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PREFACE

This data book contains a wealth of information to assist you in designing an Application-Specific IC (ASIC)
using Tl's new, 2-um CMOS standard cell family — called SystemCell™. Included are; a selection guide, a cross-
reference guide, a definition of symbols and glossary of common terms, a section on design guidelines, detailed
mechanical data on the extensive range of SystemCell™ package options and, comprehensive, detailed data sheets
covering more than 320 cell types including:

SSI logic functions (‘‘gates’’)
MSI logic functions (‘‘macros’’)
1/0 cells

Boolean functions

CompilerCell™ functions (SRAM, ROM, PLA
and Pipeline Test Register)

Fabricated in Tl's advanced 2-um (1.6-um effective), double-level metal (DLM), twin-well, silicon-gate CMOS
technology, ICs designed with the SystemCell* family can offer many significant benefits.

Lower system cost

Increased functionality

Unique, secure product designs

Shorter ‘‘product-to-market’’ times

Reduced package count and board space

Improved reliability

The advanced CMOS technology and high-volume production processes developed to support Ti’s high-density
memory products provide the ‘‘driving force’” behind the significant performance and density advances embodied
in the new SystemCell™ family. Using this approach, minimum feature sizes, an inverse indicator of performance
and complexity, have been successfully reduced from 3-um used in the CircuitCell™ family to 2-um in the
SystemCell™ family, with a 1-um family already on the horizon!

In designing the SystemCell™ family, TI’s ASIC development team was directed by the people who made TTL
an industry standard and who then went on to invent Low Power Schottky T (LS-TTL). They were determined
that Tl’s standard cell products should be easier to design with, and as well specified as conventional standard
logic circuits.

Designers familiar with the industry standard SN54/74 TTL functions will immediately appreciate the easy
transition to standard cell design. These same popular logic functions are replicated in Tl’s standard cell libraries.
Wherever possible, the same function number as the standard product has been used. For example, if the ‘LS244
is the function you need, simply select the 'ASC244 —it’s the same function!

The similarity with industry standard logic functions does not end with type numbers. Each individual SystemCell™
data sheet presents the cell data in a format similar to the corresponding standard device data sheet and contains
comprehensive, solid specifications (min’s and max's over the full temperature range, not just typical values).
In fact, just like TTL and LS-TTL, TI’s SystemCell™ family provides data you can depend on!

From design concept to a completed design, Ti's Regional Technology Centers offer a worldwide network of
customer and design support services. Local design support capabilities also are available through Tl’s authorized
ASIC distributors across North America. In addition, SystemCell™ is supported on many of the popular engineering
workstations to allow maximum utilization of existing in-house design tools for those wishing to complete the
design themselves.

To learn more about Tl’s SystemCell™ family, the most comprehensively specified, fastest growing cell library
in the industry, please read on.

TIntegrated Schottky-Barrier diode-clamped transistor is patented by Texas Instruments, U.S. Patent Number 3,463,975
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FUNCTIONAL INDEX

HDL or cell names that start with an S (i.e., SxxxLH) are SOFTWARE MACROS.

INVERTERS AND BUFFERS (Delay at 1-pF Load)

TYPICAL HDL OR RELATIVE
DESCRIPTION TYPE DELAY DRIVE COMMENTS
CELL NAME
(ns) FACTOR
3.0 BU110LH 1X Noninverting
Buffers 'ASC2321 4.0 BUT11LH 1X Inverting
3.0 BU112LH 1X Noninverting
Delay Control 'ASC2508 DLC10LH 2X
3.0t
Delay Element 'ASC2507 12 00 DLE1OLH 1X Noninverting
1.7 IV110LH 1X
1.1 IV120LH 2X
0.9 IV130LH 3X
Inverters 'ASCO4 0.8 IV140LH ax
0.7 IV160LH 6X
0.6 IV180LH 8X
2.3 IV101LH 10X
2.6 IV211LH 1X
. ‘ASC2310 1.7 IV221LH 2X Active-Low Enable
Inverting
1.3 IV241LH ax
3-State
Buffers 2.6 IV212LH 1X
‘ASC2311 1.8 IV222LH 2X Active-High Enable
1.3 IV242LH 4x
1.7 BU120LH 2X
‘ASC6120 Delay
5 . 1.7 BU130LH 3X
Noninverting
2.3 BU221LH 2X .
Delay ‘ASC6121 Active-Low Enable
2.0 BU261LH 6X
Buffers 23 BU222LH 2X
! 2 - Active-High Enabl
ASC612 50 BU262LH ox ctive-High Enable

POSITIVE-NAND GATES (Delay at 1-pF Load)

TYPICAL RELATIVE
HDL OR
DESCRIPTION TYPE DELAY . DRIVE
(ns) CELL NAME | ¢ acTor
2.0 NA210LH 1X
1.3 NA220LH 2X
2-Input NAND | 'ASCO0 1.1 NA230LH 3X
1.0 NA240LH ax
0.8 NA260LH 6X
2.2 NA310LH 1X
3-Input NAND | ‘ASC10 18 NA32OLH 2X
1.3 NA330LH 3X
1.1 NA340LH 4X
2.6 NA410LH 1X
4-Input NAND | 'ASC20 1.8 NA420LH 2X
1.5 NA430LH 3X
5-lnput NAND | 'ASC2022. 27 NASTOLH 1X
2.1 NAB520LH 2X
, 4.5 NA810LH 1X
8-Input NAND ASC30 33 NAB20LH 2X
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FUNCTIONAL INDEX

POSITIVE-NOR GATES (Delay at 1-pF Load)

r LATIVE
DESCRIPTION TYPE T;::iI:L HDL OR REDRI-\I;E
(ns) CELL NAME FACTOR
2.4 NO210LH 1X
, 1.5 NO220LH 2X
2-Input NOR ASCO02 13 NO230LH 3%
1.1 NO240LH 4X
3.2 NO310LH 1X
3-Input NOR 'ASC27 2.1 NO320LH 2X
1.8 NO330LH 3X
4-Input NOR ‘ASC4002 4.1 NO4TOLH 1X
ey 26 NO420LH 2X
S5-Input NOR 'ASC260 5.0 NOS1OLH 1X
ey 3.2 NOB520LH 2X
3.4 NO810LH 1X
8-Input NOR ASC4078 29 NOB20LH

POSITIVE-AND GATES (Delay

2X

at 1-pF Load)

TYPICAL HDL OR RELATIVE
DESCRIPTION TYPE ELAY
DELA CELL NAME DRIVE

(ns) FACTOR

2.1 AN210LH 1X

1.9 AN220LH 2X
2-| Al !

nput AND ASCo8 2.1 AN240LH X

1.7 AN260LH 6X

2.4 AN310LH 1X
3-Input AND 'ASC11 2.2 ANS20LH 2X

2.5 AN340LH 4Xx

1.9 AN360LH 6X

2.6 AN4&10LH 1X

2. AN420 2X
4-input AND 'ASC21 5 20LH

2.7 AN440LH 4X

2.3 AN460LH 6X
5-Input AND ‘ASC2024 2.9 AN510LH 11X
8-lnput AND 'ASC6132 3.4 AN810LH 1X
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FUNCTIONAL INDEX

POSITIVE-OR GATES (Delay at 1-pF Load)

TYPICAL RELATIVE
DESCRIPTION TYPE DELAY HDL OR DRIVE
CELL NAME

(ns) FACTOR
2.3 OR210LH 1X
, 2.1 OR220LH 2X
2-Input OR ASC32 e OR240LH ax
1.7 OR260LH 6X
2.7 OR310LH 1X
2.7 OR320LH 2X
3-Input OR ASC4075 2.2 OR340LH ax
2.2 OR360LH 6X
3.1 OR410LH 1X
3.1 OR420LH 2X
4-Input OR ASC4072 27 ORA4OLH ax
2.7 OR460LH 6X
5-Input OR ‘ASC6130 3.4 OR510LH 1X
8-Input OR ‘ASC6131 3.3 OR810LH X

EXCLUSIVE-OR, -NOR, -AND-OR GATES (Delay at 1-pF Load)

TYPICAL HDL OR RELATIVE .
DESCRIPTION TYPE DELAY DRIVE COMMENTS
CELL NAME
(ns) FACTOR
2.3 EX210LH 1X
Exclusive-OR 'ASC86 2.0 EX220LH 2X
2.0 EX240LH 4x
Exclusive-NOR 'ASC266 2.4 EN210LH 1X
AND-NOR ‘ASC2330 2.6 AO221LH 1X 2-Wide, 2-Input
AND-OR 'ASC2331 2.6 AO220LH 1X 2-Wide, 2-Input
ANALOG FUNCTIONS
DESCRIPTION TYPE INPUT | CELL NAME
Crystal-Controlled Crystal | OSEQOLH
. 'ASC2500 | Crystal OSFO2LH
Oscillator
Crystal OSEO6LH
RC Oscillator 'ASC2502 RC OSEO3LH
P-Ch: CO212LH
Comparator 'ASC2503 on 0
N-Chan CO213LH
P-Ch
Delay Element 'ASC2507 |2 | 5 e q01H
N-Chan
Delay Control 'ASC2508 | P-Ch
v Lontr 20 | bLctotH
N-Chan
Medium-Drive 'ASC2519 | Op-A AMC12NH
Operational Amplifier p-Amp

TeExas *?
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FUNCTIONAL INDEX

BOOLEAN FUNCTIONS (Delay at 1-pF Load)

TYPICAL T om
DESCRIPTION TYPE D:a:sv CELL NAME EQUATION
'ASC6002 2.7 BFOO2LH | Y = A7 +(B1.B2.B3]
'ASC6003 2.6 BFOO3LH | Y = (AT-A2)+(B1-B2)
'ASC6004 2.8 BFOO4LH | Y = [AT-A2)+(B1-B2+B3)
'ASC6005 3.0 BFOO5LH | Y = TAT-A2-A3)+(B1-B2+B3)
'ASC6006 3.2 BFOO6LH | Y = AT+A2+(B1-B2)
'ASC6007 3.7 BFOO7LH | Y = AT+A2+(B1.B2.B3)
AND-NOR 'ASC6008 3.4 BFOO8LH | Y = AT+(B1B2)+(C1-C2)
'ASC6009 3.7 BFOOOLH | Y = AT+ (B1:B2)+(C1-C2-C3)
'ASC6012 3.7 BFO12LH. | Y = [AT-A2) +(B1:B2} +(C1-C2-C3)
'ASC6013 4.1 BFO13LH | Y = (AT-A2) +(B1.B2+B3) +(C1+C2-C3)
'ASC6014 4.3 BFO14LH | Y = [AT-A2+A3)+(B1+B2+B3) +(C1+C2+C3)
'ASC6017 2.5 BFOO1LH | Y = AT+(B1-B2)
'ASC6018 3.9 BFO1OLH | Y = AT+ (B1+B2:B3) +(C1-C2-C3)
‘ASC6019 3.5 BFO11LH | Y = [AT+-A2)+(B1-B2) +(C1-C2)
‘ASC6022 3.9 BFO22LH | Y = A1-AZ+[B1.B2+(C1+C2)]
'ASC6023 3.2 BFO15LH Y = AT+[B1+(C1+C2)]
'ASC6024 3.4 BFO16LH Y = AT+[(B1+B2)+(C1+C2)]
OR-AND-NOR ‘ASC6025 3.5 BFO25LH | Y = AT-A2-A3+[B1+(C1+C2]]
'ASC6026 3.7 BFO17LH | Y = A7 +[B1.B2-(C1+C2)]
'ASC6027 3.6 BFO27LH | Y = AT-A2.A3+[B1+B2+(C1+C2)]
'ASC6028 3.6 BFO28LH | Y = AT-A2-A3+(B1+(C1+C2)+(D1+D2]]
'ASC6029 3.4 BFO20LH | Y = AT+-A2+[B1+(C1+C2]]
) 'ASC6032 3.9 BFO30LH | Y = A1+ (B1-[C1+(D1-D2)])
AND-OR-AND-
NOR ‘ASC6034 3.6 BFO34LH | Y = [AT-A2)+ (B1+IC1+(D1-D2)])
'ASC6035 3.3 BFO35LH | Y = TAT-A2)+(B1-[(C1-C2) +(D1-D2)])
‘ASC6048 2.4 BFOS1LH | Y = AT+(B1+B2)
'ASC6049 3.8 BFO60LH | Y = A1+(B1+B2+B3)+(C1+C2+C3)
'ASC6052 3.2 BFO52LH | Y = A1+(B1+B2+B3)
'ASC6053 2.6 BFOS53LH | Y = (AT1+A2)-(B1+B2)
‘ASC6054 3.0 BFO54LH | Y = TAT+A2)+(B1 +B2+B3)
‘ASC6055 3.3 BFOS5LH | Y = TAT+A2+A3)+(B1 +B2+B3)
OR-NAND 'ASC6056 2.9 BFO56LH | Y = A1.A2+(B1+B2)
'ASC6057 3.7 BFO57LH | Y = A1+A2+(B1+B2+B3)
"ASC6058 3.0 BFOS8LH | Y = A1+(B1+B2)+(C1+C2]
'ASC6059 3.5 BFOSOLH | Y = A1+(B1+B2)-(C1+C2+C3)
'ASC6062 4.1 BFO62LH | Y = (AT+A2)+(B1+B2)+(C1+C2+C3)
'ASC6063 4.2 BFO63LH | Y = (AT+A2)+(B1+B2+B3)+(C1+C2+C3)
‘ASC6064 4.1 BFO64LH | Y = TAT+A2+A3)-(B1+B2+B3)-(C1+C2+C3)

NOTE: All have 1X drive factor.

TeExas “'f
INSTRUMENTS

POST OFFICE BOX 655012 DALLAS, TEXAS 75265




FUNCTIONAL INDEX

BOOLEAN FUNCTIONS (Delay at 1-pF Load) (continued)

TYPICAL [ R

DESCRIPTION TYPE D(E'I‘.:)Y CELL NAME EQUATION
'ASC6065 2.8 BFO6SLH | Y = A1-[B1+(C1-C2)]
‘ASC6066 2.9 BFOG6LH | Y = AT-[(B1-B2) +(C1-C2)]
'ASC6067 3.7 BFOB7LH Y = AT-[BT+B2+(C1-C2)]]
'ASC6068 4.0 BFOBSLH | Y = AT+[BT+(C1-C2)+(D1-D2)]

AND-OR-NAND | ‘ASC6069 4.2 BFOBOLH | Y = AT.[(B1+B2) +(C1+C2) +(D1+D2)]
'ASC6072 3.8 BFO72LH | Y = [AT+A2)-[B1 +B2+(C1-C2]]
'ASC6073 2.9 BFO7OLH | Y = TAT+A2)+[B1 +(C1+C2}]
'ASC6074 3.1 BFO71LH | Y = TAT+A2)-[(B1-B2) +(C1-C2)]
'ASC6075 2.5 BFO75LH | Y = TAT+A2+A3)+[B1+(C1-C2]
‘ASC6082 3.8 BFO82LH | Y = AT-[(B1-B2) +[C1+(D1+D2)]]

OR-AND-OR- ‘ASC6083 3.7 BFOSOLH | Y = AT«[{B71+[C1+(D1+D2)1)

NAND 'ASC6084 3.9 BFO81LH | Y = AT+[BT+[(C1+C2)+(D1+D2)}
‘ASC6088 4.1 BFO88LH | Y = [AT+A2+A3)+(B1+IC1-(D1+D2)]}

NOTE: All have 1X drive factor.

SPECIAL FUNCTIONS

HDL OR
DESCRIPTION TYPE MMENT:
CELL NAME co ENTS
Power-Up Clear ‘ASC2320 PUCOOLH 4X Drive
Tie-Off Celi for Buffered
) ‘ASC2325 TOO10LH ESD-Protected
Logical 1/0
BUS TRANSCEIVERS
TYPI
PICAL HDL OR
DESCRIPTION MACRO OUTPUT DELAY COMMENTS
CELL NAME
{ns)
Octal 'ASC245 3-State 5.0 S245LH
Bidirectional 'ASC651 3-State 10.4 S651LH Inverted Data
and Universal | "ASC652 3-State 10.4 S652LH True Data
DRIVERS
TYPI
PICAL HDL OR
DESCRIPTION MACRO | OUTPUT DELAY COMMENTS
CELL NAME
(ns)
Octal ‘ASC244 | 3-State 2.4 S244LH True Data

hid
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FUNCTIONAL INDEX

INPUT BUFFER CELLS (Delay at 1-pF Load)

TTL THRESHOLD

xviii

TYPICAL HDL OR RELATIVE
DESCRIPTION MACRO DELAY CELL NAME DRIVE COMMENTS
(ns) FACTOR
2.1 Pl
'ASC5001 IPEO3LH 1X
2.1 IPFO3LH 1X
'ASC5003 7.5 IPEOSLH 1X W{th Hysteresfs
. 8.1 IPFO8LH 1X With Hysteresis
Inverting "
2.1 IPEOSLH 1X With Pull-Up Tap |
'‘ASC5005 -
2.1 IPFO5LH 1X With Puli-Up Tap
7.5 IPETOLH 1X With Hysteresis
'ASC5010
7.5 IPF1OLH 1X and Pull-Up Tap
2.1 IPEO4LH 1X
Noninvertin 'ASC5007 2.1 IPFO4LH 1X
o 16 TPF12LH X
'ASC5013 2.1 IPF13LH X With Pull-Up Tap
INPUT BUFFER CELLS (Delay at 1-pF Load)
CMOS THRESHOLD )
TYPICAL HDL OR RELATIVE
DESCRIPTION MACRO DELAY | o NAME DRIVE COMMENTS
(ns) FACTOR
' ASCE000 1.1 IPEOOLH 1X
1.1 IPFOOLH 1X
4.8 IPEO6LH 1X With Hysteresis
Inverting ASC5002 4.8 IPEOBLH 1x With Hysteresis
and Pull-Up Tap
'ASC5004 1.0 IPFO2LH 1X With Pull-Up Tap
1.9 IPEOTLH - 1X
Nonil i ‘ASCH
oninverting SC5006 I PFOTLH X
NOTE: IPE = Minimum Height; IPF = Minimum Width
i
EXAS
INSTRUMENTS
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FUNCTIONAL INDEX

NONINVERTING OUTPUT BUFFER CELLS (Delay at 15-pF Load)

TRICAL | o - OUTPUT CURRENT
DESCRIPTION |  TYPE DELAY ToL(mA Ton(mAl
CELL NAME
tns) 55 | 74 | 54 | 74
.7 PE4 . R -3.4 -4,
Asca100 L2 OPE4OLH | 3.4 | 4.0 | -3 0
2.7 OPF40LH | 3.4 | 40 | —3.4 | —4.0
24 OPE6OLH | 51| 60 | 5.1 | 6.0
‘ASC5103
, 24 OPF6OLH | 5.1 | 6.0 | —5.1 | —6.0
Push-Pull 2.0 OPEGOLH | 856|100 | -85 |-10.0
.| ascs
ASC5106 |—— OPFOOLH | 85100 | —8.5 |-10.0
4 PE42LH . 4.0 -3.2 -4,
‘ASCE110 |—3 OPE42 8.2 3 0
3.4 OPF42LH | 3.2 4.0 | —3.2 | —4.0
"ASC5120 | 1.7 OPFBOLH | 20.4 | 24.0 |-10.2 |-12.0
7 PEB3LH Al .0 -5.1 -6.0
‘ASCE104 |—2 OPEE3 511 8 6
2.7 OPF63LH | 5.1 6.0 | 51| -6.0
Ascator 27 OPEO3LH | 85100 | —8.5 |-10.0
st 2.7 OPFO3LH | 8.5 100 | —8.5 |-10.0
ate 35 OPE43LH | 3.4 | 40 | -3.4 | —4.0
‘ASC5111
35 OPFA3LH | 34| 40 | —34 | 4.0
‘ASC5124 2.5 OPFD3LH 37.4 | 44.0 {-10.2 {-12.0
"ASCB125 | 28 OPFB3LH | 20.4 | 24.0 |-10.2 |~12.0
2.0 OPE6ILH | 6.1 6.0 _ _
'ASC510
SC8105 375 OPF61LH | 51| 6.0 ~ —
ascs108 17 OPEOTLH | 8.5 | 10.0 — =
17 OPFOTLH | 8.5 | 10.0 _ —
Open Drain 2.7 OPEAILH | 34| 4.0
ASCE1 . ) ) - =
ASCE109 7= OPFATLA | 3.4 4.0 - -
"ASC5121 1.7 OPFDILH | 37.4 | 44.0 — -
"ASC5123 | 15 OPFEILH | 40.8 | 48.0 - -

NOTE 1. OPE = Minimum Height; OPF = Minimum Width

TeExas
INSTRUMENTS
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FUNCTIONAL INDEX

CLOCK GENERATORS

| DESCRIPTION | TYPE | CELL NAME | COMMENTS |
2-Phase | 'ASC3011 | CK4XOLH | Complementary Outputs |

D-TYPE FLIP-FLOPS (Delay at 1-pF Load)

. RELATIVE
MACRO | fmax HDL OR
DESCRIPTION
C o OR TYPE | (MHz) | CELL NAME DRIVE COMMENTS
FACTOR
. TB1
With Preset 558 DTB1OLH 1X
‘ASC74 46.3 DFB20LH 2X D Low
and Clear
59.2 DFZ20LH 2X
55.8 DTP10LH 1X
Preset Only 'ASC74 55.8 DFP20LH 2X D Low
69.2 DFY20LH 2X
2. TC1
Clear Only ‘ASC74 52.1 DICTOLH 1X
52.1 DFC20LH 2X
Neither Preset 55.8 DTN10LH 1
either Prese ‘ASC74 0 X
nor Clear 64.2 DFN20LH 2X
D-TYPE FLIP-FLOPS
TYPICAL LATIVE
DESCRIPTION MACRO DEI.::\Y HOL OR RED:IV: COMMENTS
OR TYPE CELL NAME
(ns) FACTOR .
Quad with Q Only | ‘ASC173 8.0 S173LH 1X 3-State Output
Hex 'ASC174 8.0 S174LH 1X With Clear
Quad with Q, QZ | ‘ASC175 5.5 S175LH 1X With Clear
Octal 'ASC273 5.0 S273LH 1X With Clear

TOGGLE FLIP-FLOPS, UNGATED (Delay at 1-pF Load)

RELATIVE
DESCRIPTION | TYPE fmax | HDL OR DRIVE
) (MHz) | CELL NAME | /o
Preset and Clear | 'ASC2102 | 54.2 TAB20OLH 2X
Clear Only ‘'ASC2102 | 61.7 | TAC20LH 2X
Preset Only 'ASC2102 | 65.8 | TAP20LH 2X

J-K-TYPE FLIP-FLOPS (Delay at 1-pF Load)

RELATIVE
DESCRIPTION TYPE (";I"::) c;.I:LNT:n g | DRIVE COMMENTS
FACTOR

‘ASC109 | 44.2 JKB20LH 2% POSIIIYG-Edge

Preset and Clear T"\-QQEV
'ASC2108 | 44.2 JKB21LH 2X Negatfve-Edge

Trigger

1]
Texas
INSTRUMENTS
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FUNCTIONAL INDEX

LATCHES
MACRO TYPICAL HDL OR RELATIVE
DESCRIPTION OR TYPE DELAY CELL NAME DRIVE COMMENTS
(ns) FACTOR
, 2.4 LAH10LH 1X Active-High Enable
D-Type ASCTS 2.0 | LAH20LH 2X Active-High Enable
'ASC6125 3.9 LAL20LH 2X Active-Low Enable
Set-Reset | 2.8 LAB10LH 1X
ASC279 2.7 LAB20LH 2X
4-Bit Bistable '‘ASC375 4.5 S375LH 1X
. 'ASC373 5.0 S373LH 1X 3-State Output
8-Bit D-Type
'ASC374 5.0 S374LH 1X 3-State Output
8-Bit Addressable | 'ASC259 6.0 S259LH 1X Active-Low. Clear

GATED S-R LATCHES (Delay at 1-pF Load)

MACRO TYPICAL HDL OR RELATIVE
DESCRIPTION OR TYPE DELAY CELL NAME DRIVE COMMENTS
(ns) FACTOR
4-Input '‘ASC6100 2.8 GMO10LH 1X
5-Input 'ASC6101 3.6 GM110LH 1X Separate Reset
5-Input ‘ASC6102 3.6 GMS10LH 1X Separate Set
6-Input 'ASC6103 3.6 GM210LH 1X Separate Set/Reset
6-Input 'ASC6105 3.0 GM310LH 1X
7-Input 'ASC6106 4.0 GM410LH 1X Separate Reset
8-Input 'ASC6108 4.0 GM510LH 1X Separate Set/Reset

GATED S-R LATCHES (Delay at 1-pF Load)

MACRO TYPICAL HDL OR RELATIVE
DESCRIPTION OR TYPE DELAY CELL NAME DRIVE COMMENTS
(ns) FACTOR
4-Input 'ASC6110 2.7 GSO10LH 1X
5-Input '‘ASC6111 3.1 GS110LH X Separate Reset
5-Input 'ASC6112 3.1 GSS10LH 1X Separate Set
6-Input 'ASC6113 3.1 GS210LH 1X Separate Set/Reset
6-Input 'ASC6115 3.4 GS310LH 1X
7-Input 'ASC6116 3.8 GS410LH 1X Separate Reset
8-Input 'ASC6118 4.0 GS510LH 1X Separate Set/Reset
OSCILLATORS AND MULTIVIBRATORS
. HDL OR
DESCRIPTION TYPE | CELL NAME COMMENTS
Crystal-Controlled OSEOOLH 5 MHz
) ‘ASC2500 OSFO2LH 20 MHz
Oscillator
OSEO6LH 800 kHz
CMOS RC Oscillator ‘ASC2502 OSEO3LH 1 MHz
Retriggerable One-Shot |'ASC2322 MVFOOLH With Clear

TeExAs "@
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FUNCTIONAL INDEX

XXii

4-BIT EXPANDABLE REGISTERS —POSITIVE-EDGE-TRIGGERED

MACRO fmax HDL OR
DESCRIPTION OUTPUT COMMENTS
OR TYPE (MHz) | CELL NAME
Serial Input/
erial npu ‘ASC2401.| Qn 59.6 | R2401LH | Async Clear
Parallel Output
Serial Input ‘ASC2402 | Qn, QnZ | 59.6 R2402LH Async Clear
Parallel |
erallel Input/ 1,1\ 62403 | n | 59.6 | R2403LH | Async Clear
Parallel Output
Parallel Input ‘ASC2404 | Qn, QnZ 59.6 R2404LH Async Clear

4-BIT EXPANDABLE REGISTERS —POSITIVE-EDGE-TRIGGERED

MACRO TYPICAL HDL OR
DESCRIPTION OR TYPE OUTPUT| DELAY CELL NAME COMMENTS
{ns)
Async Clear
Parallel Access | 'ASC195A Qn 5.5 S195ALH J-K Input
First Stage
Parallel Input/ Bidirectional
aratelineul/ | asc194a | an 50 | S194ALH | Shift
Parallel Qutput :
Async Clear

8-BIT EXPANDABLE REGISTERS —POSITIVE-EDGE-TRIGGERED

MACRO TYPICAL HDL OR
P! Y COMMENTS
DESCRIPTION OR TYPE OUTPUT D(ELA) CELL NAME
ns|
Serial Input/ 'ASC164 Qn 5.0 S164LH Async Clear
Parallel Output | 'ASC595 3-State 5.5 S595LH Registered Outputs
Parallel Input/ |\ scsgex | S | 98 | s508XLH | Input Latches
Parallel Output QH, QHZ
Parallel t .
arallel Input/ |, \cc165 |aH, QHZ| 8.0 | S165LH | Async Load
Serial Output
Parallel
ar‘a etor Async Clear
Serial Input/ '‘ASC166 QH 6.0 S166LH
) . Sync Load
Serial Output
) Async Clear
3-State
. 'ASC299 7.1 S299LH Sync Load
Universal and 110 .
o Multiplexed /O
Bidirectional 3 " Asvno Cloar
eparate v
‘ASC299X 5.0 S299XLH
sc29 1/0 Sync Load
REGISTER FILE
TYPICAL
DESCRIPTION TYPE ACCESS | CELL NAME COMMENTS
TIME (ns)
16-Word by 8-Bit | 'ASC3103 8 RF408LH Typicai Cycle Time = 11 ns
Ti bi
EXAS
INSTRUMENTS
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FUNCTIONAL INDEX

4-BIT COUNTERS —POSITIVE-EDGE-TRIGGERED (RIPPLE COUNT)

MACRO fmax HDL OR
DESCRIPTION OR TYPE OUTPUT (MHz2) | CELL NAME COMMENTS
'ASC2405 Qn 64.2 R2405LH Async Clear
D-Type ‘ASC2406 | Qn, QnZ { 64.2 R2406LH Async Clear
'ASC2407 | 3-State 36.3 R2407LH Async Clear
Ripple Up 'ASC2408 Qn 59.6 R2408LH Async Clear

4-BIT COUNTERS —POSITIVE-EDGE-TRIGGERED (RIPPLE COUNT)

MACRO TYPICAL HDL OR
DESCRIPTION OR TYPE OUTPUT | DELAY CELL NAME COMMENTS
(ns)
Programmable | |
Divide by 2/8 ASC177 Qn 22 S177LH Async Clear
Dual 4-Bit ‘ASC393 | Qn1, Qn2 21 S393LH Async Clear

SYNCHRONOUS COUNTERS —POSITIVE-EDGE-TRIGGERED

PARALLEL TYPICAL HDL OR
LA COMMENTS
DESCRIPTION MACRO LoAD DELAY CELL NAME
(ns)
. ‘ASC161A Sync 12.0 S161ALH Async Clear
4-Bit Binary
‘ASC163A Sync 9.0 S163ALH Sync Clear
'ASC191 Async 11.5 S191LH With Mode Control
4-Bit Up/Down| 'ASC193 Async 11.5 S193LH Dual Clock
'ASC669 Sync 10.0 S669LH Internal Look-Ahead/Carry
o 'ASC590 None 10.4 S59GCLH Output Registers
8-Bit Binary -
‘ASC593X Sync 10.0 S593XLH Input Registers
DECODERS
P! TIVI
MACRO TYPICAL HDL OR RELATIVE
DESCRIPTION DELAY DRIVE COMMENTS
OR TYPE CELL NAME
(ns) FACTOR
2.0 DE210LH X
2- to 4-Line 'ASC2350 -
2.5 DE212LH 1X Active-Low Enable
3 1o 8Li 'ASC137 12.0 S137LH 1X Latches '
> 1o Bine "ASC138 | 7.0 S138LH T 3 Enables
Dual 2- to 4-Line| '‘ASC139 4.0 S139LH 1X 1 Enable

Texas "-’P
INSTRUMENTS
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FUNCTIONAL INDEX

MULTIPLEXERS
YPICAL
DESCRIPTION MACRO QUTPUT TDELAY HDL OR COMMENTS
OR TYPE (ns) CELL NAME
2- to 1-Line ‘ASC2340 Y 3.7 MU110LH Active-Low Enable
Dual 2- to 4-Line | 'ASC155 Y1n, Y2n 5.0 S155LH Active-Low Enable
'ASC157 Yn 6.0 S157LH
‘ASC158 Yn 6.2 S158LH
'ASC257A Yn 5.0 S257ALH 3-State
'ASC258A Yn 5.0 S258ALH 3-State
Storage
Quad 2- to 1-Line| ‘ASC298 Qn 6.0 S298LH
Latches
'ASC398 | Qn, anz| 55 | szesLH | oroee
Latches
'ASC399 an 50 | sssen | Storase
Latches
4- to 1-Line '‘ASC2341 Y 2.9 | MU210LH No Enable
Dual 4- to 1-Line | 'ASC153 Yn 8.0 S153LH Strobe
'ASC151 Y, W 8.0 S151LH Low Enable
8- to 1-Line 'ASC251 3-State 9.7 S§251LH Low Enable
‘ASC2342 Y 4.7 MU310LH Active-Low Enable

NOTE: All have 1X drive factor.

