVEN BPARorAPAR 2 8.9 7.6 1.5 6.5 

SEL BPARorAPAR 1.5 6.7 5.9 1 5.1 

CLKAB or CLKBA AorB 1.5 7 5.8 1 5.1 

CLKAB or CLKBA 
BPARorAPAR 

2 7.7 6.3 1.5 5.6 tpd parity feedthrough ns 

CLKAB or CLKBA 
BPARorAPAR 

3 10.8 8.7 2 7.7 
parity generated 

CLKAB or CLKBA ERRAorERRB 3 11.1 8.9 2 7.9 

LEABorLEBA AorB 1.5 6.6 5.5 1 4.8 

LEABorLEBA 
BPARorAPAR 

2 7.3 6 1.5 5.3 
parity feedthrough 

LEABorLEBA 
BPARorAPAR 

3 10.4 8.3 2 7.4 
parity generated 

LEAB or LEBA ERRAorERRB 3 10.5 8.5 2 7.5 

ten OEABorOEBA B, BPAR or A, APAR 1.5 6.8 6.1 1 5.3 ns 

tdis OEABorOEBA B, BPAR or A, APAR 2 6.3 5.2 1.5 4.9 ns 

ten OEABorOEBA ERRAor ERRB 1.5 6.7 5.5 1 4.9 ns 

!dis OEABorOEBA ERRAor ERRB 2 7.5 6.5 1 5.7 ns 

tan .SEL ERRAor ERRB 1.5 7.2 6.5 1 5.5 ns 

!dis SE[ ERRAor ERRB 2 6.6 5.4 1.5 4.9 ns 

operating characteristics, TA = 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 22 27 

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

5 8 
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SN74ALVCH16901 
18-BIT UNIVERSAL BUS TRANSCEIVER 

WITH PARITY GENERATORS/CHECKERS 
SCES010-JULY 1995 

PARAMETER MEASUREMENT INFORMATION 
Vee = 2.5 V ± 0.2 V 

o 4.6V 

soon 
From Output ---.-~",,----'Wv---_J 

S1 o Open 

Under Test 

CL=50pF 
(see Note A) T soon rD 

LOAD CIRCUIT 

2.3 V 

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

I tau ~~ th I 
Data --~W1.2 V 
Input __ -J1\ ~ .. 2.3 V 1.2V 

OV 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

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

--II I· OV 
tPLH 114 .II I J 

14 PI tpHL 
I I 
I r----~~-- VOH 

Output 11.2 V 1.2 V 
____ ,J, VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

NOTES: A. CL Includes probe and Jig capacitance. 

TEST S1 

tpd Open 
tPLZ/tpZL 4.6 V 
tPHZltpZH GND 

14-- tw ---.! 
I I 

Input 3 j(r1-.2-V-- :.: V 

Ou~ut 
Control 

(low-level 
enabling) 

VOLTAGE WAVEFORMS 
PULSE DURATION 

~ I 2.3 V 

~ 1.2V 4~~--~ ov 

tpZL ~ I+-t -J ""---
I I PLZ -I roo---

I I -.J I 
Output ---;j...,rt- - I-~- 2.3 V 

Waveform 1 I \. 1.2V I VOL+0.3V 
S1 at 4.6 V I· I - --- VOL 

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

Ou~ut I s: --- VOH 

(::~r:~~ l~:~ "-- YaH -0.3 V 0 V 

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 leIis. 
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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SN74ALVCH16901 
18-BIT UNIVERSAL BUS TRANSCEIVER 
WITH PARITY GENERATORS/CHECKERS 
SCES010-JULY 1995 

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

o 8V TEST 
S1 

S1 

Open o Open 

r~ 
15000 

From Output ---..---.-----'\f\I'v----' 
tpd 

tpLZltpZL 8V 
Under Test 

CL=SOpF 

(sea Note A) I SOOO 

LOAD CIRCUIT 

TI~~nu~ _____ ,.,~,,1-.S-V----
2.7 V 

OV 

~ r tau ~~ th 

Data --~~.S V 
Input __ oJ1\ 

I 
~2.7V 

1.SV 
OV 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

Input ----t 1.S V 

tPLH 14 ~ 
1 . 

Output )t 1.S V 

\~S-;--- 2.7 V 

I· I OV 

~ ~ tPHL 
1 

~-VOH 
1.SV 

VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

tpHzltpZH GND 

I4---tw-.l 
I 1 

Input 3 X:1~.S~V~~~~ :.:V 

Output 
Control 

(low-level 
enabling) 

VOLTAGE WAVEFORMS 
PULSE DURATION 

~ I 2.7 V 

~ 1.SV 4~:--- OV 

tPZL -+I 14- I 
I I tPLZ -+j 14-

Output Il ___ -.J_~I- 3V 

waveform 1 I \ 1.6 V : VOL + 0.3 V 
S1 at8V I· I - -- VOL 

(sea Note B) I, tpHZ -+J i+ 
tpZH -Ill 14- I 

Output 1 ~ Waveform 2 - - VOH 

(.!!::N~ ___ I-l~·~v ___ VoH-0.3V OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

NOTES: A. CL includes probe and jig capacitance . 
. B. Waveform 1 Is for an output with intemal condHlons 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 Ihe following characteristics: PRR :s 10 M,Hz, Zo - 50 0. Ir :s 2.5 ns, If :S 2.5 ns. 
D. The outputs are measured one at a time with one transition per measurement. 
E. tPLZ and IPHZ are Ihe ·same as !dis. 
F. tpZL and tpZH are the same as len. 
G. IpLH 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 

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

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

• Package Options Include Plastic 30o-mll 
Shrink Smail-Outline (Ol) and Thin Shrink 
Small-Outline (OGG) Packages 

description 

This 16-bit registered transceiver is designed for 
2.3-V to 3.6-V VCC operation. 

The SN74ALVCH16952 contains two sets of 
Ootype flip-flops for temporary storage of data 
flowing in either direction. This device can be used 
as two 8-bit transceivers or one 16-bit transceiver. 
Data on the A or 8 bus is stored in the registers on 
the low-to-high transition of the clock (CLKAB or 
CLKBA) input provided that the clock-enable 
(CEAB or CEBA) input is low. Taking the 
output-enable (OEAB or OEBA) input low 
accesses the data on either port. 

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. 

SN74ALVCH16952 
16·BIT REGISTERED TRANSCEIVER 

WITH 3·STATE OUTPUTS 

DOG OR DL PACKAGE 
(TOP VIEW) 

10EAB 
1CLKAB 

1CEAB 3 
GND 4 

1A2 
Vee 
1A3 

1A6 
1A7 
1A8 
2A1 
2A2 
2A3 

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

GND 
2CEAB 

2CLKAB 
20EAB 

20 
21 
22 
23 
24 
25 
26 
27 
28 

35 
34 

33 
32 
31 
30 
29 

10EBA 
1CLKBA 
1CEBA 
GND 
1B1 
1B2 
Vee 
1B3 
1B4 
1B5 
GND 
1B6 
1B7 
1B8 
2B1 
2B2 
2B3 
GND 
2B4 
2B5 
2B6 
Vee 
2B7 
288 
GND 
2CEBA 
2CLKBA 
20EBA 

The SN74ALVCH16952 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 SN74ALVCH16952 is characterized for operation from -40·C to 85·C. 

EPle and Widebus are trademarks of Texas Instruments Incorporated. 
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SN74ALVCH15952 
16·81T REGISTERED TRANSCEIVER 
WITH 3·STATE OUTPUTS 
SCES011-JULY 1995 

3-278 

FUNCTION TABLEt 

INPUTS OUTPUT 
CLKENAB CLKAB OEAB A B 

H X L X BO; 

X L L X BO; 

L t L L L 

L t L H H 

X X H X Z 

t A-to-B data flow IS shown; B-to-A data flow Is similar 
but uses CLKENBA, CLKBA, and OEBA. 

; Level of B before the indicated steady-state input 
conditions were established 
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logic symbolt 

10EBA 

1CEBA 

1CLKBA 

10EAB 

lCEAB 

lCLKAB 

20EBA 

2CEBA 

2CLKBA 

20EAB 

2CEAB 

2CLKAB 

lAl 

lA2 

lA3 

lA4 

lA5 

lA6 

lA7 

lA8 

2Al 

2A2 

2A3 

2A4 

2A5 

2A6 

2A7 

2A8 

56 r-. 
54 

" 
55 

1 r-. 
3 r-. 
2 

29 r-. 
31 r-. 
30 

28 r-. 
26 r-. 
27 

5 

L 
6 

8 

9 

10 

12 

13 
~ 

14 

15 

L 
16 

17 

19 

20 

21 

23 

24 

EN3 

Gl 

105 

EN4 

G2 

206 

EN9 

G7 

7Cll 

EN10 

G8 

8C12 ., 
'V3 

60 

'V9 

120 

r-
50 

4'V 

J 

110 

10 'V 

SN74ALVCH16952 
16-81T REGISTERED TRANSCEIVER 

WITH 3-STATE OUTPUTS 
SCESOll - JULY 1995 

52 

W 
1Bl 

51 
lB2 

49 
lB3 

48 
lB4 

47 
lB5 

45 
lB6 

44 
lB7 

43 
lB8 

42 

0 
2Bl 

41 
2B2 

40 
2B3 

38 
2B4 

37 
2B5 

36 
2B6 

34 
2B7 

33 
2B8 

tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and lEe Publication 617-12. 
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SN74ALVCH16952 
16~BIT REGISTERED TRANSCEIVER 
WITH 3-STATE OUTPUTS 
SCES011-JULY 1995 

logic diagram (positive logic) 

r-----
lOne of Eight 

1 10EAB 

----, 
I I Channels 

1 Ai ...!5:...f-----1t--C Hr---+---.---t1=52 1B1 

3-280 

I 
I 
I 
I 

I 
I 
I 
I L.. ________ _ _________ .J 

r-----
lOne of Eight 
I Channels 

2A 1 ..:.15=t-----1t--<: 
I 
I 
I 
I 

~----~vr-------J 

To Seven Other Channels 

----, 
I 

HI--__ +---. __ -t1...:::42 2B1 

I 
I 
I 
I .L.. _______ _ _________ .J 

~~------~vr--------I 
To Seven Other Chanpels 
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SN74ALVCH16952 
16-81T REGISTERED TRANSCEIVER 

WITH 3-STATE OUTPUTS 
SCES011 -JULY 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: 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 > Vecl ........................................... ±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, 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 oond~lons beyond those indicated under "recommended operating condHions" is not 
implied. Exposure to absolute-maximum-rated oondltions 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. 

Formore information, refer to the Package ThermalConsiderationsapplication note in the 1994 ABT Advanced BiCMOS Technology 
Data Book, literature number SCBD002B. 

recommended operating conditions (see Note 4) 
MIN MAX UNIT 

VCC Supply voltage 2.3 3.6 V 

VCC - 2.3 Via 2.7 V 1.7 
VIH High-level input voHage V 

VCC =2.7Vto3.6 V 2 

VCC -2.3 Vt02.7V 0.7 
VIL Low-1evel input voltage V 

VCC - 2.7 Vto 3.6 V 0.8 

VI Input voltage 0 VCC V 

Vo Output voltage 0 VCC V 

VCC- 2.3V -12 

IOH High-level output current VCC=2.7V -12 mA 

VCC-3V -24 

VCC=2.3V 12 

IOL Low-level output current VCC-2.7V 12 mA 

VCC-3V 24 

I1tll1v Input transition rise or fall rate 0 10 ns/V 

TA Operating free-alr temperature -40 85 ·C 

NOTE 4: Unused oontrollnputs must be held high or low to prevent them from floating •. 
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SN74ALVCH16952· 
16·81T REGISTERED TRANSCEIVER 
WITH3·STATE OUTPUTS 
SCESOll-JULY1995 

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

PARAMETER TEST CONDITIONS VCCt MIN TYpt 
IOH--10011A MIN to MAX VCC-0.2 

10H--SmA, VIH -1.7V 2.3V 

VIH _1.7V 2.3V 
VOH 

IOH--12mA VIH _2V 2.7V 

VIH -2V 3V 

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

10L = 100 IIA MINto MAX 

10L-SmA, VIL-0.7V 2.3V 

VOL VIL=0.7V 2.3V 
IOL=12mA 

VIL-0.8V 2.7V 

IOL-24mA, VIL-0.8V 3V 

II VI_ VCC or GND 3.SV 

VI-0.7V 

VI= 1.7V 
2.3 V 

. II(hold) VI_ 0.8 V 

VI-2V 
3V 

VI- 0103.S V 3.SV 

10Z§ Vo - VCC or GND 3.SV 

ICC VI_ VCC or GND, 10=0 3.SV 

t..ICC One input at VCC - O.S V, Other Inputs at VCC or GND 3 Vto3.S V 

Ci I Control inputs VI = VCC or GND 3.3V 

Cio I A or B ports Vo - VCC or GND 3.3V 
.. t For conditions shown as MIN or MAX, use the appropnate values under recommended operating conditions • 

; Typical values are measured at VCC - 3.3 V, TA - 25·C. 
§ For 1/0 ports, the parameter 10Z includes the Input leakage current. 
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2 

1.7 

2.2 

2.4 

2 

45 

-45 

75 

-75 

MAX UNIT 

V 

0.2 

0.4 

0.7 V 
.. 

0.4 

0.55 

±5 IIA 

IIA 

±SOO 

±10 IIA 
40 IIA 

750 IIA 
pF 

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

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

• Support Unregulated Battery Operation 
Down to 2.7 V 

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

• 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 500 mA 
Per JEDEC Standard JESD-17 

• Bus-Hold Data Inputs Eliminate the Need 
for External Pullup Resistors 

• Support Live Insertion 

• Package Options Include Plastic 
Small-Outline (D), Shrink Small-Outline 
(DB), and Thin Shrink Small-Outline (PW) 
Packages, Ceramic Chip Carriers (FI<), and 
Ceramic (J) DIPs 

description 

SN54LYT125,SN74LVT125 
3.3-Y ABT QUADRUPLE BUS BUFFERS 

WITH 3-STATE OUTPUTS 

SN54LVT125 ••• J PACKAGE 
SN74LVT125 ••• D, DB, OR PW PACKAGE 

(TOP VIEW) 

10E Vcc 
1A 40E 
1Y 4A 

20E 4 11 4Y 
2A 5 10 30E 
2Y 6 9 3A 

GND 7 8 3Y 

SN54LVT125 ••• FK PACKAGE 
(Top VIEW) 

1Y 
NC 

20E 
NC 
2A 

<I~ 081~ .... Z> '<t 

3 2 1 20 19 
4 18 
5 17 
6 16 4Y 

7 15 NC 
8 14 30E 

9 10 11 12 13 

>-00>-< 
C\I Z Z"'''' o 

NC - No internal connection 

These bus buffers are designed specifically for low-voltage (3.3-V) VCC operation, but with the capability to 
provide a TIL interface to a 5-V system environment. 

The 'LVT125 feature independent line drivers with 3-state outputs. Each output is in the high-impedance state 
when the associated output-enable (DE) input is high. 

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, DE should be tied to VCC through a pull up 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN74LVT125 is available in TI's shrink small-outline package (DB), which provides the same I/O pin count 
and functionality of standard small-outline packages in less than half the printed-circuit-board area. 

The SN54LVT125 is characterized for operation over the full military temperature range of -55·C to 125·C. The 
SN74LVT125 is characterized for operation from -40·C to 85·C. 

UNLESS OlHERWlSE NOTED 11111 document co ...... PRODUCTION 
DATA Information cu"". 01 ~1catIon cIaIo. Prod .... coni .... 10 
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3.3-V ABT QUADRUPLE BUS BUFFERS 
WITH 3-STATE OUTPUTS 
SCBS133D- MAY 1992-'REVISED JULY 1995 

FUNCTION TABLE 
(each buffer) 

INPUTS OUTPUT 
OE A Y 

L H H 

l L L 

H X' Z 

logic symbolt logic diagram (positive logic) 

10E 

1A 

20E 
2A 

30E 

3A 

40E 

4A 

1 

2 

4 
Ii 

10 

9 

13 
12 

-'" EN 1 
V 

3 

"- 6 

"- 6 

-'" 11 

1QE ?:t> 1Y 

1A 
2 

2Y 
>-_--'3_ 1Y 

20E 
4 

?:t> 3Y 

2A 
Ii 

4Y 

>-_--=6_ 2Y 

10 
30E 

tThis symbol Is in accordance with ANSI/IEEE Std 91-1984 
and IEC Publication 617-12. 3A 

9 ?:t> >-_--=8--' 3Y 

40E 
13 

?:t> 4A 
12 >-__ 1.;.;1_ 4Y 

Pin numbers shown are for the 0, DB, J, and PW packages. 

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 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: SN54LVT125 ........................•............ 96 rnA 

SN74LVT125 .•••.•..•.........................•. 128 mA 
Current into any output in the high state, 10 (see Note 2): SN54LVT125 ....••. , ...•••...•.....•. 48 mA 

SN74LVT125 ......................... 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): D package .......... ~ ......... 1.25 W 

DB or PW package ............. 0.5 W 
Storage temperature range, Tstg ......•......•.................................... -65°C to 150°C 

:I: 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. 

4-4 

2. This current flows only when the output Is in the high state and Vo > Vcc. 
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 Therma/ConsideratJonsapplicatlon note In the 1994 ABT Advanced BiCMOS Technology 
Data Book, literature number SCBD002B. 
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SN54LVT125,SN74LVT125 
3.3-V ABT QUADRUPLE BUS BUFFERS 

WITH 3-STATE OUTPUTS 
SCBS133D - MAY 1992 - REVISED JULY 1995 

recommended operating conditions (see Note 4) 
SN54LVT125 SN74LVT125 

UNIT 
MIN MAX MIN MAX 

Vee Supply voltage 2.7 36 2.7 3.6 V 

VIH High-level input voltage 2 1J;- 2 V 

VIL Low-levellnput voltage !f)O.8 0.8 V 

VI Input voltage ~. 5.5 5.5 V 

10H High-level output current ~ -24 -32 rnA 

10L Low-level output current £j 48 64 rnA 

At/!J.v Input transition rise or fall rate I Outputs enabled !f 10 10 ns/V 

TA Operating free-air temperature -55 125 -40 85 ·e 

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) 

SN54LVT125 SN74LVT125 
PARAMETER TEST CONDITIONS 

MIN TYpt MAX MIN TYPt 

VIK Vee- 2.7V, 11=-18mA -1.2 

Vee = MIN to MAX+, 10H - -100 J.IA Vee-0.2 Vee-0.2 

Vee=2.7V, IOH=-8mA 2.4 2.4 
VOH 

IOH=-24mA 2 
Vee=3V 

10H=-32mA 2 

IOL -100 jJA 0.2 
Vce = 2.7V 

IOL-24rnA 0.5 

IOL=16mA 0.4 
VOL 

IOL=32 rnA 0.5 
Vee=3V 

IOL=48mA 0.55 

10L= 64 rnA ~ 
Vee = 0 or MAX+, 'VI =5.5V ~~ 10 

VI = Vee or GND Control Inputs $I ±1 
II 

Vee = 3.6 V VI = Vee }..~ 1 

VI=O 
Data inputs 

S' -5 

loft Vee- O, VI orVO - 010 4.5 V (!f 
VI -0.8V ~ 75 

II(hold) Vee=3V 
VI-2V 

Data inputs 
-75 -75 

IOZH VCC=3.6V, VO=3V 5 

IOZL Vce- 3.6V, VO-0.5V -5 

Outputs high 0.12 0.19 0.12 

ICC 
Vee = 3.6 V, 10. 0, Outputs low 4.5 7 4.5 
VI = Vee or GND Outputs 

disabled 
0.12 0.19 0.12 

Alee§ 
Vee=3 Vt03.6 V, One input at Vee - 0.6 V, 

0.3 
Other inputs at Vec or GND 

el VI -3 VorO 4 4 

Co Vo-3VorO 8 8 

t All typical values are at Vee. 3.3 V, TA. 25·C. 
+ For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
§ This is the increase in supply current for each input that is at the specified TTL voHage level rather than Vee or GND. 

PRODUCT PREVIEW Infonnllion ........ prodUCilIn thlIorm8llve or 
::_ 01 devtIopmont. _11k: data oncI 01h. lo .. o",cIaaIgngooll. r ____ IiI.rlghtlO 

or dlsconllnualh ... products wI_l_ ~1EXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DAUAS. TEXAS 75265 

MAX 

-1.2 

0.2 

0.5 

0.4 

0.5 

0.55 

10 

±1 

1 

-5 

±100 

5 

-5 

0.19 

7 

0.19 

0.2 

UNIT 

V 

V 

V 

jJA 

J.IA 

J.IA 

jJA 

jJA 

rnA 

rnA 

pF 

pF 
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~N;41 VT1'~ ~N741 VT1?r:; _" .. ____ ~ • __ , _ •••• __ • I_V 

3.3-V ABT QUADRUPLE BUS BUFFERS 
WITH 3~STATE OUTPUTS 
SCBS133D - MAY 1992 - REVISED JULY 1995 

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

PARAMETER 
FROM TO 

(INPUT) (OUTPUT) 

tPLH 
A y 

tPHL 

tpZH 

tpZL 
OE Y 

tpHZ 
OE Y 

tPLZ 

t All typical valuas are at Vee ~ 3.3 V. TA = 25°e. 

PRODUCT PREVIEW Intormllion ooncemo prod .... In .... lormllive Of :en pI1I88 of developmon1. Chl_" dill Md olhw 
a_III dIIIgn goiIt. T .... llIIINmen\I_ .... right 10 

• 11190 or dlooondnUlth080 procIUC\I whhout nedoe. 

SN54LVT125 

VCC=3.3V 
VCC=2.7V ±O.3V 

MIN MAX MI~ MAX 

1 4.2 § 4.7 

1 4.1 ~ 5.1 

1 4.9 .. 6.2 

1.1 4~ 6.7 

1.8 .P 5.9 

1.3 «4.7 4.2 

~1ExAs 
INSTItUMENTS 

4-6 POST OFFICE BOX 655303 • DALLAS. TEXAS 75265 

SN74LVT125 

VCC=3.3V 
VCC=2:7V· UNIT ±O.3V 

MIN TYPt MAX MIN MAX 

1 2.7 4 4.5 
ns 

1 2.9 3.9 4.9 

1 3.4 4.7 6 
ns 

1.1 3.4 4.7 6.5 

1.8 3.7 5.1 5.7 

1.3 2.6 4.5 
ns 

4 



SN54LVT125,SN74LVT125 
3.3-V ABT QUADRUPLE BUS BUFFERS 

WITH 3-STATE OUTPUTS 
SCBSl33D-MAY 1992- REVISED JULY 1995 

PARAMETER MEASUREMENT INFORMATION 

o 6V 
S1 

From Output _-._---4,.......-J5VOOI/l0...--__ ./ 
o Open 

Under Test rD 
CL=50pF 

(see Note A) T 5000 

LOAD CIRCUIT FOR OUTPUTS 

I+--tw~ 

2.7 V 

OV 

, ,,----
Input 3 "",1_.5_V __ 

Input 

Output 

VOLTAGE WAVEFORMS 
PULSE DURATION 

--v X 2.7 V 
--1;\1.5 V ,1.5V OV 

tpLH +--I ~ tPHL 

1 1 \!--:::- VOH 
1 1 1.5v l ~ 

--+I~, VOL 

tPHL -l.--.! ~ tpLH 

I !.r.:':'" VOH 

Timing Input 

Data Input 

Output 
Control 

Output 
Waveform 1 

S1 at 6 V 
(see Note B) 

TEST S1 

tpLlftpHL Open 
tpLZltpZL 6V 
tpHZ/tpZH GND 

2.7 V 
-------X1.5 V 
_____ J. 1'-______ OV 

"- ·~th.l I tsu I 

--'""*1.5 V E :.:V 
VOLTAGE WAVEFORMS 

SETUP AND HOLD TIMES 

~1.5V ~ .... 1._5_V __ _ 

tpZL~ I+- , 

2.7 V 

OV 

1 tPLZ-.I ~ --..;-, '""\' , Kc~-- 3V 
1 1.5V 1 

, VOL + O.!.!' VOL 

I 1 tpHZ~ :.-
tpZH~ j4- , 

I -- VOH 
\1.5V r1.5V 

-- VOL 
Output 

Output 
Waveform 2 

S1 atGND 
(sea Note B) 

!1.5V ~H-O.3V 
---...I. ...OV 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

INVERTING AND NONINVERTING OUTPUTS 

NOTES: A. CL includes probe and jig capacitance. 

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 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 50 10 MHz, Zo a 50 Q, tr 50 2.5 ns, tf S 2.5 ns. 
D. The outputs are measured one at a time with one transRlon per measurement. 

Figure 1. Load Circuit and Voltage Waveforms 

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

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

• Support Unregulated Battery Operation 
Down to 2.7 V 

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

• 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 500 mA 
Per JEDEC Standard JESD-17 

• Bus-Hold Data Inputs Eliminate the Need 
for External Pullup Resistors 

• Support Live Insertion 
• Package Options Include Plastic 

Small-Outline (OW), Shrink Smail-Outline 
(DB), and Thin Shrink Smail-Outline (PW) 
Packages, Ceramic Chip Carriers (FK), and 
Ceramic (J) DIPs 

description 

These octal buffers and line drivers are designed 
specifically for low-voltage (3.3-V) Vee operation, 
but with the capability to provide a TTL interface 
to a 5-V system environment. 

SN54LVT240,SN74LVT240 
3.3-V ABT OCTAL BUFFERS/DRIVERS 

WITH 3·STATE OUTPUTS 

SN54LVT240 ••• J PACKAGE 
SN74LVT240 ••• DB, ow, OR PW PACKAGE 

(TOP VIEW) 

10E 1 Vee 
1A1 20E 
2Y4 1Y1 
1A2 2A4 
2Y3 1Y2 
1A3 6 2A3 
2Y2 1Y3 
1A4 2A2 
2Y1 1Y4 

GND 2A1 

SN54LVT240 ••• FK PACKAGE 
(TOPVIEWj 

1A2 3 2 1 2019 1Y1 4 18 
2Y3 5 17· 2A4 
1A3 6 16 1Y2 
2Y2 7 15 2A3 
1A4 8 14 1Y3 

9 10 11 12 13 

>=~~)!:~ C\lC!:J ~C\I 

1995 

These devices are organized as two 4-bit bufferlline drivers with separate output-enable (OE) inputs. When OE 
is low, the devices pass data from the A inputs to the Y outputs. 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 Vee through a pullup 
resistor; the minimum value of the resistor is determined by the current-Sinking capability of the driver. 

The SN74LVT240 is available in Tl's shrink small-outline package (DB), which provides the same I/O pin count 
and functionality of standard small-outline packages in less than half the printed-circuit-board area. 

The SN54LVT240 is characterized for operation over the full military temperature range of -55°C to 125°C. The 
SN74LVT240 is characterized for operation from -40°C to 85°C. 

Copyright @ 1995. Texas Instruments Incorporated 

~ThxAs 
INSTRUMENTS 
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SN54LVT240;SN74LVT240 
3.3-V ABT OCTAL BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 
SCBSI34F - SEPTEMBER 1992 - REVISED JULY 1995 

FUNCTION TABLE 
(each buffer) 

INPUTS OUTPUT 
OE A Y 

L H L 

L L H 

H X Z 

logic symbolt logic diagram (positive logic) 

lAI 
lA2 

lA3 

lA4 

20E 

2Al 

2A2 

2A3 

2A4 

1 
" EN t,:;. 

2 
4 

6 

8 

19 
" EN t,:;. 

11 

13 

15 

17 

lOE 

I> V 
18 

lYI lAI 
16 

1Y2 
14 

12 
lY3 1A2 
lY4 

1A3 

1A4 

I> V 
9 

2Y1 
7 

2Y2 
5 

2Y3 20E 
3 

2Y4 

t This symbol is in accordance with ANSIIIEEE Std 91-1984 
2A1 

and lEe Publication 617-12. . 

2A2 

2A3 

2A4 

~1ExAs 
INSTRUMENTS 
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2 

4 

6 

8 

19 

11 

13 

15 

17 

18 
lYI 

16 
1Y2 

14 
lY3 

12 
1Y4 

9 2Yl 

7 
2Y2 

5 
2Y3 

3 
2Y4 



SN54LVT240,SN74LVT240 
3.3-V ABT OCTAL BUFFERS/DRIVERS 

WITH 3-STATE OUTPUTS 
SCBS134F - SEPTEMBER 1992 - REVISED JULY 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 7 V 
Current into any output in the low state, 10: SN54LVT240 ..................................... 96 mA 

SN74LVT240 .................................... 128 mA 
Current into any output in the high state, 10 (see Note 2): SN54LVT240 ......................... 48 mA 

SN74LVT240 ......................... 64 mA 
Input clamp current, 11K (VI < 0) ....••........•......•............•....................... -50 mA 
Output clamp current, 10K (VO < 0) ....................................................... -50 mA 
Maximum power dissipation at TA = 55°C (in still air) (see Note 3): DB package .................... 0.6 W 

DW package ................... 1.6 W 
PW package ................... 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-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 current flows only when the output is in the high state and Vo > Vee. 
3. The maximum package power dissipation is calculated using aJunction temperature of 150·e and a board trace length of 750 mils. 

For more information, refertothe Package ThermalConsiderationsapplication note in the 1994 ABT Advanced BiCMOS Technology 
Data Book, literature number SeBD002B. 

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 

AtltiV 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. 

PRODUCT PREVIEW Intormlllon ooncems producta In 1h81onnatlvl or en pllaoe 0' doveloplnont. C_1Ie dill anti othll' cal""." del1gn goo ... _, ___ 1118 right .. 
c gt or d .... ntlnue "' ... producta wllhouInotict. ~TEXAS 

INSTRUMENTS 
POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 

SN54LVT240 SN74LVT240 
UNIT 

MIN MAX MIN MAX 

2.7 3.6 2.7 3.6 V 

2 .tZf 2 V 

.fiP·8 0.8 V 

~-5.5 5.5 V 

_SJ -24 -32 rnA 

(.) 48 64 rnA 

~ 10 10 ns/V 

-55 125 -40 85 ·C 
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SN54LVT24C,SN74L\'T24C 
3.3-V ABTOCTAL BUFFERS/DRIVERS 
WITH 3-STATEOUTPUTS 
SCBSl34F - SEPTEMBER 1992 - REVISED JULY 1995 

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

SN54L,VT240 SN74LVT240 
PARAMETER TEST CONDITIONS 

MIN TYPt MAX MIN TYPt 

VIK Vee- 2.7V, 11--18mA -1.2 

Vee = MIN to MAx:I:, 10H = -100 IIA Vee-0•2 Vee-0.2 

Vee- 2•7V, IOH=-8mA 2.4 2.4 
VOH 

IOH --24 mA 2 
Vee- 3V 

10H--32mA 2 

10L -100 IIA 0.2 
Vee = 2.7 V 

IOL=24mA 0.5 

IOL=16mA 0.4 
VOL 

IOl-32mA 0.5 
Vee=3V 

IOl-48mA .ll..55 

10l-64mA JiZ 
Vee - 0 or MAXI:, VI- 5.5 V Jij 10 

VI • Vee or GND Control inputs <( ±1 
II 

Vee=3.6V VI = Vee -~ 1 

VI=O 
Data inputs 

~ -5 

loll Vee = 0, VI orVo = Oto 4.5 V I,!'<" 
VI-0.8V 75 75 

'11(hold) VCC=3V 
VI-2V 

Data inputs 
-75 -75 

10ZH Vee = 3.6 V, VO-3V 5 

10Zl Vee=3.6V, VO-0.5V -5 

Outputs high 0.12 0.19 0.12 

ICC 
Vee- 3.6V, 10=0, Outputs low 8.6 12 8.6 
VI_ Vee or GND Outputs 

disabled 
0.12 0.19 0.12 

Alee§ 
Vee - 3 Vt03.6 V, One input at Vee - 0.6 V, 

0.2 
Other inputs at Vee or GND 

ei VI-3 VorO 4 4 

Co Vo-3VorO 8 8 

t All typical values are at Vee - 3.3 V, TA • 25°C. 
:j: For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
§ This is the Increase in supply current for each Input that is al the specified TTL voltage level rather than Vee or GND. 

PRODUCTPREVlEW_ ........ ~InIllo_or = phase of d .... opment. Ch._ dolo Mel .... _.,. dooIan goiIL _1 .......... _ ... right 10 
• or dllccnu ... lhoie ptOduCII _.1 notice. 
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MAX 

-1.2 

0.2 

0.5 

0.4 

0.5 

0.55 

10 

±1 

1 

-5 

±100 

5 

-5 

0.19 

12 

0.19 

0.2 

UNIT 

V 

V 

V 

IIA 

IIA 

IIA 

IIA 
IIA 

mA 

mA 

pF 

pF 



SN54LVT240,SN74LVT240 
3.3-V ABT OCTAL BUFFERS/DRIVERS 

WITH 3-STATE OUTPUTS 
SCBS134F - SEPTEMBER 1992 - REVISED JULY 1995 

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

PARAMETER 
FROM TO 

(INPUT) (OUTPUT) 

tpLH 
A Y 

tpHL 

tPZH 

tPZL 
DE y 

tPHZ 
OE Y 

tPLZ 

t All typical values are at Vee. 3.3 V, TA = 25"C. 

PRODUCT PREVI£W __ ....... pnJdactIln ""formlllvtor 
doIIan jII-. 01 d.............. _do _ oncI 0111. =_ ...... deoIgn gaIIL _lnItIumonts_lIIarightlO 
• ordlaccllll .... _ producIIwHhaut_ 

SN54LVT240 

Vee=3.3V 
VCC=2.7V 

±O.3V 

MIN MAX M.lI MAX 

1 4.2 ~.., 5.2 

1.3 3.7 !J: 4.1 

1.2 4.7 
,~ 

5.7 

1.5 1# 5.9 

2 a·3 5.7 

1.9 ~ 4.6 4.6 

~1ExAs 
INSTRUMENTS 
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SN74LVT240 

Vee = 3.3 V 
Vee = 2.7 V UNIT ±O.3V 

MIN TYPt . MAX MIN MAX 

1 2.9 4.1 5.2 
ns 

1.3 2.5 3.5 4 

1.2 3.2 4.6 5.6 
ns 

1.4 3.5 4.7 5.8 

2 3.6 5.2 5.5 
ns 

1.9 3.2 4.4 4.4 
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SN54LVT240,SN74L\'T240 
3.3-V ABT OCTAL BUFFERS/DRIVERS 
WITH 3-$TATEOUTPUTS 
SCBS1.34F - SEPTEM2ER 1992.., REVISED JULY 1996 

PARAMETER MEASUREMENT INFORMATION; 

o 6V 
S1 

From Output _"'"+_-. ___ -600"'VV'-rn-----/ o Open 

r' Under Test 

CL=SOpF 
'(see Note A) T soon 

LOAD CIRCUIT FOR OUTPUTS 

I4---tw~ 

2.7 V 

OV 

I I~ __ 

Input 3 X\..1_.S_V __ 

Input 

Output 

Output 

VOLTAGE WAVEFORMS 
PULSE DURATION 

----v X 2.7 V 
---1;\1.SV 1 1•SV OV 

tPLH ~ H- tPHL 

I Jt I \! -:::::- VOH 
I r 1'SV I ~ --+-1 ....oJ I VOL 

tPHL --l.---.! ~ tPLH 

1 !r.':':- VOH 
\1.5 V T1.SV 

. - - VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

INVERTING AND NONINVERTING OUTPUTS 

Timing Input 

Data Input 

Output 
Control 

Output 
Waveform 1 

S1 aUV 
(see Note B) 

Output 
Wavetorm2 

S1 atGND 
(see Note B) 

TEST 'S1 

tpLWtpHL OP!ln 
tpLZ/tpZL 6V 
tPHz/tpZH GND 

2.7 V -------y1.5V 
____ ....oJ. 1'-______ OV 

14 ~~ th ~I I tsu I 

__.J)(1.5V ~ :.:V 
VOLTAGE WAVEFORMS 

SETUP AND HOLD TIMES 

~1.SV ~ .... 1._S_V __ _ 

tpZL --+j I+- I 

2.7 V 

OV 

I I tpLZ --+I ~ 
---TI"""'{, I 1/"'-- 3 V 

I ,,1.SV II F VOL+0.3V V 
I . . T---- OL 
I 1 tpHZ~ j4-

tPZH4j j4- I 
1---- VOH 11.5'1 ~H-0.3V 

___ .J. ...OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

LOW- AND HIGH-LEVEL ENABLING 
\ 

NOTES: A. CL includes probe and jig capacitance. 
B. Waveform 1 is for an output wHh intemal conditions such that the output is low except when disabled by 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 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 transHion per meesurement. 

Figure 1. Load Circuit and Voltage Waveforms 

~1ExAs 
INSTRUMENTS 
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• State-of-the-Art Advanced BICMOS 
Technology (ABT) Design for 3.3-V 
Operation and Low-8tatlc Power 
Dissipation 

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

• Support Unregulated Battery Operation 
Down to 2.7 V 

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

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

• Bus-Hold Data Inputs Eliminate the Need 
for External Pullup Resistors 

• Support Live Insertion 
• Package Options Include Plastic 

Smail-Outline (OW), Shrink Smail-Outline 
(DB), and Thin Shrink Smail-Outline (PW) 
Packages, Ceramic Chip Carriers (FK), and 
Ceramic (J) DIPs 

description 

These octal buffers/drivers are designed 
specifically for low-voltage (S.S-V) Vee operation, 
with the capability to provide a TIL Interface to a 
5-V system environment. 

The 'LVT241 are organized as two 4-bit line 
drivers with separate output-enable (1 aE, 20E) 
inputs. When 1 OE is low or 20E is high, the 
devices pass data from the A inputs to the Y 
outputs. When 1 OE is high or 20E is low, the 
outputs are in the high-impedance state. 

SN54LVT241, SN74LVT241 
3.3-V ABT OCTAL BUFFERS/DRIVERS 

WITH 3-STATE OUTPUTS 

SN54LVT241 ••• J PACKAGE 
SN74LVT241 ••• DB, ow, OR PW PACKAGE 

(TOP VIEW) 

10E Vee 
lAl 20E 
2Y4 1Yl 
lA2 2A4 
2Y3 5 lY2 
lA3 6 2A3 
2Y2 7 14 1Y3 
lA4 8 13 2A2 
2Yl 9 12 lY4 

GND 10 11 2Al 

SN54LVT241 ••• FK PACKAGE 
(TOP VIEW) 

lA2 
2Y3 
lA3 
2Y2 
lA4 

4 
5 
6 
7 

'01' "-IW ow >- < 0>00 <:\I ...... ,.... ~ 

3 2 1 2019 
18 
17 
16 
15 

8 9 10 11 12 1314 

1Yl 
2A4 
1Y2 
2A3 
lY3 

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 Vee through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. OE 
should be tied to GNO through a pulldown resistor; the minimum value of the resistor is determined by the 
current-sourcing capability of the driver. 

The SN74LVT241 is available In Tl's shrink small-outline package (DB), which provides the same input/output 
(1/0) pin count and functionality of standard small-outline packages in less than half the printed-circuit-board 
area. 

The SN54LVT241 is characterized for operation over the full military temperature range of -55°C to 125°C. The 
SN74LVT241 is characterized for operation from -40°C to 85°C. 

UNLESS OtHERWISE HOlED II .. cIooumOld _ .. PRODUC'I1OII 

DATA=:a;::.-:: = =--=-"'::""""" .. == prOcooIIng _ 1101 -., Include "1In~ 
po .......... 

~1ExAs 
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SN54LvT241, SN74LvT241 
3.3-V ABT OCTAL BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 
SCAS352C - MARCH 1994- REVISED JULY 1995 

FUNCTION TABLES 

INPUTS OUTPUT 
10E 1A 1Y 

L H H 

L L L 

H X Z 

INPUTS OUTPUT 
20E 2A 2Y 

H H H 

H L L 

L X Z 

logic symbolt logic diagram (positive logic) 

1A1 

1A2 

1A3 

1A4 

20E 

2A1 

2A2 

2A3 

2A4 

1 

2 

4 

8 

8 

19 

11 

13 

15 

17 

'" EN L;' 

~N 

10E 

I> V 
18 

1Y1 1A1 
18 

1Y2 
14 

12 
1Y3 1A2 
1Y4 

1A3 

1A4 
2Y1 I> V 

9 

7 
2Y2 

5 
2Y3 20E 

3 
2Y4 

t This symbol is in accordance with ANSI/IEEE Std 91-1984 
and IEC Publication 617-12. 

2A1 

2A2 

2A3 

2A4 
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13 

15 

17 
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1Y2 
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1Y3 
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2Y1 
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SN54LVT241, SN74LVT241 
3.3-V ABT OCTAL BUFFERS/DRIVERS 

WITH 3-STATE OUTPUTS 
SCAS352C- MARCH 1994 - REVISED JULY 1995 

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 (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: SN54LVT241 ..................................... 96 mA 

SN74LVT241 •........................•........•. 128 mA 
Current into any output in the high state, 10 (see Note 2): SN54LVT241 •.•...•.................. 48 mA 

SN74LVT241 ..........•.........•.•.. 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): DB package , ..•.••••••••••••••• 0.6 W 

OW package ................... 1.6 W 
PW package .................... 0.7 W 

Operating free-air temperature range, TA: SN54LVT241 ......•................ . . . • .. -55°C to 125°C 
SN74LVT241 .............................. -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 indicated under "recommended operating conditions" is not 
Implied. Exposure to absolutlHTlaxlmum-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 > Vcc. 
3. The maximum package power dissipation Is calculated using ajunction temperature of 150·C and a board trace length of 750 mils. 

For more information, refertothe Package ThennalConslderationsappllcation note In the 1994 ABT Advanced BiCMOS Technology 
Data Book, literature number SCBD002B. 

recommended operating conditions (see Note 4) 
SN54LVT241 SN74LVT241 

UNIT 
MIN MAX MIN MAX 

Vee Supply voltage 2.7 3.6 2.7 3.6 V 

VIH High-level input voltage 2 jff 2 V 

VIL Low-Ievellnput voltage .1ifO.8 0.8 V 

VI Input voltage 0.'- 5.5 5.5 V 

IOH High-level output current 7) -24 -32 rnA 

IOL Low-level output current .$)- 48 64 rnA 

IJ.tllJ.v Input transition rise or fall rate I Outputs enabled § 10 10 ns/V 

TA Operating free-air temperature -55 125 -40 85 OC 
NOTE 4: Unused control inputs must be held high or low to prevent them from floating. 

~1ExAs 
INSTRUMENTS 
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ft. ............. "' ..... ft. ......... , ... ft. .. .. 

~1 .. ~'lLV I "'ll, ~N/'lLV • "'l' 
3.3-V ABT OCTAL BUFFERS/DRIVERS 
WITH 3-STATt OUTPUTS 
SCAS352C - MARCH 1994 - REVISED JULY 1995 

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

SN54LVT241 SN74LVT241 
PARAMETER TEST CONDITIONS 

TYpt TYPt MIN MAX MIN 

VIK VCC- 2.7V• 11=-18mA -1.2 

Vee = MIN to MAX:!:. 10H --100pA Vec-0.2 Vcc-0.2 

Vee- 2.7V• IOH=-8mA 2.4 2.4 
VOH 

IOH=-24mA 2 
VCC- 3V 

IOH--32mA 2 

10L= 100pA 0.2 
VCC=2.7V 

IOL-24mA 0.5 

IOl-16mA 0.4 
VOL 

10l= 32 mA 0.5 
VCC=3V 

IOl-48mA i/P.55 

10l= 64 mA tJF 
Vce - 0 or MAX:!:. VI-5.5V §o' 10 

VI - VCC or GND Control inputs .l1' ±1 
II 

Vee- 3.6V VI=Vec .~ 1 

VI-O 
Data inputs 

~ -5 

loff Vee- O• VI orVO=Ot04.5 V .. 
Vee=3V 

VI-0.8V 75 75 
II(hold) 

VI=2V 
Data inputs 

-75 -75 

10ZH Vec- 3.6V• VO-3V 5 

10Zl VCC=3.6V. VO=0.5V -5 

Outputs high 0.12 0.5 0.12 

ICC 
Vcc =3.6 V. 10=0. Outputs low 8.6 15 8.6 
VI = Vee or GND Outputs 

disabled 
0.12 0.5 0.12 

Alce§ 
Vec- 3Vto3.6 V. One input at VCC - 0.6 V. 

0.3 
Other Inputs at Vce or GND 

Ci VI-3 VorO 4 4 

Co Vo-3VorO 8 8 

t All typical values are at Vee - 3.3 V. TA _ 25°C. 
:!: For conditions shown as MIN or MAX. use the appropriate value specified under recommended operating conditions. 
§This is the increase in supply current for each input that is at the specified TTL voltage level rather than VCC or GND. 

UNIT 
MAX 

-1.2 V 

V 

0.2 

0.5 

0.4 
V 

0.5 

0.55 

10 

±1 

1 
pA 

-5 

±100 pA 

pA 

5 pA 

-5 pA 

0.19 

15 
mA 

0.19 

0.2 mA 

pF 

pF 

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

PARAMETER 
FROM TO 

pNPUn (OUTPUT) 

tplH 
A Y 

tPHl 

tpZH 
~orOE Y 

tpZl 

tPHZ 

tpLZ 
OEorOE Y 

t All tyPiCal values are at Vce = 3.3 V. TA. 25°C. 

PRODUCT PREVIEW lnIormaIIon can ..... p_1n the_or :en - 01 development. _. data II1d oilier 
1IcaIIon .... dallgngooll. _llII1IIIme ... _ ... rIgIIt 10 ange or dllccna .... 1_ prod __ ul_ 

SN54LVT241 

VCC=3.3V 
VCC=2.7V ±O.3V 

MIN MAX MI~ MAX 

1 4.7 .II 5.2 

1 4.4 k'! 5.4 

1.3 5.4 "' 6.5 

1.5 5~ 7.6 

1.8 -~ 8.3 

1.9 <4"13.2 7.4 

~1ExAs 
INSTRUMENTS 

4-18 POST OFFICE BOX 665303 • DALlAS. TEXAS 75265 

SN74LVT241 

VCC=3.3V 
VCC = 2.7 V UNIT ±O.3V 

MIN TYPt MAX MIN MAX 

1 2.2 4.3 5 

1 2.3 4.2 
ns 

5.2 

1.4 2.8 5.2 6.3 

1.6 2.8 5.2 
ns 

6.7 

1.9 3.2 6.6 7.7 

2 3.1 6 7.1 
ns 



SN54LVT241,SN74LVT241 
3.3-V ABT OCTAL BUFFERS/DRIVERS 

WITH 3-STATE OUTPUTS 
SCAS352C - MARCH 1994 - REVISED JULY 1995 

PARAMETER MEASUREMENT INFORMATION 

o 6V 

500 0 Sl 0 Open 
From Output --+--.---"vVv------/ 

Under Test 

CL=50pF 

(see Note A) T 5000 

TEST Sl 

tPLWtPHL Open 

tpLZitpZL 6V 

tPHZ/tpZH GND 

LOAD CIRCUIT FOR OUTPUTS 
Timing Input ------"'il •5 V 2.7 V 

------'. 1'-______ ov 

Input 

Output 

Output 

VOLTAGE WAVEFORMS 
PULSE DURATION 

=::>:<1.5 V )(1.5 V 

I 
tPLH --J.--.I 

2.7 V 

OV 

KtPHL 

I 
!1.5V 

~VOH I i 1.5V 
I I VOL 
I 

tPHL --l+---.j ~tPLH 

\1.5 V 
FVOH 

1.5.Y 

-VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

Data Input 

Output 
Control 

Output 
Waveform 1 

S1 at 6 V 
(see Note B) 

Output 
Waveform 2 

S1 atGND 
(see Note B) 

I I.. I 
14 t ·rth~ I su I 

--"",I ~2.7V __ --'Xl •5 V ~ 0 V 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

=::>:<1.5 V ):(1.5 V 

2.7 V 

OV 

tpZL~ 14- I 

J...-- 3V 
I I tPLZ--.I 

i \: I 
.pL + O.!.y VOL 

I 1.5V I 
I I 
I I tpHZ~ ~ tpZH~ ~ I I 

-OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

INVERTING AND NONINVERTING OUTPUTS LOW· AND HIGH· LEVEL ENABLING 

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 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. 

Figure 1. Load Circuit and Voltage Waveforms 

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

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

• Support Unregulated Battery Operation 
Down to 2.7 V 

• Typical VOlP (Output Ground Bounce) 
< O.S Vat Vee = 3.3 V, TA = 25°C 

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

• Bus-Hold Data Inputs Eliminate the Need 
for External Pullup Resistors 

• Support Live Insertion 

• Package Options Include Plastic 
Smail-Outline (DW), Shrink Smail-Outline 
(DB), and Thin Shrink Smail-Outline (PW) 
Packages, Ceramic Chip Carriers (FK), 
Ceramic Flat (W) Packages, and Ceramic 
(J) DIPs 

description 

These octal buffers and line drivers are designed 
specifically for low-voltage (3.3-V) Vee operation, 
but with the capability to provide a TIL interface 
to a 5-V system environment. 

SN54LVT244,SN74LVT244A 
3.3-V ABT OCTAL BUFFERS/DRIVERS 

WITH 3-STATE OUTPUTS 
SCAS354B - FEBRUARY 1994 - REVISED JULY 1995 

SN54LVT244 ••• J OR W PACKAGE 
SN74LVT244A ••• DB. OW, OR PW PACKAGE 

(TOP VIEW} 

Vee 
20E 
1Y1 

1A2 2A4 
2Y3 1Y2 
1A3 2A3 
2Y2 1Y3 

2A2 

SN54LVT244 ••• FK PACKAGE 
(TOP VIEW} 

1A2 
2Y3 
1A3 
2Y2 
1A4 

..,. ""IW UIL,!,I 
~ ~ Q>U~ 

3 2 1 2019 
4 18 1Y1 
5 
6 

17 2A4 
16 1Y2 

2A3 7 15 

8 14 1Y3 
9 10 11 12 13 

The SN54LVT244 and SN74LVT244A are organized as two 4-bit line drivers with sep'arate output-enable (OE) 
inputs. When OE is low, the device passes data from the A inputs to the Y outputs. 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 Vee through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN74LVT244A Is available in Tl's shrink small-outline package (DB), which provides the same I/O pin count 
and functionality of standard small-outline packages in less than half the printed-circuit-board area. 

The SN54LVT244 is characterized for operation over the full military temperature range of -55°C to 125°C. The 
SN74LVT244A is characterized for operation from -40°C to 85°C. 

Copyright @ 1995, Texas Instruments Incorporated 
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SN54L'.'T244, SN14LVT244A 
3.3-V ABT OCTAL BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 
SCAS354B - FEBRUARY 1994 - REVISED JULY 1995 

FUNCTION TABLE 
(each buffer) 

INPUTS OUTPUT 
OE A Y 

L H H 

L L L 

H X Z 

logic symbolt logic diagram (positive logic) 

1A1 

1A2 

1A3 

1A4 

2A1 

2A2 

2A3 

2A4 

1 

2 

4 

6 

8 

19 

11 

13 

15 

17 

I'>. EN 

t.:; 

I'>. EN 
L;' 

18 t> V 1Y1 
16 

1Y2 
14 

1Y3 
12 

1Y4 

t> V 
9 

2Y1 
7 

2Y2 
5 

2Y3 
3 

2Y4 

tThis symbol is in accordance with ANSI/IEEE SId 91-1984 
and lEG Publication 617-12. 
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1A1 

1A2 

1A3 

1A4 

20E 

2A1 

2A2 

2A3 

2A4 
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8 
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SN54LVT244,SN74LVT244A 
3.3-V ABT OCTAL BUFFERS/DRIVERS 

WITH 3-STATE OUTPUTS 
SCAS354B - FEBRUARY 1994 - REVISED JULY 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 7 V 
Current into any output in the low state, 10: SN54LVT244 ...............•..................... 96 rnA 

SN74LVT244A ................................... 128 rnA 
Current into any output in the high state, 10 (see Note 2): SN54LVT244 ....................•.•.. 48 rnA 

SN74LVT244A ........................ 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): DB package •.......••.•........ 0.6 W 

OW package ................... 1.6 W 
PW package ................... 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-maximum-rated conditions for extended periods may allect 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 150·C and a board trace length of 750 mils. 

For more information, refertothe Package Thermal Considerations application note in the 1994 ABT Advanced BiCMOS Technology 
Data Book, literature number SCBD002B. 

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 

At/Av 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 floallng. 

'!I TEXAS 
INSTRUMENTS 
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SN54LVT244 SN74LVT244A 
UNIT 

MIN MAX MIN MAX 

2.7 3.6 2.7 3.6 V 

2 2 V 

0.8 0.8 V 

5.5 5.5 V 

-24 -32 rnA 

48 64 rnA 

10 10 ns/V 

-55 125 -40 85 ·e 
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SN54LVT244,SN74LVT244A 
3.3-V ABT OCTAL BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 
SCAS354B - FEBRUARY 1994 - REVISED JULY 1995 

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

SN54LVT244 SN74LVT244A 
PARAMETER TEST CONDITIONS 

MIN TYPt MAX MIN TYPt 

VIK VCC- 2.7V, 11--18mA -1.2 

VCC - MIN to MAXI:, IOH=-10011A VCC-0.2 VCC-0.2 

VCC- 2•7V, IOH--8mA 2.4 2.4 
VOH 

10H _-24mA 2 
VCC- 3V 

10H--32mA 2 

10L -100 IIA 0.2 
VCC- 2.7V 

IOL-24 mA 0.5 

IOL-16mA 0.4 
VOL 

10L-32mA 0.5 
VCC- 3V 

10L= 48 mA 0.55 

10L- 64 mA 

VCC - 0 or MAx:!:, VI-5.5V 50 

VI - VCC or GND Control Inputs ±1 
II 

VCC -3.6 V VI-VCC 1 

VI-O 
Data inputs 

-5 

loll Vcc- O, VI orVo - Ot04.5 V 

VI-0.8V 75 75 
II(hold) VCC- 3V 

VI-2V 
A inputs 

-75 -75 

10ZH VCC- 3.6V, VO-3V 5 

10ZL VCC- 3.6V, VO-0.5V -5 

Outputs high 0.12 0.39 0.12 

ICC 
VCC- 3.6V, 10. 0, Outputs low 8.6 14 8.6 
VI - VCC or GND Outputs 

disabled 
0.12 0.39 0.12 

AICC§ 
VCC -3 Vto 3.6 V, One Input at VCC - 0.6 V, 

0.3 
Other inputs at VCC or GND 

CI VI-3VorO 4 4 

Co Vo-3VorO 8 8 

t All typical values are at VCC - 3.3 V, TA _ 25°C. 
:j: For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
§ This is the Increase In supply current for each input that is at the specified TTL voltage level rather than VCC or GND. 

MAX 

-1.2 

0.2 

0.5 

0.4 

0.5 

0.55 

10 

±1 

1 

-5 

±100 

5 

-5 

. 0.19 

12 

0.19 

0.2 

UNIT 

V 

V 

V 

IIA 

IIA 

IIA 

IIA 
IIA 

mA 

mA 

pF 

pF 

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

SN54LVT244 SN74LVT244A 

PARAMETER 
FROM TO VCe=3.3V 

Vee = 2.7 V 
Vee = 3.3 V 

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

MIN MAX MIN MAX MIN TYP MAX MIN MAX 

tpLH 0.5 4.7 5.2 1 2.5 4.1 5 
A Y ns 

tpHL 0.5 4.4 5.4 1 2.5 4.1 5.2 

tpZH 
OE 

0.8 5.4 6.5 1 2.7 5.2 6.3 
Y ns 

tpZL 0.8 5.4 7.6 1.1 3.1 5.2 6.7 

tpHZ OJ: 
1.5 6.2 6.9 1.9 3.9 5.6 6.3 

Y ns 
tPLZ 1.2 5.5 6 1.8 3.2 5.1 5.6 

~1ExA.s 
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SN54LVT244,SN74LVT244A 
3.3-V ABT OCTAL BUFFERS/DRIVERS 

WITH 3-STATE OUTPUTS 
SCAS354B - FEBRUARY 1994 - REVISED JULY 1995 

PARAMETER MEASUREMENT INFORMATION 

o BV TEST Sl 
Sl o Open 

rD 

From Output _-._-.>__-5.,.,0,..0"'0----' 
Under Teat 

CL=50pF 
(see Note A) T 5000 

tpLHltPHL Open 

tpLzltpZL BV 

tPHZItPZH GND 

------X1•5V 
2.7 V 

Timing Input LOAD CIRCUIT FOR OUTPUTS 

------'. 1'------- OV 
I4--tw~ 14 .~ th .1 

1 tau 1 2.7 V 

Data Input 
OV 

I I~ __ 

Input 3 X",,1_.5_V __ --""""*1.5 V ~ :.:V 

Input 

Output 

Output 

VOLTAGE WAVEFORMS 
PULSE DURATION 

~-1.5-V---'¥r1-.5-V-- :.:V 

tPLH --j.--.I ~ tPHL 

1 1 ~-VOH 
1 !1.5V i 1.n 

--+-1- I VOL 

tPHL~ ~tPLH 
1 v.-:::-I VOH 

\.1.5 V T1.5V 
. - VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

INVERTING AND NONINVERTING OUTPUTS 

NOTES: A. CL includes probe and Jig capacitance. 

Output 
Control 

Output 
Waveform 1 

Sl atBV 
(see Note B) 

Output 
Waveform 2 

Sl atOND 
(see Note B) 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

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 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 = 50 C, tr S 2.5 ns, tf S 2.5 ns. 
D. The outputs are measured one at a time with one transition per measurement. 

Figure 1. Load Circuit and Voltage Waveforms 

~1ExAs 
INSTRUMENTS 
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• State-of-the-Art Advanced BICMOs 
Technology (ABT) Design for 3.3-V 
Operation and Low-Static Power 
Dissipation 

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

• Support Unregulated Battery Operation 
Down to 2.7 V 

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

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

• Bus-Hold Data Inputs Eliminate the Need 
for External Pullup Resistors 

• Support Live Insertion 
• Package Options Include Plastic 

Smail-Outline (OW), Shrink Smail-Outline 
(DB), and Thin Shrink Smail-Outline (PW) 
Packages, Ceramic Chip Carriers (FK), 
Ceramic Flat (W) Packages, and Ceramic 
(J) DIPs 

description 

These octal bus transceivers are designed 
specifically for low-voltage (3.3-V) Vee operation, 
but with the capability to provide a TTL interface 
to a 5-V system environment. 

SN54LVT245,SN74LVT245A 
3.3-V ABT OCTAL BUS TRANSCEIVERS 

WITH 3-STATE OUTPUTS 
- REVISED JANUARY 1996 

SN54LVT245 ••• J OR W PACKAGE 
SN74LVT245A ••• DB, ow, OR PW PACKAGE 

(TOP VIEW) 

DIR 

A6 
A7 

Vee 
OE 
B1 
B2 
B3 
B4 
B5 
B6 
B7 

11 B8 

SN54LVT245 ••• FK PACKAGE 
(TOP VIEW) 

4 

5 

6 
7 

8 

a: 0IW ~<c~o 

3 2 1 2019 
18 

17 

16 

15 
14 

9 10 11 12 13 

B1 
B2 
B3 
84 

85 

These devices are designed for asynchronous communication between data buses. They transmit data from 
the A bus to the 8 bus or from the 8 bus to the A bus depending upon the logic level at the direction-control (01 R) 
input. The output-enable (OE) input can be used to disable the devices so the buses are effectively isolated. 

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 Vee through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN74LVT245A is available in Tl's shrink small-outline package (08), which provides the same I/O pin count 
and functionality of standard small-outline packages in less than half the printed-circuit-board area. 

The SN54LVT245 is characterized for operation over the full military temperature range of -55°C to 125°C. The 
SN74LVT245A is characterized for operation from -40°C to 85°C. 

Copyright C 1996. Texas Instruments Incorporated 
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"""''''.0' '~"A'" """'.,.0' '~"A'" A >:)1'\1OJ't ... V I ,,'tOJ, >:)1" 't"'V I "'tOJI'\ 

3.3-V ABT OCTAL BUS TRANSCEIVERS 
WITH 3~STATE OUTPUTS 
SdSS130G- MAY 1992- REVISED JANUARY 1996 

FUNCTION TABLE 

INPUTS 
OPERATION 

OE DIR 

L L B data to A bus 

L H A data to B bus 

H X Isolation 

logic symbolt logic diagram (positive logic) 

. OE 

DIR 

19 

1 

r-. 

... f'. 

L 

03 DIR _1.:...-._--r_", 

3EN1[BA] 
L-. ____ H,.--___ -t1-1.:,.:9;... OE 

A1 

A2 

A3 

A4 

A5 

A8 

A7 

A8 

2 

L 
3 

4 

5 

8 

7 

8 

9 

3EN2[AB] ., r-
'11 

t> 2'1 

18 

~ 
B1 

A1 
2 

17 

18 B1 18 
B2 

B3 
15 

B4 
14 

B5 
13 

B6 
12 

11 
B7 To Seven Other Channels 
B8 

tThis symbol is in accordaneewith ANSI/IEEE Std 91-1984 
and IEC Publication 617-12. 

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

Supply voltage range, VCC ........................................................ -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: SN54LVT245 ..........•.......................... 96 mA 

SN74LVT245A .•.......................•......... 128 mA 
Current into any output in the high state, 10 (see Note 2): SN54LVT245 ......................... 48 mA 

SI\I74LVT245A ........................ 64 mA 
Input clamp current, 11K (VI < 0) .......................................................... -50 mA 
Output clamp current, 10K (Vo < 0) ....................................................... -50 mA 
Maximum power dissipation at TA = 55·C (in still air) (see Note 3): D8 package ...................• 0.6 W 

DW package ................... 1.6 W 
PW package ................... 0.7 W 

Storage temperature range, Tstg .................................................. -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 condHions for extended periods may affect device reliability. 

NOTES: 1. The input and output negative-voltage ratings may be exceeded H the Input and output clamp-current ratings are observed. 

4-28 

2. This current flows only 'when the output is in the high state and Vo > VCC. 
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 Considerationsapplication note in the 1994 ABT Advanced BiCMOS Technology 
Data Book, literature number SCBD002B. 
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SN54LVT245,SN74LVT245A 
3.3-V ABT OCTAL BUS TRANSCEIVERS 

WITH 3-STATE OUTPUTS 
SCBSl30G - MAY 1992 - REVISED JANUARY 1996 

recommended operating conditions (see Note 4) 
, 

Vee Supply voltage 

VIH High-level input voltage 

VIL Low-level input voltage 

V, Input voltage 

IOH High-level output current 

IOL Low-level output currant 

Atll!,y Input transition rise or fall rate I Outputs enabled 

TA Operating free-alr temperatura 
.. 

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

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DAu.AS. TEXAS 75265 

SN54LVT245 SN74LVT245A 
UNIT 

MIN MAX MIN MAX 

2.7 3.6 2.7 3.6 V 

2 2 V 

0.8 0.8 V 

5.5 5.5 V 

-24 -32 mA 

48 64 mA 

10 10 ns/V 

-55 125 -40 85 ·e 
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C!llI:AI ,""UI: C!ll'7AI 'IT"AI:A 
"""'"1.,, • "'''''', "'" "I." • "'" ... '" 
3~3 .. V ABT OCTAL BUS TRANSCEIVERS 
WITH 3·STATE OUTPUTS 
SCBS13OG- MAY 1992- REVISED JANUARY 1996 

electrical characteristics over recommended operating free-air temperature range (unle$s 
otherwise noted) 

SN54LVT245 SN74LVT245A 
PARAMETER TEST CONDITIONS 

MIN TYpt MAX MIN TYPt 

VIK Vee- 2.7V, II =-18 mA -1.2 

Vee - MIN to MAX*, 10H = -100!lA Vee-0•2 Vee-0.2 

Vee- 2•7V, IOH=-8mA 2.4 2.4 
VOH 

IOH=-24mA 2 
Vee=3V 

IOH--32mA 2 

10l = 100!lA 0.2 
Vee=2.7V 

IOl-24mA 0.5 

IOl=16mA 0.4 
VOL 

IOl-32mA 0.5 
Vee=3V 

IOl-48mA 0.55 

IOl=64 mA 

Vee=3.6V, VI - Vee or GND ±1 

Vee = 0 or MAX*, VI -5.5V 
Control inputs 

10 

II VI-5.5V 100 

Vee=3.6V VI = Vee A or B ports§ 5 

VI-O -10 

loff Vee- O, VI orVO= Ot04.5 V 

VI-0.8V 75 75 
II(hold) Vee=3V 

VI_2V 
A or B ports 

-75 -75 

10ZH Vee- 3.6V, VO-3V 1 

10Zl Vee = 3.6 V, VO-0.5V -1 

Outputs high 0.13 0.39 0.13 

ICC 
Vee- 3.6V, 10=0, Outputs low 8.8 14 8.8 
VI-VeeorGND. Outputs 

disabled 0.13 0.39 0.13 

Alec' 
Vee- 3 Vt03.6 V, One input at Vee - 0.6 V, 

0.3 
Other inputs at Vee or GND 

ei VI- 3 VorO 4 4 

eio Vo-3VorO 10 10 

t All tYPical values are at Vee = 3.3 V, TA - 25°C . 
. :I: fOor conditions shown as MIN or MAX; use the appropriate value specified under recommended operating conditions. 

§ Unused terminals at Vee or GND 
, This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vee or GND. 

~1ExAs 
INSTRUMENTS 
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MAX 

-1.2 

0.2 

0.5 

0.4 

0.5 

0.55 

±1 

10 

20 

5 

-10 

±100 

1 

-1 

0.19 

12 

0.19 

0.2 

UNIT 

V 

V 

V 

!lA 

!lA 

!lA 

!lA 

!lA 

mA 

mA 

pF 

pF 



SN54LVT245,SN74LVT245A 
3.3-V ABT OCTAL BUS TRANSCEIVERS 

WITH 3-STATE OUTPUTS 
SCBS130G - MAY 1992 - REVISED JANUARY 1996 

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

SN54LVT245 SN74LVT245 

PARAMETER 
FROM TO VCC=3.3V 

Vee=2.7V 
Vee=3.3V 

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

MIN MAX MIN MAX MIN TYpt MAX MIN MAX 

tpLH 0.5 4.4 5.2 1 2.5 4 5.2 
AorB BorA ns 

tPHL 0.5 4.2 4.8 1 2.5 4 5.5 

tpZH 
OE 

0.8 5.9 7.3 1.1 3.3 5.9 7.1 
AorB ns 

tpZL 1 5.9 7.2 1.5 3.8 6.5 7.9 

tpHZ 
OE 

1.5 6.5 7.2 2.2 4.3 5.9 6.5 
AorB ns 

tpLZ 1.5 6.1 6.5 2 3.9 5.5 5.6 

t All typical values are at Vee - 3.3 V, TA _ 25°e. 

~1ExAs 
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SN54LVT245,SN74LVT245A 
3.3-VABT OCTAL BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 
SCBSI3OG- MAY 1992- REVISED JANUARY 1996 

PARAMETER MEASUREMENT INFORMATION 

a 6V 
S1 

From Output _-'_--4II~--,\500MO __ .....J 
o Open 

r~ 
Under Teat 

CL=50pF 
(eee Note A) T 5000 

LOAD CIRCUIT FOR OUTPUTS 

I4---tw~ 

2.7 V 

OV 

1 1,--__ 

Input 3 X,-1._5V __ 

VOLTAGE WAVEFORMS 
PULSE DURATION 

Input 
---v X 2.7 V 
--41.5 V 1 1•5V OV 

tpLH -J+--.I ~ tpHL 

I Jt 1 \!-::::- VOH 
I r 1•5V I ~ 

--+1 --' I VOL 

tPHL -l.--.! ~ tpLH 

Output 

1 ~ VOH 
\1.5 V r1.5V 

-- VOL 
Output 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

INVERTING AND NONINVERTING OUTPUTS 

Timing Input 

Data Input 

Output 
Control 

Output 
Waveform 1 

S1 aUV 
(_NoleB) 

Output 
Waveform 2 

S1 atGND 
(_Note B) 

TEST S1 

tPLti/tPHL Open 
tpLZltpZL 6V 
tpHZItPZH GND 

2.7 V -------x1.5V 

____ -oJ. 1'-______ OV 

I4L.~ th .1 
1 ... u 1 

--""""')k1.5V ~ :.:V 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

~1.5V ~=1.=5=V===== :.:V 

tpZL~ 14- 1 

1 I tPLZ-.i ~ 
---;'1 """{, I v.:"""-- 3 V I ,1.5V I t~L+~!.Y VOL 

I 1 tpHZ~ j4-
tpZH~ ~ I 

1 -- VOH 
!1.5V ~H-O.3V 

----'. ~OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

LOW· AND HIGH-LEVEL ENABLING 

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 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 s 10 MHz, Zo = 50 C. tr s 2.5 ns, tf S 2.5 ns. 
D. The outputs are measured one at a time wHh one transHion per measurement. 

Figure 1. Load Circuit and Voltage Waveforms 

~1ExAs 
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• State-of·the-Art Advanced BICMOS 
Technology (ABn Design for 3.3-V 
Operation and Low-Static Power 
Dissipation 

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

• Support Unregulated Battery Operation 
Down to 2.7 V 

• Buffered Clock and Direct Clear Inputs 

• Individual Data Input to Each Flip-Flop 

• Typical VOLP (Output Ground Bounce) 
< 0.8 V at Vee = 3.3 V, TA = 2SoC 

• ESD Protection Exceeds 2000 V Per 
MIL-STD-883C, ,Method 301S; Exceeds 
200 V Using Machine Model 
(C = 200 pF, R = 0) 

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

• Bus-Hold Data Inputs Eliminate the Need 
for External Pullup Resistors 

• Package Options Include Plastic 
Smail-Outline (OW), Shrink Smail-Outline 
(DB), and Thin Shrink Smail-Outline (PW) 
Packages, Ceramic Chip Carriers (FK), and 
Ceramic (J) DIPs 

description 

SN54LVT273,SN74LVT273 
3.3·V ABT OCTAL D·TVPE FLlp·FLOPS 

WITH CLEAR 
SCBSI36E-

SN54LVT273 ••• J PACKAGE 
SN74LVT273 ••• DB, OW, OR PW PACKAGE 

{TOP VIEW) 

CLR 
1Q 
10 3 
20 
2Q 
3Q 6 
3D 7. 

Vee 
8Q 
80 
70 
7Q 
6Q 
60 

40 50 
4Q 5Q 

GNO 11 CLK "l-._.....r 

SN54LVT273 ••• FK PACKAGE 
{TOP VIEW) 

3 2 1 2019 
20 4 18 80 
2Q 5 17 70 
3Q 6 16 7Q 
3D 7 15 6Q 
40 8 14 60 

9 10 11 12 13 

OC~OC 
V~5LC)LC) 

These octal D-type flip-flops are designed specifically for low-voltage (3.3-V) Vcc operation, but with the 
capability to provide a TIL interface to a 5-V system environment. 

The 'LVT273 are positive-edge-triggered flip-flops with a direct clear input. Information at the data (D) inputs 
meeting the setup-time requirements is transferred to the Q outputs on the positive-going edge of the clock 
pulse. Clock triggering occurs at a particular voltage level and is not directly related to the transition time of the 
positive-going pulse. When the clock (CLK) input is at either the high or low level, the D-input signal has no effect 
at the output. 

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

The SN74LVT273 is available in Tl's shrink small-outline package (DB), which provides the same I/O pin count 
and functionality of standard small-outline packages in less than half the printed-circuit-board area. 

The SN54LVT273 is characterized for operation over the full military temperature range of -55°C to 125°C. The 
SN74LVT273 is characterized for operation from -40°C to 85°C. 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALLAS. TEXAS 75265 

Copyright <C 1996. Texas Instruments Incorporated 
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SN54LVT273.SN74LVT273 
3.3-V ABT OCTAL D-TVPE FLIP-FLOPS 
WITH CLEAR 
SCBSl36E- MAY 1992- REVISED JULY 1996 

logic symbolt 

CLR 
CLK 

1D 

2D 
3D 

4D 

5D 

6D 

7D 

8D 

CLR 
L 

H 
H 
H 

1 
11 

3 

4 
7 

8 

13 

14 
17 

18 

FUNCTION TABLE 
(each flip-flop) 

INPUTS OUTPUT 
CLK D Q 

X X L 

i H H 

i L L 

H or L X QO 

" R 
L C1 .:. 

1D 

tThis symbol Is In accordance with ANSI/IEEE Std 91-1984 and lEe Publication 617-12. 

logic diagram (positive logic) 
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1D 
3 

CLK(I) 

2D 
4 

3D 
7 

4D 
8 

5D 
13 
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2 

5 

6 

9 

12 

15 
16 

19 

1Q 

2Q 

3Q 

4Q 

5Q 

6Q 

7Q 

8Q 

6D 
14 

7D 
17 

8D 
18 



SN54LYT273,SN74LVT273 
3.3-Y ABT OCTAL D-TYPE FLIP-FLOPS 

WITH CLEAR 
SCBS136E - MAY 1992 - REVISED JULY 1995 

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

Supply voltage range, VCC ..........•....................................•......•. -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: SN54LVT273 ...... . . . . . . . . . . . . . . . . . . . . . . . • . . . . . .. 96 mA 

SN74LVT273 ..................................... 128 mA 
Current into any output in the high state, 10 (see Note 2): SN54LvT273 ......................... 48 mA 

SN74LVT273 ......................... 64 mA 
Input clamp current, 11K (VI < 0) .......................................................... -50 mA 
Ou1pu1 clamp current, 10K (Vo < 0) ....................................................... -50 mA 
Maximum power dissipation at TA = 55°C (in still air) (see Note 3): DB package ..............•..... 0.6 W 

OW package ................... 1.6 W 
PW package ................... 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 condHions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliabilHy. 

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 150·e and a board trace length of 750 mils. 

For more information, refer to the Package ThermalConsiderationsapplication note in the 1994 ABT Advanced BiCMOS Technology 
Data Book, literature number SeBD002B. 

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 

At/Av Input transition rise or fall rate 

TA Operating free-eir temperature 

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

PRODUCT PREVIEWlnlonnatlon ....... ~ In DIoronnlllVtat 
deIIgn ~_ 01 d .. I11........ C_1Ie dI18 Ind 0111. 
opeclllcall ... III daolgn goaII. T_IIIIlIUIIIII1II __ ... ~gI1llO 
chango at dl8conlln .. lh_ prodUCII wllhout_ ~TEXAS 

INSTRUMENTS 
POST OFFICE eox fl55303 • OALLAS, TEXAS 75.265 

SN54LVT273 SN74LVT273 
UNIT 

MIN MAX MIN MAX 

2.7 36 2.7 3.6 V 

2 ftf' 2 V 

jffi.8 0.8 V 
Iff'. 5.5 5.5 V 

G -24 -32 mA 

~ 48 64 mA 
{Jf 10 10 ns/V 

-55 125 -40 85 ·e 
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~Mr:AI \1T"'7~ ~M'7AI \1T"'7~ 
V •• V"'T" •••• v, v .... ..,. ... ..... v 

3.3-V ABT OCTAL D-TVPE FLIP-FLOPS 
WITH OLEAR 
9CBS136E- MAY 1992- REVI9EDJULY 1995 

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

SN54LVT273 SN74LVT273 
PARAMETER TEST CONDITIONS 

MIN TYPt MAX MIN TYPt 

VIK Vee- 2•7V, 11=-18mA -1.2 

Vee - MIN to MAx*, 10H = -100 J1A Vee-0.2 Vee-0.2 

Vee- 2.7V, IOH=-8mA 2.4 2.4 
VOH 

IOH=-24mA 2 
Vee- 3V 

IOH--32mA 2 

10L = 100 J1A 0.2 
Vee- 2.7V 

IOL-24mA 0.5 

IOL-16mA ~0.4 
VOL 

~~ 0.5 IOL=32 mA 
Vee=3V 

IOL-48mA ~ 0.55 

10L= 64 mA 1.. .... 

Vee - 0 or MAX;, VI-5.5V ~ 10 

VI - Vee or GND Control inputs d' ±1 
II 

Vee- 3•6V VI-Vee ~" 1 

VI-O 
Data Inputs 

-5 

VI·0.8V 75 75 
II(hold) Vee- 3V 

VI=2V 
Data inputs 

-75 -75 

Vee- 3.6V, 10- 0, Outputs high 0.12 0.19 0.12 
ICC 

VI = Vee or GND Outputs low 8.6 12 8.6 

Alee§ 
Vee=3 Vt03.6 V, One input at Vee -0.6 V,. 

0.2 
Other Inputs at Vee or GND 

ei VI-3VorO 4 

Co VO-3VorO 8 

t All typical values are at Vee - 3.3 V, TA = 25°C. 
; For conditions shown as MIN or MAX, use the appropriate value specHied under recommended operating conditions. 
§ This is the increase in supply current for each input that Is at the specified TIL voltage level rather than Vee or GND. 

MAX 

-1.2 

0.2 

0.5 

0.4 

0.5 

0.55 

10 

±1 

1 

-5 

0.19 

12 

0.2 

UNIT 

V 

V 

V 

J1A 

J1A 

mA 

mA 

pF 

pF 

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

fclock Clock frequency 

tw Pulse duration 

tsu 
Setup time, data high or low before eLKt 

Setup time, eLR high before eLKt 

th . Hold time, data high or low-after eLKt 

PRODUCT PREVIEW 1nIonnaIIan ........ pn1ducIa In tho Iormlllvl or :en DII ... or devtIopmll1l. c_ doll ........ 
ncallona all daalan gools. TwsI08In1m81118 ........ III light \0 

OgO or dlscOnllnuolh ... prod ... wllhout""" 

SN54LVT273 

Vce=3.3V 
Vee = 2.7 V ±O.3V 

MIN MAX MIN MAX 

l...,~~ 
he ~v 

v.o~ 

~ThxAs 
INSTRUMENTS 
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SN74LVT273 

vee = 3.3 V 
Vee=2.7V UNIT ±O.3V 

MIN MAX MIN MAX 

0 150 MHz 

3.3 3.3 ns 

2.3 2.7 

2.7 3.2 
ns 

0 0 ns 



SN54LVT273,SN74LVT273 
3.3·V ABT OCTAL O·TYPE FLlP·FLOPS 

WITH CLEAR 
SCBS136E - MAY 1992 - REVISED JULY 1996 

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

PARAMETER 
FROM TO 

(INPUT) (OUTPUT) 

fmax 

tpLH 
elK AnyQ 

tpHL 

tpHL eLR AnyQ 

t All tYPical values are at Vee = 3.3 V. TA = 25°e. 

PRODUCT PREVIEW Information ........ prod_In the farmallY. or 
deoilin phooe of cIovtIopmont. Ch_ d8to and _ 
.poclllcall ...... deolgng .. I •• Tua InllN ...... _ ... rigid 10 
c:IIange or dllCOntlnuo ..... prod.eII Whhout notice. 

SN54lVT273 

VCC=3.3V 
VCC=2.7V ±O.3V 

MIN MAX MIN MAX 

,r" 
.... <:: ~~ 

o«:-~ ::" 
'( 

~TEXAS 
INSTRUMENTS 
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SN74lVT273 

VCC=3.3V 
Vee = 2.7 V UNIT ±O.3V 

MIN TYpt MAX MIN MAX 

150 MHz 

1.7 3.5 5.5 6.3 

1.9 3.5 5.5 
ns 

5.9 

1.3 3.2 5.1 6.2 ns 
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SN54LVT273; SN74LVT273 
3.3·V ABT OCTAL D·TYPE FLIP· FLOPS 
WITH CLEAR 
SCBS136E:-MAY 1992- RCVISE:DJULY 1995 

PARAMETER MEASUREMENT INFORMATION 

o ev 
S1 

From Output _--.._-. __ 5""O",O,,0 __ -J o Open 

Under Test 

CL=50pF 
(see Note A) T 5000 l~ 

LOAD CIRCUIT FOR OUTPUTS 

14--- tw ---+I 
I I~ __ 

Input 3 X\.1_.5_V __ 

2.7 V 

OV 

VOLTAGE WAVEFORMS 
PULSE DURATION 

~1.5V )(1.5 V 
2.7 V 

Input 

I OV 

II ~. tpLH~ I tpHL 

1/ I~VOH 
Output 11.5V I 1.5V 

I I VOL 
I ~tPLH tPHL~ 

\1.5 V 
P.VOH 

Output 1.5V 
--- VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

INVERTING AND NONINVERTING OUTPUTS 

Timing Input 

Data Input 

Output 
Control 

Output 
Waveform 1 

S1 aUV 
(see Note B) 

Output 
Waveform 2 

S1 atGND 
(see Note B) 

TEST S1 

tPLt¥tpHL Open 
tputtpZL ev 
tpHzltpZH GND 

2.7 V -------X1.6 V 
-----·1'------- OV 

14 .~ th .I I tau I 

--""*1.5 V ~ :.:v 
VOLTAGE WAVEFORMS 

SETUP AND HOLD TIMES 

~1.5V ):(1.5 V 

tPZL--t>j /4- I 

2.7V 

OV 

I I tpLZ ---' ~ 
I I I I 3V 
I 1.5V I 
\: I .p!...+..!!:~ VOL I 

I 
tpZH~ 

I tpHZ --.j j4-
~ I . 
1---- VOH 

!1.5V ~H-O.3V 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

LOW· AND HIGH·LEVEL ENABLING 

... OV 

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. Allinpul 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. 

Figure 1. Load Circuit and Voltage Waveforms 

~1ExAs 
INSTRUMENTS 

4-38 POST OFFICE BOX 865303 • DALlAS. TEXAS 75265 



SN54LVT543,SN74LVT543 
3.3-V ABT OCTAL REGISTERED TRANSCEIVERS 

WITH 3-STATE OUTPUTS 
-MAY 1992- REVISED JULY 1995 

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

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

• Support Unregulated Battery Operation 
Down to 2.7 V 

• Typical VOLP (Output Ground Bounce) 
< 0.8 Vat Vee = 3.3 V, TA = 2SoC 

• ESD Protection Exceeds 2000 V Per 
MIL-STD-883C, Method 301S; Exceeds 
200 V Using Machine Model 
(C = 200 pF, R = 0) 

• Latch-Up Performance ExceedsSOO mA 
Per JEDEC Standard JESD-17 

• Bus-Hold Data Inputs Eliminate the Need 
for External Pullup Resistors 

• Support Live Insertion 
• Package Options Include Plastic 

Smail-Outline (OW), Shrink Smail-Outline 
(DB), and Thin Shrink Small-Outline (PW) 
Packages, Ceramic Chip Carriers (FK), and 
Ceramic (JT) DIPs 

description 

These octal transceivers are designed specifically 
for low-voltage (3.3-V) V CC operation, but with the 
capability to provide a TIL interface to a 5-V 
system environment. 

The 'LVT543 contain two sets of D-type latches for 
temporary storage of data flowing in either 
direction. Separate latch-enable (LEAB or LEBA) 
and output-enable (OEAB or OEBA) inputs are 
provided for each register to permit independent 
control in either direction of data flow. 

SN54LVT543 ••• JT PACKAGE 
SN74LVT543 ••• DB, ow, OR PW PACKAGE 

(TOP VIEW) 

A2. 
A3 
A4 
NC 
A5 
A6 
A7 

LEBA 1 
OEBA 

Vcc 
CEBA 

A1 
A2. 
A3 

A7 
A8 

CEAB 
GND 

B1 
B2 
B3 
B4 
B5 
B6 
B7 
B8 

SN54LVT543 ••• FK PACKAGE 
(TOP VIEW) 

5 
6 
7 
8 

9 

III III 0 III 
1
<1< 1< _WOwOOW< ...JZ::>OIll 

4 321 282726 
25 
24 
23 
22 
21 

10 20 

11 19 
12 13 14 15 16 17 18 

~I~ ~~I~I~~ 
oC!) O...J 

NC - No internal connection 

B2 
B3 
B4 
NC 
B5 
86 
87 

The A-to-B enable (CEAB) input must be low in order to enter data from A or to output data from B. If CEAB 
is low and LEAB is low, the A-to-B latches are transparent; a subsequent low-to-high transition of LEAB puts 
the A latches in the storage mode. With CEAB and OEAB both low, the 3-state B outputs are active and reflect 
the data present at the output of the A latches. Data flow from B to A is similar but requires using the CEBA, 
LEBA, and OEBA inputs. 

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

Copyright 1!ll1995, Texas InS1ruments Incorporated 

-!!11ExAs 
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SN54LVT543,SN74LVT543 
3.3-V ABT OCTAL REGISTERED TRANSCEIVERS 
WITH 3-STATE OUTPUTS 
SCBS~37D - MAY 1992 -REVISED JULY 1996 

description (continued) 

To ensure the high-impedance 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. 

The SN74LVT543 is available in Tl's shrink small-outllne package (DB), which provides the same i/O pin count 
and functionality of standard small-outline packages in less than half the printed-circuit-board ar~a. 

The SN54LVT543 is characterized for operation over the full military temperature range of -55°C to 125°C. The 
SN74LVT543 is characterized for operation from -40°C to 85°C. 

FUNCTION TABLEt 

INPUTS OUTPUT 

CEAB LEAB OEAB A B 

H X X X Z 

x X H ,x Z 

L H L X Bo* 
L L L L L 

L L L H H 

t A-to-B data flow IS shown; B-to-A flow control Is the 
same except that it uses CEBA, LEBA, and OEBA, 

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

logic symbolS 

OHA 

~ 

LEBA 

OEAB 

CEAB 

LEAB 

2 

23 

1 

13 

11 

14 

3 

.. t-. lEN3 
t-. 01 

" 105 

'" 2EN4 
.t-. G2 

'" 2C6 , I'" 22 

L-
V3 1 60 

W 21 60 1 4V 
4 

AI 

A2 

A3 

A4 

A5 

A6 

A7 

A8 

5 

6 
7 

8 

9 
10 

§Thls symbol is in accordance with ANSIIIEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for the DB, OW, JT, and PW packages, 

~1ExAs 
INSTRUMENTS 
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20 

19 

16 
17 

16 

15 

Bl 

B2 

B3 

B4 

B5 
B6 

B7 

B8 



logic diagram (positive logic) 

OEBA 2 

CEBA 23 

LEBA 

OEAB 
13 

CEAB 
11 

LEAB 
14 

Ai 3 

C1 

1....--+--110 

SN54LVT543,SN74LVT543 
3.3-V ABT OCTAL REGISTERED TRANSCEIVERS 

WITH 3-STATE OUTPUTS 
SCBS1370 - MAY 1992 - REVISED JULY 1995 

C1 

10 22 B1 

~--------~v~----------~/ 
To Seven Other Channels 

Pin numbers shown are for the DB. OW. JT. and PW packages. 

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: SN54LVT543 ..................................... 96 mA 

SN74LVT543 .................................... 128 mA 
Current into any output in the high state, 10 (see Note 2): SN54LVT543 ......................... 48 mA 

SN74LVT543 ......................... 64 mA 
Input clamp current, 11K (VI < 0) ...............................•.......................... -50 mA 
Output clamp current, 10K (Vo < 0) ....................................................... -50 mA 
Maximum power dissipation at TA = 55°C (in still air) (see Note 3): DB package ................... 0.65 W 

OW package ................... 1.7W 
PW package ................... 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-maxlmum-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 > Vcc. 
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. refertothe Package Therma/COnsiderationsapplication note in the 1994 ABT Advanced BiOMOS Technology 
Data Book, literature number SCBD002B. 

~1EXAS 
INSTRUMENTS 
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SN54LVT543.SN74LVT543 
3.3-V ABT OCTAL REGISTERED TRANSCEIVERS 
WITH 3-STATE OUTPUTS 
SCBS137D - MAY 1992 - REVISED JULY 1995 

recommended operating conditions (see Note 4) 

Vee Supply voltage 

VIH High-level input voltage 

VIL Low-levellnput voltage , 

VI Input voltage 

IOH High-level output current 

IOL Low-level output current 

All/JN Input transition rise or fall rate I Outputs enabled 

TA Operating free-alr temperature 

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

~1ExAs 
INSTRUMENTS 
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SN54LVT543 SN74LVT543 
UNIT 

MIN MAX MIN MAX 

2.7 36 2.7 3.6 V 

2 j;f 2 V 

.g]o.8 0.8 V 
~- 5.5 5.5 V 

Sl -24 -32 mA 

,fJ 48 64 mA 

·ff 10 10 ns/V 

-55 125 -40 85 'e 



SN54LVT543,SN74LVT543 
3.3·V ABT OCTAL REGISTERED TRANSCEIVERS 

WITH 3-STATE OUTPUTS 
SCBS137D-MAY 1992-REVISEDJULY 1995 

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

SN54LVT543 SN74LVT543 
PARAMETER TEST CONDITIONS 

MIN TYPt MAX MIN TYPt 

VIK Vee- 2.7V, 11--1BmA -1.2 

Vee - MIN to MAXI:, IOH--l0011A Vee-0.2 Vee-0.2 

Vee- 2.7V, 10H--BmA 2.4 2.4 
VOH 

IOH=-24mA 2 
Vee- 3V 

IOH--32mA 2 

10l = 100 IIA 0.2 
Vee- 2.7V 

IOl-24 mA 0.5 

IOl-16mA 0.4 
VOL 

IOl=32 mA 0.5 
Vee- 3V 

IOl=4BmA 0.55 

IOl=64 mA -~ 
Vee = 3.6 V, VI = Vee or GND Control _(I ±1 

Vee - 0 or MAXI:, VI =5.5V inputs §I 10 

II VI =5.5V }..."'4 20 

Vee = 3.6 V VI-Vee Aor B ports§ $ 5 

VI=O ~ -10 

loff Vee- O, VI orVO - Ot04.5 V 4.~ 

VI-O.BV 75 75 
II (hold) Vee=3V 

VI=2V 
A or B ports 

-75 -75 

10ZH Vee- 3.6V, VO-3V 1 

10Zl Vee- 3.6V, Vo = 0.5 V -1 

Outputs high 0.13 0.19 0.13 

ICC 
Vee- 3.6V, 10=0, Outputs low B.B 12 B.B 
VI = Vee or GND Outputs 

disabled 
0.13 0.19 0.13 

Alec\! 
Vee -3 Vt03.6 V, One Input at Vee - 0.6 V, 

0.2 
Other inputs at Vee or GND 

ei VI-3VorO 4.5 4.5 

eio Vo-3VorO 11 11 

t All typical values are at Vee - 3.3 V, TA - 25°C. 
:j: For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
§ Unused terminals at Vee or GND 
\! 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 In __ cane ..... prod_In Ibo __ or 
~'I:..~ 01 _opm .... Ch __ IIICI _ 
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MAX 

-1.2 

0.2 

0.5 

0.4 

0.5 

0.55 

±1 

10 

20 

5 

-10 

±100 

.1 

-1 

0.19 

12 

0.19 

0.2 

UNIT 

V 

V 

V 

IIA 

IIA 

IIA 

IIA 
IIA 

mA 

mA 

pF 

pF 
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SN54LVT543,SN74LVT543 
3.3-V ABT OCTAL REGISTERED TRANSCEIVERS 
WITH 3-STATE OUTPUTS 
SCBSI37D-MAY 1992 - REVISED JULY 1995 

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

SN54LVT643 SN74LVT543 

Vcc=3.3V 
Vce=2.7V 

vee = 3.3 V 
Vee=2.7V UNIT 

±O.3V ±O.3V 

MIN MAX MIN MAX MIN MAX MIN MAX 

tw Pulse duration, LEAB or LEBA low 3.3 i1f3 3.3 3.3 ns 

A or B before LEAB or Data high 0 Gio 0 0 

LEBAi Dataiow 0.8 ~1.1 0.8 1.1 
tsu Seluptime ns 

A or B before CEAB or Data high 0 t- O 0 0 

CEBAi Data low 0.9 ir 1.2 0.9 1.2 

A or B after LEAB or LEBAi 1.7 ~. 1.7 1.7 1.7 
th Hold time 

A or B after CEAB or CEBA i q, ns 
1.8 1.8 1.8 1.8 

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

PARAMETER 
FROM TO 

(INPUT) (OUTPUT) 

tpLH 
AorB BorA 

tpHL 

tpLH 
LE AorB 

tpHL 

tpZH 
OE AorB 

tpZL 

tpHZ 

tpLZ 
OE AorB 

tpZH 
CE AorB 

tpZL 

tpHZ 'CE AorB 
tpLZ 

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

PRODUCT PREVIEW InIonnaIIon...-.. prodUCIIIn ........ _ or 
deslan Dh.. 01 doIIeIopmonL C_. do1I and OIlIer 
apeclncallon •• lld .. Ign goal .. TualnaUUmenll_ .... rlgldlO 
..... ordlaccntln .. t_~_tnotlce. . 

SN54LVT543 

Vee = 3.3 V 
Vee=2.7V ±O.3V 

MIN MAX MIN MAX 

1 4.9 5.7 

1 4.8 ... 6 

1 6.1 § 7.5 

1 5.9 fi,i 7.5 

1 6 ~'" 7.8 

1.1 6'" 8.4 

2.4 )if 7.3 

2 ttfC 6 6.1 

1 6.2 7.8 

1.4 6.9 8.5 

2.3 6.6 7.3 

2 5.6 5.8 

~1ExAs 
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SN74LVT543 

Vee=3.3V 
VCC=2.7V UNIT ±O.3V 

MIN TYPt MAX MIN MAX 

1 2.9 4.7 5.5 
ns 

1 3.3 4.6 5.8 

1 4 5.9 7.3 
ns 

1 4.1 5.7 7.3 

1 4.1 5.8 7.6 
ns 

1.1 4.5 6.4 8.2 

2.4 4.8 6.5 7.1 
ns 

2 4 5.8 5.9 

1 4.2 6 7.6 
ns 

1.4 4.7 6.7 8.3 

2.3 4.7 6.4 7.1 

2 3.8 5.4 5.6 
ns 



SN54LVT543,SN74LVT543 
3.3-V AST OCTAL REGISTERED TRANSCEIVERS 

WITH 3-STATE OUTPUTS 
SCBS137D - MAY 1992 - REVISED JULY 1995 

PARAMETER MEASUREMENT INFORMATION 

o 6V 

S1 
From Output _--._--.>--_-'\50rv°'V-° __ ---J 

o Open 

r~ 
Under Test 

CL=50pF 
(aee Note A) T 5000 

LOAD CIRCUIT FOR OUTPUTS 

I4--tw~ , ,r----
Input 3 X,-1._5V __ 

VOLTAGE WAVEFORMS 
PULSE DURATION 

2.7 V 

OV 

Input =X ... 1._5_V_...J~1.5 V :.:V 

tPLH~ ~tPHL 
1 1 , ~--VOH 
1 !1.5V 1 1.5V 

--+1 --J, I VOL 

tpHL --l.---.j ~ tPLH 

Output 

Output 
\L v.::-I VOH 
\.1.5 V T1.5V 

'-, ___ 1- ___ VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

INVERTING AND NONINVERTING OUTPUTS 

NOTES: A. CL Includes probe and jig capacHance. 

Timing Input 

Data Input 

Output 
Control 

Output 
Waveform 1 

S1,at 6 V 
(see Note B) 

Output 
Waveform 2 

S1 atGND 
(see Note B) 

TEST S1 

tPLHitPHL Open 
tpLZltpZL 6V 

tpHzltpZH GND 

2.7 V 
------"1.5 V 
____ --J, 1'-______ ov 

"-t ~ th ~ I su I 

--""*1.5 V ~ :.:V 
VOLTAGE WAVEFORMS 

SETUP AND HOLD TIMES 

=X1.5V ~ .... 1._5_V __ _ 

tpZL~ 14-- I 

2.7 V 

OV 

1 I tPLZ4I ~ 
--""I~\I 1 ~,...-- 3V 

I 1.5V I 
I I VOb..+~!.Y VOL 

I 1 tpHZ~ j4-
tpZH~ j4- I 

1---- VOH 
!1.5V ~H-O.3V 

--_ .... , .. OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

LOW· AND HIGH-LEVEL ENABLING 

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 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 Cl, tr S 2.5 ns, tf S 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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SN54LVT573,SN74LVT573 
3.3-V ABT OCTAL TRANSPARENT D-TYPE LATCHES 

WITH 3-STATE OUTPUTS 

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

• Support Mlxed·Mode Signal Operation (5-V 
Input and OutpulVoltages With 3.3-V Vee) 

• Support Unregulated Battery Operation 
Down to 2.7 V 

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

• 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 500 mA 
Per JEDEC Standard JESD·17 

• Bus·Hold Data Inputs Eliminate the Need 
for External Pullup Resistors 

• Support Live Insertion 
• Package Options Include Plastic 

Small·Outline (OW), Shrink Small·Outllne 
(DB), and Thin Shrink Small·Outllne (PW) 
Packages, Ceramic Chip Carriers (FK), 
Ceramic Flat (W) Packages, and Ceramic 
(J) DIPs 

description 

SN54LVT573 ••• J OR W PACKAGE 
SN74LVT573 ••• DB, OW, OR PW PACKAGE 

(TOP VIEW) 

20 3 
3D 
40 
50 
60 7 

Vee 
10 
20 
30 
40 
50 
60 
70 
80 

11 LE 

SN54LVT573 ••• FK PACKAGE 
(TOP VIEW) 

3 2 1 20 19 
3D 4 18 20 
40 5 17 30 
50 6 16 40 
60 7 15 50 
70 8 14 60 

9 10 11 12 13 

1i6~~gg 
(!) 

These octal latches are designed specifically for low-voltage (3.3-V) Vee operation, but with the capability to 
provide a TIL interface to a 5-V system environment. 

The eight latches of the 'LVT573 are transparent D-type latches. While 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 logic levels set up 
at the 0 inputs. 

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 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 latches. 
Old data can be retained or new data can be entered while 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 Vee through a pullup 
resistor; the minimum value oHhe resistor is determined by the current-sinking capability of the driver. 

The SN7 4LVT573Is available in Tl's shrink small-outline package (DB), which provides the same I/O pin count 
and functionality of standard small-outline packages in less than half the printed-circuit-board area. 

The SN54LVT573 is characterized for operation over the full military temperature range of -55°C to 125°C. The 
SN74LVT573 is characterized for operation from -40°C to 85°C. 

Copyright C 1995. Texas Instruments Incorporated 
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SN54Lv1573,SN74Lv1573 . 
3.3-V ABT OCTAL TRANSPARENT D-TYPE LATCHES 
WITH 3-STATE OUTPUTS 
SCBS138D - MAY 1992 - REVISED JULY 1995 • 

OE 

L 

L 

L 

H 

FUNCTION TABLE 
(each latchf 

INPUTS OUTPUT 
LE D Q 

H H H 

H L L 

L X 00 
X X Z 

logic symbolt logic diagram (positive logic) 

OE " EN 
11 

OE -'----Q 

LE ~1 
2 19 LE 

1D 1D V 1Q 
3 18 

2D 2Q C1 
4 17 

3D 3Q 1 D .....=,2 ___ +_-I 1D 
5 16 

4D 4Q 
6 15 

5D 5Q 
7 14 

6D 6Q 
8 13 

7D 7Q 
''----,vr --..... I 

9 12 
8D 8Q 

To Seven Other Channels 

tThis symbol is in accordance with ANSI/IEEE Std 91-1984 
and IEC Publication 617-12. 

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 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: SN54LVT573 ...•..•............................. 96 mA 

SN74LVT573 .................................... 128 mA 
Current into any output in the high state, 10 (see Note 2): SN54LVT573......................... 48 mA 

SN74LVT573 ......................... 64 mA 
Input clamp current, 11K (Vi < 0) ...................••..•.••............................... -50 mA 
Output clamp current, 10K (VO < 0) ..•••••....................•.••••..••.••............... -50 mA 
Maximum power dissipation at TA = 55°C (in still air) (see Note 3): DB package •...•............... 0.6 W 

DW package ..........••....... 1.6 W 
PW package ..........•........ 0.7 W 

Storage temperature range, T~tg ................•................................. -65°C to 150°C 

:j: Stresses beyond those listed under "absolute maximum ratings· may cause permanent damage to the device. These ara 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 atl$olute-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. 
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2. This current flows only when the output is in the high state and Va > VCC. 
3. The maximum package power dissipation is calculated using a jUl)ction temperature of 150·C and a board trace length of 750 mils. 

For more information, refertothe Package ThermalConsiderationsapplication note in the 1994 ABT Advanced BiCMOS Technology 
Data Book, literature number SCBD002B. 
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SN54LVT573,SN74LVT573 
3.3-V ABT OCTAL TRANSPARENT D-TVPE LATCHES 

WITH 3-STATE OUTPUTS 
SCBS138D"'-MAY 1992- REVISED JULY 1995 

recommended operating conditions (see Note 4) 
SN54LVT573 SN74LVT573 

UNIT 
MIN MAX MIN MAX 

VCC Supply voltage 2.7 3.6 2.7 3.6 V 

V,H High-level input voltage 2 2 V 

V,L Low-level input voltage 0.8 0.8 V 

V, Input voltage 5.5 5.5 V 

IOH High-level output current -24 -32 mA 

IOL Low-level output current 48 64 mA 

atlav Input transition rise or fall rate lOutputs enabled 10 10 nsIV 

TA Operating free-air temperature -55 125 -40 85 ·C 

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

~1ExAs 
INSTRUMENTS 
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SN54Lv1573,SN74LVT573 
3.3-V ABT OCTAL TRANSPARENT O·TYPE LATCHES 
WITH 3-STATE OUTPUTS 
SCBS138D- MAY 1992 - REVISED JULY 1995 

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

SN54LVT573 SN74LVT573 
PARAMETER TEST CONDITIONS 

MIN TYPt MAX MIN TYPt 

VIK Vee = 2.7 V, 11--18mA -1.2 

Vee = MIN to MAXI:, 10H - -100 iJA Vee-0.2 Vee-0.2 

Vee. 2.7 V, IOH--8mA 2.4 2.4 
VOH 

10H --24 mA 2 
Vee=3V 

10H =-32mA 2 

10L· 100 iJA 0.2 
Vee =2.7V 

IOL-24mA 0.5 

IOL-16 mA 0.4 
VOL 

IOL-32 mA 0.5 
Vee=3V 

IOL-48mA 0.55 

10L= 64 mA 

Vee = 0 or MAXI:, VI-5.5V 50 

VI -Vee or GND 
Control 

±1 
II inputs 

Vee = 3.6 V 
VI-Vee 1 

VI-O 
Data inputs 

-5 

loll Vee- O, VI orVo-Oto 4.5 V 

VI -0.8V I Data inputs 
75 75 

II(hold) Vee = 3 V 
VI-2V -75 -75 

10Zf.! Vee- 3.6V, VO-3V 1 

10ZL Vee - 3.6 V, Vo - 0.5 V -1 

Outputs high 0.13 0.39 0.13 

Vee .3.6V, 10=0, Outputs low 8.6 14 8.6 
ICC VI - Vee or GND Outputs 

disabled 0.13 0.39 0.13 

ll.lee§ 
Vee = 3 Vt03.6 V, One input at Vee - 0.6 V, 

0.3 Other inputs at Vee or GND 

ei VI-3VorO 4 4 

Co Vo-3VorO 8 8 

t All tYPical values are at Vee - 3.3 V, TA - 25°C. 
:j: For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating cond~ions. 
§ This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vee or GND. 

MAX 

-1.2 

0.2 

0.5 

0.4 

0.5 

0.55 

10 

±1 

1 

-5 

±100 

1 

-1 

0.19 

12 

0.19 

0.2 

UNIT 

V 

V 

V 

iJA 

iJA 

iJA 

iJA 
iJA 

mA 

mA 

pF 

pF 

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

SN54LVT57.3 SN74LVT573 

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 

tw Pulse duration, LE high 3.3 3.3 3.3 3.3 ns 

tsu Setup time. data before LEJ. 1 0.9 0.7 0.6 ns 

th Hold time, data after LEJ. 1.8 2 1.6 1.8 ns 

~1ExAs 
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SN54LVT573,SN74LVT573 
3.3-V ABT OCTAL TRANSPARENT D-TVPE LATCHES 

WITH 3-STATE OUTPUTS 
SCBSI38D-MAY 1992-REVISEDJULY 1995 

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

PARAMETER 
FROM TO 

(lNPUn (OUTPun 

tPLH 
D Q 

tPHL 

tpLH 
LE Q 

tpHL 

tpZH 
OE Q 

tPZL 

tPHZ 

tPLZ 
DE Q 

t All typical values are at VOO = 3.3 V, TA = 25·0. 

SN54LVT573 

Vee = 3.3 V 
Vee=2.7V ±O.3V 

MIN MAX MIN MAX 

0.5 4.7 4.9 

0.5 4.9 5.4 

1 6 6.9 

1.4 6.9 7.6 

0.5' 5.3 6.4 

0.7 5.7 7.2 

1.2 5.9 6.9 

1 5.4 5.5 

~TEXAS 
INSTRUMENTS 
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SN74LVT573 

Vee = 3.3 V 
Vee=2.7V UNIT ±O.3V 

MIN TYpt MAX MIN MAX 

1 2.5 4.2 4.7 
ns 

1 2.7 4.3 5.2 

1.6 3.5 5.6 6.3 
ns 

2.5 4.3 6.5 7.2 

1 2.8 5.1 6.2 
ns 

1.3 3.3 5.5 6.6 

2 3.7 5.7 6.7 

1.5 3 4.6 
ns 

5.1 
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SN54LVT573,SN14LVT573 
3.3-V ABT OCTAL TRANSPARENTD-TYPE LATCHES 
WITH 3-STATE OUTPUTS 
SCB8138D - MAY 1992 - REVISED JULY 1995 

PARAMETER MEASUREMENT INFORMATION 

o 6V 

Sl 
From Output _ .... _-e __ 5""ooll/lrn __ -/ o Open 

r' Under Teat 

CL=!$OpF 
(see Note A) T . 

LOAD CIRCUIT FOR OUTPUTS 

I4-tw~ 

2.7V 

OV 

I 1,--__ 

Input 3 "",1_.5_V __ 

Input 

Output 

Output 

VOLTAGE WAVEFORMS 
PULSE DURATION 

--v X 2.7 V 
---11'1.5 V 1 1•5V OV 

II ~ 
tpLH ~ 1""--------"- tPHL 

I I \!-:.:::- VOH 
I 1 1.5v l ~ --+-1 --J I VOL 

tPHL --l.--.j ~ tPLH 

I !r.:::'" VOH 

\1.5V T~=-"-- VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

INVERTING AND NONINVERTING OUTPUTS 

NOTES: A. CL includes probe and jig capacitance. 

Timing Input 

Data Input 

Output 
Control 

Output 
Waveform 1 

Sl at BV 
(see Note B) 

Output 
Waveform 2 

Sl atGND 
(see Note B) 

TEST Sl 

tPLH/tPHL Open 

tpLz/tpZL 6V 

tpHzltpZH GND 

2.7V 
-------X1.5 V 

-----·1'------- ov 
14 t .~ th .1 
1 su 1 

----"*1.5 V ~ :.:V 
VOLTAGE WAVEFORMS 

SETUP AND HOLD TIMES 

~1.5V ~,-1._5_V __ _ 

tpZL -tIj 14- I 

2.7V 

OV 

I I tPLZ-.i ~ 
---;-1 ""'{. I 1,"'-- 3 V 

I ,\1.6V II F VOL+O.3V V 
I . . T---- OL 
I I tpHZ~ j4-

tpZH~ j4- I 
1---- VOH 

!1.5V ~H-O.3V 
--_..... ...OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

LOW· AND HIGH·LEVEL ENABLING 

B. Wavefonn 1 is for an output with internal condHions such that the output is low except when disabled by the output control. 
Wavefonn 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, trs 2.5 ns, tfs 2.5 ns. 
D. The outputs are measured one at a time wHh one transHion per measurement. 

Figure 1. Load Circuit and Voltage Waveforms 

~ThxAs 
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SN54LVT574,SN74LVT574 
3.3-V ABT OCTAL EDGE·TRIGGERED D·TYPE FLlp·FLOPS 

WITH 3-STATE OUTPUTS 
SCBS139D- MAY 1992- REVISED JULY 1995 

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

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

• Support Unregulated Battery Operation 
Down to 2.7 V 

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

• ESD Protection Exceeds 2000 V Per 
Mll-STD-883C, 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 Data Inputs Eliminate the Need 
for External Pullup Resistors 

• Support Live Insertion 
• Package Options Include Plastic 

Small-Outline (OW), Shrink Small-Outline 
(DB), and Thin Shrink Small-Outline (PW) 
Packages, Ceramic Chip Carriers (FK), 
Ceramic Flat (W) Packages, and Ceramic 
(J) DIPs 

description 

SN54lVT574 ••• J OR W PACKAGEI 
SN74lVT574 ••• DB, OW, OR PW PACKAGE 

(TOP VIEW) 

OE 
10 

50 
60 7 

Vee 
10 
20 
30 
40 
50 
60 
70 
80 

11 elK ""L. __ r 

SN54lVT574 ••• FK PACKAGE 
(TOP VIEW) 

4 

5 

6 

7 

8 

Iw <.) 

~eo~g 

3 2 1 2019 
18 

17 

16 

15 

14 
9 10 11 12 13 

cc~OO 
CX)~5CX)i' 

20 
30 
40 
50 
60 

These octal flip-flops are designed specifically for low-voltage (3.3-V) Vee operation, but with the capability to 
provide a TIL interface to a 5-V system environment. 

The eight flip-flops of the 'lVT574 are edge-triggered D-type flip-flops. On the positive transition of the clock 
(ClK) input, the Q outputs are set to the logic levels set up at the data (D) inputs. 

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 increased drive provide the capability to drive bus 
lines without need for interface or pull up 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. 

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 Vee through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN7 4lVT57 4 is available in Tl's shrink small-outline package (DB), which provides the same I/O pin count 
and functionality of standard small-outline packages in less than half the printed-circuit-board area. 

The SN54lVT574 is characterized for operation overthe full military temperature range of -55°C to 125°C. The 
SN74lVT574 is characterized for operation from -40°C to 85°C. 

Copyrlghl4:) 1995, Texas Ins1ruments Incorporaled 

~1ExAs 
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SN54L\'T574,SN74L\'T574 
3.3-V ABT OCTAL EDGE-TRIGGERED D-TYPE FLIP-FLOPS 
WITH 3-STATE OUTPUTS 
SCBS139D - MAY 1992 - REVISED JULY 1995 

OE 

L 

L 

L 

H 

FUNCTION TABLE 
(each flip-flop) 

INPUTS OUTPUT 
CLK D 0 

l' H H 

l' L L 

H orL X 00 
X X Z 

logic symbolt logic diagram (positive logic) 

OE 
11 " EN OE.....:...---a 

CLK L, C1 
2 19 CLK 

1D 1D V 10 
3 18 

2D 20 
4 17 

3D 3Q 1D _2=--__ -+--1 
5 18 

4D 40 
6 15 

5D 50 
7 14 

6D 6Q 
8 13 \I..._-""'v,----' 

7D 70 
9 12 

8D 6Q 
To Seven Other Channels 

tThis symbol is in accordance with ANSIIIEEE Std 91-1984 
and IEC Publication 617-12. 

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 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: SN54LVT574 .................................... 96 mA 

SN74LVT574 .................................... 128 mA 
Current into any output in the high state, 10 (see Note 2): SN54LVT574 ..........•.............. 48 mA 

SN7 4LVT57 4 .. . . . . . . . . .. .. .. .. .. . . . .. 64 mA 
Input clamp current, 11K (VI < 0) .............................................•............ -50 mA 
Output clamp current, 10K (Vo < 0) ......••..........•.•••••..........•.••••.........••••• -50 mA 
Maximum power dissipation at TA = 55°C (in still air) (see Note 3): OB package ............•.•....• 0.6 W 

OW package ................... 1.6 W 
PW package ................... 0.7 W 

Storage temperature range, Tstg .................................................. -65°C to 150°C 

:j: Stresses beyond those listed under "absolute maximum rstings" may cause permanent damage to the device. These are stress ratings only, and 
functional operstion of the device at these or any other condHions 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 rstings may be exceeded H the Input and output clamp-current ratings are observed. 

4-54 

2. This current flows only when the output is In the high state and Vo > Vcc. 
3. The maximum package power dissipation is calculated using aJunctlon temperature of 150'C and a board trsce length of 750 mils. 

For more information, refertothe Package ThermalConsiderstionsapplication note in the 1994 ABT Advanced BiCMOS Technology 
Data Book, literature number SCBD002B. 
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SN54LVT574,SN74LVT574 
3.3-V ABT OCTAL EDGE-TRIGGERED D-TVPE FLIP-FLOPS 

WITH 3-STATE OUTPUTS 
SCBS139D- MAY 1992- REVISED JULY 1995 

recommended operating conditions (see Note 4) 
SN54lVT574 SN74lVT574 

UNIT 
MIN MAX MIN MAX 

Vee Supply voltage 2.7 3.6 2.7 3.6 V 

VIH High-level input voltage 2 2 V 

Vil low-level Input voltage 0.8 0.8 V 

VI Input voltage 5.5 5.5 V 

IOH High-level output current -24 -32 mA 

IOl low-level output current 48 64 mA 

At/Av Input transition rise or fall rate I Outputs enabled 10 10 nslV 

TA Operating free-air temperature -55 125 -40 85 ·e 

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

~1ExAs 
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""'P". ,,..p., .. " " ... ., ... , ...... ., .. »''f\J .. LV • \J/", »''f/ .. LV • \J/ .. 

3.3-V ABT OCTAL EDGE-TRIGGERED D-TVPE FLIP-FLOPS 
WITH 3-STATE OUTPUTS 
SCBS139D - MAY 1992 - REVISED JULY 1995 

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

SN54LVT574 SN74LVT574 
PARAMETER TEST CONDITIONS 

MIN TYPt MAX MIN TYPt 

VIK Vee- 2.7V• 11--18 mA -1.2 

Vee - MIN to MAX:!:. IOH--10011A Vee-O.2 Vee-0•2 

Vee- 2•7V• IOH--8mA 2.4 2.4 
VOH 

IOH--24mA 2 
Vee- 3V 

IOH--32mA 2 

10L = 100 IIA 0.2 
Vee- 2.7V 

IOL-24mA 0.5 

IOL-16mA 0.4 
VOL 

IOL-32 mA 0.5 
Vee- 3V 

IOL-48mA 0.55 

10L-64mA 

Vee - 0 or MAX:!:. VI-5.5V 50 

VI = Vee or GND 
Control 

±1 
II Inputs 

Vee = 3.6 V 
VI = Vee 1 

VI=O 
Data Inputs 

-5 

loll Vee- O• VI orVO - Oto 4.5 V 

VI·0.8V 75 75 
II (hold) Vee- 3V 

VI-2V 
Data inputs 

-75 -75 

10ZH Vee- 3.6V• VO-3V 1 

10ZL Vee- 3.6V• VO-0.5V -1 

Outputs high 0.13 0.39 0.13 

lee 
Vee=3.6V. 10- 0• Outputs low 8.7 14 8.7 
VI = Vee or GND Outputs 

disabled 
0.13 0.39 0.13 

.1lee§ 
Vee=3 Vt03.6 V • One input at Vee - 0.6 V. 

0.3 Other inputs at Vee or GND 

ei VI.3 VorO 4 4 

eo Vo-3VorO 8 8 

t All typical values are at Vee _ 3.3 V. TA _ 25°e. 
:!: For conditions shown as MIN or MAX. use the appropriate value specified under recommended operating conditions. 
§This is the Increase In supply current for each input that is at the specified TTL voltage level rather than Vee or GND. 

MAX 

-1.2 

0.2 

0.5 

0.4 

0.5 

0.55 

10 

±1 

1 

-5 

±100 

1 

-1 

0.19 

12 

0.19 

0.2 

UNIT 

V 

V 

V 

IIA 

IIA 

IIA 

IIA 
IIA 

mA 

mA 

pF 

pF 

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

SN54LVT574 SN74LVT574 

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 elock frequency 0 150 0 150 0 150 0 150 MHz 

tw Pulse duration. elK high or low 3.3 3.3 3.3 3.3 ns 

tsu Setup time. data before eLKi 2 2.4 2 2.4 ns 

th Hold time. data after eLKi 0.9 0.9 0.3 0 ns 

:lllExAs 
INSTRUMENTS 
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· SN54LVT574,SN74LVT574 
3.3-V ABT OCTAL EDGE-TRIGGERED D-TVPE FLIP-FLOPS 

WITH 3-STATE OUTPUTS 
SCBS139D - MAY 1992 - REVISED JULY 1995 

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 

tpHl 
elK Q 

tpZH 
OE Q 

tpZl 

tpHZ 

tPLZ 
OE Q 

t All typical values are at Vee = 3.3 V, TA = 25°e. 

SN54LVT574 

VCC=3.3V 
Vcc = 2.7 V ±O.3V 

MIN MAX MIN MAX 

150 150 

1 5.9 6.6 

1 6.1 6.8 

0.5 5.9 7.1 

0.5 5.3 6.4 

0.7 5.9 6.6 

0.5 5.1 5.1 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 6SS303 • DAu.AS, TEXAS 75265 

SN74LVT574 

VCC=3.3V 
Vee = 2.7 V UNIT ±O.3V 

MIN TYPt MAX MIN MAX 

150 150 MHz 

1.7 3.6 5.4 6.2 
ns 

2.4 4.3 5.9 6.6 

1 2.9 4.8 5.9 
ns 

1.3 3.4 5.1 6.2 

1.9 4 5.5 5.9 
ns 

1.7 3.2 4.5 4.5 
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SN54LVT5741SN74L~rr574 
3.3-V ABT OCTAL'EDGE-TRIGGERED D-TYPE FLIP-FLOPS 
WITH 3~STATE OUTPUTS 
SCBS139D - MAY 1992 - REVISED JULY 1995 

PARAMETER MEASUREMENT INFORMATION 

o BV 

5000 
From Output - ..... --...-..J\II/Ir----' 

Sl o Open 

Under Test 

CL=50pF 

(see Note A) T 5000 rD 

LOAD CIRCUIT FOR OUTPUTS 

If--tw~ 
1 1,..-__ 

Input 3 X,-1._5V __ 

2.7 V 

Input 

VOLTAGE WAVEFORMS 
PULSE DURATION 

~l.5V Xl .5V 
1 

OV 

2.7 V 

OV 

tPLH --j+--.I ~ tPHL 

Output 
1 1 ~VOH 
1 11.5V I 1.5V 
1 1 VOL 

tPHL --l...--.! ~ tpLH 

\1.5 V 
FVOH 

Output 1.5V 

VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

INVERTING AND NONINVERTING OUTPUTS 

Timing Input 

Data Input 

Output 
Control 

Output 
Waveform 1 

Sl atBV 
(see Nota B) 

Output 
Wavetorm2 

Sl atGND 
(see Note B) 

TEST Sl 

tPLlftPHL Open 

tPLZ'tpZL BV 

tpHzltpZH GND 

2.7 V 
-------x1.5V 

------'. 1'------- OV 

I .. t_ ~~ th ~ 
1 "IOU I 

--""*1.5 V ~ :.:V 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

=41.5 V ):(1.5 V 

tpZL~ 14- 1 

2.7 V 

OV 

1 1 tpLZ --.I ~ 
1,\ 1 P 3V 
1 1•5 V 1 V~!...+.E:!Y VOL 

1 ItpHZ~ ~ 
tPZH-+j ~ 1 

1 --- VOH 
!1.5V ~H-O.3V 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

LOW· AND HIGH·LEVEL ENABLING 

... OV 

NOTES: A. CL Includes probe and jig capacitance. 
B. Waveform 1 Is for an OUipUt with internal conditions such that the output Is low except when disabled by 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 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 transHlon per measurement. 

Figure 1. Load Circuit and Voltage Waveforms 

-!!11ExAs 
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SN54LVT646,SN74LVT646 
3.3-V ABT OCTAL BUS TRANSCEIVERS AND REGISTERS 

WITH 3-STATE OUTPUTS 

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

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

• Support Unregulated Battery Operation 
Down to 2.7 V 

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

• 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 500 mA 
Per JEDEC Standard JESD-17 

• Bus-Hold Data Inputs Eliminate the Need 
for External Pullup Resistors 

• Support Live Insertion 
• Package Options Include Plastic 

Smail-Outline (DW), Shrink Small-Outline 
(DB), and and Thin Shrink Small-Outline 
(PW) Packages, Ceramic Chip Carriers 
(FK). Ceramic Flat (W) Packages. and 
Ceramic (JT) DIPs 

description 

These bus transceivers and registers are 
designed specifically for low-voltage (3.3-V) Vee 
operation, but with the capability to provide a TIL 
interface to a 5-V system environment. 

The 'LVT646 consist of bus transceiver circuits, 
D-type flip-flops, and control circuitry arranged for 
multiplexed transmission of data directly from the 

SN54LVT646 ••• JT OR W PACKAGE 
SN74LVT646 ••• DB, OW, OR PW PACKAGE 

(TOP VIEW) 

CLKAB 
SAB 

A7 
A8 

GND 

Vcc 
CLKBA 
SBA 
DE 
B1 
B2 
B3 
B4 
B5 
B6 
B7 
B8 

SN54LVT646 ••• FK PACKAGE 
(TOP VIEW) 

co c( 

9;; $! g 0 8~ a'i 
cC/)oz>oC/) 

NC - No internal connection 

OE 
B1 
B2 
NC 
B3 
B4 
B5 

input bus or from the internal registers. Data on the A or B bus is clocked into the registers on the low-to-high 
transition of the appropriate clock; (CLKAB or CLKBA) input. Figure 1 illustrates the four fundamental 
bus-management functions that can be performed with the 'LVT646. 

Output-enable (OE) and direction-control (DIR) inputs are provided to control the transceiver functions. In the 
transceiver mode, data present at the high-impedance port may be stored in either register or in both. 

The select-control (SAB and SBA) inputs can multiplex stored and real-time (transparent mode) data. The 
direction control (DIR) determines which bus receives data whenOE is low. In the isolation mode (OE high), 
A data may be stored in one register and/or B data may be stored in the other register. 

When an output function is disabled, the input function is still enabled and may be used to store and transmit 
data. Only one of the two buses, A or B, may be driven at a time. 

Copyright C 1995. Texas Instruments Incorporated 
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SN54LVT646, SN74Lv'T646 
3.3-V ABT OCTAL BUS TRANSCEIVERS AND REGISTERS 
WITH 3-STATE OUTPUTS 
SCSS140D-MAY1992-REVISEDJULY1995 ' 

description (continued) 

OE 

X 

X 

H 

H 

L 

L 

L 

L 

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, DE should be tied to Vee through a pull up 
resistor; the minimum value of the resistor is determined by the current-sinkin§ capability of the driver. 

The SN74LVT646 is available in TI's shrink small-outline package (DB), which provides the same 110 pin count 
and functionality of standard small-outline packages in less than half the printed-circuit-board area. 

The SN54LVT646 is characterized for operation over the full military temperature range of -55°C to 125°C. The 
SN74LVT646 is characterized for operation from -40°C to 85°C. ' 

FUNCTION TABLE 

INPUTS' DATAl/Os 

CLKAB SAB 
OPERATION OR FUNCTION 

DIR CLKBA SBA A1-A8 B1-B8 

X i x x X Input Unspecifiedt Store A, B unspecifiedt 

X X i X X Unspecifiedt Input Store B, A unspecifiedt 

X i i X X Input Input Store A and B data 

X H orL HorL X X Input disabled I nput disabled Isolation. hold storage 

L X X X L Output Input Real-time B data to A bus 

L X HorL X H Output Input Stored B data to A bus 

H X X L X Input Output Real-time A data to B bus 

H H orL X H X Input Output Stored A data to B bus 

t The data output functions may be enabled or disabled by vanous signals at the l5E and 01 R inputs. Data Input functions are always, enabled; 
I.e., data at the bus pins is stored on every low-ta-high transition of the clock inputs. 
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SN54LVT646,SN74LVT646 
3.3-V ABT OCTAL BUS TRANSCEIVERS AND REGISTERS 

WITH 3-STATE OUTPUTS 
SCBS140D-MAY 1992-REVISEDJULY 1995 

ID 

~ 
ID 

~ 
22 21 3 1 23 2 22 

SAB SBA OE OIR CLKAB CLKBA SAB SBA 
X L L H X X L X 

REAL-TIME TRANSFER REAL-TIME TRANSFER 
BUS B,TO BUSA BUSATOBUSB 

~ ~ 
3 1 23 2 22 21 3 23 2 22 

OIR CLKAB CLKBA SAB SBA OE OIR CLKAB CLKBA SAB SBA 
X l' X X X L L X H or L X H 
X X l' X X L H H orL X H X 
X l' l' X X 

STORAGE FROM TRANSFER STORED DATA 
A, B,ORAAND B TOAAND/ORB 

Figure 1. Bus-Management Functions 
Pin numbers shown are for the DB. OW, JT, PW, and W packages. 
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SN54LVT646, SN74LVT646 
3.3-V ABT OCTAL BUS TRANSCEIVERS AND REGISTERS 
WITH 3-STATE OUTPUTS 
SCBSl40D - MAy 1992 - REVISED JULY 1995 

logic symbolt 

OE 
OIR 

CLKBA 
SBA 

CLKAB 
SAB 

A1 

A2 

A3 

A4 

A5 
A6 

A7 

A8 

21 
" 3 
" L 

23 
22 
1 

2 

4 

6 L 
6 

7 

8 

9 

10 

11 

G3 
3 EN1 IBA] 
3 EN2[AB] 

C4 
G5 

C6 
G7 ., r 

~1 5 40 

~ V1 
5 1 

60 7 ~12V I--
1 7 

t This symbol is in accordance with ANSI/IEEE Std 91-1984 and lEO Publication 617-12. 
Pin numbers shown are for the DB, DW, JT, PW, and W packages. 
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SN54LVT646,SN74LVT646 
3.3-V ABT OCTAL BUS TRANSCEIVERS AND REGISTERS 

WITH 3-STATE OUTPUTS 
SCBS140D- MAY 1992- REVISED JULY 1995 

logic diagram (positive logic) 

OIR --..::;.-+----L~ 

CLKBA -==-----+------------1 

SBA ~=------If-+-I 

CLKAB 

SAB ----"-----HI-+-i 

A1 4 

I 
I 
I 
I 
I 
I 
I 
L 

...---i10 

~-I----I> C1 

+~~~.~-------------
101--_+_--, 

C1 <3-----<lf--+-IH 

, 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 

..J 

\~------------~vr-----------------~I 
To Seven Other Channels 

Pin numbers shown are for the DB. OW. JT. PW. and W packages. 
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SN54LVT646,SN74LVT646 
3.3-V ABTOCTAL BUS TRANSCEIVERS AND REGISTERS 
WITH 3 .. STATEOUTPUTS 
SCBSI40D-MAY 1992- REVISED JULY 1995 

absolute maximum ratings over operating free-air temperature range (unless ot~erwlse 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: SN54LVT646 .................................... 96 mA 

SN74LVT646 .................................... 128 mA 
Current into any output in the high state, 10 (see Note 2): SN54LVT646 ......................... 48 mA 

SN74LVT646 ......................... 64 mA 
Input clamp current, 11K (VI < 0) .............•..................••...........••..•........ -50 mA 
Output clamp current, 10K (Vo < 0) ..........................•....•....................... -50 mA 
Maximum power dissipation at TA = 55°C (in still air) (see Note 3): DB package ................... 0.65 W 

DW package ................... 1.7 W 
PWpackage ................... 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-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. The input and output negative-voHage ratings may be exceeded If the input and output clam~urrent 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 150·e and a board trace length of 750 mils. 

For more information, refer to the Package Thermal Considerations application note in the 1994 ABT Advanced BiCMOS Technology 
Data Book, literature number SeBD002B. 

recommended operating conditions (see Note 4) 
SN54LVT646 SN74LVT646 

UNIT 
MIN MAX MIN MAX 

Vee Supply voltage 2.7 3.6 2.7 3.6 V 

V,H High-level Input voltage 2 2 V 

V,L Low-level input voltage 0.8 0.8 V 

V, Input voltage 5.5 5.5 V 

IOH High-level output current -24 -32 mA 

IOL Low-level output current 48 64 mA 

At/Av Input transition rise or fall rate I Outputs enabled 10 10 nslV 

TA Operating free-air temperature -55 125 -40 85 ·e 

NOTE 4: Unused control Inputs must be held high or low to prevent them from floallng. 
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SN54LVT646,SN74LVT646 
3.3-V ABT OCTAL BUS TRANSCEIVERS AND REGISTERS 

WITH 3-STATE OUTPUTS 
SCBSI40D-MAY 1992- REVISED JULY 1995 

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

SN54lVT646 SN74lVT646 
PARAMETER TEST CONDITIONS 

MIN TYPt MAX MIN TYPt 

VIK Vee- 2.7V• Ila-1SmA -1.2 

Vee = MIN to MAX;. IOH--1001lA Vee-0•2 Vee-0.2 

Vee = 2.7 V. 10H--SmA 2.4 2.4 
VOH 

IOH=-24mA 2 
Vee- 3V 

IOH--32rnA ' 2 

10l· 100 IlA 0.2 
Vee- 2.7V 

IOl=24 rnA 0.5 

10l= 16mA 0.4 
VOL 

10l-32rnA 0.5 
Vee- 3V 

IOl-4SmA 0.55 

10L= 64 rnA 

Vee- 3.6V• VI = Vee or GND Control ±1 

Vee - 0 or MAX;. VI =5.5V Inputs 10 

II VI =5.5V 100 

Vee = 3.6 V VI-Vee Aor B ports§ 1 

VI=O -5 

loff Vee- O• VI or Vo = 0 to 4.5 V 

VI =O.SV 75 75 
II (hold) Vee=3V 

VI·2V 
A or B ports 

-75 -75 

10ZH Vee- 3•aV• VO=3V 1 

10Zl Vee- 3.6V• VO-0.5V -'-1 

Outputs high 0.13 0.39 0.13 

ICC 
Vee. 3.6 V. 10-0. Outputs low S.B 14 B.S 
VI- Vee or GND Outputs 

disabled 
0.13 0.39 0.13 

dleelf Vee-3 Vt03.6 V. One Input at Vee - 0.6 V. I 0.3 
Other inputs at Vee or GND 

ei VI-3VorO 4.5 4.5 

eio Vo-3VorO 11 11 

t All typical values are at Vee = 3.3 V. TA - 25°C. 
; For cond~lons shown as MIN or MAX. use the appropriate value specified under recommended operating conditions. 
§ Unused terminals at Vee or GND 
If This Is the Increase In supply current for each input that is at the specified TIL voltage level rather than Vee or GND. 
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12 
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SN64LVT646,SN74LVT646 
3.3-V AB10CTAL BUS TRANSCEIVERS AND REGISTERS 
WITH 3-STATE OUTPUTS . 
SCBS140D - MAY. 1992 - REVISED JULY 1995. 

timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) (see Figure 2) 

SN64LVT646 SN74LVT646 

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 0 150 0 150 0 150 MHz 

Iw Pulse duration, CLK high or low 3.3 3.3 3.3 3.3 ns 

Setup time, A or B before CLKABi or I Data high 1.5 1.5 1.3 1.3 
tsu ns 

CLKBAi I Data low 2.5 3.0 2 2.4 

th 
Hold time, A or B after 

0.9 0.9 0.4 0.4 ns 
CLKABi or CLKBA i 

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

SN54LVT646 SN74LVT646 

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 150 150 MHz 

tpLH CLKBAor 1.2 5.9 6.9 1.8 3.8 5.7 6.7 

CLKAB 
AorB ns 

tpHL 1.2 5.9 6.6 2.1 3.8 5.7 6.4 

tPLH 0.8 4.9 5.6 1.3 2.8 4.7 5.4 
AorB BorA ns 

tpHL 0.6 4.8 5.5 1 2.7 4.8 5.3 

tpLH 
SBAorSAB:I: 

1 6.4 7.4 1.4 3.7 6.2 7.2 
AorB ns 

tpHL 1 6.4 7 1.4 3.8 6.2 6.8 

tpZH 
DE 

0.6 6 7.4 1 3 5.8 7.2 
AorB ns 

tPZL 0.6 6.2 7.5 1 3.2. 6 7.3 

tPHZ 
DE AorB 

1.4 6.7 7.1 2.3 4.3 6.5 6.9 
ns 

tPLZ 1.4 6.4 6.5 2.2 3.8 5.8 5.9 

tpZH 
DIR AorB 

0.6 6.7 7.7 1 3.4 6.5 7.5 
ns 

tpZL 0.8 6.5 7.3 1.2 3.4 6.3 7.1 

tpHZ 0.8 7.4 8.3 1.7 4.1 7.2 8.1 
DIR AorB ns 

tPLZ 1 6.7 7 1.5 3.5 5.8 6.3 

t All typical values are at VCC _ 3.3 V, TA _ 25°C. 
:I: These parameters are measured wHh the internal output state of the storage register opposHe to that of the bus input. 
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SN54LVT646,SN74LVT646 
3.3-V ABT OCTAL BUS TRANSCEIVERS AND REGISTERS 

WITH 3-STATE OUTPUTS 
SCBS140D - MAY 1992 - REVISED JULY 1995 

PARAMETER MEASUREMENT INFORMATION 

o 6V TEST S1 
S1 o Open 

rD 

From Output _ ....... >----4....-~5'V°V°'v_° __ J 

Under Test 

CL=50pF 
(see Note A) T 5000 

tpLHltpHL Open 
tpLZltpZL 6V 
tpHZltpZH GND 

-------X1.5 V 
2.7 V 

Timing Input LOAD CIRCUIT FOR OUTPUTS 
____ .....J·I'-______ ov 

14-- tw----.j 14 ~~ th .I I tsu I 
2.7 V 

OV 
Data Input 

1 1,----

Input 3 X",1_.S_V __ --""'*1.5 V ~ :.:V 

VOLTAGE WAVEFORMS 
PULSE DURATION 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

~1.5V ~1.5V :.:v Output 
Control ~1.5V ~,,"1._5_V __ _ 

2.7V 

Input 

II ~ 
tpLH ~ 1""'----"'--- tPHL 

I· I ~-- VOH 
I 11.5V I 1.5V 

--+-1 ....J I VOL 

tPHL~ ~tPLH 

Output 

I ~ VOH 
Output 

Output 
Waveform 1 

S1 st6V 
(_Note B) 

OV 
tpZL~ 14- 1 

I I tpLZ --+i ~ ---r: ""'\1.5 V : K~O-L +-0-.3-V 3 V 

I . 1 t~--- VOL 
I I tpHZ~ j4-

tpZH~ j4- I 
1---- VOH 

\1.5 V T~:'''-- VOL 

Output 
Waveform 2 

S1 stGND 
(sNNote B) 

!1.5V ~H-0.3V 
___ oJ. -OV 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

INVERTING AND NONINVERTING OUTPUTS 

NOTES: A. CL includes probe and jig capacitance. 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

LOW· AND HIGH-LEVEL ENABLING 

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 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 wHh one transition per measurement. 

Figure 2. Load Circuit and Voltage Waveforms 
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SN54LVT652,SN74LVT652 
3.3-V ABT OCTAL BUS TRANSCEIVERS AND REGISTERS 

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

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

• Support Unregulated Battery Operation 
Down to 2.7 V 

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

• 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 500 mA . 
Per JEDEC Standard JESD-17 

• Bus-Hold Data Inputs Eliminate the Need 
for External Pullup Resistors 

• Support Live Insertion 

• Package Options Include Plastic 
Small-Outline (DW), Shrink Small-Outline 
(DB), and Thin Shrink Small-Outline (PW) 
Packages, Ceramic Chip Carriers (FK), and 
Ceramic (JT) DIPs 

description 

These bus transceivers and registers are 
designed specifically for low-voltage (3.3-V) VCC 
operation, but with the capability to provide a TIL 
interface to a 5-V system environment. 

The 'LVT652 consist of bus transceiver circuits, 
D-type flip-flops, and control circuitry arranged for 
multiplexed transmission of data directly from the 
data bus or from the internal storage registers. 

WITH 3-STATE OUTPUTS 

SN54LVT652 ••• JT PACKAGE 
SN74LVT652 ••• DB, ow, OR PW PACKAGE 

(TOP VIEW) 

A1 
A2. 
A3 
NC 
A4 
A5 
A6 

CLKA8 1 Vcc 
SA8 2 CLK8A 

OEA8 S8A 
A1 OE8A 
A2. 81 
A3 82 
A4 83 

84 
85 

A7 86 
A8 11 87 

GND 88 

SN54LVT652 ••• FK PACKAGE 
(TOP VIEW} 

5 
6 
7 
8 
9 

al al « «;;2 al 
w~...Jo8~~ 
OCl)OZ>OCl) 

4 321 28 2726 

10 
11 

121314 1516 1718 

r--COCocor--<o 
««zzalalal 

C!) 

25 
24 

23 
22 

21 

20 
19 

NC - No internal connection 

81 
82 
NC 
83 
84 
85 

JULY 1995 

Output-enable (OEAB and OEBA) inputs are provided to control the transceiver functions. Select-control (SAB 
and SBA) inputs are provided to select whether real-time or stored data is transferred. The circuitry used for 
select control eliminates the typical decoding glitch that occurs in a multiplexer during the transition between 
real-time and stored data. A low input selects real-time data and a high input selects stored data. Figure 1 
illustrates the four fundamental bus-management functions that can be performed with the 'LVT652. 

UNLESS OTHERWISE NOTED 11110 document COIIIIII .. PRODUCTION 
DATA Infonnatton current II of ~b .. cauon date. Products conform to 
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SN54LVT652,SN74LVT652 
3.3-V ABT OCTAL BUS TRANSCEIVERS AND REGISTERS 
WITH 3-STATE OUTPUTS 
SCBS141E- MAY 1992- REVISED JULY 1995 

description (continued) 

Data on the A or B data bus, or both, can be stored in the internal D-type flip-flops by low-to-high transitions at 
the appropriate clock (CLKAB or CLKBA) inputs regardless of the select- or enable-control pins. When SAB and 
SBA are in the real-time transfer mode, it is possible to store data without using the internal D-type flip-flops by 
simultaneously enabling OEAB and OEBA. In this configuration, each output reinforces its input; therefore, 
when all other data sources to the two sets of bus lines are at high impedance, each set of bus lines remains 
at its last 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 Vee through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. OE 
should be tied to GND through a pulldown resistor; the minimum value of the resistor is determined by the 
current-sourcing capability of the driver. 

The SN74LVT652 is available in TI's shrink small-outline package (DB), which provides the same 1/0 pin count 
and functionality of standard small-outline packages in less than half the printed-circuit-board area. 

The SN54LVT652 is characterized for operation over the full military temperature range of -55°C to 125°C. The 
SN74LVT652 is characterized for operation from -40°C to 85°C. 

FUNCTION TABLE 

INPUTS DATA IIOt 
OPERATION OR FUNCTION 

OEAB OEBA CLKAB CLKBA SAB SBA A1-A8 B1-B8 

L H H orL HorL X X Input Input Isolation 

L H i i X X Input Input Store A and B data 

X H i HorL X X Input Unspecified; Store A, hold B 

H H i i X; X Input Output Store A in both registers 

L X H orL i X X Unspecified; Input Hold A, store B 

L L i i X X; Output Input Store B in both registers 

L L X X X L Output Input Real-time B data to A bus 

L L X H orL X ,H Output Input Stored B data to A bus 

H H X X L X Input Output Real-time A data to B bus 

H H HorL X H X Input Output Stored A data to B bus 

H L HorL H orL H H Output Output 
Stored A data to B bus and 

stored B data to A bus 

t The data output functions may be enabled or disabled by a vanety of level combmatlons at the OEAB or OEBA Inputs. Data Input functions are 
always enabled; i.e., data at the bus pins is stored on every low-to-high transition of the clock inputs. 

; Select control = L; clocks cali occur Simultaneously 
Select control- H; clocks 'must be staggered in order to load both registers 
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SN54LVT652,SN74LVT652 
3.3-V ABT OCTAL BUS TRANSCEIVERS AND REGISTERS 

WITH 3-STATE OUTPUTS 
SCBS141E- MAY 1992 - REVISED JULY 1995 

m 
~ m 

~ 
22 3 21 1 23 2 22 

CLKAB CLKBA SAB SBA OEAB OEBA CLKAB CLKBA SAB SBA 
X X X L H H X X L X 

REAL·TIME TRANSFER REAL· TIME TRANSFER 
BUSBTOBUSA BUSATO BUS B 

~ ~ 
21 1 23 2 22 3 21 23 2 22 

OEBA CLKAB CLKBA SAB SBA OEAB OEBA CLKAB CLKBA SAB SBA 
H i X X X H L HorL HorL H H 
X X i X X 
H i i X X 

STORAGE FROM TRANSFER STORED DATA 
A, B, ORAAND B TOAAND/ORB 

Figure 1. Bus-Management Functions 
Pin numbers shown are for the DB. OW, JT, and PW packages. 
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SN54LVT652,SN74LVT652 . 
3.3-V ABT OCTAL BUS TRANSCEIVERS AND REGISTERS 
WITH 3-STATE OUTPUTS 
SCBS141E- MAY 1992- REVISED JULY 1995 

logic symbolt 

OEBA 
OEAB 

CLKBA 
SBA 

ClKAB 
SAB 

Ai 

A2 

A3 

A4 

A5 

A6 

A7 

A8 

21 
" 3 

23 
22 
1 
2 

4 

5 
L 

6 

i 
8 

9 

10 

11 

EN1 [BA] 
EN2[AB] 

C4 
05 

C6 
07 ., r 

:<!:1 5 4D 
J Vi 5 1 

6D 7 :<!:1 
2V -

1 '1 

tThls symbol is in aocordancewith ANSI/IEEE Std 91-1984 and lEe Publication 617-12. 
Pin numbers shown are for the DB, OW, JT, and PW packages. 
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SN54LVT652,SN74LVT652 
3.3-V ABT OCTAL BUS TRANSCEIVERS AND REGISTERS 

WITH 3-STATE OUTPUTS 

logic diagram (positive logic) 

OEAB 

CLKBA -=----+-------------t 
SBA~------~~~ ~~------_. 

CLKAB 

SAB -=-------+-11-+--1 

r-
I 
I 
I 
I 
I 
I 

A 1 -4"'----4+-+-If-+-.. 

I 
I 
I 
I 
I 
I 
I 
L 

...------11D 

-...++----1> C1 

SCBS141E- MAY 1992- REVISED JULY 1995 

, 
1DI---+--, 

C1 <I-----..I-+_~ 

20 B1 

..J 

~------------------~v~------------------~ 
To Seven Other Channels 

Pin numbers shown are for the DB, OW, JT, and PW packages. 

~1ExAs 
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SN54LVT652,SN74LVT652 . 
3.3-V ABT OCTAL BUS TRANSCEIVERS AND REGISTERS 
WITH 3-STATE OUTPUTS 
SCBS141E-MAY 1992- REVISED JULY 1995 

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 (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: SN54LVT652 •.............................•...•.. 96 mA 

SN74LVT652 •............•...................... 128 mA 
Current into any output in the high state, 10 (see Note 2): SN54LVT652 ......................... 48 mA 

SN74LVT652 ......................... 64 mA 
Input clamp current, 11K (VI < 0) ........................•...•.•.•••..••...••...••....••... -50 mA 
Output clamp current, 10K (VO < 0) ..•....••..••...••••.••...•••....•.................•... -50 mA 
Maximum power dissipation at TA = 55°C (in still air) (see Note 3): D8 package ................... 0.65 W 

DWpackage ................... 1.7W 
PW package ................... 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 condHlons beyond those indicated under "recommended operating condHions" is not 
implied. Exposure to absolute-maxlmum-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 150·e and a board trace length of 750 mils. 

For more information, refertothe Package ThermalConsiderationsapplication note in the 1994 ABT Advanced BiOMOS Technology 
Data Book, literature number SCBD002B. . 

recommended operating conditions (see Note 4) 

SN54LVT652 SN74LVT652 
UNIT 

MIN MAX MIN MAX 

Vce Supply voltage 2.7 36 2.7 3.6 V 

VIH High-level Input voltage 2 !§ 2 V 

VIL Low-level Input voHage ttQ.8 0.8 V 

VI Input voltage tt'" 5.5 5.5 V 

IOH High-level output current f.)- -24 -32 mA 

IOL Low-level output current !J 48 64 mA 

t.tlt.v Input transition rise or fall rate I Outputs enabled ~ 10 10 nsN 

TA Operating free-air temperature -55 125 -40 85 ·e 

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

~1ExAs 
INSTRUMENTS 
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SN54LVT652, SN74LVT652 
3.3N ABT OCTAL BUS TRANSCEIVERS AND REGISTERS 

WITH 3-STATE OUTPUTS 
SCBS141E-MAY 1992- REVISED JULY 1995 

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

SN54LVT652 SN74LVT652 
PARAMETER TEST CONDITIONS 

MIN TYPt MAX MIN TYPt 

VIK Vee z 2.7 V, 11=-1SmA -1.2 

Vee ~ MIN to MAx:I:, 10H - -100 J,JA Vee-0.2 Vec-0.2 

Vee~2.7V, 10H--SmA 2.4 2.4 
VOH 

IOH--24mA 2 
Vee .. 3V 

10H=-32mA 2 

10l - 100 J,JA 0.2 
Vec- 2.7V 

IOl-24mA 0.5 

IOl-16mA 0.4 
VOL 

10l=32 mA 0.5 
Vee .. 3V 

IOl=4SmA 0.55 

IOl-64mA h:i! 
Vee ,,3.6V, VI = Vee or GND ~. ±1 

Vee" 0 or MAx:I:, VI =5.5V 
Control inputs 

o~ 10 

II VI =5.5V I:- 20 

Vee- 3•6V VI=Vec Aor B ports§ ~ 5 

VI=O .$' -10 

loff Vee- O, VI orVO - Ot04.5 V .... 
VI =O.SV 75 75 

II(hold) Vee- 3V 
VI=2V 

A or B ports 
-75 -75 

10ZH Vce=3.6V, VO=3V 1 

10Zl Vce .. 3.6V, VO-0.5V -1 

Outputs high 0.13 0.19 0.13 

ICC 
Vee- 3.6V, 10=0, Outputs low S.S 12 S.S 
VI- Vee or GND Outputs 

disabled 
0.13 0.19 0.13 

Alec' 
Vee" 3 Vt03.6 V, One Input at Vee - 0.6 V, 

0.2 
Other inputs at Vee or GND 

ei VI-3VorO 4.5 4.5 

eio Vo-3VorO 11 11 

t All typical values are at VCC = 3.3 V, TA" 25°C. 
:j: For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
§ Unused terminals at Vee or GND 
, 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 Information ......... prod_In Ihe Iormatlv ... en ~- 01 doVtIopment. c_ao dill and othll • ...I ...... doofgng ..... _1 __ 1herlghtlo 
go .. d .... nUn .. 1h ... producIswhhout_ ~1ExAs 
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MAX 

-1.2 

0.2 

0.5 

0.4 

0.5 

0.55 

±1 

10 

20 

5 

-10 

±100 

1 

-1 

0.19 

12 

0.19 

0.2 

UNIT 

V 

V 

V 

J,JA 

J,JA 

J,JA 

J,JA 

J,JA 

mA 

mA 

pF 

pF 
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SN54LVT652,SN74LVT652 
3.3-V ABT'OCTAL BUS TRANSCEIVERS AND REGISTERS 
WITH 3·STATE OUTPUTS 
SQBS14fE- MAY 1992- REVISED JULY 1996 

timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) (see Figure 2) . 