PROGRAMMABLE DELAY ELEMENTS

TYPICAL -
DESCRIPTION TYPE
DELAY RANGE CELL NAME
Delay Element 'ASC2507 3to12ns DLE1OLH
Control Element 'ASC2508 DLC10LH

OSCILLATORS AND MULTIVIBRATORS

DESCRIPTION TYPE HDL OR COMMENTS
CELL NAME

Crystal-Controlled OSEOOLH 5 MHz

> "ASC2500 | OSFo2LH 20 MHz
Oscillator

OSEOBLH | 800 kHz
CMOS RC Oscillator | 'ASC2502 | OSEO3LH T MHz
Retriggerabl
etriggerable - 'ASC2322 | MVFOOLH | With Clear

One-Shot

MAGNITUDE COMPARATORS AND ARITHMETIC CIRCUITS

TYPICAL
BIT HDL OR
DESCRIPTION MACRO DELAY COMMENTS
WIDTH CELL NAME
(ns)

ALU 'ASC181 4 12.0 S181LH
Binary Full Adder | ‘ASC283 4 8.5 S283LH
Parity Generator | ‘ASC280 9 11.0 S280LH

‘ASC85 4 12.0 S85LH P=QP<QP>0Q
Comparator

'ASC686 8 9.0 S686LH P=Q,P>0Q
Identit

entity ‘ASc68s | 8 7.5 S688LH P-Q

Comparator

Xxiv
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FUNCTIONAL INDEX

BIT-SLICE PROCESSOR ELEMENTS

DESCRIPTION TYPE
8-Bit Processor Slice 'ASC888
14-Bit Microsequencer ‘ASC890
4-Bit Microprocessor Slice ‘ASC2901
Look-Ahead Carry Generator ‘ASC2902
Status and Shift Controller 'ASC2904
12.-B|t Microprogram Controller 'ASC2910
(Microsequencer)

STATIC RANDOM ACCESS MEMORIES

HDL OR
DESCRIPTION ORGANIZATION TYPE
CELL NAME
256-Bit 16 x 16 'ASC3003 RA416LH
512-Bit 64 x 8 ‘ASC3004 RAB08LH
25 4 A
1024-Bit 6 x SC3005 RA804LH
128 x 8 'ASC3006 RA708LH

BIDIRECTIONAL 3-STATE NONINVERTING I/O CELLS (Delay at 15-pF Load)

TYPICAL | | OUTPUT CURRENT
INPUT | INV/TRUE |  TYPE DELAY ToL (mA) Ton (mA)
CELL NAME
(ns) 54 | 74 | 54 | 74
] 3.3 IOE4OLH | 3.4| 40 | —3.4 | —4.0
Inverting ‘ASC5200
33 OF40LH | 3.4| 4.0 | -3.4 | 40
Inverting | 'ASC5202 | 3.6 IOF47LH | 34| 40| —34 | —4.0
True "ASC5203 | 3.3 IOF48LH | 3.4| 40| -3.4 | —4.0
33 IOE41LH | 3.4| 40| —34 | 40
T ‘ASC5206
cmos | ¢ S 3.3 IOF41LH | 3.4| 40 | -3.4 | —4.0
2.9 IOEOOLH | 8.5 10.0 | -8.5 |-10.0
Inverti 'ASC5220
nverting 2.9 IOFOOLH | 85| 10.0 | -8.5 |-10.0
inverting | 'ASC5221 | 2.7 1OFO3LH | 85| 100 | -85 |-10.0
True "ASC5226 | 2.7 OFOTLH | 85| 100 | —8.5 |-10.0
Inverting | 'ASC5250 | 1.7 IOFDOLH | 37.4 |-44.0 — -
oo ocaz01 L33 1OE43LH | 3.4| 40| 34| —4.0
n rtin
verting 3.5 IOF43LH | 3.4| 40| -3.4 | -4.0
35 IOE4aLH | 34| 40| —3.4 | 40
True 'ASC5207
- 35 IOF4aLH | 3.4| 4.0 | -3.4 | 4.0
Troe "ASC5217 | 2.7 1OF64LH | 5.1| 60 | =51 | —6.0
Troe "ASCS227 | 2.7 1OF04LH | 85| 100 | -85 [-10.0
True "ASC5239 | 2.7 IOFBBLH | 20.4 | 24.0 |-10.2 |-12.0
inverting | '‘ASC5246 | 2.5 |OFDBLH | 37.4| 44.0 |-10.2 |-12.0

NOTE: IOE = Minimum Height; IOF = Minimum Width

Texas ‘9 xxv
INSTRUMENTS
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FUNCTIONAL INDEX

INPUT/OUTPUT TERMINATING NETWORKS

SUPPLY HDL OR
DESCRIPTION TYPE COMMENT:
CURRENT | CELL NAME o s
‘ASC2370 | 400 zA PR400LH
! 7
Active Pull-Up ASC2371 200 pA PR250LH Input 'or
'ASC2372 95 uA PRO95LH 110 with
'ASC2374 5 pA PROO5LH Tap
Active Pull-Down 'ASC2373 95 pA PDO95LH
CompilerCell™ MEMORIES/REGISTERS
TOTAL
NUMBER WORD LENGTH
D IPTION T Bl
ESCRIPTIO| YPE OF WORDS N BITS NUMBER
OF BITS
Static Random
. ‘ASC3010 | 4 to 1024 4 to 32 16 to 16384
Access Memories
Read-Only
Memories — ‘ASC3200 | 8 to 2048 4 to 32 512 to 16384
Single Array
Read-Only .
Memories — ‘ASC3200 8 to 4096 4 to 64 512 to 65536
Double Array
Pipeli
petine ‘ASC3430 - 410 32 4- 10 32-X-n
Test Register

CompilerCell™ PROGRAMMABLE LOGIC ARRAYS

XXVI

DESCRIPTION TYPE INPUTS PRODUCT OUTPUTS
TERMS
Programmable \
X ‘ASC3800 64 128 32
Logic Arrays
T :
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GENERAL INFORMATION

INTRODUCTION TO STANDARD CELLS

Leadership electronic solutions protect the unique value designed into your products. Using Texas Instruments
SystemCell™ standard cells, you implement simple custom semiconductor solutions for your specific market
opportunities. These custom solutions, also called Application Specific Integrated Circuits (ASICs), fock in the
powerful combination of personalized electronics and increased system efficiency. Some benefits are

SystemCell™ FEATURES SYSTEM BENEFITS

Custom design Improves your market value by
— Reducing cycle time
— Reducing product development costs

Automated design process Improves your market execution by
— Reducing design resources
— Enhancing market entry point

Selected density and package Simplifies your system design by
— Providing optimal circuit size
— Reducing package count

Controlling costs

— Improving reliability

Selected performance Enhances your market appeal by
— Providing timely application solutions
— Using your specific functions
— Integrating Tl’s custom circuits.

Using TI's standard cells greatly simplifies custom IC implementation. The SystemCell™ standard-cell family
not only includes a number of the familiar TTL and HCMOS logic functions, but it also provides new and higher
density standard-cell logic functions. When used in conjunction with computer-based workstations, the custom
IC schematic is electronically captured for implementation in an automated chip-layout process. This combination
is currently the most cost effective for achieving personalized, high-complexity semiconductor solutions.

Electronic workstations are the key to simplified, high-complexity IC design. Typically, the workstations
incorporate high-level design tools to simplify component selection, schematic evaluation, and functional
verification. Simulation tools, resident on most workstations, perform the equivalent of circuit breadboarding
and debugging. Once the circuit design is complete, workstation utility software supplied by Ti generates data
base files containing both hardware and test descriptions. The data base is used as a source for generating
the chip layout and testing the fabricated devices.

Custom ICs can be designed using one of many popular workstations or one of several personal computer
systems. Once you decide on a workstation, you need only place one phone call to receive a copy of the Tl
documentation and software needed to begin a Tl SystemCell™ design. If you decide not to invest in or use
your own workstation, you can begin your standard-cell design with a sketch, and Tl can work with you to
complete the rest. Using TI's SystemCell™ family, you can decide how many, or how few, standard-cell design
tasks you wish to perform.

Tl has defined a variety of customer support and interface programs structured specifically for the most beneficial
application of your resources. A description of these interface points is provided in the standard-cell design
overview.

Texas “"f
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GENERAL INFORMATION

Customer Support

To assist you with a standard-cell IC design, Tl has seven North American Regional Technology Centers (RTCs)
staffed with experienced design personnel. The RTC staff can work with you to coordinate design specification
development and implementation. :

Total system design support is available at the RTC. A number of electronic workstations are available with
a direct high-speed computer link to the Tl design automation center in Dallas, Texas.

The RTC also provides assistance in the use of the Tl standard-cell library, including installation, training, and
library updates.

Once you have decided on a standard-cell approach, the RTC designers are available to perform the engineering
design and test development. You decide the amount of work the RTC will do and the amount you will do.
The more tasks you perform, the fewer charges there will be for nonrecurring engineering (NRE) work associated
with IC design. The RTC can perform pre-design support, such as assisting with system analysis and circuit
partitioning, as well as schematic capture and test pattern generation. Charges for these services are primarily
based on fixed-fee contracts, providing predictable and manageable design costs.

In addition to RTC assistance, technical sales representatives and ASIC product specialists, located in Ti sales
offices, can help determine the best standard-cell IC approach.

Getting A Head Start: Tl Standard-Cell Workshop

The RTC offers comprehensive training in standard-cell design using state-of-the-art design tools and software.
The RTC-210 ASIC workshop is a three-day course that uses numerous lab exercises and concise lectures to
introduce all phases of a standard-cell IC design. A listing of the RTC-210 course work follows.

RTC-210 ASIC Course Work Outline

Characteristics and advantages of gate arrays
Characteristics and advantages of standard cells
Semicustom design technique

Schematic capture

Packaging and interface considerations

Circuit simulation and test-pattern design
Generating a design data base using a workstation
IC layout and post-layout simulation.

Another important objective of the course is to help identify interface points and communication channels that
will satisfy your specific requirements for standard-cell IC design.

The workshop is available at the nearest RTC. Or, if you have a number of designers who will be designing
with standard cells, the workshop can be conducted at your facility.

The course is open to anyone interested, and the registration fee is deductible from your first standard-cell IC
order. Contact the nearest Tl Regional Technology Center (see listing in Table 1) to register for the workshop.
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Table 1. Texas Instruments North American Regional Technology Centers

REGION

RTC LOCATION

PHONE

West Coast — North
West Coast — South

Santa Clara, CA
Irvine, CA

(408) 748-2220
(714) 660-8140

Mid-West — North
Mid-West — South

Arlington Heights, IL
Dallas, TX

(312) 640-2909
(214) 680-5066

East Coast — North

Waltham, MA

(617) 895-9196

East Coast — South (404) 662-7945

(613) 726-1970

Norcross, GA

Canada Nepean, Ontario

Ti SystemCell™ FAMILY

Since the IC was invented, manufacturers of electronic products have used each new advancement in integrated
circuit technology to increase functionality, decrease size, enhance performance, and reduce system costs.
This trend has led semiconductor producers from small-scale-integration (SSI), with only a few transistors per
device, to today’s very-large-scale-integration (VLSI), where a circuit consists of hundreds of thousands of
transistors. These high levels of integration have required major improvements in the areas of process technology
and production and fabrication techniques.

TI's SystemCell™ standard-cell product family takes advantage of these technological advancements to bring
you high performance and functionality of custom ICs at semi-custom prices. The standard cells also offer added
benefits of short design cycle time and reduced product development costs.

The TI SystemCell™standard-cell library includes basic gates, buffers, /O drivers, and high-level functions
called macros. These macros are supplied in two forms: a hard-wired form and a software form. Software macros
of familiar TTL functions can be embedded in your design with a simple label, or they can be custom modified
to enhance functionality and cost effectiveness. Hard-wired macros, providing a broad selection of predesigned
and fully characterized functions, can also be included in your design with a single label.

New standard-cell functions are being added routinely to increase the effectiveness' of automated design
techniques. These new functions are described in the Advance Information and Product Preview sections of
this book. A goal, maintained by T, is to provide total semiconductor solutions to your needs. Requests for
new cell designs will be carefully considered.

Other benefits available from the SystemCell™ Family are:

CMOS or TTL compatible inputs and outputs

Operation over VcC range of 2 V to 6 V

Specified parametrically over Vcc range of 4.5 V to 5.5 V

Specified parametrically over industrial and military temperature ranges

Internal gate propagation delays of less than 1 ns

Flip-fiop toggle frequencies up to 65.8 MHz

Latch-up protection up to 400 mA

Inputs and outputs designed to withstand up to 4 kV ESD, as tested using method 3015 of
MIL-STD-883. :

* Wide variety of package options: DIP, SOIC (D), PGA (GB) and Quad Flat-Pack.

e ® o o o o o o

SystemCell™ Technology

SystemCell™ products are fabricated using a twin-well polysilicon self-aligned CMOS process to produce 2-um
gate-length versions of CMOS standard cells. In this process, polysilicon is deposited over the gate oxide prior
to the source and drain implants. After patterning the polysilicon gates, the source and drain are then implanted,
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ALUMINUM
POLYSILICON INTERCONNECTS

GATE MULTILEVEL
OXIDE PROTECTIVE OVERCOAT

SOURCE X # DRAIN
p+

N+

P-SUBSTRATE

Figure 1. Cross Section of Double-Level Metal, Twin-Well CMOS Process

using the gates as the mask. This self-aligning process, illustrated in Figure 1, permits reduced junction areas,
which are coupled with shaliow implants to achieve several performance enhancements.

ICs created using SystemCell™ standard cells have speeds that meet or exceed HCMOS, Advanced HCMOS,
and all but the most advanced bipolar logic characteristics. These improved speeds are due to reduced gate
and junction capacitance.

Ring oscillator evaluations, shown in Figure 2, compare 2-um CMOS gate propagation delay with 3-um and
5-um CMOS delays. The figure shows the technological improvements associated with high-density CMOS
processes. The data are obtained from equivalent ring oscillators in which the gates are adjacent and interconnect
capacitance is minimal.

The reduced power requirements of CMOS place its speed-power efficiency two orders of magnitude ahead
of conventional bipolar logic families. The lower power requirements are achieved because of reduced channel
lengths, more shallow junctions, smaller feature size, and lower junction capacitance of the high-density 2-um
CMOS technology. :

Standard cell products from Tl are characterized for performance over the full military temperature range of
-55°C to 125°C and the industrial temperature range of -40°C to 85°C.

Cell Size and Construction

Each SystemCell™ is a custom-designed silicon implementation of a particular logic function.

The SystemCell™ data sheets compare the size of each cell or macro relative to the NA210LH two-input NAND
gate, shown in Figure 3. This allows you to estimate the equivalent complexity of your design.
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GATE PROPAGATION DELAY — ns
-

01 I | TR R A B B B
1 2 3 4 5 6 78910

GATE LENGTH — um
Figure 2. CMOS Performance
Within a cell, aluminum V¢ and ground lines run horizontally across the cell at the top and bottom as illustrated

in Figure 3(A). The polysilicon gates run at right angles to the power buses, providing access to the inputs and
outputs at both the top and bottom of the cell. The logic concept of the cell is shown in Figure 3(B).
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Figure 3. 2-Input NAND
This cell structure lends itself to automated layout by providing the capability of laying cells end-to-end in a
continuous row of cells having a continuous power bus. High-density routing is achieved through the use of
a second level of metal interconnect.
ia
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THE SystemCell™ LIBRARY
Computer-Aided Design with the Library

The SystemCell™ library provides full access to the latest technological advances in computer-aided design
and state-of-the-art engineering workstations. A workstation employing the Tl SystemCell™ library provides
the familiar, simple entry for designing complex custom ICs.

The Tl library can be installed on many popular workstations such as those available from Daisy™, Hewlett-
Packard, Mentor Graphics™, and Valid Logic Systems Incorporated™. The library can also be used on PCs that
support FutureNet® and P-CAD™,

The engineering workstations provide generic capabilities for schematic capture, simulation, test-vector
generation, and netlist/test-vector formatting. The TI library contains five additional software programs
implementing graphic, logic, delay, and interconnect capacitance models, along with data base translators. These
programs are used to generate the layout and test-pattern files for your design and are then used directly by
the Tl design-automation system to produce the custom IC.

SystemCell™ Product Line

The SystemCell™ product line contains a broad functional variety of predesigned cells providing full design
flexibility. The product line, ranging from simple inverters to complex LS| structures, has five classes of cells
and macro functions that are used to achieve custom designs. For cell and product specifications, refer to specific
data sheets in this book. A general overview of the product line is given in items 1 through 5 below.

Small-Scale Integration (SSI) Cells

SSI cells implement basic gates, Boolean and inverter functions. The hard-wired cells are modeled after the
popular SN54/74HC, LS, and F series of SSI devices. Most cells in this class have a number of physical
implementations providing varying levels of output drive. This permits the designer to selectively structure his
system implementation for the required performance (i.e., minimum delay times or minimum power dissipations).
As an example, the SN54ASCO0 and SN74ASCOO offer five different drive capabilities. The optional cells are
compared in Table 2. Figure 4 illustrates comparable layouts for the NA210, NA230, and NA260 cells.

Table 2. SSI Comparisons for Optional Cells

TYPICAL INCREASE IN
RELATIVE INPUT PROPAGATION tpd WITH ADDED
CELL NAME OUTPUT CAPACITANCE DELAY (tpq) CAPACITANCE
. DRIVE (C;) CL = pF (tpd)
NA210LH 1X 0.12 2 ns 1.1 ns/pF
NA220LH 2X - 0.26 1.3 ns 0.6 ns/pF
NA230LH 3X 0.34 1.1 ns 0.4 ns/pF
NA240LH 4X 0.54 1 ns 0.3 ns/pF
NA260LH 6X 0.79 0.8 ns 0.2 ns/pF

Daisy is a trademark of Daisy Systems Corporation.

Mentor Graphics is a trademark of Mentor Graphics Corporation.
FutureNet® is a registered trademark of FutureNet.

P-Cad is trademark of Personal CAD Systems.
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NA210NF1

NA230NF1

NA260NF1

Figure 4. Three Different Drive Layouts for 2-Input NAND Gate

Hard-Wired Medium-Scale Integration (MSI) Macro Cells

Hard-wired macros (hard macros) are dedicated designs impiementing MSi-level building blocks such as flip-
flops, latches, encoders, decoders, registers, 4-bit ALU, and other operator functions. They are optimized for

a silicon-efficient layout.

Software Macro Functions

Predesigned pin-for-pin equivalents of 50 existing 54/74 LS, TTL and 54/74F SSI/MSI/LSI functions are
implemented in the SystemCell™ software library. These software macros (soft macros) are library-resident
netlists composed of a combination of SSI and hard-wired MSI cells. Additional user-defined software macros

can be created on your workstation and added to your library under unique netlist labels.

The software macros.are designated either as SN54ASC’ or as SN74ASC’, corresponding to the similar TTL
prefix-numbering method described in naming conventions. Thus, an SN74ASC 166 is functionally identical to

the TTL SN74LS166A or the CMOS SN74HC166.

Hard-Wired Static RAM Memory Functions

The library contains four hard-wired memory organizations (see Table 3) that can be used in custom designs.

Table 3. Hard-Wired Memory Organizations for Custom Designs

DESCRIPTION

CELL NAME

ORGANIZATION

WORDS

BITS

256-Bit
512-Bit
1024-Bit
1024-Bit

RA416LH
RAG08LH
RA708LH
RA804LH

16
64
128
256

16
8
8
4

Texas
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Input, Output, and Bidirectional 1/0 Functions

The SystemCell™ library includes ESD and latch-up protected cell designs implementing various combinations
of input, output, or bidirectional I/O functions. By selecting the appropriate cell, you can interface to either TTL
or CMOS voltage levels. The available buffer types and appropriate options are listed in Table 4.

Table 4. Available Buffer Types

BUFFER TYPES OPTIONS
Input TTL and CMOS switching thresholds

Inverting or noninverting inputs with and without hysteresis and/or pullup resistors
Output 2 mA, 4 mA, 6 mA, and 10 mA current sink/source Push-Pull, 3-state, or open-drain
Bidirectional 3-state outputs; TTL or CMOS level inputs

inverting or noninvérting inputs
2 mA, 4 mA, 6 mA, and 10 mA current sink/source CMOS or TTL output

Library Development

The following classes of functions are currently under development and planned for addition to future releases
of the SystemCell™ library.

Compiler Functions
CompilerCell™ functions permit the system designér to implement custom functions simply by specifying

dimensional parameters. Procedures for generating the physical layout and simulation values pertaining to the
designed function are software routines that implement the specific high-level function described by the designer.

The following CompilerCell™ functions are available:

Static Random Access Memory (RAM)
Static Read Only Memory (ROM)
Programmable Logic Array (PLA)
Pipeline Test Register (PTR).

See the Product Preview describing each of these functions.

The following CompilerCell™ functions are planned:
Data Path Functions:

Arithmetic Logic Unit (ALU)
Adder

Multiplexer
Incrementer/Decrementer
Shifter

Clock Generator.
Linear Functions

Linear function cells, integrated into the system design, can further reduce the number of ICs required at the
system level. The following linear functions are in development:

Op;erational Amplifier (see Product Preview)
Crystal and RC Oscillators (see Product Preview)
User-Programmable Delay Elements (see Product Preview).

INSTRUMENTS ,
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Digital Functions

1 The extent of compatible digital cells and macros offered in the Tl SystemCell™ library will be expanded with
the following planned functions:
Q ® Multiple-Port Register File {(see Product Preview)
= ® Hard-Wired TTL-Type MSI
(5] )
2 e Timer Modules )
-_ * Universal Asynchronous Receiver/Transmitter (UART)
5 * Small Computer Systems Interface (SCSI)
3‘ e Serial Peripheral Interface (SPI)
=] e Interrupt Controller
g * Direct Memory Access (DMA) Controller.
=3 e PC/PC-AT Expansion Bus Interface
S e Multiplier
* First-In/First Out (FIFO) Memories
¢ MegaModules™: :
‘ASC888 8-Bit Slice
'ASC890 Microsequencer
‘ASC2901 4-Bit Slice
‘ASC2902 ALU Look Ahead
‘ASC2904 Shift Controller
‘ASC2910 Micro Controller.
STANDARD-CELL NAMING CONVENTIONS
Each standard cell has two designations. The first is similar to the 54/74 series of numbers and is designated
the function number. The second describes the implementation(s) of the cell and is therefore referred to as
the cell name. This dual numbering/naming convention simplifies cross-reference to other digital logic families
and aids in differentiating cells providing multiple drive levels.
Function Numbers
Generic functions (i.e., 2-input positive AND gates) are designated with either an SN54ASCXXX or an
SN74ASCXXX prefix corresponding to the operating temperature range designations used for the TTL families.
SNB4ASCXXX standard cells are rated for operation over the full military temperature range of
-55°C to 125°C, and SN74ASCXXX standard cells are rated for operation from -40°C to 85°C. Function
numbers are assigned as defined in Table 5.
Table 5. Sequence for Generic Function Assignment
FUNCTION APPLICATION
NUMBERS INTERNAL ) FUNCTIONAL CATEGORY
54/74ASCXXX CELL . CELL
00- 999 X SSI/MSI macro cells (Equivalent to 74LS, 74HC, or 74F)
2000-2499 X SSI/MSI macro cells
2500-2599 X Analog cells .
3000-3099 X Memory and compiler cells
4000-4999 X SSI macro cells (Equivalent to 74HC)
5000-5025 X Input buffers
5100-5125 X Output buffers
5200-5250 X Bidirectional I/O buffers
6002-6199 X SSI/MSI macro cells
i}
1-12
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Cell Names

Most SSI gates and flip-flop functions are offered with muiltiple cell implementations to satisfy various performance
levels. Each cell is named in accordance with the specification shown in Figure 5. Anindex to the logic function

prefixes follows Figure 5.
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s
' USAGE (LH = 2-um STANDARD CELL) g
[}
CELL NUMBER SEQUENCE ©
LOGIC FUNCTION PREFIX
(AN = AND gate See Table 6)
Figure 5. Cell Name Example
Table 6. Index to Cell and Macro Prefixes
AN L AND Gates LA Latches, D-Type and S-R
AD . AND-OR Gates MU . Muitiplexers
BF . Boolean Functions MV. . Multivibrator (One-Shot)
BU. . e Buffers NA e NAND Gates
CO L e Comparators NO . NOR Gates
Do e Flip-Flops, D-Type OP . Output Cells
DE . e Decoders OR . . OR Gates
DL. .. Delay Elements O . Oscillators
EN. ..o EXCLUSIVE-NOR Gates PD .. Pull-Down, Active
EX et EXCLUSIVE-OR Gates PR Pull-Up, Active
GM................ P Latches, Gated S-R PUC. ... i e Power-Up Clear {One-Shot)
GS... ... Latches, Gated-NOR S-R R Registers
0. Bidirectional 1/0 Cells RA ... ... Hard-Wired RAM Macro Cells
P Input Cells RE Register Files
IV Inverters S Software Macros
CdK Flip-Flops, J-K Type T e Flip-Flop, Toggle Type
TO Tie-Off
STANDARD-CELL DESIGN OVERVIEW
A standard-cell IC design execution can be broadly grouped into four basic phases:
* Phase 0 — Specifying the design
¢ Phase 1 — Creating the design database(s)
® Phase 2 — Generating the chip layout(s)
* Phase 3 — Fabricating and testing the device(s).
An overview of the four phases follows and is accompanied by a design flowchart, Figure 6. The flowchart
specifies the milestones required to complete a design. The design flow has been developed in conjunction with
i
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Figure 6. Standard-Cell Design Execution
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successful completion of many standard, semicustom, and custom ICs at Tl. Strict adherence to the milestone
verifications, simulations, reviews, and tests has yielded the most cost-effective success rate for IC design.