SN54lVT652 SN74lVT652 

VCC=3.3V 
VCC=2.7V 

VCe=3.3V 
Vee = 2.7 V UNIT 

±O.3V ±O.3V 

MIN MAX MIN MAX MIN MAX MIN MAX 

l clock Clock frequency 0 150 0 150 0 150 0 150 MHz! 

tw Pulse duration, ClK high or low ~".~ 3.3 3.3 ns 

Setup time, A or B before I Data high ",,(J ~v 1.2 1.2 
tsu ns 

ClKABi or CLKBA i I Data low v,'o<'l!- 2 2.5 

th Hold time, A or B after CLKABi or CLKBAi 0.5 0.5 ns 

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

SN54lVT652 SN74lVT652 

PARAMETER 
FROM TO Vee=3.3V 

Vee = 2.7 V 
Vee=3.3V 

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

MIN MAX MIN MAX MIN TYPt MAX MIN MAX 

fmax 150 150 MHz 

tpLH CLKBAor 1.8 3.7 6 6.9 

CLKAB 
AorB ns 

tpHL 2 3.7 5.7 6.4 

tpLH .IC- 1.2 2.8 4.7 5.5 
AorB BorA .It .. ns 

tpHL 1 2.6 4.6 5.3 

tpLH 
SBAorSAB:j: 

~. 1.4 3.7 6.4 7.6 
AorB 

.. C) 
ns 

tpHL 1.4 4 6.2 6.8 

tpZH 
OEBA 

{;)~ 1 2.9 5.8 7.2 
A 

7.3 
ns 

tpZL {C 1 3 6 

tpHZ 
OEBA 

2.2 3.9 6.5 6.9 
A ns 

tpLZ 1.8 3.2 5.8 5.9 

tpZH 
OEAB B 

1 3.3 6.5 7.5 
ns 

tpZL 1.2 3.4 6.3 7.1 

tpHZ 1.7 4.5 7.2 8.1 
OEAB B ns 

tpLZ 1.5 3.8 5.8 6.3 

t All typical values are at VCC - 3.3 V, TA. 25°C. 
:j: These parameters are measured with the Internal output state of the storage register opposite 10 that of the bus input. 

~1ExAs 
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SN54LVT652,SN74LVT652 
3.3-V ABT OCTAL BUS TRANSCEIVERS AND REGISTERS 

WITH 3-STATE OUTPUTS 
SCBS141E- MAY 1992- REVISED JULY 1995 

PARAMETER MEASUREMENT INFORMATION 

S1 
From Output _ ..... _---4~--J5VOOI/l0.,._--./ 

Under Test 

CL=50pF 
(see Note A) T 5000 

-= 

o 6V TEST 

o Open tPLHltpHL 
tpLZltpZL 
tpHZltpZH 

S1 
Open 
6V 

GND 

-------X1.5 V 
2.7 V 

LOAD CIRCUIT FOR OUTPUTS Timing Input 
. . 1'------- OV 

I... .~ th .I I tsu I 
·l4---tw~ 

~lr--2.7V 
Input ~ "",,1_.5_V __ 0 V Deta Input --"'"'*1.5 V ~ :.:V 

VOLTAGE WAVEFORMS 
PULSE DURATION 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

~_1.5_V_.....J~1.5V :.:V ~1.5V ~1..1._5_V __ _ 

2.7 V 

Input 

tpLH --j.--.I ~ tpHL 

1 1 I ~--VOH 
1 !1.5V I 1.5V 

--+-1 --I. I VOL 

tpHL --l.---.! ~ tPLH 

Output 

1 !r.::-I VOH 

Output 
Control 

Output 
Waveform 1 

S1 at 6V 
(see Note B) 

OV 
tPZL --+j 14-- I 

I 1 tpLZ --.I ~ 
--';'1 ",",\1 1 Ir~-- 3 V 

1 1•5V I £ VOL + 0.3 V 
I . 1- --- VOL 
I 1 tpHZ~ :.-

tpZH~ j4- I 
I. --- VOH \.1.5 V T1.5V 

. -- VOL 
Output 

Output 
Waveform 2 

S1 etGND 
(see Note B) 

!1.5V \.(>H-0.3V 
__ .....J. ~OV 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

INVERTING AND NONINVERTING OUTPUTS 

NOTES: A. CL includes probe end jig capacitance. 

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 condttions 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. 

Figure 2. Load Circuit and Voltage Waveforms 

~1ExAs 
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SN54LVT2952,SN74LVT2952 
3.3-V ABT OCTAL BUS TRANSCEIVERS AND REGISTERS 

WITH 3-STATE OUTPUTS 
52E - MAY 1992 - REVISED JULY 1995 

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

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

• Support Unregulated Battery Operation 
Down to 2.7Y 

• Typical YOLP (Output Ground Bounce) 
< 0.8 Y at Yee = 3.3 Y, TA = 25°C 

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

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

• Bus-Hold Data Inputs Eliminate the Need 
for External Pullup Resistors 

• Support Live Insertion 
• Package Options Include Plastic 

Smail-Outline (DW), Shrink Small-Outline 
(DB), and Thin Shrink Smail-Outline (PW) 
Packages, Ceramic Chip Carriers (FK), and 
Ceramic (In DIPs 

description 

These octal bus transceivers and registers are. 
designed specifically for low-voltage (3.3-V) V CC 
operation, but with the capability to provide a TTL 
interface to a 5-V system environment. 

The 'LVT2952 consist of two 8-bit back-to-back 
registers that store data flowing in both directions 
between two bidirectional buses. Data on the A or 
B bus is stored in the registers on the low-to-high 

SN54LVT2952 ••• JT PACKAGE 
SN74LVT2952 ••• DB, OW, OR PW PACKAGE 

(TOP VIEW) 

B8 VCC 
B7 A8 
B6 3 A7 

A6 
B4 A5 
B3 A4 
B2 7 A3 
B1 8 A2 

OEAB 9 A1 
CLKAB OEBA 

CLKENAB 11 CLKBA 
GND CLKENBA 

SN54LVT2952 ••• FK PACKAGE 
(TOP VIEW) 

o U 
IBliifBz~~~ 

B5 54 

B4 6 
B3 7 

NC 8 
B2 9 

3 2 1 282726 
25 
24 
23 
22 
21 

B1 
~ 

10 20 
11 19 

121314 1516 1718 

tDtDCO«I< ;2<ZZtDtDtD 
..JZ(!l Z~oW 
o~ ~O 

..J ..J o 0 

NC - No internal connection 

A3 
A2 

transition of the clock (CLKAB or CLKBA) input provided that the clock-enable (CLKENAB or CLKENBA) input 
is low. Taking the output-enable (OEAB or OEBA) input low accesses the data on either port. 

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, DE 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. 

The SN74LVT2952 is available in TI's shrink small-outline package (DB), which provides the same 1/0 pin count 
and functionality of standard small-outline packages in less than half the printed-circuit-board area. 

The SN54LVT2952 is characterized for operation over the full military temperature range of -55°C to 125°C. 
The SN74LVT2952 is characterized for operation from -40°C to 85°C. 

Copyright C 1995. Texas Instruments Incorporated 
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SN54LVT2952,SN74LVT2952 
3.3-V ABT OCTAL BUS TRANSCEIVERS AND REGISTERS 
WITH 3-STATE OUTPUTS 
SCBS152E-MAY 1992- REVISED JULY 1995 

logic symbol§ 

OEBA 
CLKENBA 

CLKBA 

OEAB 
CLKENAB 

CLKAB 

A1 

A2 

A3 

A4 

A5 

AS 

A7 

A8 

FUNCTION TABLEt 

INPUTS OUTPUT 
CLKENAB CLKAB OEAB A B 

H X L X BO:!: 

X HorL L X BO:!: 

L t L L L 

L t L H H 

X X H X Z 

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

:!: Level of B before the indicated steady-state input 
conditions were established 

15 "- EN3 
13 r- G1 
14 

1 C5 
9 r-.. EN4 
11 "- G2 
10 

2C6 

16 
, I" 8 

L 
·V3 1 5D 

~ 6D 1 4V 
17 7 

18 6 

19 5 

20 4 

21 3 

22 2 

23 1 

§ This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for the DB, OW, JT, and PW packages. 

~1ExAs . 
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B1 

B2 

B3 

B4 

as 
B6 

B7 

B8 



logic diagram (positive logic) 

11 
CLKENAB 

SN54LVT2952,SN74LVT2952 
3.3-V ABT OCTAL BUS TRANSCEIVERS AND REGISTERS 

WITH 3-STATE OUTPUTS 
SCBSl52E - MAY 1992 - REVISED JULY 1995 

CL~B __ 10 ______________ ~ 

CLKENBA --=.,:13=--______ -0 

14 CLKBA ________________ ---l 

A1 16 

C1 

1 D 1-i'-t-------+----4--.-:8=- B1 

C1 

~---+------~-+~lD 

\~------~vr-------J/ 

To Seven Other Channels 
Pin numbers shown are for the DB. OW. JT. and PW packages. 

~ThxAs 
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SN54LVT2952,SN74LVT2952 
S.S-V ABt OCTAL BUS TRANSCEIVERS AND REGISTERS 
WITH S-STATE OUTPUTS 
SCBS152E - MAY 1992 - REVISED JULY 1995 

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

Supply voltage range, V CC ........•..................••....•............•......... -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: SN54LVT2952 ....................•............... 96 mA 

. SN74LVT2952 ................................... 128 mA 
Current into any output in the high state, 10 (see Note 2): SN54LVT2952 ........................ 48 mA 

SN74LVT2952 ........................ 64 mA 
Input clamp current, 11K (VI < 0) ..................................•................. o'..... . -50 mA 
Output clamp current, 10K (VO < 0) .•••....•.••.•.•....•••..•..............•.............. -50 mA 
Maximum power dissipation at TA = 55°C (in still air) (see Note 3): DB package ................... 0.65 W 

DWpackage ................... 1.7W 
PW package ................... 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 absolutlHT1aximum-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 > Vcc. 
3. The maximum package power dissipation is calculated using ajunction temperature of 150·C and a board trace length of 750 mils. 

For more information, refer to the Package ThermalOonsiderationsapplication note in the 1994 ABT Advanced BiOMOS Technology 
Data Book, literature number SCBD002B. . 

recommended operating conditions (see Note 4) 

VCC Supply voltage 

VIH High-level input voHage 

Vil low-level Input voHage 

VI I nput voltage 

IOH High-level output current 

IOL low-level output current 

!J.tlllN I nput transition rise or fali rate I Outputs enabled 

TA Operating free-air temperature 

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

PRODUCT PREVIEW IntormlUon ....... producIIIln tho 1oIm.1Va or 

:
' P_ 01 dovtIopmonL ChI_ cillo ... 0111 .. 

a cat .... a,. daalan goOIL _1II8II\IIII .... _ tho Iigh1IO 
go or dloconIInuolheio...-_noIIct. 
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SN54LVT2952 

MIN MAX 

2.7 3.6 

2 jlf 
~.8 

~. 5.5 
fJ~ -24 

~..., 48 

9: 10 

-55 125 

SN74LVT2952 
UNIT 

MIN MAX 

2.7 3.6 V 

2 V 

0.8 V 

5.5 V 

-32 mA 

64 mA 

10 ns/V 

-40 85 ·C 



SN54LVT2952,SN74LVT2952 
3.3-V ABT OCTAL BUS TRANSCEIVERS AND REGISTERS 

WITH 3-STATE OUTPUTS 
SCBS152E - MAY 1992 - REVISED JULY 1995 

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

SN54LVT2952 SN74LVT2952 
PARAMETER TEST CONDITIONS 

MIN TYpt MAX MIN TYPt 

VIK VCC- 2.7V, 11--1BmA -1.2 

VCC - MIN to MAXI:, IOH. -100 jIA Vee-0.2 Vee-0.2 

Vee- 2.7V, 10H--BmA 2.4 2.4 
VOH 

IOH=-24mA 2 
Vce- 3V 

IOH--32mA 2 

10l = 100 jIA 0.2 
Vee=2.7V 

IOl-24mA 0.5 

IOl-16 mA 0.4 
VOL 

IOl=32 mA 0.5 
Vee=3V 

IOl-4BmA .... 0.55 

IOl-64mA 1$ 
Vee- 3.6V, VI = Vee or GND g; ±1 

Vce = 0 or MAXI:, VI =5.5V 
Control inputs 

~ 10 

II VI =5.5V ~ 20 

VCC=3.6V VI=VCC AorBports§ ,Si 5 

VI=O D~ -10 

loff VCC- O, VI orVO = Ot04.5 V 

VI =O.BV 75 75 
II (hold) VCC=3V 

VI=2V 
AorBports 

-75 -75 

10ZH VCC- 3.6V, VO=3V 1 

10Zl VCC=3.6V, VO. 0.5 V -1 

Outputs high 0.13 0.19 0.13 

ICC 
VCC=3.6V, 10- 0, Outputs low B.B 12 B.B 
VI - VCC or GND 

Outputs disabled 0.13 0.19 0.13 

folCCIf VCC = 3 Vt03.6 V, One input at VCC - 0.6 V, 
0.2 

Other inputs at VCC or GND 

Ci VI-3VorO 4.5 4.5 

Cio Vo=3VorO 11.5 11.5 

t All typical values are at VCC. 3.3 V, TA - 25°C. . 
:j: For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
§ Unused terminals at VCC or GND 
If This is the increase in supply current for each input that is at the specified TTL vo~age level rather than VCC or GND. 

PRODUCT PREVIEW Intonnlllon ......... ,,-In Ihllormlllve or =1 n ph... of d .. elop...... C_ cilia Ind other _ ....... dIIlgng .. 1I. T_I"IIIIm __ III.~ghllO 
• or diaconllnllllh ... procIUCII wllllOUI nodeo. ~1ExAs 
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MAX 

-1.2 

0.2 

0.5 

0.4 

0.5 

0.55 

±1 

10 

20 

5 

-10 

±100 

1 

-1 

0.19 

12 

0.19 

0.2 

UNIT 

V 

V 

V 

jIA 

jIA 

jIA 

jIA 

jIA 

mA 

mA 

pF 

pF 
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SN'54LVT2952, SN74LVT2952 
3.3-V ABT OCTAL BUS TRANSCEIVERS AND REGISTERS 
WITH 3-STATE OUTPUTS 
SCBS152E - MAY 1992-REVISEDJULY 1995 

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

SN54LVT2952 SN74LVT2952 

Vee = 3.3 V 
Vee=2.7V 

vee = 3.3 V 
Vee=2.7V UNIT 

±O.3V ±0.3V 

MIN MAX MIN -MAX MIN MAX MIN MAX 

fclock Clock frequency 150 150 MHz 

CLKhigh i~ 3.3 3.3 
tw Pulse duration 

Cl.Klow ~ 
ns 

3.3 3.3 

Setup time, A or B before CLKi 
Data high 2.6 !l.f 2.9 2.5 2.8 

Data low 2.6 /; 3.1 2.5 3 
tsu 

~-
ns 

Setup time, CE before CLKi 
Data high 0.9 0.8 0.9 0.8 

Data low 2.5 a- 2.7 2.4 2.7 

Hold time, A or B after CLKi 1.5,"4. 0.7 1.5 0.7 
th 

Hold time, CE after CLKi 
ns 

2.6 2.6 2.5 2.6 

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

PARAMETER 
FROM TO 

(INPUT) (OUTPUT) 

fmax 

tpLH CLKBAor 
CLKAB 

AorB 
tpHL 

tpZH OEBAor 
OEAB 

AorB 
tpZL 

tpHZ OEBAor 
OEAB 

AorB 
tpLZ 

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

PRODUCT PREVIEW Infannatlon COIIC8III8 prodU .. ln ilia formaIl .. or 
doIian p_ of dMiopmont. Chl_rioac _ and .thor 
opoclncotiono ... doIlgn gooll. Toxoo IlIIIrUmon. __ 1IIa ~ghllO 
chong •• rdlooonUnlM th ... procl .... wllhouI_ 

SN54LVT2952 

Vee = 3.3 V 
Vee=2.7V ±O.3V 

MIN MAX MIN MAX 

~ 
1.3 6.4 J:f 7.4 

1.8 6.1 ~.7 7 

1 6.3 ~ 2.6 7.3 

1.1 6~ 2.9 8.2 

1 ~ 2.7 7.6 

1.6 "-S.8 1.7 6 

~1ExAs 
INSTRUMENTS 
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SN74LVT2952 

Vee = 3.3 V 
Vee = 2.7 V UNIT ±O.3V 

MIN TYPt MAX MIN MAX 

150 150 MHz 

1.3 3.6 6.1 2.7 7.1 
ns 

1.8 3.7 6 2.7 6.9 

1 3.2 5.6 2.6 6.7 
ns 

1.2 3.2 6.5 2.9 8 

1 4.1 6.3 2.7 6.9 

1.6 3.3 5.1 1.8 5.3 
ns 



SN54LVT2952,SN74LVT2952 
3.3-V ABT OCTAL BUS TRANSCEIVERS AND REGISTERS 

WITH 3-STATE OUTPUTS 
SCBS152E - MAY 1992 - REVISED JULY 1995 

PARAMETER MEASUREMENT INFORMATION 

o 6V 

Sl 
From Output _ .... _ ... _-'501/10,,0,--_--/ 

,0 Open 

Under Test 

CL=50pF 
(_NoteA) T 5000 r~ 

LOAD CIRCUIT FOR OUTPUTS 

I4--tw~ 

2.7 V 

OV 

1 1,..-__ 

Input 3 'f",1._5_V __ 

Input 

Output 

Output 

VOLTAGE WAVEFORMS 
PULSE DURATION 

~1.5V ~1.5V :.:V 

tPLH~ ~tPHL 
1 1 \L-::-:-:- VOH 
1 !1.5V i ~ --+-1 --J 1 VOL 

tPHL --l.---.j ~ tPLH 

1 !r.:::'"" VOH \.1.5 V T1.5V 
• - -- VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

INVERTING AND NONINVERTING OUTPUTS 

NOTES: A. CL includes probe and jig capacitance. 

Timing Input 

Data Input 

Output 
Control 

Output 
Waveform 1 

Sl at 6V 
(_Note B) 

Output 
Waveform 2 

Sl atGND 
(_Note B) 

TEST Sl 

tpLJiltPHL Open 

tpLZltpZL 6V 

tPHZ/tpZH GND 

2.7 V -------x1.5V 
-----·1'------- OV 

14 t .~ th .1 I su I 

__oJ*1.5V E :.:v 
VOLTAGE WAVEFORMS 

SETUP AND HOLD TIMES 

~1.5V ~ ... 1._5_V __ _ 
tpZL~ 14- 1 

2.7 V 

OV 

1 1 tPLZ --.I ~ 
--';'1 ""'{, 1 1,,""-- 3 V 

1 ,\1.11 V 1 F VOL+0.3V 
1 . 1 T---- VOL 
1 1 tpHZ~ j4-

tpZH~ j4- 1 
1---- VOH !1.5V ~H-0.3V ___ oJ. ..OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

LOW· AND HIGH-LEVEL ENABLING 

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 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 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 transHlon per measurement. 

Figure 1. Load Circuit and Voltage Waveforms 

~1ExAs' 
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SN54LVTZ240,SN74LVTZ240 
3.3-V ABT OCTAL BUFFERS/DRIVERS 

WITH 3-STATE OUTPUTS 

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

• 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 2.7 V 

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

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

• Bus-Hold Data Inputs Eliminate the Need 
for External Pullup Resistors 

• Package Options Include Plastic 
Smail-Outline (DW), Shrink Smail-Outline 
(DB), and Thin Shrink Smail-Outline (PW) 
Packages, Ceramic Chip Carriers (FK), and 
Ceramic (J) DIPs 

description 

These octal buffers and line drivers are designed 
specifically for low-voltage (3.3-V) Vee operation, 
but with the capability to provide a TIL interface 
to a 5-V system environment. 

SN54LVTZ240 ••• J PACKAGE 
SN74LVTZ240 ••• DB, OW, OR PW PACKAGE 

(T.OPVIEW) 

Vee 
20E 
1Y1 

1A2 2A4 
2Y3 1Y2 
1A3 2A3 
2Y2 7 1Y3 

2A2 
1Y4 
2A1 

SN54LVTZ240· ••• FK PACKAGE 
(TOP VIEW) 

~ ~1~>81~ 
1A2 4321201918 1Y1 

2Y3 5 17 2A4 
1A3 6 16 1Y2 
2Y2 
1M 

7 15 

8 14 
9 10 11 1213 

2A3 
1Y3 

These devices are organized as two 4-bit line drivers with separate output-enable (OE) inputs. When OE is low, 
the device passes data from the A inputs to the Y outputs. 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 SN74LVTZ240 is available in TI's shrink small-outline package (DB), which provides the same 1/0 pin count 
and functionality of standard small-outline packages in less than half the printed-circuit-board area. 

The SN54LVTZ240 is characterized for operation over the full military temperature range of -55°e to 125°e. 
The SN74LVTZ240 is characterized for operation from -40oe to 85°e. 

FUNCTION TABLE 
(each buffer) 

INPUTS OUTPUT 
OE A Y 

L H l 

l l H 

H X Z 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DAUAS. TEXAS 75265 

Copyright 4:)1995. Texas Instruments Incorporated 
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SN54LVTZ240,SN74LVTZ240 
3.3-V ABT OCTAL BUFFERS/DRIVERS 
WITH3-STATE OUTPUTS 
SCBS301 B- SEPTEMBER 1993 - REVISED JULY 1995 

logic symbolt logic diagram (positive logic) 

1A1 

1A2 

1A3 

1A4 

2A1 

2A2 

2A3 

2A4 

1 

2 

4 

6 

8 

19 

11 

13 

15 

17 

" EN 
~' 

" EN l;' 

I> V 
18 

1Y1 
16 

1Y2 
14 

1Y3 
12 

1Y4 

I> V 
9 

2Y1 
7 

2Y2 
6 

2Y3 
3 

2Y4 

tThis symbol is in accordance with ANSI/IEEE Std 91-1984 
and lEe Publication 617-12. 

~1ExAs 
INSTRUMENTS 

iDE 

1A1 

1A2 

1A3 

1A4 

20E 

2A1 

2A2 

2A3 

2A4 

POST OFFICE BOX _ • CALLAS, TEXAS 75265 

2 

4 

6 

8 

11 

13 

15 

17 

18 
1Y1 

16 
1Y2 

14 iY3 

12 1Y4 

9 2Y1 

7 
2Y2 

5 
2Y3 

3 2Y4 



SN54LVTZ240,SN74LVTZ240 
3.3-V ABT OCTAL BUFFERS/DRIVERS 

WITH 3-STATE OUTPUTS 
SCBS301 B - SEPTEMBER 1993 - REVISED JULY 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 7 V 
Current into any output in the low state, 10: SN54LVTZ240 ................•................... 96 rnA 

SN74LVTZ240 ................................... 128 rnA 
Current into any output in the high state, 10 (see Note 2): SN54LVTZ240 ........................ 48 rnA 

SN74LVTZ240 ........................ 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): DB package .................... 0.6 W 

DW package ................... 1.6 W 
PW package ................... 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 deiflce 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 Va> Vcc. 
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 ThennalConsiderationsapplication note in the 1994 ABT Advanced BiCMOS Technology 
Data Book, literature number SCBD002B. 

recommended operating conditions (see Note 4) 

VCC Supply voltage 

VIH High-level input voHage 

VIL Low-level Input voltage 

VI Input voHage 

IOH High-level output current 

IOL Low-level output current 

I1tll1v Input transHlon rise or fall rate I Outputs enabled 

I1t/l1VCC Power-up ramp rate 

TA Operating free-air temperature 

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

PRODUCT PREVIEW 1nIonn_ ....... ~ In ItIolormauv. or =:"'*" 01 doveIopmoIIt. ~... doll and 0lIl_ ...... dIoIangoilo. _1 __ ".rlghllO 
ordl ... ntI ... lIIIio~ __ ~1EXAS 

INSTRUMENTS 
POST OFFICE BOX 855303 • DALlAS. TEXAS 75265 

SN54LVTZ240 SN74LVTZ240 
UNIT 

MIN MAX MIN MAX 

2.7 3.6 2.7 3.6 V 

2 ~ 2 V 

,§.8 0.8 V 

~5.5 5.5 V 

~ -24 -32 mA 
.;:; 48 64 rnA 

~ 10 10 nsN 

"il.200 200 )JSN 

-55 125 -40 85 ·C 
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SN54LVTZ240,SN74LVTZ240 
3.3-V ABT OCTAL BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 
SCBS301 B -.SEPTEMBER 1993 - REVISED JULY 1995 

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

tEST CONDITIONS 
SN54LVTZ240 SN74LVTZ240 

PARAMETER 
TYPt MIN MAX MIN TYPt 

VIK VCC- 2.7V, 11--1SmA -1.2 

VCC = MIN to MAx:I:, 10H ;. -100 JJA VCC-0.2 VCC-0.2 

VCC=2.7V, 10Hz-SmA 2.4 2.4 
VOH 

10H --24mA 2 
VCC- 3V 

10H =-32 rnA 2 

10l = 100 JJA 0.2 
VCC- 2.7V 

IOl-24rnA 0.5 

VOL 
10l= l6mA 0.4 

Vec- 3V 
10l= 32 rnA 0.5 

10l= 4S rnA 0.55 

10l= 64 rnA 

Vec - 0 or MAX:t:, VI=5.5V .. ~ 10 

II 
VI = VCC or GND Control inputs _#I ±1 

VCC- Ot03.6 V VI-VCC & 1 

VI-O 
Data inputs 

A.'< -5 

loff VCC=OV, VI orVO = Ot04.5 V ,N 
10ZPU§ VCC=O to 1.5 V, Vo = 0.5 Vt03 V, OE-X d' 
10ZPD§ VCC -1.5 Vto 0, Vo = 0.5 Vt03 V, OE=X <r-

VI-O.SV 75 75 
II(hold) VCC- 3V 

VI=2V 
A inputs 

-75 -75 

10ZH VCC- 3.6V, VO=3V 5 

10Zl VCC=3.6V, Vo - 0.5 V -5 

Outputs high 0.12 0.5 0.12 

ICC 
VCC- 3.6V, 10- 0, Outputs low S.6 14 S.6 
VI - VCC or GND Outputs 

disabled 
0.12 0.5 0.12 

AICCI! 
VCC- 3 Vt03.6V, One Input at VCC - 0.6 V, 

0.3 
Other inputs at VCC or GND 

Ci VI = 3 VorO 4 4 

Co Vo-3VorO 8 S 

t Aillypical values are at VCC = 3.3 V, TA - 25°C. 
:t: For condHions shown as MIN or MAX, use the appropriate value specHied under recommended operating condHions. 
§ This parameter is specified by characterization. 
I! This Is the increase in supply current for each input that is at the specHied TTL voltage level rather than VCC or GND. 

PRODUCT PREVIEW InIormatlon ........ prod_In lhllonnlllve or 
.... Ia. ...,... 01 developmant. C_rlsac _ .... 011111 
apeelftcall .... 11 ciesla. goals. T_lnatrumlllll_lIIa ~ght to 
chango or dlacomt.ualh ... ...-wlthoutllOllcl. 
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MAX 

-1.2 

0.2 

0.5 

0.4 

0.5 

0.55 

10 

±1 

1 

-5 

±100 

±50 

±50 

5 

-5 

0.225 

12 

0.225 

0.2 

UNIT 

V 

V 

V 

JJA 

JJA 
JJA 
JJA 

JJA 

JJA 
JJA 

rnA 

rnA 

pF 

pF 



SN54LVTZ240,SN74LVTZ240 
3.3-V ABT OCTAL BUFFERS/DRIVERS 

WITH 3·STATE OUTPUTS 
SCBS301 B - SEPTEMBER 1993 - REVISED JULY 1995 

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

PARAMETER 
FROM TO 

(INPUT) (OUTPUT) 

tPLH 
A Y 

tpHL 

tpZH 

tpZL 
DE Y 

tpHZ 
DE Y 

tPLZ 

t All typical values are at Vee - 3.3 V, TA _ 25°e. 

PRODUCT PREVIEW Informallon ........ praduoIIln thelonnlllv. or 
IfooIgn pIIaM of ...... op ... nt. c_aac doll end OIhor 
_1IIcaI1 .... redellgng .. 1o. _11IIIrU ..... _III.rlght .. 
cllang • ., dl ........ III ... pradllCle wftIIout notice. 

SN54LVTZ240 

vee = 3.3 V 
Vee=2.7V 

±O.3V 

MIN MAX ~ MAX 

1 4.5 .§' 5.4 

1 4.5 ~ 5.2 

1 5.*, 6.5 

1 ~ 7.4 

2 A;D.8 6.5 

1.6 ~ 5.3 5.8 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALLAS. TEXAS 752&5 

SN74LVTZ240 

Vee=3.3V 
Vee = 2.7 V UNIT 

±O.3V 

MIN TYpt MAX MIN MAX 

1 2.5 4.3 5.2 
ns 

1 2.5 4.3 5 

1 2.7 5.2 6.3 
ns 

1 3.1 5.2 6.7 

2 3.9 5.6 6.3 
ns 

1.6 3.2 5.1 5.6 

5-7 



SN54LVTZ240, SN74LVTZ240 
3.3-V ABT OCTAL BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 
SCBS301B - SEPTEMBER 1993 - REVISED JULY 1995 

PARAMETER MEASUREMENT INFORMATION 

o 6V 

S1 
From Output _ ..... _ ...... >--_500.I\IV"'O __ -J 

o Open 

Under Teat 

CL=50pF 
(seeNoteA) T 5000 

LOAD CIRCUIT FOR OUTPUTS 

14-- tw -----+I 

rD 

I ',-__ 

Input 3 X",,1_.5 .. V __ 

2.7 V 

OV 

VOLTAGE WAVEFORMS 
PULSE DURATION 

~1.5V X1.5V 

2.7V 

, OV 

Input 

tPLH --j.--.I H- tpHL . 

, ).t 1 ~VOH 
11.5V. , 1.5V 
I , . VOL 

tPHL~ ~tPLH 

Output 

\1.5 V 
FVOH 

1.5V 

--- VOL 
Output 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

INVERTING AND NONINVERTING OUTPUTS 

Timing Input 

Data Input 

Output 
Control 

Output 
Waveform 1 

S1 at6V 
(_Now B) 

Output 
Waveform 2 

S1 atGND 
(_Note B) 

TEST S1 

tPLwtPHL Open 

tpLZ/tpZL 6V 

tpHZ/tpZH GND 

2.7 V ------'11.5 V 
____ ---J·I'-______ ov 

14 ~~ th ~ 
1 tsu 1 

---,*1.5 V ~ :.:V 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

~1.5 v ):(1.5 V 

2.7 V 

OV 
tpZL~ 14-- , 

~ '3V 
, I tPLZ-.I 

" ' ~L+O.3V VOL 
,1.5V , , , , 

.tpZH~ 
~HZ-+I j4-, 

!1.5V 
~H-O.3V VOH 

.. OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

LOW· AND HIGH-LEVEL ENABLING 

NOTES: A. CL Includes probe and Jig capacitance. 

5-8 

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. 

Figure 1. Load Circuit and Voltage Waveforms 

~1ExAs 
INSTRUMENTS 
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• State-of·the-Art Advanced BICMOS 
Technology (ABT) Design for 3.3-V 
Operation and Low-Static Power 
Dissipation 

• High-Impedance State During Power Up 
and Power Down 

• Support Mlxed·Mode Signal Operation (S-V 
Input and Output Voltages With 3.3-V Vee) 

• Support Unregulated Battery Operation 
Down to 2.7 V 

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

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

• Bus-Hold Data Inputs Eliminate the Need 
for External Pullup Resistors 

• Package Options Include Plastic 
Small·Outline (OW), Shrink Small·Outline 
(DB), and Thin Shrink Small-Outline (PW) 
Packages, Ceramic Chip Carriers (FK), and 
Ceramic (J) DIPs 

description 

These octal buffers/drivers are designed 
specifically for low-voltage (3.3-V) Vee operation 
with the capability to provide a TIL interface to a 
5-V system environment. 

SN54LVTZ244,SN74LVTZ244 
3.~V ABT OCTAL BUFFERS/DRIVERS 

WITH 3·STATE OUTPUTS 
SCBS302C - SEPTEMBER 

SN54LVTZ244 ••• J PACKAGE 
SN74LVTZ244 ••• DB, DW, OR PW PACKAGE 

(TOP VIEW) 

Vee 
20E 
1Y1 

1A2 2A4 
2Y3 1Y2 
1A3 2A3 

1Y3 
2A2 
1Y4 
2A1 

SN54LVTZ244 ••• FK PACKAGE 
(TOP VIEW) 

1A2 
3 2 1 20 19 1Y1 4 18 

2Y3 5 17 2A4 
1A3 6 16 1Y2 
2Y2 7 15 2A3 
1A4 8 14 1Y3 

9 10 11 12 13 

>=~~~~ C\I~ ... 

These devices are organized as two 4-bit line drivers with separate output-enable (OE) inputs. When OE is low, 
the device passes data from the A inputs to the Y outputs. 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 SN74LVTZ244 is available in TI's shrink small-outline package (DB), which provides the same I/O pin count 
and functionality of standard small-outline packages in less than half the printed-circuit-board area. 

The SN54LVTZ244 is characterized for operation over the full military temperature range of -55°C to 125°C. 
The SN74LVTZ244 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 

~1ExAs 
. INSTRUMENTS 

POST OFFICE BOX 866303 • DALlAS. TEXAS 75266 

Copyright IC 1995. Texas Instruments Incorporated 
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SN54LVTZ244,SN74LVTZ244 
3.3-V ABT OCTAL BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 
SCBS302C - SEPTEMBER 1993;" REVISED JULY 1995 

logic symbolt logic diagram (positive logic) 

1A1 

1A2 

1A3 

1A4 

2A1 

2A2 

2A3 

2A4 

1 

2 

4 

8 

8 

19 

11 

13 

15 

17 

I'.. EN 
~' 

,.;. EN 
~' 

~ V 
18 

1Y1 
18 

14 
lY2 

1Y3 
12 

1Y4 

~ V 
9 

2Y1 
7 

2Y2 
5 

2Y3 
3 

2Y4 

t This symbol Is in accordance with ANSlnEEE Std 91-1984 
and lEe Publication 617-12. 

, ~1ExAs 
INSTRUMENTS 

10E 

1A1 

1A2 

1A3 

1A4 

20E 

2A1 

2A2 

2A3 

2A4 
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2 

4 

8 

8 

19 

11 

13 

15 

17 

18 1Y1 

18 1Y2 

14 1Y3 

12 1Y4 

9 
2Y1 

7 2Y2 

5 
2Y3 

3 2Y4 



SN54LVTZ244,SN74LVTZ244 
3.3-V ABT OCTAL BUFFERS/DRIVERS 

WITH 3-STATE OUTPUTS 
SCBS302C- SEPTEMBER 1993 - REVISED JULY 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 7 V 
Current into any output in the low state, 10: SN54LVTZ244 .................................... 96 mA 

SN74LVTZ244 ................................... 128 mA 
Current into any output in the high state, 10 (see Note 2): SN54LVTZ244 ........................ 48 mA 

SN74LVTZ244 ........................ 64 mA 
Input clamp current, 11K (VI < 0) ....•••••........•.•............................•.•....... -50 mA 
Output clamp current, 10K (Vo < 0) •..........•......•...•....•........................... -50 mA 
Maximum power dissipation at TA = 55°C (in still air) (see Note 3): DB package ................... 0.6 W 

OW package .................. 1.6 W 
PW package ................... 0.7 W 

Operating free-air temperature range, TA: SN54LVTZ244 .......................... ,. -55°C to 125°C 
SN74LVTZ244 ............................. -40°C to 85°C 

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-maxlmum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. The Input and output negative-voHage 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 150·C and a beard trace length of 750 mils. 

Formoreinformation, refer to the Package Thermal Considerations application note in the 1994 ABT Advanced BICMOS Technology 
Data Book, lHerature number SCBD002B. 

recommended operating conditions (see Note 4) 
SN54LVTZ244 SN74LVTZ244 

UNIT 
MIN MAX MIN MAX 

VCC Supply voltage 2.7 3.6 2.7 3.6 V 

VIH High-level input voltage 2 ~ 2 V 

VIL Low-level Input voltage ..§it 0.8 V 

VI Input voltage ~"5.5 5.5 V 

IOH High-level output current ,.,~ -24 -32 rnA 

IOL LOW-level output current ~ 48 64 rnA 

At/Av Input transition rise or fall rate I Outputs enabled ,,0 10 10 nstv 

At/AVCC Power-up ramp rate ~200 200 IJStv 

TA Operating free-air temperature -55 125 -40 85 ·C 

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

PRODUCT PREVI:,w=.., """='.r.=." :=r::-....: 
~....c::-.. dellgngoo ... _I ___ ... ~ghtto 
Cliqiordl ......... _ ......... __ ~1ExAs 

INSTRUMENTS 
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SN54LVTZ244,SN74LVTZ244 
3.3-V ABT OCTAL BUFFERS/DRIVERS 
WITH3-STATE OUTPUTS 
SCBS302C - SEPTEMBER 1993 - REVISED JULY 1995 

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

SN54LVTZ244 SN74LVTZ244 
PARAMETER TEST CONDITIONS 

MIN TYP't MAX MIN TYPt 

VIK Vee=2.7V. 11--18mA -1.2 

Vee - MIN to MAX:!:. IOH--l00JJA Vee-0.2 Vee-0.2 

Vee- 2.7V• IOH=-8mA 2.4 2.4 
VOH 

IOH--24mA 2 
Vee=3V 

10H --32 rnA 2 

10L = 100 JJA 0.2 
Vee=2.7V 

IOL=24 rnA 0.5 

IQL=16mA 0.4 
VOL 

IOL=32 rnA 0.5 
Vee=3V 

10L= 48 rnA 0.55 

IOL-64mA 

Vee - 0 or MAX:!:. VI-5.5V .~ 10 

VI = Vee or GND Control inputs & ±1 
II 

Vee = Ot03.6 V VI = Vee & 1 

VI-O 
Data inputs 

ho"'4. -5 

loff Vee- OV• VI orVO. Oto 4.5 V ~. 
10ZPU§ Vee-OVtol.5V; VO- 0.5 Vt03V. OE-X r:r 
10ZPD§ Vee = 1.5VtoO. VO= 0.5 Vt03V. OE=X if'" 

VI =0.8V I A inputs 
75 75 

II(hold) Vee=3V 
VI_2V "'-75 -75 

10ZH Vee =3.6 V. VO=3V 5 

10ZL Vee- 3.6V• VO. 0.5 V -5 

Outputs high 0.12 0.5 0.12 

Ice 
Vee- 3.6V• 10- 0• Outputs low 8.6 15 8.6 
VI_ Vee or GND Outputs 

disabled 
0.12 0.5 0.12 

,\Iee' 
Vee =3 Vt03.6 V. One input at Vee - 0.6 V. 

0.3 
Other inputs at Vee or GND 

ei VI_ 3 VorO 4 4 

eo Vo-3VorO 8 8 

t All typical values are at Vee = 3.3 V. TA = 25°e. 
:!: For conditions shown as MIN or MAX. use the appropriate value specified under recommended operating conditions. 
§ This parameter is specified by characterization. 
, This is the increase in supply current for each input that is at the specHied TTL voHage level rather than Vee or GND. 

PRODUCT PREVIEW Infonnlllon ........ pradUCIIln tho Iormlllve or 
design ~_ 0' dovtIopm.... Cha_ _ and 0111 .. 
opec_ano Ira daolgn gooIL _,n ....... 11111 fill ..... tho rlgh110 
ChInga or dl ... nUn"1h~ prodUC18 "",,",,'_ 
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MAX 

-1.2 

0.2 

0.5 

0.4 

0.5 

0.55 

10 

±1 

1 

-5 

±100 

±50 

±50 

5 

-5 

0.225 

15 

0.225 

0.2 

UNIT 

V 

V 

V 

IIA 

JJA 

JJA 

JJA 

JJA 

JJA 

JJA 

rnA 

rnA 

pF 

pF 



SN54LVTZ244,SN74LVTZ244 
3.3-V ABT OCTAL BUFFERS/DRIVERS 

WITH 3·STATE OUTPUTS 
SCBS302C - SEPTEMBER 1993 - REVISED JULY 1995 

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

SN54LVTZ244 SN74LVTZ244 

PARAMETER 
FROM TO VCC=3.3V 

VCC=2.7V 
VCC=3.3V 

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

MIN MAX MI~ MAX MIN TYpt MAX MIN MAX 

tpLH 1 4.7 § 5.2 1 2.5 4.1 5 
A y 

§ 
ns 

tPHL 1 4.4 5.4 1 2.5 4.1 5.2 

tpZH 
OE 

1 5.4 f... ... 6.5 1 2.7 5.2 6.3 
Y 

5£ 
ns 

tpZL 1.1 7.6 1.1 3.1 5.2 6.7 

tpHZ 
OE 

1.9 # 6.9 1.9 3.9 5.6 6.3 
Y 

~.5 
ns 

tpLZ 1.8 6 1.8 3.2 5.1 5.6 

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

~1EXAS 
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SN54LVTZ244,SN74LVTZ244 
3.3-V ABT OCTAL BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 
SCBS302C - SEPTEMBER 1993 - REVISED JULY 1995 

PARAMETER MEASUREMENT INFORMATION 

o 6V TEST S1 
500n S1 0 Open 

From Output --+---e--".I\I\r----' 
Under Teat 

tPLWtPHL 
tPLZltpZL 

Open 
6V 

CL=50pF 
(see Note A) T soon 

LOAD CIRCUIT FOR OUTPUTS 

I4-tw~ 

m~ 3: *:1~'5~V~~~~ :.:V 

Input 

Output 

Output 

VOLTAGE WAVEFORMS 
PULSE DURATION 

J 1•5V ):(1.5 V 
2.7 V 

OV 

tPLH --J..---.I K tpHL 
I It---VOH 
I 11.5vl ~ 
I I VOL 

tpHL --l.---.j ~ tpLH 

'\ Y;;;-VOH 1.6V 1.5V 
- VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

INVERTING AND NONINVERTING OUTPUTS 

tpHZltpZH GND 

------, 2.7V 
Timing Input X 1.6 V 

------'. 1'------- ov 

Data Input 

Output 
Control 

Output 
Waveform 1 

S1 ataV 
(_Note B) 

Output 
Waveform 2 

S1 atGND 
(_Note B) 

I.. J. ~ 
ItsuTth I 

--""I ~2.7V 
__ .J'j(1.5V ~ OV 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

J 1•5V ):(1.5 V 

2.7 V 

OV 
tpZL~ l+- I 

I I tPLZ -+! 14- 3V I 
\1.5 V I PL+0.3V I 

I I --- VOL 
I I tPHZ -+i j+-

tpZH -+i j+- I 
I --- VOH ,1.5 V ~H-0.3V 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

LOW· AND HIGH·LEVEL ENABLING 

... OV 

NOTES: A. CL Includes probe and jig capacHance. 
B. Waveform 1 Is for an output with Intemal conditions such that the output is low except when disabled by the output control. 

Waveform :I 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 - 50 n, Ir S 2.5 ns, tf S 2.5 ns. 
D. The outputs are measured one at a time with one transition per measurament. 

Figure 1. Load Circuit and Voltage Waveforms 

~1ExAs 
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SN54LVTZ245,SN74LVTZ245 
3.3-V ABT OCTAL 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 

• 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 2.7 V 

• Typical VOlP (Output Ground Bounce) 
< O.S Vat Vee = 3.3 V, TA = 25°C 

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

• Bus-Hold Data Inputs Eliminate the Need 
for External Pullup Resistors 

• Package Options Include Plastic 
Smail-Outline (DVV), Shrink Smail-Outline 
(DB), and Thin Shrink Smail-Outline (PVV) 
Packages, Ceramic Chip Carriers (FK), and 
Ceramic (J) DIPs 

description 

These octal bus transceivers are designed' 
specifically for low-voltage (3.3-V) Vee operation, 
but with the capability to provide a TIL interface 
to a 5-V system environment. 

SN54LVTZ245 ••• J PACKAGE 
SN74LVTZ245 ••• DB. DW, OR PW PACKAGE 

(TOP VIEW) 

DIR Vee 
OE 
81 
82 
83 
84 
85 
86 
87 

SN54LVTZ245 ••• FK PACKAGE 
(TOP VIEW) 

~< ~~I~ 
A3 

3 2 1 2019 81 4 18 
A4 5 17 82 
AS 6 16 83 

15 84 
A7 8 14 85 

9 10 11 12 13 

~!f8!&:i1B 
(!' 

These devices are designed for asynchronous communication between data buses. They transmit data from 
the A bus to the 8 bus or from the 8 bus to the A bus depending upon the logic level atthe direction-control (01 R) 
input. The output-enable (OE) input can be used to disable the devices so the buses are effectively isolated. 

Active buS-h~ld circuitry is provided to hold unused or floating data inputs at a valid logiC level. 

The SN74LVTZ245 is available in TI's shrink small-outline package (08), which provides the same I/O pin count 
and functionality of standard small-outline packages in less than half the printed-circuit-board area. 

The SN54LVTZ245 is characterized for operation over the full military temperature range of -55°C to 125°C. 
The SN74LVTZ245 is characterized for operation from -40°C to 85°C. 

FUNCTION TABLE 

.INPUTS 
OPERATION 

OE DIR 

L L B data to A bus 

L H A data to B bus 

H X Isolation 

Copyright C 1995, Texas Instruments Incorporated 

~1ExAs 
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SN54LVTZ245, SN74LVTZ245 
3.3-V ABT OCTAL BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 
SCBS303B - DECEMBER 1993 - REVISED JULY 1995 

logic symbolt logic dlagran;'l (positive logic) 

OE 
DIR 

Ai 

A2 

A3 

A4 

A5 

A6 
A7 

A8 

19 

1 

2 

3 
4 

5 

6 

7 
8 

9 

"-

"-

L 

L-

03 

3EN1[BA] 
3EN2[AB] ., r 
Vi 

t> 2V 

DIR _1"-e-_-t -, 

.L-____ t-t-___ ---l.--19'- OE 

18 

W 
B1 Ai 2 

17 

16 
B2 

B3 
18 B1 

15 
B4 

14 
B5 

13 
B6 

12 

11 
B7 To Seven Other Channels 
B8 

t This symbol Is in accordance With ANSI/IEEE Std 91-1984 
and IEC Publication 617-12. 

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 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: SN54LVTZ245 .................................... 96 mA 

SN74LVTZ245 ................................... 128 mA 
Current into any output in the high state, 10 (see Note 2): SN54LVTZ245 ...•.................... 48 mA 

SN74LVTZ245 ........................ 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): DB package ............•....•.• 0.6 W 

OW package ................... 1.6 W 
PW package ................... 0.7 W 

Storage temperature range, Tstg. . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . • • . . . • . . . . . . . . . .• -65°C to 150°C 

:I: 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 aHect 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 ajunction temperature of 150·C and a board trace length of 750 mils. 

For more information. refertothe Package TherrnalConsiderationsapplication note In the 1994 ABT Advanced BiCMOS Technology 
Data Book, literature number SCBD002B. ' 
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SN54LVTZ245,SN74LVTZ245 
3.3-V ABT OCTAL BUS TRANSCEIVERS 

WITH 3-STATE OUTPUTS 
SCBS303B - DECEMBER 1993 - REVISED JULY 1995 

recommended operating conditions (see Note 4) 

Vee Supply voltage 

VIH High-level input voltage 

VIL Low-level input voHage 

VI Input voltage 

IOH High-level output current 

IOL Low-level output current 

AtlAv Input transition rise or fall rate I Outputs enabled 

At/AVee Power-up ramp rate 

TA Operating free-air temperature 

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

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALlAS. TEXAS 75265 

SN54LVTZ245 SN74LVTZ245 
UNIT 

MIN MAX MIN MAX 

2.7 3.6 2.7 3.6 V 

2 2 V 

0.8 0.8 V 

5.5 5.5 V 

-24 -32 mA 

48 64 mA 

10 10 ns/V 

200 200 JIS/V 
-55 125 -40 85 ·e 
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SN54LVTZ245,SN74LVTZ245 
3.3-V ABT OCTAL BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS' 
SCBS303B- DECEMBER 1993- REVISED JULY 1995 

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

SN54LVTZ245 SN74LVTZ245 
PARAMETER TEST CONDITIONS 

MIN TYPt MAX MIN TYpt 

VIK Vee=2.7V, 11--18mA -1.2 

Vee - MIN to MAx:!:, IOH--l00jIA Vee-0.2 Vee-0.2 

Vee- 2•7V, IOH--8mA 2.4 2.4 
VOH 

IOH=-24mA 2 
Vee- 3V 

IOH=-32mA 2 

IOL - 100 jIA 0.2 
Vee- 2.7V 

IOL=24mA 0.5 

IOL-16mA 0.4 
VOL 

IOL-32mA 0.5 
Vee- 3V 

IOL=48mA 0.55 

IOL-64mA 

Vee- 3.6V, VI - Vee or GND ±1 

Vee - 0 or MAX;, VI-5.5 V 
Control Inputs 

10 

II VI-5.5V 100 

Vee- 3.6V VI-Vee A or B ports§ 5 

VI=O -10 

loll Vee- O, VI orVO= Ot04.5 V 

IOZPU1l Vee-Otol.5V, Vo - 0.5 Vt03 V, OE-X 

IOZPD1I Vee - 1.5 V to 0, Vo - 0.5 Vt03V, OE=X 

IVI-0.8V 75 75 
II (hold) Vee- 3V 

IVI-2V 
Aor B ports 

-75 -75 

10ZH Vee- 3.6V, VO-3V 1 

10ZL Vee- 3.6V, VO-0.5V -1 

Outputs high 0.13 0.5 0.13 

ICC 
Vee- 3•6V, 10- 0, Outputs low 8.8 14 8.8 
VI - Vee or GND Outputs 

disabled 
0.13 0.5 0.13 

'Alee# 
Vee = 3 Vt03.6 V, One Input at Vee - 0.6 V, 

0.3 
Other inputs at Vee or GND 

ei VI-3VorO 4 4 

eio Vo-3VorO 10 10 

t All typical values ara at Vee = 3.3 V, TA = 25°C. 
; For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
§ Unused terminals at Vee or GND 
11 This parameter Is specified by characterization but is 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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MAX 

-1.2 

0.2 

0.5 

0.4 

0.5 

0.55 

±1 

10 

20 

5 

-10 

±100 

±50 

±50 

1 

-1 

0.19 

12 

0.19 

0.2 

UNIT 

V 

V 

V 

jIA 

jIA 

jIA 

jIA 

jIA 

jIA 

jIA 

mA 

mA 

pF 

pF 



SN54LVTZ245,SN74LVTZ245 
3.3-V ABT OCTAL BUS TRANSCEIVERS 

WITH 3-STATE OUTPUTS 
SCBS303B - DECEMBER 1993 - REVISED JULY 1995 

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

SN54LVTZ245 SN74LVTZ245 

PARAMETER 
FROM TO Vee = 3.3 V 

Vee = 2.7 V 
Vee=3.3V 

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

MIN MAX MIN MAX MIN TYPt MAX MIN MAX 

tpLH 
AorB BorA 

1 4.6 5.3 1 2.5 4 5.2 
ns 

tpHL 1 4.1 5.7 1 2.5 4 5.5 

tPZH 
OE 

1.1 6.1 7.2 1.1 3.3 5.9 7.1 
AorB ns 

tpZL 1.5 6.6 8 1.5 3.8 6.5 7.9 

tpHZ 
OE 

2.2 6.2 7 2.2 4.3 5.9 6.5 
AorB ns 

tpLZ 2 6.3 5.9 2 3.9 5.5 5.6 

t All typical values are at VCC = 3.3 V, TA R 25"C. 
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SN54LVTZ245,SN74LVTZ245 
3.3-V ABT OCTAL BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 
SCBS303B - DECEMBER 1993 - REVISED JULY 1995 

PARAMETER MEASUREMENT INFORMATION 

o 8V 

Sl 
From Output _ ..... _.,.........--_S .... OON\rQ __ -J 

o Open 

Under Test 

CL=50pF 
(_NoteA) T soon 1-

LOAD CIRCUIT FOR OUTPUTS 

I4--t~~ 

2.7 V 

OV 

1 1,-----

Input 3 'X .... 1._6 _V __ 

Input 

Output 

Output 

VOLTAGE WAVEFORMS 
PULSE DURATION 

----v X 2.7 V 

--1!'1.5V 1 1•5V OV 

tpLH -H ~ tPHL 

I I \!-::-=-:- VOH 
. I '1.5V i ~ 

I 1 VOL 

tPHL --l.---.! ~ tpLH 

I ~VOH \1.5 V T1.5V 
• - -- VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

INVERTING AND NONINVERTING OUTPUTS 

Timing Input 

Data Input 

Output 
Control 

output 
Waveform 1 

Sl at8V 
(_Note B) 

Output 
Waveform 2 

Sl stGND 
(_Note B) 

TEST Sl 

tpLli/tpHL Open 

tpultpZL 8V 

tpHZltpZH GND 

2.7 V -------x1.5V 
____ ....J. I~--____ OV 

14 ~~ th ~I I tau I 

--"'*1.5 V E :.:V 
VOLTAGE WAVEFORMS 

SETUP AND HOLD TIMES 

~1.6V ~,-l._S_V __ _ 

tpZL~ 14- I 

2.7 V 

OV 

I II tpLZ --.I ~ 
---i-I ""'~, I p"-- 3V 

I ,1.6V I VOL + 0.3 V V 
I . 1- --- OL 
I ItpHZ~ j4- . 

tpZH~ j4-- I 
Ir1.-5-V--i~"'"· V~H.:o.3v VOH 

__ -J. -OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

LOW· AND HIGH·LEVEL ENABLING 

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 outpul wilh 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. 

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 

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

• Support Unregulated Battery Operation 
Down to 2.7 V 

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

• 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 500 mA 
Per JEDEC Standard JESD-17 

• Bus-Hold Data Inputs Eliminate the Need 
for External Pullup Resistors 

• Support Live Insertion 
• Distributed Vee and GND Pin Configuration 

Minimizes High-Speed Switching Noise 
• Flow-Through Architecture Optimizes 

PCB Layout 

• Packaged in Plastic 30D-mil Shrink 
Small-Outline (DL) and Thin Shrink 
Small-Outline (DGG) Packages and 38o-mil 
Fine-Pitch Ceramic Flat (WD) Package 
Using 25-m" Center-te-Center Spacings 

description 

SN54LVT16244A,SN74LVT16244A 
3.3-V ABT 16-BIT BUFFERS/DRIVERS 

WITH 3-STATE OUTPUTS 
SCBS142E- MAY 1992 - REVISED JANUARY 1996 

SN54LVT16244A ••• WD PACKAGE 
SN74LVT16244A ••• DGG OR DL PACKAGE 

crOP VIEW) 

10E 20E 
1Y1 47 1A1 
1Y2 3 46 1A2 

GND 45 GND 
1Y3 44 1A3 
1Y4 43 1A4 
Vee 42 Vee 
2Y1 8 41 2A1 
2Y2 9 40 2A2 

GND 39 GND 
2Y3 11 38 2A3 
2Y4 37 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 'LVT16244A 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. 

Active bus-hold circuitry is provided to hold unusedor 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 Vee through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN74LVT16244A 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. 

Widebus is a trademark of Texas instruments InCOrporated. 

Copyright I!l) 1996. Texas Instruments Incorporated 
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SN54LVT16244A,SN74LVT16244A 
3.3"V ABT 16·BIT BUFFERS/DRIVERS 
WITH 3·STATE OUTPUTS 
SCBS142E- MAY.1992- REVISED JANUARY 1996 

description (continued) 

The SN54LVT16244A is characterized for operation over the full military temperature range of -55°C to 125°C. 
The SN74LVT16244A is characterized for operation from -40°C to 85°C. 

logic symbolt 

6-4 

iCE 
1 

20E 
48 

30E 
25 

24 
40E 

47 
1A1 

46 
1A2 

44 
1A3 

43 
1A4 

41 
2A1 

2A2 
40 

2A3 
38 

37 
2A4 

36 
3A1 

35 
3A2 

33 
3A3 

32 
3A4 

30 
4A1 

29 
4A2 

27 
4A3 

26 
4A4 

FUNCTION TABLE 
(each buffer) 

INPUTS OUTPUT 

OE A Y 

L H H 

L L L 

H X Z 

" EN1 

" EN2 

" EN3 

" EN4 .., ,. 
1 1'7 

1 2'7 

1 3'7 

1 4'7 

2 

3 

5 

6 

8 

9 

11 

12 

13 

14 

16 

17 

19 

20 

22 

23 

tThis symbol is in accordance with ANSI/IEEE Std 91-1984 
and lEe Publication 617-12. 
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1Y1 

1Y2 

1Y3 
1Y4 

2Y1 

2Y2 

2Y3 

2Y4 

3Y1 

3Y2 

3Y3 

3Y4 

4Y1 

4Y2 

4Y3 

4Y4 



SN54LVT16244A, SN74LVT16244A 
3.3-V ABT 16-BIT BUFFERS/DRIVERS 

WITH 3-STATE OUTPUTS 
SCBS142E - MAY 1992 - REVISED JANUARY 1996 

logic diagram (positive logic) 

10E 

lAl 
47 

lA2 
46 

lA3 
44 

lA4 
43 

46 
20E 

2Al 
41 

2A2 
40 

2A3 
36 

37 
2A4 

>---+_....:2=- lYl 

>--+_...;3=- lY2 

>---t __ 5;.. lY3 

>-__ ....:6:"" lY4 

>---+_....:8:.... 2Yl 

9 
>---+-- 2Y2 

>---+_~11:.... 2Y3 

>-__ ....:12:... 2Y4 

3CE 
25 

3Al 
36 

3A2 
35 

3A3 
33 

32 
3A4 

24 
40E 

4Al 
30 

4A2 
29 

4A3 
27 

26 
4A4 

>---+ __ 13;.... 3Yl 

>---+_~14:.... 3Y2 

16 
>---+--3Y3 

>-__ ~17:.... 3Y4 

>---+_~19:.... 4Yl 

>_t-....;2",O,- 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: SN54LVT16244A .........•..................•.... 96 mA 

SN74LVT16244A . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . .• 128 mA 
Current into any output in the high state, 10 (see Note 2): SN54LVT16244A . . . . . . . . . • . . . . . . . . . . .• 48 mA 

SN74LVT16244A . . . . . . . . . . . • . . . . • . . . •• 64 mA 
Input clamp current, 11K (VI < 0) ......•..........•....•....•.....•..•...........••.....•.. -50 mA 
Output clamp current, 10K (Vo < 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, 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> Vcc. 
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 Packsge ThermelConsidsrationsapplication note in the 1994ABT Advanced BiCMOS Technology 
Data Book. literature number SCBD002B. 
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SNQ4LVT16244A, SN74LVT16244A 
3.3-V ABT 16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 
SCBSl42E-MAY 1~92- REVISED JANUARY 1996 

recommended operating conditions (see Note 4) 

Vee Supply voltage 

VIH High-level input voltage 

Vil low-level input voltage 

VI Input voltage 

10H High-level output current 

10l low-level output current 

At/Av 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. 

SN54LVT16244A SN74LVT16244A 
UNIT 

MIN MAX MIN MAX 

2.7 3.6 2.7 3.6 V 

2 2 V 

0.8 0.8 V 

5.5 5.5 V 

-24 -32 mA 

48 64 mA 

10 10 ns/V 

-55 125 -40 85 ·e 

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

SN54LVT16244A SN74LVT16244A 
PARAMETER TEST CONDITIONS 

MIN MAX MIN TYpt 

VIK Vee~2.7V, II =-18 mA -1.2 

Vee - MIN to MAXI:, 10H - -100 IlA Vee-0.2 Vee-0.2 

Vee=2.7V, IOH=-8mA 2.4 2.4 
VOH 

IOH=-24mA 2 
Vee=3V 

10H =-32 mA 2 

10l -100 IlA 0.2 
Vee=2.7V 

IOl-24 mA 0.5 

10l= 16 rnA 0.4 
VOL 

IOl-32 mA 0.5 
Vee- 3V 

IOl=48mA 0.55 

IOl-64 mA 

Vee = 0 or MAX=l=, VI =5.5V 50 

VI - Vee or GND Control inputs ±1 
II 

Vee=3.6V VI = Vee 1 

VI-O 
Data inputs 

-5 

loff Vee. 0, VI orVo = Ot04.5 V 

II(hold) Vee- 3V 
VI-0.8V I A inputs 

75 75 

VI=2V -75 -75 

10ZH Vee- 3.6V, VO-3V 5 

10Zl Vee- 3.6V, VO-0.5V -5 

Outputs high 0.19 

ICC 
Vee- 3.6V, 10=0, Outputs low 5 
VI - Vee or GND 

Outputs disabled 0.19 

Alee§ 
Vee = 3 Vt03.6 V, One input at Vee - 0.6 V, 

0.2 Other Inputs at Vee or GND 

ei VI_ 3 VorO 

Co Vo-3VorO 

t All typical values are at Vee - 3.3 V, TA _ 25·e. 
=1= For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
§ 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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4 

10 

MAX 

-1.2 

0.2 

0.5 

0.4 

0.5 

0.55 

10 

±1 

1 

-5 

±100 

5 

-5 

0.09 

5 

0.09 

0.2 

UNIT 

V 

V 

V 

IlA 

IlA 

IlA 

IlA 
IlA 

mA 

mA 

pF 

pF 



SN54LVT16244A,SN74LVT16244A 
3.3-V ABT 16-BIT BUFFERS/DRIVERS 

WITH 3-STATE OUTPUTS 
SCBS142E- MAY 1992- REVISED JANUARY 1996 

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

PARAMETER 
FROM TO 

(lNPUn (OUTPUT) 

tPLH 
A Y 

tPHL 

tpZH 

tPZL 
OE Y 

tpHZ 
OE Y 

tPLZ 

t All typical values are at VCC ~ 3.3 V, TA - 25°C. 

SN54LVT18244A 

VCe=3.3V 
Vee=2.7V 

±O.3V 

MIN MAX MIN MAX 

1 4.4 5.1 

1 4.5 5.3 

1 5.3 6.4 

1 5.3 6.8 

2.1 7 7.7 

1.9 5.9 5.9 

~TEXAS 
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SN74LVT18244A 

Vee = 3.3 V 
Vee=2.7V UNIT 

±O.3V 

MIN TYPt MAX MIN MAX 

1 2.3 4.1 5 
ns 

1 2.3 4.1 5.2 

1 2.6 5.2 6.3 
ns 

1 2.6 5.2 6.7 

2.2 3.9 5.7 6.3 
ns 

2 3.7 5.1 5.6 

6-7 



SN54LVT16244A,SN74LVT16244A 
3.3-V ABT 16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 
SCBSl42E-MAY 1992- REVISED JANUARY 1996 

PARAMETER MEASUREMENT INFORMATION 

o 6V 

S1 
From Output _-._-4I __ 500w'v-° __ --/ o Open 

rD 

Under Test 

CL=50pF 
(see Note A) T SOOO 

LOAD CIRCUIT FOR OUTPUTS 

I4--tw~ 

2.7 V 

OV 

1 1,--__ 

Input 3 X",1._5_V __ 

Input 

Output 

Output 

VOLTAGE WAVEFORMS 
PULSE DURATION 

~1.5V ¥1.5V :.:V 

tPLH~ ~tPHL 
I ~ I \!-::-:-:- VOH 
I r 1•5V I ~ --+-1 --I 1 VOL 

tPHL --l.--.! I4---+f- tPLH 

1 ~VOH 
\.1.5 V T1.5V 

. - -- VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

INVERTING AND NONINVERTING OUTPUTS 

Timing Input 

Data Input 

Output 
Control 

Output 
Waveform 1 

S1 at6V 
(_Nota B) 

Output 
Waveform 2 

S1 atGND 
(see Note B) 

TEST S1 

tPUftPHL Open 

tpLZ'tpZL 6V 

tPHZItPZH GND 

2.7 V 
-------X1.5 V 

------I. 1'--_____ OV 

14 ~~ th ~I I tsu I 

--'"'*1.5 V ~ :.:V 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

~1.5V ~=1.=5=V====~ :.:V 

tpZL~ 14- I 
-_;-1 "'\.1 tPLZ -1 __ -- 3V 

I I 
I 
I 

VOL + 0.3 V V 
---- OL 

tpZH~ 
ItpHZ~ ~ 
jf- I 
I---..... VOH ..:o.3V VOH 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

LOW· AND HIGH-LEVEL ENABLING 

... OV 

NOTES: A. CL Includes probe and Jig capacitance. 
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 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. 

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 
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 2.7 V 

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

• 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 500 mA 
Per JEDEC Standard JESD-17 

• Bus-Hold Data Inputs Eliminate the Need 
for External Pullup 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 300-mll 
Shrink Smail-Outline (DL) and Thin Shrink 
Small-Outline (DGG) Packages and 38O-mil 
Fine-Pitch Ceramic Flat CWD) Package 
Using 25-mll Center-ta-Center Spacings 

description 

SN54LVT162244,SN74LVT162244 
3.3-V ABT 16-BIT BUFFERS/DRIVERS 

WITH 3-STATE OUTPUTS 

SN54LVT162244 ••• WD PACKAGE 
SN74LVT162244 ••• DGG OR DL PACKAGE 

rrOPVIEW) 

10E 
1Y1 
1Y2 

GND 
1Y3 
1Y4 
Vee 
2Y1 
2Y2 

GND 
2Y3 
2Y4 
3Y1 
3Y2 

GND 
3Y3 
3Y4 
Vee 
4Y1 
4Y2 

GND 
4Y3 
4Y4 
40E 

1 U 48~ 
2 47 

3 46 

4 45 

5 44 

6 43 

7 42 

8 41 

9 40 

10 39 

11 38 

12 37 

13 36 J 
14 35 

1
15 

34 

16 33 

17 32 

~ 18 31 

l19 
30 

~ ~~ 
29 

28 

22 27 

~ 23 26 ~ 
[ 24 25 

1A1 
1A2 
GND 
1A3 
1A4 
Vee 
2A1 
2A2 
GND 
2A3 
2A4 
3A1 
3A2 
GND 
3A3 
3A4 
Vee 
4A1 
4A2 
GND 
4A3 
4A4 
30E 

The 'LVT162244 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. 

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

Wldebus is a trademark of Texas Instruments Incorporated. 

Copyright I!l> 1995. Texas Instruments Incorporated 

~1EXAS 
INSTRUMENTS 

POST OFFICE BOX 866303 • DAUAS. TEXAS 75285 6-9 



SN54LVT162244, SN74LVT162244 
3.3-VABT 16-81T BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 
SCBS268D - JUNE 1993 - REVISED JULY 1995 

description (continued) 

6-10 

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 SN74LVT162244 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 SN54LVT162244 is characterized for operation over the full military temperature range of -55°C to 125°C. 
The SN74LVT162244 is characterized for operation from -40°C to 85°C. 

FUNCTION TABLE 
(each 4-blt buffer) 

INPUTS OUTPUT 
DE A y 

L H H 

L L L 

H X Z 
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INSTRUMENTS 

POST OFFICE BOX 6S5303 • DALlAS, TEXAS 75265 



logic symbolt 

1A1 

1A2 

1A3 

1A4 

2A1 

2A2 

2A3 

2A4 

3A1 

3A2 

3A3 

3A4 

4A1 

4A2 

4A3 

4A4 

1 

48 

25 

24 

47 

46 

44 

43 

41 

40 

38 

37 

38 

35 

33 

32 

30 

29 

27 

26 

t-.. EN1 
t-.. EN2 
~ EN3 

t-.. 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 

1Y1 

1Y2 

1Y3 

1Y4 

2Y1 

2Y2 

2Y3 

2Y4 

3Y1 

3Y2 

3Y3 

3Y4 

4Y1 

4Y2 

4Y3 

4Y4 

SN54LVT162244,SN74LVT162244 
3.3-V ABT 16-BIT BUFFERS/DRIVERS 

WITH 3-STATE OUTPUTS 
SCBS258D - JUNE 1993 - REVISED JULY 1995 

logic diagram (positive logic) 

10E 

1A1 47 2 1Y1 

46 3 
1A2 1Y2 

1A3 
44 5 1Y3 

43 6 
1A4 1Y4 

20E 
48 

2A1 41 8 2Y1 

40 9 2Y2 2A2 

38 11 2Y3 2A3 

37 12 2Y4 2A4 

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 

3A3 
33 16 3Y3 

3A4 32 17 
3Y4 

40E 
24 

4A1 30 19 4Y1 

4A2 
29 20 4Y2 

4A3 
27 22 

4Y3 

4A4 
26 23 

4Y4 
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SN54LVT162244,SN74LVT162244 
3.3-V ABT 16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 
SCBS2580 - JUNE 1993 - REVISED JULY 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 7 V 
Current into any output in the low state, 10 .......................... ;........................ 30 rnA 
Current into any output in the high state, 10 (see Note 2) ...................................... 30 rnA 
Input clamp current, 11K (VI < 0) .....................................................•.... -50 rnA 
Output clamp current, 10K (Vo < 0) ..................................................•.... -50 rnA 
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°e 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/unction temperature of 150·e and a board trace length of 750 mils. 

For more information, refer to the Package ThermalConsiderationsapplication note in the 1994 ABT Advanced BiCMOS Technology 
Data Book, literature number SeBD002B. 

recommended operating conditions (see Note 4) 

Vee Supply voltage 

VIH High-level input voltage 

VIL Low-level input voHage 

VI Input voltage 

IOH High-level output current 

IOL Low-level output current 

!;.t/!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. 

PRODUCT PREVIEW informaliao ooncemI p_1n thelormallYe or 
design phMe of developme... Chi_lie dill .... _ 
_ l_l.n .... design gooII. T_lnolrullllllll_thlrlgbtto 
cbango .rdlocontln .. III .. ~wIthout_ 

6-12 
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SN54LVT162244 SN74LVT162244 
UNIT 

MIN MAX MIN MAX 

2.7 3.6 2.7 3.6 V 

2 iff' 2 V 

J1J.8 0.8 V 

<t~5.5 5.5 V 

!:) -12 -12 mA 

§ 12 12 mA 
g: 10 10 nsN 

-55 125 -40 85 ·e 



SN54LVT162244,SN74LVT162244 
3.3-V ABT 16-BIT BUFFERS/DRIVERS 

WITH 3-STATE OUTPUTS 
SCBS258D - JUNE 1993 - REVISED JULY 1995 

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

SN54LVT162244 SN74LVT162244 
PARAMETER TEST CONDITIONS 

MIN TYpt MAX MIN TYPt 

V,K Vee=2.7V, 1,=-18mA -1.2 

VOH Vee- 3V, 10H --12 mA 2 2 

VOL Vee- 3V, 'Ol= 12 mA 0.8 

Vee - 0 or MAX;, V, -5.5V 10 

V, = Vee or GND Control pins ±1 
II 

Vee- 3.6V V, = Vee 1 .'-

V,=O 
Data pins 

!fj -5 

loff Vee- O, V, orVO" Ot04.5 V p; 
V, =0.8V 75 <t~ 75 

"(ho'd) Vee- 3V A Inputs . 
V,=2V -75 .$J -75 

10ZH Vee- 3.6V, VO=3V ~ 5 

10Zl Vee=3.6V, VO=0.5V j?j4l: -5 

Outputs high 0.19 

ICC 
Vee = 3.6 V, 10=0, Outputs low 5 
V, - Vee or GND 

Outputs disabled 0.19 

Alee§ 
Vee = 3 Vt03.6 V, One input at Vee - 0.6 V, 

0.2 
Other inputs at Vee or GND 

ei V, =3 VorO 4 

Co Vo-3VorO 10 

t All typical values are at Vee - 3.3 V, TA - 25"e. 
; For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
§ This Is the increase in supply current for each input that is at the specified TTL voltage level rather than Vee or GN~. 

4 

10 

MAX 

-1.2 

0.8 

10 

±1 

1 

-5 

±100 

5 

-5 

0.09 

5 

0.09 

0.2 

UNIT 

V 

V 

V 

IlA 

IlA 

IlA 

IlA 
IlA 

mA 

mA 

pF 

pF 

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

PARAMETER 
FROM TO 

(INPUT) (OUTPUT) 

tpLH 
A Y 

tpHL' 

tpZH 
OE Y 

tpZL 

tpHZ 
OE Y 

tpLZ 

t All typical values are at VCC - 3.3 V, TA" 25"C. 

PRODUCT PREVIEW 1nform.1on concemo praducIIIln Il1o formatIVe or 
daalgn i>haoe 01 davtIopmont. Cb_ daIa end otber .poe_ .... dOllgn goals. Teua IlIIIrUmanta_lhe ~ghtlO 
eIIlng' or discomlnllllh ... producto wltlloul notice. 

SN54lVT162244 

VCe=3.3V 
Vee=2.7V ±O.3V 

MIN MAX MW MAX 

1.4 5.2 .. (J/ 6.1 

1.1 5.1 i&' 6.3 

1 6.~ 7.3 

1.4 $I 7.4 

2.6 J:J.9 7.6 

2.6 -t'" 6.1 6.8 

-!!11ExAs 
INSTRUMENTS 
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SN74LVT162244 

Vee=3.3V 
Vee = 2.7 V UNIT ±O.3V 

MIN TYpt MAX MIN MAX 

1.4 3.2 4.9 5.8 
ns 

1.1 3.1 5 6.1 

1 4.7 6.4 7.1 
ns 

1.4 3.4 5.6 7.3 

2.6 4.5 6.6 7.3 

2.6 3.6 5.8 6.5 
ns 
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SN54LVT162244,SN74LVT162244 
3.3-YABT 16-BIT BUFFERS/DRIYERS 
WITH 3-STATE OUTPUTS 
SCBS258D - JUNE 1993 - REVISED JULY 1995 

PARAMETER MEASUREMENT INFORMATION 

o 6V 
S1 

From Output _ ..... _---.>----'\50"'0...,.0 __ --/ o Open 

rD 

Under Teet 

CL=50pF 
(see Note A) T 5000 

LOAD CIRCUIT FOR OUTPUTS 

14--tw ------.j 
I I~ __ 

Input 3 X1.5V 

2.7V 

Input 

Output 

Output 

"'-.... , ..... - OV 

VOLTAGE WAVEFORMS 
PULSE DURATION 

=><1.5 V ¥",~_.5_V __ :.:V 

tpLH -H ~ tPHL 

1 1 ~-VOH 
1 '1.5V i 1.5 V 

--+1 --' I VOL 

tPHL --4--.j *-+ tpLH 

\L !r.::- VOH 
,1.!iV l1.5V 

VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

INVERTING AND NONINVERTING OUTPUTS 

Timing Input 

Data Input 

Output 
Control 

Output 
Waveform 1 

S1 at6V 
(see Note B) 

Output 
Waveform 2 

S1 atGND 
(_Note B) 

TEST S1 

tpLH/tPHL Open 
tpLZ/tpZL 6V 
tpHZltpZH GND 

2.7 V 
------x1.5V 
_____ 01. 1'-______ OV 

I.. .~ th .1 
1 teu 1 

--""*1.5 V ~ :.:V 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

=><1.5 V ¥",1._5_V __ _ 

tpZL~ 14-- I 

2.7 V 

OV 

I 1 tpLZ --.I ~ 
---;-: ""\1.5 V III ~"'O-L +-O-.3-V v3 V 

I . . t~--- OL 
I 1 tpHZ~ j4-

tpZH~ j4- I 
1---- VOH 

!1.5V ~H-O.3V 
___ oJ. ...OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

LOW· AND HIGH·LEVEL ENABLING 

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 wRh 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 wHh one transRlon per measurement. 

Figure 1. Load Circuit and Voltage Waveforms 

~1ExAs 
INSTRUMENTS 
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SN54LVT16245A,SN74LVT16245A 
3.3-V ABT 16-BIT BUS TRANSCEIVERS 

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

• 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 

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

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

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

• Bus-Hold Data Inputs Eliminate the Need 
for External Pullup Resistors 

• Support Live Insertion 
• Distributed Vee and GND Pin Configuration 

Minimizes High-Speed Switching Noise 

• Flow-Through Architecture Optimizes 
PCB Layout 

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

description 

WITH 3-STATE OUTPUTS 
I 

SN54LVT16245A ••• WD PACKAGE 
SN74LVT16245A ••• DGG OR DL PACKAGE 

(TOP VIEW) 

1DIR 1 10E 
181 1A1 
182 1A2 

GND 4 GND 
183 1A3 
184 1A4 
Vee Vee 
185 1A5 
186 9 1A6 

GND GND 
187 1A7 
188 1A8 
281 2A1 
282 2A2 

GND GND 
283 2A3 
284 17 2A4 
Vee 18 Vee 
285 19 2A5 
286 20 2A6 

GND 21 GND 
287 22 2A7 
288 23 2A8 

2DIR 24 20E 

The 'LVT16245A are 16-bit (dual-octal) noninverting 3-state transceivers 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 two 8-bit transceivers or one 16-bit transceiver. They allow data transmission 
from the A bus to the B bus or from the B bus to the A bus, depending upon the logic level at the direction-control 
(DIR) input. The output-enable (OE) input can be used to disable the device so that the buses are effectively 
isolated. 

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 Vee through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

Widebus is a trademark of Texas Instruments Incorporated. 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • OALLAS, TEXAS 75265 

Copyright @ 1996, Texas Instruments Incorporated 
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SN54LVT16245A,SN74LVT16245A 
S.S-V ABT 16-BIT BUS TRANSCEIVERS 
WITH S-STATE OUTPUTS 
SCBSl43E - MAY 1992 - REVISED JANUARY 1996 

description (continued) 

The SN74LVT16245A is available in Tl's shrink small-outline (OL) and thin shrink small-outline (OGG) 
packages, which provide twice the 110 pin count and functionality of standard small-outline packages in the 
same printed-circuit-board area. 

The SN54LVT16245A is characterized for operation over the full military temperature range of -55°C to 125°C. 
The SN74LVT16245A is characterized for operation from -40°C to 85°C .. 

logic symbolt 

10E 
1DIR 

20E 

2DIR 

1A1 

1A2 

1A3 

1A4 

1A5 

1A6 

1A7 

1A8 

2A1 

2A2 

2A3 

2A4 

2A5 

2A6 

2A7 

2A8 

48 

1 

25 

24 

47 

46 

44 

43 

41 

40 

38 

37 

36 

35 

33 

32 

30 

28 

27 

26 

... i"o. 

" L 
" 
" L 

L 

L 

03 

3EN1 [BA] 

3 EN2[AB] 

06 

6 EN4[BA] 

6EN5[AB] , r 
V1 <I 

t> 2V 

V4 <I 

t> 5V 

FUNCTION TABLE 
(each 8-blt eactlon) 

INPUTS 

DIR 
OPERATION 

OE 

L L B data to A bus 

L H A data to B bus 

H X Isolation 

logic diagram (positive logic) 

1DIR 
1 

47 
1A1 

2 

W 
1B1 

3 
1B2 

5 
1B3 

6 

8 
1B4 '-v-' 
1B5 

8 To Saven Other Channels 
1B6 

11 
1B7 

12 

. 13 
1B8 2DIR 24 

W 
2B1 

14 
2B2 

16 

17 
2B3 

36 
2B4 2A1 

18 
2B6 

20 
2B6 

22 
2B7 

23 
2B8 

t This symbol is in accordance with ANSI/IEEE Std 91-1984 
and lEe Publication 617-12. . 

6-16 

~TEXAS 
INSTRUMENTS 

POST OFFICE SOX 665303 • DALLAS, TEXAS 75266 

To Saven Other Channels 

48 
10E 
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1B1 

25 
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SN54LVT16245A,SN74LVT16245A 
3.3-V ABT 16-BIT BUS TRANSCEIVERS 

WITH 3-STATE OUTPUTS 
SCBS143E - MAY 1992 - REVISED JANUARY 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 
Current into any output in the low state, 10: SN54LVT16245A ................................. 96 mA 

SN74LVT16245A ................................. 128 mA 
Current into any output in the high state, 10 (see Note 2): SN54LVT16245A . . . . . . . . . . . . . . . . . . . . .. 48 mA 

SN74LVT16245A .. .. .. .. .. .. .. .. .. .... 64 mA 
Input clamp current, 11K (VI < 0) ...••..................................................... -50 mA 
Output clamp current, 10K (Vo < 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, 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 > Vcc. 
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 ThermalConsiderationsapplicatlon note In the 1994 ABT Advanced BiCMOS Technology 
Data Book, literature number SCBD002B. 

recommended operating conditions (see Note 4) 
SN54LVT16245A SN74LVT16245A 

UNIT 
MIN MAX MIN MAX 

VCC Supply voltage 2.7 3.6 2.7 3.6 V 

VIH High-level input voltage 2 2 V 

VIL Low-level Input voHage 0.8 0.8 V 

VI Input voHage 5.5 5.5 V 

IOH High-level output current -24 -32 mA 

IOL Low-level output current 48 64 mA 

At/flY Input transition rise or fall rate I Outputs enabled 10 10 ns/V 

TA Operating free-air temperature -55 125 -40 85 ·C 

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

~1ExAs 
INSTRUMENTS 
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SN54LVT16245A,SN74LVT16245A 
3.3-V ABT16-BIT BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 
SCBSl43E- MAY 1992- REVISED JANUARY 1996 

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

SN54LVT16245A SN74LVT16245A 
PARAMETER TEST CONDITIONS 

MIN TYpt MAX MIN TYPt 

VIK Vee- 2.7V• '1--18mA -1.2 

Vee - MIN to MAX;. 10H =-100 IIA Vee-0.2 Vee-0.2 

Vce- 2.7V• IOH--8mA 2.4 2.4 
VOH 

IOH=-24mA 2 
Vee- 3V 

IOH--3~mA 2 

10l = 100 IIA 0.2 
Vee=2.7V 

'Ol=24mA 0.5 

10l= 16mA 0.4 
VOL 

10l= 32 mA 0.5 
Vee=3V 

IOl=48mA 0.55 

IOl-64mA 

Vee- 3.6V• VI - Vee or GND ±1 

Vee .. 0 or MAX;. VI-5.5V 
Control inputs 

10 

II VI-5.5V 100 

Vee - 3.6 V VI = Vee AorB ports§ 1 

VI-O -5 

loff Vee- O• VI orVO= Ot04.5 V 

VI =0.8V 75 75 
II(hold) Vee- 3V 

VI=2V 
AorB.ports 

-75 -75 

10ZH Vee = 3.6V. VO·3V 5 

10Zl Vee- 3.6V• Vo - 0.5 V -5 

Outputs high 0.09 

ICC 
Vee- 3.6V• 10- 0• Outputs low 5 
VI_ Vee or GND 

Outputs disabled 0.09 

Aleel! 
Vee- 3 Vt03.6 V. One input at Vee - 0.6 V. 

0.2 
Other inputs at Vee or GND 

ei VI .. 3VorO 4 

eio Vo-3VorO 11 

t All typical values are at Vee - 3.3 V. TA" 25°C. 
; For conditions shown as MIN or MAX. use the appropriate value specified under recommended operating conditions. 
§ Unused pins at Vee or GND 
I! This is the Increase in supply current for each input that is at the specified TIL voltage level rather than Vee or GND. 

-!!11ExAs 
INSTRUMENTS 
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4 

11 

MAX 

-1.2 

0.2 

0.5 

0.4 

0.5 

0.55 

±1 

10 

20 

1 

-5 

±100 

1 

-1 

0.09 

5 

0.09 

0.2 

UNIT 

V 

V 

V 

IIA 

IIA 

IIA 

IIA 
IIA 

mA 

mA 

pF 

pF 



SN54LVT16245A, SN74LVT16245A 
3.3-V ABT 16-BIT BUS TRANSCEIVERS 

WITH 3-STATE OUTPUTS 
SCBS143E - MAY 1992 - REVISED JANUARY 1996 

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

SN54LVT16245A SN74LVT16245A 

PARAMETER 
FROM TO Vee = 3.3 V 

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 
AorB BorA 

0.5 4.4 5.3 1 2.4 4.1 5 
ns 

tpHL 0.5 4.7 5.5 1 2.3 4.1 5.2 

tpZH 
OE 

0.5 7 7.7 1 3 5.3 6.3 
AorB ns 

tpZL 0.5 5.8 7.2 1 3.1 5.2 6.7 

tpHZ 
OE 

1 7.2 7.7 2.7 4.6 6.4 7.2 
AorB ns 

IpLZ 1 6.3 6.5 2.6 4.3 5.8 6.1 

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

~1ExAs 
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SN54LVT16245A,SN74LVT16245A 
3.3-V ABT 16-BIT BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 
SCBS143E-MAY 1992- REVISED JANUARY 1996 

PARAMETER MEASUREMENT INFORMATION 

o 6V 

Sl 
From Output _-._~~--,5VOOV'0v--__ ./ 

o OpEln 

r' Under Test 

CL=50pF 

(see Note A) T 5000 

LOAD CIRCUIT FOR OUTPUTS 

I4---tw~ 

2.7 V 

OV 

1 1,..-__ 

Input 3 "',-1_.5_V __ 

Input 

Output 

Output 

VOLTAGE WAVEFORMS 
PULSE DURATION 

----v X 2.7V 

~1.5V 1 1•5V OV 

1 I H-tpLH~ 1 tpHL 

1 I \!--::-:-:- VOH 
1 !1.5VI ~ 

--+-1--' 1 VOL 

tpHL --l.--.! ~ tPLH 

\1.5V Ei ::: 
VOLTAGE WAVEFORMS 

PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 

Timing Input 

Data Input 

Output 
Control 

Output 
Waveform 1 

Slat6V 
(see Note B) 

Output 
Waveform 2 

Sl stGND 
(see Note B) 

TEST Sl 

tPUi/tPHL Open 

tPLZ/tpZL 6V 

tpHZ/tpZH GND 

2.7 V 
-------y1.5 V 
_____ .J·I~ ______ OV 

rtsU·~th~ 
--""""\*1.5 V ~ :.:V 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

~1.5V ~ .... 1._5V __ _ 

tpZL -+j 14- 1 

2.7 V 

OV 

1 1 tPLZ-.I ~ 
----;I~\L. 1 K~-- 3V 

I ,1.5 V I t~!....+~·!"y VOL 

1 I tpHZ~ j4-
tpZH~ j4- 1 

I '\ vc--- VOH 
!1.5V ~H-O.3V 

___ oJ. ...OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

LOW· AND HIGH·LEVEL ENABLING 

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. 

Figure 1. Load Circuit and Voltage Waveforms 

~1ExAs . 
INSTRUMENTS 
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• A-Port Outputs 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 
Wldebus™ Family 

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

• Support Unregulated Battery Operation 
Down to 2.7 V 

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

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

• Bus-Hold Data Inputs Eliminate the Need 
for External Pullup 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 300-mll 
Shrink Small-Outline (DL) and Thin Shrink 
Small-Outline (DGG) Packages and 3So-mll 
Fine-Pitch Ceramic Flat (WD) Package 
Using 25-mll Center-ta-Center Spacings 

description 

SN54LVT162245,SN74LVT162245 
3.3·V ABT 16·BIT BUS TRANSCEIVERS 

WITH 3·STATE OUTPUTS 

SN54LVT162245 ••• WD PACKAGE 
SN74LVT162245 ••• DGG OR DL PACKAGE 

(TOP VIEW) 

1DIR 
1B1 

2B1 
2B2 

GND 
2B3 
284 
Vee 
2B5 
2B6 

GND 
2B7 
2B8 

2DIR 

22 

23 
24 

10E 
1A1 
1A2 
GND 
1A3 
1A4 
Vee 
1A5 
1A6 
GND 
1A7 
1A8 
2A1 
2A2 
GND 
2A3 
2A4 

Vee 
2A5 
2A6 
GND 
2A7 
2A8 
20E 

The 'LVT162245 are 16-bit (dual-octal) noninverting 3-state transceivers 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 two a-bit transceivers or one 16-bit transceiver. The devices allow data 
transmission from the A bus to the B bus or from the B bus to the A bus, depending on the logic level at the 
direction-control (DI R) input. The output-enable (OE) input can be used to disable the device so that the buses 
are effectively isolated. 

The A-port outputs, which are designed to source or sink up to a mA, include 22-0 series resistors to reduce 
overshoot and undershoot. 

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 Vee through a pullup 
resistor; the minimum value of the reSistor is determined by the current-sinking capability of the driver. 

Widebus is a trademark of Texas Instruments Incorporated. 

Copyright II) 1995, Texas Instruments Incorporated 
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SN54LVT162245, SN74LVT1'62245 
:3.3-V ABT 16-BITBUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 
SCBS260E - JUNE 1993 - REVISEO NOVEMBER 1995 

description (continued) 

The SN74lVT162245 is available in Tl's shrink small-outline (Dl) and thin shrink small-outline (DGG) 
packages, which provide twice the input/output (1/0) pin count and functionality of standard small-outline 
packages in the same printed-circuit-board area. 

The SN54lVT162245 is characterized for operation over the full military temperature range of -55°C to 125°C. 
The SN74lVT162245 is characterized for operation from -40°C to 85°C. 

FUNCTION TABLE 
(each 8-blt section) 

INPUTS 

OE DIR 
OPERATION 

L L B data to A bus 

L H A data to B bus 

H X Isolation 

logic symbolt logic diagram (positive logic) 

10E 

1DIR 

20E 

2DIR 

1A1 

1A2 

1A3 

1A4 

1A5 

1A6 

1A7 

1A8 

2A1 

2A2 

2A3 

2A4 

2A5 

2A8 

2A7 

2A8 

48 

1 

25 

24 

47 

48 

44 

43 

41 

40 

38 

37 

38 

35 

33 

32 

30 

29 

27 

28 

"- G3 

"-

L 
3 EN1 [BA] 

3 EN2[AB) 

"- G8 L 8EN4[BA) 
8 ENS [AB) 

r ., 
2 

L-
V1 <I 

~ t> 2V 
3 

5 

8 

8 

9 

11 

12 

13 

L 
V4 <I 

W t> 5V 
14 

18 

17 

19 

20 

22 

23 

t This symbol is in accordance with ANSI/IEEE Std 91-1984 and 
lEe Publication 617-12. 

1DIR 

1A1 

1B1 

1B2 

1B3 

1B4 

1B5 

1B8 

1B7 

1B8 2DIR 

2B1 

2B2 

2B3 

2B4 2A1 

2B5 

2B8 

2B7 

2B8 
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'-v---' 
To Seven Other Channels 

To Seven Other Channels 

48 
10E 
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1B1 

25 
20E 
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SN54LVT162245,SN74LVT162245 
3.3-V ABT 16-BIT BUS TRANSCEIVERS 

WITH 3-STATE OUTPUTS 
SCBS260E-JUNE 1993- 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 7 V 
Current into any output in the low state, 10: SN54LVT162245 ( 8 port) .......................... 96 mA 

SN74LVT162245 (8 port) ......................... 128 mA 
A port .......................................... ' .. 30 mA 

Current into any output in the high state, 10 (see Note 2): SN54LVT162245 (8 port) . . . . . . . . . . . . . .. 48 mA 
SN74LVT162245 (8 port) ............... 64 mA 
A port ....•........................... 30 mA 

Input clamp current, 11K (VI < 0) ..............................••.........•................ -50 mA 
Output clamp current, 10K (Vo < 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, 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-voHage 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 150·e and a board trace length of 750 mils. 

For more Information, refertothe Package ThermalConsideratlonsapplication note In the 1994 ABT Advanced BICMOS Technology 
Data Book, literature number SCBD002B. 

recommended operating conditions (see Note 4) 

Vce Supply voltage 

VIH High-level input voltage 

VIL Low-level input voHage 

VI Input voltage 

High-level output current 
Bport 

IOH 
Aport 

IOL Low-level output current 
Aport 

Bport 

I1tll1v Input transition rise or fall rate Outputs enabled 

TA Operating free-air temperature 

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

PRODUCT PREVIEW 1111 __ co ...... prodUCl8ln the _e or 
deolgn ~h... of development. Char_ac dati and other 
opec_oro deolgn gcIiL _,II811II ...... _the ~ghllO 
change or dllcond .... III ... prodUC18 wlIII0II111011ce. ~1ExAs 

INSTRUMENTS 
POST OFFICE BOX 65S303 It DALlAS, TEXAS 75265 

SN54LVT162245 SN74LVT162245 
UNIT 

MIN MAX MIN MAX 

2.7 3.6 2.7 3.6 V 

2 2 V 
Q.t;'~ 0.8 V 

ffi, 5.5 V 

q:::24 -32 
SJ~ 

rnA 
-8 -8 

!;j 8 8 
{Jt 

mA 
48 64 

10 10 ns/V 

-55 125 -40 85 ·e 
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SN54LVT162245,SN74LVT162245 
3.3-VABT16-BIT BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 
SCBS260E-JUNE 1993-REVISED NOVEMBER 1995 

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

SN54LVT162245 SN74LVT162245 
PARAMETER TEST CONDITIONS 

MIN TYPt MAX MIN TYPt 

VIK Vee- 2.7V• 11--1SmA -1.2 

Aport Vee- 3V• 10H--SmA 2 2 

Vee - MIN to MAX:!:. IOH--l0011A Vee-0.2 Vee-0.2 

VOH Vee- 2•7V• 10Hz-SmA 2.4 2.4 
Bport 

IIOH--24mA 2 
Vee- 3V 

IIOH--32mA 2 

Aport Vee- 3V• 10L-SmA 0.8 

10L = 100 IIA 0.2 
Vee=2.7V 

IOL-24mA 0.5 

VOL IOl-16mA 0.4 
Bport 

IOl-32 mA 0.5 
Vee=3V 

IOl-4SmA 0.55 

IOl=64 mA ~ 
Vee=3.6V. VI - Vee or GND ,§' ±1 

Control pins 
Vee - 0 or MAX:!:. VI =5.5V ~ 10 

II VI-5.5V ;.. .... 20 

A or B ports Vee- 3.6V VI-Vee ;J 5 

VI=O ",,0 -10 

loff Vee- O• VI orVo = Oto 4.5 V q; 

VI-O.SV 75 75 

II(hold) A or B ports 
Vee- 3V 

VI=2V -75 -75 

Vee=3.6V. VI-Ot03.6V ±500 

10ZH Vee- 3•6V• VO-3V 1 

10Zl Vee=3.6V. VO·0.5V -1 

Outputs high 0.09 

ICC 
Vee- 3.6V• 10- 0• Outputs low 5 
VI = Vee or GND Outputs 

disabled 
0.09 

4lee§ 
Vee. 3 Vt03.6 V. One input at Vee - 0.6 V. 

0.2 
Other inputs at Vee or GND 

ei VI-3VorO 4 4 

eio Vo=3VorO 10.5 10.5 

t All typical values are at Vee - 3.3 V. TA _ 25°C. 
:!: For conditions shown as MIN or MAX. use the appropriate value specified under recommended operating condRions. 
§ 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 informallon _a prod_In tbe ronnatiVe Of 
daaian pbtaa of davalopmont. ChI_ daia and OIhor apaclncatlonlart doolgn goaIL _1 ___ the rlgilt to 
chango or dioconUn .. _ prodUCII wIIhout_ 
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MAX 

-1.2 

O.S 

0.2 

0.5 

0.4 

0.5 

0.55 

±1 

10 

20 

5 

-10 

±100 

±500 

1 

-1 

0.09 

5 

0.09 

0.2 

UNIT 

V 

V 

V 

IIA 

IIA 

IIA 

IIA 
IIA 

mA 

mA 

pF 

pF 



SN54LVT162245, SN74LVT162245 
3.3-V ABT 16-BIT BUS TRANSCEIVERS 

WITH 3-STATE OUTPUTS 
SCBS260E-JUNE 1993- REVISED NOVEMBER 1995 

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

PARAMETER 
FROM TO 

(INPUT) (OUTPUT) 

tPLH 

tpHL 
A B 

tPLH 
B A 

tPHL 

tpZH 
OE B 

tpZL 

tPZH 
OE A 

tpZL 

tpHZ 
C5E B 

tpLZ 

tpHZ 
OE A 

tpLZ 

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

PRODUCT PREVIEW Inlannalion ........ pruduCIIln ilia lonnatlva Of 
daalgn ph... 01 dlvelopmom. C_8IIc dati and othar 
lpacMcallona Ire dlllgn goIIo. T_llllllUm .... __ 1110 ~ghl" 
chongo or dloccnUn .. lh ... prod_ell wIIhouI notIca. 

SN54LVT162245 

VCC=3.3V 
VCe=2.7V 

±O.3V 

MIN MAX MIN MAX 

1 4.3 5.2 

1 4.3 5.3 

2 5.7 7.1 

1.9 4.8 i$ 5.7 

1 5.5 1# 6.9 

1 5.4 ~'"' 6.8 

2.3 7+ 9.6 

2.4 .fi9 8.4 

2.7 otCS.7 7.4 

2.6 6 6.3 

3.3 7.6 8.3 

3.4 6.9 7.5 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALLAS. TEXAS 75265 

SN74LVT162245 

Vee=3.3V 
Vee = 2.7 V UNIT ±O.3V 

MIN TYpt MAX MIN MAX 

1 2.4 4.1 5 
ns 

1 2.3 4.1 5.2 

2 3.5 5.5 6.9 
ns 

1.9 3.3 4.7 5.6 

1 3 5.3 6.8 
ns 

1 3.1 5.2 6.7 

2.3 4.5 7.2 9.4 
ns 

2.4 4.1 6.6 8.2 

2.7 4.6 6.4 7.2 
ns 

2.6 4.3 5.8 6.1 

3.3 5 7.3 8 

3.4 5 6.7 
ns 

7.1 
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SN54LVT162245,SN74LVT162245 
3.3-V ABT 16-BIT BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 
SCBS260E - JUNE 1993 - REVISED NOVEMBER 1995 

PARAMETER MEASUREMENT INFORMATION 

o 6V TEST S1 
500n S1' 0 Open 

From Output - .... ---4I>---'\N\r----/ 
Under Test 

tpLHltpHL 
tpLZ/tpZL 

Open 
6V 

CL=50pF 
(see Note A) T 5000 

LOAD CIRCUIT FOR OUTPUTS 

I4-tw~ 

'"p~ 3 *:1'~5V~~~~ :.:V 

Input 

Output 

Output 

VOLTAGE WAVEFORMS 
PULSE DURATION 

~ V 2.7 V 
--",1.5 V 1l\1.5V OV 

tpLH --J.--.I H- tPHL 
1 1,-- VOH 
1 11.5V i )L 1.5V 

--+-1 --' I 'C.:.. VOL 

.PHL~ ~tPLH 
\.1.5 V FVOH 

. - -- VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

INVERTING AND NONINVERTING OUTPUTS 

tpHZltpZH GND 

------, 2.7 V 
nmlng Input X 1.5 V 

------'. 1'------- OV 

Dats Input 

Output 
Control 

Output 
Waveform 1 

Sl at6V 
(_Note B) 

Output 
Waveform 2 

S1 atGND 
(_Note B) 

14 ~ ~ 
Itsu th 1 

--'""\1· ~2.7V 

__ ..,,)(1.5 V ,~OV 
VOLTAGE WAVEFORMS 

SETUP AND HOLD TIMES 

J1~ V ~=1=.5=V===== :.:V 

tPZL--.I ~ I 
1 I tPLZ...-i ~ __ +1 "' 1 1 rr-_-- 3 V 

1 \1.5V 1 KoL+0.3V 
1 • 1 t:!:--- VOL 
1 I tpHZ ~ j+-

tpZH~ j+- I 
1 --- VOH 11.5 V ~H-0.3V 

___ J. ....---- - OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

LOW· AND HIGH-LEVEL ENABLING 

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 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 s 10 MHz, Zo - 50 n. Ie s 2.5 ns, tf S 2.5 ns. 
D. The outputs are measured one at a time with one transHion per measurement. 

Figure 1. Load Circuit and Voltage Waveforms 

~1ExAs 
INSTRUMENTS 
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SN54LVT16373,SN74LVT16373 
3.3-V ABT 16·BIT TRANSPARENT O·TYPE LATCHES 

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 
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 2.7 V 

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

• 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 500 mA 
Per JEDEC Standard JESD-17 

• Bus-Hold Data Inputs Eliminate the Need 
for External Pullup 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 300-mil 
Shrink Small-Outline (DL) and Thin Shrink 
Smail-Outline (DGG) Packages and 380-mil 
Flne-PltchCeramlc Flat (WD) Package 
Using 25-mll Center-ta-Center Spacings 

description 

SN54LVT16373 ••• WD PACKAGE 
SN74LVT16373 ••• DGG OR DL PACKAGE 

. (TOP VIEW) 

10E 
101 
102 

GNO 

107 
10'8 
201 
202 

GNO 
203 
204 
Vee 
205 
206 

GNO 
207 
208 
20E 

1lE 
101 
102 
GNO 
103 
104 
Vee 
105 
106 
GNO 
107 
108 
201 
202 
GNO 
203 
204 
Vee 
205 
206 
GNO 
207 
208 
2LE 

The 'LVT16373 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. 

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 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. 

Widebus is a trademark of Texas Instruments Incorporated. 

-!I1TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALlAS, TEXAS 75265 

Copyright C 1996, Texas Instruments Incorporated 
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SN54LVT16373,SN74LVT16373 
3.3-V ABT 16-BIT TRANSPARENT D-TYPE LATCHES 
WITH 3-STATEOUTPUTS 
SCBS144E- MAY 1992- REVISED JANUARY 1996 

description (continued) 

Active bus-hol9 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 Vee through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN7 4LVT16373 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 SN54LVT16373 is characterized for operation over the full military temperature range of -55°C to 125°C. 
The SN74LVT16373 is characterized for operation from -40°C to 85°C. 

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 , 
3D 

40 

OE 

L 

L 

L 

H 

r 
2 

1V 
3 

5 

6 

8 

9 

11 

\ 12 

13 
2V 

14 

16 

17 

19 

20 

22 

23 

FUNCTION TABLE 
(each 8-blt section) 

INPUTS 

LE 

H 

H 

L 

X 

1Q1 

1Q2 

1Q3 

1Q4 

1Q5 

1Q6 

1Q7 

1Q8 

2Q1 

2Q2 

2Q3 

2Q4 

2Q5 

2Q6 

2Q7 

2Q8 

OUTPUT 

0 Q 

H H 

L L 

X aO 
X Z 

logic diagram (positive logic) 

10E --'------a 

1LE 

101 _4.:..:.7 ___ +--1 

To Seven Other Channels 

20E------a 

2LE 

201 _3:..:6 ___ +--1 

To Seven Other Channels 

t This symbol is in acccrdance with ANSI/IEEE Std 91-1984 
and lEG Publication 617-12. 

~1ExAs 
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SN54LVT16373,SN74LVT16373 
3.3-V ABT 16-BIT TRANSPARENT D-TYPE LATCHES 

WITH 3-STATE OUTPUTS 
SCBSl44E - MAY 1992 - REVISED JANUARY 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, Va (see Note 1) .... -0.5 V to 7 V 
Current into any output in the low state, 10: SN54LVT16373 ................................... 96 mA 

SN74LVT16373 .................................. 128 mA 
Current into any output in the high state, 10 (see Note 2): SN54LVT16373 ....................... 48 mA 

SN74LVT16373 ....................... 64 mA 
Input clamp current, 11K (VI < 0) .......................................................... -50 mA 
Output clamp current, 10K (Va < 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, 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 n 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 150·e and a board trace length of 750 mils. 

For more information, refertothe Package ThermalConsiderationsapplication note in the 1994 ABT Advanced BiCMOS Technology 
Data Book, literature number SeBD002B. 

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 

atlav 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. 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALlAS, TEXAS 75265 

SN54LVTl6373 SN74LVT16373 
UNIT 

MIN MAX MIN MAX 

2.7 3.6 2.7 3.6 V 

2 2 V 

0.8 0.8 V 

5.5 5.5 V 

-24 -32 mA 

48 64 rnA 

10 10 nsN 

"'-55 125 -40 85 ·e 
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SN54LVT16373,SN74LVT16373 
3.3-V ABT 16-BIT TRANSPARENT D-TYPE LATCHES 
WITH 3-STATE OUTPUTS 
SCBS144E - MAY 1992 - REVISED JANUARY 1996 

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

SN54LVT16373 SN74LVT16373 
PARAMETER TEST CONDITIONS 

MIN TYPt MAX MIN TYPt 

VIK Vee- 2.7V, 11--18mA -1.2 

Vee - MIN to MAX;, IOH--l001lA Vee-0.2 Vee-0.2 

Vee = 2.7 V, IOH --8mA 2.4 2.4 
VOH 

IOH=-24mA 2 
Vee=3V 

IOH=-32mA 2 

IOL - 100 IlA 0.2 
Vee=2.7V 

IOL=24 mA 0.5 

'OL= 16 mA 0.4 
VOL 

IOL-32 mA 0.5 
Vee- 3V 

IOL=48mA 0.55 

IOL=64 mA 

Vee = 0 or MAX;, V, =5.5V 40 

Control inputs Vee =3.6 V, V, - Vee or GND ±1 
II 

V,-Vee 1 
Data inputs Vee=3.6V 

V,-O -5 

loff Vee=O, V, or Vo - Ot04.5 V ±100 

V, = 0.8V 75 75 
',(ho,d) Data inputs Vee=3V 

V,.2V -75 -75 

IOZH Vee = 3.6 V, VO-3V 5 

IOZL Vee- 3.6V, VO-0.5V -5 

Outputs high 0.09 

ICC Outputs low Vee- 3.6V, '0=0, 5 

Outputs disabled 
V,_ Vee or GND 

0.09 

alee§ 
Vee -3 Vt03.6 V, 
One input at Vee - 0.6 V, 0.2 
Other inputs at Vee or GND 

ei V,- 3 VorO 5 

Co Vo-3VorO 9.5 

tAli typ,cal values are at Vee - 3.3 V, TA = 25°C. 
; For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
§ This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vee or GND. 

5 

9.5 

MAX 

-1.2 

0.2 

0.5 

0.4 

0.5 

0.55 

10 

±1 

1 

-5 

±100 

5 

-5 

0.09 

5 

0.09 

0.2 

UNIT 

V 

V 

V 

IlA 

IlA 

IlA 

IlA 
IlA 

mA 

mA 

pF 

pF 

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

SN54LVT16373 SN74LVT16373 

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 

tw Pulse duration, LE high 3.3 3.3 3.3 3.3 ns 

tsu Setup time, data before LEJ, 1 1 0.5 0.5 ns 

th Hold time, data aiter LEJ, 2.6 2.9 1.8 2 ns 

~1ExAs 
INSTRUMENTS 
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SN54LVT16373,SN74LVT16373 
3.3-V ABT 16-BIT TRANSPARENT D-TVPE LATCHES 

WITH 3-STATE OUTPUTS 
SCBS144E- MAY 1992 - REVISED JANUARY 1996 

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

SN54LVT16373 SN74LVT16373 

PARAMETER 
FROM TO VCC=3.3V 

VCC=2.7V 
Vcc = 3.3 V 

VCC=2.7V UNIT 
(INPUn (OUTPUn ±O.3V ±O.3V 

MIN MAX MIN MAX MIN TYpt MAX MIN MAX 

tPLH 0.5 5.1 5.8 1.3 2.7 5 5.7 
0 a ns 

tpHL 0.5 5 5.8 1.4 2.9 4.9 5.7 

tpLH 1 6.8 7.3 2.1 3.6 6 6.8 
LE a ns 

tpHL 1 7.8 8.9 3 4.7 6.9 8.8 

tpZH 
OE 

0.5 5.6 6.4 1 2.9 5.3 6.3 a ns 
tPZL 0.5 5.5 6 1.3 3 5.1 5.9 

tPHZ DE 1 7.2 8 2.7 4.3 6.8 7.6 a ns 
tpLZ 1 6.1 6.2 2.6 4 5.8 5.9 

t All tYPical values are at Vee = 3.3 V, TA _ 25°e. 

~1ExAs 
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SN54LVT16373,SN74LVT16373 
3.3-V ABT 16-BIT TRANSPARENT D-TYPE LATCHES 
WITH 3-STATE OUTPUTS 
SCBSI44E - MAY 1992 - REVISED JANUARY 1996 

PARAMETER MEASUREMENT INFORMATION 

06V 

S1 
From Output _ ... _ ....... __ 5.1\OONV-0 __ -J o Open 

Under Teet 

CL=50pF 
(_NoteA) J 5000 rD 

LOAD CIRCUIT FOR OUTPUTS 

I4--tw~ 

2.7 V 

OV 

1 1,..-__ 

Input 3 X\".1._5_V __ 

Input 

Output 

Output 

VOLTAGE WAVEFORMS 
PULSE DURATION 

~ X 2.7 V 
---1!',.5V 1 , •5V OV 

tPLH -H ~ tPHL 

I Jt I ~t::::- VOH 
I r ,·5V I ~ --+I....J 1 VOL 

tPHL~ ~tPLH 
I .~ VOH 

\1.5 V T,.5V 
. - -- VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

INVERTING AND NONINVERTING OUTPUTS 

NOTES: A. CL includes probe and jig capacitance. 

Timing Input 

Data Input 

Output 
Control 

Output 
Waveform 1 

S1 et6V 
(_Note B) 

Output 
Waveform 2 

S1 etGND 
(_Note B) 

TEST S1 

tpLtftPHL Open 

tPLZItPZL 6V 
tpHzltpZH GND 

2.7 V 
------"")(1.5 V 

----....J·I'------- ov 
14 .~ th .I I tau I 

__.J*1.5V ~ :.:V 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

=¥,.5 V ¥1.5 V :.:V 

tpZL~ If- 1 

---;.1""'" I tpLZ -+I ~ I \1.5V I .v.:--- 3V 
1 • 1 tyg.b..+.E:!.! VOL 

1 I tpHZ~ j4-
tPZH --.., j+- 1 

I --- VOH 
!1.5V ~H-O.3V 

___ .J. -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 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. 

Figure 1. Load Circuit and Voltage Waveforms 
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SN54LYT162373,SN74LVT162373 
3.3-Y ABT 16-BIT TRANSPARENT O·TYPE LATCHES 

WITH 3-STATE OUTPUTS 

• 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 (SOV 
Input and Output Voltages With 3.SOV Vee) 

• Support Unregulated Battery Operation 
Down t02.7V 

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

• 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 500 mA 
Per JEDEC Standard JESD-17 

• Bus-Hold Data Inputs Eliminate the Need 
for External Pullup 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 300-mil 
Shrink Smail-Outline (DL) and Thin Shrink 
Smail-Outline (DGG) Packages and 38O-mil 
Fine-Pitch Ceramic Flat (WD) Package 
Using 25-mil Center-to-Center Spacings 

description 

SN54LVT162373 ••• WD PACKAGE 
SN74LVT162373 ••• DGG OR DL PACKAGE 

(TOP VIEW) 

1lE 
101 
102 
GNO 
103 
104 

Vee 7 Vee 
105 8 105 
106 9 106 

GNO GNO 
107 107 
108 108 
201 201 
202 202 

GNO GNO 
203 203 
204 204 
Vee Vee 
205 205 
206 206 

GNO GNO 
207 207 
208 208 
20E 2lE 

The 'LVT162373 are16-bit transparent Ootype latches with 3-state outputs 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 are 
particularly suitable for implementing buffer registers, I/O ports, bidirectional bus drivers, and working registers. 

The 'LVT162373 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. 

Copyright C 1995, Texas Instruments Incorporated 
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SN54LVT162373,SN74LVT162373 
3.3-V ABT 16-BIT TRANSPARENT D-TYPELATCHES 
WITH 3-STATE OUTPUTS 
SCBS261 D - JULY 1993 - REVISED NOVEMBER 1995 

description (continued) 

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 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. 

The outputs, which are designed to source or sink up to 12 mA, include 22-0 series resistors to reduce overshoot 
and undershoot. 

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 Vee through a pullup 
resistor; the minimum value of the resistor is determined by the current-Sinking capability of the driver. 

The SN74LVT162373 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. 

C The SN54LVT162373 is characterized for operation over the full military temperature range of -55°C to 125°C. )5 The SN74LVT162373 is characterized for operation from -40°C to 85°C. 

Z FUNCTION TABLE o (each 8-blt section) 

m -Z 

" o 
:xJ 
3: 

~ o 
Z 

6-34 

INPUTS OUTPUT 
OE LE D Q 

L H H H 

L H L L 

L L X 00 
H X X Z 
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SN54LVT162373,SN74LYT162373 
3.3-Y ABT 16-BIT TRANSPARENT D-TYPE LATCHES 

WITH 3-STATE OUTPUTS 
SCBS261 D -JULY 1993 - REVISED NOVEMBER 1995 

logic symbolt logic diagram (positive logic) 

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 

r-.. 1EN 

C3 

"- 2EN 

C4 , r 
30 1<;7 

40 2<;7 

10E~-----a 

1LE 

101 _4..:..:7 ___ -+_-i 
2 

1Q1 
3 

1Q2 
5 

1Q3 
6 

8 
1Q4 

To Seven Other Channels 
1Q5 

9 
1Q6 

11 

12 
1Q7 20E 
1Q8 

13 
2Q1 2LE 

14 
2Q2 

16 

17 
2Q3 201 36 

2Q4 
19 

2Q5 
20 

2Q6 
22 

2Q7 
23 

2Q8 To Saven Other Channels 

tThls symbol is in accordance with ANSII.IEEE Std 91-1984 
and IEC Publication 617-12. 

. 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 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 •..•.••.••.•.....•.........••..•....••..•..•..••.• 30 mA 
Current into any output in the high state, 10 (see Note 2) ...................................... 30 mA 
Input clamp current, 11K (VI < 0) .......................................................... -50 mA 
Output clamp current, 10K (VO < 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, 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-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 Va > VCC. 
3. The maximum package power dissipation is calculated using ajunction temperature of 150·C and a board trace length of 750 mils. 

For more information. refertothe Package ThermalConsiderationsapplicatlon note In the 1994 ABT Advanced BiCMOS Technology 
Data Book,literature number·SCBD002B. 
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SN54LVT162373, SN74LVT162373 
3.3-V ABT 16-BIT TRANSPARENT D-TVPE LATCHES 
WITH 3-STATE OUTPUTS 
SOBS261 D - JULY 1993 - REVISED NOVEMBER 1995 

recommended operating conditions (~ee Note 4) 

Vee Supply voltage 

V,H High-level input voltage 

V,L Low-level Input voltage 

V, Input voHage 

10H High-level output current 

10L Low-level output current 

AtlllN 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. 

SN54LVT162373 SN74LVT162373 
UNIT 

MIN MAX MIN MAX 

2.7 3.6 2.7 3.6 V 

2 2 V 

0.8 0.8 V 

5.5 5.5 V 

-12 -12 rnA 

12 12 rnA 

10 10 ns/V 
-

-55 125 -40 85 ·C 

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

TEST CONDITIONS 
SN54LVT162373 SN74LVT162373 

PARAMETER 
MIN MAX MIN 

V,K Vee- 2.7V, II K-18mA -1.2 

VOH Vee- 3V, IOH=-12mA 2 2 

VOL \Ice =3 V, 10L= 12mA 0.8 

Vee = 0 or MAXt, V, = 5.5 V 10 

V, = Vee or GND Control pins ±1 
II 

Vee- 3.6V V,-Vee 1 

V,=O 
Data pins 

-5 

loff Vee- O, V, orVO - Oto 4.5 V 

Vee- 3V 
IVI = 0.8 V 75 75 

"(ho'd) V,-2V 
A inputs 

-75 -75 

10ZH Vee=3.6V, VO=3V 1 

10ZL Vee = 3.6 V, Vo = 0.5 V -1 

Outputs high 0.19 

ICC 
Vee- 3.6V, 10=0, Outputs low 5 
V, - Vee or GND 

Outputs disabled 0.19 

Alec; 
Vee. 3 Vt03.6 V, One input at Vee - 0.6 V, 

0.2 
Other inputs at Vee or GND 

ei V,- 3 VorO 

eo Va-3VorO .. t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions . 
; 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 

0.8 

10 

±1 

1 

-5 

±100 

1 

-1 

0.1 

5 

0.1 

0.2 

UNIT 

V 

V 

V 

pA 

pA 

pA 

pA 

pA 

rnA 

rnA 

pF 

pF 



SN54LVT16374,SN74LVT16374 
3.3-V ABT 16-BIT EDGE·TRIGGERED D·TYPE FLlP·FLOPS 

WITH 3-STATE OUTPUTS 
1992 - REVISED JANUARY 1996 

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

• Members of the Texas Instruments 
W/debus™ Family 

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

• Support Unregulated Battery Operation 
Down to 2.7 V 

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

• 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 500 mA 
Per JEDEC Standard JESD·17 

• Bus·Hold Data Inputs Eliminate the Need 
for External Pullup Resistors 

• Support Live Insertion 

• Distributed Vee and GND Pin Configuration 
Minimizes Hlgh·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 3So-mil 
Fine-Pitch Ceramic Flat (WD) Package 
Using 25·mll Cente .... to·Center Spacings 

description 

SN54LVT16374 ••• WD PACKAGE 
SN74LVT16374 ••• DGG OR DL PACKAGE 

(TOP VIEW) 

10E 1CLK 
101 101 
102 3 46 102 

GNO 45 GNO 
103 44 103 
104 43 104 
Vee Vee 
105 8 105 
106 9 106 

GNO GNO 
107 107 
108 108 
201 201 
202 202 

GNO GNO 
203 203 
204 204 
Vee Vee 
205 205 
206 206 

GNO GNO 
207 207 
208 208 
20E 2CLK 

The 'lVT16374 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 TTL 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 S-bit flip-flops or one 16-blt flip-flop. On the positive transition of the clock 
(ClK), the Q outputs of the flip-flop take on the logiC levels set up at the data (0) inputs. 

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 flip-flop. Old data can be retained or new data can be entered while 
the outputs are in the high-impedance state. 

Widebus is a trademark of Texas Instruments Incorporated. 
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Copyright IC 1996, Texas Instruments Incorporated 
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SN54LYT16374, SN74LVT16374 
3.3·Y ABT 16·BIT EDGE·TRIGGERED D·TVPE FLlp·FLOPS 
WITH 3·STATE OUTPUTS 
SCBSI45E-MAY 1992-REVISEDJANUARY 1996 

description (continued) 

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 Vee through a pull up 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN7 4LVT1637 4 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 SN54LVT16374 is characterized for operation over the full military temperature range of -55°C to 125°C. 
The SN7 4LVT1637 4 is characterized for operation from -40°C to 85°C. 

logic symbolt 

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 , 
10 

20 

OE 
L 
L 
L 
H 

r 2 
1'" 

3 

5 

6 

8 

9 

11 

12 

13 
2 ... 

14 

16 

17 

19 

20 

22 

23 

FUNCTION TABLE 
(each flip-flop) 

INPUTS OUTPUT 
CLK 0 Q 

i H H 

i L L 
H or L X 00 

X X Z 

logic diagram (positive logic) 

10E.....:...-----a 

1CLK 

101 _4,::7 ___ -+--I 

1Q1 

1Q2 

1Q3 

1Q4 
To Seven Other Channels 

1Q5 

1Q6 

1Q7 20E 
1Q8 

2Q1 2CLK 

2Q2 

2Q3 201 36 

2Q4 

2Q5 

2Q6 

2Q7 
2Q8 To Seven Other Channels 

tThis symbol is in accordance with ANSIIIEEE Std 91-1984 
and I EC Publication 617-12. 
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SN54LVT16374,SN74LVT16374 
3.3-V ABT 16-BIT EDGE-TRIGGERED D-TVPE FLIP-FLOPS 

WITH 3-STATE OUTPUTS 
SCBS145E - MAY 1992 - REVISED JANUARY 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 
Current into any output in the low state, 10: SN54LVT16374 ................................... 96 mA 

SN74LVT16374 .................................. 128 mA 
Current into any output in the high state, 10 (see Note 2): SN54LVT16374 ....................... 48 mA 

SN74LVT16374 ....................... 64 mA 
Input clamp current, 11K (VI < 0) ..............................•........................... -50 mA 
Output clamp current, 10K (Vo < 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-{)urrent ratings are observed. 
2. This current flows only when the output is in the high state and Va> Vcc. 
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 ThermalConsiderationsapplication note inthe 1994 ABT Advanced BiCMOS Technology 
Data Book. literature number SCBD002B. 

recommended operating conditions (see Note 4) 
SN54LVTl6374 SN74LVT16374 

UNIT 
MIN MAX MIN MAX 

VCC Supply voltage 2.7 3.6 2.7 3.6 V 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.8 0.8 V 

VI Input voltage 5.5 5.5 V 

IOH High-level output current -24 -32 rnA 

IOl low-level output current 48 64 rnA 

At/Av Input transition rise or fall rate I Outputs enabled 10 10 ns/V 

TA Operating free-air temperature -55 125 -40 85 'C 

NOTE 4: Unused control inputs must be held high or low to prevent them from floating. 
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SN54LVT16374,SN74LVT16374 
3.3-V ABT 16-BIT EDGE-TRIGGERED D-TVPE FLIP-FLOPS 
WITH 3-STATE OUTPUTS 
SCBSl45E - MAY 1992 - REVISED JANUARY 1996 

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

SN54LVT1C1374 SN74LVT1 Cl374 
PARAMETER TEST CONDITIONS 

TYPt TYPt MIN MAX MIN 

VIK Vee=2.7V, 11--18mA -1.2 

Vee - MIN to MAX:!:, IOH--l0011A Vee-0.2 Vee-0.2 

Vee=2.7V, IOH=-8mA 2.4 2.4 
VOH 

IOH--24mA 2 
Vee=3V 

IOH =-32 rnA 2 

IOL = 100 IIA 0.2 
Vee=2.7V 

IOL=24mA 0.5 

VOL 
IOL-16 rnA 0.4 

10L-32mA 0.5 
Vee- 3V 

IOL-48rnA 0.55 

IOL-64rnA 

Vee - 0 or MAX:!:, VI-5.5 V 10 

eontrollnputs Vee=3.6V, VI = Vee or GND ±1 
II 

VI-Vee 1 
Data inputs Vee- 3.6V 

VI=O -5 

loff Vee -0, VI orVo- Ot04.5 V ±100 

VI-0.8V 75 75 
II(hold) Data inputs Vee- 3V 

VI=2V .,..75 -75 

10ZH Vee- 3.6V, VO=2.7V 5 

IOZL Vee- 3.6V, Vo = 0.5 V -5 

Outputs high 0.1 

lee Outputs low Vee" 3.6 V, 10=0, 5 

Outputs disabled 
VI - Vee or GND 

0.1 

dlee§ 
Vee -3 Vt03.6V, 
One input at Vee - 0.6 V, 0.2 
Other inputs at Vee or GND 

ei VI·3VorO 5 

eo Vo=3VorO 9.5 

t All typical values are at Vee - 3.3 V, TA _ 25°e. 
:!: For conditions shown as MIN or MAX, use the appropriate value specHled under recommended operating conditions. 
§ This is the increase in supply current for each input that is at the specified TTL voHage level rather than Vee or GND. 

5 

9.5 

MAX 

-1.2 

0.2 

0.5 

0.4 

0.5 

0.55 

10 

±1 

1 

-5 

±100 

5 

-5 

0.1 

5 

0.1 

0.2 

UNIT 

V 

V 

V 

IIA 

IIA 

IIA 

IIA 
IIA 

rnA 

rnA 

pF 

pF 

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

'clock elock frequency 

tw Pulse duration, eLK high or low 

tsu Setup time, data before eLKi 

th Hold time, data after eLKt 

6-40 

SN54LVT16374 

Vee = 3.3 V 
VCC = 2.7 V ±O.3V 

MIN MAX 

0 150 

3.3 

I High or low 2.8 

I High or low 0.6 

~TEXAS 
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MIN 

0 

3.3 

3.3 

0.5 
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MAX 

150 

SN74LVT16374 

VCC=3.3 
Vee = 2.7 V UNIT 

±O.3V 

MIN MAX MIN MAX 

0 150 0 150 MHz 

3.3 3.3 ns 

2.2 2.6 ns 

0.6 0 ns 



SN54LYT16374,SN74LVT16374 
3.3-Y ABT 16-BIT EDGE-TRIGGERED D-TVPE FLIP-FLOPS 

WITH 3-STATE OUTPUTS 
SCBS145E- MAY 1992 - REVISED JANUARY 1996 

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

SN54LVT16374 SN74LVT16374 

PARAMETER 
FROM TO Vqe = 3.3 V 

Vee = 2.7 V 
Vee = 3.3 V 

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

MIN MAX MIN MAX MIN TVPt MAX MIN MAX 

'max 150 150 150 150 MHz 

tpLH 1.9 6.6 7.4 1.9 3.6 6.3 7 
CLK Q ns 

tpHL 2.3 6.9 7.5 2.3 4.1 6.6 7.2 

tpZH 
OE 

1 5.6 6.4 1 2.7 5.3 6.3 
Q ns 

tpZL 1.3 5.3 6 1.3 2.8 5.1 5.9 

tpHZ 
OE 

1 7.2 8.2 2.7 4.3 6.8 7.6 
Q ns 

tpLZ 2.6 6.1 8.2 2.6 3.9 5.8 5.9 

t All typical values are at Vee = 3.3 V. TA = 25°C. 
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SN54lVT16374,SN74lVT16374 
3.3-V ABT 16-BITEDGE-TRIGGERED D-TYPE FLIP-FLOPS 
WITH 3-STATE OUTPUTS 
SCBSl45E - MAY 1992 - REVISED JANUARY 1996 

PARAMETER MEASUREMENT INFORMATION 

o BV 

S1 
From Output _-._---._-50.JVV0\rO---J 

o Open 

r~ 
Under Test 

CL=50pF 
(see Note AI I 5000 

LOAD CIRCUIT FOR OUTPUTS 

I4---tw~ 

1 1,----

Input3 XI..~·_5V __ 

2.7 V 

Input 

VOLTAGE WAVEFORMS 
PULSE DURATION 

==>:<1.5 V )(1.5 V 
1 

tpLH --J.--..I 

OV 

2.7 V 

OV 

~tPHL 
1 

,1.5 V 
I ~VOH I 1 1.6V 

1 1 VOL 
Output 

I 
tPHL~ ~tPLH 

\1.5 V 
FVOH 

1.5V 

- VOL 
Output 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

INVERTING AND NONINVERTING OUTPUTS 

Timing Input 

Data Input 

Output 
Control 

Output 
Waveform 1 

S1 aUV 
(see Note B) 

Output 
Waveform 2 

S1 atGND 
(see Note B) 

TEST S1 

tPLtftPHL Open 
tpLZ/tpZL BV 

tpHzltpZH GND 

2.7 V -------y1.5V 

____ --J. 1'-______ OV 

14 ~~ th ~ I tsu I 

--""*1.5 V ~ :.:v 
VOLTAGE WAVEFORMS 

SETUP AND HOLD TIMES 

==>:<1.5 v ):(1.5 V 

2.7 V 

OV 
tpZL~ 14- 1 

~ 3V 
1 I tPLZ-+I 

I, 1 ~L+0.3V V 
1 1•5V 1 
1 1 --- OL 

1 
tpZH~ 

1 tpHZ~ 
j4-

j+-
1 

!1.5V 
~H .:o.3V VOH 

",OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

LOW- AND HIGH-LEVEL ENABLING 

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 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. 

Figure 1. Load Circuit and Voltage Waveforms 
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SN54LVT162374,SN74LVT162374 
3.3·V ABT 16·BIT EDGE·TRIGGERED D·TVPE FLlp·FLOPS 

WITH 3·STATE OUTPUTS 

• 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.Statlc Power 
Dissipation 

• 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 2.7 V 

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

• 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 500 mA 
Per JEDEC Standard JESD-17 

• Bus-Hold Data Inputs Eliminate the Need 
for External Pullup 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 30Q-mll 
Shrink Smail-Outline (DL.) and Thin Shrink 
Smail-Outline (DGG) Packages and 38Q-mil 
Fine-Pitch Ceramic Flat (WD) Package 
Using 25-mll Center-ta-Center Spacings 

description 

SN54LVT162374 ••• WD PACKAGE 
SN74LVT162374 ••• DGG OR DL PACKAGE 

(TOP VIEW) 

1CLK 
101 
102 
GNO 
103 
104 

Vee Vee 
105 8 105 
106 9 106 

GNO 10 GNO 
107 11 107 
108 37 108 
201 38 201 
202 35 202 

GNO 34 GNO 
203 33 203 
204 32 204 
Vee 31 Vee 
205 30 205 
206 29 206 

GNO 28 GNO 
207 207 
208 208 
20E 2CLK 

The 'LVT16237 4 are 16-bit edge-triggered D-type flip-flops with 3-state outputs designed for low-voltage (3.3-V) 
VCC operation, but with the capability to provide a TTL interface to a 5-V system environment. They are 
particularly suitable for implementing buffer registers, I/O ports, bidirectional bus drivers, and working registers. 

The 'LVT162374 can be used as two 8-bit flip-flops or one 16-bit flip-flop. On the positive transition of the clock 
(CLK), the Q outputs of the flip-flop take on the logic levels set up at the D inputs. 

Wldebus Is a trademark of Texas Instruments Incoreoratad. 

Copyright «:> 1995, Texas Instruments Incorporated 

~1ExAs 
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SN54LVT162374,SN74LVT162374 
3.3-V ABT 16-BIT EDGE·TRIGGERED D·TYPE FLlP·FLOPS 
WITH 3-STATE OUTPUTS 
SCBS262C - JULY 1993 - REVISED JULY 1995 

description (continued) 

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 flip-flop. 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 source or sink up to 12 mA, include 22"0 series resistors to reduce overshoot 
and undershoot. 

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 Vee through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN74lVT162374 is available in Tl'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. . 

C The SN54lVT162374 is characterized for operation over the full military temperature range of -55·C to 125·C. 
:;: The SN74lVT162374 is characterized for operation from -40·C to 85·C. 

Z FUNCTION TABLE o (each flip-flop) 

m -Z 
"T1 o 
:D 
:s:: 
~ -o 
Z 

6-44 

INPUTS OUTPUT 

OE ClK D Q 

l l' H H 

l l' l l 

L L X 00 
H X X Z 
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SN54LVT162374,SN74LVT162374 
3.3-V ABT 16-BIT EDGE-TRIGGERED D-TYPE FLIP-FLOPS 

WITH 3-STATE OUTPUTS 
SCBS262C - JULY 1993 - REVISED JULY 1995 

logic symbolt logic diagram (positive logic) 

10E 

1CLK 

20E 

2CLK 

101 

102 

103 

104 

105 

106 

107 

108 

201 

202 

203 

204 

205 

208 

207 

208 

1 r.... 

48 

24 r.... 

25 

47 

46 

44 

43 

41 

40 

38 

37 

38 

35 

33 

32 

30 

29 

27 

26 

1EN 

C1 

2EN 

C2 ., r 
10 1V 

20 2V 

10E....:...-----a 

1CLK 

101-'-'47'--__ -+_-1 
2 

1Q1 
3 

1Q2 
5 

1Q3 
6 

8 
1Q4 

1Q5 
To Seven Other Channels 

8 
1Q8 

11 

12 
1Q7 20E 
1Q8 

13 
2Q1 2CLK 

14 
2Q2 

16 

17 
2Q3 201 38 

2Q4 
18 

2Q5 
20 

2Q6 
22 

2Q7 
23 

2Q8 To Seven Other Channels 

tThis symbol is in accordance with ANSI/IEEE Std 91-1984 
and IEC Publication 617-12. 

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 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 ••••.••••••••.•••••.••••••.•••••..•••.••.....•.••• 30 rnA 
Current into any output in the high state, 10 (see Note 2) ••..•...•.........•................... 30 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 

: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-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 > Vcc. 
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 771ermalConslderatlonsapplication note in the 1994 ABT Advanced BICMOS Technology 
Data Book, literature number SCBDOO2B. 
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SN54LVT162374,SN74LVT162374 
. 3.3-V ABT 16-BIT EDGE-TRIGGERED D·TYPE FLIP-FLOPS 

WITH 3-STATE OUTPUTS 
SCBS262C-JULY 1993- ReVISED JULY 1995 

recommended operating conditions (see Note 4) 

VCC Supply voltage 

VIH High-level Input voltage 

VIL Low-level input voltage 

VI Input voltage 

10H High-level output current 

10L Low-level output current 

At/Av 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. 

SN54LVT162374 SN74LVT162314 
UNIT 

MIN MAX MIN MAX 

2.7 3.6 2.7 3.6 V 

2 2 V 

0.8 0.8 V 

5.5 5.5 V 

-12 -12 mA 

12 12 mA 

10 10 ns/V 

-55 125 -40 85 ·C 

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

PARAMETER TEST CONDITIONS 
SN54LVT162374 SN74LVT162374 

MIN MAX MIN 

VIK VCC- 2.7V, II =-18 mA -1.2 

VOH VCC- 3V, IOH=-12mA 2 2 

VOL VCC=3V, IOL-12 mA 0.8 

VCC = 0 or MAXi", VI-5.5V 10 

II 
VI - VCC or GND Control inputs ±1 

VCC- 3.6V VI-VCC 1 

VI-O 
Data inputs 

-5 

loff VCC- O, Vl orVO-Ot04.5V 

VI-0.8V 75 75 
II (hold) VCC- 3V 

VI=2V 
A inputs 

-75 -75 

10ZH VCC- 3.6V, VO-3V 1 

10ZL Vee- 3.6V, VO-0.5V -1 

Outputs high 0.19 

ICC 
Vec=3.6V, 10- 0, Outputs low 5 
VI - VCC or GND 

Outputs disabled 0.19 

Alec; 
Vcc- 3Vt03.6 V, One input at VCC - 0.6 V, 

0.2 Other inputs at Vee or GND 

CI VI-3 VorO 

Co Vo-3VorO 
.. .. .. t For conditions shown as MIN or MAX, use the appropriate value Specified under recommended operating conditions • 

; This is the increase In supply current for each input that is at the specified TTL voltage level rather than Vec or GND. 

~1ExAs 
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MAX 

-1.2 

0.8 

10 

±1 

1 

-5 

±100 

1 

-1 

0.1 

5 

0.1 

0.2 

UNIT 

V 

V 

V 

JJA 

JJA 

JJA 

JJA 
JJA 

mA 

mA 

pF 

pF 



SN54LVT16500,SN74LVT16500 
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 
Widebus™ Family 

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

• Support Unregulated Battery Operation 
Down to 2.7 V 

• UBTTM (Universal Bus Transceiver) 
Combines 0-Type Latches and D-Type 
Flip-Flops for Operation in Transparent, 
Latched, or Clocked Mode 

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

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

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

• Bus-Hold Data Inputs Eliminate the Need 
for External Pullup 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 300-mil 
Shrink Smail-Outline (DL) and Thin Shrink 
Small-Outline (DGG) Packages and 380-mil 
Fine-Pitch Ceramic Flat (WD) Package 
Using 25-mll Center-to-Center Spacings 

description 

SN54LVT16500 ••• we PACKAGE 
SN74LVT16500 ••• DGG OR DL PACKAGE 

(TOP VIEW) 

OEAB GND 
lEAB ClKAB 

Ai B1 
GND GND 

A2. B2 
A3 6 B3 

Vee Vee 
A4 B4 
A5 9 B5 
A6 B6 

GND 11 GND 
A7 B7 
A8 B8 
A9 B9 

A10 B10 
A1i B11 
A12 B12 

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

GND GND 
A18 B18 

OEBA ClKBA 
lEBA GND 

The 'LVTi6500 are is-bit universal bus transceivers 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 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 is 
low, the A-bus data is stored in the latchlflip-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. 

Widebus and UBT are trademarks of Texas Instruments Incorporated. 

Copyright@ 1995, Texas Instruments Incorporated 

~1EXAS 
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SN54LVT16500,SN74LVT16500 
3.3·V ABT 18·BIT UNIVERSAL BUS TRANSCEIVERS 
WITH 3-8TATE OUTPUTS 
SCBSl46C- MAY 1992 - REVISED JULY 1995 

description (continued) 

6-48 

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). 

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 Vee through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. OE 
should be tied to GND through a pulldown resistor; the minimum value of the resistor is determined by the 
current-sourcing capability of the driver. 

The SN7 4LVT16500 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 SN54LVT16500 is characterized for operation over the full military temperature range of -55°C to 125°C. 
The SN74LVT16500 is characterized for operation from -40°C to 85°C. 

FUNCTION TABLEt 

INPUTS OUTPUT 
OEAB LEAB CLKAB A B 

L X X X Z 
H H X L L 

H H X H H 
H L J. L L 

H L J. H H 
H L H X Bo* 
H L L X BO§ 

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

:I: Output level before the Indicated steady-state Input 
condldons were established 

§ Output level before the indicated steady-sta~ input 
condlUons were established, provided that LKAB 
W!lS low before LEAB went low 

~1ExAs 
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logic symbolt 

OEAB 

CL.KAB 

1 

55 

2 
L.EAB 

OEBA 

CL.KBA 

27 

30 

28 
L.EBA 

3 
A1 

5 
A2 

6 
A3 

A4 
8 

9 
AS 

10 
AS 

12 
A7 

A8 
13 

14 
A9 

A10 
15 

A11 
16 

17 
A12 

19 
A13 

20 
A14 

21 
A15 

A16 
23 

A17 
24 

26 
A18 

"-

L..t:, 

" 
"-

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

WITH 3-STATE OUTPUTS 
SCBS146C- MAY 1992- REVISED JULY 1995 

EN1 

2C3 

C3 
G2 

EN4 

5C6 

C6 

L..t:, ~5 
r 

54 

L.-
3D 1 1V 

4V 1 60 h--l 
52 

51 

49 

48 

47 

45 

44 

43 

42 

41 

40 

38 

37 

38 

34 

33 

31 

B1 

B2 

B3 

B4 

B5 

B6 

B7 

B8 

B9 

B10 

B11 

B12 

B13 

B14 

B15 

B16 

B17 

B18 

tThis symbol Is in accordance wilh ANSI/IEEE Sid 91-1984 and lEG Publication 617-12. 
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SN54LVT16500,SN74LVT16500 
3.3-V ABT 18-BIT UNIVERSAL BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 
8CBS146C- MAY 1992- REVI8EDJULY 1995 

logic diagram (positive logic) 

OEAB 

ClKAB 55 

lEAB 
2 

lEBA 28 

ClKBA 
30 

OEBA --".27"--_-a 

Ai 3 ~--~r-----------~---+_r--~1D 

H--IC1 
ClK 

1D~~~~~~==~~--< 
C1 1-----1 ...... 

ClK 

\~--------------~V~--------------~I 
To 17 Other Channels 

54 B1 

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: SN54LVT16500 ................................... 96 mA 

SN74LVT16500 ......•........................... 128 mA 
Current into any output in the high state, 10 (see Note 2): SN54LVT16500 ....................... 48 mA 

SN74LVT16500 ...•................... 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 
Storage temperature range, T8tg •••....••.•.••.••.•..•.•..••.••..•••..••...••••..• -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 condHlons 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 H the Input and output clamp-current ratings are observed. 

6-50 

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 150·e and a board trace length of 750 mils. 

For more Information, refert(lthe Package Thermal Considerations application note in the 1994 ABT Advanced BiCMOS Technology 
Data Book, literature number SCBDOO2B. 
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. SN54LVT16500, SN74LVT16500 
3.3-V ABT 18-BIT UNIVERSAL BUS TRANSCEIVERS 

WITH 3-STATE OUTPUTS 
SCBS146C- MAY 1992- REVISED JULY 1995 

recommended operating conditions (see Note 4) 

VCC Supply voltage 

VIH High-level input voltage 

Vll low-level input vo~age 

VI Input voltage 

IOH High-level output current 

IOl low-level output current 

At/flY Input transHion 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. 

PRODUCT PREVIEW information ....... pn>dUcIs In tllo Ionmllllve or r:.n phue of dovolopmanl Ch_atIc dill and other 
• 1IeaI1 ..... dIIlgn gool •• T_lnotrum .... _tha right .. 
c ango or dlocontlnuolh ... productI wllhouI_ ~1EXAS 

INSTRUMENTS 
POST OFFICE 60X 655303 • DALLAS. TEXAS 75265 

SN54LVT16500 SN74LVT16500 
UNIT 

MIN MAX MIN MAX 

2.7 3·ft 2.7 3.6 V 

2 5ti 2 V 

11·8 0.8 V 

,Q'5.5 5.5 V 

0 -24 -32 mA 

~ 48 64 mA 

ifJ'<t: 10 10 ns/V 

-55 125 -40 85 ·C 
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SN54LVT16500,SN74LVT16500 
3.3-V ABT 18-BIT UNIVERSAL BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 
SCBS146C-MAY 1992- REVISED JULY 1995 

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

SN54LVT16500 SN74LVT16500 
PARAMETER TEST CONDITIONS 

MIN TYPt MAX MIN TYPt 

VIK Vee- 2.7V• 11--18mA -1.2 

Vee - MIN to MAX;. 10H =-100 pA Vee-0•2 Vee-0.2 

Vee=2.7V. IOH=-8mA 2.4 2.4 
VOH 

IOH--24mA 2 
Vee=3V 

IOH--32mA 2 

10l-100pA 0.2 
Vee- 2.7V 

IOl-24mA 0.5 

IOl-16mA 0.4 
VOL 

10l=32mA 0.5 
Vee- 3V 

IOl-48mA 0.55 

10l= 64 mA .~ 

Vee- 3.6V• VI - Vee or GND eontrol .~ ±1 

Vee a 0 or MAX;. VI=5.5V inputs JJ¥ 10 

II VI- 5.5 V ;.,."(;. 20 

Vee=3.6V VI-Vee Aor B ports§ .S' 5 

VI_O ~ -10 

loll Vee- O• VI orVO - Ot04.5 V 4:' 

II(hold) Vee=3V 
VI-0.8V 

: A or B ports 
75 75 

VI_2V -75 -75 

10ZH Vee- 3•6V• VO-3V 1 

10Zl Vee=3.6V. VO-0.5V -1 

Outputs high 0.12 

lee 
Vee- 3.6V• 10- 0• Outputs low 5 

. VI-VeeorGND Outputs 
disabled 

0.12 

Aleell Vee -3 VtoS.6 V, One input at Vee - 0.6 V. 
0.2 

Other inputs at Vee or GND 

ei VI-3VorO 3.5 

eio Vo=3VorO 12 

t All typical values are at Vee - S.S V. TA = 25°e. 
:j: For conditions shown as MIN or MAX. use the appropriate value specified under recommended operating conditions. 
§ Unused pins at Vee or GND 
II 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 _ion con ..... prod.cIIln 1110 tonnlllYt or 
dallan ~..... of d .. eI.pm.... ChI_ daIa ... _ 
.p .. lfl ... lon .... dsslgn goOlL T_ll18IIUm __ lie rlghl .. 
cI1angsordioconanusU.888prodllcllwhhoul_ 
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SN54LVT16500,SN74LVT16500 
3.3-V ABT 18-BIT UNIVERSAL BUS TRANSCEIVERS 

WITH 3-STATE OUTPUTS 
SCBS146C - MAY 1992 - REVISED JULY 1995 

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

SN54LVT16500 SN74LVT16500 

vee = 3.3 V 
Vcc = 2.7 V 

Vee = 3.3 V 
Vee=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 
tw Pulse duration 

CID< high or low 1$" ns 
3.3 3.3 3.3 

A before CLKABJ, 1.8 J$4-.1 1.8 1.1 

B before CLKBAJ, 1.9 ~'( 1.2 1.9 1.2 
Isu Setup time 

A or B before LEJ, , CLK high 2.2 ,~ 1.3 2.2 1.3 
ns 

A or B before LEJ, , CLK low 2.7 ~ 1.9 2.7 1.9 

A or Baiter C[j(J, 1.2 tJ:' 1.2 1.2 1.2 
th Hold time 

A or Baiter LEJ, 
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 SN74LVT16500 

PARAMETER 
FROM TO Vee = 3.3 V 

Vee=2.7V 
VCC=3.3V 

Vee = 2.7 V UNIT 
(INPUn (OUTPun ±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 

I~ 
ns 

tpHL 1.6 6 7.8 1.6 3.2 5.9 7.7 

tpLH 2.3 7.3 ;~ 8.9 2.3 4 7 8.5 
LEBAorLEAB AorB (l' ns 

tpHL 2.7 8.2 9.8 2.7 4.3 7.9 9.7 

tPLH a:Ki3Aor 2 7.t; 8.8 2 4.1 7 8.3 

CLKAB 
AorB 

(f! 
ns 

tpHL 2.4 10 2.4 4.4 7.9 9.9 

tpZH OEBAor 1.2 ~.2 6.1 1.2 3 5 5.9 
AorB ns 

tpZL OEAB 1.5 .... 5.9 7 1.5 .3 5.6 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 All typical values are at VCC - 3.3 V, TA - 25°C. 
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SN54LVT16500,SN74LVT16500 
3.3-VABT 18-BIT UNIVERSAL BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 
SCBSl46C - MAY 1992 - REVISED JULY 1995 

PARAMETER MEASUREMENT INFORMATION 

o 6V 

S1 o Open 5000 
From Output --.----.--".IIIIr----' 

r~ 
Under Teet 

CL=50pF 

(see Note A) T 500n 

LOAD CIRCUIT FOR OUTPUTS 

I4--tw~ 

2.7V 

OV 

1 1 __ --

Input 3 X,-~·_5_V __ 

Input 

Output 

Output 

VOLTAGE WAVEFORMS 
PULSE DURATION 

=¥1.5V ~1.5V :.:V 

II ~ 
tpLH ~ 1"""""1 tpHL 

I !1.5V I ~ VOH. 

---+I~ ·!_.I VOL 

tPHL~ ~tPLH 
I !.r.:::"" VOH 

\.1.5 V T1.5V '-. ___ ....L ____ VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

INVERTING AND NONINVERTING OUTPUTS 

Timing Input 

Data Input 

Output 
Control 

Output 
Waveform 1 

S1 at6V 
(_Note B) 

Output 
Weveform2 

S1 atGND 
(_Note B) 

TEST S1 

tPLH/tpHL Open 

tpLZltpZL 6V 

tPHZItPZH GND 

2.7 V 
------"1.5 V 
_____ ..1·1'-______ OV 

I .. t .~ th' .1 
1 su 1 

1 ~2.7V 
__ -,X1.5V ~ OV 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

=X1.5V ~,"1._5_V __ _ 

tpZL -+j II1II- 1 

2.7 V 

OV 

I I tPLZ-.i ~ 
---;-: ..,.,1.5 V i ~",.O-1...+-.!-.!...-V ::L 

I ItpHZ~ j4-
tpZH~ j4- I 

1---- VOH 
!1.5V ~H-O.3V 

----'. ..OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

LOW· AND HIGH·LEVEL ENABLING 

NOTES: A. CL includes probe and Jig capacitance. 
B. Waveform 1 is for an output wHh Internal conditions such that the output is low except when disabled by the output control. 

Waveform 2 is for an output wHh 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 - 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. 

Figure 1. Load Circuit and Voltage Waveforms 

~1ExAs 
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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 
Wldebus™ Family 

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

• Support Unregulated Battery Operation 
Down to 2.7 V . 

• UBTTM (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-883C, 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 Data Inputs Eliminate the Need 
for External Pullup 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 300-mll 
Shrink Smail-Outline (DL) and Thin Shrink 
Smail-Outline (DGG) Packages and 380-mll 
Fine-Pitch Ceramic Flat (WD) Package 
Using 25-mll Center-to-Center Spacings 

description 

I 

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

(TOP VIEW) 

OEAB 1 GND 
LEAB CLKAB 

A1 B1 
GND GND 

A2. B2 
B3 

Vee 7 Vee 
A4 B4 
A5 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 CLKBA 
LEBA GND 

The 'LVT16501 are 18-bit universal bus transceivers designed for low-voltage (3.3-V) V CC operation, but with 
the capability to provide a TTL interface to a 5-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. 

Copyright C 1995. Texas Instruments Incorporated 
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SN54LVT16501, SN74LVT16501 
3.3-V ABT 18-BIT UNIVERSAL BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 
SCBSI47D-MAY 1992- REVISED JULY 1995 

description (continued) 

6-56 

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). . 

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 Vee through a pull up 
resistor. The minimum value of the resistor is determined by the current-sinking capability of the driver. OE 
should be tied to GND through a pulldown resistor; the minimum value of the resistor is determined by the 
current-sourcing capability of the driver. 

The SN74LVT16501 is available in TI's shrink small-outline (DL) and thin shrink small-outline (DGG) packages, 
which provide twice the inpuVoutput (1/0) pin count and functionality of standard small-outline packages in the 
same printed-circuit-board area. 

The SN54LVT16501 is characterized for operation over the full military temperature range of -55°C to 125°C. 
The SN?,4LVT16501 is characterized for operation from -40°C to 85°C. 

FUNCTION TABLEt 

INPUTS OUTPUT 
OEAB LEAB CLKAB A B 

L X X X Z 

H H X L L 

H H X H H 

H L t L L 

H L t H H 

H L H X BO* 
H L L X BO§ 

.. t A-to-B data flow is shown; B-to-A flow IS similar but 
uses OEBA, LEBA, and CLKBA. 

* Output level before the indicated steady-state input 
conditions were established, provided that CLKAB 
was high before LEAB went low 

§ Output level before the indicated steady-state input 
conditions were established 
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logic symbolt 

1 
OEAB 

ClKAB 
55 
2 

lEAB 

27 
OEBA 

ClKBA 
30 

28 
lEBA 

3 
Al 

6 
A2 

6 
A3 

8 
A4 

9 
A5 

10 
A6 

12 
A7 

13 
A8 

14 
A9 

16 
Al0 

16 
All 

17 
A12 

19 
A13 

20 
A14 

21 
A15 

A16 
23 

A17 
24 

26 
A18 

U 
"-

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

WITH 3-STATE OUTPUTS 
SCBS147D - MAY 1992 - REVISED JULY 1995 

EN1 
2C3 

C3 
G2 

EN4 
6C6 

06 

U~5 r- 64 

L.-
3D 1 1'1 
4'1 1 60 ~ 

52 
51 

49 

48 

47 

45 

44 

43 

42 

41 

40 

38 

37 

36 

34 

33 

31 

B1 

B2 
B3 

B4 

as 
B6 

B7 

B8 

B9 

B10 

B11 

B12 

B13 

B14 

B15 

B16 

B17 

B18 

t This symbol is in accordance with ANSI/IEEE Std 91-1964 and lEG Publication 617-12. 
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SN54LVT16501,SN74LVT16501 
3.3-V ABT 18-BIT UNIVERSAL BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 
SCBS147D - MAY 1992 - REVISED JULY 1996 

logic diagram (positive logic) 

OEAB 

CLKAB 
55 

lEAB 
2 

lEBA 28 

ClKBA 
30 

OEBA ---=.,:27 __ a 

Ai 3 

6-58 

>--~-----rr-_r+--i1D 

t-+---fC1 
ClK 

1D~~~~~~==~~--~ 
C1I--~ 

ClK 

~----------~v~-----------J 
To 17 Other Channels 
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SN54LVT16501,SN74LVT16501 
3.3-V ABT 18-BIT UNIVERSAL BUS TRANSCEIVERS 

WITH 3-STATE OUTPUTS 
SCBSI47D- MAY 1992- REVISED JULY 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 7 V 
Current into any output in the low state, 10: SN54LVT16501 ................................... 96 mA 

SN74LVT16501 ......•........................... 128 mA 
Current into any output in the high state, 10 (see Note 2): SN54LVT16501 ....................... 48 mA 

SN74LVT16501 ....................... 64 mA 
Input clamp current, 11K (VI < 0) .......................................................... -50 mA 
Output clamp current, 10K (VO < 0) .........................•............................. -50 mA 
Maximum power dissipation at TA = 55°C (in still air) (see Note 3): DGG package .•................. 1 W 

DL package . . . . . . . . . . . . . . . . . . .. 1.4 W 
Operating free-air temperature range,TA: SN54LVT16501 ........................... -55°C to 125°C 

SN74LVT16501 ............................ -40°C to 85°C 
Storage temperature range, TSlg ..........................•....................... -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 1I0ws only when the output is in the high state and Vo > Vee. 
3. The maximum package power dissipation is calculated using a lunction temperature of 150·e and a board trace length of 750 mils. 

For more information, refertothe Package ThermalConsiderationsapplication note in the 1994 ABT Advanced BiCMOS Technology 
Data Book, literature number seBD002B. 

recommended operating conditions (see Nole 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 

AtlAv 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 1I0atlng. 

PRODUCT PREVIEW InIormIllon 00IIC8IIII pracI_ln Ibe _ or 
daoIgn pIII8I 01 devtIopmtnI. C_UC dill .nd Giber 
.peclllcallon .... dlllgn IIOIIt. T_lnalrUmtnII_ ... ~glltlO 
ciI_OIdlsconlln ....... prod_wIIIIOUlnolice. ~TEXAS 

INSTRUMENTS 
POST OFFICE BOX 655303 • DALlAS. TEXAS 75265 

SN54LVT16501 SN74LVT16501 
UNIT 

MIN MAX MIN MAX 

2.7 3.1i. 2.7 3.6 V 

2 §' 2 V 

11.8 0.8 V 

~ 5.5 5.5 V 

.~ -24 -32 rnA 

N 48 64 mA 

Df¥f 10 10 nslV 

-55 125 -40 85 ·e 
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SN54LVT16501,SN74LVT16501 
3.3-V ABT 18-BIT UNIVERSAL BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 
50651470 - MAY 1992 - REVISED JULY 1995 

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

SN54LVT16S01 SN74LVT16501 
PARAMETER TEST CONDITIONS 

MIN TYPt MAX MIN TYPt 

VIK VCC a2.7V, 11=-18mA -1.2 

VCC" MIN to MAX;, 10H =-100 jIA vcc-0.2 vcc-0.2 

Vcc" 2.7 V, IOH--8mA 2.4 2.4 
VOH 

IOH--24mA 2 
VCC- 3V 

10H =-32 mA 2 

10l -100 jIA 0.2 
VCC=2.7V 

IOl-24mA 0.5 

10l= 16mA 0.4 
VOL 

10l-32mA 0.5 
VCC- 3V 

IOl-48mA 0.55 

10l=64mA ~ 
VCC- 3•6V, VI .. VCC or GND ~" ±1 

Control pins 
VCC" 0 or MAX;, VI-5.5V i4f 10 

II VI ",5.5V t:- 20 

A or B ports§ VCC- 3•6V VI-Vee d' 1 

VI-O Ji' -5 

loff VCC- O, VI or Vo .. 0 to 4.5 V .... 
VI-0.8V 75 75 

II(hold) Aor.Bports VCC· 3V 
VI-2V -75 -75 

10ZH VCC- 3.6V, VO-3V 1 

10Zl VCC- 3.6V, VO-0.5V -1 

Outputs high 0.12 

ICC 
VCC=3.6V, 10- 0, Outputs low 5 
VI - VCC or GND 

Outputs disabled 0.12 

4ICC~ VCC=3Vto3.6 V, One input at VCC - 0.6 V, 
0.2 

Other inputs at VCC or GND 

CI VI =3 VorO 3.5 

Cio Vo-3VorO 12 

t All typIcal values are at VCC - 3.3 V, TA - 25°C. 
; For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
§ Unused pins at VCC or GND 
~ This Is the Increase in supply current for each input that is at the specified TTL voltage level rather than VCC or GND. 

PRODUCT PREVlEW_on ........ ....-ln1befarmaUv.Ol 
~u~ 01 dovelopm.... Chl ..... rlaa. dolo and 0Ih.-
~~-:'d=a='Il:::'~=~==..._th,rlghllO ~1ExAs 
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3.5 

12 

MAX 

-1.2 

0.2 

0.5 

0.4 

0.5 

0.55 

±1 

10 

20 

1 

-5 

±100 

1 

-1 

0.12 

5 

0.12 

0.2 

UNIT 

V 

V 

V 

jIA 

jIA 

jIA 

I1A 
jIA 

mA 

mA 

pF 

pF 



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

WITH 3-STATE OUTPUTS 
SCBS147D - MAY 1992 - REVISED JULY 1995 

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

SN54LVT16501 SN74LVT16501 

Vee=3.3V 
Vee=2.7V 

vee = 3.3 V 
Vee=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 
tw Pulse duration 

t@ 
ns 

ClK high or low 3.3 3.3 3.3 

A before ClKABi 1.6 t$!:1 1.6 2.1 

B before ClKBA i 1.6 tot 2.1 1.6 2.1 
tsu Setup time 

A or B before lE.l.. ClK high .;3 
ns 

2.6 1.9 2.6 1.9 

A or B before lE.l., ClK low 2 ~ 1.3 2 1.3 

A or Balter Cl-Ki 2 ~ .... 2.1 2 2.1 
th Hold time 

A or B after lE~ 
ns 

0.9 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) 

fmax 

tPlH 
BorA AorB 

tpHl 

tPlH 
lEBA or lEAB AorB 

tpHl 

tPlH ClKBAor 
ClKAB 

AorB 
tpHl 

tpZH 
OEBAor OEAB AorB 

tpZl 

tpHZ 
OEBAorOEAB AorB 

tpLZ 

t All typical values are at Vce - 3.3 V. TA = 25·C. 

PRODUCT PREVIEW Infonnlllon COIIC8III8 prodUCilIn Il1o formative or ::!Phaoo 01 dovtIopm ..... _lie cilia IIIcI 0lIl .. 
...... .... Ign goo/I. _In.IIII011I11O_1IIo rlgldfo 

gt or dloconUnut lb_ prodUCllwlUloul notIcI. 

SN54LVT16501 

Vee=3.3V 
Vee = 2.7 V ±O.3V 

MIN MAX MIN MAX 

150 125 

1.7 5.4 5.8 

1.6 6 i!~ 7.8 

2.3 7.3 iF' 9 

2.7 8.2 ~ 9.8 

2.5 8·t 9.7 

3.5 1:1 10.7 

1.2 ,dS.1 6.1 

1.5 .... 5.9 7 

2.7 7.5 8.5 

2.8 6.8 7.5 

~1EXAS 
INSTRUMENTS 
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SN74LVT16501 

VCC=3.3V 
Vee=2.7V UNIT ±O.3V 

MIN TVpf 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 

3.5 5.4 8.9 
ns 

10.4 

1.2 3 5 5.9 

1.5 3 5.8 6.9 
ns 

2.7 4.6 7.4 8.3 

2.8 4.7 6.7 7.2 
ns 
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SN54LVT16501, SN74LVT16501 
3.3·V ABT 18·BIT UNIVERSAL BUS TRANSCEIVERS 
WITH 3·STATE OUTPUTS 
SCBS147D - MAY 1992 - REVISED JULY 1996 

PARAMETER MEASUREMENT INFORMATION 

o 6V 
5000 S1 0 Open 

From Output - ..... --e>--~N\r----' 
Under Test 

r~ 
TEST S1 

Open 
CL=50pF 

(see Note A) I 5000 

LOAD CIRCUIT FOR OUTPUTS 

k-- tw -----.{ 

~1~ __ 2.7V 

Input ~ "",1._5_V __ OV 

VOLTAGE WAVEFORMS 
PULSE DURATION 

--v V 2.7 V 
Input ---Ji\_1._5 V_--Jll'1.5 V 0 V 

tPLH --J.-.I . K tpHL 
Ir---VOH 

,1.5V i ~ --.. -fol--J 1 VOL 

tPHL~ ~tPLH 

Output 

Output 
~ ~VOH 
~.5V T1.5V 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

INVERTING AND NONINVERTING OUTPUTS 

VOL 

tPLHftPHL 
tpLZltpZL 6V 
tpHZltpZH GND 

------, 2.7 V 
Timing Input X 1.5 V 

____ --J. 1'------- OV 

I.. ~I" ~I 
Itsu th 1 

1 ~2.7V 
Data Input __ ..J'j(1.5 V ~ 0 V 

Output 
Control 

Output 
Waveform 1 

S1 aUV 
(see Note B) 

Output 
Waveform 2 

S1 atGND 
(see Note B) 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

LOW· AND HIGH-LEVEL ENABLING 

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 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 s 10 MHz. Zo - 50 a. Ir s 2.5 ns .• tf S 2.5 ns. 
D. The outputs are measured one al a lime wHh one IransHion per measurement. 

FIgure 1. Load Circuit and Voltage Waveforms 

~1ExAs 
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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 
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 2.7 V 

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

• 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 500 mA 
Per JEDEC Standard JESD-17 

• Bus-Hold Data Inputs Eliminate the Need 
for External Pullup Resistors 

• Support Live Insertion 
• Distributed Vee and GND Pin Configuration 

Minimizes Hlgh-.Speed Switching Noise 

• Flow-Through Architecture Optimizes 
PCB Layout 

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

description 

SN54LVT16543,SN74LVT16543 
3.3-V ABT 16-BIT REGISTERED TRANSCEIVERS 

WITH 3-STATE OUTPUTS 

SN54LVT16543 ••• WD PACKAGE 
SN74LVT16643 ••• DGG OR DL PACKAGE 

(TOP VIEW) 

1C5EAB 1 
1LEAB 
1CEAB 

GND 4 
1A1 5 
1A2 6 

1LEBA 
54 1CEBA 
53 GND 
52 1B1 
51 1B2 
50 Vee 
49 1B3 

1A4 9 48 1B4 
1A5 1B5 

GND GND 
1A6 1B6 
1A7 1B7 
1A8 1B8 
2A1 2B1 
2A2 2B2 
2A3 2B3 

GND GND 
2A4 2B4 
2A5 2B5 
2A6 36 2B6 
Vee 35 Vee 
2A7 34 2B7 
2A8 33 2B8 

GND 32 GND 
2CEAB 31 2CEBA 
2~ 30 2LEBA 
20EAB 29 20EBA ---_ .... 

The 'LVT16543 are 16-bit registered transceivers designed for low-voltage (3.3-V) VCC operation, but with the 
capability to provide a TIL interface to a 5-V system environment. These devices can be used as two 8-bit 

. transceivers or one 16-bit transceiver. Separate latch-enable (LEAB or LEBA) and output-enable (OEAB or 
OEBA) inputs are provided for each register to permit independent control in either direction of data flow. 

The A-to-B enable (CEAB) input must be low in order to enter data from A or to output data from B. If CEAB 
is low and LEAB is low, the A-to-B latches are transparent; a subsequent low-to-high transition of LEAB puts 
the A latches in the storage mode. With CEAB and OEAB both low, the 3-state B outputs are active and reflect 
the data present at the output of the A latches. Data flow from B to A is similar but requires using the CEBA, 
LEBA, and OEBA inputs. 

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

Wldebus is a trademark of Texas Instruments Incorporated. 

Copyright C 1995. Texas Instruments Incorporated 
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SN54lVT16543,SN74lVT16543 
3.3-V ABT16-BIT REGISTERED TRANSCEIVERS 
WITH 3-STATE OUTPUTS 
SCBSl48C-MAY.1992- REVISED JULY 1995 

description (continued) 

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 4LVT16~43Is 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 
printeck:ircuit-board area. 

The SN54LVT16543 Is characterized for operation over the full military temperature range of -55°C to 125°C. 
The SN74LVT16543 is characterized for operation from -40°C to 85°C. 

logic symbolt 

56 
10EBA r.... lEN3 

1~ 

1 LEBA 
10EAB 

lCEAB 
lW1l 

~ 

2~ 
2LEBA 
20EAB 
2CEAB 
2LEAB 

lAl 

54 r.... 01 
55 

" lC5 
1 r.... 2EN4 
3 

'" 02 
2 r.... 206 
29 r.... 7EN9 
31 r.... 07 
30 r.... 7Cll 
28 r.... 8EN10 
26 r.... 08 
27 

r.... 8C12 

5 
., r-

L 
V3 51:) 

~ 6D 4V 
6 

lA2 

lA3 
8 

lA4 
9 

lA5 
10 

lA6 
12 

13 
lA7 

14 
1A8 
2Al 

2A2 

15 

L 
V9 ltD 

W 12D 10V 
16 

17 
2A3 

2A4 
19 

2A5 
20 

2A6 
21 

2A7 
23 

24 
2A8 

trhls symbol is in accordance with ANSI/IEEE Std 91-1984 and lEO Publication 617-12. 
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52 

51 

49 

48 

47 

45 

44 

43 

42 

41 

40 

38 

37 

38 

34 

33 

lBl 

lB2 

lB3 

lB4 

lB5 

lB8 

lB7 
188 

2Bl 

2B2 

2B3 

2B4 

2B5 

2B6 

2B7 

2B8 



SN54LVT16543,SN74LVT16543 
3.3-V ABT 16-BIT REGISTERED TRANSCEIVERS 

WITH 3-STATE OUTPUTS 
SCBS148C - MAY 1992 - REVISED JULY 1995 

logic diagram (positive logic) 

10EBA --=>56'--_-a-"" 
1----------, 

1CEBA ---,,-54,--.. ~r-r-__ 

1LEBA _55 __ -a_J 

10EAB --=----a-"" 
I----------i----. 

1CEAB -=..3_ .. 

1LEAB -=..2 ---a_J 

1A1 -=..5 .... -------41....-+--< 

C1 

'--+--f10 

C1 

101--+-....-... ....=;52=- 1 B1 

\~--------~vr--------~/ 

To Seven Other Channela 

20EBA -=29'--_-a-"" 
1----------, 

2CEBA ---,,-31_ .. 
~r-r-__ 

2LEBA _30 __ -a ___ J 

20EAB -=26'--_-a-"" 
J----------i---, 

2CEAB -=26,--.. 
L--rl-__ 

2LEAB -=27 __ -a_J 

~1~15~_-_----41""-+-_< 

C1 

'--+--110 

C1 

101--+-....-... ....:;42=- 2B1 

\~--------~vr--------~/ 

To Seven Other Channell 
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SN54LVT16543,SN74LVT16543 
3.3-V ABT 16-BIT REGISTERED TRANSCEIVERS 
WITH 3-STATE OUTPUTS 
SCBS148C-MAY 1992-REVISEDJULY 1995 

CEAB 

H 

X 

L 

L 

L 

FUNCTION TABLEt 
(each &obit section) 

INPUTS 

LEAB OEAB A 

X X X 

X H X 

H L X 

L L L 

L L H 

OUTPUT 
B 

Z 

Z 

BO; 

L 

H 

t A-to-B data flow IS shown; B-to-A flow control is the 
same except that it uses CEBA, LEBA, and OEBA. 

; Output ievel 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 (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: SN54LVT16543 ........................... ,....... 96 mA 

SN74LVT16543 .......................•.......... 128 mA 
Current into any output in the high state, 10 (see Note 2): SN54LVT16543 ....................... 48 mA 

SN74LVT16543 ....................... 64 mA 
Input clamp current, 11K (VI < 0) .......................................................... -50 mA 
Output clamp current, 10K (VO < 0) ............................ ,.......................... -50 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 

§ 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 > vcc. 

3. The maximum package power dissipation is calculated using a junction temperature of 150·C and a board trace lengt~ of 750 mils. 
For more information, refertothe Package ThermalConsiderations application note in the 1994 AB,T Advanced BiCMOS Technology 
Data Book, literature number SCBD002B. 

recommended operating conditions (see Note 4) 

VCC 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 

AtlAv 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. 

PRODUCT PREVIEW information ........ p_ln thefonnllivl or 
design p/I... of doveloprnent. CIIataCtertatIc dell and olber 
spoelilcations Ire design gools, r_lnatrum .... _Ibo right 10 
Chang. or dlocontlnuolheOe pIOdUCII wlthout_ 
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SN54LVT16543 SN74LVT16543 
UNIT 

MIN MAX MIN MAX 

2.7 3.6 2.7 3.6 V 

2 tJ! 2 V 

m-:a 0.8 V 

.Q"l;'5.5 5.5 V 

.0' -24 -32 mA 

!S' 48 64 mA 

~ 10 10 nsIY 

-55 125 -40 85 ·C 



SN54LVT16543,SN74LVT16543 
3.3·V ABT 16·BIT REGISTERED TRANSCEIVERS 

WITH 3·STATE OUTPUTS 
SCBS148C- MAY 1992- REVISED JULY 1995 

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

SN54LVT16543 SN74LVT16543 
PARAMETER TEST CONDITIONS 

TYPt TYPt MIN MAX MIN 

VIK Vee=2.7V. 11=-18mA -1.2 

Vee = MIN to MAX:I:. IOH =-100 jIA Vee-0.2 Vee-0.2 

Vee=2.7V. IOH=-8mA 2.4 2.4 
VOH 

10H =-24 mA 2 
Vee=3V 

10H --32mA 2 

10l = 100 IIA 0.2 
Vee=2.7V 

IOl=24 mA 0.5 

IOl-16mA 0.4 
VOL 

Vee=3V 
IOl=32 mA 0.5 

IOl=48mA 0.55 

10l= 64 mA ;g-
Vee = 3.6V. VI = Vee or GND ~. ±1 

Vee = 0 or MAX:I:. VI =5.5V 
Control inputs 

bet: 10 

II VI =5.5V ('A, 20 

Vee=3.6V VI = Vee A or B ports§ ef 5 

VI=O .~ -10 

loll Vee=O. VI or Vo = 0 to 4.5 V ... 
VI_ 0.8 V 75 75 

II (hold) Vee- 3V 
VI=2V 

AorB ports 
-75 -75 

10ZH Vee = 3.6 V. VO=3V 1 

10Zl Vee = 3.6V. VO=0.5V -1 

Outputs high 0.12 

ICC 
Vee- 3.6V• 10=0. Outputs low 5 
VI - Vee or GND 

Outputs disabled 0.12 

.<lleell Vee. 3 Vt03.6 V. One input at Vee - 0.6 V • 
0.2 

Other inputs at Vee or GND 

ei VI =3VorO 4 

eio Vo -3VorO 13 

t All typical values are at Vee = 3.3 V. TA = 25°C. 
:I: For conditions shown as MIN or MAX. use the appropriate value specified under recommended operating conditions. 
§ Unused pins at Vee or GND 
11 This is the increase in supply current for each input that is at the specified TIL voltage level rather than Vee or GND. 

PRODUCT PREVIEW lnIormlllon......,. prod_In thelormlllYl or 
d88lgn phalo 01 development. C_a1Ic dati and 0111 .. 
opeclftcatlonoIII d88lgn gooll. Tualn81lUm __ thl rlghllO 
changa or dilcontln .. th ... p_ without notlcl. ~1EXAS 
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4 

13 

MAX 

-1.2 

0.2 

0.5 

0.4 

0.5 

0.55 

±1 

10 

20 

5 

-10 

±100 

1 

-1 

0.12 

5 

0.12 

0.2 

UNIT 

V 

V 

V 

jIA 

jIA 

jIA 

jIA 

jIA 

mA 

mA 

pF 

pF 
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SN54LVT16543, SN74LVT16543 
3.3;'V ABT 16-BIT REGISTERED TRANSCEIVERS 
WITH 3-STATE OUTPUTS 
SCBSl48C - MAY 1992 - REVISED JULY 1995 

timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) (see Flgl,.lre 1) 

SN54LVT16543 SN74LVT16543 

Vee = 3.3 V 
Vee=2.7V 

VeC=3.3V 
VeC=2.7V UNIT 

±O.3V ±O.3V 

MIN MAX MIN MAX MIN MAX MIN MAX 

tw Pulse duration, LEAB or LEBA low 3.3 3.3 3.3 3.3 ns 

A or B before LEABt or Data high 0.8 O.~ 0.8 0.5 

LEBAt tJf 
ns 

Data low 1.5 1.5 1.9 
tsu Setup time 

A or B before CEABt or Data high 0.7 §5-4 0.7 0.4 

CEBAt 1':-·1.9 
ns 

Data low 1.6 1.6 1.9 

A or B after LEABt or Data high 0.8 ~ 0 0.8 0 

LEBAt 2 
ns 

Data low 1.2 1.3 1.2 1.3 
th Hold time 

~ A or B after CEABt or Data high 0.8 0 0.8 0 

CEBAt 
ns 

Data low 1.3 1.4 1.3 1.4 

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

SN54LVT16543 SN74LVT16543 

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 1.4 5 5.8 1.4 2.7 4.6 5.5 
AorB BorA ns 

tpHL 1.3 4.7 5.9 1.3 2.9 4.6 5.8 

tpLH 
LE 

1.3 6.8 $ 8.5 1.7 3.7 6.3 8.1 
AorB 

~. 
ns 

tpHL 1.5 6.5 8.3 1.9 3.7 6 7.8 

tpZH 
OE 

1.4 6~ 7.7 1.5 3.3 5.8 7.6 
AorB 6.t. ns 

tpZL 1.6 8.4 1.6 3.3 6.2 8.2 

tpHZ 
OE 

2 N 7.3 2 4.1 6.5 7.1 
AorB 

2.7 .~6 
ns 

tpLZ 6.2 2.7 3.9 5.8 5.9 

tpZH 
CE 

1.4 ... 6.2 7.7 1.5 3.3 6 7.6 
AorB ns 

tpZL 1.6 6.6 8.5 1.7 3.3 6.4 8.3 

tpHZ 
CE 

2 6.6 7.2 2 4.1 6.4 7.1 
AorB ns 

tpLZ 2.6 5.6 5.9 2.6 4 5.4 5.6 

t All typICal values are at VCC ~ 3.3 V, TA. 25°C. 
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SN54LVT16543,SN74LVT16543 
3.3-V ABT 16-BIT REGISTERED TRANSCEIVERS 

WITH 3-STATE OUTPUTS 
SCBSl48C- MAY 1992- REVISED JULY 1995 

PARAMETER MEASUREMENT INFORMATION 

5000 

o 6V 

S1 o Open 

r~ 
From Output 

Under Test --+-.... --'\i'l/'v----../ 

CL=50pF 
(see Note A) I 5000 

TEST S1 

tPLHItPHL Open 

tPLZltPZL 6V 

tpHZltpZH GND 

LOAD CIRCUIT FOR OUTPUTS -------x1.5V 2.7 V 
Timing Input ____ --J. 1'-______ OV 

I4---tw~ 14,- .~ th .I I .. u I 2.7 V 

OV 
Data Input 

1 1,..-__ 

Input 3 X",1.5_V __ --""*1.5 V ~ :.:V 
VOLTAGE WAVEFORMS 

PULSE DURATION 
VOLTAGE WAVEFORMS 

SETUP AND HOLD TIMES 

Input 
--v X 2.7 V 
--1;\1.5 V I 1.5 V OV 

Output 
Control =41•5 V ¥:1.=5=V===== :.:V 

tpZL~ 14- I 
tpLH --J.-.I ~ tpHL 

I Jt 1 \!-:::- VOH 
I r 1•5V I ~ --+-1 --J I VOL 

tPHL --l.--..! ~ tPLH 

Output 

1 ~ VOH 

Output 
Waveform 1 

S1 at6V 
(see Note B) 

1 I tPLZ --.I ~ ----;.I ..... ~, 1Vv:-- 3 V 

I ,1.5V I t~!....+.!-!.Y VOL 

I 1 tpHZ~ j4-
tpZH~ j+- 1 

1 --- VOH 

\1.5 V T1.5V 
. - - VOL 

Output 

Output 
Waveform 2 

S1 atGND 
(see Note B) 

!1.5V ~H-0.3V' 
__ -J. -OV 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

INVERTING AND NONINVERTING OUTPUTS 

NOTES: A. CL Includes probe and jig capacitance. 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

LOW- AND HIGH-LEVEL ENABLING 

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 that the output Is high except when disabled by the output control. 

C. All input pulses are supplied by generators having Ihe following characteristics: PRR s 10 MHz, Zo - 50 C. tr S 2.5 ns, If S 2.5 ns. 
D. The outputs are measured one al a time with one transition per measurement. 

Figure 1. Load Circuit and Voltage Waveforms 
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SN54LVT16600,SN74LVT16600 
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·Statlc Power 
Dissipation 

• Members of the Texas Instruments 
W/debus™ Family 

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

• Support Unregulated Battery Operation 
Down to 2.7 V 

• UBTTM (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) 
< O.S V at Vee = 3.3 V, TA = 25°C 

• 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 500 mA 
Per JEDEC Standard JESD·17 

• Bus-Hold Data Inputs Eliminate the Need 
for External Pullup 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-mll 
Shrink Small·Outline (DL) and Thin Shrink 
Small·Outline (DGG) Packages and 3So-mil 
Fine-Pitch Ceramic Flat (WD) Package 
Using 25-mll Center·to·Center Spacings 

description 

SN54LVT16600 ••• WD PACKAGE 
SN74LVT16600 ••• DGG OR DL PACKAGE 

(TOP VIEW) 

OEAB 
LEAB 

A1 3 
GND 

A2. 

A8 
A9 14 

A10 15 

A11 16 

A12 17 

GND 18 

A13 
A14 
A15 
Vee 
A16 
A17 

GND 
A18 

OEBA 
LEBA 

CLKENAB 
CLKAB 
B1 
GND 
B2 
B3 
Vee 
B4 
B5 
B6 
GND 
B7 
B8 
B9 
B10 
811 
812 
GND 
813 
814 
B15 
Vee 
816 
B17 
GND 
B18 
CLKBA 
CLKEN8A 

The 'LVT16600 are l8-bit universal bus transceivers designed for low-voltage (3.3-V) V CC operation, but with 
the capability to provide a TTL interiace to a 5-V system environment. These l8-bit universal bus transceivers 
combine D-type latches and D-type flip-flops to allow data flow in transparent, latched, and clocked modes. 

Widebus and UBT are trademarks 01 Texas Instruments Incorporated. 

PRODUCT PREVIEW 1_ ........ pradllCfllnUlolormlUYeor :en p- of dlVllopmt/lt. CII_ dill end OIher cation ... dIIIgn gaIIL T .... I ___ III.rlgbtlO 
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SN54LVT16600,SN74LVT16600 
3.3-V ABT 18-BIT UNIVERSAL BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 
SCES001A - JULY 1994 - REVISED JULY 1995 

description (contlnLied) 

6-72 

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. Output enable OEAB is active low. When 
OEAB is low, the outputs are active. When OEAB is high, the cutputs are in the high-impedance state. Data flow 
for B to A is similar to that of A to B but uses OEBA, LEBA, LKBA, and CLKENBA. 

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 Vee through a pull up 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN74LVT16600 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 SN54LVT16600 is characterized for operation over the full military temperature range of -55°C to 125°C. 
The SN74LVT16600 is characterized for operation from -40°C to 85°C •. 

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+ 

H L L X x Bo:!: 

L L L J. L L 

L L L J. H H 

L L L H x BO:!: 

L L L L x Bo§ 
t A-to-B data flow Is shown: B-to-A flow is similar but uses OEBA, 

LEBA, CLKBA, 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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SN54LVT16600,SN74LVT16600 
3.3-V ABT 18-BIT UNIVERSAL BUS TRANSCEIVERS 

WITH 3-STATE OUTPUTS 
SCES001A - JULY 1994 - REVISED JULY 1995 

logic diagram (positive logic) 

OEAB 

ClKENAB 56 

ClKAB 55 

lEAB 
2 

lEBA 28 

ClKBA 
30 

ClKENBA 29 

OEBA 27 

Ai 3 
CE 

~---r------~rrr--+++~1D 

.-+-+-IC1 
ClK 

>---.....;:6..;...4 B1 

CE 
1D~~+--++4--------+---C 

C1I-+~ 

ClK 

~----------~vr----------~/ 
To 17 Other Channels 
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SN54LVT16600,SN74LVT16600 
3;3-V ABT 18-BIT UNIVERSAL BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 
SCES001A - JULY 1994 -REVISED JULY 1995 

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 (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: SN54LVT16600 ................................... 96 rnA 

SN74LVT16600 .................................. 128 rnA 
Current into any output in the high state, 10 (see Note 2): SN54LVT16600 ....................... 48 rnA 

SN74LVT16600 ....................... 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...... .. . . .. ....• .. 1 W 

DL package .................... 1.4 W 
Storage temperature range, T8tg .•••••.•.•••.•.....•....•.....•••••...••.....•.•.. -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 il the input and output clamp-current ratings are observed. 
2. This currant 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 150·e and a board trace length of 750 mils. 

For more information, refertothe Package ThermaiConsiderationsapplication note in the 1994 ABT Advanced BiCMOS Technology 
Data Book, literature number SeBDOO2B. 

recommended operating conditions (see Note 4) 

SN54LVT16600 SN74LVT16600 
UNIT 

MIN MAX MIN MAX 

Vee Supply voltage 2.7 3.6 2.7 3.6 V 

VIH High-level Input voltage 2 2 V 

VIL Low-level input voltage 0.8 0.8 V 

VI Input voltage 5.5 5.5 V 

IOH High-level output current -24 -32 mA 

IOL Low-level output current 48 64 mA 

AtlAv Input transttlon rise or fall rate I Outputs enabled 10 10 ns/V 

TA Operating free-air temperature -55 125 -40 85 ·e 

NOTE 4: Unused control Inputs must be held high or low to prevent them from floaling. 
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SN54LVT16600,SN74LVT16600 
3.3-V ABT 18·BIT UNIVERSAL BUS TRANSCEIVERS 

WITH 3·STATE OUTPUTS 
SCESOO1A-JULY 1994- REVISED JULY 1995 

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

SN54LVT16600 SN74LVT16600 
PARAMETER TEST CONDITIONS 

MIN TYpf MAX MIN TYPt 

VIK VCC- 2.7V; II =-18mA -1.2 

VCC - MIN to MAX:!:. IOH--100tJA VCC-0.2 VCC-0.2 

Vcc. 2.7 V. IOH--8mA 2.4 2.4 
VOH 

IOH--24mA 2 
Vec- 3V 

IOH--32mA 2 

IOl - 100 tJA 0.2 
VCC- 2.7V 

IOl-24mA 0.5 

IOl-18mA 0.4 
VOL 

IOl-32mA 0.5 
VCC- 3V 

IOl-48mA 0.55 

IOl-84mA 

VCC- 3•8V• VI - VCC or GND Control ±1 

VCC - 0 or MAX:!:. VI-5.5V Inputs 10 

II VI-5.5V 20 

Vee- 3.8V VI-Vee Aor B ports§ 5 

VI-O -10 

loll VCC- O• VI orVO - Oto 4.5 V 

VI-0.8V 75 75 
II(hold) VCC- 3V 

VI-2V 
A or B ports 

-75 -75 

IOZH VCC- 3.8V• VO-3V 1 

10Zl Vce- 3.8V• VO-0.5V -1 

Outputs high 0.12 

ICC 
VCC- 3.8V• 10- 0• Outputs low 5 
VI = VCC or GND Outputs 

disabled 
0.12 

<\ICC~ 
Vce D 3 Vto 3.6"V. One Input at VCC - 0.6 V. 

0.2 
Other inputs at VCC or GND 

Ci VI-3 VorO 3.5 

Cio Vo-3VorO 12 

t All typical values are at Vce - 3.3 V. TA _ 25°C. 
:!: For conditions shown as MIN or MAX. use the appropriate value specHled under recommended operating conditions. 
§ Unused pins at Vce or GND 
\I This Is the Increase In supply current for each Input that Is at the specified TTL voltage level rather than Vce or GND. 
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SN54LVT16601,SN74LVT16601 
3.3-V ABT 18-BIT UNIVERSAL BUS TRANSCEIVERS 

WITH 3-STATE OUTPUTS 

• State·of·the-Art Advanced BICMOS SN54LVT16601 ••• WD PACKAGE 

Technology (ABT) Design for 3.3-V SN74LVT16601 ••• DGG OR DL PACKAGE 

Operation and Low·Statlc Power (TOP VIEW) 

Dissipation 

• Members of the Texas Instruments 
OEAB 1 CLKENAB 
LEAB 2 CLKAB 

Widebus™ Family 
Al 3 Bl 

• Support Mixed·Mode Signal Operation (5·V GND 4 GND 
Input and Output Voltages With 3.3-V Vee) A2. 5 B2 

• Support Unregulated Battery Operation A3 B3 
Down to 2.7V Vee Vee 

• UBTTM (Universal Bus transceiver) A4 8 B4 
Combines D· Type Latches and D-Type A5 9 B5 
Flip.Flops for Operation In Transparent, A6 47 B6 
Latched, or Clocked Mode GND 46 GND 

• typical VOLP (Output Ground Bounce) A7 45 B7 

< O.S Vat Vec = 3.3 V, TA = 25°C AS 44 B8 

• ESD Protection Exceeds 2000 V Per A9 43 B9 

MIL·STD·883C, Method 3015; Exceeds Al0 42 Bl0 

200 V Using Machine Model All 41 Bll 

(C = 200 pF, R = 0) A12 40 B12 

• Latch·Up Performance Exceeds 500 mA 
GND 39 GND 
A13 38 B13 

Per JEDEC Standard JESD·17 
A14 37 B14 

• Bus-Hold Data Inputs Eliminate the Need A15 36 B15 
for External Pullup Resistors Vee 35 Vee 

• Support Live Insertion A16 34 B16 

• Distributed Vee and GND Pin Configuration A17 33 B17 
Minimizes Hlgh·Speed Switching Noise GND 32 GND 

• Flow·Through Architecture Optimizes A18 31 B18 

PCB Layout OEBA 30 CLKBA 

• Package Options Include Plastic 30D-mil 
LEBA 29 CLKENBA 

Shrink Small·Outline (DL) and Thin Shrink 
Small·Outline (DGG) Packages and 3SD-mli 
Fine-Pitch Ceramic Flat (WD) Package 
Using 25·mll Cente .... to·Center Spacings 

description 

The 'LVT16601 are 18-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. These 18-bit universal bus transceivers 
combine D-type latches and D-type flip-flops to allow data flow in transparent, latched, and clocked modes. 

Widebus and UBT are trademarks of Texas Instruments Incorporated. 

PRODUCT PREVIEW 1nI_ OOIICIIIII pracI ... 1n ""1oIm_., 
design phalo of d .. elopm.... C_ dell end 0lIl • 
• pec_kInI ... deelgo gOlfo. __ 8l1li_". light to 
Chang' or dlaconU ......... (IIOCIUCII wI ..... nodc& ~1ExAs 

INSTRUMENTS 
POST OFFICE BOX 665303 • DALlAS. TEXAS 75.266 

Copyright Cl1995. Texas Instruments Incorporated 
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SN54LVT16601, SN74LVT16601 
3.3-V ABT 18-BIT UNIVERSAL BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS ' 
SCESOO2A - JULY 1994 - REVISED JULY 1995 

description (continued) 

6-78 

Data flow in each direction is control/ed by output-enable (OEAB and OEBA), latch-enable (LEAB and LEBA), 
and clock (CLKAB and CLKBA) inputs, The clock can be control/ed 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~i9h :ansition of CLKAB. Output enable OEAB is active low. When 
OEAB is low, the outputs are active. When EA 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. 

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 Vee through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN74LVT16601 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 SN54LVT16601 is characterized for operation over the full military temperature range of -55°C to 125°C. 
The SN74LVT16601 is characterized .for operation from -40°C to 85°C. 

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* 
H L L X X BO* 
L L L t L L 

L L L t 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, CLKBA, 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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SN54LVT16601,SN74LVT16601 
3.3-V ABT 18-BIT UNIVERSAL BUS TRANSCEIVERS 

WITH 3-STATE OUTPUTS 
SCESOO2A - JULY 1994 - REVIS!D JULY 1995 

logic diagram (positive logic) 

OEAB 

CLKENAB 56 

CLKAB 55 

LEAB 
2 

LEBA 26 

CLKBA 
30 

CLKENBA 29 

OEBA 'Z1 

Ai 3 
CE 

~--~------~~~~++~iD 

~+-IC1 

CLK 

>--+--=54-"- B1 

CE 
1Dr-~+--+~--------+-~ 

C1t-+~ 

CLK 

'~----------~V~----------~I 
To 17 O1her Channels 
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SN54LVT16601, SN74LVT16601 , 
3.3·VABT18-BIT UNIVERSAl BUS TRANSCEIVERS 
WITH 3·STATE OUTPUTS 
SCESOW-JULY 1994-REVISEDJULY 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 7 V 
Current into any output in the low state, 10: SN54LVT16601 •....•••.•.•...............•.....•• 96 rnA 

SN74LVT16601 .................................. 128 rnA 
Current into any output in the high state, 10 (see Note 2): SN54LVT16601 •..•............•....•. 48 rnA 

SN74LVT16601 ....................... 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 .•••.•..•••••....•• 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 outpulnegative-voltage ratings may be exceeded H 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 inforrnatlon. refertothe Package ThermalConsidenltlonsapplicatlon note in the 1994 ABT Advanced BiCMOS Technology 
Data Book. literature number SeBDOO2B. 

recommended operating conditions (see Note 4) 

SN54LVT16601 SN74LVT16601 
UNIT 

MIN MAX MIN MAX 

Vee Supply voltage 2.7 3.6 2.7 3.6 V 

VIH High-level input voltage 2 2 V 

VIL Low-levellnput voltage 0.8 0.8 V 

VI Input voltage 5.5 5.5 V 

IOH High-level output current -24 -32 mA 

IOL Low-level output currant 48 64 mA 

AtlAv I nput transition rise or fall rate I Outputs enabled 10 10 ns/V 

TA Operating frae-air temperature -55 125 -40 85 "C 

NOTE 4: Unused control inputs must be held high or low to prevent them from floating. 
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SN54LVT16601,SN74LVT16601 
3.3-V ABT 18-BIT UNIVERSAL BUS TRANSCEIVERS 

WITH 3-STATE OUTPUTS 
SCESOO2A-JULY 1994- REVISED JULY 1995 

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

SN54I.VT16601 SN741.VT16601 
PARAMETER TEST CONDITIONS 

MIN TYPt MAX MIN TYPt 

VIK Vee = 2.7 V. 11--18mA -1.2 

Vee - MIN to MAx:I:. 10H = -100 IlA Vee-0.2 Vee-0.2 

Vee=2.7V. IOH=-8mA 2.4 2.4 
VOH 

IOH--24mA 2 
Vec- 3V 

IOH=-32mA 2 

101. -100 IlA 0.2 
Vee- 2.7V 

101.-24 rnA 0.5 

101.= 16 rnA 0.4 
VOl. 

101.=32 rnA 0.5 
Vec=3V 

101.-48 rnA 0.55 

101.- 64 rnA 

Vec- 3.6V• VI = Vee or GND Control ±1 

Vee - 0 or MAX:I:. VI-5.5V inputs 10 

II VI =5.5 V 20 

Vce = 3.6 V VI-Vee A or B ports§ 5 

VI-O -10 

loff Vee- O• VI orVO - Oto 4.5 V 

VI-0.8V 75 75 
II(hold) Vee- 3V 

VI-2V 
A or B ports 

-75 -75 

10ZH Vec- 3.6V• VO=3V 1 

10ZI. Vee- 3.6V• VO-0.5V -1 

Outputs high 0.12 

ICC 
Vee- 3.6V• 10. 0• Outputs low 5 
VI- Vee or GND Outputs 

disabled 
0.12 

Alec' 
Vee. 3 Vt03.6V. One Input at Vee - 0.6 V. 

0.2 
Other inputs at Vee or GND 

ei VI-3VorO 3.5 

eio Vo-3VorO 12 

t All typical values are at Vee = 3.3 V. TA = 25°C. 
:I: For conditions shown as MIN or MAX. use the appropriate value specified under recommended operating conditions. 
§ Unused pins at Vee or GND 
, This Is the increase in supply current for each Input that is at the specified TIl. voltage level rather than Vee or GND. 
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• State-of-the-Art Advanced BiCMOS 
Technology (ABn 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 
Down to 2.7 V 

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

• 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 500 mA 
Per JEDEC Standard JESD-17 

• Bus-Hold Data Inputs Eliminate the Need 
for External Pullup 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-mll 
Shrink Smail-Outline (DL) and Thin Shrink 
Small-Outline (DGG) Packages and 38o-mil 
Fine-Pitch Ceramic Flat (WD) Package 
Using 250m II Center-to-Center Spacings 

description 

SN54LVT16646,SN74LVT16646 
3.3-V ABT 16-BIT BUS TRANSCEIVERS 

WITH 3-STATE OUTPUTS 

SN54LVT16646 ••• WD PACKAGE 
SN74LVT16646 ••• DGG OR DL PACKAGE 

(TOP VIEW) 

1DIR 10E 
1CLKA8 1CLK8A 

1S8A 
GND 

1A1 181 
1A2 182 
Vee 7 Vee 
1A3 183 
1A4 184 
1A5 185 

GND GND 
1A6 186 
1A7 187 
1A8 188 
2A1 281 
2A2 282 
2A3 283 

GND GND 
2A4 284 
2A5 285 
2A6 286 
Vee Vee 
2A7 287 
2A8 288 

GND GND 
2SA8 2S8A 

2CLKA8 2CLK8A 
2DIR 20E 

The 'LVT16646 are 16-bit bus transceivers designed for low-voltage (3.3-V) VCC operation, but with the 
capability to provide a TIL interface to a 5-V system environment. 

These devices can be used as two B-bit transceivers or one 16-bit transceiver. Data on the A or B bus is clocked 
into the registers on the low-to-high transition of the appropriate clock (CLKAB or CLKBA) input. Figure 1 
illustrates the four fundamental bus-management functions that can be performed with the 'LVT16646. 

Output-enable (OE) and direction-control (OIR) inputs are provided to control the transceiver functions . .ln the 
transceiver mode, data present at the high-impedance port may be stored in either register or in both. The 
select-control (SAB and SBA) inputs can multiplex stored and real-time (transparent mode) data. The circuitry 
used for select control eliminates the typical decoding glitch that occurs in a multiplexer during the transition 
between stored and real-time data. The direction control (OIR) determines which bus receives data when OE 
is low. In the isolation mode (OE high), A data may be stored in one register and/or B data may be stored in the 
other register. 

Widebus is a trademark of Texas Instruments Incoporated. 
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SN54LVT16646, SN74LVT16646 
3.3~V ABT 16-B.IT BUS TRANSCEIVERS 
WITH 3·STATE OUTPUTS 
SCBS149C-JULY 1994- REVISED JULY 1995 

description (continued) 

OE 

x 
X 

H 

H 

L 

L 

L 

L 

When an output function is disabled, the input function is still enabled and may be used to store and transmit 
data. Only one of the two buses, A or B, may be driven at a time. 

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 Vee through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN7 4LVT16646 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 SN54LVT16646 is characterized for operation over the full military temperature range of -55°C to 125°C. 
The SN74LVT16646 is characterized for operation from :...40°C to 85°C. 

FUNCTION TABLE 

INPUTS DATAl/Os 
OPERATION OR FUNCTION 

DIR ClKAB ClKBA SAB SBA A1 THRUA8 B1 THRI.J B8 

X i x x X Input UnspecHiedt Store A, B unspecifiedt 

X X i X X Unspeclfiedt Input Store B, A unspecifiedt 

X i i X X Input Input Store A and B data 

X H orl H orL X X Input disabled Input disabled Isolation, hold storage 

L X X X L Output Input Real-time B data to A bus 

L X H orL X H Output Input Stored B data to A bus 

H X X L X Input Output Real-time A data to B bus 

H H orL X H X Input Output Stored A data to B bus 

t The data output functions may be enabled or disabled by vanous signals at Oi: and DIR. Data Input functions are always enabled; I.e., data at 
the bus pins will be stored on every low-ta-high transHion of the clock inputs . 
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OE 
L 

OE 
X 
X 
H 

'-v----' 
DIR CLKAB CLKBA SAB SBA 
L X X X L 

SN54LVT16646,SN74LVT16646 
3.3-V ABT' 16-BIT BUS TRANSCEIVERS 

WITH 3-STATE OUTPUTS 
SCBS149C-JULY 1994- REVISED JULY 1995 

'-v----' 
l5E DIR CLKAB CLKBA SAB SBA 
L H X X L X 

REAL· TIME TRANSFER REAL·TlME TRANSFER 
BUS BTOBUSA BUSATO BUS B 

'-v----' '-v----' 
DIR CLKAB CLKBA SAB SBA OE DIR CLKAB CLKBA SAB SBA 
X i X X X L L X H or L X H 
X X i X X L H HorL X H X 
X i i X X 

STORAGE FROM TRANSFER STORED DATA 
A, B,ORAAND B TOAAND/ORB 

Figure 1. Bus-Management Functions 
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SN54LVT16646, SN74LVT16646 
3;3·V ABT 16-81T BUS TRANSCEIVERS 
WITH 3·STATE OUTPUTS 
SCBSl49C-JULY 1994-REVlSEDJULY 1995 

logic symbolt 

lClE 
10lR 

1CLKBA 

lSBA 

lCLKAB 

lSAB 

20E 

20lR 

2CLKBA 

2SBA 

2CLKAB 

2SAB 

lAl 

lA2 

lA3 

lA4 

lA5 

lA6 

lA7 

lA8 

2Al 

2A2 

2A3 
. 2A4 

2A5 

2A6 

2A7 

2A8 

66 
" 1 " L 

66 

64 

2 

3 

29 
" 28 
" L 

30 

31 

27 

26 

5 

r-
6 

8 

9 

10 

12 

13 

14 

15 

r 
16 

17 

19 

20 

21 

23 

24 

03 

3ENl [BA] 
3EN2[AB] 

C4 

06 

C6 

07 

010 

10 EN8[BA] 
10EN9[AB] 

Cll 

012 

C13 

014 , I" 
~1 6 40 

~ '171 61 

60 7 ~1 
2'17 

1 7 

... ~1 12 110 

W '178 12 1 

130 14 ~1 
9'17 

1 14 

t This symbol is in accordance with ANSII1EEE Std 91-1984 and lEO Publication 617-12. 
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49 
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45 

44 

43 

42 

41 

40 

38 

37 

36 

34 

33 

lBl 

lB2 

lB3 
lB4 

lB5 

1B8 

lB7 

lB8 

2B1 

2B2 

2B3 
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SN54LVT16646,SN74LVT16646 
3.3-V ABT 16-BIT BUS TRANSCEIVERS 

WITH 3-STATE OUTPUTS 
SCBS149C- JULY 1994 - REVISED JULY 1995 

logic diagram (positive logic) 
10E ....:56=--.-c1'~ 

1 DIR --'--+--L-J 

1CLKBA ....:5~5 __ ---4 _______ ---1 >-------h 
1SBA -=-----4-.; ~r_------, 

1CLKAB 

1SAB -=----+t-.; >-1~-------, 

1A 1 ....:5=----....... +4-++ 
t-t+-!!--H....:5;::.2 1 B1 

~------~v~-------------~ 
20E 

29 To Seven Other Channels 

2DIR 
28 

2CLKBA 
30 

2SBA 

2CLKAB 

2SAB 

2A1 _1:..::5_~-+t ... 
t-t+-!!--H_4:=.2 2B1 

~------------~vr--~--------~ 
To Seven Other Channels 

~1ExAs. 
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SN54LVT16646, SN74LVT16646 
3.3-V ABT 16-BIT BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 
SCBSl49C-JULY 1994- REVISED JULY 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 ~pplied 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: SN54LVT16646 .•................................. 96 mA 

SN74LVT16646 .......•....................... ; .. 128 mA 
Current into any output in the high state, 10 (see Note 2): SN54LVT16646 ....................... 48 mA 

SN74LVT16646 ....................... 64 mA 
Input clamp current, 11K (VI < 0) .............................................•............ -50 mA 
Output clamp current, 10K (Vo < 0) ..••••......•.••.•..•....••••...••..................... -50 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 current flows only when the output is In the high state and Vo > Vcc. 
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 ThermalConsiderationsapplication note in the 1994 ABT Advanced BiCMOS Technology 
Data Book, literature number SCBD002B. 

recommended operating conditions (see Note 4) 

SN54LVT16646 SN74LVT16646 
UNIT 

MIN MAX MIN MAX 

VCC Supply voltage 2.7 3.6 2.7 3.6 V 

VIH High-level Input voltage 2 .t1!' 2 V 

VIL Low-level input voltage m."8 0.8 V 

VI Input voltage· ;f'5.5 5.5 V 

IOH High-level output current .6' -24 -32 mA 

IOL Low-level output current Sf 48 64 mA 

I1t/l1v Input transition rise or fall rate I Outputs enabled lC 10 10 nsN' 

TA Operating free-air temperature -55 125 -40 85 ·C 

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

• 1ExAs 
INSTRUMENTS 
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SN54LVT16646,SN74LVT16646 
3.3-V ABT 16-BIT BUS TRANSCEIVERS 

WITH 3-STATE OUTPUTS 
SCBS149C-JULY 1994- REVISED JULY 1995 

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

PARAMETER 
SN54LVT16646 SN74LVT16646 

TEST CONDITIONS 
MIN TYPt MAX MIN TYPt 

VIK Vee- 2.7V• II --18mA -1.2 

Vee - MIN to MAX:!:. IOH=-100)JA Vee-0.2 Vee-0.2 

Vee- 2.7V• IOH--8mA 2.4 2.4 
VOH 

IOH--24rnA 2 
Vee- 3V 

10H=-32mA 2 

10L - 100)JA 0.2 
Vee=2.7V· 

IOL=24 rnA 0.5 

IOL-16mA 0.4 
VOL 

10L- 32 rnA 0.5 
Vee- 3V 

IOL=48 rnA 0.55 

10L= 64 rnA ~ 
Vee = 3.6V. VI = Vee or GND ~- ±1 

Vee = 0 or MAX:!:. VI-5.5V 
Control Inputs £J'J':. 10 

II VI-5.5V l-: 20 

Vee- 3•6V VI-Vee AorBports§ t:f 5 

VI-O tit -10 

loff Vee =0. VI orVo- Ot04.5V ~ 

VI-0.8V 75 75 
II(hold) Vee=3V 

VI-2V 
A or B ports 

-75 -75 

10ZH Vee- 3.6V• VO-3V 1 

10ZL Vee- 3.6V• VO-0.5V -1 

Outputs high 0.12 

ICC 
Vee- 3•6V• 10- 0• Outputs low 5 
VI - Vee or GND 

Outputs disabled 0.12 

Aleel! 
Vee. 3 Vt03.6 V. One input at Vee - 0.6 V. 

0.2 
Other inputs at Vee or GND 

ei VI =3 VorO 3.5 

eio Vo=3VorO 12 

t All typical values are at Vee - 3.3 V. TA - 2500. . 
:j: For conditions shown as MIN or MAX. use the appropriate value specified under recommended operating conditions. 
§ Unused pins at Vee or GND 
II This is the increase in supply current lor each input that Is at the specified TIL vo~age level rather than Vee or GND. 

PRODUCT PREVIEW Inform"'" concerno procSuca In tile tormauva or = ~_ of dovelOpmont. c_ dati and 0lIl .. . _one an doolgn goals. Tualnlrrum __ tile rIgtItto 
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1 

-1 

0.12 
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SN54LVT16646,SN74LVT16646 
3.3-Y ABT 16-BIT BUSTRANSCEIYERS 
WITH 3-STATE OUTPUTS 
SCBS149C-JULY 1994- REVISED JULY 1995 

timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) (see Figure 2) 

SN54LVT16646 SN74LVT18648 

VCC=3.3V 
Vcc = 2.7 V 

VCC=3.3V 
Vcc = 2.7 V UNIT 

±O.3V ±O.3V 

MIN MAX Ml1' MAX MIN MAX MIN MAX 

fclock Clock frequency 0 150 ~~ 150 0 150 0 150 MHz 

tw Pulse duration, CLK high or low 3.3 ~3.3 3.3 3.3 ns 

Setup time, Data high 1.3 ) 1.4 1.3 1.4 
tsu ns 

A or B before CLKABt or CLKBA t Data low 2.4 ~ 3 2.4 3 

Hold time, Data high 0.5 2 0 0.5 0 
th A or B after CLKABt or CLKBA t Data low 0.6 ..." 0.5 0.5 0.5 

ns 

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

SN54LVT16646 SN74LVT16648 

PARAMETER 
FROM TO VCC=3.3V 

VCC=2.7V 
Vcc = 3.3 V 

VCC=2.7V UNIT 
(INPun (OUTPun ±O.3V ±O.3V 

MIN MAX MIN MAX MIN TYPt MAX MIN MAX 

fmax 150 150 MHz 

tpLH CLKBAor 1.8 6 6.9 1.8 3.8 5.7 6.7 

CLKAB 
AorB ns 

tpHL 2.1 5.9 6.6 2.1 3.9 5.7 6.5 

tpLH 1.3 4.9 ~ 5.6 1.3 3 4.7 5.4 
AorB BorA 

~. 
ns 

tPHL 1 4.8 5.8 1 3.1 4.7 5.6 

tpLH 
SBAor SAB+ 

1.4 6.4 .d? 7.4 1.4 4 6.2 7.2 
AorB c" ns 

tpHL 1.4 6.4 7.4 1.4 4.3 6.2 7.2 

tpZH 
OE 

1 5.jS 7.4 1 3 5.4 6.4 
AorB 

D 
ns 

tPZL 1 7.5 1 3.1 5.6 6.5 

tPHZ 
OE 

2.3 -@.7 7.1 2.3 4.6 6.5 6.9 
AorB ns 

tpLZ 2.2 6 6.5 2.2 4.5 5.8 5.9 

tpzli 1 5.9 7.7 1 3.3 5.7 6.7 
DIR AorB ns 

tpZL 1.2 5.9 7.3 1.2 3.5 5.8 6.7 

tpHZ 1.7 7.3 8.5 1.7 4.7 7.2 8.3 
DIR AorB ns 

tpLZ 1.5 7.8 7.4 1.5 4.9 6.6 7.2 

t All typical values are at VCC - 3.3 V, TA. 25°C. 
:J: These parameters ars measured wHh the intemal output state of the storage register opposHe to that of the bus input. 
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SN54LVT16646,SN74LVT16646 
3.3-V ABT 16-BIT BUS TRANSCEIVERS 

WITH 3-STATE OUTPUTS 
SCBS149C-JULY 1994- REVISED JULY 1995 

PARAMETER MEASUREMENT INFORMATION 

o 8V 

S1 
From Ou1put _ .. _-....-.-\600MO __ -J 

o Open 

Under Teat 

CL=50pF 

(_NoteA) I 5000 r~ 
LOAD CIRCUIT FOR OUTPUTS 

I4--tw~ 

2.7 V 

OV 

, ,,----
Input 3 X,-1._5V __ 

Input 

Output 

Ou1put 

VOLTAGE WAVEFORMS 
PULSE DURATION 

--v X 2.7 V 
--1!'1.5V ,1.5V OV 

tPLH~ ~tPHL 
I 1 \!-:::- VOH 
I !1.5V I ~ 

--+I-J I VOL 

tPHL~ ~ tPLH . 

\L !.r.:':'" VOH 
,1.5V T1.5V 

VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

INVERTING AND NONINVERTING OUTPUTS 

NOTES: A. CL Includes probe and Jig capacitance. 

nmlnglnput 

Data Input 

Output 
Control 

Ou1put 
Waveform 1 

S1 at6V 
,_Note B) 

Ou1put 
Waveform 2 

S1 atGND 
(_Note B) 

TEST S1 

tPLtftPHL Open 

tpLZ/tpZL 6V 

tpHZltpZH GND 

2.7 V 
-------X1.5 V 
____ -J. 1'-______ OV 

1l1li t_ ~I. ~I 
1 ... u r th 1 

--""""'*1.5 V E :.:V 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

~1.5V ~,-1._5V __ _ 

tpZL ~ II1II- , 

2.7 V 

OV 

, I tPLZ-.I ~ ---io,-"\L. I . v.;::""-- 3 V I ,1.5V I t~!....+~!Y VOL 

I 1 tpHZ~ j+-
tpZH~ j4- , 

1 --- VOH 
!1.5V ~H-O.3V 

__ -J. *OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

LOW· AND HIGH-LEVEL ENABLING 

B. Wavefonn 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. Allinputpulsas are supplied by generators having the following characteristics: PRR S 10 MHz, Zo - 50 n, trs 2.5 ns, tfS 2.5 ns. 
D. The outputs are measured one at a time with one transition per measurement. 

Figure 2. Load Circuit and Voltage Waveforms 

~1ExAs 
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SN54LVT16652,SN74LVT16652 
3.3-V ABT 16-BIT BUS TRANSCEIVERS AND REGISTERS 

WITH 3-STATE OUTPUTS 

• State-of-the-Art Advanced BiCMOS SN54LVT16652 ..• WD PACKAGE 

Technology (ABT) Design for 3.3-V SN74LVT16652 ••• DGG OR DL PACKAGE 

Operation and Low-Static Power 
(TOP VIEW) 

Dissipation 
10EAB 10EBA 

• Members of the Texas Instruments 1CLKAB 1CLKBA 
Widebus™ Family 1SAB 3 1SBA 

• Support Mixed-Mode Signal Operation (5-V GND GND 
Input and Output Voltages With 3.3-V Vee) 1A1 1B1 

• Support Unregulated Battery Operation 1A2 1B2 
Down to 2.7 V Vee Vee 

• Typical VOLP (Output Ground Bounce) 1A3 1B3 

< O.B Vat Vee = 3.3 V, TA = 25°C 1A4 1B4 

• ESD Protection Exceeds 2000 V Per 1A5 1B5 

MIL-STD-883C, Method 3015; Exceeds GND 11 GND 
200 V Using Machine Model 1A6 1B6 

(C = 200 pF, R = 0) 1A7 1B7 

• Latch-Up Performance Exceeds 500 mA 
1A8 1B8 
2A1 2B1 

Per JEDEC Standard JESD-17 
2A2 2B2 

• Bus-Hold Data Inputs Eliminate the Need 2A3 2B3 
for External Pullup Resistors GND GND 

• Support Live Insertion 2A4 2B4 
• Distributed Vee and GND Pin Configuration 2A5 2B5 

Minimizes High-Speed Switching Noise 2A6 2B6 

• Flow-Through Architecture Optimizes Vee Vee 
PCB Layout 2A7 2B7 

• Package Options Include Plastic 300-mil 
2A8 2B8 

Shrink Small-Outline (DL) and Thin Shrink GND GND 

Small-Outline (DGG) Packages and 3BO-mil 2SAB 2SBA 

Fine-Pitch Ceramic Flat (WD) Package 2CLKAB 2CLKBA 

Using 25-mil Center-to-Center Spacings 20EAB 20EBA 

description 

The 'LVT16652 are 16-bit bus transceivers 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 two 8-bit 
transceivers or one 16-bit transceiver. 

Complementary output-enable (OEAB and OEBA) inputs are provided to control the transceiver functions. 
Select-control (SAB and SBA) inputs are provided to select whether real-time or stored data is transferred. A 
low input level selects real-time data, and a high input level selects stored data. The circuitry used for select 
control eliminates the typical decoding glitch that occurs in a multiplexer during the transition between stored 
and real-time data. Figure 1 illustrates the four fundamental bus-management functions that can be performed 
with the 'LVT16652. 

Widebus is a trademark of Texas Instruments Incorporated. 

PRODUCT PREVIEW InformoUon concerns produeta In tho formallve or 
dnlgn p/NI8e of development. ChareCltl1B11c dlfll and other 
speclflcatlons are daslgn goal .. T_llII1nImOnfs rasarvaa iii. right fo 
change 01 discontinue iii ... products wlthout notIct. ~1EXAS 
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POST OFFICE BOX 656303 • DALLAS. TEXAS 75265 
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SN54LVT16652,SN74LVT16652 
3.3-V ABT 16-BIT BUS TRANSCEIVERS AND REGISTERS 
WITH 3-STATEOUTPUTS 
SCBS150D - JULY 1994 - REVISED FEBRUARY 1996 

description (continued) 

Data on the A or B bus, or both, can be stored in the internal 0 flip-flops by low-to-high transitions at the 
appropriate clock (CLKAB or CLKBA) inputs regardless of the levels on the select-control or output-enable 
inputs. When SAB and SBA are in the real-time transfer mode, it is also possible to store data without using the 
internal D-type flip-flops by Simultaneously enabling OEAB and OEBA. In this configuration, each output 
reinforces its input. When all other data sources to the two sets of bus line are at high impedance, each set of 
bus lines remains at its last level configuration. 

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 sl:lould be tied to Vce through a pullup 
resistor; the minimum value of the resistor .is determined by the current-sinking capability of the driver. OE 
should be tied to GND through a pulldown resistor; the minimum value of the resistor is determined by the 
current-sourcing capability of the driver. . 

The SN7 4LVT16652 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 SN54LVT16652 is characterized for operation over the full military temperature range of -55°C to 125°C. 
The SN74LVT16652 is characterized for operation from -40°C to 85°C. 

FUNCTION TABLE 

INPUTS DATAI/Ot 
OPERATION OR FUNCTION 

OEAB OEBA CLKAB CLKBA SAB SBA Ai THRU A8 B1 THRU B8 

L H HorL H orL X X Input Input Isolation 

L H i i X X Input Input Store A and B data 

X H i H orL X X Input Unspecified:l: Store A, hold B 

H H i i x:I: X Input Output Store A in both registers 

L X H orL i X X Unspecified:!: Input Hold A, store B 

L L i i X X:I: Output Input Store B in both registers 

L L X X X L Output Input Real-time B data to A bus 

L L X HorL X H Output Input Stored B data to A bus 

H H X X L X Input Output Real-time A data to B bus 

H H HorL X H X Input Output Stored A data to B bus 

H L HorL HorL H H Output Output 
Stored A data to B bus and 

stored B data to A bus 

t The data output functiOns may be enabled or disabled by a variety of level combinations at OEAB or OEBA. Data input functions are always 
enabled; i.e., data at the bus pins is stored on every low-to-high transition on the clock inputs. 

:I: Select control- L; clocks can occur simultaneously. 
Select control. H; clocks must be staggered in order to load both registers. 

~1EXAS 
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SN54LVT16652,SN74LVT16652 
3.3-V ABT 16-BIT BUS TRANSCEIVERS AND REGISTERS 

WITH 3-STATE OUTPUTS 
SCBS150D - JULY 1994 - REVISED FEBRUARY 1996 

< 
! 
III 

'---y---J 
OEAB OEBA CLKAB CLKBA SAB SBA OEAB OEBA CLKAB CLKBA SAB SBA 

L L X X X L H H X X L X 

OEAB 
X 
L 
L 

REAL· TIME TRANSFER 
BUSBTOBUSA 

'---y---J 

REAL· TIME TRANSFER 
BUSATO BUS B 

'---y---J 
OEBA CLKAB ClKBA SAB SBA OEAB OEBA CLKAB CLKBA SAB 

H i X X X H L HorL H or L H 
X X i X X 
H i i X X 

STORAGE FROM TRANSFER STORED DATA 
A, B,ORAAND B TOAAND/ORB 

Figure 1. Bus-Management Functions 
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SN54LVT16652, SN74LVT16652 
3.3·Y ABT 16-BIT BUS TRANSCEIVERS AND REGISTERS 
WITH 3·STATE OUTPUTS 
SCBS150D - JULY 1994- REVISED FEBRUARY 1996 

logic symbolt 

10EBA 66 ,.., 
1 

EN1 [BA) 
10EAB 

1CLKBA 
66 

EN2[AB) 
C3 

iSBA 
54 

04 
1CLKAB 

2 
C5 

1SAB 
3 

G6 
20EBA 

20EAB 
2CLKBA 

29 _1'. 

28 
EN7[BA) 

30 
EN8[AB) 

C9 
2SBA 

31 
27 

G10 
2CLKAB C11 

26 
2SAB G12 , I" 

1A1 
5 ~1 4 3D 

Vi 
4' 1 -1 

1A2 

J: 60 6 ~1 
2V -

6 
1 6 

8 
1A3 

9 
1A4 

10 
1A5 

12 
1A6 

1A7 
13 

14 
1A6 

2A1 
~1 15 10 90 

--I V7 
10 1 

2A2 

J: 110 12 ~1 
8V -

1 12 
16 

17 
2A3 

2A4 
19 
20 

2A5 
21 

2A6 
23 

2A7 
24 

2A8 

t This symbol is in accordance with ANSVIEEE Std 91-1964 and lEe Publication 617-12. 
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38 

37 

36 

34 

33 

1B1 

1B2 
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1B4 

1B5 

1B6 

1B7 

1B8 
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SN54LVT16652,SN74LVT16652 
3.3-V ABT 16-BIT BUS TRANSCEIVERS AND REGISTERS 

WITH 3-STATE OUTPUTS 
SCI3S160D-JULY 1994- REVISED FEBRUARY 1996 

logic diagram {positive logic} 

10EBA 

10EAB 

1CLKBA -=-----1---------1 ~--------,_+__, 

1SBA -=-----1....-1 >-<~----_, 
1CLKAB 

1SAB -=----+-1....-1 >-11-----, 

~------------~v~------------~ 
To Seven Other Channela 

20EAB 

2CLKBA -----/---------1 >------_+_, 
2SBA ....:..:.-----1....-1 >-<~----_, 

2CLKAB 

2SAB -'"---H ........ >-.------, 

, 
I One of Eight Channels 

<I-+--l~1 I 
I 
I 

52 1B1 

2A1 _1:.,:5_-r-+-l ..... 
+-+-H-++...:.:42=- 2B1 

I 
I 
I 
I 
I 

----~--- oJ 

~------------~v~--------------~ 
To Seven Other Channels 
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SN54LVT16652,SN74LVT16652 
3.3-V ABT 16-BIT BUS TRANSCEIVERS.AND REGISTERS 
WITH 3-STATE OUTPUTS, 
SCBS150D - JULY 1994 - REVISED FEBRUARY 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 (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: SN54LVT16652 .,."., .• ,., .. "., ... ,., ....... ,.... 96 mA 

SN74LVT16652 .. , ............ , .. , ...... , ........ 128 mA 
Current into any output in the high state, 10 (see Note 2): SN54LVT16652 ." ... , ... , .. , .. ,., .... 48 mA 

SN74LVT16652 ; ...................... 64 mA 
Input clamp current, 11K (VI < 0) ........ , .................... , ................. ,.......... -50 mA 
Output clamp current, 10K (VO < 0) , .. , .................... " ....... " ...... , .... , .... ,... -50 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 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 150·e and a board trace length of 750 mils . 

For more information, refer to the Package ThermalConsiderationsapplication note in the 1994 ABT Advanced BiCMOS Technology 
Data Book, literature number SeBD002B. .' 

recommended operating conditions (see Note 4) 
SN54LVTI6662 SN74LVT16652 

UNIT 
MIN MAX MIN MAX 

Vee Supply voltage 2.7 3.6 2.7 3.6 V 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage O.B O.B V 

VI I nput voltage 5.5 5.5 V 

IOH High-level output current -24 -32 rnA 

IOL Low-level output current 48 64 rnA 

at/av Input transition rise or fall rate I Outputs enabled 10 10 ns/V 

TA Operating free-air temperature -55 125 -40 85 ·e 

NOTE 4: Unused control inputs must be held high or low to prevent them from floating. 
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SN54LYT16652,SN74LYT16652 
3.3-Y ABT 16-BIT BUS TRANSCEIYERS AND REGISTERS 

WITH 3-STATE OUTPUTS 
SCBS150D-JULY 1994- REVISED FEBRUARY 1996 

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

SN54LVT16652 SN74LVT16652 
PARAMETER TEST CONDITIONS 

TYPt TYpt MIN MAX MIN 

VIK Vee = 2.7 V, II =-18 mA -1.2 

Vee = MIN to MAx:I:, 10H = -100!1A Vee-0.2 Vee-0.2 

Vee = 2.7 V, IOH=-8mA 2.4 2.4 
VOH 

10H =-24mA 2 
Vee = 3 V 

10H =-32mA 2 

10L = 100!1A 0.2 
Vee=2.7V 

IOL=24 mA 0.5 

IOL=16mA 0.4 
VOL 

IOL-32 mA 0.5 
Vee =3V 

IOL=48mA 0.55 

IOL=64 mA 

Vee = 3.6 V, V, = Vee or GND ±1 

Vee = 0 or MAx:I:, VI -5.5V 
Control inputs 

10 

II VI =5.5V 20 

Vee=3.6V VI = Vee A or B ports§ 5 

VI·O - -10 

loff Vee=O, VI or Vo = 0 to 4.5 V 

VI-O.BV 75 .75 
. II (hold) Vee- 3V 

VI=2V 
A or B ports 

-75 -75 

10ZH Vee = 3.6 V, VO=3V 1 

10ZL Vee=3.6V, VO=0.5V -1 

Outputs high 0.1 

ICC 
Vee=3.6V, 10- 0, Outputs low 5 
VI - Vee or GND 

Outputs disabled 0.1 

61eell 
Vee - 3 Vto 3.6 V, One input at Vee - 0.6 V, 

0.2 
Other inputs at Vee or GND 

ei VI =3 VorO 3.5 

eio Vo=3VorO 12 

t All tYPical values are at Vee = 3.3 V, TA = 25°C. . 
:j: For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
§ Unused pins at Vee or GND 
If 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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3.5 

12 

MAX 

-1.2 

0.2 

0.5 

0.4 

0.5 

0.55 

±1 

10 

20 

5 

-10 

±100 

1 

-1 

0.1 

5 

0.1 

0.2 

UNIT 

V 

V 

V 

IlA 

IlA 

IlA 

!1A 

!1A 

mA 

mA 

pF 

pF 
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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 CABT) Design for 3.3-V 
Operation and Low-Static Power 
Dissipation 

• Member of the Texas Instruments 
W/debus™ Family 

• Supports Mixed-Mode Signal Operation 
(5oV Input and Output Voltages With 
3.3-VVee) 

• Supports Unregulated Battery Operation 
Down to 2.7 V 

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

• Bus-Hold Data Inputs Eliminate the Need 
for External Pullup 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 30e-mll 
Shrink Smail-Outline CDL) and Thin Shrink 
Smail-Outline (DGG) Packages Using 250mll 
Center-te-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 TIL 
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 1 

NC 2 
Y1 3 

GND 
Y2 
Y3 6 

Vee 7 
Y4 
Y5 
Y6 

GND 11 

Y7 
Y8 
Y9 

Y10 
Y11 
Y12 

GND 
Y13 
Y14 
Y15 
Vee 
Y16 
Y17 

GND 
Y18 
DE 

56 
55 
64 
63 

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 
eLK 

LE 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 latchlflip-flop on the low-to-hlgh 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 SN74LVT16835 is available in Tl's shrink small-outline (OL) and thin shrink small-outline (OGG) packages, 
which provide twice the inputloutput (1/0) pins and functionality of standard small-outline packages in the same 
printed-circult-board area. 

The SN74LVT16835 is characterized for operation from -40°C to 85°C. 

Wldebus Is a trademark of Texas Instruments Incorporated; 

Copyright C 1995. T_lnSlruments Incorporated 
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SN74LVT16835 
3.3-V ABT 1s"BIT UNIVERSAL BUS DRIVER 
WITH 3-STATE OUTPUTS 
SCBS309C - MARCH 1994 - REVISED JULY 1995 

logic symbol§ 

OE 

ClK 

lE 

Y1 

Y2 

Y3 

Y4 

Y5 

Y6 

Y7 

Y8 

Y9 

Y10 

Y11 

Y12 

Y13 

. Y14 

Y15 

Y16 

Y17 

Y18 

FUNCTION TABLE 

INPUTS OUTPUT 

OE lE ClK A Y 

H X X X Z 

L H X L L 
/ 

L H X H H 

L L i L L 

L L i H H 

L L H X Yot 

l L L X Yoi 

t Output level before the Indicated steedy-state 
input conditions were established. provided 
that CLK was high before LE went low 

i Output level before the Indicated steady-state 
Input condRions were established 

27 1'0. EN1 
30 

2C3 
28 

L 
C3 

02 

3 
., I'" 

54 
1V 1 3D 

5 52 

6 51 

8 49 

9 46 

10 47 

12 45 

13 44 

14 43 

15 42 

16 41 

17 40 

19 38 

20 37 

21 38 

23 34 

24 33 

26 31 

§This symbol is in accordance with ANSVIEEE Std 91-1984 and IEC Publication 617-12. 
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A1 

A2 

A3 

A4 

A5 

A6 

A7 

A8. 

A9 

A10 

A11 

A12 

A13 

A14 

A15 

A1B 

.A17 

A18 



logic diagram (positive logic) 

OE 27 

ClK .....;;3.:..0 __ --1 

lE .....;:2:=.,8 __ --1 

A1.....;;54..:..-__ ; 

SN74LVT16835 
3.3-V ABT 18-BIT UNIVERSAL BUS DRIVER 

. WITH 3·STATE OUTPUTS 

>--+-+-I1D 
.-+-;C1 

ClK 

~----~v~----~ 

To 17 Other Channela 

SCBS309C - MARCH 1994 - REVISED JULY 1995 

3 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 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 rnA 
Current into any output in the high state, 10 (see Note 2) . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . .. 64 rnA 
Input clamp current, 11K (VI < 0) ...........•.............................................. -50 rnA 
Output clamp current, 10K (V 0 < 0) ....................................................... -50 rnA 
Maximum power dissipation at TA = 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 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 150·C and a board trace length of 750 mils. 

For more information, refer to the Package ThermalConsiderationsapplication note in the 1994 ABT Advanced BiCMOS Technology 
Data Book, literature number SCBD002B. 
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SN74LVT16835 
3.3-V ABT 18-BIT UNIVERSAL BUS DRIVER 
WITH 3-STATE OUTPUTS 
SCBS309C - MARCH 1994,.. REVISED JULY 1995 

recommended operating conditions (see Note 4) 

Vee Supply voltage 

VIH High-level Input voltage 

Vil low-level input voltage 

VI Inpu1 voltage 

10H High-level output current 

10l low-level output current 

!J.II!J.v Input transition rise or fall rate 

TA Operating free-air tempereture 

NOTE 4: Unused controllnpu1s must be held high or low to prevent them from floating. 

MIN MAX UNIT 

2.7 3.6 V 

2 V 

0.8 V 

5.5 V 

-32 rnA 

64 rnA 

I Ou1puls enabled 10 nslV 

-40 85 ·e 

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

PARAMETER TEST CONDITIONS MIN TYPt 

VIK Vee~2.7V, 11=-18mA 

Vee = MIN to MAX;, 10H = -100 IIA Vee-0.2 

VOH Vee- 2•7V, IOH=-8mA 2.4 

Vee- 3V 10H--32rnA 2 

Vee- 2.iv 
IOl-100 IIA 
IOl-24rnA 

VOL IOl-16mA 

Vee- 3V IOl=32rnA 

IOl-64rnA 

Vee - 0 or MAX;, VI =5.5V 

Control inpuls Vee- 3.6V, VI - Vee or GND 

II VI-Vee 

A inpuls Vee- 3.6V VI-5.5V 

VI=O 

loff Vee- O, VI orVO = 0 to 4.5 V 

II(hold) A Inpu1s Vee- 3V 
VI = 0.8 V 75 

VI-2V -75 

10ZH Vee- 3.6V, VO-3V 

10Zl Vee- 3.6V, Vo - 0.5 V 

Outputs high 

ICC· 
Vee = 3.6 V, 10- 0, Outputs low 
VI - Vee or GND 

Outputs disabled 

!J.lee§ 
Vee-3 Vt03.6 V, One input at Vee - 0.6 V, 
Other inpuls at Vee or GND 

ei 
Control Inputs 

VI-3 V orO 
Data pins 

Co Vo-3VorO 
. . t All typical values are at Vee - 3.3 V, TA _ 25·e . 

; For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
§ 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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3.5 

4.5 

11 

MAX UNIT 

-1.2 V 

V 

0.2 

0.5 

0.4 V 

0.5 

0.55 

10 

±1 

1 IIA 
20 

-5 

±100 IIA 

IIA 

1 IIA 
-1 IIA 

0.12 

5 rnA 

0.12 

0.2 rnA 

pF 

pF 



SN74LVT16835 
3.3-V ABT 18-BIT UNIVERSAL BUS DRIVER 

WITH 3-STATE OUTPUTS 
SCBS309C - MARCH 1994 - REVISED JULY 1995 

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

Vee = 3.3 V 
Vee = 2.7 V ±O.3V UNIT 

MIN MAX MIN MAX 

fclock Clock frequency 0 150 0 125 MHz 

lEhigh 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 Vee = 3.3V±O.3 V Vee = 2.7 V 
UNIT 

(INPUT) (OUTPUT) . MIN TYPt MAX MIN MAX 

fmax 150 150 MHz 

tplH 1.7 3 5.4 6.8 
A Y ns 

tPHL 1.6 3.2 5.9 7.7 

tplH 2.3 4 7 8.5 
lE Y ns 

tpHl 2.7 4.3 7.9 9.7 

tpLH 2.5 4.1 7.9 9.2 
ClK Y ns 

tpHl 3.5 5.4 8.9 10.4 

tpZH 
"C5E 

1.2 3 5 5.9 
Y ns 

tpZl 1.5 3 5.8 6.9 

tpHZ 
OE 

2.7 4.6 ·7.4 8.3 
Y ns 

tpLZ 2.8 4.7 6.7 7.2 

t All typical values are at VCC. 3.3 V, TA a 25"C. 
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SN74LVT16835 
3.3-V ABT 18-BIT UNIVERSAL BUS DRIVER 
WITH 3-STATE OUTPUTS 
SCBS3Q9C- MARCH 1994 - REVISED JULY 1995 

PARAMETER MEASUREMENT INFORMATION 

o 6V 

500n S1 0 Open 
From Output - ... - ..... --'\.N\r----' 

Under Test 

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

LOAD CIRCUIT FOR OUTPUTS 

~tw--+l 
I 1,.. __ _ 

Input 3 X",1._5_V __ :.:v 

Input 

Output 

VOLTAGE WAVEFORMS 
PULSE DURATION 

----v X 2.7 V 
~1.5V I 1.5 V OV 

tPLH~ KtPHL 

I } I \!-:.::- VOH 
I r 1•5V 1 ~ --+1 ---' I VOL 

tPHL -l.--.! ~ tpLH 

Timing Input 

Detalnput 

Output 
Control 

Output 
Waveform 1 

S1 at6V 
(see Note B) 

TEST S1 

tpLtt/tPHL Open 

tPLZItPZL 6V 

tPHZItPZH GND 

-------X1•5V 

1'-------
I .. t .~ ~ 

th I I au I 

)l(1.5V ~ 
VOLTAGE WAVEFORMS 

SETUP AND HOLD TIMES 

I 
I 
I 

tpZH~ 

2.7 V 

OV 

2.7 V 

OV 

3V 

1 ~VOH 
\1.5 V T1.5V 

• - -- VOL 
Output 

Output 
Waveform 2 

S1 atGND 
(see Note B) 

~H':"O.3VVOH 
... OV 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

INVERTING AND NONINVERTING OUTPUTS 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

LOW- AND HIGH-LEVEL ENABLING 

NOTES: A. CL Includes probe and Jig capacitance. 
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 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. 

Figure 1. Load Circuit and Voltage Waveforms 
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• State-of-the-Art Advanced BICMOS 
Technology (ABT) Oeslgn for 3.3-V 
Operation and Low-Static Power 
Dissipation 

• 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 2.7 V 

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

• ESD Protection Exceeds 2000 V Per 
MIL-8TD-883C, 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 Data Inputs Eliminate the Need 
for External.Puliup Resistors 

• Support Live Insertion 
• Distributed Vee and GNO Pin Configuration 

Minimizes High-Speed Switching Noise 

• Flow-Through Architecture Optimizes 
PCB Layout 

• Package Options Include Plastic 30o-mll 
Shrink Smail-Outline (OL) and Thin Shrink 
Smail-Outline (OGG) Packages and 3So-mll 
Fine-Pitch Ceramic Flat (WO) Package 
Using 25-mll Cente ... to-Center Spacings 

description 

SN54LVT16952,SN74LVT16952 
3.3-V ABT 16-BIT REGISTERED TRANSCEIVERS 

WITH 3-STATE OUTPUTS 
MAY 1992 - REVISED JULY 1995 

SN54LVT16952 ••• WD PACKAGE 
SN74LVT16952 ••• DGG OR DL PACKAGE 

{TOP VIEW) 

10EA8 
1CLKA8 

1CLKENA8 3 
GND 4 

1A2 

Vee 
1A3 
1A4 
1A5 

GND 
1A6 
1A7 
1A8 
2A1 
2A2 
2A3 

GND 
2A4 
2A5 
2A6 

Vee 
2A7 
2A8 

GND 
2CLKENA8 

10E8A 
55 1CLK8A 
54 1CLKEN8A 
53 GND 
52 181 

182 

Vee 
183 
184 
185 
GND 
186 
187 
188 
281 

41 282 
2B3 
GND 

38 284 
37 285 
36 286 

Vee 
2B7 
288 
GND 
2CLKENBA 

2CLKAB 2CLK8A 
20EA8 20EBA ....... __ .r 

The 'LVT16952 are 16-bit registered 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. These devices can be used as two 8-bit 
transceivers or one 16-bit transceiver. Data on the A or B bus is stored in the registers on the low-ta-high 
transition of the clock (CLKAB or CLKBA) input provided that the clock-enable (CLKENAB or CLKENBA) input 
is low. Taking the output-enable (OEAB or OEBA) input low accesses the data on either port. 

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 4LVT16952 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. 

Wldebus Is a trademark of Texas Instruments InCOrporated. 

Copyright II) 1995, Texas Instruments Incorporated 
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SN54LVT16952,SN74LVT16952 
3.3-V ABT 16-BIT REGISTERED TRANSCEIVERS 
WITH 3-STATE OUTPUTS 
SCBS151 C- MAY 1992 - REVISED JULY 1995 

description (continued) 

The SN54LVT16952 is characterized for operation over the full military temperature range of -55°C to 125°C. 
The SN74LVT16952 is characterized for operation from -40°C to 85°C. 

logic symbolt 

lOEBA 

lCLKENBA 

lCLKBA 

lOW 

lCLKENAB 

lCLKAB 

2OE'BA 

2CLKENBA 
2CLKBA 

20W 

2CLKENAB 

2CLKAB 

lAl 

lA2 

lA3 

lA4 

lA5 

lA6 

lA7 

lA8 

2Al 

2A2 

2A3 

2A4 

2A5 

2A6 

2A7 

2A8 

56 '" 
54 

'" 55 

1 '" 
3 '" 
2 

29 "-

31 
" 

30 

28 
" 

26 
" 27 

5 

L 
6 

8 

9 

10 

12 

13 

14 

15 

L 
16 

17 

19 

20 
21 

23 

24 

EN3 

01 

lC5 

EN4 

02 

2C6 

EN9 

07 

7Cl1 

EN10 

08 

8C12 , I'" 
V3 50 

-=.J 60 4V 

V9 110 =r 120 10V 

tThis symbol is In accordance with ANSI/IEEE Sid 91-1984 and IEC Publication 617-12. 
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52 

51 

49 

48 

47 

45 

44 

43 

42 

41 

40 

38 

37 
38 

34 

33 

lBl 

lB2 

lB3 

lB4 

lB5 

lB6 

lB7 

lB8 

2Bl 

2B2 

2B3 

2B4 

2B5 

2B6 

2B7 

2B8 



logic diagram (positive logic) 

1CLKENAB 

1CLKAB -=-----1 
10EBA 

r-----
, One of Eight 5' Channels 

1A1 --1--..... -<: , , , , 

SN54LVT16952,SN74LVT16952 
3.3-V ABT 16-BIT REGISTERED TRANSCEIVERS 

WITH 3-STATE OUTPUTS 

FUNCTION TABLEt 

INPUTS OUTPUT 
CLKENAB CLKAB OEAB A B 

H X L X BO:!: 

X L L X BO:!: 

L i L L L 

L i L H H 

X X H X Z 

t A-to-B data flow IS shown; B-to-A data flow IS similar 
but uses CLKENBA. CLKBA. and OEBA. 

:!: Level of B before the indicated steady-state input 
conditions were established 

SCBS151C-MAY 1992-REVISEDJULY 1995 

1 10EAB 

-----, , 
~ ___ +--. __ ~'~52 1B1 , , , , L. _______ _ _________ ..1 

r-----
, One of Eight 
, Channels 

2A1 ..:..15+_~_c: , 
I , , 

'~---~vr----JI 
To Seven Other Channels 

----, , 
1-i ___ +-...... __ -+'...:.:42 2B1 , , , , 

'---------
_________ ..1 

'~-----~vr-------JI 
To Seven Other Channels 
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SN54LVT16952, SN74LVT16952 
3.3-Y ABT 16-BIT REGISTERED TRANSCEIYERS 
WITH 3-STATE OUTPUTS 
SCBS151C-MAY 1992-REVISEDJULY 1995 

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 (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: SN54LVT16952 ................................... 96 mA 

SN74LVT16952 .................................. 128 mA 
Current into any output in the high state, 10 (see Note 2): SN54LVT16952 ....................... 48 mA 

SN74LVT16952 ....................... 64 mA 
Input clamp current, 11K (VI < 0) ............•.........•..........•........................ -50 mA 
Output clamp current, 10K (VO < 0) ....................................................... -50 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 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 150'e and a board trace length of 750 mils. 

For more information, refertothe Package ThermalConsiderationsapplication note In the 1994 ABT Advanced BiCMOS Technology 
Data Book, literature number SeBD002B. 

recommended operating conditions (see Note 4) 

SN54LVT16952 SN74LVT16952 
UNIT 

MIN MAX MIN MAX 

vee Supply voltage 2.7 3.6 2.7 3.6 V 

VIH High-level input voltage 2 tJF 2 V 

VIL Low-level Input voltage m:a 0.8 V 

VI Input voltage ~5.5 5.5 V 

IOH High-level output current B' -24 -32 mA 

IOL Low-level output current 1$ 48 64 mA 

At/lJ.v Input transition rise or fall rate I Outputs enabled {If 10 10 nsN 

TA Operating free-air temperature -55 125 -40 85 'e 

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

~1ExAs 
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SN54LVT16952,SN74LVT16952 
3.3·V ABT 16-BIT REGISTERED TRANSCEIVERS 

WITH 3·STATE OUTPUTS 
SCBS151C- MAY 1992- REVISED JULY 1995 

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

SN54LVT16952 SN74LVT16952 
PARAMETER TEST CONDITIONS 

MIN TYPt MAX MIN TYpt 

VIK Vee = 2.7 V, 11--18mA -1.2 

Vee = MIN to MAxi, IOH· -100 IIA Vee-0•2 Vee-0.2 

Vee- 2.7V, IOHm-8mA 2.4 2.4 
VOH 

IOH--24mA 2 
Vee=3V 

IOH--32mA 2 

IOl -100 IIA 0.2 
Vee- 2.7V 

IOl-24mA 0.5 

IOl-16mA 0.4 
VOL 

IOl-32mA 0.5 
Vee- 3V 

IOl-48mA 0.55 

IOl-64 mA ."" 
Vee- 3.6V, VI- Vee or GND Control $!I ±1 

Vee - 0 or MAX:!:, V,-5.5V inputs J!i 10 

II V,_ 5.5 V £.."" 20 

Vee=3.6V V,.Vee AorBports§ ~ 1 

V,-O CI -5 

loff Vee- O, V, orVO - Ot04.5V ~ 
V, =0.8V 75 75 

II (hold) Vee=3V 
V,-2V 

Aor B ports 
-75 -75 

10ZH Vee- 3•6V, VO-3V 1 

10Zl Vee = 3.6 V, VO .. 0.5V -1 

Outputs high 0.12 

ICC 
Vee = 3.6 V, 10- 0, Outputs low 5 
V,_ Vee or GND Outputs 

disabled 
0.12 

Alec' 
Vee - 3 Vto 3.6 V, One input at Vee - 0.6 V, 

0.2 
Other inputs at Vee or GND 

ei V,-3VorO 4 

eio Vo=3VorO 13 

t All tYPICal values are at Vee" 3.3 V, TA" 25°C. 
:!: For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
§ Unused pins at Vee or GND 
, This Is the Increase in supply current for each input that Is at the specified TTL voHage level rather than Vee or GND. 
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10 

20 

1 

-5 

±100 

1 

-1 

0.12 

5 

0.12 
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V 

V 

IIA 

IIA 

IIA 

IIA 
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mA 

mA 
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pF 
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SN54LVT16952,SN74LVT16952 
3.3-V ABT 16-BIT REGISTERED TRANSCEIVERS 
WITH 3-STATE OUTPUTS 
SCBS151C-MAY 1992 - REVISED JULY 1995 

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

SN54LVTl6952 SN74LVTl6952 

vcc=a3v 
Vee=2.7V 

vee=a3v 
VCC=2.7V UNIT ±O.3V ±O.3V 

MIN MAX MIN MAX MIN MAX MIN MAX 

fclock Clock frequency 0 150 ..to ~50 0 150 0 150 MHz 

Pulse duration 
ClKENhigh 3.3 .~ 3.3 3.3 

Iw ns 
ClK high or low 3.3 ~3.3 3.3 3.3 

A or B before ClK 2.1 j ~ 2.9 2.1 2.9 
Isu Setup time 

ClKEN before ClK 1.2 § 1.6 1.2 1.6 
ns 

Hold time 
A or B after ClK 0.7 A? 0.7 0.7 0.7 

th 1.4 ~-
ns 

ClKEN after ClK 1.5 1.4 1.5 

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

SN54LVT16952 SN74LVT16952 

PARAMETER 
FROM TO Vee=3.3V 

Vee = 2.7 V 
Vee = 3.3 V 

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

MIN MAX MIN MAX MIN TYP1' MAX MIN MAX 

fmax 150 1.# 150 150 MHz 

tplH ClKBAor 2 5.9 ~. 7.4 2 3.4 5.8 7.1 

ClKAB 
AorB 

6 ~-
ns 

tpHl 2 7 2 3.4 5.8 6.9 

tPZH OEBAor 1 6.t; 7.3 1 2.7 5.6 6.7 
OEAB 

AorB 
~ 

ns 
tpZl 1.2 8.2 1.2 2.7 6.5 8 

tpHZ DEBAor 
AorB 

2.3 ~7 7.6 2.3 3.9 6.3 6.9 
DEAB .... 5.8 

ns 
tpLZ 2.2 6 2.2 3.9 5.1 5.3 

t All typical values are at VCC = 3.3 V, TA • 25°C. 
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SN54LVT16952,SN74LVT16952 
3.3-V ABT 16-BIT REGISTERED TRANSCEIVERS 

WITH 3-STATE OUTPUTS 
SCBS151 C - MAY 1992 - REVISED JULY 1995 

PARAMETER MEASUREMENT INFORMATION 

o 6V 
Sl 

From Output _ ..... _--e>---'\50NO"'O __ -J 
o Open 

Under Test r' CL=50pF 
(see Note A) T SOOO 

LOAD CIRCUIT FOR OUTPUTS 

14-- tw -----+i 
2.7 V 

OV 

1 1 __ --

Input 3 X",l_.S_V __ 

Input 

Output 

Output 

VOLTAGE WAVEFORMS 
PULSE DURATION 

--v X 2.7 V 
~l.SV 1 1•SV OV 

tpLH --J.---.I ~ tPHL 

1 1 I \!~::- VOH 
1 !1.5V 1 ~ --+-1 --I 1 VOL 

tPHL ~ i4-+/- tpLH 

1 ~VOH 
\1.5 V T1.5V 

. - -- VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES. 

INVERTING AND NONINVERTING OUTPUTS 

NOTES: A. CL includes probe and jig capscHance. 

Timing Input 

Data Input 

Output 
Control 

Output 
Waveform 1 

Sl aUV 
(see Note B) 

Output 
Waveform 2 

Sl atGND 
(see Note B) 

TEST Sl 

tpLWtpHL Open 
tpLZltpZL 6V 
tPHZltpZH GND 

2.7 V -------y1.5V 

----~·I'\..------ ov 
iOII .~th.1 I tsu I 

__.J*l.SV ~ :.:V 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

=41.SV ~ .... 1._S_V __ _ 

tpZL~ 14-- 1 

2.7 V 

OV 

_......-;.1 ..... 1 tpLZ --.I ~ I ,\1.5 V I l/v= .... O-L +-0-.3-V 3 V 

I . 1 t!.!.--- VOL 
1 ItpHZ~ ~ 

tpZH~ ~ I 
1---- VOH 

!1.5V ~H-0.3V 
------I. -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 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. 

Figure 1. Load Circuit and Voltage Waveforms 
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LVT JTAG/IEEE1149.1 

Features 

• Compatibility with IEEE Standard 
1149.1-1990 (JTAG) test access port 
(TAP) and boundary-scan architecture 

• Effectively place a unique digital test 
probe on each signal pin 

• TI extensions beyond 1149.1 required 
instructions~ 

- Parallel Signature Analysis (PSA) 
- Pseudo-Random Pattern Generation 

(PRPG) 

• EPIC-IIBn" submicron process with 
special low-voltage enhancements 

• Expanded Vee range from 2.7 V 
to 3.6 V 

• 18-bit and 20-bit UBTTM architectures 

• Widebus™ functions available in 
space-saving EIAJ TSSOP, JEDEC SSOP, 
and EIAJ TQFP fine-pitch surface-mount 
packaging 

• Maximum propagation delays < 6 ns 

• Bus-hold circuitry at I/O sig~al pins 

• Series-resistor options on B-port 
('LVT182 series) 

• Members of a broad family of Texas 
Instruments boundary-scan logic 

Benefits 

• Adherence to well-established industry 
standard, ensuring access to a board range 
of supporting software and test equipment· 

• Improved test access into complex circuit 
board assemblies for board manufacturing 
test and design verification/debug 

• Built-in self-test features provide 
near-at-speed test capability for improved 
test flexibility, throughput, and effectiveness 

., High-performance, low-power, high-drive, 
low-noise equivalents of standard LVT 
buffers/drivers/transceivers offering system 
and test designers flexible integration options 

• Advanced integration, as one UBTTM can 
replace most common bus-interface logic 

• Increased functional and component density 
supporting tight board space budgets 

• Speed equivalency to standard LVT product, 
resulting in minimal performance penalty for 
boundary-scan implementation 

• )=teduced component count by eliminating 
need for external tie-off resistors 

• Reduce component count by eliminating 
need for external line-termination resistors 

• Compatibility with a full line of scan-support 
functions, including test bus controllers and 
addressable-scan ports, providing a complete 
solution for boundary-scan-based system 
testing 



Today's designs are based on evermore complex ICs, fine-pitch packaging, and denser board layouts. These 
factors limit test access and greatly complicate traditional methods of functional and in-circuit manufacturing 
test and design verification/debug. The IEEE 1149.1 (JTAG) boundary-scan test standard was created to 
address these issues. TI has taken a leading role in the industry in supplying logic that integrates IEEE 1149.1 
(JTAG) test methods. 

Features and benefits of TI LVT boundary-scan logic products are on the facing page and a list of available LVT 
scannable bus-interface devices is presented below. Data sheets for the entire family are in the 1994 
Boundary-Scan Logic/IEEE 1149.1 (JTAG) Data Book, lit# SCTD002. Please contact your local TI sales 
representative or TI authorized distributor for copie,s. 

The following table lists LVT IEEE 1149.1 (JTAG) devices currently available or planned. Customers interested 
in learning more about TI's plans for these devices should contact the Advanced System Logic Marketing hotline 
at (903) 868-5202. 

DEVICE PIN COUNT DESCRIPTION 

SN54LVTl8245 SN74LVTl8245 56 l8-bit bus transceiver 

SN54LVTl82245 SN74LVTl82245 56 l8-bit bus transceiver with series resistor option 

SN74LVTl8502 64 l8-bit universal bus transceiver 

SN74LVTl82502 64 l8-bit universal bus transceiver with series resistor option 

SN74LVTl8504 64 20-bit universal bus transceiver 

SN54LVTl82504 SN74LVTl82504 64 2O-bit universal bus transceiver with series resistor option 

SN54LVT18640 SN74LVT18640 58 l8-bit Inverting bus transceiver 

SN54LVTl82640 SN74LVTl82640 56 l8-bit inverting bus transceiver with series resistor option 

SN54LVT18646 SN74LVT18646 64 l8-bit transceiver and register 

SN54LVT182646 SN74LVT182646 64 l8-bit transceiver and register with series resistor option 

SN54LVT18652 SN74LVT18652 64 l8-bit transceiver and register 

SN54LVTl82652 SN74L1VT182652 64 l8-bit transceiver and register with series resistor option 
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SN74LVCOO 
SN74LVCQ2 
SN74LVC04 
SN74LVCU04 
SN74LVC08 

( 

SN74LVC10 
SN74LVC14 
SN74LVC32 . 
SN74LVC74 
SN74LVC86 
SN74LVC112 
SN74LVC125 
SN74LVC126 
SN74LVC137 
SN74LVC138 
SN74LVC139 
SN74LVC157 

~ 
SN74LVC158 
SN74LVC240 

n SN74LVC241 

3: SN74LVC244A 

tn SN74LVCH244 - SN74LVC245A 
m SN74LVCH245 :::s 
Q. SN74LVC4245 

0 SN74LVC257 

51 SN74LVC258 

m SN74LVC373A - SN74LVC374A en 
SN74LVC540 
SN74LVC541 
SN74LVC543 
SN74LVC544 
SN74LVC573A 
SN74LVC574A 
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SN74LVCOO 
QUADRUPLE 2·INPUT POSITIVE·NAND GATE 

• EPICTM (Enhanced-Performance Implanted 
CMOS) Submlcron Process 

• ESO Protection Exceeds 2000 V Per 
MII-8TD-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 

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

• Typical VOHV (Output VOH Undershoot) 
> 2 V at Vee = 3.3 V, TA = 25°C 

• Inputs Accept Voltages to 5.5 V 

• Package Options Include Plastic 
Smail-Outline (D), Shrink Smail-Outline 
(DB), and Thin Shrink Smail-Outline (PW) 
Packages 

description 

JANUARY 1993-

0, DB, OR PW PACKAGE 
(TOP VIEW) 

1A 
1B 

VCC 
4B 

This quadruple 2-input positive-NAND Elste is d~igned for 2.7-V to 3.6-V Vee operation. The SN74LVCOO 
performs the Boolean functions Y = A • or Y .. A + 'B" In positive logiC. 

Inputs can be driven from either 3.3-V or 5-V devices. This feature allows the use of these devices as translators 
in a mixed 3.3-V/5-V system environment. 

The SN74LVCOO is characterized for operation from -40°C to 85°C. 

FUNCTION TABLE 
(each gate) 

INPUTS OUTPUT 
A B Y 

H H L 

L X H 

X L H 

logic symbolt logic diagram, each gate (positive logic) 

1A 
1B 

2A 

2B 

3A 

3B 

4A 

4B 

1 

2 

4 

5 

9 

10 

12 

13 

& 3 
1Y 

6 
2Y 

8 
3Y 

11 
4Y 

tThis symbol is in accordance with ANSI/IEEE Sid 91-1984 and 
IEC Publication 617-12. 

EPIC is a trademark of Texas Instruments Incorporated. 

: -------~------- Y 

:.r~':':T:==-~"'t""...::,c:== ~ ThxAs Copyright C 1995. Texas Instruments Incorporated 
IfIndonI WIIIIIIIIy. __ ...-. _1IOI-,lncIudI IooIfngollll __ 

INSTRUMENTS 
POST OFFICE BOX 855303 • DALLAS. TEXAS 75286 



SN74LVCOO 
QUADRUPLE 2-INPUT POSITIVE-NAND GATE 

SCAS279B - JANUARY 1993 - REVISED JULY 1995 

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

Supply voltage range, Vcc ........................................................ -0.5 V to 6.5 V 
Input voltage range, VI (see Note 1) ................................................ -0.5 V to 6.5 V 
Output voltage range, Va (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 (Va < 0 or Va > Vce> ........................................... ±50 mA 
Continuous output current, la (Va = 0 to Vce> ......................•........•............. ±50 mA 
Continuous current through VCC or GND ................................................. ±100 mA 
Maximum power dissipation at TA = 55°C (in still air) (see Note 3): D package .................. 1.25 W 

DB Or PW package ............ 0.5 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 ThermaiConsiderationsapplication note inthe 1994 ABT Advanced BiCMOS Technology 
Data Book, literature number SeBD002B. 

recommended operating conditions (see Note 4) 
MIN MAX UNIT 

Operating 2 3.6 
Vee Supply voltage V 

Data retention only 1.5 

VIH High-level input voltage Vee - 2.7 Vt03.6 V 2 V 

VIL Low-level input voltage Vee=2.7Vt03.6V 0.8 V 

VI Input voHage 0 5.5 V 

Vo Output voltage 0 Vee V 

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

Vee- 3V -24 

Vee- 2.7V 12 
IOL LOW-level output current mA 

Vee=3V 24 

TA Operating free-air temperature -40 85 ·e 

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

-!111ExAs 
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SN74LVCOO 
QUADRUPLE 2·INPUT POSITIVE·NAND GATE 

SCAS279B - JANUARY 1993 -' REVISED JULY 1995 

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

PARAMETER TEST CONDITIONS vcct MIN 

10H ~ -100!IA MIN to MAX Vee-0.2 

2.7V 2.2 
VOH IOH~-12mA 

3V 2.4 

IOH=-24mA 3V 2.2 

10L -100!IA MINto MAX 

VOL IOL=12mA 2.7V 

IOL=24 mA 3V 

II VI - 5.5 V or GND 3.6V 

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

Ll.lee One input at Vee - 0.6 V, Other Inputs at Vee or GND 2.7Vt03.6V 

ei VI - Vee or GND 3.3 V 

t For conditions shown as MIN or MAX, use the appropriate values 'under recommended operating conditions. 
:\: All typical values are at Vee = 3.3 V, TA • 25°C. 

TYP* MAX UNIT 

V 

0.2 

0.4 V 

0.55 

±5 !IA 
10 !IA 

500 pA 

5 pF 

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

FROM TO 
VCC=3.3V 

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

MIN MAX MIN MAX 

\pd AorB Y 1 6 7 ns 

isk(o)§ 1 ns 

§ Skew between any two outputs 01 the same package SWItching In the same direction. This parameter IS warranted but not production tested. 

operating characteristics, Vee = 3.3 V, TA = 25°C 
PARAMETER TEST CONDITIONS 

epd Power dissipation capacitance per gate 1=10MHz 

~1ExAs 
INSTRUMENTS 
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SN74LVCOO 
QUADRUPLE 2-INPUT POSITIVE-NAND GATE 

SCAS279B - JANUARY 1993 - REVISED JULY 1995 

PARAMETER MEASUREMENT INFORMATION 

S1 SOOO 
From Output_ .... _-._-'v'V\r __ -J 

Under Test 

CL=SOpF 
(see Note Al T 5000 

LOAD CIRCUIT 

o 6V 

o Open 

rD 

TI~~:~ _____ ..J~\.1_.S_V----
2.7 V 

OV 

~ tau·~ th 
.1 
1 

Date --""'~1.S V 
Input __ ....J1\ 

~2.7V 
1.SV 

OV 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

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

----'I I· OV 

tpLH 114 ..I, 1 J 
14 Pi tPHL , , 

'r----~--VOH 
Output /1.SV 1.SV' 

_______ J. VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

NOTES: A. CL includes probe and Jig capacitance. 

TEST S1 

tpd Open 
tpLZ/tpZL 6V 

tpHZ/tpZH GND 

~tw~ , ,r---- V 

Input 3 :K",1_.S_V __ :.: 

Output 
Control 

(low-level 
enabling) 

VOLTAGE WAVEFORMS 
PULSE DURATION 

~, I 2.7 V 

~1.SV 4_1.: ___ ov 

tpZL -+I 14-t --J ""--
I' PLZ'I ro-

__ +-1 rio' -'-1- 3 V 

wav:::r:u~ : \ 1.S V 11G V 
S1 st6V I· 1 t.!2!-~~ VOL 

(see Note B) 'tPHZ -+i *-1 

tPZH -+I I+-
Output 1 ~ 

Waveform 2 ! V--O-3V VOH 

(s!~~~:N~ 1.~V ____ OH-· OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

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 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 

~1ExAs 
INSTRUMENTS 
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SN74LVC02 
QUADRUPLE 2·INPUT POSITIVE· NOR GATE 

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

• ESD Protection Exceeds 2000 V Per 
MIL-STD-SS3C, Method 3015; Exceeds 
200 V Using Machine Model 
(C = 200 pF, R = 0) 

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

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

• Typical VOHV (Output VOH Undershoot) 
> 2 V at Vee = 3.3 V, TA = 25°C 

• Inputs Accept Voltages to 5.5 V 

• Package Options Include Plastic 
Smail-Outline (D), Shrink Smail-Outline 
(DB), and Thin Shrink Smail-Outline (PW) 
Packages 

description 

0, DB, OR PW PACKAGE 
(TOP VIEW) 

1Y 1 
1A 
18 
2Y 
2A 

VCC 
4Y 

This quadruple 2-input positive-NOR gate is designed for 2.7-V to 3.6-V Vee operation. 

The SN74LVC02 performs the Boolean functions Y = A + B or Y = A. B in positive logic. 

Inputs can be driven from either 3.3-V or 5-V devices. This feature allows the use of these devices as translators 
in a mixed 3.3-V/5-V system environment. 

The SN74LVC02 is characterized for operation from -40°C to 85°C. 

FUNCTION TABLE 
(each gate) 

INPUTS OUTPUT 
A B Y 

H X L 

X H L 

L L H 

logic symbolt logic diagram. each gate (positive logic) 

1A 

1B 

2A 

2B 

3A 

3B 

4A 

4B 

2 

3 

5 

6 

8 

9 

11 

12 

:!:1 1 
1Y 

4 
2Y 

10 
3Y 

13 
4Y 

tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 

EPIC is a trademark of Texas Instruments Inccrporated. 

A 

B ------~r==:>o~------ Y 

~1ExAs 
Copyright C 1995, Texas Instruments Incorporated 

INSTRUMENTS 
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SN74LVC02 
QUADRUPLE 2·INPUT POSITIVE·NOR GATE 

SCAS280B - JANUARY 1993 - REVISED JULY 1995 

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 
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 Vee or GNO .......•......••.....•........•............•....• ±100 mA 
Maximum power dissipation at TA = 55°C (in stiH air) (see Note 3): 0 package .................• 1.25 W 

DB or PW package ............ 0.5 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 
lunctional operation 01 the device at these or any other conditions beyond those indicated 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 II the input and output clamp-current ratings are observed. 
2. This value is limited to 4.6 V maximum. 
3. The maxlmum peckage power dissipation is calculated using a junction temperature 01 150·e and a board trace length 01750 mils. 

For more inlormation, re1ertothe Package ThermaiConsiderationsapplication note in the 1994 ABT Advanced BICMOS Technology 
Data Book. literature number SeBD002B. 

recommended operating conditions (see Note 4) 
MIN MAX UNIT 

Operating 2 3.6 
Vee Supply voltage V . Data retention only 1.5 

VIH High-level input voltage Vee - 2.7 Vt03.6 V 2 V 

VIL Low-Ievel input voltage Vee - 2.7 Vt03.6 V 0.8 V 

VI Input voltage 0 5.5 V 

Vo Output voltage 0 Vee V 

IOH High-level output current 
Vee- 2•7V -12 

mA 
Vce- 3V -24 

Low-level output current 
Vce- 2.7V 12 

IOL mA· 
VCC- 3V 24 

TA Operating lree-air temperature -40 85 ·C 

NOTE 4: . Unused inpula must be held high or low to prevent them lrom floating. 

~1ExAs 
INSTRUMENTS 
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SN74LVC02 
QUADRUPLE 2-INPUT POSITIVE-NOR GATE 

SCAS280B - JANUARY 1993 - REVISED JULY 1995 

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

PARAMETER TEST CONDITIONS VCCt MIN 

10H = -100 jJA MINto MAX VCC-O.2 

2.7 V 2.2 
VOH 10H _-12 rnA 

3V 2.4 

IOH--24rnA 3V 2.2 

10L -100 IJA MINto MAX 

VOL IOL-12 rnA 2.7V 

IOL-24rnA 3V 

II VI-5.5 VorGND 3.6V 

ICC VI- VCC or GND. 10- 0 3.6V 

L\ICC One input at VCC - 0.6 V. Other inputs at VCC or GND 2.7Vt03.6V 

Ci VI • VCC or GND 3.3V 
.. t For conditions shown as MIN or MAX. use the appropnate values under recommended operaling conditions • 

* All typical values are at VCC';' 3.3 V. TA = 25°C. 

TYP* MAX UNIT 

V 

0.2 

0.4 V 

0.55 

±5 jJA 

10 jJA 

500 jJA 

5 pF 

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

FROM TO 
VCC=3.3V Vcc = 2.7 V 

PARAMETER ±O.3.V UNIT (INPUn (OUTPUn 
MIN MAX MIN MAX 

tpd AorB y 1 6 7 ns 

tsk(o)§ 1 ns 

§ Skew between any two outputs of the same package sWitching In the same direction. ThiS parameter IS warranted but not production tested. 

operating characteristics, Vee = 3.3 V, TA = 25°C 
PARAMETER TEST CONDITIONS 

Power dissipation capacitance per gate 

~1ExAs 
INSTRUMENTS 
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SN74lVC02 
QUADRUPLE 2·INPUT POSITIVE.NOR GATE 

SCAS280B - JANUARY 1993 - REVISED JULY 1995 

PARAMETER MEASUREMENT INFORMATION 

o 6V 

S1 o Open 5000 
From Output_-+_ ..... >__......I\IVv----J 

UnderTe&t 

CL=60pF 
(see Note A) T 5000 

LOAD CIRCUIT 

Timing X 
Input _____ ...J I "'1_~5_V ___ _ 

~ 
I 

2.7 V 

OV 

~ tau ~~ th 

Data -~~~.5 V 
Input __ -J!\ 

~2.7V 
1.5V 

OV 

VOLTAGE WAVEFORMS 
SI;TUP AND HOLD TIMES 

Input L1.5V \~5-;---2.7V 
---II I' I OV 

tpLH I~ ~I ... 14 M tpHL 
I I 
I,----~~n -VOH 

Output 11.5 V 1.5 V 

----~ VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

TEST S1 

tpd Open 

tpLZ/tpZL 6V 

tpHzltpZH GND 

14--- tw ----.I 
I I 

Input 3 'f'"1-.5-V--

OV 

2.7 V 

VOLTAGE WAVEFORMS 
PULSE DURATION 

Output 
Control 

(low-level 
enabling) 

~ j 2.7V 

~1.5V 4_1.: ___ ov 

tpZL~ I+-t -J "'"--
I I PLZ -I r--

Output I l----'-~I- 3V 

Waveform 1 I \1.5V I VOL + 0.3 V 
S1 at 6 V I· 1 - - - - VOL 

(- Note B) I tPHZ -+i '+-1 

tpZH~ I+-
Output I ~ 

Waveform 2 ! V--03V VOH 
S1atGND 1.5V OH-·· 

(-Note B) ___ ~_'- ___ ..::-___ 0 V 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

NOTES: A. CL includes probe and Jig capac/tanca. 

8-12 

B. Wavefonn 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Wavefonn 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, tr s 2.5 ns, tl S 2.5 ns. 
0, 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 

~1EXAS 
INSTRUMENTS 
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• EPIC ™ (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 

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

• Typical VOHV (Output VOH Undershoot) 
> 2VatVec = 3.3 V, TA = 25°C 

• Inputs Accept Voltages to 5.5 V 

• Package Options Include Plastic 
Smail-Outline (D), Shrink Smail-Outline 
(DB), and Thin Shrink Smail-Outline (PW) 
Packages 

description 

SN74LVC04 
HEX INVERTER 

JULY 1995 

0, DB, OR PW PACKAGE 
(TOP VIEW) 

2Y 
3A 
3Y 6 

GND 

VCC 
6A 

This hex inverter contains six independent inverters designed for 2.7 -V to 3.6-V Vee operation. The SN74LVC04 
performs the Boolean function Y = A. 
Inputs can be driven from either 3.3-V or 5-V devices. This feature allows the use of these devices as translators 
in a mixed 3.3-V/5-V system environment. 

The SN74LVC04 is characterized for operation from -40°C to 85°C. 

FUNCTION TABLE 
(each Inverter) 

INPUT OUTPUT 
A Y 

H L 

L H 

logic symbolt logic diagram, each Inverter (positive logic) 

1A 

2A 

3A 

4A 

SA 

SA 

1 

3 

S 

9 

11 

13 

> 

1 
2 

4 

B 

8 

10 

12 

1Y 

2Y 

3Y 

4Y 

SY 
BY 

tThis symbol is in accordance with ANSUIEEE Std 91-1984 and 
IEC Publication 617-12. 

EPIC is a trademark of Texas Instruments incorporated. 

~ThxAs 
INSTRUMENTS 
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SN74LVC04 
HEX INVERTER 
SCAS2s1 B - JANUARY 1993 - REVISED JULY 1995 

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 
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 Vee or GN D .......•......................................... ± 1 00 mA 
Maximum power dissipation at TA = 55°C (in still air) (see Note 3): D package .••.•..........•.. 1.25 W 

DB or PW package ..•..•..... 0.5 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-voHage 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, reiertothe Package Thermal Considerations application note in the 1994 ABT Advanced BiGMOS Technology 
Data Book, IHerature number SCBD002B. . 

recommended operating conditions (see Note 4) 
MIN MAX UNIT 

Operating 2 3.6 
VCC Supply voHage V 

Data retention only 1.5 

VIH High-level input voltage VCC - 2.7 Vt03.6 V 2 V 

VIL Low-level input voltage VCC - 2.7 Vto 3.6 V 0.8 V 

VI Input voltage 0 5.5 V 

Vo Output voltage 0 VCC V 

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

VCC-3V -24 

IOL Low-level output current 
VCC-2.7V 12 

mA 
VCC-3V 24 

TA Operating free-air temperature -40 85 ·C 

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

~1ExAs 
INSTRUMENTS 
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SN74LVC04 
HEX INVERTER 

SCAS281B-JANUARY 1993- REVISED JULY 1995 

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

PARAMETER TEST CONDITIONS vcct MIN 

IOH --100pA MINto MAX Vee-0.2 

2.7V 2.2 
VOH IOH --12 mA 

3V 2.4 

'OH--24mA 3V 2.2 

IOL-100pA MIN to MAX 

VOL 'OL-12mA 2.7 V 

IOL-24mA 3V 

" 
V,-5.5VorGND 3.6 V 

lee V, - Vee or GND. '0- 0 3.6V 

Alee One Input at Vee - 0.6 V. Other Inputs at Vee or GND 2.7Vt03.6 V 

e, V, - Vee or GND 3.3 V 
.. .. t For conditions shown as MIN or MAX. use the appropriate values under recommended operating conditions . 

:I: All typical values are at Vee - 3.3 V. TA • 25°e. 

TYp:I: MAX UNIT 

V 

0.2 

0.4 V 

0.55 

±5 pA 

10 pA 

500 pA 

5 pF 

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

FROM TO 
VCC=3.3V Vcc = 2.7 V 

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

tpd A Y 1 6 7 ns 

tsk(o)§ 1 ns 

§ Skew between any two outputs of the same package switching In the same dlreclton. ThiS parameter Is warranted but not production tested. 

operating characteristics, Vee = 3.3 V, TA = 25°C 
PARAMETER TEST CONDITIONS 

epd Power dissipation capacitance per Invllrter f=10MHz 

~1EXAS 
INSTRUMENTS 
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SN74LVC04 
HEX INVERTER 
SCAS281 B - JANUARY 1993 - REVISED JULY 1995 

PARAMETER MEASUREMENT INFORMATION 

o 6V TEST Sl 
Sl o Open 5000 

From Output_ ..... _ ..... _-'\i'V\r __ -/ tpd Open 

tPLZ/tpZL 6V Under Test 

CL=50pF 
(see Note A) T 5000 

LOAD CIRCUIT 

TI~~nu~ ______ ~'"1_.5_V----
~ 

2.7 V 

OV 

~ tau·~ th 

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

1 

~2.7V 
1.5V 

OV 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

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

---11 , . . OV 

tPLH 1'4 .II 'J 14 .. tpHL 
I , 
I r.,.....---~~- VOH 

Output !1:5V 1.5V 
_______ J. VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

tPHz/tpZH GND 

14--- tw -----+I 
I I 

Input 3 y<:1~.5~V~~~~ :.: V 

Output 
Control 

(low-level 
enabling) 

VOLTAGE WAVEFORMS 
PULSE DURATION 

~uv t .. ~--- ::v 
tPZL --+I I+-t ....J!.o-

I I PLZ -I ...-

Output I 1 __ -.J_~I_ 3 V 

Waveform 1 : \'1.5 V I VOL + 0.3 V 
Sl aU V I· 1 - - - - VOL 

(see Note B) I tPHZ -+i '+1 

tPZH -+I 14-
Output , s: 

Wavaform2 ! V--0-3V VOH 

(a!~~~:N~ ____ ~~ 1.5"--_-.:_:'H-. OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

NOTES: A. CL includes probe and Jig capacitance. 
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 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 C. 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 

~1ExAs 
INSTRUMENTS 
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• EPIC ™ (Enhanced-Performance Implanted 
CMOS) Submlcron Process 

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

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

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

• Typical VOHV (Output VOH Undershoot) 
> 2V at Vee = 3.3 V, TA = 25°C 

• Inputs Accept Voltages to 5.5 V 

• Package Options Include Plastic 
Smail-Outline (D), Shrink Smail-Outline 
(DB), and Thin Shrink Small-Outline (PW) 
Packages 

description 

SCAS282B-

SN74LVCU04 
HEX INVERTER 

1993- REVISED JULY 1995 

D, DB, OR PW PACKAGE 
(TOP VIEW) 

1A 1 VCC 
1Y 2 6A 
2A 3 
2Y 4 
3A 5 
3Y 6 

GND 7 

This hex inverter is designed for 2.7-V to 3.6-V Vee operation. The SN74LVCU04 contains six independent 
inverters with unbuffered outputs. The device performs the Boolean function Y = A. 
Inputs can be driven from either 3.3-V or 5-V devices. This feature allows the use of these devices as translators 
in a mixed 3.3-V/5-V system environment. 

The SN74LVCU04 is characterized for operation from -40°C to 85°C. 

FUNCTION TABLE 
(each Inverter) 

INPUT OUTPUT 
A Y 

H L 

L H 

logic symbolt logic diagram, each Inverter (positive logic) 

1 2 
1A 1Y 

3 4 
2A 2Y 

5 6 
3A 3Y 

9 8 
4A 4Y 

11 10 
5A 5Y 

13 12 
6A 6Y 

tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 

EPIC is a trademark of Texas Instruments InCOrporated. 

=cn~:::1:.=~~.';."'t""'..:.:,c:':."~: ~ 
.tandlrdwmanty. PIoductIon _1ng_1IOI-,lncludo '1 liEXAS 
IIIdng 01111 perom_ 

INSTRUMENTS 
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SN74LVCU04 
HEX INVERTER 
SCAS282B - JANUARY 1993 - REVISED JULY 1995 

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 
Output voltage range, Vo (see Notes 1 and 2) ...•..•..••................•..... -0.5 V to Vee + 0.5 V 
Input clamp current, 11K (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 Vee or GND .•......•........................................ ±100 mA 
Maximum power dissipation at TA = 55°C (in still air) (see Note 3): 0 package ......•........... 1.25 W 

DB or PW package •••.••..•... 0.5 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 
lunctional operation 01 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 II 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 01.750 mils. 

Formoreinlormation, relertothe Package Th8l77lalConsiderationsapplication note in the 1994 ABT Advanced BiCMOS Technology 
Data Book, literature number SCBD002B. 

recommended operating conditions (see Note 4) 
MIN MAX UNIT 

Operating 2 3.6 
VCC Supply voltage V 

Data retention only 1.5 

VCC-2.7V 2.16 

VIH High-level Input voltage VCC-3V 2.4 V 

VCC-3.6V 2.88 

VIL Low-level input voltage VCC- 2.7 V to 3.6 V 0.65 V 

VI Input voltage 0 5.5 V 

Vo Output voltage 0 VCC V 

VCC=2.7V -12 
IOH High-level output cu.rrent mA 

VCC-3V -24 

VCC-2.7V 12 
IOL Low-level output current mA 

VCC-3V 24 

AIIAv Input transition rise or lall rate 0 10 ns/V 

TA Operating Iree-air temperature -40 85 ·C 

NOTE 4: Unused. inputs must be held high or low to prevent them lrom Iloating. 

~ThxAs 
INSTRUMENTS 
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SN74LVCU04 
HEX INVERTER 

SCAS282B - JANUARY 1993 - REVISED JULY 1995 

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

PARAMETER TEST CONDITIONS VeCt MIN 

IOH=-100vA ,MINto MAX Vee-0.2 

2.7 V 
VOH IOH=-12mA 

3V 

IOH--24mA 3V 

10L a 1 00 vA, VIH-2.16V 2.7 V 

10L = 100 JiA, VIH = 2.88 V 3.6 V 
VOL 

IOL-12mA, VIH=2.16V 2.7V 

IOL-24 rnA, VIH =2.4V 3V 

II VI • 5.5 V or GND 3.6 V 

lee VI • Vee or GND, 10. 0 3.6 V 

.!llee One input at Vee - 0.6 V, Other inputs at Vee or GND 2.7Vt03.6V 

ei VI • Vee or GND 3.3V 

t For conditions shown as MINor MAX, use the appropriate values under recommended operating conditions. 
* All typical values are at Vee - 3.3 V, TA = 25°e. 

2.2 

2.4 

2.2 

TYP* MAX UNIT 

V 

0.2 

0.2 
V 

0.4 

0.55 

±5 vA 
10 vA 

500 vA 
5 pF 

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

FROM TO 
Vee=3.3V 

Vee = 2.7 V 
PARAMETER ±O.3V UNIT 

(INPUn (OUTPUn 
MIN MAX MIN MAX 

tpd A y 1 5 6 ns 

tsk(O)§ 1 ns 

§ Skew between any two outputs of the same package switching in the same direction. This parameter is warranted but not production tested. 

operating characteristics, Vee = 3.3 V, TA = 25°C 
PARAMETER TEST CONDITIONS 

epd Power disSipation capacitance per Inverter eL=50 pF, f-10 MHz 

~1EXAS 
INSTRUMENTS 
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SN74LVCU04 
HEX INVERTER 
SCAS282B -JANUARY 1993 - REVISED JULY 1996 

PARAMETER MEASUREMENT INFORMATION 

o ev TEST S1 
S1 o Open 15000 

From Output--e---e_-'\il\llr __ -J 
tpd Open 

tpLZltpZL av Under Test 

CL=60pF 
(see Note A) T 5000 

LOAD CIRCUIT 

TI~::'~ _____ -'~'"1-.5-V----
r tau·~ th 

~ 
I 

2.7 V 

OV 

Date --'""~1.5 V 
Input 1\ 

~2.7V 
1.5V 

OV 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

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

-J4 I· OV 
tpLH ~ .II· I I 

14 tI tpHL 
I I 
Ir-----~~rl -VOH 

Output 11.5 V 1.5 V 
________ oJ.. VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

tpHzltpZH GND 

14-- tw ----+I 
I I 

Input 3 ~:1~.5~V~~~~ :.:V 

Output 
Control 

(low-level 
enabling) 

Output 
Waveform 1 

S1 ataV 
(_Nom B) 

Output 
Waveform 2 

S1 atGND 
(_Note B) 

VOLTAGE WAVEFORMS 
PULSE DURATION 

~i~Y " .. 

2.7 V 

OV 
tpZL ~ I+-t -J!.o

I I PLZ -I roo-

I 1 __ .J_~I_ 3V 
I ~1.5V I 
I ~ I VOL + 0.3 V 
I· 1- --- VOL 
I tPHZ -+I i4-1 tpZH~ l+-

I t v'::-- -VOH 

_____ .J.1c.. 1.~V ___ ~H -0.3 V 0 V 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

NOTES: A. CL Includes probe and jig capacltance. 
B. Waveform 1 Is for an output with intemal conditions such that the output Is low except when disabled by the output control. 

Wavefonn 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 - 50 C, tr s 2.5 ns, tf S 2.5 ns. 
D. The outputs are meesured one at a time with one transition per meesurement. 
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 

~1ExAs 
INSTRUMENTS 
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SN74 LVC08 
QUADRUPLE 2·INPUT POSITIVE·AND GATE 

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

• ESD Protection Exceeds 2000 V Per 
MII-STD-SS3C, Method 3015; Exceeds 200 V 
Using Machine Model (C = 200 pF, R = 0) 

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

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

• Typical VOHV (Output VOH Undershoot) 
> 2 V at Vee = 3.3 V, TA = 25°C 

• Inputs Accept Voltages to 5.5 V 
• Package Options Include Plastic 

Smail-Outline (D), Shrink Smail-Outline 
(DB), and Thin Shrink Smail-Outline (PW) 
Packages 

description 

D. DB, OR PW PACKAGE 
(TOP VIEW) 

1A 
18 2 
1Y 3 
2A 4 
28 5 
2Y 6 

GND 7 

VCC 
48 
4A 

This quadruple 2-input positive-AND gate is designed for 2.7-V to 3.6-V Vee operation. 

The SN74LVC08 performs the Boolean functions Y = A. B or Y = A + B in positive logic. 

Inputs can be driven from either 3.3-V or 5-V devices. This feature allows the use ofthese devices as translators 
in a mixed 3.3-/5-V system environment. 

The SN74LVC08 is characterized for operation from -40°C to 85°C. 

FUNCTION TABLE 
(each gate) 

INPUTS OUTPUT 
A B Y 

H H H 

L X L 

X L L 

logic symbolt logic diagram, each gate (positive logic) 

1A 

1B 

2A 

2B 

3A 

3B 

4A 

4B 

1 

2 

4 

5 

9 

10 

12 

13 

& 3 
1Y 

6 
2Y 

8 
3Y 

11 
4Y 

tThis symbol is in accordance with ANSVIEEE Sid 91-1984 and 
IEC Publication 617-12. 

EPIC Is a trademark of Texas Instruments Incorporated. 

A 

B ------lDt---- Y 

Copyright C 1995, Texas Instruments Incorporated 
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SN74LVC08 
QUADRUPLE 2-INPUT POSITIVE-AND GATE 

SCAS283B - JANUARY 1993 - REVISED JULY 1995 

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 
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 Vee or GND .............................•................... ±100 mA 
Maximum power dissipation at TA = 55°C (in still air) (see Note 3): D package .................. 1.25 W 

DB or PW package ............ 0.5 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 cond~ions beyond those Indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maxlmum-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 Iimit8cl 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 1994 ABT Advanced BiCMOS Technology 
Data Book, I~erature number SCBD002B. 

recommended operating conditions (see Note 4) 
MIN MAX UNIT 

Operating 2 3.6 
VCC Supply voltage V 

Data retention only 1.5 

VIH High-level Input voltage Vcc" 2.7 Vto 3.6 V 2 V 

VIL Low-level input voltage VCC-2.7Vto3.6 V 0.8 V 

VI Input voltage 0 5.5 V 

Vo Output voltage 0 VCC V 

VCC .. 2.7V -12 
IOH High-level output current mA 

VCC-3V -24 

VCC-2.7V 12 
IOL Low-level output current mA 

VCC-3V 24 

Atl/JoY Input transition rise or fall rate 0 8 ns/V 

TA Operating free-air temperature -40 85 ·C 

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

~1ExAs. 
INSTRUMENTS 
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.' 

SN74LVC08 
QUADRUPLE 2-INPUT POSITIVE-AND GATE 

SCAS283B - JANUARY 1993 - REVISED JULY 1995 

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

PARAMETER TEST CONDITIONS VCCt MIN TYP:I: 

IOH--100pA MINto MAX Vee-0.2 

2.7V 
VOH 10H _-12 mA 

3V 

IOH--24mA 3V 

IOL-100pA MIN to MAX 

VOL IOL-12 mA 2.7 V 

IOL-24 mA 3V 

II VI- 5.5 VorGND 3.6V 

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

alee One Input at Vee - 0.6 V, Other inputs at Vee or GND 2.7Vt03.6V 

ei VI- Vee or GND 3.3 V 
.. t For conditions shown as MIN or MAX, use the appropnate values under recommended operating conditions • 

:; All typical values are at Vee - 3.3 V, TA - 25°e. 

2.2 

2.4 

2.2 

5 

MAX UNIT 

V 

0.2 

0.4 V 

0.55 

±5 pA 

10 pA 

500 pA 

pF 

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

FROM TO 
Vcc = 3.3 V 

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

MIN MAX MIN MAX 

Ipd AorB Y 1 6 7 ns 

tsk(O)§ 1 ns 

§ Skew between any two outputs 01 the same package sWitching In the same direction. This parameter IS warranted but not production tested. 

operating characteristics, Vee = 3.3 V, TA = 25°C 
PARAMETER TEST CONDITIONS 

epd Power dissipation capacitance per gate 1-10MHz 

~1ExAs 
INSTRUMENTS 
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SN74LVC08 
QUADRUPLE2-INPUT POSITIVE-AND GATE 

SCAS283B - JANUARY 1993 - REVISED JULY 1996 

PARAMETER MEASUREMENT INFORMATION 

S1 6000 
From Output_-+_---._-'-'\,/\/Ir __ ---J 

Under Teat 

CL=&OpF 
(_NoteA) T 5000 

LOAD CIRCUIT 

o 6V 

o Open 

r' 
TI~~U~ ______ ~"'1-.5-V----

2.7 V 

OV 

~ 
I ~ tau ~~ th 

Data --'"'\~1.& V 
Input 1\ 

~2.7V 
1.&V 

OV 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

Input -L1.5V \-;&-;---2.7V 

---'I I· OV 
tPLH 11111 .II I J 

1111 Pi tPHL 
I I 
I r----~n VOH 

Output 11.5 V . 1.& V _____ J. VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

TEST S1 

tpd Open 
tpLZltpZL 6V 
tpHZ/tpZH GND 

I4---tw~ 
I I~ __ V 

Input3 X1.5V'. :.: 

Output 
Control 

(low-level 
enabling) 

Output 
Waveform 1 

S1 at6V 
(_Note B) 

Output 
Waveform 2 

S1 atGND 
(aee Note B) 

VOLTAGE WAVEFORMS 
PULSE DURATION 

~ I 2.7 V 

~1.5V 4_1.: ___ ov 

tpZL --.I. I4-t -.! 1.00...-

I I PLZ -I ...-

! 1 __ -.J_~!_ 3V 

I \1.5V I VOL + 0.3 V 
I· 1- --- VOL 
I tPHZ-+j i+ 

tpZH -+I I+- ! 
I tv; - VOH 

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

VOLTAGE WAVEFORMS 
ENABL~ AND DISABLE TIMES 

NOTES: A. CL includes probe and Jig capacitance. 
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 wHh internal conditions such that the output Is high except when disabled by the output control. 
C. All input pulses are supplied by generat9l's having the follOWing characteristics: PRR :s 10 MHz, Zo - 50 a, 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 IpHZ are the same as 'dis. 
F. IPZL and IpZH are the same as tan. 
G. tpLH and tpHL are the same as Ipd. 

Figure 1. Load Circuit and Voltage Waveforms 

~1ExAs 
INSTRUMENTS 
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• EPICTM (Enhanced-Performance Implanted 
CMOS) Submlcron Process 

• ESD Protection Exceeds 2000 V Per 
Mll-STD-SS3C, Method 3015; Exceeds 
200 V Using Machine Model 
(C = 200 pF, R = 0) 

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

• Typical VOlP (Output Ground Bounce) 
< O.S Vat VCC = 3.3 V, TA = 25°C 

• Typical VOHV (Output VOH Undershoot) 
> 2 V at Vec = 3.3 V, TA = 25°C 

• Inputs Accept Voltages to 5.5 V 

• Package Options Include Plastic 
Smail-Outline (D), Shrink Smail-Outline 
(DB), and Thin Shrink Small-Outline (PW) 
Packages 

description 

SN74LVC10 
TRIPLE 3·INPUT POSITIVE·NAND GATE 

1993-

D, DB, OR PW PACKAGE 
(TOP VIEW) 

1A 
18 
2A 
28 4 
2C 
2Y 

GND 

VCC 
1C 
1Y 
3C 
38 

1995 

This triple 3-input positive-NAND gate is des~n~ fo!.? 7 -V to 3.6-V V CC operation. The SN74lVC1 0 performs 
the Boolean functions Y = A • B • C or Y = A + B + C in positive logic. 

Inputs can be driven from either 3.3-V or 5-V devices. This feature allows the use of these devices as translators 
in a mixed 3.3-V/5-V system environment. 

The SN74LVC1 0 is characterized for operation from -40°C to 85°C. 

A 

H 

L 

X 

X 

EPIC is a trademark of Texas Instruments Incorporated. 

FUNCTION TABLE 
(each gate) 

INPUTS OUTPUT 
B C Y 

H H L 

X X H 

L X H 

X L H 

Copyright C 1995, Texas Instruments Incorporated 
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SN74LVC10 
TRIPLE 3-INPUT POSITIVE-NAND GATE 

SCAS284B - JANUARY 1993 - REVISED JULY 1995 

logic symbolt logic dlagram,each gate (positive logic) 

1A 

1B 

1C 

2A 

2B 

2C 

3A 

3B 

3C 

1 

2 

13 

3 

4 

5 

9 

10 

11 

& 
12 

6 

8 

A P 1Y B Y 

·C 

2Y 

3Y 

t This symbol Is In accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 

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

Supply voltage range, Vcc .•••••.•..........•.••.••••...........•••••••........... -0.5 V to 6.5 V 
Input voltage range, VI (see Note 1) ................................................ -0.5 V to 6.5 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 (Ve < 0 or Vo > Vcc) ........................................... ±50 mA 
Continuous output current, 10 (Vo = 0 to VCe) ........•.•••..............•................. ±50 mA 
Continuous current through VCC or GND •••............••••••••........•••••...•......... ±100 mA 
Maximum power dissipation at TA = 55·C (in still air) (see Note 3): 0 package .....•.••......... 1.25 W 

DB or PW package ............ 0.5 W 
Storage temperature range, Tstg .................................................. -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-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. The input and output negative-voltage ratings may be exceeded H 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. reiertothe Package 71!ermalConskferationsapplication note in the 1994 ABT Advanced BiCMOS Technology 
Data Book. literature number SCBDOO2B. 

recommended operating conditions (see Note 4) 
MIN MAX UNIT 

Supply voltage 
Operating 2 3.6 

VCC V 
Data retention only 1.5 

VIH High-level Input voltage Vce - 2.7 Vt03.6 V 2 V 

VIL Low-level Input voltage Vec -2.7 Vt03.6 V 0.8 V 

VI Input voltage 0 5.5 V 

Vo Output voltage 0 VCC V 

IOH High-level output curtent 
VCC- 2.7V -12 

mA 
VCC- 3V -24 

IOL Low-level output current 
Vee- 2.7V 12 

Vec- 3V 
mA 

24 

TA Operating free-alr temperature -40 85 ·C 

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

~1ExAs 
INSTRUMENTS 
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SN74LVC10 
TRIPLE 3·INPUT POSITIVE·NAND GATE 

SCAS284B-JANUARY 1993- REVISED JULY 1995 

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

PARAMETER TEST CONDITIONS Vcct MIN TYP* 

IOH--l0011A MIN to MAX Vcc-0.2 

2.7 V 
VOH 10H --12 rnA 

3V 

IOH--24mA 3V 

10L _100 IIA MIN to MAX 

VOL IOL-12mA 2.7 V 

IOL-24 mA 3V 

II VI- 5.5 VorGND 3.6V 

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

.6.ICC One input at VCC - 0.6 V, Other inputs at VCC or GND 2.7Vt03.6V 

Ci VI - VCC or GND 3.3V 
.. .. t For conditions shown as MIN or MAX, use the appropriate values under recommended operating cond~lons . 

* All typical values are at VCC - 3.3 V, TA = 25°C. 

2.2 

2.4 

2.2 

5 

MAX UNIT 

V 

0.2 

0.4 V 

0.55 

±5 IIA 
10 IIA 

500 IIA 
pF 

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

FROM TO 
VCC=3.3V VCC=2.7V 

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

tpd A Y 1 6 7 ns 

tsk(o)§ 1 ns 

§ Skew between any two outputs of the same package swHchlng In the same direction. ThiS parameter IS warranted but not production tested. 

operating characteristics, Vee = 3.3 V, TA = 25°C 
PARAMETER TEST CONDITIONS 

cpd Power dissipation capaCHance per ~ate CL=50pF, f=10MHz 

~1ExAs 
INSTRUMENTS 
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SN74LVC10 
TRIPLE 3·INPUT POSITIVE·NAND GATE 

SCAS284B - JANUARY 1993 - REVISED JULY 1995 

PARAMETER MEASUREMENT INFORMATION 

o 6V 

S1 15000 
From Output --.---.-----'\I\IIr-----/ 

Under Test 

o Open 

CL=50pF 
(see Note A) I 5000 

LOAD CIRCUIT 

2.7 V 

TI~~~~ _____ --'~'"~-.5-V----
OV 

~ ~tsU·~,th 
Data --~~1.5 V 

Input __ --'" 

I 
~2.7V 

1.5V 
OV 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

Input .L 1.n \ ~5~--- 2.7V 

--" I· , OV 

tPLH ~ .II I J 14 Pi tpHL 
I I 
I ,.-----~-- VOH 

Output 11.5 V 1.5 V 
_____ J VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

TEST S1 

tpd Open 

tPLZItpZL 6V 

tPHZItPZH GND 

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

Input 3 :K"",,1._5_V __ :.:V 

Output 
Control 

(low-level 
enabling) 

Output 
Waveform 1 

S1 at6V 
(see Note B) 

Output 
Waveform 2 

S1 atGND 
(see Note B) 

VOLTAGE WAVEFORMS 
PULSE DURATION 

~ I 2.7 V 

~1.5V 4_1
.: ___ ov 

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

--i-I ttl ..J_I_ 3 V 

I \1.5V I Cav 
I ' . I t.!~.:.~ VOL 

I tPHZ-+i I+-
tpZH~ 14- I 

I :\:-v;--- VOH ____ Jl~ 1.5V ___ ~H-O.3V OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

NOTES: A. CL includes probe and 'Jig capacitance. 
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 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 transHion 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 

~1ExAs 
INSTRUMENTS 
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• 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 

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

• Typical VOHV (Output VOH Undershoot) 
> 2 V at Vee = 3.3 V, TA = 25°C 

• Inputs Accept Voltages to 5.5 V 

• Package Options Include Plastic 
Small-Outline (D), Shrink Small-Outline 
(DB), and Thin Shrink Smail-Outline (PW) 
Packages 

description 

SN74LVC14 
HEX SCHMITT-TRIGGER INVERTER 

0, DB, OR PW PACKAGE 
(TOP VIEW) 

This hex Schmitt-trigger inverter is designed for 2.7-V to 3.6-V Vee operation. 