When adapted to standard-cell IC design, the milestones are structured specifically to maximize design resource
utilization. In order to accommodate the user’s own design resources, the milestones comprise varying levels
of user involvement in the design phases, from simply supplying a logic diagram to a Tl design center, to turning
over a post-layout simulated data base for Tl verification and production. In either case, the design flow is
maintained to be equivalent. Key features of the design flow are:

Applies design resources cost-effectively

Structures development and verification of a design data base
Updates design specifications routinely

Utilizes a proven automated design system and production process.

e e o o

Specifying the Design (Phase 0)

System requirements determine IC designs that satisfy the environmental, functional, logic, and performance
requirements. Systems requiring more than a single IC will need to be partitioned. In all cases, complexity and
use conditions will drive a hardware definition. Whether you intend to design the devices or ask Tl to design
them, they must be completely described. The following items should be specified before starting your standard-
cell IC design.

Physical Design

End applications anticipated for the system design will determine physicai properties utilized to manufacture
the system. Likewise, the environment created within the system for the accommodation of custom
semiconductor ICs will dictate the IC physical requirements.

Logic Design

A logic diagram is needed to define the boundary of the ICs, whether adapting an existing logic system or designing
a new one.

Schematic Design

The schematic design reduces functions to their lowest functional-level components. An understanding of the
standard-cell family and cell performance specifications will be beneficial to the designer. Reduction beyond
cells, macros, and software macros is not needed if the IC design goals are achieved. Detailed guidelines and
cell selection procedures are provided in Tl design manuals issued for use with engineering workstations. Also,
suggestions for evaluating, modifying, and using software macros are provided on the individual data sheets
and in design guidelines provided in Section 7 of this data book. The resuiting schematic diagram becomes the
detailed reference document for cell conversion and schematic capture.

Interface (Input/Output) Buffers

The 1/O buffers specify the inputs and outputs required to interface the custom IC into the system design.

Timing Test Vectors

These vectors specify the timing relationships needed between input pins and from inputs to outputs.

Functional Test Vectors

Functional test vectors specify the functional performance needed from the IC and include waveform diagrams
and/or test patterns. Cost effectiveness is a direct function of testability. In some cases, 1/O pins and additional
logic are easily justified to achieve adequate test capability.

-—
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Tl invites your request for new cells that are not available in the T library. Software macros to satisfy most
design requirements, if not currently in Tl's library, can be generated on your workstation.

A blank, generic design specification, which can be used as a working document, is available from Tl to guide
you through the initial design steps.

Completion of Phase O will yield:

A schematic which includes the IC interfaces
Test vectors for both functional and delay time parameters
Packaging requirements for the IC.

Creating the Design Database (Phase 1)

Phase 1 utilizes a workstation to capture the schematic diagram as a basis for simulating both functional behavior
and timing relationships of the defined function. Phase 1 is accomplished as described in the following paragraphs.

Schematic Capture

Schematic capture consists of cell conversion and logic capture.

Cell Conversion

Each element of the given circuit is replaced with a standard-cell equivalent. This involves selecting the cells
and macros that satisfy both functionél and timing requirements, including dc sink/source current requirements
of the I/O cells. Software macras can increase the efficiency of cell conversion, and simple modifications can
make them custom for your current design. This is usually done on a workstation in conjunction with logic capture.

Logic Capture

This is the process of representing logic on the workstation by calling and naming each cell and macro to be
used and by naming all input and output interconnections. A hierarchical design process permits the development
of higher-level macros composed of cells and lower-order macros. These ‘super’ macros and their interconnections
are also named. Within the limits’ of the particular workstation, this hierarchical design process is continued
until the standard-cell IC is |mplemented When completed the workstation captures the defined logic in a
hierarchical netlist database. This database is utilized by the SystemCell™ library Hardware Description
Language (HDL) translator to convert the code into a Tl design automation system code, called HDL. At this
time, the workstation can prowde a hard-copy logic diagram of the standard celi IC.

AC and DC Test Vector Generation

Utilizing the test vectors developed in Phase O, files are input to the design workstation, which will overlay
both functional and delay time attribute specifications on the schematic. .

Functional and Timing Simulations

The workstation utilizes the ac and dc test vector files to verify pre-layout functionality and timing performance.
This simulation uses the standard cell’s intrinsic characteristics.

Test Description Language (TDL)

The workstation test vectors used in the pre-layout simulation are translated into TDL automatically by the
SystemCell™ library TDL translator software. The extracted TDL patterns can be evaluated by programs that
simulate faults at every node to see how effectlvely the test patterns are detectmg faults. Test pattern grading
is an optional procedure
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GENERAL INFORMATION

Design Specification

The blank, generic, standard-cell IC design specification forms, available from Tl, can be used as a working
guideline to achieve successful pre-layout simulations. If so, most of the design specification data are captured
during Phase O and 1. A formalized version can then be completed for joint approval by you and TI. Upon approval,
both the design specification and data files are given to Tl for Phase 2.

Successful completion of Phase O and Phase 1 yields the following results:

A database for the circuit description in HDL

A database for a set of test patterns expressed in TDL

A design specification.
Generating the Chip Layout (Phase 2)
During this phase of your standard-cell IC design, the HDL/TDL database, developed in Phase 1, is converted
into an actual device layout.
Placement and Routing
Cells and interconnections are arranged according to your I/O design requirements. Using your HDL, a computer-
automated layout is completed. Cells are first placed by the layout software, and then cell interconnections
are made using the hierarchical netlist data base.
Layout Capacitance Extraction
Values of the interconnect capacitance for each network are extracted and added to cell capacitance to derive
the total capacitive loading on each circuit node.
Post-Layout Simulation

Similar to the pre-layout functional and timing simulation, post-layout simulation combines the effects of intrinsic
and interconnect capacitance and resistance values to simulate the performance based on the cell placement
and chip layout.

.Review

Results of the post-layout simulation are evaluated for conformance to design specification. Beyond conformance,
the database results are evaluated for compliance with predictable norms defined for the design-automation-
system process.

Design Specification

Based on resuits of the post-layout review, the design specification is confirmed and updated. Confirmation
consists of a mutual agreement to proceed to Phase 3. An update is interactive and requires approval by both
purchaser and TI. If necessary, options for the update are reviewed with the customer and specification changes,
or database changes, that will meet the design requirements are proposed.

Design Verification

The layout database is checked by the design automation system to ensure that geometric design rules are met.

Schematic Verification

The schematic verification program uses the layout database and works backward to generate a new HDL,
which is then compared to the pre-layout HDL description.

General Information
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Merge Internal Cell Structure
The post-layout verified database is merged with a tooling-structure database, resident in the design automation
system. This merge completes the tooling database.
Tooling Database
The tooling database is used to extract the test programs and pattern generator (PG) files. The files are needed
to support wafer fabrication and chip testing.
Successful completion of Phase 3 yields the following results:
A test-program generation (TDL) database
A wafer-fabrication tooling database.
Chip Fabrication and Testing (Phase 3)

Prototypes of your standard-cell IC are fabricated and tested as described in the following paragraphs.

Photomask Tooling

The PG files are used to execute the photomask designs needed to produce the wafers containing the custom ICs.

Wafer Processing

CMOS standard-cell wafers are fabricated using a twin-well polysilicon self-aligned process (see Figure 1).
Utilization of the 2-um process, defined to remain a mainstream technology at Tl, is based on long-term product
plan commitments for both custom and standard IC products.

Probe Test

Standard wafer-probe techniques are applied to implement cost-effective utilization of fabrication materials and
resources. A probe test ensures the assembled ICs are most likely to yield parametrically good devices.

Prototype Assembly and Test

Chips passing the probe test are used in the prototype fabrication. Prototypes are packaged in ceramic packs
or carriers as an expedient method for completing design evaluations. Class *’A’’ prototypes are typically tested
at room temperature for functionality while being exercised at 1 MHz. Electrical characteristics of the input
cells, output cells, and static supply current are ’go-no-go’’ tested to the design specification. These class "'A"’
prototypes are expedited to you for use in performing system functional testing.

AC Characterization and Data Log

The remaining prototypes (class ‘‘B’’) are tested/data logged by Tl in accordance with the design specification.
Typically, class ‘‘B’’ is tested for functionality at the rated performance range(s) over operating ranges of supply
voltage and temperature. Standard data logging is limited to ‘“go-no-go’’ conformance to the design specification.
These prototypes permit the customer to perform system characterization and system prototype delivery prior
to production start-up.

Volume Production

Acceptance of the characterized B prototypes as conforming to the design specification is required prior to
the execution of production orders. Production quantities are packaged in accordance with the design
specification.

1-18 . v | Texas {i}
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GENERAL INFORMATION

SUMMARY

The TI SystemCell™ family provides simple electronic solutions for making your products uniquely innovative.
The SystemCell™ family data sheets (see Section 3) and IC design considerations (see Section 7) provide
additional information. For assistance beyond the scope of this data book, call the following sources:

ASIC product specialist(s) at Tl field sales office(s)
Design engineer(s) at the Tl Regional Technology Center(s)
The Tl ASIC center in Dallas.

General Information H
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EXPLANATION OF FUNCTION TABLES

The following symbols are now being used in function tables on Ti data sheets:

H

"

high level (steady state)

= low level (steady state)

= transition from low to high level

= transition from high to low level

= irrelevant (any input, including transitions)

= off (high-impedance) state of a 3-state output

= the level of steady-state inputs at inputs A through H, respectively

i

88 5 N x — -
n

level of Q before the indicated steady-state input conditions were established
= complement of QQ or level of Q before the indicated steady-state input conditions were established
= level of Q before the most recent active transition indicated by ! or |

one high-level pulse

C

= one low-level pulse

TOGGLE each output changes to the complement of its previous level on each active transition indicated by torl.

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 itis 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 t and/or |, 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, QQ, or ao). 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, _[_"l_ 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

2
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Among the most complex function tables in this book 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., SN74ASC194A. . )

FUNCTION TABLE
INPUTS OUTPUTS
MODE SERIAL PARALLEL
CLEAR 1< 50| SO [eFT RiIGHT| A B8 ¢ D | A 9% 9c Co
L X X X X X X X X X!t L L L
H X X L X X |X X X X |Qao Qg0 Qco Qpo
H H H + X X a b ¢ d a b c d
H L. H 1 X H X X X X Qan Qn Qcn
H L H ? X 'L X X X X | L Qan QBn Qcn
H H L * H X |X X X X |0y Qcp Qpn H
H H L t L X |X X X X |Ognh Qcn Opn L
H L L X X X X X X X |8an Qgn Qcn Qpo

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-low 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 Q, 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 Qp, the previous
levels of Qp and Qg are now at Qc and Qp respectively, and the data previously at Qp 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, from the shift-left
serial input and the shifting of previously entered data one bit; data previously at Qg is now at QA, the previous
levels of Q¢ and Qp are now at Qg and Q¢, respectively, and the data previously at QA is no langer 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 mode inputs are low, no other input has any effect and, as 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. '
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ABSOLUTE MAXIMUM RATINGS
RECOMMENDED OPERATING CONDITIONS

Table 1. Specifications for Internal Boolean and Macro Cells

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

SUPPIY VOItAgE raNGE, VO - - - -+ ot vt e e ittt e e e e e -05Vto7V
INPUL VOItage range . . . . .. .. o e -0.5Vto7V
Operating free-air temperature range: SNBAASC’ . . .. . . ... . -55°C to 125°C
SNTZAASC o -40°C to 85°C
Storage teMPEratlure FANGE . . . . o v v v vttt et et e et e e e e e e e -65°C to 150°C
recommended operating conditions
SN54ASC’ SN74ASC’ UNIT
MIN NOM MAX MIN NOM MAX
Vece Supply voltage 4.5 5 5.5 4.5 5 5.5 \
TA Operating temperature range =55 125 -40 85 °C
Table 2. Specifications for Input Standard Cells
absolute maximum ratings over operating free-air temperature range (unless otherwise noted)
Supply voltage range, Vcc -0.5Vto7V

Input clamp current, ik (V| <0 or V{>Vce). .. e e +20 mA
Input voltage range . . . . . . .. -0.5Vto7V
Operating free-air temperature range: SNBAASC . . . .. ...ttt e -55°C to 125°C
SNTZAASC . -40°C to 85°C
Storage teMPErature TANGE . . . . . o o o v vt e et e e e et et et e e e e e e ~-65°C to 150°C
recommended operating conditions for TTL-compatible inputs
SN54ASC’ SN74ASC’
MIN NOM MAX MIN NOM MAX unIT
Vee Supply voltage 4.5 5 5.5 4.5 5 5.5 \Z
ViH High-leve! input voltage 2 2 \%
ViL Low-level input voltage 0.8 0.8 \%
Vi Input voltage 0 Vee 0 Vee \
tt Input transition (rise and fall) times 0 200 [0} 200 ns
TA Operating temperature range -55 125 -40 85 °C
recommended operating conditions for CMOS-compatible inputs
SN54ASC’ SN74ASC’
UNIT
MIN NOM MAX MIN NOM MAX
Vee Supply voltage 4.5 5 5.5 4.5 5 5.5 \
ViH High-level input voltage 3.15 3.15 \
ViL Low-level input voltage 0.9 0.9 \%
\ Input voltage 0 Vee 0 Vee \
tt Input transition (rise and fall) times 0 300 0 300 ns
TA Operating temperature range -55 : 125 -40 85 °C
TEXAS {'P
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ABSOLUTE MAXIMUM RATINGS
RECOMMENDED OPERATING CONDITIONS

Table 3. Specifications for Output Standard Cells

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

Supply voltage rénge,’ 7o o T S -0.5Vto7V
Output clamp current, IgK (VO<O OFr VOS> V) - o v vt +-20 mA
Continuous output current (VO =010 VCC) . - - .« oottt e +25 mA
Operating free-air temperature range: SNB4ASC’ . ... ... ... . ... ... .. i ~55°C to 125°C
2 . SN74ASC’ . . .. .. -40°C to 85°C
Storage temMPerature TANGE . . . . . ..t o vttt e ettt e e e -65°C to 150°C
O recommended operating conditions
(]
=h SN54ASC’ SN74ASC’
% MIN NOM MAX MIN NOM MAX unIt
6' Vee Supply voltage 4.5 5 5.5 4.5 5 5.5 \%
- Vo Output voltage 0 Vee 0 Vee v
_0" loH High-level output currentt As specified on individual mA
o v ] loL Low-level output current data sheets mA
9' TA Operating temperature range -55 125 L -40 85 °C
5- tApplies for all except open-drain output cells.
«Q
» Table 4. Specifications for Input/Output (I/0) Standard Cells
g absolute maximum ratings over operating free-air temperature range (unless otherwise noted)
Q.
G) SUPPIY VORAGE FaNGE, VG -« -+ v v v v vt ettt i e -0.5Vto7V
— 1/0 clamp current, (V<O OF VISV ) « ot ittt et +20 mA
8 Continuous output current (Vg =0to VO +25 mA
(7] Operating free-air temperature range: SNB4AASC' . . . .. ... . ... i -55°C to 125°C
2 SNT4ASC e ~40°C to 85°C
< Storage temperature TANGE . . . . . ...ttt ittt e e -65°C to 150°C
recommended operating conditions for TTL-compatible 1/0s
SN54ASC’ SN74ASC’
MIN NOM MAX MIN NOMmM MAX uniT
Vee Supply voltage 4.5 5 5.5 4.5 5 5.5 v
Vo Output voltage 0 Vee 0 Vce Vv
IoH High-level output currentt As specified on individual mA
loL Low-level output current data sheets mA
ViH High-level input voltage 2 2 \%
VL Low-level input voltage 0.8 0.8 v
\] Input voltage 0 Vee 0 Vee \
tt Input transition (rise and and fall) times 0 200 0 200 ns
Ta Operating temperature range -55 125 -40 85 °C
tApplies for all except open-drain output cells.
i
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ABSOLUTE MAXIMUM RATINGS
RECOMMENDED OPERATING CONDITIONS

recommended operating conditions for CMOS-compatible 1/Os

SN54ASC’ SN74ASC’

MiIN NOM MAX MIN NOM MAX UNIT
Vee Supply voltage 4.5 5 5.5 4.5 5 5.5 v
Vo Output voltage 0 Vce 0 Vce \
IoH High-level output currentt As specified on individual mA
loL Low-level output current data sheets mA
ViH High-level input voltage 3.15 3.15 \
ViL Low-level input voltage 0.9 0.9 \
\ Input voltage (o] Vce o Vce \
tt Input transition (rise and and fall) times (0] 300 [¢] 300 ns
TA Operating temperature range -55 125 -40 85 °C

TApplies for all except open-drain output cells.
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PARAMETER MEASUREMENT INFORMATION

FROM OUTPUT TEST :
UNDER TEST | _POINT PARAMETER CELLS cLt
cL tod INTERNAL and INPUT | O pF and 1 pF
I tpd QUTPUTS 15 pF and 50 pF
= TCy includes probe and test fixture capacitance.
LOAD CIRCUIT

FIGURE 1. TOTEM-POLE OUTPUTS

2

— o— Ve
EE RL=1ke

FROM OUTPUT TEST
UNDER TEST L POINT

D
fI cp =50 pFt

LOAD CIRCUIT

tC|_ includes probe and test fixture capacitance.

FIGURE 2. OPEN-DRAIN OUTPUTS

FROM OUTPUT
UNDER TEST

Atesso|p pue ‘sBupey ‘suoniuyaq

LOAD CIRCUIT
pARAMETER |'NTERNAL BUFFER] OUTPUT OR 110 s o
R ct R ct
15 pF OPEN CLOSED
1
ten o | 40K | qpr | 1ke | and
tpzL 20 kQ 50 pF CLOSED OPEN
1 20 ka OPEN CLOSED
tgis |—HZ 1pF | 1ke | 50pF
tLz | 20kQ CLOSED OPEN
0 pF 15 pF
1, )
tod PLH - and - and OPEN OPEN
tPHL 1 pF | 50 pF

TCL includes probe and test fixture capacitance.

" FIGURE 3. 3-STATE OUTPUTVS
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PARAMETER MEASUREMENT INFORMATION

CMOS-LEVEL |
INPUT

INTERNAL

OUT-OF-PHASE
OUTPUT | h v
— ——VoL
Je—tPHL-} l 0
—— —V
1 OH
INTERNAL - P"H"! |
IN-PHASE 44% | aa%
OUTPUT | h v
le-tPHL-B} oL

FIGURE 4. CMOS INPUT CELL AND CMOS 3-STATE
BIDIRECTIONAL INPUT PROPAGATION DELAY TIME
VOLTAGE WAVEFORMS

INPUT

OUT-OF-PHASE

OUTPUT
jo-tprL -l
|1-tpma|
IN-PHASE
OUTPUT 44% 44
k—tPHL-ﬂ VoL

FIGURE 6. INTERNAL TOTEM-POLE OUTPUT
PROPAGATION DELAY TIME VOLTAGE
WAVEFORMS

tr le— ol tf le—
TILLEVEL | F55% CT7s g 3v
INPUT i3y 13 v\
10% ’ 10%

INTERNAL |
OUT-OF-PHASE |
OUTPUT |
Je terLpl —— —VoL
— — —VoH
tPLH Je—l
INTERNAL 1

IN-PHASE
OUTPUT

FIGURE 5. TTL INPUT CELL AND TTL 3-STATE
BIDIRECTIONAL INPUT PROPAGATION DELAY TIME
VOLTAGE WAVEFORMS

INPUT

|
|
OUT-OF-PHASE | €
OUTPUT
ktPHzJ :
| . — — —Hiz
| |
— — —Hi-Z
tpLz J¢—} ]
IN-PHASE | |
OUTPUT | v
oL

le-tpzL-9

FIGURE 7. INTERNAL 3-STATE-OUTPUT BUFFER
DISABLE AND ENABLE VOLTAGE WAVEFORMS
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PARAMETER MEASUREMENT INFORMATION

o =
I 50% 90%% ': —————— vee
INPUT I |
| A24% 44% |
10% { : 10%
cMOS
| [
PLH
:::Ss =TT l
‘ | | ‘PI.H-’| | VoH
‘ T
CMOS/TTL | | !
OUTPUT | 50% 1 ¥509%
| 13V I 1av
TTL | ! v,
—VoL
tpaL l‘_cmos -Dl
cmos | tPHL
pn N
CMOS/TTL | |
OUTPUT l 50%

tPLH

FIGURE 8. CMOS/TTL OUTPUT AND 3-STATE
BIDIRECTIONAL INPUT/OUTPUT PROPAGATION
DELAY TIME VOLTAGE WAVEFORMS

}"tr"

CINPUT |
| “#~44%

10%

90% 90%

—|— — —Vou
| |
l 50%
I 1.3V
™y VoL

CMOS/TTL
OUTPUT  tPHZje—]
]
I .
lﬂ-tPLZ-Dl
CMOS/TTL |
ouTPUT

1 —————— Vee
|
|
|
1 X 10% 0
CMOS
tPzH v
TTL _’| OH
| tPzH | |
I ¥ 50%
| 13V
—— — —HiZ
F—CMOS—OI
tpzL e — —mz
l |
| 50%
[ , 13v
: | V
l TTL oL
oz

FIGURE 9. CMOS/TTL 3-STATE BIDIRECTIONAL
INPUT/OUTPUT DISABLE AND ENABLE VOLTAGE

WAVEFORMS
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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 (IEC) for international use.

OPERATING CONDITIONS AND CHARACTERISTICS (IN SEQUENCE BY LETTER SYMBOLS)

fmax

Icc

IiH

liL

loH

loL

loz

VIH

ViL

Power dissipation capacitance
Used to determine the no-load dynamic power dissipation per logic function (see individual circuit
pages): Pp = Cpd Vcc? f+icc Vec.

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 VcC supply terminal of an integrated circuit.

High-level input current
The current into* an input when a high-level voltage is applied to that input.

Low-level input current
The current into* an input when a low-level voltage is applied to that input.

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.

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.

Off-state (high-impedance-state) output current (of a three-state output)
The current flowing into* an output having three-state capability with input conditions established
that, according to the production specification, will establish the high-impedance state at the output.

High-level input voitage

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 guaranteed.

Low-level input voltage

An input voltage level within the less positive (more negative) of the two ranges of values used to

represent the binary variables.

NOTE: A minimum is specified that is the most-positive value of low-level input voltage for which
operation of the logic element within specification limits is guaranteed.

*Current out of a terminal is given as a negative value.
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GLOSSARY
SYMBOLS, TERMS, AND DEFINITIONS

2
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VOH

VoL

VT+

V-

ta

tdis

ten

tf

th

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.

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.

Positive-going 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, VT —.

Negative-going threshold level
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 voitage, VT 4.

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

Disable time (of a three-state output) i

The time interval between the specified reference points on the input and output voltage waveforms,
with the three-state output changing from either of the defined active levels (high or low) to a high-
impedance (off) state. (tgis = tPHZ or tpL2). '

Enable time (of a three-state output)

The time interval between the specified reference points on the input and output voltage waveforms,
with the three-state output changing from a high-impedance (off) state to either of the defined active
levels (high or low). (ten = tpzH or tpzL).

Fall time :
The time interval between two reference points (90% and 10% unless otherwise specified) on a
waveform that is changing from the defined high level to the defined low level.

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 guaranteed.

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 guaranteed.

Propagation delay time

The time between the specified reference points on the input and output voltage waveforms with
the output changing from one defined level (high or low) to the other defined level. (tpq = tpHL or
tpLH)-
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GLOSSARY
SYMBOLS, TERMS, AND DEFINTIONS

tPHL

tPHZ

tPLH

tpLz

tPZH

tPzL

tr

tsr

tsu

tt

tw

Propagation delay time, high-to-low level output
The time between the specified reference points on the input and output voltage waveforms with
the output changing from the defined high level to the defined low level.

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

Propagation delay time, low-to-high-level output
The time between the specified reference points on the input and output voltage waveforms with
the output changing from the defined low level to the defined high level.

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

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

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

Rise time
The time interval between two reference points (10% and 90% unless otherwise specified) on a
waveform that is changing from the defined low level to the defined high level.

Sense recovery time
The time interval needed to switch a memory from a write mode to a read mode and to obtain valid
data signals at the output.

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.

Transition time (general)

The time interval between two reference points (10% and 90% unless otherwise specified) on a
waveform that is changing from the defined low level to the defined high level (rise time) or from
the defined high level to the defined low level (fall time).