The SN74LVC14 contains six independent inverters. The device performs the Boolean function Y = A. 
Inputs can be driven from either 3.3-V or 5-V devices. This feature allows the use of these devices as translators 
in a mixed 3.3-V/5-V system environment. 

The SN74LVC14 is characterized for operation from -40°C to 85°C. 

FUNCTION TABLE 
(each Inverter) 

INPUT OUTPUT 
A Y 

H L 

L H 

logic symbolt logic diagram, each inverter (positive logic) 

1A 

2A 

3A 

4A 

SA 

6A 

1 

3 

S 

9 

11 

13 

.IT 
2 

4 

6 

8 

10 

12 

1Y 
2Y 
3Y 

4Y 

6Y 
6Y 

tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 

EPIC is a trademark of Texas Instruments Incorporated. 

A ------~~-------- Y 

Copyright C 1995, Texas Instruments Incorporated 
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SN74LVC14 
HEX SCHMITT-TRIGGER INVERTER 

SCAS285B -MARCH 1993 - REVISED JULY 1995 

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 
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 Vee or GND ................................................. ±100 mA 
Maximum power dissipation at TA = 55°C (in still air) (see Note 3): D package ...........•...... 1.25 W 

DB or PW package .... _ . . . . . .. 0.5 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 H 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 ThermalConsiderationsapplication note in the 1994 ABT Advanced BiGMOS Technology 
Dsts Book, literature number SCBD002B. 

recommended operating conditions (see Note 4) 
MIN MAX UNIT 

Operating 2 3.6 
VCC Supply voltage V 

Data retention only 1.5 

VIH High-level Input voltage VCC z2.7Vt03.6V 2 V 

VIL Low-level input voltage VCC - 2.7 V to 3.6 V 0.8 V 

VI Input voltage 0 5.5 V 

Vo Output voltage 0 VCC V 

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

VCC- 3V -24 

Low-level output current 
VCC-2.7V 12 

IOL rnA 
VCC-3V 24 

Atll!,y Input transition rise or fall rate 0 10 nslV 

TA Operating free-air temperature -40 85 ·C 

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

-!111ExAs 
INSTRUMENTS 
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SN74LVC14 
HEX SCHMITT· TRIGGER INVERTER 

SCAS285B - MARCH 1993 - REVISED JULY 1995 

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

PARAME· 
TESr CONDITIONS Vcct MIN TYP* TER 

VT+ 2.7V 0.8 

Positive-going 3V 0.8 
threshold 3.6V 0.8 

VT- 2.7 V 0.4 

Negatlve-going 3V 0.6 
threshold 3.6V 0.8 

AVT 2.7 V 0.3 

Hysteresis 3V 0.3 
(VT+-VT-) 3.6 V 0.3 

IOH - -100 I1A MIN to MAX Vee-0.2 

VOH IOH--12mA 
2.7V 

3V 

IOH--24mA 3V 

10L -100 I1A MINto MAX 

VOL 'OL-12mA 2.7 V 

'OL-24mA 3V 

" 
V,_ 5.5 VorGND 3.6 V 

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

alCC One input at VCC - 0.6 V, Other inputs at VCC or GND 2.7Vt03.6V 

Ci V, - Vee or GND 3.3 V .. .. t For conditions shown as MIN or MAX, use the appropnate values under recommended operating conditions . 
* Typical values are measured at VCC - 3.3 V, TA - 25°C. 

2.2 

2.4 

2.2 

5 

MAX UNIT 

2 

2 V 

2 

1.4 

1.5 V 

1.8 

1.1 

1.2 V 

1.2 

V 

0.2 

0.4 V 

0.55 

±5 I1A 
10 I1A 

500 I1A 
pF 

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

FROM TO 
VCC=3.3V 

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

MIN MAX MIN MAX 

Ipd A Y 1 7 7.5 ns 

tsk(o)§ 1 ns 

§ Skew between any two outputs of the same package switching In the same direction. This parameter Is warranted but not production tested. 

operating characteristics, Vee = 3.3 V, TA = 25°C 
PARAMETER TEST CONDITIONS 

cpd Power dissipation capacitance per Inverter f-10MHz 

~1EXAs 
INSTRUMENTS 
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SN74LVC14 
HEX SCHMITT-TRIGGER INVERTER 

SCAS285B - MARCH 1992 - REVISED JULY 1995 

PARAMETER MEASUREMENT INFORMATION 

S1 600n 
From output_-+_ ..... _-'\i'V'v-__ -/ 

Under Test 

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

LOAD CIRCUIT 

o 8V 

o Open 

r~ 

TI~~~~ _____ ...J~Io.1_.6_V----
2.7 V 

OV 

~ tau·~ th 
~ 
I 

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

~2.7V 
1.5V 

OV 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

Input ~.5V \1.6-;~-- 2.7'1 

---II I· OV 

tpLH !.. ..II I I 
I' 14 ~ tpHL 

I I 
I,.----~~VOH 

Output 11.6 V 1.5 V 
________ J. VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

TEST S1 

tpd Open 

tPLZ/tpZL 8V 

tpHZ/tpZH GND 

I4----tw~ 
I 1,----

Input3 ~1.5V' :.:V 

VOLTAGE WAVEFORMS 
PULSE DURATION 

Output 
Control 

(low-level 
enabling) 

~1.5V '1.5~ ___ ::v 
tpZL~ I4-t -J 1..01-

I I PLZ -I roo-

_ ...... +-1 n-I .J-l- 3 V 

wav:::r:u~ I \1.6 V I v.:= V 
S1 at8V I· I t..!~..!:..~ VOL 

(see Note B) I tPHZ -+i *-1 

tpZH~ I+-
Output I ~ - VOH 

Waveform 2 ! V 03V 

(.!!:~:N~ 1~~V ___ :H-' OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

NOTES: A. CL Includes probe and jig capacitance. 
B. Wavefonn 1 is for an output with intemal conditions such that the output is low except when disabled by the output control. 

Wavefonn 2 is for an output wHh 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 ,; 10 MHz, Zo • 50 n. tr ,; 2.5 ns, tf ,; 2.5 ns. 
D. The outputs are measured one at a time wHh one transHion 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 Vpltage Waveforms 

~1ExAs 
INSTRUMENTS 
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SN74LVC32 
QUADRUPLE 2·INPUT POSITIVE·OR GATE 

• EPICTM (Enhanced·Performance Implanted 
CMOS) Submlcron Process 

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

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

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

• Typical VOHV (Output VOH Undershoot) 
> 2VatVee = 3.3 V, TA = 25°C 

• Inputs Accept Voltages to 5.5 V 

• Package Options Include Plastic 
Smail-Outline (D), Shrink Smail-Outline 
(DB), and Thin Shrink Smail-Outline (PW) 
Packages 

description 

0, DB, OR PW PACKAGE 
(TOP VIEW) 

1A 
18 
1Y 
2A 
28 
2Y 6 

GND 

VCC 
48 

This quadruple 2-input positive-OR gate is designed for 2.7-V to 3.S-V Vee operation. 

The SN74lVC32 performs the Boolean functions Y = A + B or Y = A. B in positive logic. 

Inputs can be driven from either 3.3-V or 5-V devices. This feature allows the use of these devices as translators 
ina mixed 3.3-V/5-V system environment. 

The SN74lVC32 is characterized for operation from -40°C to 85°C. 

FUNCTION TABLE 
(each gate) 

INPUTS OUTPUT 
A B Y 

H X H 

X H H 

L L L 

logic symbolt logic diagram, each gate (positive logic) 

1A 
1B 

2A 

2B 

3A 

3B 

4A 

4B 

1 

2 

4 

5 

9 

10 

12 

13 

;a, 1 3 
1Y 

6 
2Y 

8 
3Y 

11 
4Y 

t This symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 

EPIC is a trademark of Texas Instruments Incorporated. 

: -------r=::>~------ Y 

~1ExAs 
Copyright III 1996, Texas Instruments Incorporated 
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SN74LVC32 
QUADRUPLE 2·INPUT POSITIVE·OR GATE 

SCAS286B - JANUARY 1993 - REVISED JULY 1995 

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 
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 Vee or GND •...................•.................•.......... ±100 mA 
Maximum power dissipation at T A = 55°C (in still air) (see Note 3): D package .•.•••••••••..•.•• 1.25 W 

. DB or PW package ............ 0.5 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-maximurn-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 c1amp-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 ThermalConsiderationsapplication note in the 1994 ABT Advanced BiCMOS Technology 
Data Book, literature number SCBD002B. 

recommended operating conditions (see Note 4) 

MIN MAX UNIT 

Supply voltage 
Operating 2 3.6 

VCC V 
Data retention only 1.5 

VIH High-level Input voltage VCC -2.7 Vt03.6 V 2 V 

VIL Low-level input voltage VCC -2.7 Vt03.6 V 0.8 V 

VI Input voltage 0 5.5 V 

Vo Output voHage 0 Vce V 

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

VCC- 3V -24 

VCC-2.7V 12 
IOL Low-level output current mA 

VCC-3V 24 

AtlAv Input transition rise or fall rate 0 7 ns/V 

TA Operating free-air temperature -40 85 ·C 

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

-!111ExAs 
INSTRUMENTS 
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SN74 LVC32 
QUADRUPLE 2-INPUT POSITIVE-OR GATE 

SCAS286B - JANUARY 1993 - REVISED JULY 1995 

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

PARAMETER TEST CONDITIONS VCCt MIN 

10H = -100 IlA MINto MAX VCC-0.2 

2.7V 
VOH 10H ~-12 mA 

3V 

IOH--24mA 3V 

10l = 100 IlA MIN to MAX 

VOL IOl-12mA 2.7V 

IOl-24mA 3V 

II VI-5.5 VorGND 3.6 V 

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

alCC One input at Vec - 0.6 V, Other inputs at VCC or GND 2.7 Vto 3.6 V 

Ci VI ~ VCC or GND 3.3V 
.. .. t For conditions shown as· MIN or MAX, use the appropriate values under racommended operating conditions . * All typical values are at VCC = 3.3 V, TA = 25°C. 

2.2 

2.4 

2.2 

TYP:j: MAX UNIT 

V 

0.2 

0.4 V 

0.55 

±5 IlA 
10 IlA 

500 IlA 
5 pF 

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

FROM TO 
VCC=3.3V VCC = 2.7 V 

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

Ipd AorB Y 1.5 6 7 ns 

tsk(o)§ 1 ns 

§ Skew between any two outputs of the same package sWitching In the same direction. This parameter IS warranted but not production tested. 

operating characteristics, Vee = 3.3 V, TA = 25°C 
PARAMETER TEST CONDITIONS 

Power dissipation capacitance per gate Cl -50pF, f=10MHz 

~ThXAS 
INSTRUMENTS 
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SN74LVC32 
QUADRUPLE 2·INPUT POSITIVE·ORGATE 

SCAS286B - JANUARY 1993 - REVISED JULY 1996 

PARAMETER MEASUREMENT INFORMATION 

o 6V 
S1 6000 

From Output - .... --.I----'\f\I'v----' 
Under Test 

o Open 

CL=50pF 
(see Note A) T 5000 

LOAD CIRCUIT 

TI~~:~ ______ ~'"1_.5_V----
2.7 V 

OV 
~ . ~ tau ~~ th 

Data ---\V, 1.5V 
Input __ --J1\ 

I 
~2.7V 

1.5V 
, OV 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

Input L 1.5 V \ ~6-; - - - 2.7V 

---II I- I OV 
tpLH 114 ~I ... 

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

Output 11.6 V 1.5 V 
------' VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

TEST S1 

tpd Open 
tPLZ/tpZL 6V 
tPHZltpZH GND 

14-- tw -----+I 
I I 

Input 3 }("~-.5-V-- :.:V 

Output 
Control 

(low-level 
enabling) 

Output 
Waveform 1 

S1 at6V 
(see Note B) 

VOLTAGE WAVEFORMS 
PULSE DURATION 

~ I 2.7 V 

~1.5V 4_1.: ___ ov 

tpZL ~ I4-t -.! ~ 
1 1 PLZ"I rr-

1 l---..J-~l- 3V 

I \1.5V I VOL + 0.3 V 
I· 1 - --- VOL 
1 tpHZ -+i *1 

tpZH~ 14-
Output I ~ 

Waveform 2 . f V - -03 V VOH 

(.!~~~:N~ ___ "'L..~.~V__ :H-. OV 
VOLTAGE WAVEFORMS 

ENABLE AND DISABLE TIMES 

NOTES: A. CL includes probe and jig capacitance. 

8-36 

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 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 ara measured one at a time with one transition per measurement. 

,E. tpLZ and tpHZ are the same as Idls. 
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 
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SN74LVC74 
DUAL POSITIVE·EDGE· TRIGGERED D· TYPE FLlp·FLOP 

WITH CLEAR AND PRESET 

• 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 

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

• Typical VOHV (Output VOH Undershoot) 
> 2 V at Vee = 3.3 V, TA = 25°C 

• Inputs Accept Voltages to 5.5 V 

• Package Options Include Plastic 
Smail-Outline (D), Shrink Smail-Outline 
(DB), and Thin Shrink Smail-Outline (PW) 
Packages 

description 

D, DB, OR PW PACKAGE 
(TOP VIEW) 

1CLR 
10 

1CLK 3 
1PRE 

10 
10 6 

GNO 7 

VCC 
2CLR 
20 
2CLK 
2PRE 

9 20 
8 20 

This dual positive-edge-triggered D-type flip-flop is designed for 2.7-V to 3.6-V VCC operation. 

A low level at the preset (PRE) or clear (CIR) inputs sets or resets the outputs regardless of the levels of the 
other inputs. When ~ and CLR are inactive (high), data at the data (D) input meeting the setup time 
requirements is transferred to the outputs on the positive-going edge of the clock pulse. Clock triggering occurs 
at a voltage level and is not directly related to the rise time of the clock pulse. Following the hold-time interval, 
data at the D input may be changed without affecting the levels at the outputs. 

Inputs can be driven from either 3.3-V or 5-V devices. This feature allows the use of these devices as translators 
in a mixed 3.3-V/5-V system environment. 

The SN74LVC74 is characterized for operation from -40°C to 85°C. 

FUNCTION TABLE 

INPUTS OUTPUTS 

PRE CLR CLK D Q Q 
L H X X H L 

H L X X L H 

L L X X Ht Ht 

H H i H H L 

H H i L L H 

H H L X 00 00 
t ThiS configuration is nonstable; that is, it does not 

persist when PRE or CLR returns to its inactive 
(high) level. 

EPIC is a trademark of Texas Instruments Incorporated. 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 856303 • OALlAS, TEXAS 75265 

Copyright C 1995, Texas Inslruments Incorporated 
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SN74LVC74 
DUAL POSITIVE·EDGE· TRIGGERED D· TYPE FLlp·FLOP 
WITH CLEAR AND PAESET 
SCAS287B - JANUARY 1993 - REV1SE;D JULY 1995 

logic symbolt 

1PRE 

1CLK 

10 

1CLR 

2PRE 

2CLK 

20 

2'Ci:R 

4 

3 

2 

1 

10 

11 

12 

13 

.t-. S 

C1 

10 
t-. R 

"-

"-

tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and lEO Publication 617-12. 

logic diagram, each flip·flop (positive logic) 

PRE------------------------------~--------~ 

CLK~: C 

TO 

C C 

0----1 TO TG 

5 
1Q 

8 

9 
2Q 

8 

C 

TO 

CLR----------------~----------------------------------------~ 

Q 

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

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 
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 Vee or GND ....•...•.......••............................... ± 1 00 rnA 
Maximum power dissipation at TA = 55°C (in still air) (see Note 3): 0 package .................. 1.25 W 

DB or PW package ............ 0.5 W 
Storage temperature range, Tstg .................................................. -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-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. The Input and output negative-voltage ratings may be exceeded H the input and output clamp-current ratings are observed. 

8-38 

2. This value is limited to 4.6 V maximum. 
3. The maximum package power disSipation is calculated using a junction temperature of 150°0 and a board trace length of 750 mils. 

For more information, refertothe Package ThermalConsiderationsapplication note in the 1994 ABT Advanced BiCMOS Technology 
Data Book, literature number SOBD002B. 

~1ExAs 
INstRUMENTS 
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SN74LVC74 
DUAL POSITIVE·EDGE·TRIGGERED D·TYPE FLlp·FLOP 

WITH CLEAR AND PRESET 
SCAS287B - JANUARY 1993 - REVISED JULY 1995 

recommended operating conditions (see Note 4) 
MIN MAX UNIT 

Operating 2 3.6 
Vee Supply voHage V 

Data retention only 1.5 

VIH High-level input voltage Vee = 2.7 V to 3.6 V 2 V 

VIL Low-level input voltage Vee = 2.7. V to 3.6 V 0.8 V 

VI Input voHage 0 5.5 V 

Vo Output voltage 0 Vee V 

Vee- 2•7V -12 
10H High-level output current rnA 

Vee- 3V -24 

Vee- 2•7V 12 
10L Low-level output current rnA 

Vec-3V 24 

At/Av Input transition rise or fall rate 0 10 nsN 

TA Operating free-alr 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 VCCt MIN 

IOH=-100pA MIN to MAX VCC-0.2 

VOH 10H --12 rnA 
2.7V 

3V 

IOH--24mA 3V 

IOL-100pA MINto MAX 

VOL IOL-12 rnA 2.7V 

IOL-24rnA 3V 

II VI = 5.5 V or GND 3.6V 

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

Alec One input at Vee - 0.6 V, Other inputs at Vee or GND 2.7Vt03.6V 

Ci VI- Vec or GND 3.3 V 

t For conditions shown as MIN or MAX, use the appropriate values under recommended operating conditions. 
:j:AlI Iypicalvalues are at Vee - 3.3 V, TA -25·C. 

2.2 

2.4 

2.2 

TYP* MAX UNIT 

V 

0.2 

0.4 V 

0.55 

±5 pA 

10 pA 

500 pA 

5 pF 

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

Vee = 3.3 V 
Vee = 2.7 V ±O.3V UNIT 

MIN MAX MIN MAX 

fclock Clock frequency 0 100 0 83 MHz 

Pulse duration 
PRE or CLR low 4 5 

tw ns 
eLK high or low 5 6 

Setup time before CLKi 
Data 3 4 

tsu ns 
PRE or eLR Inactive 2 3 

th Hold time, data after COO 1 2 ns 

~1ExAs 
INSTRUMENTS 
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SN74 LVC74 
DUAL POSITIVE·EDGE·TRIGGERED D·TYPE FLlP·FLOP 
WITH CLEAR AND PRESET 
SCAS287B - JANUARY 1993 - REVISED JULY 1995 

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

FROM TO 
VCC=3.3V 

Vcc = 2.7 V 
PARAMETER ±O.3V UNIT (INPUT) (outPUT) 

MIN MAX MIN MAX 

fmax 100 83 MHz 

ClK 
aora 

1 6.5 7 
tpd ns 

PREorClR 1 8 9 

tsk(o)t 1 ns 

t Skew between any two outputs of the same package switching In the same direction. This parameter IS warranted but not production tested. 

operating characteristics, Vee = 3.3 V, TA = 25°C 
PARAMETER TEST CONDITIONS 

Cpd Power dissipation capacitance per flip-flop Cl-50pF, f=10MHz 

~1ExAs 
INSTRUMENTS 
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SN74LVC74 
DUAL POSITIVE-EDGE-TRIGGERED D-TYPE FLIP-FLOP 

WITH CLEAR AND PRESET 
SCAS287B - JANUARY 1993 - REVISED JULY 1995 

PARAMETER MEASUREMENT INFORMATION 

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

Under Test 

CL=50pF 
(see Note A) T sooo 

LOAD CIRCUIT 

o 6V 

o Open 

r' 
TEST S1 

tpd Open 

tpLZItPZL 6V 

tPHZ/tpZH GND 

I4---tw~ 

TI~~nu~ ______ ~'-1-.5-V-· ___ _ 

2.7 V 

I I 

Input 3 :K:1.~5~V~~~~ :.: V 

OV 

~ tsu·~ th .~ 
Data 'V --"'\1 EI 2.7 V 

Input 1\1.SV 1.SV OV 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

Input 11.5 V \ 1.5~--- 2.7 V 

---'I I· OV 

tpLH 114 .II I J 
14 Pi tPHL 

I I 
I ,.----~~-- VOH 

Output /1.5 V 1.S 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 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 1 r-tPLZ-+! 14-
I 1 __ ..J_~I_ 3V 

i \1.5V I VOL+0.3V 
I· 1 - -- VOL 

I tpHZ~ 1+1 

tpZH~ 14-
I t-V':--- VOH 

___ J.'e. 1.S ,,-__ ~H -0.3 V 0 V 

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 havlng·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 len. 
G. tpLH and tpHL are the same as tpd. 

Figure 1. Load Circuit and Voltage Waveforms 

~1ExAs 
INSTRUMENTS 
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SN74LVC86 
QUADRUPLE 2·INPUT EXCLUSIVE·OR GATE 

• 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 rnA 
Per JEDEC Standard JESD-17 

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

• Typical VOHV (Output VOH Undershoot) 
> 2VatVcc =3.3 V, TA = 25°C 

• Inputs Accept Voltages to 5.5 V 
• Package Options Include Plastic 

Smail-Outline (D), Shrink Smail-Outline 
(DB), and Thin Shrink Small-Outline (PW) 
Packages 

description 

D, D~, OR PW PACKAGE 
(TOP VIEW) 

1A VCC 
18 2 48 
1Y 3 4A 
2A 4 11 4Y 
28 5 
2Y 6 

GND 7 

This quadruple 2-input exclusive-OR gate is designed for 2.7-V to 3.6-V Vee operation. The SN74LVC86 
performs the Boolean functions Y = A e B or Y = AB + As in positive logic. 

A common application is as a true/complement element. If one of the inputs is low, the other input is reproduced 
in true form at the output. If one of the inputs is high, the signal on the other input is reproduced inverted at the 
output. 

Inputs can be driven from either 3.3-V or 5-V devices. This feature allows the use of these devices as translators 
in a mixed 3.3-V/5-V system environment. 

The SN74LVC86 is characterized for operation from -40°C to 85°C. 

EPIC is a trademark of Texas Instruments Incorporated. 

FUNCTION TABLE 
(each gate) 

INPUTS OUTPUT 
A B Y 

L L L 

L H H 

H L H 

H H L 

Copyright C 1995, Texas Instruments Incorporated 
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SN74LVC86 
QUADRUPLE 2-INPUT EXCLUSIVE·OR GATE 

SCAS288B - JANUARY 1993 - REVISED JULY 1995 

logic symbolt 

1A 

1B 

2A 

2B 

3A 

3B 

4A 

4B 

1 

2 

4 

5 

9 

10 

12 

13 

=1 3 
1Y 

6 
2Y 

8 
3Y 

11 
4Y 

tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 

exclusive-OR logic 

An exclusive-OR gate has many applications, some of which can be represented better by alternative logic 
symbols. 

EXCLUSIVE OR 

=LJ- =D- =D- =Dr- =D-
These five equivalent exclusivErOR symbols are valid for an SN74LVC86 gate in positive logic; negation may be shown at any two ports. 

LOGIC-IDENTITY ELEMENT 

=D--
The output is active (low) If 
all inputs stand at the same 
logic level (I.e., A - B). 

EVEN-PARITY ELEMENT 

The output Is active (low) if 
an even number of inputs 
(i.e., 0 or 2) are active. 

ODD-PARITY ELEMENT 

The output is active (high) if 
an odd number of inputs 
(i.e •• only 1 of the 2) are 
active. 

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

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 
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> Vecl ........................................... ±50 mA 
Continuous output current, la (Va = 0 to Vecl ............................................. ±50 mA 
Continuous current through Vee or GND ................................................. ±100 mA 
Maximum power dissipation at TA = 55·C (in still air) (see Note 3): D package ....•............. 1.25 W 

DB or PW package ........... 0.5 W 
Storage temperature range, Tstg .................................................. -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-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. 

8-44 

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. 

Formoreinformation, refertothe Package ThermalConsiderationsapplication note in the 1994 ABT Advanced BiCMOS Technology 
Data Book, literature number SCBD002B. 

~1ExAs 
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POST OFFICE BOX 665303 • OALlAS, TEXAS 75265 



SN74LVC86 
QUADRUPLE 2-INPUT EXCLUSIVE-OR GATE 

SCAS288B - JANUARY 1993 - REVISED JULY 1995 

recommended operating conditions (see Note 4) 
MIN MAX UNIT 

Operating 2 3.6 
Vee Supply voltage V 

Data retention only 1.5 

VIH High-level input voltage Vee-2.7Vt03.6 V 2 V 

Vil low-level input voltage Vee-2.7Vt03.6 V O.B V 

VI Input voltage 0 5.5 V 

Vo Output voltage 0 Vee V 

Vee~2.7V -12 
10H High-level output current mA 

Vee=3V -24 

Vee=2.7V 12 
10l low-level output current mA 

Vee- 3V 24 

At/Av Input trans~ion rise or fall rate 0 9 nsN 

TA Operating free-air temperature -40 85 ·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) 

PARAMETER TEST CONDITIONS vcct MIN TYP* 

10H - -100!lA MINto MAX Vee-0.2 

VOH 10H --12 mA 
2.7 V 

3V 

IOH--24mA 3V 

10l -100!lA MIN to MAX 

VOL IOl-12mA 2.7V 

IOl-24mA 3V 

II VI .. 5.5 V or GND 3.6V 

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

.:lIce One input at Vee - 0.6 V, Other inputs at Vee or GND 2.7 Vto 3.6 V 

ei VI = Vee or GND 3.3V 
.. t For conditions shown as MIN or MAX, use the appropriate values under recommended operating conditions . 

* All typical values are at Vee ~ 3.3 V, TA = 25·e. 

2.2 

2.4 

2.2 

5 

MAX UNIT 

V 

0.2 

0.4 V 

0.55 

±5 !lA 

10 !lA 

500 !lA 

pF 

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

FROM TO 
VCC=3.3V 

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

MIN MAX MIl'-! MAX 

tpd A Y 1 ' 6.5 7.5 ns 

tsk(o)§ 1 ns 

§ Skew between any two outputs of the same package switching in the same direction. This parameter is warranted but not production tested. 

operating characteristics, Vee = 3.3 V, TA = 25°C 
PARAMETER TEST CONDITIONS 

epd Power diSSipation capacitance per gate el-50pF, f-l0MHz 

~1ExAs 
INSTRUMENTS 
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SN74 LVC86 
QUADRUPLE 2-INPUT EXCLUSIVE-OR GATE 

SCAS288B - JANUARY 1993 - REVISED JULY 1995 

PARAMETER MEASUREMENT INFORMATION 

o 6V 

S1 o Open ·5000 
From Output_-"_-4I_~I\Iv-__ --/ 

Under Teet 

CL=50pF 
(see Note A) T 5000 

LOAD CIRCUIT 

2.7 V 

OV 

I leu th I 
--.... 1 ,...---...... ~I 2.7 V 

Data 'V1•5V Input 7\ 1.5 V 
OV 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

Input L1.5V \~5~--- 2.7 V 

---11 I· OV 
tpLH~ ~ I I 

I I II1II titPHL 
I I 
I ,.....---~~rl - VOH 

Output 11.6 V 1.5 V ________ J. VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

NOTES: A. CL includes probe and jig cspacitance. 

TEST S1 

tpd Open 
tpLZItpZL 6V 

tPHz!tPZH GND 

~lw~ 
I I~__ V 

Input 3 ,~,"1_.5_V ___ :.: 

Output 
Control 

(low-level 
enabling) 

VOLTAGE WAVEFORMS 
PULSE DURATION 

~ I 2.7 V 

. ~1.5V 4_1.: ___ ov 

tpZL ~ I+-t --J ""-
, I PLZ -I rr-

Output I 1 ---'-~l- 3V 
Waveform 1 I \. 1.5V i VOL+0.3V 

S1 et6V ,. , - -- VOL 
(see Note B) 'tPHZ -+i *-, 

tpZH~ I+-
Output I ~ Waveform 2 . --- VOH 

(.:~ :~:N~ ____ ,J.l'-1.5 V_ _ _ YaH - 0.3 V 0 V 

VqLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

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 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 measuremenl. 
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 

~1ExAs . 
INSTRUMENTS 
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SN74LVC112 
DUAL NEGATIVE-EDGE-TRIGGERED J-K FLIP-FLOP 

WITH CLEAR AND PRESET 

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

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

• Typical VOHV (Output VOH Undershoot) 
> 2 V at Vee = 3.3 V, TA = 25°C 

• Inputs Accept Voltages to 5.5 V 

• Package Options Include Plastic 
Smail-Outline (D), Shrink Smail-Outline . 
(DB), and Thin Shrink Smail-Outline (PW) 
Packages 

description 

D, DB, OR PW PACKAGE 
(TOP VIEW) 

1CLK 
1K 
1J 3 

1J5RE 4 
10 5 
10 6 
20 7 

GND 8 

VCC 
1CLR 
2CLR 
2CLK 

12 2K 
11 2J 
10 2PRE 
9 20 

This dual negative-edge-triggered J-K flip-flop is designed for 2.7-V to 3.6-V VCC operation. 

A low level at the preset (PRE) or clear (CLR) inputs sets or resets the outputs regardless of the levels of the 
other inputs. When PRE and CLR are inactive (high), data at the J and K inputs meeting the setup time 
requirements is transferred to the outputs on the negatlve-going edge of the clock pulse. Clock triggering occurs 
at a voltage level and is not directly related to the rise time of the clock pulse. Following the hold-time interval, 
data at the J and K inputs can be changed without affecting the levels at the outputs. The SN74LVC112 can 
perform as a toggle flip-flop by tying J and K high. 

Inputs can be driven from either 3.3-V or 5-V devices. This feature allows the use of these devices In a mixed 
3.3-V/5-V system environment. 

The SN74LVC112 is characterized for operation from -40°C to 85°C. 

FUNCTION TABLE 

INPUTS OUTPUTS 

PRE CLR eLK J K Q Q 

L H X X X H L 

H L X X X L H 

L L X X x Ht Ht 

H H J. L L Qo Cio 
H H J. H L H L 

H H J. L H L H 

H H J. H H Toggle 

H H H X X QO CiO 
t The output levels in this configuration may not meet the 

minimum levels for VOH. Furthermore, this configuration Is 
nonstable; that Is, it does not persist when either j5fiE or 
l:IDi returns to its Inactive (hIgh) level. 

EPIC Is a trademark of Texas Instruments Incorporated. 
PROOUCT PREVlEW __ pnIducII In till_or an oI~ ___ IIId_ 

:lllExAs 
Copyright C 1995. Texas Instruments Incorporated .. _n .. II. ___ ......... 1O ord __ ....... __ 
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SN74LVC112· 
DUAL NEGATIVE-EDGE·TRIGGERED J-KFLIP-FLOP 
WITH CLEAR AND PRESET 
SCAS289A - JANUARY 1993 - REVISED JULY 1995 

logic symbolt 

1PRE 
1J 

1CLK 

1K 

1CLR 

2PRE 

2J 

2CLK 

2K 

2~ 

4 

3 

1 

2 

15 

10 

11 

13 

12 

14 

" S 

1J 
"- C1 

1K 
"- R 

"-

" 

" 
t This symbol Is In accordance with ANSI/IEEE Std 91-1984 and lEe Publication 617-12. 

logic diagram, each flip-flop (positive logic) 

Q 

5 
1Q 

6 

9 
2Q 

7 

PRE _-1-...... ______ ....1 I....-------e-I--- CLR 

K-----1 t----J r--t._" ---' 
CLK--...... ---------1~-------~ 

~1ExAs 
INSTRUMENTS 
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SN74LVC112 
DUAL NEGATIVE·EDGE·TRIGGERED J·K FLlp·FLOP 

WITH CLEAR AND PRESET 
SCAS289A - JANUARY 1993 - REVISED JULY 1995 

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 
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 Vee or GNO ................. ; ............................... ±100 mA 
Maximum power dissipation at TA = 55°C (in still air) (see Note 3): 0 package ................... 1.3 W 

DB package ................. 0.55 W 
PW package .................. 0.5 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 peckage 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 inthe 1994 ABT Advanced BiCMOS Technology 
Data Book. IHerature number SCBD002B. 

recommended operating conditions (see Note 4) 
MIN MAX UNIT 

VCC Supply voltage 2.7 3.6 V 

VIH High-level Input voltage VCC=2.7Vt03.6 V 2 V 

VIL Low-level input voltage VCC -2.7Vt03.6 V 0.8 V 

VI Input voltage 0 5.5 V 

Vo Output voltage 0 VCC V 

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

VCC-3V -24 

VCC·2.7V 12 
IOL Low-level output current mA 

VCC=3V 24 

At/AY Input transition rise or fall rate 0 10 nsN 

TA Operating free-air temperature -40 85 ·C 

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

~1ExAs 
INSTRUMENTS 
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SN74LVC112 
DUAL NEGATIVE·EDGE·TRIGGERED J·K FLIP·FLOP 
WITH CLEAR AND PRESET 
SCAS289A - JANUARY 1993 - REVISED JULY 1995 

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

PARAMETER TEST CONDITIONS VCCt MIN TYP* 

IOH--10011A MINto MAX Vee-:-O•2 

VOH IOH--12mA 
2.7 V 

3V 

IOH--24mA 3V 

IOL-100 IIA MINto MAX 

VOL IOL-12mA 2.7 V 

IOL-24mA 3V 

II VI-5.5 VorGND 3.6V 

lee VI_ Vee or GND. 10- 0 3.6V 

alee One input at Vee - 0.6 V. Other Inputs at Vee or GND 2.7Vto3.6V 

el VI • Vee or GND 3.3V 

eo Vo - Vee or GND 3.3V 
.. t For conditions shown as MIN or MAX. use the appropriate values under recommended operating conditions • 

:I: Typical values are measured at Vee. 3.3 V. TA • 25°e. 

~1EXAS 
INSTRUMENTS 
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0.4 V 
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±5 IIA 
10 IIA 

500 IIA 
pF 
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• EPIC ™ (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 

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

• Typical VOHV (Output VOH Undershoot) 
>2VatVee = 3.3 V, TA = 25°C 

• Inputs Accept Voltages to 5.5 V 
• Package Options Include Plastic 

Smail-Outline (D), Shrink Smail-Outline 
(DB), and Thin Shrink Smail-Outline (PW) 
Packages 

description 

SN74LVC125 
QUADRUPLE BUS BUFFER GATE 

WITH 3·STATE OUTPUTS 

0, DB, OR PW PACKAGE 
(TOPVJEW) 

10E 1 

1A 2 
1Y 3 

20E 4 
2A 5 
2Y 6 

GND 7 

VCC 
40E 
4A 

This quadruple bus buffer gate is designed for 2.7-V to 3.6-V Vee operation. The SN74LVC125 features 
independent line drivers with 3-state outputs. Each output is disabled when the associated output-enable (OE) 
input is 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. 

Inputs can be driven from either 3.3-V or 5-V devices. This feature allows the use ofthese devices as translators 
in a mixed 3.3-V/5-V system environment. 

The SN74LVC125 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 

EPIC is a trademark 01 Texas Instruments Incorporated. 

~o:=.:I!.:r=..':,.,"~:::':=m: ~ 
IlIodln! wa'I'IIII\< _ucuon procOosIng - not -Illy Include ,. UEXAS 
lilting oIa' pnm-. 

INSTRUMENTS 
POST OFFICE BOX 655303 • OALlAS, TEXAS 76265 

Copyright © 1995, Texas Instruments Incorporated 
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SN74LVC125 
QUADRUPLE BUS BUFFER GATE 
WITH 3-STATE OUTPUTS 
SCAS290B - JANUARY 1993 - REVISED JULY 1995 

logic symbolt logic diagram (positive logic) 

10E 

1A 

20E 
2A 

30E 

3A 

40E 
4A 

1 
2 

4 
5 

10 
9 

13 
12 

" EN 1 
V 

" 

" 

" 

3 

6 

10E 

~ 1Y 

1A 
2 

2Y 
:>-__ 3_ 1y 

6 

11 

20E 
4 

~ 3Y 

2A 
5 

4Y 
:>-__ 6_ 2Y 

10 
30E 

tThis symbol Is in accordance with ANSI/IEEE Std 91-1984 
and IEC Publication 617-12. 3A 9 ~ :>-__ 8_ 3Y 

.wE 
13 

~ 4A 
12 :>-__ 11_ 4Y 

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

Supply voltage range, Vcc ••.............•...............................•........ -0.5 V to 6.5 V 
Input voltage range, VI (see Note 1) ................................................ -0.5 V to 6.5 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 > Vcc) ........•........•......... ,............... ±50 mA 
Continuous output current, 10 (VO = 0 to Vce) ..........•......................•........... ±50 mA 
Continuous current through VCC or GND ................................................. ±100 mA 
Maximum power dissipation at TA = 55°C (in still air) (see Note 3): D package .....•............ 1.25 W 

, DB or PW package ............ 0.5 W 
Storage temperature range, Tstg .......•••.•.•••.••.•••.•.....•................... -65°C to 150°C 

:j: Stresses beyond those listed under "absolute maximum retings" may cause permanent damage to the device. These are stress ratings only. and 
functional operetlon 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. 

8-52 

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 ThermalConsiderationsapplication note in the 1994ABT Advanced BICMOS Technology 
Data Book. literature number SCBD002B. 
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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 voHage 

IOH High-level output current 

IOL Low-level output current 

AtlAv Input transition rise or fall rate 

TA Operating free-air temperature 

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

SN74LVC125 
QUADRUPLE BUS BUFFER GATE 

WITH 3-STATE OUTPUTS 
SCAS290B - JANUARY 1993 - REVISED JULY 1995 

MIN MAX UNIT 

Operating 2 3.6 
V 

Data retention only 1.5 

Vee a2.7Vt03.6 V 2 V 

Vee a 2.7 V to 3.6 V 0.8 V 

0 5.5 V 

0 Vee V 

Vee ~2.7V -12 
mA 

Vee 23V -24 

Vee~2.7V 12 
mA 

Vee a3V 24 

0 8 ns/V 

-40 85 °e 

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

PARAMETER TEST CONDITIONS Vcct MIN 

IOH=-10011A MIN to MAX Vee-0.2 

VOH IOH=-12mA 
2.7V 

3V 

IOH=-24mA 3V 

10L -100 IIA MINto MAX 

VOL IOL-12 mA 2.7V 

IOL=24mA 3V 

II VI ,,5.5 VorGND 3.6V 

10Z VO. Vee or GND 3.6 V 

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

Alee One Input at Vee - 0.6 V, Other inputs at Vee or GND 2.7Vt03.6V 

ei VI " Vee or GND 3.3 V 

eo Vo - Vee or GND 3.3 V 

t For conditions shown as MIN or MAX, use the appropriate values under recommended operating conditions. 
* All typical values are at Vee = 3.3 V, TA" 25°e. 

2.2 

2.4 

2.2 

TYP* MAX UNIT 

V 

0.2 

0.4 V 

0.55 

±5 IIA 
±10 IIA 

10 IIA 
500 IIA 

5 pF 

5 pF 

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

FROM TO 
VCC=3.3V 

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

MIN MAX MIN MAX 

tpd A Y 1 6.5 7 ns 

ten OE y 1 7 8 ns 

!dis OE y 1 5.5 6.5 ns 

tsk(o)§ 1 ns 

§ Skew between any two outputs of the same package switching in the same direction. This parameter is warranted but not production tested. 

~1EXAS 
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SN74LVC125 
QUADRUPLE BUS BUFFER GATE 
WITH 3-STATE OUTPUTS 
SCAS290B - JANUARY 1993 - REVISED JULY 1995 

operating characteristics, VCC = 3.3 V, TA = 25°C 
PARAMETER TEST CONDITIONS 

Cpd Power dissipation capaclt~e per gate CL-50pF, f.10MHz 

PARAMETER MEASUREMENT INFORMATION 

o 8V 
TEST S1 

S1 sooo 
From Output_-'_4~--IINI'--_---' 

Under Test 

o Open 

r' 
tpd Open 

tpu/tPZL 8V 

CL=50pF 
(see Note A) I 5000 

LOAD CIRCUIT 

TI~~n~ ______ ~"'1-.5-V----
~ tsu ~~ th 

~ 
I 

2.7 V 

OV 

Data --~~1.5 V 
Input __ ...J1\ 

~2.7V 
1.5V 

OV 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

Input .L 1.5 V \ ~~--- 2.7 V 

----'I I . OV 

tpLH 114 ~I I J 
14 Pi tpHL 

I I 
I,----~~--VOH 

Output 11.5 V 1.5 V 

-------~. VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

tpHZltpZH GND 

14-- tw ---.t 
I I 

Input 3 :K'1-.S-V--
2.7V 

OV 

VOLTAGE WAVEFORMS 
PULSE DURATION 

Output 
Control 

(low-level 
enabling) 

~ I 2.7 V 

~1.5V 4_1.: ___ ov 

tpZL --.I I4--t -.! ""-
I I PLZ - I r-or-

O I l ___ -.J_~I- 3V 
utput I 'i I 

Waveform 1 I \1.5V I ~ VOL+O.3V 
S1 aUV I· I ----- VOL 

(see Note B) I tpHZ -+i '+1 

tpZH ~ I+-
Output I s: 

Waveform 2 ! V--O-3V VOH 
S1 atGND 1.SV OH- • 

(see Note B) ___ ~_'- --_ ..:::-__ 0 V 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

NOTES: A. CL includes probe and Jig capacHance. 
B. Waveform 1 is for an output with internal condRions such that the output is low except when disabled by the output control. 

Waveform 2 is for an output with Intemal 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 n, tr s 2.5 ns, tf S 2.5 ns. 
D. The outputs are measurad one at a time with one transHion per measurement. 
E. IPLZ 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 

-!111ExAs 
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• EPICTM (Enhanced-Performance Implanted 
CMOS) Submlcron Process 

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

• typical VOHV (Output VOH Undershoot) 
> 2 V at Vee = 3.3 V, TA = 25°C 

• Inputs Accept Voltages to 5.5 V 

• Package Options Include Plastic 
Smail-Outline (D), Shrink Smail-Outline 
(DB), and Thin Shrink Smail-Outline (PW) 
Packages 

description 

SN74LVC126 
QUADRUPLE BUS BUFFER GATE 

WITH 3-STATE OUTPUTS 

D, DB, OR PW PACKAGE 
(TOP VIEW) 

10E 
1A 
1Y 3 

20E 4 
2A 
2Y 

GND 7 

VCC 
40E 

This quadruple bus buffer gate is designed for 2.7-V to 3.6-V Vce operation. 

The SN74LVC126 features independent line drivers with 3-state outputs. Each output is disabled when the 
associated output-enable (OE) input Is low. 

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

Inputs can be driven from either 3.3-V or 5-V devices. This feature allows the use ofthese devices as translators 
in a mixed 3.3-V/5-V system environment. 

The SN74LVC126 is characterized for operation from -40°C to 85°C. 

FUNCTION TABLE 
(each buffer) 

INPUTS OUTPUT 
OE A Y 

H H H 

H L L 

L X Z 

EPIC is a trademark of Texas Instruments Incorporated. 

:illExAs 
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SN74LVC126 
QUADRUPLE BUS BUFFER GATE 
WITH a·STATE OUTPUTS 
SCAS339A - MARCH 1994 - REVISED JULY 1995 

logic symbolt logic diagram (positive logic) 

1 
10E 

1A 

20E 
2A 

2 

4 
5 

EN 1 3 
V 

6 

10E 

~ 1Y 

1A 2 
2Y 

>-_--=3~ 1Y 

~ 
10 4 

30E 

3A 
8 

8 
3Y 

20E 

5 >-_--=6~ 2Y 13 
40E 

4A 
12 

11 
4Y 

2A 

10 

~ 
30E 

t This symbol is in accordance with ANSIIIEEE Sid 91-1984 
and IEC Publication 617-12. 3A 

8 >-_---=8~ 3Y 

40E 
13 

4A 
12 ~ 11 

>---- 4Y 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted}:!: 

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 
Output voltage range, Vo (see Notes 1 and 2) ..•......•.•••••••••••.•......... -0.5 V to Veo + 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 Vee or GNO ................................................. ±100 mA 
Maximum power dissipation at TA = 55°C (in still air) (see Note 3): 0 package .................• 1.25 W 

DB or PW package ............ 0.5 W 
Storage temperature range, Tstg .................................................. -65°C to 150°C 

:j: Strasses 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 absoluta-rnaximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. The input and output negative-voRage ratings may be exceeded H the Input and output clamp-current ratings are observed. 

8-56 

2. This value is limited to 4.6 V maximum. 
3. The maximum packllge 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 1994 ABT Advanced BiCMOS Technology 
Data Book, literature number SCBD002B. 
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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 

l!.tll!.v Input transition rise or fall rate 

TA Operating free-air temperature 

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

SN74LVC126 
QUADRUPLE BUS BUFFER GATE 

WITH 3-STATE OUTPUTS 
SCAS339A - MARCH 1994 - REVISED JULY 1995 

MIN MAX UNIT 

2.7 3.6 V 

Vee-2.7 Vt03.6 V 2 V 

Vee~2.7Vt03.6 V 0.8 V 

0 5.5 V 

0 Vee V 

Vee- 2.7V -12 
mA 

Vee- 3V -24 

VCC- 2.7V 12 
rnA 

VCC- 3V 24 

0 10 ns/V 

-40 85 ·C 

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

PARAMETER TEST CONDITIONS VCCt MIN TYP* 

IOH--10011A MINto MAX Vee-0.2 

VOH 10H _-12 rnA 
2.7V 

3V 

IOH--24rnA 3V 

10L -100 IIA MINto MAX 

VOL IOL-12rnA 2.7V 

IOL-24mA 3V 

II VI-5.5 VorGND 3.6 V 

10Z Vo - Vec or GND 3.6 V 

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

.6lce One input at VCC - 0.6 V, Other inputs at VCC or GND 2.7 V to 3.6 V· 

ei VI - VCC or GND 3.3 V 

Co Vo - Vec or GND 3.3V 

t For conditions shown as MIN or MAX, use the appropriate values ,under recommended operating conditions. 
:I: Typical values are measured at VCC - 3.3 V, TA. 25·C. 
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2.2 

MAX UNIT 

V 

0.2 

0.4 V 

0.55 

±5 IIA 
±10 IIA 

10 IIA 
500 IIA 

pF 

pF 
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SN74LVC137 
3-LlNE TO 8-LINE DECODER/DEMULTIPLEXER 

WITH ADDRESS LATCHES 

• EPICTM (Enhanced-Performance Implanted 
CMOS) Submlcron Process 

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

• Typical VOHV (Output VOH Undershoot) 
> 2 V at Vee = 3.3 V, TA = 25°C 

• Inputs Accept Voltages to 5.5 V 

• Package Options Include Plastic 
Smail-Outline (D), Shrink Smail-Outline 
(DB), and Thin Shrink Smail-Outline (PW) 
Packages 

description 

0, DB, OR PW PACKAGE 
(TOP VIEW) 

A Vcc 
B YO 
e 3 Y1 

G2A Y2 
G2B Y3 

G1 6 Y4 
Y7 7 Y5 

GND 8 Y6 

This 3-line to 8-line decoder/demultiplexer with latches on three address inputs is designed for 2.7-V to 3.6-V 
Vee operation. 

The SN74LVe137 is designed for high-performance memory-decoding or data-routing applications requiring 
very short propagation delay times. In high-performance memory systems, this decoder can be used to 
minimize the effects of system decoding. When employed with high-speed memories utilizing a fast enable 
circuit, the delay times of this decoder and the enable time of the memory are usually less than the typical access 
time of the memory. This means that the effective system delay introduced by the decoder is negligible. 

When the latch-enable (G2A) input is low, the SN74LVC137 acts as a decoder/demultiplexer. When G2A 
transitions from low to high, the address present at the inputs (A, B, and C) is stored in the latches. Further 
address changes are ignored provided G2A remains high. The output-enable (G1 and G2B) inputs control the 
outputs independently of the select or latch-enable inputs. All of the outputs are forced high if G 1 is low or G2B 
is high. 

Inputs can be driven from either 3.3-V or 5-V devices. This feature allows the use of these devices in a mixed 
3.3-V/5-V system environment. 

The SN74LVC137 is characterized for operation from -40°C to 85°C. 

FUNCTION TABLE 

LATCH OUTPUT· 
SELECT INPUTS OUTPUTS ENABLE ENABLE 

G2A 01 G2B C B A YO Y1 Y2 Y3 Y4 Y5 Y6 Y7 

X X H X X X H H H H H H H H 

X L X X X X H H H H H H H H 

L H L L L L L H H H H H H H 

L H L L L H H L H H H H H H 

L H L L H L H H L H H H H H 

L H L L H H H H H L H H H H 

L H L H L L H H H H L H H H 

L H L H L H H H H H H L H H 

L H L H H L H H H H H H L H 

L H L H H H H H H H H H H L 

H H L X X X Outputs corresponding to stored address = L; all other outputs - H 

EPIC is a trademark of Texas Instruments Incorporated. 

PRODUCT PREVIEW 1nfGIm8l1on ........ praclUCIIln1ilalonnallveor :en phase of doveiopmoIII. c_uc d8III II1d OIIIor 

~TEXAS 
INSTRUMENTS 

Copyright@ 1995, Texas Instruments Incorporated 
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SN74LVC137 
3·LINE TO a·L1NE DECODER/DEMULTIPLEXER 
WITH ADDRESS LATCHES 
SCAS340A - MARCH 1994 - REVISED JULY 1996 

logic symbols (alternatlves)t 

A 

B 

C 

G1 

G2A 

G2B 

1 

2 

3 

6 

4 

5 

BIN/OCT 
1 

2 

4 

T 
EN 

r-

-
r-

0 

1 

2 

3 

4 

5 

6 

7 

15 
VO A 

1 

14 2 
V1 B 

13 
V2 C 

3 

12 
V3 

11 
V4 G1 

6 

10 
V5 G2A 

4 

9 
V6 

7 
Y7 G2B 

5 

tThese symbols are in accordance with ANSI/IEEE Std 91-1984 and lEG Publication 617-12. 

logic diagram (positive logic) 

8-60 

Select 
Inputs 

A-..... d 

B -=-..... d 

3 
C-..... d 

E: { 0" _4_--d 

{

G2B 5 
Output 

Enables G1 6 
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7 
2 

7 
r-

I--

r-
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1 

2 

3 

4 

5 

6 

7 

15 

14 

13 

12 

11 

10 

9 

7 

VO 

V1 

V2 

V3 

V4 

V5 

V6 

V7 

Data 
Outputs 



SN74LVC137 
3-L1NE TO 8-L1NE DECODER/DEMULTIPLEXER 

WITH ADDRESS LATCHES 
SCAS340A- MARCH 1994- REVISED JULY 1995 

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 
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 Vee or GND ................................................. ±100 mA 
Maximum power dissipation at T A = 55°C (in still air) (see Note 3): D package ................... 1.3 W 

DB package ................. 0.55 W 
PW package .................. 0.5 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·e and a board trace length of 750 mils. 

For more information, refertothe Package ThermalConsiderationsapplication note in the 1994 ABT Advanced BiCMOS Technology 
Data Book, literature number SeBD002B. 

recommended operating conditions (see Note 4) 
MIN MAX UNIT 

Vee Supply voltage 2.7 3.6 V 

VIH High-level input voltage Vee - 2.7 V to 3.6 V 2 V 

VIL Low-level input voltage I Vee=2.7Vt03.6 V 0.8 V 

VI Input voltage 0 5.5 V 

Vo Output voltage 0 Vee V 

Vee=2.7V -12 
IOH High-level output current rnA 

Vee=3V -24 

Vee=2.7V 12 
IOL Low-level output current mA 

Vee=3V 24 

At/Av Input transition rise or fall rate 0 10 ns/V 

TA Operating free-air temperature -40 85 ·e 

NOTE 4: Unused Inputs must be held high or low to prevent them from floating. 
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SN74LVC137 
3·L1NE TO a·L1NE· DECODER/DEMULTIPLEXER 
WITH ADDRESS LATCHES 
SCAS340A - MARCH 1994"; REVISED JULY 1995 

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

PARAMETER TEST CONDITIONS VCCt MIN TYP* 

ioH • -100 jJA MINto MAX Vee-0.2 

2.7V 
VOH 10H ~-12mA 

3V 

IOH~-24mA 3V 

10L - 100 jJA MIN to MAX 

VOL IOL-12mA 2.7 V 

IOL-24mA 3V 

II VI z 5.5 V or GND 3.6V 

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 2.7Vt03.6V 

ej VI - Vee or GND 3.3V 

Co VO. Vee or GND 3.3V 
.. t For conditions shown as MIN or MAX, use the appropriate values under recommended operating conditions . 

* Typjcal values are measured at Vee - 3.3 V, TA _ 25°C. 
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2.2 

2.4 

2.2 

MAX UNIT 

V 

0.2 

0.4 V 

0.55 

±5 jJA 

±10 jJA 

10 jJA 

500 jJA 

pF 

pF 



• 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 

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

• Typical VOHV (Output VOH Undershoot) 
> 2VatVee =3.3 V, TA = 25°C 

• Inputs Accept Voltages to 5.5 V 
• Package Options Include Plastic 

Small·Outline (D), Shrink Small·Outline 
(DB), and Thin Shrink Small·Outline (PW) 
Packages 

description 

SN74LVC138 
3·LlNE TO B-LlNE DECODER/DEMULTIPLEXER 

D, DB, OR PW PACKAGE 
(TOP VIEW) 

A Vee 
B YO 
e 3 Y1 

G2A 4 13 Y2 
~ 5 12 Y3 

G1 6 11 Y4 
Y7 7 10 Y5 

GND 8 9 Y6 

This 3-line to 8-line decoder/demultiplexer Is designed for 2.7-V to 3.6-V Vee operation. 

The SN74LVC138 is designed for high-performance memory-decodlng or data-routing applications requiring 
very short propagation delay times. In high-performance memory systems, this decoder minimizes the effects 
of system decoding. When employed with high-speed memories utilizing a fast enable circuit, the delay.times 
of this decoder and the enable time of the memory are usually less than the typical access time of the memory. 
This means that the effective system delay introduced by the decoder is negligible. 

The conditions at the binary-select inputs and the three enable inputs select one of eight input lines. Two 
active-low enable inputs and one active-high enable input reduce the need for external gates or inverters when 
expanding. A 24-line decoder can be implemented without external inverters and a 32-lIne decoder requires 
only one inverter. An enable input can be used as a data input for demultiplexing applications. 

Inputs can be driven from either 3.3-V or 5-V devices. This feature allows the use ofthese devices as translators 
in a mixed 3.3-V/5-V system environment. 

The SN74LVC138 is characterized for ope~tion from -40°C to 85°C. 

EPIC Is a trademark of Texas Instruments Incorpgrated. 

Copyright C 1995, Texas Instruments Incorporated 



SN74LVC138 
3-LlNE TO B-LINE DECODER/DEMULTIPLEXER 

SCAS291B - MARCH 1993 - REVISED JULY 1995 

ENABLE INPUTS SELECT INPUTS 

01 02A GiIJ C 

X H X X 

X X H X 

L X X X 

H L L L 

H L L L 

H L L L 

H L L L 

H L L H 

H L L H 

H L L H 

H L L H 

logic symbols (alternatlves)t 

A 

B 

C 

1 

2 

3 

6 
4 

5 

,... 
,... 

BIN/OCT 
1 

2 

4 

&"" 

EN 

B A 
X X 

X X 

X X 

L L 

L H 

H L 

H H 

L L 

L H 

H L 

H H 

0 
15 

14 
1 

13 
2 

12 
3 

11 
4 

10 
5 

9 
6 

7 
7 

FUNCTION TABLE 

YO Y1 
H H 

H H 

H H 

L H 

H L 

H H 

H H 

H H 

H H 

H H 

H H 

YO A 
Y1 B 

Y2 C 

Y3 

Y4 ·01 

Y5 G2A 

Y6 02B 

Y7 

OUTPUTS 

Y2 Y3. Y4 Y5 
H H H H 

H H H H 

H H H H 

H H H H 

H H H H 

L H H H 

H L H H 

H H L H 

H H H L 

H H H H 

H H H H 

1 

'} DMUX 2 0.1 
3 7 

2 

6 &"" 
4 "-
5 " 

t These symbols are In accordance wHh ANSVIEEE Sid 91-1984 and IEC Publication 617-12. 
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Y7 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

15 

14 
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YO 
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logic diagram (positive logic) 

Select 
Inputs 

Enable 
Inputs 

A 1 

C---I 

6 
01 ---I 

SN74LVC138 
3-L1NE TO 8-L1NE DECODER/DEMULTIPLEXER 

SOAS291B- MARCH 1993- REVISED JULY 1995 

16 YO 

14 Y1 

13 
Y2 

12· Y3 
Data 

11 
Outputs 

Y4 

10 Y5 

9 Y6 

7 
Y7 
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SN74LVC138 
3·LlNETO 8-lINE DECODER/DEMULTIPLEXER 

SCAS291 B - MARCH 1993 - REVISED JULY 1995 

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 
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 Vee or GND ..••...•.•................•...................... ±100 mA 
Maximum power dissipation at TA = 55°C (in still air): (see Note 3) 0 package ..............•..•. 1.3 W 

DBpackage ................ 0.55 W 
PW package ................. 0.5 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 negatlve-voRage 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 Conslderationsapplication note in the 1994 ABT Advanced BICMOS Tachno/ogy 
Data Book, literature number SCBDOO2B. 

recommended operating conditions (see Note 4) 
MIN MAX UNIT 

Operating 2 3.6 
vcc Supply voltage V 

Data retention only 1.5 

VIH High-level Input voRage VCC - 2.7 V to 3.6 V 2 V 

VIL Low-level input voHage VCC - 2.7 V to 3.6 V 0.8 V 

VI Input voRage 0 5.5 V 

Vo Output voltage 0 VCC V 

VCC- 2.7V -12 
IOH High-level output current rnA 

VCC- 3V -24 

IOL 
VCC- 2•7V 12 

Low-Ievel output current rnA 
VCC- 3V 24 

I!.t/l!.v Input transition rise or fall rate 0 10 nsN 

TA Operating free-air temparature -40 85 ·C 

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

~1ExAs 
INSTRUMENTS 

8-66 POST OFFICE BOX 856303 • OALI.AS. TEXAS 762815 . 



SN74LVC138 
3-LINE TO 8-LlNE DECODER/DEMULTIPLEXER 

SCAS291 B - MARCH 1993 - REVISED JULY 1995 

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

PARAMETER TEST CONDITIONS VCCt MIN TYP* 

10H - -100 IlA MIN to MAX VCC-0.2 

2.7V 
VOH 10H --12 mA 

3V 

IOH--24mA 3V 

10L = 100 jIA MINto MAX 

VOL IOL-12mA 2.7V 

IOL-24mA 3V 

II VI = 5.5VorGND 3.6 V 

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

~ICC One input at VCC - 0.6 V, Other inputs at VCC or GND 2.7Vt03.6V 

Co Vo - VCC or GND 3.3 V 
" t For condHlons shown as MIN or MAX, use the appropriate values under recommended operatrng conditions. 

* All typical valuas are at VCC - 3.3 V, TA _ 25°C. 

2.2 

2.4 

2.2 

5 

MAX UNIT 

V 

0.2 

0.4 V 

0.55 

±5 IlA 
10 IlA 

500 IlA 
pF 

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

FROM TO 
VCC=3.3V 

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

MIN MAX MIN MAX 

AorBorC 1 6.7 7.9 

tpd ~orG2B Y 1 6.5 7.4 ns 

G1 1 5.8 6.4 

tsk(o)§ 1 ns 

§ Skew between any two outputs of the same package switching in the same direction. This parameter is warranted but not production lesled. 

operating characteristics, Vee = 3.3 V, TA = 25°C 
PARAMETER TEST CONDITIONS 

Power dissipation capacitance CL-50pF, f-10MHz 

~1EXAS 
INSTRUMENTS 
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SN74LVC138 
3·LINE TO 8-LlNE DECODER/DEMULTIPLEXER 

SCAS291B-MARCH 1993-REVISEDJULY 1995 

PARAMETER MEASUREMENT INFORMATION 

S1 500n 
From Output_ ..... _-._...J..,I\I\r __ ---J 

Under Test 

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

LOAD CIRCUIT 

o 6V 

o Open 

r' 
TI~~:~ _____ --'~"'1-.5-V---_ 

2.7 V 

OV 

~ tsu·~ th 
~ 
I 

Data --~~1.5 V 
Input __ --'" 

~. 2.7 V 
1.5V 

OV 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

Input L-t.5V \ ~5-;--- 2.7 V 

--./I I· OV 
tpLH . 114 .'1 I I 

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

Output 11.5 V 1.5 V 
_______ J. VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

TEST S1 

tpd Open 
tPLZ/tpZL 6V 
tpHZ/tpZH GND 

~tw -----+I 
I I~ __ V 

Input3 }(",1_.5_V __ :.: 

Output 
Control 

(low-level 
enabling) 

VOLTAGE WAVEFORMS 
PULSE DURATION 

~ I 2.7V 

~1.5V 4_1.~ ___ OV 

tPZL -.! I+-t -.! '-
I I PLZ 'I ror-

__ +-1 ~I -.J_I_ 3 V 

wav~:r~u~ : \1.5 V i lG V 
S1 at6V I· I t.!~.:~ VOL 

(see Note B) I tPHZ -+i *-1 

tpZH ~ 14-
Output I ~ - VOH Waveform 2 f V 03V 

(s!!~~:N~ 1.~V ___ :H-. OV 

VOLTAGE WAVEFORMS 
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 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 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 tpd. 

Figure 1. Load Circuit and Voltage Waveforms 

~1ExAs 
INSTRUMENTS 

8-68 POST OFFICE BOX 655303 • DALLAS. TEXAS 75265 



SN74LVC139 
DUAL 2·L1NE TO 4·L1NE DECODER/DEMULTIPLEXER 

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

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

• Typical VOHV (Output VOH Undershoot) 
> 2V atVce = 3.3 V, TA = 25°C 

• Inputs Accept Voltages to 5.5 V 

• Package Options Include Plastic 
Smail-Outline (D), Shrink Smail-Outline 
(DB), and Thin Shrink Small-Outline (PW) 
Packages 

description 

0, DB, OR PW PACKAGE 
(TOP VIEW) 

1Y3 
GND 

16 Vcc 
15 20E 
14 2A 
13 28 
12 2YO 
11 2Y1 
10 2Y2 
9 2Y3 

This dual2-line to 4-line decoder/demultiplexer is designed for 2.7-V to 3.6-V Vee operation. 

The SN74LVC139 is designed to be used in high-performance memory-decoding or data-routing applications 
requiring very short propagation delay times. In high-performance memory systems, this decoder can be used 
to minimize the effects of system decoding. When employed with high-speed memories utilizing a fast enable 
circuit, the delay times of this decoder and the enable time of the memory are usually less than the typical access 
time of the memory. This means that the effective system delay introduced by the decoder is negligible. 

The device comprises two individual2-line to 4-line decoders in a single package. The active-low output-enable 
(OE) input can be used as a data line in demultiplexing applications. These decoders/demultiplexers feature 
fully buffered inputs, each of which represents only one normalized load to its driving circuit. 

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. 

Inputs can be driven from either 3.3-V or 5-V devices. This feature allows the use of these devices in a mixed 
3.3-V/5-V system environment. 

The SN74LVC139 is characterized for operation from -40°C to 85°C. 

FUNCTION TABLE 

INPUTS 
SELECT 

OUTPUTS 

DE 
B A YO Yi Y2 Y3 

H X X H H H H 

L L L L H H H 

L L H H L H H 

L H L H H L H 

L H H H H H L 

EPIC is a trademark of Texas Instruments Incorporated. 

~1ExAs 
INSTRUMENTS 

Copyright C 1995. Texas Instruments Incorporated 

POST OFFICE BOX 665303 • DALlAS. TEXAS 75266 8-69 

;: 
W 
:; 
w 
a: 
D.. 

b 
:::» c o 
a: 
D.. 



"tJ 
::D 
0 
C 
c: 
0 
~ 

"tJ 
::D 
.m 
S 
m 
:E 

SN74LVC139 
DUAL 2-LlNE TO 4-LlNE DECODER/DEMULTIPLEXER 

SCAS341A- MARCH 1994- REVISED JULY 1995 

logic symbols (alternatlves)t 

1A 

18 

10E 

2A 

28 

20E 

2 

3 

1 

14 

13 

15 

X/Y. 
1 

2 

" EN 

EN 
r-. 

0 

1 

2 

3 

4 
1YO 1A 

2 

5 3 
1Y1 18 

8 1 
IY2 10E 

7 
1Y3 

12 

11 

10 

2YO 

2Y1 
2A 

2Y2 
28 

14 

13 

15 
9 

2Y3 
20E 

t These symbols are In accordance with ANSI/IEEE Std 91-1984 and lEG Publication 617-12. 

logic diagram (positive logic) 

10E 

2 r Select 
Inputs 

3 18 

20E 15 

r 14 
Select 
Inputs 

13 28 

~1ExAs 
INSTRUMENTS 
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'r~ 2 G.Q. 

" 
3 

EN 

EN 
r-. 

4 

5 

6 

7 

12 

11 

10 

9 

0 

1 

2 

3 

1YO 

1Y1 

1Y2 

1Y3 

2YO 

2Y1 

2Y2 

2Y3 

4 

5 

8 

7 

12 

11 

10 

9 

Data 
Outputs 

1YO 

1Y1 

1Y2 

IY3 

2YO 

2Y1 

2Y2 

2Y3 



SN74LVC139 
DUAL2-lINE TO 4-lINE DECODER/DEMULTIPLEXER 

SCAS341A - MARCH 1994 - REVISED JULY 1995 

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 
Output voltage range, Vo (see Notes 1 and 2) ..•...........••................. -0.5 V to Vce + 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 Vee or GND ................................................. ±100 rnA 
Maximum power dissipation at TA = 55°C (in still air) (see Note 3): D package .•.•.•............• 1.3 W 

DB package •.•.....•........ 0.55 W 
PW package ...•....•......... 0.5 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 cond~lons" 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 H 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 b~rd trace length of 750 mils. 

For more Information. refertothe Package Thermal Considerations application note in the 1994 ABT Advanced BiCMOS Technology 
Data Book, literature number SCBDOO2B. 

recommended operating conditions (see Note 4) 
MIN MAX UNIT 

VCC Supply voltage 2.7 3.6 V 

VIH High-level input voltage VCC _2.7 Vt03.6 V 2 V 

VIL Low-level input voltage VCC-2.7Vt03.6 V 0.8 V 

VI Input voltage 0 5.5 V 

Vo Output voltage 0 VCC V 

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

VCC-3V -24 

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

VCC-3V 24 

At/Av Input transition rise or fall rate 0 10 ns/V 

TA Operating free-air temperature -40 85 'C 

NOTE 4: Unused inPuts must be held high or low to prevent them from noatlng. 

~1ExAs 
INSTRUMENTS 
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SN74LVC139 
DUAL 2·LlNE TO 4·LlNE DECODER/DEMULTIPLEXER 

SCAS341A-MARCH 1994-REVISEDJULY 1995 

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

PARAMETER TEST CONDITIONS VCCt MIN 

10H--l0011A MIN to MAX Vee-O.2 

2.7 V 2.2 
VOH 10H --12 mA 

" 3V 2.4 

IOH--24mA 3V 2.2 

10L -100 IIA MINto MAX 

VOL IOL-12 mA 2.7V 

IOL-24mA 3V 

II VI-5.5 VorGND 3.6 V 

10Z Vo - Vee or GND 3.6V 

ICC VI • Vee or GND, 10- 0 3.6 V 

.o.ICC One Input at VCC - 0.6 V, Other Inputs at Vec or GND 2.7Vt03.6V 

Cj VI - Vee or GND 3.3 V 

Co Vo-VceorGND 3.3V 

t For conditions shown as MIN or MAX, use the appropriate values under recommended operating conditions. 
:j: Typical values are measured at Vee = 3.3 V, TA _ 25°C. 

~1ExAs 
INSTRUMENTS 
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TY~ MAX UNIT 

V 

0.2 

0.4 V 

0.55 

±5 IIA 
±10 IIA 

10 IIA 
500 IIA 

pF 

pF 



SN74LVC157 
QUADRUPLE 2·LlNE TO 1·LINE DATA SELECTOR/MULTIPLEXER 

• 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 rnA 
Per JEDEC Standard JESD-17 

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

• Typical VOHV (Output VOH Undershoot) 
> 2 V at Vee = 3.3 V, TA = 25°C 

• Inputs Accept Voltages to 5.5 V 

• Package Options Include Plastic 
Smail-Outline (D), Shrink Smail-Outline 
(DB), and Thin Shrink Smail-Outline (PW) 
Packages 

description 

0, DB, OR PW PACKAGE 
(TOP VIEW) 

AlB 
1A 
1B 
1Y 
2A 
2B 
2Y 

GND 

, 1 U 16 

2 15 

3 14 

4 13 

5 12 

6 11 

! 7 10 

8 9 

VCC 
~ 
4A 
4B 
4Y 
3A 
38 
3Y 

This quadruple 2-line to 1-line data selector/multiplexer is designed for 2.7-V to 3.6-V Vee operation. 

The SN74LVC157 features a common strobe (G) input. When the strobe is high, all outputs are low. When the 
strobe is low, a 4-bit word is selected from one of two sources and is routed to the four outputs. The device 
provides true data. 

Inputs can be driven from either 3.3-V or 5-V devices. This feature allows the use ofthese devices as translators 
in a mixed 3.3-V/5-V system environment. 

The SN74LVC157 is characterized for operation from -40°C to 85°C. 

FUNCTION TABLE 

INPUTS OUTPUT 
~ AlB A B Y 

H X X X L 

L L L i< L 

L L H X H 

L H X L L 

L H X H H 

EPIC Is a trademark 01 Texas Instruments Incorporated. 

==.::::.==.';.."':.':"'..:::::=:::.: ~ 1ExAs _~_"'-"_not-'lncI"" 'I 
lilting 01111 pIIIIII ..... 

INSTRUMENTS 

Copyright C 1995, Texas Instruments Incorporated 
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SN74LVC157 
QUADRUPLE 2·LlNETO 1·LlNE DATA SELECTOR/MULTIPLEXER 

SCAS292B - JANUARY 1993 - REViseD JULY 1995 

logic symbolt logic diagram (positive logic) 

G 
AlB 

1A 

1B 

2A 

2B 

3A 

3B 

4A 

4B 

15 
1 

2 

3 

5 

6 

11 

10 

14 

13· 

-hJ EN 

IG1 
L1 
1 
1 

1A 
2 

1B 
3 

MUX 4 
1Y 

2A 
5 

7 
2Y 

2B 
6 

9 
3Y 

3A 
11 

12 
4Y 

3B 
10 

t This symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 4A 

14 

4B 
13 

G 15 

AlB 
1 

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

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 
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 Vee or GND ..........•.•...•..•............................. ±100 mA 
Maximum power dissipation at TA = 55°C (in still air) (see Note 3): D package ...•............... 1.3 W 

DB package ................. 0.55 W 
PW package ....•..••......... 0.5 W 

Storage temperature range, Tstg •.••..•.•...••.....•...•..........•..........•..•. -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 absoiute-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. 

8-74 

2. This value is IimHed 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 1994ABT Advanced BICMOS Technology 
Data Book, literature number SCBD002B. 

~1ExAs 
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SN74LVCi57 
QUADRUPLE 2·LlNE TO i·LlNE DATA SELECTOR/MULTIPLEXER 

SCAS292B - JANUARY 1993 - REVISED JULY 1995 

recommended operating conditions (see Note 4) 
MIN MAX UNIT 

Supply voltage 
Operating 2 3.6 

VCC V 
Data retention only 1.5 

VIH High-level input voltage VCC-2.7Vt03.6 V 2 V 

VIL Low-level input voltage VCC-2.7Vt03.6V 0.8 V 

VI Input voltage 0 5.5 V 

Vo Output voltage 0 VCC V 

VCC=2.7V -12 
IOH High-level output current mA 

VCC=3V '""24 

VCC=2.7V 12 
IOL LOW-level output current mA 

VCC=3V 24 

AtlAv Input transition rise or fall rate 0 10 nslV 

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 Veet , MIN TYP* 

IOH - -100 IJA MINto MAX VCC-O.2 

VOH IOH--12mA 
2.7 V 

3V 

IOH--24mA 3V 

10L -100 IJA MIN to MAX 

VOL IOL=12mA 2.7 V 

IOL=24mA 3V 

II VI • 5.5 V or GND 3.6V 

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

AICC One input at VCC - 0.6 V, Other inputs at VCC or GND 2.7Vt03.6V 

CI VI = VCC or GND 3.3V 
.. t For conditions shown as MIN or MAX, use the appropriate values under recommended operating conditions . 

* All typical values are at VCC = 3.3 V, TA -25·C. 

2.2 

2.4 

2.2 

5 

MAX UNIT 

V 

0.2 

0.4 V 

0.55 

±5 IJA 
10 IJA 

500 IJA 
pF 

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

FROM TO 
Vee = 3.3 V 

Vee=2.7V 
PARAMETER ± 0.3 ,V UNIT (INPUT) (OUTPUT) 

MIN MAX MIN MAX 

AorB 1 5.8 6.3 

tpd NB y 1 7.5 8.5 ns 

G 1 7.5 8.5 

tsk(o)§ 1 ns 

§ Skew between any two outputs of the same package SWitching In the same dlreclion. ThiS parameter IS warranted but not production tested. 

~1EXAS 
INSTRUMENTS 
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SN74LVC157 
QUADRUPLE 2·LINE TO 1·LlNE DATA SELECTOR/MULTIPLEXER 

$CAS292B - JANUARY 1993 - REVISED JULY 1995 

operating characteristics, VCC = 3.3 V, TA = 25°C 
PARAMETER TEST CONDITIONS 

Cpd Power dissipation capacHance CL-50pF, f.l0MHz 

PARAMETER MEASUREMENT INFORMATION 

o BV TEST Sl 
Sl o Open 5000 

From Output_-..,_ ...... I----'\N'o, __ -J 

Under Test 

tpd Open 

tPLZitPZL 6V 

CL=50pF 
(see Note A) T 5000 

LOAD CIRCUIT 

TI~~~~ _____ ...J~,,1_.6_V---_ 
2.7 V 

OV 
.1 ~ tau·~ th 

Data --.... W;.5 V 
Input __ --'" 

1 
~2.7V 

1.5V 
OV 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

,.-----.... ----2.7V 
Input --.If 1.5 V , \1.5 V 

tPLH 1l1li ~ I 1 ov 
II II1II ~tpHL 

1 1 
1 ~VOH 

Output 11.5 V 1.5 V 
___ -oJ VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

tpHzltpZH GND 

II1II-- tw ----.I 
1 1,----

Input 3 "'1.5 V :.:V 

Output 
Control 

(low.level 
enabling) 

VOLTAGE WAVEFORMS 
PULSE DURATION 

~ I 2.7 V 

~1.5V 4_1.: ___ ov 

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

Output 1 l ___ -.J_~I- 3V 

Wave!orml I \1.5V I VOL + 0.3 V 
SlatBV I· I----VOL 

(see Note B) 1 tpHZ -+i i+ 
tpZH~ 14- I 

Output 1 ~ Waveform 2 -- VOH 

(S!! ~~:N~ ___ .... l .... 1.~V___ YaH -0.3 V 0 V 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

NOTES: A. CL includes probe and jig Capacitance. 
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 wHh internai 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 es 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 

~1ExAs 
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SN74LVC158 
QUADRUPLE 2·LlNE TO 1·LlNE DATA SELECTOR/MULTIPLEXER 

• EPICTM (Enhanced-Performance Implanted 
CMOS) Submlcron Process 

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

• Typical VOHV (Output VOH Undershoot) 
> 2 V at Vee = 3.3 V, TA = 25°C 

• Inputs Accept Voltages to 5.5 V 

• Pac~ge Options Include Plastic 
Smail-Outline (D), Shrink Smail-Outline 
(DB), and Thin Shrink Smail-Outline (PW) 
Packages 

description 

0, DB, OR PW PACKAGE 
(TOP VIEW) 

AlB 1 Vec 
1A 2 G 
1B 3 4A 
1Y 4 4B 
2A 5 4Y 
2B 6 3A 
2Y 7 3B 

GND 8 3Y 

This quadruple 2-line to 1-line data selector/multiplexer is designed for 2.7-V to 3.6-V Vee operation. 

The SN74LVC158 features a direct strobe (~) input. When the strobe is high, all outputs are high. When the 
strobe is low, a 4-bit word is selected from one of two sources and is routed to the four outputs. The SN74LVC158 
provides inverted data. 

Inputs can be driven from either 3.3-V or 5-V devices. This feature allows the use of these devices in a mixed 
3.3-V/5-V system environment. 

The SN74LVC158 is characterized for operation from -40°C to 85°C. 

FUNCTION TABLE 

INPUTS OUTPUT 
G AlB A B y 

H X X X H 

L L L X H 

L L H X L 

L H X L H 

L H X H L 

EPIC is a trademark of Texas Instruments Incorporated. 
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SN74lVC158 
QUADRUPLE 2·LlNE TO 1·LINE DATA SELECTOR/MULTIPLEXER 

SCAS342A - MARCH 1994 - REVISED JULY 1995 

logic symbolt logic diagram (positive logic) 

Q 
A/B 

1A 

1B 

2A 

2B 

3A 

3B 

4A 

4B. 

15 

1 

2 

3 

5 

6 

11 

10 

14 

13 

'" EN 
IG1 
li 
1 
1 

1A 
2 

1B 
3 

MUX 4 
1Y 

2A 
6 

7 
2Y 

2B 
6 

9 
3Y 

3A 
11 

12 
4Y 

3B 
10 

t This symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 4A 

14 

4B 13 

Q--=-"---.... -ar-, 
A/B ~f---+--a_J 

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

Supply voltage range, Vee ...... '. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.5 Vto 6.5 V 
Input voltage range, VI (see Note 1) .................................... ; ........... -0.5 V to 6.5 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 Vee or GND ................................................. ±100 mA 
Maximum power dissipation at TA = 55°C (in still air) (see Note 3): 0 package ................... 1.3 W 

DB package ................. 0.55 W 
PW package .................. 0.5 W 

Storage temperature range, Tstg .................................................. -65°C to 150°C 

:I: 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 n the input and output clamp-eurrent ratings are observed. 

8-78 

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 ThermalConsiderationsapplication note in the 1994 ABT Advanced BiCMOS Technology 
Data Book, literature number SCBD002B. 
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SN74LVC158 
QUADRUPLE 2·L1NE TO 1·L1NE DATA SELECTOR/MULTIPLEXER 

SCAS342A - MARCH 1994 - REVISED JULY 1996 

recommended operating conditions \(see Note 4) 
MIN MAX UNIT 

Vee Supply voltage 2.7 3.6 V 

VIH High-level input voltage Vee - 2.7 Vt03.6 V 2 V 

Vil low-level Input voltage Vee - 2.7 Vto3.6 V 0.8 V 

VI Input voltage 0 5.5 V 

Vo Output voltage 0 Vee V 

Vee- 2.7V -12 
10H High-level output current mA 

Vee z3V -24 

Vee- 2.7V 12 
10l low-level output currant mA 

Vee- 3V 24 

I1t/l1v Input transition rise or fall rate 0 10 ns/V 

TA Operating free-alr temperatura -40 85 ·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) 

PARAMETER TEST CONDITIONS Vcct MIN TYP:j: 

IOH--100jiA MIN to MAX Vee-O•2 

2.7V 
VOH IOH--12mA 

3V 

IOH--24mA 3V 

10l -100 jiA MIN to MAX 

VOL IOl-12mA 2.7 V 

IOl-24mA 3V 

II VI - 5.5 V or GND 3.6 V 

10Z Vo - Vee or GND 3.6V 

lee VI z Vee or GND, 10- 0 3.6V 

.t.lee 
One input at Vee - 0.6 V, 

2.7VtoS.6V 
Other Inputs at Vee or GND 

el VI - Vee or GND S.3V 

eo Vo .. Vee or GND 3.3V 
.. t For conditions shown as MIN or MAX, use the appropriate values under recommended operating conditions • 

:j: Typical valueS ara measured at Vee - 3.3 V, TA _ 25·0. 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 866303 • DALlAS. TEXAS 75265 

2.2 

2.4 

2.2 

MAX UNIT 

V 

0.2 

0.4 V 

0.55 

±5 jiA 

±10 jiA 

10 jiA 

500 'jiA 

pF 

pF 
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• EPle T .. (Enhanced-Performance Implanted 
CMOS) Submlcron Process 

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

• Typical VOHV (Output VOH Undershoot) 
> 2 V at Vee = 3.3 V, TA = 25°C 

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

• Package Options Include Plastic 
Smail-Outline (OW), Shrink Smail-Outline 
(OB), and Thin Shrink Smail-Outline (PW) 
Packages 

description 

This octal buffer/driver is designed for 2.7-V to 3.6-V Vee operation. 

SN74LVC240 
OCTAL BUFFER/DRIVER 
WITH 3·STATE OUTPUTS 

DB, ow, OR PW PACKAGE 
(TOP VIEW) 

10E 1 VCC 
1A1 20E 
2Y4 1Y1 
1A2 2A4 
2Y3 1Y2 

2A3 
2Y2 1Y3 
1A4 2A2 
2Y1 9 1Y4 

GND 

The SN74LVC240 is designed specifically to improve the performance and density of 3-state memory address 
drivers, clock drivers, and bus-oriented receivers and transmitters. 

The SN74LVC240 is organized as two 4-bit buffers/drivers with separate ou~t-enable (OE) inputs. When OE 
is low, the device passes data from the A inputs to the Y outputs. When DE 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 SN74LVC240 is characterized for operation from -40°C to B5°C. 

FUNCTION TABLE 
(each buffer) 

INPUTS OUTPUT 
OE A Y 

L H L 

L L H 

H X Z 

EPIC is a trademark of Texas instruments inCOrporated. 

~o:.~~:=.::.';."':.':"'.:.:g=..: ~ 1ExAs 
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SN74LVC240 
OCTAL BUFFER/DRIVER 
WITH 3-STATE OUTPUTS 
SCAS293A ~ JANUARY 1993 - REVISED JULY 1995 

logic symbolt 

10E 

1A1 

1A2 

1A3 

1A4 

2A1 

2A2 

2A3 

2A4 

1 

2 

4 

6 

8 

19 

11 

13 

15 

17 

" EN L;' 
t> V 

r... EN 
~' 

t> V 

18 

16 

14 

12 

9 

7 

6 

3 

tThls symbol Is In accordance with ANSI/IEEE Sid 91-1984 
and IEC Publication 617-12. 

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 6.5 V 
Output voltage range, Vo (see Note~ 1 and 2) .........•...............•....... -0.5 V to Vee + 0.5 V 
Input clamp current, 11K (VI < a ) .•.....•.....•.... • . . . . . • . . . . . • • • • . . . . • . . • . . . . . . . . . . . . . .. -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 Vee or GND ................................................. ±100 mA 
Maximum power dissipation at TA = 55°C (in still air) (see Note 3): DB package .................. 0.6 W 

DW package ................. 1.6 W 
PW package ......•........... 0.7 W 

Operating free-air temperature range, T A ........................................... -40°C to 85°C 
Storage temperature range, Tstg ••...••...•••••••••..••••.•••.•...••...........•.. -65°C to 150°C 

:I: 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-maxlmum-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. 

8-82 

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 ThermalCons/derationsapplication note in the 1994 ABT Advanced BiCMOS Technology 
Data Book, literature number SCBD002B. 
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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 

10H High-level output current 

10L Low-level output current 

Ilt/Ilv Input transition rise or fall rate 

TA Operating free-air temperature 

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

SN74LVC240 
OCTAL BUFFER/DRIVER 
WITH 3-STATE OUTPUTS 

SCAS293A - JANUARY 1993 - REVISED JULY 1995 

MIN MAX UNIT 

2.7 3.6 V 

VCC - 2.7Vto 3.6 V 2 V 

VCC=2.7Vto3.6 V 0.8 V 

0 5.5 V 

0 VCC V 

VCC- 2.7V -12 
mA 

Vce=3V -24 

VCC=2.7V 12 
mA 

VCC- 3V 24 

0 10 ns/V 

-40 85 ·C 

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

PARAMETER TEST CONDITIONS VCCt MIN TYP* 

IOH--10011A MIN to MAX Vec-0.2 

VOH 10H _-12 mA 
2.7V 

3V 

IOH--24mA 3V 

10L - 100 IIA . MIN to MAX 

VOL IOL=12mA 2.7V 

IOL-24mA 3V 

II VI = 5.5 V or GND 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 Vec or GND 3Vt03.6V 

CI VI = VCC or GND 3.3 V 

Co Vo - VCC or GND 3.3V 
.. t For conditions shown as MIN or MAX, use the appropriate values under recommended operating conditions . 

:\: All typical values are at VCC - 3.3 V, TA - 25·C. 

2.2 

2.4 

2 

5.5 

5.8 

MAX UNIT 

V 

0.2 

0.4 V 

0.55 

±5 IIA 
±10 IIA 
20 IIA 

500 IIA 
pF 

pF 

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

FROM TO 
VCC=3.3V 

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

MIN MAX MIN MAX 

Ipd A Y 1.5 7.5 8.5 ns 

len OE y 1.5 8 9 ns 

tdis OE y 1.5 7.5 8.5 ns 

~1EXAS 
INSTRUMENTS 
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SN74LVC240 
OCTAL BUFFER/DRIVER 
WITH 3·STATE OUTPUTS 
SCAS293A-JANUARY 1993- REVISED JULY 1996 

operating characteristics, V CC = 3.3 V, TA = 25°C 
PARAMETER TEST CONDITIONS TYP UNIT 

I Outputs enabled 24 
Cpd Power dissipation capacitence per buffer/driver I Outputs disabled 

CL-50pF, f-10MHz ~ pF 

PARAMETER MEASUREMENT INFORMATION 

o 6V TEST Sl 

From Output ____ ---e1--5"'\oo/V'vn---S.../1 0 Open 

Under Test 1 GND 

tpd Open 
tpLZltpZI. 6V 

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

LOAD CIRCUIT FOR OUTPUTS 

14---- tw -----.I 
I I 

Input 3 .~:1~.5~V~~~~ :.: V 

Input 

Output 

Output 

VOLTAGE WAVEFORMS 
PULSE DURATION 

----v X 2.7 V 
---1j\ 1.5V 1 1•5V OV 

II ~ 
tPLH ~ I I tpHL 

I I \1--:.::- VOH 
I f1.5 V i ~ 

---+-1 --J I VOL 

tPHL~ ~tPLH 
I. ~VOH 

\1.5 V T 1.5V . 
'\0. ---'----- VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

INVERTING AND NONINVERTING OUTPUTS 

tpHZ/tpZH GND 

------, 2.7 V 
Timing Input X 1.5 V 

___ ~--J. 1'-______ OV 

I. .1. .1 
Itsul"th I 

__ ""'\1 ~2.7V 

Dats Input )(1.5 V ~ 0 V 

Output 
Control 

Output 
Waveform 1 

Sl at6V 
(see Note B) 

Output 
Waveform 2 

Sl atOND 
(see Note B) 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

=41.5 V ~=1=.5=V====~ :.:V 

tpZL ~ I+- I 
I I tPLZ -+I I+-

-"""';'1""",\1 I v.:""-- 3 V 

1 1•5V I t~.!.....+~~ VOL 

I I tpHZ ~ j4-
tPZH ~ j+- I 

I --- VOH 
!1.5V ~H-O.3V 

___ --J. - -OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

LOW· AND HIGH·LEVEL ENABLING 

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 wRh 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 • 50 n, tr S 2.5 ns, tf S 2.5 ns. 
D. The outputs are measured one at a time wRh one transRlon 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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• EPIC Til (Enhanced-Performance Implanted 
CMOS) Submlcron Process 

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

• Typical VOHV (Output VOH Undershoot) 
> 2 V at Vee = 3.3 V, TA = 25°C 

• Supports Mixed-Mode Signal Operation on 
All Ports (5-V Input/Output Voltage With 
3.3-VVee) 

• Package Options Include Plastic 
Smail-Outline (OW), Shrink Smail-Outline 
(DB), and Thin Shrink Small·Outline (PW) 
Packages 

description 

SN74LVC241 
OCTAL BUFFER/DRIVER 
WITH3·STATE OUTPUTS 

DB, OW, OR PW PACKAGE 
(TOP VIEW) 

10E 1 Vcc 
1A1 2 20E 
2Y4 ,3 1Y1 
1A2 4 2A4 
2Y3 5 1Y2 
1A3 6 2A3 
2Y2 7 1Y3 
1A4 8 2A2 
2Y1 9 1Y4 

GND 10 2A1 

This octal buffer/line driver is designed for 2.7-V to 3.6-V Vee operation; it can interface to a 5-V system 
environment. 

The SN74LVC241 is designed specifically to improve both the performance and density of 3-state 
memory-address drivers, clock drivers, and bus-oriented receivers and transmitters. Taken together with the 
'LVC240 and 'LVC244, these devices provide the choice of selected combinations of inverting and noninverting 
outputs, symmetrical OE (active-low output-enable) inputs, and complementary OE and OE inputs. 

The SN74LVC241 is organized as two 4-bit line drivers with separate output-enable (1 OE, 20E) inputs. When 
1 OE is low or 20E is high, the device passes data from the A inputs to the Y outputs. When 1 OE is high or 20E 
is low, 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 and OE should be tied to GND through a pulldown resistor; the minimum value of the resistor is 
determined by the current-sinking or the current-sourcing capability of the driver. 

The SN74LVC241 is characterized for operation from -40°C to 85°C. 

FUNCTION TABLES 

INPUTS OUTPUT 
i0E iA iY 

L H H 

L L L 

H X Z 

INPUTS OUTPUT 
20E 2A 2Y 

H H H 

H L L 

L X Z 

EPIC Is a trademark of Texas Instruments Incorporated. 
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SN74LVC241 
OCTAL BUFFER/DRIVER 
WITH 3-STATE OUTPUTS 
SCAS343A - MARCH 1994 - REVISED JULY 1995 

logic symbolt logic diagram (positive logic) 

10E 

1A1 

1A2 

1A3 

1A4 

20E 

2A1 

2A2 

2A3 

2A4 

1 
" EN 

2 
t.:;" 

4 

6 

8 

19 

~N 
11 

13 

15 

17 

10E 

18 I> 'V 1Y1 1A1 
16 

1Y2 
14 

12 
1Y3 1A2 
1Y4 

1A3 

1A4 
2Y1 I> 'V 

II 

7 
2Y2 

6 
2Y3 20E 

3 
2Y4 

tThis symbol is in accordance with ANSIJ1EEE Std 91-1984 
and lEO Publication 617-12. 
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SN74LVC241 
OCTAL BUFFER/DRIVER 
WITH 3-STATE OUTPUTS 

SCAS343A - MARCH 1994 - REVISED JULY 1995 

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

Supply voltage range, VCC .••. , ..•.••........•••.....•...•.......•............•... -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) ....••.............•...........•...............••.•.... ±50 mA 
Continuous output current, 10 (Vo = 0 to VCe> ......................•........•............. ±50 mA 
Continuous current through Vec or GND ...•...•.........•.................•..•.......•.• ±100 mA 
Maximum power dissipation at TA = 55°C (in still air) (see Note 3): DB package .................. 0.6 W 

DW package ............. .... 1.6 W 
PW package .................. 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-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 ajunction temperature of 150·C and a board trace length of 750 mils. W 

For more information, refertothe Package ThermalConslderationsapplication note inthe 1994 ABT Advanced BICMOS Technology >
Data Book, literature number SCBD002B. 

W 
recommended operating conditions (see Note 4) a: 

Operating 
VCC Supply voltage 

Data retention only 

VIH High-level input voltage VCC = 2.7 Vt03.6 V 

VIL Low-levellnput voltage VCC-2.7Vt03.6 V 

VI Input voltage 

Vo Output voltage 
High or low state 

3 state 

IOH High-level output current 
VCC-2.7V 

VCC-3V 

IOL Low-level output current 
VCC _2.7V 

VCC-3V 
I1tll1v Input transition rise or fall rate 

TA Operating free-air temperature 

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

2 3.6 

1.5 

2 

0.8 

0 5.5 

0 VCC 
0 5.5 

-12 

-24 

12 

24 

0 10 

-40 85 

UNIT 

V 

V 

V 

V 

V 

rnA 

rnA 

nsN 

·C 
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SN74LVC241 
OCTAL BUFFER/DRIVER 
WITH 3-STATE OUTPUTS 
SCAS343A - MARCH 1994 - REVISED JULY 1995 

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

PARAMETER TEST CONDITIONS Veet MIN TYP* 
IOH--10011A MINto MAX Vcc-0•2 

VOH IOH--12mA 
2.7 V 

3V 

IOH--24mA 3V 

IOL-100 IIA MIN to MAX 

VOL IOL-12mA 2.7V 

IOL-24mA 3V 

II VI- 5.5 VorGND 3.6V 

10Z VO-5.5 VorGND 3.6 V 

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

AICC One input at VCC - 0.6 V, Other inputs at VCC or GND 3Vt03.6V 

Ci VI - VCC or GND 3.3V 

Co Vo - Vee or GND 3.3V 

t For conditions shown as MIN or MAX, use the appropriate values under recommended operating conditions. 
:I: Typical values are measured at Vcq - 3.3 V, TA _ 25°C. 
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2.2 

2.4 

2.2 

MAX UNIT 

V 

0.2 

0.4 V 

0.55 

±5 .IIA 
±10 IIA 

20 IIA 
500 IIA 

pF 

pF 



• EPICTM (Enhanced-Performance Implanted 
CMOS) Submlcron Process 

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

• typical VOHV (Output VOH Undershoot) 
> 2V at Vee = 3.3 V, TA = 25°C 

• Supports Mixed-Mode Signal Operation on 
All Ports (SOV Input/Output Voltage With 
3.3-VVee) 

• ESO Protection Exceeds 2000 V Per 
MIL-STO-883C, 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 
Smail-Outline (OW), Shrink Small-Outline 
(OB), and Thin Shrink Small-Outline (PW) 
Packages 

description 

SN74LVC244A 
OCTAL BUFFER/DRIVER 
WITH 3·STATE OUTPUTS 

DB, DW, OR PW PACKAGE 
(TOP VIEW) 

10E 1 Vcc 
1A1 20E 
2Y4 1Y1 
1A2 4 2A4 
2Y3 1Y2 
1A3 2A3 
2Y2 7 1Y3 

2A2 

This octal buffer/line driver is designed for 2.7-V to 3.6-V Vee operation; it can interface to a 5-V system 
environment. 

The SN74LVC244A is organized as two 4-bit line drivers with separate out.E,!!!-enable (OE) inputs. When OE 
is low, the device passes data from the A inputs to the Y outputs. 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 SN74LVC244A 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 

EPIC is a trademark of Texas Instrumants Incorporated. 

~1ExAs 
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SN74 LVC244A 
OCTAL BUFFER/DRIVER 
WITH 3-STATE OUTPUTS 
SCAS414C - NOVEMBER 1992 - REVISED JULY 1996 

logic symbolt logic diagram (positive logic) 

10E 
lOE 

1 
" EN 
~. \ 

2 18 2 
1A1 

1A2 

1A3 
1A4 

4 

6 

8 

t> V 
la 

14 
12 

lYl 

lY2 

lY3 
" lY4 

lAl 

lA2 

>-_-+ __ 1..;;.8_ lYl 

4 >_~f-_l_a_ lY2 

lA3 
a' >-_~f-_1,-,4,- 1Y3 

8 
lA4 

19 ...... EN 
~. 

9 11 
>------ 1Y4 

12 

2A1 

2A2 

2A3 

2A4 

13 

15 

17 

t> V 
7 

5 

3 

2Yl 

2Y2 

2Y3 

2Y4 

20E 
19 

11 >-_-1_---"9_ 2Y1 2Al 

tThis symbol is In accordance with ANSI/IEEE Std 91-1984 and 
13 >-_-1_----"7_ 2Y2 IEC Publication 617-12. ' 2A2 

2A3 
15 >-_-+_-,5;.... 2Y3 

2A4 17 >-____ 3_ 2Y4 

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

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) •.....•......•.......•......•.......................... ±50 mA 
Continuous output current, 10 (Vo = 0 to Vee> ...••......••................................ ±50 mA 
Continuous currentthrough Vee or GND ................................................. ±100 mA 
Maximum power dissipation at TA = 55°C (in still air) (see Note 3): DB package .................. 0.6 W 

OW package ................. 1.6 W 
PW package .................. 0.7 ViI 

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 oonditlons beyond those indicated under "reoommended operating oondltions" Is not 
Implied. Exposure to absolute-maximum-rated oonditlons 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. 

8-90 

2. This value is limited to 4.6 V maximum. 
3. The maximum package power dissipation Is calculated using ajunctlon temperature of 150·C and a board trace length of 750 mils. 

For more Information, rater to the Package Therma/Considerationsapplication note In the 1994 ABT Advanced BiCMOS Technology 
Data Book. literature number SCBDOO2B. 
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recommended operating conditions (see Note 4) 

Vee Supply voRage 

VIH High-level input voltage 

VIL Low-level input voltage 

VI Input voltage 

Vo Output voltage 

10H High-level output current 

10L Low-level output current 

At/AY Input transition rise or fall rate 

TA Operating free-air temperature 

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

SN74LVC244A 
OCTAL BUFFER/DRIVER 
WITH 3-STATE OUTPUTS 

SCAS414C - NOVEMBER 1992 - REVISED JULY 1995 

MIN MAX UNIT 

Operating 2 3.6 
V 

Data retention only 1.5 

Vee -2.7Vto3.6 V 2 V 

Vee = 2.7Vt03.6 V 0.8 V 

0 5.5 V 

High or low state 0 Vee 
V 

3 state 0 5.5 

Vee = 2.7 V -12 
rnA 

Vee=3V -24 

Vee=2.7V 12 
rnA 

Vee- 3V 24 

0 10 ns/V 

-40 85 ·e 

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

PARAMETER TEST CONDITIONS VCCt MIN TYP* 

10H--l001JA MINto MAX Vee-0.2 

2.7 V 
VOH 10H --12 rnA 

3V 

IOH--24rnA 3V 

10L -100 IJA MINto MAX 

VOL IOL-12 rnA 2.7 V 

IOL-24rnA 3V 

II VI - 5.5 V or GND 3.6V 

VO-5.5 VorGND 3.6V 
10Z 

VO. 3.6 Vor5.5 V MINto MAX 

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

dlee One Input at Vee - 0.6 V, Other inputs at Vee or GND 2.7Vt03.6V 

el VI - Vee or GND 3.3V 

eo Vo - Vee or GND 3.3 V 
.. .. t For conditions shown as MIN or MAX, use the appropriate values under recommended operating conditions . 

* All typical values are measured at Vee - 3.3 V, TA _ 25·e. . 

2.2 

2.4 

2.2 

3.1 

5 

MAX UNIT 

V 

0.2 

0.4 V 

0.55 

±5 IJA 
±10 

±50 
IJA 

10 IJA 
500 IJA 

pF 

pF 

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

FROM TO 
Vcc = 3.3 V 

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

MIN MAX MIN MAX 

too A Y 1.5 6.5 7.5 ns 

ten OE y 1.5 8 9 ns 

!dis OE y 1.5 7 8 ns 

tsk(o)§ 1 ns 

§ Skew between any two outputs of the same package switching In the same direction. ThiS parameter IS warranted but not production tested. 
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SN74LVC244A 
OCTAL BUFFER/DRIVER 
WITH 3-STATE OUTPUTS 
SCAS414C-NOVEMBER 1992- REVISED JULY 1995 

operating characteristics, V CC = 3.3 V, TA = 25°C 
PARAMETER TEST CONDITIONS TYP UNIT 

I Outputs enabled 30 
Cpd Power dissipation capacHance per buffer/driver I Outputs disabled 

CL s 50pF, f=10MHz 
~ pF 

PARAMETER MEASUREMENT INFORMATION 

o 6V TEST S1 
S1 o Open 

rD 

5000 
From Output --e-~'---Jw.,--_-../ 

tpd Open 

tpLZ/tpZL 6V Under Test 

CL=50pF 
(see Note A) T 5000 

LOAD CIRCUIT FOR OUTPUTS 

14--- tw--.l 

I 1,.---

Input 3 ~,"1_.5_V __ :.:v 
VOLTAGE WAVEFORMS 

PULSE DURATION 

Input ==::>:<1.5 V >:< 1.5 V :.: V 

tpLH +---I K tpHL 

I I \1-:.-::- VOH 
Output I !1.5V i . ~ 

--+1...... 1 VOL 

tPHL~ ~tPLH 

Output \1.5 V E ::: 
VOLTAGE WAVEFORMS 

PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 

tpHZ/tpZH GND 

2.7 V 
Timing Input -------X 1.5 V 

___ ~--J. 1'-______ OV 

Data Input 

Output 
Control 

Output 
Waveform 1 

S1 aUV 
(see Note B) 

Output 
Waveform 2 

S1 &tOND 
(see Note B) 

~ .~ ~ I tau th I 

--""'\*1.5 V ')E :.:V 
VOLTAGE WAVEFORMS 

SETUP AND HOLD TIMES 

~1.5V ~r1-.5-V--- :.:V 

tpZL --+j 14--- 1 

_--;.1 ..... 1 tpLZ -.I j.-
i \1.5 V i K""O-L +-0-.3-V 3 V 

1 . 1 t!.!.--- VOL 
1 I tpHZ -+I j4-

tpZH~ ~ 1 
1---- VOH 

!1.5V ~H-0.3V 
--~. - ~OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

LOW· AND HIGH· LEVEL ENABLING 

NOTES: A. CL Includes probe and jig capacitance. 
B. Waveform 1 is for an output wHh 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 !i: 10 MHz, Zo = 50 0. tr!i: 2.5 ns, tf!i: 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 Idls. 
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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• EPIC ™ (Enhanced-Performance Implanted 
CMOS) Submicron Process 

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

• Typical VOHV (Output VOH Undershoot) 
> 2 Vat Vee = 3.3 V, TA = 25°C 

• ESO Protection Exceeds 2000 V Per 
MIL-STO-833C, Method 3015; Exceeds 
200 V Using Machine Model 
(C = 200 pF, R = 0) 

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

• Supports Mixed-Mode Signal Operation on 
All Ports (SOV Input/Output Voltage With 
3.3-VVee) 

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

• Package Options Include Shrink 
Smail-Outline (DB), Plastic Small-Outline 
(DW), and Thin Shrink Small-Outline (PW) 
Packages 

description 

SN74LVCH244 
OCTAL BUFFER/DRIVER 
WITH 3-STATE OUTPUTS 

DB, DW, OR PW PACKAGE 
(TOP VIEW) 

10E VCC 
20E 
1Y1 

1A2 4 2A4 
2Y3 1Y2 
1A3 2A3 
2Y2 1Y3 
1A4 2A2 

1Y4 

This octal buffer/line driver is designed for 2.7-V to 3.B-V Vee operation; it can interface to a 5-V system 
environment. 

The SN74LVCH244 is organized as two 4-bit line drivers with separate output-enable (OE) inputs. When OE 
is low, the device passes data from the A inputs to the Y outputs. 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 Vee through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN74LVCH244 is characterized for operation from -40°C to 85°C. 

EPIC is a trademark of Texas Instruments InCOrporated. 

FUNCTION TABLE 
(each buffer) 

INPUTS OUTPUT 
OE A y 

L H H 

L L L 

H X Z 

Copyright @ 1995, Texas Instruments Incorporated 
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SN74LVCH244 
OCTAL BUFFER/DRIVER 
WITH 3-STATE OUTPUTS 
SCES009 - JULY 1995 

logic symbolt logic diagram (positive logic) 

1A1 

1A2 

1A3 

1A4 

2A1 

2A2 

2A3 

2A4 

1 

2 

4 

6 

8 

19 

11 

13 

15 

17 

" EN 
~' 

[> 

" EN 
~' 

[> 

'V 
18 

16 

14 

12 

'V 
9 

7 

5 

3 

1Y1 

1Y2 

1Y3 

1Y4 

2Y1 

2Y2 

2Y3 

2Y4 

i0E 

1A1 

1A2 

1A3 

1A4 

20E 

t This symbol is in accordance with ANSIII EEE Std 91-1984 and 
lEG Publication 617-12. 

2A1 
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4 

6 

8 

19 

11 

13 

15 

17 

18 1Y1 

16 1Y2 

14 1Y3 

12 1Y4 

9 
2Y1 

7 
2Y2 

5 
2Y3 

3 
2Y4 



SN74LVCH244 
OCTAL BUFFER/DRIVER 
WITH 3-STATE OUTPUTS 

SCES009 - JULY 1995 

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 
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) ...........•....••..................................... ±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): DB package ..............•... 0.6 W 

DW package ................. 1.6 W 
PW package •..•..•.......••.. 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-maxlmum-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-ourrent 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 application note In the 1994 ABT Advanced BiCMOS Technology 
Data Book, literature number SeBDOO2B. 

recommended operating conditions (see Note 4) 

MIN MAX UNIT 

Operating 2 3.6 
Vee Supply voHage V 

Data retention only 1.5 

VIH High-level Input voHage Vee -2.7 Vt03.6 V 2 V 

VIL Low-level input voHage Vee _2.7Vto 3.6 V 0.8 V 

VI Input voltage data inputs 0 5.5 V 

High or low state 0 Vee 
Vo Output voHage V 

3 state 0 5.5 

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

Vec- 3V -24 

Vee- 2.7V 12 
IOL Low-JeveJ output current rnA 

Vee=3V 24 

At/lJ.v InpuUransition rise or fall rate 0 10 ns/V 

TA Operating free-alr 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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SN74LVCH244 
OCTAL BUFFER/DRIVER 
WITH 3·STATE OUTPUTS 
SCESOO9-JULY1995 

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

PARAMETER TEST CONDITIONS VCCt MIN TYpt 

IOH--100JIA MIN to MAX Vee-0•2 

2.7 V 
VOH 10H --12 mA 

3V 

IOH--24mA 3V 

10L -100 jIA MINto MAX 

VOL IOL-12 mA 2.7V 

IOL';24mA 3V 

II VI-5.5 VorGND 3.6 V 

VI-0.6V 3V 

II (hold) VI-2V 3V 

VI-Ot03.6V 3.6 V 

Vo - Vee or GND 
10Z 

Vo - 3.6 Vor 5.5 V 
MINto MAX 

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

.6.lce One input at Vee - 0.6 V, Other inputs at Vee or GND 2.7Vt03.6V 

OJ VI- Vee or GND 3.3V 

Co Vo - Vee or GND 3.3 V 
.. t For conditions shown as MIN or MAX, use the appropriate values under recommended operating conditions . 

:j: All typical values are measured at Vec = 3.3 V, TA - 25°C. 

~1ExAs 
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2.4 

2.2 

75 

-75 

3.1 

5 

MAX UNIT 

V 

0.2 

0.4 V 

0.55 

±5 jIA 

jIA 

±500 

±10 

±50 
jIA 

10 jIA 

500 jIA 

pF 

pF 



SN74LVCH244 
OCTAL BUFFER/DRIVER 
WITH 3-STATE OUTPUTS 

SCES009 - JULY 1995 

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

FROM TO 
vcc = 3.3 V 

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

MIN MAX MIN MAX 

Ipd AorB Y 1.5 6.5 7.5 ns 

ten OE y 1.5 8 9 ns 

!elis ~ y 1.5 7 8 ns 

tskCo)t 1 ns 

t Skew between any two outputs of the same package swHching in the same direction. This parameter is warranted but not production tested. 

operating characteristics, Vee = 3.3 V, TA = 25°C 
PARAMETER TEST CONDITIONS TYP UNIT 

Cpd Power dissipation capacHance par buffer/driver 
I Outputs enabled 

f=10MHz 
33 

pF I Outputs disabled 
CL-50pF. ~ 

~1ExAs 
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SN74LVCH244 
OCTAL BUFFER/DRIVER 
WITH 3-STATE OUTPUTS 
SCE8009 - JULY 1995 

PARAMETER MEASUREMENT INFORMATION 

o 8V TEST Sl 
Sl 5000 

From Output --e---4~--"M,..,...---/ 
Under Test 

o Open tpd 
tpLZItPZL 
tPHZItPZH 

Open 
6V 

GND 
CL=50pF 

(see Note A) T 5000 

LOAD CIRCUIT FOR OUTPUTS 

14-- tw .....---+I 
1 I. 

Input 3 )(",1_.5_V __ :.: V 

Input 

Output 

Output 

VOLTAGE WAVEFORMS 
PULSE DURATION 

--v X 2.7 V 
--41.5 V 1 1•5V OV 

tpLH -H K tpHL 

I Jt I \!-:.::- VOH 
I r 1•5V I ~ --+-1 ....J I VOL 

tPHL~ ~tPLH 
\1.6 V F VOH 

. - -- VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

INVERTING AND NONINVERTING OUTPUTS 

2.7 V 
Tlmlnglnput -------X1.5V 

___ ~....J·I\..------ OV 

~ .k ~ 
Itsurth I 

Datalnput --""""\*1.5V ')E :.:V 

Output 
Control 

Output 
Waveform 1 

Sl st6V 
(_Nota B) 

output 
Wavefonn2 

Sl atGND 
(S88 Note B) 

VOLTAGE WAVEFORMS I 

SETUP AND HOLD TIMES 

=¥1.5V. ~ .. 1_.5_V __ _ 

tpZL~ If- I 

2.7 V 

OV 

I I tpLZ~ I+-
----rl"""'\l, I ~"......,..... - 3 V 

I ,1.5 V Iv +O.3V 
I . I - OL - VOL 

I I tpHZ~ j+-
tpZH~ j4- I 

I --- VOH 
!1.5V ~H-O.3V 

--_.... - ... OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

LOW· AND HIGH-LEVEL ENABLING 

NOTES: A. CL includes probe and jig capacitance. 
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 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. tpZL and tpZH are the same as ten. 
F. tpLZ and tPHZ are the same as !dis. 
G. tpLH and tPHL are the same es !pd. 

Figure 1, Load Circuit and Voltage Waveforms 
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• EPICTM (Enhanced-Performance Implanted 
CMOS) Submlcron Process 

• typical VOlP (Output Ground Bo'unce) 
< 0.8 V at Vee = 3.3 V, TA = 2SoC 

• typical VOHV (Output VOH Undershoot) 
> 2 V at Vee = 3.3 V, TA = 2SoC 

• Supports Mixed-Mode Signal Operation on 
All Ports (S-V Input/Output Voltage With 
3.3-V Vee) 

• ESD Protection Exceeds 2000 V Per 
MIL-STD-883C, Method 301S; Exceeds 
200 V Using Machine Model (C = 200 pF, 
R=O) 

• Latch-Up Performance Exceeds 2S0 mA 
Per JEDEC Standard JESD-17 

• Package Options Include Plastic 
Smail-Outline (DW), Shrink Small-Outline 
(DB), and Thin Shrink Smail-Outline (PW) 
Packages 

description 

SN74LVC245A 
OCTAL BUS TRANSCEIVER 

WITH 3-STATE OUTPUTS 

DB, OW, OR PW PACKAGE 
{TOP VIEW) 

VCC 
OE 
81 
82 

A4 83 
A5 84 
A6 85 
A7 86 

This octal bus transceiver is designed for 2.7-V to 3.6-V Vee operation; it can interface to a 5-V system 
environment. 

The SN74LVC245A is designed for asynchronous communication between data buses. The device transmits 
data from the A bus to the B bus or from the B bus to the A bus, depending upon the logic level at the 
direction-control (DIR) input. The output-enable (OE) input can be used to disable the device so the buses are 
effectively isolated. 

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 SN74LVC245A is characterized for operation from -40°C to 85°C. 

FUNCTION TABLE 

INPUTS 
OPERATION 

OE OIR 

L L B data to A bus 

L H A data to B bus 

H X Isolation 

EPIC is a trademark of Texas Instruments Incorporated. 

Copyright C 1996, Texas Instruments Incorporated 
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SN74LVC245A 
OCTAL BUS TRANSCEIVER 
WITH 3·STATE OUTPUTS 
SCAS218D - JANUARY 1993 - REVISED JULY 1995 

logic symbolt logic diagram (positive logic) 

19 
OE 

DIR 
1 

r-.. 

r-.. 

L 

G3 DIR --=-"--r~ 

3EN1[BA] 
L..--..,..-___ Hr-------41--'-'19'-- OE 

A1 

A2 

A3 

A4 

A5 

A6 

A7 

A8 

2 

L 
3 

4 

5 

6 

7 

8 

9 

3EN2[AB] ., r 
V1 

t> 2V 

18 

W 
B1 2 

A1 

17 

16 
82 

B3 
t--e-_1.:,;;8,- 81 

15 
84 

14 
B5 

13 
B6 

12 

11 
B7 To Seven Other Channels 
B8 

tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 

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

Supply voltage range, VCC ........................................................ -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 Vcc + 0.5 V 
Input clamp current, 11K (VI < 0) .......................................................... -50 mA 
Output clamp current, 10K (Vo < 0) .......•••.•........................................... ±50 mA 
Continuous output current, 10 (Vo = 0 to Vec) .......................................•..... ±50 mA 
Continuous current through VCC or GND ................................................. ±100 mA 
Maximum power dissipation at TA = 55°C (in still air) (see Note 3): DB package .................. 0.6 W 

DW package ................. 1.6 W 
PW package .................. 0.7 W 

Storage temperature range, Tstg ..... ,............................................. -65°C to 150°C 

t Stresses beyond those lisied 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. 

8-100 

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 ThermalConsiderationsapplication note in the 1994 ABT Advanced BiCMOS Technology 
Data Book, literature number SCBD002B. 
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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 

10H High-level output current 

10L Low-level output current 

AtUN I nput transition rise or fall rate 

TA Operating free-air temperature 

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

SN74LVC245A 
OCTAL BUS TRANSCEIVER 

WITH 3·STATE OUTPUTS 
SCAS218D-JANUARY 1993- REVISED JULY 1995 

MIN MAX UNIT 

Operating 2 3.6 
V 

Data retention only 1.5 

Vee = 2.7 V to 3.6 V 2 V 

Vee = 2.7 V to 3.6 V 0.8 V 

0 5.5 V 

High or low state 0 Vee 
V 

3 state 0 5.5 

Vee=2.7V -12 
mA 

Vee- 3V -24 

Vee- 2.7V 12 
mA 

Vee- 3V 24 

0 10 nsN 

-40 85 'e 

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

PARAMETER TEST CONDITIONS VCCt MIN 

10H = -100 IlA MIN to MAX Vee-0.2 

;VOH 10H --12 mA 
2.7V 

3V 

IOH=-24mA 3V 

10L -100 IlA MIN to MAX 

VOL 10L= 12 mA 2.7V 

IOL=24mA 3V 

II VI - 5.5 V or GND 3.6 V 

10Z§ 
VO-5.5 VorGND 3.6 V 

Vo - 3.6 Vor5.5 V MIN to MAX 

lee VI_ Vee or GND, 10- 0 3.6V 

t.lee One input at Vee - 0.6 V, Other inputs at Vee or GND 2.7Vt03.6V 

ei I eontrol inputs VI = Vee or GND 3.3 V 

eio I A or B ports Vo = Vee or GND 3.3 V 
.. .. t For conditions shown as MIN or MAX, use the appropriate values under recommended operating conditions . 

:I: All typical values are measured at Vee - 3.3 V, TA _ 25'e. 
§ For I/O ports, the parameter 10Z Includes the Input leakage current. 

2.2 

2.4 

2.2 

TYP:I: MAX UNIT 

V 

0.2 

0.4 V 

0.55 

±5 IlA 
±10 

±50 
IlA 

10 IlA 
500 IlA 

3.3 pF 

5.4 pF 

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

FROM TO 
VCC=3.3V 

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

MIN MAX MIN MAX 

tDd AorB BorA 1.5 6.5 7.5 ns 

ten OE AorB 1.5 8.5 9.5 ns 

tdis OE AorB 1.5 7.5 8.5 ns 

tsk(o)1I 1 ns 

II Skew between any two outputs of the same package sWitching In the same direction. ThiS parameter IS warranted but not production tested. 

-!!1TEXAS 
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SN74LVC245A 
OCTAL BUS TRANSCEIVER 
WITH 3-STATE OUTPUtS 
SCAS218D - JANUARY ·1993 -REVISED JULY 1996 

operating characteristics, VCC = 3.3 V, TA = 25°C 
PARAMETER TEST CONDITIONS TYP UNIT 

I Outputs enabled 33 
Cpd Power dissipation capacitance per transceiver I Outputs disabled 

CL-50pF, f=10MHz ~ 
pF 

PARAMETER MEASUREMENT INFORMATION 

o 6V TEST ,S1 
From Output 5000 S1 0 Open 

Under Teet _ ..... _~.---'\1111.--_---J 
tpd Open 

CL=50pF 
(see Note A) T 5000 

LOAD CIRCUIT FOR OUTPUTS 

14---tw--+l 
I I 

Input 3 ~:1~.5~V~~~~ :.:V 

Input 

Output 

Output 

VOLTAGE WAVEFORMS 
PULSE DURATION 

~1.5V )(1.5 V 

2.7 V 

I OV 
, I I 

KtPHL tpLH~ 

I 
11.5 V 

~VOH 
I I 1.5V 
I I VOL 
I ~tPLH tPHL~ 

\1.5 V 
pVOH 

1.5V 
- VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

INVERTING AND NONINVERTING OUTPUTS 

tpu!tPZL· 6V 
tpHzltpZH GND 

------, 2.7 V 
Timing Input . )(1.5 V 

---~--'. 1'------- OV 
I I.. I 
1·1- ~r th ~I 
I ... u I 

--'"'\ I ~2.7V 

Data Input 'j(1.5V ~OV 

Output 
Control 

Output 
Waveform 1 

S1 aUV 
(see Note B) 

Output 
Waveform 2 

S1 atGND 
(see Note B) 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

~1.5V ):(1.5 V 

2.7 V 

OV 
tpZL ~ 14-- I 

I I tpLZ -+I l+-
I I I I 3V 
I \1.5 V I ?L+0.3V 
I I ---- VOL 
I 

tPZH ~ 
I tPHZ ~ j4-
j+- I 
1----VOH 

!1.5V ~H-O.3V 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

LOW· AND HIGH·LEVEL ENABLING 

.. OV 

NOTES: A. CL includes probe and jig capacitance. 
B. Waveform 1 is for iln output with internal conditions 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 = 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. tpZL and tpZH are the same as ten. 
F. tPLZ and tPHZ are the same as ldis. 
G. tPLH and tpHL are the same as tpd. 

Figure 1. Load Circuit and Voltage Waveforms 
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• EPICTM (Enhanced-Performance Implanted 
CMOS) Submlcron Process 

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

• Typical VOHV (Output VOH Undershoot) 
> 2 V at Vee = 3.3 V, TA = 25°C 

• ESD Protection Exceeds 2000 V Per 
MIL-STD-833C, Method 3015; Exceeds 
200 V Using Machine Model 
(C = 200 pF, R = 0) 

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

• Supports Mixed-Mode Signal Operation on 
All Ports (SOV Input/Output Voltages With 
3.3-VVee) 

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

• Package Options Include Shrink . 
Smail-Outline (DB), Plastic Smail-Outline 
(OW), and Thin Shrink Smail-Outline (PW) 
Packages 

descrIptIon 

SN74LVCH245 
OCTAL BUS TRANSCEIVER 

WITH 3·STATE OUTPUTS 

DB, OW, OR PW PACKAGE 
crOP VIEW) 

OIR 

A6 
A7 
AS 9 

GNO 
____ .I"" 

Vcc 
OE 
81 
82 
83 
84 
85 
86 

This octal bus transceiver is designed for 2.7-V to 3.6-V Vee operation; it can interface to a 5-V system 
environment. 

The SN74LVCH245 is designed for asynchronous communication between data buses. The device transmits 
data from the A bus to the 8 bus or from the 8 bus to the A bus, depending upon the logic level at the 
direction-control (OIR) input. The output-enable (OE) input can be used to disable the device so the buses are 
effectively isolated. 

To ensure the high-impedance 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. 

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

The SN74LVCH245 is characterized for operation from -40°C to 85°C. 

FUNCTION TABLE 

INPUTS 
OPERATION 

OE OIR 

L L B data to A bus 

L H A data to B bus 

H X Isolation 

EPIC is a trademark of Texas Instruments Incorporated. 

Copyright C 1995, Texas Instruments Incorporated 
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SN74LVCH245 
OCTAL BUS TRANSCEIVER 
WITH 3-STATE OUTPUTS 
SCESOOS-JULY 1995 

logic symbolt logic diagram (positive logic) 

19 
OE 
DIR 

1 
"-
"-

L 

G3 DIR ...;1=----..... _...-~ 
3EN1[BA] 

~ ___ ~~------~~1--9 OE 

Ai 

A2 

A3 

A4 

A5 

A6 

A7 

A8 

2 

L-
3 

4 

5 

6 

7 

8 

9 

3EN2[AB] , r-
Vi 

I> 2'17 

18 

W 
B1 Ai 2 

17 

16 18 B1 
B2 

B3 
15 

B4 
14 

B5 '--y--I 
13 

B6 To Seven Other Channels 
12 

B7 
11 

B8 

t This symbol is in accordance with ANSi/IEEE Std 91-1984 and 
IEC Publication 617-12. 

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

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 

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) ..............•.•...................................... ±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): DB package .................. 0.6 W 

OW package ................. 1.6 W 
PW package .................. 0.7 W 

Storage temperature range, Tstg .•..•.••••.••••.•••..••..•.•••..•••..•.•..•.••...• -65°C to 150°C 

:I: 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 oonditlons beyond those Indicated under "reoommended operating oondltlons" Is not 
implied. Exposure to absolute-maximum-rated oonditions 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. 
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2. This value is limited to 4.6 V maximum. 
3. The maximum package power dissipation is calculated using ajunction temperature of 150·C and a board trace length of 750 mils. 

For more information, refertothe Package ThermalConsiderationsapplication note in the 1994 ABT Advanced BiCMOS Technology 
Data Book, literature number SCBDOO2B. 
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recommended operating conditions (see Note 4) 

VCC Supply voltage 

VIH High-level input voRage 

VIL Low-Ievellnpul voltage 

VI Input voltage data inputs 

Va autput voltage 

laH High-level output current 

laL Low-level output current 

I1tll1v Input transition rise or fall rate 

TA aperatlng free-air temperature 

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

SN74LVCH245 
OCTAL BUS TRANSCEIVER 

WITH 3-STATE OUTPUTS 
SCES008-JULY 1995 

MIN MAX UNIT 

aperating 2 3.6 
V 

Data retention only 1.5 

VCC - 2.7 Vto 3.6 V 2 V 

VCC -2.7Vto3.6 V 0.8 V 

0 5.5 V 

High or low state 0 Vcc 
V 

3 state 0 5.5 

VCC- 2.7V -12 
rnA 

VCC=3V -24 

VCC- 2.7V 12 
rnA 

VCC=3V 24 

0 10 ns/V 

-40 85 ·C 

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

PARAMETER TEST CONDITIONS VCCt MIN TYP* 

laH=-100pA MIN to MAX VCC-0.2 

VaH laH --12 rnA 
2.7 V 

3V 

laH--24mA 3V 

laL-l00pA MIN to MAX 

VaL laL-12 rnA 2.7 V 

laL=24 rnA 3V 

II VI_ 5.5 VorGND 3.6V 

VI-0.8V 3V 

II(hold) VI_2V 3V 

VI=Oto3.6V 3.6V 

laz§ 
Va - Vcc or GND 

Va = 3.6 V or 5.5 V 
MINto MAX 

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

.AICC Or,e input at VCC - 0.6 V, Other inputs at VCC or GND 2.7Vt03.6V 

Ci I Control inputs VI - VCC or GND 3.3V 

Cio I A or B ports Vo = VCC or GND 3.3V 
.. .. t For conditions shown as MIN or MAX, use the appropnate values under recommended operating conditions . 

:l:Alllypical values are measured alVcC - 3.3 V, TA - 25·C. 
§ For 1/0 ports, the parameter 10Z includes the input leakage current. 

~ThXAS 
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2.2 

2.4 

2.2 

75 

-75 

3.3 

5.4 

MAX UNIT 

V 

0.2 

0.4 V 

0.55 

±5 pA 

pA 

±500 

±10 

±50 
pA 

10 pA 

500 pA 

pF 

pF 

8-105 



SN74LVCH245 
OCTAL BUS TRANSCEIVER 
WITH 3-STATE OUTPUTS 
SCESOO8-JULY 1995 

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

FROM TO 
VCC = 3.3 V 

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

MIN MAX MIN MAX 

too AorB BorA 1.5 7 8 ns 

ten OE AorB 1.5 8.5 9.5 ns 

tdis OE AorB ,1.5 7.5 8.5 ns 

tskCo)t 1 ns 

t Skew between any two outputs of the same package switching in the same direction. This parameter is warranted but not production tested. 

operating characteristics, Vee = 3.3 V, TA = 25°C 
PARAMETER TEST CONDITIONS TYP UNIT 

I Outputs enabled 36 
Cpd Power dissipation capacitance per transceiver I Outputs disabled 

CL-50pF, f-l0MHz ~ pF 

~.1ExAs 
INSTRUMENTS 
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SN74LVCH245 
OCTAL BUS TRANSCEIVER 

WITH 3-STATE OUTPUTS 
SCESOO8-JULY 1995 

PARAMETER MEASUREMENT INFORMATION 

o 6V 
600 0 S1 0 Open 

From Output --e---e....----'\fV\r----/ 
Under Test 

CL=50pF 
(see Note A) T 5000 

TEST S1 

tpd Open 
tpL,ZItPZL 6V 
tPHZltpZH GND 

LOAD CIRCUIT FOR OUTPUTS 
Timing Input -------X1.5 V _____ 01·1'-______ OV 

2.7 V 

Input 

Output 

Output 

VOLTAGE WAVEFORMS 
PULSE DURATION 

~1.6V X1•5V 
1 

2.7 V 

OV 

tpLH +--! K tpHL 

1 1 I ~VOH 1 1.5 V 1 1.5V 
1 1 VOL 
1 ~tpLH tpHL --i4---tj 1 

• J 
FVOH 

\1.5 V 1.5V 
-- VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

INVERTING AND NONINVERTING OUTPUTS 

NOTES: A. CL includes probe and jig capacitance. 

Data Input 

Output 
Control 

Output 
Waveform 1 

S1 at6V 
(see Note B) 

Output 
Waveform 2 

S1 atGND 
(see Note B) 

1 l. 1 
10lil t .r k ~ 
1 su 'fI 1 

--""*1.5 V ~ :.:V 
VOLTAGE WAVEFORMS 

SETUP AND HOLD TIMES 

==>(1.5 V 

1 
tpZL~ 

1 

2.7 V 

OV 

3V 

1 VOL+O.3V V 
1 ---- OL 

1 
tpZH~ 

1 
~H_O.3VVOH 

... OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

LOW· AND HIGH·LEVEL ENABLING 

B. Waveform 1 is for an output wHh intemal condHions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output wHh intemal 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 S 2.5 ns, tf S 2.5 ns. 
D. The outputs are meesured 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 !pd. 

Figure 1. Load Circuit and Voltage Waveforms 

~TEXAS 
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SN74LVC4245 
OCTAL BUS TRANSCEIVER AND 3.3-V TO 5-V SHIFTER 

WITH 3-STATE OUTPUTS 

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

• 3.3-V to S-V Bidirectional Level Shifter 
• Package Options Include Plastic 

Small-Outline (OW), Shrink Smail-Outline 
(DB), and Thin Shrink Small-Outline (PW) 
Packages 

description 

This B-bit (octal) noninverting bus transceiver 
contains two separate supply rails; B port has 
V CC8, which is set at 3.3 V, and A port has V CCA, 
which is set to operate at 5 V. This allows for 
translation from a 3.3-V to a 5-V environment and 
vice versa. 

SCAS375A- MARCH 1994- REVISED JULY 1995 

DB, OW, OR PW PACKAGE 
(TOP VIEW) 

(5 V) VCCA VCCB (3.3 V) 
DIR VCCB (3.3 V) 
A1 OE 

81 
A3 82 
A4 B3 
A5 84 
A6 85 

86 
87 
88 

GND 

The SN74LVC4245 is designed for asynchronous communication between data buses. The device transmits 
data from the A bus to the B bus or from the B bus to the A bus, depending upon the logiC level at the 
direction-control (DIR) input. The output-enable (OE) input can be used to disable the device so the buses are 
effectively isolated. 

The SN74LVC4245 pinout allows the deSigner to switch to a normal all-3.3-V or all-5-V 20-pin '245 device 
without board re-Iayout. The designer uses the datapaths for pins 2 through 11 and 14 through 23 of the 
SN74LVC4245 to achieve the conventional '245 layout. 

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 SN74LVC4245 is characterized for operation from -40°C to B5°C. 

FUNCTION TABLE 

INPUTS 
OPERATION 

OE OIR 

L L B dala to A bus 

L H A data to B bus 

H X Isolation 

EPIC is a trademark of Texas Instruments Incorporated. 

PRODUCT PREVIEW Inlormatlon concerns prod .... '" "'olormall •• Of 
design p""'o 01 devoiopmonL Char_ae dati and other 
.poclileatlon .... doslgn goofs. T_lnillUm_ ........ "'. rtghllO 
chengo Of dlsconUnue "'OIl prod .... wHbotrt n_ ~1EXAS 

INSTRUMENTS 
POST OFFICE BOX 655303 • OAlLAS, TEXAS 75265 

Copyright © 1995. Texas Instruments Incorporated 
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SN74LVC4245 
OCTAL BUS TRANSCEIVER AND 3.3-V TO 5-V SHIFTER 
WITH3-STATE OUTPUTS 
SCAS376A- MARCH 1994 - REVISED JULY 1995 

logic diagram (positive logic) 

DIR ...;2=....,_--r_", 

'--____ 1-ir--___ ---41-'2;;::2:.... OE 

A1-3~-...., 

21 B1 

To Seven Other Chennel. 

absolute maximum ratings over operating free-air temperature range for VCCA at 5 V (unless 
otherwise noted)t 

Supply voltage range, VCCA ....................................................... -0.5 V to 6.5 V 
Input voltage range, VI (see Note 1) ......................................... -0.5 V to VCCA + 0.5 V 
Output voltage range, Vo (see Note 1) ...................................... -0.5 V to VCCA + 0.5 V 
Input clamp current, 11K (VI < 0 or VI > VCCA) .....••......•.........•.........•............ -50 mA 
Output clamp current, 10K (VO < 0 or Vo > VccAl •••....•.•••.................•............ ±50 mA 
Continuous output current, 10 (Vo = 0 to VccAl •.••................•....................... ±50 mA 
Continuous current through each VCCA or GND .......................................... ±100 mA 

Maximum power dissipation at TA = 55°C (in still air) (see Note 2): DB package ................. 0.65 W 
OW package ..... ,........... 1.7 W 
PW package .................. 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-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. This value is IimHed to 6 V maximum. 
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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 Thermal Considerations application note in the .1994 ABT Advanced BiCMOS Technology 
Data Book, literature number SCBD002B. 
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SN74LVC4245 
OCTAL BUS TRANSCEIVER AND 3.3-V TO 5-V SHIFTER 

WITH 3-STATE OUTPUTS 
SCAS375A - MARCH 1994 - REVISED JULY 1995 

absolute maximum ratings over operating free-air temperature range for VCCB at 3.3 V (unless 
otherwise noted)t 

Supply voltage range, Vccs ....................................................... -0.5 V to 4.6 V 
Input voltage range, VI (except 1/0 ports) (see Note 3) ................................ -0.5 V to 4.6 V 
Input voltage range, VI (1/0 ports) (see Note 3) ............................... -0.5 V to VCCB + 0.5 V 
Output voltage range, Vo (see Note 3) ...................................... -0.5 V to VCCB + 0.5 V 
Input clamp current, 11K (VI < 0) .......................................................... -50 rnA 
Output clamp current, 10K (VO < 0 or Vo > VCCB) ....•......•.............................. ±50 rnA 
Continuous output current, 10 (Vo = 0 to Vccs) ............................................ ±50 rnA 
Continuous current through VCCB or GND ............................................... ±100 rnA 
Maximum power dissipation at TA = 55°C (in still air) (see Note 2): DB package ................. 0.65 W 

DW package ................. 1.7 W 
PW package .................. 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-maxlmum-rated cond~ions for extended periods may affect device reliability. 

NOTES: 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 ThermalConsiderationsapplication note in the 1994 ABT AdvancedBiCMOS Technology 
Data Book. literature number SCBD002B. 

3. This value is IimHed to 4.6 V maximum. 

recommended operating conditions for VCCA at 5 V (see Note 4) 
MIN MAX UNIT 

VCCA Supply voltage 4.5 5.5 V 

VIH High-level Input voltage 2 V 

VIL Low-level input voltage 0.8 V 

VI Input voltage 0 VCCA V 

Vo Output voltage 0 VCCA V 

IOH High-level output current -24 rnA 

IOL Low-level output current 24 mA 

!J.t/!J.v Input transition rise or fall rate 0 10 ns/V 

TA Operating free-air temperature -40 85 ·C 

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

recommended operating conditions for VCCB at 3.3 V (see Note 4) 
MIN MAX UNIT 

VCCB Supply voltage 2.7 3.6 V 

VIH High-level Input voltage VCCB = 2.7 V to 3.6 V 2 V 

VIL Low-level input voltage VCCB - 2.7 V to 3.6 V 0.8 V 

VI Input voltage 0 VCCB V 

Vo Output voltage 0 VCCB V 

IOH High-level output current 
VCCB = 2.7 V -12 

mA 
VCCB-3V -24 

IOL Low-level output current 
VCCB=2.7V 12 

mA 
VCCB=3V 24 

!J.t/!J.v Input transition rise or fall rate 0 10 ns/V 

TA Operating free-air temperature -40 85 ·C 

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

~1ExAs 
INSTRUMENTS 

POST OFFICE BOX 865303 • DALLAS. TEXAS 75265 8-111 

~ 
W 
:; 
w a: 
D. 

b 
::l 
C o a: 
D. 



"tJ 
:II o 
C 
c: o 
-I 
"tJ 
:II m 
< -

SN74LVC424S 
OCTAL BUS TRANSCEIVER AND 3.3-VTO S-V SHIFTER 
WITH 3-STATE OUTPUTS 
SCAS375A - MARCH 1994 - REVISED JULY 1995 

electrical characteristics over recommended operating free-air temperature range for VCCA= 5 V 
(unless otherwise noted) (see Note 5) 

PARAMETER TEST CONDITIONS VCCA MIN TYPt MAX UNIT 

4.5V 4.3 
10H - -100 IIA 

5.5V 5.3 
VOH V 

4.5V 3.7 
IOH--24mA 

5.5V 4.7 

4.5V 0.2 
10L" 100 IIA 

5.5V 0.2 
VOL V 

4.5V 0.55 
IOL=24mA 

5.5V 0.55 

II I Control Inputs VI = VCCA or GND 5.5V 5 IIA 
loil: I A or B ports Va = VCCA or GND 5.5V IIA 
ICC VI = VCCA or GND, 10=0 5.5V IIA 
.t.ICC§ One input at 3.4 V, Other inputs at VCCA or GND IIA 
Ci I Control inputs VI = VCCA or GND 5V pF 

Cio IAorBports Va" VCCA or GND 5V pF 

t All typical values are measured at VCC = 3.3 V, TA = 25°C. 
:j: For 1/0 ports. the parameter 10Z includes the input leakage current. 
§ This Is the Increase In supply current for each Inpl:lt that Is at one of the specified TTL voHage levels rather than 0 V or the corresponding VCC. 
NOTE 5: VCCB" 2.7 V to 3.6 V 

electrical characteristics over recommended operating free:-alr temperature range for V CCB = 3.3 V 
(unless otherwise noted) (see Note 6) . 

PARAMETER TEST CONDITIONS VCCB~ MIN TYPt MAX UNIT 

10H =-10011A MINto MAX VCC-0.2 

2.7V 2.2 
VOH 10H --12mA V 

3V 2.4 

IOH=-24mA 3V 2 

10L -100 IIA MINto MAX 0.2 

VOL IOL-12 mA 2.7 V 0.4 V 

IOL-24mA 3V 0.55 

II I Control inputs VI - VCCB or GND 3.6V 5 IIA 
10Z:j: Va - VCCB or GND 3.6V IIA 
ICC VI = VCCB or GND, 10- 0 3.6V IIA 
.t.ICC§ One input at VCCB - 0.6 V, Other inputs at VCCB or GND 2.7 Vto 3.6 V IIA 
Ci I Control inputs VI • VCCB or GND 3.3 V pF 

Cio I A or B ports Va" VCCB or GND 3.3V pF 

t All typical values are measured at VCC • 3.3 V, TA " 25°C. 
:j: For 1/0 ports. the parameter 10Z includes the input leakage current. . 
§ This is the increase In supply current for each input that Is at one of the specified TTL voltage levels rather than 0 V or the corresponding VCC. 
, For conditions shown as MIN or MAX, use the appropriate values under recommended operating conditions. 
NOTE 6: VCCA - 5 V ± 0.5 V 
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SN74LVC257 
QUADRUPLE 2·LlNE TO 1·LlNE DATA SELECTOR/MULTIPLEXER 

WITH 3·STATE OUTPUTS 

• EPIC ™ (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 

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

• Typical VOHV (Output VOH Undershoot) 
> 2V at Vee = 3.3 V, TA = 25°C 

• Inputs Accept Voltages to 5.5 V 

• Package Options Include Plastic 
Smail-Outline (D), Shrink Smail-Outline 
(DB), and Thin Shrink Small-Outline (PW) 
Packages 

description 

0, DB, OR PW PACKAGE 
(TOP VIEW) 

AlB 
1A 
1B 
1Y 
2A 
2B 
2Y 

GND 

1 U 16 

2 15 

3 14 

4 13 ~ 
5 12 

6 11 

7 10 

8 9 

Vee 
DE 
4A 
4B 
4Y 
3A 
3B 
3Y 

This quadruple 2-line to 1-line data selector/multiplexer is designed for 2.7-V to 3.6-V Vee operation; it can 
interface to a 5-V system environment. 

The SN74LVC257 is designed to multiplex signals from 4-bit data sources to 4-output data lines in 
bus-organized systems. The 3-state outputs do not load the data lines when the output enable (OE) input is at 
a high logic level. 

Inputs can be driven from either 3.3-V or 5-V devices. This feature allows the use ofthese devices as translators 
in a mixed 3.3-V/5-V system environment. 

To ensure the high-impedance 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. 

The SN74LVC257 is characterized for operation from -40°C to 85°C. 

FUNCTION TABLE 

INPUTS OUTPUT 
OE AlB A B y 

H X X X Z 

L L L X L 

L L H X H 

L H X L L 

L H X H H 

EPIC Is a trademark of Texas Instruments Incorporated. . 

Copyright q:) 1995, Texas Instruments Incorporated 
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SN74LVC257 
QUADRUPLE 2·LINE TO 1·LlNE DATA SELECTOR/MULTIPLEXER 
WITH 3-5TATE OUTPUTS 
SCAS294B-JANUARY 1993- REVISED JULY 1996 

logic symbolt 

OE 

AlB 

1A 

18 

2A 

2B 

3A 

3B 

4A 

4B 

15 
1 

2 

3 

5 

6 

11 

10 

14 

13 

....... EN 

101 
li 

1 MUX 
1 

V 

tThissymbol is in accordance with ANSIIIEEE Std 91-1984 and lEe Publication 617-12. 

logic diagram (positive logic) 

OE 15 

1A 2 

1B 3 

2A 5 

2B 6 

3A 11 

3B 10 

4A 14 

4B 13 
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SN74LVC257 
QUADRUPLE 2·LlNE TO 1·LlNE DATA SELECTOR/MULTIPLEXER 

WITH 3·STATE OUTPUTS 
SCAS294B - JANUARY 1993 - REVISED JULY 1995 

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

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 
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 Vee or GND ................................................. ±100 mA 
Maximum power dissipation at TA = 55°C (in still air) (see Note 3): 0 package ................... 1.3 W 

DB package ................. 0.55 W 
PW package .................. 0.5 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, reiertothe Package ThermalConsiderationsapplication note in the 1994 ABT Advanced BiCMOS Technology 
Data Book, literature number SCBDOO2B. 

recommended operating conditions (see Note 4) 
MIN MAX UNIT 

Operating 2 3.6 
VCC Supply voltage V 

Data retention only 1.5 

VIH High-level input voltage VCC-2.7Vt03.6 V 2 V 

VIL Low-level input voltage VCC-2.7Vt03.6 V 0.8 V 

VI Input voltage 0 5.5 V 

Vo Output voltage 0 VCC V 

VCC-2.7V -12 
IOH High-level output current rnA 

VCC-3V -24 

IOL Low-level output current 
VCC- 2.7V 12 

mA 
VCC-3V 24 

Atl!:.v Input transition rise or fall rate 0 10 nslV 

TA Operating free-air temperature -40 85 ·C 

NOTE 4; Unused inputs must be held high or low to prevent them from floating. 
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SN74LVC257 
QUADRUPLE 2·LlNE TO 1·LlNE DATA SELECTOR/MULTIPLEXER 
WITH 3·STATE OUTPUTS 
SCAS294B-JANUARY 1993- REVISED JULY 1995 

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

PARAMETER TEST CONDITIONS VCCt MIN TYP* MAX UNIT 

10H =-100pA MINto MAX Vee-0.2 

2.7V 2.2 
VOH 10H --12 rnA V 

3V 2.4 

IOH--24mA 3V 2;2 

10L -100 IIA MIN to MAX 0.2 

VOL IOL-12mA 2.7 V 0.4 V 

IOL-24rnA 3V 0.55 

II VI - 5.5 V or GND 3.6 V ±5 pA 

10Z Va - Vee or GND MIN to MAX ±10 pA 

lee VI - Vee or GND, 10- 0 3.6 V 10 pA 

t..lee One input at Vee - 0.6 V, Other inputs at Vee or GND 2.7 Vt03.6 V 500 pA 

ei VI - Vee or GND 3.3V 5 pF 

eo Va - Vee or GND 3.3 V 5 pF 

t For conditions shown as MIN or MAX, use the appropriate values under recommended operating conditions. 
:tAli typical values are at Vee = 3.3 V, TA = 25°e. . 

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

FROM TO 
VCC=3.3V 

VCC=2.7V 
PARAMETER ±O.3V UNIT 

PNPUT) (OUTPUT) 
MIN MAX MIN MAX 

AorB 1 7 8 
tpd Y ns 

AlB 1 8 9 

ten DE y 1 8 9 ns 

!dis OE y 1 6 6.5 ns 

tsk(o)§ 1 ns 

§ Skew between any two outputs of the same package switching In the same direction. This parameter Is warranted but not production tested. 

operating characteristics, Vee = 3.3 V, TA = 25°C 
pARAMETER TEST CONDITIONS 

epd Power dissipation capacitance eL-50pF, f;'10MHz 

~1ExAs 
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SN74LVC257 
QUADRUPLE 2·LlNE TO 1·LlNE DATA SELECTOR/MULTIPLEXER 

WITH 3·STATE OUTPUTS 
SCAS294B - JANUARY 1993 - REVISED JULY 1995 

PARAMETER MEASUREMENT INFORMATION 

o 6V TEST S1 
S1 o Open 

r' 
600n 

From Output_-+_---.>----'\N'v __ --/ 
Under Test 

CL=50pF 
(S88 Note A) T 500n 

tpd Open 
tPLZltPZL 6V 
tpHZ/tpZH GND 

LOAD CIRCUIT 14----:- tw ~ 

2.7 V 

TI~~nu~ ______ ~ .... 1-.5-V---_ 

1 I~~_ V 

Input 3 :K\..1_.5_V ___ :.: 

OV 

~ 
1l1li tsu·~ th 

Data ----W1.5 V 
Input 1\ 

I 
~2.7V 

1.5V 
OV 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

J 

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

---" 1 • OV 
tpLH ~ .I, 1 I 

1l1li ~ tpHL 
I I 
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 

(low-level 
enabling) 

Output 
Weveform1 

S1 at6V 
(_Note B) 

Output 
Waveform 2 

S1 atGND 
(_Note B) 

VOLTAGE WAVEFORMS 
PULSE DURATION 

~ I 2.7 V 

~1.5V 4_1.: ___ ov 

tPZL --.! I4-t ...J IL-
II PLZ'I"'--

I 1 __ -'_~'_ 3V 

I \1.5V I VOL + 0.3 V 
I· 1- --- VOL 
I tPHZ-+j i+ 

tPZH -.( I+- I 
1 i-v,:--- VOH ___ .... 1 .... 1.~~ __ ~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 condHlons 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 !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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SN74LVC258 
QUADRUPLE 2·LINE TO 1·LlNE DATA SELECTOR/MULTIPLEXER 

WITH 3·STATE OUPUTS 

• EPICTM (Enhanced-Performance Implanted 
CMOS) Submlcron Process 

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

• Typical VOHV (Output VOH Undershoot) 
>2VatVee = 3.3 V, TA = 25°C 

• Package Options Include Plastic 
Smail-Outline (D), Shrink Smail-Outline 
(DB), and Thin Shrink Small-Outllne(PW) 
Packages 

• Inputs Accept Voltages to 5.5 V 

description 

1995 

D, DB, OR PW PACKAGE 
crOP VIEW) 

A/B 16 VCC 
1A 15 OE 
1B 3 14 4A 
1Y 13 4B 
2A 12 4Y 
2B 11 3A 
2Y 10 3B 

GND 9 3Y 

This quadruple 2-line to 1-line data selector/multiplexer is designed for 2.7-V to 3.6-V Vee operation; it can 
interface to a 5-V system environment. . 

The SN74LVC258 is designed to multiplex signals from 4-bit data sources to 4-output data lines in 
bus-organized systems. The 3-state outputs do not load the data lines when the output enable (OE) input is at 
a high logic level. . 

Inputs can be driven from either 3.3-V or SOV devices. This feature allows the use of these devices as translators 
in a mixed 3.3-V/SOV system environment. 

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 SN74LVC258 is characterized for operation from -40°C to 85°C. 

FUNCTION TABLE 

INPUTS OUTPUT 
~ AlB A B Y 

H X X X Z 

L L L X H 

L L H X L 

L H X L H 

L H X H L 

EPIC is a trademark of Texas Instruments Incorporated. 
PRODUCT PREVlEW __ ,,--Ina. ........ ar :en ph .. of doVoIapmtnI. C __ IIId _ 
• n..-....... langoolo. ___ .... 10 

_ardllconllnuolhlioprod __ _ ~1ExAs 
INSTRUMENTS 

Copyright C 1995, Texas Instruments Incorporated 

POST OFFICE BOX _. DALLAS, TEXAS 75265 8-119 

~ 
s: w 
a: 
D. 

b 
:::l 
C o 
a: 
D. 



"'D 
:D 
0 
C 
c: 
0 
-I 
"'D 
:D 
m 
< -m 
=e 

SN74LVC258 
QUADRUPLE 2·LINE T01·LINE DATASELECTORIMULTIPLEXER 
WITH 3·STATE OUPUTS 
SCAS345A - MARCH 1994 - REVISED JULY 1996 

logic symbolt 

OE 
AlB 

1A 

1B 

2A 

2B 

3A 

3B 

4A 

4B 

15 
1 

2 

3 

5 

II 

11 

10 

14 

13 

.... r EN 
101 a.; 

1 MUX 
1 

V 

tThls symbol is in accordance with ANSIIIEEE Sid 91-1984 and lEO Publication 617-12. 

logic diagram (positive logic) 

OE 15 

AlB 

lA 2 

lB 3 

2A 
II 

2B II 

3A 
11 

3B 10 

4A 
14 

4B 13 
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SN74LVC258 
QUADRUPLE 2·LINE TO 1·LINE DATA SELECTOR/MULTIPLEXER 

WITH 3·STATE OUPUTS 
SCAS345A - MARCH 1994 - REVISED JULY 1995 

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 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 Vee or GND ..•.......•.....••...••..••..•...••.......•....•• ±100 mA 
Maximum power dissipation at TA = 55°C (in still air) (see Note 3): 0 package . . . . . . . . . . . . . . . . . .. 1.3 W 

08 package ................. 0.55 W 
PW package .................. 0.5 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/unction tempereture of 15O·e and a board trace length of 750 mils. W 

For more Information, refertothe Package Therma/Conslderationsapplicatlon note In the 1994ABT Advanced BiCMOS Technology >
Data Book, literature number SeBD002B. 

W 
recommended operating conditions (see Note 4) a: 

Operating 
Vee Supply voltage 

Data retention only 

VIH High-level input voltage Vee-2.7Vt03.6 V 

VIL Low-level Input voltage Vee-2.7Vt03.6 V 

VI Input voltage 

Vo Output voltage 
High or low state 

3 state 

Vee- 2.7V 
IOH High-level output current 

Vee- 3V 

IOL Low-level output current 
Vee- 2.7V 

VCC- 3V 
At/flY Input transition rise or fall rate 

TA Opereting free-air temperature 

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

2 3.6 

1.5 

2 

0.8 

0 Vee 
0 Vee 
0 5.5 

-12 

-24 

12 

24 

0 10 

-40 85 

UNIT 

V 

V 

V 

V 

V 

rnA 

rnA 

ns/V 

·C 
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SN74LVC258 
QUADRUPLE 2·LINE TO 1·LINE DATA SELECTOR/MULTIPLEXER 
WITH 3·STATE OUPUTS 
SCAS346A- MARCH 1994 - REVISED JULY 1995 

electrical characteristics over recommended operating fre.alr temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS vcct MIN TYpt 

10H - -100 J.IA MINto MAX Vee-0.2 

2.7 V 
VOH 10H --12 mA 

3V 

IOH--24mA 3V 

10L - 100 J.IA MINto MAX 

VOL IOL-12mA 2.7 V 

IOL-24mA· 3V 

II VI- Vee or GND 3.6V 

Vo - Vee or GND 
10Z MINto MAX 

VO-3.6 Vt05.5V 

ICC VI_ Vee or GND, 10- 0 3.6 V 

.Il.lee One input at Vee - 0.6 V, Other Inputs at Vee or GND 2.7 Vto 3.6 V 

ei VI- Vee or GND 3.3 V 

3.3 V Co Vo -Vee or GND 
"'tJ t For conditions shown as MIN or MAX, use the appropriate valuas under recommended operating conditions. 
::D :; All typical values are measured at Vee - 3.3 V, TA _ 25°C. 

o 
C 
c: 
5l 
"'tJ 
::D m 
S 
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2.2 

2.4 

2 

MAX UNIT 

V 

0.2 

0.4 V 

0.55 

±5 J.IA 
±10 

±50 
J.IA 

20 J.IA 
500 J.IA 

pF 

pF 



• EPICTM (Enhanced-Performance Implanted 
CMOS) submlcron Process 

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

• Typical VOHV (Output VOH Undershoot) 
> 2VatVee = 3.3 V, TA = 25°C 

• Supports Mixed-Mode Signal Operation on 
All Ports (SOV Input/Output Voltage With 
3.3-VVee) 

• EsO Protection Exceeds 2000 V Per 
MIL-sTO-883C, 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 
Small-Outline (OW), Shrink Small-Outline 
(DB), and Thin Shrink Smail-Outline (PW) 
Packages 

description 

SN74LVC373A 
OCTAL TRANSPARENT O·TYPE LATCH 

WITH 3·STATE OUTPUTS 
SCAS295C-

DB, DW, OR PW PACKAGE 
(TOP VIEW) 

DE VCC 
1Q 8Q 
10 3 80 
20 4 70 
2Q 7Q 
3Q 60 
30 7 60 
40 50 
4Q 5Q 

GNO 11 LE 

This octal transparent Ootype latch is designed for 2.7-V to 3.6-V Vee operation; it can interface to a 5-V system 
environment. 

While the latch-enable (LE) input is high, the 0 outputs follow the data (0) inputs. When LE is taken low, the 
Q outputs are latched at the logic levels set up at the 0 inputs. 

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 increased drive provide the capability to drive bus 
lines without interface or puliup components. 

OE does not affect the internal operations 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 puliup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN74LVC373A is characterized for operation from -40°C to 85°C. 

FUNCTION TABLE 
(each latch) 

INPUTS OUTPUT 
OE LE D Q 

L H H H 

L H L L 

L L X 00 
H X X Z 

EPIC is a trademark of Texas Instruments Incorporated. 

~1ExAs 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 

Copyright IC> 1995, Texas Instruments Incorporated 
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SN74'LVC373A 
OCTAL TRANSPARENT O·TYPE LATCH 
WITH 3·STATE OUTPUTS 
SCAS295C-JANUARY 1993- REVISED JULY 1995 

logic symbolt logic diagram (positive logic) 

OE "- EN 
11 

LE ~1 
3 2 

10 10 V 1Q 
4 5 

20 2Q C1 
3 7 6 

3D 3Q 10 ~---I--I10 
8 9 

40 4Q 
13 12 

50 5Q 
14 15 

60 6Q '------..v,---..J1 17 16 
70 7Q 

18 19 
80 8Q 

To Seyen Other Channels 

tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 

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

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) ....................................................... ±50 mA 
Continuous output current, 10 (VO = Oto Vee> ............................................. ±50 mA 
Continuous current through Vee or GNO .....................•..........................•. ± 100 mA 
Maximum power dissipation at TA = 55°C (in still air) (see Note 3): OBpackage ................. 0.6 W 

OW package .........•....... 1.6 W 
PW package ................. 0.7 W 

Storage temperature range, TSlg •..••.•..•.•.•..•••..•••••••.••.•.•.•••.•••••••••• -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-maxlmum-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. 
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2. This value is limited to 4.6 V maximum. 
3. The maximum package power dissipation is calculated using a iunction temperature of 150·C and a board trace length of 750 mils. 

For more Information, referiothe Package ThermalConsiderationsapplication note in the 1994 ABT Advanced BiCMOS Technology 
Data Book, literature number SCBD002B. 

~1ExAs ' 
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SN74LVC373A 
OCTAL TRANSPARENT D·TYPE LATCH 

WITH 3·STATE OUTPUTS 
SCAS295C - JANUARY 1993 - REVISED JULY 1995 

recommended operating conditions (see Note 4) 
MIN MAX UNIT 

Operating 2 3.6 
Vee Supply voltage V 

Data retention only 1.5 

VIH High-level input voltage Vee=2.7Vt03.6 V 2 V 

VIL Low-level input voltage Vee-2.7Vt03.6 V O.B V 

VI Input voltage 0 5.5 V 

High or low state 0 Vee 
Vo Output voltage V 

3 state 0 5.5 

Vee. 2.7 V -12 
10H High-level output current mA 

Vee- 3V -24 

Vee=2.7V 12 
10L Low-level output current . 

Vee=3V 24 
.mA 

At/Av Input transition rise or fall rate 0 10 ns/V 

TA Operating free-air temperature -40 65 °e 

NOTE 4: Unused inpuls 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 VCCt . MIN TYP* 

10H • -100 IIA MIN to MAX Vee-0.2 

2.7V 
VOH IOH =-12 mA 

3V 

IOH--24mA 3V 

IOL .100 IIA MIN to MAX 

VOL IOL-12mA 2.7 V 

IOL=24mA 3V 

II VI =5.5 VorGND 3.6V 

Vo - Vee or GND 
10Z 

Vo - 3.6 V or 5.5 V 
MIN to MAX 

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

alee One input at Vee - 0.6 V, Other inputs at Vee or GND 2.7V to 3.6 V 

el VI = Vee or GND 3.3V 

eo Vo = Vee or GND 3.3V 
.. .. t For condllions shown as MIN or MAX, use the appropriate values under recommended operating conditions . 

* All typical values are measured at Vee = 3.3 V, TA _ 25°e. 

2.2 

2.4 

2.2 

3 

3.5 

MAX UNIT 

V 

0.2 

0.4 V 

0.55 

±5 IIA 
±10 

±50 
IIA 

10 IIA 
500 IIA 

pF 

pF 

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

VCe=3.3V 
Vee = 2.7 V ±O.3V UNIT 

MIN MAX MIN MAX 

tw Pulse duration, LE high 3.3 3.3 ns 

tsu Setup time, data before LE.J. 2 2 ns 

th Hold time, data after LE.J. 1.5 1.5 ns 

~1EXAS 
INSTRUMENTS 
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SN74LVC373A 
OCTAL TRANSPARENT O·TYPE LATCH 
WITH 3&STATE OUTPUTS 
SCAS295C - JANUARY 1993 - REVISED JULY 1995 

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

FROM TO 
VCC=3.3V 

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

MIN MAX MIN MAX 

D 1.5 7.5 8.5 
Ipd Q ns 

LE 2 8.5 9.5 

ten DE Q 1.5 7.5 8.5 ns 

!dis OE Q 1.5 7 8 ns 

tsk(o)t 1 ns 

t Skew between any two outputs of the same package switching In the same direction. This parameter IS warranted but not production tested. 

operating characteristics, Vee = 3.3 V, TA = 25°C 

Cpd 
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PARAMETER 

Power dissipation capacitance per latch 
I Outputs enabled 

I Outputs disabled 

~1ExAs 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 

TEST CONDITIONS TYP UNIT 

20 
CL-50pF, f-l0MHz - pF 
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SN74LVC373A 
OCTAL TRANSPARENT D·TVPE LATCH 

WITH 3·STATE OUTPUTS 
SCAS295C - JANUARY 1993 - REVISED JULY 1995 

PARAMETER MEASUREMENT INFORMATION 

Sl 5000 
From Output - ..... ---.---'\N\r----' 

Under Test 

CL=50pF 
(see Note A) I 5000 

o 6V 

o Open 
TEST Sl 

tpd Open 
tpLZ/tpZL 6V 
tPHz!tPZH GND 

LOAD CIRCUIT FOR OUTPUTS 
2.7 V 

T1mlnglnput ------Xl.5V 
---:----1. I~______ OV 

Input 

Output 

Output 

VOLTAGE WAVEFORMS 
PULSE DURATION 

--v X 2.7 V 
---'1'1.5 V ,1.5V OV 

tPLH~ KtpHL 

, . I \!--:::- VOH 
1 !1.5V i ~ 

--+-1 --I, VOL 

tpHL --l.---.! ~ tpLH 

I !r.::":'" VOH 
\1.5 V T 1.5V 

VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

INVERTING AND NONINVERTING OUTPUTS 

NOTES: A. CL Includes probe and Jig capacitance. 

Oats Input 

Output 
Control 

Output 
Waveform 1 

Sl at6V 
(see Note B) 

Output 
Waveform 2 

Sl atGND 
(see Note B) 

~ .1.. ~ 
Itsurth I 

--""*1.5 V ~ :.:V 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

~1.5V ~,-1._5V __ 

tpZL~ 14- , 

2.7 V 

OV 

_--;-'""'\' tPLZ -+I i+-
" '\L 1.5 V " v.:::-- 3 V 

" , t yPJ...+.E:!Y VOL 
1 I tpHZ~ j4-

tpZH~ j4- , 
I --- VOH 

!1.5V ~H-O.3V 
__ --I. - ~OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

LOw.. AND HIGH-LEVEL ENABLING 

B. Wavefonn 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 intema/ 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 transHlon 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 !pd. 

Figure 1. Load Circuit and Voltage Waveforms 

~1ExAs 
INSTRUMENTS 
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SN74LVC374A 
OCTAL EDGE· TRIGGERED D· TYPE FLlp·FLOP 

. WITH 3-STATE OUTPUTS 

• EPIt:rM (Enhanced-Performance Implanted 
CMOS) Submlcron Process 

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

• Typical VOHV (Output VOH Undershoot) 
> 2 V at Vee = 3.3 V, TA = 25°C 

• Supports Mixed-Mode Signal Operation on 
All Ports (5-V Input/Output Voltage With 
3.3-V Vee) 

• ESO Protection Exceeds 2000 V Per 
MIL-STO-883C, 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 
Small-Outline (OW), Shrink Small-Outline 
(OB), and Thin Shrink Small-Outline (PW) 
Packages 

description 

DB, OW, OR PW PACKAGE 
crOP VIEW) 

10 
10 

Vcc 
80 
80 

20 4 70 
20 70 
30 60 
30 60 
40 13 50 
40 9 12 50 

GNO 11 elK -...-_-.T 

This octal edge-triggered Ootype flip-flop is designed for 2.7-V to 3.6-V Vee operation; it can interface to a5-V 
system environment. 

The SN74lVC374A features 3-state outputs designed specifically for driving highly capacitive or relatively 
low-impedance loads. It is particularly suitable for implementing buffer registers, input/output (I/O) ports, 
bidirectional bus drivers, and working registers. 

On the positive transition of the clock (ClK) input, the Q outputs are set to the logic levels at the data (0) Inputs. 

A buffered output-enable (o'E) 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, DE 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 SN74lVC374A is characterized for operation from -40°C to 85°C. 

FUNCTION TABLE 
(each flip-flop) 

INPUTS OUTPUT 
OE CLK 0 Q 

L f H H 

L f L L 

L HorL X Co 
H X X Z 

EPIC Is a trademark 01 Texas Instruments Incorporated. 

~1ExAs 
INSTRUMENTS 
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Copyright II) , 995. Texas Instruments Incorporated 
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SN74LVC374A 
OCTAL EDGE-TRIGGERED D-TYPE FLIP-FLOP 
WITH 3-STATE OUTPUTS 
SCAS296C-JANUARY 1993 - REVISED JULY 1995 

logic symbolt logic diagram (positive logic) 

OE 

CLK 

10 

20 

3D 

40 

50 

60 

-70 

80 

1 

11 

3 

4 

7 

6 

13 

14 

17 

18 

" EN 

C1 .., 
10 

r 
2 

V 
5 

6 

8 

12 

15 

16 

18 

1Q 

2Q 

3Q 

4Q 

sa 
6Q 

7Q 

8Q 

OE~----a 

CLK 

To Seven Other Channels 

trhis symbol is in accordance with ANSI/IEEE Sid 91-1984 and 
lEO Publication 617-12. 

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

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 (Vo < 0) ....................................................... ±50 rnA 
Continuous output current, 10 (Vo = 0 to Vee) .•••••••.•••.•..••••.•••••••.•...•..•..••••.. ±50 rnA 
Continuous current through Vee or GND ..•.••.••...•.••...•...•.....•.......•..........• ±100 rnA 
Maximum power dissipation at TA = 55°C (in still air) (see Note 3): DB package •.•........•..... 0.6 W 

DW package ................. 1.6 W 
PW package ................. 0.7 W 

Storage temperature range, Tstg .................................................. -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-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. The input and output negative-voHage ratings may be exceeded If the Input and output clamp-current ratings are observed. 
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2. This value Is limited to 4.6 V maximum. 
3. The maximum package power dissipetion is calculated using a junction tamperature of 150·0 and a board trace length of 750 mils. 

For more Information, refertothe Package Therms/Consldera~appllcatlon note in the 1994ABT AdvancedBICMOS Technology 
Data Book, literature number SCBD002B. 
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SN74LVC374A 
OCTAL EDGE·TRIGGERED D·TYPE FLlP·FLOP 

WITH 3·STATE OUTPUTS 
SCAS296C-JANUARY 1993- REVISED JULY 1995 

recommended operating conditions (see Note 4) 
MIN MAX UNIT 

Operating 2 3.6 
Vee Supply voltage V 

Data retention only 1.5 

VIH High-level input voltage Vee = 2.7 V to 3.6 V 2 V 

VIL Low-level input voltage Vee = 2.7 V to 3.6 V 0.8 V 

VI Input voltage 0 5.5 V 

High or low state 0 Vee 
Vo Output voltage V 

3 state 0 5.5 

Vee=2.7V -12 
10H High-level output current mA 

Vee=3V -24 

Vee=2.7V 12 
10L Low-level output current mA 

Vee=3V 24 

I!.tltlV Input transition rise or fall rate 0 10 nsN 

TA Operating free-air temperature -40 85 ·e 

NOTE 4: Unused Inputs must be held high or low to prevent them from f1oaling. 

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

PARAMETER TEST CONDITIONS VCCt MIN TYPt 

10H = -100 IJA MIN to MAX Vee-0.2 

2.7V 
VOH IOH=-12mA 

3V 

IOH--24mA 3V 

10L .100 IJA MINto MAX 

VOL IOL=12mA 2.7V 

IOL-24mA 3V 

II VI = 5.5 V or GND 3.6V 

Vo = Vee or GND 
10Z MIN to MAX 

Vo = 3.6 Vor5.5 V 

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

~Iee One input at Vee - 0.6 V, Other inputs at Vee or GND 2.7Vt03.6V 

CI VI • Vee or GND 3.3V 

Co Vo - VCC or GND 3.3V 
.. t For conditions shown as MIN or MAX, use the appropriate values under recommended operating conditions . 

tAli typical values are measured at Vee - 3.3 V, TA _ 25·C. 

2.2 

2.4 

2.2 

3 

3.5 

MAX UNIT 

V 

0.2 

0.4 V 

0.55 

±5 IJA 
±10 

±50 
IJA 

20 IJA 
500 IJA 

pF 

pF 

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

Vce = 3.3 V 
Vee = 2.7 V ±0.3V UNIT 

MIN MAX MIN MAX 

fclock Clock frequency 0 100 0 80 MHz 

tw Pulse duration, CLK high or low 3.3 3.3 ns 

tsu Setup time, data before CLK1' 1.5 1.5 ns 

th Hold time, data after CLKi 1.5 1.5 ns 

~1ExAs 
INSTRUMENTS 
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SN74LVC374A 
OCTAL EDGE-TRIGGERED [). TYPE FLIP-FLOP 
WITH 3-STATE OUTPUTS . 
SCAS296C - JANUARY .1993 -REVISED JULY 1996 

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

FROM TO 
VCC=3.3V 

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

MIN MAX MIN MAX 

fmax 100 80 MHz 

ted ClK a 1.5 8.5 9.5 ns 

len C5E a 1.5 8.5 9.5 ns 

'dis C5E a 1.5 7 8 ns 

tsk(o)t 1 ns 

t Skew between any two outputs of the same package switching In the same direction. This parameter Is warranted but not production tested. 

operating characteristics, Vee = 3.3 V, TA = 25°C 
PARAMETER TEST CONDITIONS TYP UNIT 

I Outputs enabled 18 
Cpd Power dissipation capacitance per flip-flop I Outputs disabled 

Cl-50pF. f=10MHz r---g pF 

-!111ExAs 
INSTRUMENTS 
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SN74LVC374A 
OCTAL EDGE-TRIGGERED D-TYPE FLIP-FLOP 

WITH 3-STATE OUTPUTS 
SCAS296C - JANUARY 1993 - REVISED JULY 1995 

PARAMETER MEASUREMENT INFORMATION 

S1 5000 
From Output --.----.>-----\N'v----" 

Under Test 

CL=50pF 
(see Note A) I 5000 

o 6V 

o Open 

l~ 

TEST S1 

tpd Open 
tPLZ/tpZL 6V 

tpHzltpZH GND 

LOAD CIRCUIT FOR OUTPUTS 
2.7 V 

Timing Input -------X1.5 V 

---~-.l·I~------ OV 
14--- tw ----.f 
I I 

I L. I 
I"I t ·r th·~ I su I 

Input 3 ~:1~.5~V~~~~ :.: V Data Input --'""""*1.5 V ~ :.: V 

VOLTAGE WAVEFORMS 
PULSE DURATION 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

---v X 2.7V 
=¥1.5V ~",1_.5_V __ _ 

2.7 V 

Input --Jj\ 1.5V I 1.5 V OV 

tPLH~ KtPHL 

I /1 I \!-:::::- VOH Output 

Output 
Control 

tpZL~ I+- I 
I tPLZ-.I 

--'i--\ 

OV 

3V 
I 1.5V 1 ~ 

--+-1 ....J I VOL 

Output 
Waveform 1 

S1 at6V 
(see Note B) 

I 
I 
I 

"' 
__ T-'t-VOL + 0.3 V V 

---- OL 

tpHL --l.--.! ~ tpLH tpZH~ ~ 
I !I':':'::" VOH \.1.5 V T 1.5V 

-- VOL 

Output 

Output 
Waveform 2 

S1 atGND 
(see Note B) 

I 
~H..:o.3V VOH 

- .... 0 V 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

INVERTING AND NONINVERTING OUTPUTS 

NOTES: A. CL includes probe and jig capacitance. 

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 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 - 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 len. 
G. tpLH and tpHL are the same as tpd. 

Figure 1. Load Circuit and Voltage Waveforms 

~1ExAs 
INSTRUMENTS 
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• EPICTM (Enhanced-Performance Implanted 
CMOS) Submlcron Process 

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

• Typical VOHV (Output VOH Undershoot) 
> 2VatVee = 3.3 V, TA = 2~oC 

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

• Package Options Include Plastic 
Smail-Outline (OW), Shrink Smail-Outline 
(OB), and Thin Shrink Smail-Outline (PW) 
Packages 

description 

SN74LVC540 
OCTAL BUFFER/DRIVER 
WITH 3-STATE OUTPUTS 

1995 

DB, DW, OR PW PACKAGE 
(TOP VIEW) 

00 1 
A1 2 
A2. 3 
A3 4 
A4 5 
A5 6 
A6 7 
A7 8 
AS 9 

GND 10 

VCC 
0E2 
Y1 
Y2 
Y3 
Y4 
Y5 
Y6 

, Y7 
11 Y8 -""' __ .T 

This octal buffer/driver is designed for 2.7-V to 3.6-V Vee operation. 

The SN74LVC540 is ideal for driving bus lines or buffer memory address registers. The device features inputs 
and outputs on opposite sides of the package that facilitate printed-circuit-board layout. 

The 3-state control gate is a 2-input AND gate with active-low inputs so that if either output-enable (OE1 or OE2) 
input is high, all outputs are in the high-impedance state. 

To ensure the high-impedance stat~ during power up or power down, Oi: 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 SN74LVC540 is characterized for operation from -40°C to 85°C. 

FUNCTION TABLE 

INPUTS OUTPUT 
em on A y 

L L L H 

L L H L 

H X X Z 
X H X Z 

EPIC Is a trademark of Texas Instruments Incorporated. 

Copyright 10 1995. Texas Instrumen1S Incorporated 
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SN74LVC540 
OCTAL BUFFER/DRIVER 
WITH 3·STATE OUTPUTS 
SCAS2978 - JANUARY 1993 - REVISED JULY 1995 

logic symbolt logic diagram (positive logic) 

OE1 _1_--,{) " 

0E2 _1",,9_-u.._J 

A1 

A2 

A3 

A4 

A5 

AS 
A7 

A8 

1 

19 

2 

3 

4 

5 

6 

7 

8 

9 

"-

"-

& 
EN 

.., 
1 

I'" 

V 
18 

17 

18 

16 

14 

13 

12 

11 

V1 

Y2 

V3 

V4 

V5 

V8 

Y7 

V8 

A1 _2::..-___ ... ;xJ>-t_18_ V1 

To Seven Other Channels 

tThis 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):!: 

Supply voltage range, Vee .......•••.....•.....•....•....•.•..........•...•....... -0.5 V to 4.6 V 
Input voltage range, VI (see Note 1) .••.......•••...••.......••...•.•.•..•.......•.. -0.5 V to 6.5 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 Vee or GND ................................................. ±100 mA 
Maximum power dissipation at TA == 55°C (in still air) (see Note 3): DB package ................. 0.6 W 

DW package ................. 1.6 W 
PW package ................. 0.7 W 

Storage temperature range, Tstg .................................................. -65°C to 150°C 

:I: Stresses bayond 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 bayond those indicated under "recommended operating conditions" Is not 
implied. Exposure to absolute-maxi mum-rated conditions for extended periods msy affect device reliability. 

NOTES: 1. The iDput and output negative-voltage ratings may be exceeded H the Input and output clamp-current ratings are observed. 

8-136 

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 ThermaiConsiderationsapplication note in the 1994 ABT Advanced BiCMOS Technology 
Data Book, literature numbar SCBD002B. 

~1ExAs 
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SN74LVC540 
OCTAL BUFFER/DRIVER 
WITH 3·STATE OUTPUTS 

SCAS297B - JANUARY 1993 - REVISED JULY 1995 

recommended operating conditions (see Note 4) 
MIN MAX UNIT 

VCC Supply voltage 2.7 3.6 V 

V,H High-level input voltage VCC - 2.7Vto 3.6 V 2 V 

V,L LoVi-level input voltage VCC -2.7Vt03.6 V 0.8 V 

V, Input voltage 0 5.5 V 

Vo Output voltage 0 VCC V 

VCC- 2.7V -12 
10H High-level output current mA 

VCC- 3V -24 

VCC- 2.7V 12 
10L Low-level output current mA 

VCC- 3V 24 

At/t..v Input transition rise or fall rate 0 10 ns/V 

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 VCCt MIN TYp:I: 

10H = -100 IJA MINto MAX Vce-0.2 

VOH 'OH--12mA 
2.7 

3 

'OH--24mA 3 

'OL-l00pA MINto MAX 

VOL 'OL-12 mA 2.7 

IOL=24 mA 3 

" 
V, = 5.5 V or GND 3.6 

10Z Vo - VCC or GND 3.6 

ICC . V, = VCC or GND. '0- 0 3.6 

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

Ci V, = VCC or GND 3.3 

Co Vo - Vee or GND 3.3 
.. t For conditions shown as MIN or MAX. use the appropriate values under recommended operating conditions . 

:I: All typical values are at VCC • 3.3 V. TA • 25·C. 

2.2 

2.4 

2 

5.5 

5.8 

MAX UNIT 

V 

0.2 

0.4 V 

0.55 

±5 pA 

±10 pA 

20 pA 

500 pA 

pF 

pF 

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

FROM TO 
VCC=3.3V 

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

MIN MAX MIN MAX 

too A y 1.5 7.5 8.5 ns 

len OE. y 1.5 8 9 ns 

Ic!is OE y 1.5 7.5 8.5 ns 

-!111ExAs 
INSTRUMENTS 
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SN74LVC540 
OCTAL BUFFER/DRIVER 
WITH 3-STATE OUTPUTS 
SCAS297B - JANUARY 1993 - REViseD JULY 1995 

operating characteristics, V CC = 3.3 V, TA = 25°C 
PARAMETER 

Cpd Power dissipation capacHanca per buffer/driver 
I Outputs enabled 

.. 1 Outputs disabled 

TEST C()NDITIONS TYP UNIT 

CL-50pF, f-10MHz 
27 

'2.4 pF 

PARAMETER MEASUREMENT INFORMATION 

o 6V TEST S1 
S1 600n 

From Output - ... ---e>----'\N\r----/ 
Under Test 

o Open tpd 
tpLZltpZL 
tpHzitPZH 

Open 
6V 

GND 
CL=50pF 

(see Note A) T 500n 

Input 

Output 

Output 

LOAD CIRCUIT FOR OUTPUTS 

, 
VOLTAGE WAVEFORMS 

PULSE DURATION 

--v X 2.7 V ---Ii' 1.5V 1 1•5V OV 

tPLH -t----I K tpHL 

I I I \l-:,-::- VOH 
I !1.5V I ~ 

---+-I --' I VOL 

tPHL --l.--.! ~ tpLH 

I . !.r.:::" VOH 
\.1.5 V T 1.5V ' 

• - - VOL 

VOLTAGE WAVEFORMS 
PROPAGATION Di:LAY TIMES 

INVERTING AND NONINVERTING OUTPUTS 

2.7 V 
Tlmlnglnput ------'")(1.5 V 

------'. 1'------- OV 

Data Input 

Output 
Control 

Output 
Wavaform1 

S1 st6V 
(see Note B) 

Output 
Waveform 2 

S1 atGND 
(see Note B) 

I l.. I 
j4 t_ ·r th ~ I ... 1,1 I 

--"")(1.5 V ~ :.:V 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

=¥1.5V ~=~=.5=V===== :.:V 

tpZL ~ 14-- I 
I 'I tPLZ -.I j.-

-"""';'1 '"'\'\l , I ~_--.3V 
I ,1.5 V I VOL + 0.3 V 
I . 1- --- VOL 
I I tpHZ~ j4-

tpZH~ j4- I 
I --- VOH 

___ ,.,!1.5V ~H-0.3V ... OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

LOW- AND HIGH-LEVEL ENA13L1NG 

NOTES: A. CL Includes probe and jig capacitance. 
B. ,Waveform 1 is for an output with Inlernal conditions such that the output is low except when disabled by the output control. 

Waveform 2 Is for an output wRh Internal conditions such thai the output is high except when disabled by the output control. 
C. All input pulses are supplied by generators having the following characteristics: PRR :so 10 MHz, Zo - 50 n,tr :so 2.5 ns, If :so 2.5 ns. 
D. The oulputs are measured one at a time with one lransition per measurement. 
E. IPLZ and IpHZ are the same as 'dis. 
F. tpZL and tpZH are Ihe same as len. 
G. IPLH and tPHL are the same as tpd. 

Figure 1. Load Circuit and Voltage Waveforms 

~1ExAs ' 
INSTRUMENTS 
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SN74LVC541 
OCTAL BUFFER/DRIVER 
WITH 3·STATE OUTPUTS 

- REVISED JULY 1995 

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

DB, OW, OR PW PACKAGE 
{TOP VIEW) 

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

• Typical VOHV (Output VOH Undershoot) 
> 2V at Vee = 3.3 V, TA = 25°C 

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

• Package Options Include Plastic 
Small·Outline (OW), Shrink Small·Outline 
(DB), and Thin Shrink Small·Outline (PW) 
Packages 

description 

OE1 
A1 

A3 
A4 
A5 
A6 
A7 
A8 

GND 

This octal buffer/driver is designed for 2.7-V to 3.6-V Vee operation. 

Vcc 
OE2 
Y1 
Y2 
Y3 

e Y4 
Y5 
Y6 

9 Y7 
Y8 

The SN74LVC541 is ideal for driving bus lines or buffering memory address registers. The device features 
inputs and outputs on opposite sides of the package to facilitate printed-circuit-board layout. 

The 3-state control gate is a 2-input AN D gate with aCtive-low inputs so that if either output enable (00 or OE2) 
input is high, all eight 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 SN74LVC541 is characterized for operation from -40°C to 85°C. 

FUNCTION TABLE 

INPUTS OUTPUT 
OEi OE2 A Y 

L L L L 

L L H H 

H X X Z 

X H X Z 

EPIC is a trademark of Texas Instruments Incorporated. 

~1ExAs 
INSTRUMENTS 

CopyrightlC> 1995. Texas Instruments Incorporated 
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SN74LVC541 
OCTAL BUFFER/DRIVER 
WITH3-STATE OUTPUTS 
SCAS298B - JANUA~ 1993 - REVISED JULY 1995 . 

logic symbolt logic diagram (positive logic) 

0Ef 
1 

'" & 

OE2 
19 

'" 

Ai 
2 

, 
1 

3 
A2 

4 
A3 

5 
A4 

6 
A5 

7 
A6 

8 
A7 

9 
A8 

EN 

r- 18 
V 

17 

16 

15 

14 

13 

12 

11 

Y1 

Y2 

Y3 

Y4 

YB 

Y6 

Y7 

Y8 

OEf---cr~ 
0E2 19 

A1_2_---t 18 Y1 

To Seven Other Channels 

tThis symbol is in accorciancewith ANSI/IEEE Std 91-1984 
and IEC Publication 617-12. 

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 6.5 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 < a or Vo > Vee) ........................................... ±50 mA 
Continuous output current, 10 (VO = a to Vee> ........•................................•... ±50 mA 
Continuous currentthrough Vee or GND ..............................•.................. ±100 mA 
Maximum power dissipation at TA = 55°C (in still air) (see Note 3): DB package ................. 0.6 W 

DW package ................. 1.6 W 
PW package ................. 0.7 W 

Storage temperature range, Tstg •••••.•.•••.•.•••..••.•.•••....•.•.•.••.•.•••••••• -65°C to 150·C 

:I: 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 IimHed 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 ir:tformation, refer to the Package ThermalConsiderationsapplication note in the 1994 ABT Advanced BiCMOS Technology 
Data Book, iHerature number SCBD002B. . 

~1ExAs 
INSTRUMENTS 
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SN74LVC541 
OCTAL BUFFER/DRIVER 
WITH 3-STATE OUTPUTS 

SCAS298B - JANUARY 1993 - REVISED JULY 1995 

recommended operating conditions (see Note 4) 
MIN MAX UNIT 

Vee Supply voltage 2.7 3.6 V 

VIH High-level input voltage Vee - 2.7 V to 3.6 V 2 V 

VIL Low-level input voltage Vee - 2.7 V to 3.6 V 0.8 V 

VI Input voltage 0 5.5 V 

Vo Output voltage 0 Vee V 

Vec- 2.7V -12 
10H High-level output current mA 

Vec- 3V -24 

Vce- 2.7V 12 
10L Low-level output current rnA 

Vee" 3V 24 

at/IN Input transition rise or fall rate 0 10 ns/V 

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 vect MIN TYP* MAX UNIT 

10H - -100 IIA MIN to MAX Vce-O.2 

2.7 2.2 
VOH 10H --1.2 rnA V 

3 2.4 

IOH--24rnA 3 2 

10L -100 IIA MINto MAX 0.2 

VOL IOL-12 mA 2.7 0.4 V 

IOL-24 mA 3 0.55 

II VI - 5.5 V or GND 3.6 ±5 IIA 
10Z Vo - Vee or GND 3.6 ±10 IIA 
ICC VI - Vee or GND, 10=0 3.6 , 20 IIA 
.6.lce One input atVCC - 0.6 V, Other inputs at VCC or GND 3Vt03.6V 500 IIA 
Ci VI- VCC or GND 3.3 5.5 pF 

Co Vo = VCC or GND 3.3 5.8 pF 
.. t For conditions shown as MIN or MAX, use the appropriate values under recommended operating conditions . 

* All typical values are at VCC = 3.3 V, TA = 25·C. . . 

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

FROM TO 
Vec = 3.3V 

Vee = 2.7 V 
PARAMETER 

(INPUT) (OUTPUT) 
±O.3V UNIT 

MIN MAX MIN MAX 

!pel A Y 1.5 7 8 ns 

ten OE y 1.5 8 9 ns 

tdis OE y 1.5 7.5 8.5 ns 

~1ExAs . 
INSTRUMENTS 
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SN74LVC541 
OCTAL BUFFER/DRIVER 
WITH 3-STATE OUTPUTS 
SCAS298B - JANUARY 1993 - REVISED JULY 1995 

operating characteristics, V CC = 3.3 V, TA = 25°C 
PARAMETER 

I Outputs enabled 
Cpd Power dissipation capacitance per buffer/driver I Outputs disabled 

TEST CONDITIONS TYP UNIT 

CL=50pF, f= 10 MHz 
26.7 

1:8 pF 

PARAMETER MEASUREMENT INFORMATION 

o BV TEST S1 
S1 5000 

From Output --*---e--Jo"I\Iv-_-/ 
Under Teet 

o Open 

l~ 
tpd Open 

tPLZItPZL BV 
tpHZItPZH GND 

CL=50pF 
(see Note A) T 5000 

LOAD CIRCUIT FOR OUTPUTS 

14-- tw----.l 
I I 

2.7 V 
Tlmlnglnput -------X1•5V 

_____ oJ. 1'-______ OV 

I I.. I 
14 t ~rth~ 

Inpm 3 ~:1.~5~V~~= :.:V 

I su 1 

---*1.5 V ~ :.:V Data Input 

Inpm 

Output 

Output 

VOLTAGE WAVEFORMS 
PULSE DURATION 

=41.5 V ¥1.5V :.:V 

tpLH ~ ~ tpHL . 

1 /1 I \!~:::- VOH 
1 1.5V 1 ~ 

--+-I.....J. 1 VOL 
~ . , ... _I t 

tPHL -..--------., ~ PLH 

I ~ VOH 
\1.5 V T 1.5V 

• - -- VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

INVERTING AND NONINVERTING OUTPUTS 

Output 
Control 

Output 
Waveform 1 

S1 aUV 
(see Note B) 

Output 
Waveform 2 

S1 stGND 
(see Note B) 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

~1.5V ~=1=.5=V====~ :.:V 

tpZI,.~ 14-- 1 

1 1 tpLZ -.I I+-
--';-1 ""'\l. 1 1, .... -- 3 V 

1 ,1.5V 1 EVe +0.3V 
1 • 1 - OL -- VOL 

1 I tpHZ~ I+-
tpZH~ j4- 1 

I --- VOH 
!1.5V ~H-0.3V 

___ oJ. - .. OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

LOW· AND HIGH· LEVEL ENABLING 

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 omput 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 IPZH are the same as ten. 
G. tpLH and tPHL are the same as tpd. 

Figure 1. Load Circuit and Voltage Waveforms 

-!!11ExAs 
INSTRUMENTS 
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SN74LVC543 
OCTAL REGISTERED TRANSCEIVER 

WITH 3-STATE OUTPUTS 

• EPICTM (Enhanced·Performance Implanted 
CMOS) Submlcron Process 

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

• Typical VOHV (Output VOH Undershoot) 
> 2 V at Vee = 3.3 V, TA = 25°C 

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

• Package Options Include Plastic 
Small·Outline (OW), Shrink Smail-Outline 
(OB), and Thin Shrink Small·Outline (PW) 
Packages 

description 

This octal registered transceiver is designed for 
2.7-V to 3.6-V VCC operation. 

DB, OW, OR PW PACKAGE 
(TOP VIEW) 

LE8A 1 Vee 
OE8A 2 CE8A 

A1 3 81 
A2. 82 
A3 20 83 
A4 6 19 84 
A5 7 18 85 
A6 8 17 86 
A7 9 16 87 
A8 88 

CEA8 11 LEA8 
GND ~ 

The SN74LVC543 contains two sets of D-type latches for temporary storage of data flowing in either direction. 
Separate latch-enable (LEAB or LEBA) and output-enable (OEAB or OEBA) inputs are provided for each 
register to permit independent control in either direction of data flow. 

The A-to-B enable (CEAB) input must be low to enter data from A or to output data from B. If CEAB is low and 
LEAB is low, the A-to-B latches are transparent; a subsequent low-to-high transition of LEAB· places the A 
latches in the storage mode. With CEAB and OEAB both low, the 3-state B outputs are active and reflect the 
data present at the output of the A latches. Data flow for B to A is similar to that of A to B but uses CEBA, LEBA, 
andOEBA. 

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. 

The SN74LVC543 is characterized for operation from -40°C to 85°C. 

FUNCTION TABLEt 

INPUTS OUTPUT 

CEAi LEAB OEAB A B 

H X X X Z 
x X H X Z 
L H L x Bot 
L L L L L 

L L L H H 

t A-to-B data flow is shown; B-to-A flow control Is the 
same except that it uses eEBA, LEBA, and OEBA. 

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

EPIC is a trademark of Texas Instruments Incorporated. 

=:;n':':1::==''P-'''''''''::,c:=.n: ~ lExAs. __ IIIIIIII'_"-"'_"'-"_ '1 Ito1lngolal __ 

INSTRUMENTS 
POST OFFICE sox 865303 • DALLAS, TEXAS 75285 

Copyright C 1995, Texas Instruments Incorporated 
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SN74 LVC543 
OCTAL REGISTERED TRANSCEIVER 
WITH 3·STATE OUTPUTS 
SCAS299A-JANUARY 1993-REVISEDJULY 1995 

logic symbolt 

OEBA 

CEBA 

LEBA 

OEAB 

CEAB 

LEAB 

2 

23 

1 

13 

11 

14 

3 

" 1EN3 

" G1 

" 1C5 

" 2EN4 

" G2 

" 2C6 ., 
~ 

V3 

8D 

Ai 

A2 

A3 

A4 
A5 

A6 

A7 
A8 

4 

5 

6 

7 

8 

9 
10 

.- 22 
1 5D 

LJ 21 1 4V 

20 
19 

18 
17 
18 

15 

tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and lEe Publication 617-12. 

logic diagram (positive logic) 

OEBA 2 

CEBA 
23 

LEBA 

OEAB 13 

CEAB 
11 

LEAB 14 

3 C1 

B1 

B2 

B3 
B4 

B5 
B8 

El7 
B8 

Ai 
1 D 1---+-...... -+-I~2;;;;..2 B1 

8-144 

C1 

'--+--I 1D 

~--------~v~--------~ 
To Seven Other Channela 

~1ExAs 
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SN74LVC543 
OCTAL REGISTERED TRANSCEIVER 

WITH 3-STATE OUTPUTS 
SCAS299A - JANUARY 1993 - REVISED JULY 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: Except 1/0 ports (see Note 1) .......•....•..•••.....•...•••... -0.5 V to 6.5 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 > Vee) ................................. '.......... ±50 mA 
Continuous output current, 10 (VO = 0 to Vecl .............................•............... ±50 mA 
Continuous currentthrough Vee or GND ............•...............•....••.............. ±100 mA 
Maximum powerdissipation at TA = 55°C (in still air) (see Note 3): DB package ......•.......•.. 0.65 W 

OW package ....•• . . . • . . . . • •• 1.7 W 
PW package .................. 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 condHions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliabilHy. 

NOTES: 1. The input and output negative-voltage ratings may be exceeded H 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 Therma/Considerationsapplication note in the 1994 ABT Advanced BiCMOS Technology 
Data Book, IHerature number SCBD002B. 

recommended operating conditions (see Note 4) 

MIN MAX UNIT 

Vee Supply voltage 2.7 3.6 V 

ViH High-level input voltage VCC-2.7Vt03.6 V 2 V 

ViL Low-level input voltage VCC-2.7Vt03.6 V 0.8 V 

Control inputs 0 5.5 
VI Input voltage V 

Data inputs 0 VCC 

Vo Output voltage 0 VCC V 

IOH High-level output current 
VCC-2.7V -12 

mA 
VCC-3V -24 

IOL Low-level output current 
VCC=2.7V 12 

mA 
VCC-3V 24 

atlav Input transition rise or fall rate 0 10 ns/V 

TA Operating free-elr temperature -40 85 ·C 

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

~1ExAs 
INSTRUMENTS 
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SN74LVC543 
OCTAL REGISTERED TRANSCEIVER 
WITH 3-STATE OUTPUTS 
SCAS299A- JANUARY 1993 - REVISED JULY 1995 

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

PARAMETER TEST CONDITIONS VCCt MIN TYP* MAX UNIT 

IOH--10011A MIN to MAX Vee-O.2 

VOH 10H --12 rnA 
2.7V 

3V 

2.2 
V 

2.4 

IOH--24rnA ' 3V 2.2 

10L -100 IIA MIN to MAX 0.2 

VOL IOL-12mA 2.7V 0.4 V 

IOL-24mA 3V 0.55 

II VI-5.5VorGND 3.6 V ±5 IIA 
10Z§ Vo - Vee or GND 3.6 V ±10 IIA 
ICC VI- Vee or GND, 10- 0 3.6 V 20 IIA 
t.lee One Input at Vee - 0.6 V, Other inputs at Vee or GND 3Vto3.6V 500 IIA 
ei I Control Inputs VI- Vee or GND 3.3 V 4.6 pF 

eio I A or B ports Vo - Vee or GND 3.3V 7.2 pF 
.. t For conditions shown as MIN or MAX, use the appropriate values under recommended operating conditions . 

:I: All typical values are at Vee - 3.3 V, TA _ 25°C. ' 
§ For 1/0 ports, the parameter 10Z includes the Input leakage current. 

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

VCC=3.3V VCe=2.7V ±O.3V UNIT 
MIN MAX MIN MAX 

Iw Pulse duration 4 4 ns 

tsu Satup time, data before Lei or eEi 1.5 1.5 ns 

th Hold time, data after LEt or CEi 2.5 2.5 ns 

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

FROM TO 
VCC=3.3V 

Vee = 2.,7 V 
PARAMETER ±O.3V UNIT (INPUT) (OUTPUT) 

MIN MAX MIN MAX 
AorB 1.5 8 9 

tpd 
LE 

BorA ns 
1.5 9.5 10.5 

C5E 1.5 8.5 9.5 
ten 

C5E 
AorB ns 

1.5 9 10 

C5E 1.5 8.5 9.5 
!dis "OE 

AorB ns 
1.5 9 10 

~1ExAs 
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SN74LVC543 
OCTAL REGISTERED TRANSCEIVER 

WITH 3·STATE OUTPUTS 
SCAS299A - JANUARY 1993 - REVISED JULY 1995 

operating characteristics, VCC = 3.3 V, TA = 25°C 
PARAMETER TEST CONDITIONS TYP UNIT 

I Outputs enabled 32 
Cpd Power dissipation capacitance per transceiver I Outputs disabled 

CL=50 pF, f= 10MHz 4.6 pF 

PARAMETER MEASUREMENT INFORMATION 

o 6V TEST S1 
S1 SOOO 

From Output - ...... >---.... -.A,/l.f\r----J 
Under Test 

o Open tpd 
tPLZ/tpZL. 
tpHz/tpZH 

Open 
6V 

GND 
CL.=50pF 

(see Note A) T 5000 

L.OAD CIRCUIT FOR OUTPUTS Timing Input -------X,.5 V 

---~--'. 1'------- OV 

2.7 V 

Input 

VOL.TAGE WAVEFORMS 
PUL.SE DURATION 

=¥ 1.5V ~,-1._5_ V_ 

2.7 V 

OV 

tPL.H~ KtPHL. 

: !1.5V I \!~~; VOH 

---1-1 ---J. I ~ VOL. 

Output 

I 
tPHL. --i4--+I ~ tpL.H 

I ~VOH 
\'1.5 V T 1.5V 

. ---- VOL. 

Output 

VOL.TAGE WAVEFORMS 
PROPAGATION DEL.AY TIMES 

INVERTING AND NONINVERTING OUTPUTS 

NOTES: A. CL includes probe and jig capacitance. 

Data Input 

Output 
Control 

Output 
Waveform 1 

S1 at 6 V 
(see Note B) 

Output 
Waveform 2 

S1 atGND 
(see Note B) 

~ .~ ~ I tau th I 

--~*'.5V ~ :.:V 

VOL.TAGE WAVEFORMS 
SETUP AND HOL.D TIMES 

=¥,.5 V ~",~_.5_V __ _ 

tpZL.~ I+- I 

2.7V 

OV 

I tpL.Z -.I j.-
---;'1"",,\1 I 1,"'--- 3 V 

:,.5 V : £ "..9b..+.2:3.:! VOL. 

I I tpHZ~ J.-
tpZH~ ~ I 

1---- VOH 
!1.5V ~H-0.3V 

----'. - ~OV 

VOL.TAGE WAVEFORMS 
ENABL.E AND DISABL.E TIMES 

L.OW- AND HIGH-L.EVEL. ENABL.ING 

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. tpLH and tpHL are the same as tpd. 

Figure 1. Load Circuit and Voltage Waveforms 

~1ExAs 
INSTRUMENTS 
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SN74LVC544 
OCTAL REGISTERED TRANSCEIVER 

WITH 3·STATE OUTPUTS 
1994-REVISEDJULY 1 

• EPICTM (Enhanced-Performance Implanted 
CMOS) Submlcron Process 

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

• Typical VOHV (Output VOH Undershoot) 
> 2VatVee = 3.3 V, TA = 25°C 

• Package Options Include Plastic 
Smail-Outline (OW), Shrink Smail-Outline 
(DB), and Thin Shrink Smail-Outline (PW) 
Packages 

description 

This octal registered transceiver is designed for 
2.7-V to 3.6-V Vcc operation; it can interface to a 
5-V system environment. 

DB, OW, OR PW PACKAGE 
(TOP VIEW) 

A5 
A6 
A7 
A8 

CEAB 
GND 

Vcc 
CEBA 
B1 
B2 
B3 
B4 
B5 
B6 
B7 
B8 
LEAB 
OEAB 

The SN74LVC544 contains two sets of D-type latches for temporary storage of data flowing in either direction. 
Separate latch-enable (LEAB or LEBA) and output-enable (OEAB or OEBA) inputs are provided for each 
register to permit independent control in either direction of data flow. 

The A-to-B enable (CEAB) input must be low to enter data from A or to output data from B. If CEAB is low and 
LEAB is low, the A-to-B latches are transparent; a subsequent low-to-high transition of LEAB places the A 
latches in the storage mode. With CEAB andOEAB both low, the 3-state B outputs are active and reflect the 
inverted data present at the output of the A latches. Data flow from B to A is similar to A to B, but requires using 
the CEBA, LEBA, and OEBA. 

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. 

The SN74LVC544 is characterized for operation from -40°C to 85°C. 

FUNCTION TABLEt 

INPUTS OUTPUT 
CEAB LEAS OEAB A B 

H X X X Z 

L X H X Z 

L H L X Bo* 
L L L L H 

L L L H L 

t A-to-B data flow Is shown; B-to-A flow control is the 
same except that it uses CEBAo LEBA, and OEBA. 

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

EPIC is a trademark of Texas Instruments Incorporated. 

PRODUCT PREYIEWInIonn ........... pood .... 1n ... _or =np_ot ................ ~_IIId _ 
_ lIId8IIgngooll. _11IIInI1IIIIIII_tIIl right 10 

• go or dlocoll1lnuo_ ptOcI .... wltllaul_ ~1ExAs 
INSTRUMENTS 
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Copyright «I 1995, Texas Instruments Incorporated 

8-149 

~ 
5> 
w 
a: 
a. 
b 
:::l 
C o 
a: 
a. 



"tJ 
:D o 

SN74LVC544 
OCTAL REGISTERED TRANSCEIVER 
WITH 3-STATE OUTPUTS 
SCAS346A- MARCH 1994 - REVISED JULY 1995 

logic symbolt 

OEBA 

CEBA 

LEBA 

OEAB 

CEAB 

LEAl 

2 

23 

1 

13 

11 

14 

3 

"- 1EN3 
"- Q1 
r-... 1C5 
r-... 2EN4 
r-... Q2 

"- 2C6 , 
L-

V3 

6D 

A1 

A2 

A3 

A4 
A5 

A6 

A7 
A8 

4 

5 

6 
7 

8 

9 
10 

f" 
5D 

4V 

22 

~21 
20 
19 

18 
17 
16 

15 

B1 

B2 

B3 
B4 

B5 
B6 
B7 

B8 

C trhis symbol is in accordance with ANSI/IEEE Std 91-1984 and lEe Publication 617-12. 

c: 
~ 
"tJ 
:D m 
< -
~ 

logic diagram (positive logic) 

OEBA 2 

CEBA 23 

LEBA 

OEAB 13 

CEAB 
11 

LEAB 14 

A1 3 

8-150 

C1 

'--+---11D 

C1 

1 D 1---+-__e_-+-.....-=2=..2 B1 

~--------~vr----------JI 

To Seven Other Channels 
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SN74LVC544 
OCTAL REGISTERED TRANSCEIVER 

WITH 3-STATE OUTPUTS 
SCAS346A - MARCH 1994 - REVISED JULY 1995 

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 ••••••••••••.••.•.•••••.•••.•..••..•..•.........•...•..•.... -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 Note 1) ...... -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 Vee or GND •••••••••••.•..•...•..•..•..........•..•...•...•. ±100 mA 
Maximum power dissipation at TA = 55°C (in still air) (see Note 3): DB package ................. 0.65 W 

DWpackage ................. 1.7W 
PW package .................. 0.7 W 

Storage temperature range, Tstg .................................................. -65°C to 150°C 

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

NOTES: 1. The input and output negative-voltage ratings may be exceeded if the input end 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 tempereture of 150"C and a board trace length of 750 mils. W 

For more inforrnation, refe,rtothe Package Therma/Conslderatlonsappllcatlon note in the 1994ABT Advanced BIOMOS Technology >
Data Book, literature number SCBD002B. 

W 
recommended operating conditions (see Note 4) a:: 

Operating 
Vee Supply voltage 

Data retention only 

VIH High-level input voltage VCC - 2.7 V to 3.6 V 

VIL Low-levellnput voltage VCC -2.7Vt03.6 V 

VI Input voltage 

Vo Output voltage 
High or low state 

3 state 

High-level output current 
VCC- 2•7V 

IOH 
VCC-3V 

VCC-2.7V 
IOL Low-level output current 

VCC-3V 
At/Av Input transition rise or fall rate 

TA Operating free-air temperature 

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

~1ExAs 
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MIN MAX 

2 3.6 

1.5 

2 

0.8 

0 5.5 

0 VCC 
0 5.5 

-12 

-24 

12 

24 

0 10 

-40 85 

UNIT 

V 

V 

V 

V 

V 

mA 

rnA 

nstv 

'C 
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SN74LVC544 
OCTAL. REGISTERED TRANSCEIVER 
WITH 3-STATE OUTPUTS 
SCAS346A - MARCH 1994 - REVISED JULY 1995 

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

PARAMETER TEST CONDITIONS VCCt MIN TYP* 

10H - -100 JIA MIN to MAX Vee-0•2 

VOH IOH--12mA 
2.7 V 

3V 

IOH--24mA 3V 

IOL-100 JIA MIN to MAX 

VOL IOL-12mA 2.7 V 
IOL-24mA 3V 

II VI-5.5 VorGND 3.6 V 

10Z§ VO- 5.5 VorGND 3.6 V 

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

AICC One input at VCC - 0.6 V, Other inputs at VCC or GND 2.7Vto 3.6 V 

Ci I Control inputs VI- VCC or GND 3.3V 

Cio IAorBports Vo - VCC or GND 3.3 V 

t For conditions shown as MIN or MAX, use the appropriate values under recommended operating conditions. 
:j: All typical values are at VCC - 3.3 V, TA - 25°C. 
§ For I/O ports, the parameter 10Z includes the input leakage current. 

~1ExAs 
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2.2 

2.4 

2.2 

MAX UNIT 

V 

0.2 

0.4 V 

0.55 

±5 JIA 
±10 JIA 

20 JIA 
500 JIA 

pF 

pF 



SN74LVC573A 
OCTAL TRANSPARENT O·TYPE LATCH 

WITH 3·STATE OUTPUTS 

• EPICTM (Enhanced-Performance Implanted 
CMOS) Submlcron Process 

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

• Typlcai VOHV (Output VOH Undershoot) 
> 2VatVee = 3.3 V, TA = 25°C 

• Supports Mixed-Mode Signal Operation on 
All Ports (5-V Input/Output Voltage With 
3.3-V Vee) 

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

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

• Package Options Include Plastic 
Smail-Outline (OW), Shrink Smail-Outline 
(OB), and Thin Shrink Smail-Outline (PW) 
Packages 

description 

DB, OW, OR PW PACKAGE 
(TOP VIEW) 

OE Vcc 
10 10 
2D 3 20 
3D 30 
4D 40 
5D 6 50 
6D 60 
7D 70 
8D 9 80 

GND LE 

This octal transparent D-type latch is designed for 2. 7-V to 3.6-V Vee operation; it can interface to a 5-V system 
environment. 

The SN74LVC573A features 3-state outputs designed specifically for driving highly capacitive or relatively 
low-impedance loads. It is particularly suitable for implementing buffer registers, input/output (1/0) ports, 
bidirectional bus drivers, and working registers. 

While 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 logic levels at the D inputs. 

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 increased drive provide the capability to drive bus 
lines without the need for interface or pull up components. 

OE does not affect the internal operations 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. 

The SN74LVC573A is characterized for operation from -40°C to 85°C. 

EPIC is a trademark of Texas Instruments Incorporated. 

Copyright C 1995. Texas Instruments Incorporated 
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SN74LVC573A 
OCTAL TRANSPARENTD·TYPE LATCH 
WITH 3·STATE OUTPUTS 
SCAS300B - JANUARY 1993 - REVISED JULY 1995 

~ 

L 

L 

L 

H 

FUNCTION TABLE 
(each latch) 

INPUTS OUTPUT 
LE D Q 

H H H 

H L L 

L X Qo 

X X Z 

logic symbolt logic diagram (positive logic) 

OE 

LE 

1 
11 

2 

" EN OE -'-----C1 

~1 
19 LE 

1D 

2D 

3D 

4D 

5D 

6D 

7D 

6D 

3 

4 

5 

6 
7 

8 

9 

1D V 
18 

17 

16 

15 

14 

13 
12 

1Q 

2Q 

3Q 

4Q 

5Q 

5Q 

7Q 

8Q 

C1 

1D ..,;;;2'--__ +-.... 

~'---""'V~----'I 

To Seven Other Channel. 

tThls symbol Is In accordance with ANSI/IEEE Std 91-1984 and 
lEO Publication 617-12. 

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

Supply voltage range, Vee ........................................................ -0.5 V to 6.5 V 
Input voltage range, V, (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, 1,K (V, < 0) .•..•..•.....•...........................•........•....... -50 mA 
Output clamp current, 10K (Vo < 0) •••••••••••••••••••••....•........•...•.•....•.•••...•. ±50 mA 
Continuous output current, 10 (VO '"' a to Vee) •.•••...•....•...•.•..•••.••••.•.••..•..•.••. ±50 mA 
Continuous currentthrough Vee or GNO ................................................. ±100 mA 
Maximum power dissipation at TA = 55°C (in still air) (see Note 3): DB package ................• 0.6 W 

OW package ................. 1.6 W 
PW package ................. 0.7 W 

Storage temperature rarige, Tstg .................................................. -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-maxlmum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. The Input and output negative-voltage ratings may be exceeded H the Input and output clamp-cllrrent ratings ara observed. 

8-154 

2. This value Is limited to 4.6 V maximum. 
3. The maximum package power dissipation Is calculated using a Junction temperature of 150·0 and a board trace length of 750 mils. 

For more Information, refertothe Package 771ermalConslderationsapplication note In the 1994 ABT Advanced BiGMOS Technology 
Data Book,literature number SOBOOO2B •. 
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SN74LVC573A 
OCTAL TRANSPARENT D-TYPE LATCH 

WITH 3-STATE OUTPUTS 
SCAS300B-JANUARY 1993- REVISED JULY 1995 

recommended operating conditions (see Note 3) 
MIN MAX UNIT 

Operating 2 3.6 
VCC Supply voltage V 

Data retention only 1.5 

VIH High-level input voltage Vee-2.7Vt03.6 V 2 V 

VIL Low-level Input voltage VCC =2.7Vt03.6 V 0.8 V 

VI Input voltage 0 5.5 V 

High or low state 0 Vec 
Vo Output voltage V 

3 state 0 5.5 

Vee a2.7V -12 
10H High-level output current mA 

Vee=3V -24 

Vee- 2.7V 12 
10L Low-level output current mA 

Vce=3V 24 

At/Av Input transition rise or fall rate 0 10 ns/V 

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 vcct MIN TYP* 

10H --100!lA MIN to MAX Vec-0.2 

VOH IOH--12mA 
2.7 V 

3V 

IOH--24mA 3V 

10L -100!lA MIN to MAX 

VOL IOL-12.mA 2.7 V 

IOL-24mA 3V 

II VI - 5.5 V or GND 3.6V 

Vo = Vee or GND 
10Z 

Vo - 3.6 V or 5.5 V 
MIN to MAX 

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

~Iee One Input at Vee - 0.6 V, Other inputs at Vce or GND 2.7Vt03.6V 

Ci VI - Vec or GND 3.3 V 

Co Vo - Vec or GND 3.3V 
.. .. t For conditions shown as MIN or MAX, use the appropnate values under recommended operating conditions . 

:j: All typical values are measured at Vee = 3.3 V, TA. 25·e. 

2.2 

2.4 

2.2 

3 

3.5 

MAX UNIT 

V 

0.2 

0.4 V 

0.55 

±5 !lA 

±10 

±50 
!lA 

10 !lA 

500 !lA 

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 LEJ. 

th Hold time, data after LEJ. 

~TEXAS 
INSTRUMENTS 
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VCC=3.3V 
±O.3V 

MIN MAX 

3.3 

2 

1.5 

VCC=2.7V 
UNIT 

MIN MAX 

3.3 ns 

2 ns 

1.5 ns 
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SN74LVC573A 
OCTAL TRANSPARENT D·TVPE LATCH 
WITH 3·STATE OUTPUTS 
SCAS300B - JANUARY 1993 - REVISED JULY 1995 

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

FROM TO 
vce = 3.3 V 

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

MIN MAX MIN MAX 

0 1.5 7.5 8.5 
tpd a ns 

LE 2 8.5 9.5 

ten OE a 1.5 7.5 8.5 ns 

leIis OE a 1.5 7 8 ns 

tsk(o)t 1 ns 

t Skew between any two outputs of the same package switching in the same direction. This parameter is warranted but not production tested. 

operating characteristics, Vee = 3.3 V,TA = 25°C 
PARAMETER TEST CONDITIONS TYP UNIT 

Power dissipation capacitance per latch 
I Outputs enabled 

CL-50pF, f·-10 MHz 
20 

Cpd I Outputs disabled t-a:5 pF 

~1ExAs 
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SN74LVC573A 
OCTAL TRANSPARENT D-TYPE LATCH 

WITH 3-STATE OUTPUTS 
SCAS300B - JANUARY 1993 - REVISED JULY 1995 

PARAMETER MEASUREMENT INFORMATION 

S1 5000 
From Output --e--4.---'W"..--_J 

Under Test 

CL=50pF 
(see Note A) T 5000 

o 6V 

o Open 
TEST S1 

tpd Open 
tpLZ/tpZL 6V 
tPHZ/tpZH GND 

LOAD CIRCUIT FOR OUTPUTS 
2.7 V 

Timing Input -------X1.5 V 

---~--'. 1'------- OV 

Input 

Output 

Output 

VOLTAGE WAVEFORMS 
PULSE DURATION 

=4 ... 1.5_.V_--,~"1-.5-V-- :.: V 

tPLH +--I K tPHL 

1 /1 I ~VOH 
I 1.5V 1 1.5V 

--+-1 --. 1 VOL 

tpHL ~ -, tPLH 

\! v:::;-I VOH 
,1.5 V T 1.5V 

. -- VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

INVERTING AND NONINVERTING OUTPUTS 

NOTES: A. CL includes probe and jig capacitance. 

Data Input 

Output 
Control 

Output 
Waveform 1 

S1 aUV 
(eeeNote B) 

Output 
Waveform 2 

S1 at GND 
(see Note B) 

I ~ I 
14 t ·r th ~ 
1 su I 

--"""'*1.5 V ~ :.:V 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

~1.5V ~=1.=5=V====~ :.:V 

tpZL 4j 14-- 1 

1 1 tPLZ -.I j..-
----i-I ..... { Iv.:::"'--- 3 V 

I ,1.5 V I t~,=-+J!:!y VOL 

1 I tpHZ 41 j4-
tpZH --+i ~ 1 

l:lIrvc--- VOH 
!1.5V ~H-O.3V 

----'. - ... OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

LOW· AND HIGH·LEVEL ENABLING 

B. Waveform 1 is lor an output with Internal condHions such that the output is low except when disabled by the output control. 
Waveform 2 is lor 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 0, tr s 2.5 ns, tf s 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 are the same es len. 
G. tpLH and tpHL are the same es tpd. 

Figure 1. Load Circuit and Voltage Waveforms 
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SN74LVC574A 
OCTAL EDGE·TRIGGERED D·TYPE FLlP·FLOP 

WITH 3-STATE OUTPUTS 

• EPICTM (Enhanced-Performance Implanted 
CMOS) Submlcron Process 

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

• Typical VOHV (Output VOH Undershoot) 
> 2 V at Vee = 3.3 V, TA = 25°C 

• Supports Mixed-Mode Signal Operation on 
All Ports (5-V Input/Output Voltage With 
3.3-VVee) 

• 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 

• Package Options Include Plastic 
Smail-Outline (OW), Shrink Smail-Outline 
(DB), and Thin Shrink Smail-Outline (PW) 
Packages 

description 

1993 - REVISED JULY 1995 

DB, ow, OR PW PACKAGE 
crOP VIEW) 

Vcc 
10 
20 
30 
40 
50 
60 

70 70 
80 9 80 

GNO 11 elK ...... _.....r 

This octal edge-triggered Ootype flip-flop is designed for 2.7-V to 3.6-V Vee operation; it can interface to a 5-V 
system environment. 

The SN74lVC574A features 3-state outputs designed specifically for driving highly capacitive or relatively 
low-impedance loads. It is particularly suitable for implementing buffer registers, I/O ports, bidirectional bus 
drivers, and working registers. 

On the positive transition of the clock (ClK) input, the Q outputs are set to the logiC levels at the data (0) inputs. 

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 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. 

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 SN74lVC574A is characterized for operation from -40°C to 85°C. 

EPIC is a trademark of Texas instruments Incorporated. 

Copyright C 1995, Texas Instruments Incorporated 
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SN74LVC574A 
OCTAL EDGE-TRIGGEREDD-TYPE FLIP-FLOP 
WITH 3-STATE OUTPUTS 
SCAS301A - JANUARY 1993 - REVISED JULY 1995 

DE 
L 

L 

L 

H 

FUNCTION TABLE 
(each flip-flop) 

INPUTS OUTPUT 
CLK D Q 

l' H H 

l' L L 

L X 00 
X X Z 

logic symbolt logic diagram (positive logic) 

OE 

CLK 

1 
11 

2 

NEN 

L C1 ., 
19 

OE -=----u 

CLK 
1D 

2D 

3D 

4D 

6D 

6D 

7D 

8D 

3 

4 

5 

6 

7 

8 

9 

1D V 
18 

17 

16 

15 

14 

13 

12 

1Q 

2Q 

3Q 

4Q 

5Q 

6Q 

7Q 

8Q 

1D .....=.2 ___ +--1 

' .... _-""'Ivr.---' 

To Seven Other Channels 

tThis symbol is in accordance with ANSVIEEE Std 91-1984 and 
lEO Publication 617-12. 

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

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> Vecl ........................................... ±50 mA 
Continuous output current, 10 (VO = 0 to Vecl ............................................. ±50 mA 
Continuous current through Vee or GNO ........••........•..•.....••....•.••....•....... ±100 mA 
Maximum power dissipation at TA = 55°C (in still air) (see Note 3): DB package .........•....•..• 0.6 W 

OW package •.•..•..••...•.•. 1.6 W 
PW package .................. 0.7 W 

Storage temperature range, Tstg ..........•...........•........................... -65°C to 150°C 

:I: 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. 

8-160 

2. This value is limited to 4.6 V maximum. 
3. The maximum package power dissipation Is calculated using ajunction temperature of 150·0 and a board trace length of 750 mils. 

For more Information, refer to the Package ThermalConsiderationsapplication note in the 1994ABT Advanced BiCMOS Technology 
Data Book, literature number SOBD002B. 
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SN74LVC574A 
OCTAL EDGE-TRIGGERED D-TYPE FLIP-FLOP 

WITH 3-STATE OUTPUTS 
SCAS301A - JANUARY 1993 - REVISED JULY 1995 

recommended operating conditions (see Note 4) 
MIN MAX UNIT 

Operating 2 3.6 
VCC Supply voltage V 

Data retention only 1.5 

VIH High-level input voltage VCC =2.7Vt03.6 V 2 V 

VIL Low-level input voHage Vec - 2.7 Vt03.6 V 0.8 V 

VI Input voltage 0 5.5 V 

Output voltage 
High or low state 0 VCC 

Vo V 
3 state 0 5.5 

VCC- 2.7V -12 
10H High-level output current rnA 

VCC- 3V -24 

VCC- 2.7V 12 
10L Low-level output current rnA 

VCC- 3V 24 

At/Av Input transition rise or fall rete 0 10 nslV 

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 VCCt MIN TYP* 

IOH--l00pA MIN to MAX VCC-0•2 

VOH 10H _-12 rnA 
2.7V 

3V 

IOH--24rnA 3V 

10L-l00pA MIN to MAX 

VOL IOL-12mA 2.7 V 

IOL-24mA 3V 

II VI-5.5 VorGND 3.6V 

Vo - VCC or GND 
10Z 

Vo - 3.6 Vor 5.5 V 
MINto MAX 

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

61CC One input at VCC - 0.6 V, Other inputs at VCC or GND 2.7Vt03.6V 

Ci VI - VCC or GND 3.3 V 

Co Vo = VCC or GND 3.3 V .. t For conditions shown as MIN or MAX, use the appropriate values under recommended operating conditions . 
:j: All typical values are measured at VCC - 3.3 V, TA - 25·C. 

2.2 

2.4 

2.2 

3 

3.5 

MAX UNIT 

V 

0.2 

0.4 V 

0.55 

±5 pA 

±10 

±50 
pA 

10 pA 

500 pA 

pF 

pF 

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

VCC=3.3V 
Vcc = 2.7 V ±O.3V UNIT 

MIN MAX MIN MAX 

fclock Clock frequency 0 100 0 80 MHz 

Iw Pulse duration, CLK high or low 3.3 3.3 ns 

Isu Setup time, data before CLKt 1.5 1.5 ns 

th Hold time, data after CLKt 1.5 1.5 ns 

~1ExAs 
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SN74LVC574A 
OCTAL EDGE-TRIGGERED D-TYPE FLIP-FLOP 
WITH 3-STATE OUTPUTS 
SCAS301A-JANUARY 1993- REVISED JULY 1995 

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

FROM TO 
VCC=3.3V 

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

MIN MAX MIN MAX 

fmax 100 80 MHz 

tpd 0 Q 1.5 8.5 9.5 ns 

len OE Q 1.5 7.5 8.5 ns 

leIis OE Q 1.5 7 8 ns 

isk(o)t 1 ns 

t Skew between any two outputs of the seme package switching In the same direction. This parameter is warranted but not production tested. 

operating characteristiCS, Vee = 3.3 V, TA = 25°C 
PARAMETER TEST CONDITIONS TYP UNIT 

Cpd Power dissipation capacitance per flip-flop 
I Outputs enabled 

CL-50pF, f-10 MHz 
18 

pF I Outputs disabled ~ 

-!llExAs 
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SN74LVC574A 
OCTAL EDGE-TRIGGERED D-TYPE FLIP-FLOP 

WITH 3-STATE OUTPUTS 
SCAS301A - JANUARY 1993 - REVISED JULY 1995 

PARAMETER MEASUREMENT INFORMATION 

S1 soon 
From Output - ...... - .... -~"I\r-_--/ 

Under Test 

CL=SOpF 
(see Note A) I soon 

o 6V 

o Open 

l~ 

TEST S1 

tpd Open 
tPLZ/tpZL 6V 
tpHZltPZH GND 

LOAD CIRCUIT FOR OUTPUTS 
2.7 V 

Timing Input -------X1.S V 
___ :---J. I~______ OV 

Input 

Output 

Output 

VOLTAGE WAVEFORMS 
PULSE DURATION 

~ X 2.7 V 
---",1.SV ,1.SV OV 

tPLH~ KtPHL 

I I \!-:.-::- VOH , !1.5V: ~ --+,......, VOL 

tPHL ---l.--.! ~ tPLH 

I !r.:::" VOH 

\1.5 V T_1:'~ VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

INVERTING AND NONINVERTING OUTPUTS 

NOTES: A. CL Includes probe and jig capacHance. 

Data Input 

Output 
Control 

Output 
Waveform 1 

S1 at6V 
(see Note B) 

Output 
Waveform 2 

S1 atGND 
(see Note B) 

~ .~ ~ I tsu th I 

--~*1.5V ~ :.:V 
VOLTAGE WAVEFORMS 

SETUP AND HOLD TIMES 

~1.S V ¥",1_.S_V __ _ 

tpZL~ 14-- I 

2.7V 

OV 

_--;.'"""\ I tpLZ -.I j.-
'I {1.5V I Y.:".,--- 3V 

I \ , t~.b..+~!.Y VOL 

I I tpHZ -+I j4-
tpZH~ j4- I 

1---- VOH !1.5V ~H-O.3V 
___ ,.J. - .. 0 V 

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 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 !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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SN74LVC646 
OCTAL BUS TRANSCEIVER AND REGISTER 

WITH 3·STATE OUTPUTS 
- REVISED JULY 1995 

• EPICTM (Enhanced·Performance Implanted DB, OW, OR PW PACKAGE 
(TOP VIEW) CMOS) Submlcron Process 

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

CLKAB 
SAB 

Vce 
CLKBA 

• Typical VOHV (Output VOH Undershoot) DIR SBA 
> 2V at Vee = 3.3 V, TA = 25°C A1 4 DE 

• latch·Up Performance Exceeds 250 mA A2. B1 
Per JEOEC Standard JESO·17 A3 B2 

• Package Options Include Plastic 
Smail-Outline (OW), Shrink Small·Outllne 
(OB), and Thin Shrink Small·Outllne (PW) 

A4 
A5 
A6 

B3 
B4 
B5 

Packages A7 B6 
A8 B7 

description GND B8 

OE 

X 

X 

H 

H 

L 

L 

L , 
L 

This octal bus transceiver and register is designed for 2.7-V to 3.6-V Vcc operation. 

The SN74LVC646 consists of bus-transceiver circuits, D-type flip-flops, and control circuitry arranged for 
multiplexed transmission of data directly from the input bus or from the internal registers. Data on the A or B bus 
is clocked into the registers on the low-to-high transition of the appropriate clock (CLKAB or CLKBA) input. 
Figure 1 illustrates the four fundamental bus-management functions that can be performed with the 
SN74LVC646. 

Output-enable (OE) and direction-control (DIR) inputs control the transceiver functions. In the transceiver 
mode, data present at the high-impedance port can be stored in either register or in both. 

The select-control (SAB and SBA) inputs can multiplex stored and real-time (transparent mode) data. DIR 
determines which bus receives data when OE is low. In the isolation mode (OE high), A data can be stored in 
one register and B data can be stored in the other register. 

When an output function is disabled, the input function is still enabled and can be used to store and transmit 
data. Only one of the two buses, A or B, may be driven at a time. 

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 SN74LVC646 is characterized for operation from -40°C to 85°C. 

FUNCTION TABLE 

INPUTS DATAl/Os 
OPERATION OR FUNCTION 

DIR CLKAB CLKBA SAB S8A A1-A8 81-88 

X i x x X Input Unspecifiedt Store A, B unspecifiedt 

X X i X X Unspecifiedt Input Store B, A unspecifiedt 

X i i X X Input Input Store A and B data 

X HorL HorL X X Input disabled Input disabled Isolation, hold storage 

L X X X L Output Input Real-time B data to A bus 

L X H orL X H Output Input Stored B data to A bus 

H X X L X Input Output Real-time A data to B bus 

H HorL X H X Input Output Stored A data to B bus 

t The data output functions may be enabled or disabled by various signals at the OE and DIR inputs. Data input functions are always enabled; 
i.e., data at the bus pins is stored on every low-te-high transition of the clock inputs. 

EPIC is a trademark of Texas Instruments Incorporated. 

=:~~~1:::::'';:':..'':'''''''::tC:=.: ~ 1EXAS 111_ w~ PraCI_ ~ng _ noI.-IIylncludO 'I 1II1Ingollll __ 
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SN74LVC646 
OCTAL BUS TRANSCEIVER AND REGISTER 
WITH 3·STATE OUTPUTS 
SCAS302A - JANUARY 1993 - REVISED JULY 1995 

'-..r---I 
21 3 1 23 2 22 
OE DIR CLKAB CLKBA SAB SBA 
L L X X X L 

REAL.-TIME TRANSFER 
BUS BTOBUSA 

'-..r---I 
21 3 1 23 2 22 
OE DIR CLKAB CLKBA SAB SBA 
X X i X X X 
X X X i X X 
H X i i X X 

STORAGE FROM 
A, B, ORAAND B 

'-..r---I 
21 3 1 23 2 
OE DIR CLKAB CLKBA SAB 
L H X X L 

REAL-TIME TRANSFER 
BUSATO BUS B 

'-..r---I 
21 3 1 23 2 
OE DIR CLKAB CLKBA SAB 
L L X H or L X 
L H H orL X H 

TRANSFER STORED DATA 
TOAAND/ORB 

Figure 1. Bus-Management Functions 
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SBA 
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22 
SBA 

H 
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logic symbolt 

OE 
DIR 

CLKBA 
SBA 

CLKAB 
SAB 

Ai 

A2 

A3 

A4 

A5 

A5 

A7 

AS 

21 .. 
3 .... 

L 
23 

22 
1 
2 

4 

Ii 
-L 

5 

7 

8 

9 

10 

11 

03 

3EN1 [BAJ 
3EN2[AB] 

C4 
05 

CO 
07 ., 

SN74LVC646 
OCTAL BUS TRANSCEIVER AND REGISTER

WITH 3-STATE OUTPUTS 
SCAS302A-JANUARY 1993- REVISED JULY 1996 

r- 20 
~1 5 4D 

U 
B1 

Vi 5 
50 7 

1 7 

1 

~12V i---

19 

18 

17 

16 

15 

14 

13 

B2 

B3 

B4 

B5 

B5 

B7 

BS 

tThis symbol Is in accordance with ANSIIIEEE Sid 91-1984 and lEO PublicatIon 617-12. 
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SN74LVC646 
OCTAL BUS TRANSCEIVER AND REGISTER 
WITH 3·STATE OUTPUTS 
SCAS302A- JANUARY 1993 - REVISeC JULY 1995 

logic diagram (positive logic) 

OE 21 

DIR --=-3 ---......_---t 
CL~A~23L-----~r-------------____ --; ~--------------~ 

SBA~~----~~~ 

CLKAB 

SAB~2------~~~ ~~--------~ 

+~.~,~-------------
1DI---+-..... 

C1 <I--.~I-t-.... 

A1 4 

, 
I 
I 
I 
I 
I 
I 
I 

...,1-+-+-...... -=20~ B1 

8-168 

L 

~---I1D 

.-+-+----1> C1 
I 
I 
I 
I 
I 
I ... 

~------------------~V~------------------~I 
To Seven Other Channela 
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SN74LVC646 
OCTAL BUS TRANSCEIVER AND REGISTER 

WITH 3-STATE OUTPUTS 
SCAS302A-JANUARY 1993- REVISED JULY 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: Except I/O ports (see Note 1) ................................ -0.5 V to 6.5 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 > Vee) ........................................... ±50 mA 
Continuous output current, 10 (Vo = 0 to Vee> ............................................. ±50 mA 
Continuous currentthrough Vee or GND ...•..........•...•...••....•..••...•..........•. ±100 mA 
Maximum power dissipation at TA = 55·C (in still air) (see Note 3): DB package ..•.............. 0.65 W 

OW package ................. 1.7 W 
PW package .................. 0.7 W 

Storage temperature range, TSlg ..••...••••..•••.•••••••.•.•.•..•••...•••..••....• -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 cond~ions· 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 of 150·C and a board trace length of 750 mils. 

For more information, refertothe Package TharmalGonsiderationsapplication note in the 1994 ABT Advanced BiGMOS Technology 
Data Book, literature number SCBD002B. 

recommended operating conditions (see Note 3) 
MIN MAX UNIT 

VCC Supply voltage 2.7 3.6 V 

VIH High-level input vo~age VCC" 2.7 V to 3.6 V 2 V 

VIL LOW-level input voltage VCC - 2.7 V to 3.6 V 0.8 V 

Control inputs 0 5.5 
VI Input voltage V 

Data inputs 0 VCC 

Vo Output voltage 0 VCC V 

IOH High-level output current 
VCC" 2.7 V -12 

rnA 
VCC-3V -24 

IOL Low-level output current 
VCC-2.7V 12 

rnA 
VCC-3V 24 

AWN Input transition rise or fall rate 0 10 nsN 

TA Operating free-air temperature -40 65 ·C 

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

~1EXAS 
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SN74LVC646 
OCTAL BUS TRANSCEIVER AND REGISTER 
WITH 3-STATE OUTPUTS 
SCAS302A - JANUARY 1993 - REVISED JULY 1996 

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

PARAMETER TEST CONDITIONS VCCt MIN TYp:j: 

10H--l0011A MINto MAX VCC-0.2 

VOH 10H _-12mA 
2.7 V 

3V 

IOH--24mA 3V 

10l- 100 IIA MINto MAX 

VOL IOl-12mA 2.7 V 

IOl-24mA 3V 

II VI - 5.5 V or GND 3.6V 

10Z§ VO. VCC or GND 3.6V 

ICC VI_ VCC or GND, 10- 0 3.6V 

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

Ci 
Control 

VI- VCC or GND 3.3 V 
inputs 

Cio 
AorB 

VO· VCC or GND 3.3 V 
ports 

t For conditions shown as MIN or MAX, use the appropriate values under recommended operating conditions. 
:I: All typical values are measured at VCC - 3.3 V, TA • 25°C. 
§ For 1/0 ports, the parameter 10Z includes the input leakage current. 

2.2 

2.4 

2 

4.6 

7.2 

MAX UNIT 

V 

0.2 

0.4 V 

0.55 

±5 IIA 
±10 IIA 

20 IIA 
500 IIA 

pF 

pF 

timing characteristics over recOmmended operating free-air temperature range (unless otherwise 
noted) (see Figure 2) 

Vcc= 3.3 V 
Vee=2.7V ±O.3V UNIT 

MIN MAX MIN MAX 

tw Pulse duration 5 5 ns 

tsu Setup time, data before ClK1" 5 5 ns 

th Hold time, data after COO 1 1 ns 

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

FROM TO 
Vee = 3.3 V 

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

MIN MAX MIN MAX 

fmax 100 80 MHz 

AorB BorA 1.5 8 9.2 

tpd ClK AorB 1.5 9 11 ns 

. SBAorSAB AorB 1.5 9 11 

ten OE AorB 1.5 8.5 9.5 ns 

ldis OE AorB 1.5 8.5 9.5 ns 

ten DIR AorB 1.5 9 10 ns 

ldis DIR AorB 1.5 9 10 ns 

~1EXAS 
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SN74LVC646 
OCTAL BUS TRANSCEIVER AND REGISTER 

WITH 3-STATE OUTPUTS 
SCAS302A - JANUARY 1993 - REVISED JULY 1995 

operating characteristics, VCC = 3.3 V, TA = 25°C 
PARAMETER TEST CONDITIONS TYP UNIT 

I Outputs enabled 38 
Cpd Power dissipation capacitance per transceiver 

l0utputs disabled 
CL-50pF, f~ 10 MHz '"""4.2 pF 

PARAMETER MEASUREMENT INFORMATION 

o BV TEST S1 
S1 5000 

From Output --'-~'--'Wv---_./ 
Under Test 

o Open tpd 
tPLZItPZL 
tPHzltPZH 

Open 
BV 

GND 
CL=50pF 

(see Note A) T 5000 

LOAD CIRCUIT FOR OUTPUTS 
2.7 V 

Timing Input -------X1.5 V 

---~-. 1'-------- OV 
I4-tw~ 1 1 __ _ 

Input 3 ~\.1_.5_V __ :.:V 

Input 

Output 

Output 

VOLTAGE WAVEFORMS 
PULSE DURATION 

~1.5V ~1.5V :.:V 

tPLH~ ~tpHL 
1 1 I \!~-:=- VOH 
1 !1.5V 1 ~ 

--+1 --J 1 VOL 

tpHL --l.--.! ~ tpLH 

1 !.I:':':" VOH 

\1.5 V T_1:~ VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

INVERTING AND NONINVERTING OUTPUTS 

NOTES: A. CL includes prob" and jig capacitance. 

Data Input 

Output 
Control 

Output 
Waveform 1 

S1 at6V 
(see Note B) 

Output 
Waveiorm2 

S1 atGND 
(see Note B) 

14 ~L. ~ 
ltaul"'th I 
1 1 

--~*1.5V ~ :.:V 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

~1.5 V ~,,"1_.5_V __ _ 

tpZL~ 14- I 

2.7 V 

OV 

1 1 tPLZ -.I I+-
----ri....,~ I p'-.- 3V 

i ,1.5V I VOL + 0.3 V 
1 . I ----- VOL 
1 1 tpHZ~ j4-

tpZH~ j4- 1 
1---- VOH 11.5 V ~H-O.3V 

___ -J. ~ ... OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

LOW· AND HIGH-LEVEL ENABLING 

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 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 Ipd. 

Figure 2. Load Circuit and Voltage Waveforms 
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• EPIC ™ (Enhanced-Performance Implanted 
CMOS) Submlcron Process 

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

• Typical VOHV (Output VOH Undershoot) 
> 2V at Vee =3.3 V, TA = 25°C 

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

• Package Options Include Plastic 
Small-Outline (OW), Shrink Small-Outline 
(OB), and Thin Shrink Smail-Outline (PW) 
Packages 

description 

This octal bus transceiver and register is designed 
for 2.7-V to 3.6-V Vcc operation. 

SN74LVC652 
OCTAL BUS TRANSCEIVER AND REGISTER 

WITH 3·STATE OUTPUTS 

DB, DW, OR PW PACKAGE 
(TOP VIEW) 

CLKAB 1 24 Vcc 
SAB 2 23 CLKBA 

OEAB 3 22 SBA 
A1 4 21 OEBA 
A2 5 20 B1 
A3 6 19 82 
A4 18 B3 
A5 17 B4 
A6 9 16 B5 
A7 10 15 B6 
A8 11 14 B7 

GND 12 13 B8 

The SN74LVC652 consists of bus transceiver circuits, D-type flip-flops, and control circuitry arranged for 
multiplexed transmission of data directly from the data bus or from the internal storage registers. 

Output-enable (OEAB and OEBA) inputs are provided to control the transceiver functions. Select-control (SAB 
and SBA) inputs are provided to select whether real-time or stored data is transferred. The circuitry used for 
select control eliminates the typical decoding glitch that occurs in a multiplexer during the transition between 
stored and real-time data. A low input selects real-time data, and a high input selects stored data. Figure 1 
illustrates the four fundamental bus-management functions that can be performed with the SN74LVC652. 

Data on the A or B data bus, or both, can be stored in the internal D-type flip-flops by low-to-high transitions at 
the appropriate clock (CLKAB or CLKBA) inputs regardless of the select- or enable-control pins. When SAB and 
SBA are in the real-time transfer mode, it is possible to store data without using the internal D-type flip-flops by 
simultaneously enabling OEAB and OEBA.ln this configuration, each output reinforces its input. When all other 
data sources to the two sets of bus lines are at high impedance, each set of bus lines remains at its last 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/current-sourcing capability of the driver. 

The SN74LVC652 is characterized for operation from -40°C to 85°C. 

EPIC is a trademark of Texas Instruments InCOrporated. 

Copyright C 1995, Texas Instruments Incorporated 
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SN74LVC652 
OCTAL BUS TRANSCEIVER AND REGISTER 
WITH 3-STATE OUTPUTS 
SCAS303A-JANUARY 1993 - REVISED JULY 1996 

FUNCTION TABLE 

INPUTS DATAI/Ot 

OEAB CDA CLKAB CLKBA SAB SBA A1 THRUA8 B1 THRUB8 

L H HorL H orL X X Input Input 

L H r r X X Input Input 

X H r HorL X X Input Unspecified; 

H H r r X; X Input Output 

L X HorL r X X Unspecified:!: Input 

L L r r X X; Output Input 

L L X X X L Output Input 

L L X H orL X H Output Input 

H H X X L X . Input Output 

H H HorL X H X Input Output 

H L HorL H orL H H Output Output 

OPERATION OR FUNCTION 

Isolation 

Store A and B data 

Store A, hold B 

Store A in both registers 

Hold A, store B 

Store B in both registers 

Real-time B data to A bus 

Stored B data to A bus 

Real-time A data to B bus 

Stored A data to B bus 

Stored A data to B bus and 
stored B data to A bus 

t The data output functions may be enabled or disabled by a variety of level combinations at the OEAB or OEBA Inputs. Data input functions are 
always enabled; I.e., data at the bus pins is stored on every low-to-hlgh transition on the clock inputs. 

; Select control. L; clocks can occur simultaneously. 
Select control. H; clocks must be staggered in order to load both registers. 
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~ 
3 21 1 23 2 22 

OEAB OEBA CLKAB CLKBA SAB SBA 
L L X X X L 

SN74LVC652 
OCTAL BUS TRANSCEIVER AND REGISTER 

WITH 3-STATE OUTPUTS 
SCAS303A - JANUARY 1993 - REVISED JULY 1995 

~ 
3 21 1 23 2 22 

OEAB OEBA CLKAB CLKBA SAB SBA 
H H X X L X 

REAL-TIME TRANSFER REAL-TIME TRANSFER 

3 21 
OEAB OEBA 

X H 
L X 
L H 

BUS BTO BUS A BUSATOBUSB 

~ ~ 
1 23 2 22 3 21 1 23 2 

CLKAB CLKBA SAB SBA OEAB OEBA CLKAB CLKBA SAB 

't X X X H L HorL H or L H 
X 't X X 
't 't X X 

STORAGE FROM TRANSFER STORED DATA 
A, B, OR A AND B 

Figure 1. Bus-Management Functions 
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SN74LVC652 
OCTAL BUS TRANSCEIVER AND REGISTER 
WITH 3-STATE OUTPUTS 
SCAS303A - JANlJARY 1993 - REVISED JULY 1995 

logic symbolt 

OEBA 
OEAB 

CLKBA 
SBA 

CLKAB 
SAB 

A1 

A2 

A3 

A4 

A5 

A6 
A7 

A8 

21 
3 

23 
22 
1 
2 

4 

5 

6 

7 

8 

9 

10 
11 

"- EN1IBA] 
EN2[AB] 

C4 
05 

C8 
07 ., 

~1 
V1 

-L 
80 7 

1 7 

I" 
5 40 

~ 5 1 

~12V r--

tThls symbol Is in accordance with ANSI/IEEE Std 91-1984 and lEO Publication 617-12. 
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logic diagram {positive logic} 

·OEAB 

SN74LVC652 
OCTAL BUS TRANSCEIVER AND REGISTER 

WITH 3-STATE OUTPUTS 
SCAS303A-JANUARY 1993- REVISED JULY 1995 

CLKBA .....".,.----+--------~___1 

SBA -==-----+ ........ 
ClKAB 

SAB -=------if-+-....... >-t------, 

+~~~,~------------- , 
I 

I 
I 
I 
I 
I 
I 
I 
L 

'---110 

~-+----I> C1 

10 I 
C1 <J---+---i-+.... I 

I 
I 
I 
I 

I 
I 
I 
I 
I 
I 

...I 

~------~----------~vr------------------~I 
To Seven Other Channels 
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SN74LVC652 
OCTAL BUS TRANSCEIVER AND REGISTER 
WITH 3-STATE OUTPUTS 
SCAS303A - JANUARY 1993 - REVISED JULY 1996 

absolute maximum ratings over operating free-alr 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 6.5 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 Vee or GND ................................................. ±100 rnA 
Maximum power dissipation at TA - 55°C (In stili air) (see Note 3): DB package ..••...•..•.•...• 0.65 W 

DWpackage ................. 1.7W 
PW package .................. 0.7 W 

Storage temperature range, Tstg •••••.••••••••.••.•••.•.••.••.••.••.•..•.......•.. -65°C to 150°C 

t Stresses beyond those listed under"absolut~ maximum ratings" meycause permenent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other oonditlons beyond those Indicated under "recommended operating conditions" Is not 
implied. Exposure to absolute-maximurn-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 obselVed. 
2. This value is UmHed to 4.6 V maxlmum. 
3. The maximum package power dlasipation Is calculated using a Junctton temperature of 1500C and a board trace length of 750 mils. 

For more information, refertothe Package 71Ierma/Considerationsapplication note in the 1994 ABT AdvancedBiCMOS Technology 
Data Book. literature number SCBD002B. 

recommended operating conditions (S88 Note 4) 
MIN MAX UNIT 

Operating 2 3.6 
Vcc Supply voltage V 

Data ratention only 1.5 

VIH High-level Input voltage VCC-2.7Vt03.6V 2 V 

VIL Low-IeveJ input voItsge VCC. 2.7 V to 3.6 V 0.8 V 
, Control Inputs 0 5.5 

VI Input voltage 
Data Inputs 

V 
0 VCC 

Vo Output voltage 0 Vee V 

IOH High-level output current 
Vec-2.7V -12 

mA 
VCC-3V -24 

IOL Low-Ievel output current 
VCC-2.7V 12 

mA 
VCC- 3V 24 

AtlAv Input transition rise or fall rate 0 10 ns/V . 

TA Oparatlng free-alr temperature -40 85 OC 
NOTE 4: Unused Inputs must be held high or low to prevent them from floating. 

~1ExAs 
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SN74LVC652 
OCTAL BUS TRANSCEIVER AND REGISTER 

WITH 3-STATE OUTPUTS 
SCAS303A - JANUARY 1993 - REVISED JULY 1995 

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

PARAMETER TEST CONDITIONS VCCt MIN TYpt 

IOH --100pA MINto MAX VCC-0.2 

2.7 V 
VOH IOH=-12mA 

3V 

IOH--24mA 3V 

IOl= 100pA MINto MAX 

VOL IOl= 12 mA 2.7V 

IOl=24mA 3V 

II VI = 5.5 VorGND 3.6V 

IOZ§ 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 3Vt03.6V 

Ci I Control Inputs VI - VCC or GND 3.3 V 

Cio IAorBports Vo = VCC or GND 3.3V 

t For conditions shown as MIN or MAX, use the appropriate values under recommended operating conditions. 
tAli typical values are measured at VCC - 3.3 V, TA. 25°C. 
§ For I/O ports, the parameter 10Z includes the input leakage current. 

2.2 

2.4 

2 

4.6 

7.2 

MAX UNIT 

V 

0.2 

0.4 V 

0.55 

±5 pA 

±10 pA 

20 pA 

500 pA 

pF 

pF" 

timing characteristics over recommended operating free-air temperature range (unless otherwise 
noted) (see Figure 2) 

Vee = 3.3 V 
Vee = 2.7 V ±O.3V UNIT 

MIN MAX MIN MAX 

fclock Clock frequency 0 100 0 80 MHz 

tw Pulse duration 5 5 ns 

tsu Setup time, data before ClK1' 5 5 ns 

th Hold time, data aiter ClKt 1 1 ns 

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

FROM TO 
Vee=3.3V 

Vee = 2.7 V 
PARAMETER ±O.3V UNit (INPUT) (OUTPUT) 

MIN MAX MIN MAX 

fmax 100 80 MHz 

AorB BorA 1.5 8 9.2 

tpd ClK AorB 1.5 9 11 ns 

SABorSBA AorB 1.5 9 11 

ten OE AorS 1.5 8.5 9.5 ns 

!dis OE AorS 1.5 8.5 9.5 ns 
~ ten OE AorB 1.5 9 10 ns 

!dis OE AorB 1.5 9 10 ns 

~ThxAs 
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SN74LVC652 
OCTAL BUS TRANSCEIVER AND REGISTER 
WITH 3-STATE OUTPUTS 
SCAS303A - JANUARY 1993 - REVISED JULY 1995 

operating characteristics, VCC = 3.3 V, TA = 25°C 
PARAMETER TEST CONDITIONS TYP UNIT 

I Outputs enabled 38 
Cpd Power dissipation capacHance per transceiver I Outputs disabled 

CL-50pF, f-10MHz ~ pF 

PARAMETER MEASUREMENT INFORMATION 

o 6V TEST S1 
S1 500n 

From Output - .... -~~--'WI,..----/ 
Under Test 

o Open tpd 
tpLZ/tpZL 
tpHZItPZH 

Open 
6V 

GND 
CL=SOpF 

(see Note A) T soon 

LOAD CIRCUIT FOR OUTPUTS 

~tw----.l 
1 1 __ --

I~put 3 ~,"1_.S_V __ :.:V 

Input 

Output 

Output 

VOLTAGE WAVEFORMS 
PULSE DURATION 

~ 1.SV ¥1.5V :.:V 

tPLH~ KtPHL 

1 fl I '\!-::': VOH 
1 1,SVI ~ 

---+-1 -- I VOL 

tPHL --l.---.! ~ tPLH 

\L !I::'::" VOH 
,1.SV T 1.SV 

. - -- VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

INVERTING AND NONINVERTING OUTPUTS 

2.7 V 
Timing Input -------X1.S V 

---~--·I'------- ov 
I·~ 1 
j4 t ·r th ·1 
1 au 1 

Datslnput --~*1.SV ~ :.:V 

Output 
Control 

Output 
Wavetorm'1 

S1 aU '! 
(seeNots B) 

Output 
Waveform 2 

S1 atGND 
(see Note B) 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

~1.S V )~,"1_.S_V __ _ 

tpZL~ ~ I. 

2.7 V 

OV 

1 1 tPLZ -.I j.--
---TI~{, . I p""'-- 3V 

1 ,.SV II . VOL + 0.3 V V 
1 • • ----- OL 
I I tPHZ -+I j4-

tpZH~ j4- I ' 
1---:-- VOH 
11.Sv~H-0.3V 

--~. - ~OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

LOW· AND HIGH·LEVEL ENABLING 

NOTES: A. CL Includes probe and Jig capacitance. 
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 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 transHion par measurement. 
E. tpLZ and tPHZ are the same as tdis. 
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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• EPIC ™ (Enhanced-Performance Implanted 
CMOS) Submlcron Process 

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

• Typical VOHV (Output VOH Undershoot) 
> 2V at Vee = 3.3 V, TA = 25°C 

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

• Package Options Include Plastic 
Small-Outline (OW), Shrink Smail-Outline 
(OB), and Thin Shrink Smail-Outline (PW) 
Packages 

• Inputs Accept Voltages to 5.5 V 

description 

This 10-bit bus-interface flip-flop is designed for 
2.7-V to 3.6-V Vee operation. 

SN74LVC821 
10·BIT BUS·INTERFACE FLlp·FLOP 

WITH 3·STATE OUTPUTS 

DB, DW, OR PW PACKAGE 
(TOP VIEW) 

Vec 
lQ 

2Q 
3Q 
4Q 
5Q 
6Q 
7Q 
SQ 
9Q 
10Q 
eLK 

The SN74LVC821 features 3-state outputs designed specifically for driving highly capacitive or relatively 
low-impedance loads. They are particularly suitable for implementing wider buffer registers, I/O ports, 
bidirectional bus drivers with parity, and working registers. 

The ten 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 ten outputs in either a normal logic state (high 
or low 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 pull up 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. 

Inputs can be driven from either 3.3-V or 5-V devices. This feature allows the use of these devices as translators 
in a mixed 3.3-V/5-V system environment. 

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 SN74lVC82l is characterized for operation from -40·C to 8S·C. 

OE 

L 

L 

L 

H 

FUNCTION TABLE 
(each flip-flop) 

INPUTS OUTPUT 
ClK D Q 

i H H 

i L L 

H or L X 00 
X X Z 

EPIC is a trademark of Texas Instruments Incorporated. 

PROIlUCT PREVIEW inIormalion ooncerna pracIucIa In tho formatlv. or 
deIIan ph_ of dovalopm.... c_.ac dala Ind oIhar 
.pec_l .. dallgn goIIa. T .... lnatrum .... _ tho ~ghllO 
chang. or dl8contl .... lh_ pracIucIa wlthout_ ~1EXAS 
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SN74LVC821 
10-BIT BUS-INTERFACE FLIP-FLOP 
WITH 3-STATE OUTPUTS 
SCAS304A - MARCH 1993 - REVISED JULY 1995 

logic symbolt 

OE 

CLK 

1D 

2D 

3D 

4D 

6D 

6D 

7D 

8D 

9D 

10D 

1 

13 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

" EN 

C2 

~ 
2D 

r 
V 

23 

22 

21 

20 

19 

18 

17 

16 

15 

14 

1Q 

2Q 

3Q 

4Q 

5Q 
6Q 

7Q 

8Q 

9Q 

100 

'1J trhis symbol Is in accordance with ANSI/IEEE Std 91-1984 and lEO Publication 617-12. 

:XI o 
C 
c: 
£l 
'1J 
:XI m 
< -m :e 

logic diagram (positive logic) 

OE --=---------a 

ClK ---,-13"---1 

..----t>Cl 
2 

1D ---=-------+-~ 1D 

~~------~v~------~ 
To Nine Other Channels 
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SN74LVC821 
1()'BIT BUS-INTERFACE FLIP-FLOP 

WITH 3-STATE OUTPUTS 
SCAS304A - MARCH 1993 - REVISED JULY 1996 

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 
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 Vee or GND ..................•.•..........••.....•.....•••.• ±100 mA 
Maximum power dissipation at TA = 55°C (in still air) (see Note 3): DB package •.•.•...••....••• 0.65 W 

OW package •..•..•.. . • • . • . .. 1.7 W 
PW package ....••••.•.••.•••• 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-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 i.s limited to 4.6 V maximum. 
3. The maximum package power dissipation Is calculated using a/unction temperature of 150·C and a board trace length of 750 mils. 

For more Information, refertothe Package 7hermalConslderationsapplication note in the 1994 ABT Advanced BiCMOS Technology 
Data Book, literature number SCBD002B. 

recommended operating conditions (see Note 4) 

MIN MAX UNIT 

Operating 2 3.6 
Vee Supply voitege V 

Data retention only 1.5 

VIH High-level input voitage VCC-2.7Vt03.6 V 2 V 

Vil Low-Ievel input voitage VCC - 2.7 V to 3.6 V 0.8 V 

VI Input voltage 0 5.5 V 

Vo Output voltage 
High or low state 0 VCC 

V 
3 state 0 5.5 

VCC- 2•7V -12 
IOH High-level output current mA 

VCC- 3V -24 

low-level output current 
VCC-2.7V 12 

IOl mA 
VCC-3V 24 

At/Av Input transition rise or fall rate 0 10 ns/V 

TA Operating free-air temperature -40 85 ·C 

NOTE 4: Unused inputs must be held high or low to prevent them from floating. 
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SN74LVC821 
10-BIT BUS-INTERFACE FLIP-FLOP 
WITH 3-STATEOUTPUTS· 
SCAS304A - MARCH 1993- REVISED JVLY 1995 . 

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

PARAMETER TEST CONDITIONS VCCt MIN TYP* 

10H--l0011A MIN to MAX VCC-0.2 

VOH 10H --12 mA 
2.7 V 

3V 

IOH--24mA 3V 

10L -100 IIA MINto,MAX 

VOL IOL-12mA 2.7 V 

IOL=24mA 3V 

II VI-5.5 VorGND 3.6V 

10Z VO-5.5 VorGND 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 2.7Vt03.6V 

Ci VI- VCC or GND 3.3 V 

Co Vo':VccorGND 3.3 V 

t For conditions shown as MIN or MAX, use the appropriate values under recommended operating conditions. 
*Typical values are measured at VCC - 3.3 V, TA - 25°C. 
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2.2 

2.4 

2.2 

MAX UNIT 

V 

0.2 

0.4 V 

0.55 

±5 IIA 
±10 IIA 

10 IIA 
500 IIA 

pF 

pF 



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

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

• Typical VOHV (Output VOH Undershoot) 
> 2V at Vee = 3.3 V, TA = 25°C 

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

• Package Options Include Plastic 
Small·Outllne (DW), Shrink Small·Outllne 
(DB), and Thin Shrink Small·Outllne (PW) 
Packages 

description 

This 9·bit bus-interface flip-flop is designed for 
2.7-V to 3.6-V Vcc operation. 

SN74LVC823 
9·BIT BUS-INTERFACE FLlp·FLOP 

WITH 3-STATEOUTPUTS 

DB, DW, OR PW PACKAGE 
(TOP VIEW) 

Vcc 
10 
20 
30 
40 

19 50 
18 60 
17 70 

80 9 16 80 
90 15 90 

ClR 11 14 ClKEN 
GNO 13 ClK 

The SN74LVC823 i~ designed specifically for driving highly capacitive or relatively low-impedance loads. It is 
particularly suitable for implementing wider buffer registers, I/O ports, bidirectional bus drivers with parity, and 
working registers. 

With the clock-enable (CLKEN) input low, the nine O·type edge-triggered flip-flops enter data on the low-ta-high 
transitions of the clock. Taking CLKEN high disables the clock buffer, latching the outputs. The SN74LVC823 
has noninverting data (D) inputs. Taking the clear (CLR) input low causes the nine Q outputs to gQ low 
independently of the clock. 

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 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, OEshould 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 ~N74LVC823 is characterized for operation from -40°C to 85°C. 

FUNCTION TABLE 
(each flip-flop) 

INPUTS 

OE CLR CLKEN CLK D 

L L 

L H 
L H 
L H 
H X 

EPIC is a trademark of Texas Instruments Incorporated. 

X X X 

L i H 
L i L 

H X X 

X X X 

~TEXAS 
INSTRUMENTS 

OUTPUT 
Q 

L 

H 
L 

Qo 
Z 

POST OFFICE BOX 655303 • DAUAS. TEXAS 75266 
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SN74LVC823 
9-BIT BUS-INTERFACE FLlP·FLOP 
WITH 3·STATE OUTPUTS 
SCAS305A - MARCI:i 1993 - REVISED AUGUST 1995 

logic symbolt 

10 

20 

30 

40 

50 

80 

70 

80 

90 

1 

11 

14 

13 

2 

3 

4 

6 

8 

7 

8 

9 

10 

" EN 
"- R 

" Q1 

1C2 

~ I'"' 
20 V 

t This symbol Is in accordance with ANSI/IEEE Std 91-1984 and lEe Publication 617-12. 

logic diagram (positive logic) 

23 

22 

21 

20 

19 
18 

17 

18 

16 

OE~----------------------------~ 

CiJ( ......;.;11 ________ -0 

CL:Rm ......:...;14,---,\---" 

elK --'-'13'--______ --' 

10 2 

R 

"'-'---il> C1 

10 

1Q 

2Q 

3Q 

4Q 

50 
8Q 

7Q 

8Q 

9Q 

~~------~V~------~I 

To Eight Other Chennels 

~.1ExAs. 
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SN74LVC823 
9-BIT BUS·INTERFACE FLlP·FLOP 

WITH 3-STATE OUTPUTS 
SCAS305A - MARCH 1993 - REVISED AUGUST 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 6.5 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 Vee or GND ................................................. ±100 rnA 
Maximum power dissipation at TA = 55°C (in still air) (see Note 3): DB package .....•........... 0.65 W 

DW package ................. 1.7 W 
PW package .................. 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-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 ajunction temperature of 150·C and a board trace length of 750 mils. 

For more information, refertothe Package ThermalConsiderationsapplication note in the 1994 ABT Advanced BiCMOS Technology 
Data Book, literature number SCBD002B. 

recommended operating conditions (see Note 4) 
MIN MAX UNIT 

VCC Supply voHage 2.7 3.6 V 

VIH High-level input voltage VCC =2.7Vt03.6 V 2 V 

VIL Low-level input voltage VCC -2.7 Vto 3.6 V 0.8 V 

VI Input voltage 0 5.5 V 

Vo Output voltage 0 VCC V 

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

VCC=3V -24 

Low-level output current 
VCC=2.7V 12 

IOL mA 
VCC=3V 24 

At/A.v Input transition rise or fall rate 0 10 nslV 

TA Operating free-air temperature -40 85 ·C 

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

~1ExAs 
INSTRUMENTS 
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SN74LVC823 
9-BIT BUS-INTERFACE FLIP-FLOP 
WITH 3-STATE OUTPUTS 
SCAS305A - MARCH 1993 - REViseD AUGUST 1995 

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

PARAMETER TEST CONDITIONS VCCt MIN TYP* MAX UNIT 

10H =-l00pA MIN to MAX VCC-0.2 

2.7 V 2.2 
VOH IOH=-12mA V 

3V 2.4 

IOH=-24mA 3V 2 

10L= 100 pA MINto MAX 0.2 

VOL IOL-12mA 2.7V 0.4 V 

IOL-24mA 3V 0.55 

II VI = 5.5 V or GND 3.6V ±5 pA 

10Z Vo - VCC or GND 3.6V ±10 pA 

ICC VI = VCC or GND, 10=0 3.6V 20 pA 

alCC One input at VCC - 0.6 V, Other inputs at VCC or GND 3Vt03.6V 500 pA 

Ci VI = VCC or GND 3.3 V 9 pF 

Co Vo - VCC or GND 3.3 V 10 pF 
.. .. t For conditions shown as MIN or MAX, use the appropriate values under recommended operating conditions . * All typical values are atVCC = 3.3 V, TA _25°C. . 

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

VCC=3.3V 
Vcc = 2.7 V ±O.3V UNIT 

MIN MAX MIN MAX 

fclock Clock frequency 0 100 0 80 MHz 

CLRlow 5 5 
tw Pulse duration ns 

CLK high or low 4 4 

1XR inactive 1 1 

tsu Setup time, data before CLK1' Data 2 3 ns 

CLKENlow 3.5 4.5 

Hold time, data after CLKi 
Data 2 2 

th ns 
CLKENlow 0.5 0.5 

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

FROM TO 
VCC=3.3V 

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

MIN MAX MIN MAX 

fmax 100 80 MHz 

CLK Q 2 8 2 9 
tpd 

CLR Q 
ns 

1.5 8 1.5 9 

ten OE Q 1.5 8.5 1.5 9.5 ns 

tdis OE Q 1.5 8 1.5 9 ns 

~1ExAs 
INSTRUMENTS 
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SN74 LVC823 
9·BIT BUS-INTERFACE FLlp·FLOP 

WITH 3-STATE OUTPUTS 
SCAS305A - MARCH 1993 - REVISED AUGUST 1995 

operating characteristics, Vcc = 3.3 V, TA = 25°C 
PARAMETER TEST CONDITIONS TYP UNIT 

I Outputs enabled 22 
Cpd Power dissipation capacHance per flip-flop I Outputs disabled 

CL=50 pF, f=10MHz ~ pF 

PARAMETER MEASUREMENT INFORMATION 

o 6V TEST SI 
soon SI 0 Open From Output 

Under Test - ..... >---..... -JV\I\r-_..J 
tpd Open 

tPLZltPZL 6V 

CL=SOpF 

(see Note A) I soon 
tpHZ/tpZH GND 

LOAD CIRCUIT FOR OUTPUTS 
Tlmlnglnput -------X1•SV 2.7 V 

___ -:-----J. 1'------- 0 V 

Input 

Output 

Output 

VOLTAGE WAVEFORMS 
PULSE DURATION 

=¥ ... I_.S_V_-J~"I-.S-V-- :.: V 

I 1 1_.1 
tpLH~ ~tPHL 

I I ~-VOH 
I 1 1•sv i I.SV 

--+1 ---J. I VOL 

tPHL --l.---.! ~ tpLH 

1 !l:":':'"1 VOH \1.5 V T I.SV 
'-. ___ 1- ___ VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

INVERTING AND NONINVERTING OUTPUTS 

NOTES: A. CL Includes probe and jig capacitance. 

Data Input 

Output 
Control 

Output 
Waveform 1 

SI at 6 V 
(see Note B) 

Output 
Waveform 2 

SI atGND 
(see Note B) 

I I.. I 
14 t ~rth~ I su I 

__ ""'II ~2.7V 

__ ..... )(I.SV ~OV 
VOLTAGE WAVEFORMS 

SETUP AND HOLD TIMES 

~1.SV ~=I=.S=V===== :.:V 

tpZL -+j 14- I 
I I tPLZ -.I I+-

----TI"""'\L I 1,'-- 3 V 

I ,1.SV I fY9!...+J!:!.Y VOL 

I I tPHZ ~ j4-
tPZH ~ j4- I 

1----VOH 
!1.SV ~H-O.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 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 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 tpd. 

Figure 1. Load Circuit and Voltage Waveforms 

~1ExAs 
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• EPIC Til (Enhanced-Performance Implanted 
CMOS) Submlcron Process 

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

• Typical VOHV (Output VOH Undershoot) 
> 2 V at Vee = 3.3 V, TA = 25°C 

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

• Package Options Include Plastic 
Smail-Outline (OW), Shrink Smail-Outline 
(DB), and Thin Shrink Small-Outllne (PW) 
Packages 

description 

This 10-bit bufferlbus driver is designed for 2.7-V 
to 3.6-V Vee operation. 

SN74LVC827 
10-BIT BUFFER/DRIVER 

WITH 3-STATE OUTPUTS 

Dli, DW, OR PW PACKAGE 
(TOP VIEW) 

0Ef Vee 
A1 Y1 
A2. 3 Y2 
A3 Y3 
A4 Y4 
A5 Y5 
A6 7 Y6 

Y7 
YB 
Y9 
Y10 
0E2 

The SN74LVC827 provides a high-performance bus interface for wide data paths or buses carrying parity. 

The 3-state control gate is a 2-input AN 0 gate with active-low inputs so that if either output-enable (00 or OE2) 
input is high, all ten outputs are in the high-impedance state. The SN74LVC827 provides true data at its outputs. 

To ensure the high-impedance state during power up or power down, OE should be tied to Vee through a puUup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN74LVC827 is characterized for operation from -40°C to 85°C. 

FUNCTION TABLE 

INPUTS OUTPUT 
0E1 0E2 A Y 

L L L L 

L L H H 

H X X Z 

X H X Z 

EPIC Is a trademark of Texas Instruments Incorporated. 

Copyright C 1995. Texas InS1rUments Incorporated 
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SN74LVC827 . 
1()"BIT BUFFER/DRIVER 
WITH 3·STATE OUTPUTS 
SCAS308B - MARCH 1993 - REVISED JULY 1996 

logic symbolt 

1 ... & 

13 ... EN 

2 
, r 

1 V 
3 

4 

23 

22 

21 

logic diagram (positive logic) 

OE1 ----o1_--<r~ 

OE2 ---=-13"----CL-~ 

Ai ----:;;2_---t 23 Vi 
Ai 

A2 

A3 

A4 

A5 

A8 

A7 

A8 

A9 

5 20 

Vi 
V2 

V3 

V4 

Y5 

V8 

Y7 

V8 

V9 

V10 

To Nine Other Channels 
8 19 

7 18 

8 17 

9 18 

10 16 

11 14 
A10 

t This symbol is in aocordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 

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 6.5 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 Vee or GND ................................................. ±100 mA 
Maximum power dissipation at TA = 55°C (in still air) (see Note 3): DB package .........•....... 0.65 W 

DWpackage ................. 1.7W 
PW package .................. 0.7 W 

Storage temperature range, Tstg .................................................. -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-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. The Input and output negative-voltage ratings may be exceeded H 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 usll)g a Junction temperature of 150°C and a board trace length of 750 mils. 

For moreinforrnation, refertothe Package Therma/Considerationsapplication note in the 1994 ABT Advanced BiCMOS Technology 
Data Book, literature number SCBD002B. . 

~1ExAs 
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recommended operating conditions (see Note 4) 

Vcc Supply voltage 

VIH High-level input voltage 

VIL Low-level input voltage 

VI Input voltage 

Vo Output voltage 

10H High-level output current 

10L Low-level output current 

At/Av Input transition rise or fall rate 

TA Operating free-air temperatura 

NOTE 4: Unused Inputs must be held high or low to prevent them from floating. 

SN74 LVC827 
1()"BIT BUFFER/DRIVER 

WITH 3·STATE OUTPUTS 
SCAS306B - MARCH 1993 - REVISED JULY 1995 

MIN MAX UNIT 

2.7 3.6 V 

VCC -2.7Vt03.6 V 2 V 

VCC =2.7Vt03.6 V 0.8 V 

0 5.5 V 

0 VCC V 

VCC=2.7V -12 
rnA 

VCC~3V -24 

VCC=2.7V 12 
rnA 

VCC-3V 24 

0 10 nsN 

-40 85 ·C 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS VCCt MIN TYPt 

IOH--l0011A MIN to MAX VCC-0.2 

VOH 10H --12mA 
2.7V 

3V 

IOH--24mA 3V 

10L -100 IIA MIN to MAX 

VOL IOL-12 mA 2.7 V 

IOL=24mA 3V 

II VI-5.5 VorGND 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 3Vt03.6V 

CI VI = VCC or GND 3.3V 

Co Vo - VCC or GND 3.3V 
.. t For conditions shown as MIN or MAX. use the appropriate values under recommended operating conditIOns • 

t All typical values ara at VCC = 3.3 V. TA - 25·C. 

2.2 

2.4 

2 

9 

10 

MAX UNIT 

V 

0.2 

0.4 V 

0.55 

±5 IIA 
±10 IIA 

20 IIA 
500 IIA 

pF 

pF 

switching characteristics over recommended operating free-air temperature range, CL = 50 pF 
(unless otherwise noted) (see Figure 1) 

FROM TO 
VCC=3.3V 

VCC=2.7V 
PARAMETER ±O.3V UNIT (INPUT) (OUTPUT) 

MIN MAX MIN MAX 

tpd A Y 1.5 7 8 ns 

ten OE y 1.5 9 11 ns 

Idis OE , y 1.5 8 9 ns 

~1EXAS 
INSTRUMENTS 
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SN74LVC827 
10.:BIT BUFFER/DRIVER 
WITH 3-STATE OUTPUTS 
SCAS306B - MARCH 1993 - REVISED JULY 1995 

operating characteristics, VCC = 3.3 V, TA = 25°0 
PARAMETER TEST CONDITIONS TYP UNIT 

I outputs enabled 
f-10MHz 

2S 
pF Cpd Power dissipation capacitance per buffer/driver I Outputs disabled 

CL-SOpF, "2.5 

PARAMETER MEASUREMENT INFORMATION 

o BV TEST S1 
From Output _ ... _--e __ 50JVv0'v0 ___ SJ1 0 Open 

Under Test .1 GND 

tpd Open 
tpLZltpZL BV 

CL=50pF 
(see Note A) T 500 0 

Input 

Output 

Output 

LOAD CIRCUIT FOR OUTPUTS 

VOLTAGE WAVEFORMS 
PULSE DURATION 

~1.5V ~uv :.:V 

I 1 !4-.1--
tPLH ~ I 1 tPHL 

I 1 \!-:.::- VOH 
I luvi ~ 

----+I~ I VOL 

tPHL --l.--.! ~ tpLH 

1 !I:":::" VOH \UV T1.5V 
. - -- VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

INVERTING AND NONINVERTING OUTPUTS 

tPHZltpZH GND 

------, 2.7 V 
Timing Input Xu V . _______ ...J, I~ ______ OV 

~ .1.. ~ 
llau I'" th I 
I I ___ ~I ~2.7V 

Data Input )(1.5 V ~OV 

output 
Control 

Output 
Waveform 1 
. S1 ateV 
(see Nota B) 

Output 
Waveform 2 

S1 atGND 
(see Nota B) 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

~1.5 V ~=1=.5=V===== :.: V 

tPZL ~ 14- I 

I I tpLZ -.I I+-
----;-: ~\ 1.5 V III K""O-L -+ O-.3-V v3 V 

I . . t:!.l=--.,- OL 
I 1 tPHZ ~ j4-

tPZH ~ j4- I 
1----VOH juv ~H-O.3V 

___ ..J. .....--- _ OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

LOW· AND HIGH·LEVEL ENABLING 

NOTES: A. CL Includes probe and Jig capacitance. 
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 internal conditions such that the output Is high except when disabled by the output control. 
C. All Input pulses ere 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 len. 
G. tPLH and tpHL are the same as tpd. 

Figure 1. Load Circuit and Voltage Waveforms 

-!i11ExAs 
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• EPICTM (Enhanced·Performance Implanted 
CMOS) Submlcron Process 

• typical VOLP (Output Ground Bounce) 
< 0.8 Vat Vee = 3.3 V, TA = 25°C 

• typical VOHV (Output VOH Undershoot) 
> 2 V at Vee = 3.3 V, TA = 25°C 

• Latch-Up Performance Exceeds 250 mA 
Per JEOEC Standard JESD-17 

• Package Options Include Plastic 
Smail-Outline (OW), Shrink Smail-Outline 
(DB), and Thin Shrink Smail-Outline (PW) 
Packages 

description 

This 10-bit bufferlbus driver is designed for 2.7-V 
to 3.6-V Vee operation. 

The SN74LVC828 provides a high-performance 
bus interface for wide datapaths or buses carrying 
parity. 

SN74LVC828 
10·BIT BUFFER/DRIVER 

WITH 3·STATE OUTPUTS 
SCAS347A - MARCH 1994 - REVISED JULY 1995 

DB, OW, OR PW PACKAGE 
(TOP VIEW) 

0Ef 1 

A6 
A7 
AB 
A9 10 

Al0 11 
GND 12 

VCC 
Y1 
Y2 
Y3 
Y4 
Y5 
Y6 
Y7 
YB 
Y9 
Yl0 
0E2 

The 3-state control gate is a 2-input AND gate with active-low inputs so that if either output-enable (OE1 or OE2) 
input is high, all ten outputs are in the high-impedance state. The SN74LVC828 provides inverting data at its 
outputs. 

To ensure the high-impedance 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. 

The SN74LVC828 is characterized for operation from -40°C to 85°C. 

FUNCTION TABLE 

INPUTS OUTPUT 
0Ei DEi A Y 

L L L H 

L L H L 

H X X Z 

X H X Z 

EPIC Is a trademark of Texas Instruments Incorporated. 

~1ExAs 
INSTRUMENTS 

Copyright C 1995, Texas Instruments Incorporated 
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SN74LVC828 
10·BIT BUFFER/DRIVER 
WiTH 3-STATE OUTPUTS 
SCAS347A-MARCH 1994-REVISEDJULY 1995 

logic symbolt logic diagram (positive logic) 

Ai 

A2 

A3 

A4 

AS 

A6 

A7 

A8 

A9 

A10 

1 

13 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

,.... & 

,.... EN 

, 
1 

r-
23 

V 
22 

21 

20 

19 

18 

17 

16 

15 

14 

Vi 

Y2 

V3 

V4 

V5 

V6 

V7 

V8 

V9 

V10 

CID-'---cr""""\ 
OE2 _1",,3:""-Q _ J 

Ai ---=2=---1 23 Vi 

To Nine other Channels 

t This symbol is in accordance with ANSIIIEEE Std 91-1984 
and IEC Publication 617-12. 

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 6.5 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 Vecl ............................................. ±50 mA 
Continuous current through Vee or GND ................................................. ±100 mA 
Maximum power dissipation at TA = 55°C (in still air) (see Note 3): DB package •................ 0.65 W 

DW package ................. 1.7 W 
PW package .................. 0.7 W 

Storage temperature range, Tstg ........•........•................................ -65°C to 150°C 

:j: Stresses beyOnd those listed under "ab$olute 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. 

8-196 

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 ThermalConslderationsapplication note inthe 1994 ABT Advanced BiCMOS Technology 
Data Book. literature number SCBD002B. 
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recommended operating conditions (see Note 4) 

Vee Supply voltage 

VIH High-level input voltage 

VIL Low-level input voRage 

VI Input voltage 

Vo Output voRage 

10H High-level output current 

10L Low-level output current 

At/Av Input transition rise or fall rate 

TA Operating free-air temperature 

NOTE 4: Unused inputs must be held high or low to prevent them from floating. 

SN74LVC828 
10-BIT BUFFER/DRIVER 

WITH 3-STATE OUTPUTS 
SCAS347A - MARCH 1994 - REVISED JULY 1996 

MIN MAX UNIT 

2.7 3.6 V 

Vee = 2.7 V 10 3.6 V 2 V 

Vee-2.7Vt03.6 V 0.8 V 

0 5.5 V 

0 Vee V 

Vee- 2•7V -12 
rnA 

Vee=3V -24 

Vee- 2•7V 12 
rnA 

Vee=3V 24 

0 10 ns/V 

-40 85 ·e 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS Veet MIN TYP:j: 

IOH--l0011A MINto MAX Vee-0.2 

VOH IOH=-12mA 
2.7V 

3V 

IOH--24mA 3V 

10L -100 IIA MINto MAX 

VOL IOL-12mA 2.7V 

IOL-24rnA 3V 

II VI - 5.5 V or GND 3.6V 

10Z Vo = Vee or GND 3.6V 

ICC VI = Vee or GND, 10- 0 3.6V 

~Iec One input at Vee - 0.6 V, Other inputs at Vee or GND 3Vt03.6V 

ei VI - Vee or GND 3.3 V 

Co Vo - Vee or GND 3.3V 

t For conditions shown as MIN or MAX, use the appropriate values under recommended operating conditions. 
:j: All typical values are at Vee - 3.3 V, TA _ 25·C. 

2.2 

2.4 

2 

9 

10 

MAX UNIT 

V 

0.2 

0.4 V 

0.55 

±5 IIA 
±10 IIA 

20 IIA 
500 IIA 

pF 

pF 

switching characteristics over recommended operating free-air temperature range, CL = 50 pF 
(unless otherwise noted) (see Figure 1) 

FROM TO 
Vee = 3.3 V 

Vee = 2.7 V 
PARAMETER ±O.3V UNIT (INPUT) (OUTPUT) 

MIN MAX MIN MAX 

too A y 1.5 8 9 ns 

ten OE y 1.5 9 10 ns 

!dis OE y 1.5 8 9 ns 

~1ExAs 
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SN74LVC828 
1 ()"Blt BUFFERIDRIVER 
WITH 3-STATE OUTPUTS 
SCAS347A - MARCH 1994 - REVISED JULY 1995 

operating characteristics, VCC = 3.3 V, TA = 25°C 
PARAMETER TEST CONDITIONS TYP UNIT 

Cpd Power dissipation capacitance per buffer/driver 
I Outputs enabled 

Cl- 50 pF, f-10MHz ...E- pF I Outputs disabled 2.4 

PARAMETER MEASUREMENT INFORMATION 

o 6V TEST S1 

From Output _ ..... _--e1-_5A,oolV\rn ___ S./1 0 Open 

Under Test 1 GND 

tpd Open 

tPLZltPZL 6V 

CL=50pF 
(see Note A) T 500 n 

tpHZ/tpZH GND 

":" 

LOAD CIRCUIT FOR OUTPUTS 

14---- tw -------+I 

------, 2.7 V 
Timing Input ~~5~ ____ .;... 0 V 

I I.. I 
r4 t ·rth~ I 1,--__ 

Input 3 ~,"1_.5_V __ :.: V 

I su I 
__ ..,,1 ~2.7V 

Data Input X1•5V ~OV 

Input 

Output 

Output 

VOLTAGE WAVEFORMS 
PULSE DURATION 

--v 2.7 V 

---'" 1.5V . ~1.5V OV 

tPLH --J.--..I K tpHL 

I I I \!-:.-::- VOH 
I '1.5V I ~ 

--+-1 --' I VOL 

tPHL --l.---.! ~ tpLH 

I ~VOH 
\1.5 V T 1.5V 

. - -- VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

INVERTING AND NONINVERTING OUTPUTS 

Output 
Control 

Output 
Waveform 1 

S1 at6V 
(_Note B) 

Output 
Waveform 2 

S1 atGND 
(_Nota B) 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

~1.5V ¥:1=.5=V=====:·:V 

tPZL ~ 14- I 
_-.... 1 ... 1 tPLZ -1 
II 
I 
I 

tPZH -+j 

._--3V 

VOL + 0.3 V V 
---- OL 

~ 
I 
"\ V~H-O.3V VOH 

'-= ... ---- ... 0 V 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

LOW· AND HIGH·LEVEL ENABLING 

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 wRh Intemal conditions such thatlhe 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.1r s 2.5 ns. tf S 2.5 ns. 
D. The outputs are measured one at a ilme with one transition per messurement. 
E. tpLZ and tpHZ are the same as Iells. 
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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SN74LVC841 
10-BIT BUS-INTERFACE O·TYPE LATCH 

WITH 3·STATE OUTPUTS 

• EPIC ™ (Enhanced·Performance Implanted 
CMOS) Submlcron Process 

• Typical VOlP (Output Ground Bounce) 
< 0.8 V at Vee = 3.3 V, TA = 25°C 

• Typical VOHV (Output VOH Undershoot) 
> 2 V at Vee = 3.3 V, TA = 25°C 

• Supports Mlxed·Mode Signal Operation on 
All Ports (SOV Input/Output Voltage With 
3.3·VVee) 

• Package Options Include Plastic 
Small·Outline (OW), Shrink Small·Outline 
(DB), and Thin Shrink Small·Outline (PW) 
Packages 

description 

DB, DW, OR PW PACKAGE 
(TOP VIEW) 

~ Vee 
10 10 
20 3 20 
3D 30 
40 40 
50 6 50 
60 60 
70 70 
80 9 80 
90 10 90 

100 11 100 
GNO 12 LE 

This 1O-bit bus-interface O-type latch is designed for 2.7-V to 3.6-V Vee operation; it can interface to a 5-V 
system environment. t-

The SN74LVC841 is designed specifically for driving highly capacitive or relatively low-impedance loads. It is 
particularly suitable for implementing buffer registers, 1/0 ports, bidirectional bus drivers, and working registers. 

The ten latches are transparent O-type latches. The device has noninverting data (0) inputs and provides true 
data at its outputs. 

A buffered output-enable (OE) input can be used to place the ten outputs in either a normal logic state (high 
or low 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 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 Vee through a pull up 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN74LVC841 is characterized for operation from -40°C to 85°C. 

FUNCTION TABLE 

INPUTS OUTPUT 
OE LE D Q 

L H H H 

L H L L 

L L X 00 
H X X Z 

EPIC Is a trademark 01 Texas Instruments IncOrporated. 

PRODUCT PREVIEW IlIlomlldlon __ prod_In "" ..... _or Ci" p ..... 01 ............... _flo doll IIId -... dIoIangooll. _1 ___ 1IIo1IgIIt1O 

gtor dlooonll ... lh_ prod_whIIout_ 

Copyright C 1995. Texas Instruments Incorporaled 
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SN74LVC841 
10-BIT BUS-INTERFACE D·TYPElATCH 
WITH 3-STATE OUTPUTS 
SCAS307A- MARCH 1993 - REVISED JULY 1995 

logic symbolt 

OE 

LE 

10 

20 

30 

40 

50 

80 

70 

80 

90 

100 

1 

13 

2 

3 

4 

5 

8 

7 

8 

9 

10 

11 

'" EN 

C1 , 
10 

'. 

r 
t> V 

"'tJ tThis symbol Is In accordancewHh ANSI/IEEE Std 91-1984 and lEe Publication 617-12. 

:r:J o 
C 
c: 
~ 
"'tJ 
:r:J m 
< -m :e 

logic diagram (positive logic) 

OE--=---------a 

13 
LE ---'-'----i 

2 
10-------r-~10 

23 

22 

21 

20 

19 

18 

17 

18 

15 

14 

1Q 

2Q 

3Q 

4Q 

5Q 

8Q 

7Q 

8Q 

9Q 

10Q 

23 1Q 

~------~V~------~I 
To Nine Other Channel. 
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SN74LVC841 
10-BIT BUS-INTERFACE D-TYPE LATCH 

WITH 3-STATE OUTPUTS 
SCAS307A- MARCH 1993 - REVISED JULY 1995 

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 (Vo < 0 or Vo > Vecl ....................•..•.....••....•....... ±50 rnA 
Continuous output current, 10 (VO = 0 to Vecl ...•......................................... ±50 rnA 
Continuous current through Vee or GNO .....................•..•.......•...••........... ±100 rnA 
Maximum power dissipation at TA = 55°C (in still air) (see Note 3): 08 package ................. 0.65 W 

OW package ................. 1.7 W 
PW package ..•............... 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 tothe device. These are stress ratings only. and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating condRions" 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 IimRed 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. W 

For more Information. refertothe Package ThermalConslderationsapplication note in the 1994 ABT Advanced BiCMOS Technology >
Data Book. literature number SCBD002B. 

W 
recommended operating conditions (see Note 4) a: 

Operating 
Vcc Supply voltage 

Data retention only 

VIH High-level input voltage Vec - 2.7 V to 3.6 V 

VIL Low-level Input voltage VCC = 2.7 V to 3.6 V 

VI Input voltage 

Vo Output voltage 
High or low state 

3 state 

VCC=2.7V 
IOH High-level output current 

VCC- 3V 

IOL 
VCC=2.7V 

Low-level output current 
VCC-3V 

AtlflY Input transition rise or fall rate 

TA Operating free-air temperature 

NOTE 4: Unused Inputs must be held high or low to prevent them from floallng. 
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MIN MAX 

2 3.6 

1.5 

2 

0.8 

0 5.5 

0 VCC 
0 5.5 

-12 

-24 

12 

24 

0 10 

-40 85 

UNIT 

V 

V 

V 

V 

V 

rnA 

mA 

ns/V 

·C 
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SN74LVC841 
1()'BIT BUS-INTERFACE D-TYPE LATCH 
WITH 3-STATE OUTPUTS 
SCAS307A- MARCH 1993 - REVISED JULY 1995 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITioNS VCCt MIN TYP* 

IOH--100jIA MINto MAX Vee-0.2 

VOH 10H --12mA 
2.7 V 

3V 

IOH--24mA 3V 

IOL-100 jIA MIN to MAX 

VOL IOL-12mA 2.7 V 

IOL-24mA 3V 

II VI-5.5 VorGND 3.6 V 

10Z VO-5.5 VorGND 3.6 V 

ICC VI- VCC or GND, 10- 0 3.6 V 

! alCC One input at VCC - 0.6 V, Other inputs at VCC or GND 2.7Vto3.6V 

.Ci VI- VCC or GND 3.3 V 

Co Vo - VCC or GND 3.3 V 

t For conditions shown as MIN or MAX, use the appropriate values under recommended operating conditions. 
:j: All typical values are at Vee = 3.3 V, TA _ 25°C. 
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2.2 

2.4 

2.2 

MAX UNIT 

V 

0.2 

0.4 V 

0.55 

±5 jIA 

±10 jIA 

10 jIA 

500 jIA 

pF 

pF 



• EPIC ™ (Enhanced-Performance Implanted 
CMOS) Submlcron Process 

• Typical VOLP (Output Ground Bounce) 
< 0.8 V at Vee = 3.3 V, TA = 25°e 

• Typical VOHV (Output VOH Undershoot) 
> 2 V at Vee = 3.3 V, TA = 25°C 

• Supports Mixed-Mode Signal Operation on 
All Ports (6-V Input/Output Voltage With 
3.3-V Vee) 

• Package Options Include Plastic 
Smail-Outline (OW), Shrink Smail-Outline 
(DB), and Thin Shrink Smail-Outline (PW) 
Packages 

description 

SN74LVC843 
9-BIT BUS-INTERFACE D· TYPE LATCH 

WITH 3-STATE OUTPUTS 

DB; OW, OR PW PACKAGE 
(TOP VIEW) 

DE 1 
10 
20 
3D 4 
40 
50 
60 7 
70 
80 
90 

C'['R 
GNO 

Vcc 
10 
20 
30 
40 
50 
60 
70 
80 
90 
PRE 
LE 

This 9-bit bus-interface Ootype latch is designed for 2.7 -V to 3.6-V Vee operation; it can interface to a 5-V system 
environment. 

The SN74LVC843 is designed specifically for driving highly capacitive or relatively low-impedance loads. It is 3: 
particularly suitable for implementing buffer registers, I/O ports, bidirectional bus drivers, and working registers. W 
The nine latches are transparent Ootype latches. The device has noninverting data (0) inputs and provides true :; 
data at its outputs. \ W 
A buffered output-enable (OE) input can be used to place the nine outputs in either a normal logic state (high a:: 
or low levels) or a high-impedance state. The outputs are also in the high-impedance state during power-up and C. 
power-down conditions. The outputs remain in the high-impedance state while the device is powered down. In I
the high-impedance state, the outputs neither load nor drive the bus lines significantly. The high-impedance 0 
state and increased drive provide the capability to drive bus lines without need for interface or pullup :::::» 
components. C 
The output-enable (OE) input does not affect the internal operations of the latch. Previously stored data can be 0 
retained or new data can be entered while the outputs are in the high-impedance state. a:: 
To ensure the high-impedance state during power up or power down, OE should be tied to Vee through a pullup C. 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN74LVC843 is characterized for operation from -40°C to 85°C. 

FUNCTION TABLE 

INPUTS OUTPUT 
PRE CLR OE LE 0 Q 

L X L X X H 

H L L X X L 

H H L H L L 

H H L H H H 

H H L L X ao 
X X H X X Z 

EPIC is a trademark of Texas Instruments InCOrporated. 

PRODUCT PRE'IIEW 1nfann1UGn ........ procM:tIln .............. or 
daalgn ph.. 01 dovtIopm.... c_.. dolo .... OIh .. 
• poclfl ... lon .... _g .. 1o. _lnl1rllm __ lhlrlghtlO 
chlnglor dlaconll ... lhtio producII __ ~1EXAS 

INSTRUMENTS 
POST OFFICE BOX 655303 • DALLAS, TEXAS 75285 

Copyright C 1995, Texas Instruments Incorporated 
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SN74LVC843 
9·BIT BUS·INTERFACE D·TYPE LATCH 
WITH 3·STATE OUTPUTS 
SCAS308A - MARCH 1993 - REVISED JUi-Y 1995 

logic symbolf 

10 

20 

30 

40 

50 
60 

70 

80 

90 

1 "-
14 b. 

11 
" 

13 

2 

3 

4 

5 

6 
7 

8 

9 

10 

EN 

S2 

R 

C1 ., r 
10 2V 

lJ t This symbol is in accordance wHh ANSI/IEEE Std 91-1984 and lEe Publication 617-12. o 
C 
c: 
~ 
-0 
lJ m 
< -m 
== 

logic diagram (positive logic) 

OE -=------a 
PRE _14 ___ -(1 

CLR --=-11=---__<a 

LE 
S2 

~f---IC1 
2 

10------+-r~-410 

.-t--1r--I R 

23 

22 

21 

20 

19 
18 

17 

16 

15 

1Q 

2Q 

3Q 

4Q 

5Q 
6Q 

7Q 

8Q 

9Q 

\~------~v~-------J 

To Eight Other Channels 
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SN74LVC843 
9-BIT BUS·INTERFACE D·TVPE LATCH 

WITH 3-STATE OUTPUTS 
SCAS308A - MARCH 1993 - REVISED JULY 1995 

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 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 Vee or GND ................................................. ±100 mA 
Maximum power dissipation at T A = 55°C (in still air) (see Note 3): DB package ................. 0.65 W 

DW package ................. 1.7 W 
PW package .................. 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 condHions· is not 
Implied. Exposure to absolute-maxlmum-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 IimHed 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. W 

For more information, refertothe Package ThermaiConsiderationsapplication note In the 1994 ABT Advanced BiCMOS Technology >
Data Book, literature number SeBD002B. 

W 
recommended operating conditions (see Note 4) a:: 

Operating 
Vee Supply voltage 

Data retention only 

VIH High-level input voHage Vee - 2.7Vto 3.6 V 

VIL Low-level input voHage Vee -2.7Vto3.6V 

VI Input voltage 

High or low state 
Vo Output voHage 

3 state 

Vee- 2.7V 
IOH High-level output current 

Vee=3V 

IOL 
Vee=2.7V 

Low-level output current 
Vee=3V 

t.tlt.v Input transition rise or fall rate 

TA Operating free-air temperature 

NOTE 4: Unused mputs must be held high or low to prevent them from floating. 
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MIN MAX 

2 3.6 

1.5 

2 

0.8 

0 5.5 

0 Vee 
0 5.5 

-12 

-24 

12 

24 

0 10 

-40 65 

UNIT 

V 

V 

V 

V 

V 

mA 

mA 

ns/V 

·e 
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SN74LVC843 
9·BIT BUS-INTERFACE D·TYPE LATCH 
WITH 3-STATE OUTPUTS 
SCAS30SA- MARCH 1993- REVISED JULY 1996 

electrical characteristics over recommended operating free-:alr temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS vcct MIN TYp:j: 

IOH--10011A MINtoMAJ( Vee-0.2 

VOH 10H _-12 mA 
2.7 V 

3V 

IOH--24mA 3V 

IOL-100 IIA MINto MAX 

VOL IOL-12mA 2.7 V 

IOL-24 mA 3V 

II VI- 5.5 VorGND 3.6V 

10Z VO. 5.5 V or GND 3.6V 

lee VI- Vee or GND, 10. 0 3.6V 

Alee One input at Vee - 0.6 V, Other inputs at Vee or GND 2.7 Vt03.6 V 

ei VI_ Vee or GND 3.3 V 

eo Vo - Vee or GND 3.3 V 

t For conditiOns shown as MIN or MAX, use the appropriate values under recommended operating conditions. 
:I: All typical values are at Vee - 3.3 V, TA _ 25°e. 
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2.2 

2.4 

2.2 

MAX UNIT 

V 

0.2 

0.4 V 

0.55 

±5 IIA 
±10 IIA 

20 IIA 
500 IIA 
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pF 



• EPICTM (Enhanced-Performance Implanted 
CMOS) Submlcron Process 

• Typical VOlP (Output Ground Bounce) 
< 0.8 Vat Vee = 3.3 V, TA = 25°C 

• Typical VOHV (Output VOH Undershoot) 
> 2VatVee = 3.3 V, TA = 25°C 

• LatCh-Up Performance Exceeds 250 mA 
Per JEDEC Standard JESD-17 

• Package Options Include Plastic 
Smail-Outline (DW), Shrink Smail-Outline 
(DB), and Thin Shrink Small-outllne (PW) 
Packages 

description 

This 10-bit bus transceiver is deSigned for 2.7-V 
to 3.6-V Vee operation. 

SN74LVC861 
10-BIT BUS TRANSCEIVER 

WITH 3-STATE OUTPUTS 

DB, OW, OR PW PACKAGE 
crOP VIEW) 

A6 
A7 
A6 9 
A9 

A10 
GND 

VCC 
B1 
B2 
B3 
B4 
B5 
B6 
B7 
B8 
B9 
B10 
OEAB 

The SN74LVC861 is designed for asynchronous communication between data buses. The control-function 
implementation allows for maximum flexibility in timing. 

This device allows data transmission from the A bus to the B bus or from the B bus to the A bus, depending upon 
the logic levels at the output-enable (~ and OEBA) inputs. 

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 SN74LVC861 is characterized for operation from -40°C to 85°C. 

FUNCTION TABLE 

INPUTS 
OPERATION 

OEAB OEBA 

L H A data to a bus 

H L a data to A bus 

H H Isolation 

L L 
Latch A and a 

(A.a) 

EPIC Is a trademark of Texas Instruments Incorporated. 

==.::::=.~-=-..::,c::-n-= -11.1. ~"A .... ==-_'-''_Il0l-,_ ~ I~ 
INSTRUMENTS 
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SN74LVC861 
1()"BIT BUS TRANSCEIVER 
WITH 3-STATE OUTPUTS 
SCAS309A - MARCH 1993 - REVISED JULY 1995 

logic symbolt logic diagram (positive logic) 

A1 

A2 

A3 

A4 
A6 

A8 

A7 
A8 

A9 

1 

13 

2 

3 

4 

6 
6 

7 

8 
9 

10 

11 

" EN1 

" EN2 ., 
L-

V1 1 

1 

OEBA-1----------U 

r 23 

W 2V 
22 

21 

B1 

B2 A1 2 ..... ___ 2_3 81 
B3 

20 
B4 

19 
18 

B5 
B6 

17 
B7 

15 
B8 

16 
B9 

, To Nine Other Channels 

14 
A10 B10 

tThis symbol is in accordance with ANSI/IEEE Std 91-1984 
and I EC Publication 617-' 2. 

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 1/0 ports (see Note 1) ........... ; ..................... -0.5 V to 6.5 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 > 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): DB package ................. 0.65 W 

DW package ................. 1.7 W 
PW package •................. 0.7 W 

Storage temperature range, Tstg ............•....•.•..•........................... -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-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. 