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

00 .
2-INPUT POSITIVE-NAND GATES logic symbol
tpd (ns) A v
CELL NAME Cpd (pF) B : 1
CL = 0 pF CL =1pF
NA210LH 0.9 2.0 0.51
NA220LH 0.8 1.3 1.00
NA230LH 0.7 1.1 1.51
NA240LH 0.6 1.0 2.06
NA260LH 0.6 0.8 2.98
Label: NA2nOLH A,BY
02
2-INPUT POSITIVE-NOR GATES logic symbol
tpd (ns) A Y
CELL NAME - Cpd (pF) B
CL = 0 pF CL = 1pF
NO210LH 0.9 2.4 0.33
NO220LH 0.8 1.5 0.52
NO230LH 0.8 1.3 0.80
NO240LH 0.7 1.1 0.98
Label: NO2nOLH A,B,Y;
04
INVERTERS logic symbol
tpd (ns) I >b
CELL NAME P Cpd (pF) A M
) CL = 0 pF Cp = 1pF
IV101LH 2.2 2.3 7.22
IV110LH 0.9 1.7 0.44
IV120LH 0.6 1.1 0.80
IV130LH 0.5 0.9 1.29
IV140LH 0.5 0.8 1.61
IV160LH 0.4 0.7 2.39
1IV180LH 0.4 0.6 3.16
Label: IVinOLH A,Y;
T i
~ EXAS
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PRODUCT GUIDE

08
2-INPUT POSITIVE-AND GATES logic symbol
tpd (ns) A— v
CELL NAME de (pF) [ P —
CpL = 0 pF CL = 1pF

AN210LH 1.3 2.1 0.90
AN220LH 1.5 1.9 1.20
AN240LH 1.9 2.1 2.32
AN260LH 1.5 1.7 3.08
Label: AN2nOLH A,B,Y;

10

3 3-INPUT POSITIVE-NAND GATES logic symbol

A

3 tpd (ns) B | Y
o CELL NAME Cpd (PF) c
o CL = O pF CL = 1pF
c NA310LH 0.8 2.2 0.50
2 NA320LH 0.9 1.5 0.94

NA330LH 0.8 1.3 1.41
@ NA340LH 0.8 1.1 1.86
=3 Label: NA3nOLH A,B,C,Y;
o
(5]

11
3-INPUT POSITIVE-AND GATES logic symbol
tpd (ns) g Y
CELL NAME Cpd (pF) c
CL = 0 pF CL = 1pF

AN310LH 1.6 2.4 1.06

AN320LH 1.7 2.2 1.56

AN340LH 2.2 2.5 2.59

AN360LH 1.7 1.9 4.08

Label: AN3nOLH A,B,C,Y;

20
4-INPUT POSITIVE-NAND GATES logic symbol
tpd (ns) S v
CELL NAME de (pF) c
CL=0pF | CL=1pF pd
NA410LH 0.8 2.6 0.50
NA420LH 1.0 1.8 0.96
NA430LH 1.0 1.5 1.46
Label: NA4nOLH A,B,C,D,Y;

34 TEXAS i
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21
4-INPUT POSITIVE-AND GATES logic symbol
tpd (ns) A
CELL NAME Cpd (pF) B
CL=0pF | CL=1pF c ‘ Y
AN410LH 1.8 2.6 1.18 D
AN420LH 2.0 2.5 1.72
AN440LH 2.4 2.7 2.77
AN460LH 2.1 2.3 4.58
Label: AN4nOLH A,B,C,D,Y;
27
3-INPUT POSITIVE-NOR GATES logic symbol
tpd (ns) A—
CELL NAME Cpd (PF) B ] Y
C_ = 0 pF CL = 1pF c———- :
NO310LH 1.1 3.2 0.32
NO320LH 1.1 2.1 0.56
NO330LH 1.0 1.8 0.85
Label: NO3nOLH A,B,C,Y;
8-INPUT POSITIVE-NAND GATES logic symbol
A
tpd (ns) B
CELL NAME - Cpd (pF)
CL=0pF | C =1pF g
NABTOLH - 1.9 4.5 0.61 £ }—v
NA820LH 1.9 3.3 1.13 .
Label: NA8nOLH A,B,C,D,E.F,G.H,Y; G ‘
H ‘
32
2-INPUT POSITIVE-OR GATES logic symbol
tpd (ns) ’ A——
CELL NAME Cpd (PF) Y
CpL = 0 pF CL = 1pF B —1 )
OR210LH 1.5 2.3 0.86
OR220LH 1.7 2.1 1.62
OR240LH 1.6 1.8 3.09
OR260LH 1.5 1.7 4.70
Label: OR2nOLH A,B,Y;
i
INSTRUMENTS
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PRODUCT GUIDE

74
D-TYPE POSITIVE-EDGE-TRIGGERED FLIP-FLOPS logic symbol

DFB20LH, DTB10LH
CELL NAME fmax (MHz) Cpd (pF) PREZ N3 .
DFB20LH 46.3 3.76 LK c1 [
DTB10LH 55.8 2.12 o 0
Label: D__BnOLH CLRZ,PREZ,D,CLK,Q,QZ; cLrz —lR oz
DFC20LH 52.1 3.39 DFC20LH, DTC10LH
DTC10LH 52.1 2.10 )
Label: D__CnOLH CLRZ,D,CLK,Q,QZ; CLk ¢ ——Q
D 1D
DFN20LH 64.2 2.71 S~ Qz
DTN10LH 55.8 2.21 CLRz —DR
Label: D_NnOLH D,CLK,Q,QZ; DFN20LH, DTN10LH
DFP20LH 55.8 3.49
b>c1 |—a
DTP10LH 85.8 2.50 Lk
Label: D__PnOLH PREZ,D,CLK,Q,QZ; D 1D b oz
DFY20LH | 69.2 [ 4.63
DFP20LH, DTP10LH
Label: DFY20LH PREZ,CLK,Q,QZ; 20LH, D
- PREZ —INs a
DFZ20LH | 59.2 | 4.94
CLK >C1
Label: DFZ20LH CLRZ,PREZ,CLK,Q,QZ; . az
D iD
DFY20LH
PREZ — Mg —— Q
CLK R I oz
DFZ20LH
PREZ —IIS Q
CLK >R
> Qz
CLRZ —IMR
75
D-TYPE LATCHES WITH ACTIVE-HIGH ENABLE logic symbol
tpd (ns) D Q
CELL NAME P Cpd (pF) , °
CL=0pF | CL=1pF c c1 > qz
LAH10LH 1.6 2.4 2.00
LAH20LH 1.6 2.0 2.81
Label: LAHNOLH D,C,Q,QZ;

Texas &
INSTRUMENTS
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85
4-BIT MAGNITUDE COMPARATORS logic symbol
tpd (ns) PO CCmP
CELL NAME Cpdt (pF)
CL=0pF | CL=1pF P1
S85LH 12.0 12.5 13.6 P2
. p3— |3
Label: S85LH P3,P2,P1,P0,03,02,Q01,Q0,PGTQ1,PLTQ1, P<Q PLTQO
PEQQ1,PGTQO,PLTQO,PEQQO; PLTQl ———— <
PEQQ - P=Q PEQQO
peTal > P>Q PGTQO
Qo (1]
Q1 a
Q2
a3 3
2-INPUT EXCLUSIVE-OR GATES logic symbol
A Y
tpd (ns) B ’
CELL NAME de (pF)
CL = 0 pF CL = 1pF
EX210LH 1.8 2.3 1.00
EX220LH 2.0 2.0 1.35
EX240LH 2.4 2.0 2.55
Label: EX2nOLH A,B,Y;
109
J-K POSITIVE-EDGE-TRIGGERED logic symbol
FLIP-FLOPS
CELL NAME fmax (MHz) Cpd (pF) - prEz —Is
JKB20LH 44.2 4.81 J 1J a
Label: JKB20LH CLRZ,PREZ,J,KZ,CLK,Q,QZ; CLK > c1
Kz —I 1k o
ctrRz —D R

TThe equivalent power dissipation capacitance does not include interconnect capacitance.
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PRODUCT GUIDE

137
3-LINE TO 8-LI'NE DECODERS/DEMULTIPLEXERS logic symbol
WITH ADDRESS LATCHES
DMUX
CELL NAME ‘pd 02} Cpdt (pF) 6Lz —Ecs
CL = 0 pF CL = 1pF
S137LH 12.0 12.7 17.59 o>~ Yo
Label: S137LH C,B,A,GLZ,G2Z,G1,Y0,Y1,Y2,Y3,Y4,Y5, —ef° Q2 1 S~ v
Y6,Y7; - 7T oap——v2
2 sp——yv3
= apP>~—va
G1 5P~——1v5
G2z —> s> Y6
IP—vY7
138
3-LINE TO 8-LINE DECODERS/DEMULTIPLEXERS logic symbol
tpd (ns)
CELL NAME P pr P Cpdt (pF) A A bMux ok o
S138LH 7.0 7.7 13.77 | GS_;_ 1P
Label: S138LH G1,G2AZ,G2BZ,A,B,C,Y0,Y1,Y2,Y3,Y4, c 2 2pP——1v2
Y5,Y6,Y7; s va
& s e L.
61 [ S
G2AZ — D> s 6
G2z — S v7

tThe equivalent power dissipation capacitance does not include interconnect capacitance.

U
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139
DUAL 2-LINE TO 4-LINE DECODERS/ logic symbol
DEMULTIPLEXERS
tpd (ns) DMUX | TN
CELL NAME Cpdt (pF) A1 ) °
CL = 0 pF CL = 1pF 81 G? D~ v11
S139LH 4.0 4.6 12.64 . vi2
B G1z—D
Label: S139LH A1,B1,G1Z,A2,B2,G2Z,Y10,Y11,Y12,
>~ v13
Y13,Y20,Y21,Y22,Y23;
Y20
A2
S v21
B2
> v22
G2z —D
S v23
151
8-LINE TO 1-LINE MULTIPLEXERS logic symbol
tpd (ns) : mux
CELL NAME Cpgt (pF) Gz EN
CL = 0 pF CL = 1pF A —d0
S151LH 8.0 10.6 10.09 B — }G%
Label: S151LH GZ,A,B,C,D0,D1,D2,03,D4,D5,06,D7, c——2
Y,W; po —f o
p1 —41 Y
02 2 W
p3 — 3.
p4a — 4
D5 — 5
06 ——{ 6
D7 —{ 7

tThe equivalent power dissipation capacitance does not include interconnect capacitance.
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PRODUCT GUIDE

153
DUAL 4-LINE TO 1-LINE MULTIPLEXERS logic, symbol
tpd (ns)
CELL NAME Cpd?t (pF
CL=0pF | cL=1pF | P4 PP A oL 62
B 1 3
S153LH 8.0 8.7 8.56 r
Label: S163LH G12,G2Z,A,B,C10,C11,C12,C13,C20, Mux
C21,C22,C23,Y1,Y2; G1Z —ID>] EN
c10 (4]
c11 1 Y1
c12 2
c13 3
3 G2z — D
Cc20
c21 \7
") c22
-
o c23
Q.
S
~ 155
@ DUAL 2-LINE TO 4-LINE DECODERS/ logic symbol
g: DEMULTIPLEXERS WITH DATA AND ENABLE LINES '
®
tpd (ns)
CELL NAME deT {pF) A (1] 0
CL = 0 pF CL = 1pF B 1}65
S155LH 5.0 5.6 12.20 - r
Label: S1565LH C1,G12,C22,G2Z,A,B,Y10,Y11,Y12,Y13, DMUX
Y20,Y21,Y22,Y23; Y10
61z —I ga o
1P~ vn
c1 4 2P~ v12
3P~ vi3
Y20
G2z —— I . v21
c2z — DN P~ v22
~—— v23
TThe equivalent power dissipation capacitance does not include interconnect capacitance.
Texas bi
3-10
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PRODUCT GUIDE

157
QUADRUPLE 2-LINE TO 1-LINE NONINVERTING logic symbol
MULTIPLEXERS
tpd (ns)
CELL NAME Cpdt (pF) Gz — DN
CL = 0 pF CL = 1pF
Az_B — 61
S157LH 6.0 7.1 9.40 ul
Label: S157LH A1,A2,A3,A4,B1,B2,B3,B4,AZ_B,GZ, A1 T Mux i
Y1,Y2,Y3,Y4; B1 1
A2 —] v2
B2 ——l
A3 —— Y3
B3 ——
A4 — va 3
B4 —
O
S
158 =]
QUADRUPLE 2-LINE TO 1-LINE INVERTING logic symbol o
MULTIPLEXERS "6'
3
tpd (ns)
CELL NAME e Cpat (pF) 6z —I>En o
C_ = 0 pF CL = 1pF AZ_B — G1 [«
S158LH 6.2 6.6 12.16 A1 TR
Label: S158LH A1,A2,A3,A4,B1,82,83,84,AZ_B,GZ, B1 1 1
Y1,Y2,Y3,Y4;
A2 —— ) S
B2 ——|
A3 ——rl b~ v3
B3 ———
A4
S~ Y4
o —|
tThe equivalent power dissipétion capacitance does not include interconnect capacitance.
T {IP
EXAS 3-11
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PRODUCT GUIDE

161A |
SYNCHRONOUS 4-BIT BINARY COUNTERS logic symbol
WITH DIRECT CLEAR
CTRDIV16
CLRZ —I= cT=0
tpd (ns)
CELL NAME Cpgt (pF) LOADZ —-t M1
CL = O pF Cp = 1pF M2
S161ALH 12.0 13.0 31.54 eNT —— G3 3cr=1s Reo
Label: S161ALH D,C,B,A,CLK,CLRZ,ENP,ENT,LOADZ, ENP —— G4
QD,QC,QB,QA,RCO; CLK ————--EI C5/2,3.4+
|
A —— 1,50 [1] —— QA
B — 2] ——— aB
C — (4] —— aC
3 D — 81 —— QD
.O'E' 163A
0. SYNCHRONOUS 4-BIT BINARY COUNTERS logic symbol
c
9. tpd (ns) CTRDIV16
() CELL NAME Cpgt (pF) . CLRZ —I 5CT=0
c CL=0pF | C=1pF LOADZ -—t M1
I~ S163ALH 9.0 10.0 29.81 M2
Y 3CT=15 RCO
(5] Label: S163ALH D,C,B,A,CLK,CLRZ,ENP,ENT,LOADZ, ENT ——] G3
QD,QC,QB,QA,RCO; ENP —— G4
CLK ——p C5/2,3.4+
m rC
A——115D [1] QA
B — [2) as
C — (4] ac
D — 8] Qb
164
8-BIT PARALLEL-OUT SERIAL SHIFT REGISTERS logic symbol
SRG8
tpd (ns)
CELL NAME def (pF) CLRZ —— R
CL = 0pF CL = 1pF CLK D> c1/~
S164LH 5.0 5.5 23.55 A 1 m
Label: S164LH A,B,CLK,CLRZ,QA,QB,QC,QD,QE,QF,QG, B & 1D [ QA
QH; -
aB
ac
ab
——— QE
QF
QG
—- QH
TThe equivalent power dissipation capacitance does not include interconnect capacitance.
EXAS JU’ '
3-12
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165
PARALLEL-LOAD 8-BIT SHIFT REGISTERS logic symbol
tpd (ns) SRG8
CELL NAME Cpgt (pF) SH_LDZ —I>>IC1 [LOAD]
CL=0pF | CL=1pF CLKINH =1
S165LH 8.0 85 42.07 oLk | pea
Label: S165LH A,B,C,D,E,F,G,H,CLK,CLKINH,SH__LDZ, n C
SER,QH,QHZ; SER 20
A 1D
B [10
c
D
E
F——
G
QH
—
H 1D b~ QHZ
166
PARALLEL-LOAD 8-BIT SHIFT REGISTERS WITH logic symbol
DIRECT CLEAR
* tpd (ns) SRG8
CELL NAME B Cpdt (oF) ClRz —F=1 R
CL = 0 pF CL = 1pF SH_LDZ _t; M1 [SHIFT]
S166LH 7.5 8.4 33.15 M2 [LOAD]
Label: S166LH A,B,C,D,E,F,G,H,CLK,CLKINH,SER, CLKINH —— =1 c3/1—
SH__LDZ,CLRZ,QH; ) ctk ——
1 C
, sER —— 1,30
A ——123D
B — 2,3D
c —
D ——]
E ——
F —
G —— 1
H— QH

tThe equivalent power dissipation capacitance does not include interconnect capacitance.

w
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PRODUCT GUIDE

173
4-BIT D-TYPE REGISTERS WITH 3-STATE logic symbol
OUTPUTS :
tpd (ns) CLR R
CELL NAME Cpdt (pF) mz— &
CL = 0 pF CL = 1pF NZ ~ EN
S173LH 71 8.0 24.00 G1z—D &
Label: S173LH D1,D02,D3,D4,CLK,CLR,G1Z,G2Z,MZ,NZ, Gzz___t; c1
Q1,Q2,Q3,04; CLK P -
D1 1D oo
D2 Q2
D3 Qa3
3 D4 Q4
é“ 174
. HEX D-TYPE FLIP-FLOPS logic symbol
c
2]
24 CLRZ —>{ R
tpd (ns) .
m CELL NAME cpd1 (pF) CLK c1
CL=0pF | C_=1pF C
E‘ S174LH 8.0 8.5 24.44 o1 L o1
Q. - . . D2 Q2
(5] Label: S174LH D1,02,03,04,D5,06,CLK,CLRZ,Q1,Q2, D3 Q3
Q3,04,Q05,06; '
D4 Q4
D5 Qa5
D6 Qé
175
QUADRUPLE D-TYPE FLIP-FLOPS WITH logic symbol
COMPLEMENTARY OUTPUTS
—r
tpd (ns) CLRZ R
CELL NAME Cpdt (pF) CLK c1
CL = O pF CL = 1pF
S175LH 5.5 6.4 13.74 1 1 [ °1z
1
Label: S175LH D1,D2,D3,D4,CLK,CLRZ,Q1,Q1Z,Q2, e
Q227,03,Q3Z,04,Q4Z; D2, - a2
Q2z
Q3
p3 > q3z
Q4
b4 >~ 04z
tThe equivalent power dissipation capacitance does not include interconnect capacitance.
TeExas 'bi
3-14
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177
1-BIT AND 3-BIT BINARY RIPPLE COUNTERS logic symbol
tpd (ns)
CELL NAME Cpdt (pF) CTR
Cp = 0 pF CL = 1pF LOADZ |c1
S177LH 22.0 22.5 23.56 ctrz — D cr-0
Label: S177LH A,B,C,D,LOADZ,CLRZ,CLK 1Z,CLK2Z,QA, Ll
QB,QC,QD; —
DIV2
ckiz —bs +
g QA
A 1D
DIve
CLK2Z __mL +
o—as 3
B o
cT ac
c 1cT
2 ap Q
D 2 ]
3
181 8
ARITHMETIC LOGIC UNITS/FUNCTION logic symbol =}
GENERATORS . g
a
tpd (ns) ALU
CELL NAME c c Cpdt (pF) so——o
= 0 pF = 1pF .
S181LH L130p L146p 46.68 o1 ©...1mcp p
. . . s2 m2 (©0...15 CGP>—@gz
Label: S181LH A3Z,A2Z,A1Z,A0Z,B3Z,82Z,81Z,B0Z, 31
CN,M,S3,52,51,50,F3Z,F2Z,F1Z,FOZ, AEQB, 3 6(P=0Q)Q AEQB
GZ,PZ,CNPL4; ™M 4 0...15) CcO CNPL4
CN jc1
— —
A0Z—ONP
o) p——roz
Boz——L>a
Alz——lp
(21 B~ Fiz
B1z—>q
A2z —DNP
141 >~ F27
B2z—E>a
A3z—P
(81 I~ 3z
B3z [
tThe equivalent power dissipation capacitance does not include interconnect capacitance.
Texas bi :
3-15
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191

SYNCHRONOUS UP/DOWN BINARY COUNTERS
WITH DOWN/UP MODE CONTROL

tpd (ns)

CELL NAME Cpdt (pF)

CL = O pF CL = 1pF

S191LH 11.6 12.6 37.26

Label: S191LH D,C,B,A,CLK,D__UZ,CTENZ,LOADZ,QD,
QC,QB,QA,RCOZ,MAX__MIN;

logic symbol

CTRDIV16
CTENZ G1

b_uz M2 [DOWN]
_t; M3 [UP]
CLK > 1,2-/1,3+
—t; G4 0,1

LOADZ —I=JC5

2(CT =026 MAX _MIN
3(CT=16)26 j_

.4 P>~— Rrcoz

A 5D [1] QA
B 2] QaB
3 [+ (4] Qac
D (8] Qap
o
-
S 193
€ SYNCHRONOUS 4-BIT UP/DOWN COUNTERS logic symbol
©  (DUAL CLOCK WITH CLEAR)
()
S | cename ‘pd ) Cpat (pF) CTROIV 16
d’ P
% CL=0pF | c=1pF | ° CLR cT=0
S193LH 1.0 15 34.84 i S TeT=15 F>~—coz
. G1
Label: S193LH A,B,C,D,UP,DOWN,LOADZ,CLR,BOZ,COZ,
DOWN D 1- =
QA,QB,QC,QD; 2CT=0 BOZ
I
LOADZ — {3
m|
A 3D (1] ——0A
B 21 aB
c 4] Qc
D 8] apb
TThe equivalent power dissipation capacitance does not include interconnect capacitance.
XAS JU’
3-16
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194A
4-BIT BIDIRECTIONAL UNIVERSAL SHIFT logic symbol
REGISTERS
SRG4
tpd (ns) CLRZ —IR
CELL NAME Cpdt (pF)
CL = 0pF CL = 1pF pd - D}M%
S194ALH 5.0 5.9 25.45 s !
CLK bca
Label: ST94ALH A,B,C,D,SRSER,SLSER,CLK,CLRZ,S1,S0, l
> 112+
QA,QB,QC,QD; - c
SRSER 1,4D
——aa
A 3,4D
B 3,4D a8
c—]3.4D ac
D 3,4D .
SLSER 2,4D
195A
4-BIT PARALLEL-ACCESS SHIFT REGISTERS logic symbol
tpd (ns) SRG4
CELL NAME Cpd't (pF) cLRz—>{ R
CL=0pF | CL=1pF su_mz—t;— M1 [SHIFT]
S195ALH 5.5 6.4 21.95 M2 (LOAD]
Label: S195ALH CLRZ,CLK,SH__LDZ,J,KZ,A,B,C,D,QA, CLK S c3/1—
QB,QC,QD,aDz; - C
J 1,3J
Kz —I41,3k
A 2,3D ——— A
B 2,3D a8
c 2,3D ac
D 2,3D ——oap
> apz

tThe equivalent power dissipation capacitance does not include interconnect capacitance.

EXAS {? 317
INSTRUMENTS

POST OFFICE BOX 655012 » DALLAS, TEXAS 75265

W

Product Guide
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244 ‘
OCTAL INTERNAL 3-STATE BUS BUFFERS logic symbol
G1z EN
tpd (ns)
CELL NAME Cpdt (pF)
pd A1l ———] v Y11
CL = 0 pF CL = 1pF
L p L L A1z — | Y12
$244LH 2.6 4.3 8.82
A13 —— Y13
Label: S244LH A11,A12,A13,A14,G1Z,A21,A22,A23, Ata via
A24,G2Z,Y11,Y12,Y13,Y14,Y21,Y22,Y23,Y24;
G2z EN
A21 —] <7 Y21
A22 ——rd Y22
A23 ——— Y23
3 A28 —— Y24
o
3 245
Q. OCTAL INTERNAL 3-STATE BUS TRANSCEIVERS logic symbol
c
O Gz —LG3
- . tpd (ns) DlR—t 3 EN1 [BA]
()] CELL NAME Cpdt (pF) 3 EN2 (AB]
c C_ = 0 pF CL = 1pF LI r
o $245LH 5.0 6.7 22.96 A1—C \VA| :3—81
@ Label: S245LH A1,A2,A3,A4,A5,A6,A7,A8,B1,B2,B3, 2V
B4,85,86,87,88,GZ,DIR; A2 —4>— —e>—82
A3 —e>—] |—e—»—B3
A4 —ap—] —e-»—B4
- A5 —4p— - —¢—»—B5
A6 —€——] |—e»—B6
A7 —4—p— |—<¢-»—B7
A8 —€¢P— }<e»—8s
251
8-LINE TO 1-LINE MULTIPLEXERS WITH logic symbol
3-STATE OUTPUTS MUX
Gz —B>EN
tpd (ns) A ° 0
d (ns’
CELL NAME La Cpdt (pF) 8 G3
Cp = 0 pF CL = 1pF c 2
S251LH 9.7 1.4 12.85 DO [ }
Label: S251LH GZ,A,B,C,D0,D1,02,03,D4,D05,06,D7, D1 1 \a Y
Y,WZ; D2 2 v B—wz
D3 3
D4 4
D5 5
D6 6
- D7 |7
tThe equivalent power dissipation capacitance does not include interconnect capacitance.
i
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257A
QUADRUPLE 2-LINE TO 1-LINE logic symbol
MULTIPLEXERS WITH 3-STATE OUTPUTS
tpd (ns)
CELL NAME Cpdt (pF) Gz —I= en
CL = 0 pF CL = 1pF AZ_B G1
S257ALH 5.0 6.7 10.8 C
Label: S257ALH A1,A2,A3,A4,B1,B2,B3,B4,GZ,AZ_B, _ Mux
Y1,Y2,Y3,Y4; A1 1
v Y1
B1 1
A2 v2
B2
A3 va
s 3
A4
Y4
B )
3
=
258A o
QUADRUPLE 2-LINE TO 1-LINE INVERTING logic symbol -
MULTIPLEXERS WITH 3-STATE OUTPUTS g
°
tpd (ns) 9
CELL NAME Cpat (pF) az—D~en o
CL=0pF | C =1pF AZ_B G1
S258ALH 5.0 6.7 7.28 1 L
Label: S2568ALH A1,A2,A3,A4,B1,B2,83,B4,GZ,AZ_B, A1 = Mux
Y1,Y2,Y3,Y4; ! v P
B1 1
A2
B2 e~ v2
A3
S
B3 Y3
A4
>~ vs4
* B4
TThe equivalent power dissipation capacitance does not include interconnect capacitance.
EXAS JU’
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259 .
8-BIT ADDRESSABLE LATCHES logic symbol
tpd (ns) S0 0 0
d NS —
CELL NAME L e Coat (pF) $1 }sm >
C_ = 0 pF CL = 1pF s2 2)
S259LH 6.0 6.6 40.59 Gz—L>Gs
" D—429
Label: S259LH CLRZ,D,GZ,50,51,52,Q0,Q1,02,03,04,
. ! k ; CLRZ—D Z10
Q5,06,Q7;
w] C
'F9,0.l_) ‘Q0
+10,0R
To° a1
-+10,1R
+9.2D
3 4102R az
+9.3D Q3
4103R
.-,U +9.40 .
8_ +4103R
c T2 as
) +4105R
-+ 49,60 Q6
) 4108R
£, .
Qo 10,7
®
260
5-INPUT POSITIVE-NOR GATES logic symbol
tpd (ns) A ] '
B —{
CELL NAME Cpd (pF)
CL=0pF | CL=1pF pd g ) e Y
NO510LH 1.7 5.0 0.37 E ji
NO520LH 1.6 3.2 0.64
Label: NO5nOLH AB,C,D.E,Y;
266
2-INPUT EXCLUSIVE-NOR GATES logic symbol
. tpd (ns) A \ Y
CELL NAME - de (pF) B A
CL = 0 pF CL = 1pF
EN210LH 1.4 2.4 1.09
Label: EN210LH A,B,Y; '
J
tThe equivalent power dissipation capacitance does not include interconnect caﬁacitance.
320 I Texas Y&
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273
OCTAL D-TYPE FLIP-FLOPS logic symbol
tpd (ns) CltRz — IR
CELL NAME Cpdt (pF) CLK D> c1
CL = 0 pF Cp = 1pF 9
$273LH 5.0 5.8 22.45 D1 1D a1
Label: 5273LH D1,D2,D3,D4,D5,06,07,08,CLK,CiRZ, b2 a2
Q1,02,03,04,05,06,07,08; 03 a3
Da Qa
D5 Qs
D6 —rdf a6
D7 a7
D8 as 3
279 . ()
S-R LATCHES logic symbol E
3
tpd (ns)
CELL NAME P Cod (oF) sz—DN1s a -
CL = 0pF CL = 1pF Rz—DNIR I~ 0z g
LAB10LH 2.0 2.8 2.1 S
LAB20LH 2.2 2.7 3.20 o
Label: LABnOLH SZ,RZ.Q.QZ; a
280
9-BIT ODD/EVEN PARITY logic symbol
GENERATORS/CHECKERS
‘ 2k
tpd (ns) A
CELL NAME Cpdt (pF) B
CL = 0 pF Cp = 1pF c
S280LH 11.0 11.5 25.80 o EVEN
Label: S280LH A,B,C,D,E,G,H,|,EVEN,0DD; E— |
F— ~—— opD
G — 4
H —————
I —_—
v’The equivalent power dissipation capacitance does not include interconnect capacitance.
T e 7
I EXAS 3.21
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283
4-BIT BINARY FULL ADDERS WITH FAST CARRY logic symbol
tpd (ns) | z
CELL NAME £ Cpdt (pF) Al °
CL = OpF CL=1pF A2 . 0| SUM1
S283LH 8.5 9.1 36.28 A3 Sum2
Label: S283LH A4,A3,A2,A1,B4,B3,B2,B1,C0,SUM4, A4 3 sums
SUM3,SUM2,SUM1,C4; B1 0 3 sum4
B2
B3 a
B4 ——3 co| ca
co ci
298
3 QUADRUPLE 2-INPUT MULTIPLEXERS WITH logic symbol
8- NEGATIVE-EDGE-TRIGGERED REGISTER
c MUX
2 tpd (ns) wWs G1
CELL NAME Cpgt (pF)
o CL = 0pF CL = 10F P CLKZ -——b; c2 .
< $298LH 6.0 6.8 18.72 A1 120
=X Label: S298LH A1,A2,B1,82,C1,C2,D1,D2, A2 1,2D aa
@ CLKZ,WS,QA,QB,QC,QD; 81
82 aB
C1 —n] '
c2 ac
D1 a
D2 0
TThe equivalent power dissipation capacitance does not include interconnect capacitance.
Texas “é‘i -
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299

8-BIT BIDIRECTIONAL UNIVERSAL
SHIFT/STORAGE REGISTERS

logic symbol

’ tpg (ns) . SRG8
CELL NAME Cpat (pF) " £
CL = 0 pF CL = 1pF Gz —I & I§EN5
—_
S299LH 7.1 8.0 60.02 o T,
Label: S299LH S0,S1,G1Z,G2Z,SL,SR,CLK,CLRZ,QAP, $1 — ] 1}M3
QHP,A_QA,B__QB,C__QC,D_QD,E_QE, CiK Cartj2—
F__QF,G__QG,H__QH;
sk ———J1.4p QAP
A_QA 3.4D
N
8_aB 3.4D
Ry 3
c_ac —e>—
D_QD —e>—
E_QE —4>— [+})
F_QOF —ep—] :g
G_0G —er—] =
H_QH 3.4D (G
LIS
)
sL ———2.4D QHP Q
=
©
(=}
S
299X o
8-BIT BIDIRECTIONAL UNIVERSAL SHIFT logic symbol
REGISTERS SRG8
cLrRz — ™R
tpd (ns) SO 0 Mg
CELL NAME Cpdt (pF) s1 1 3
CL-0pF I CGL=1sF CLK ——p>Ca/1~>/2
S$299XLH 5.0 ) 5.9 48.89 rJ
Label: $299XLH A,B,C.D,E,F,G,H,S0,81,SL,SR,CLK, SR 1.4D QA
CLRZ,QA,QB,QC,QD,QE,QF,QG,QH; A 3,4D
B —13.4D QaB
[ ——QC
D ab
E ——QE
F |——QF
G — QG
H ——3,4D
QH
SL 2,4D
tThe equivalent power dissipation capacitance does not include interconnect capacitance.
i
I EXAS 3.23
NSTRUMENTS

POST OFFICE BOX 655012 » DALLAS, TEXAS 75266



PRODUCT GUIDE

373
8-BIT D-TYPE LATCHES WITH logic symbol
3-STATE OUTPUTS
ocz—Efen
tpd (ns) c L c1
CELL NAME Cpdt (pF)
CL = 0 pF CL = 1pF D1 1D v a1
S373LH 5.0 6.7 17.07 p2—— ———a2
Label: S373LH D1,D02,D03,04,D5,06,07,D8,C,0CZ,Q1, 03 a3
Q2,Q03,04,05,06,07,Q8; D4 —— Q4
D5 ——f as
D6 Q6
D7 a7
3 D8 —— |——a8
v 374
8- 8-BIT D-TYPE FLIP-FLOPS WITH logic symbol
& 3-STATE OUTPUTS
Q
[
[0} tpd (ns) 00z —Id en
CELL NAME Cpdt (pF)
c CL = 0 pF CL = 1pF CLK > c1
Q. $374LH 5.0 6.7 22.80
) — 1
Label: S374LH D1,02,D3,D4,D5,06,07,D8,CLK,0CZ, o1 D v Qi
Q1,Q2,03,04,05,06,07,08;
D2 Q2
D3 Q3
D4 Q4
D5 Qs
D6 Q6
D7 Q7
D8 a8
375
4-BIT BISTABLE LATCHES logic symbol
= D1 1D a1
ns,
CELL NAME bd Cpd't (pF) - c1 a1z
Cp = O pF CL = 1pF c2 Q2
S375LH 4.5 6.0 7.32 D2 2D P22
Label: S375LH D1,02,03,04,C1C2,C3C4,01,Q1Z,Q2, D3 3D Qa3
Q22,Q03,032,Q4,Q4Z; c3 P>~——aa3z
c3ca
—-E c4 Q4
D4 4D S~ 04z
tThe equivalent power dissipation capacitance does not include interconnect capacitance.
i
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393
DUAL 4-BIT RIPPLE COUNTERS logic symbol
tod (ns) CTRDIV16
(] 0 QA1
CELL NAME deT (pF) CLR1 CT=0
CL = 0 pF CL = 1pF QaB1
S393LH 21.0 21.5 16.92 cr ac1
Label: S393LH A1,CLR1,A2,CLR2,QA1,0B1,QC1,QD1, A P + 3 ap1
QA2,0B2,0C2,0D2;
QA2
CLR2
QB2
Qc2
A2 ——
ap2 3
O
398 2
QUADRUPLE 2-INPUT MULTIPLEXERS WITH logic symbol (O]
POSITIVE-EDGE-TRIGGERED COMPLEMENTARY -
OUTPUT REGISTER (2]
MUX _g
S | G1
tpd (ns) cvlv.K Gcz 9
CELL NAME Cpdt (pF)
CL=0pF | CL=1pF P 5 r o.
A1 1,20 ———0~0A
S398LH 5.5 6.4 19.42 ‘
A2 1,20 -  1.Y4
Label: S398LH A1,A2,81,82,C1,C2,01,D2,CLK,WS,QA, B1 as
QAZ,QB,QBZ,QC,QCZ,0D,QDZ;
B2 ~~—— a8z
c1 ac
c2 5—OCZ
D1 ab
D2 : >~ oDz
tThe equivalent power dissipation capacitance does not include interconnect capacitance.
TExAs bi
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399
QUADRUPLE 2-INPUT MULTIPLEXERS WITH logic symbol
POSITIVE-EDGE-TRIGGERED REGISTER
MUX
tpd (ns) |
CELL NAME P Cpdt (pF) ws &
CL = 0 pF CL = 1pF CLK zcz
S399LH 5.0 5.8 17.92 a1——7.20
Label: S399LH A1,A2,B1,82,C1,C2,D1,D2,CLK,WS,QA, A2 1,20 l——QA
QB,QC,QD; B1
B2 QB
c1
c2 ac
D1
3 D2 ap
o
-
S 590 ,
€ 8-BIT BINARY COUNTERS WITH 3-STATE logic symbol
2 OUTPUT REGISTERS
Q v Gz — DN ens
t, NS
& | cename od Cpdt (pF) Rex P 2
@ Cp = 0 pF CL = 1pF CTRE
S590LH 10.4 12.1 58.24 cckenz —IN 61
Label: S590LH CCK,CCKENZ,RCK,CCLRZ,GZ,QA,QB,QC, ccK P 1+ (CT=255124 1 a P> ncoz
QD,QE,QF,QG,QH,RCOZ; cetrz—LN cr-0
s L
2D D 3Vp———0QA
aB
Qc
}————QD
p—— QE
QF
QG
QH
TThe equivalent power dissipation capacitance does not include interconnect capacitance.
i
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593X
8-BIT BINARY COUNTERS WITH logic symbol
INPUT REGISTERS
Py e [=1 CTR8
CELL NAME Cpdt (pF) Gz ——B ENS
CL=0pF | CL=1pF
S593XLH 10.0 11.7 85.86 corz—BNer-0
Label: S593XLH A,B,C,D,E.F,G,H,CCK,CCKEN,CCKENZ,
RCK,RCKENZ,CCLRZ,CLOADZ,G1,GZ,QA,QB,QC, CCKEN =1
QD,QE,QF,QG,QH,RCOZ; CCKENZ ——D G4
- I~
cex . CT=255 RCOZ
CLOADZ ——Ic3
RCKENZ ——>G1
RCK——F> 1C2
r r
A 2D 3D 59}——aa
B ———QB
c L —ac
D —————ap
E ————aE
F ———oF
G Y
H QH
595
8-BIT SHIFT REGISTERS WITH logic symbol
OUTPUT REGISTERS
6z —==fEN3
tod (ns)
CELL NAME o Cpat (PF) Rex p 2
CL=0pF | CL=1pF SRG8
S595LH 5.5 7.2 44.64 SRCLRZ —LE=R
Label: S595LH SER,SRCK,SRCLRZ,RCK,GZ,QA,QB,QC, SRCK p o'~ rC
QD,QE,QF,QG,QH,QHP; SER 1D 2D 3Vp——aa
| ———oB
ac
ao
QE
aF
QG
2D 3V QH
QHP

tThe equivalent power dissipation capacitance does not include interconnect capacitance.

Texas {'P
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598X

8-BIT SHIFT REGISTERS WITH

INPUT REGISTERS

logic symbol

I SRG8
CELL NAME pd i Cpgt (pF) ez EN
pl §
CL=0pF | cL=1pF | P scLrRz— g
S598XLH 9.8 115 82.63 SCKENZ ——D> G‘m
4
Label: S598XLH A,B,C,D,E,F,G,H,RCK,SRCK,SRCKEZ, Sck - 23 o
SRLOADZ,SRCLRZ,SERO,SER1,DS,GZ,QA,QB, Loz
QC,QD,QE,QF,QG,QH,QHP; RCK >Cc2
DS G1
1 L L
SERO [1.5D
SER1 |1,5D YF———o0a
3 DA 2D 3D
DB 2D 3D . V) aB
~ [2]o3 Qac
- Y DD ab
g - o
c DF oF
2 DG QG
o OH 20 o Y onp
=%
&
651
8-BIT BIDIRECTIONAL UNIVERSAL logic symbol
TRANSCEIVER REGISTERS
oy tma) GBAZ ————4 EN1 [BA)
pd (ns GAB EN2 [AB]
CELL NAME - Cpqgt (pF)
CL = 0 pF CL = 1pF P CBA P> c4
SBA — 65
S651LH 10.4 11.3 91.06 caB L co
Label: S651LH GBAZ,GAB,SBA,SAB,CBA,CAB,A1,A2,A3, SAB —— G7
A4,A5,A6,A7,A8,B1,B2,B3,B4,85,86,87,B8; = =g 3 4§ -
A1 71 —
l E 6D T =14,, I
1 7
A2 -4»—: :«9 B2
R e
R A i
A5<->—C: j—ﬁ»as
A7 Q—t j"" B7
A8 0—: :j-‘* 88
tThe equivalent power dissipation capacitance does not include interconnect capacitance.
3.28 TExas %
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652

8-BIT BIDIRECTIONAL UNIVERSAL

TRANSCEIVER REGISTERS

logic symbol

" tpd (ns)
‘CELL NAME P Cpat (BF) aBAZ ——— B ent (BAl
CL = O pF CL = 1pF GAB EN2 (AB]
CBA >ca
S652LH 10.4 11.3 104.10 sBA o
Label: S652LH GBAZ,GAB,SBA,SAB,CBA,CAB,A1,A2,A3, cAB [
A4,A5,A6,A7,A8,B1,B2,B3,B4,B5,86,B7,B8; SAB G7 i
A1 o1 =14 ; : 4D Hﬂo B1
6D 7] =1D
17 v
e = 3
A3 4> [ :T-»aa
< ()
AL 4P B4
] =T 2
A5 4P B85 =)
] T (5]
A6 4P | B6 -
— T 5
a7 g—«»m =
©
A8 4b- ;T*» B8 9
| S a
SYNCHRONOUS 4-BIT UP/DOWN BINARY logic symbol
COUNTERS WITH LOOK-AHEAD
tpd (ns) CTRDIV16
CELL NAME Cpd (pF) LOADZ —ﬁ M1 (LOAD]
CL=0pF | C =1pF M2 [COUNT]
S669LH 10.0 11.8 30.7 u_bpz _E M3 [UP] 3.5CT=15 RCOZ
Label: S669LH D,C,B,A,CLK,U__DZ,ENPZ,ENTZ,LOADZ, M4 [DOWN] ' o ; I )
QD,QC,0B,QA,RCOZ; ENTZ —DN 65 4,5CT=0
enPz —I> Ge
CLK —E> 2,3,5,6+/C7
: [>2.4.56-
i—l
A 1,7D [1 f——0A
B (2] QB
c [4) ac
D (8] Qb
tThe equivalent power dissipation capacitance does not include interconnect capacitance.
EXAS &
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686

8-BIT MAGNITUDE COMPARATORS

CELL NAME

tpd (ns)

CL=0pF

CpL = 1pF

Cpat (bF)

S686LH

9.0

9.8

43.30

Label: S686LH PO,P1,P2,P3,P4,P5,P6,P7,00,Q1,Q2,
Q3,04,05,06,Q07,G1Z,G2Z,PEQQZ,PGTQZ;

,logic symbol

g1z — {1
G2z —I>a2
PO ————10 )
P1
P2
P3

comp

P
pa—1 [

P5
P6
p7————7 )

Q0 ——10 )
a1
Q2
Q3
[
Qs
Q6
Q7 ————7 J

> Q

1P=0Q

2P>0

[~ pPEQOZ

>~ pGTQZ

aping 1onpoid AN}

688

8-BIT IDENTITY COMPARATORS

CELL NAME

tpd (ns)

CL=0pF

CL = 1pF

Cpdt (pF)

S688LH

7.5

8.2

15.94

Label: S688LH PO,P1,P2,P3,P4,P5,P6,P7,00,01,02,
Q3,04,Q5,06,Q07,G1Z,PEQQZ;

logic symbol

G1z ——Ien
PO ————0
P1
P2
P3
P4
PS5
P6
P7 ——]7 J

Q0 ———— 0
Q1
Q2
Q3
Q4
as
Q6

comp

fP

Sa

Q7 ——q7 J

P=Q

[~ —pEQOZ

tThe equivalent power dissipation capacitance does not include interconnect capacitance.
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888

8-BIT PROCESSOR SLICES

e e o o 0 0 o o

Parallel 8-bit ALU with expansion nodes
Signed magnitude to/from two’'s complement conversion
Single- and double-length normalize

Signed and unsigned divides with overflow detection; input does not need to be prescaled
Signed, mixed, and unsigned multiples

Sign, carry out, overflow and zero-detect status capabilities
3-Operand register files allow an operation and a move instruction to be combined
3 data input/output ports maximize data throughput

functional block diagram

4
_1 E »—<_] C3-CO
16 X8 G < Wez 3
REGISTER FILE
a Tk °
A3-A0 [O—~ - <] B3-B0 S
OEBZ S
8 48 8 <j (D
bA7.0R0 S f, [ A £} pe7-DBO ,,6
=]
OEAZ Lﬁ S
C>'—| . —
EAZ > AR Mux / \Is mux/ <] EB0 e
—\ <] EB1 o
Gz_N<J}—
PN_OVR  J— R s
cnPLs < J— \_/ / I
CN
2RO F— ALY /
F £ si00z
]
| ||
s107z €3~ FYUT ma £ alooz
SHIFTER SHIFTER
07z H I
Lcs O— MQ
msc [>— Te REGISTER
sSFC— |:,3
17-10 D:u
DIVIDE/
oevz [>- V BCD FF'S]
SELY !
Y7-Y0
i}
TExas 3-31
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890
MICROSEQUENCES

14 bits wide-addresses up to 16,384 words of microcode with one megacell
Selects address from one of eight sources

Independent read pointer for aid in microcode diagnostics

Supports read-time interrupts

Two independent loop counters

Supports 64 powerful instructions

QDRA 13-DRA0O

functional block diagram

@ DRB13-DRBO

apIng 3onpoid M

RAOEZ RBOEZ
Y v
DRA
OSEL OUTPUT MUX
REGISTER/ REGISTER/
COUNTER A COUNTER B
T {1
@——> ZERO
STACK s
POINTER ¢ |—4%—<3 RC2-RCO
STACK READ o 3
] 14x9 POINTER N p—F4—<Qs2-s0
T
STKWRN/RER . 14}, 1af, 14
I d ¢ R ——<ccz
o
L h—i’-——ﬂ MUX2-MUX0
14 4
g | A A- —<J B3-80
MICRO- INTERRUPT
PROGRAM RETURN
REGISTER REGISTER
Y OUTPUT
. MUX
INC O—— INCREMENTER ) ——< cLk
INTZ O—
YOEZ D> :V

é Y13-YO

EXAS ‘t’?
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2022
5-INPUT POSITIVE-NAND GATES logic symbol
tpd (ns)
CELL NAME pd Cpd (pF) 8
Cp = 0 pF CL = 1pF c Y
NA510LH 1.3 2.7 0.52 o ‘
NA520LH 1.2 2.1 1.02
Label: NASnOLH A,B,C,D,E,Y;
2024
5-INPUT POSITIVE-AND GATES logic symbol
tpd (ns) A — 3
CELL NAME Cpd (pF) B
CL=0pF | CL=1pF c Y o
D
AN510LH 2.1 2.9 1.12 E =]
Label: ANS10LH A,B,C,D,E,Y; 3
O
©
2102 3
TOGGLE FLIP-FLOPS WITH PRESET/CLEAR logic symbol -8
S
TAB20LH a.
CELL NAME fmax (MHz) Cpd pF)
TAB20LH 54.2 4.20 PRz —{'s Q
; - ClK ——> T
Label: TAB20LH CLRZ,PREZ,CLK,Q,QZ; N oz
clRz — IR
TAC20LH | 61.7 | 3.79
Label: TAC20LH CLRZ,CLK,Q,QZ; TAC20LH
TAP20LH | 65.8 | 3.59 oKk —> 71 —0=a
Label: TAP20LH PREZ,CLK,Q,QZ; ctrz — IR ~  az
TAP20LH
PREZ s : Q
CLK ———> T Y ]
T {i’
I EXAS 333
NSTRUMENTS
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2108
J-K-TYPE NEGATIVE-EDGE-TRIGGERED logic symbol
FLIP-FLOPS
PREZ — DN
CELL NAME fmax (MHz) Cpd (pF) J — 1 Q
JKB21LH 44.2 4.97 CLKz —BB c1
Label: JKB21LH CLRZ,PREZ,J,KZ,CLKZ,Q,QZ; Kz —DN i BP0z
cirz — DN g
2310
INVERTING 3-STATE BUFFERS WITH logic symbol
ACTIVE-LOW ENABLE
tpd (ns) A Y
CELL NAME Cpd (pF)
CL = 0 pF CL = 1pF
IV211LH 0.9 2.6 0.49 Gz
IV221LH 0.9 1.7 1.00
IV241LH 0.8 1.3 1.88
Label: IV2n1LH A,GZ,Y;
2311 ,
INVERTING 3-STATE BUFFERS WITH logic symbol
ACTIVE-HIGH ENABLE
tpd (ns)
CELL NAME E Cpd (bF) A Y
CL = 0 pF CL =1pF
IV212LH 1.5 2.6 0.50
IV222LH 1.5 1.8 0.98 G
IV242LH 0.8 1.3 1.86
Label: IV2n2LH A,G,Y;
2320
POWER-UP-CLEAR 1-SHOT logic symbol
CELL NAME: PUCOOLH
* Automatically triggered by rising edge of power-up supply voltage ' I
A L . . . Vce o
* Provides initialization pulse for clearing/presetting registers

Label: PUCOOLH Q;

3-34
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2321
BUFFERS logic symbol
tpd (ns) BU110LH, BU112LH
CELL NAME de (pF)
CL=0pF | CL=1pF A |> v
BU110LH 2.2 3.0 0.74
BU111LH 3.0 4.0 0.83
BU112LH 2.0 3.0 0.56 BU111LH

Label: BUT1InLH A)Y;

A Y

—>

2322
RETRIGGERABLE MONOSTABLE MULTIVIBRATORS logic symbol
tpd (ns) & o
CELL NAME Cpd (pF) I~
CL=0pF | CL=1pF pd P A
MVFOOLH 8 9 20.5 > ———¢@
Label: MVFOOLH A,B,CLRZ,Q,QZ; ‘-E
CLRZ R a2
Cext/R
Byt —H—] CX/RX
2325
HIGH-LEVEL AND LOW-LEVEL TIE-OFF GATES logic symbol
CELL NAME: TOO10LH E HI
® Provides dc termination for high- and low-level unused inputs Lo
Label: TOO10LH LO,HI;
2330
2-WIDE, 2-INPUT AND-NOR GATES logic symbol
A
tpd (ns)
CELL NAME de (pF)
C_ = 0O pF CL = 1pF Y
AQ221LH 1.2 2.6 0.59 c
Label: AO221LH A,B,C,D,Y; o

W

Product Guide
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2331 ;
2-WIDE, 2-INPUT AND-OR GATES logic symbol
tpd (ns) A
CELL NAME Cpd (pF) B
CL=0pF | CL=1pF
AO220LH 1.7 2.6 0.90 ¢
Label: AO220LH A,B,C,D,Y; b
2340
2-LINE TO 1-LINE MULTIPLEXERS logic symbol
3 tpd (ns) )
CELL NAME P Cpd (PF) 6z EN
" CL = O pF CL = 1pF §—4G1 H
Ly MU110LH 2.3 3.7 0.92 1
o Label: MU110LH A,B,S,GZ,Y; A 1 v
Q. B 1
c
(1]
~
o 2341
g: 4-LINE TO 1-LINE MULTIPLEXERS logic symbol
s .
tpd (ns)
CELL NAME Cpd (pF) a—Jo 0
CL = 0 pF Cp = 1pF B L]‘ 3
MU210LH 2.1 2.9 1.28
MUX
Label: MU210LH C0,C1,C2,C3,A,B,Y;
co 4]
c1 1 Y
c2 | 2
c3 3
2342
8-LINE TO 1-LINE MULTIPLEXERS WITH logic symbol
3-STATE OUTPUTS
Gz —IDNJEN  MUX
tpd (ns) ) A——o0
CELL NAME Ls Cpd (F) B— $g -72
CL = O pF CL = 1pF c—2
MU310LH 3.2 4.7 1.68 g? ?
Label: MU310LH A,B,C,DO,D1,D2,03,D4,D5,06,07,GZ.Y; p2—]2 — Y
D3 —3
D4 —4
p5 —5
D6 ——{6
p7—{7
EXAS &
3-36 l
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2350
2-LINE TO 4-LINE DECODERS/DEMULTIPLEXERS logic symbol
. DE210LH DE212LH
tpg (ns) N ob—vo XY op—vo
CELL NAME de (pF)
CL = 0 pF CL = 1pF
DE210LH 10 2.0 2.91 A ! A ! ! v
Label: DE210LH A,B,Y0,Y1,Y2,Y3; B 2 Py v2 B 5 PYs v2
DE212LH | 1.0 2.5 2.81
Label: DE212LH A,B.G,YO,Y1,Y2,Y3; 3V e EN 3| ¥3
2370
400-pA PULL-UP ACTIVE TERMINATORS logic symbol
CELL NAME: PR40OLH
UP 400 4A | TAP
* Provides active termination for inputs or |/Os
Label: PR40OLH TAP;
2371
200-pA PULL-UP ACTIVE TERMINATORS logic symbol
CELL NAME: PR250LH UP 200 pA TAP
. Provides active termination for inputs or 1/Os
Label: PR250LH TAP;
2372
95-4A PULL-UP ACTIVE TERMINATORS logic symbol
CELL NAME: PRO95LH
UP 95 LA TAP
* Provides active termination for inputs or 1/Os
_ Label: PROS5LH TAP;
2373
95-yA PULL-DOWN ACTIVE TERMINATORS logic symbol
CELL NAME: PDO95LH
DN 95 xA TAP
* Provides active termination for inputs or |/Os
Label: PDO95LH TAP;
i
I EXAS JU 3.37
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2374
5-uA PULL-UP ACTIVE TERMINATORS logic symbol
CELL NAME: PROOSLH
UP 5 xA TAP
* Provides active termination for inputs or 1/Os
Label: PROO5LH TAP;
2401
4-BIT SHIFT REGISTERS logic symbol
SRG4
3 CELL NAME fmax (MHz) Cpd (pF) CLRZ I~J g
R2401LH 59.6 10.30 CLK ic,,__
- Label: R2401LH CLRZ,SERIN,CLK,QA,QB,QC,QD; r
- SERIN———41D aa
Q.
aB
c
Q Qac
-
ab
(2]
=N
Q.
o 2402
4-BIT SHIFT REGISTERS logic symbol
SRG4
CELL NAME fmax (MHz) Cpd (pF) CLRZ ~la
R2402LH 59.6 12.10
CLK > c1/~
Label: R2402LH CLRZ,SERIN,CLK,QA,QAZ,QB,QBZ,QC, —
QCz,aD,aDz;
SERIN 1D oa
. qaz
aB
S o8z
’ Qac
~  acz
ab
.Y 4
{/
3-38
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2403

4-BIT SHIFT REGISTERS

logic symbol
CELL NAME fmax (MHz) Cpd (pF) SRG4
Lz_s M1 [LOAD]
R2403LH 59.6 11.10 — =
CLK > 1c2/7~
Label: R2403LH SERIN,LZ_S,CLK,A,B,C,D,QA,QB, r
Qc,QD;
SERIN 2D
QA
A 1D
B 1D QB
c Qac
D ab
2404
4-BIT SHIFT REGISTERS logic symbol &
3
SRGY
CELL NAME fmax (MHz) Cpd (pF) Lz s M1 [LOAD] -
R2404LH 59.6 12.10 CLK I Tc2/T - o
Label: R2404LH SERIN,LZ__S,CLK,A,B,C,D,QA,QAZ, L =)
QB,QBZ,QC,QCZ,QD,QDZ; °
SERIN 2D QA o
a—Jo S~ oaz o
B 1D o8
I~ QBZ
c ——aQcC
S~ Qcz
o ———— QD
‘>—ODZ
2405
4-BIT FLIP-FLOPS/REGISTERS logic symbol
— N
CELL NAME fmax (MHz) Cpd (pF) CLRZ R
CLK >c1
R2405LH 64.2 10.20 | C
Label: R2405LH CLRZ,D1,D2,D3,D4,CLK,Q1,02,Q3,Q4; D1 1D —— Q1
D2 Q2
D3 —— a3
D4 Q4
Texas bi
3-39

INSTRUMENTS

POST OFFICE BOX 655012 * DALLAS, TEXAS 75265



PRODUCT GUIDE

2406
4-BIT FLIP-FLOPS/REGISTERS logic symbol
"ASC2406
CELL NAME fmax (MHz) Cpd (pF) CcLRz —{R
R2406LH 64.2 11.70 CLK _>|°‘ -
Label: R2406LH CLRZ,D1,D02,D3,D4,CLK,Q1, Y
Q12,Q2,027,03,032,04,04Z; p1 D N 01z
Q2
D2
> @2z
b3 a3
Q32
Qa
D4
3 P—aaz
o 2407
3 4-BIT FLIP-FLOPS/REGISTERS logic symbol
a "ASC2407
c
Q CELL NAME fmax (MHz) Cpd (pF) ctrz —R
R2407LH 36.3 11.00 G EN
o CLK B> C1
e Label: R2407LH CLRZ,D1,D02,D3,D4,CLK,G,Q1,02, - -
a a3.04; D1 1D vb——a1
) D2 Q2
D3 a3
D4 Q4
2408
4-BIT RIPPLE COUNTERS logic symbol
CELL NAME fmax (MHz2) Cpd (pF) CTRDIV16 o oA
R2408LH 59.6 7.22 clRz —I=> cT=0
Label: R2408LH CLRZ,A,QA,QB,QC,QD; o1 as
ac
A b +
3 ap
2500
CRYSTAL-CONTROLLED OSCILLATORS logic symbol
CELL NAME MAXIMUM FREQUENCY Cpd (pF) G
OSEOOLH 5 MHz 8.13 JuL
OSFO2LH 20 MHz 15.30 x1 —X—{x7at
OSEOBLH 800 MHz 6.82 v
Label: OSEO3LH RC, Y; X0 —Xe{xTaL
TeExAs bi
3-40 l
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2502
RC OSCILLATORS logic symbol
CELL NAME TYPICAL FREQUENCY RANGE de (pF) _J—EI—L.
OSEO3LH 5 to 20 MHz 2.44
Label: OSEO3LH RC, Y; Rc—X—{rRe.r M
2503
DIFFERENTIAL COMPARATORS logic symbol
CELL NAMES: CO0212LH, C0213LH
* Single 5 volt supply with = 10% tolerance INZ [}
* Inputs are ESD-protected j—— ouTt :E
* Input offset voltage--50 mV max IN 3
e Common mode input voltage: CO212LH — OV to 3.5V (D
C0213LH — 1.5 V to VCC -
Q
P-CHANNEL Label: CO212LH IN,INZ,0UT; -
N-CHANNEL Label: CO213LH IN,INZ,0UT; -
(]
a
2507
DYNAMIC DELAY ELEMENT logic symbol
CELL NAME: DLE10OLH
L. . . 3to12ns
abel: DLE1OLH A,PV,NV,Y; [t
A—- ~—v
|>v-Lb DELAY
w0 ADJUST
2508
CONTROL ELEMENT FOR DYNAMIC DELAY logic symbol
ELEMENT
CELL NAME: DLC10LH
Label: DLC10LH P,N,R,CAP,PV,NV; [ J— n
P ——I n PV
N NV
CAP
7/
3-41
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MEDIUM-DRIVE OPERATIONAL AMPLIFIER logic symbol
CELL NAME: AMC12NH
* Single 5-volt supply = 10% N ouT
¢ Internally frequency-compensated INZ
® Inputs are ESD-protected
* Input offset voltage —50 mV typical
* Qutput voltage swing -1 V to 4.5 V
Label: AMC12NH, IN,INZ,0UT;
2901
3 4-BIT MICROPROCESSOR SLICE logic symbol
U CELL NAME: MOTMPLH
-
fe) L 3
Q. * Reduces 2901 4-bit microprocessor to a single cell 4-BIT
g * Offers full system implementation on a single chip, when used MICROZZ?;ESSOR
pI4 with other members of the 2900 family 'ASC2901
G) Label: MO1MPLH CLK,QEZ,CN,I18. . .10,B3...B0,A3. . .A0, CLK CLK
c D3...D0,Q3,00,RAM3,RAMO0,GZ,PZ,F3, 0Ez —I>{ o€
5_' FEQO,OVR,CNPL4,Y3...YO; oN oN
o 10 0
1t ————
12
13
" INSTRUCTION
5 SELECT
6 0 Qo
< ___ v
17 3 Qa3
18 8
0 RAMO
A0 0 v
RAM3
Al ADDRESS 3
A2
A3 3 pP>~—pz
GP>~—az
BO 0 FEQO O FEQO
B1 F3 F3
B2 OVR OVR
B3 3 Ch+a CNPL4
Do o YO
D1 Y1
D2 v Y2
D3 3 3 Y3
.Ji
3-42 )
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2902
LOOK-AHEAD CARRY GENERATOR logic symbol