8-208 

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 bosrd trace length of 750 mils. 

For more information, refertothe Package ThermalConsiderationsapplicatlon note in the 1994 ABT Advanced BiCMOS Technology 
Data Book, literature number SCBD002B. 
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recommended operating conditions (see Note 4) 

VCC Supply voltage 

VIH High-level input voRage 

VIL Low-level Input voltage 

VI Input voRage 

Vo Output voltage 

10H High-level output current 

10L Low-level output current 

At/Av Input transition rise or fall rate 

TA Operating free-air temperature 

NOTE 4: Unused Inputs must be held hIgh or low to prevent them from floatIng. 

SN74LVC861 
1()"BIT BUS TRANSCEIVER 

WITH 3-STATE OUTPUTS 
SCAS309A - MARCH 1993 - REVISED JULY 1995 

MIN MAX UNIT 

2.7 3.6 V 

VCC-2.7Vt03.6 V 2 V 

VCC-2.7Vt03.6 V 0.8 V 

Control inputs 0 5.5 
V 

Data inputs 0 VCC 

0 VCC V 

VCC- 2.7V -12 
mA 

VCC=3V -24 

VCC- 2.7V 12 
mA 

VCC- 3V 24 

0 10 ns/V 

-40 85 ·C 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS VCCt MIN 

IOH--100pA MINto MAX Vee-0.2 

2.7V 2.2 
VOH IOH--12mA 

3V 2.4 

IOH--24mA 3V 2 

IOL-100pA MINto MAX 

VOL IOL-12mA 2.7V 

IOL-24mA 3V 

II VI- VCC or GND 3.6V 

10Z§ Vo - VCC or GND 3.6V 

ICC VI- VCC or GND, 10- 0 3.BV 

alCC One Input at VCC - 0.6 V, Other inputs at VCC or GND 3Vt03.6V 

Ci I Control inputs VI- VCC or GND 3.3 V 

Cio I A or B ports Vo = VCC or GND 3.3 V 
.. .. t For condltrons shown as MIN or MAX, use the appropnate values under recommended operatIng condItIons . 

tAli typical values are measured at VCC - 3.3 V, TA - 25·C. 
§ For I/O ports, the parameter 10Z includes the input leakage curreni. 

TYP* MAX UNIT 

V 

0.2 

0.4 V 

0.55 

±5 pA 

±10 pA 

20 pA 

500 pA 

9 pF 

10 pF 

switching characteristics over recommended operating free-air temperature range, CL = 50 pF 
(unless otherwise noted) (see Figure 1) 

FROM TO 
Vee = 3.3 V 

Vcc = 2.7 V 
PARAMETER ±O.3V UNIT (lNPUn (OUTPUn 

MIN MAX MIN MAX 

Ipg- AorB BorA 1.5 7 8 ns 

ten OEAB orOEBA AorB 1.5 9 10 ns 

Idis OEABorOEBA AorB 1.5 8 9 ns 

~1ExAs 
INSTRUMENTS 
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SN74LVC861 
10-BIT BUS TRANSCEIVER 
WITH 3·STATE OUTPUTS 
SCAS309A - MARCH 1993 - REViseD JULY 1995 

operating characteristics, VCC = 3.3 V, TA = 25°C 
PARAMETER TEST CONDITIONS TYP UNIT 

I Outputs enabled 
f.10MHz 

28 
Cpd Power dissipation capacitance per transceiver I Outputs disabled 

CL-50pF. ~ pF 

PARAMETER MEASUREMENT INFORMATION 

o BV TEST S1 
S1 5000 

From Output -_.---...----\N\r----/ 
Under Test 

o Open tpel 
tpLZltpZL 
tPHzltPZH 

Open 
BV 

GND 
CL=50pF 

(_NoteA) r 5000 

Input 

Output 

Output 

LOAD CIRCUIT FOR OUTPUTS 

VOLTAGE WAVEFORMS 
PULSE DURATION 

---v X 2.7 V ---II' 1.5V 1 ' .5V OV 

tPLH~ KtPHL 

1 1 ~--VOH 
1 luv i uv 

--+1 -.J 1 VOL 

tPHL --l.--.! ~ tPLH 

\L !I::':" VOH ,1.5 V ,T 1.5V 
. - -- VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

INVERTING AND NONINVERTING OUTPUTS 

2.7 V 
Timing Input -------X1.5 V 

___ -:---.J. 1'-______ OV 

I. ~L. ~ 
ltaul"th I 
1 1 

Data Input --'""1*1.5 V ~ :.:V 

Output 
Control 

Output 
Waveform 1 

S1 atBV 
(_Note B) 

Output 
Waveform 2 

S1 atGND 
(_Note B) 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

~1.5V ~,-1._5V __ 

tpZL~ 14-- I 

2.7 V 

OV 

1 1 tPLZ -.I j.-
-.....,.I~\l, I ~ .... -- 3V 

1 ~.5V I VOL+0.3V 
I . 1- --- VOL 
I 1 tpHZ~ j4-

tpZH~ i4'- I 
1 --- VOH 

luv ~H-0.3V 
---~. - ~OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

LOW- AND HIGH-LEVEL ENABLING 

NOTES: A. CL Inc\udesprobe 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 1.0 MHz. Zo - 50 0. tr S 2.5 ns. tf S 2.5 ns. 
D. The outputs are measurad one at a time with one transition per measurement. 
E. tpLZ and tpHZ are the same as fdls. 
F. tpZL and tpZH are the same as ten. 
G. tPLH and tpHL are tha same as tpd. 

Figure 1. Load Circuit and Voltage Waveforms 

~1ExAs 
INSTRUMENTS 
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• EPIC ™ (Enhanced-Performance Implanted 
CMOS) Submlcron Process 

• Typical VOlP (Output Ground Bounce) 
< 0.8 Vat Vee = 3.3 V, TA = 25°C 

• Typical VOHV (Output VOH Undershoot) 
> 2 V at Vee = 3.3 V, TA = 25°C 

• Latch-Up Performance Exceeds 250 mA 
Per JEOEC Standard JESO-17 

• Package Options Include Plastic 
Smail-Outline (OW), Shrink Smail-Outline 
(DB), and Thin Shrink Smail-Outline (PW) 
Packages 

description 

This 9-bit bus transceiver is designed for 2.7-V to 
3.6-V Vee operation. 

SN74LVC863 
9·BIT BUS TRANSCEIVER 
WITH 3·STATE OUTPUTS 

1995 

DB, OW, OR PW PACKAGE 
(TOP VIEW) 

. OEBA1 1 

A7 
A8 9 
A9 

OEBA2 
GND 

VCC 
B1 
B2 
B3 
B4 
B5 
B6 
B7 
B8 
B9 
OEAB2 
OEAB1 

The SN74LVC863 is designed for asynchronous communication between data buses. The control-function 
implementation allows for maximum flexibility in timing. 

This device allows data transmission from the A bus to the B bus or from the B bus to the A bus, depending upon 
the logic levels at the output-enable (OEAB and OEBA) inputs. 

The outputs are in the high-impedance state during power-up and power-down conditions. The outputs remain 
in the high-impedance state while the device is powered down. 

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 SN74LVC863 is characterized for operation from -40°C to 85·C. 

FUNCTION TABLE 

INPUTS 

OEAB1 OEAB2 OEBA1 
OPERATION 

OEBA2 

L L L L Latch A and B 

L L H X 

L L X 
AloB 

H 

H X L L 
BtoA 

X H L' L 

H X H X 

H X X H 

X H X H 
Isolation 

X H H X 

EPIC is a trademark of Texas Instruments Incorporated. 

:::.cn':':T:.==' ,;:,="...::e,::.: ~ 1ExAs llanda .. wa~ _ procIIIIng _ not_~1y Includo , • 
.... lngof.I_ ...... 

INSTRUMENTS 
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SN74LVC863 
9·BIT BUS TRANSCEIVER 
WITH 3·STATE OUTPUTS 
SCAS310A-MARCH 1993-REVISEDJULY 1995 

logic symbolt logic diagram (positive logic) 

OEBA1~1~-------Cr-~ 
OEBA2~1~1--------<L __ J 

1 
OEBA1 

OEBA2 

OEAB1 

OEAB2 

11 

13 

14 

" 
.... 
.... 
.... 

& 

& 

EN1 

EN2 

OEAB1 ....:1c:;.3..,ro--..... 

OEAB2 _1_4,-,-_~ 

Ai 

A2 

A3 

A4 

A5 
AS 

A7 

A8 

A9 

2 

3 

4 

5 

S 

7 

8 

9 

10 

., 
~ 

Vi 1 

1 

r 23 

W 22 2'1 

___ =23~ B1 B1 Ai 2 

B2 
21 

B3 
20 

B4 
19 

B5 
18 

B8 
17 

B7 
To Eight Other Channela 

18 
B8 

15 
B9 

tThis symbol is In accordance with ANSIIIEEE Sid 91-1984 and 
lEO Publicetion 617-12. 

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 1/0 ports (see Note 1) ..............•....•............. -0.5 V to 6.5 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 currenJ, 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 Vee or GND ............•.................................... ±100 mA 
Maximum power dissipation afTA = 55°C (in still air) (see Note 3): DB package ................. 0.65 W 

DW package ................. 1.7 W 
PW package ..........•....... 0.7 W 

Storage temperature range, TSlg .....................•.............•.............. -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-maxlmum-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. 

8-212 

2. This value Is limited to 4.6 V maximum. 
3. The maximum package power dissipation is calculated using a Junction temperature of 150"0 and a board trace length of 750 mils. 

For more Inforrnation, refertothe Package ThermalCons/deratlonsapplication note In the 1994ABT Advanced BiCMOS Technology 
Data Book,literature number SCB0002B. 
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recommended operating conditions (see Note 4) 

VCC Supply voltage 

VIH High-level input voltage 

VIL Low-level input voltage 

VI Input voRage 

Vo Output voltage 

10H High-level output current 

10L Low-level output current 

AtlflN Input transition rise or fall rate 

TA Operating free-alr temperature 

NOTE 4: Unused inputs must be held high or low to prevent them from floating. 

SN74LVC863 
9·BIT BUS TRANSCEIVER 
WITH 3-STATE OUTPUTS 

SCAS310A-MARCH 1993- REVISED JULY 1995 

MIN MAX UNIT 

2.7 3.6 V 

VCC-2.7Vt03.6 V 2 V 

VCC ~ 2.7 V to 3.6 V 0.8 V 

Control inputs 0 5.5 
V 

Data inputs 0 VCC 

0 VCC V 

VCC- 2.7V -12 
mA 

VCC=3V -24 

VCC -2.7V 12 
mA 

VCC- 3V 24 

0 10 ns/V 

-40 85 ·C 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS VCCt MIN 

IOH~-10011A MINto MAX VCC-0•2 

2.7V 22 
VOH IOH~-12mA 

3V 2.4 

IOH--24mA 3V 2 

10L -100 IIA MIN to MAX 

VOL 10L= 12 mA 2.7 V 

IOL=24mA 3V 

II VI - 5.5 V or GND 3.6 V 

10Z§ Vo • Vee or GND 3.6 V 

ICC VI_ Vec or GND. 10- 0 3.6 V 

.t.ICC One input at Vee - 0.6 V. Other inputs at Vee or GND 3Vt03.6V 

Ci I Control inputs VI- Vec or GND 3.3 V 

eio' I AorBports Vo = Vce or GND 3.3 V .. '. .. t For conditions shown as MIN or MAX. use the appropriate values under recommended operating condillons . 
* All typical values are VCC - 3.3 V. TA = 25·C. 
§ For I/O ports. the parameter 10Z includes the input leakage current. 

TYP* MAX UNIT 

V 

0.2 

0.4 V 

0.55 

±5 IIA 
±10 IIA 

20 IIA 
500 IIA 

9 pF 

10 pF 

switching characteristics over recommended operating free-air temperature range, CL = 50 pF 
(unless otherwise noted) (see Figure 1) 

FROM TO 
VeC = 3.3 V 

Vee = 2.7 V 
PARAMETER ±O.3V UNIT (INPUT) (OUTPUT) 

MIN MAX MIN MAX 

tpd AorB BorA 1.5 7 8 ns 

len OEABorOEBA AorB 1.5 9 10 ns 

!dis OEABorOEBA AorB 1.5 8 9 ns 

~1ExAs' 
INSTRUMENTS 
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SN74LVC863 
9·BIT·BUS TRANSCEIVER 
WITH 3-STATE OUTPUTS 
SCAS310A- MARCH 1993- REVISED JULY 1995 

operating characteristics, V CC = 3.3 V, TA = 25°C 
PARAMETER 

I Outputs enabled 
Cpd Power dissipation capacitance per transceiver I Outputs disabled 

TEST CONDITIONS TYP UNIT 

CL=50pF, f*10MHz 
27 

~ pF 

PARAMETER MEASUREMENT INFORMATION 

o 6V TEST Sl 
Sl 5000 

From Output --'-~~--'V\/Ir--_--J 
Under Test 

o Open tpd Open 
tpLZItPZL 6V 

CL=50pF 
(see Note AI T 5000 

LOAD CIRCUIT FOR OUTPUTS 

!4--t;",--.I 
I 1,.--__ 

Input 3 ~,"1_.5_V __ :.:V 

Input 

Output 

Output 

VOLTAGE WAVEFORMS 
PULSE DURATION 

=x 1.5V ~1.5V :.:V 

tpLH --r----I. K tpHL 

, }' I ~VOH , . T 1.5V I 1.5V --+, --I I VOL 

tPHL~ ~tPLH 
\L !I:'::' VOH 

,,1.5 V T_1:~ VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIME:S 

INVERTING AND NONINVERTING OUTPUTS 

tpHZltpZH GND 

2.7 V 
Timing Input ------~.5 V 

---~--I, 1'------- OV 

Data Input 

Output 
Control 

Output 
Waveform 1 

S1 at6V 
(see Note B) 

Output 
Waveform 2 

S1 atGND 
(see Note B) 

, I... , 
'''t ~r th ~, 
,su , 

--""'*1.5 V ~ :.:V 
VOLTAGE WAVEFORMS 

SETUP AND HOLD TIMES 

~1.5V ~ .... 1_.5_V __ _ 

tpZL~ 14- , 

2.7 V 

OV 

, 'tPLZ -.I j4-
---;'I"""I~, I p""-- 3 V 

I ,.5V II VOL+0.3V V I . . ---:--- OL 
I 1 tpHZ~ ~ 

tpZH~ j4- I 
1 -- VOH 

!1.5V ~H-0.3V 
--_ .... , - ... OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

LOW· AND HIGH· LEVEL ENABLING 

NOTES: A. CL includes probe and jig capacitance. 
B. Wavefonn 1 is for an output wHh intemal condHions such that the output is low except when disabled by the output control. 

Wavefonn 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 es Idis. 
F. tpZL and tpZH are the same as len. 
G. tpLH and tpHL are the samEl as tpd. 

Figure 1. Load Circuit and Voltage Waveforms 
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SN74LVC2952 
OCTAL BUS TRANSCEIVER AND REGISTER 

WITH 3·STATE OUTPUTS 
1993 - REVISED JULY 1995 

• EPIC ™ (Enhanced-Performance Implanted 
CMOS) Submlcron Process 

• Typical VOlP (Output Ground Bounce) 
< 0.8 V at Vee = 3.3 V, TA = 25°C 

• Typical VOHV (Output VOH Undershoot) 
> 2 V at Vee = 3.3 V, TA = 25°C 

• Supports Mixed-Mode Signal Operation on 
All Ports (5-V Input/Output Voltage With 
3.3-VVee) 

• Package Options Include Plastic 
Smail-Outline (DW), Shrink Smail-Outline 
(DB), and Thin Shrink Smail-Outline (PW) 
Packages 

description 

DB, OW, OR PW PACKAGE 
tTOPVIEW) 

B8 
B7 
B6 
B5 4 
B4 5 
B3 6 
B2 
B1 

OEAB 9 
CLKAB 

CLKENAB 
GND 

Vcc 
AS 
A7 
A6 
AS 
A4 
A3 
A2 
A1 
OEBA 
CLKBA 
CLKENBA 

This octal bus transceiver and regist.er is designed for 2.7-V to 3.6-V VCC operation; it can interface to a 5-V 
system environment. 

The SN74LVC2952 consists of two 8-bit back-to-back registers that store data flowil,lg in both directions 
between two bidirectional buses. Data on the A or B bus is stored in the registers on the low-to-high transition 
of the clock (CLKAB or CLKBA) input provided that the clock-enable (CLKENAB or CLKENBA) input is low.' 
Taking the output-enable (OEAB or OEBA) input low accesses the data on either port. 

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. 

The SN74LVC2952 is characterized for operation from -40°C to 85°C. 

FUNCTION TABLEt 

INPUTS OUTPUT 
~lKENAB ClKAB 0EAi A B 

H X l X Bot 
x Horl l X Bot 
L i L L L 

L i L H H 

X X H X Z 
t A-to-B data flow IS shown: B-to-A data flow IS similar 

but uses CLKENBA. CLKBA. and OEBA. 
t level of B before the indicated steady-state input 

condHions were established 

EPIC is a trademark of Texas Instruments Incorporated. 

~1ExAs 
INSTRUMENTS 

POST OFFICE SOX 865303 • DAllAS. TEXAS 75285 

Copyright II) 1995. Texas Instruments Incorporated 
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SN74LVC2952 
OCTAL BUS TRANSCEIVER AND REGISTER 
WITH 3-STATE OUTPUTS 
SCAS311A-JANUARY 1993- REVlSEDJULY 1995 

logic symbolt 

OEBA 
CLKENBA 

CLKBA 

Cimi 
CLKENAB 

CLKAB 

A1 

A2 

A3 

A4 

A5 

A6 

A7 

A8 

15 
13 
14 

9 
11 

10 

16 

17 

18 

19 

20 

21 

22 

23 

" EN3 

" Q1 

105 

" EN4 

" G2 

2C6 ., 
L-

V3 

60 

r 
1 50 
~ 1 4V 

o tThls symbol Is In accordance with ANSlnEEE Std 91-1984 and lEe Publication 617-12. 
C 
c: 
~ 
"tJ :u m 
< -
~ 
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B2 

B3 

B4 
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logic diagram (positive logic) 

CLKENAB --'-'11 ____ q 

SN74LVC2952 
OCTAL BUS TRANSCEIVER AND REGISTER 

WITH 3-STATE OUTPUTS 
SCAS3i1A-JANUARY 1993- REVISED JULY 1995 

CL~B~10-------~ 

CLKENBA ......:..:13'---___ -d 

14 
CLKBA--------~ 

C1 

A 1 -,,16,,--*"-< 1D~~-~--+-1-~8~ B1 

C1 

~-~---~~1D 

\~------~V~-------JI 

To Seven Other Channels 

~1EXAS 
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SN74LVC2952 
OCTAL BUS TRANSCEIVER AND REGISTER 
WITH 3-STATE OUTPUTS 
SCAS311A-JANUARYl993- REVISED JULY 1995 

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 
Output voltage range, Vo (see Note 1) ....................................... -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 Vee or GND .•.•••.•••.....••••...••....•.••.•...•..•....•... ±100 mA 
Maximum power dissipation at TA = 55°C (in still air) (see Note 3): DB package ..........••....• 0.65 W 

OW package ............... " 1.7 W 
PW package .................. 0.7 W 

Storage temperature range, TSlg .................................................. -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-maxlmum-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 Inthe 1994 ABT AdvancedBICMOS Technology 
Data Book, literature number SCBD002B. 

recommended operating conditions (see Note 4) 
MIN MAX UNIT 

Operating 2 3.6 
Vce Supply voltage V 

Data retention only 1.5 

VIH High-level input voltage VCC - 2.7 Vto3.6 V 2 V 

Vil Low-Ievel input voltage VCC - 2.7Vt03.6 V 0.8 V 

VI Input voltage 0 5.5 V 

. Output voltage 
High or low state 0 VCC 

Vo V 
3 state 0 5.5 

High-level output currant 
VCC- 2•7V -12 

IOH rnA 
VCC-3V -24 

IOl Low-Ievel output currant 
VCC- 2•7V 12 

mA 
VCC- 3V 24 

At/Av Input transition rise or fall rate 0 10 ns/V 

TA Operating lree-alr temperature -40 85 ·0 

NOTE 4: Unused Inputs must be held high or low to prevent them from floating. 
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SN74 LVC2952 
OCTAL BUS TRANSCEIVER AND REGISTER 

WITH 3-STATE OUTPUTS 
SCAS311A-JANUARY 1993- REVISED JULY 1995 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS VCCt MIN TYP* 

10H = -100 IIA MIN to MAX VCC-0.2 

VOH 10H =-12 rnA 
2.7V 

3V 

IOH--24mA 3V 

10L = 100 flA MINto MAX 

VOL IOL-12mA 2.7V 

IOL=24mA 3V 

II VI = 5.5 VorGND 3.6 V 

10Z§ VO= 5.5 VorGND 3.6 V 

ICC VI = VCC or GND. 10=0 3.6 V 

t.lct One input at VCC - 0.6 V. Other inputs at VCC or GND 3Vto3.6V 

Ci I Control inputs VI = VCC or GND 3.3V 

Cio IAorBpOriS Vo • VCC or GND 3.3V 

t For conditions shown as MIN or MAX. use the appropriate values under recommended operating conditions. * All typical values are measured at VCC" 3.3 V. TA - 25°C. 
§ For I/O ports. the parameter 10Z includes the Input leakage current. 

~TEXAS 
INSTRUMENTS 
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MAX UNIT 
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0.2 

0.4 V 

0.55 
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20 IIA 
500 IIJ\ 

pF 

pF 
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• Member of the Texas Instruments 
W/debus™ Family 

• EPIC Til (Enhanced-Performance Implanted 
CMOS) Submlcron Process 

• Typical VOLP (Output Ground Bounce) 
< 0.8 Vat Vee = 3.3 V, TA = 25°C 

• Typical VOHV (Output VOH Undershoot) 
> 2 V at Vee = 3.3 V, TA = 25°C 

• Bus Hold on Data Inputs Eliminates the 
Need for External Pullup/Pulidown 
Resistors 

• Supports Mixed-Mode Signal Operation on 
All Ports (5-V Input/Output Voltage With 
3.3-V Vee) 

• Package Options Include Plastic 30o-mll 
Shrink Small-Outline (DL) and Thin Shrink 
Smail-Outline (DGG) Packages 

description 

This 16-bit buffer/driver is designed for 2.7-V to 
3.6-V Vee operation; it can interface to a 5-V 
system environment. 

The SN74LVC16240 is designed specifically to 
improve both the performance and density of 
3-state memory address drivers, clock drivers, 
and bus-oriented receivers and transmitters. 

SN74LVC16240 
16-BIT BUFFER/DRIVER 

WITH 3-STATE OUTPUTS 
- NOVEMBER 1993 - REVISED JULY 1995 

DGG OR DL PACKAGE 
(TOP VIEW) 

10E 20E 
1Y1 1A1 
1Y2 3 1A2 

GND GND 
1Y3 1A3 
1Y4 6 1A4 
Vee Vee 
2Y1 2A1 
2Y2 9 2A2 

GND GND 
2Y3 11 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 8-bit buffers, or one 16-bit buffer. This device provides inverting 
outputs and symmetrical active-low output-enable (OE) Inputs. 

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 SN74LVC16240 is characterized for operation from -40°C to 85°C. 

FUNCTION TABLE 
(each 4-blt buffer) 

INPUTS OUTPUT 

OE A y 

L H L 

L L H 

H X Z 

EPle and Widebus are trademarks of Texas Instruments Incorporated. 
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SN74LVC16240 
16-BIT BUFFER/DRIVER 
WITH 3-STATE OUTPUTS 
SCAS312A - NOVEMBER 1993 - REVISED JULY 1995 

logic symbolt logic diagram (positive logic) 

1A1 

1A2 

1A3 

1A4 

2A1 

2A2 

2A3 

2A4 

3A1 

3A2 

3A3 

3A4 

4A1 

4A2 

4A3 

4A4 

1 

48 

25 

24 

47 

46 

44 

43 

41 

40 

38 

37 

36 

35 

33 

32 

30 

29 

27 

26 

"-

"-

"-

"-

EN1 

EN2 

EN3 

EN4 ., 
1 

1 

1 

1 

r 2 
1V 1Y1 

3 
1Y2 

5 
1Y3 

6 
1Y4 

2V 
8 

2Y1 
9 

2Y2 
11 

2Y3 
12 

2Y4 
3V 

13 
3Y1 

14 
3Y2 

16 
3Y3 

17 
3Y4 

4V 
19 

4Y1 
20 

4Y2 
22 

4Y3 
23 

4Y4 

t This symbol is In accordance with ANSI/IEEE Std 91-1984 
and IEC Publication 617-12. 
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SN74LVC16240 
16-BIT BUFFER/DRIVER 

WITH 3-STATE OUTPUTS 
SCAS312A - NOVEMBER 1993 - REVISED JULY 1995 

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 .•........................••.••.........•.•.......•........• -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 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 condRlons" 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 ThennalConsldenJtionsapplication note in the 1994AST Advanced SICMOS Technology 
Data Book, literature number SeBDOO2B. 

recommended operating conditions (see Note 4) 

MIN MAX UNIT 

Operating 2 3.6 
Vee Supply voltage V 

Data retention only 1.5 

VIH High-level input voltage Vee - 2.7Vt03.6 V 2 V 

VIL Low-Ievellnput voRage Vee-2.7Vt03.6 V 0.8 V 

VI Input voltage 0 Vee V 

Vo Output voltage 0 5.6 V 

IOH High-level output current 
Vee- 2•7V -12 

mA 
Vee- 3V -24 

Vee -2.7V 12 
IOL Low-Ievel output current 

Vee- 3V 
mA 

24 

b.t/b.v 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. 

~1ExAs 
INSTRUMENTS 

POST OFFICE BOX _ • DALLAS. TEXAS752f16 9-5 

~ s: w 
a: 
D-

b 
::::» c o 
a: 
D-



" 

SN74LVC16240 
16-BIT BUFFER/DRIVER 
WITH 3-STATE OUTPUTS 
SCAS312A- NOVEMBER 1993 - REVISED JULY 1995 

electrical characteristics over recommended operating free-air temperature range· (unless 
otherwise noted) 

PARAMETER rEST CONDITIONS Vcct MIN TY"* MAX UNIT 

10H--l0011A MIN to MAX Vee-0.2 

2.7 V 2.2 
VOH IOH--12mA V 

3V 2.4 

IOH--24mA 3V 2.2 

IOL-100 IIA MIN to MAX 0.2 

VOL IOL-12mA 2.7 V 0.4 V 

IOL-24mA 3V 0.55 

II VI-5.5VorGND 3.6 V ±5 IIA 

II(hold) I Data Inputs 
VI-0.8V 75 

3V IIA VI_2V -75 

10Z Vo - 5.5 Vor GND 3.6 V ±10 IIA 
ICC VI - Vee or GND. 10- 0 3.6 V 40 IIA 
~ICC One input at Vec - 0.6 V. Other inputs at Vce or GND 2.7 Vto 3.6 V 500 IIA 
Cj VI- VCC or GND 3.3 V pF 

3.3 V Co Vo - VCC or GND pF 

O:D t For conditions shown as MIN or MAX. use the appropriate values under recommended operating conditions, 
:j: All typical values are measured at Vee • 3.3 V. TA _ 26°C. 
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• Member of the Texas Instruments 
W/debus™ Family 

• EPICTM (Enhanced·Performance Implanted 
CMOS) Submlcron Process 

• Typical VOLP (Output Ground Bounce) 
< 0.8 Vat VCC = 3.3 V, TA = 25°C 

• Typical VOHV (Output VOH Undershoot) 
> 2 VatVcc = 3.3 V, TA = 25°C 

• Bus Hold on Data Inputs Eliminates the 
Need for External Pullup/Pulidown 
Resistors 

• Supports Mlxed·Mode Signal Operation on 
All Ports (5-V Input/Output Voltage With 
3.3-V Vee) 

• Package Options Include Plastic 30o-mil 
Shrink Small·Outline (OL) and Thin Shrink 
Small-Outline (OGG) Packages 

description 

This 16-bit buffer/driver is designed for 2.7-V to 
3.6-V Vee operation; it can interface to a 5-V 
system environment. 

The SN74LVC16241 is designed specifically to 
improve both the performance and density of 
3-state memory address drivers, clock drivers, 
and bus-oriented receivers and transmitters. 

SN74LVC16241 
16·BIT BUFFER/DRIVER 

WITH 3·STATE OUTPUTS 
I 

DGG OR DL PACKAGE 
(TOP VIEW) 

10E 20E 
1Y1 1A1 
1Y2 3 1A2 

GND GND 
1Y3 1A3 
1Y4 1A4 
Vee Vee 
2Y1 2A1 
2Y2 9 2A2 

GND GND 
2Y3 11 2A3 
2Y4 2A4 
3Y1 3A1 
3Y2 3A2 

GND GND 
3Y3 33 3A3 
3Y4 32 3A4 
Vee 31 Vee • 
4Y1 30 4A1 
4Y2 29 4A2 

GND 28 GND 
4Y3 27 4A3 
4Y4 26 4A4 
40E 25 30E 

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 complementary output-enable (OE and OE) inputs. 

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. OE 
should be tied to GND through a pulldown resistor; the minimum value of the resistor is determined by the 
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 SN74LVC16241 is characterized for operation from -40·C to 85·C. 

EPle and WJdebus are trademarks of Texas Instruments Incorporated. 
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SN74LVC16241 
16-BIT BUFFER/DRIVER 
WITH 3·STATE OUTPUTS 
SCAS348A - MARCH 1994 - REVISED JULY 1996 

FUNCTION TABLES logic diagram (positive logiC) 
INPUTS OUTPUTS 

10E,40E· 1A,4A 1Y,4Y 

L H H 

L L L 

H X Z 

INPUTS OUTPUTS 
20E,30E 2A,aA 2Y;3Y 

H H H 

H L L 

L X Z 

logic symbolt 

10E 
1 r-. EN1 

20E 
48 

EN2 

• 30E 
25 

EN3 

40E 
24 " EN4 

1A1 
47 

., r 2 
1 1V 1Y1 

1A2 
46 3 

1Y2 
44 5 

1A3 1Y3 

1A4 
43 6 

/ 1Y4 

2A1 
41 

1 2V 
8 

2Y1 
2A2 

40 9 
2Y2 

38 11 
2A3 2Y3 
2A4 

37 12 
2Y4 

3A1 
36 

1 3V 
13 

3Y1 
3A2 

35 14 
3Y2 

3A3 
33 16 

3Y3 
3A4 

32 17 
3Y4 

4A1 
30 

1 19 
4V 4Y1 

4A2 
29 20 

4Y2 

4A3 
27 22 

4Y3 
4A4 

26 23 
4Y4 

tThis symbol Is in accordance with ANSI/IEEE Std 91-1984 
and lEe Publication 617-12. 
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3A3 

3A4 

40E 
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SN74LVC16241 
16-BIT BUFFER/DRIVER 

WITH 3-STATE OUTPUTS 
SCAS348A - MARCH 1994 - REVISED JULY 1995 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t· 

Supply voltage range, Vcc ..•.••....•..........•.............••...•.•..•..••••..•. -0.5 V to 6.5 V 
Input voltage range, VI ..•...•..•....•..........•...•.....•..............••..•....• -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 VCC + 0.5 V 
Input clamp current, 11K (VI < 0) ...............•.........................•.........••..... -50 mA 
Output clamp current, 10K (Va < 0 or Va > VCe) •................•........•.•....•....•.... ±50 mA 
Continuous output current, 10 (VA = 0 to VCe) •.•.•.•••••..•.••.•.••.•.•.....•..•.....•.... ±50 mA 
Continuous cLirrent through VCC 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. refer to the Package ThermaiCanslderationsapplication note in the 1994 ABT Advanced BiCMOS Technology 
Data Book. literature number SeBD002B. 

recommended operating conditions (see Note 4) 
MIN MAX UNIT 

Operating 2 3.6 
Vee Supply voltege V 

Date retention only 1.5 

VIH High-Ievei input voltage Vee. 2.7Vto 3.6 V 2 V 

Vil low-level input voltage Vee - 2.7 Vta 3.6 V 0.8 V 

VI Input voltage 0 5.5 V 

Vo Output voltage 0 Vee V 

Vee- 2.7V -12 
IOH High-level output current mA 

VCC- 3V -24 

IOl low-level output current 
Vee- 2•7V 12 

mA 
Vee- 3V 24 

At/Av Input transition rise or fall rate 0 10 nslV 

TA Operating free-air temperature -40 85 ·C 
NOTE 4: Unused control inputs must be held high or low to prevent them from floating. 
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SN74LVC16241 
16·BITBUFFERIDRIVER 
WITH 3·STATE OUTPUTS 
SCAS348A- MARCH 1994- REVISED JULY 1995 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS VCCt MIN TYPt 

IOH" -100 IlA MINto MAX Vee-O.2 

2.7V 
VOH 10H ~-12mA 

3V 

IOH",-24mA 3V 

10L = 100 IlA MINto MAX 

VOL IOL-12 mA 2.7V 

IOL-24mA 3V 

II VI - 5.5 V or GND 3.6V 

II (hold) I Data Inputs 
VI-O.BV 

VI-2V 
3V 

-
10Z VO-5.5 VorGNQ 3.6V 

ICC VI - Vee or GND, 10=0 3.6 V 

.t.lee One Input at Vee - 0.6 V, Other Inputs at Vee or GND 2.7Vt03.6V 

ei VI = Vee or GND 3.3 V 

"'tJ 3.3V Co Vo = Vee or GND 

OlJ t For conditions shown as MIN or MAX, use the appropriate values under recommended operating conditions. 
tAli typical values are measured at Vee - 3.3 V, TA _ 25°C. 
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2.4. 
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MAX UNIT 

V 

0.2 

0.4 V 
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IlA 

±10 IlA 
40 IlA 

500 IlA 
pF 

pF 



• Member of the Texas Instruments 
Wldebus™ Family 

• EPICTM (Enhanced·Performance Implanted 
CMOS) Submlcron Process 

• Typical VOLP (Output Ground Bounce) 
< 0.8 V at Vee = 3.3 V, TA = 25°C 

• Typical VOHV (Output VOH Undershoot) 
> 2VatVee = 3.3 V, TA = 25°C 

• Supports Mlxed·Mode Signal Operation 
(SOV Input/Output Voltage With 3.3-V Vee) 

• 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 

• Package Options Include Plastic 30o-mll 
Shrink Smail-Outline (DL) and Thin Shrink 
Smail-Outline (DGG) Packages 

description 

This 16-bit buffer/driver is designed for 2.7-V to 
3.6-V Vee operation. 

The SN74LVC16244A is designed specifically to 
improve both the performance and density of 
3-state memory address drivers, clock drivers, 
and bus-oriented receivers and transmitters. 

SN74LVC18244A 
18-BIT BUFFER/DRIVER 

WITH.3·STATE OUTPUTS 
DECEMBER 1995-

DGG OR DL PACKAGE 
crOP VIEW) 

10E 1 20E 
1Y1 1A1 
1Y2 1A2 

GND GND 
1Y3 1A3 
1Y4 6 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 four4-bit buffers, two 8-blt buffers, or one 16-bit buffer. It provides true outputs and 
symmetrical active-low output-enable (OE) inputs. 

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. 

Inputs can be driven from either 3.3-V or 5-V devices. This feature allows the use ofthese devices as translators 
in a mixed 3.3-V/5-V system environment. 

The SN74LVC16244A 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. 

:lllExAs 
INSTRUMENTS 
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Copy~ght C 1996, Texas Instruments Incorporated 
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SN74lVC16244A 
16-81T BUFFER/DRIVER 
WITH 3-STATE OUTPUTS 
SCES061A- DECEMBER 1995 - REVISED JANUARY 1996 

logic symbolt logic diagram (positive logic) 

1A1 

1A2 

1A3 

1A4 

2A1 

2A2 

2A3 

2A4 

3A1 

3A2 

3A3 

3A4 

4A1 

4A2 

4A3 
4A4 

1 

48 

25 

24 

47 
46 

44 

43 

41 

40 

38 

37 

38 

35 

33 

32 

30 

29 

27 
28 

"-

"-

"-

"-

EN1 

EN2 

EN3 

EN4 -, 
1 

1 

1 

1 

r 2 
1V 1Y1 

3 
1Y2 

5 
1Y3 

6 
1Y4 

8 
2V 2Y1 

9 
2Y2 

11 
2Y3 

12 
2Y4 

3V 
13 

3Y1 
14 

3Y2 
18 

3Y3 
17 

3Y4 
4V 

19 
4Y1 

20 
4Y2 

22 
4Y3 

23 
4Y4 

t This symbol is in aooordance with ANSIIIEEE Sid 91-1984 and 
lEe Publication 617-12. 
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10E 

1A1 

1A2 

1A3 

1A4 

20E 

2A1 

2A2 

2A3 

2A4 

30E 

3A1 

3A2 

3A3 

3A4 

40E 

4A1 

4A2 

4A3 

4A4 
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47 2 
1Y1 

48 3 
1Y2 

44 5 
1Y3 

43 8 
1Y4 

48 

41 8 
2Y1 

40 9 
2Y2 

38 11 
2Y3 

37 12 
2Y4 

25 

38 >--+_1_3_ 3Y1 

35 >--+---.:1:..;.4_ 3Y2 

33 >--+_1_8_ 3Y3 

32 > __ 1_7_' 3Y4 

24 

30 >--+---.:1;.;;.9_ 4Y1 

29 20 
>--+-- 4Y2 

27 >--+-.:22=- 4Y3 

28 >_----'2:.:.3_ 4Y4 



SN74LVC16244A 
16-BIT BUFFER/DRIVER 

WITH 3-STATE OUTPUTS 
SCES061A - DECEMBER 1995 - REVISED JANUARY 1996 

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 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 ............... 0.85 W 

DL package .................. 1.2 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 indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maxlmum-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 ajunction temperature of 150·e and a board trace length of 750 mils. 

For more information, refer to the Package ThermalConsiderationsapplication note in the 1994ABT Advanced BiCMOS Technology 
Data Book, literature number SeBD002B. 

recommended operating conditions (see Note 4) 
MIN MAX UNIT 

Operating 2 3.6 
Vee Supply voltage V 

Data retention only 1.5 

VIH High-level input voltage Vee = 2.7Vto 3.6 V 2 V 

VIL Low-level Input voltage Vee = 2.7 Vto 3.6 V 0.8 V 

VI Input vo~age 0 5.5 V 

Vo Output voltage 
High or low state 0 Vee 

V 
3 state 0 5.5 

Vee- 2.7V -12 
IOH High-level output current mA 

Vee- 3V -24 

IOL 
Vee~2.7V 12 

Low-level output current mA 
Vee- 3V 24 

AIIAv Input transition rise or fall rate 0 10 nslV 

TA Operating free-air temperature -40 85 ·e 

NOTE 4: Unused Inputs must be held high or low to prevent them from floating. 

~1ExAs 
INSTRUMENTS 
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SN74LVC16244A 
16-BIT BUFFER/DRIVER 
WITH 3-STATE OUTPUTS 
SCES061A- DECEMBER 1995"'; REVISED JANUARY 1996 

electrical) characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS vcct MIN TY~ 

IOH--10011A MIN to MAX Vcc-0.2 

IOH--12mA 2.7 V 
VOH 

IOH--12mA ~V 

IOH--24mA 3V 

10L -100 IIA MINto MAX 

VOL IOL-12mA 2.7 V 

IOL=24mA 3V 

II VI-5.5VorGND 3.6 V 

loff VI orVO = 5.5 V 0 

10Z VO-Ot05.5V 3.6 V 

ICC VI- VCC or GND, 10- 0 3.6 V 

t.ICC On" input at VCC - 0.6 V, Other Inputs at VCC or GND 3 V to 3.6 V 

CI VI- VCC or GND 3.3 V 

Co Vo - VCC or GND 3.3 V 
.. .. t For conditions shown as MIN or MAX, US" th" appropnat" valuas under recommended operating conditions . 

=!: All txPlcal valuas are at Vee - 3.3 V, TA - 25°C. 

2 

2.2 

2 

4.7 

6.1 

MAX UNIT 

V 

0.2 

0.4 V 

0.55 

±5 JlA 
50 JlA 

±20 IIA 
20 IIA 

500 IIA 
pF 

pF 

switching. characteristics over recommended operating free-air temperature range, CL = 50 pF 
(unless otherwise noted) (see Figure 1) 

FROM TO 
VCC=3.3V 

VCC=2.7V 
PARAMETER ±O.3V UNIT (INPUT) (OUTPUT) 

MIN MAX MIN MAX 

tpd A Y 1.5 5.2 5.8 n$ 

ten Oi: y 1.5 7.5 8.2 ns 

idis ' Oi: y 1.5 7 7.7 ns 

isk(o)§ 1 ns 

§ Skew between any tow outputs of the serne packsge switching In the same direction. ThIS parameter IS warranted but not production tested. 

operating characteristics, Vee = 3.3 V, TA = 25°C 
PARAMETER TEST CONDITIONS TYP UNIT 

Cpd Power dissipation capacitance per buffer/driver 
LOutputs enabled 20.2 

. I Outputs disabled 
CL=50pF, f-10MHz pF 

3.6 

~I 1ExAs. 
NSTRUMENTS 
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SN74LVC16244A 
16-BIT BUFFER/DRIVER 

WITH 3-STATE OUTPUTS 
SCES061A - DECEMBER 1995 - REVISED JANUARY 1996 

PARAMETER MEASUREMENT INFORMATION 

o 6V 

5000 
From Oulput_-.._---i>----'\N\r __ -J 

Under Teat 

CL=50pF 
(see Note A) I 5000 

SI o Open 

r' 
LOAD CIRCUIT 

2.7 V 

TI~~:~ ______ ~\.~-.5-V----
OV 

I~ tau·~ th 
~ 
I 

Data --....... ~1.5 V 
Input __ .....J1\ 

~2.7V 
1.5V 

OV 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

Input L 1•5V \1.5-;--- 2.7 V 

----II , . OV 
tpLH 14 .I, I J 

,~ .. tpHL , , 
',.----~~-- VOH 

Output !1.5V 1.5V 

----.... VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

NOTES: A. CL includes probe and jig capacitance. 

TEST SI 

tpd Open 
tpLZ/tpZL 6V 

tPHZltpZH GND 

i+-- tw -----.I , ,r---- V 

Input 3 ~ ... I_.5_V __ :.: 

Output 
Control 

(Iow-Ieval 
enabling) 

VOLTAGE WAVEFORMS 
PULSE DURATION 

~ I 2.7 V 

~ 1.5V 4_1.: ___ ov 

tpzL1 r-tPLZ~ l+-

output I ~ I I 1 _-.J_~I_ 3V 

Waveform 1 , \ 1.5V ,VOL+0.3V 
SI at 6 V I· I - - - - VOL 

(see Nota B) I t -+! I+-
tpZH ~ I+-PHZ I 

Output , ~ 
Waveform 2 f V--0-3V VOH 

SI atOND 1.5V OH- • 
.(see Note B) ___ ...J....____ -'---- 0 V 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

B. Wavefonn 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 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 

~1ExAs 
INSTRUMENTS 
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• Member of the Texas Instruments 
W/debus™ Family 

• EPICTM (Enhanced-Performance Implanted 
CMOS) Submlcron Process 

• Typical VOLP (Output Ground Bounce) 
< 0.8 V at Vee = 3.3 V, TA = 25°C 

• Typical VOHV (Output VOH Undershoot) 
> 2V at Vee = 3.3 V, TA = 25°C 

• Supports Mixed-Mode Signal Operation on 
All Ports (SOV Input/Output Voltage With 
3.3-VVee) 

• ESO Protection Exceeds 2000 V Per 
MIL-STO-883C, 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 PullupiPulidown 
Resistors 

• Package Options Include Plastic 30().mll 
Shrink Smail-Outline (OL) and Thin Shrink 
Smail-Outline (OGG) Packages 

description 

This H>-bit buffer/driver is designed for 2.7-V to 3.6-V Vee operation. 

SN74LVCH16244A 
16·BIT BUFFER/DRIVER 

WITH 3-STATE OUTPUTS 

DGG OR DL PACKAGE 
(TOP VIEW) 

10E 1 20E 
lYl lAl 
1Y2 lA2 

GND 4 GND 
1Y3 lA3 
lY4 lA4 
Vee 42 Vee 
2Yl 41 2Al 
2Y2 40 2A2 

GND 39 GND 
38 2A3 

2Y4 37 2A4 
3Yl 36 3Al 
3Y2 35 3A2 

GND 34 GND 
3Y3 33 3A3 
3Y4 32 3A4 
Vee Vee 
4Yl 4Al 
4Y2 4A2 

GND GND 
4Y3 4A3 
4Y4 4A4 
40E 30E 

The SN7 4LVCH16244A 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. 

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. 

Inputs can be driven from either 3.3-V or 5-V devices. This feature allows the use of these devices as translators 
in a mixed 3.3-V/5-V system environment. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

The SN74LVCH16244A 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. 

~1EXAS 
Copyright C 1995, Texas lns1ruments Incorporated 

INSTRUMENTS 
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SN74LVCH16244A 
16·BIT BUFFER/DRIVER 
WITH 3·STATE OUTPUTS 
SCAS313B - NOVEMBER 1993 - REVISED AUGUST 1996 

logic symbolt logic diagram (positive logic) 

1A1 

1A2 

1A3 

1A4 

2A1 

2A2 

2A3 

2A4 

3A1 

3A2 

3A3 

3A4 

4A1 

4A2 

4A3 

4A4 

1 

48 

25 

24 

47 

46 

44 

43 

41 
40 

38 

37 

36 

35 

33 

32 

30 

29 

27 

26 

"-

"-

.J'... 

"-

EN1 

EN2 

EN3 

EN4 ., 
1 

1 

1 

1 

r 2 
1V 1Y1 

3 
1Y2 

5 
1Y3 

6 
1Y4 

2V 
8 

2Y1 
II 

2Y2 
11 

2Y3 
12 

2Y4 
3V 

13 
3Y1 

14 
3Y2 

16 
3Y3 

17 
3Y4 

4V 
19 

4Y1 
20 

4Y2 
22 

4Y3 
23 

4Y4 

t This symbol is In accordance with ANSI/IEEE Std 91-1984 
and lEe Publication 617-12. 
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10E 

1A1 

1A2 

1A3 

1A4 

20E 

2A1 

2A2 

2A3 

2A4 

3CE 

3A1 

3A2 

3A3 

3A4 

40E 

4A1 

4A2 

4A3 

4A4 
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46 

44 

43 

48 

41 

40 

38 

37 

25 

36 

35 

33 

32 

24 

30 

29 

27 

26 

2 
1Y1 

3 1Y2 

5 
1Y3 

6 
1Y4 

8 2Y1 

9 2Y2 

11 2Y3 

12 
2Y4 

13 3Y1 

14 3Y2 

16 3Y3 

17 
3Y4 

19 
4Y1 
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4Y2 

22 
4Y3 

23 4Y4 



SN74LVCH16244A 
16-BIT BUFFER/DRIVER 

WITH 3-STATE OUTPUTS 
SCAS313B - NOVEMBER 1993 - REVISED AUGUST 1995 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, VCC ••.....•.....••••••.....•.•...........................•• -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 Note 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 VCe> ..........•..•............................... ±50 mA 
Continuouscurrentthrough each Vcc or GND •.•........•....•.•.•••..................... ±100 mA 
Maximum power dissipation atTA = 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-reted conditions for extended periods may affect device reliability. 

NOTES: 1. The input and output negative-voRage ratings may be excaeded if the input and output clamp-current ratings ere observed. 
2. This value is limited to 4.6 V maximum. 
3. The maximum package power dissipation is calculated using a junction temperature of 1500C and a board trace length of 750 mils. 

For more information, refertothe Package ThennalConsiderationsapplication note in the 1994 ABT Advanced BiCMOS Technology 
Data Book, literature number seBD002B. 

recommended operating conditions (see Note 4) 
MIN MAX UNIT 

Operating 2 3.6 
Vee Supply voHage V 

Data retention only 1.5 

VIH High-level input voltage Vee - 2.7 V to 3.6 V 2 V 

VIL Low-Ievel Input voRage Vee -2.7 V to 3.6V 0.8 V 

VI Input voltage 0 5.5 V 

Output voltage 
High or low state 0 Vee 

Vo V 
3 state 0 5.5 

Vec-2.7V -12 
IOH High-level output current mA 

Vee- 3V -24 

IOL Low-level output current 
Vee- 2.7V 12 

mA 
Vee- 3V 24 

1J.t/IJ.V Input transition rise or fall rate 0 10 ns/V 

TA Operating free-air temperature -40 85 ·e 

NOTE 4: Unused control Inputs must be held high or low to prevent them from floating. 

~1ExAs 
INSTRUMENTS 
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SN74LVCH16244A 
16-BIT BUFFER/DRIVER 
WITH 3-STATE OUTPUTS 
SCAS313B - NOVEMBER 1993 - REVISED AUGUST 1995 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS VCCt MIN TVP* 

10H - -100 IIA MINto MAX VCC-0.2 

'P 
VOH IOH--12mA 

3 

IOH--24mA 3 

IOL-l00 IIA MINto MAX 

VOL IOL-12 mA 2.7 

IOL-24mA 3 

II VI ~ 5.5 VorGND 3.6 

Vl a O.8V 
3 

II(hold) VI-2V 

VI =Ot03.6 V 3.6 

loff Vl orVO-5.5V 0 

10Z Vo -Ot05.5 V 3.6 

ICC VI- VCC or GND, 10- 0 3.6 

Alec One input at VCC - 0.6 V, Other inputs at VCC or GND 2.7Vto 3.6 V 

CI VI- VCC or GND 3.3 

Co VO. VCC or GND 3.3 
.. .. t For conditions shown as MIN or MAX, use the appropriate values under recommended operallng conditiOns . 

:f: All typical values are at VCC = 3.3 V, TA = 25°C. 

2.2 

2.4 

2 

75 

-75 

4.7 

6.1 

MAX UNIT 

V 

0.2 

0.4 V 

0.55 

±5 IIA 

IIA 
±500 

±50 IIA 
±20 IIA 

20 IIA 
500 IIA 

pF 

pF 

switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, CL = 50 pF (unless otherwise noted) (see Figure 1) 

PARAMETER FROM TO Vee = 3.3 V±O.3 v Vcc = 2.7 V 
UNIT 

(INPUT) (OUTPUT) MIN MAX MIN MAX 

too A y 1.5 5.2 5.8 ns 

ten C5E y 1.5 7.5 8.2 ns 

tdis OE y 1.5 7 7.7 ns 

tsk(O)§ 1 ns 

§ Skew between any two outputs 01 the same package SWItching In the same dlrecllon. This parameter IS warranted but not production tested. 

operating characteristics, T A = 25°C 
PARAMETER TEST CONDITIONS TYP UNIT 

Cpd Power dissipation capacitance per buffer/driver 
I Outputs enabled 

CL-50pF, 
20.2 

L Outputs disabled 
l-l0MHz pF 

3.6 

~1ExAs 
INSTRUMENTS 
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SN74LVCH16244A 
16-BIT BUFFER/DRIVER 

WITH 3-STATE OUTPUTS 
SCAS313B-NOVEMBER 1993- REVISED AUGUST 1995 

PARAMETER MEASUREMENT INFORMATION 

o ev 

From Output 5000 Sl 0 Open 
Under Test -_.----4.---'I/II\r-----/ 

CL=50pF 
(see Note A) T r~ 5000 

LOAD CIRCUIT FOR OUTPUTS 

I4--lw ----.! 
1 1 

Input 3 ~:1~.5~V~~~~ :.:V 

Input 

Output 

Output 

VOLTAGE WAVEFORMS 
PULSE DURATION 

----v 2.7 V 

---.II' 1.5V ~1.5V OV 

tPLH~ KtPHL 

1 1 ~--VOH 
1 !1.5V i 1.5V 

--+1 --i 1 VOL 

tPHL --l.---.! ~ tPLH 

1 !I:':':" VOH \1.5 V T 1.5V 
• - -- VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

INVERTING AND NONINVERTING OUTPUTS 

NOTES: A. CL Includes probe and Jig capacRance. 

TEST Sl 

tpd Open 

tpLZltpZL ev 

tPHZltpZH GND 

------~ uv 
nmlng Input ~~5~ ___ .;..._ 0 V 

~t ~~th~ 
1 au 1 ___ I ~2.7V 

Data Input )(1.5 V ~OV 

Output 
Control 

Output 
Waveform 1 

Sl ateV 
(eee Note B) 

Output 
Waveform 2 

Sl atOND 
(eee Note B) 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

~1.5 V ~=1=.5=V===== :.:V 

tpZL ~ 14-- 1 

I 1 tpLZ --.I j.---';'1 ""''\1.5 V I ~""O_-L +-~-.!...-v :;L 
1 1 tpHZ ~ j4-

tpZH ~ j4- 1 
1 -- VOH 

!1.5V ~H-0.3V 
___ ..J, ... --__ ... 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 intemal 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 2.5 ns, tf S 2.5 ns. 
D. The outputs are measured one at a time with one transRion 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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• Member of the Texas Instruments 
WldebusTM Family 

• EPIC ™ (Enhanced-Performance Implanted 
CMOS) Submlcron Process 

• Output Ports Have Equivalent 26-0 Series 
Resistors, So No External Resistors Are 
Required 

• Typical VOlP (Output Ground Bounce) 
< 0.8 Vat Vee = 3.3 V, TA = 25°C 

• Typical VOHV(Output VOH Undershoot) 
> 2 V at Vee = 3.3 V, TA = 25°C 

• 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 rnA Per 
JEDEC Standard JESD-17 

• Bus Hold on Data Inputs Eliminates the 
Need for External Pullup/Pulldown 
Resistors 

• Package Options Include Plastic 30o-mil 
Shrink Small-Outline (DL) and Thin Shrink 
Smail-Outline (DGG) Packages 

description 

This 16-bit buffer/driver is designed for2.7-V to 
3.B-V Vee operation. 

SN74LVC162244 
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 
1Y4 6 1A4 
Vee 7 Vee 
2Y1 8 2A1 
2Y2 9 2A2 

GND GND 
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 SN74Lve162244 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 B-bit buffers, or one 16-bit buffer. It provides true outputs and symmetrical active-low output-enable 
(OEl inputs. The outputs, which are designed to sink up to 12 mA, include 26-0 resistors to reduce overshoot 
and undershoot. 

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 Vee through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN74LVC162244 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. 
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SN74LVC162244 
16-BIT BUFFER/DRIVER 
WITH 3-STATE OUTPUTS 
SCAS545 - OCTOBER 1995 

logic symbolt logic diagram (positive logic) 

1A1 

1A2 

1A3 

1A4 

2A1 

2A2 

2A3 

2A4 

3A1 

3A2 

3A3 

3A4 

4A1 

4A2 
4A3 

4A4 

1 

48 

25 

24 

47 
46 

44 

43 

41 

40 

38 

37 

36 

35 

33 

32 

30 

28 

27 
26 

"-

"-

"-

"-

EN1 

EN2 

EN3 

EN4 ., 
1 

1 

1 

1 

r 2 
1V 1Y1 

3 
1Y2 

5 
1Y3 

6 
1Y4 

2V 
8 

2Y1 
8 

2Y2 
11 

2Y3 
12 

2Y4 
3V 

13 
3Y1 

14 
3Y2 

16 
3Y3 

17 
3Y4 

4V 18 
4Y1 

20 
4Y2 

22 
4Y3 

23 
4Y4 

tThls symbol Is In accordance with ANSI/IEEE Std 91-1984 
and lEe Publication 617-12. 

~1ExAs 
INSTRUMENTS 

10E 

1A1 

1A2 

1A3 

1A4 

20E 

2A1 

2A2 

2A3 

2A4 

30E 

3A1 

3A2 

3A3 

3A4 

40E 

4A1 

4A2 

4A3 

4A4 
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44 
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48 

41 
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38 
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25 

36 

35 

33 

32 

24 

30 
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2 1Y1 

3 1Y2 

5 
1Y3 

6 
1Y4 

8 2Y1 

9 2Y2 

11 
2Y3 

12 
2Y4 

13 3Y1 

14 3Y2 

16 
3Y3 

17 
3Y4 

18 
4Y1 

20 
4Y2 

22 
4Y3 

23 4Y4 



SN74LVC162244 
16-BIT BUFFER/DRIVER 

WITH 3·STATE OUTPUTS 
SCAS545 - OCTOBER 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 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 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 condnions· is not 
implied. Exposura to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. The input and output negative-voltage ratings may be exceeded H the input and output clamp-current ratings are observed. 
2. This value is IimHed 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 77lermalConsiderationsapplication note in the 1994 ABT Advanced BiCMOS Technology 
Data Book, literature number seBD002B. 

recommended operating conditions (see Note 4) 
MIN MAX UNIT 

Vee Supply voltage 2.7 3.6 V 

VIH High-level input voltage Vee - 2.7 V to 3.6 V 2 V 

VIL Low-level input voHage Vee - 2.7Vto 3.6 V O.S V 

VI Input voHage 0 Vee V 

Vo Output voltage 0 Vee V 

Vee- 2•7V -S 
IOH High-level output current mA 

Vee- 3V -12 

IOL Low-level output currant 
Vee- 2•iv S 

mA 
Vee- 3V 12 

AtIIN Input transition rise or fall rate 0 10 ns/V 

TA Operating frae-air temperature -40 85 ·e 

NOTE 4: Unused control Inputs must be held high or low to prevent them from floating. 

~1EXAS 
INSTRUMENTS 
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SN74LVC162244 
16·BIT BUFFER/DRIVER 
WITH 3·STATE OUTPUTS 
SCAS545 - OCTOBER 1995 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS VCCt MIN TVP* 

10H - -:100 IIA MINto MAX VCC-0.2 

IOH=-6mA, VIH-2V 3 
VOH 

IOHa-.8mA, VIH-2V 2.7 

IOH,,-12mA, VIH -2V 3 

10L-l00 IIA MIN to MAX 
VOL 

IOL-6mA, VIL-0.8V 3 

IOL=8mA, VIL=0.8V 2.7 

10L= 12mA, VIL-0.8V 3 

II VI- VCC orGND 3.6 

VI -0.8V 3 

II(hold) VI=2V 3 

VI-Ot03.6V 3.6 

10Z Vo - VCC or GND 3.6 

ICC VI - VCC or GND, 10- 0 3.6 

~ICC One input at VCC - 0.6 V, Other inputs at VCC or GND 2.7Vt03.6V 

Ci I Control inputs VI - VCC or GND 3.3 

Co I A or B ports Vo - VCC or GND 3.3 

t For conditions shown as MIN or MAX, use the appropriate values under recommended operating conditions. 
:I: All typical values are at VCC - 3.3 V, TA = 25"C. 

2.4 

2 

2 

75 

-75 

2.5 

3.5 

MAX UNIT 

V 

0.2 

0.55 
V 

0.6 

0.8 

±5 IIA 

IIA 
±500 

±10 IIA 
20 IIA 

500 IIA 
pF 

pF 

switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, CL = 50 pF {unless otherwise noted} (see Figure 1) 

PARAMETER FROM TO Vcc =3.3V±O.3V VCC=2.7V 
UNIT 

(INPUT) (OUTPUT) MIN MAX MIN MAX 

~d A. Y 1.5 7 1.5 8 ns 

len OE y 1.5 9 1.5 10 ns 

tdls DE y 1.5 7 1.5 8 ns 

operating characteristics, Vee = 3.3 V, TA = 25°C 
PARAMETER TEST CONDITIONS TYP UNIT 

Cpd Power dissipation capaCitance per buffer/driver 
L Outputs enabled 

CL-50pF, f= 10MHz 
20 

I Outputs disabled ~ pF . 

~1ExAs 
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SN74LVC162244 
16-BIT BUFFER/DRIVER 

WITH 3-STATE OUTPUTS 
SCAS645 - OCTOBER 1995 

PARAMETER MEASUREMENT INFORMATION 

o 6V TEST Sl 
From Output 500 0 Sl 0 Open 

Under Test - ..... -4.----"1N\,----./ 
tpd Open 

tpLZltpZL 6V 

CL=50pF 
(see Note A) T 5000 

tpHZltpZH GND 

LOAD CIRCUIT FOR OUTPUTS ------, 2.7 V 
Timing Input X 1.5 V 

---:----'. 1'------- OV 
14--- tw ----+I 
I I 

Inpm 3 ~:1~.5~V~~~~ :.:V 

Input 

Output 

Output 

VOLTAGE WAVEFORMS 
PULSE DURATION 

~ 2.7 V 

---'" 1.6 V ~ 1.5 V 0 V 

II ~ 
tpLH ~ I I tPHL 

I I \!-:::- VOH 
I !1.6V I ~ 

--+1 --J I VOL 

tpHL --l.---.! ~ tpLH 

I !r.:::':'" VOH \1.5 V T l.5V 
. - -- VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

INVERTING AND NONINVERTING OUTPUTS 

NOTES: A. CL includes probe and jig capacitance. 

Data Input 

Omput 
Control 

Output 
Waveform 1 

S1 st6V 
(see Note B) 

Output 
Waveform 2 

S1 atGND 
(see Note B) 

~ .k .1 
Itsurth I 

--.... I \!I:":':- 2.7 V 

__ ....1)(1.5 V ~OV 
VOLTAGE WAVEFORMS 

SETUP AND HOLD TIMES 

~1.5 V ~=~=.5=V===== :.: V 

tPZL ~ 14- I 
I I tPLZ"'" j.-

---T1""",\1 I p'-- 3V I 1.5V I 
"-_--t-t .... ,...VOL + 0.3 V V I - . ----- OL 

I I tPHZ ~ j4-
tPZH -+t j+- 1 

1----VOH 11.6 V ~H-0.3V 
----'. - -OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

LOW- AND HIGH-LEVEL ENABLING 

B. Wavefonn 1 is for an output with Intema! conditions such that the output Is low except when disabled by the output control. 
Wavefonn 2 is for an output with intema! 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 \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 

• Typical VOlP (Output Ground Bounce) 
< 0.8 V at Vee = 3.3 V, TA = 25°C 

• typical VOHV (Output VOH Undershoot) 
> 2 VatVec= 3.3 V,TA = 25°C 

• Supports Mixed-Mode Signal Operation on 
All Ports (5-V Input/Output Voltage With 
3.3-VVee) 

• ESD Protection Exceeds 2000 V Per 
Mll-STD-883C, Method 3015j Exceeds 
200 V Using Machine Model (C = 200 pF, 
R=O) 

• latch-Up Performance Exceeds 250 mA 
Per JEDEC Standard JESD-17 

• Package Options Include Plastic 30o-mll 
Shrink Smail-Outline (Dl) and Thin Shrink 
Small-Outline (DGG) Packages 

description 

This 16-bit (dual-octal) noninverting bus 
transceiver is designed for 2.7-V to 3.6-V Vee 
operation; it can interface to a 5-V system 
environment. 

The SN74LVC16245A is designed for 
asynchronous communication between data 
buses. The control function implementation 
minimizes external timing requirements. 

SN74LVC16245A 
16-BIT BUS TRANSCEIVER 

WITH 3·STATE OUTPUTS 

DGG OR DL PACKAGE 
(TOP VIEW) 

1DIR 10E 
181 1A1 
182 3 1A2 

GND 4 GND 
183 1A3 
184 1A4 
Vee 7 Vee 
185 1A5 
186 1A6 

GND GND 
1A7 

188 1A8 
281 2A1 
282 2A2 

GND GND 
283 2A3 
284 2A4 
Vee Vee 
285 2A5 
286 2A6 

GND GND 
287 2A7 
288 2A8 

2DIR 20E 

This device can be used as two 8-bit transceivers or one 16-bit transceiver. It allows data transmission from the 
A bus to the B bus or from the B bus to the A bus, depending upon the logic level at the direction-control (OIR) 
input. The output-enable (OE) input can be used to disable the device so that the buses are effectively isolated. 

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 SN74LVC16245A is characterized for operation from -40°C to 85°C. 

FUNCTION TABLE 
(each &obit section) 

INPUTS 

OE DIR 
OPERATION 

L L B data to A bus 

L H A data to B bus 

H X Isolation 

EPle and Widebus are trademarks of Texas Instruments Incorporated. 
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SN74LVC16245A 
16-BIT BUS TRANSCEIVER 
WITH 3-STATE OUTPUTS 
SCES062 - DECEMBER 1995 

logic symbolt 

10E 

1DIR 

48 

1 

25 

" 
" L 
" 

Q3 

3EN1 [SA] 
3EN2[AB] 

G6 20E 

2DIR 
24 L 6EN4[SA] 

6 EN5 [AB] 

1A1 

1A2 

1A3 

1A4 

1AS 

1A6 

1A7 

1A8 

2A1 

2A2 

2A3 
2A4 

2A5 

2A6 

2A7 

2A8 

47 

48 

44 

43 

41 

40 

38. 

37 

36 

35 

33 

32 

30 

28 
27 

26 

., 
L 

V1 <I 

I> 

L 
V4 <I 

I> 

r 2 

2V ~ 
3 

5 
6 

8 

8 

11 

12 

13 

5V ~ 
14 

16 

17 

18 

20 

22 

23 

t This symbol is In accordance with ANSIIIEEE Std 91-1984 
and IEC Publication 617-12. 
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SN74LVC16245A 
16-BIT BUS TRANSCEIVER 

WITH 3-STATE OUTPUTS 
SCES062 - DECEMBER 1996 

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: Except I/O ports (see Note 1) ••.............................•. -0.5 V to 6.5 V 

I/O ports (see Notes 1 and 2) ........................... -0.5 V to Vee + 0.5 V 
Voltage 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 applied to any output in the high or low state, Vo (see Notes 1 and 2) ..... -0.5 V to Vee + 6.5 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 .............•.......................•.•.•.. ± 1 00 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 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-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 ajunction temperature of 150·e and a board trace length of 750 mils. 

For more information, refertothe Package Therma/Considerationsapplication note in the 1994 ABT Advanced BiCMOS Technology 
Data Book, literature number SeBD002B. 

recommended operating conditions (see Note 4) 
MIN MAX UNIT 

Operating 2 3.6 
Vee Supply voltage V 

Data retention only 1.5 

VIH High-level input voltage Vee -2.7Vt03.6 V 2 V 

VIL Low-level Input voltage Vee -2.7Vt03.6 V 0.8 V 

VI Input voltage 0 5.5 V 

High or low stete 0 Vee 
Vo Output voHage V 

3 state 0 5.5 

Vee- 2•7V -12 
IOH High-level output current rnA 

Vee a3V -24 

Vee- 2.7V 12 
IOL Low-level output current 

VCC- 3V 
mA 

24 

fl.tl fl.v Input transition rise or fall rate 0 5 ns/V 

TA Operating free-air temperature -40 85 ·e 

NOTE 4: Unused Inputs must be held high or low to prevent them from floating. 

~1ExAs 
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SN74LVC16245A 
16-BIT BUS TRANSCEIVER 
WITH 3·STATE OUTPUTS 
SCES062-DECEMBER 1996 

electrical characteristics over recommended operating free-alr temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS veet MIN TYP* 

IOH--1001lA MINto MAX Vee-0.2 

IOH--12mA 2.7 V 
VOH 

IOH--12mA 3V 

IOH--24mA 3V 

10L-l00 IlA MIN to MAX 

VOL IOL-12mA 2.7 V 

IOL-24mA 3V 

II VI-5.5 VorGND 3.6V 

loff VI orVO-5.5 V 0 

10Z§ VO-Ot05.5 V 3.6V 

ICC VI - VCC or GND, 10- 0 3.6V 

~ICC One input at VCC - 0.6 V, Other inputs at VCC or GND 3Vto3.6 V 

Ci I Control inputs VI- VCC or GND 3.3 V 

Cio I A or B ports Vo .. VCC or GND 3.3 V 

t For conditions shown as MiN or MAX, use the appropriate values under recommended operating conditions. 
:I: All typical values are at VCC = 3.3 V, TA = 25°C. 
§ For 110 ports, the parameter 10Z includes the input leakage current. 

2 

2.2 

2 

5.4 

9 

MAX UNIT 

V 

0.2 

0.4 V 

0.55 

±5 IlA 
50 IlA 

±20 IlA 
20 IlA 

500 IlA 
pF 

pF 

switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature range, CL = 50 pF (unless otherwise noted) (see Figure 1) 

FROM TO 
VCC=3.3V VCC=2.7V 

PARAMETER ±O.3V UNIT (INPUT) (OUTPUT) 
MIN MAX MIN MAX 

tpd A Y 1 5.2 5.8 ns 

ten rn: y 1.5 7.2 8 ns 

idis OE y 1.5 7.2 8 ns 

Isk(o)~ 1 ns 

'II Skew between any two outputs of the same package switching In the same direction. This perameter is warranted but not production tested. 

operating characteristics, Vee = 3.3 V, TA = 25°C 
PARAMETER TEST CONDITIONS TYP UNIT 

Cpd Power dissipation capacitance per transceiver 
I Outputs enabled 

CL-50pF, 
24 

I Outputs disabled 
f-l0MHz pF 

3.7 

~1EXAS 
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SN74LVC16245A 
16-BIT BUS TRANSCEIVER 

WITH 3-STATE OUTPUTS 
SCES062 - DECEMBER 1995 

PARAMETER MEASUREMENT INFORMATION 

o 6V TEST S1 
5000 S1 0 Open From Output 

Under Test - ..... ----.~_'\NIr---J 
tpd Open 

tpLZ/tpZL 6V 

CL=SOpF 
(see Note A) T SOOO 

tpHZ/tpZH GND 

LOAD CIRCUIT FOR OUTPUTS ------'x 2.7 V 
Timing Input 1.S V ___ -:-_..1. 1'-______ OV 

I4- tw---+l 
I I 

Input 3 ~:1~.5~V~~~~ :.:V 

Input 

Output 

Output 

VOLTAGE WAVEFORMS 
PULSE DURATION 

---v X 2.7V ---Ii' 1.SV 1 1•SV OV 

II ~ 
tpLH ~ I I tPHL 

I I ~--VOH 
I !1.5V I 1.6V 

--;-1 .....I I VOL 

tPHL~ ~tPLH 
I !.I:':::'" VOH 

\1.5 V T 1.SV 
. - -- VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

INVERTING AND NONINVERTING OUTPUTS 

NOTES: A. CL includes probe and jig capacitance. 

Data Input 

Output 
Control 

Output 
Waveform 1 

S1 at6V 
(_Note B) 

Output 
Waveform 2 

S1 atGND 
(see Note B) 

I I.. I 
lot L ·r th ~ I ... u I 

__ "",I ~2.7V 

__ --'X1•SV ~OV 
VOLTAGE WAVEFORMS 

SETUP AND HOLD TIMES 

~1.S V ~=1=.S=V===== :.:V 

tpZL ~ 14- I 
I I tPLZ -.I I+-

----TI"""{ I p"'-- 3 V 
I ,1.6V II VOL+O.3V V I . . ----- OL 
I I tPHZ ~ j4-

tpZH ~ j+- I 
1----VOH 

___ ....;!1.SV ~H-O.3V ... OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

LOW- AND HIGH-LEVEL ENABLING 

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 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 0. tr S 2.5 ns, tf S 2.5 ns. 
D. The outputs are meesured one at a time with one transition per measurement. 
E. tPZL and tpZH are the same as len. 
F. tPLZ and tPHZ are the same as !dis. 
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 

• EPle™ (Enhanced-Performance Implanted 
CMOS) Submlcron Process 

• Typical VOlP (Output Ground Bounce) 
< 0.8 Vat Vee = 3.3 V, TA = 25°C 

• Typical VOHV (Output VOH Undershoot) 
> 2 V at Vee = 3.3 V, TA = 25°C 

• Supports Mixed-Mode Signal Operation on 
All Ports (SoV Input/Output Voltage With 
3.3-V Vee) 

• ESD Protection Exceeds 2000 V Per 
MIL-8TD-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/Pulldown 
Resistors 

• Package Options Include Plastic 30o-mll 
Shrink Small-outllne (DL) and Thin Shrink 
Small-Outline (DGG) Packages 

description 

This 16-bit (dual-octal) noninverting bus 
transceiver is designed for 2.7-V to 3.6-V Vee 
operation. 

SN74LVCH16245A 
16-BIT BUS TRANSCEIVER 

WITH 3·STATE OUTPUTS 

DGG OR DL PACKAGE 
crOP VIEW) 

1DIR 
181 
182 

GND 4 
183 5 
184 6 

Vee 7 
185 8 
186 9 

GND 10 
187 11 

188 12 
281 13 
282 

GND 
283 
284 

Vee 
285 
286 

GND 
287 
288 

2DIR 

10E 
1A1 
1A2 
GND 

44 1A3 
43 1A4 
42 Vee 
41 1A5 
40 1A6 
39 GND 
38 1A7 

1A8 
2A1 
2A2 
GND 
2A3 

32 2A4 
31 Vee 
30 2A5 

2A6 
GND 
2A7 
2A8 
2~ 

The SN7 4LVCH16245 is designed for asynchronous communication between data buses. The control function 
implementation minimizes external timing requirements. 

This device can be used as two 8-bit transceivers or one 16-bit transceiver. It allows data transmission from the 
A bus to the B bus or from the B bus to the A bus, depending upon the logic level at the direction-control (OIR) 
input. The output-enable (OE) input can be used to disable the device so that the buses are effectively Isolated. 

To ensure the high-impedance state during power up or power down, DE 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. 

Inputs can be driven from either 3.3-V or 5-V devices. This feature allows the use ofthese devices as translators 
in a mixed 3.3-V/5-V system environment. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logiC level. 

The SN74LVCH16245 is characterized for operation from -40°C to 85°C. 

EPIC and W1debus are trademarks of Texas Instruments Incorporated. 

~1ExAs 
Copyright C 1995, Texas Instruments Incorporated 
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SN74LVCH16245A 
16-BIT BUS TRANSCEIVER 
WITH 3-STATE OUTPUTS 
SCES063 - DECEMBER 1995 

FUNCTION TABLE 
(each &obit section) 

INPUTS 
OPERATION 

OE DIR 

L L B data to A bus 

L H A data to B bus 

H X Isolation 

logic symbolt logic diagram (positive logic) 

10E 

1DIR 

20E 

2DIR 

1A1 

1A2 

1A3 

1A4 

1A5 

1A6 

1A7 

1A8 

2A1 

2A2 

2A3 

2A4 

2A5 

2A6 

2A7 

2A8 

48 

1 

25 

24 

47 

48 

44 

43 

41 

40 

36 

37 

36 

35 

33 

32 

30 

28 

27 

26 

-'" 03 
I"-

L 
3 EN1 [BA] 

3EN2[AB] 
I"- 06 L 6EN4[BA] 

6 EN5[AB] ., r 
2 

L 
Vi <I 

~ I>- 2V 
3 

5 

6 

6 

8 

11 

12 

13 

L 
V4 <I 

~ I>- 5V 
14 

16 

17 

18 

20 

22 

23 

t This symbol Is In accordance with ANSI/IEEE Std 91-1984 
and lEG Publication 617-12. 

1DIR 

1A1 

1B1 

1B2 

1B3 

1B4 

1B5 

1B6 

1B7 

1B8 2DIR 
2B1 

2B2 

2B3 

2B4 2A1 

2B5 

2B6 

2B7 

2B8 
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SN74LVCH16245A 
16-BIT BUS TRANSCEIVER 

WITH 3-STATE OUTPUTS 
SCES063 - DECEMBER 1995 

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: Except 1/0 ports (see Note 1) ..••..........•....•....•........ -0.5 V to 6.5 V 

1/0 ports (see Notes 1 and 2) •..•...•...••.............• -0.5 V to Vee + 0.5 V 
Voltage 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 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 (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 ............... 0.85 W 

DL package .................. 1.2 W 
Storage temperature range, Tstg ..........•...............................•....... -65°C to 150°C 

t Stresses beyond those listed Linder "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 rellebility. 

NOTES: 1. The input and output 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 dissipetion is calculated using a junction temperature of 15O·C and a board trace length of 750 mils. 

For more information, refertothe Package ThBl11JalConsiderationsapplication note in the 1994 ABT AdvancedBiCMOS Technology 
Data Book, literature number SCBD002B. . 

recommended operating conditions (see Note 4) 

MIN MAX UNIT 

Operating 2 3.6 
VCC Supply voltage V 

Data retention only 1.5 

VIH High-level Input voitage VCC - 2.7 V to 3.6 V 2 V 

VIL Low-level Input voltage VCC z2.7Vto 3.6 V 0.8 V 

VI Input voltage 0 5.5 V 

High or low state 0 Vee 
Vo Output voltage V 

3-state 0 5.5 

Vec-2.7V -12 
IOH High-level output current mA 

VCC-3V -24 

VCC- 2.7V 12 
IOL Low-level output current rnA 

VCC-3V 24 

t.tltN Input transition rise or fall rate 0 5 ns/V 

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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SN74LVCH16245A 
16-BIT BUS TRANSCEIVER 
WITH 3-STATE OUTPUTS 
SCES063-DECEMBER 1995 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS VCCt MIN TY"* 

10H - -100 J.tA MIN to MAX Vee-0.2 

2.7 V 
VOH IOH .. -12mA >, 

3V 

IOH--24mA 3V 

10L -100 J.tA MIN to MAX 

VOL IOL-12 mA 2.7 V 

IOL-24mA 3V 

II I Control Inputs VI-5.5VorGND , 3.6V 

VI-0.6V 
3V 

II(hold) VI-2V 

VI-Oto3.6V 3.6V 

loff VI orVO - 5.5 V 0 

10Z§ VO·Ot05.5V 3.6V 

IcC VI .. Vee or GND, 10- 0 3.6V 

AICC One input at VCC - 0.6 V, Other Inputs at VCC or GND 2.7Vt03.6V 

CI I Control inputs VI .. VCC or GND 3.3 V 

Cio I A or B ports VO" Vee or GND 3.3 V 
.. t For conditions shown as MIN or MAX, use the appropnate values under recommended operating conditiOns • 

:j: All typical values are at Vee .. 3.3 V, TA _ 25°C. 
§ For 1/0 ports, the parameter 10Z includes the input leakage current. 

2 

2.2 

2 

75 

-75 

5.4 

9 

MAX UNIT 

V 

0.2 

0.4 V 

0.55 

±5 J.tA 

J.tA 
±SOD 

50 J.tA 
:1:20 J.tA 
20 J.tA 

500 J.tA 
pF 

pF 

switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, CL = 50 pF (unless otherwise noted) (see Figure 1) 

FROM TO 
VCC=3.3V 

VCC=2.7V 
PARAMETER ±O.3V UNIT (INPUT) (OUTPUT) 

MIN MAX MIN MAX 

led AorB BorA 1 5.2 5.8 ns 

len C5E AorB 1.5 7.2 8 ns . 
!dIs OE AorB 1.5 7.2 8 ns 

Isk(o)~ 1 ns 

, Skew between any two outputs of the same package switching In the same direction. This parameter Is warranted but not production tested. 

operating characteristics, Vee = 3.3 V, TA = 25°C 
PARAMETER' TEST CONDITIONS TYP UNIT 

Cpd Power dissipation capacitance per transceiver 
I Outputs enabled 24 

I Outputs disabled 
CL=50pF, f~10MHz pF 

3.7 

~1ExAs 
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SN74LVCH16245A 
16-BIT BUS TRANSCEIVER 

WITH 3·STATE OUTPUTS 
SCES063 - DECEMBER 1995 

PARAMETER MEASUREMENT INFORMATION 

o 6V 

S1 o Open 

r' 
5000 

From Output_ ..... _~~--JWv--__ ./ 
Under Test 

CL=50pF 
(see Note A) T 5000 

LOAD CIRCUIT 

TI~~nu~ _____ ...,¥""1_.5_v ___ _ 

2.7 V 

OV 

~ 
I ~ leu·~ th 

Data --~~1.5 V 
Input __ --J1\ 

~2.7V 
1.5V 

OV 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

Input .L 1.5 V \ ~5-;--- 2.7V 

---'I I· OV 

tpLH 1l1li .II I J 
1l1li Pi tpHL 

I I 
I r----~~-- VOH 

Output 11.5 V 1.5 V 
_______ J. VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

NOTES: A. CL includes probe and jig capacitance. 

TEST S1 

tpd Open 

tpLZltpZL 6V 

tPHZItPZH GND 

loiii----- tw ----.! 
I 1.---

Input3 X1.5V :.:V 

Output 
Control 

(low-level 
enabling) 

Output 
Waveform 1 

S1 at 6 V 
(see Note B) 

VOLTAGE WAVEFORMS 
PULSE DURATION 

~ I 2.7 V 

"i' 1.5V 4~:--- OV 

tPZL -.! I+- I 
I I tpLZ~ ~ 

I 1-__ ~_~1- 3V 

I \ 1.5V : VOL + 0.3 V 
I I -- VOL 
I tpHZ~ i+ 

tpZH -+i I+- I 
Output . I ~ 

Waveform 2 - - - - . VOH 

(.!!~~:N~ ____ '<-~.~V ___ 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. All Input pulses are supplied by generators having the following characteristics: PRR s 10 MHz, Zo = 50 Cl, 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 Isn. 
G. tPLH and tpHL are the same as tpd. 

Figure 1. Load Circuit and Voltage Waveforms 

~1ExAs 
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• Member of the Texas Instruments 
Wldebus™ Family 

• EPIC ™ (Enhanced-Performance Implanted 
CMOS) Submlcron Process 

• Typical VOlP (Output Ground Bounce) 
< 0.8 Vat Vce = 3.3 V, TA = 25°C 

• Typical VOHV (Output VOH Undershoot) 
> 2 V at Vee = 3.3 V, TA = 25°C 

• ESO Protection Exceeds 2000 V Per 
MIL-STO-883C, 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/Pulldown 
Resistors 

• All Outputs Have Equivalent 26-0 Series 
ReSistors, So No External Resistors Are 
Required 

• Package Options Include Plastic Shrink 
Smail-Outline (OL) and Thin Shrink 
Small-Outline (OGG) Packages 

description 

This 16-bit (dual-octal) noninverting bus 
transceiver is designed for 2.7~V to 3.6-V Vee 
operation. . 

SN74LVCR162245 
16-BIT BUS TRANSCEIVER 

WITH 3-STATE OUTPUTS 
SCES047 - AUGUST 1995 

DOG OR DL PACKAGE 
(TOP VIEW) 

1DIR 1 
181 
182 

GND 4 
183 
184 
Vee 
185 
186 9 

GND 
187 
188 
281 
282 

GND 
283 
284 
Vec 
285 
286 

GND 
287 
288 

2DIR 

10E 
1A1 
1A2 
GND 
1A3 
1A4 
Vee 
lA5 
lA6 
GND 
1A7 
lA8 
2A1 
2A2 
GND 
2A3 
2A4 
Vec 
2A5 
2A6 
GND 
2A7 
2A8 

The SN74LVCR162245 is designed for asynchronous communication between data buses. The control 
function implementation minimizes external timing requirements. 

This device can be used as two 8-bit transceivers or one 16-bit transceiver. It allows data transmission from the 
A bus to the B bus or from the B bus to the A bus, depending upon the logic level at the direction-control (OIR) 
input. The output-enable (OE) input can be used to disable the device so that the buses are effectively isolated. 

All outputs, which are designed to sink up to 12 mA, include 26-0 resistors to reduce overshoot and undershoot. 

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 Vee through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN74LVCR162245 is characterized for operation from -40°C to 85°C. 

EPIC and Widebus are a trademarks of Texas Instruments Incorporated. 

Copyright C 1995. Texas Instruments Incorporated 

~1ExAs 
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SN74LVCR162245 
16-BITBUS TRANSCEIVER 
WITH 3·STATE OUTPUTS 
SCES047 - AUGUST 1995 

FUNCTION TABLE 
(each 8-blt section) 

INPUTS 
OPERATION 

OE OIR 

L L B data to A bus 

L H A data to B bus 

H X Isolation 

logic symbolt logic diagram (positive logic) 

10E 

10lR 

20E 

20lR 

lAl 

lA2 

lA3 

lA4 

lA5 

1A6 

1A7 

1A8 

2A1 

2A2 

2A3 

2A4 

2A5 

2A6 

2A7 

2A8 

48 r... 
1 "-

L 
25 

" 24 

" L 
47 

L 
46 

44 

43 

41 

40 

38 

37 

36 

L 
35 

33 

32 

30 

29 

27 

26 

G3 

3 ENI [BA] 

3EN2[AB] 

G6 

6 EN4[BA] 

6 EN5 [A B) ., r 
2 

VI <I 

~ t> 2V 
3 

5 

6 

8 

9 

11 

12 

13 
V4 <I 

--.J t> 5V 
14 

16 

17 

19 

20 

22 

23 

tThis symbol is In accordance with ANSI/IEEE Sid 91-1984 
and lEe Publication 617-12. 

10lR 

lA1 

1B1 

1B2 

1B3 

1B4 

1B5 

1B6 

1B7 

1B8 20lR 

2B1 

2B2 

2B3 

2B4 2A1 

2B5 

2B6 

2B7 

2B8 
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SN74LVCR162245 
16-BIT BUS TRANSCEIVER 

WITH 3-STATE OUTPUTS 
SCES047 - AUGUST 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: Except 1/0 ports (see Note 1) ..............•••......... -0.5 V to Vee + 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, 1,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 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 cond~ions" 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/unction temperature of 150·e and a board trace length of 750 mils. 

For more information, refertothe Package Thermaleonsiderationsapplication note in the 1994ABT Advanced BiGMOS Technology 
Oafs Book, literature number SeBD002B. 

recommended operating conditions (see Note 4) 

Vee Supply voltage 

VIH High-level input voHage Vee-2.7Vt03.6 V 

VIL Low-level Input voltage Vee-2.7Vt03.6 V 

VI Input voltage 

Vo Output voltage 

IOH High-level output current 
VCC- 2•7V 

VCC- 3V 

IOL Low-level output current 
Vee = 2.7 V 

Vee- 3V 
r.tI!:N 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 
INSTRUMENTS 
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MIN MAX UNIT 

2.7 3.6 V 

2 V 

0.8 V 

0 Vee V 

0 Vee V 

-8 
mA 

-12 

8 
mA 

12 

0 10 ns/V 

-40 85 ·e 
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SN74LVCR162245 
16-BIT BUS TRANSCEIVER 
WITH 3-STATE OUTPUTS 
SCES047 - AUGUST 1995 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS VCCt M'IN TYp:j: 

IOH=-10011A MIN to MAX VCC-002 

IOH--4mA, VIH-2V 2.7 V 

VOH IOH--SmA, VIH-2V 2.7 V 

IOH--6mA, VIH =2V 3V 

IOH--12mA, VIH-2V 3V 

IOH--10011A MINto MAX 

IOH--4mA, VIL-O.SV 2.7V 

VOL 10H=-SmA, VIL-O.SV 2.7 V 

IOH--6mA, VIL-O.SV 3V 

IOH=-12mA, VIL=O.SV 3V 

II VI - VCC or GND 3.6 V 

VI- O.S V 
3V 

II(hold) VI-2V 

VI -Oto3.6V 3.6 V 

10Z§ Va - VCC or GND 3.6 V 

ICC VI" VCC or GND, 10- 0 3.6 V 

t.ICC One Input at VCC - 0.6 V, Other Inputs at VCC or GND 2.7V to 3.6 V 

Ci I Control inputs VI_ VCC or GND 3.3 V 

Cio I A or B ports Va = VCC or GND 3.3 V 

t For conditions shown as MIN or MAX, use the appropriate values under recommended operating conditions. 
:I: All typical values are at VCC - 3.3 V, TA " 25°C. 
§ For I/O ports, the parameter 10Z Includes the input leakage current. 

2.2 

2 

2.4 

2 

75 

-75 

2.5 

3.5 

MAX UNIT 

V 

0.2 

0.4 

0.6 V 

0.55 

O.S 

±5 IIA 

IIA 

±500 IIA 
±10 IIA 

20 IIA 
500 IIA 

pF 

pF 

switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, CL = 50 pF (unless otherwise noted) (see Figure 1) 

FROM TO 
PARAMETER (INPUT) (OUTPUT) 

!pd AorB BorA 

ten OE AorB 

!dis ~ AorB 

operating characteristics, Vee = 3.3 V, TA = 25°C 

Cpd 

PARAMETER 

.. I Outputs enabled 
Power dissipation capacltanca per transceiver I 

Outputs enabled 

~TEXAS 
INSTRUMENTS 

VCC=3.3V 
±O.3V 

MIN MAX 

1.5 7.5 

1.5 9 

1.5 7.5 

TEST CONDITIONS 

CL=50pF, f-10MHz 

POST OFFICE BOX 655303 • DALLAS. TEXAS 75265 

VCC=2.7V 
UNIT 

MIN MAX 

1.5 S.5 ns 

1.5 10 ns 

1.5 S.5 ns 

TYP UNIT 

20 

~ pF 



SN74LVCR162245 
16-BIT BUS TRANSCEIVER 

WITH 3-STATE OUTPUTS 
SCES047· AUGUST 1995 

PARAMETER MEASUREMENT INFORMATION 

o 6V 

1500 0 Sl 0 Open 
From Output - ..... - ...... >--~Nv---/ 

Under Teat 

CL=50pF 
(see Note A) T 5000 

LOAD CIRCUIT FOR OUTPUTS 

I4-tw~ 

~1"'--2.7V 
Input ~ "'\.~_.I5_V __ 0 V 

VOLTAGE WAVEFORMS 
PULSE DURATION 

J1.6V. 

2.7 V Input 
).( 1.6 V 

I OV 

tPLH~ KtPHL 
1 It"""-- VOH 

Output 1 !l.nl ~ 
I I VOL 

tpHL --l..--..! ~ tPLH 

1.5V 1.5V 

TEST Sl 

tPUtltPHL Open 
tpLZ/tpZL 6V 
tpHzltpZH GND 

------, 2.7 V 
Tlmlng Input X 1.15 V _____ .1'-______ OV 

I .. t_ J.. _I 
1 -au "I th 1 

Data Input 
--"",I ~2.7V __ --'Xu V ~ OV 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

J 1•5V ):(1.5 V 

2.7 V 
Output 
Control 

OV 
tpZL -.I 14- 1 

Output 
1 1 tpLZ -.I 14-
1 1 1 1 3V 

Waveform 1 1 \1.5 V 1 .pL+O.3V Sl at6V 1 
(see Note B) 

1 --- VOL 
1 1 tpHZ~ j+-

Output 
tpZH~ jill- 1 

1---- VOH 
Waveform 2 ~ Y;;;-VOH !1.5V ~H-O.3V Output Sl etGND 

--- VOL (see Note B) 
... OV 

VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES ENABLE AND DISABLE TIMES 

INVERTING AND NONINVERTING OUTPUTS LOW· AND HIGH-LEVEL ENABLING 

NOTES: A. CL Includes probe and Jig capacitance. 
B. Waveform 1 Is for an output with intemal conditions such that the output is low except when disabled by the output control. 

Waveform 218 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. trs 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 Iden. 
G. tpHL and tpLH are the same as Ipd. 

Figure 1. Load Circuit and Voltage Waveforms 
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SN74LVC16373 
16-81T TRANSPARENT O·TYPE LATCH 

WITH 3·STATE OUTPUTS 

• Member of the Texas Instruments 
WldebusTM Family 

• EPICTM (Enhanced-Performance Implanted 
CMOS) Submlcron Process 

• Typical VOLP (Output Ground Bounce) 
< 0.8 Vat Vce = 3.3 V, TA = 25°C 

• Typical VOHV (Output VOH Undershoot) 
> 2Vat Vec = 3.3 V, TA = 25°C 

• 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 16-bit transparent Ootype latch is designed 
for 2.7-V to 3.6-V Vce operation. 

The SN74LVC16373 is particularly suitable for 
implementing buffer registers, I/O ports, 
bidirectional bus drivers, and working registers. It 
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. 

DGG OR DL PACKAGE 
(TOP VIEW) 

lLE 
101 
102 
GNO 
103 
104 

Vee 7 Vee 
lQ5 105 
lQ6 106 

GNO GNO 
lQ7 11 38 107 
lQ8 37 108 
2Ql 36 201 
2Q2 35 202 

GNO 34 GNO 
2Q3 16 33 203 
2Q4 17 32 204 
Vee 18 31 Vee 
2Q5 19 30 205 
2Q6 20 29 206 

GNO 28 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 Vec 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 SN74LVC16373 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 iC) 1995, Texas Instruments IncorPorated 
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SN74LVCi6373 
i6·BIT TRANSPARENT D· TYPE LATCH 
WITH 3·STATE OUTPUTS 
SCAS315B - NOVEMBER 1993 - REVISED JULY 1995 

OE 
L 
L 
L 

H 

FUNCTION TABLE 
(each 8-blt section) 

INPUTS OUTPUT 
LE D Q 

H H H 

H L L 

L X QO 
X X Z 

logic symbolt logic diagram (positive logic) 

10E 

1LE 

20E 

2LE 

1D1 

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 , r 
3D 1V 

4D 2V 

10E -:...-----{] 

1LE 

101 _4_7 ___ -+---1 

2 
1Q1 

3 
1Q2 

5 
1Q3 

6 

8 
1Q4 

To Seven Other Channels 
1Q5 

9 
1Q6 

11 

12 
1Q7 20E 
1Q6 

13 
2Q1 2LE 

14 
2Q2 

16 

17 
2Q3 2D1 

36 

2Q4 
19 

2Q5 
20 

2Q6 
22 

2Q7 
23 

2Q6 To Seven Other Channels 

tThis symbol is in accordance with ANSIIIEEE Std 91:1984 and 
lEO Publication 617-12. 
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SN74LVC16373 
16·81T TRANSPARENT D·TVPE LATCH 

WITH 3·STATE OUTPUTS 
SCAS315B- NOVEMBER 1993- REVISED JULY 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 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 Vee) ............................................. ±50 rnA 
Continuous current through Vee or GND ................................................. ± 100 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 condHions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated condHions 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 ThermalConsiderationsapplication note in the 1994 ABT Advanced BiCMOS Technology 
Data Book, literature number SCBD002B. 

recommended operating conditions (see Note 4) 
MIN MAX UNIT 

VCC Supply voltage 2.7 3.6 V 

VIH High-level input voltage VCC .. 2.7Vt03.6V 2 V 

VIL Low-level Input voltage VCC -2.7Vt03.6 V 0.8 V 

VI Input voltage 0 VCC V 

Vo Output voltage 0 VCC V 

VCC-2.7V -12 
IOH High-level output current mA 

VCC-3V -24 

IOL Low-level output current 
VCC-2.7V 12 

mA 
VCC=3V 24 

AtflN Input transition rise or fall rate 0 10 ns/V 

TA Operating free-alr temperature -40 85 ·C 

NOTE 4: Unused control Inputs must be held high or low to prevent them from floating. 

-!111ExAs 
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SN74LVC16373 
16-8!T TRANSPARENT D~TYPE LATCH 
WITH 3-STATE OUTPUTS 
SCAS315B- NOVEMBER 1993-REVISEOJULY 1995 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

'PARAMETER TEST CONDITIONS VCCt MIN TYP* 

IOH--l00jIA MINto MAX VCC-O.2 
2.7 

VOH IOH--12mA 
3 

IOH--24mA 3 

10L -100 jIA MINto MAX 

VOL IOL-12 mA 2.7 

IOL-24mA 3 

II VI_ VCC or GND 3.6 

II (hold) I Data Inputs 
VI-0.8V 

VI-2V 
3 

10Z Vo - VCC or GND 3.6 

ICC VI- VCC or GND, 10- 0 3.6 

alCC One Input at Vee - 0.6 V, Other inputs at VCC or GND 3Vt03.6V 

Ci VI • VCC or GND 3.3 

Co Vo-VccorGND, 3.3 

t For conditions shown as MIN or MAX, use the appropriate values under recommended operating conditions. 
tAli typical values are at VCC. 3.3 V, TA. 25°C. 

2.2 

2.4 

2 

75 

-75 

3.5 

7 

MAX UNIT 

V 

0.2 

0.4 V 

0.55 

±5 jIA 

jIA 

±10 jIA 

40 jIA 

500 jIA 

pF 

pF 

timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) (see Figure 1) 

VCC=3.3V VCC=2.7V ±O.3V UNIT 
MIN MAX MIN MAX 

Iw Pulse duration, LE high 4 4 ns 

tsu Setup time, data before LE.!. 2 2 ns 

th Hold time, data after LE.!. 2 2 ns 

switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, CL= 50 pF (unless otherwise noted) (see Figure 1) 

FROM TO 
Vcc = 3.3 V 

VCC=2.7V 
PARAMETER ±O.3V UNIT (INPUT) (OUTPUT) 

MIN MAX MIN MAX 

0 1.5 7 8 
tpd Q ns 

LE 2 8 9 

len OE Q 1.5 8 9 ns 

!dis OE Q 1.5 7 8 ns 

operating characteristics, T A = 25°C 
PARAMETER TEST CONDITIONS TYP UNIT 

Cpd Power dissipation capacitance per latch 
I Outputs enabled 

CL=50pF, f=10MHz 
20 

I Outputs disabled 4 
pF 

.~1ExAs 
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SN74LVC16373 
16-81T TRANSPARENT D-TYPE LATCH 

WITH 3-STATE OUTPUTS 
SCAS315B- NOVEMBER 1993 - REVISED JULY 1996 

PARAMETER MEASUREMENT INFORMATION 

o 8V TEST S1 

From OUtput 11000 S1 o Open 

UnderTMt rD 
CL=50pF 

5000 
(_NoteA) I 

":" 

tpd Open 
tputtPZL 8V 

tPHzitPZH GND 

LOAD CIRCUIT FOR OUTPUTS nmlng Input ------X,.1-.5-V---- 2.7 V 
____ --J. 1'-______ OV 

14--tw---.l 
1 I 

Input 3 'X:1.I5~~V~~~ :.:V 

Input 

Output 

Output 

VOLTAGE WAVEFORMS 
PULSE DURATION 

--v X 2.7 V 

---11' 1.15 V 1 1.15 V 0 V 

tPLH ~ H- tpHL 

1 1 ~--VOH 
1 l1.15V l 1.15 V 

--+1 --J 1 VOL 

tPHL~ ~tPLH 
I ~VOH 

\1.15 V T 1.15 V 
. - -- VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

INVERTING AND NONINVERTING OUTPUTS 

NOTES: A. CL includes probe and Jig capacitance. 

Data Input 

Output 
Control 

OUtput 
Waveform 1 

S1 aUV 
(_Note B) 

Output 
Waveform 2 

S1 atGND 
(_Note B) 

~ ~ ~ 1 tau lit 1 
--'"\ 1 ~2.7V 

__ J'j(1.IIV ~OV 
VOLTAGE WAVEFORMS 

SETUP AND HOLD TIMES 

~1.5V ~1.5V ::V 

tPZL ~ 14- 1 
__ ..,.1 ~ I tPLZ --.I j4- 3 V 

! \1.I5V ! ~k+J!:~ VOL 

1 I tPHZ -.) j4-
tpZH ~ j4- 1 

I --- VOH 
!1.I5V ~H-O.3V 

---",. ...--- .. 0 V 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

LOW- AND HIGH-LEVEL ENABLING 

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 intamal 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 s 2.5 ns, tf S 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 leiis. 
F. tpZL and tpZH are the same as len. 
G. tpLH and tPHL are the same es tpd. 

Figure 1. Load Circuit and Voltage Waveforms 

:'IlExAs 
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SN74LVC16374 
16-BIT EDGE·TRIGGERED D·TVPE FLlp·FLOP 

WITH 3·STATE OUTPUTS 

• Member of the Texas Instruments 
W/debus™ Family 

• EPICTM (Enhanced-Performance Implanted 
CMOS) Submlcron Process 

• Typical VOlP (Output Ground Bounce) 
< 0.8 Vat Vee = 3.3 V, TA = 25°C 

• Typical VOHV (Output VOH Undershoot) 
>2 V at Vee = 3.3 V, TA = 25°C 

• 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 3~mll 
Shrink Small-Outline (OL) and Thin Shrink 
Smail-Outline (OGG) Packages 

description 

This 16-bit edge-triggered Ootype flip-flop is 
designed for 2.7-V to 3.6-V Vee operation. 

The SN74lVC16374 is particularly suitable for 
implementing buffer registers, I/O 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 Q outputs of the flip-flop take on 
the logic levels set up at the data (D) inputs. 

NOVEMBER 1993 - REVISED JULY 1995 

DGG OR Dl PACKAGE 
(TOP VIEW) 

10E 1 1CLK 
101 101 
102 102 

GNO GNO 
103 103 
104 6 104 
Vee Vee 
105 105 
106 9 106 

GNO GNO 
107 107 
108 108 
201 201 
202 202 

GNO GNO 
203 203 
204 204 
Vee Vcc 
205 205 
206 206 

GNO GNO 
207 207 
208 208 
20E 24 2CLK 

A buffered output-enable (DE) 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 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 Vec 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 SN74lVC16374 is characterized for operation from -40°C to 85°C. 

EPIC and Wtdebus are trademarks of Texas Instruments Incorporated. 

Copyright 1C11995. Texas Instruments Incorporated 
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SN74LVC16374 
16-81T EDGE-TRIGGERED D-TYPE FLIP-FLOP 
WITH 3-STATE OUTPUTS 
SCAS316B - NOVEMBER 1993 - REVISED JULY 1995 

FUNCTION TABLE 
(each flip-flop) 

INPUTS OUTPUT 
OE ClK D Q 

L i H H 
L i L L 
L HorL X 00 
H X X Z 

logic symbolt logic diagram (positive logic) 

10E 

1ClK 

20E-

2ClK 

1D1 

1D2 
1D3 

1D4 

1D5 

1D6 

1D7 

1D8 

2D1 

2D2 

2D3 

204 

2D5 

2D6 

2D7 

2D8 

1 

48 

24 

25 

47 

46 

44 

43 

41 

40 

38 

37 

36 

35 

33 

32 

30 

29 

27 

26 

" 

"-

1EN 

C1 

2EN 

C2 ., 
1D 

2D 

I'" 2 
1V 

3 

5 

6 

8 

9 
11 

12 

13 
2V 

14 

16 

17 

19 

20 

22 

23 

1Q1 

1Q2 

1Q3 

1Q4 

1Q5 

1Q6 

1Q7 

1Q6 

2Q1 

2Q2 

2Q3 

2Q4 

2Q5 

2Q6 

2Q7 

2Q6 

1ClK 

1D1 _4:..;..7 ___ +---1 

To Saven Other Channels 

20E-=-----(j 

2ClK 

2D1 _36'-0-__ -+---1 

To Seven Other Channels 

tThis symbol Is in accordance with ANSI/IEEE Stcl91-1984 
and lEe Publication 617-12. 
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SN74LVC16374 
16-BIT EDGE·TRIGGERED D-TYPE FLlP·FLOP 

WITH 3-STATE OUTPUTS 
SCAS316B- NOVEMBER 1993- REVISED JULY 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, 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, 1,K (V, < 0) .........................................•................ -50 mA 
Output clamp current,lOK (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 ............... 0.85 W 

DL package ............•..... 1.2 W 
Storage temperature range, Tstg .................................................. -65·C to 150·C 

tStresses 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 H 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 ThennalConsiderationsapplication note in the 1994 ABT Advanced BiCMOS Technology 
Data Book, literature number SeBD002B. 

recommended operating conditions (see Note 4) 

Vee Supply voltage 

V,H High-level input voltage Vee =2.7Vt03.6 V 

V,L Low-level input voltage Vee - 2.7 V to 3.6 V 

V, Input voltage 

Vo Output voltage 

Vee=2.7V 
IOH High-level output current 

Vee=3V 

Vee- 2.7V 
IOL Low-level output current 

Vee=3V 

At//!N 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 
INSTRUMENTS 

POST OFFICE sox 665303 • DAllAS, TEXAS 75265 

MIN MAX UNIT 

2.7 3.6 V 

2 V 

0.8 V 

0 Vee V 

0 Vee V 

-12 
mA 

-24 

12 
rnA 

24 

0 10 ns/V 

-40 85 ·e 
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SN74LVC16374 
16-81T EDGE-TRIGGERED D-TYPE FLIP-FLOP 
WITH 3·STATE OUTPUTS 
SCAS316B - NOVEMBER 1993 - REVISED JULY 1996 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS Veet . MIN TY~ 

IOH--100JIA MINto MAX VCC-0.2 

2.7 V 
VOH IOH~-12mA 

3V 

IOH--24rnA 3V 

10l -100 JIA MINto MAX 

VOL IOl-12mA 2.7 V 

IOl-24rnA 3V 

II VI- Vce or GND 3.6V 

VI-0.8V 
3V 

II (hold) Data Inputs VI-2V 

VI-OI03.6V 3.6V 

10Z Vo - VCC or GND 3.6V 

ICC VI - VCC or GND, 10- 0 3.6V 

~ICC One input at VCC - 0.6 V, Other Inputs at Vee or GND 3Vt03.6V 

Ci VI- VCC or GND 3.3 V 

Co Vo - VCC or GND 3.3 V 

t For condHions shown as MIN or MAX, use the appropriate values under recommended operating conditions. * All typical values are at VCC - 3.3 V, TA - 25°C. 

2.2 

2.4 

2 

75 

-75 

3.5 

7 

MAX UNIT 

V 

0.2 

0.4 V 

0.55 

±5 JIA 

JIA 
±500 

±10 JIA 
40 JIA 

500 JIA 
pF 

pF 

timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) 

Vee = 3.3 V 
Vee=2.7V ±0.3V UNIT 

MIN MAX MIN MAX 

fclock Clock frequency 0 100 0 80 MHz 

tw Pulse duration, ClK high or low 4 4 ns 

Isu Setup time, data before ClKi I High or low 2 3 ns 

th Hold time, data after clKi I High or low 1.5 1.5 ns 

switching characteristics over recommended operating free-air temperature range, CL = 50 pF 
(unless otherwise noted) (see Figure 1) 

FROM TO 
Vee=3.3V 

VCC=2.7V 
PARAMETER ±O.3V UNIT (INPUT) (OUTPUT) 

MIN MAX MIN MAX 

fmax 100 80 MHz 

Ipd ClK a 1.5 7.5 1.5 8.5 ns 

len OE a 1.5 7.5 1.5 8.5 ns 

Idis OE a 1.5 7 1.5 8 ns 

~ThxAs 
INSTRUMENTS 
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. SN74LVC16374 
16-81T EDGE· TRIGGERED D· TYPE FLIP· FLOP 

WITH 3·STATE OUTPUTS 
SCAS316B- NOVEMBER 1993- REVISED JULY 1995 

operating characteristics, VCC = 3.3 V, TA = 25°C 

PARAMETER TEST CONDITIONS TYP UNIT 

I Outputs enabled 22 
Cpd Power dissipation capacitance per llip-flop 

l0utputs disabled 
CL - 50 pF, 1- 10 MHz ~ pF 

PARAMETER MEASUREMENT INFORMATION 

o 6V TEST S1 
From Output _ ..... _____ S""ol\lo"'O ___ S./' 0 Open 

Under Test 1 GND 
tpd Open 

tPultPZL 6V 

CL=50pF 
(see Note A) T SOO 0 

LOAD CIRCUIT FOR OUTPUTS 

14-----!w-.l 
I 1,.--__ 

Input 3 ~\.1_.S_V __ :.:v 

Input 

Output 

Output 

VOLTAGE WAVEFORMS 
PULSE DURATION 

=¥ ... 1_.S_V_-,¥r1-.S-V-- :.: V 

tPLH +--l K lPHL 

: /1.SV I \!~:;; VOH 

--+, --'. I \:::..:. VOL 

tPHL~ ~tPLH 
1 v:-:::-I VOH \1.5 V T 1.SV 

. -- VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

INVERTING AND NONINVERTING OUTPUTS 

NOTES: A. CL includes probe and jig capacitance. 

tPHz/tpZH GND 

------, 2.7 V 
Timing Input X 1.S V 

---~----. 1'------- ov 
~ ~L. ~ 
,lsurth, 

__ .." ~2.7V 

Data Input )(1.S V ~ ° V 

Output 
Control 

Output 
Waveform 1 

S1 at6V 
(see Note B) 

Output 
Waveform 2 

S1 atGND 
(see Note B) 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

=¥'.SV ~='=.S=V===~~ :.:V 

tPZL ~ 14-- I 
, tpLZ -.I j.-----;.'"""\' , p ..... -- 3 V , 1.SV I 

, I VO.!...+J!.!Y VOL 

I 1 tPHZ ~ j4-
tPZH ~ j4- I 

1 --- VOH 
!'.SV ~H-O.3V 

----'. - ~OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

LOW· AND HIGH·LEVEL ENABLING 

B. Waveform 1 is lor 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, 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 Ipd. 

Figure 1. Load Circuit and Voltage Waveforms 
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• Member of the Texas Instruments 
Wldebus™ Family 

• EPICTM (Enhanced-Performance Implanted 
CMOS) Submlcron Process 

• Typical VOLP (Output Ground Bounce) 
< 0.8 Vat Vee = 3.3 V, TA = 25°C 

• Typical VOHV (Output VOH Undershoot) 
> 2VatVee = 3.3 V, TA = 25°C 

• Bus Hold on Data Inputs Eliminates the 
Need for External Pullup/Pulldown 
Resistors 

• Supports Mixed-Mode Signal Operation on 
All Ports (5-V Input/Output Voltage With 
3.3-VVee) 

• Package Options Include Plastic 3Oe-mll 
Shrink Smail-Outline (DL) and Thin Shrink 
Smail-Outline (DGG) Packages 

description 

This 16-bit buffer/driver is designed for 2.7-V to 
3.6-V Vee operation; it can interface to a 5-V 
system environment. 

The SN74LVC16540 provides a high-
performance bus Interface for wide datapaths. 

The 3-state control gate is a 2-input AND gate with 
active-lowJ.!]?uts so that If either output-enable 
(OE1 or OE2) input is high, aU corresponding 
outputs are in the high-impedance state. 

SN74LVC16540 
16-BIT BUFFER/DRIVER 

WITH 3-STATE OUTPUTS 

DGG OR DL PACKAGE 
crOP VIEW) 

10E1 101:2 
1Y1 1A1 
1Y2 1A2 

GND GND 
1Y3 1A3 
1Y4 6 1A4 
Vee 7 Vee 
1Y5 8 1A5 
1Y6 9 1A6 

GND 10 GND 
1Y7 11 1A7 
1Y8 12 1A8 
2Y1 13 2A1 
2Y2 14 2A2 

GND 15 GND 
2Y3 16 2A3 
2Y4 17 2A4 
Vee 18 31 Vee 
2Y5 19 30 2A5 
2Y6 20 29 2A6 

GND 21 26 GND 
2Y7 22 27 2A7 
2Y8 23 2A8 

2m 24 20E2 

To ensure the high-impedance state during power up or power down, OE should be tied to V ce through a pullup 
resistor; the minimum value of the resistor is determined by the current-slnking capability of the driver. 

The SN74LVC16540 is characterized for operation from -40°C to 85°C. 

FUNCTION TABLE 
(each 8-blt section) 

INPUTS OUTPUT 
0E1 OE2 A Y 

L L L H 

L L H L 

H X X Z 

X H X Z 

EPIC and Wldebus are trademarks of Texas Instruments Incorporated. 
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SN74LVC16540 
16-BIT BUFFER/DRIVER 
WITH 3-STATE OUTPUTS 
SCAS349A-MARCH 1994-REVISEDJULY 1995 

logic symbolt logic diagram (positive logic) 

1 1 
10E1 

10E2 

20E1 

20E2 

48 

24 

25 

-'" 

" 
" 
" 

& 
EN1 

& 
EN2 

10E1 

10E2 
48 

1A1 
47 2 1Y1 

1A1 

1A2 

1A3 

1A4 

1A5 

1A6 

1A7 

1A8 

2A1 

2A2 

2A3 

2A4 

2A5 

2A6 

2A7 

2A8 

47 

46 

44 

43 

41 

40 

38 

37 

36 

35 

33 

32 

30 

29 

27 

26 

., 
1 

1 

r 2 
1V 

3 

5 

6 

8 

9 

11 

12 

13 
2V 

14 

16 

17 

19 

20 

22 

23 

1Y1 ~ 
1Y2 To Seven Other Channels 
1Y3 

1Y4 

1Y5 20E1 
24 

1Y6 
20E2 

26 

1Y7 

1Y8 
2A1 

36 13 2Y1 
2Y1 

2Y2 

2Y3 '-----V----' 
2Y4 To Seven Other Channels 

2Y6 

2Y6 

2Y7 

2Y8 

tThis symbol is in accordance with ANSIIIEEE Std 91-1984 and 
lEO Publication 617-12. . 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)* 

Supply voltage range, Vee .......................•..............•.......••...•.... -0.5 V to 6.5 V 
Input voltage range, VI :........................................................... -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 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 

: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-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. The input and output negative-voltage ratings may be exceeded H the input and output clamp-current ratings are observed. 

9-60 

2. This value is limited to 4.6 V maximum. 
3. The maximum package power dissipation Is calculated using a/unction temperature of 150°0 and a board trace length of 750 mils. 

For more Information. referto the Package Th8l77lai Considerationsapplicatlon note In the 1994 ABT Advanced BiCMOS Technology 
Data Book, literature number SOBDOO2B. 
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SN74LVC16540 
16-BIT BUFFER/DRIVER 

WITH 3·STATE OUTPUTS 
SCAS349A - MARCH 1994 - REVISED JULY 1995 

recommended operating conditions (see Note 4) 
MIN MAX UNIT 

Operating 2 3.6 
Vee Supply voltage V 

Data retention only 1.5 

VIH High-level input voHage Vee - 2.7 Vto 3.6 V 2 V 

VIL Low-level input voltage Vee - 2.7 Vto 3.6 V 0.8 V 

VI Input voHage 0 5.5 V 

Vo Output voltage 0 Vee V 

VCC- 2.7V -12 
IOH High-level output current mA 

Vee- 3V -24 

Vee- 2.7V 12 
IOL Low-level output current mA 

Vee- 3V 24 

AtlAv Input transition rise or lall rate 0 10 nstv 

TA Operating lree-alr temperature -40 85 ·e 

NOTE 4: Unused control Inputs must be held high or low to prevent them Irom lloating. 

electrical characteristics over recommended operating free·air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS vcct MIN TYP:j: 

IOH--100jIA MINto MAX Vee-0.2 

VOH IOH=-12mA 
2.7V 

3V 

IOH--24mA 3V 

IOL = 100 jIA MINto MAX 

VOL IOL-12 mA 2.7V 

IOL=24mA 3V 

II VI-5.5 Vor GND 3.6V 

II(hold) I Data inputs 
VI-0.8V 

VI-2V 
3V 

10Z Vo - 5.5 Vor GND 3.6 V 

lee VI- Vee or GND, 10- 0 3.6 V 

~Iee One Input at Vee - 0.6 V, Other inputs at Vee or GND 2.7Vt03.6V 

el VI - Vee or GND 3.3 V 

eo Vo - Vee or GND 3.3 V 

t For conditions shown as MIN or MAX, use the appropriate values under recommended operating conditions. 
:j: All typical values are measured at Vee - 3.3 V, TA = 25·e. 

~1EXAS 
INSTRUMENTS 
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2.2 

2.4 

2.2 

75 

-75 

MAX UNIT 

V 

0.2 

0.4 V 

o.ss 
±5 jIA 

jIA 

±10 jIA 

40 jIA 

500 jIA 

pF 

pF 
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• Member of the Texas Instruments 
Wldebus™ Family 

• EPler .. (Enhanced-Performance Implanted 
CMOS) Submlcron Process 

• typical VOLP (Output Ground Bounce) 
< 0.8 V at Vee = 3.3 V, TA = 25°C 

• typical VOHV (Output VOH Undershoot) 
>2VatVee = 3.3 V, TA = 25°C 

• Bus Hold on Data Inputs Eliminates the 
Need for External Pullup/Pulidown 
Resistors 

• Supports Mixed-Mode Signal Operation on 
All Ports (5-V Input/Output Voltage With 
3.3-VVee) 

• Package Options Include Plastic 30Q-mll 
Shrink Smail-Outline (DL) and Thin Shrink 
Smail-Outline (DGG) Packages 

description 

This 16-bit buffer/driver is designed for 2.7-V to 
3.6-V Vee operation; it can interface to a 5-V 
system environment. 

The SN74LVC16541 is a noninverting 16-bit 
buffer composed of two 8-bit sections with 
separate output-enable signals. For either 8-bit 
buffer section, the two output-enable (1 OE1 and 

SN74LVC16541 
16-B11 BUFFER/DRIVER 

WITH a·STATE OUTPUTS 

DGG OR DL PACKAGE 
(TOP VIEW) 

10E1 1 
1Y1 2 
1Y2 3 

GND 
1Y3 
1Y4 6 

Vee 7 
1Y5 8 
1Y6 9 

GND 

1YB 
2Y1 
2Y2 

GND 
2Y3 
2Y4 

Vee 
2Y5 
2Y6 

GND 
2Y7 
2YB 

20E1 

10E2 
1A1 
1A2 
GND 
1A3 
1A4 
Vee 
1A5 
1A6 
GND 
1A7 
1AB 
2A1 
2A2 
GND 
2A3 
2A4 
Vee 
2A5 
2A6 
GND 
2A7 
2A8 
20E2 

10E2 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 8-bit buffer section 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 pull up 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN74LVC16541 is characterized for operation from -40°C to 85°C. 

OE1 

L 

L 

H 

X 

FUNCTION TABLE 
(each B-blt section) 

INPUTS OUTPUT 
OE2 A Y 

L L L 

L H H 

X X Z 
H X Z 

EPle and Widebus are trademarks of Texas Instruments Incorporated. 

PRODUCTPIIEVlEWInIonn_ ........ ~lntht_or := 1'1*0 of -.pm .... ChIrIi:IorIolic dill .... _ 
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SN74LVC16541 
16-BIT BUFFER/DRIVER 
WITH 3-STATE OUTPUTS 
SCAS350A- MARCH 1994- REVISED JULY 1995 

logic symbolt logic diagram (positive logic) 

1 10E1 
10E1 

10E2 

20E1 

20E2 

48 

24 

25 

r-.. 
r-.. 

" 
" 

& 
EN1 

& 
EN2 

10E2 
48 

1A1 47 2 1Y1 

1A1 

1A2 

1A3 

1A4 

1A5 

1A6 

1A7 

1A8 

2A1 

2A2 

2A3 

2A4 

2A5 

2A6 

2A7 

2A8 

47 

46 

44 

43 

41 

40 

38 

37 

36 

35 

33 

32 

30 

29 

27 

26 

., 
1 

1 

r 2 
1V 

3 

5 

6 

8 

9 

11 

12 

13 
2V 

14 

16 

17 

19 

20 

22 

23 

1Y1 
~ 

1Y2 

1Y3 
To Seven Other Channela 

1Y4 24 
1Y5 

20E1 

20E2 25 
1Y6 

1Y7 
2A1 

36 13 2Y1 
1Y8 

2Y1 

2Y2 
~ 2Y3 

2Y4 To Seven Other Channels 

2Y5 

2Y6 

2Y7 

2Y8 

tThis symbol is in accordance with ANSI/IEEE Sid 91-1984 
and IEC Publication 617-12. 

absolute maximum ratings over operating free-aIr temperature range (unless otherwise noted):!: 

Supply voltage range, Vee ........................................................ -0.5 V to 6.5 V 
Input voltage range, VI .............................•...•..............•........... -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 (Vo < 0 or Vo > Vee) ........................................... ±50 rnA 
Continuous output current, 10 (Vo = 0 to Vee) ............................................. ±50 rnA 
Continuous current through Vee or GND ................................................. ± 100 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 

: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-maxlinum-rated conditions for extended periods may afiect device reliability. 

NOTES: 1. The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 

9-64 

2. This value is limited to 4.6 V maximum. 
3. The maximum package power dissipation Is calculated using ajunction temperature of 150·C and a board trace length of 750 mils. 

For more information, refer to the Package ThermalConsiderationsapplication note In the 1994ABT Advanced BICMOS Technology 
Data Book, literature number SCBDOO2B. 
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SN74LVC16541 
16-BIT BUFFER/DRIVER 

WITH 3-STATE OUTPUTS 
SCAS350A - MARCH 1994 - REVISED JULY 1995 

recommended operating conditions (see Note 4) 
MIN MAX UNIT 

Operating 2 3.6 
VCC Supply voltage V 

Data retention only 1.5 

VIH High-level input voltage VCC. 2.7 V to 3.6 V 2 V 

VIL Low-level input voltage VCC-2.7Vt03.6 V O.B V 

VI Input voltage 0 VCC V 

Vo Output voltage 0 VCC V 

VCC-2.7V -12 
10H High-level output current mA 

VCC- 3V -24 

VCC- 2.7V 12 
10L Low-level output current mA 

VCC- 3V 24 

At/Av Input transHion rise or fall rete 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. 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) == 

PARAMETER TEST CONDITIONS Vcct MIN TYP* 

IOH=-100jJA MINto MAX VCC-0.2 

VOH IOH--12mA 
2.7V 

3V 

IOH=-24mA 3V 

10L = 100 jJA MINto MAX 

VOL 10L= 12 mA 2.7 V 

IOL-24mA 3V 

II VI -5.5 VorGND 3.6 V 

II(hold) I Data Inputs 
VI-O.BV 

VI=2V 
3V 

10Z VO-5.5 VorGND 3.6 V 

ICC VI-VCC orGND, 10- 0 3.6 V 

.6.ICC One Input at VCC - 0.6 V, Other inputs at VCC or GND 2.7 Vto 3.6 V 

Ci VI_ VCC or GND 3.3 V 

Co Vo - VCC or GND 3.3 V 

t For conditions shown as MIN or MAX, use the appropriate values under reoommended operating conditions. 
=!: All typical values are measured at VCC "' 3.3 V, TA = 25·C. 

~1EXAS 
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2.2 

2.4 

2.2 

75 

-75 

MAX 

0.2 

0.4 

0.55 

±5 

±10 

40 

500 

UNIT 

V 

V 

jJA 

jJA 

jJA 

jJA 

jJA 

pF 

pF 
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• Member of the Texas Instruments 
W/debus™ Family 

• EPIC ™ (Enhanced-Performance Implanted 
CMOS) Submlcron Process 

• Typical VOlP (Output Ground Bounce) 
< 0.8 V at Vee = 3.3 V, TA = 25°C 

• Typical VOHV (Output VOH Undershoot) 
> 2VatVee =3.3 V, TA = 25°C 

• 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 16-bit registered transceiver is designed for 
low-voltage (3.3-V) Vee operation. 

The SN74LVC16543 can be used as two B-bit 
transceivers or one 16-blt transceiver. Separate 
latch-enable (LEAB or LEBA) and output-enable 
(OEAB or OEBA) inputs are provided for each 
register to permit independent control in either 
direction of data flow. 

The A-to-B enable (CEAB) Input must be low in 
order to enter data from A or to output data from 
B. If CEAB is low and LEAB is low. the A-to-B 
latches are trarsparent; a subsequent low-to-high 
transition of EAB PtJhe A latches in the 
storage mode. With C and C5EAB both low. 

SN74LVC16543 
16-81T REGISTERED TRANSCEIVER 

WITH 3-STATE OUTPUTS 

DOG OR DL PACKAGE 
(TOP VIEW) 

1C5EPJJ 
1rEA6 
1~ 

GND 
1A1 
1A2 6 
Vee 7 
1A3 8 
1A4 9 
1A5 10 

GND 11 
1A6 12 
1A7 13 
1A8 
2A1 
2A2 
2A3 

GND 
2A4 
2A5 
2A6 

1~ 
1 rEBA 
1~ 
GND 
181 

51 182 
60 Vee 
49 183 
48 184 
47 185 
46 GND 
45 186 
44 187 
43 188 
42 281 

282 
283 
GND 
284 
285 
286 

Vee Vee 
2A7 287 
2A8 288 

GND GND 
2~ 2CEBA 
2lEAB 2rEBA 
20EAB 2~ '1..._.....r 

the 3-state B outputs are active and reflect the data present at the output of the A latches. Data flow from B to 
A is similar but requires using the CEeA. LEBA. and OEBA inputs. 

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 SN74LVC16543 is characterized for operation from -40°C to 85°C. 

EPle and Wrdebus are trademarks of Texas Instruments Incorporated. 

Copyright 0 1995, Texas Instrumen1S Incorporated 
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SN74LVC16543 
16-81T REGISTERED TRANSCEIVER 
WITH 3·STATE OUTPUTS 
SCAS317A- NOVEMBER 1993 - REVISED OCTOBER 1995 
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H 

X 
L 

L 

L 

FUNCTION TABLEt 
(each 8-blt aectlon) 

INPUTS 

LEAB OEAB A 

X X X 
X H X 
H L X 
L L L 

L L H 

OUTPUT 
B 

Z 

Z 

BO:!: 

L 

H 

t A-to-B data flow IS shown; B-to-A flow control IS the 
same except that it uses CEBA, LEBA, and OEBA. 

:!: Output level before the indicated steady-state input 
conditions were established 
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logic symbolt 

56 
10EBA 

54 
lCEBA 
1 LEBA 
lOEAii 

65 

1 
3 

lCEA1 2 
lLEAB 

29 
ZOEBA 31 
2CEBA 30 
2LEBA 28 
20EAB 

26 
2CEAB 
2LEAB 

27 

lAl 
5 

lA2 
6 
8 

lA3 
9 

lA4 
10 

lA5 
12 

lA6 
13 

lA7 

lA8 
14 
15 

2Al 

2A2 
16 

2A3 
17 

2A4 
19 

20 
2A5 

21 
2A6 

2A7 
23 

24 
2A8 

~ lEN3 

" 01 

" lC5 

" 2EN4 

" 02 

" 206 

" 7EN9 

" 07 

" 7Cll 

" 8EN10 
r- 08 
~ 8C12 
:i 

L 
V3 
60 

L V9 
120 

r 
50 

4V 

110 

10V 

SN74LVC16543 
16-81T REGISTERED TRANSCEIVER 

WITH 3-STATE OUTPUTS 
SCAS317A - NOVEMBER 1993 - REVISED OCTOBER 1995 

52 

P 
51 

49 

48 

47 

45 

44 

43 
42 

P 
41 

40 

38 

37 

36 

34 

33 

lBl 

lB2 
lB3 

lB4 

lB5 

lB6 

lB7 

lB8 
2Bl 

2B2 

2B3 

2B4 

2B5 

2B6 

2B7 

2B6 

tThis symbol Is In accordanca with ANSIIIEEE Std 91-1984 and lEe Publication 617-12. 

~1EXAS 
INSTRUMENTS 

POST OFFICE BOX 855303. OAUAS. TEXAS 76266 9-69 



SN74LVC16543 
16-81T REGISTERED TRANSCEIVER 
WITH 3-STATE OUTPUTS 
SCAS317A- NOVEMBER 1993 - REVISED OCTOBER 1995 

logic diagram (positive logic) 

1~ 56 

1CEBA 
54 

1LEBA 
55 

10EAB 

1CEAB 
3 

1LEAB 
2 

1A1 
6 C1 

62 1B1 10 

C1 

10 

\ v 
To Seven Other Channels 

2O!BA 29 

2CEBA 
31 

2LEBA 
30 

2O!D 
28 

2CEAB 
28 

2Lm 
rr 

2A1 
15 C1 

42 2B1 10 

C1 

10 

\ v 
To Seven Other Channels 
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SN74LVC16543 
16-BIT REGISTERED TRANSCEIVER 

WITH 3-STATE OUTPUTS 
SCAS317A - NOVEMBER 1993 - REVISED OCTOBER 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: 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, Va (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 (Va < 0 or Va > Vee> ........................................... ±50 rnA 
Continuous output current, 10 (Va = 0 to Vee> ............................................. ±50 rnA 
Continuous current through 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 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 ThermalConsiderationsapplication note inthe 1994 ABT Advanced BiGMOS Technology 
Data Book, literature number SeBD002B. 

recommended operating conditions (see Note 4) 

VCC Supply voltage 

VIH High-level input voltage Vec - 2.7 Vto 3.6 V 

VIL Low-level input voltage Vce - 2.7 V to 3.6 V 

VI Input voltage 

Vo Output voltage 

Vee- 2.7V 
IOH High-level output current 

Vee=3V 

Low-level output current 
Vee=2.7V 

IOL 
Vee=3V 

AtlAv 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 

2.7 3.6 V 

2 V 

0.8 V 

0 Vee V 

0 Vee V 

-12 
mA 

-24 

12 
mA 

24 

0 10 ns/V 

-40 85 ·C 
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SN74LVC16543 
16·81T REGISTERED TRANSCEIVER 
WITH 3·STATE OUTPUTS 
SCAS317A - NOVEMBER 1993 - REVISED OCTOBER 1996 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS VCet MIN TVP* 

IOH--l00JIA MINto MAX Vee-0.2 

2.7V 
VOH IOH--12mA 

3V 

IOH=-24mA 3V 

10L -100 JIA MINto MAX 

VOL lOLa 12mA 2.7V 

IOL-24mA 3V 

II Control inputs VI - Vee or GND 3.6 V 

VI-0.8V 
II (hold) A or B ports 3V 

VI=2V 

10Z§ Vo - Vee or GND 3.6V 

lee VI - Vee or GND, 10- 0 3.6V 

.6.lee One Input at Vee - 0.6 V, Other Inputs at Vee or GND 3Vto3.6V 

ei eontrollnputs VI = Vee or GND 3.3 V 

eio AorB ports Vo = Vee or GND 3.3V 

t For conditions shown as MIN or MAX, use the appropriate values under recommended operating conditions. 
:j: All typical values are at Vee = - 3.3 V, TA _ 25°e. 
§ For I/O ports, the parameter 10Z Includes the input leakage current. 

2.2 

2.4 

2 

75 

-75 

3 

7 

MAX UNIT 

V 

0.2 

0.4 V 

0.55 

±5 JIA 

JIA 

±10 JIA 

40 JIA 
500 JIA 

pF 

pF 

timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) (see Figure 1) 

Vee=3.3V 
VeC=2.7V ±O.3V UNIT 

MIN MAX MIN MAX 

tw Pulse duration, LE or eE low 4 4 ns 

tsu Setup time, Data before LE, eE 2 2 ns 

th Hold time, Data after LE, CE 2 2 ns 

switching characteristics over recommended operating free-air temperature range, CL = 50 pF 
(unless otherwise noted) (see Figure 1) 

FROM TO 
Vee = 3.3 V 

Vee=2.7V 
PARAMETER ±O.3V UNIT ~NPUT) (OUTPUT) 

MIN MAX MIN MAX 

tpd AorB BorA 1.5 8 1.5 9 ns 

tpd Ii: AorB 1.5 9 1.5 10 ns 

ten eE AorB 1.5 9 1.5 10 ns 

tdls CE Aor.B 1.5 9 1.5 10 ns 

ten OE AorB 1.5 8.5 1.5 9.5 ns 

tdis OE AorB 1.5 8.5 1.5 9.5 ns 
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SN74LVC16543 
16-81T REGISTERED TRANSCEIVER , 

WITH 3-STATE OUTPUTS 
SCAS317A - NOVEMBER 1993 - REVISED OCTOBER 1995 

operating characteristics, Vee = 3.3 V, TA = 25°C 
PARAMETER TEST CONDITIONS TYP UNIT 

L outputs enabled 21 
Cpd Power dissipation capacitance per transceiver J Outputs disabled 

CL~50pF, fal0MHz 3.5 pF 

PARAMETER MEASUREMENT INFORMATION 

o 6V TEST SI 
SI Open o Open 

r~ 
soon 

From Output _ __.-__.---'\,IV'Ir---.J tpd 
tpLZItPZL 6V 

Under Test 

CL=SOpF 
_(S88 Note A) T soon 

LOAD CIRCUIT 

TI~~:~ _____ -'~'"I-.S-V----
~ 
I 

2.7 V 

OV 

~ tau·~ th 

Data --~W1.5 V 
Input __ --'" 

~2.7V 
I.SV 

OV 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

Input L 1•SV \.~s-;--- 2.7 V 

---'I I· OV 
L. .II I I tpLH 1- ~ w 

14 PI tpHL 
I I 
I,----~~-VOH 

Output 11.5 V I.S V 
____ J. VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

NOTES: A. CL Includes probe and jig capacitance. 

tpH;zItPZH GND 

14-- tw ----.J 
I Ir-___ V 

Input ?' "'1.SV U 

.-::.:J\ '"---- 0 V 

VOLTAGE WAVEFORMS 
PULSE DURATION 

Output 
Control 

(low-level 
enabling) 

~ I 2.7 V 

~1.SV 4_1.: ___ ov 

tpZL -+I I+- 1 
1 1 . tPLZ~ 

_---;1'""\1 1 
Output 1 

Waveform 1 1 
SI at6V 

(_Note B) 
~PHZ~ 

3V 

VOL + 0.3 V 
VOL 

Output 
Waveform 2 

SI atGND 
Ir----+ VOH 

VOH-0.3V 
(_ Note B) ___ J 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

OV 

B. Waveform 1 is for an output wHh internal condHions 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 wHh one transition per measurement. 
E. tpLZ and tpHZ are the same as Idls. 
F. tpZL and tpZH are the same as len. 
G. tPLH and tpHL are the same as Ipd. 
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SN74LVC16646 
16-BIT BUS TRANSCEIVER AND REGISTER 

WITH 3-STATE OUTPUTS 

• Member of the Texas Instruments 
W/debus™ Family 

• EPICTM (Enhanced-Performance Implanted 
CMOS) Submlcron Process 

• Typical VOlP (Output Ground Bounce) 
< 0.8 V at Vee = 3.3 V, TA = 25°C 

• Typical VOHV (Output VOH Undershoot) 
> 2VatVee = 3.3 V, TA = 25°C 

• 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-mll 
Shrink Small·Outline (Dl) and Thin Shrink 
Smail-Outline (DGG) Packages 

description 

This 16-bit bus transceiver and register is 
designed for low-voltage (3.3N) V CC operation. 

The SN74LVC16646 can be used as two 8-bit 
transceivers or one 16-bit transceiver. The device 
consists of bus transceiver Circuits, D-type 
flip-flops, and control circuitry arranged for 
multiplexed transmission of data directly from the 
input bus or from the internal registers. 

Data on the A or B bus is clocked into the registers 
on the low-to-high transition of the appropriate 
clock (CLKAB or CLKBA) input. Figure 1 
illustrates the four fundamental bus-management 
functions that can be performed with the 
SN74LVC16646. 

SCAS318B-

DGG OR DL PACKAGE 
(TOPV1EW) 

1DIR 
1CLKA8 

1SA8 
GND 

Vee 
1A3 
1A4 
1A5 

GND 
1A6 
1A7 
1A8 
2A1 
2A2 
2A3 

GND 
2A4 
2A5 
2A6 
Vee 
2A7 
2A8 

GND 
2SA8 

2CLKA8 
2DIR 

7 

17 
18 

19 

20 

21 

22 

23 

24 

25 

26 

56 10E 
55 1CLK8A 
54 1S8A 
53 GND 
52 181 
51 11;32 
50 Vee 
49 183 
48 184 

185 
GND 
186 
187 
188 
281 

41 282 
283 
GND 

38 284 
37 285 
36 286 
35 Vcc 
34 287 
33 288 
32 GND 
31 2S8A 

2CLK8A 
20E 

..... _...T 

Output-enable (OE) and direction-control (DIR) inputs control the transceiver functions. In the transceiver 
mode, data present at the high-impedance port may be stored in either register or in both. The select-control 
(SAB and SBA) inputs can multiplex stored and real-time (transparent mode) data. The circuitry used for select 
control eliminates the typical decoding glitch that occurs in a multiplexer during the transition between stored 
and real-time data. DIR determines which bus receives data when OE is low. In the isolation mode (OE high), 
A data may be stored in one register and/or B data may be stored in the other register. 

When an output function is disabled, the input function is still enabled and can be used to store and transmit 
data. Only one of the two buses, A or B, may be driven at a time. 

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 SN74LVC16646 is characterized for operation from -40°C to 85°C. 

EPIC and Widebus are trademarks of Texas Instruments InCOrporated. 

Copyri9ht C 1995, Texas Instruments Incorporated 
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SN74LVC16646 
16-BIT BUS TRANSCEIVER AND REGISTER 
WITH 3-STATE OUTPUTS 
SCAS318B - NOVEMBER 1993 - REVISED JULY 1995 

~ 

III 

i 

~ 
OE OIR CLKAB CLKBA SAB SBA OE OIR CLKAB CLKBA SAB SBA 

9-76 

L L X X X L L H X X L X 

OE 
X 
X 
H 

REAL·TIME TRANSFER REAL·TIME TRANSFER 
BUSATOBUSB BUS BTOBUSA 

~ ~ 
OIR CLKAB CLKBA SAB SBA OE OIR CLKAB CLKBA SAB 
X t X X X L L X HorL X 
X X t X X L H HorL X H 
X t t X X 

STORAGE FROM TRANSFER STORED DATA 
A, B, ORAAND B TOAANDIORB 

Figure 1. Bus-Management Functions . 
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logic symbolf 

10E 
1DIR 

1CLKBA 
iSBA 

1CLKAB 
1SAB 

20E 
2DIR 

2CLKBA 
2SBA 

2CLKAB 
2SAB 

1A1 

1A2 

1A3 
1A4 

1A5 

1A6 

1A7 

1A8 

2A1 

2A2 

2A3 

2A4 

2A5 

2A8 

2A7 

2A8 

56 "-
1 "-

L 
56 

54 

2 
3 

29 "-
26 "-

L 
30 

31 

27 

26 

5 

r-
6 

8 

9 

10 

12 

13 

14 

15 

r-
16 -
17 

19 

20 

21 

23 

24 

SN74LVC16646 
16-BIT BUS TRANSCEIVER AND REGISTER 

WITH 3-STATE OUTPUTS 

G3 
3EN1 [BA] 
3 EN2[AB] 

C4 

Q5 

C6 
G7 

G10 
10 EN6[BA] 
10EN9[AB] 

C11 
G12 

C13 

014 , ,.. 
~1 5 4D 

Vi 51 

6D 7 ~1 
2V 

1 7 

~1 12 11D 
V8 12 1 

13D 14 ~1 
9V 

1 14 

W 

--.J 

SCAS318B - NOVEMBER 1993 - REVISED JULY 1995 

62 

51 

49 

48 

47 

45 

44 

43 
42 

41 
40 

38 

37 

36 

34 

33 

1B1 

1B2 

1B3 

1B4 

1B5 

1B6 

1B7 

188 

2B1 

2B2 

283 

2B4 

2B5 

2B6 

2B7 

2B8 

tThis symbol Is In accordance with ANSI/IEEE Sid 91-1984 and lEe Publication 617-12. 
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SN74LVC16646 
16-BIT BUS TRANSCEIVER AND REGISTER 
WITH 3-STATE OUTPUTS 
SCAS318B - NOVEMBER 1993 - REVISED JULY 1995 

logic diagram (positive logic) 

iCE --==--"""-<:r"""",\ 

1 DIR -'----+--I..-J 

1CLKBA ~-----f---------I >-------t--. 
iSBA -:...:-----f....-t >1~----.., 

1CLKAB 

1SAB "':;"'---H....-t ~~-----, 

v 

2CE 
29 

To Seven Other Channela 

2DIR 
28 

2CLKBA 
30 

2SBA 

2CLKAB 

2SAB 

2A1 _1.;,.;;5_......y-H .... 

v 
To Saven Other Channels 
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H+-!!-+I,.::;52=-1B1 

, 
I 

~"'-H-il I 
I 
I 

t-t~!-+I_42_ 2B1 
I 
I 
I 
I 
I 

oJ 



INPUTS 
OE DIR CLKAB CLKBA SAB 

X X l' X X 

X X X l' X 

H X l' l' X 

H X H orl Horl X 

L l X X X 

L L X HorL X 

L H X X l 

l H Horl X H 

SN74LVC16646 
16·BIT BUS TRANSCEIVER AND REGISTER 

WITH 3-STATE OUTPUTS 
SCAS318B - NOVEMBER 1993 - REVISED JULY 1995 

FUNCTION TABLE 

DATAl/Os 
SBA A1 THRUA8 B1 THRU B8 

OPERATION OR FUNCTION 

X Input Unspeclfledt Store A. B unspecifledt 

X Unspecified"t Input Store B. A unspecifiedt 

X Input Input Store A and B data 

X Input disabled Input disabled Isolation. hold storage 

l Output Input Real-time B data to A bus 

H Output Input Stored B data to A bus 

X Input Output Real-time A data 10 B bus 

X Input Output Stored A data to B bus 

t The data output functions may be enabled or disabled by vanous signals at the OE and DIR Inputs. Data Input functions are always enabled; 
I.e .• data at the bus terminals is stored on every low-te-hlgh transition of the clock Inputs. 

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 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 

:j: Stresses beyond those listed under "absolute maximum ratings" mayceuse 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-maxlmum-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 niaximum. 
3. The maximum package power dissipation is celculated using a junction temperature of 150·C and a board trace length of 750 mils. 

For more information. reierlothe Package ThermalConsiderationsapplicalion note inthe 1994 ABT Advanced BiCMOS Technology 
Data Book. literature number SCBD002B. 
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SN74LVC16646 
16·BIT BUS TRANSCEIVER AND REGISTER 
WITH 3·STATE OUTPUTS 
SCAS318B- NOVEMBER 1993 - REVISED JULY 1995 

recommended operating conditions (see Note 4) 

Vee Supply voltage 

VIH High-level input voltage 

VIL Low-leveUnput voltage 

VI Input voltage 

Vo Output voltage 

10H High-level output current 

10L Low-level output current 

"'tlIN Input transition rise or fall rate 

TA Operating free-air temperature 

Vee - 2.7 Vto 3.6 V 

Vee ~ 2.7 V to 3.6 V 

Vee~2.7V 

Vee- 3V 

Vee=2.7V 

Vee=3V 

NOTE 4: Unused control inputs must be held high or low to prevent them from floating. 

MIN MAX UNIT 

2.7 3.6 V 

'2 V 

0.8 V 

0 Vee V 

0 Vee V 

-12 
mA 

-24 

12 
mA 

24 

0 10 nsN 

-40 85 ·e 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS VCCt MIN TY~ MAX UNIT 

IOH • -100 J,tA MIN to MAX Vee-0.2 

2.7 2.2 
VOH 10H --12mA V 

3 2.4 

IOH=-24mA 3 2 

10L - 100 J,tA MINto MAX 0.2 

VOL 10L= 12mA 2.7 0.4 V 

IOL-24mA 3 0.55 

II Control Inputs VI = Vee or GND 3.6 ±5 J,tA 
VI-0.8V 75 

3 
II(hold) A or B ports VI=2V, -75 J,tA 

VI =Ot03.6V 3.6 ±500 

10Z§ Vo - Vee or GND 3.6 ±10 J,tA 

ICC VI = Vee or GND, 10=0 3.6 40 J,tA 

.!l.lee One inpu1 at Vee - 0.6 V, Other inpu1s at Vee or GND 3Vt03.6V 500 J,tA 
ei Control inputs VI - Vee or GND 3.3 3 pF 

eio A or B ports Vo • Vee or GND 3.3 7 pF .. .. t For conditions shown as MIN or MAX, use the appropnate values under recommended operatmg conditions . 
:j: All typical values are at Vee = 3.3 V, TA _ 25·e. ' 
§ For 110 ports, the parameter 10Z includes the inpu1leakage current. 
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SN74LVC16646 
16·BIT BUS TRANSCEIVER AND REGISTER 

WITH 3·STATE OUTPUTS 
SCAS318B-NOVEMBER 1993- REVISED JULY 1995 

timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 

VCC=3.3V 
Vee = 2.7 V 

±O.3V UNIT 
MIN MAX MIN MAX 

fclock Clock frequency 0 100 0 80 MHz 

tw Pulse duration, ClK high or low 4.5 4.5 ns 

tsu Setup time. A or B before ClKABt or ClKBA t I Data high or low 5 5 ns 

th Hold time, A or B after ClKABt or ClKBA t I Data high or low 0 0 ns 

switching characteristics over recommended operating free-air temperature range, CL = 50 pF 
(unless otherwise noted) (see Figure 2) 

FROM TO 
VCC = 3.3 V 

VeC=2.7V 
PARAMETER ±O.3V UNIT (INPUT) (OUTPUT) 

MIN MAX MIN MAX 

fmax 100 80 MHz 

AorB BorA 1.5 7 8 

\Pd ClKAB or ClKBA 1.5 8.5 9.5 ns 
AorB 

SABor SBA 1.5 8.5 9.5 

OE 1.5 8 9 
len AorB 

1.5 8 
ns 

DIR 9 

OE 1.5 8.5 9.5 
!dis AorB ns 

DIR 1.5 8.5 9.5 

operating characteristics, Vee = 3.3 V, TA = 25°C 
PARAMETER TEST CONDITIONS TYP UNIT 

I Outputs enabled 17 
Cpd Power dissipation capacitance per transceiver I Outputs disabled 

Cl-50pF, f~ 10 MHz f--- pF 
4 
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SN74LVC18646 
16-BIT BUS TRANSCEIVER AND REGISTER 
WITH 3-STATE OUTPUTS 
SCAS31BB-NOVEMBER 1993- REVISED JULY 1995 

PARAMETER MEASUREMENT INFORMATION 

o 6V TEST S1 
From Output _ ..... _~~--'5VOOI/'v-0 ___ S./1 0 Open 

Under Test 1 GND 

tpd Open 
tpLZltpZL 6V 

CL=50pF 

(see Note A) T ":" 500 0 

LOAD CIRCUIT FOR OUTPUTS 

I+-- tw---+l 
1 . 1 

Input 3 ~:1~.5~V~~~~ :.:V 

Input 

Output 

Output 

VOLTAGE WAVEFORMS 
PULSE DURATION 

~ 1.5V ¥1.5V :.:V 
II!+--+!-tpLH --j4---tj I 1 tpHL 

1 1 I \1-:.::- VOH 
1 l1.5V I ~ 

--+-1 _J I ' VOL 
I, ~ tPHL~ 1 tPLH 

1 ,~VOH 
\1.5 V T 1.5 V 

. - VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

INVERTING AND NONINVERTING OUTPUTS 

tpHZ/tpZH GND 

Tlmlnglnput -------X1•5V 2.7 V 
___ ~-J. 1'------- OV 

Data Input 

Output 
Control 

Output 
Waveform 1 

S1 at6V 
(see Nota B) 

Output 
Waveform 2 

S1 atGND 
(see Note B) 

1 I.. 1 
I~t ·r th ~ 
1 su 1 

__ ~·I ~2.7V 

___ )(1.5 V ~OV 
VOLTAGE WAVEFORMS 

SETUP AND HOLD TIMES 

~1.5V ~=1=.5=V===== :.:V 
tpZL ~ 14- I 

I I tPLZ -.I I+-
----rI"""l\L I p"-- 3 V 

I ,\1.5 V I VOL + 0.3 V 
I 1- -- VOL 
I I tpHZ -to! j+-

tpZH -+t j4- I 
1----VOH !1.5V ~H-0.3V 

--~. - -OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

LOW- AND HIGH-LEVEL ENABLING 

NOTES: A., CL includes probe and Jig capacitance. 
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 condHlons 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 ara the same as Ielis. 
F. tpZL and tpZH ara the same as len. 
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 

• Typical VOLP (Output Ground Bounce) 
< 0.8 V at Vce = 3.3 V, TA = 25°C 

• Typical VOHV (Output VOH Undershoot) 
> 2 V at Vee = 3.3 V, TA = 25°C 

• 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 30D-mll 
Shrink Small-outllne (DL) and Thin Shrink 
Smail-Outline (DGG) Packages 

description 

This 16-bit bus transceiver and register is 
designed for low-voltage (3.3-V) VCC operation. 