CELL NAME: MO2CGLH

¢ Designed to accept up to four pairs of carry-propagate and carry-
generate signals, and a carry input
* Provides anticipated carries across four groups of binary ALUs
Label: MO2CGLH CN,G3Z,P3Z,G2Z,P22,G1Z,P1Z,G0Z,P0Z, CN Cn
CNPLX,CNPLY,CNPLZ,GZ,PZ;

Goz—=> o
G1Z—1
G2z —IN 2
G3z—D 3
poz—DM 0
P1z—DN 1
P2z—DN 2
P3z—IN 3

L ]
CARRY LOOK-AHEAD
GENERATOR
‘ASC2902

Cn+x
Cn+y
Cn+z

v

——— CNPLX
j————— CNPLY
————— CNPLZ

I~ G2

Pz

w

Product Guide
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2904
STATUS AND SHIFT CONTROLLER

logic symbol
®
CELL NAME: MO4SSLH STATUS AND
SHIFT CONTROL
uNIT
e Generates the carry-in signal to the ALU and carry look-ahead L ‘ASC2904
cLK CLK
e Serves as interconnects for the data path, the auxiliary
operations, and the ALU status flags testing cemz — I cem
e Offers full system implementation on a single chip, when used cevz—I> ceu
with other members of the 2900 family S N o 00
ecz—D> ec N alon
Label: MO4SSLH CLK,CEMZ,CEUZ,EZZ,ECZ,ENZ,EOVRZ,0EYZ, enz—E] en :
OECTZ,SEZ,CX,IZ,IC,IN,IOVR,112. . .10,YZ,YC,YN, £ovRz —I EOVR @ 0 100
YOVR,SI00,SION,Q100,QI0ON,CO,CT; N SION
0EYZ —D oev
3 oectz—I oect
sez —I se z vz
v c ve
cX [4 N YN
3 OVR YOVR
(] 1z rd
Q ic ic
: IN IN
n IOVR IOVR co co
-+ cT cr
0 o
() n
c 12
Q o
73
@ .
6 INSTRUCTION
SELECT
77—
8
19
no ————
"1 ——
n2 - 12
I
3-44 b
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2910
MICROPROGRAM CONTROLLER

CELL NAME: M10MCLH

Supports the function of an address sequencer in controlling the
execution of microinstructions stored in microprogram memory
Last-in, first-out stack provides for nine levels of nesting
microsubroutines

Label: M1OMCLH CLK,CI,CCZ,CCENZ,RLDZ,0EZ,13. . .10,
D11...DO,FULLZ,PLZ MAPZ,VECTZ,Y11...YO;

logic symbol

CLK

£ 3
MICROPROGRAM
CONTROLLER
‘ASC2910

ct

> CLK

cCcz ——
CCENZ —

RLDZ ——
OEZ

Ci
cc
CCEN

! REG LOAD
OE

INSTRUCTION

SELECT

D11

FULL
PL
MAP
VECT

w
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W

‘apINg 3onpoid

3003
STATIC 16W X 16B READ/WRITE RAMs logic symbol
WITH 3-STATE OUTPUTS
i RA416LH
ORGANIZATION RAM 16 x 16
CELL NAME A0 o
WORDS BITS "
RA416LH 16 16 A2 Al
Label: RA416LH DO,D1,D02,03,D4,D5,06,07,08,D9, A3 3
D10,011,012,013,014,D15,A0,A1,A2,A3, ap—TE
EZ,WZ,GZ,Q0,Q1,02,03,04,05,06,Q7,Q8, R N it
09,010,011,012,013,Q14,Q15,TIE; 61
123
wz 1C2
Gz —- ENa
-
DO A.2D A4 9pF——0Q0
D1 Q1
D2 —-2aQ2
D3 Qa3
D4 ——aQ4
D5 ——Q5
D6 —— Q6
D7 ——AQ7
D8 Q8
D9 Q9
D10 Q10
D11 —--aQ11
D12 Q12
D13 Q13
D14 Q14
D15 Q15
’
3-46 XAS b
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3004
STATIC 64W X 8B READ/WRITE RAMs logic symbol
WITH 3-STATE OUTPUTS
RA608LH
ORGANIZATION RAM 64 X 8
CELL NAME A0 °
WORDS BITS .~
RABOSLH 64 8 A2 °
Label: RA608LH DO,D1,02,D3,D4,D5,06,07,A0,A1, A3 A3
A2,A3,A4,A5,EZ,WZ,GZ,Q00,Q1,02,03,Q4, A4
Q5,06,Q7,TIE; As—15 3p—TE
EZ [PWR DWN]
.
123
wzﬁ 1c2 3
Gz EN4 -
L
DO A,2D A4dQ Qo
D1 Y %
D2 Q2 —
D3 ——a3 5
D4 Q4
D5 as -
D6 a6 g
D7 Q7 .c
£
3005
STATIC 256W X 4B READ/WRITE RAMs logic symbol
WITH 3-STATE OUTPUTS
RAB04LH
ORGANIZATION RAM 256 x 4
CELL NAME A0 [
WORDS BITS a1
RAB04LH 256 4 A2
Label: RA804LH DO,D1,D2,D3,A0,A1,A2,A3,A4,A5, A3 A2
A6,A7,EZ,WZ,GZ,Q0,01,02,03,TIE; A4 255
A5
A6 3p—rE
A7 7
EZ [PWR DWN]
123
wz -—II 1C2
6z — _E|N4 J
D0 ——A.2D A4Q Qo
D1 [o}]
D2 — Q2
D3 ——-0Q3
1}
TeExas 3-47
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3006

STATIC 128W X 8B READ/WRITE RAMs

logic sym
WITH 3-STATE OUTPUTS RA708LH
RAM 128 x 8
ORGANIZATION A0 o
CELL NAME A1
WORDS BITS A2
RA708LH 128 8 A3 A
Label: RA708LH DO,D1,D2,D3,D4,D5,D6,D7,A0,A1, A4
A2,A3,A4,A5,A6,EZ,WZ,GZ,Q0,01,02,Q3, AS 3T
Q4,Q5,06,Q7,TIE; A6 6
EZ [PWR DWN]
N
123
WZ—E 1C2
3 Gz —— EN4 IJ
9
Do A.2D A49F—a0
y D1 ——a1
3 02 ——oa2
Q D3 l— a3
s D4 —] Q4
Q D5 as
e D6 ——as6
(0] ot o
c
=.
Q.
(]
.
Exas W
3-48 l
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3010

CompilerCell™
STATIC RANDOM ACCESS MEMORIES (SRAM)

logic symbol

SRAM Array Limits

CELL NAME| PARAMETERS [MIN| MAX COMMENTS ROM [W x B]
Number of words | 4 [ 1024 Any even number ) ¢
(W= 2n) ASC3010
AZRMLBT |Wordlength (B=i) | 4 | 32 |Number of data Ao o
inputs = number ° 2
of data outputs = . A W=
.
Total number of wordlength An n
bits (WxB) 16 |16384

Labelt: AZRMLB DO,D1,D2. . .Di-1,A0, . . . An,CLK1,CLK2,
ENZ,R_WZ,Q0,. . .Qi-1:

AZ: ldentifying symbol CLK1 ———
’ A CLOCKS
LB: Wordlength in bits. Topology dependent CLK2
value.

Product Guide

M: Number of columns multiplied into one out-
put. A = 1:11,B=21C = 41D = 81
Topology dependent value. R_WZ READ
R: Number of rows. Topology dependent value. - I
WRITE
ENZ—E MEMORY ENABLE
POWER DOWN
Do —o RAM 0 Qo

:

.

.

Di-1 i-1 i-1 0i-1
3011
2-PHASE CLOCK GENERATOR WITH logic symbol
COMPLEMENTARY OUTPUTS
L3
AME:
CELL NAME: CK4XOLH CLOCK GEN CLK1
| CLK1Z

* Generates 2-phase clock for compiler cell functions CLK —D> CLK2
¢ Embedded function — requires no external connection K
e Can be operated from single-phase of system on-chip clock pP~——-cik2z

Label: CK4XOLH,CLK,CLK1,CLK1Z,CLK2,CLK2Z;

U
INSTRUMENTS 3-49
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3103

16-WORD BY 8-BIT EDGE-TRIGGERED logic symbol
3-PORT REGISTER FILES
CELL NAME: RF408LH REG FILE
16 X8
* Full parallel access with one write and two read ports i ¢
* Typical access times: RAO 0 ASC3103
Write-then-read cycle time — 11 ns RA1 A
Address access time — 8 ns READ
RA2 ADDRESS
Label: RF408LH, CLKWZWOW1W2W3,RA0,RA1,RA2,RA3, RA3 3
RBO,RB1,RB2,RB3,D0,D1,02,03,04,D5,D6,D07,QA0,
QA1,0A2,0A3,0A4,0A50A6,0A7,0B0,0B1,0B2, RBO 0
QB3,0B4,0B5,0B6,0B7; RB1 B
READ
3 RB2 ADDRESS
RB3 3 :
o) CLK > CLK
-
g- wo o
e w1 WRITE
3] w2 ADDRESS
-
m W3 3
c w2z ——] WRITE ENABLE
Q.
(1]
QAo
Qa1
QA2
I_—_: : QA3
A DATA
0o o QA4
D1 QA5
D2 QA6
D4 QA0
D5 QA1
D6 QA2
B DATA
Qa4
QA5
QA6
QA7
XAS Ui
3-50
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3200

CompilerCell™ logic symbol
READ-ONLY MEMORIES (ROM)
Single Array Parameter Limits
PARAMETERS MIN MAX COMMENTS ROM [‘: x B
Number of words 8 | 2048 | Must be multiples of 4 'ASC3200
(W= 2n) AQ—0 1
Wordlength (B = i)| 4 32 | Even or odd An n AW
Total number of
bits (W x B) 512 | 16384 CLK1 —
o A P Limi CLK2 ————| CLOCKS
Double Array Parameter Limits CLK2zZ
PARAMETERS MIN | MAX COMMENTS EN_E MEM ENABLE
Number of words 8 4096 | Must be multiples of 4 POWER DOWN
(w= 2nm)
Wordlength (B = i) 4 64 | Must be even m| r
Total number of 0 Qo
bits (W x B) 512 | 65536
Label: Label and cell name are developed as a function of :
cell design. .
i-1| Qi-1
CompilerCell™ logic symbol
PIPELINE TEST REGISTERS (PTR)
Typical Modes of Operation: 3
i n-BIT PIPELINE TEST REGISTER
* Pseudo-Random pattern generation ‘ASC3430
* Signature analysis
e Circular shift
e Local hold CLK1 ——] L HOLD
® Serial or parallel load CLK2 ctocks : :I ;ﬁ:g_mom
H HITEST
Label: Label and cell name are developed as a function of cell design.
0 — MODE SUB-MODES IN MODE 3
s1 PLD|SUB-MODE
H [PAR LOAD
L |LOCAL HOLD
PLD PLD
SUB-MODES IN MODE 4
SRG B1_BO|SUB-MODE
P> CLOCK —> L L |PATGEN
] L H | CIRC SHIFT
BO H L |SIG ANALYSIS
B1 H  HILOCAL HOLD
Do bl —— Qo0
D1——bD Q1
L] . .
L] . L]
o | .
Dn D Qn

W

Product Guide
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3800

CompilerCell™ logic symbol
PROGRAMMABLE LOGIC ARRAYS (PLA)

W

apIng jonpoud

Maximum Parameter Values AND OR
INPUTS PRODUCT TERM OUTPUTS i MATRIX o MATAIX
& + =1 ouTo
n P : > 7 Jamxp |1
64 128 32 INO — # P =1 —outi
Label: Label and cell name are dyeveloped as a function of . . . . .
cell design. . . * d
L] . . L)
m qn-1
INm — O+ + =1 —O0UTn-1
Ly >1 f—O0uTn
4002
4-INPUT POSITIVE-NOR GATES logic symbol
tpd (ns) A '
CELL NAME de {pF) B
CL=0pF | CL=1pF c Y
NO410LH 1.4 4.1 0.35 '
NO420LH 1.2 2.6 0.55 b
Label: NO4nOLH A,B,C,D,Y;
4072
4-INPUT. POSITIVE-OR GATES logic symbol
tpd (ns) Aj’
CELL NAME de (pF) B
CL=0pF | CL=1pF c ' Y
OR410LH 2.2 3.1 0.92 !
OR420LH 2.6 3.1 1.83 b ' :
OR440LH 2.4 2.7 3.46
OR460LH 2.4 2.7 5.48
Label: OR4nOLH A,B,C,D,Y;
Texas "4
3-52 ]
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4075
3-INPUT POSITIVE-OR GATES logic symbol
tpd (ns) A
CELL NAME Cpd (pF) B Y
CL = 0 pF CL = 1pF Cc
OR310LH 1.8 2.7 0.90
OR320LH 2.2 2.7 1.71
OR340LH 1.9 2.2 3.51
OR360LH 2.0 2.2 5.36
Label: OR3nOLH A,B,C.Y;
4078
8-INPUT POSITIVE-NOR GATES logic symbol 3
tpd (ns) Q _g
CELL NAME Cpd (pF) =]
CL = 0 pF CL = 1pF P CD:: v =}
NO810LH 2.6 3.4 1.54 E | ()
NO820LH 2.3 4.9 0.65 F—4 -
Label: NO8nOLH A,B,C,D,E,F,G,H,Y; .‘3 g
K
5000 &
CMOS-COMPATIBLE INVERTING INPUT BUFFERS logic symbol
thd (ns)
CELL NAME pd Cpd (pF) A |> Y
CL = 0 pF CL = 1pF
IPEOOLH 0.7 1.1 2.00
IPFOOLH 0.7 1.1 2.00
Label: IPFOOLH A,Y;
5001
TTL-COMPATIBLE INVERTING INPUT BUFFERS logic symbol
tpgd (ns)
CELL NAME 2 Cpd (pF) A— I> Y
CpL = 0 pF CL = 1pF
IPEO3LH 0.9 2.1 16.5
IPFO3LH 0.9 2.1 16.5
"Label: IPFO3LH A,Y;
i
EXAS 3-.53
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5002
CMOS-COMPATIBLE INVERTING logic symbol
SCHMITT-TRIGGER INPUT BUFFERS
TAP
tpd (ns)
CELL NAME Cpd (PF) A Y
CpL = 0 pF CL = 1pF
IPEO6LH 2.8 4.8 1.30
IPFO6LH 2.8 4.8 1.30
Label: IPFO6LH A, TAP,Y;
5003
TTL-COMPATIBLE INVERTING SCHMITT-TRIGGER  Ilogic symbol
3 INPUT BUFFERS WITH PULL-UP TAP
O tpd (ns) TAP
3 CELL NAME Cpd (pF) A Y
o CL = 0 pF CL = 1pF
[ IPEOSLH 3.7 7.5 19.00
2 IPFO8LH 4.3 8.1 19.00
Label: IPEOSLH A, TAP,Y;
0
=
2 5004
‘ CMOS-COMPATIBLE INVERTING INPUT BUFFERS logic symbol
WITH PULL-UP TAP
TAP
tpd (ns) .
CELL NAME de (pF) A
CL = 0 pF Cp = 1pF
IPFO2LH 0.7 1.0 2.00
Label: IPFO2LH A, TAP,Y;
5005
TTL-COMPATIBLE INVERTING INPUT BUFFERS logic symbol
WITH PULL-UP TAP
TAP
tpd (ns)
CELL NAME de (pF) A
CL = 0 pF CL = 1pF
IPEO5LH 0.9 A 16.00
IPFO5LH 0.9 2.1 16.00
Label: IPFO5LH A, TAP,Y;
i
3-54 XAS b
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5006
CMOS-COMPATIBLE NONINVERTING logic symbol
INPUT BUFFERS
tpd (ns)
CELL NAME P Cpd (pF) A ———D— \d
Cp = 0 pF CL = 1pF
IPEOTLH 1.7 1.9 3.00
IPFOTLH 1.1 3.00
Label: IPFOTLH A,Y;
5007
TTL-COMPATIBLE NONINVERTING logic symbol 3
INPUT BUFFERS
tpd (ns) |> 5}
CELL NAME Ld Cpd (pF) A Y :g
CL=0pF | CL=1pF 3
IPEO4LH 1.8 2.1 18.00 (O]
IPFO4LH 1.8 2.1 18.00 -
Label: [PFOALH A,Y; g
PEi2t [ 1.4 [ 16 ] 1800 -8
Label: IPF12LH A,Y; E
5010 .
TTL-COMPATIBLE INVERTING SCHMITT-TRIGGER  logic symbol
INPUT BUFFERS WITH PULL-UP TAP
TAP
tpd (ns)
CELL NAME Cpd (PF) A
CL = 0 pF CL = 1pF
IPE10LH 3.7 7.5 20.00
IPF10LH 3.7 7.5 20.00
Label: IPF10LH A, TAP,Y;
5013
TTL-COMPATIBLE NONINVERTING BUFFERS logic symbol
WITH PULL-UP TAP
tpd (ns) TAP
CELL NAME Cpd (pF) A :_D_ v
CL = 0 pF CL = 1pF
IPF13LH 1.8 2.1 18.00
Label: IPF13LH A, TAP,Y;
Texas bi
3-55
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5100 .
TTL-/CMOS-COMPATIBLE OUTPUT BUFFERS logic symbol
tpd (ns)
CELL NAME de (pF) A Y
. C_ = 15 pF CL = 50 pF
OPE40OLH 2.7 4.7 9.10
OPF40LH 2.7 4.7 10.90
Label: OPF40LH AY;
5103
TTL-/CMOS-COMPATIBLE OUTPUT BUFFERS - logic symbol
tpd (ns)
CELL NAME - Cpd (bF) A |> Y
‘ CL = 15pF | C_ = 50 pF
OPE60OLH 2.4 3.5 15.50
OPF60LH 2.4 3.5 17.30
Label: OPF60OLH A)Y;
5104
TTL-/CMOS-COMPATIBLE 3-STATE logic symbol
OUTPUT BUFFERS
CELL NAME pd 0 Cpd (pF) l\
CL=15pF | CL = 50 pF pd [P A
OPE63LH 2.7 4.0 17.10
OPF63LH 2.7 4.0 19.40 Gz
Label: OPF63LH AGZY;
5105
TTL-/CMOS-COMPATIBLE OPEN-DRAIN logic symbol
OUTPUT BUFFERS
tpd (ns) A -—D——— v
© CELL NAME CPd (pF)
CL = 15pF | C_ = 50 pF
OPE61LH 2.0 4.0 3.80
OPF61LH 2.0 4.0 4.00
Label: OPF61LH A)Y;
T *IP
3-56 EXAS
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5106
TTL-/CMOS-COMPATIBLE OUTPUT BUFFERS logic symbol
tpd (ns)
CELL NAME Cpd (pF)
CL=15pF | C_ = 50 pF A v
OPEOOLH 2.0 2.8 21.80
OPFOOLH 2.0 2.8 20.10
Label: OPFOOLH AY;
5107
TTL-/CMOS-COMPATIBLE 3-STATE logic symbol
OUTPUT BUFFERS
tpd (ns) A Y
CELL NAME Cpd (pF)
CL =15 pF | C_ = 50 pF 6z
OPEO3LH 27 3.7 19.90 ? )
OPFO3LH 2.7 3.7 23.20
Label: OPFO3LH AGZ)Y;
5108
TTL-/CMOS-COMPATIBLE OPEN-DRAIN OUTPUT logic symbol
BUFFERS
tpd (ns) A ——D—— v
CELL NAME Cpd (bF)
CL = 15pF | C_ = 50 pF
OPEOILH 1.7 3.0 5.60
OPFO1LH 1.7 3.0 5.80
Label: OPFOILH AY;
5109
TTL-/CMOS-COMPATIBLE OPEN-DRAIN OUTPUT logic symbol
BUFFERS
tpd (ns) A ——D—— Y
CELL NAME Cpd (pF)
CL=15pF | C_ = 50 pF
OPE41LH 2.7 6.0 2.40
OPF41LH 2.7 . 6.0 2.60

Label: OPF41LH A)Y;

w

Product Guide
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5110

apIno }onpoid m

TTL-/CMOS-COMPATIBLE NONINVERTING logic symbol
, 3-STATE OUTPUT BUFFERS
tpd (ns)
CELL NAME pd Cpd (BF) A I P v
CL = 15 pF CL = 50 pF
OPE42LH 3.4 6.2 8.6 N
OPF42LH 3.4 6.2 10.5
Label: OPF42LH A,G,Y;
5111
TTL-/CMOS-COMPATIBLE 3-STATE OUTPUT logic symbol
BUFFERS
. tpd (ns) A Y
CELL NAME Cpd (pF)
CL = 15 pF | C_ = 50 pF
OPE43LH 3.5. 5.7 10.30 6z
OPF43LH 3.5 5.7 10.90
Label: OPF43LH AGZY;
5120
TTL-/CMOS-COMPATIBLE OUTPUT BUFFERS logic symbol
tpd (ns) A
CELL NAME Cpd (PF)
CL = 15pF | C_ = 50 pF
OPFBOLH 1.7 2.2 32.80
Label: OPFBOLH AY;
5121
TTL-/CMOS-COMPATIBLE OPEN-DRAIN OUTPUT logic symbol
BUFFERS

tpd (ns) A——D— Y
CELL NAME Cpd (pF)

CL =15pF | C = 50pF
OPFDI1LH 1.7 2.2 10.40
Label: OPFDILH A)Y;

(]
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5123

TTL-/CMOS-COMPATIBLE OPEN-DRAIN OUTPUT logic symbol
BUFFERS

tpd (ns) I >
CELL NAME L2 Cpd (pF) A M

Cp = 15 pF CL = 50 pF
OPFE1ILH 1.5 19 16.20
Label: OPFEILH A)Y;

w

Product Guide

5124
TTL-/CMOS-COMPATIBLE 3-STATE OUTPUT logic symbol
BUFFERS
tpd (ns)
CELL NAME Cpd (pF) A j‘— Y
Cp = 15 pF Cp = 50 pF
OPFD3LH 2.5 3.0 49.00 Gz
Label: OPFD3LH AGZ)Y:
5125 ,
TTL-/CMOS-COMPATIBLE 3-STATE OUTPUT logic symbol
BUFFERS
tpd (ns)
CELL NAME P Cpd (pF) A j—‘ Y
CL =15pF | C_ = 50 pF
OPFB3LH 2.8 3.7 29.00 Gz
Label: OPFB3LH AGZY:
5200
3-STATE 1/0 BUFFER WITH INVERTING CMOS logic symbol
INPUT AND CMOS/TTL QUTPUT
tpd (ns)
CELL NAME pd Cpd (pF) A | ?
" | cL=15pF | CL = 50 pF
10E40LH 33 5.9 12.50 Gz —
IOF40LH 33 5.9 12.70 v
Label: IOF40LH AGZY2YT;
i
‘ 3-59
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5201

3-STATE 1/0 BUFFER WITH INVERTING logic symbol
TTL INPUT AND CMOS/TTL OUTPUT

aping jonpoiy )

+ tpd (ns)
CELL NAME Cpd (pF) A
CL = 15pF | CL = 50 pF
10E43LH 3.5 5.8 13.20 6z L
IOF43LH 3.5 5.8 13.40
Label: IOF43LH A,GZ,Y2,Y1; A
5202
3-STATE 1/0 BUFFERS WITH INVERTING CMOS logic symbol
INPUT AND CMOS/TTL OUTPUT
TAP
tpd (ns)
CELL NAME Cpd (pF)
CL = 15pF | C_ = 50 pF
I0F47LH 3.6 6.8 13.10 A q
Label: IOF47LH A,GZ,TAP,Y2,Y1;
. Gz —Y1
Y2 _4@.—
5203
3-STATE 1/0 BUFFERS WITH INVERTING TTL logic symbol
INPUT AND CMOS/TTL OUTPUT
tpd (ns) A
CELL NAME Cpd (pF)
CL=15pF | CL = 50 pF Gz VY1
IOF48LH 3.3 3.5 14.90
Label: IOF48LH AGZY2\Y1; v2
5206 '
3-STATE 1/0 BUFFER WITH NONINVERTING logic symbol
CMOS INPUT AND CMOS/TTL OUTPUT
tpd (ns)
CELL NAME L Cpd (oF) A
CL = 15pF | C_ = 50 pF 5
|0E41LH 3.3 5.5 16.70 Gz 1
I0F41LH 3.3 5.5 14.30 va
Label: IOF41LH A,GZ,Y2,Y1;

360 1EXAS"y
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5207

3-STATE 1/0 BUFFER WITH NONINVERTING
TTL INPUT AND CMOS/TTL OUTPUT

tpd (ns)
CELL NAME Cpd (pF)
CL = 15pF | C_ = 50 pF
I0E44LH 3.5 5.8 14.50
I0F44LH 3.5 5.8 14.30
Label: IOF44LH A,GZ,Y2,Y1;

logic symbol

A
Y1

Gz

Y2

5217

3-STATE 1/0 BUFFER WITH NONINVERTING
TTL INPUT AND CMOS/TTL OUTPUT

tpd (ns)
CELL NAME Cpd (pPF)
CL = 15pF | C_ = 50 pF
IOF64LH 2.7 4.1 22.40
Label: IOF64LH A,GZ,Y2,Y1;

logic symbol

Gz
Y2

>
=<

w

5220
3-STATE 1I/O BUFFER WITH INVERTING logic symbol
CMOS INPUT AND CMOS/TTL OUTPUT
tpd (ns) A
CELL NAME Cpd (PF)
CL = 15pF | CL = 50 pF
10EOOLH 2.9 3.8 31.40 Gz v
IOFOOLH 2.9 3.8 25.80
Label: IOFOOLH A,GZ,Y2,Y1; v2
5221
3-STATE 1/0 BUFFER WITH INVERTING logic symbol

TTL INPUT AND CMOS/TTL OUTPUT

tpd (ns)
CELL NAME Cpd (pF)
CL = 15 pF | C_ = 50 pF

IOFO3LH 2.7 3.8 24.40

Label: IOFO3LH AGZ)Y2)Y1;

GZ —
Y2

>
=

Product Guide
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5226
3-STATE 1/0 BUFFER WITH NONINVERTING logic symbol
CMOS INPUT AND CMOS/TTL OUTPUT
) tpd (ns) A
CELL NAME Cpd ()
CL = 15 pF | CL = 50 pF Y1
IOFO1LH 2.7 3.8 26.60 Gz
Label: IOFO1LH A,GZ,Y2,Y1; Y2
5227
3-STATE 1/0 BUFFER WITH NONINVERTING logic symbol
TTL INPUT AND CMOS/TTL OUTPUT
tpd (ns) A
CELL NAME Cpd (pF)
CL = 16pF | C_ = 50 pF Y1
I0F04LH 2.7 3.8 25.70 Gz
Label: IOFO4LH A,GZ,Y2,Y1; Y2
5239
3-STATE 1/0 BUFFER WITH NONINVERTING logic symbol
TTL INPUT AND CMOS/TTL OUTPUT
tpd (ns) A
CELL NAME Cpd (bF)
CL = 15pF | C_ = 50 pF Y1
1OFB8LH 2.7 3.7 28.20 Gz
Label: IOFBSLH A,GZ,Y2,Y1; v2
5246
3-STATE 1/0 BUFFER WITH INVERTING logic symbol
TTL INPUT AND TTL/CMOS OUTPUT
tpd (ns) A
CELL NAME de (pF)
C_ = 15 pF CL = 50 pF
o— Y1
IOFD8LH 2.5 3.0 50.80 Gz
Label: IOFD8LH A,GZ,Y2,Y1; Y2 « :l

Texas {if
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5250

OPEN-DRAIN 1/0 BUFFER WITH INVERTING
CMOS INPUT AND CMOS/TTL OUTPUT

tpd (ns)
CELL NAME de (pF)
CL = 15pF | CL = 50 pF
|IOFDOLH 1.7 2.3 11.60
Label: IOFDOLH A,Y2,Y1;

logic symbol

Y1
Y2

6002
AND-NOR GATES, Y = A1+(B1eB2eB3) logic symbol
tpd (ns) B1 {
CELL NAME Cpd (pF) B2 D_n
CL=0pF | CL=1pF B3 >_y o
BFOO2LH 1.1 2.7 0.42 I ©
B B =}
Label: BFOO2LH A1,B1,82,B3,Y;
' (O]
©
6003 S
AND-NOR GATES, Y = (A1¢A2)} + (B1eB2) logic symbol -g
} &
o
tpg (ns) A1
CELL NAME Cpd (pF)
CL=0pF | CL=1pF pd 1° A2
BFOO3LH 1.1 2.6 0.51 Y
Label: BFOO3LH A1,A2,B1,B2,Y; B1
B2
6004
AND-NOR GATES, Y = (A1°A2)+(B1eB2¢B3) logic symbol
B1
tpd (ns) B2
CELL NAME Cpd (pF) B3
CL = 0 pF CL = 1pF Y
BFOO4LH 1.2 2.8 0.53 A1
Label: BFOO4LH A1,A2,81,82,83,Y; A2
i}
l 3-63
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6005
AND-NOR GATES,
Y = (A1°A2¢A3)+(B1°eB2¢B3) logic symbol
‘ A1
A2
tpd (ns) .
CELL NAME P Cpd (pF) A3
CL=0pF | CL=1pF
BFOO5LH 1.4 3.0 0.64 B1
Label: BFOO5LH A1,A2,A3,B1,B2,B3,Y; :g
6006
3 AND-NOR GATES, Y = A1+A2+(B1*B2) logic symbol
tpd (ns) A1l
o CELL NAME Cpd (PF)
- CL = 0 pF CL = 1pF B1
8_ BFOO6LH 1.3 3.2 0.36 B2
[ o Label: BFOO6LH A1,A2,B1,B2,Y; A2
(1]
-+
© 6007
a: AND-NOR GATES, Y = A1+A2+(B1°B2¢B3) logic symbol
@
tpd (ns) A1
CELL NAME de (pF)
CL = 0O pF CL = 1pF B1
BFOO7LH 1.5 3.7 0.36 3:2!
Label: BFOO7LLH A1,A2,B1,B2,B3,Y;
A2
6008
AND-NOR GATES, Y = A1+(B1¢B2)+(C1¢C2) logic symbol
tod (ns) B1
CELL NAME Cpd (pF) B2
CL = 0pF CL = 1pF A1
BFOO8LH 1.4 3.4 0.44 c1
Label: BFOO8LH A1,B1,82,C1,C2,Y; c2
i
364 l EXAS
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6009
AND-NOR GATES, Y = A1+(B1¢B2)+(C1¢C2°C3) logic symbol
tpgd (ns) ¢
CELL NAME 2 Cpd (bF) c2
CL = 0 pF CL = 1pF c3
BFOO9LH 1.6 3.7 0.45 A Y
Label: BFOO9LH A1,B1,82,C1,C2,C3,Y; B1
B2
6012
AND-NOR GATES, logic symbol
Y= (A1¢A2)+(B1¢B2)+(C1¢C2¢C3) 3
A1
tpd (ns)
CELL NAME P Cpd (PF) A2 o
CL = 0 pF CL = 1pF c1 :g
BFO12LH 1.7 3.7 0.56 c2 v 5
Label: BFO12LH A1,A2,81,82,C1,C2,C3,Y; c3
B1 ‘6
B2 =
°
(=}
=Y
6013 e
logic symbol
AND-NOR GATES,
Y = (A1°A2)+(B1eB2¢B3) +(C12C2¢C3)
B1
tpd (ns) B2
CELL NAME Cpd (pF) B3
CL = O pF CL = 1pF
BFO13LH 1.9 4.1 0.57 g; v
Label: BFO13LH A1,A2,B81,82,83,C1,C2,C3,Y; c3
A1
A2

POST OFFICE BOX 655012 « DALLAS, TEXAS 75265
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6014

AND-NOR GATES, . logic symbol
Y = (A1°A2¢A3)+(B1°B22B3)+(C12C2C3)

A1l
tpd (ns) A2
CELL NAME Cpd (pF) A3
CL = 0 pF CL=1pF
BFO14LH 2.1 4.3 0.71 B1 .._ﬁ
Label: BFOT14LH A1,A2,A3,B1,B2,B3,C1,C2,C3,Y; gg Y

KW 6017
AND-NOR GATES, Y = A1+(B1eB2) - logic symbol
0
-
8_ : tpd (ns) B1
c CELL NAME Cpd (pF) B2 v
o CL = 0 pF CL = 1pF A1
-+ BFOO1LH 1.0 2.5 0.38
(o) Label: BFOO1LH A1,B1,B2,Y;
=% '
Q
® 6018
AND-NOR GATES, logic symbol
Y = A1+(B1°B2¢B3)+(C1¢C2¢C3)
‘ B1
tpd (ns) B2
CELL NAME Cpd (pF) B3
CL = 0 pF CL = 1pF c1
BFO10LH 1.7 3.9 0.45 c2 Y
Label: BFO10LH A1,B1,82,83,C1,C2,C3,Y; cs3
A1
6019
AND-NOR GATES, logic symbol
Y = (A1°A2)+(B19B2)+(C1eC2)
A1
tpd (ns)
CELL NAME Cpd (pF) A2
CL = 0 pF CL = 1pF
BFO11LH 1.5 3.5 0.52 B1 v
Label: BFOT1LH A1,A2,B1,82,C1,C2,Y; B2
c1
c2
EXAS &
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6022

OR-AND-NOR GATES, logic symbol
Y = ATsA2+[B1sB2+(C1+C2)]
tpd (ns) c
CELL NAME Cpd (pF)
CL=0pF | CL=1pF pd P c2
BFO22LH 1.7 3.9 0.54 .
Label: BFO22LH A1,A2,B1,82,C1,C2,Y;
A1
A2
6023 3
OR-AND-NOR GATES, Y = A1+[B1¢(C1+C2)] logic symbol
3
tpd (ns) " —
CELL NAME | P Cpd (pF) e =}
CL=0pF | C=1pF c2 3_. (G)
BFO15LH 1.3 3.2 0.36 Bl —— >—Y -
Label: BFO15LH A1,81,C1,C2,Y; g
) -
o
6024 a
OR-AND-NOR GATES, togic symbol
Y = A1+[(B1+B2)¢(C1+C2)]
tpd (ns) B1
CELL NAME Cpg (pF)
CL=0pF | C =1pF pd 0 B2
BFO16LH 1.4 3.4 0.42 1
Label: BFO16LH A1,81,82,C1,C2,Y; c2
A1
6025
OR-AND-NOR GATES,
Y = A1°A2¢A3+[B1¢(C1+C2)] logic symbol
tpd (ns) c1
CELL NAME Cpd (pF)
CL=0pF | CL=1pF | c2
BFO25LH 1.5 3.5 0.64 B
Label: BFO25LH A1,A2,A3,81,C1,C2,Y; a
A2
A3
i
3-67
INSTRUMENTS

POST OFFICE BOX 655012 » DALLAS, TEXAS 75265



PRODUCT GUIDE

6026 .
OR-AND-NOR GATES, logic symbol
Y = A1+[B1¢B2¢(C1+C2)]
tpd (ns) 81
CELL NAME Cpd (pF) a
CL = 0 pF CL = 1pF c2
BFO17LH 1.5 3.7 0.40 :12
Label: BFO17LH A1,B1,82,C1,C2.,Y;

apino 10npoid WM

6027
OR-AND-NOR GATES, logic symbol
Y= A1¢A2¢A3+[B1eB2¢(C1+C2)]
tpd (ns) A1l _h
CELL NAME Cpd (pF) A2
CL=0pF | CL=1pF P aa—L /S
BFO27LH 1.8 3.6 0.98 81
Label: BFO27LH A1,A2,A3,B1,82,C1,C2,Y; B2
c
c2
6028
OR-AND-NOR GATES, logic symbol
Y = A1¢A2¢A3+[B1¢(C1+C2)¢(D1+D2)]
tpd (ns) D1
CELL NAME Cpd (pF)
CL=0pF | CL=1pF pd p2
BFO28LH 19 3.6 1.11 B1
Label: BFO28LH A1,A2,A3,B1,C1,C2,D1,D2,Y; ¢
c2
A1
A2
A3
6029
OR-AND-NOR GATES, ’ logic symbol
Y = A1°A2+[B1¢(C1+C2)]
tpd (ns) ¢
CELL NAME Cpd (pF)
CL=0pF | CL=1pF pd c2
BFO20LH 1.4 3.4 0.47 B
Label: BFO20LH A1,A2,B1,C1,C2,Y; A1
A2
EXAS l
3-68
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6032
AND-OR-AND-NOR GATES, logic symbol
Y = AT+{B1+[C1+(D1D2)]}
tpd (ns) D1
CELL NAME de (pF) D2
CL = 0 pF CL = 1pF
BFO30LH 1.7 3.9 0.80 Cc1
Label: BFO30LH A1,81,C1,D1,D2,Y; 81
A1
6034
AND-OR-AND-NOR GATES, logic symbol
Y = (A1eA2)+ {B1+[C1+(D1D2)]}
D1
tpd (ns)
CELL NAME de (pF) D2
CL = O pF CL = 1pF c1
BFO34LH 1.7 3.6 0.86 B1
Label: BFO34LH A1,A2,B1,C1,D1,D2,Y; 1
A
A2
6035
AND-OR-AND-NOR GATES, logic symboli
Y = (A1¢A2)+ {B1¢[(C1°C2) +(D1D2)]}
tpa (ns) D2
CELL NAME Cpd (PF)
CL = 0 pF CL = 1pF D1
BFO35LH 1.7 3.3 0.96 c2
Label: BFO35LH A1,A2,B1,C1,C2,D1,D2,Y; c1
B1
A2
A1
6048
OR-NAND GATES, Y = A1¢(B1+B2) logic symbol
tpd (ns) B1
CELL NAME de (pF)
CL=0pF | CL=1pF B2
BFO51LH 1.0 2.4 0.57 A1 | F" A

Label: BFO51LH A1,B1,B2,Y;

TeExas '&i’
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6049
OR-NAND GATES, logic symbol
'Y = A1¢(B1+B2+B3)*(C1+C2+C3)
B1
tpd [ns) B2
CELL NAME - Cpd (PF) B3
CL = 0 pF CL = 1pF c1—<
BFOSOLH 1.7 3.8 0.65 e Y
Label: BFOGOLH A1,B1,82,83,C1,C2,C3,Y; A1
6052
OR-NAND GATES, Y = A1+(B1+B2+B3) logic symbol
tpd (ns) B1
CELL NAME Cpd (pF) B2
3 CL = 0 pF CpL = 1pF B3
o BFO52LH 1.2 3.2 0.57 A1 _ Y
g- Label: BFO52LH A1,B1,82,83,Y;
o ,
~
@ 6053
g: OR-NAND GATES, Y = (A1+A2)*(B1+B2) logic symbol
(5]
. tpd (ns) .
CELL NAME Cpd (pF)
CL = 0 pF CL = 1pF
BFO53LH 1.1 2.6 0.49
Label: BFOS3LH A1,A2,B1,82,Y;
6054
OR-NAND GATES, Y = (A1+A2)*(B1+B2+B3) logic symbol
B1
. tpd (ns) B2
CELL NAME Cpd (pF) 83
CL = 0 pF CL = 1pF v
BFO54LH 1.2 3.0 0.47 A1
Label: BFO54LH A1,A2,81,82,B3,Y; A2
i
3-70 EXAS b
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6055

OR-NAND GATES, logic symbol
Y =(A1+A2+A3)*(B1+B2+B3)
A1
tpd (ns) A2
CELL NAME de (pF) A3
CL = 0 pF CL = 1pF v
BFO55LH 1.3 3.3 0.51 B1
Label: BFO55LH A1,A2,A3,B1,B2,B3,Y; Bg
B
6056
OR-NAND GATES, Y = A1°A2¢(B1+B2) logic symbol 3
tpd (ns) B1
CELL NAME Cpd (pF) B2 )
CL = O pF CL = 1pF A1 Y -
BFO56LH 12 2.9 0.55 R —— =
Label: BFO56LH A1,A2,B1,B2Y; (D
rey
S
6057 2
OR-NAND GATES, Y = A1¢A2¢(B1+B2+B3) logic symbol 9
a.
B1 —X
. tpd (ns) B2 ]
CELL NAME Cpd (PF) B3 —{
CL = 0 pF CL = 1pF F
A1 Y
BFO57LH 1.5 3.7 0.58 A2
Label: BFO57LH A1,A2,B1,B2,B3,Y;
6058
OR-NAND GATES, Y = A1¢(B1+B2)¢(C1+C2) logic symbol
tpd (ns) B1
CELL NAME Cpd (pF) B2
CL=0pF | CL=1pF A1 %
BFO58LH 1.3 3.0 0.64 c1
Label: BFO58LH A1,B1,B2,C1,C2,Y; c2
TExAs b’o
3-71
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6059
OR-NAND GATES, Y = A1¢(B1+B2)*(C1+C2+C3) logic symbol
c1
oy c2
tpd (ns
CELL NAME L de (pF) cs
CL = 0 pF CL = 1pF B1
BFO59LH 1.6 3.5 0.65 B2
Label: BFO59LH A1,B1,82,C1,C2,C3,Y;
A1l
6062
OR-NAND GATES, logic symbol
3 Y = (A1+A2)¢(B1+B2)e(C1+C2+C3)
tpd (ns)
) CELL NAME Cpd (pF)
3 CL = 0 pF CL = 1pF
o BFO62LH 1.9 41 0.65
g Label: BFO62LH A1,A2,B1,B2,C1,C2,C3,Y:
~+
@
£
Qo
® 6063
OR-NAND GATES, logic symbol
Y = (A1+A2)¢(B1+B2+B3)¢(C1+C2+C3)
B1
tpg (ns) B2
CELL NAME de (pF) B3
Cp = 0 pF CL = 1pF c1
BFO63LH 2.0 4.2 0.64 c2
Label: BFO63LH A1,A2,B1,B2,B3,C1,C2,C3,Y; c3
A1
A2
6064
OR-NAND GATES, logic symbol
Y = (A1+A2+A3)*(B1+B2+B3)*(C1+C2+C3)
A1
tpd (ns) A2
CELL NAME Cpd (pF) A3
CL=0pF | CL=1pF
BFOB64LH 1.9 41 0.70 :;
Label: BFO64LH A1,A2,A3,81,82,83,C1,C2,C3,Y; B3
Cc1
c2
c3
EXAS Ui
3-72
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PRODUCT GUIDE

6065
AND-OR-NAND GATES,Y = A1e¢[B1+(C1¢C2)] logic symbol
tpd (ns)
CELL NAME Cpd (pF) ¢
CL = 0 pF CL = 1pF c2
BFOB5LH 1.2 2.8 0.58 81 Y
Label: BFOB5LH A1,81,C1,C2,Y; A1
6066
AND-OR-NAND GATES, logic symbol
Y = A1e[(B1eB2)+(C1¢C2)]
B1 3
tpd (ns)
CELL NAME Cpd (pF) B2
: CL=0pF | C_=1pF %’
Y w—
BFO66LH 1.3 2.9 0.64 1 } 5
Label: BFOG6LH A1,81,82,C1,C2,Y; 2 o
1 -
A1 5
3
6067 o
AND-OR-NAND GATES, logic symbol o
Y = A1¢[B1+B2+(C1¢C2)]
c
tpd (ns) \
CELL NAME Cpd (PF) c2 ] Y
C_ = O pF CL = 1pF B1 |
BFOG67LH 1.5 3.7 0.57 B2 __I
Label: BFO67LH A1,81,82,C1,C2,Y; A1 |
6068
AND-OR-NAND GATES, logic symbol
Y = A1*[B1+(C12C2)+(D1eD2)]
tpd (ns) ¢
CELL NAME Cpq (pF)
CL=0pF | CL=1pF pd P c2
BFO68LH 1.8 4.0 0.61 D1
Label: BFO68LH A1,B1,C1,C2,D1,D2,Y; D2 Y
B1
A1
i
EXAS u 373
INSTRUMENTS
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6069
AND-OR-NAND GATES, logic symbol
Y = A1¢[(B1¢B2)+(C1¢C2)+(D1eD2)] '
tpd (ns) B1j
CELL NAME Cpd (pF) B2
CL=0pF | C=1pF
BFOB9LH 1.9 4.2 0.66 mj
Label: BFOG9LH A1,81,82,C1,C2,D1,D2,Y; c2
D1
D2
A1
3 6072
o AND-OR-NAND GATES, logic symbol
3 Y = (A1+A2)¢[B1+B2+(C1¢C2)]
Q.
c tpd (ns) e
Q CELL NAME Cpd (pF) c2
CL = 0 pF CL = 1pF . 81
® BFO72LH 1.8 38 081 | B2
=% Label: BFO72LH A1,A2,B1,82,C1,C2,Y; A1
Q.
(5] A2
6073
AND-OR-NAND GATES, logic symbol
Y = (A1+A2)¢[B1+(C12C2)]
tpd (ns) a
CELL NAME Cpd (PF) c2
CL = 0 pF CpL = 1pF
BFO70LH 1.3 2.9 0.53 B1
Label: BFO70LH A1,A2,81,C1,C2,Y; : A1
A2
6074
AND-OR-NAND GATES, logic symbol
Y = (AT+A2)*[(B1+B2)+(C1*C2)]
B1
) tpd (ns) .
CELL NAME Cpd (pF) B2
CL = 0 pF CL = 1pF
BFO71LH 1.5 3.1 0.64 ¢
Label: BFO71LH A1,A2,81,82,C1,C2,Y; :12
A2

374 TeExas ”
INSTRUMENTS
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6075
AND-OR-NAND GATES, logic symbol
Y = (A1+A2+A3)e[B1+(C1°C2)]
c2
tpd (ns)
CELL NAME P Cpd (pF) ¢
CL = 0 pF CL = 1pF B1
BFO75LH 1.1 2.5 0.77 A3 }V
—%
Label: BFO75LH A1,A2,A3,B1,C1,C2,Y; A2 — )
Al ————d
6082
OR-AND-OR-NAND GATES, logic symbal 3
Y = A1¢{(B1¢B2)+[C1¢(D1+D2)]}
(]
tpd (ns) b2 E
CELL NAME Cpd (pF)
CL = 0 pF CL = 1pF pd P D1 =
c1 (&)
BFO82LH 1.9 3.8 0.87
B2 bt
Label: BFOS2LH A1,81,82,C1,01,D2,Y; 1)
— el
Y ©
A1 { o
}
[« W
6083
OR-AND-OR-NAND GATES, logic symbol
Y = AT+ {B1+[C1*(D1+D2)]}
tpd (ns) b2
CELL NAME Cpd (PF) D1
: CL = 0 pF CL = 1pF ¢
BFOBOLH 1.6 3.7 0.80 B:
Label: BFOBOLH A1,B1,C1,D1,D2,Y; A: }V
6084
OR-AND-OR-NAND GATES, logic symbol
Y = ATe{B1+[(C1+C2)*(D1+D2)]}
D2
tpd (ns)
CELL NAME pd Cpg (pF) [ D1
CL = O pF CL = 1pF c2
BFO81LH 1.9 3.9 0.90 1
Label: BFO81LH A1,81,C1,C2,D1,D2,Y;
B1 Y
A1
i
EXAS U 3.75
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6088

OR-AND-OR-NAND GATES,

Y = (AT+A2+A3)e {B1+[C1*(D1+D2)]}

logic symbol

tpd (ns)
CELL NAME Cpd (pF)
C_ = 0 pF C_L = 1pF
BFO88LH 2.1 4.1 0.99
Label: BFO88LH A1,A2,A3,B1,C1,D1,D2,Y;
Ky 6100
4-INPUT GATED S-R LATCHES logic symbol
n)
3 tpd (ns)
a CELL NAME Cpd (pF) )
(<] CL = O pF Cp = 1pF RA—— R1 Q
2 GMO10LH 1.3 2.8 0.75 RB
o) Label: GMO10LH RA,RB,SA,SB,Q,QZ;
&
E- SA S2 ~ Qz
Q. SB
[
6101
5-INPUT GATED S-R LATCHES logic symbol
INCLUDING SEPARATE RESET
tpd (ns) R | R1
CELL NAME Cpd (pF) &
CL=0pF | C =1pF P RA R1 Q
GM110LH 1.3 3.6 0.80 RB
Label: GM110LH RA,RB,SA,SB,R,Q,QZ;
- SA &
S2 >__ Qz
sB
~ TeExas b"
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6102
5-INPUT GATED S-R LATCHES logic symbol
INCLUDING SEPARATE SET
CELL NAME ‘pd fnc) Cpg (rF)
d r
CL=0pF | CL=1pF P RA &lar 1 a
GMS10LH 1.6 3.6 0.75 RB
Label: GMS10LH RA,RB,SA,SB,S,Q,QZ;
SA | &
s2 2p——az
SB —]
s —Js2
6103 3
6-INPUT GATED S-R LATCHES fogic symbol o
INCLUDING SEPARATE SET AND RESET -
'S
tpd Ins) R R1 o
CELL NAME Cpd (PF)
CL = 0 pF CL = 1pF pd RA & R1 1 Q S
GM210LH 1.6 3.6 0.81 RB _g
Label: GM210LH RA,RB,SA,SB,R,S,Q,QZ; o)
& }
SA s2 2fP>~—az o
s ————
s s2
6105
6-INPUT GATED S-R LATCHES logic symbol
tpd (ns)
CELL NAME Cpd (pF)
CL=0pF | CL=1pF pd P RA &
GM310LH 1.4 3.0 0.80 RB R1 1 Q
Label: GM310LH RA,RB,RC,SA,SB,SC,Q,QZ; RC
SA &
sB s2 2p~—aqz
sc
i
EXAS U 3.77
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6106
7-INPUT GATED S-R LATCHES logic symbol
INCLUDING SEPARATE RESET
tpd (ns) R R1
CELL NAME s Cpg (PF) RA L'&_
CL = 0 pF Cp = 1pF
GM410LH 1.8 4.0 0.85 RB R1 1 Q
Label: GM410LH RA,RB,RC,SA,SB,SC,R,Q,0Z; RC
SA &
sB s2 2P~ az
sc —
;U 6108
[=] 8-INPUT GATED S-R LATCHES logic symbol
g' INCLUDING SEPARATE SET AND RESET
Q
~* ) R — R1
k¢ ns,
G CELL NAME Apd Cpd (pF) RA ——1 &
€. CL=0pF | CL=1pF RB ———— R1 1 a
[«} GMS510LH 1.8 4.0 0.86 RC
o® Label: GM510LH RA,RB,RC,SA,SBSC.R,S,0,0Z;
sA — &
SB ————— s2 2p~——az
sc ——
s —1 s2
6110
4-INPUT GATED S-R LATCHES logic symbol
tpd (ns)
CELL NAME Cpd (pF) saz —I &
Cp = 0 pF CL = 1pF s1 1 Q
GSO10LH 1.3 2.7 0.72 sBz _B__
Label: GSO10LH RAZ,RBZ,SAZ,SBZ,0,0Z; ——
Raz e p— az
RBZ — >
Texas bi
3-78
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6111
5-INPUT GATED S-R LATCHES logic symbol
INCLUDING SEPARATE RESET
CELL NAME ‘pd fne) Cpd (pF)
cL-0pF | cL=1p | ™° saz—BTe] o
GS110LH 1.5 3.1 0.84 sBz —I
Label: GS110LH RAZ,RBZ,SAZ,SBZ,RZ,Q,QZ;
raz —I &
R2 2P——az
RBZ ___b.
Rz —IIR2
6112
5-INPUT GATED S-R LATCHES logic symbol o
INCLUDING SEPARATE SET he
=
tpd (ns) sz | S1 O
CELL NAME Cpd (pF) 1 -
CL=0pF | CL=1pF pd [P saz —I1 & s1 1 Q o
GSS10LH 1.4 3.1 0.84 spz —I4 .g ,
Label: GSST0LH RAZ,RBZ,SAZ,SBZ,52,Q,QZ; 9
R N P
Raz R2 2pP>——az o
RBZ __b
6113
6-INPUT GATED S-R LATCHES logic symbol
INCLUDING SEPARATE SET AND RESET
tpd (ns) sz s1
CELL NAME Cpd (PF) saz—DJ"g
CL=0pF | CL=1pF s1 1 Q
. N
GS210LH 1.5 3.1 0.84 ?BZ
Label: GS210LH RAZ,RBZ,SAZ,SBZ,RZ,SZ,Q,QZ;
RAZ — =g w2
ez — D 2[>~——oz
RZ __B R2
EXAS §
3-79
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6115
6-INPUT GATED S-R LATCHES logic symbol
tpd (ns)
CELL NAME Cpd (pF)
cL=0pF | CL=1pF | ™ saz—Ia
GS310LH 1.5 3.4 0.75 82 —I= s1 Q
Label: GS310LH RAZ,RBZ,RCZ,SAZ,SBZ,5CZ,Q,0Z; scz — I
RAZ —DJ &
RBZ ——I R2 I~ 0z
RCZ —Ix
6116
7-INPUT GATED S-R LATCHES logic symbol
INCLUDING SEPARATE RESET
tpd (ns)
CELL NAME Cpd (pF)
CL=0pF | CL=1pF pd P saz —B g
GS410LH 1.7 38 0.85 sBZ ——I s1 Q.
Label: GS410LH RAZ,RBZ,RCZ,SAZ,SBZ,SCZ,Rz,Q,QZ; $Cz —
RAZ —Dg :
RBZ —— R2 > qz
RCz —D
Rz —DNIR2
6118
8-INPUT GATED S-R LATCHES logic symbol
INCLUDING SEPARATE SET AND RESET
- sz s1
tpd (ns Em—
CELL NAME L Coa-(bF) saz — g
CL=0pF | C=1pF sBz —D s1 o
GS510LH 1.9 4.0 0.89 scz BN
Label: GS510LH RAZ,RBZ,RCZ,SAZ,SBZ,SCZ,RZ,SZ,Q,QZ; e
RAZ — DN g
rez — O] R2 2pP——o0z
RCz —— D
Rz —I{R2
EXAS Ui
3-80
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6120
NONINVERTING DELAY BUFFERS logic symbol
tpd (ns)
CELL NAME Cpd (pF) A'————D—— Y
CL=0pF | C.=1pF
BU120LH 1.1 1.7 .29
BU130LH 1.4 1.7 .73
Label: BUTNOLH A,Y;
6121
NONINVERTING 3-STATE BUFFERS WITH logic symbol
ACTIVE-LOW ENABLE 3
tpd (ns) Y
CELL NAME Cpd (pF) [
CL=0pF | C_=1pF °©
BU221LH 1.6 2.3 1.62 =
BU261LH 1.8 2.0 3.29 (D
Label: BU2n1LH A,GZ,Y; ey
O
3
6122 o
NONINVERTING 3-STATE BUFFERS WITH logic symbol o
ACTIVE-HIGH ENABLE
tpd (ns) Y
CELL NAME Cpd (pF)
CL = 0 pF CL = 1pF
BU222LH 1.6 2.3 1.62
BU262LH 1.8 2.0 3.30
Label: BU2n2LH A,G,Y;
6125
D-TYPE LATCHES WITH ACTIVE-LOW ENABLE logic symbol
tpd (ns) D 1D Q
CELL NAME c o oF c 1o Cpd (pF)
L=0p L=1p I~ -
LAL20LH 3.2 3.9 4.68 ¢ o 0z
Label: LALNOLH D,C,Q,QZ;
i
l 3-81
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6130
5-INPUT POSITIVE-OR GATES logic symbol
A—)
tpd (ns) B !
CELL NAME Cpd (PF) —
CL =0 pF CL = 1pF pd 1P c
OR510LH 2.5 3.4 1.11 D___‘.—/
Label: OR510LH A,B,C,D,E,Y; E
6131
8-INPUT POSITIVE-OR GATES logic symbol
A
B B 3
3 tpd (ns) [ /
CELL NAME Cpd (pF) D \
' CL = 0 pF CpL = 1pF E )y Y
3 OR810LH 2.3 3.3 1.16 F \
(o] Label: OR810LH A,B,C,D,E,F,G,H,Y; ﬁ:
Q.
c
24
o 6132
c 8-INPUT POSITIVE-AND GATES logic symbol
o
() A
tpd (ns)
CELL NAME Cpd (pF) B
CL=0pF | CL=1pF c
AN810LH 2.1 3.4 1.22 b ‘
Label: AN810LH A.B,C,D,EF,GH.Y; E D'- v
F
G
H
EXAS JU'
3-82 l
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SN54ASC00, SN74ASC00
2-INPUT POSITIVE-NAND GATES

D2939, AUGUST 1986

SystemCell™ 2-um INTERNAL STANDARD CELL

Choice of Five Performance Levels

® Specified for Operation Over Vcc Range of
45V to 55V

® Functional Opera/tion Over V¢ Range of
2Vto6V

® Dependable Texas Instruments Quality and
Reliability

positive logic equation
Y=AB=A+B

description

logic symbol

—

FUNCTION TABLE

INPUTS | OUTPUT
A B Y

H H L

L X H

X L H

The SN54ASCO0 and SN74ASCOQ are 2-input positive-NAND gate CMOS standard-cell functions
implementing the equivalent of one-fourth of an SN54LS00 or SN74LS00. The standard-cell library contains
five physical implementations providing the custom IC designer a choice between five performance levels

for optimizing design. The five options are designated and called from the engineering workstation input

using the following cell names to develop labels for the design netlist:

FEATURES
NETLIST TYPICAL RELATIVE

CELL NAME HDL LABEL DELAY CELL AREA

CpL = 1pF TO NA210LH
NA210LH 2ns 1
NA220LH 1.3 ns 1.5
NA230LH Label: NA2nOLH A,B,Y; 1.1ns 2
NA240LH 1ns 2.5
NA260LH 0.8 ns 3.5

Data Sheets E

The SN54ASCOO is characterized for operation over the full military temperature range of —55°C to 125°C.
The SN74ASCOO is characterized for operation from —40°C to 85°C.

absolute maximum ratings and recommended operating conditions

See Table 1 in Section 2.