The SN74LVC16652 consists of Ootype flip-flops 
and control circuitry arranged for multiplexed 
transmission of data directly from the data bus or 
from the internal storage registers. The device can 
be used as two B-bit transceivers or one 16-bit 
transceiver. 

Complementary output-enable (OEAB and 
OEBA) inputs control the transceiver functions. 
Select-control (SAB and SBA) inputs select 
whether real-time or stored data is transferred. A 

SN74LVC16652 
16·BIT BUS TRANSCEIVER AND REGISTER 

WITH 3·STATE OUTPUTS 

DGG OR DL PACKAGE 

10EAB 
1CLKAB 

1SAB 
GND 

1A1 
1A2 
Vee 
1A3 

1A5 
GND 
1A6 
1A7 
1A6 
2A1 
2A2 
2A3 

GND 
2A4 
2A5 
2A6 
Vee 
2A7 
2A8 

GND 
2SAB 

(TOP VIEW) 

3 

6 

18 39 
19 38 
20 37 
21 36 

10EBA 
1CLKBA 
1SBA 
GND 
1B1 
1B2 
Vee 
1B3 
1B4 
185 
GND 
1B6 
1B7 
1B8 
2B1 
2B2 
2B3 
GND 
284 
2B5 
2B6 
Vee 
2B7 
2B8 
GND 
2SBA 

2CLKAB 2CLKBA 
20EAB -";;;;;"-''';;';;k' 20EBA 

low input level selects real-time data, and a high input level selects stored data. The circuitry used for select 
control eliminates the typical decoding glitch that occurs in a multiplexer during the transition between stored 
and real-time data. Figure 1 illustrates the four fundamental bus-management functions that can be performed 
with the SN74LVC16652. 

EPle and Widebus are trademarks of Texas Instruments Incorporated. 

CopyrIght II) 1995, Texas Instruments Incorporated 
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SN74LVC16652 
16-BIT BUS TRANSCEIVER AND REGISTER 
WITH 3-STATEOUTPUTS 
SCAS319B -NOVEMBER 1993 - REVISED JULY .1995 

description (continued) 

9-84 

Data on the A or B bus, or both, can be stored in the Internal D flip-flops by low-to-high transitions at the 
appropriate clock (CLKAB or CLKBA) Inputs regardless of the levels on the select~ontrol or output-enable 
Inputs. When SAB and SBA are In the real-time transfer mode, it Is also possible to store data without using the 
internal O-type flip-flops by simultaneously enabling OEAB and OEBA.ln this configuration, each output 
reinforces its input. When all other data sources to the two sets of bus lines are at high impedance, each set 
of bus lines remains at its last level configuration. 

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-slnkinglcurrent-sourcing capability of the driver. 

Active bus-hold circuitry holds unused or floating data inputs at a valid logic level. 

The SN74LVC16652 is characterized for operation from -40°C to 85°C. 
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16-BIT BUS TRANSCEIVER AND REGISTER 

WITH 3-STATE OUTPUTS 
SCAS319B - NOVEMBER 1993 - REVISED JULY 1995 

'---v--' 
OEAB OEBA CLKAB CLKBA SAB SBA OEAB OEBA CLKAB CLKBA SAB SBA 

L L X X X L H H X X L X 

OEAB 
X 
L 
L 

REAL· TIME TRANSFER 
BUSBTO BUSA 

'---v--' 

REAL-TIME TRANSFER 
BUSATO BUSB 

'---v--' 
OEBA CLKAB CLKBA SAB SBA OEAB OEBA CLKAB CLKBA SAB 

H i X X X H L H orL H or L H 
X X i X X 
H i i X X 

STORAGE FROM TRANSFER STORED DATA 
A, B,ORAAND B TOAAND/ORB 

Figure 1. Bus-Management Functions 
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16-BIT BUS TRANSCEIVER AND REGISTER 
WITH 3-STATE OUTPUTS 
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logic symbolt 

10!tiA 
10EAB 

lCLKBA 
ISBA 

lCLKAB 
ISAB 

20EBA 

20EAB 
2CLKBA 

2SBA 
2CLKAB 

2SAB 

lAI 

lA2 

lA3 

lA4 

lA5 

lA8 

lA7 

lA8 

2Al 

2A2 

2A3 

2A4 
2A5 

2A6 

2A7 

2A8 

56 
1 
55 

54 

2 
3 
29 
28 
30 
31 
27 

28 

5 

6 

8 

9 

10 

12 

13 

14 

15 

16 

17 

19 

20 

21 

23 

24 

r-. ENI [BA] 
EN2[AB] 

C3 

04 
C5 

06 
"- EN7[BA] 

EN8[AB] 

C9 
010 

Cll 
012 ., 

:2:1 
VI 

Lr 50 6 

1 6 

:2:1 
V7 

U 110 12 

1 12 

i 
4 3D 

ii 1 I-l 
:2:1 

2V t--

10 90 

I-l 10 1 
:2:1 

8V t--

tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and lEe Publication 617-12. 
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52 

51 

49 

48 

47 

45 

44 

43 

42 

41 

40 

38 

37 

38 

34 

33 

lBI 

lB2 

183 

lB4 

185 

lB6 

lB7 

lB8 

2Bl 

2B2 

2B3 

2B4 

2B5 

2B8 

2B7 

2B8 
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WITH 3·STATE OUTPUTS 
SCAS319B - NOVEMBER 1993 - REVISED JULY 1995 

logic diagram (positive logic) 

10EBA 

10EAB 

1CLKBA--""---!----------I ">-------+..., 
iSBA --=-----+ ......... >-41>------..., 

1CLKAB 

1SAB-=----H ........ >-41~---..., 

t-+-t--f ........ -=52=- 1 B 1 

~-------~v~-------~ 
To Seven Other Channels 

20EAB 

2CLKBA-='----t----------I -,-------\-. 

2SBA....::.!-"'---i ........ ~~------, 

2CLKAB 

2SAB-=--+-I ........ >-41~---..., 

2A 1 _1:,.=5-+........,.+-1 .... 
t+-r!-....;.:4=-2 2B1 

~-------~v~-------~ 
To Seven Other Channels 
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SN74LVC16652 .. 
16-BIT BUS TRANSCEIVER AND REGISTER . 
WITH 3-STATE OUTPUTS 
SCAS319B - NOVEMBER 1993 - REVISED JULY 1995 

FUNCTION TABLE 

INPUTS DATAI/Ot 
OPERATION OR FUNCTION 

OEAB OEBA CLKAB CLKBA SAB SBA A1THRUA8 B1 THRU B8 

L H H orL H orL X X Input Input Isolation 

L H i i X X Input Input Store A and B data 

X H i H orL X X Input Unspecified; Store A, hold B 

H H i i X; X Input Output Store A in both registers 

L X HorL i X X Unspecified:!: Input Hold A, store B 

L L i i X x:I: Output Input Store B in both registers 

L L X X X L Output Input Real-time B data to A bus 

L L X H orL X H Output Input Stored B data to A bus 

H H X X L X Input Output Real-time A data to B bus 

H H HorL X H X Input Output Stored A data to B bus 

H L HorL H or L H H Output Output 
Stored A data to B bus and 

Stored B data to A bus 

t The data output functions may be enabled or disabled by a vanety of level combinations at the OEAB or OEBA Inputs. Data Input functions are 
always enabled; i.e., data at the bus terminals is stored on every low-ta-high transHion on the clock inputs. 

; Select control = L; clocks can occur. simultaneously. 
Select control - H; clocks must be staggered in order to load both registers. 

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 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 < a or Vo > Vee> ....•.........•............................ ±50 mA 
Continuous output current, 10 (VO = a 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, Tstg ......................•..•...•.................... -65°C to 150°C 

§ Stresses beyond those listedunder"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 reliabilHy. 

NOTES: 1. The Input and output negative-voHage ratings may be exCeeded H 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 ThennslConsiderationsapplication note inthe 1994 ABT Advanced B/CMOS Technology 
Data Book, literature number SCBDOO2B. 
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SN74LVC16652 
16-BIT BUS TRANSCEIVER AND REGISTER 

WITH 3-STATE OUTPUTS 
SCAS319B - NOVEMBER 1993 - REVISED JULY 1995 

recommended operating conditions (see Note 4) 
MIN MAX UNIT 

Vee Supply voltage 2.7 3.6 V 

VIH High-level input voltage Vee - 2.7 Vto3.6 V 2 V 

VIL Low-level input voltage Vee z 2.7 Vt03.6 V 0.8 V 

VI Input voltage 0 Vee V 

Va Output voltage 0 Vee V 

Vee- 2.7V -12 
10H High-level output current mA 

Vee=3V -24 

Vee=2.7V 12 
10L Low-level output current mA 

Vee- 3V 24 

I!.tll!.V Input transition rise or fall rate 0 10 ns/V 

TA Operating free-air temperature -40 85 '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) 

PARAMETER TEST CONDITIONS VCCt MIN TY~ 

10H--l00pA MIN to MAX Vee-0.2 

VOH IOH--12mA 
2.7 

3 

IOH--24mA 3 

IOL-l0QpA MIN to MAX 

VOL 10L- 12mA 2.7 

IOL-24mA 3 

II Control inputs VI - Vee or GND 3.6 

VI-0.8V 
3 

II (hold) A or B ports VI-2V 

VI_ Oto3.6V 3.6 

10Z§ Va - Vee or GND 3.6 

ICC VI = Vee or GND, 10- 0 3.6 

Alec One input at Vee - 0.6 V, Other inputs at Vee or GND 3Vt03.6V 

ei Control inputs VI- Vee or GND 3.3 

eio A or B ports Va = Vee or GND 3.3 

t For conditions shown es MIN or MAX, use the appropriate values under recommended operating conditions. 
:I: All typical values are at Vee. 3.3 V, TA = 25'e. 
§ For I/O ports, the parameter 10Z Includes the Input leakage current. 
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2.2 

2.4 

2 

75 

-75 

3 

7 

MAX UNIT 

V 

0.2 

0.4 V 

0.55 

±5 pA 

pA 

±500 

±10 pA 

40 pA 

500 pA 

pF 

pF 
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16-BIT BUS TRANSCEIVER AND REGISTER 
WITH 3-STATE OUTPUTS 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 

VCC=3.3V 
Vcc = 2.7 V ±O.3V UNIT 

MIN MAX MIN MAX 

fclock Clock frequency 0 100 0 80 MHz 

tw Pulse duration, ClK high or low 4.5 4.5 ns 

tsu Setup time, A or B before ClKABt or ClKBA t I Data high or low 5 5 ns 

th Hold time, A or B after ClKABt or CLKBA i I Data high or low 0 0 ns 

switching characteristics over recommended operating free-air temperature range, CL = 50 pF 
(unless otherwise noted) (see Figure 2) 

FROM TO 
VCC=3.3V 

VCC=2.7V 
PARAMETER ±O.3V UNIT (INPUT) (OUTPUT) 

MIN MAX MIN MAX 

fmax 100 80 MHz 

AorB BorA 1.5 7 8 

Ipd ClKAB or ClKBA 1.5 8.5 9.5 ns 
AorB 

SABorSBA 1.5 8.5 9.5 

ten OEorOE AorB 1.5 8 9 ns 

'dIs OEorOE AorB 1.5 8.5 9.5 ns 

operating characteristics, Vee = 3.3 V, T A = 25°C 
PARAMETER TEST CONDITIONS TYP UNIT 

Cpd Power dissipation capacitance per transceiver 
I Outputs enabled 

Cl-50pF, 
25 

I Outputs disabled 
fa 10 MHz ~ pF 
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SN74LVC16652 
16-BIT BUS TRANSCEIVER AND REGISTER 

WITH 3-STATE OUTPUTS 
SCAS319B - NOVEMBER 1993 - REVISED JULY 1995 

PARAMETER MEASUREMENT INFORMATION 

o 6V TEST Sl 

From Output _ ..... _-e>--_500.A./\inrv-__ S./l 0 Open 

UnderTm lGND 
CL=50pF 

(see Note A) T soo n 

tpd Open 

tPLZ/tpZL 6V 

tPHz/tpZH GND 

LOAD CIRCUIT FOR OUTPUTS 

14--tw----.l 
I 1 

-------x;.5 V 2.7 V 

------I. 1'------- OV 
1 I.. 1 
I~ t ·r th ~ 
1 au 1 

Timing Input 

Input 3 ~:l~.S~V~~~~ :.:V 

__ ""'\1 ~2.7V 

Dats Input Xl •5 V ~ 0 V 

VOLTAGE WAVEFORMS 
PULSE DURATION 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

Input 
--v X 2.7 V 
---1i' 1.SV 1 1•SV OV 

Output 
Control ~ 1.5 V ~=l=.S=V===== :.:V 

tPZL ~ 14-- I 
tPLH~ KtPHL 

I 1 i \1-::-:- VOH 
I (1.5V I ~ --+-1 --I I VOL 

tpHL -l.-.j ~ tpLH 

Output 

Output 
Wavefonnl 

Sl at6V 
(see Note B) 

_--;.1"""" I tPLZ -.I j.-
i \1.5V i ~"'Ok-+-.E.-'~-V :;L 

I 1 tpHZ ~ j4-

1 !1:'::7 VOH 
\.1.5 V T 1.SV 

Output 
Waveform 2 

Sl atGND 
(see Note B) 

tpZH ~ j4- 1 
1 --- VOH 

!1.5V ~H-0.3V 
Output 

. - VOL ----I. ....--- .. OV 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

INVERTING AND NONINVERTING OUTPUTS 

NOTES: A. CL includes probe and Jig capacHance. 

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 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 Ielis. 
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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• Member of the Texas Instruments 
W/debus™ Family 

• EPICTM (Enhanced-Performance Implanted 
CMOS) Submlcron Process 

• Typical VOLP (Output Ground Bounce) 
< 0.8 Vat Vee = 3.3 V, TA = 25°C 

• Typical VOHV (Output VOH Undershoot) 
> 2VatVee = 3.3 V, TA = 25°C 

• Bus Hold on Data Inputs Eliminates the 
Need for External. PullupiPulidown 
Resistors 

• Supports Mixed-Mode Signal Operation on 
All Ports (5-V Input/Output Voltage With 
3.3-VVee) 

• Package Options Include Plastic 300-mll 
Shrink Small-Outline (OL) and Thin Shrink 
Smail-Outline (OGG) Packages 

description 

This 16-bit registered transceiver is designed for 
low-voltage (3.3-V) V CC operation; it can interface 
to a 5-V system environment. 

The SN74LVC16952 contains two sets of Ootype 
flip-flops for temporary storage of data flowing in 
either direction. It can be used as two 8-bit 
transceivers or one 16-bit transceiver. Data on the 
A or B bus is stored in the registers on the 
low-to-high transition of the clock (CLKAB or 
CLKBA) input provided that the clock-enable 
(CEAB or CEBA) input is low. Taking the 
output-enable (OEAB or OEBA) input low 
accesses the data on either port. 

SN74LVC18952 
18-81T REGISTERED TRANSCEIVER 

WITH 3-STATE OUTPUTS 
NOVEMBER 1993 - REVISED 

DGG OR DL PACKAGE 
(TOP VIEW) 

10EAB 
1CLKAB 
1CEAB 3 

GND 4 

1A6 
1A7 
1A8 
2A1 
2A2 
2A3 

GND 
2A4 
2A5 
2A6 
Vee 
2A7 
2A8 

GND 
2CEAB 

2CLKAB 
20EAB 

49 

48 

47 

46 

39 

36 
37 

10EBA 
1CLKBA 
1CEBA 
GND 
1B1 
1B2 
Vee 
1B3 
1B4 
185 
GND 
1B6 
1B7 
1B8 
2B1 
2B2 
2B3 
GND 
284 
2B5 
2B6 
Vee 
2B7 
2B8 
GND 
2CEM 
2CLKBA 
20EBA 

To ensure the high-impedance state during power up or power down, OE should be tied to V CC throiJgh a puUup 
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 SN74LVC16952 is characterized for operation from -40°C to 85°C. 

EPle and Wldebus are trademarks of Texas Instruments Incorporated. 

Copyright C 1995. Texas Instruments InCOlpOfllted PRODUCT PREVIEW _ilion ....... ~ In the_or := i>II888 of _pment. C_ ..... II1d 0lIl. _"'_9 __ I ___ ... rlglltlO 
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SN74LVC16952 
16-BIT REGISTERED TRANSCEIVER 
WITH 3-STATE OUTPUTS 
SCAS320A - NOVEMaER 1993 - REVISED JULY 1995 

FUNCTION TABLEt 

INPUTS OUTPUT 

CLKENAB ClKAB OEAB A B 

H X l X BO* 

X L l X BO* 

L t L L L 

L t L H H 
X X H X Z 

t A-to-B data flow Is shown; B-to-A data flow IS similar 
but uses CLKENBA. CLKBA. and OEBA. 

* Level of B before the indicated steady-state input 
conditions were established 

logic symbolt 

10EBA 

1CEBA 

1ClKBA 

10EAB 

1CEAB 

1CLKAB 

20EBA 

2CEBA 

2ClKBA 

20EAB 

2CEAB 

2ClKAB 

1A1 

1A2 

1A3 

1A4 

1A5 

1A6 

1A7 

1A8 

2A1 

2A2 

2A3 

2A4 

2A5 

2A6 

2A7 

2A8 

5& 
'" EN3 

54 
'" G1 

&5 
1C5 

1 
'" EN4 

3 
'" G2 

2 
2C6 

29 --'" EN9 
31 --'" G7 
30 

7C11 
28 

" EN10 
26 --'" G8 
27 

8C12 

5 =a ~ 

L 
V3 50 

W 60 4V 
6 

8 

9 

10 

12 

13 

14 

15 

L 
V9 110 

W 120 10V 
16 

17 

19 

20 

21 

23 

24 

tThls symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 
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52 

51 

49 

48 

47 

45 

44 

43 

42 

41 

40 

38 

37 

36 

34 

33 

1B1 

1B2 

1B3 

1B4 

1B5 

1B6 

187 

1B8 

281 

282 

283 

2B4 

2B5 

2B6 

2B7 

2B8 



logic diagram (positive logic) 

r-----
lOne of Eight 

51 Channels 
1A1 -=+----<....-.C 

1 
1 
1 
I 

SN74LVC16952 
16-81T REGISTERED TRANSCEIVER 

WITH 3·STATE OUTPUTS 
SCAS320A - NOVEMBER 1993 - REVISED JULY 1995 

1 10EAB 

-----, 
1 

t-t __ --+_+-_-+IS=2 1B1 

I 
1 
1 
1 L _______ _ ----------' 

r-----
lOne of Eight 

151 Chennels 
2A1 -t----<t--C 

1 
1 
1 
1 

'~---~vr---~I 

To Seven Other Channels 

-----, 
1 

t-t __ --+_+-_-+14~2 2B1 

1 
1 
1 
1 L. _______ _ 

----------' 
'~---~vr-----~ 

To Seven Other Channels 
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SN74LVC16952 
16-81T REGISTERED TRANSCEIVER 
WITH 3-STATE OUTPUTS 
SCAS320A- NOVEMBER 1993 - REVISED JULY 1995 

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 .•.....•...••••.•.•.••..••...••........•...•.••..•.......... -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 
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 c'urrent, 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, Tstg .................................................. -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage 10 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 10 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 ThermalConslderationsapplication note in the 1994ABT Advanced BICMOS Technology 
Data Book, literature number SCBD002B. 

recommended operating conditions (see Note 4) 
MIN MAX UNIT 

Operating 2 3.6 
VCC Supply voltage V 

Data retention only 1.5 

VIH High-level input voltage VCC - 2.7V 103.6 V 2 V 

VIL Low-level input voltage VCC -2.7 V to 3.6 V 0~8 V 

VI Input voltage 0 5.5 V 

Vo Output voltage 0 VCC V 

IOH High-level output current 
VCC-2.7V -12 

mA 
VCC-3V -24 

IOL Low-level output current 
VCC-2.7V 12 

mA 
VCC-3V 24 

At/Av Input transition rise or fall rate 0 10 ns/V 

TA Operating free-air temperature ":40 85 'C 

NOTE 4: Unused control Inputs must be held high or low 10 prevent them from I/oatlng. 
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SN74LVC16952 
16-81T REGISTERED TRANSCEIVER 

WITH 3-STATE OUTPUTS 
SCAS320A - NOVEMBER 1993 - REVISED JULY 1995 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS VCCt MIN TYp:j: 

IOH--l0011A MIN to MAX VCC-0.2 

2.7V 
VOH 10H --12mA 

3V 

IOH=-24mA 3V 

10L -100 IIA MIN to MAX 

VOL IOL-12mA 2.7V 

IOL-24mA 3V 

II VI_5.5 VorGND 3.6V 

II (hold) I A or B ports 
VI_O.BV 

VI';'2V 
3V 

10Z§ VO-5.5 VorGND 3.6 V 

ICC VI - VCC or GND. 10- 0 3.6 V 

t.ICC One input at VCC - 0.6 V. Other Inputs at VCC or GND 2.7Vto3.6V 

Ci I Control inputs VI = VCC or GND 3.3 V 

Cio I A or B ports Vo - VCC or GND 3.3 V 

t For conditions shown as MIN or MAX. use the appropriate values under recommended operating conditions. 
:j: All typical values are at VCC - 3.3 V. TA - 25°C. 
§ For I/O ports. the parameter 10Z includes the input leakage current. 
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2.2 

75 

-75 

MAX UNIT 

V 

0.2 

0.4 V 

0.55 

±5 IIA 

IIA 

±10 IIA 
40 IIA 

500 IIA 
pF 

pF 
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SN74LVOO 
QUADRUPLE 2·INPUT POSITIVE·NAND GATE 

• EPICTM (Enhanced-Performance Implanted 
CMOS) 2-" Process 

• Typical VOLP (Output Ground Bounce) 
< 0.8 V at Vee = 3.3 V, TA = 25°C 

• Typical VOHV (Output VOH Undershoot) 
> 2VatVee = 3.3 V, TA = 25°C 

• 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 rnA 
Per JEDEC Standard JESD-17 

• Package Options Include Plastic 
Smail-Outline (D), Shrink Small-Outllne 
(DB), and Thin Shrink Smail-Outline (PW) 
Packages 

description 

D, DB, OR PW PACKAGE 
(TOPVIEW). 

1A 
18 
1Y 
2A 4 

28 5 
2Y 6 

GND 7 

VCC 
48 

This quadruple 2-input positive-NAND gate is designed for 2.7-V to 3.6-V Vee operation. 

The SN74LVOO performs the Boolean functions Y = A • B or Y = A + B in positive logic. 

The SN74LVOO is available in Tl's shrink small-outline package (DB), which provides the same I/O pin count 
and functionality of standard small-outline packages In less than half the printed-circult-board area. 

The SN74LVOO is characterized for operation from -40°C to 85°C. 

EPIC Is a trademark of Texas Instruments Incorporated. 

FUNCTION TABLE 
(each gate) 

INPUTS OUTPUT 
A B Y 

H H L 

L X H 

X L H 

Copyrighl C 1996, Texas Instruments Incorporated 
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SN74LVOO 
QUADRUPLE 2·INPUT POSITIVE·NAND GATE 

SCLSl82A - FEBRUARY 1993 - REVISED JULY 1995 

logic symbolt logic dlagram,each gate (positive logic) 

1A 

18 

2A 

28 

3A 

38 

4A 

48 

1 

2 

4 

5 

9 

10 

12 

13 

& 3 
1Y : ------~~~.------- Y 

6 
2Y 

8 
3Y 

11 
4Y 

tThls 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)* 

Supply voltage range, Vee ........................................................ -0.5 V to 4.6 V 
Input voltage range, V, (see Note 1) .......................................... -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, 1,K (V, < 0 or V, > Vee) ..•...........................•....••..•..•.••. ±20 mA 
Output clamp current, 10K (Vo < 0 or Vo > Vee) ........................................... ±50 mA 
Continuous output current, 10 (VO = 0 to Vee) ............................................. ±25 mA 
Continuous current through Vee or GND .•............................................•..• ±50 mA 
Maximum power dissipation at TA = 55°C (in still air) (see Note 3): 0 package •.••.........•.... 1.25 W 

DB or PW package ............ 0.5 W 
Storage temperature range, Tstg .................................................. -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-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. The input and output negative-voltage ratings may be axceeded II 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 Inlornlation, relertothe Package ThermalConsiderationsapplication note in the 1994 ABT Advanced BICMOS Technology 
Data Book,literature number SeBDOO2B. 

recommended operating conditions (see Note 4) 

Vee Supply voltage 

VIH High-level input voltage I Vee· 2.7 Vto 3.6 V 

VIL Low-level Input voltage I Vee - 2.7 Vto 3.6 V 

VI Input voltage 

Vo Output voltage 

IOH High-level output current 

IOL Low-level output current 

AtlAv Input transition rise or lall rate 

TA Operating free-alr temperature 

NOTE 4: Unused inputs must be held high or low to prevent them from floating. 

10-4 
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MIN NOM MAX UNIT 

2.7 3.3 3.6 V 

2 V 

0.8 V 

0 Vee V 

0 Vee V 

-6 mA 

6 mA 

0 100 nsN 

-40 85 ·e 



SN74LVOO 
QUADRUPLE 2-INPUT POSITIVE-NAND GATE 

SCLS182A - FEBRUARY 1993 - REVISED JULY 1995 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS Veet MIN TYP MAX UNIT 

IOH--l00JiA MIN to MAX Vee-0.2 
VOH V 

IOH--6mA 3V 2.4 

10L .100 JiA MIN to MAX 0.2 
VOL V 

IOL-6mA 3V 0.4 

II VI - Vee or GND 3.6V ±1 JiA 

lee VI • Vee or GND, 10. 0 3.6V 20 JiA 

alee One Input at Vee - 0.6 V, Other inputs at Vee or GND 3Vto3.6V 500 JiA 

el VI • Vee or GND 3.3 V 2.5 pF 
.. t For conditions shown as MIN or MAX, use the appropriate values under recommended operating conditions . 

switching characteristics over recommended operating free-air temperature range, CL = 50 pF 
(unless otherwise noted) (see Figure 1) 

PARAMETER 
FROM TO Vee = 3.3 V±O.3 V VCC=2.7V 

UNIT 
(INPUT) (OUTPUT) MIN TYP MAX MIN MAX 

tpd A Y 9 18 23 ns 

operating characteristics, Vee = 3.3 V, TA = 25°C 
PARAMETER TEST CONDITIONS 

Power dissipation capacitance per gate eL-50pF, f-l0MHz 

~1ExAs 
INSTRUMENTS 
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SN74LVOO 
QUADRUPLE 2·INPUT POSITIVE·NAND GATE 

SCLSI82A - FEBRUARY 1'993 - REVISED JULY 1995 

PARAMETER MEASUREMENT INFORMATION 

o 6V 

From Output 1 kO sy 0 Open 

U:; ;:-r:-) -f---I-'>--1-kO 'INv~--..J r~ 
TEST S1 

tpLHitpHL Open 
6V 

LOAD CIRCUIT FOR OUTPUTS 

14--1w~ 
1 1,..--__ 

Input 3 )(",1_.5_V __ :.:v 

Input 

Output 

Output 

VOLTAGE WAVEFORMS 
PULSE DURATION 

~ 1.5V ~1.5V :.:V 

1 1 !4---.!--
tpLH ~ I 1 tPHL 

1 1 I \!~::- VOH 
, 1 !1.5V I ~ 

--+1 ---J I VOL 

tPHL~ ~tPLH 
1 !r.::" VOH 

\1.5 V T 1.5V 
, - - VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

INVERTING AND NONINVERTING OUTPUTS 

tpultpZL 
tpHZitpZH GND 

Tlmlnglnput -------X1.5V 2.7 V 

---:---. 1'------- OV 

Date Input 

Output 
Control 

Output 
Wavefol'll!1 

S1 at6V 
(.seNota B) 

Output 
Wavaform2 

S1 atGND 
(_Note B) 

~ ~\.. ~ 
Ilsurth 1 

__ ""I ~2.7V 

__ -J)(1.5V ~OV 
VOLTAGE WAVEFORMS 

SETUP AND HOLD TIMES 

=41•5 V ~=1=.5=V===== :.:V 

tPZL --.; I+-- I 
I 1 tpLZ --.I I+-

---;'I~\L I y;."'-- 3 V 

I ,1.5 V I t~!:...+J!:~ VOL 

I 1 tPHZ ~ j4-
tPZH ~ j4- 1 

1----VOH 
!1.5V ~H-O.3V 

___ oJ. .....-__ ... OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

LOW· AND HIGH·LEVEL ENABLING 

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 Intamal 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 measurament. 

Figure 1. Load Circuit and Voltage Waveforms 

~1ExAs 
INSTRUMENTS 
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SN74 LV02 
QUADRUPLE 2·INPUT POSITIVE·NOR GATE 

• EPICTM (Enhanced-Performance Implanted 
CMOS) 2-J.L Process 

• Typical VOlP (Output Ground Bounce) 
< 0.8 V at Vee = 3.3 V, TA = 25°C 

• Typical VOHV (Output VOH Undershoot) 
> 2 V at Vee = 3.3 V, TA = 25°C 

• 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 

• Package Options Include Plastic 
Smail-Outline (D), Shrink Smail-Outline 
(DB), and Thin Shrink Small-Outline (PW) 
Packages 

description 

FEBRUARY 

0, DB, OR PW PACKAGE 
crOP VIEW) 

1Y 
1A 
18 
2Y 4 
2A 5 
28 

GND 

VCC 
4Y 
48 

11 4A 
3Y 
38 

8 3A 

This quadruple 2-input positive-NOR gate is designed for 2.7-V to 3.6-V Vee operation. 

The SN74LV02 performs the Boolean functions Y = A + B or Y = A. B in positive logic. 

The SN74LV02 is available in Tl's shrink small-outline package (DB), which provides the same I/O pin count 
and functionality of standard small-outline packages in less than half the printed-circuit-board area. 

The SN74LV02 is characterized for operation from -40°C to a5°C. 

FUNCTION TABLE 
(each gate) 

INPUTS OUTPUT 
A B Y 

H X L 

X H L 

L L H 

EPIC is a trademark of Texas Instruments Incorporated. 

~1ExAs 
INSTRUMENTS 
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Copy~ght C> 1995. Texas Instruments Incorporaled 
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SN74LV02 
QUADRUPLE 2-INPUT POSITIVE-NOR GATE 

SCLSl83A - FEBRUARY 1993 - REVISED JULY 1996 

logic symbolt logic diagram, each gate (positive logic) 

1A 

1B 

2A 

2B 

3A 

3B 

4A 

4B 

2 

3 

5 

6 

8 

9 

11 

12 

~1 1 
1Y : ~------~~------ Y 

4 
2Y 

10 
3Y 

13 
4Y 

tThis 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)* 

Supply voltage range, Vee ........................................................ -0.5 V to 4.6 V 
Input voltage range, VI (see Note 1) •.•••.....••.............................. -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 or VI > Vecl ............................................... ±20 mA 
Output clamp current, 10K (Vo < 0 or Vo > Vecl ........................................... ±50 mA 
Continuous output current, 10 (VO = 0 to Vecl ............................................. ±25 mA 
Continuous current through Vee or GND ........................•......................... ±50 mA 
Maximum power dissipation at T A = 55°C (in still air) (see Note 3): 0 package .................. 1.25 W 

DB or PW package ............ 0.5 W 
Storage temperature range, Tstg .....................•............•....•......... ~ -65°C to 150°C 

:I: 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 mi.ls. 

For more information, refertothe Package ThermalConsiderationsapplication note in the 1994 ABT Advanced BiCMOS Technology 
Data Book, literature number seBD002B. 

recommended operating conditions (see Note 4) 

Vee Supply voltage 

VIH High-level input voltage I Vee=2.7Vt03.6V 

VIL Low-level input voltage I Vee -2.7Vt03.6V 

VI Input voltage 

Va Output voltage 

IOH High-level output current 

IOL Low-level output current 

At/Av Input transition rise or fall rate 

TA Operating free-air temperature 

NOTE 4: Unused Inputs must be held high or low to prevent them from floating. 
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MIN NOM MAX UNIT 

2.7 3.3 3.6 V 

2 V 

0.8 V 

0 Vee V 

0 Vee v 
-6 mA 

6 mA 

0 100 ns/V 

-40 85 ·e 



SN74LV02 
QUADRUPLE 2·INPUT POSITIVE·NOR GATE 

SCLSl83A- FEBRUARY 1993 - REVISED JULY 1995 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS VCCt MIN TYP MAX UNIT 

10H = -100 IIA MIN to MAX Vee-O.2 
VOH V 

IOH=-6mA 3V 2.4 

IOL -100 IIA MIN to MAX 0.2 
VOL V 

IOL-6mA 3V 0.4 

II VI - Vee or GND 3.6V ±1 IIA 
lee VI - Vee or GND, 10- 0 3.6 V 20 IIA 
Alee One input at Vee - 0.6 V, Other inputs at Vee or GND 3 Vto3.6 V 500 IIA 
el VI = Vee or GND 3.3V 2.5 pF 

.. .. t For conditions shown as MIN or MAX, use the appropriate values under recommended operating conditions . 

switching characteristics over recommended operating free-air temperature range, CL = 50 pF 
(unless otherwise noted) (see Figure 1) 

PARAMETER FROM TO vcc =3.3V±O.3V VCC=2.7V 
UNIT 

(INPUT) (OUTPUT) MIN TYP MAX MIN MAX 

tpd A Y 9 16 20 ns 

operating characteristics, Vee = 3.3 V, TA = 25°C 
PARAMETER TEST CONDITIONS 

epd Power dissipation capacitance per gate eL - 50 pF, f - 10 MHz 

~1ExAs 
INSTRUMENTS 
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SN74LV02 
QUADRUPLE 2·INPUT POSITIVE·NOR GATE 

SCLSl83A- FEBRUARY 1993 - REVISED JULY 1996 

PARAMETER MEASUREMENT INFORMATION 

o 8V TEST SI 

From Output _-+_--._-J\y1 ",kr.I\r-__ S./1 0 Open 

Under Test 1 GND 

tpLHitPHL Open 
tpLZltpZL 8V 

CL=50pF 
(see Note A) T 1 kr.I 

tPHZItPZH GND 

LOAD CIRCUIT FOR OUTPUTS 

14-1w~ 

Timing Input -------X,.I.-S-V---- 2.7 V 

-------'. 1'------- ov 
I I.. I 
I~L ~ t ~ I 1,....-__ 

Input3 ~,-I._SV __ :·:V 

I .. u h I 
__ ""'\1 ~2.7V 

__ .J)i(I.SV ~OV Data Input 

Input 

Output 

Output 

VOLTAGE WAVEFORMS 
PULSE DURATION 

---v 2.7 V 

-'i' 1.5 V ~l.I1V OV 

tPLH~ KtPHL 

I 1 \t:::- VOH 
I !1.6V I ~ 

--+-1 --' I VOL 

tPHL -l.--.! ~ tpLH 

1 !I:':':- VOH 
\1.5V T I.SV 

. - - VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

INVERTING AND NONINVERTING OUTPUTS 

Output 
Control 

Output 
Waveform 1 

S1 at8V 
(aeeNote B) 

Output 
Waveform 2 

S1 atGND 
(see Note B) 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

LOW· AND HIGH-LEVEL ENABLING 

NOTES: A. CL includes probe and Jig capacitance. 
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 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. 

Figure 1. Load Circuit and Voltage Waveforms 

~1ExAs 
INSTRUMENTS 
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• EPIC ™ (Enhanced-Performance Implanted 
CMOS) 2-JL Process 

• Typical VOLP (Output Ground Bounce) 
< 0.8 V at Vee = 3.3 V, TA = 25°C 

• Typical VOHV (Output VOH Undershoot) 
> 2VatVee =3.3 V, TA = 25°C 

• 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 

• Package Optlons.lnclude Plastic 
Smail-Outline (D), Shrink Small-Outline 
(DB), and Thin Shrink Smail-Outline (PW) 
Packages 

description 

This hex inverter is designed for 2.7-V to a.6-V Vee operation. 

SN74LV04 
HEX INVERTER 

SCLSI84A- FEBRUARY 1993 - REVISED JULY 1995 

0, DB, OR PW PACKAGE 
(TOP VIEW) 

1A 1 VCC 
1Y 2 6A 
2A 3 6Y 
2Y 4 

3A 5 
3Y 6 

GND 7 

The SN74LV04 contains six independent inverters. The device performs the Boolean function Y = A. 
The SN74LV04 is available in Tl's shrink small-outline package (DB), which provides the same I/O pin count 
and functionality of standard small-outline packages in less than half the printed-circuit-board area. 

The SN74LV04 is characterized for operation from -40°C to 85°C. 

FUNCTION TABLE 
(each Inverter) 

INPUT OUTPUT 
A Y 

H L 

L H 

logic symbolt logic diagram, each Inverter (positive logic) 

1A 
2 

1Y 
3 4 

2A 2Y 
5 6 

3A 3Y 
9 8 

4A 4Y 
11 10 

5A 5Y 
13 12 

SA 6Y 

tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 

EPIC is a trademark of Texas Instruments Incorporated. 

:::;n':'::::=.lIporCU;:n'''':'::':='': ~ 
... ndatdWIIIIIIIJ ProiIUCIIon ~ng - not -.rlIy Inclucll liEXAS 
ItIIIngol.Nper_ 

INSTRUMENTS 

A 

POST OFFICE BOX _. DAllAS, TEXAS 75285 
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Copyright to 1995, Texas Instruments Incorporated 
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SN74LV04 
HEX INVERTER 
SCLS184A - FEBRUARY 1993 - REVISED JULY 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, V, (see Note 1) ................••••••.•.....••.•...•.•..• -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, 1,K (V, < 0 or V, > Vec> ..•.•...................•........•............. ±20 mA 
Outputclampcurrent,loK(VO<OorVO>VeC> ............•..... , .....•...•.............. ±50mA 
Continuous output current, 10 (Vo = 0 to Vee) .............•......•.........•...•.......•.. ±25 mA 
Continuous current through Vee or GNO ...................... ;,........................... ±50 mA 
Maximum power dissipation at TA" 55°C (in still air) (see Note 3): 0 package ••••..•••••••.••.. 1.25 W 

08 or PW package .•••...•..•• 0.5 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 devica. 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 ajunction temperature of 150·C and a board trace length of 750 mils. 

For more information, refer to the Package ThennalConsideretionsapplication note in the 1994 ABT Advanced BiCMOS Technology 
Data Book, literature number SCBD002B. 

recommended operating conditions (see Note 4) 
MIN NOM MAX UNIT 

VCC Supply voltage 2.7 3.3 3.6 V 

V,H High-level input voltage I VCC-2.7Vt03.6V 2 V 

V,L Low-level Input voltage I VCC - 2.7Vto 3.6 V 0.8 V 

V, Input voltage 0 Vce '\ V 

Vo Output voltage 0 Vce V 

10H High-level output current -6 rnA 

10L LOw-level output current 6 rnA 

!J.V!J.v I nput transition rise or fall rate 0 100 ns/V 

TA Opereting 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 Vee* MIN TYP MAX UNIT 

VOH 
IOH--1001lA MINto MAX Vec-0.2 

IOH--6mA 3V 
V 

2.4 

VOL 
10L -100 IlA MINto MAX 0.2 

IOL-6rnA 
V 

3V 0.4 

I, V,- Vec or GND 3.6 V ±1 IlA 
ICC V, - Vee or GND, 10- 0 3.6 V 20 IlA 
t.ICC One input at Vce - 0.6 V, Other inputs at Vce or GND 3Vto3.6 V 500 IlA 
Ci V, ~ VCC or GND 3.3 V 2.5 pF .. .. :I: For condHlons shown as MIN or MAX, use the appropriate values under recommended operating conditions • 

~1ExAs 
INSTRUMENTS 
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SN74LV04 
HEX INVERTER 

SCLS184A - FEBRUARY 1993 - REVISED JULY 1995 

switching characteristics over recommended operating free-air temperature range, CL = 50 pF 
(unless otherwise noted) (see Figure 1) 

PARAMETER FROM TO 
(INPUT) (OUTPUT) 

lpd A Y 

operating characteristics, Vee = 3.3 V, TA = 25°C 
PARAMETER 

Cpd Power dissipation capacitance per inverter 

~TEXAS 
INSTRUMENTS 

Vcc= 3.3V±O.3V Vcc = 2.7 V 

MIN TYP MAX MIN MAX 

7 15 19 

TEST CONDITIONS 

CL-50pF, f=10MHz 

POST OFFICE BOX 656303 • DALlAS. TEXAS 75265 

UNIT 

ns 
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SN74LV04 
HEX INVERTER 
SCLSl84A- FEBRUARY 1993 - REVISED JULY 1995 

PARAMETER MEASUREMENT INFORMATION 

o 6V TEST S1 
From Output 1 kn S1 0 Open 

Under Teat - .... ---4iO---'\N\r----/ 
tpLHftPHL Open 

tPLZltPZL 6V 

CL=60pF 
(see Note A) T 1 kn 

tpHzltpZH GND 

LOAD CIRCUIT FOR OUTPUTS 

14----- tw ---.I 
I I 

------, 2.7 V 

Timing Input ~(:5~ _____ 0 V 

I I.. I 
14 t ·r th ·1 

Input 3 ~:1~.5~V~~~~ :.:V 

I au I 
__ ...,.1 ~2.7V 

Datslnput )(1.5 V ~OV 

Input 

Output 

Output 

VOLTAGE WAVEFORMS 
PULSE DURATION 

=¥ 1.6V ~1.5V :.:V 

II'~ 
tpLH ~ I I tpHL 

I I I ~-VOH 
I f1.5V I 1.5V 

--+1 --' I VOL 

tpHL --l.--.j ~ tPLH 

I !I:":::- VOH ,1.5 V T 1.5V 
. - - VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

INVERTING AND NONINVERTING OUTPUTS 

Output 
Control 

Output 
Waveform 1 

S1 aUV 
(see Note B) 

Output 
Waveform 2 

S1 atGND 
(see Note B) 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

=41.5 V ~=1.=5=V===== :.:V 

tpZL ~ 14- I 
I I tPLZ -.I j..-

- ....... 1 .... ,1 I p-- 3V 
1 1•5V I 
I . I VO!...+~!'y VOL 

I I tpHZ ~ j+-
tPZH -+j j4- I /1.5 V ~H_O.3VVOH 
___ J. ...---- .. OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

LOW- AND HIGH-LEVEL ENABLING 

NOTES: A. CL includes probe and jig capaCitance. 
B. Waveform 1 is for an output wlth Internal conditions 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 ~ 50 C, tr :S 2.5 ns, tf S 2.5 ns. 
D. The outputs are measured one at a time with one transition per measurement. 

Figure 1. Load Circuit and Voltage Waveforms 

~1ExAs 
INSTRUMENTS 
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• EPIC ™ (Enhanced-Performance Implanted 
CMOS) 2-~ Process 

• Typical VOLP (Output Ground Bounce) 
< 0.8 Vat Vee = 3.3 V, TA = 25°C 

• Typical VOHV (Output VOH Undershoot) 
> 2VatVee = 3.3 V, TA = 25°C 

• 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 

• Package Options Include Plastic 
Small-Outline (D), Shrink Smail-Outline 
(DB), and Thin Shrink Small-Outline (PW) 
Packages 

description 

This hex inverter is designed for 2.7-V to 3.6-V Vee operation. 

SN74LVU04 
HEX INVERTER 

0, DB, OR PW PACKAGE 
(TOP VIEW) 

3A 
3Y 

GND 7 

VCC 
6A 
6Y 
5A 
5Y 
4A 

The SN74LVU04 contains six independent inverters with unbuffered outputs. The device performs the Boolean 
function Y = A. 
The SN74LVU04 is available in TI's shrink small-outline package (DB), which provides the same 1/0 pin count 
and functionality of standard small-outline packages in less than half the printed-circuit-board area. 

The SN74LVU04 is characterized for operation from -40°C to 85°C. 

FUNCTION TABLE 
(each Inverter) 

INPUT OUTPUT 
A Y 

H L 

L H 

logic symbolt logic diagram, each inverter (positive logic) 

1A 
2 

1Y 
3 4 

2A 2Y 
5 6 

3A 3Y 
9 8 

4A 4Y 
11 10 

5A 5Y 
13 12 

6A 6Y 

tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 

EPIC is a trademark of Texas Instruments Incorporated. 

~1ExAs 
INSTRUMENTS 

A 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75266 

[>0 Y 

Copyright ~ 1995, Texas Instruments Incorporated 
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SN74LVU04 
HEX INVERTER 
SCLSI86A-FEBRUARY 1993- 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 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 or VI > Vee) ...............•............................... ±20 rnA 
Output clamp current,loK (Vo < 0 or Vo> Vee> .................•.....•....•.............. ±50 rnA 
Continuous output current, 10 (Vo = 0 to Vee> ............................................. ±25 rnA 
Continuous current through Vee or GND ..................•............................... ±50 rnA 
Maximum power dissipation at TA = 55°C (in still air) (see Note 3): 0 package .....•.....•...... 1.25 W 

DB or PW package ......•....• 0.5 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 "reoommended operating conditions' Is not 
implied. Exposure to absolute-maxlmum-rated conditions for extended periods may aifect device reliability. 

NOTES: 1. The input and output negatlv&-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 traca length of 750 mils. 

For more Information, refertothe Package ThermalConsiderationsapplicatlon note in the 1994 ABT Advanced BiCMOS Technology 
Data Book, literature number SeBDOO2B. 

recommended operating conditions (see Note 4) 
MIN NOM MAX UNIT 

VCC Supply voltage 2.7 3.3 3.6 V 

VIH High-level input voltage I VCC - 2.7Vto 3.6 V 2.4 V 

VIL Low-level Input voltage I Vee =2.7Vto 3.6 V 0.5 V 

VI Input voltage 0 VCC V 

Vo Output voltage 0 VCC V 

10H High-level output current -6 mA 

10L Low-level output current 6 mA 

At/Av Input transition rise or fall rate 0 100 nstv 

TA Operating Iree-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 vcc* MIN TYP MAX UNIT 

VOH 
VI-VIL 10H - -100 JJA MINto MAX VCC-0.5 

VI-GND, 
V 

IOH=-6mA 3V 2.4 

VOL 
VI-VIH 10L = 100 JJA MINto MAX 0.5 

VI-VCC, 
V 

IOL-6mA 3V 0.4 

II VI_ Vee or GND 3.6V ±1 JJA 
ICC VI = VCC or GND, 10=0 3.6V 20 JJA 
~ICC One Input at Vce - 0.6 V, Other Inputs at Vee or GND 3Vt03.6V 500 JJA 
CI VI - VCC or GND 3.3V 7 pF .. :I: For conditions shown as MIN or MAX, use the appropriate values under reoommended operating conditions . 

~1ExAs 
INSTRUMENTS 
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SN74LVU04 
HEX INVERTER 

SCLS185A - FEBRUARY 1993 - REVISED JULY 1996 

switching characteristics over recommended operating free-air temperature range, CL = 50 pF 
(unless otherwise noted) (see Figure 1) 

PARAMETER FROM TO Vee = 3.3V±O.3V VCC=2.7V 
UNIT 

(INPUT) (OUTPUT) MIN TYP MAX MIN MAX 

tpd A Y 6 14 18 ns 

operating characteristics, Vee = 3.3 V, TA = 25°C 
PARAMETER TEST CONDITIONS 

Cpd Power diS"sipation capacHance per inverter CL=50pF. f.10MHz 

~1ExAs 
INSTRUMENTS 
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SN74LVU04 
HEX INVERTER 
SCLSl85A- FEBRUARY 1993- REVISED JULY 1995 

PARAMETER MEASUREMENT INFORMATION 

o ev TEST S1 
From Output _--._---4t---J1VllnV\r-___ S./1 0 Open 

Under Teat 1.GND 

tpLHitPHL Open 
tpLZltpZL 6V 

CL=50pF 
(see Note A) T 1 lin 

LOAD CIRCUIT FOR OUTPUTS 

I+-- tw -----+I 
1 1,-_-

Input 3 ~,"1_.5_V __ :.:V 

Input 

Output 

Output 

VOLTAGE WAVEFORMS 
PULSE DURATION 

~ X 2.7 V 
~1.5VI1.6V OV 

tPLH~ HtPHL 

1 1 I \1-:::- VOH 
1 !1.6V 1 ~ --+1 --J 1 VOL 

tPHL~ ~tPLH 
1 ~VOH 

\1.!iV T1.5V 
• - -- VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

INVERTING AND NONINVERTING OUTPUTS 

tPHZItPZH GND 

------, 2.7 V 
nmlng Input X 1.5 V 

----:---..1·1'------- OV 

~ ~ ~ 
Itsurth 1 

__ """I ~2.7V 

Date Input )(1.5 V ~ 0 V 

Output 
Control 

Output 
Wavefonn1 

S1 aUV 
(see Note B) 

Output 
WaveJorm2 

S1 atGND 
(see Note B) 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

~1.5V ~=1=.5=V===== :.:V 

tPZL ~ 14- 1 
_---;1""'" I tPLZ --.I l+-I ,\1.5 V I y;: .... O-L +-O-.3-V 3 V 

I . I t!.!.--- VOL 
I 1 tpHZ -+I j4-

tpZH ~ j4- I 
1 --- VOH 

!1.5V ~H-O.3V 
----~. - .OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

LOW- AND HIGH-LEVEL ENABLING 

NOTES: A. CL includes probe and Jig capacitance. 

10-18 

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 wHh 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 = 50 C. tr S 2.5 ns, tf S 2.5 ns. 
D. The outputs are measured one at a time with one transHion per measurement. 

Figure 1. Load Circuit and Voltage Waveforms 

~1ExAs 
INSTRUMENTS 

POST OFFICE BOX 865303. DALlAS, TEXAS 75285 



SN74LV08 
QUADRUPLE 2·INPUT POSITIVE·AND GATE 

• EPIC Til (Enhanced-Performance Implanted 
CMOS) 2-JL Process 

• Typical VOlP (Output Ground Bounce) 
< 0.8 V at Vce = 3.3 V, TA = 25°C 

• Typical VOHV (Output VOH Undershoot) 
> 2 V at Vee = 3.3 V, TA = 25°C 

• 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 

• Package Options Include Plastic 
Smail-Outline (D), Shrink Smail-Outline 
(DB), and Thin Shrink Smail-Outline (PW) 
Packages 

description 

0, DB, OR PW PACKAGE 
(TOP VIEW) 

1A 1 U 14~ VCC 
1B 2 13 4B 
1Y 3 
2A 4 
2B 5 
2Y 6 

GND 7 

12 4A 
11 4Y 
10 3B 
9 3A 
8 3Y 

This quadruple 2-input positive-AND gate is designed for 2.7-V to 3.6-V Vee operation. 

The SN74LV08 performs the Boolean functions Y .. A. B or Y = A + B in positive logic. 

The SN74LV08 is available in Tl's shrink small-outline package (DB), which provides the same 1/0 pin count 
and functionality of standard small-outline packages in less than half the printed-circuit-board area. 

The SN74LV08 is characterized for operation from -40°C to 85°C. 

FUNCTION TABLE 
(each gate) 

INPUTS OUTPUT 
A B Y 

H H H 

L X L 

X L L 

EPIC Is a trademark of Texas Instruments Incorporated. 

~1ExAs 
INSTRUMENTS 

POST OFFICE sox _. DALLAS, TEXAS 76266 

CopyrIght C 1995, Texas Instruments Incorporated 
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SN74LV08 
QUADRUPLE 2·INPUT POSITIVE·ANDGATE 

SCLSl86A - FEBRUARY 1993;" REVISED JULY 1995 

logic symbolt logic diagram, each gate (positive logic) 

1A 

1B 

2A 

2B 

3A 

3B 

4A 

4B 

.. 
2 

4 

5 

9 

10 

12 

13 

& 3 
1Y 

6 
2Y 

8 
3Y 

,11 
4Y 

A 

B --01--- Y 

t This symbol is In accordance with ANSlnEEE Std 91-1984 and 
lEe Publication 617-12. 

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 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 or VI> Vee> ............................................... ±20 mA 
Output clamp current, 10K (Vo < 0 or Vo > Vee> ........................................... ±50 mA 
Continuous. output current, 10 (Vo = 0 to Vee) ............................................. ±25 mA 
Continuous current through Vee or GND ............•...•.•............................... ±50 mA 
Maximum power-dissipation at TA = 55°C (in still air) (see Note 3): D package .................. 1.25 W 

DB or DW package ......•...... 0.5 W 
Storage temperature range, Tstg .•..••.....••••••.....••.....•...••...••.......... -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-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 ThermalConsideratJonsapplication note inthe 1994 ABT Advanced BiCMOS Technology 
Data Book, literature number SeBDOO2B. 

recommended operating conditions (see Note 4) 
MIN NOM MAX UNIT 

Vee Supply voltage 2.7 3.3 3.6 V 

VIH High-level input voltage I Vee - 2.7 Vt03.6 V 2 V 

VIL Low-level input voltage I Vee -2.7Vt03.6 V 0.8 V 

VI Input voltage 0 Vee V 

Vo Output voltage 0 Vee V 

IOH High-level output current -6 mA 

IOL Low-level output current 6 mA 

AtIt..v Input transition rise or fall rate 0 100 ns/V 

TA Operating free-air temperature -40 85 'e 

NOTE 4: Unused Inputs must be held high or low to prevent them from floating. 

~1ExAs 
INSTRUMENTS 
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SN74LV08 
QUADRUPLE 2·INPUT POSITIVE·AND GATE 

SCLSl86A- FEBRUARY 1993 - REVISED JULY 1995 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS VCCt MIN TYP MAX UNIT 

IOH--l0011A MINto MAX VCC-0.2 
VOH V 

IOH--6mA 3V 2.4 

VOL 
10L -100 IIA MINto MAX 0.2 

V 
IOL-6mA 3V 0.4 

II VI - Vee or GND 3.6V ±1 IIA 
ICC VI - VCC or GND, 10=0 3.6V 20 IIA 
t.ICC One Input at Vce - 0.6 V, Other inputs at VCC or GND 3Vto3.6V 500 IIA 
Ci VI - VCC or GND 3.3 V 2.5 pF 

.. t For conditions shown as MIN or MAX, use the appropriate values under recommended operating condHions . 

switching characteristics over recommended operating free-air temperature range, CL = 50 pF 
(unless otherwise noted) (see Figure 1) 

PARAMETER FROM TO 
(INPUT) (OUTPUT) 

tpd A Y 

operating characteristics, Vee = 3.3 V, TA = 25°C 

Cpd 

PARAMETER 

Power dissipation capaCitance per gate 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 665303 • DALLAS. TEXAS 75265 

Vee = 3.3 V±O.3 V VCC = 2.7 V 
UNIT 

MIN TYP MAX MIN MAX 

10 18 23 ns 

TEST CONDITIONS 

CL-50pF, f-10MHz 
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SN74LV08 . 
QUADRUPLE 2-INPUT POSITIVE-AND GATE 

SCLSI86A- FEBRUARY 1993- REVISED JULY 1996 

PARAMETER MEASUREMENT INFORMATION 

o 6V TEST S1 
From Output ~-+~ ____ --'l.1 Nkn'v-~_S./1 0 Open 

Under Teet 1 OND 

tpUi/tpHL Open 

tPLZ/tpZL 6V 

CL=60pF 
(see Note A) T 11lC 

LOAD CIRCUIT FOR OUTPUTS 

14-- tw ----.I 
I 1,--__ 

Input 3 :K",1_.5_V __ :.:V 

Input 

Output 

Output 

VOLTAGE WAVEFORMS 
PULSE DURATION 

~UV ~1.5V :.:V 

II ~ 
tPLH ~ I 1 tPHL 

I I I \!-:.::- VOH 
I !1.5V I ~ --+1 --.I I VOL 

tPHL~ ~tPLH 
1 ~VOH 

\1.5 V T 1.5 V 
• - -- VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

INVERTING AND NONINVERTING OUTPUTS 

tPHZltPZH GND 

Tlmlnglnput -------X1•5V 2.7 V 

----:----.1. 1'------- OV 

~ ~l. ~ 
Itsurth I 
I I __ """I ~2.7V 

Data Input )(1.5 V ~OV 

Output 
Control 

Output 
Waveform 1 

S1at6V 
(see Nota B) 

Output 
Waveform 2 

S1atGND 
(see Note B) 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

~1.5V ~=~=.5=V===== :.:V 

tPZL ~ 14- I 
I I tpLZ -to! I+-

----TI"""'{ I p"'-- 3 V 
I ,\1.5V II VOL + 0.3 V V I . . ----- OL 

I 1 tpHZ ~ j4-
tpZH ~ j4- I 

1----VOH 
!1.5V ~H-0.3V 

--~. .....--- .. OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

LOW- AND HIGH-LEVEL ENABLING 

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 maasured one at a time with one transition per maasurement. 

Figure 1. Load Circuit and Voltage Waveforms 

~1ExAs 
INSTRUMENTS 
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SN74LV14 
HEX SCHMITT·TRIGGER INVERTER 

• EPICTM (Enhanced-Performance Implanted 
CMOS) 2-~ Process 

• Typical VOLP (Output Ground Bounce) 
< 0.8 Vat Vee = 3.3 V, TA = 25°C 

• Typical VOHV (Output VOH Undershoot) 
> 2V at Vee = 3.3 V, TA = 25°C 

• 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 rnA 
Per JEDEC Standard JESD-17 

• Package Options Include Plastic 
Smail-Outline (D), Shrink Small-Outline 
(DB), and Thin Shrink Small-Outline (PW) 
Packages 

description 

D, DB, OR PW PACKAGE 
croP VIEW) 

1A 

1Y 

2A 3 
2Y 

GND 

VCC 
6A 

6Y 

5A 

5Y 

4A 

This hex Schmitt-trigger inverter is designed for 2.7-Y to 3.6-Y Yee operation. 

The SN74LY14 contains six independent inverters. The device performs the Boolean function Y = A. 
The SN74LY14 is available in Tl's shrink small-outline package (DB), which provides the same 1/0 pin count 
and functionality of standard small-outline packages in less than half the printed-circuit-board area. 

The SN74LY14 is characterized for operation from -40°C to 85°C. 

FUNCTION TABLE 
(each Inverter) 

INPUT OUTPUT 
A Y 

H L 

L H 

logic symbolt logic diagram, each Inverter (positive logic) 

lA .IT 
2 

lY 
3 4 

2A 2Y 
5 6 

3A 3Y 
9 8 

4A 4Y 
11 10 

5A 5Y 
13 12 

6A 6Y 

tThis symbol is in accordance with ANSVIEEE Sid 91-1984 and 
IEC Publication 617-12. 

EPIC is a trademark of Texas Instruments Incorporated. 

~1EXAS 
INSTRUMENTS . 

A 
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~ Y 

Copyright C 1995, Texas Instruments Incorporated 
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SN74lV14 
HEX SCHMITT· TRIGGER INVERTER 

SCLS187A - FEBRUARY 1993 - REVISED JULY 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 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 or VI> Vee) ....................................... ~ . . . . . .. ±20 rnA 
Output clamp current, 10K (Vo < 0 or Vo > Vee) ........................................... ±50 rnA 
Continuous output current, 10 (Vo" 0 to Vee) .................... " ... .... ..... ..... .. .. ... ±25 rnA 
Continuous current through Vee or GND .......•......•......•...•........................ ±50 rnA 
Maximum power dissipation at TA = 55°C (in still air) (see Note 3): 0 package •..•....•..•.....• 1.25 W 

DB or PW package ............ 0.5 W 
Storage temperature range, Tstg .......•........•........•..•..•..•..•.•.......... -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum retings· may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the devica 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 ThermalConsiderationsapplication note in the 1994 ABT Advanced BiCMOS Technology 
Data Book, literature number SCBD002B. 

recommended operating conditions (see Note 4) 
MIN NOM MAX UNIT 

VCC Supply voltage 2.7 3.3 3.6 V 

VIH High-level input voltage I VCC - 2.7 Vto 3.6 V 2.4 V 

VIL Low-level Input voltage I VCC· 2.7 Vto 3.6 V 0.4 V 

VI Input voltage 0 VCC V 

Vo Output voltage 0 VCC V 

IOH High-level output current -6 mA 

IOL Low-level output current 6 mA 

TA Operating frae-air temperature -40 85 'C 

NOTE 4: Unused inputs must be held high or low to prevent them from floating. 

\ 
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SN74LV14 
HEX SCHMITT-TRIGGER INVERTER 

SCLS187A- FEBRUARY 1993- REVISED JULY 1995 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS vcct MIN TYP. MAX UNIT 

VT+ 2.7V 1 2 

Posltive-going 3V 1.2 2.2 V 
threshold 3.BV 1.5 2.4 

VT- 2.7V 0.4 1.4 

Negative-going 3V O.B 1.5 V 
threshold 3.6V 0.8 1.B 

2.7 V 0.3 1.1 
tNT 3V 0.4 1.2 V 

Hysteresis (VT + - VT-l 
3.BV 0.4 1.2 

IOH--l0011A MIN to MAX Vee-0.2 
VOH V 

IOH--BmA 3V 2.4 

IOL-l00 IIA MINto MAX 0.2 
VOL V 

IOL-6mA 3V 0.4 

" 
V, - Vee or GND 3.6V ±1 IIA 

ICC V, • Vee or GND, IOmO 3.6V 20 IIA 
~Iee One input at Vee - 0.6 V, Other inputs at Vee or GND 3Vto3.6V 500 fIA 
ei V, - Vee or GND 3.3V 2.5 pF 

t For conditions shown as MIN or MAX, use the appropriate values under recommended operating conditions. 

switching characteristics over recommended operating free-air temperature range, CL = 50 pF 
(unless otherwise noted) (see Figure 1) . 

PARAMETER FROM TO Vee = 3.3V±O.3 V Vee=2.7V 
UNIT (INPUT) (OUTPUT) MIN TYP MAX MIN MAX 

Ipd A Y 13 30 36 ns 

operating characteristics, Vee = 3.3 V, TA = 25°C 
PARAMETER TEST CONDITIONS 

Cpd Power dissipation capacitance par inverter CL-50pF, f-10MHz 

~1ExAs 
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SN74LV14 
HEX SCHMITT· TRIGGER INVERTER 

SCLS187A-FEBRUARY 1993-REVISEDJULY 1996 > 

PARAMETER MEASUREMENT INFORMATION 

o BV TEST S1 
From Output 1 k.O S1 0 Open 
UndMT.t----.---.~~~-----J 

tPLHitPHL Open 

CL=SOpF 
(S88 Note A) T 1 k.O r~ 

LOAD CIRCUIT FOR OUTPUTS 

I+--- tw -----+I 
I I~ __ 

Inpm 3 ~",,1_.5_V __ :.:V 

Inpm 

Output 

Omput 

VOLTAGE WAVEFORMS 
PULSE DURATION 

--v 2.7 V 

---11' 1.5 V ~1.5V OV 

tpLH +---I H tpHL 

I I·" ~VOH 
I !1.5V l 1.5V 

--.. +-1--" I VOL 

tpHL -t.--.I ~ tPLH . 

1 . ~VOH 
\'1.15 V T 1.6 V 

• - - VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

INVERTING AND NONINVERTING OUTPUTS 

tPLZltPZL BV 
tpHZltpZH GND 

------, 2.7 V 
TIming Input X1•5V . 

---~--'. 1'------- OV 

Data Input 

Output 
Control 

Output 
Waveform 1 

S1 atBV 
(_Note B) 

Output 
Waveform 2 

S1 atGND 
(_Note B) 

~ * ~ . Itsu th 1 
__ ~·I ~2.7V 

___ )(1.5 V ~OV 
VOLTAGE WAVEFORMS 

SETUP AND HOLD TIMES 

~ 1.5 V ~=1=.5=V===== :.:V 

tPZL ~ 14- I 

I I tPLZ-.I ~ 
---rl ..... { 1Vu:""'· -- 3 V 

I ,1.5V I t~L+.!-!Y VOL 

IltPHZ ~ ~ 
tpZH ~ j4- I 

1 -- VOH 
!1.5V ~H-O.3V 

~---'. ....~-- - OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

LOW· AND HIGH·LEVEL ENABLING 

NOTES: A. CL includes probe and Jig capacltanca. 
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 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 - 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. 

Figure 1. Load Circuit and Voltage Waveforms 

~1ExAs . 
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SN74LV32 
QUADRUPLE 2·INPUT POSITIVE·OR GATE 

• EPIC ™ (Enhanced-Performance Implanted 
CMOS) 2-11 Process 

• Typical VOLP (Output Ground Bounce) 
< 0.8 Vat Vee = 3.3 V, TA = 25°C 

• Typical VOHV (Output VOH Undershoot) 
>2VatVee =3.3 V, TA = 25°C 

• 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 

• Package Options Include Plastic 
Small-Outline (D), Shrink Smail-Outline 
(DB), a'nd Thin Shrink Small-Outline (PW) 
Packages 

description 

0, DB, OR PW PACKAGE 
(TOP VIEW) 

1A 
18 
1Y 
2A 
28 
2Y 

GND 

I 

1 U 14 

2 13 

3 12 

4 11 

5 10 

6 9 
7 8 

VCC 
48 
4A 
4Y 
38 
3A 
3Y 

This quadruple 2-input positive-OR gate is designed for 2.7-V to 3.6-V Vee operation. 

The SN74LV32 performs the Boolean functions Y = A + B or Y = A • B in positive logic. 

The SN74LV32 is packaged in Tl's shrink small-outline package (DB), which provides the same 1/0 pin count 
and functionality of standard small-outline packages in less than half the printed-circuit-board area. 

The SN74LV32 is characterized for operation from -40°C to 85°C. 

FUNCTION TABLE 
(each gate) 

INPUTS OUTPUT 
A B Y 

H X H 

X H H 

L L L 

EPIC is a trademark of Texas instruments incorporated. 

~1ExAs 
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SN74LV32 
QUADRUPLE 2·INPUT POSITIVE-OR GATE 

SCLSl88A- FEBRUARY 1993- REVISED JULY 1995 

logic symbolt logic diagram, each gate (positive logic) 

1A 

1B 

2A 

2B 

3A 

3B 

4A 

4B 

1 

2 

4 

5 

9 

10 

12 

13 

~1 3 

8 

8 

11 

1Y 

2Y 

3Y 

4Y 

A 

B 
Y 

t This symbol Is In accordance with ANSIllEEE Std 91-1984 and 
IEC Publication 617-12. 

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 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 or VI> Vee> ...•....................................•...... ±20 mA 
Output clamp current, 10K (Vo < 0 or Vo> Vee) .•.•••••.•••...•••.•....•.................. ±50 rnA 
Continuous output current, 10 (VO = 0 to Vee) .....•......................•..•............. ±25 mA 
Continuous current through Vee or GND •.•.....••.•.•...........•....•..••••...•....•.... ±50 rnA 
Maximum power dissipation at TA = 55°C (in still air) (see Note 3): 0 package •••••••..•••...... 1.25 W 

DB or PW package •••••......• 0.5 W 
Storage temperature range, Tstg .................................................. -65°C to 150·C 

:I: Stresses beyond those listed under "absolute maximum ratings" may causa 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-maxlmum-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 15000 and a board trace length of 750 mils. 

For more information, refertothe Package Thermal Considerations application note in the 1994ABT Advanced BiCMOS Technology 
Data Book, Ilteratura number SCBD002B. 

recommended operating conditions (see Note 4) 
MIN NOM MAX UNIT 

VCC Supply voltage 2.7 3.3 3.6 V 

VIH High-level Input voltage I VCC-2.7Vt03.6V 2 V 

VIL Low-levellnput voltage I VCC-2.7Vt03.6V 0.8 V 

VI . Input voltage a VCC V 

Vo Output voltage a VCC V 

IOH High-level output current -6 mA 

IOL Low-level output currant 6 mA 

At/Av Input transition rise or fall rate a 100 nsIY 

TA Operating free-air temperature -40 65 ·C 

NOTE 4: Unused Inputs must be held high or low to prevent them from floating. 

~1ExAs 
INSTRUMENTS 
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SN74LV32 
QUADRUPLE 2-INPUT POSITIVE-OR GATE 

SCLS188A- FEBRUARY 1993- REVISED JULY 1995 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS VCCt MIN TYP MAX UNIT 

10H = -100 IIA MIN to MAX Vee-O.2 
VOH V 

IOH=-6mA 3V 2.4 

10L -100 IIA MIN to MAX 0.2 
VOL V 

IOL-6mA 3V 0.4 

II VI = Vee or GND 3.6V ±1 IIA 
lee VI - Vee or GND, 10- 0 3.6V 20 IIA 
Alee One Input at Vee - 0.6 V, Other Inputs at Vee or GND 3Vto3.6V 500 IIA 
ei VI - Vee or GND 3.3 V 2.5 pF 

t For conditions shown as MIN or MAX, use the appropriate values under recommended operating conditions. 

switching characteristics over recommended operating free-air temperature range, CL = 50 pF 
(unless otherwise noted) (see Figure 1) 

PARAMETER FROM TO vcc = 3.3 V±O.3V VCC=2.7V 
UNIT 

(INPUT) (OUTPUT) MIN TYP MAX MIN MAX 

tpd A Y 8 17 22 ns 

operating characteristics, Vee = 3.3 V, TA = 25°C 
PARAMETl:R TEST CONDITIONS 

epd Power dissipation capacHance per gate 

~1EXAS 
INSTRUMENTS 
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SN74LV32 
QUADRUPLE 2·INPUT POSITIVE·OR GATE 

SCLSl88A- FEBRUARY 1993 - REVISED JULY 1995 

PARAMETER MEASUREMENT INFORMATION 

o 6V TEST S1 
From Output 1 leO S1 o Open tPLHltpHL Open 

Under Test 

CL=50pF 
(_NoteA) T 1 leO 

.". 

LOAD CIRCUIT FOR OUTPUTS 

VOLTAGE WAVEFORMS 
PULSE DURATION 

r~ 

Input· ===>:< 1.5 V >:< 1.li V :.: V 

, I !4--.!- . 
tPLH ~ I I tPHL 

II I \1-:.::- VOH 
I ,1.5 V , ~ 

--+I.....J I VOL 

tPHL~ ~tPLH 
I ~VOH \1.5 V T 1.5 V 

. - - VOL 

Output 

Output 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

INVERTING AND NONINVERTING OUTPUTS 

tpLZltpZL 6V 

tPHZ/tpZH GND 

------, 2.7 V 
Timing Input ~~5'::: _____ 0 V 

I ~ I 
~L ~r th ~ I .. u I 

__ .... 1 ~2.7V 

Data Input )(1.5 V ~OV 

Output 
Control 

Output 
Waveform 1 

S1 at6V 
(_NoteS) 

Output 
Waveform 2 

S1 stGND 
(_NoteS) 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

~1.5V ~=1= •. 5=V===== :.: V 

tpZL ~ 14- I 
, I tPLZ -.I I+-

---TI ..... \L . I p"'--- 3V 
, \.1.5 \t 'VOL + 0.3 V 
I . 1- -- VOL 
, I tPHZ"'" j4-

tPZH -+J j4- I 
, - VOH 

!1.5V ~H-0.3V 
____ J. - -OV 

VOLTAGE WAVEFORMS 
ENASLE AND DISABLE TIMES 

LOW· AND HIGH·LEVEL ENABLING 

NOTES: A. CL includes probe and jig capacitance. 
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 fer 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. 

Figure 1. Load Circuit and Voltage Waveforms 

~1ExAs 
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SN74LV74 
DUAL POSITIVE-EDGE-TRIGGERED D-TYPE FLIP-FLOP 

• EPICTM (Enhanced-Performance Implanted 
CMOS) 2-11 Process 

• Typlcel VOLP (Output Ground Bounce) 
< 0.8 V at Vee = 3.3 V, TA = 25°C 

• Typical VOHV (Output VOH Undershoot) 
> 2 V at Vee = 3.3 V, TA = 25°C 

• ESD Protection Exceeds 2000 V Per 
MIL-STD-883C, Method 3015j 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 
Smail-Outline (D), Shrink Smail-Outline 
(DB), and Thin Shrink Small-Outline (PW) 
Packages 

description 

D, DB, OR PW PACKAGE 
(TOP VIEW) 

10 
1CLK 3 
1PRE 

10 
10 6 

GNO 7 

VCC 
2CLR 
20 
2CLK 
2PRE 

9 20 
8 20 

This dual positive-edge-triggered Ootype flip-flop is designed for 2.7-V to 3.6-V Vcc operation. 

A low level at the preset (PRE) or clear (CLR) inputs sets or resets the outputs regardless of the levels of the 
,other inputs. When PRE and CLR are inactive (high), data at the data (0) inputs meeting the setup time 
requirements is transferred to the outputs on the positive-going edge of the clock pulse. Clock triggering occurs 
at a voltage level and is not directly related to the rise time of the clock pulse. Following the hold-time interval, 
data at the 0 input may be changed without affecting the levels at the outputs. 

The SN74LV74 is available in TI's shrink small-outline package (DB), which provides the same I/O pin count 
and functionality of standard small-outline packages in less than half the printed-circuit-board area. 

The SN7 4LV7 4 is characterized for operation from -40°C to 85°C. 

FUNCTION TABLE 

INPUTS OUTPUTS 

PRE ClR ClK D Q Q 

L H X X H L 

H L X X L H 

L l X x Ht Ht 

H H l' H H L 

H H l' L L H 

H H L X 00 Co .. t This configuration IS nonstable; that IS, it does not 
persist when PRE or CLR returns to its Inactive 
(high) level. 

EPIC is a trademark of Texas Instruments Incorporated. 

~1ExAs 
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SN74 LV74 
DUAL POSITIVE-EDGE-TRIGGERED D-TVPE FLIP-FLOP 

SCLS189A - FEBRUARY 1993 - REVISED JULY 1995 

logic symbolt 

1PRE 

1CLK 

1D 

1CLR 

2PRE 

2CLK 

2D 

2CLR 

4 

3 

2 

1 

10 

11 

12 

13 

"- S 

C1 

1D 
"- R 

"-

"-

tThis symbol Is In accordance with ANSI/IEEE Std 91-1984 and lEe Publication 617-12. 

logic diagram, each flip-flop (positive logic) 

PRE--------------------------~~------. 

CLK~~ C 

TO 

C 

C 

D TG 

C C 
CLR 

~1ExAs 
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SN74LV74 
DUAL POSITIVE·EDGE· TRIGGERED D· TYPE FLlp·FLOP 

SCLS189A- FEBRUARY 1993 - REVISED JULY 1995 

absolute maximum ratings over operating fre&-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 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 or VI > Vee) ...•..........•................................ ±20 mA 
Output clamp current, 10K (Vo < 0 or Vo > Vee) ..........•................................ ±50 mA 
Continuous output current, 10 (Vo = 0 to Vee) .•...•....................................... ±25 mA 
Continuous current through Vee or GND ..........•.................•...................•. ±50 mA 
Maximum power dissipation at TA - 55°C (In still air) (see Note 3): D package ..............• . .. 1.25 W 

DB or PW package ............ 0.5 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, refertothe Package ThennaiConslderationsapplication note In the 1994 ABT Advanced BiCMOS Technology 
Data Book, literature number SCBD002B. 

recommended operating conditions (see Note 4) 
MIN NOM MAX UNIT 

VCC Supply voltage 2.7 3.3 3.6 V 

VIH High-level input voltage I VCC _2.7Vt03.6V 2 V 

VIL Low-level Input voltage I VCC -2.7Vt03.6V O.B V 

VI Input voltage 0 Vec V 

Vo Output voHage 0 VCC V 

10H High-level output current -6 mA 

10L Low-level output current 6 mA 

AtlAv Input transition rise or fall rete 0 100 ns/V 

TA Operating free-air tempereture -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 VCc* MIN TYP MAX UNIT 

VOH 
IOH--l00jJA MIN to MAX VCC-0•2 

V 
IOH--6mA 3V 2.4 

VOL 
IOL -100 jJA MIN to MAX 0.2 

IOL-BmA 
V 

3V 0.4 

II VI - Vec or GND 3.6V ±1 jJA 

ICC VI - Vec or GND, 10- 0 3.6 V 20 jJA 

~Ice One Input at VCC - 0.6 V, Other Inputs at VCC or GND 3Vt03.6V 500 jJA 

Ci VI- VCC or GND 3.3V 2.5 pF 
.. 

:j: For conditions shown as MIN or MAX, use the appropriate values under recommended operating conditions • 

~1ExAs . 
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SN74LV74 
DUAL POSITIVE-EDGE-TRIGGERED D-TYPE FLIP-FLOP 

SCLS189A - FEBRUARY 1993 - REVISED JULY 1996 

timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless othe.rwise noted) 

Vcc = 3.3 V 
VCC = 2.7 V ±O.3V UNIT 

MIN MAX MIN MAX 

fclock Clock frequency 0 24 0 19 MHz 

J5RE or'C[R low 20 25 
tw Pulse duretion ns 

ClK high or low 20 25 

Setup time, data before ClKi 
Data 13 16 

tsu PRE or C[R inactive 
ns 

8 10 

th Hold time, data after clKi 3 3 ns 

switching characteristics over recommended operating free-air temperature range, CL = 50 pF 
(unless otherwise noted) (see Figure 1) 

PARAMETER 
FROM TO VCC = 3.3 V ±O.3 v VCC=2.7V 

UNIT 
(INPUT) (OUTPUT) MIN TYP MAX MIN MAX 

fmax 24 100 19 MHz 

PREor'C[R 
OorO 

16 34 43 
tpd ns 

ClK 15 28 35 

operating characteristics, Vee = 3.3 V, TA = 25°C 
PARAMETER TEST CONDITIONS 

Cpd Power dissipation capacitance per flip-flop Cl-50pF, f=10MHz 

~1ExAs 
INSTRUMENTS 
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SN74LV74 
DUAL POSITIVE·EDGE· TRIGGERED D· TYPE FLIP· FLOP 

SCLS189A- FEBRUARY 1993- REVISED JULY 1995 

PARAMETER MEASUREMENT INFORMATION 

o BV TEST S1 

From Output 1 kg 81 o Open 
tPLHItPHL Open 

Under Test 

r~ CL=50pF 
1 kg 

(see Note A) T 
tpLZ/tpZL BV 

tpHZltpZH GND 

-: 

LOAD CIRCUIT FOR OUTPUTS ------, 2.7 V 
TImIng Input X 1.5 V 

-----",. 1'------- OV 
14---"'- Iw ----.I 
1 1 

Input 3 ~:1~.5~V~~~~ :.:V 

Input 

Output 

Output 

VOLTAGE WAVEFORMS 
PULSE DURATION 

--v X 2.7 V ---11' 1.5V 1 1.5 V OV 

tpLH --J.--.I K tPHL 

1 1 I ~VOH 
1 11.5V 1 1.5V 

--+-1 --' 1 VOL 

tPHL~ ~tPLH 
1 !I:":":"" VOH 

\'1.5 V T 1.5V 
. - VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

INVERTING AND NONINVERTING OUTPUTS 

NOTES: A. CL includes probe and jig capacitance. 

Date Input 

Output 
Control 

Output 
Waveform 1 

S1 aUY 
(see Note B) 

Output 
Waveform 2 

S1 atGND 
(see Note B) 

~ ~ ~ 
Itsul""th 1 

__ .... 1 ~2.7V 

___ )(1.5 V ~OV 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

~1.5V ~1.5V :.:V 

tPZL ~ 14- 1 
_--;.1 ""'\ 1 tPLZ"'" l+-I { 1.5 V I .11:--- 3V 

I' 1 t~b..+..'!:!.Y VOL 

1 1 tpHZ ~ j4-
tPZH ~ j4- 1 

1 -- VOH 
!1.5V ~H-O.3V 

---.I. ...--- .. 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 intemal conditJons 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 so 10 MHz, Zo - 50 n. tr so 2.5 ns, tf so 2.5 ns. 
D. The outputs are measured one at a time with one transition per measurement. 

Figure 1. Load Circuit and Voltage Waveforms 

~1ExAs 
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• EPICTM (Enhanced-Performance Implanted 
CMOS) 2-11 Process 

• Typical VOLP (Output Ground Bounce) 
< 0.8 V at Vee = 3.3 V, TA = 25°C 

• Typical VOHV (Output VOH Undershoot) 
> 2VatVee = 3.3 V, TA = 25°C 

• 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 

• Package Options Include Plastic 
Small-Outline (D), Shrink Small-Outline 
(DB), and Thin Shrink Small-Outline (PW) 
Packages 

description 

SN74LV125 
QUADRUPLE BUS BUFFER GATE 

WITH 3-STATE OUTPUTS 

0, DB, OR PW PACKAGE 
{TOP VIEW) 

10E 
1A 
1Y 

20E 

VCC 
40E 
4A 
4Y 
30E 

This quadruple bus buffer gate is designed for 2.7-V to 3.6-V Vee operation. 

The SN74LV125 features independent line drivers with 3-state outputs. Each output is disabled when the 
associated output-enable (DE) input is high. 

The SN74LV125 is characterized for operation from -40°C to 85°C. 

EPIC is a trademark of Texas Instruments Incorporated. 

FUNCTION TABLE 
(each buffer) 

INPUTS OUTPUT 
OE A y 

L H H 

L L L 

H X Z 

~TEXAS 
INSTRUMENTS 
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SN74LV125 
QUADRUPLE BUS BUFFER GATE 
WITH 3·STATE OUTPUTS 
SCESOO3A - NOVEMBER 1994 - REVISED JULY 1995 

logic symbolt logic diagram (positive logic) 

10E 

1A 

20E 
2A 

3~ 

3A 

40E 
4A 

1 
2 

4 
5 

10 
9 

13 
12 

r-.. 

" 

" 

" 

EN 1 
V 

3 

8 

8 

11 

1Y 
10E 

~ 1A 
2 >-___ 3_ 1Y 

2Y 

2~ 
4 

~ 2A 
5 

3Y 
>-___ 8_ 2Y 

4Y 

3~ 
10 

t This symbol is in accordance with ANSIJIEEE Std 91-1984 and 
lEO Publication 617-12. 3A 

9 ~ >-___ 8_ 3Y 

40E 
13 

~ 4A 
12 >-__ 1,-,,1_ 4Y 

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 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 < a or VI > Vee) ........................................•...... ±20 rnA 
Output clamp current, 10K (Vo < a or Vo > Vee) .......•............................•...... ±50 rnA 
Continuous output current, 10 (Vo = a to Vee) .......•.•........•.......................... ±35 rnA 
Continuous currentthrough Vee or GNO .................................................. ±70 rnA 
Maximum power dissipation at TA = 55°C (in still air) (see Note 3): 0 package ............•..... 1.25 W 

DB or PW package ........... 0.5 W 
Operating free-air temperature range, TA ........ .. .. .. .. .. .. .. .. .. .. .. .. .. .. . . . . ... -40°C to 85°C 
Storage temperature range, Tstg .................................................. -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 absolut~axlmum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. The Input and output negative-voltage ratings may be eJ(C8eded if the Input and output clamp-current ratings are observed. 

10-38 

2. This value Is limited to 4.6 V maximum. 
3. The maximum package power dissipation is calculated using a Junction temperature of 150'0 and a board trace length of 750 mils. 

For more information, refer to the Package Thermal Considerations application note in the 1994 ABT Advanced BiCMOS Technology 
Data Book, literature number SOBD002B. 
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recommended operating conditions (see Note 4) 

Vee Supply voltage 

SN74LV125 
QUADRUPLE BUS BUFFER GATE 

WITH 3-STATE OUTPUTS 
SCES003A- NOVEMBER 1994 - REVISED JULY 1995 

MIN NOM MAX UNIT 

2.7 3.3 3.6 V 

VIH High-level input voltage I Vee -2.7Vt03.6 v 2 V 

VIL Low-level input voltage I Vee - 2.7 V to 3.6 V 0.8 V 

VI Input voltage 0 Vee V 

Vo Output voltage 0 Vee v 
IOH High-level output current -8 rnA 

IOL Low-level output current 8 rnA 

Ilt/IN Input transnion rise or fall rate 0 100 ns/V 

TA Operating free-air temperature -40 85 ·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) 

PARAMETER TEST CONDITIONS VCC MIN TYPt MAX UNIT 

VOH 
10H - -100 JlA MINto MAXi Vee-0.2 

V 
IOH~-8mA 3V 2.4 

10L .100 JlA MINto MAXi 0.2 
VOL V 

IOL-8mA 3V 0.4 

II VI = Vee or GND 3.6V ±1 JlA 
10Z Vo - Vee or GND 3.6 V ±5 JlA 
ICC VI- Vee or GND. 10 .. 0 3.6V 20 JlA 
alec One input at Vee - 0.6 V. Other Inputs at Vee or GND 3Vt03.6V 500 JlA 
ei VI = Vec or GND 3.3 V 3.5 pF 

Co Vo - VCC or GND 3.3 V 8 pF 

t All typical values are at VCC = 3.3 V. TA = 25"0. 
i For conditions shown as MIN or MAX. use the appropriate values under recommended operating conditions. 

switching characteristics over recommended operating free-air temperature range, CL = 50 pF 
(unless otherwise noted) (see Figure 1) 

FROM TO 
VCC=3.3V Vcc = 2.7 V 

PARAMETER ±O.3V UNIT (INPUT) (OUTPUT) 
MIN TYpt MAX MIN MAX 

tpd A Y 10 21 26 ns 

len OE y 11 29 36 ns 

!dis DE y 10 26 32 ns 

t All typical values are at VCC = 3.3 V. TA _ 25·C. 

operating characteristics, Vee = 3.3 V, TA = 25°C 
PARAMETER TEST CONDITIONS TYP UNIT 

Cpd Power dissipation capacitanca 
I Outputs enabled 45 

I Outputs disabled 
CL-50pF. f=10MHz r--s pF 

~1ExAs 
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SN74LV125 
QUADRUPLE BUS BUFFER GATE 
WITH 3·STATE OUTPUTS 
SCESOO3A - NOVEMBER 1994 - REVISED JULY 1995 

PARAMETER MEASUREMENT INFORMATION 

o 8V TEST S1 

From Output_-e-_--._-'V1 ",kOlr-__ S./1 0 Open 

Under Test 1 GND 

tPLWtPHL Open 

tPLZltpZL 8V 

CL=50pF 

(see Note A) r ':" 1 kO 

Input 

Output 

Output 

LOAD CIRCUIT FOR OUTPUTS 

VOLTAGE WAVEFORMS 
PULSE DURATION 

--v X 2.7 V 

---Ii' 1.5 V ,1.5 V 0 V 

'I ~ tPLH ~ , 1 tPHL 

I 1 \!-:.::- VOH 
I !1.5v l ~ --+1 -oJ, VOL 

tpHL -l.---.j ~ tPLH 

1 !I:"::':- VOH 

\1.5 V T}.~"- VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

INVERTING AND NONINVERTING OUTPUTS 

IPHZltpZH GND 

------'x 2.7 V 
Timing Input 1.5 V ____ ---J. 1'-______ OV 

~ ~ ~ lieu th I 
__ ""I ~2.7V 

Dalalnput )(1.5 V ~OV 

Output 
Control 

Output 
Waveform 1 

S1 st8V 
(see Note B) 

Output 
Waveform 2 

S1 alGND 
(see Note B) 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

~1.5V ~=1=.5=V===== :.:V 

tPZL --+j 14- 'I 
_~~: tPLZ1 j4- 3V 

: \UV 'Y;L+O.3V , , t!!.--- VOL 

I 1 tpHZ ~ j4-
tpZH -+j j4- , 

1 --- VOH 
!1.5V ~H-O.3V 

-_....... ....--- .. OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

LOW· AND HIGH.LEV~L ENABLING 

NOTES: A. CL includes probe and jig capacitance. 
B. Waveform 1 Is for an output wHh Internal conditions such that the output is low except when disabled by the oUlput 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 characterlslics: PRR :so 10 MHz, Zo = 50 0, Ir:SO 2.5 ns, If :so 2.5 ns. 
D. The outputs are measured one al a·time with one trensHion per measurement. 

Figure 1. Load Circuit and Voltage Waveforms 

~1ExAs 
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SN74LV138 
3-LINE TO 8-LINE DECODER/DEMULTIPLEXER 

• EPICTM (Enhanced·Performance Implanted 
CMOS) 2·11 Process 

• Typical VOLP (Output Ground Bounce) 
< 0.8 Vat Vee = 3.3 V, TA = 25°C 

• Typical VOHV (Output VOH Undershoot) 
>2V at Vee = 3.3 V, TA = 25°C 

• 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 

• Package Options Include Plastic 
Small·Outline (D), Shrink Small·Outllne 
(DB), and Thin Shrink Small·Outllne (PW) 
Packages 

description 

SCLSl90A- 1993-

D, DB, OR PW PACKAGE 
(TOP VIEW) 

e 
CI2A 4 
G2B 

G1 
Y7 

GND 

VCC 
VO 
V1 
V2 
V3 

11 V4 
V5 

9 V6 

This 3-line to 8-line decoder/demultiplexer is designed for 2.7-V to 3.6-V Vee operation. 

The SN74LV138 is designed to be used in high-performance memory-decoding or data-routing applications 
requiring very short propagation delay times. In high-performance memory systems, this decoder can be used 
to minimize the effects of system decoding. When employed with high-speed memories utilizing a fast enable 
circuit, the delay times of this decoder and the enable time of the memory are usually less than the typical access 
time of the memory. This means that the effective system delay introduced by the decoder is negligible. 

The conditions at the binary-select inputs and the three enable inputs select one of eight input lines. Two 
active-low and one active-high enable inputs reduce the need for external gates or inverters when expanding. 
A 24-line decoder can be implemented without external inverters and a 32-line decoder requires only one 
inverter. An enable input can be used as a data input for demultiplexing applications. 

The SN74LV138 is available in Tl's shrink small-outline package (DB), which provides the same I/O pin count 
and functionality of standard small-outline packages in less than half the printed-circuit-board area. 

The SN74LV138 is characterized for operation from -40°C to 85°C. 

EPIC Is a trademark of Texas Instruments Incorporated. 

Copyright C 1995. Texas Instruments Incorporated 
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SH74LV138 
3-LlNE TO B-LlNE DECODER/DEMULTIPLEXER 

SCLSHIOA - FEBRUARY 1993 - REVISED JULY 19115 

ENABLE INPUTS SELECT INPUTS 
01 G2A G2B C 
X H X X 

X X H X 

L X X X 

H L L L 
H L L L 

H L L L 

H L L L 

H L L H 

H L L H 

H L L H 

H L L H 

logic symbols (alternatlves)t 

A 

B 

C 

01 

~2A 
G2B 

1 
2 
3 

B 
4 

" 5 
" 

BIN/OCT 
1 
2 
4 

7 
EN 

B A 
X X 

'X X 

X X 

L L 

L H 

H L 

H H 

L L 

L H 

H L 

H H 

15 
0 

14 
1 

2 
13 

12 
3 

11 
4 

10 
5 

8 
8 

7 
7 

FUNCTION TABLE 

YO Y1 
H H 

H H 

H H 

L H 

H L 

H H 

H H 

H H 

H H 

H H 

H H 

YO A 
Y1 B 

Y2 C 

Y3 

Y4 01 

Y5 G2A 

YB G2B 

Y7 

OUTPUTS 
Y2 Y3 Y4 Y5 
H H H H 

H H H H 

H H H H 

H H H H 

H H H H 

L H H H 

H L H H 

H H L H 

H H H L 

H H H H 

H H H H 

1 

'} DM~ 2 O.! 
3 7 

2 

8 7 
4 

" 5 
" 

tThese symbols are In accordance with ANSI/IEEE Sid 91-1984 and IEC Publication 617-12. 

~1ExAs 
INSlRUMENTS 

10-42 POST OFFICE BOX 856303- OALlAS. TEXAS 75266 

YB 
H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

H 

0 

1 

2 

3 

4 

5 

8 

7 

Y7 

H 

H 

H 

H 

H 
H 

H 

H 

H 

H 

L 

15 

14 

13 

12 

11 

10 

8 

7 

YO 

Y1 

Y2 

Y3 

Y4 

Y5 

YB 

Y7 



logic diagram (positive logic) 

Select 
Inputs 

Enable 
Inputs 

A 1 

C---I 

8 
01 ---I 

G2A --a 

G2B ......:;...-a 

SN74LV138 
3-LlNE TO 8·LlNE DECODER/DEMULTIPLEXER 

SCLS190A- FEBRUARY 1993 - REVISED JULY 1995 

15 YO 

14 Y1 

13 
Y2 

12 Y3 
Data 

11 
Outputs 

Y4 

10 Y5 

9 Y8 

7 
Y7 
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SN74LV138 
3-LlNE TO 8-LlNE DECODER/DEMULTIPLEXER 

SCLS190A - FEBRUARY 1993 - REVISED JULY 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 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 or VI> Vee) ............................................... ±20 mA 
Output clamp current, 10K (Vo < 0 or Vo > Vee) ........................................... ±50 mA 
Continuous output current, 10 (Vo = 0 to Vee) ............................................. ±25 mA 
Continuous current through Vee or GND ..•........•...................................... ±50 mA 
Maximum power dissipation at TA = 55°C (in still air) (see Note 3): D. package .. . . . . . . . . . . . . . . . • . 1.3 W 

DB package ................. 0.55 W 
PW package .................. 0.5 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 condijions for extended periods may affect device reliability. 

NOTES: 1. The input and output negative-voltage ratings may be exceeded if the input and output clamlHlurrent 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 150·0 and a board trace length of 750 mils. 

For more information, refertothe Package 7hermalConslderationsapplication note In the 1994 ABT Advanced BiCMOS Technology 
Data Book, literature number SOBD002B. 

recommended operating conditions (see Note 4) 
MIN NOM MAX UNIT 

VCC Supply voltage 2.7 3.3 3.6 V 

VIH High-level Input voltage I VCC - 2.7 Vto 3.6 V 2 V 

VIL Low-level Input voltage I VCC - 2.7 Vto 3.6 V 0.8 V 

VI Input voltage 0 VCC V 

Vo Output voltage 0 VCO V 

10H High-level output current -6 mA 

10L Low-level output current 6 mA 

dt/dv Input transition rise or fall rate 0 100 ns/V 

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 vcc* MIN TYP MAX UNIT 

VOH 
10H· -100 IIA MINto MAX VCC-0.2 

IOH--6mA 
V 

3V 2.4 

VOL 
10L -100 IIA MINto MAX 0.2 

IOL-6mA 
V 

3V 0.4 

II VI" VCC or GND 3.6 V ±1 IIA 
Icc VI_ Vee or GND, 10- 0 3.6 V 20 IIA 
~ICC One input at VCC - 0.6 V, Other inputs at VCC or GND 3Vt03.6V 500 IIA 
CI VI - Vee or GND 3.3 V 2.5 pF 

; For condItions shown as MIN or MAX, use the appropriate values under recommended operating conditions. 

~1ExAs 
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SN74LV138 
3-LINE TO 8-LlNE DECODER/DEMULTIPLEXER 

SCLS190A- FEBRUARY 1993 - REVISED JULY 1995 

switching characteristics over recommended operating free-air temperature range, CL = 50 pF 
(unless otherwise noted) (see Figure 1) 

PARAMETER FROM TO Vcc = 3.3 V±O.3V Vcc = 2.7 V 
UNIT 

(INPUT) (OUTPUT) MIN TYP MAX MIN MAX 

A, B, orC 14 29 36 
Ipd y ns 

Enable 16 33 41 

operating characteristics, Vee = 3.3 V, TA = 25°C 
PARAMETER TEST CONDITIONS 

Cpd Power dissipation capacitance per channel 

~1ExAs 
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SN74LV138 
3-L1NE TO 8-LINE DECODER/DEMULTIPLEXER 

SCLS190A - FEBRUARY 1993 - REViSED JULY 1995 

PARAMETER MEASUREMENT INFORMATION 

o 6V TEST S1 
From Output 1 kn S1 0 Open 

Under Test - ..... -~~--'IM,--_---/ 
tpLHitPHL Open 

CL=50pF 
1 kn (see Note A) T 

LOAD CIRCUIT FOR OUTPUTS 

14--tw---+l 
I 1 

Input 3 :k:1~.5~V~~~~ :.: V 

Input 

Output 

Output 

VOLTAGE WAVEFORMS 
PULSE DURATION 

---v X 2.7 V 
--11' 1.5V 1 1•5V OV 

I 1 !4---.!-
tpLH --j4----ti I 1 tPHL 

I 1 \!-::::- VOH 
I !UV: ~ 

--... I.....J I VOL 

tPHL~ ~tPLH 
1 !r.:::- VOH 

\UV T~:"- VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

INVERTING AND NONINVERTING OUTPUTS 

tPLZltpZL 6V 

tPHzltPZH GND 

Tlmlnglnput -------x;.5V 2.7 V 
___ :---J. 1'-______ OV 

I I.. I 
14 t ·r th ~ I au I 

__ ""'II ~2.7V 

Oats Input Xu V ~ 0 V 

Output 
Control 

Output 
Waveform 1 

S1 at6V 
(_Note B) 

Output 
Waveform 2 

S1 atGND 
(sesNote B) 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

~1.5V ~=1=.5=V===== :.:V 

tPZL ~ 14- I 
I I tpLZ -.I .\4-

---;'I~{ I K""'-- 3 V I \1.5V I t~L+O.!y VOL 

I 1 tpHZ ~ j4-
tPZH -+t j4- I 

1 -- VOH 
!1.5V ~H-O.3V 

--_.... ...---- ... OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

LOW- AND HIGH-LEVEL ENABLING 

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, Ir S 2.5 ns, tf S 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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SN74LV164 
8-BIT PARALLEL·OUT SERIAL SHIFT REGISTER 

SCLS191 1993 - REVISED JULY 1995 

• EPIC ™ (Enhanced-Performance Implanted 
CMOS) 2-11 Process 

• Typical VOlP (Output Ground Bounce) 
< 0.8 V at Vee = 3.3 V, TA = 25°C 

• Typical VOHV (Output VOH Undershoot) 
> 2VatVee = 3.3 V, TA = 25°C 

• 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 

• Package Options Include Plastic 
Small-Outline (D), Shrink Small-Outline 
(DB), and Thin Shrink Smail-Outline (PW) 
Packages 

description 

D. DB. OR PW PACKAGE 
(TOP VIEW) 

A 
B 

QA 
QB 
Qc 
Qo 6 

GND 7 

This 8-bit parallel-out serial shift register is designed for 2.7-V to 3.6-V Vee operation. 

The SN74LV164 features AND-gated serial (A and B) inputs and an asynchronous clear (ClR) input. The gated 
serial inputs permit complete control over incoming data as a low at either input inhibits entry of the new data 
and resets the first flip-flop to the low level at the next clock pulse. A high-level input enables the other input, 
which then determines the state of the first flip-flop. Data at the serial inputs may be changed while the clock 
is high or low, provided the minimum setup time requirements are met. Clocking occurs on the low-to-high-Ievel 
transition of the clock (ClK) input. 

The SN74lV164 is available in TI's shrink small-outline package (DB), which provides the same 110 pin count 
and functionality of standard small-outline packages in less than half the printed-circuit-board area. 

The SN74lV164 is characterized for operation from -40°C to 85°C. 

FUNCTION TABLE 

INPUTS OUTPUTS 

ClR ClK A B QA QB .. ·QH 
L X X X L L L 

H L X X QAO QBO QHO 
H i H H H QAn QGn 
H i L X L QAn QGn 
H i x L L QAn QGn 

QAO, QBO, QHO • the level of QA, QB, or QH, respectively, 
before the indicated steady-state inputs conditions were 
established 
QAn, QGn • the level of QA or QG before the most recent 
i transition of the clock: Indicates a l·bit shift 

EPIC Is a trademark of Texas Instruments InCO/flOrated. 

~1EXAS 
Copyright C 1995. Texas Instruments Incorporated 
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SN74LV164 
8-81T PARALLEL-OUT SERIAL SHIFT REGISTER 

SCLS191A- FEBRUARY 1993 - REVISED JULY 1995 

logic symbolt 

CUi 

ClK 

A 

B 

8 

a 

1 

2 

SRGa 

" R 
C1/-+ 

.., r 

& 11D 

tThls symbol Is In accordance with ANSI/IEEE Sid 91-1984 and lEe Publication 617-12. 

logic diagram (positive logic) 

ClK 

A--..;.....r-

B-""'-~ 
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SN74LV164 
8-81T PARALLEL-OUT SERIAL SHIFT REGISTER 

SCLS191A - FEBRUARY 1993 - REVISED JULY 1995 

typical clear, shift, and clear sequences 

CLK~ 
s 
~ { A I 
:! B 1 
cI - ... 1---.... 

CLR 1 

LJn~ ______ -+ ______ ____ 

1 1 
QA ::,-l~--------------~ ~ __________ ~I ____________ __ 
QB::,_1~ _____________________ ~ ~---------TI----------------

QC--,~l~------------------------~ ~~---~I----------------

::~~,~~~-----------------------~ ~~----------
OF ::1 I I 

QG --,-~~------------------------------------~i ~ ____________ __ 
QH::,~1 ________________________ ~~~ ______ __ 

I I 
Clear Clear 

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 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 (V, < 0 or VI > Vee) .....•.•••••.••.•....•..•...................... ±20 mA 
Output clamp current, 10K (Vo < 0 or Vo > Vee) ..•..................•....•....•....••.•••• ±50 mA 
Continuous output current, 10 (Vo = 0 to Vee) ............................................. ±25 mA 
Continuous current through Vee or GND .................................................. ±50 mA 
Maximum power dissipation at TA = 55°C (in still air) (see Note 3): D package .................. 1.25 W 

DB or PW package ............ 0.5 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 strass ratings only, and 
functional operation of the device at these or any other condHlons beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolutlHTlaxlmum-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 ThermalConsiderationsapplicatlon note Inthe 1994 ABT AdvancedBiCMOS Technology 
Data Book, literature number SCBD002B. 
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SN74LV164 
8-BIT PARALLEL-OUT SERIAL SHIFT REGISTER· 

SCLS191A - FEBRUARY 1993 - REVISED JULY 1995 

recommended operating conditions (see Note 4) 
MIN NOM MAX UNIT 

Vee Supply voltage 2.7 3.3 3.6 V 

VIH High-level input voltage I Vee-2.7Vt03.6 V 2·· V 

VIL Low-level Input voltage IVee-2.7Vt03.6V 0.8 V 

VI Input voltage 0 Vee V 

Vo Output voltage 0 Vee V 

IOH High-level output current -6 mA 

10L Low-level output current 6 mA 

AtlAv Input transition rise or fall rate 0 100 ns/V 

TA Operating free-alr temperature -40 85 ·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) 

PARAMETER TEST CONDITIONS VCCt MIN TVP MAX UNIT 

IOH - -100 IIA MIN to MAX Vee-O.2 
VOH V 

IOH=-6mA 3V 2.4 

10L= 100 IIA MIN to MAX 0.2 
VOL V 

IOL-6mA 3V 0.4 

II VI = Vee or GND 3.6 V ±1 IIA 
ICC VI - Vee or GND, 10- 0 3.6V 20 IIA 
.6lee One Input at Vee - 0.6 V, Other Inputs at Vee or GND 3Vt03.6V 500 IIA 
Ci VI - Vce or GND 3.3 V 2.5 pF 

.. t For conditions shown as MIN or MAX, use the appropriate values under recommended operallng conditions . 

timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 

VCC=3.3V 
VCC=2.7V ±O.3V UNIT 

MIN MAX MIN MAX 

fclock Clock frequency 0 24 0 19 MHz 

Pulse duration 
"C[Rlow 20 25 

Iw ns 
eLK high or low 20 25 

Setup time, data before CLKi 
Data 13 16 

tsu 
"C[R Inactive 

ns 
11 14 

th Hold time, data after eLKi 5 5 ns 

~1ExAs 
INSTRUMENTS 
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SN74LV164 
8·BIT PARALLEL·OUT SERIAL SHIFT REGISTER 

SCLS191A- FEBRUARY 1993- REVISED JULY 1995 

switching characteristics over recommended operating free-air temperature range, CL = 50 pF 
(unless otherwise noted) (see Figure 1) 

PARAMETER FROM TO Vee = 3.3 V±O.3 V Vee = 2.7 V 
UNIT 

(INPUn (OUTPUn MIN TYP MAX MIN MAX 

'max 24 75 19 MHz 

Ipd ClK Q 16 29 36 ns 

tpHl ClR Q 16 29 36 ns 

operating characteristics, Vee = 3.3 V, TA = 25°C 
PARAMETER TEST CONDITIONS 

Cpd Power dissipation capacitance 

~1ExAs 
INSTRUMENTS 
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SN74LV164 
8-81T PARALLEL-OUT SERIAL SHIFT REGISTER 

SCLS191A- FEBRUARY 1993- REVISED JULY 1995 

PARAMETER MEASUREMENT INFORMATION 

o 8V 

From Output _ ... _ ... _-,1\11kOtv-__ S.J1 0 Open 

Under Test 1_ GND 

TEST 

tpLHftPHL 
tpLZItPZL 

S1 
Open 
8V 

CL=1I0pF 
(see Note A) T ":" 1 kO 

LOAD CIRCUIT FOR OUTPUTS 

14-- tw---.l 
I Ir--__ 

Input 3 'X"",1._5_V __ :.:v 

Input 

Output 

Output 

VOLTAGE WAVEFORMS 
PULSE DURATION 

--v X 2.7 V 

-Jj\ 1.5 V 1 1•6V OV 

tPLH~ KtPHL 

I 1 i \t:.::- VOH 
I 11.11V I ~ 

--+I--J. I VOL 

tPHL --l.---.! ~ tpLH 

1 !/:":':" VOH 
\'1.5 V T 1.11 V 

• - - VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

INVERTING AND NONINVERTING OUTPUTS 

tpHZItPZH GND 

Tlmlnglnput -------X1•5V 2.7 V 
___ :--.....J. 1'-______ OV 

!... .J.. ~ 
1- tsu T th I 
1 1 __ "",I ~2.7V 

Dstalnput )(1.IIV. ~OV 

Output 
Control 

Output 
Waveform 1 

S1 st6V 
(_NoISB) 

Output 
Wsveform2 

S1atGND 
(see Nota B) 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

~1.5V ~1.5V :.:V 

tPZL ~ 14-- I 

-_T'I ""\ I tPLZ '1 I-- 3 V 

I \1.5V I KoL+O.3V 
I I t~--- VOL 
I 1 tpHZ ~ j4-

tpZH ~ j4- I 
1----VOH 

!1.5V ~H-O.3V 
__ -J. - ~OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

LOW- AND HIGH-LEVEL ENABLING 

NOTES: A. CL includes probe and jig capacitance. 
B. Waveform 1 Is for an output wHh internal condHlons such that the output Is low except when disabled by the output control. 

Waveform 2 is for an output wHh Intemal 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 0, Ir S 2.5 ns, tf S 2.5 ns. 
D. The outputs are measured one at a time with one transition per measurement. 

Figure 1. Load Circuit and Voltage Waveforms 

~1ExAs 
INSTRUMENTS 
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SN74LV165 
PARALLEL-LOAD 8-BIT SHIFT REGISTER 

• EPICTM (Enhanced-Performance Implanted 
CMOS) 2-JL Process 

• Typical VOLP (Output Ground Bounce) 
< 0.8 Vat Vee = 3.3 V, TA = 2S0C 

• Typical VOHV (Output VOH Undershoot) 
< 2 V at Vee = 3.3 V, TA = 25°C 

• ESO Protection Exceeds 2000 V Per 
MIL-STO-883C, Method 3015; Exceeds 200 V 
Using Machine Model (C = 200 pF, R = 0) 

• Latch-Up Performance Exceeds 250 mA 
Per JEOEC Standard JESO-17 

description 

0, DB, OR PW PACKAGE 
(TOP VIEW) 

SH/LD 1 
CLK 2 

E 3 
F 4 
G 5 
H 6 

QH 
GND 

VCC 
15 CLK INH 
14 0 
13 C 
12 B 
11 A 

SER 
QH 

The SN74LV165 is a parallel-load, B-bit shift register designed for 2.7-V to 3.6-V VCC operation. 

When the device is clocked, data is shifted toward the serial output QH. Parallel-in access to each stage is 
provided by eight individual direct data inputs that are enabled by a low level at the SH/LD input. The 
SN74LV165 features a clock inhibit function and a complemented serial output QH. 

Clocking is accomplished by a low-to-high transition of the clock (ClK) input while SHI lD is held high and clock 
inhibit (ClK INH) is held low. The functions of the ClK and ClK INH inputs are interchangeable. Since a low 
ClK input and a low-to-high transition of ClK INH accomplishes clocking, ClK INH should be changed to the 
high level only while ClK is high. Parallel loading is inhibited when SH/LD is held high. The parallel inputs to 
the register are enabled while SH/lD is held low independently of the levels of ClK, ClK INH, or SER. 

logic diagram (positive logic) 

SHILD 

CLKINH 

CLK 

SER 

SHILD 

L 

H 

H 

H 

H 

FUNCTION TABLE 

INPUTS 
OPERATION 

CLK CLKINH 

X X Parallel load 

H X Qo 
X H Qo 
L l' Shift 

l' L Shift 

EPIC is a trademark of Texas Instruments Incorporated. 

~1ExAs 
INSTRUMENTS 
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Copyright C 1995. Texas Instruments Incorporated 
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SN74LV165 
PARALLEL-LOAD 8-81T SHIFT REGISTER 

SCES007A - MARCH 1995 - REVISED JULY 1995 

typical shift, load, and Inhibit sequences 

elK 

ClKINH I 
SER l 

I 
I 
I 

SHllO ~ I 
I 

A-fn I 
I 

I I 
B Il 

I 
I 

c --1fH1 I 
. I 

I I 
Data 0 Il I 

Inputa 
EJ,t, 

I 
I 
I . I 
I 

F Il I 
I I 

Q ---1Hl I 
I 

HJ,t, 
I 
I 

I I 
QH 

QH 

I-- Inhibit 
load 

~1ExAs 
INSTRUMENTS 
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SN74LV165 
PARALLEL-LOAD 8-81T SHIFT REGISTER 

SCESOO7A - MARCH 1995 - REVISED JULY 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 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 or VI > Vee> .............................................. ± 20 mA 
Output clamp current, 10K (Vo < 0 or Vo > Vee) .......................................... ± 50 mA 
Continuous output current, 10 (Vo = 0 to Vee> ........................................... , ± 25 mA 
Continuous current through Vee or GNO ................................................. ± 50 mA 
Maximum power dissipation at TA = 55°C (in still air) (see Note 3): OB package ................... 0.55 W 

o package .................... 1.30 W 
PW package ................... 0.5 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 cond~ions 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 ThermalConsiderationsapplication note inthe 1994 ABT Advanced BiCMOS Technology 
Data Book, literature number SCBD002B. 

recommended operating conditions (see Note 4) 
MIN NOM MAX UNIT 

Vee Supply voHage 2.7 3.3 3.6 V 

VIH High-level input voltage I Vee=2.7Vt03.6 V 2 V 

Vil Low-level input voHage I Vee = 2.7 V to 3.6 V 0.8 V 

VI Input voltage 0 Vec V 

Va Output voltage 0 Vec V 

10H High-level output current -6 rnA 

10l low-level output current 6 rnA 

!J.t/!J.v Input transHion rise or fall rate 0 100 ns/V 

TA Operating free-air temperature -40 85 ·e 

NOTE 4: Unused inputs must be held high or low to prevent them from floallng. 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS VCc* MIN TYP MAX UNIT 

IOH--l001JA MIN to MAX VCC-0.2 
VOH V 

IOH--6mA 3V 2.4 

VOL 
10l -100 IJA MIN to MAX 0.2 

V 
IOl-6mA 3V 0.4 

II VI = Vee or GND 3.6V ±1 IJA 
ICC VI - Vee or GND, 10- 0 3.6V· 20 IJA 
Alce One input at Vec - 0.6 V, Other Inputs at Vee or GND 3Vt03.6V 500 IJA 
Ci VI - Vee or GND 3.3V 2.5 pF 

:j: For conditions shown as MIN orMAX, use the appropriate values under recommended operating conditions. 

~1ExAs 
INSTRUMENTS 
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SN74lV165 
PARALLEL-LOAD 8-81T SHIFT REGISTER 

SCES007A - MARCH 1995 - REVISED JULY 1995 

timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 

VCC = 3.3 V 
VCC=2.7V 

±O.3V UNIT 
MIN MAX MIN MAX 

fclock Clock frequency 0 24 0 19 MHz 

ClK high or low 20 25 
Iw Pulse duration 

SH/lDlow 
ns 

20 25 

SHllD high before ClKt 15 19 

SER before CO<i 13 16 
tsu Setup time 

ClK INH before ClKt 
ns 

13 . 16 

Data before SH/lDt 15 19 

SER data after ClKt 8 8 
th Hold time 

Parallel data after SH/lDt 
ns 

8 8 

switching characteristics over recommended operating free-air temperature range, CL = 50 pF 
(unless otherwise noted) (see Figure 1) 

PARAMETER 
FROM TO vee = 3.3 V± 0.3 V VCC = 2.7 V 

UNIT 
(INPUT) (OUTPUT) MIN TYP MAX MIN MAX 

fmax 24 75 19 MHz 

ClK 20 44 55 

tpd . SH/lD QHorQH 19 41 51 ns 

H 15 34 43, 

operating characteristics, Vee = 3.3 V, TA = 25°C 
PARAMETER TEST CONDITIONS 

Power dissipation capacitance Cl-50pF, f-l0MHz 

~1ExAs 
INSTRUMENTS 
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SN74LV165 
PARALLEL-LOAD 8-81T SHIFT REGISTER 

SCESOO7A - MARCH 1995 - REVISED JULY 1995 

PARAMETER MEASUREMENT INFORMATION 

S1 1 kn 
From Output - ..... - ..... --J\y'V'v-----' 

Under Test 

CL=50pF 
(see Note A) T 1 kn 

LOAD CIRCUIT 

TI~~:~ _____ ...I~'-1.-5-V----
~ + ~ leu th I I 

o 6V 

o Open 

2.7 V 

OV 

TEST S1 
tpLHitPHL Open 
tPLZItPZL 6V 
tPHZ/tpZH GND 

I+-- tw -----.I 
I I 

Input 3 X:1.~5~V~~= :.:V 
VOLTAGE WAVEFORMS 

Input . L 1.5V \~5-;---2.7V 
--'I I· OV 

tPLH ~ .II I I 
14 ~ tPHL 

--..... 1 ~----~I 2.7 V 
Data 'SI1•5 V 
Input 7\ 1.5 V 

OV 

I I 
I ~---~~rl VOH 

. Output 11.5 V 1.6 V ----...I. VOL 

VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 

NOTES: A. CL includes probe and Jig capacitance. 
B. The outputs are measured one at a time with one transHion per measurement. 
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. 

Figure 1. Load Circuit and Voltage Waveforms 

~1ExAs 
INSTRUMENTS 
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• EPICTM (Enhanced-Performance Implanted 
CMOS) 2-/1 Process 

• Typical VOlP (Output Ground Bounce) 
< 0.8 Vat Vee: 3.3 V, TA: 25°C 

• Typical VOHV (Output VOH Undershoot) 
> 2V at Vee : 3.3 V, TA: 25°C 

• 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 

• Package Options Include Plastic 
Small-Outline (D), Shrink Small-Outline 
(DB), and Thin Shrink Small-Outline (PW) 
Packages 

description 

This hex D-type flip-flop is designed for 2.7-V to 3.6-V Vee operation. 

SN74LV174 
HEX D· TYPE FLlp·FLOP 

WITH CLEAR 

0, DB, OR PW PACKAGE 
{TOP VIEW) 

10 
20 
20 5 
30 
30 

GNO 8 

Vcc 
60 
60 
50 
50 
40 
40 

9 elK 

The SN7 4lV17 4 is a monolithic positive-edge-triggered flip-flop with a direct clear (ClR) input. Information at 
the data (D) inputs meeting the setup time requirements is transferred to the outputs on the positive-going edge 
of the clock pulse. Clock triggering occurs at a particular voltage level and is not directly related to the transition 
time of the positive-going edge of the clock pulse. When the clock (ClK) input is at either the high or low level, 
the D-input signal has no effect at the output. 

The SN7 4lV17 4 is available in Tl's shrink small-outline package (DB), which provides the same 1/0 pin count 
and functionality of standard small-outline packages in less than half the printed-circuit-board area. 

The SN74lV174 is characterized for operation from -40°C to 85°C. 

FUNCTION TABLE 

INPUTS OUTPUT 
ClR ClK 0 Q 

L X X L 

H i H H 

H i L L 

H L X Qo 

EPIC is a trademark of Texas Instruments Incorporated. 

Copyright C 1995, Texas Instruments Incorporated 
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SN74LV174 
HEX D·TVPE FLlp·FLOP 
WITH CLEAR 
SCLSl92A - FEBRUARY 1993 - REVISED JULY 1995 

logic symbolt 

1 
ClR 

" ClK 

3 2 
10 10 1Q 

4 5 
20 2Q 

6 7 
3D 3Q 

11 10 
40 4Q 

13 12 
50 sa 

14 15 
60 6Q 

tThis symbol is In accordance with ANSIIlEEE Std 91-1984 and IEC Publication 617-12. 

logic diagram (positive logic) 

CLR ----I 

ClK ---:9'--_--1 

10 _3~. --------~~~10 
.... +--i>C1 

R 

'---v---J 
To Five Other Channels 

2 >--,--- 1Q 

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 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 or VI > Vee) .............................•....•............ ±20 mA 
Output clamp current, 10K (Vo < 0 or Vo > Vee> ........................................... ±50 mA 
Continuous output current, 10 (Vo = 0 to Vee) •••••.•••••••......•....................•.... ±25 m,6, 
Continuous currentthrough Vee orGNO .................................................. ±50 mA 
Maximum power dissipation at TA = 55°C (in still air) (see Note 3): 0 package ......•.... . . . . . . .. 1.3 W 

DB package .................. 0.55 W 
PW package .................. 0.5 W 

Storage temperature range, Tstg .................................................. -65°C to 150°C 

:I: Stressas 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 rellabliity. 

NOTES: 1. The Input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 

10-60 

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, reiertothe PsckBge Therme/Conslderationsapplication note in the 1994 ABT AdvancedBiCMOS Technology 
Data Book, literature number SCBD002B. 
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recommended operating conditions (see Note 4) 

Vee Supply voltage 

SN74LV174 
HEX D·TVPE FLlP·FLOP 

WITH CLEAR 
SCLS192A - FEBRUARY 1993 - REVISED JULY 1995 

MIN NOM MAX UNIT 

2.7 3.3 3.6 V 

VIH High-level input voHage I Vee=2.7Vto3.6 V 2 V 

Vil low-level input voltage IVee=2.7Vto3.6V 0.8 V 

VI Input voltage 0 Vee V 

Vo Output voltage 0 Vee V 

10H High-level output current -6 mA 

10l low-level output current 6 mA 

AtlM Input transition rise or fall rate 0 100 nsN 

TA Operating free-air temperature -40 85 ·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) 

PARAMETER TEST CONDITIONS VCCt MIN TYP MAX UNIT 

10H = -100 j.iA MIN to MAX Vee-O.2 
VOH V 

IOH=-6mA 3V 2.4 

10L = 100 j.iA MIN to MAX 0.2 
VOL V 

IOl=6mA 3V 0.4 

II VI = Vee or GND 3.6V ±1 j.iA 

Ice VI = Vee or GND, 10- 0 3.6 V 20 j.iA 

AICC One input at VCC - 0.6 V, Other inputs at Vec or GND 3Vt03.6V 500 j.iA 

Ci VI - Vee or GND 3.3 V 2.5 pF 

t For conditions shown as MIN or MAX, use the appropriate values under recommended operating conditions. 

timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 

Vcc = 3.3 V 
VCC=2.7V 

±O.3V UNIT 

MIN MAX MIN MAX 

fclock elock frequency 0 24 0 19 MHz 

Pulse duration 
CiJilow 20 25 

tw ns 
elK high or low 20 25 

Setup time before elKi 
Data 13 16 

tsu ns 
elR inactive 5 5 

th Hold time, data after elK! 5 5 ns 

switching characteristics over recommended operating free-air temperature range. CL = 50 pF 
(unless otherwise noted) (see Figure 1) 

PARAMETER 
FROM 

(INPUn 

fmax 

tpd 
CiJi 

ClK 

TO 
(OUTPUn 

Q 

~TEXAS 
INSTRUMENTS 
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Vcc= 3.3V±O.3 v VCC=2.7V 
UNIT 

MIN TYP MAX MIN MAX 

24 80 19 MHz 

12 26 33 
ns 

13 33 41 

1 CHi 1 



SN74LV174 
HEX D·TYPE FLlp·FLOP 
WITH CLEAR 
SCLSl92A - FEBRUARY 1993 - REVISED JULY 1995 

operating characteristics, V CC = 3.3 V, TA = 25°C 
PARAMETER TEST CONDITIONS 

CpeI Power dissipation capacHance per flip-flop 

PARAMETER MEASUREMENT INFORMATION 

o 6V TEST Sl 
From Output 1 kn Sl 0 Open 

Under Test - .... -----4~----'Wv--_./ 
tpLHitPHL Open 

CL=50pF 
1 kn r~ (see Note A) T 

Input 

Output 

Output 

LOAD CIRCUIT FOR OUTPUTS 

VOLTAGE WAVEFORMS 
PULSE DURATION 

~ 1.5V ~1.5V :.:V 

I I !4---.!-
tpLH ~ I I tPHL 

I I I \1--:.-:-:.- VOH 
I !1.5V I ~ 

--+I....J I VOL 

tPHL -l.--.j ~ tpLH 

I !I::::'" VOH \.1.5 V T 1.5V 
• - - VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

INVERTING AND NONINVERTING OUTPUTS 

tPLZltPZL 6V 
tpHZltpZH GND 

------~ VV 
Timing Input Xu V 

---o:--....J·I'------- OV 
I. .'- .1 
Itsurth I 

__ ..,1 ~2.7V 

Data Input )i(1.5V ~OV 

Output 
Control 

Output 
Waveform 1 

Sl at6V 
(see Note B) 

Output 
Waveform 2 

Sl atOND 
(see Note B) 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

~1.5V ~=1=.5=V===== :.:V 

tPZL ~ 14- I 
I I tPLZ -.I !.-

---;-1'" I I I"· 3V 
I ~ 1.5V I v.=v 
I '\ I t !9.!....+J!:!Y VOL 

I I tPHZ ~ j4-
tpZH ~ j4- I 

1----VOH 
!1.5V ~H-O.3V 

___ ....J. "~OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

LOW· AND HIGH·LEVEL ENABLING 

NOTES: A. CL includes probe and jig capacitance. 
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 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. 

Figure 1. Load Circuit and Voltage Waveforms 

~1ExAs 
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• EPICTM (Enhanced-Performance Implanted 
CMOS) 2-/1 Process 

• Typical VOLP (Output Ground Bounce) 
< 0.8 Vat Vee = 3.3 V, TA = 25°C 

• Typical VOHV (Output VOH Undershoot) 
> 2 V at Vee = 3.3 V, TA = 25°C 

• 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 

• Package Options Include Plastic 
Smail-Outline (DW), Shrink Small-Outline 
(DB), and Thin Shrink Small-Outline (PW) 
Packages 

description 

This octal buffer/driver is designed for 2.7-V to 3.6-V Vee operation. 

SN74LV240 
OCTAL BUFFER/DRIVER 
WITH 3-STATE OUTPUTS 

CB, CW, OR PW PACKAGE 
(TOP VIEW) 

10E 1 VCC 
20E 

2Y4 1Y1 
1A2 2A4 
2Y3 1Y2 
1A3 2A3 
2Y2 1Y3 
1A4 2A2 
2Y1 9 1Y4 

GND 2A1 

The SN74LV240 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 SN74LV240 is organized as two 4-bit buffers/line drivers with separate Q!!put-enable (OE) inputs. When 
OE is low, the device passes data from the A inputs to the Y outputs. When OE is high, the outputs are in the 
high-impedance state. 

The SN74LV240 is available in Tl's shrink small-outline package (DB), which provides the same I/O pin count 
and functionality of standard small-outline packages in less than half the printed-circuit-board area. 

The SN74LV240 is characterized for operation from -40°C to 85°C. 

FUNCTION TABLE 
(each buffer) 

INPUTS OUTPUT 
OE A Y 

L H L 

L L H 

H X Z 

EPIC is a trademark of Texas Instruments Incorporated. 
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SN14LV240 
OCTAL BUFFERIDRIVER 
WITH 3-STATE OUTPUTS 
SCLS193A - FEBRUARY 1993 - REVISED JULY 1995 

logic symbolt logic diagram (positive logic) 

1 
" EN 
~' 

2 18 

10E 

2- 18 
1A1 

1A2 

1A3 

1A4 

4 

6 

8 

I> V 
16 

14 

12 

1Y1 1A1 1Y1 

1Y2 

1Y3 1A2 
4 16 

1Y2 

1Y4 

6 14 

1A3 1Y3 

8 12 
1A4 1Y4 

19 
l'.. EN 

l;' 
9 11 

2A1 

2A2 

2A3 

2A4 

13 

15 

17 

I> V 
7 

5 

3 

2Y1 

2Y2 

2Y3 

2Y4 

19 
20E 

11 9 
2Y1 

t This symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 

2A1 

7 13 
2A2 2Y2 

15 5 
2A3 2Y3 

17 3 
2A4 2Y4 

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 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 or VI> Vee> ............................................... ±20 mA 
Output clamp current, 10K (Va < 0 or Vo > Vee> ........................................... ±50 mA 
Continuous output current, 10 (VO = 0 to Vee> ............................................. ±35 mA 
Continuous current through Vee or GND .................................................. ±70 mA 
Maximum power dissipation at TA = 55°C (in still air) (see Note 3): DB package .................. 0.6 W 

DW package ................. 1.6 W 
PW package .................. 0.7 W 

Storage temperature range, Tstg ..........•....................................... -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-maxlmum-rated condHions for extended periods may affect device reliabilHy. 

NOTES: 1. The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
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2. This value Is limited to 4.6 V maximum. 
3. The maximum package power dissipation is calculated using ajunction temperature of 150·C and a board trace length of 750 mils. 

For more information, refertothe Package Therma/Consideratlonsapplicatlon note inthe 1994 ABT Advanced BiCMOS Technology 
Data Book, literature number SCBD002B. 

~1ExAs 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALLAS. TEXAS 75.265 



recommended operating conditions (see Note 4) 

Vee Supply voRage 

SN74LV240 
OCTAL BUFFER/DRIVER 
WITH 3-STATE OUTPUTS 

SCLS193A- FEBRUARY 1993 - REVISED JULY 1995 

MIN NOM MAX UNIT 

2.7 3.3 3.6 V 

VIH High-level input voltage I Vee -2.7Vt03.6 V 2 V 

VIL Low-level Input voltage I Vee -2.7Vt03.6 V 0.8 V 

VI Input voltage 0 Vee V 

Vo Output voltage 0 Vee V 

10H High-level output .current -8 rnA 

10L Low-level output current 8 mA 

"t/M Input transition rise or fall rate 0 100 nsN 

TA Operating free-air temperature -40 85 ·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) 

PARAMETER TEST CONDITIONS vcct MIN TYP MAX UNIT 

IOHz-100jIA MIN to MAX Vee-0•2 
VOH V 

IOH=-8mA 3V 2.4 

10L -100 jIA MIN to MAX 0.2 
VOL V 

IOL-8mA 3V 0.4 

II VI- Vee or GND 3.6 V ±1 jIA 

10Z Vo z Vee or GND 3.6V ±5 jIA 

lee VI - Vee or GND, 10- 0 3.6V 20 jIA 

.o.lee One input at Vee - 0.6 V, Other inputs at Vee or GND 3Vt03.6V 500 jIA 

ei VI- Vee or GND 3.3 V 3 pF 

eo Vo - Vee or GND 3.3 V 8 pF 

t For conditions shown as MIN or MAX, use the appropriate valuas under recommended operating conditions. 

switching characteristics over recommended operating free-air temperature range, CL = 50 pF 
(unless otherwise noted) (see Figure 1) 

PARAMETER FROM TO Vee = 3.3V±O.3V VCC=2.7V 
UNIT 

(INPUT) (OUTPUT) MIN TYP MAX MIN MAX 

\Pd A Y 10 21 26 ns 

len OE Y 15 28 36 ns 

Idis OE Y 17 27 33 ns 

operating characteristics, Vee = 3.3 V, TA = 25°C 
PARAMETER TEST CONDITIONS TYP UNIT 

epd Power dissipation capacitance per buffer/driver 
I Outputs enabled 

eL-50pF, f=10MHz 
45 

I Outputs disabled 
~ pF 

2.5 

~1ExAs 
INSTRUMENTS 
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SN74LV24() 
OCTAL BUFFER/DRIVER 
WITH 3·STATE OUTPUTS 
SCLS193A - FEBRUARY 1993 - REVISED JULY 1995 

PARAMETER MEASUREMENT INFORMATION 

o ISV TEST S1 
From Output 1 kO S1 0 Open 

Under Test - __ -~~--'WI~--J-
tPLHitPHL Open' 

CL=ISOpF 
(see Note A) T 1 kO 

Input 

,Output 

Output 

LOAD CIRCUIT FOR OUTPUTS . 

VOLTAGE WAVEFORMS 
PULSE DURATION 

---v X 2.7 V --Ii' 1.ISV ,1.ISV OV 

1 1 !4--.!-
tPLH ~ ,'l tPHL 

1 I, I ~VOH 
1 11•5V 1 1.5V 

--+-1 --' , . VOL 

tPHL~ ~tPLH 
1 !I:':'::'" VOH 

\1.5 V T1:~ VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

INVERTING AND NONINVERTING OUTPUTS 

tpLZltpZL ISV 

tPHzltPZH GND 

------, 2.7 V 
Timing Input X1.5 V 

---~--'. 1'------- OV 

Date Input 

Output 
Control 

Output 
Waveform 1 

S1 atlSV 
(_Note B) 

Output 
Waveform 2 

S1 atGND 
(_Note B) 

~ ~ ~I 
1- tsu 'I' th 1 
1 1 __ ~I ~2.7V ___ X1•5V ~OV 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

=¥1.5V ¥=~=.5=V===== :.:V 

tPZL ~ 14- 1 

1 1 tPLZ --.I I+-
---i'I"""'\L 1 ~".-- 3 V 

1 '\.1.5 V 1 VOL + 0.3 V 
,I 1 --- VOL 

1 1 tPHZ ~ j4-
tPZH ~ j4- 1 

1----VOH 11.5 V ~H-0.3V 
---~. - ~OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

LOW- AND HIGH-LEVEL ENABLING 

NOTES: A. CL includes probe and jig capacitance. 
B. Waveform'l is for an output with Intemal conditions such that the output is low except when disabled by the output control. 

Waveform 21s 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 C. tr S 2.5 ns, tf S 2.5 ns. 
D. The outputs are measured one at a time with one transition per measurement. 

Figure 1. Load Circuit and Voltage Waveforms 

~1ExAs 
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• EPICTM (Enhanced·Performance Implanted 
CMOS) 2-~ Process 

• Typical VOLP (Output Ground Bounce) 
< O.B V at Vee = 3.3 V, TA = 25°C 

• Typical VOHV (Output VOH Undershoot) 
> 2 V at Vee = 3.3 V, TA = 25°C 

• ESO Protection Exceeds 2000 V Per 
MIL-STO-883C, 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 
Small-Outllne (OW), Shrink Small-Outllne 
(OB), and Thin Shrink Small-Outline (PW) 
Packages 

descrIption 

SN74LV244 
OCTAL BUFFER/DRIVER 
WITH ,a·STATE OUTPUTS 

DB, OW, OR PW PACKAGE 
(TOP VIEW) 

10E 20 VCC 
1A1 19 20E 
2Y4 18 1Y1 
1A2 4 2A4 
2Y3 5 1Y2 
1A3 8 2A3 
2Y2 1Y3 
1A4 2A2 
2Y1 9 

GND 

This octal buffer/line driver is designed for 2.7-V to 3.S-V Vee operation. 

The SN74LV244 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 SN74LV244 is organized as two 4-bit line drivers with separate output-enable (OE) inputs. When OE is low, 
the device passes data from the A inputs to the Y outputs. When OE is high, the outputs are in the 
high-impedance state. 

The SN74LV244 is available in Tl's shrink small-outline package (08), which provides the same I/O pin count 
and functionality of standard small-outline packages in less than half the printed-circuit-board area. 

The SN74LV244 is characterized for operation from -40°C to 85°C. 

EPIC Is a trademark of Texas Instruments Incorporated. 

FUNCTION TABLE 
(each buffer) 

INPUTS OUTPUT 
OE A Y 

L H H 

L L L 

H X Z 

Copyright IC 1995, Texas Instruments Incorporated 
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SN74LV244 
OCTAL BUFFER/DRIVER 
WITH 3·STATE OUTPUTS 
SCLSl94A - FEBRUARY 1993 - REVISED JULY 1995 

logic symbolt 

lAl 

lA2 

lA3 

lA4 

2Al 

2A2 

2A3 

2A4 

1 

2 

4 

6 

8 

19 

11 

13 

15 

17 

" EN L;' 
t> V 

" EN L;' 
I> V 

18 

16 

14 

12 

9 

7 

5 

3 

lYl 

lY2 

lY3 

lY4 

2Y1 

2Y2 

2Y3 

2Y4 

t This symbol is In accordance with ANSIIIEEE Std 91-1984 and 
lEO Publication 617-12, 

logic diagram (positive logic) 

10E 

2 18 
lAl lYl 

4 16 
lY2 lA2 

8 14 
lA3 lY3 

8 12 
lA4 1Y4 

20E 
19 

11 9 
2Al 2Y1 

13 7 
2A2 2Y2 

15 5 
2A3 2Y3 

2A4 17 3 
2Y4 

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 Vee + 0.5 V 
Output voltage range, Va (see Notes 1 and 2) ....•....•.•..................... -0.5 V to Vee + 0.5 V 
Input clamp current, 11K (VI < 0 or VI > Vee) .•••••..••.••••....•...........•........••••... ±20 mA 
Output clamp current, 10K (VA < 0 or Va > Vee) •.•••••••••..••••••...............•........ ±50 mA 

, Continuous output current, 10 (VA = 0 to Vee) ....•••.....•.••.......••..••.......•........ ±35 mA 
Continuous current through Vee or GND .•...•.•••....•••.....•.....................•..... ±70 mA 
Maximum power dissipation at TA = 55°C (in still air) (see Note 3): DB package •........•........ 0.6 W 

DW package ................. 1.6 W 
PW package •......•••.•••..•• 0.7 W 

Storage temperature range, Tstg .....•••.•••••••.••.••••...•.••••...•...•.......•. -65°C to 150°C 

:I: 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-rnaximum-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. 
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2. This value Is limited to 4.6 V maximum. 
3. The maximum package power dissipation is calculated using a junction temperature of 150,·0 and a board trace length of 750 mils. 

For morelnforrnatlon, refertothe Packsge Thermal Considerations application note In the 1994 ABT Advanced BICMOS Technology 
Data Book, literature number SOBD002B. 
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recommended operating conditions (see Note 4) 

Vee Supply voltage 

SN74LV244 
OCTAL BUFFER/DRIVER. 
WITH 3-STATE OUTPUTS 

SCLS194A - FEBRUARY 1993 - REVISED JULY 1995 

MIN NOM MAX UNIT 

2.7 3.3 3.6 V 

VIH High-level input voHage I Vee -2.7Vt03.6 V 2 V 

VIL Low-level Input voltage I Vee~2.7Vt03.6 V 0.8 V 

VI Input voltage 0 Vee V 

Vo Output voltage 0 Vee V 

10H High-level output current -8 mA 

10L Low-level output current 8 mA 

At/Av Input transition rise or fall rate 0 100 ns/V 

TA Operating free-air temperature -40 85 ·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) 

PARAMETER TEST CONDITIONS VCCt MIN TYP MAX UNIT 

IOH--l001JA MINto MAX Vee-0.2 
VOH V 

IOH--8mA 3V 2.4 

10L -100 IJA MINto MAX 0.2 
VOL V 

IOL=8mA 3V 0.4 

II VI- Vee or GND 3.6 V ±1 JIA 
10Z Vo - Vee or GND 3.6V ±5 JIA 
lee VI ~ Vee or GND, 10=0 3.6V 20 IJA 
Alee One input at Vee - 0.6 V, Other Inputs at Vee or GND 3 Vto 3.6 V 500 JIA 
ei VI" Vee or GND 3.3 V 3 pF 

eo Vo = Vee or GND 3.3V 8 pF 

t For conditions shown es MIN or MAX, use the appropriate values under recommended operating conditions. 

switching characteristics over recommended operating free-air temperature range, CL = 50 pF 
(unless otherwise noted) (see Figure 1) . 

PARAMETER FROM TO vcc = 3.3V±O.3V VCC=2.7V 
UNIT 

(INPUT) (OUTPUT) MIN TYP MAX MIN MAX 

tpd A Y 10 19 24 ns 

ten OE y 14 26 33 ns 

!dIs OE y 15 26 32 ns 

operating characteristics, Vee = 3.3 V, TA = 25°C 
PARAMETER TEST CONDITIONS TYP UNIT 

epd Power dissipation capaCitance per buffer/driver 
I Outputs enabled 

eL= 50 pF, f= 10MHz 
40 

I Outputs disabled f----;I pF 

~1ExAs 
INSTRUMENTS 
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SN74LV244 
OCTAL BUFFER/DRIVER 
WITH 3·STATE OUTPUTS 
SCLSl94A .. FEBRUARY 1993:... REVISED JULY 1995 

PARAMETER MEASUREMENT INFORMATION 

o BV TEST S1 
From Output _-+_-._~1 ",kn\r-__ S./1 0 Open 

Under Test 1 GND 

tPLHltpHL Open 
tpLZItPZL 6V 

CL=50pF 
(see Note A) T 1 kn 

LOAD CIRCUIT FOR OUTPUTS 

14-- tw----+l 
I I 

Input 3 )(:~~.5~V~~~~ :.: V 

Input 

Output 

Output 

VOLTAGE WAVEFORMS 
PULSE DURATION 

=4 1.5 V ¥=~=.5=V==== :.:V 

II ~ 
tpLH ~ I I tpHL 

I I I \1--::::- VOH 
I !1.5V I ~ 

--+1--' I VOL 

tpHL --l.--.j I4--+\- tpLH 

I !r.::" VOH 
\.1.5 V T 1.5V 

. - --VOL 

. VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

INVERTING AND NONINVERTING OUTPUTS 

tPHZ/tpZH GND 

Timing Input -------X 1.5 V 2.7 V 

----:--.... 1'------- 0 V 

~ .1.. ~ 
Itsul"th I 

__ ""I ~2.7V 

Data Input )(1.5 V ~ 0 V 

Output 
Control 

Output 
Waveform 1 

S1 aUV 
(see Note B) 

Output 
Waveform 2 

S1 atGND 
(see Note B) 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

~ 1.5 V ~=1=.5=V===== :.: V 

tPZL ~ I+- I 
I I tpLZ --.I I+-

---TI"",,\.I I p'-- 3 V 
1 1•5V I VOL + 0.3 V 
I . I ----- VOL 
I I tpHZ ~ j+-

tpZH -+j j4- I 
1----VOH 

!1.5V ~H-0.3V 
---.... ....---- - OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

LOW· AND HIGH-LEVEL ENABLING 

NOTES: A. CL includes probe and jig capaCitance. . . 
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 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 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. 

Figure 1. Load Circuit and Voltage Waveforms 

-!111ExAs 
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• EPICTM (Enhanced-Performance Implanted 
CMOS) 2-J.L Process 

• Typical VOlP (Output Ground Bounce) 
< 0.8 Vat Vee = 3.3 V, TA = 25°C 

• Typical VOHV (Output VOH Undershoot) 
> 2 V at Vee = 3.3 V, TA = 25°C 

• 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 

• Package Options Include Plastic 
Small-Outline (DW), Shrink Smail-Outline 
(DB), and Thin Shrink Smail-Outline (PW) 
Packages 

description 

SN74LV245 
OCTAL BUS TRANSCEIVER 

WITH 3·STATE OUTPUTS 

DB, DW, OR PW PACKAGE 
(TOP VIEW) 

A1 
A2. 

A6 
A7 
AS 

GND -..... __ .. 

Vcc 
OE 
B1 
B2 
B3 
B4 
B5 
B6 

This octal bus transceiver is designed for 2.7-V to 3.6-V Vee operation. 

The SN74LV245 is designed for asynchronous communication between data buses. The device transmits data 
from the A bus to the 8 bus or from the B bus to the A bus, depending upon the logic level at the direction-control 
(OIR) input. The output-enable (OE) input can be used to disable the device so the buses are effectively isolated. 

The SN74LV245 is available in Tl's shrink small-outline package (08), which provides the same 110 pin count 
and functionality of standard small-outline packages in less than half the printed-circuit-board area. 

The SN74LV245 is characterized for operation from -40·C to 85·C. 

FUNCTION TABLE 

INPUTS 

OE 
OPERATION 

DIR 

L L B data to A bus 

L H A data to B bus 

H X Isolation 

EPIC Is a trademark of Texas Instruments Incorporated. 

~~:'~DlJ.:1::='="';:'I:"'~:,c:=..: ~ 
I1IIndanlWWllnI\< _procouIng_not-.,_ II T.EXAS 
leOflngol ........ _. IJ 

INSTRUMENTS 

Copyright Ill> 1995, Texas Instruments Incorporated 
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SN74LV245 
OCTAL BUS TRANSCEIVER 
WITH 3·STATE OUTPUTS 
SCLS075C-JANUARY 1991 - REVISED JULY 1995 

logic symbolt 

OE 
DIR 

A1 

A2 

A3 

A4 

A5 

A6 

A7 

A8 

19 "-
1 "-

L 
2 

L 
3 

4 

5 

6 

7 

8 

9 

03 

3EN1[BA] 
3EN2[AB] ., r 
V1 

~ I> 2V 

18 

17 

16 

16 

14 

13 

12 

11 

B1 

B2 

B3 

B4 

B5 

B6 

B7 

B8 

logic diagram (positive logic} 

L-________ ~r-------~~19~OE 

2 
A1--+--I 

1-... __ ..:..;180... B1 

To Seven Other Channels 

tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 

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 1/0 ports (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . .. -0.5 V to Vee + 0.5 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 or VI> Vee) ............................................... ±20 mA 
Output clamp current, 10K (Vo < 0 or Vo > Vee) ........................................... ±50 mA 
Continuous output current, 10 (Vo = 0 to Vee) ............................................. ±35 mA 
Continuous current through Vee or GNO ..••.........•....••.............................. ±70 mA 
Maximum power dissipation at TA = 55°C (in still air) (see Note 3): 08 package ..........•.•.... 0.55 W 

OW package ................. 1.6 W 
PW package .................. 0.7 W 

Storage temperature range, Tstg .................................................. -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-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. The input and output negative-voltage ratings may be exceeded H the input and output clamp-currel)t ratings are observed. 
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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 ThermalConsiderationsapplication note in the 1994 ABT Advanced BiGMOS Technology 
Data Book, literature number SCBD002B. 
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SN74LV245 
OCTAL BUS TRANSCEIVER 

WITH 3-STATE OUTPUTS 
SCLS075C-JANUARY 1991- REVISED JULY 1995 

recommended operating conditions (see Note 4) 
MIN NOM MAX UNIT 

VCC Supply voltage 2.7 3.3 3.6 V 

VIH High-level input voltage I VCC-2.7Vt03.6V 2 V 

VIL Low-level input voltage I VCCK2.7Vt03.6 V 0.8 V 

VI Input voltage 0 VCC V 

Vo Output voltage 0 VCC V 

10H High-level output current -8 mA 

10L Low-Ievel output current 8 rnA 

AtlAv Input transition rise or fall rate 0 50 nslV 

TA Operating free-air temperature -40 85 ·C 

NOTE 4: Unused inputs must be held high or low to prevent them from floallng. 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS VCCt MIN 

VOH 
10H =-100 I!A MIN to MAX VCC-0.2 

IOH--8mA 3V 

10L -100 I!A MIN to MAX 
VOL 

IOL-8mA 3V 

II VI = VCC or GND 3.6V 

10Z* Vo = VCC or GND 3.6V 

ICC VI - VCC or GND, 10- 0 3.6V 

~ICC One input at VCC - 0.6 V, Other inputs at VCC or GND 3Vt03.6V 

CI J Control inputs VI = VCC or GND 3.3V 

Cio I A or B ports Vo - VCC or GND 3.3 V 

t For conditions shown as MIN or MAX, use the appropriate values under recommended operating conditions. 
* For I/O ports, the parameter 10Z Includes the Input leakage current. 