PRODUCTION DATA documents contain information
current as of publication date. Products conform to

spaci‘ﬁcgtx:fr ‘pne‘r .tl:"e terms ofrTexas _In.nﬂ:;e::: TEXAS
necessarily inclmxe testing of all parameters. INSTRUMENTS

*p

Copyright © 1986, Texas Instruments Incorporated
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SN54ASCO00, SN74ASC00

2-INPUT POSITIVE-NAND GATES

electrical characteristics

NA210LH NA220LH
PARAMETER TEST CONDITIONS - UNIT
TYP MAX | TYP MAX
VT Input threshold voltage Vcc =5V, Ta = 25°C 2.2 2.2 \
SN54ASC00 Vcc =45Vtob5V, V)=Vccor0, 131 196
[ Suppt t A
CC SUPPly CUTTeNt SR74ASC00|  Ta = MIN to MAX 7.84 7| "
C;  Input capacitance Vecc =5V, Ta = 25°C 0.12 0.2 pF
Equivalent Vcc = 5V, — 1 = -
Cod f}un.valejn power. cc =5 tr =1t = 3ns 0.51 1 oF
dissipation capacitance Ta = 25°C
NA230LH NA240LH
PARAMETE| ITIONS T
MET R TEST COND! TYP MAX | TYP MAX UN
VT Input threshold voltage Vce =5V, TA = 25°C 2.2 2.2 \
- SN54ASC00 VCCc = 45Vt055V, V|=VcgcorO, 254 316
i Suppl . A
CC SUPPIY cUTeNt |—sR74ASCO0| Ta = MIN to MAX 5.2 9| "
C; Input capacitance Vec =5V, Ta = 25°C 0.39 0.54 pF
Equivalent power Vcec =5V, t = tf = 3 ns,
C 1.51 2.06 F
pd dissipation capacitance TA = 25°C P
NA260LH
PARAMETER TEST CONDITIONS UNIT
TYP  MAX
VT Input threshold voltage Vee =5V, TA = 25°C 2.2 \2
SN54ASCO0 Vec =45Vto566V, V|=Vccoro, 433
I Suppl t A
CC SUPPly cUrTent 1= N 74ASC00 Ta = MIN 1o MAX A 26| "
C; Input capacitance Ve =5V, Ta = 25°C 0.79 pF
Coa Ef:|ui'vale‘nt powar. Vec =5V, tr =t = 3 ns, 2.98 oF
dissipation capacitance Ta = 26°C

{if
Texas 'V
INSTRUMENTS
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SN54ASCO00, SN74ASC00
2-INPUT POSITIVE-NAND GATES

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

NA210LH
FROM T0 TEST SN54ASCO0 SN74ASCO0
PARAMETER! 5 uNIT
{INPUT) (OUTPUT) CONDITIONS MIN TYP! MAX | MIN TYP! MAX
t 7 08 14 | 07 08 13
FLH AorB % cL=0 07 8 ns
PHL 05 T 15 ] 0% T T4
tPLH : 1.2 2 4 1.2 2 3.7
= 1pF
AL AorB Y CL=1Tp i 7 42 [ 11 7 37| ™
Bt 05 12 27 [ 05 12 25
PLH AorB % ns/pF
APHL 05 T 27 ] 08 T 23
NA220LH
s FROM T0 TEST SN54ASCO0 SN74ASC00
PARAMETER UNIT
(INPUT) {OUTPUT) CONDITIONS MIN TYPf MAX | MIN TYPf MAX
05 08 13 | 06 08 1.2
tPLH AorB Y cL=0 5 8 ns
PHL 03 07 14 |04 07 13
T ) 73 24 ] 08 13 22
PLH AorB Y CL=1pF 08 ns
tPHL 0.6 1.3 2.7 0.7 1.3 2.4
At 03 05 11| 03 05 1
it AorB Y ns/pF
AtprL 03 06 13| 03 06 11
NA230LH
FROM T0 TEST SN54ASC00 SN74ASC00
PARAMETERT UNIT
(INPUT) (OUTPUT) CONDITIONS MIN TYPF MAX | MIN TYP? MAX
PLH 04 07 13| 05 07 13
Aor B Y cL=0 ns
PHL or L 02 06 14 | 03 06 13
PLH 07 11 2107 11 19
Aor B Y = 1pF
tPHL or CL=1p 0.5 T 23| 05 1 21 ™
2 04 08| 02 04 07
AtPLH AorB v 0.2 ns/pF
DPHL 03 04 00 ] 02 04 08
NA240LH
CARAMETERT FROM T0 TEST SN54ASC00 SN74ASC00 onT
(INPUT) (OUTPUT) CONDITIONS MIN TYP} MAX | MIN TYP! mMAX
toLr Aors N o o 04 07 12 o4 07 i _
r = .
PHL ° L 01 05 12| 02 05 11
L 06 T 18 | 06 T 17
= 1pF
PHL AorB Y CL="Te 04 09 18] 04 09 7] ™
AtpLH 02 03 06| 02 03 06
A % IpF
AtPRL or B 03 04 07| 02 04 07 P

1 Propagation delay times are measured from the 44% point of V| to the 44% point of Vg with tr = tf = 3 ns (10% and 90%).
tp H = propagation delay time, low-to-high-level output
tPHL propagation delay time, high-to-low-level output
AtppH = change in tp| 4 with load capacitance
AtpH = change in tpy| with load capacitance
* Typical values are at Voc = 5V, Ta = 25°C.

Texas {'P

INSTRUMENTS
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SN54ASCO00, SN74ASC00
2-INPUT POSITIVE-NAND GATES

NA260LH
PARAMETERT FROM TO TEST SN54ASC00 SN74ASCO0 UNIT
(INPUT) (OUTPUT) CONDITIONS MIN TYP¥ MAX | MIN TYP¥ MAX
PLH - 04 06 12| 05 06 11
tPHL Aor8 v CL=0 07 05 12| 03 o5 11| ™
tPLH 05 08 16 ] 06 08 15
= 1pF
tPHL Aor® v CL=Tp 63 07 17| 04 o7 15| ™
AtPLA 01 02 05| 01 02 04
F
ATPHL Aor8 v o702 o6 01 o2 o5 "P

T Propagation delay times are measured from the 44% point of V| to the 44% point of Vg with t; = tf = 3 ns (10% and 90%).
tpLH = propagation delay time, low-to-high-level output
tpHL = propagation delay time, high-to-low-level output
AtpLH = change in tp| 4 with load capacitance
AtpH| = change in tpH| with load capacitance
*Typical values are at Voc = 5V, Ta = 25°C.

DESIGN CONSIDERATIONS

Refer to Section 7

All inputs to this cell must be accounted for in the netlist used to generate the next level of an ASIC design.
A tie-off cell is offered specifically for managing unused inputs.

{i’
Texas
INSTRUMENTS
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SN54ASC02, SN74ASC02
2-INPUT POSITIVE-NOR GATES

D2939, AUGUST 1986

SystemCell™ 2-um INTERNAL STANDARD CELL

@ Choice of Four Performance Levels logic symbol

Specified for Operation Over Vcc Range of

45Vto55V A:DL_. Y
B

@ Functional Operation Over V¢ Range of

2Vto6V FUNCTION TABLE

® Dependable Texas Instruments Quality and INPUTS | OUTPUT
Reliability ) v
i . . H X L
positive logic equations X H L
Y=A+B = A.B LoL H

description

The SN54ASCO2 and SN74ASCO2 are 2-input positive-NOR gate CMOS standard-cell functions
implementing the equivalent of one-fourth of the SN54L.S02 or SN74LS02. The standard-cell library contains
four physical implementations providing the custom IC designer a choice between four performance levels
for optimizing designs. Each option is designated and called from the engineering workstation input using
the following cell names to develop labels for the design netlist:

FEATURES
CELL NAME NETLIST TYPICAL RELATIVE
HDL LABEL DELAY CELL AREA
CL = 1pF | TO NA210LH
NO210LH 2.4 ns 1
NO220LH 1.5 ns 1.5
NO23oLH | Lebel: NO2nOLH AB.Y; T )
NO240LH 1.1 ns 25

The SN54ASCO2 is characterized for operation over the full military temperature range of —55°C to 125°C.
The SN74ASCO2 is characterized for operation from —40°C to 85°C.

absolute maximum ratings and recommended operating conditions
See Table 1 in Section 2.

PRODUCTION DATA documents contain information Copyright © 1986, Texas Instruments Incorporated

current as of publication date. Products conform to /)
specifications per the terms of Texas Instruments TEXAS

standard warranty. Production processing does not

necessarily include testing of all parameters. INSTRUMENTS

POST OFFICE BOX 655012 * DALLAS, TEXAS 75265

Data Sheets E
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SN54ASC02, SN74ASC02
2-INPUT POSITIVE-NOR GATES

electrical characteristics

NO210LH NO220LH
P TEST CONDITIONS UNIT
ARAMETER ESTC o TYP  MAX | TYP MAX
VT Input threshold voltage Vee =58V, Ta = 26°C 2.2 1 22 \
SNE4ASC02 Vcc = 45Vt 6.5V, V|=VccorO, 128 185
! Suppl t A
CC SUPPLY CUTeNt I"eN74ASC02 | Ta = MIN to MAX 777 ] "
Ci Input capacitance Vee =5V, Ta = 25°C 0.11 0.24 pF
Cpd Efquivalgnt power. Vee =5V, ty = tf = 3 ns, 0.33 (‘).52 oF
dissipation capacitance Ta = 25°C
NO230LH NO240LH
PARAMETER T ITION UNIT
ARAMETE| TEST CONDITIONS P MAX | TYP MAX
VT Input threshold voltage Vece =5V, Ta = 25°C 2.2 2.2 \
SN54ASCO02 VcC = 45V105656V, V| =Vccoro, 237 292
! Suppl t A
CC Supply curren I SN74ASCO2 | Ta = MIN to MAX 142 775 ] "
Ci Input capacitance Vee =56V, Ta = 25°C 0.36 0.47 pF
Cod Ef]ui'val(?nt power. Vee =5V, tr = tf = 3 ns, 0.8 0.98 pf
dissipation capacitance ° Ta = 25°C

switching characteristics over recommended ranges of supply voltage and operating free-air temperature

(unless otherwise noted)

NO210LH
FROM T TEST SN54ASC02 SN74ASC02
E PARAMETERT 0 0 S4ASCO UNIT
- (INPUT) (OUTPUT) CONDITIONS MIN TYP¥ MAX | MIN TYP¥ MAX
0. 0. 1. 0.6 0.8 1.6
o fPLH AorB Y CL=0 i s A ns
(%) tPHL 0.5 1 1.7 | 0.6 1 1.7
- tPLH 1.5 28 62| 1.6 28 5.6
= 1pF
8 PHL AorB Y LL=1¢ T 2 46 | 11 s
-+ AtpLH 0.9 2 4.6 1 2 4.2
AorB Y F
» APHL o 05 T 298| 08 T 25| P
NO220LH
FROM TO TEST SN54ASCC2 SN74ASC02
PARAMETER' UNIT
(INPUT) (OUTPUT) CONDITIONS MIN TYP¥ MAX MIN TYP! MAX
t 0.6 0.8 1.3 0.6 0.8 1.2
PLH AorB Y CL=0 ns
tPHL 03 08 15| 03 08 15
tPLH 1 1.7 3.5 1.1 1.7 3.2
AorB Y CL = 1pF
PHL or L=1p 07 13 26| 07 13 241 ™
Aty 0.4 0.9 2.3 0.5 0.9 -2
PLH AorB Y ns/pF
AtpHL 0.3 0.6 1.1 0.4 0.6 1
T Propagation delay times are measured from the 44% point of V| to the 44% point of Vg with t, = tf = 3 ns (10% and 90%).
tpLH = propagation delay time, low-to-high-level output
tpHL = propagation delay time, high-to-low-level output
AtpLH = change in tp| 4 with load capacitance
AtpHL = change in tpy| with load capacitance
¥ Typical values are at Voc = 5V, Tp = 25°C.
i
4-8 XAS h
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SN54ASC02, SN74ASC02
2-INPUT POSITIVE-NOR GATES

switching characteristics over recommended ranges of supply voltage and operating free-air temperature
(unless otherwise noted) (continued)

NO230LH
PARAMETERT FROM TO TEST SN54ASC02 SN74ASC02 UNIT
(INPUT) (OUTPUT) CONDITIONS MIN TYP¥ MAX | MIN TYP! MAX
1 05 08 14| 05 08 1.2
PLH AorB % cL=0 ns
tPHL 0.3 0.7 1.6 0.3 0.7 1.5
tPLH 09 14 29| 08 14 26
AorB Y CL=1pF
PHL or L=1'p 06 12 24| 06 12 22| ™
At 03 06 15| 03 06 1.4
PLH AorB Y ns/pF
AtpHL 02 05 09| 03 05 08
NO240LH
PARAMETER! FROM TO TEST SN54ASC02 SN74ASC02 uNIT
’ (INPUT) (OUTPUT) CONDITIONS MIN TYP! MAX | MIN TYP! MAX
[t 05 07 13| 05 07 1.2
PLH AorB Y cL=0 ns
tPHL 0.2 0.6 1.4 0.2 0.6 1.3
[ 07 1.2 24| 08 1.2 22
PLH AorB v CL=1pF ns
tPHL 0.5 T 21| 05 T 1.9
A 02 05 12| 03 05 1.1
tPLH AorB Y ns/pF
AtpHL ) 0.2 04 07| 02 04 06 |

1 Propagation delay times are measured from the 44% point of V| to the 44% point of Vo with t, = tf = 3 ns (10% and 90%).

tpLH = propagation delay time, low-to-high-level output
tpHL = propagation delay time, high-to-low-level output
AtpiH = change in tp_H with load capacitance
AtpHL = change in tpy(_ with load capacitance

iTypical values are at Voc = 5V, Ta = 25°C.

DESIGN CONSIDERATIONS

Refer to Section 7.

Texas {5’
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SN54ASC04, SN74ASC04

INVERTERS

D2939, AUGUST 1986

SystemCell™ 2-um INTERNAL STANDARD CELL

Choice of Seven Performance Levels

Specified for Operation Over Vcc Range of

45Vto55V

® Functional Operation Over VcC Range of

2Vto6V

® Dependable Texas Instruments Quality and

Reliability

positive logic equation
Y =A

description

logic symbol

— >

FUNCTION TABLE

INPUT | OUTPUT
A Y
H L
L H

The SN54ASC04 and SN74ASCO04 are CMOS inverter standard cells implementing the equivalent of one-
sixth of a SN54LS04 or SN74LS04. The standard-cell library contains seven physical implementations
providing the custom IC designer a choice of seven performance levels for optimizing designs. Each of

the options are designated and called from the engineering workstation input using the following cell names

to develop labels for the design netlist:

FEATURES
CELL NAME NETLIST TV?ICAL RELATIVE

HDL LABEL DELAY CELL AREA

CL = 1pF | TO NA210LH
IV110LH 1.7 ns 0.75
IV120LH 1.1ns 1
oo | e | 2% |
I\V160LH 0.7 ns 2
1V180LH 0.6 ns 2.5
IV101LH Label: IV101LH A)Y; 2.3 ns 4.5

Data Sheets H

The SN54ASCO4 is characterized for operation over the full military temperature range of —55°C to 125°C.
The SN74ASCO04 is characterized for operation from —40°C to 85°C.

absolute maximum ratings and recommended operating conditions

See Table 1 in Section 2.

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

Texas
INSTRUMENTS

hid

Copyright © 1986, Texas Instruments Incorporated

POST OFFICE BOX 655012 * DALLAS, TEXAS 75265
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SN54ASC04, SN74ASCO4
INVERTERS

electrical characteristics

IV110LH IV120LH
PARAMETER TEST CONDITIONS UNIT
TYP MAX TYP MAX
VT Input threshold voltage Vcc =5V, Ta = 25°C 2.2 2.2 \
) SN54ASC04 Vcec = 45Vtob65V, V|=VccoroO, 105 131
| Suppl t A
CC SUPPLY CUTENT  "'SN7AASCO4 | Ta = MIN to MAX 6.32 785 | "
Ci Input capacitance Vec =5V, Ta = 25°C 0.12 0.24 pF
Cod EAqui.vaIeAnt power' Vce =5V, tr = tf = 3ns, 0.44 0.8 pF
dissipation capacitance Ta = 25°C
IV130LH IV140LH
ETER TEST NDITI NIT
PARAM ST CO ONS TP MAX | TYP  MAX ul
VT Input threshold voltage Vee =5V, Ta = 25°C 2.2 2.2 \
SN54ASCO04 Vcc =45Vto55V, V|=Vccor0, 163 190
| Suppl t A
CC Supply curment  Fo74ASCO4 | Ta = MIN to MAX 9.76 114 | "
Ci Input capacitance Vce =5V, Ta = 25°C 0.4 0.49 pF
Cod Ef:ui'val?nt power' Vec =5V, ty = tf = 3 ns, 1.9 1.61 oF
dissipation capacitance Ta = 25°C
V1 I
PARAMETER TEST CONDITIONS 6OLH V180LH UNIT
TYP MAX | TYP MAX
VT Input threshold voltage Vee =5V, Ta = 25°C 2.2 2.2 A
SN54ASC04 Vcec =45Vto55V, V| =Vgcor0, 247 306
I Supply current A
o |~ SN74ASCO4 | Ta = MIN to MAX 14.8 184 | "
Q Ci Input capacitance Vecc =5V, Ta = 256°C 0.74 1 pF
g Equivalent power VCC‘= 5V, t =t = 3ns,
(S ' 2.39 3.16 pF
dissipation capacitance Ta = 25°C
n
2 IV101LH
8 PARAMETER TEST CONDITIONS UNIT
o ‘ TYP  MAX
(7] VT Input threshold voltage Vee =5V, Ta = 25°C 2.2 \
SN654ASC04 =45Vtb5V, V=V 0, 553
lcc Supply current ¢ vee = 4 ° ! ccor nA
SN74ASC04 Ta = MIN to MAX 33.2
Ci Input capacitance Ve =5V, Ta = 25°C 0.13 pF
Equivalent Vi =5V, tr = tf = 3 ns,
Cod f:|m.va an power. cc . f ns 7.22 oF
dissipation capacitance Ta = 25°C
| %
412 TEXAS

INSTRUMENTS
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SN54ASC04, SN74ASC04
INVERTERS

switching characteristics over recommended ranges of supply voltage and operating free-air temperature

(unless otherwise noted)

IV110LH
FROM TO TEST SN54ASC04 SN74ASC04
PARAMETERT NIT
(INPUT) (OUTPUT) CONDITIONS MIN TYP? MAX MIN TYP} MAX v
1] 0.6 0.8 1.1 0.6 0.8 1.1
PLH A % cL=0 ns
tPHL 04 09 14| 05 09 1.4
t] 1.1 1.8 3.4 1.2 1.8 3.2
PLH A Y CL = 1pF ns
tPHL 09 16 3.2 i 1.6 29
At . 1 2.3 0.5 1 2.
PLH A v 0.5 ! ns/pF
AtpHL 05 08 1.8 | 05 08 1.6
IV120LH
FROM TO TEST SN54ASC04 SN74ASC04
PARAMETER 0 UNIT
(INPUT) (OUTPUT) CONDITIONS MIN TYP! MAX MIN TYP} MAX
1 0.4 0.6 1.1 0.4 0.6 1
PLH A % cL=0 ns
tPHL 02 06 12|02 06 1.1
1 0.8 1.2 2.1 .8 1.2
PLH A Y CL = 1pF 0 Ol
tPHL 0.5 1 21 0.6 1 2
At 0.3 0.5 1.1 0.3 0.5 1
PLH A Y ns/pF
AtpHL 03 05 09 | 03 05 09
IV130LH [}
®
FROM TO TEST SN54ASC04 SN74ASC04
PARAMETERT 0 3 UNIT T
(INPUT) (OUTPUT) CONDITIONS MIN TYP¥ MAX MIN TYP MAX =
t 0.4 0. 11 4 0.6 1
PLH A % cL=0 5 ° ns \n
tPHL 0.03 03 09 |008 03 08 P
1, 0.7 1 1.8 0.7 1 1.7
PLH A Y CL=1pF ns ®
tPHL 02 07 15| 03 0.7 14 a
AtpLH A v 02 04 0802 04 07
ATPHL 02 04 07 | 02 04 06 P
IV140LH
PARAMETER? FROM TO0 TEST SN54ASC04 SN74ASC04 UNIT
! (INPUT) (OUTPUT) CONDITIONS MIN TYP¥ MAX MIN TYP! MAX
t, 0.4 0. 0.9 0.4 0.5 0.9
PLH A % cL=0 5 ns
tPHL 01 04 09| 01 04 08
t, 0.6 0.9 1.5 0.6 0.9 1.4
PLH A Y CL = 1pF ns
tPHL 03 07 15 | 03 0.7 1.4
At 0.2 0.3 0.6 0.2 0.3 0.6
PLH A % ns/pF
AtpHL 02 03 06 | 02 03 0.6
TProctagation delay times are measured from the 44% point of V| to the 44% point of Vg with t; = tf = 3 ns (10% and 90%).
tpLH = propagation delay time, low-to-high-level output
tpHL = propagation delay time, high-to-low-level output
Atp H = change in tp| 4 with load capacitance
AtpHL = change in tpy| with load capacitance
¥ Typical values are at Voe = 5V, TA = 25°C.
T *l’
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SN54ASC04, SN74ASC04
INVERTERS

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

sjeayg eleq

IV160LH
TEST SN54ASC04 N74ASC04
PARAMETER! FROM TO SN74ASC uNIT
(INPUT) (OUTPUT) CONDITIONS MIN TYP¥ MAX | MIN TYP? MAX
k¢ 0.3 0.5 0.8 0.3 0.5 0.8
PLH A Y CL=0 ns
tPHL 009 03 08 ] 01 03 08
tPLH ) 0.5 0.7 1.3 0.5 0.7 1.2
CL = 1pF
PHL A Y L=1» 02 06 13 ] 03 06 12| ™
Aty 0.1 .2 0. 0.1 0.2 0.5
PLH A v 0 5 ns/pF
AtpH| 0.1 0.2 0.5 0.1 0.2 0.5
IV180LH
TEST SN54ASC04 SN74ASC04
PARAMETER! FROM To e T unIT
(INPUT) (OUTPUT) CONDITIONS MIN TYP MAX MIN TYP MAX
t 0.3 0.4 0.8 0.3 0.4 0.7
PLH A Y cL=0 ns
tPHL 008 03 08 | 01 03 07
tPLH 04 06 1.1 | 04 06 1.1
A Y CL = 1pF
PHL L=1r 02 05 11| 02 05 1] "™
Aty 0.1 0.2 0.4 0.1 0.2 0.4
PLH A v ns/pF
AtPHL 01 02 04| 01 02 04
IV101LH
FROM TO TEST SN54ASC04 SN74ASC04
PARAMETER? UNIT
(INPUT) (OUTPUT) CONDITIONS MIN TYP! MAX MIN TYP! MAX
1 1.3 2.3 5 1.3 2.3 4.5
PLH A % cL=0 ns
tPHL 1 2 4.6 1 2 4.1
1 1.3 2.4 5.2 1.4 2.4 4.7
PLH A % CL=1pF ns
tPHL 1 21 49 | 1.1 21 44
At 60 120 230 60 120 200
PLH A v ps/pF
AtpHL 30 110 290 50 110 280
T Propagation delay times are measured from the 44% point of Vj to the 44% point of Vg with t; = tf = 3 ns (10% and 90%).
tpLH = propagation delay time, low-to-high-level output
tpHL = propagation delay time, high-to-low-level output
AtpL = change in tp| 4 with load capacitance
Atpp = change in tpy with load capacitance
*Typical values are at Voc = 5V, Tp = 25°C.
DESIGN CONSIDERATIONS
Refer to Section 7.
TEXAS bi
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SN54ASCO08, SN74ASCO08
2-INPUT POSITIVE-AND GATES

D2939, AUGUST 1986

SystemCell™ 2-um INTERNAL STANDARD CELL

Choice of Four Performance Levels

Specified for Operation Over Vcc Range of

45Vto55V

® Functional Operation Over Vcc Range of

2Vto6V

® Dependable Texas Instruments Quality and

Reliability

positive logic equations
Y = A.-B=A+B

description

logic symbol
——

Y
B —

FUNCTION TABLE

INPUTS | OUTPUT
A B Y
H H H
L X L
X L L

The SN54ASCO08 and SN74ASCO08 are 2-input positive-AND gate CMOS standard cells each implementing
the equivalent of one-fourth of an SN54LS08 or SN74LS08. The standard-cell library contains four physical
implementations providing the custom IC designer a choice between four performance levels for optimizing
designs. Each option is designated and called from the engineering workstation input using the following

cell names to develop labels for the design netlist:

FEATURES »
T L
CELL NAME NETLIS TYPICA RELATIVE 5
HDL LABEL DELAY CELL AREA o
CL = 1 pF | TO NA210LH ~
AN210LH 2.1 ns 15 »n
AN220LH 1.9 ns 1.75 ©
Label: AN2nOLH A,B,Y;
AN24OLH | -°°° no 2.1 ns 2.25 -]
AN260LH 1.7 ns 3 (o)
The SN54ASCO8 is characterized for operation over the full military temperature range of —55°C to 125°C.
The SN74ASCO08 is characterized for operation from —40°C to 85°C.
absolute maximum ratings and recomme