2.4 

TYP MAX UNIT 

V 

0.2 
V 

0.4 

±1 I!A 
±5 I!A 
20 I!A 

500 I!A 
2.5 pF 

7 pF 

switching characteristics over recommended operating free-air temperature range, CL = 50 pF 
(unless otherwise noted) (see Figure 1) 

PARAMETER FROM TO Vcc = 3.3 V ±O.3 V VCC=2.7V 
UNIT 

(INPUT) (OUTPUT) MIN TYP MAX MIN MAX 

ted AorB BorA 8 16 20 ns 

len OE AorB 13 23 29 ns 

!dis OE AorB 14 25 31 ns 

operating characteristics, Vee = 3.3 V, TA = 25°C 
PARAMETER TEST CONDITIONS TYP UNIT 

Cpd Power diSSipation capacitance per transceiver 
I Outputs enabled 

CL-50pF, 
36 

I Outputs disabled 
f_l0MHz ~ pF 

~1ExAs 
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SN74LV245 
OCTAL BUS TRANSCEIVER 
WITH 3-STATE OUTPUTS 
SCLS075C - JANUARY 199t-,ReVlSED JULY 1995. 

PARAMETER MEASUREMENT INFORMATION 

o 8V TEST SI 
From Output 1 kn ' S1 0 Open 

Under Test - ... ---e_--'\N\r-_-J 
tpLWtPHL Open 

CL=50pF 
(see Note A) T 1 kn r~ 

Input 

Output 

Output 

LOAD CIRCUIT FOR OUTPUTS 

VOLTAGE WAVEFORMS 
PULSE DURATION 

=4 1.n ¥ 1.5 V :.:V 
1 , ' r.-.!-

tpLH ~ 1 ,tPHL 

'I' \!-::-=-:- VOH 
,I 1 /1.5 V I ~ 

1 1 VOL 

tPHL -l.---.! ~ tPLH 

, ~VOH \1.5 V T 1.5V 
, - - VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

INVERTING AND NONINVERTING OUTPUTS 

tPLZf1PZL 8V 
tPHZ/tpZH GND 

------, 2.7 V 
Timing Input X1.5 V ___ -:--_J. ,'-______ 0 V 

~ ~k ~ 
,taurth 1 

__ ""\1 ~2.7V 

Date Input )(1.5 V ~ 0 V 

Output 
Control 

Output 
Waveform 1 

SI st8V 
(_Note B) 

Output 
Waveform 2 

SI atGND 
(see Note B) 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

=41•5 V ~=I=.5=V===== :.: V 

tPZL ~ 14-- 1 
1 tpLZ -.r I.-

--""1""\1 1 1- . 3V 

I \'1.5 V I .p!...+~!.Y VOL 

1 , tpHZ -.r j4-
tPZH ~ j4- 1 

, --- VOH 
!1.5V ~H-O.3V 

----'. ....--- - OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

LOW· AND HIGH·LEVEL ENABLING 

NOTES: A. CL Includes probe and Jig capacitance. 
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 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. 

Figure 1. Load Circuit and Voltage Waveforms 

-!!11ExAs 
INSTRUMENTS 

10·74 POST OFFICE BOX 655303 • DALLAS. TEXAS 75265 



• EPIC ™ (Enhanced-Performance Implanted 
CMOS) 2-11 Process 

• Typical VOLP (Output Ground Bounce) 
< 0.8 V at Vee = 3.3 V, TA = 25eC 

• Typical VOHV (Output VOH Undershoot) 
> 2 V at Vee = 3.3 V, TA = 25eC 

• ESO Protection Exceeds 2000 V Per 
Mll-STO-883C, 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 
Smail-Outline (OW), Shrink Small-Outline 
(DB), and Thin Shrink Small-Outline (PW) 
Packages 

description 

SN74LV273 
OCTAL O·TYPE FLIP·FLOP 

WITH CLEAR 

DB, OW, OR PW PACKAGE 
(TOP VIEW) 

ClR 
1Q 
10 3 
20 
2Q 
3Q 6 
30 
40 
4Q 9 

GNO 

Vcc 
8Q 
80 
70 
7Q 
6Q 
60 
50 
5Q 

11 ClK 

1995 

This octal D-type flip-flop is deSigned for 2.7-V to 3.6-V VCC operation. 

The SN74lV273 is a positive-edge-triggered flip-flop with a direct clear (6lR) input. Information at the data (D) 
inputs meeting the setup time requirements is transferred to the Q outputs on the positive-going edge of the 
clock pulse. Clock triggering occurs at a particular voltage level and is not directly related to the transition time 
of the positive-going pulse. When the clock (ClK) input is at either the high or low level, the D-input signal has 
no effect at the output. 

The SN74lV273 is available in Tl's shrink small-outline package (DB), which provides the same I/O pin count 
and functionality of standard small-outline packages in less than half the printed-circuit-board area. 

The SN74lV273 is characterized for operation from -40eC to 85eC. 

CLR 

L 

H 

H 

H 

EPIC is a trademark of Texas Instruments Incorporated. 

FUNCTION TABLE 
(each flip-flop) 

INPUTS OUTPUT 
CLK 0 Q 

X X L 

t H H 

t L L 

L X Qo 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 855303 • DALLAS, TEXAS 75285 

Copyright <C 1995, Texas Instruments Incorporated 
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SN74LV273 
OCTAL D·TVPE FLlp·FLOP 
WITH CLEAR 
SCLS195A- FEBRUARY 1993- REVISED JULY 1995 

logic symbolt 

CLR 
ClK 

10 

20 

3D 

40 

50 

60 

70 

80 

1 

11 

3 

4 

7 

8 

13 

14 

17 

18 

" R 

L, C1 

10 

t This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publicetion 617-12. 

2 

5 

6 

9 

12 

15 

16 

19 

1Q 

2Q 

3Q 

4Q 

5Q 

6Q 

7Q 

8Q 

logic diagram (positive logic) 

10 

3 

ClK(I) 

2 
1Q 

20 

4 

10 

5 
2Q 

3D 

7 

6 
3Q 

40 

8 

50 

13 

9, 
4Q 

60' 

14 

12 
5Q 

70 

17 

15 
8Q 7Q 

80 

18 

10 

C1 

19 
8Q 

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 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 or VI > Vee> .•............................................. ±20 mA 
Output clamp current, 10K (Vo < 0 or Vo > Vee) ..................................•........ ±50 mA 
Continuous output current, 10 (Vo = 0 to Vee> ............................................. ±25 mA 
Continuous currentthrough Vee or GND ...............•......................•........... ±50 mA 
Maximum power dissipation at TA = 55°C (in still air) (see Note 3): DB package ...••............. 0.6 W 

DW package .•.•...•..•...... 1.6 W 
PW package ........•.•..•.... 0.7 W 

Storage temperature range, Tstg •.........•..........••.........•................. -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-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. 

10-76 

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, refertolhe Package ThermalConsiderationsapplication note in the 1994 ABT Advanced BiCMOS Technology 
Data Book, literature number SCBD002B. 
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recommended operating conditions (see Note 4) 

VCC Supply voltage 

SN74LV273 
OCTAL D-TVPE FLIP-FLOP 

WITH CLEAR 
SCLS195A - FEBRUARY 1993 - REVISED JULY 1995 

MIN NOM MAX UNIT 

2.7 3.3 3.6 V 

VIH High-level input voltage I VCC - 2.7 Vto 3.6 V 2 V 

Vil low-level input voltage I VCC a 2.7 V to 3.6 V 0.8 V 

VI Input voltage 0 VCC V 

Va Output voltage 0 Vce V 

10H High-level output current -6 mA 

10l low-level output current 6 mA 

AtlAv Input transition rise or fall rate 0 100 ns/V 

TA Operating frae-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 Vcet MIN TYP MAX UNIT 

IOH=-10011A MIN to MAX Vee-0.2 
VOH V 

IOH--6mA 3V 2.4 

IOl-100 IIA MIN to MAX 0.2 
Val V 

IOl-6mA 3V 0.4 

II VI = Vee or GND 3.6V ±1 IIA 
ICC VI = Vee or GND, 10- 0 3.6V 20 IIA 
6.lec One input at Vec - 0.6 V, Other Inputs at Vee or GND 3Vt03.6V 500 IIA 
el VI- Vee or GND 3.3 V 2.5 pF 

.. .. t For conditions shown as MIN or MAX, use the appropnate values under recommended operating condHlons . 

timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 

VCC=3.3V 
Vcc= 2.7 V ±O.3V UNIT 

MIN MAX MIN MAX 

fclock Clock frequency 0 24 0 19 MHz 

Pulse duration 
CLRlow 20 25 

tw 
20 

ns 
ClK high or low 25 

Setup time before clKi 
Data 16 20 

tsu ern inactive 
ns 

5 5 

th Hold time, data aiter clKi 5 5 ns 

switching characteristics over recommended operating free-air temperature range, CL = 50 pF 
(unless otherwise noted) (see Figure 1) 

PARAMETER FROM 
(INPUT) 

fmax 

tpd elK 

tpHl ClR 

TO 
(OUTPUT) 

Q 

Q 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALlAS. TEXAS 75265 

vce = 3.3 V±O.3V Vce=2.7V 
UNIT 

MIN TYP MAX MIN MAX 

90 19 MHz 

12 25 31 ns 

13 26 33 ns 
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SN74LV273 
OCTAL D-TYPE FLIP-FLOP 
WITH CLEAR 
SCLS195A - FEBRUARY 1993 - REVISED JULY 1995 

operating characteristics, VCC = 3.3 V, TA = 25°C 
PARAMETER TEST CONDITIONS 

Cpd Power dissipation cepacHance per flip-flop CL = 50 pF, f .010 MHz 

PARAMETER MEASUREMENT INFORMATION 

o 6V TEST Sl 
From Output 1 kO Sl 0 Open 

Under Test --e-~t--JI/VI".-_---/ 
tPLH/tPHL Open 

CL=50pF 
1 kO rD (see Note A) T 

LOAD CIRCUIT FOR OUTPUTS 

I4--tw~ 
I 1,...-__ 

Input 3 ~\.~_.5_V __ :.: V 

Input 

Output 

Output 

VOLTAGE WAVEFORMS 
PULSE DURATION 

~ uv ¥:1=.5=V==== :.:V 

II ~ 
tpLH ~ I I tpHL 

I I I \1-:.-::- VOH 
I ,uv, ~ 

--+-1 --J, VOL 

tPHL~ ~tPLH 
I ~VOH 

\UV T1.5V 
. - -- VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

INVERTING AND NONINVERTING OUTPUTS 

tPLZItPZL 6V 

tpHZltpZH GND 

Tlmlnglnput -------x;.5V 2.7 V 
___ ~--J. 1'-______ OV 

I l.. I 
14 t .,. th ~ 
I sUI 

__ ,""I ~2.7V 

Data Input 'j(1.5V ~OV 

Output 
Control 

Output 
Waveform 1 

Sl at6V 
(sse Note B) 

Output 
Waveform 2 

Sl atGND 
(sse Note B) 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

~UV ~=1=.5=V===== :.:V 

tpZL ~ 14- I 
1 1 tpLZ -.I j.-

---;.1"""\1 I p~-- 3 V 
1 1.5V 1 
1 1Y9.!....+J!:~ VOL 

1 ItPHZ ~ j4- . 
tpZH ~ j4- , 

1----VOH 
!1.5V ~H-O.3V 

___ J. . - _ 0 V 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

LOW· AND HIGH·LEVEL ENABLING 

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 n. tr S 2.5 ns, tf S 2.5 ns. 
D. The outputs are measured one at a time with one transHion per measurement. 

Figure 1. Load Circuit and Voltage Waveforms 

~1ExAs 
INSTRUMENTS 
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SN74LV373 
OCTAL TRANSPARENT O·TYPE LATCH 

WITH 3·STATE OUTPUTS 

• EPICTM (Enhanced-Performance Implanted 
CMOS) 2-11 Process 

• Typical VOLP (Output Ground Bounce) 
< 0.8 Vat Vee = 3.3 V, TA = 25"C 

• Typical VOHV (Output VOH Undershoot) 
> 2 VatVee = 3.3 V, TA = 25"C 

• ESO Protection Exceeds 2000 V Per 
MIL-STO-883C, 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 
Small-Outline (OW), Shrink Smail-Outline 
(OB), and Thin Shrink Small-Outline (PW) 
Packages 

description 

DB, DW, OR PW PACKAGE 
(TOP VIEW) 

20 Vcc 
19 80 
18 80 

20 4 70 
20 70 
30 60 
30 7 60 
40 8 50 
40 9 50 

GNO 10 

This octal transparent D-type latch is designed for 2.7-Vto 3.6-V Vee operation. 

While 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 logic levels set up at the 0 inputs. 

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 the 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. 

OE does not affect the internal operations of the latches. Old data can be retained or new data can be entered 
while the outputs are in the high-impedance state. 

The SN74LV373 is available in TI's shrink small-outline package (DB), which provides the same 1/0 pin count 
and functionality of standard small-outline packages in less than half the printed-circuit-board area. 

The SN74LV373 is characterized for operation from -40"C to 85"C. 

FUNCTION TABLE 
(each latch) 

INPUTS OUTPUT 
OE LE D Q 

L H H H 

L H L L 

L L X 00 
H X X Z 

EPIC is a trademark of Texas Instruments Incorporated. 

~~ ... CT1':":1:.::r:,::,II,,::::,::,e:,=~..: :'I ThxAs 
• ..-WII1II1ty. ProductIon proc:OooIng _Il0l_111,1_ II 
II8tIng 01 aD peromellll. 

INSTRUMENTS 
POST OFFICE BOX 655303 • DALlAS. TEXAS 75265 

Copyright@ 1995, Texas Instruments Incorporated 
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SN74 LV373 
OCTAL TRANSPARENT D·TVPE LATCH 
WITH 3·STATE OUTPUTS 
SCLS196A - FEBRUARY 1993 - REVISED JULY 1995 

logic symbolt 

OE NEN 
11 I C1 LE 

3 
., 

2 
10 10 V 1Q 

4 5 
20 2Q 

7 6 
3D 3Q 

8 9 
40 4Q 

13 12 
50 5Q 

14 15 
60 6Q 

17 16 
70 7Q 

18 19 
80 8Q 

tThis symbol Is in accordance with ANSI/IEEE Std 91-1984 and 
lEe Publication 617-12. 

logic diagram (positive logic) 

OE.,...!----(] 

LE 

10 -=..3 ___ +-~ 

'-----.v,..--...1 
To Seven Other Channels 

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 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 or VI > Vee> ...•........................................... ±20 rnA 
Output clamp current, 10K (VO < 0 or Vo > Vee> ........................................... ±50 rnA 
Continuous output current, 10 (Vo = 0 to Vee) .......••.................................... ±35 rnA 
Continuous currentthrough Vee or GND .................................................. ±70 rnA 
Maximum power dissipation at TA = 55°C (in still air) (see Note 3): DB package .................. 0.6 W 

DW package ......... ,........ 1.6 W 
PW package .................. 0.7 W 

Storage temperature range, Tstg .,................................................ -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-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, reiertothe Package ThermalConsiderationsapplication note in the 1994 ABT Advanced BiCMOS Technology 
Data Book, literature number SeBD002B. 

recommended operating conditions (see Note 4) 
MIN NOM MAX UNIT 

Vee Supply voltage 2.7 3.3 3.6 V 

VIH High-level input voltage I Vee" 2.7 Vto 3.6 V 2 V 

VIL Low-level input voltage I Vee - 2.7 Vto 3.6 V 0.8 V 

VI Input voHage 0 Vee V 

Va Output voltage 0 Vee V 

IOH High-level output current -8 mA 

IOL Low-level output current 8 mA 

AtlAv Input transition rise or fall rate 0 100 ns/V 

TA Operating free-air temperature -40 85 ·e 

NOTE 4: Unused Inputs must be held high or low to prevent them from floating. 

~1ExAs 
INSTRUMENTS 
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SN74LV373 
OCTAL TRANSPARENT O·TYPE LATCH 

WITH 3·STATE OUTPUTS 
SCLS196A - FEBRUARY 1993 - REVISED JULY 1995 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS VCCt MIN TYP MAX UNIT 

IOH--l0011A MINto MAX Vee-0•2 
VOH V 

IOHa-8mA 3V 2.4 

IOL -100 IIA MINto MAX 0.2 
VOL V 

IOL=8mA 3V 0.4 

II VI - Vee or GND 3.6V ±1 IIA 
IOZ Vo D Vee or GND 3.6V ±5 IIA 
lee VI - Vee or GND, 10=0 3.6 V 20 IIA 
Alee One input at Vee - 0.6 V, Other inputs at Vee or GND 3Vt03.6V 500 IIA 
ei VI - Vee or GND 3.3 V 2.5 pF 

eo Vo - Vee or GND 3.3 V 7 pF 
.. .. t For conditions shown as MIN or MAX, use the appropnate values under recommended operating condllions . 

timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 

VCC=3.3V VCC=2.7V ±O.3V UNIT 
MIN MAX MIN MAX 

tw Pulse duration, LE high 20 25 ns 

tsu Setup time, data before LE,), I High or low 10 13 ns 

th Hold time, data after LE,), I High or low 10 10 ns 

switching characteristics over recommended operating free-air temperature range, CL = 50 pF 
(unless otherwise noted) (see Figure 1) 

PARAMETER FROM TO VCC = 3.3V±O.3V VCC=2.7V 
UNIT 

(INPUT) (OUTPUn MIN TYP MAX MIN MAX 

D 11 25 31 
tpd 

LE 
Q ns 

15 29 36 

ten OE Q 15 29 36 ns 

'dis OE Q 15 29 36 ns 

operating characteristics, Vee = 3.3 V, TA = 25°C 
PARAMETER TEST CONDITIONS TYP UNIT 

Cpd Power dissipation capacitance per latch 
I Outputs enabled 47 

I Outputs disabled 
eL-50pF, f= 10 MHz 

~ 
pF 

~1ExAs 
INSTRUMENTS 
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SN74LV373 
OCTAL TRANSPARENT D·TYPE LATCH 
WITH 3·STATE OUTPUTS 
SCLSI96A - FEBRUARY 1993';' REVISED JULY 1995 

) 

PARAMETER MEASUREMENT INFORMATION 

o 6V TEST S1 
From Output 1 kn S1 0 Open 

Under Teet - ...... ---e>----'\N\r-----J 
tpLWtPHL Open 

CL=50pF 
1 kn (see Note A) r 

LOAD CIRCUIT FOR OUTPUTS 

14-- tw----.l 
I I~ __ 

Input 3 :k",1_.5_V __ :.:V 

Input 

Output 

Output 

VOLTAGE WAVEFORMS 
PULSE DURATION 

=x 1.5 V X~1-.5-V--- 2.7 V 

I . I'"----OV 
II ~ 

tpLH ~ I I tPHL 

I I ~--VOH 
I !1.5V 1.5V 

--+-1 --J. VOL 

tPHL --l.---.! ~ tpLH 

I !r.::-I VOH \1.5 V T 1.5V 
. --- VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

INVERTING AND NONINVERTING OUTPUTS 

tPLZItPZL 6V 

tPHZltpZH GND 

Timing Input -------x;.5 V . 2.7 V 
___ ~.....J. 1'-______ OV 

I . I 
IIIIL·~ ~ I ... uth I 

__ ""\1 ~2.7V 

Date Input )(1.5 V ~OV 

Output 
Control 

Output 
Waveform 1 

S1 at 6 V 
(see Note B) 

Output 
Waveform 2 

S1 atGND 
(see Note B) 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

=41•5 V ¥:1=.5=V===== :.: V 

tPZL ~ l1li- I 
I I tpLZ -.I I+-

----rI~\L I K ..... -·- 3V 

I \1.5V IlY.9L+.E:~VOL 
I I tpHZ ~ j4-

tpZH ~ j+- I 
I -- VOH 

___ .J/1.5V~H-O.3V -OV 

VOLTAGE WAVEI'ORMS 
ENABLE AND DISABLE TIMES 

LOW· AND HIGH·LEVEL ENABLING 

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 n, tr S 2.5 ns, tf S 2.5 ns. 
D. The olttputs are measured one at a time with one transition per measurement. 

Figure 1. Load Circuit and Voltage Waveforms 

-!!11ExAs 
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SN74LV374 
OCTAL EDGE·TRIGGERED D·TYPE FLlP·FLOP 

WITH 3·STATE OUTPUTS 

• EPICTM (Enhanced·Performance Implanted 
CMOS) 2·~ Process 

• Typical VOlP (Output Ground Bounce) 
< 0.8 Vat Vee = 3.3 V, TA = 25°C 

• Typical VOHV (Output VOH Undershoot) 
> 2 V at Vee = 3.3 V, TA = 25°C 

• 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 

• Package Options Include Plastic 
Small·Outllne (DW), Shrink Small·Outllne 
(DB), and Thin Shrink Small·Outline (PW) 
Packages 

description 

DB, DW, OR PW PACKAGE 
(TOP VIEW) 

DE 20 Vcc 
10 19 SO 
10 3 18 SO 
20 4 17 70 
20 16 70 
30 15 60 
30 7 60 
40 8 50 
40 9 50 

GNO 10 11 elK 

This octal edge-triggered Ootype flip-flop is designed for 2.7-V to 3.6-V Vee operation. 

The SN74lV374 features 3-state outputs designed specifically for driving highly capacitive or relatively 
low-impedance loads. This device is particularly suitable for implementing buffer registers, I/O ports, 
bidirectional bus drivers, and working registers. 

On the positive transition of the clock (ClK) input, the Q outputs are set to the logic levels set up at the data 
(D) inputs. 

A buffered output-enable (OE) input can be used to place the eight outputs in either as normal logic state (high 
or low logic levels) or 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. 

The SN74lV374 is available in Tl's shrink small-outline package (DB), which provides the same I/O pin count 
and functionality of standard small-outline packages in less than half the printed-circuit-board area. 

The SN74lV374 is characterized for operation from -40°C to 85°C. 

OE 

l 

l 

L 

H 

EPIC is a trademark 01 Texas Instruments Incorporated. 

FUNCTION TABLE 
(each flip-flop) 

INPUTS OUTPUT 
ClK D Q 

l' H H 

l' L L 
L X 00 
X X Z 

Copyright C 1995; Texas Instruments Incorporated 
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SN74LV374 
OCTAL EDGE· TRIGGERED D· TYPE FLlP·FLOP 
WITH 3·STATE OUTPUTS 
SCLS197A - FEBRUARY 1993 - REVISED JULY 1995 

logic symbolt logic diagram (positive logic) 

ClK 

10 

20 

30 

40 

50 

60 

70 

80 

1 

11 

3 

4 

7 

8 

13 

14 

17 

18 

" EN 

C1 ., 
10 

I'" 
V 

2 

5 

6 

9 
12 

15 

16 

19 

1Q 

2Q 

3Q 

4Q 

5Q 

6Q 

7Q 

6Q 

OE -'----~:l 

ClK 

10 -'-----+--1 

~ 
To Seven Other Channels 

t This symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 

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 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 or VI > Vee) ..•................•........................... ±20 rnA 
Output clamp current, 10K (Vo < 0 or Vo > Vee) •..•...............•.•..................... ±50 rnA 
Continuous output current, 10 (Vo = 0 to Vee) ..•.......................................... ±35 rnA 
Continuous current through Vee or GND ...•••••..............•........................... ± 70 rnA 
Maximum power dissipation at TA = 55°C (in still air) (see Note 3): DB package ••••............•• 0.6 W 

DW package ................. 1.6 W 
PWpackage .................. 0.7W-

Storage temperature range, Tsig .................................................. -65°C to 150°C 

:I: 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-maxlmum-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 IImRed to 4.6 V maximum. 
3. The maximum package power dissipation Is calculated using a iunction temperature of 150·C and a board trace length of 750 mils. 

For more information, refertothe Package 771ermalConsiderationsapplication note in the 1994 ABT Advanced BiCMOS Technology 
Data Book, literature number SCBD002B. -

~ThxAs 
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SN74LV374 
OCTAL EDGE-TRIGGERED D-TYPE FLIP-FLOP 

WITH 3-STATE OUTPUTS 
SCLS197A - FEBRUARY 1993 - REVISED JULY 1996 

recommended operating conditions (see Note 4) 
MIN NOM MAX UNIT 

Vee Supply voltage 2.7 3.3 3.6 V 

VIH High-level input voltage I Vee - 2.7Vto 3.6 V 2 V 

V,L Low-level input voltage I Vee = 2.7 V to 3.6 V 0.8 V 

V, I nput voltage 0 Vee V 

Vo Output voltage 0 Vee V 

10H High-level output current -8 mA 

10L Low-level output current 8 mA 

!J.t/!J.v Input transition rise or fall rate 0 Hio nsN 

TA Operating frae-air temperature -40 85 ·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) 

PARAMETER . TEST CONDITIONS Vcet MIN TYP MAX UNIT 

VOH 
'OH· -100 IIA MIN to MAX Vee-O.2 

IOH=-8mA 
V 

3V 2.4 

VOL 
10L -100 IIA MIN to MAX 0.2 

V 
IOL=8mA 3V 0.4 

'I V, - Vee or GND 3.6V ±1 IIA 
10Z Vo - Vee or GND 3.6V ±5 IIA 
ICC VI - Vee or GND, 10=0 3.6 V 20 IIA 
L\lee One input at Vee - 0.6 V, Other inputs at Vee or GND 3Vt03.6V 500 IIA 
ei VI = Vee or GND 3.3V 2.5 pF 

Co Vo - Vee or GND 3.3V 7 pF 

t For conditions shown as MIN or MAX, use the appropriate values under recommended operating conditions. 

timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 

Vec=3,3V 
Vee=2.7V ±O.3V UNIT 

MIN MAX MIN MAX 

fclock Clock frequency 0 24 0 19 MHz 

tw Pulse duration, eLK high or low 20 25 ns 

tsu Setup time before eLK1" I High or low 13 16 ns 

th Hold time, data after eLKi 5 5 ns 

switching characteristics over recommended operating free-air temperature range, CL = 50 pF 
(unless otherwise noted) (see Figure 1) 

PARAMETER 
FROM TO vce =3.3 V±O.3V Vee=2.7V 

UNIT (INPUT) (OUTPUn MIN TYP MAX MIN MAX 

fmax 24 75 19 MHz 

tpd eLK a 14 30 38 ns 

ten OE a 15 29 36 ns 

Idis OE a 15 29 36 ns 

~1ExAs 
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SN74 LV374 
OCTAL EDGE·TRIGGERED D·TVPE FLlp·FLOP 
WITH3·STATE OUTPUTS 
SCLS197A- FEBRUARY 1993- REVISED JULY 1995 

operating characteristics, VCC = 3.3 V, TA = 25°C 
PARAMETER TEST CONDITIONS TYP UNIT 

I Outputs enabled 52 
CpeI Power dissipation capacitance per flip-flop 

I Outputs disabled 
CL=50pF, f .. 10MHz 34 pF 

PARAMETER MEASUREMENT INFORMATION 

o BV TEST S1 
From Output 1 kr.I S1 0 Open 

Under Test --..--.---'\"'I'v-----/ tpLHitPHL Open 

CL=50pF 
1 kr.I l~ (aee Note A) T 

Input 

Output 

Output 

LOAD CIRCUIT FOR OUTPUTS 

VOLTAGE WAVEFORMS 
PULSE DURATION 

~ 1.5V ~1.5V :.:V 

II ~ 
tpLH ~ 1 I tpHL 

I I \!-::-::- VOH 
I ,1.5V i ~ 

--+I...J . 1 VOL 

tP~L~ ~tPLH 
I· !r.=' VOH \1.5 V T 1.5V 

. - -- VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

INVERTING AND NONINVERTING OUTPUTS 

tpL.,ZItPZL BV 
tpHZltpZH GND 

------, 2.7 V 
Timing Input . X1•5V ___ ~_J·I\... ______ OV 

Data Input 

Output 
Control 

Output 
Waveform 1 

S1 aUV 
(aeeNote B) 

Output 
Wsveform2 

S1 atGND 
(_Note B) 

I.. .1.. ~ 
ltaul"'th I 
I I __ "",I ~2.7V 

__ ....J)(1.5V ~OV 
VOLTAGE WAVEFORMS 

SETUP AND HOLD TIMES 

~1.5V ~=~=.5=V===== :.:V 

tpZL ~ 14-- 1 
1 1 tpLZ -.I j.-

----T1"""\1 I~""-- 3 V 
I 1.5V 1 
1 I~.!...+~!Y VOL 

1 I tPHZ ~ j4-
tPZH -+j j4- 1 

1----VOH ,1.5 V ~H-O.3V 
___ ...J. "-OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

LOW· AND HIGH·LEVEL ENABLING 

NOTES: A. CL Includes probe and Jig capacitance. 
B. Waveform 1 is for an output with intema! 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 oiJtputs are measured one at a time with one transition per measurement. 

Figure 1. Load Circuit and Voltage Waveforms 

~1ExAs 
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SN74LV573 
OCTAL TRANSPARENT D·TYPE LATCH 

WITH 3·STATE OUTPUTS 

• EPICTM (Enhanced·Performance Implanted 
CMOS) 2·~ Process 

• Typical VOlP (Output Ground Bounce) 
< 0.8 Vat Vee = 3.3 V, TA = 25°C 

• Typical VOHV (Output VOH Undershoot) 
> 2 V at Vee = 3.3 V, TA = 25°C 

• 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 

• Package Options Include Plastic 
Small·Outline (DW), Shrink Small·Outline 
(DB), and Thin Shrink Small·Outline (PW) 
Packages 

description 

- FEBRUARY 1993-

DB, DW, OR PW PACKAGE 
(TOP VIEW) 

OE vcc 
10 10 
20 20 
30 30 
40 40 
50 6 15 50 
60 14 60 
70 13 70 

12 80 
11 lE 

1995 

This octal transparent D-type latch is designed for 2.7-V to 3.6-V Vee operation. 

The SN74LV573 features 3-state outputs designed specifically for driving highly capacitive or relatively 
low-impedance loads. This device is particularly suitable for implementing buffer registers, I/O ports, 
bidirectional bus drivers, and working registers. 

While 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 logic levels set up at the D inputs. 

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 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 pull up components. 

OE does not affect the internal operatiQns of the latches. Old data can be retained or new data can be entered 
while the outputs are in the high-impedance state. 

The SN74LV573 is available in Tl's shrink small-outline package (D8), which provides the same I/O pin count 
and functionality of standard small-outline packages in less than half the printed-circuit-board area. 

The SN74LV573 is characterized for operation from -40°C to 85°C. 

FUNCTION TABLE 
(each latch) 

INPUTS OUTPUT 
OE LE D Q 

L H H H 

L H L L 

L L X 00 
H X X Z 

EPIC is a trademark of Texas Instruments Incorporated. 
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SN74LV573 
OCTAL TRANSPARENT D·TYPE LATCH 
WITH 3·STATEOUTPUTS 
SCLS198A - FEBRUARY 1993 - REVISED JULY 1995 

logic symbolt 

OE 

LE 

10 

20 

3D 

40 

50 

60 

70 

80 

1 
11 

2 

3 

4 

5 

6 

7 

8 

9 

r-. EN 

le1 
L1 
10 V 

19 

18 

17 

16 

15 

14 

13 

12 

1Q 

2Q 

3Q 

4Q 

5Q 

6Q 

7Q 

8Q 

tThis symbol Is In accordance with ANSI/IEEE Std 91-1984 and 
I EC Publication 617-12. 

logic diagram (positive logic) . 

OE --=----C] 

LE 

10 .....::.2 ___ t--I 

To Seven Other Channels 

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 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 or VI > Vee) ............................................... ±20 mA 
Output clamp current, 10K (Vo < 0 or Vo> Vee) ........................................... ±50 mA 
Continuous output current, 10 (Vo = 0 to Vee) ............................................. ±35 mA 
Continuous current through Vee or GND ......•......••................................... ±70 mA 
Maximum power dissipation at TA = 55°C (in still air) (see Note 3): DB package .................. 0.6 W 

DW package ................. 1.6 W 
PW package .................. 0.7 W 

Storage temperature range, Tstg .•..•....................•••.....•.•. :............ -~5°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-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 ThermaiConsiderationsapplication note in the 1994 ABT Advanced BiCMOS Technology 
Data Book, literature number SCBD002B. 

recommended operating conditions (see Note 4) 

VCC Supply voltage 

VIH High-level input voltage !VCC=2.7Vt03.6V 

VIL Low-level input voltage ! VCC =2.7Vt03.6 V 

VI Input voltage 

Vo Output voltage 

IOH High-level output current 

IOL Low-level output current 

At/Av Input transition rise or fall rate 

TA Operating free-air temperature 

NOTE 4: Unused inputs must be held high or low to prevent them from floating. 

10-88 
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MIN NOM MAX UNIT 

2.7 3.3 3.6 V 

2 V 

0.8 V 

0 VCC V 

0 VCC V 

-8 mA 

8 mA 

0 100 nsIV 

-40 85 ·C 



SN74 LV573 
OCTAL TRANSPARENT O·TYPE LATCH 

WITH 3·STATE OUTPUTS 
SCLS198A- FEBRUARY 1993 - REVISED JULY 1995 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS VCCt MIN TYP MAX UNIT 

IOH--100jiA MINto MAX VCC-0.2 
VOH V 

IOH--8mA 3V 2.4 

10L - 100 jiA MINto MAX 0.2 
VOL V 

IOL-8mA 3V 0.4 

II VI - VCC or GND 3.6V ±1 jiA 

10Z Vo - VCC or GND 3.6V ±5 jiA 

ICC VI- VCC or GND, 10- 0 3.6V 20 jiA 

AICC One input at VCC - 0.6 V, Other inputs at VCC or GND 3Vto3.6V 500 jiA 

Ci VI - VCC or GND 3.3V 2.5 pF 

Co Vo = VCC or GND 3.3 V 7 pF 
.. t For conditions shown as MIN or MAX, use the appropnate values under recommended operating conditIOns . 

timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 

Vee = 3.3 V 
Vee = 2.7 V ±0.3V UNIT 

MIN MAX MIN MAX 

tw Pulse duration, LE high 20 25 ns 

tsu Setup time, data before LEJ.. 10 13 ns 

th Hold time, data after LEJ.. 8 8 ns 

switching characteristics over recommended operating free-air temperature range, CL '= 50 pF 
(unless otherwise noted) (see Figure 1) 

PARAMETER FROM TO Vcc= 3.3 V±0.3V Vee=2.7V 
UNIT 

(INPUT) (OUTPUT) MIN TYP MAX MIN MAX 

D 11 29 36 
tpd Q ns 

LE 15 30 38 

ten OE Q 13 26 33 ns 

!dis OE Q 15 32 39 ns 

operating characteristics, Vee = 3.3 V, TA = 25°C 
PARAMETER TEST CONDITIONS TYP UNIT 

Cpd Power dissipation capacitanca per latch 
I Outputs enabled 

CL=50pF, 
30 

I Outputs disabled 
f=10MHz r---;;- pF 

~'1ExAs 
INSTRUMENTS 

POST OFFICE BOX 655303 • oALlAS. TEXAS 75265 10-89 



SN74LV573 
OCTAL TRANSPARENT D-TYPE LATCH 
WITH 3-STATE OUTPUTS 
SCLSl98A - FEBRUARY 1993 - REVISED JULY 1995 

PARAMETER MEASUREMENT INFORMATION 

o BV TEST S1 
From Output _-+ ___ ---\1 NkO'v-__ S./1 0 Open 

Under Test 1 GND 

tPLtftPHL Open 
tpLZ/tpZL 6V 

CL= 50pF 

(see Note A) T -=- 1 kO 

Input 

Output 

Output 

LOAD CIRCUIT FOR OUTPUTS 

VOLTAGE WAVEFORMS 
PULSE DURATION 

----v X 2.7 V ---'I' 1.5 V ,1.5V OV 

tpLH -H K tpHL 

, I I \!-::-:-:- VOH 
I ,1.5 V , ~ --+-, --', VOL 

tpHL --l.---.! ~ tpLH 

I !r.::::- VOH 
\.1.5 V T 1.5V 

. - VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

INVERTING AND NONINVERTING OUTPUTS 

tpHZltpZH GND 

Timing Input -------X1•5 V 2.7 V 

---~--'. 1'------- OV 

Dats Input 

Output 
Control 

Output 
Waveform 1 

S1 aUV 
(see Note B) 

Output 
Waveform 2 

S1 atGND 
(aeeNoteB) 

~ ~~ ~ I tau th I 
__ ""I ~2.7V 

__ ...J)(1.5V ~OV 
VOLTAGE WAVEFORMS 

SETUP AND HOLD TIMES 

~1.5V ~=1.=5=V===== :.:V 

tPZL ~ 14- , 
_--;.'""" 1 tPLZ -.I j.-

! \1.5V i p .... O_-L+-~-.!...-V :;L 

, I tpHZ ~ j4-
tPZH ~ j4- I 

I --- VOH 
!1.5V ~H-O.3V 

__ --I. ....--- .. OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

LOW· AND HIGH·LEVEL ENABLING 

NOTES: A. CL includes probe and jig capacitance. 
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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 z 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. 

Figure 1. Load Circuit and Voltage Waveforms 
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• EPIC ™ (Enhanced-Performance Implanted 
CMOS) 2-J.I. Process 

• Typical VOlP (Output Ground Bounce) 
< 0.8 V at Vee = 3.3 V, TA = 25°C 

• Typical VOHV (Output VOH Undershoot) 
> 2 V at Vee = 3.3 V, TA = 25°C 

• ESO Protection Exceeds 2000 V Per 
MIL-STO-883C, 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 
Small-Outline (OW), Shrink Small-Outline 
(OB), and Thin Shrink Smail-Outline (PW) 
Packages 

description 

SN74LV574 
OCTAL EDGE·TRIGGERED D·TYPE FLlP·FLOP 

WITH 3·STATE OUTPUTS 

DB, OW, OR PW PACKAGE 
(TOP VIEW) 

Vcc 
10 

18 20 
17 30 

40 16 40 
50 15 50 
60 60 
70 70 
80 9 80 

GNO 11 elK ,..._.....r 

JULY 1995 

This octal edge-triggered D-type flip-flop is designed for 2.7-V to 3.6-V Vee operation. 

The SN7 4lV574 features 3-state outputs designed specifically for driving highly capacitive or relatively 
low-impedance loads. This device Is particularly suitable for implementing buffer registers, I/O ports, 
bidirectional bus drivers, and working registers. 

On the positive transition of the clock (ClK) input, the Q outputs are set to the logic levels set up at the data 
(D) inputs. 

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 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. 

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 SN74lV574 is available in TI's shrink small-outline package (DB), which provides the same I/O pin count 
and functionality of standard small-outline packages in less than half the printed-circuit-board area. 

The SN74lV574 is characterized for operation from -40°C to 85°C. 

OE 

L 

L 

l 
H 

EPIC is a trademark of Texas Instruments Incorporated. 

FUNCTION TABLE 
(each flip-flop) 

INPUTS OUTPUT 
CLK 0 Q 

l' H H 

t l l 
L X ao 
X X Z 

Copyright 01995, Texas Instruments Incorporated 
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SN74LV574 
OCTAL EDGE-TRIGGERED D~TYPEFLIP-FLOP 
WITH 3-STATE OUTPUTS 
SCLS199A-MARCH 1993- REVISED JULY 1996 

logic symbolt logic diagram (positive logic) 

OE 

CLK 

10 

20 

30 

40 

50 

60 

70 

80 

1 
11 

2 

3 

4 

5 

6 

7 

8 

9 

" EN 
.l, C1 

10 V 
19 

18 

17 

16 

16 

14 

13 

12 

1Q 

2Q 

3Q 

4Q 

sa 
6Q 

7Q 

6Q 

tThis symbol is In accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 

oe-!..--a 

CLK 

10 --=-2 ___ ~-I 

~~--""'\V,.. __ ..JI 

To Seven Other Channels 

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 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 or VI > Vee) •••.......•••.••.•.....•..•••••••.............. ±20 mA 
Output clamp current, 10K (Vo < 0 or Vo > Vee) ......•••..........•.•..................... ±50 mA 
Continuous output current, 10 (VO == 0 to Vee) .••.....•.............••....................• ±35 mA 
Continuous currentthrough Vee or GND .................................................. ±70 mA 
Maximum power dissipation at TA" 55°C (in still air) (see Note 3): DB package .. :............... 0.6 W 

OW package ................. 1.6 W 
PW package .................. 0.7 W 

Storage temperature range, Tstg .•...•.••.•.•.....•..........•••.................. -65°C to 1500 e 

: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 absolutEHTlaximum-rated conditions for extended periodS may affect device reliability. 

NOTES: 1. The Input and output negativl!"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 ajunctlon temperature 01 150·C and a board trace length of 750 mils. 

For more information, refertothe Package ThBl7lla/Conslderationsapplicatlon note in the 1994 ABT Advanced BiGMOS Technology 
Data Book,literature number SCBD002B. 

recommended operating conditions (see Note 4) 
MIN NOM MAX UNIT 

VCC Supply voltage 2.7 3.3 3.6 V 

VIH High-level Input voltage I VCC -2.7Vto3.6V 2 V 

VIL Low-level input voltage I VCC=2.7Vt03.6 V 0.8 V 

VI Input voltage 0 VCC V 

Vo Output voltage 0 VCC V 

IOH High-level output current -8 mA 

IOL Low-level output current 8 mA 

AIIAv Input transition rise or fall rate 0 100 ns/V 

TA Operating frelHlr temperature -40 85 ·C 

NOTE 4: Unused Inputs must be held high or low to prevent them from floating. 

~1EXAS 
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SN74LV574 
OCTAL EDGE·TRIGGERED D·TYPE FLIP·FLOP 

WITH 3-STATE OUTPUTS 
SCLS199A - MARCH 1993 - REVISED JULY 1995 

electrical characteristics over recommended operatin~ free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS vcet MIN TYP MAX UNIT 

10H ~ -100 IlA MIN to MAX Vee-0.2 
VOH V 

IOH--8mA 3V 2.4 

10l = 100 IlA MIN to MAX 0.2 
VOL V 

IOl-8mA 3V 0.4 

II VI - Vee or GND 3.6V ±1 IlA 
10Z Vo - Vee or GND 3.6V ±5 IlA 
lee VI- Vee or GND, 10. 0 3.6V 20 IlA 
Alee One input at Vee - 0.6 V, Other Inputs at Vee or GND 3Vto3.6V 500 IlA 
ei VI - Vee or GND 3.3V 2.5 pF 

eo Vo - Vee or GND 3.3V 7 pF 
.. t For conditions shown as MIN or MAX, use the appropriate values under recommended operating conditions . 

timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) . 

Vee=3.3V 
Vee=2.7V ±O.3V UNIT 

MIN MAX MIN MAX 

fclock Clock frequency 0 24 0 19 MHz 

tw Pulse duration, ClK high or low 20 25 ns 

tsu Setup time before eurt I High or low 13 16 ns 

th Hold time, data after clKi 5 5 ns 

switching characteristics over recommended operating free-air temperature range, CL = 50 pF 
(unless otherwise noted) (see Figure 1) 

PARAMETER FROM TO Vee =3.3V±O.3 V Vee=2.7V 
UNIT 

(INPUT) (OUTPUT) MIN TYP MAX MIN MAX 

fmax 24 70 19 MHz 

ipd elK Q 14 30 38 ns 

ten OE" Q 13 27 34 ns 

ldls OE Q 15 29 36 ns 

operating characteristics, Vee = 3.3 V, TA = 25°C 
PARAMETER TEST CONDITIONS TYP UNIT 

epd Power dissipation capacitance per flip-flOP 
I Outputs enabled 

el-50pF, 
40 

f= 10MHz 22" pF I Outputs disabled 

~1ExAs 
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SN74LV574 
OCTAL EDGE·TRIGGERED D·TYPE FLlP·FLOP 
WITH 3·STATE OUTPUTS 
SCLS199A - MARCH 1993 - REVISED JULY 1995 

PARAMETER MEASUREMENT INFORMATION 

o 6V TEST Sl 
From Output 1 ItO Sl 0 Open 

Under Test - ..... ----4I-----''I/II'Ir---J 
tpLWtPHL Open 

CL=60pF 
(see Note A) T 1 ItO 

Input 

Output 

Output 

LOAD CIRCUIT FOR OUTPUTS 

VOLTAGE WAVEFORMS 
PULSE DURATION 

~ 1.5V ~1.5V :.:V 
II ~ 

tPLH ~ I I tPHL 

I I I \!--:.::- VOH 
I !1.5V I ~ 

--+-1 .-.J I . VOL 

tPHL --l.---.! ~ tpLH 

I !I::':':" VOH 
\.t.5V T 1.5V 

• - -- VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

INVERTING AND NONINVERTING OUTPUTS 

tpLZltpZL 6V 

tpHZltpZH GND 

------, 2.7 V 
Timing Input Xl.5 V ____ .-.J. 1'-______ OV 

I I.. I 
j4L ·r th ~ I ... u I 

__ '"'\1 ~2.7V 

Date Input )(1.6 V ~ 0 V 

Output 
Control 

Output 
Waveform 1 

Sl aUV 
(see Note B) 

Output 
Waveform 2 

Sl atGND 
(see Note B) 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

=Xl
•
5 

V ~=1=.5=V===== :.: V 
tpZL ~ 14- I 

I tpLZ -+I I+-
---;'I~\L I K""-- 3 V 

I ,\t.5V I t~L+J!:!y VOL 

I I tPHZ ~ j4-
tpZH ~ j4- I 

I -- VOH 
!t.5V ~H-O.3V 

___ oJ. ...._-- ... OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

LOW· AND HIGH-LEVEL ENABLING 

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 oontrol. 

Waveform 2 is for an output with intemal conditions such that the output is high except when disabled by the output oontrol. 
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 measurament. 

Figure 1. Load Circuit and Voltage Waveforms 
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SN54GTL 16612, SN74GTL 16612 
18-BIT GTULVT UNIVERSAL BUS TRANSCEIVERS 

• Translate Between GTL Logic Levels and 
LVTTL or SOV TTL Logic Levels 

• Members of the Texas Instruments 
W/debus™ Family 

• Support Mixed-Mode Signal Operation on 
APort 

• Universal Bus Transceiver (USTTM) 
Combines D-Type Latches and D-Type 
Flip-Flops With Qualified Storage Enable 

• Bus-Hold Oata Inputs Eliminate the Need 
for External Pullup Resistors on A Port 

• Flow-Through Architecture Optimizes 
Prlnted-Clrcult-Board Layout 

• Latch-Up Performance Exceeds 500 mA 
Per JEOEC Standard JESO-17 

• Package Options Include Plastic Shrink 
Smail-Outline (OL). Thin Shrink 
Smail-Outline (OGG). and Ceramic Flat 
(WO) Packages 

description 

These 18-bit bus transceivers combine D-type 
latches and D-type flip-flops to allow data flow in 
transparent, latched, and clocked modes. 

The B port operates at GTL levels while the A port 
and control inputs are compatible with LVTTL or 
5-V TTL logic levels. 

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 or latch-enable can be 
controlled by the clock-enable (CEAB and CEBA) 
inputs. For A-to-B data flow, the devices operate 

SN54GTL16612 ••• WD PACKAGE 
SN74GTL 16612 ••• DGG OR DL PACKAGE 

(TOP VIEW) 

OEAB 1 

LEAB 

A3 
Vee (3.3 V) 

A4 
A5 
A6 

GND 
A7 
A8 
A9 

A10 
A11 
A12 

GND 
A13 
A14 
A15 

Vee (3.3 V) 
A16 
A17 

GND 
A18 

OEBA 

CEAB 
CLKAB 
B1 
GND 
B2 
B3 

Vee (5 V) 
49 B4 
48 B5 
47 B6 
46 GND 
45 B7 
44 B8 
43 B9 
42 B10 

41 B11 

40 B12 
39 GND 

B13 
814 
815 

VREF 
816 
B17 

32 GND 
31 B18 
30 CLK8A 

LEBA 29 CEBA -""' __ JI"' 

in the transparent mode when LEAB is high. When LEAB is low, the A data is latched if CEAB is low and 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 thelow-to-high 
transition of CLKAB if CEAB is also low. 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 for A to B but 
uses OEBA, LEBA, CLKBA, and CEBA. 

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 SN54GTL16612 is characterized for operation over the full military temperature range of -55°C 
to 125°C. The SN74GTL16612 is characterized for operation from -40°C to 85°C. 

Widebus and UBT are trademarks of Texas Instruments Incorporated. 
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SN54GTL 16612, SN74GTL 16612 
18-BIT GTULVT UNIVERSAL BUS TRANSCEIVERS 

SCBS480C - JUNE 1994 - REVISED JULY 1995 . 

FUNCTION TABLEt 

INPUTS OUTPUT 
B MODE 

CEAB OEAB LEAB CLKAB A 

X H X X X Z 
L L L H X 80* Latched storage of A data 

L L L L X BO§ 

X L H X L L 

X L H X H H 
Transparent 

L L L i L L 

L L L i H H 
Clocked storage of A data 

H L L X X BO§ Clock inhibit 

t A-to-B data flow is shown: B-to-A data flow is similar but uses OEBA. LEBA. CLKBA. and 
CEBA. * Output level before the indicated steady-state input conditions were established. provided 
that CLKAB was high before LEAB went low 

§ OutPut level before the indicated steady-state input conditions were established 

logic diagram (positive logic) 

OEAB 

CEAB 
56 

CLKAB 
55 

LEAB 
2 

LEBA 
28 

CLKBA 
30 

CEBA 
29 

OEBA 
'0 

Ai 
3 

11-4 

CE 
~--~----~~~-4~+-~1D 

.-+-+--IC1 

CEI-~++ __ ~~~=C=L=K~~ __ ~ 1D 
C1I--+-I-.. 

CLK 

\~------------~V~------------~I 
To 17 Other Channels 
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INSTRUMENTS 

POST OFFICE eox 655303 • DALLAS, TEXAS 75265 

0-.... _--"5.:,.4_ B1 



SN54GTL 16612, SN74GTL 16612 
18-BIT GTULVT UNIVERSAL BUS TRANSCEIVERS 

SCBS480C-JUNE 1994-REVISEDJULY 1995 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vee: 3.3 V .................................................. -0.5 V to 4.6 V 
5 V ..................................................... -0.5 V to 7 V 

Input voltage range, VI (see Note 1): A port ........................................... -0.5 V to 7 V 
B port ......................................... -0.5 V to 4.6 V 

Voltage range applied to any output in the high or 
power-off state, Vo (see Note 1): A port ....................................... -0.5 V to 7 V 

B port ..................................... -0.5 V to 4.6 V 
Current into any A-port output in the low state, 10 •. • . . • • • . . . • • • . . . • • . . . • • • • • • • • . . • . . • • • . . • • •• 128 mA 
Current into any B-port output in the low state, 10 . . . • . . . • • . • . • . • • . • • • • . • • . . . • • . . . . • • . • • . . . . . •. 80 mA 
Current into any A-port 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 TA = 55°C (in still air) (see Note 3): DGG package ................... 1 W 

DL package .................. " 1.4 W 
Storage temperature range, Tstg .......................................... 0. . . . . . .. -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 current flows only when the output is in the high state and Vo > Vee. 
3. The maximum package power dissipation is calculated using a/unction temperature of 150·e and a board trace length of 750 mils. 

For more information, refertothe Package ThennalConsiderationsapplication note In the 1994 ABT AdvancedBiCMOS Technology 
Data Book, literature number SeBDOO2B. 

recommended operating conditions (see Note 4) 
SN54GTL 16612 SN74GTL16612 

UNIT 
MIN NOM MAX MIN NOM MAX 

I Supply voltage, 3.3 V 3.15 3.3 3.45 3.15 3.3 3.45 
Vee I Supply voltage, 5 V 

V 
4.75 5 5.25 4.75 5 5.25 

VREF Supply voltage 0.8 0.8 V 

VI Input voltage 
Bport .. M.ee (3.3 V) Vee (3.3 V) 

V 
Except B port &- 5.5 5.5 

VIH High-level input voltage 
Bport VREF +50 mV II VREF+50mV 

V 
Except B port 2 A'V. 2 

VIL Low-level Input voltage 
Bport _:SJ VREF -50mV VREF -50mV 

V 
Except B port iY 0.8 0.8 

11K Input clamp current ero -18 -18 rnA 

IOH High-level output current Aport -32 -32 rnA 

Aport 64 64 
IOL Low-level output current rnA 

Bport 40 40 

TA Operating free-air temperature -55 125 -40 85 ·e 

NOTE 4: Unused Inputs must be held high or low to prevent them from floating. 

~1ExAs 
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SN54GTL 16612, SN74GTL 16612 
18-BIT GTULVT UNIVERSAL BUS TRANSCEIVERS 

SCBS480C - JUNE 1994 - REVISED JULY 1995 

electrical characteristics over recommended operating free-air temperature range, VREF = 0.8 V 
(unless otherwise noted) 

TEST CONDITIONS 
SN54GTL16612 SN74GTL16612 

PARAMETER 
MIN TYpf MAX MIN TYPt 

VIK 
Vee {3.3 V) -3.15V, 

11--1SmA -1.2 
Vee (5 V) - 4.75 V 

Vee = MIN to MAX;, 10H =-100 IlA Vee- 0.2 Vee- 0.2 

VOH Aport Vee (3.3 V) = 3.15 V, 10H=-SmA 2.4 2.4 

Vee (5 V) - 4.75 V IOH=-32mA 2 2 

10l -100 IlA 0.2 

Vee (3.3 V) = 3.15 V, .I0l-16mA 0.4 
Aport 

Vee (5 V) - 4.75 V 10l=32mA 0.5 
VOL 

10l= 64 mA 0.55 

Bport Vee (3.3 V) - 3.15 V, 
10l= 40 mA 0.4 

Vee (5 V) = 4.75 V 

Control 
Vee = 0 or MAX;, VI =5.5V 10 

inputs 

VI-5.5V 20 

II Aport 
Vee (3.3 V) - 3.45 V, 

VI-Vee 1 
Vee (5 V) - 5.25 V 

VI-O !it~30 

Vee (3.3 V) = 3.45 V, VI- Vee (3.3 V) JiJ 5 
Bport 

Vee (5 V) - 5.25 V VlaO ~' -5 

loll Vee- O, VI orVO =0 to 4.5 V $l 100 

Vee (3.3 V) - 3.15 V, VI = O.S V 75 !{J 75 
II(hoId) Aport 

Vee (5 V) - 4.75 V VI=2V -7f/!!' -75 

Aport Vee (3.3 V) - 3.45 V, VO-3V 1 
10ZH 

Bport Vee (5 V) = 5.25 V VO=1.2V 10 

Aport Vee (3.3 V) = 3.45 V, VO-0.5V -1 
10Zl 

Bport VeeC5 V) - 5.25 V VO-0.4V -10 

Vee (3.3 V) = 3.45 V, . Outputs high 1 

ICC (3.3 V) AorBport Vee (5 V) = 5.25 V, 
Outputs low 5 

10- 0, 
VI_ Vee (3.3 V) or GND Outputs disabled 1 

Vee (3.3 V) = 3.45 V, Outputs high 120 

Icc (5 V) A or B port Vee (5 V) - 5.25 V, Outputs low 120 
10- 0, 
VI- Vee (3.3 V) orGND Outputs disabled 120 

Vee (3.3 V) - 3.45 V, Vee (5 V) = 5.25 V, 
Alee§ A or control inputs at Vee (3.3 V) or GND, 1 

One input at 2.7 V 

ei 
Control 

VI = 3.15 VorO 3.5 
inputs 

Aport VO=3.15VorO 12 
eio 

Bport Per IEEE Standard 1149.0-1991 5 

tAli typtcal values are at Vee (3.3 V) = 3.3 V, Vee (5 V) = 5 V, TA = 25°C. . 
; For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
§ This is the increase in supply current for each input that is at the specified TIL voltage level rather than Vee or GND. 
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-1 
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SN54GTL 16612, SN74GTL 16612 
18-BIT GTULVT UNIVERSAL BUS TRANSCEIVERS 

SCBS480C - JUNE 1994 - REVISED JULY 1995 

timing requirements over recommended ranges of supply voltage and operating free-air 
temperature, VREF = 0.8 V (unless otherwise noted) 

SN54GTL 16612 SN74GTL 16612 

MIN MAX MIN MAX 
UNIT 

fclock Clock frequency 0 95 0 95 MHz 

LEAB or LEBA high 3.3 3.3 
Iw Pulse duration ns 

CLKAB or CLKBA high or low 5.6 5.6 

A before CLKABi 0.9 0 

B before CLKBA i 3.4 ~ 2.5 

A before LEAB.!. 1.2 .~ 0.4 
Isu Setup time 

B before LEBA.!. .1/ 
ns 

1 0.9 

CEAB before CLKABi 2.1 fo.. ..... 1 

CEBA before CLKBAi 2.~"" 2.1 

A aiter CLKABi # 2.7 

Baiter CLKBA i ~.1 0.4 

AaiterLEAB.!. 4.5 3.4 
th Hold time 

B aiter LEBA.!. 
ns 

4.3 3.3 

CEAB after CLKABi 2 1.5 

CEBA aiter CLKBA i 0.5 0.4 

switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, VREF = 0.8 V (see Figure 1) 

FROM TO SN54GTL 16612 SN74GTL16612 
PARAMETER 

(INPUT) (OUTPUT) TYPt TYPt 
UNIT 

MIN MAX MIN MAX 

fmax 95 95 MHz 

tpLH 
A B 

1 2.6 3.8 1 2.6 3.8 
ns 

tPHL 1 2.2 4 1 2.2 4 

tPLH 1.8 3.6 5.4 1.8 3.6 5.4 
LEAB B ns 

tpHL 1.5 3.3 5.5 1.5 3.3 5.5 

tpLH 1.8 3.7 5.3 1.8 3.7 5.3 
CLKAB B 

;:'iiP.5 
ns 

tPHL 1.5 3.3 1.5 3.3 5.5 

tPLH 
OEAB 

1.6 3.3 ~ 4.7 1.6 3.3 4.7 
B 

3.Rf! 
ns 

tPHL 1.3 5.5 1.3 3.2 5.5 

tr Transition time, B outputs (0.5 V to 1 V) jpS. 1.3 ns 

tf Transition time, B outputs (1 V to 0.5 V) .¥l.5 0.5 ns 

tpLH 2di' 4.8 6.9 2 4.8 6.9 
B A 

1.~ 
ns 

tpHL 3.6 5.1 1.4 3.6 5.1 

tPLH 2.1 4.3 6.1 2.1 4.3 6.1 
LEBA A ns 

tpHL 1.9 3.6 5.1 1.9 3.6 5.1 

tpLH 2.3 4.5 6.4 2.3 4.5 6.4 
CLKBA A ns 

tpHL 2.2 4 5.6 2.2 4 5.6 

len OEBA 
1.9 4.7 7.2 1.9 4.7 7.2 

A ns 
Idis 2.5 4.6 6.9 2.5 4.6 6.9 

t All typical values are at VCC (3.3 V) - 3.3 V, VCC (5 V) = 5 V, TA = 25°C. 

~1EXAS 
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SN54GTL 16612, SN74GTL 16612 
18-BIT GTULVT UNIVERSAL BUS TRANSCEIVERS 

SCBS480C - JUNE 1994 - REVISED JULY 1995 

PARAMETER MEASUREMENT INFORMATION 

o BV 1.2V 
S1 o Open soon 

From Output - ___ ----....--'\i\IIr----' TEST S1 
tpLWtPHL Open 2Jn From Output Teet Under Teet 

CL=50pF 
(_Note A) T 500n 

LOAD CIRCUIT FOR A OUTPUTS 

14--tw~ 

tpLZltpZL 
tpHzltPZH 

BV 
GND 

Under Teet Point 

CL=30pF T 
(aeeNoteA) 

LOAD CIRCUIT FOR B OUTPUTS 

I I 3V 

Input 3 X"vm-v-- OV 

3V 

OV 

1·lsu th 
VOLTAGE WAVEFORMS 

PULSE DURATION 
(Vm = 1.5 V for A port and 0.8 V for B port) 

Input~ 1.5.V }.~5-;---:: 
!... \ .J. I I 

tpLH 1- \ I II1II ~ tpHL 
I I 
I ,.----...,~rl -- VOH 

Output 10.8 V 0.8 V ____ J. VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

(A port to B port) 

Input~ 0.8 V \0.8-; -- - 1.2 V 

I I I OV 

tpLH i4 ~ 1411 J tPHL 
I I 
I ,.----~t"l - VOH 

Output 11.5 V 1.5 V _____ J. VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

(B port to A port) 

I I 
--""'\ I ,.----~ 3V 

I~;: Xvmv ~ ov 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

(Vm = 1.5 V for A port and 0.8 V for B port) 

Output 
Control 

,._---3V 

1.5V 

'--_---Ja. - - - - 0 V 
tPZL.....! 14- I 

I I tpLZ~ 14-
Output _--+1"" 1 1 l.r- 3 V 

wa~~:~~~ : "1.5V :.( ~L+~VVOL 
(see Note B) I tpHZ -.I 14-

tpZH --.I 14- I 
Output 

Waveform 2 
(aeeNoteB) 

I ---- VOH 
VOH-0.3V 

--.....I 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

(A port) 

.. OV 

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 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:5: 10 MHz, Zo = 50 n. tr :5:2.5 ns, tf:5:2.5 ns. 
D. The outputs are measured one at a time with one transition per measurement. 

Figure 1. Load Circuits and Voltage Waveforms 

~1ExAs 
INSTRUMENTS 

11-8 POST OFFICE BOX 666303 • DALLAS. TEXAS 75265 



SN54GTL 16616, SN74GTL 16616 
17·BIT GTULVT UNIVERSAL BUS TRANSCEIVERS 

WITH BUFFERED CLOCK OUTPUTS 

• Translate Between GTL Signal Levels and 
LVTTL or ~V nL Signal Levels 

• Members of the Texas Instruments 
Wldebus™ Family 

• Support Mixed-Mode Signal Operation on 
APort 

• Universal Bus Transceiver (UBTTM) 
Combines D-Type Latches and D-Type 
Flip-Flops With Qualified Storage Enable 

• Bus-Hold Data Inputs Eliminate the Need 
for External Pullup Resistors on A Port 

• Flow-Through Architecture Optimizes 
PCB Layout 

• Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 

• Package Options Include Plastic Shrink 
Smail-Outline (DL), Thin Shrink 
Small·Outline (DGG), and Ceramic Flat 
(WD)Packages 

description 

These 17 -bit registered bus transceivers combine 
Ootype latches and Ootype flip-flops to allow data 
flow in transparent, latched, and clocked modes. 
The 'GTL 16616 provide for a copy of CLKAB at 
GTL logic levels (CLKOUn and also provide a 
conversion of the GTL clock to a TIL environment 
(CLKIN). 

The B port operates at GTL levels while the A port 
and control inputs are compatible with LVCMOS, 
LVTIL, or 5-V TIL logic levels. 

SN54GTL16616 ... WD PACKAGE 
SN74GTL 16616 ... DGG OR DL PACKAGE 

(TOP VIEW) 

OEAB 1 CEAB 
LEAB CLKA8 

A1 B1 
GND 4 GND 

B2 
A3 6 83 

Vee (3.3 V) Vee (5 V) 
A4 B4 
A5 B5 
A6 B6 

GND 11 GND 
A7 B7 
A8 B8 
A9 B9 

A10 B10 
A11 B11 
A12 812 

GND GND 
A13 B13 
A14 B14 
A15 B15 

Vee (3.3 V) VREF 
A16 B16 
A17 B17 

GND GND 
eLKIN CLKOUT 
OEBA CLKBA 
LEBA CEBA 

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 or latch-enable can be controlled by the clock-enable (CEAB 
and CEBA) 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 CEAB Is low and 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 if CEAB is also low. 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 CEBA. 

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 SN74GTL16616 is available in Tl's shrink small-outline package (OL), which provides twice the I/O pin 
count and functionality of standard small-outline packages in the same printed-circuit-board area. 

The SN54GTL16616 is characterized for operation .over the full military temperature range of -55°C 
to 125°C. The SN7 4GTL 16616 is characterized. for operation from -40°C to 85°C. 

Widebus and UBT are trademarks of Texas Instruments Incorporated. 

Copyright C 1995, Texas Instruments Incorporated 
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SN54GTL 16616, SN74GTL 16616 
17·BIT GTULVT UNIVERSAL BUS TRANSCEIVERS 
WITH BUFFERED CLOCK OUTPUTS 
SCBS481B-JUNE 1994-REVISEDJULY 1995 

11-10 

FUNCTION TABLEt 

INPUTS OUTPUT 
OEAB B MODE 

CEAB LEAB CLKAB A 

X H X X X Z 

L L L HorL X BO* Latched storage of A data 

L L L HorL X BO§ 

X L .H· X L L 

X L H X H H 
Transparent 

L L L i L L 

L L L i H H 
Clocked storage of A data 

H L L X X BO§ Clock inhibit 

t A-to-B data flow IS shown: B-tc-A data flow IS similar but uses OEBA, LEBA, CLKBA, and 
CEBA. 

* Output level before the indicated steady-state input conditions were established, provided 
that CLKAB was high before LEAB went low 

§ Output level before the indicated steady-state input conditions were established 

~1ExAs 
INSTRUMENTS 
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logic diagram (positive logic) 

OEAB --'---0 

CEAB _5::..:6'--_a 

ClKAB ......,;55=-_-1 

lEAB ....;2=--_~ 

lEBA ....;26=-_~ 

ClKBA _30=-_--1 

CEBA .....;29=-_-0 

A 1 _3=--f---4 ........ 
I 
I 
I 
I 
I 
I 
I L.. _____ _ 

ClKIN ....:2=6 ___ < 

SN54GTL 16616, SN74GTL 16616 
17·BIT GTULVT UNIVERSAL BUS TRANSCEIVERS 

WITH BUFFERED CLOCK OUTPUTS 
SCBS481B-JUNE 1994-REVISEDJULY 1995 

---------, 
I 
154 

D---;t-+-=- B1 

CEI-~~-'-'~~====~~--_< 1D 

I 
I 
I 
I 
I 

C1 t--+--t-e 
ClK 

1 of 17 Channels I _________ .J 

0----41--.....;;3..:-1 ClKOUT 

~1ExAs 
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SN54GTL 16616, SN74GTL 16616 
17-BIT GTULVT UNIVERSAL BUS TRANSCEIVERS 
WITH BUFFERED CLOCK OUTPUTS 
SCBS481B-JUNE 1994- REVISED JULY 1995 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vee: 3.3 V .................................................. -0.5 V to 4.6 V 
. 5 V ..................................................... -0.5 V to 7 V 

Input voltage range, VI (see Note 1): A port ........................................... -0.5 V to 7 V 
8 port ......................................... -0.5 V to 4.6 V 

Voltage range applied to any output in the high or 
power-off state, Vo (see Note 1): A port .......................................... -0.5 V to 7 V 

8 port ........................................ -0.5 V to 4.6 V 
Current into any A-port output in the low state, 10 ••.••••• . • . • . • • . • . • . • • . . • . • • • . . • • • • • • • • • • • •• 128 mA 
Current into any B-port output in the low state, 10 .•.••.• . . • . • . • . . • . • • . • . • . . • • • • . • • • . . • . • • • • • •• 80 mA 
Current into any A-port 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 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 absolut~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 > V cc. 
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 Considerationsapplication note in the 1994 ABT AdvancedBiCMOS Technology 
Data Book, literature number SCBDOO2B. 

recommended operating conditions (see Note 4) 
SN54GTL 16616 SN74GTLI6616 

MIN NOM MAX MIN NOM MAX 
UNIT 

I Supply voltage, 3.3 V 3.15 3.3 3.45 3.15 3.3 3.45 
VCC I Supply voltage, 5 V 

V 
4.75 5 5.25 4.75 5 5.25 

VREF Supply voltage 0.8 0.8 V 

V, Input voltage 
Bport _~CC(3.3V) VCC (3.3 V) 

V 
ExceptBport ~ 5.5 5.5 

V,H High-level Input voltage 
Bport VREF+50mV §/ VREF +50 mV 

V 
Except B port 2 J.. ... 2 

VIL LOW-level Input voltage 
Bport ~ VREF -50mV VREF -50mV 

V 
Except B port _d' 0.8 0.8 

11K Input clamp current <;. .... - -18 -18 mA 

IOH High-level output current Aport -32 -32 rnA 
Aport 64 64 

IOL Low-level output current 
Bport 

mA 
40 40 

TA Operating free-air temperature -55 125 -40 85 ·C 

NOTE 4: Unused inputs must be held high or low to prevent t!'em from floating. 

~1ExAs 
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SN54GTL 16616, SN74GTL 16616 
17·81T GTULVT UNIVERSAL BUS TRANSCEIVERS 

WITH BUFFERED CLOCK OUTPUTS 
SCBS481B-JUNE 1994- REVISED JULY 1995 

electrical characteristics over recommended operating free-air temperature range, VREF = 0.8 V 
(unless otherwise noted) 

PARAMETER 
SN54GTL 16616 SN74GTL 16616 

TEST CONDITIONS 
MIN TYPt MAX MIN TYPt 

VIK 
Vee (3.3 V) = 3.15 V, 

11--18mA -1.2 
Vee (5 V) = 4.75 V 

Vee = MIN to MAx:I:, IOH = -100 IJA Vee- 0.2 Vee- 0.2 

VOH Aport Vee (3.3 V) -3.15 V, IOH=-8mA 2.4 2.4 

Vee (5 V) = 4.75 V IOH=-32mA 2 2 

10L - 100 IJA 0.2 

Vee (3.3 V) = 3.15 V, IOl-16mA 0.4 
Aport 

Vee (5 V) = 4.75 V IOl=32mA 0.5 
VOL 

IOl=64mA 0.55 

Sport 
Vee (3.3 V) = 3.15 V, 

IOL=40mA 0.4 
Vee (5 V) = 4.75 V 

eontrol 
Vee = 0 or MAx:I:, VI =5.5V 10 

inputs 

VI =5.5V 20 

II Aport 
Vee (3.3 V) = 3.45 V, 

VI-Vee 1 
Vee (5 V) = 5.25 V 

VI=O ~ ... -30 

Vee (3.3 V) = 3.45 V, VI - Vee (3.3 V) ill 5 Sport 
Vee (5 V) - 5.25 V VI =0 ill -5 

loff Vee- O, VI orVO = Ot04.5 V <r 100 

Vee (3.3 V) = 3.15 V, VI =0.8V 75 f:j 75 
II(hold) Aport 

Vee (5 V) - 4.75 V VI_2V -75~ -75 

Aport Vee (3.3 V) = 3.45 V, VO=3V ct:t; 1 
10ZH 

Sport Vee (5 V) - 5.25 V VO-l.2V 10 

Aport \lee (3.3 V) - 3.45 V, VO=0.5V -1 
10Zl 

Sport Vee (5 V) = 5.25 V VO-0.4 V -10 

Vee (3.3 V) = 3.45 V, Outputs high 1 

ICC (3.3 V) Aor S port Vee (5 V) = 5.25 V, Outputs low 5 
10=0, 
VI - Vee (3.3 V) or GND Outputs disabled 1 

Vee (3.3 V) - 3.45 V, Outputs high 120 

lee (5 V) A or S port Vee (5 V) = 5.25 V, Outputs low 120 
10=0, 
VI = Vee (3.3 V) or GND Outputs disabled 120 

• Vee (3.3 V) = 3.45 V, Vee (5 V) = 5.25 V, 
alee§ A or control inputs at Vee (3.3 V) or GND, 1 

One input at 2.7 V 

ej 
Control 

VI = 3.15 VorO 3.5 
inputs 

Aport VO-3.15VorO 12 
eio 

Sport Per IEEE 1194.0-1991 5 

t All typical values are at Vee (3.3 V) - 3.3 V, Vee (5 V) = 5 V, TA = 25°C. 
:j: For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
§This is the increase in supply current for each input that is at the specified TTL voHage level rather than Vee or GND. 
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V 

V 

V 

IJA 

IJA 
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mA 

mA 

mA 
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SN54GTL 16616, SN74GTL 16616 
17·BIT GTULVT UNIVERSAL BUS TRANSCEIVERS 
WITH BUFFERED CLOCK OUTPUTS 
SCBS481B-JUNE 1994-REVISEDJULY 1996 

timing requirements over recommended ranges of supply voltage and operating free-air 
temperature, VREF = 0.8 V (unless otherwise noted) 

SN54GTL 16618 SN74GTL 16618 
UNIT 

MIN MAX MIN MAX 

fclock Clock frequency 0 95 0 95 MHz 

LEAB or LEBA high 3.3 3.3 
tw Pulse duration 

CLKAB or CLKBA high or low 
ns 

5.5 5.5 

A before CLKABi 1.1 1.1 

B before CLKBA i 2.6 ~ 2.6 

A before LEAB.!. 0 ~ 0 
Isu Setup time 

B before LEBA.!. If! 
ns 

1 1 

CEAB before CLKABi 1.8~'" 1.8 

CEBA before CLKBA i 2 • .1>S' 2.1 

A after CLKABi S$ 1.6 

B after CLKBA i $.2 0.2 

A after LEAB.!. 4.3 4.3 
th Hold time 

B after LEBA.!. 
ns 

2.8 2.8 

CEAB after CLKABi 0.8 0.8 

CEBA after CLKBA i 0.7 0.7 

~1ExAs 
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SN54GTL 16616, SN74GTL 16616 
17·BIT GTULVT UNIVERSAL BUS TRANSCEIVERS 

WITH BUFFERED CLOCK OUTPUTS 
SCBS481B,-JUNE 1994- REVISED JULY 1995 

switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, VREF = 0.8 V (see Figure 1) 

FROM TO SN54GTL 16616 SN74GTL16616 
PARAMETER 

(INPUT) (OUTPUT) MIN TYP't MAX MIN TYPt 
UNIT 

MAX 

fmax 95 95 MHz 

IpLH 1 2.5 3.8 1 2.5 3.8 
A B ns 

IpHL 1 2 3.8 1 2 3.8 

IpLH 1.5 3.4 5.1 1.5 3.4 5.1 
lEAB B ns 

IPHL 1.4 3.2 5.1 1.4 3.2 5.1 

IpLH 1.5 3.6 5 1.5 3.6 5 
CLKAB B ns 

IpHL 1.4 4.1 5 1.4 4.1 5 

tPLH 3.4 6 $.7 3.4 6 7.7 
CLKAB CLKOUT 

7.4§10.4 
ns 

IPHl 4.3 4.3 7.4 10.4 

IPLH 
OEAB 

1.3 3~ 5 1.3 3.2 5 
B 

~ 
ns 

IpHL 1.1 5 1.1 3.1 5 

Ir Transition lime. B outputs (0.5 V to 1 V) ~.2 1.2 ns 

If Transilion time. B outputs (1 V 10 0.5 V) it .. 0.7 0.7 ns 

IPLH 2.1"C. 4.4 6.5 2.1 4.4 6.5 
B A ns 

IpHL 1.3 3.3 4.8 1.3 3.3 4.8 

IPLH 1.7 3.9 6 1.7 3.9 6 
LEBA A ns 

IpHL 1.3 3.3 4.6 1.3 3.3 4.6 

IPLH 1.7 4.1 6.3 1.7 4.1 6.3 
CLKBA A ns 

IpHL 1.4 3.6 5.3 1.4 3.6 5.3 

tpLH 6.5 10.5 14.3 6.5 10.5 14.3 
CLKOUT ClKIN ns 

IpHL 5.1 8.8 11.8 5.1 8.8 11.8 

len 
OEBA 

1.8 4.7 6.9 1.8 4.7 6.9 
A ns 

Ielis 2 4.7 6.7 2 4.7 6.7 

t All typical values are al VCC (3.3 V) = 3.3 V. VCC (5 V) = 5 V. TA = 25°C. 
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SN54GTL 16616, SN74GTL 16616 
17·BIT GTULVT UNIVERSAL BUS TRANSCEIVERS 
WITH BUFFERED CLOCK OUTPUTS 
SCBS481B-JUNE 1994-REVISEQJULY 1995 

PARAMETER MEASUREMENT INFORMATION 

o BV 1.2V 
S1 o Open 500n 

From Output --.---._--'\;I\I'v __ ....J TEST S1 
tpUi/tpHL Open 2~n From Output Teat Under Teat 

CL=50pF 
(_NoteA) T 500n 

LOAD CIRCUIT FOR A OUTPUTS 

14-- tw ---.! 

tPLZItPZL 
tpHzltpZH 

BV Under Test Point 
G~D CL=30pF 

(see Note A) T 
LOAD CIRCUIT FOR B OUTPUTS 

3V I 1,--__ 3V 

Input 3 X,-vm_v __ OV 

VOLTAGE WAVEFORMS 

T1:::~nu~ ______ ~--J~\.v-m-v----
14 ~ ~ 

OV 

tau It! I I 
PULSE DURATION 

(Vm = 1.5 V for A port and 0.8 V for B port) 

Input .L 1.5V . \ 1.5V --- 3V 

--.J1 I· OV 

tpLH ~ ~I· I I 
II1II ~ tpHL 

I I 
I ,.---...... ~._t -- VOH 

Output 10•8 V 0.8 V ________ J. VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

(A port to B port) 

Input .L 0.8 V \;'8-;---1.2V 

--.J1 I· OV 

tPLH ~ ~ 14 J tpHL 
I I 
I ,-----... ~.-t - VOH 

Output 11.5 V 1.5 V ________ J. VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

(B port to A port) 

---. I ,.---------.~I 3V 
I~:: Xvmv _ VmV 

. OV 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

(Vm = 1.5 V for A port snd 0.8 V for B port) 

Output 
Control 

,._--- 3V 

1.5V 1.5V 
'--_-..J~ ____ OV 

tpZL -.I 14- 1 
1 1 tpLZ~ 14-

Output _--+1""\.1 1 :~ 3V 

wa~~~~~ ~ : " 1.5 V : f VOL + ~ VVOL 

(see Note B) 1 tPHZ-.i 14-
tpZH --.{ 14- I 

Output 
Waveform 2 
(see Note B) 

I ---- VOH 
VOH-0.3V 

----
VOLTAGE WAVEFORMS 

ENABLE AND DISABLE TIMES 
(A port) 

~OV 

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 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 = 50 a, t, S 2.5 ns, tf S 2.5 ns. 
D. The outputs are measured one at a time with one transition per measurement. 

Figure 1. Load Circuits and Voltage Waveforms 

~1EXAS 
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SN54GTL 16622, SN74GTL 16622 
18-BIT LVTIL TO GTUGTL+ BUS TRANCEIVERS 

SCES049 - AUGUST 1995 

• Translate Between GTUGTL+ Signal Levels DGGPACKAGE 

and LVTTL (TOP VIEW) 

• Members of the Texas Instruments 
OEAB CLKAB W1debus™ Family 

1A1 1CEAB 
• Support GTUGTL+ Signal Operation on GND 3 1CEBA 

B Port 1A2 1B1 
• D-1Ype Flip-Flops With Qualified Storage 1A3 GND 

Enable GND 6 59 1B2 
• Bus-Hold Data Inputs Eliminate the Need Vee 58 1B3 

for External Pullup Resistors on A Port 1A4 57 Vee 
• Flow-Through Architecture Optimizes GND 9 56 1B4 

PCB Layout 1A5 55 1B5 

• Packaged In Plastic Thin Shrink 1A6 54 1B6 

Smail-Outline (DGG) Package GND 53 GND 
1A7 52 1B7 

description 1A8 51 1B8 
GND 50 GND 

The 'GTL 16622 18-bit registered bus transceivers 1A9 49 1B9 
contain two sets of D-type flip-flops for temporary 2A1 48 2B1 
storage of data flowing in either direction. GND 47 GND 
The B port operates at GTUGTL+ levels, while the 2A2 46 2B2 
A port and control inputs are compatible with 2A3 45 2B3 
LVTIL logic level. GND 44 GND 

2A4 43 2B4 
Data flow in each direction is controlled by 2A5 42 2B5 
output-enable (OEAB and OEBA) and the clock GND 41 2B6 
(CLKAB and CLKBA) inputs. The clock-enable 2A6 40 VREF (CEAB and CEBA) inputs are designed to 

Vee 39 2B7 
control nine bits at a time, which makes the device GND 38 2B8 
more versatile. 2A7 37 GND 
For A-to-B data flow, the devices operate on the 2A8 36 2B9 
low-to-high transition of CLKAB if CEAB is low. GND 2CEBA 
When OEAB is low, the outputs are active. When 2A9 2CEAB 
OEAB is high, the outputs are in the high- OEBA CLKBA 
impedance state. Data flow for B to A is similar to 
that for A to B but uses O~BA, CLKBA, and CEBA. 

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. 

The SN54GTL 16622 is characterized for operation over the full military temperature range of -55°C to 125°C. 
The SN7 4GTL 16622 is characterized for operation from -40°C to 85°C. 

Wldebus is a trademark of Texas Instruments InCOrporated. 

Copyright @ 1995, Texas Instruments Incorporated 
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SN54GTL16622,SN74GTL16622 
18-BIT LVTTL TO GTUGTL+ BUS TRANCEIVERS 

SCES049 - AUGUST 1996 

11-18 

FUNCTION TABLEt 

INPUTS OUTPUT 
B MODE 

CEAB OEAB CLKAB A 

X H X X Z 

H L X X 80* 
X L HorL X 80* 

Latched storage of A data 

L L t L L 

L L t H H 
Clocked storage of A data 

.. .. t A-to-B data flow IS shown: B-to-A data flow IS Similar but uses OEBA, CLKBA, and CEBA. * Output level before the indicated steady-state Input conditions were established 

~1ExAs 
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SN54GTL 16622, SN74GTL 16622 
18-BIT LVTTL TO GTUGTL+ BUS TRANCEIVERS 

SCES049 - AUGUST 1995 

logic diagram (positive logic) 

OEAB 

1CEAB 63 

ClKAB 64 

ClKBA 33 

1CEBA 
62 

OEBA 32 

1A1 ~2 _-.--1 

OEAB 

2CEAB 34 

ClKAB 64 

ClKBA 33 

2CEBA 
35 

OEBA 32 

2A1 17 

CE 
>---~--------~~~rr--i1D 

t-t-----il> ClK 

CE 
1D~-++-~~--------~--< 

ClK<I--+ ... 

'~----------~V~----------~I 
To Eight Other Channels 

CE 
>---~--------~~~rr--i1D 

H---I>ClK 

CE 
1D~-++-~~--------~--~ 

ClK<I--+ ... 

~----------~v~----------J 
To Eight Other Channels 

~.1ExAs 
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SN54GTL 16622, SN74GTL 16622 . 
18-BIT LVTTL TO GTUGTL+ BUS TRANCEIVERS 

SCES049 - AUGUST 1995 

absofute 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 (see Note 1): A port ......................................... -0.5 V to 4.6 V 

B port ......................................... -0.5 V to 4.6 V 
Voltage range applied to any output in the high or 

power-off state, Vo (see Note 1): A port ........................................ -0.5 V to 4.6 V 
B port ....................... ;................ -0.5 V to 4.6 V 

Current into any A-port output in the low state, 10 . • . • • • . . • • . . . • • . . . • . . . • . . . • • . . • • • . • . • • . . . . . .. 48 mA 
Current into any B-port output in the low state, 10 . • . . .. . • .. . . .. . .. .. . . . . . . . . . . . . . . . . . .. .. . ... 100 rnA 
Current into any A-port output in the high state, 10 (see Note 2) ..............................•. 48 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) ................................ 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 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 ratirigs are observed. 
2. This current flows only when the output is In the high state and Vo > Vcc. 
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 ThermalConsiderationsapplication note in the 1994 ABT AdvancedBiCMOS Technology 
Data Book, literature number SCBD002B. 

recommended operating conditions (see Note 4) 
SN54GTL 16622 SN74GTL 16622 

UNIT 
MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 3.15 3.3 3.45 3.15 3.3 3.45 
V 

VTT Termination voltage 1.14 1.5 1.65 1.14 1.5 1.65 

VREF Supply voltage 0.74 1 1.1 0.74 1 1.1 V 

VI Input voltage 
Bport Vce VCC 

V 
ExceptB port 5.5 5.5 

VIH High-level input voltage 
B port VREF +50 mV VREF +50 mV 

V 
Except B port 2 2 

VIL Low-level input voltage 
Bport VREF -50mV VREF -50mV 

V 
ExceptB port 0.8 0.8 

11K Input clamp current -18 -18 rnA 

IOH High-level output current Aport -24 -24 rnA 

Aport 24 24 
IOL Low-level output current rnA 

Bport 50 50 

TA Operating free-air temperature -55 125 -40 85 ·C 

NOTE 4: Unused inputs must be held high or low to prevent them from floating. 
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SN54GTL 16622, SN74GTL 16622 
18·BIT LVTTL TO GTUGTL+ BUS TRANCEIVERS 

SCES049-AUGUST 1995 

electrical characteristics over recommended operating free-air temperature range, VREF = 1 V 
(unless otherwise noted) 

SN54GTl16622 SN74GTl16622 
PARAMETER TEST CONDITIONS 

MIN TYpt MAX MIN TYpt 

VIK Vee=3.15V, 11=-18mA -1.2 

Vee - MIN to MAX;, 10H = -100 JJA Vee- 0.2 Vee- 0.2 

VOH Aport IOH=-8rnA 2.4 2.4 
Vee- 3.15V 

IOH=-24mA 2 2 

10l = 100 JJA 0.2 

Aport Vee = 3.15 V IOl-8mA 0.4 

IOL=24 rnA 0.5 

VOL Vee - MIN to MAX;, 10L = 100 JJA 0.2 

IOL=10mA 0.2 
Bport 

Vee- 3.15V IOL-40mA 0.4 

IOL=50mA 0.55 

II Vee = 3.45 V, VI = Vee or GND ±5 

loll Vee=O, Vl orVO=Ot05.5V 100 

Aport Vee=3.15V 
VI = 0.8 V 75 75 

II(hold) 
VI=2V -75 -75 

Aport VO=3V 1 
10ZH 

Bport 
Vee = 3.45 V 

VO-l.5V 10 

Aport Vo = 0.5 V -1 
10Zl 

Bport 
Vee = 3.45 V 

Vo=O.4 V -10 

Vee- 3.45V, Outputs high 

ICC A or B port 10=0, Outputs low 
VI- Vee or GND Outputs disabled 

Vee = 3.45 V, 
4lee§ A or control inputs at Vee or GND, 1 

One input at 2.7 V 

ei 
Control 

VI =3.15 VorO 3.5 
inputs 

Aport VO=3.15VorO 7 
eio 

Bport Per IEEE Standard 1149.0-1991 6 

t All typical values are at Vee - 3.3 V, TA. 25°C. 
:j: For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
§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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SN54GTL 1~2, SN74GTL 16622 
18-BITLVTTL TOGTUGTL+ BUS TRANCEIVERS 

SCES049-AUGUST 1996 

timing requirements over recommended ranges of supply voltage and operating free-air 
temperature, Vrr = 1.5 V and VREF = 1 V (unless otherwise noted) 

SN54GTll6622 SN74GTll6622 

MIN MAX MIN MAX 
UNIT 

fclock Clock frequency 0 0 200 MHz 

Iw Pulse duration, ClK high or low 2 2 ns 

Data before CLKi 2 2 
Isu Setup time 

CE before CLKi 
ns 

3 3 

Data after CLKi 0 0 
It! Hokftlme 

CE after CLKi 
ns 

0 0 

switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, Vrr = 1.5 V and VREF = 1 V (see Figure 1) 

FROM TO SN54GTL 16622 SN74GTL 16622 
PARAMETER 

(lNPUn (OUTPUT) TYPt TYpt 
UNIT 

MIN MAX MIN MAX 

fmax 200 MHz 

tpLH 
CLKAB B 

5 
ns 

. tpHL 5.5 

IpLH 
OEAB 

5 
B ns 

tpHL 5 

Slew rate Both transitions 0.3 0.8 Vlns 

Ir Transition time, B outputs (0.6 V to 1.3 V) 0.9 2.3 ns 

tf Transition time, B outputs (1.3 V to 0.6 V) 0.9 2.3 ns 

tpLH 
CLKBA A 

5 
ns 

tPHL 5 

len OEBA 
6.5 

A ns 
!dIs 6 

t All typical values are at VCC - 3.3 V, TA = 25°C. 
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SN54GTL 16622, SN74GTL 16622 
18·BIT LVTTL TO GTUGTL+ BUS TRANCEIVERS 

SCES049 - AUGUST 1995 

timing requirements over recommended ranges of supply voltage and operating free-air 
temperature, VTT = 1.2 V and VREF = 0.8 V (unless otherwise .noted) 

SN54GTL 16622 SN74GTL16622 
UNIT 

MIN MAX MIN MAX 

fclock Clock frequency 0 0 200 MHz 

Iw Pulse duration, CL\< high or low ns 

tsu Setup time 
Data before CLKi 

CE before CLK'!' 
ns 

Data after CLK'!' 
th Hold time 

CEafterCLK'!' 
ns 

switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, VTT = 1.2 V and VREF = 0.8 V (see Figure 1) 

FROM TO SN54GTL 16622 SN740TL 16622 
PARAMETER 

(INPUT) (OUTPUT) MIN TYPt TYPt 
UNIT 

MAX MIN MAX 

fmax 200 MHz 

tpLH 
CLKAB B ns 

tPHL 

tPLH 
OEAB B ns 

tpHL 
Slew rate Both transitions V/ns 

tr Transition time, B outputs (0.6 V to 1 V) ns 

tf Transition time, B outputs (1 V to 0.6 V) ns 

tpLH 
CLKBA A ns 

tpHL 

ten OEBA A ns 
!dis 

0 t All typical values are at VCC = 3.3 V, TA = 25 C. 
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SN54GTL 16622, SN74GTL 16622 
18-81T LVTTL TO GTUGTL+ BUS TRANCEIVERS 

SCES049 - AUGUST 1995 

PARAMETER MEASUREMENT INFORMATION 
VTT:: 1.5 V, VREF = 1 V 

o 6V 

S1 
VTT 

o Open 
TEST S1 

tPLtt/tPHL Open 2~0 From Output Teet 

5000 
FromOutput __ -' __ ~~~NV ____ -J 

Under Test 

CL=50pF 

(see Note A) I 5000 

LOAD CIRCUIT FOR A OUTPUTS 

IIIII--tw~ 

tPLZltpZL 
tpHZltpZH 

6V Under Teet. Point 
GND CL=30pF 

(see Note A) T 
LOAD CIRCUIT FOR B OUTPUTS 

3V I 1 ___ 
3V 

Input 3 X,-1._5_V __ 0 V 

VOLTAGE WAVEFORMS 

OV 

____ ~I I 3V 

Data~~~ )(1.5 V ~ PULSE DURATION 

Input L 1.5V \1.5~--- 3V 

---II I . OV 
tpLH~ ~ I I 

I 14 ~ tpHL 

I ~-------~ti - VOH 
Output / VREF VREF ____ oJ. VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

(A to B port) 

Input L~.5V \1.5~---3V 
---II I· OV 
tPLH~ J I I 

., I.~ tpHL 
I I 
I _-------~ti - VOH 

Output /1.5 V 1.5 V 
____ oJ. . VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

(B to A port) 

____ JI I OV 

Data ~~~ ___ J~VREF ~ :~ 
VOLTAGE WAVEFORMS 

SETUP AND HOLD TIMES 
(Vm = 1.5 V for A port and 0.8 V for B port) 

Output 
Control 

Output 
Waveform 1 

S1 at6V 
(see Note B) 

Output 
Waveform 2 
(see Note B) 

,....--- 3V 

1.5V 1.5V 

'--_---J,[l_ - - - 0 V 
tPZL...,.I j+- I 

I I tPLZ~ ~ 
_~If-'li II 3V 

: \ 1.5V : Y;:;VVOL 

I tpHZ -.I 14-
tpZH --+I ~ I . 

I ---- VOH 
VOH-0.3V 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

(A port) 

~OV 

NOTES: A. CL includes probe and jig capacitance. 
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 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. 

Figure 1. Load Circuits and Voltage Waveforms 
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SN54GTl16921, SN74GTl16921 
20-81T FLlP·FlOPS 

WITH GTl UO lEVELS 

SN64GTL18921 ••• WD PACKAGE • EPIC-IIBTM (Enhanced-Performance 
Implanted CMOS) Submlcron Process SN740TL 16821 ••• DGG OR DL PACKAGE 

• Members of the Texas Instruments 
Wldebus™ Family 

• Provide GTL Signals Levels on Both Inputs 
and Outputs 

• Distributed Vee and GNO Pin Configuration 
Minimizes High-Speed Switching Noise 

• Flow-Through Architecture Optimizes 
PCB Layout 

• Package Options Include Plastic Shrink 
Smail-Outline (OL) and Thin Shrink 
Smail-Outline (OGG) Packages, and 
Ceramic Flat (WO) Package 

description 

The 'GTL 16921 have 20 single-bit flip-flops, 
which are designed to provide terminated GTL 
logiC levels. 

These devices can be used as one 20-bit flip-flop. 
The 20 flip-flops are edge-triggered D-type 
flip-flops. The 'GTL 16921 provide true data at the 
Q outputs on the positive transition of the clock 
(ClK) input. . 

The output-enable (OE) input can be used to 
place the outputs in a high state.The output
enable 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. 

The SN54GTL 16921 is characterized for 
operation over the full military temperature range 
of -55°C to 125°C. The SN74GTL16921 is 
characterized for operation from O°C to 70°C. 

FUNCTION TABLE 
(each flip-flop) 

INPUTS OUTPUT 
OE CLK D Q 

L l' H H 

L l' L L 

L L X 00 
H X X Z 

EPIC-lIB and Widebus are trademar1<s of Texas Instruments Incorporated. 

:lllExAs 
INSTRUMENTS 

POST OFFICE BOX 666303 • DALlAS. TEXAS 76266 

(TOP VIEW) 

Q1 1 elK 
Q2 2 01 

GNO 3 54 02 
Q3 53 03 
Q4 52 04 

GNO 6 51 GNO 
Q5 50 05 
Q6 49 06 
Q7 48 07 

GNO 47 GNO 
Q8 11 46 08 
Q9 45 09 

010 44 010 
Vee 43 Vee 

GNO 42 VREF 
011 41 (5E 

012 40 011 
013 39 012 

GNO 36 013 
014 37 GNO 
015 36 014 
016 35 015 

GNO 34 016 
017 33 GNO 
018 017 

GNO 018 
019 019 
020 020 

Copyright C 1995. Texas Instruments Incorporated 
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SN540TL 16921, SN74GTL 16921 
20-81T FLIP-FLOPS 
WITH GTL ,UO LEVELS 
SCSS313C-JULY 1893-REVISEDJULY 1895 

logic diagram (positive logic) 

em 41 

eLK H 

C1 

D1~5~5----------~--~1D 

'-----.v,..----' 
To 18 Other Channels 

1 Q1 

absolute maximum ratings over operating free-air temperatura range (unless otherwise noted)t 

Supply voltage range, Vee •.••....•......•...••.....•..............••...•••....•.. -0.5 Vto 4.6 V 
Input voltage range, VI (see Note 1) ••...••••.. ; •••.••••...••..••••..••••.•••.....•. -0.5 V to 4.6 V 
Current into any output In the low state, 10 •••. • • • • • • • • • • • • • • • • • • • . • • • • • • • • • • • • • • • • • • • • • . • • • •• 80 mA 
Input clamp current, 11K (VI < 0) .•••••••.••..•••••.••••••••••..•••...••.....•...•.•....•.• -50 mA 
Output clamp current, 10K (VO < a or Vo > 0) .............................................. ±50 mA 
Continuous current through Vee or GND ................................................. ±100 mA 
Maximum power dissipation at TA - 55°C (in still air) (see Note 2): DGG package ................... 1 W 

DL package .................... 1.4 W 
Storage temperature range, Tstg .....•...............•••....•••.•..•..••••.•••••.. -65°C to 150°C 

t stresses beyond those listed uncler "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-maxlmum-rated conditions for extended periods mey 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. 

11-26 

2. The maximum package power dissipation is calculated using a junction temperature of 150·C and a Iioarc:I trace length of 750 mils. 
For more information, refertothe Packsge Therma/Considellltionsapplication note in the 1994ABT AdvancedBICMOS Technology 
Data Book,literature number SCBD002B. 
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recommended operating conditions 
SN540TL 18921 

MIN NOM MAX 

Vee Supply voltage 3 3.6 

VREF Supply voltage 0.74 0.8 0.87 

VI Input voltage 0 VCC 

VOH High-level output voltage 3.6 

VIH High-level Input voltage VREF+50mV 

VIL Low-Ievellnput voltage VREF -50mV 

11K Input clamp current -18 

10L Low-Ievel output current 40 

TA Operating free-air temperature -55 125 

SN54GTL 16921, SN74GTL 16921 
2()"BIT FLlP·FLOPS 

WITH GTL I/O LEVELS 
SCBS313C-JULY 1993-REVISEDJULY 1995 

SN74GTL 18921 

MIN NOM MAX 
UNIT 

3 3.6 V 

0.74 0.8 0.87 V 

0 Vee V 

3.6 V 

VREF+50mV V 

VREF -50mV V 

-18 mA 

40 mA 

0 70 ·C 

electrical characteristics over recommended operating free-air temperature range, VREF = 0.8 V 
(unless otherwise noted) 

PARAMETER TEST CONDITIONS 
SN54GTL 18921 

MIN TYP't MAX 

SN74GTL18921 

MIN TYP't MAX 
UNIT 

VIK VCC- 3V, 11--18mA -1.2 -1.2 V 

VOL VCC-3V. IOL-40mA 0.4 0.4 V 

lVI-Vee 5 5 
II VCC-3V 

IVI-o -5 -5 
pA 

10H VCC-3V, VOH-3.6V pA 

lee 
I Outputs high VCC-3V, 10- 0, mA I Outputs low VI - Vee or GND 

Ci Per IEEE1194.0-1991 4 4 pF 

Co Per IEEE1194.0-1991 6 6 pF 

t All typical values are at VCC - 3.3 V, TA - 25"0. 
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IMPORTANT NonCE 

Texas Instruments Incorporated (TI) reserves the rlghtto make changes to Its products orto discontinue 
any semiconductor product or service without notice, and advises Its customers to obtain the latest 
version of relevant Information to verify, before placing orders, that the Information being relied on Is 
current. 

TI warrants performance of Its semiconductor products and related software to current specifications 
In accordance with TI's standard warranty; Testing and other quality control techniques are utilized to 
the extent TI deems necessary to support this warranty. Specific testing of ali parameters of each device 

. Is not necessarily performed, except those mandated by govemment requirements. 

Please be aware that TI products are not Intended for use In life-support appliances, devices, or 
systems. Use ofTI product in such applications requires the written approval of the appropriate TI officer. 
Certain applications using semiconductor devices may involve potential risks of personal InJury, property 
damage, or loss of ilfe. In order to minimize these risks, adequate design and operating safeguards 
should be provided by the customer to minimize Inherent or procedural hazards. Inclusion ofTI products 
In such applications Is understood to be fully at the risk of the customer using TI devices or systems. 

TI assumes no liability for applications _stance, customer product design, software performance, or 
Infringement of patents or services described herein. Nor does TI warrant or represent that any license, 
either express or implied, is granted under any patent right, copyright, mask work right, or other 
intellectual property right of TI covering or relating to any combination, machine, or process In which 
such semiConductor products or services might be or are used. 

Copyright C 1993, Texas Instruments Incorporated 

Printed in the U.S.A. 
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Introduction 

The evolution to a 3.3-V supply voltage is being driven by a complex matrix of requirements. Leading the way are the 
characteristics of advanced semiconductor processing and the need to reduce system power without a corresponding tradeoff in 
system performance. Reduction of the horizontal and vertical feature sizes of transistors is the most common method of increasing 
the density of cells that can be contained in an integrated circuit. These feature sizes or geometries are typically represented as 
minimum process dimensions for advanced products such as dynamic random access memorit;S (DRAMs). 

DRAM manufacturers have forecasted that all 64M-bit versions will be developed for operation from a supply voltage of 
3.3 ± 0.3 V. For 16M-bit DRAM products, there is no such rule of thumb as certain vendors expect to operate from 3.3 V, while 
others offer different product versions with differing voltage levels. An approach used by several manufacturers is to provide 5-V 
power-supply operation externally with internal step-down conversion to 3.3 V. For static random access memories (SRAMs), 
manufacturers have announced that most 16M versions will operate at 3.3 V or lower (down to 2.7 V). 

'IYPicalIM-bit DRAM geometries are on the order of 1.2 JIm and it is not a problem to apply a 5-V power supply to this type 
of product. However, as the feature sizes of DRAMs shrink, the stresses of 5-V operation can preclude their reliable operation 
due to high field-effect failures. One such effect is hot-carrier injection that over time increases the transistor's threshold,leading 
to eventual nonoperation. Another field-effect concern is the breakdown of the transistor's gate oxide causing internal shorts; 
therefore, reducing the supply voltage is one way to ensure reliable operation of devices fabricated in state-of-the-art processes. 

The reduction of Vee from 5 V to 3.3 V reduces the power consumed by the device, which increases system reliability while 
reducing costs associated with the removal of the heat. The power consumption of a device is primarily a function of its capacitive 
load, frequency of operation, and supply voltage. However, capacitive load and frequency have a linear effect on a device's power 
consumption while supply voltage has a square relationship. Because of this square relationship, a small reduction in voltage 
significantly reduces the power consumed, as illustrated in Figure I, and is a driving factor to 3.3-V operation. 

• I 

IS 
'i 
E 
i 
8 
I 
I 

IL 

1.2 
8-Blt Devices 
All Switching 

1.0 

0.8 

0.8 

0.4 

I5.VABT./ / 

./ 
/ 

/' 
V 

V ~~ --/' 0.2 

V o 
o 

~ 

10 20 30 40 

f - Operating Frequency - MHz 

./ 

50 

FIgure 1. 3-V to 5-V Power Versus Frequency Comparison 
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The Market for Low Voltage 

User demand for low-voltage products can be grouped into specific brackets depending on their performance-power priorities. 
End equipments, such as multiuser servers, engineering workstations, high-end desktop PCs, and other high-performance 
motherboards, favor high performance over low power, but are interested in 3.3-V products to reduce or eliminate bulky, noisy 
cooling fans in the attempt to shrink external case size for better desktop fit Some end equipments favor low power at the expense 
of high performance such as battery-powered notebooks and palmtop computers, portable test equipment, and point-of-sale 
terminals. A few end equipments require equal priority for high performance and low power, such as laptop computers, 
automotive, and air/space products. 

The universal benefits to users of low-voltage products are higher reliability and lower cost; The higher reliability is relative to 
standard 5-V solutions and results from lower stress gradients on device junctions and oxides,lower buildup of heat due to lower 
power consumption, and improved signal integrity from the reduction in ground bounce and signal noise. Lower power 
consumption usually yields lower costs since power costs money to generate and heat costs money to dissipate. All things 
considered, it is desirable to use inexpensive plastic packages instead of metal or ceramic to dissipate heat. For battery users, an 
added benefit of the lower power consumption of low-voltage products is one of increased battery lifetime. 

Of all the end-equipment groups that can benefit from the use of low-voltage products, it appears that demand will be initially 
driven by battery-operated computers. This market segment is defined by notebook and palmtop computers, as well as 
point-of-sale terminals, which are designed to capture data at remote field sites and either store it for, downloading later or transmit 
it real time via an on-board transmitter. The goal for these systems is to have a battery life of eight to ten hours, roughly the 
equivalent of one workday or the time to complete a transcontinental airplane trip. 

The unregulated battery market is itself quite varied however, because different batteries exhibit very different voltage 
characteristics between fully charged and !iischarged states. Two AA batteries provide for 3-V supply when charged, decreasing 
to about 2.7 V after use. Three NiCad batteries provide for a baseline 3.6-V supply fully charged, but the spread actually runs 
from about 3.3 V up to 3.9 V. For now, the unregulated battery market demands low-voltage products that are optimized to run 
from 2.7 Vup as high as 3.9 V. Since performance is directly related to supply voltage, it is more important for device optimization 
to be extended down to 2.7 V, where devices slow down appreciably. 

There are some barriers for low-voltage acceptance in the short term. Specification standardization remains an issue. Also, the 
access to adequate supplies of 3.3-V devices can be a problem. Generally, DRAM memories are leading the way into 3.3-V 
operation with SRAM memories close behind. Coupled with the low-voltage microprocessors now available, systems are being 
implemented with the core components operating at 3.3 V. Hindering the migration to a full 3.3-V system is the availability of 
support products such as: disk drives, LCDs, AID converters, RF transmitters, and EPROMS. 

Migration to 3.3 V 

The need to migrate to power supplies with supply voltages less than 3.3 V has been an issue since 1984 when two mDEC 
standards were adopted. Standard 8.0 was intended to address both regulated (3-V to 3.6-V) and unregulated (2-V to 3.6-V) 
battery applications. Standard 8.1 was intended to address higher-performance applications operating from a regulated power 
supply that could interface to a standard 5-V TIL device as well as a low-voltage device. Essentially Standard 8.0 established 
regulated low-voltage CMOS (LVCMOS) and unregulated low-voltage battery-operated (LVBO) interfaces, and Standard 8.1 
established the low-voltage TIL (LVTIL) interface. 

Committee members have since determined that the original two standards are inadequate. Since most systems currently require 
a TIL interface, Standard 8.1 LVTIL is the most critical one being reviewed now. When ratified, the new LVTIL standard will 
present methods for interfacing with 5-V systems and contain a provision for battery-operated systems. Until this happens, a 
generic lack of compatibility will exist between the various 3.3-V and 5-V interfaces. 
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Existing solutions for 3.3-V operation have historically been 5-V products and processes characterized for 3.3-V operation. A 
CMOS process is typically chosen because of the scaling effect of the inverter'thresholds with respect to the supply voltage. 
HCMOS and Advanced CMOS devices support both 5-V and 3.3-V operation by this method. One drawback is slower 
propagation delay when compared to parts specifically designed for 3-V operation. A limitation of many of these devices is their 
inability to directly interface to a 5-V system when running off a 3.3-V supply, due to diodes from the input and input/output (YO) 
pins to Vee. This limits input voltages to V cc + 0.5 V and limits direct connection to a 5-V system. 

Mixed-Mode Operation 

This dilemma of device incompatibility between the large installed base of 5-V systems with the newly emerging 3.3-V systems 
is a serious industry concern. Mixed-mode operation allows for direct communication between the two systems. Devices that 
support this mode must be designed for maximum input voltages of 5.5 V, without any long-term reliability issues. Another 
concern is that the output drive must be capable of driving a standard-TIL backplane, while still providing for rail-to-rail 
switching for compatibility with 3-V CMOS systems. 

Figure 2 compares the standard-TILde interface levels with two of the emerging low-voltage standards. Low-voltage CMOS 
(LVCMOS) is a pure CMOS specification that specifies low currentrail-to-rail output drive along with input voltage levels, VIH 
and VIL, which are ratios ofVce. Low-voltage TIL (LVTIL) utilizes the standard-TIL input levels of 0.8 V and 2 V. as well 
as specifying a higher de output drive than LVCMOS. To ensure interoperability between these three varied standards, a 
multipurposed low-voltage interface device must meet all of the requirements of the three different specifications. 

LVCMOS 

(2.7 V - 3.8 y) 

LVTTL 

(3V-3.8Y) 

3.3 V 3.3 V 

VOH VCC-O.1 

VOH 2.4 V 

VIH o.7VCC 
VIH 2V 

VTH O.5VCC VTH 1.5V 

VIL 0.8 V 
VIL O.2VCC VOL G.4V 

VOL 0.1 V 

OV OV 

TTL 

(4.5 V - 5.5 y) 
5V 

VOH 2.4 V 

VIH 2V 

VTH 1.5V 

VIL 0.8 V 
VOL 0.5 V 

OV 

Figure 2. Comparison of 3.3-V and S-V Interfaces 
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LVT Family Characteristics 

To address the need for a complete low-voltage interface solution, Thxas Instruments has developed a new generation of logic 
devices capable of mixed-mode operation. The LVT series of devices rely on a state-of-the-art submicron BiCMOS process to 
provide up to a 90% reduction in static power dissipation over ABT devices and provides the following family characteristics: 

5.5-V maximum input voltage 

Specified 2.7-V to 3.6-V supply voltage 

yO structures that support power-on (live) insertion 

Standard TIL output drives of: 
VOH-2 V atIoH--32mA 
VOL -0.55 VatloL- 64mA 

Rail-to-rail switching for driving CMOS 

Maximum supply currents of: 
ICCL-15mA 
IcCH - 250 J.IA 
ICCZ - 250 J.IA 

Propagation delays of: 
lpd < 4.6ns 
lpd (LE to Q) < 5.1 ns 
lpd (CLK to Q) < 6.3 ns 

Surface-mount packaging support including fme-pitch packages: 
48- and 56-pin SSOP for LVT Widebus™ 
20- and 24-pin TSSOP for standard LVT 

LVT input/output characteristics 

Figure 3 shows a simplified LVT output and illustrates the mixed-mode signal drive designed into the output stage. This 
combination of a high-drive TIL stage with therail-to-rail CMOS switching gives the LVT series of product extreme application 
flexibility. These parts have the same drive characteristics as 5-V ABT devices, as shown in Figure 4, providing the de drive 
needed for existing 5-V backplanes and allowing for a simple solution to reduce system power via the migration to 3.3-V 
operation. 

Not only can LVT devices operate as 3-V-to-5-V level translators by supporting input or YO voltages of 5.5 V with 
V CC - 2.7 V to 3.6 V, the inputs can withstand 5.5 V even when V CC - 0 V. This allows for the devices to be used under partial 

. system power-down applications or when live insertion is required. 

Wldebus Is a trademark of Texas Instruments Incorporated. 
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Bus Hold 

Many times devices are used in applications that do not provide a pullup or pulldown voltage to the input or 110 pin when the 
driving device goes into ahigh-impedance state, as in the case of CMOS buses ornonbusedlines. Th prevent application problems 
ot oscillations, a large pullup resistor is typically used, but this consumes board area and contributes to driver loading. The LVT 
series of devices incorporate active circuitry .that bolds unused or floating inputs or 1I0s at a valid logic level. This circuitry 
provides for a typical holding current, ± 100 pA. that is sufficient enough to overcome any CMOS-type leakages. Since this is 
an active circuit, it does take current, approximately ±5oo J1A, to toggle the state of the input. This current is negligible when 
compared to the magnitude of current that is needed to charge a capacitive load and does not affect the propagation delay of the 
driving output. 

Conclusion 

LVT devices solve the system need for a transparent interface between the low-voltage and 5-V sections by providing for 
mixed-signal operation. The devices support live insertion or partial-power applications while providing low-input leakage 
currents. The outputs are capable of driving today's 5-V backplanes with a considerable reduction in the device's power 
consumption and are packaged in state-of-the-art fine-pitch surface-mount packages. 
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Introduction 

The increasing demand for lower system power consumption has brought many new design challenges. Among them is the 
problem of safely and efficiently interfacing the various switching levels in today's mixed 3.3-V and 5-V systems while 
maintaining the lowest possible total-system power consumption. 'l\vo competing methods of accomplishing this mixed-mode 
signal translation have emerged: 

Split-rail or dual 3.3-V and 5-V Vee devices 

Completely 5-V tolerant, pure 3.3-V Vee components 

This application report deals with the pros and cons of using both device types and offers additional suggestions for even greater 
system-power savings. 

Split-Rail Level Shifters 

Split-rail level shifters are a class of transceiver devices that have Both a 5-V and 3.3-V Vee rail. Products in this class can be 
used effectively as level shifters and datapath voltage translators, but the following precautions are usually reco=ended: 

Dual-Vee rail devices typically have strict power sequencing requirements to prevent leakage or even damage to the 
devices in the event that one Vee rail ramps faster than the other. These stringent requirements are often difficult to 
meet from a system-timing standpoint and offer little flexibility for partial system power down or other advanced 
power-saving design techniques. 

Simply because the device has a 5-V Vee pin does not necessarily ensure that the part will actually switch all the way 
tothe5-Vrail.Switchingto5Visonewaytoreducethepowerconsumptionin5-Vmemoriesor other pure 5-V CMOS 
circuits that are driven by a level-shifter device (this application report demonstrates others as well). 

A quick check of the data sheet for the product in question reveals if the part drives all the way to the 5-V rail. H the output high 
voltage (V OH) minimum is around 4.44 V, it does drive to the rail. Five-volt level shifters with TIL-compatible outputs typically 
drive only to around 3.6 V. 

5-Y Tolerant, Pure 3.3-Y Yee Level Shifters 

A second class of products created to meet these design challenges offers the same voltage translation and level-shifting 
capabilities as the split-rail devices previously mentioned. From a single vee source, they avoid the power-sequencing problems 
of the split rails and are also offered in a number of functions, bit widths, and storage options. The one potential drawback of the 
single-Vee products is that the outputs do not pull all the way to the 5-V Vee rail ... but is this really a drawback? 
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The Misconception About Aicc 

The component selection of a level shifter impacts two major aspects of total systeln.-power dissipation: 

The impact that the VOH level of the driving part (A in Figure 1) has on the power dissipation of the receiving device 
(B in Figure 1), commonly known as Alec, and the power of the device itself. 

Level-Shlftlng 
Driver 

&oVCMOS 
Receiver 

3.3-VVCC ~ ~ 5-VVCC 
Subsystem ----11/'>----11/-'>--- Subsystem 

Note: Unidirectional mode illustrated for simplicity. 

Figure 1. Basic Logic Data Transceiver 

Alec is the added power dissipation induced into a TIL-compatible 5-V CMOS device (B in Figure 1) due to the VOH level of 
the driving device (A in Figure I). It would correctly be expected that a TIL-compatible 5-V CMOS product have higher power 
dissipation if it was driven by a device with a V OH of 3.6 V than if that same device was driven by a 5-V VOH driver. 

Figure 2 shows a typical CMOS input stage and the Alec current associated with switching the device through the input voltage 
range from 0 to Vee. 

CMOS Input Structure AICC for CMOS Input 

Vec 5 

~ 
/\ 
I 

, 

" 

4 

3 

2 

I " ~ ~ 
GND 

o 
o 2 3 4 5 

VIN -Input Voltage - V 

Figure 2. Basic CMOS Input Structure and Typical Alee Current 

As expected, the Alec current approaches zero at the Vee and ground rails, and peaks in the TIL-threshold region of 1.5 V. 
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Figure 3 is a graph of the Alec (i.e., additional IcC> that is induced into a 16-bit device (all outputs switching) as a function of 
VOH and frequency. 
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Figure 3. 4100 -18-Blt Device 

As shown in Figure 3, 4Icc is in fact 2 to 3 mA higher for the case where VOH is only 3.1 V than for the same device driven to 
the S-V rail by a pure S-V CMOS device. From this, one might be tempted to conclude that the best possible solution would be 
to always select a part that switches all the way to the S-V rail, but this conclusion fails to consider the system-power impact of 
the driving device. 
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Figure 4 shows the VOH of two devices: the Fcr164245 split-rail device. from Integrated Device Technologies and the 
'LVT16245A from Texas Instruments. 
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~ 
I 
I 
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.jl 
GND 

J 
I 

r- .- --- r----- --- --- ----

o 5 10 15 20 25 30 35· 

TIme-ne 

Figure 4. YOH of FCT164245 and 'LVT16245A 

From Figure 4, it can be correctly concluded that the induced Mcc current in a part driven by the LVT part would be higher than 
the FCT device. The problem with this conclusion is that alec is only one of the two components of total-system power 
dissipation that selection of a level-shifter device has from system standpoint. 

Figure 5 shows the total power dissipation of the same lOT split-rail device, the TI 'LVT16245A, and theworst~case alec 
(YOH - 3 .. 1 V) graphed on the same vertical scale. 
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Figure 5. Total·System Power-Dissipation Impact 
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From Figure 5, it can be seen that even if a split-rail device pulls all the way to the 5-V rail (which the lOT part does not), the 
power savings in alec is more than offset by the huge switching currents that the split rail draws from the 5-V rail. The negative 
implications on heating, reliability, and battery life are obvious. 

More Savings Are Possible 

Some systems use a means of power savings known as partial power down. In partial power-down mode,a system basically shuts 
off the Vee to some unused circuits during times of inactivity, thus eliminating even low standby currents. All of the members 
of11's low-voltage technology (LVT) product line previously mentioned offer a parametric specification Ioff, which ensures that 
the output pins of the parts remain in a high-impedance state when the supply voltage is at 0 V. This prevents an inactive LVT 
device from dragging down the bus of an active part in the system and allows the LVT part to become a partition for the partially 
powered-down unused subsystem. The LVT device still functions as a level shifter and voltage translator when power is restored 
to the inactive subsystem. 

Another asp~t of system power dissipation is the use of passive resistor pu1lups to keep a local bus from floating and causing 
damage to the devices on the bus. Pullups were sufficient for the older desktop systems where power consumption was not as 
much of a concern, but pullup resistors in portable equipment can have a serious impact on battery life, and as such must be 
addressed. 

Products like the 'LVT16245A (and others) from 11 have a circuit feature called a bus-hold cell (shown in Figure 6). This cell 
eliminates these passive components and all of the procurement costs, board space, bus parasitics, and, also, power dissipation 
associated with them. The bus-hold cell does not load down the bus or add any significant power dissipation to the LVT device. 

Input Inverter 
Stage 

1/0 Pin n---4I..----I 

Figure 6. LVT Bus-Hold Cell 

Conclusion 

Mixed 3.3-V and 5-V systems can be optimized for low power and low cost by the judicious selection of the appropriate 
voltage-level shifter component. Split-rail level shifters can affect this voltage translation, but selection of this device is burdened 
with serious design tradeoffs in power sequencing, partial system power down, and system power dissipation. Further savings 
in both power and component cost can be realized if the component selected has a bus-hold cell or other means of eliminating 
passive system components. 
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Introduction 

To address the need for a complete low-voltage interface solution, Texas Instruments has developed a new generation of logic 
devices capable of mixed-mode operation. The LVT series rely on a state-of-the-art submicron BiCMOS process to provide up 
to a 90% reduction in static power dissipation over ABT, as well as the following family characteristics: 

5.5-V maximum input voltage 

Specified 2.7-V to 3.6-V supply voltage 

I/O structures which support live insertion 

Standard TTL output drives of: 
VOH- 2 V at IoH--32 rnA 
VOL - 0.55 Vat IoL - 64 rnA 

Rail-to-rail switching for driving CMOS 

Maximum supply currents of: 
!eCLS; 15 rnA 
!eCHS;200~ 
!eCZS;200~ 

Propagation delays of: 
;,d < 4.6 ns 
;,d (LE to Q) < 5.1 ns 
;,d (CLK to Q) < 6.3 ns 

Surface mount packaging support including fine-pitch packages: 
48-/56-pin SSOP and TSSOP for LVT Widebus™ 
20-/24-pin SDIC and TSSOP for standard LVT 

LVT Input/Output Characteristics 

Figure 1 shows a simplifiedLVT output and illustrates the mixed-mode-signal drive designed into the output stage. This combina
tion of a high-drive TTL stage along with the rail-to-rail CMOS switching gives the LVT series of product extreme application 
flexibility. These parts have the same drive characteristics as 5-V ABT devices (see Figure 2), and provide the dc drive needed 
for existing 5-V backplanes. This allows for a simple solution to reduce system power via the migration to 3.3-V operation. 

HIgh-DrIve BIpolar 
for TTL Backplane DrIvIng 

Vee 

Ls CMOS Pull-UpiPull-Down r for Rall-to-Rall SwItchIng 

Output PIn 

Figure 1. Simplified LVT Output Structure 
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Figure 2. ABT Versus LVT Output-Drive Comparison 

Not only can LVT devices operate as 3-V to 5-V level translators by supporting input or 110 voltages of 5.5 V with 
Vee - 2.7 V to 3.6 V, the inputs can withstand 5.5 V even when Vee - 0 V. This allows for the devices to be used under partial 
system power-down applications or those which require live insertion. 

Bus Hold 

Many times, devices are used in applications that do not provide a pullup or pulldown voltage to the input or 110 pin when the 
driving device goes into a high-impedance state, as in the case of CMOS buses ornonbused lines. To prevent application problems 
or oscillations, a large pullup resistor is typically used, but this consumes board area and contributes to driver loading. The LVT 
series of devices incorporate active circuitry that holds unused or floating inputs or 1I0s at a valid logic level. This circuitry 
provides for a typical holding current, ±lOO jJA, that is sufficient enough to overcome any CMOS-type leakages. Since this 
is an active circuit, it does take current, approximately ±500 J.IA, to toggle the state of the input This current is trivial when 
compared to the tens of mA of current that is needed to charge a capacitive load, thereby not affecting the propagation delay of 
the driving output. 

Conclusion 

LVT devices solve the system need for a transparent seam between the low-voltage and 5-V sections by providing for 
mixed-signal operation. The devices support live-insertion or partial-power applications, wbileproviding for low-input leakage 
currents. The outputs are capable of driving today's 5-V backplanes, with a considerable reduction in device power consumption, 
as well as being packaged in state-of-the-art tine-pitch surface-mount packages. 

Wldebus Is a trademark of Texas Instruments Incorporated. 
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'LVT244 Characteristics 
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'LVT244 Typical dc Characteristics 
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Unloaded tr and tf Rates 

The circuit shown in Figure 12 was used to measure the unloaded transition rates of the output. 
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'LVT646 CharacteristiCs 
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Figure 19.Clock-to-Q Propagation Delay Versus Free-Air Temperature 
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3.25 
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Figure 20. Clock-to-Q Propagation Delay Versus Free-Air Temperature 
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Figure 21. Propagation Delay Versus Outputs Switching 
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Figure 22. Propagation Delay Versus Load Capacitance 
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24-Pln SOIC (DW)t 
A .... = 185mm2 
Height = 2.85 mm 

Leed pitch = 1.27 mm 

D 
24-Pln TSSOP (PW)t 

Aree=54mm2 
Height = 1.1 mm 

Le8cI Pitch = 0.85 mm 

t n package designators 

230 

210 

180 

~ 
°1 170 

I 
I 150 

J 
110 

J 100 
1 

~~ 80 

80 

70 

80 
0 0.25 

Packaging Options 

WldebU.™ 

48-Pln SSOP (DL)t 
A .... =171mm2 

Height = 2.74 mm 
Le8cI pitch = 0.835 mm 

Shrink Wldebus™ 

CJ 
-48-Pln TSSOP (DGG)t 

A .... =108mm2 
Height = 1.1 mm 

Le8cI Pitch = 0.5 mm 

Thermal Characteristics 

[ 

2().Pln SOIC 

0.80 0.75 1.00 

Linear Air Flow - mi. 

Wldebus and Shrink Wldebus are trademarks of Texas Instruments Incorporated. 
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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 -----------------------' 

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: 74LVOO 
74LVT244A 
74ALVCH16244 

PacQge--------------------J 

MUST CONTAIN ONE TO THREE LETIERS 
0, OW .. plastic small-outline package 
DB, DL plastic shrink small-outline package 
DGG, PW.. plastic thin shrink small-outline package 
FK leadless ceramic chip carrier 
HV ceramic quad flat package 
J, JT dual-in-line package 
PM = plastic quad flat package 
WD ceramic flat package 
(from pin-connection diagram on individual data sheet) 

Tape and Reel PacQglng----------.J 

Valid for surface-mount packages only. All orders for tape and reel must be for whole reels. 

MUST CONTAIN ONE OR TWO LETIERS 
LE = Left embossed tape and reel (required for DB and PW packages) 
R = Standard tape and reel (required for DGG; optional for 0, OW, and DL packages) 

~1ExAs 
INSTRUMENTS 

POST OFFICE BOX 865303 • DAUAS. TEXAS 75286 

PW LE 
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MECHANICAL DATA 

D (R-PDSO-G··) 

14 PIN SHOWN 

PLASTIC SMALL-OUTLINE PACKAGE 

rf1r='050(1'27) 

1 r- ~0.~02;.;-0.;:;(O,~51=) '-$-' 0.010 (O,25) ® , 
0.014 (0,35).. -' 

14 8 ----r'T 
I 0.244 (8,20) 

0.228 (5,80) 

0.157 (4,00) 
0.150 (3,81) 

i-----------f~ 

CA~7 

rfiiliidiiLiUi}J: 
t 0.010 (O,z;J 

0.089 (1,75) MAX 0.004 (0,10) 

NOTES: A. All linear dimensions are in inches (millimeters). 
B. This drawing is subject to change without notice. 

~ DIM 

A MAX 

A MIN 

C. Body dimensions do not Include mold flash or protrusion not to exceed 0.006 (0,15). 
D. Four canter pins are connected to die mount pad. 
E. Falls within JEDEC MS-012 

~1ExAs c 

INSIRUMENTS 
POST OFFICE'SOX _. DALJ..AS. TEXAS 752e6 

8 14 18 

0.197 0.344 0.394 
(5,00) (8,75) (10,00) 

0.189 0.337 0.386 
(4,80) (8,55) (9,80) 

40400471 B 10194 
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MECHANICAL DATA 

DB (R-PDSo-G**) 
28 PIN SHOWN 

PLASTIC SMALL-OUTLINE PACKAGE 

11,80 8,20 
11,00 7,40 

....,.,.,0"'l""l"'l""""""""'~ ~ 
~.~14 

I bliJlilllJlllllJ 
P-ooMAX 0,0I5~ Seatl.~_ ~ °-1---1 -hl 

1-=-10.10 ~ 

~ DIM 
14 18 20 24 28 30 38 

A MAX 6,50 6,50 7,50 8,50 10,50 . 10,50 12,90 

A MIN 5,90 5,90 6,90 7,90 9,90 9,90 12,30 

40400I5I51 B 10/94 

NOTES: A. AD linear dimensions are In millimeters. 
B. This drawing Is subject to change without notice. 
C. Body dimensions do not Include mold flash or protrusion not to exceed 0,15. 
D. Falls within JEDEC M()"150 

~I .1ExAs 
NSTRUMENTS 
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MECHANICAL DATA 

DGG (R·PDSO-G**) 
48 PIN SHOWN 

PLASTIC SMALL"()UTLINE PACKAGE 

~ DIM 
48 58 84 

A MAX 12,80 14,30 17,20 

A MIN 12,40 13,90 18,80 

8,40 8,40 
8,00 7,80 

~TTrTT'TT'n'TT'T1"n"T'I'TT'TT J 
....... ______ A ______ ... 

fGuuuuuuuuuuuuuuuuuuuuuuud-*- _ .... -1 01-. .J----~h. 
L1,20MAX 0,10 MIN j 1.010.10 rT 

4040078IB 10184 

NOTES: A. All linear dimensions are In millimeters. 
B. This drawing is subject to change without notice. 

:lllEXAS 
INSIRUMENTS 
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MEOHANICAL DATA 

DL (R.PDS()'G**) 

48 PIN SHOWN 

PLASTIC SMALL·OUTLINE PACKAGE 

~ DIM 

0.299 (7,59) 
0.291 (7,39) J 0.420 (10,67) 

!-n-0I'T'l'T"I'TTI""""I'TTI'''''''~I'TTT"I'T'I'T"I'TTI,,,,""I'TTI'''''''' T"! . . 0.395 (10,03) 

~ • iiiiiiiii~+-1 _.-1Ll 

A MAX 

A MIN 

r -.i 

t110 (2,79) MAX . 0.006 (0,20) MI:-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 not to exceed 0.006 (0,15). 

:lllExAs 
INSTRUMENTS 

14-8 POST OFFICE BOX 86S303 • DALlAS, TEXAS 75265 

28 48 58 

0.380 0.630 0.730 
(9,85) (18,00) (18,54) 

0.370 0.620 0.720 
(9,40) (15,75) (18,29) 

40400481 B 10/94 



MECHANICAL DATA 

ow (R·POSO·G**) 
16PINSHOWN 

PLASTIC SMALL·OUTLINE PACKAGE 

~ DIM 

~~= 1.10.010(0,25) ®I 
9 

~~hl 1 0.419 (10,65) 
0.400 (10,15) 

0.299 (7,59) 
0.293 (7,45) 

Ir--------,lJ 

rfiJJiJJJiiiiL1l t 0.012 (0,30) j 
0.104 (2,65) MAX 0.004 (0,10) 

NOTES: A. All linear dimensions are in inches (millimeters). 
B. This drawing is subject to change without notice. 

A MAX 

A MIN 

C. Body dimensions do not Include mold flash or protruSion not to exceed 0.006 (0,15). 
D. Falls within JEDEC MS-013 

:lllEXAS 
INSTRUMENTS 

POST OFFICE BOX _ • DALlAS. TEXAS 75265 

16 20 24 28 

0.410 0.510 0.610 0.710 
(10,41) (12,95) (15,49) (18,03) 

0.400 0.500 Q.600 0.700 
(10,16) (12,70) (15,24) (17,78) 

4040000/B 10/94 
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MECHANICAL DATA 

FK (S·CQCC-N**) 
28 TERMINAL SHOWN 

LEADLESS CERAMIC CHIP CARRIER 

18 17 .11 15 14 13 12 

18 11 

20 

21 8 
BSQ 

22 8 
ASQ 

7 

1 

II ~.~ 
28 27 28 234 

NOTES: A. All linear dimensions are in Inches (millimeters). 
B. This drawing Is subject to change without notice. 
C. This pac:kage can be hermetically sealad with a metal lid. 
D. The terminals are gold plated. 
E. Falls within JEDEC M8-004 

NO. OF 
TERMINALS 

•• 

20 

28 

44 

52 

68 

84 

0.020 (0,51). 
0.010 (0,25) 

0.046 (1,14) 
0.035 (0,89) 

~1ExAs 
INS1RUMENTS 

14-10 POST OFFICE BOX _. DAI.LAS. TEXAS_ 

A B 

MIN MAX MIN MAX 

0.342 0.358 0.307 0.358 
(8,69) (9,09) (7,80) (9,09) 

0.422 0.458 0.406 0.458 
(11,23) (11,63) (10,31) (11,63) 

0.840 0.660 0.495 0.580 
(16,26) (16,76) (12,58) (14,22) 

0.730 0.761 0.485 0.560 
(18,78) (19,3~) (12,58)- \14,22) 

0.938 0.962 0.850 0.858 
(23,83) (24,43) (21,6) (21,8) 

1.141 1.165 1.047 1.063 
(28,99) (29,59) (26,6) . (27,0) 

4040140/B 10184 



MECHANICAL DATA 

HV (8-GDFP·F68) CERAMIC QUAD FLATPACK 

61 

9 

60 

1.500 (38, 10) SQ-------~ 
1.300 (33,02) 

44 

10 I I 26 
/+- 0.400 (10,160)TYP -+I 
~ 0.500(12,70) SQ---to 

0.465 (12,32) 

=-r 0.025 (0,635) I 

I 
0.013 (0,330) --.r 0.006 (0,203) 

:-r 

+r __ =====~t-~--~--~--~--~--~--~-~--Q-J----~oo~,~~ t 0.154 (3,912) 0.005 (0,427) 
0.134 (3,404) 

4040072/B 10/94 

NOTES: A. All linear dimensions are in inches (millimeters). 
B. This drawing is subject to change without notice. 

-!!11EXAS 
INSTRUMENTS 
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MECHANICAL DATA 

J (R·GDIP· T**) 
14 PIN SHOWN 

CERAMIC DUAL·IN·LINE PACKAGE 

~ DIM 
14 18 

A MAX 
0.310 0.310 
(7,87) (7,87) 

A MIN 0.290 0.290 
(7,37) (7,37) 

BMAX 0.785 0.785 
(19,94) (19,94) 

BMIN 0.755 0.755 
(19,18) (19,18) 

CMAX 0.280 0.300 
(7,11) (7,62) 

C MIN 
0.245 0.245 
(6,22) (6,22) 

0.100 (2,54) 0.020 (0,51) MIN· 
0.070 (1,78) 

~+r~~~-r~~~~ 1 ~! ..... 
~ Seating Plan. 

T 0.130 (3,30) MIN 

--J .~ 0.100(2,54) I JL T 
0.023 (0,58) 
0.015 (0,38) 

0.014 (0,38) JL 
0.008 (0,20) 

NOTES: A. Alllin.ar dimensions are In inches (millimeters). 
B. This drawing Is subject to change without notic:e. 
C. This package can be hermetically sealed with a carsmic lid using glass frit. 

18 

0.310 
(7,87) 

0.290 
(7,37) 

0.910 
(23,10) 

-
0.300 
(7,62) 

0.245 
(6,22) 

D. Index point is provided on cap for terminal Identification only on press ceramic glass frit seal only. 
E. Falls within MIL-STD-1835 GDIP1-T14, GDIP1-T16, GDIP1-T18, GDIP1-T20, and GDIP1-T22 

~1ExAs 
INSTRUMENTS 

14-12 POST OFFICE eox _. DALLAS, TEXAS 75265 

20 22 

0.310 0.410 
(7,87) (10,41) 

0.290 0.390 
(7,37) (9,91) 

0.975 1.100 
(24,77) (28,00) 

0.930 -(23,62) 

0.300 0.388 
(7,62) (9,85) 

0.245 -(6,22) 

V-150 

4040083/B 10194 



MECHANICAL DATA 

JT (R-GDIP-T**) 
24 PIN SHOWN 

CERAMIC DUAL-IN-LINE PACKAGE 

J l 0.065 (1,65) 
0.045 (1,14) 

~ DIM 

AMA>< 

AMIN 

BMA>< 

BMIN 

24 28 

1.280 1.460 
(32,51) (37,08) 

1.240 1.440 
(31,50) (36.58) 

0.300 0.291 
(7.62) (7.39) 

0.245 0.285 
(6.22) (7,24) 

0.320 (8, 13) --r------1 
............ ,. ....(7,37). I II I 

~t+MU . * Seating Plana 

. f f . 
-.I ~ 0.100(2,54)1 JL 0.130(3,30) MIN JlO"_150 

0.023 (0,58) 
0.0115 (0,38) 0.010 (0,25) NOM 

4040110/B 10/94 

NOTES: A. All linear dimensions are In Inchas (millimeters). 
B. This drawing Is subject to change without not/ceo 
C. This package can be hermetically sealed with a ceramic lid using glass frl!. 
D. Index point is provided on cap for terminal identification only on prass ceramic glass frit seal only. 
E. Falls within MIL-STD-l835 GDIP-T24 and GDIP-T28 and JEDEC MQ-058AA and MQ-058AB 

~1EXAS 
INSlRUMENTS 
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MECHANICAL DATA 

PM (S·PQFP·G64) PLASTIC QUAD FLATPACK 

1,°,27 1• 1 
0,17 

33 

o,08@1 

49 32 

64 17 

~ _____ 12,20 SQ _____ --.! 

11,80 

Seating Plane 

40401521 B 10/94 

NOTES: A. All linear dimensions are in millimeters. 
B. This drawing is subject to change without notice. 
C. FaliswithinJEDECM0-136 

~1ExAs 
INSTRUMENTS 
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PW (R·PDS()'G**) 

14 PIN SHOWN 

4,70 8,70 
4,30 8,10 

""'""O~~~ 

:tGoooooodj 
1,20 MAX 0,10 MIN 

~ DIM 
8 14 

A MAX 3,30 5,30 

A MIN 2,90 4,90 

NOTES: A. All linear dlmensl!ll1s are in millimeters. 
B. This drawing is subject to change without notice. 

18 20 

5,30 6,80 

4,90 6,40 

C. Body dimensions do not include mold flash or protrusion not to exceed 0,15. 

~1ExAs 
INSTRUMENTS 

MECHANICAL DATA 

PLASTIC SMALL-oUTLINE PACKAGE 

24 28 

8,10 10,00 

7,70 9,80 

4040064IB 10i84 

POST OFFICE BOX __ • DAllAS, TEXAS 7&2815 14-15 



MECHANICAL DATA 

WD (R-GDFP-F**) 
48 PIN SHOWN 

0.120 (3,06) f 0.075 (1,91) 

;- 0.006 (0,13) NOM 

f 

NO. OF 
PINS" 

48 

56 

CERAMIC DUAL FLATPACK 

A 

MIN MAX 

Q.630 
(16,00) 

0.610 
(15.49) 

0.730 
(18.54) 

0.710 
(18,03) 

r 
1.200 (30,50) __________ --.!~j 
0.950 (24,13) 

r- 0.390 (9,91) I 
0.370 (9,40) 

1 48 
\".,,/ 

A 

24 26 

NOTES: A. All linear dimensions are in Inches (millimeters). 

14-16 

B. This drawing is subject to change without notice. 
C. This package can be hermetically sealed with a ceramic lid using glass frH. 
D. Index point is provided on cap for pin identifICation only. 
E. Falls wHhin MIL-STD-1835: GDFP1-F48 and JEDEC MO-146AA 

GDFP1-F56 and JEDEC MO-146AB 

~1ExAs 
INSTRUMENTS 
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..£1 0.026 (0,64) 1 

""f 

...f 0.010 (0,26) TYP 

"T 

4040176/ B 10/94 
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TI Worldwide Sales and Representative Offices 
AUSTRALIA I NEW ZEALAND: Texaalnstruments Australia Ltd.: 
Melbourne (61J 3-696-1211, Fax 3-696-4446; Sydney 2-91D-3100, Fax 2-
806-1186. 
BELGIUM: Texas Instruments Belgium S.AJN. V.: Bruasel. (32] (02) 726 
75 80, Fax (02) 726 72 76. 
BRAZIL: Texas Instrumentos Electronlcos do Brasil Ltds.: Sao Paulo 
(55J 11-535-5133. 
CANADA: Texaslnstrumsnts Canada Ltd.: Montreal (514) 421-2750; 
Ottawa (613) 726-3201; Fax 726-6363; Toronto (905) 884-9181; Fax 884-
0062. 
DENMARK: Texas Instrumsnts AlS: Ballerup (45J (44) 88 74 00. 
FRANCEIMIDDLE EAST/AFRICA: Texaalnstruments Franca: Vellzy
Vlllacoublay [33](1) 30 701001, Fax (1) 30701054. 
GERMANY: Texas Instruments Deutschland GmbH.: Frelslng [49J (08161) 
800, Fax (08161)804516; Hannover (0511)904960, Fax (0511)6490 
331; Ostflldsm (0711) 340 30, Fax (0711) 340 32 57. 
HONG KONG: Texaalnstruments Hong Kong Ltd.: Kowloon [852J 2956-
7288, Fax 2956-2200. 
HUNGARY: Texas Instruments Represantatlon: Budapest (36J (1) 269 83 
10, Fax (1) 26713 57. 
IRELAND: Texas Instruments Ireland Ltd.: Dublin [353J (01) 475 52 33, 
Fax (01) 47814 63. 
ITALY: Texaalnstruments Italla S.p.A.: Agrate Brlanza [39](039) 684 21, 
Fax (039) 684'2912; Rome (06) 657 26 51. 
JAPAN: Texaalnstrumsnts Japan Ltd.: Kanazawa [81J 0762-23-5471, Fax 
0762-23-1583; ·Klta Kanto 0486-22-2440, Fax 0486-23-6787; Kyoto 075-
341-7713, Fax 075-341-7724; Kyushu 0977-73-1557, Fax 09n-73-1583; 
Matsumoto 0263-33-1060, Fax 0263-35-1025; Nagoya 052-232-5601, Fax 
052-232-7888; Oeaka 06-204-1881, Fax 06-204-1895; Tachlkawa 0426-27-
6760, Fax 0425-27-6426; Tokyo 03-3769-8700, Fax 03-3457-en7; 
Yokohama 045-338-1220, Fax 046-338-1255. 
KOREA: Texas Instruments Koras Ltd.: Seoul [82J 2-551-2804, Fax 2-
551-2828. 
MAINLAND CHINA: Texaalnstruments China Inc.: Be,,'ng [86J 10-500-
2255, Ext. 3750, Fax 10-500-2705. 
MALAYSIA: Texas Instruments Malaysia Sdn Bhd: Kuala Lumpur [60J 3-
208-6001, Fax 3-2~605. 
MEXICO: Texas Instruments de Mexico S.A. ds C.V.: Colonia del Valle 
(52J 6-839-9740. 
NORWAY: Texaalnstruments Norge AlS: Oslo (47] (02) 284 75 70. 
PHILIPPINES: Texaalnstruments Asia Ltd.: Metro Manila (63J 2-636'()980, 
Fax 2-631-7702. 
SINGAPORE (& INDIA, INDONESIA, THAILAND): Texas Instrumsnts 
Singapore (PTE) Ltd.: SIngapore (65] 390-7100, Fax 390-7062. 
SPAINIPORTUGAL: Texaalnstruments Espafta S.A.: Madrid (34J (1) 372 
80 51, Fax (1) 307 6884. 
SUOMVF1NLAND: Texas Instruments/OY: Espoo (358J (0) 43 54 20 33, 
Fax (0) 46 73 23. 
SWEDEN: Texas Instruments International Trade Corporallon 
(Sverigeflllalen): Klsta (46J (08) 7525800, Fax (08) 751 97 15. 
SWrrlERLAND: Texas Instruments SWitzerland AG: Dletlkon (41]886-2-
3771450. 
TAIWAN: Texas Instruments Taiwan Limited: Talpal (886J 2-378-8800, 
Fax 2-3n-2718. 
THE NETHERLANDS: Texas Instruments Hollend, B.V. Am.terdam (311 
(020) 546 98 00, Fax (020) 646 31 36. 
UNITED KINGDOM: Texaalnstruments Ltd.: Northampton (44] (01604) 66 
30 00, Fax (01604) 66 30 01. 

UNITED STATES: Texas Instruments Incorporated: ALABAMA: Huntsville 
(205) 43O.()114; ARIZONA: Phoenix (602) 224-7800; CALIFORNIA: Irvine 
(714) 660-1200; Los Angeles (818) 704-8100; San Dlago (619) 278-9600; 
Sen Josa (408) 894-9000; COLORADO: Denver (303) 468-9300; 
CONNECTICUT: Wallingford (203) 269-0074; FLORIDA: Fort Lauderdale 
(305) 425-7805; Orlando (407) 667-5308; Tampa (813) 573-0331; 
GEORGIA: Atlanta (nO) 662-7967; ILLINOIS: Chicago (708) 517-4500; 
INDIANA: Indlanapoll. (317) 573-6400; KANSAS: Kanass City (913) 451-
4511; MARYLAND: Baltimore (410) 312-7900; MASSACHUSETTS: Boston 
(617) 896-9100; MICHIGAN: Detroit (810) 305-5700; MINNESOTA: 
Minneapolis (612) 828-9300; NEW JERSEY: Edlaon (908) 90s'()033; NEW 
MEXICO: Albuquerque (505) 345-2555; NEW YORK: Long Island (516) 454-
6601; Poughkeapale (914) 897-2900; Roche8ter (716) 3ss-enO; NORTH 
CAROLINA: Charlotte (704) 522-5487; Raleigh (919) 876-2725; OHIO: 
Cleveland (216) 328-2149; Deyton (513) 427-6200; OREGON: Portland 
(503) 843-6758; PENNSYLVANIA: Philadelphia (610) 826-9500; PUERTO 
RICO: Hato Rey (809) 753-8700; TEXAS: Austin (512) 250-6769; Dallas 
(214) 917-1264; Houston (713) 778-6592; Midland (915)561-6521; 
WISCONSIN: Mllwaukea (414) 798-5021. 

North American AuthorlZlld DIstributors 
COMMERCIAL 
Almac I ArrrYli 
Anthem Electronics 
Arrow / Schweber 

800-426-1410 1800-452-9185 Oregon only 
800-826-8436 

Future Electronics (Canada) 
Hami~on Hallmark 
Marshallindustrias 
Wyle 
OBSOLm PRODUCTS 
Rochester Electronics 
MILITARY 
Alliance Electronics Inc 
Future Electronics (Canada) 
Hamilton Hallmark 
Zeus. An Arrow Company 
CATALOG 

aoo-m-2776 
8OD-388-6731 
8OD-332-8638 
800-522'()084 or www.marshall.com 
800-414-4144 

508-462-9332 

800-608-9494 
800-388-6731 
800-332-8638 
aoo-524-4735 

Allied Electronics 800-433-6700 
Asrow Advantage BOO-m-2n6 
Newark Electonlcs 800-367-3573 
For Dist1ibutIJIs outside Nat/r America, conta;t your local Sales Office. 

Imporllnl_, T_I .. ~umentl (TIl reseMI.U1e righlto mal",,:11_ to o,todl_e any 
product 0' service IrIentiIIod ~ III~ publication without notice. n advises Is customers to obtain U1e latest 
version 01111. llloYan! Intormation to YIf"Y. before pIadng orders. ilia! U1e i_OIl being lllied UflOn ~ 
""nont. 
Pleaaebe_U1eITIW1In"lIi11 .. mIconductorprocluclsand_ .. _eto ... ~ 

applcal>le allll. time 0' se~ In ICCO'_ with n's standard warranty. Tlusumo. no IIabIUIy for 
application .... Iata""'. so_. por1oo_ ... 1II1rd1>&rtY product Informallon. 0' fo, infrIngemer1IoI 
palonts". __ lnlNlpubllcaliorl. n ........ no ,osponsllllllyfor_.· oppUcallons 0' 

liroctuct_. 
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