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IMPORTANT NOTICE

Texas Instruments (T1) reserves the right to make changes to or
to discontinue any semiconductor product or service identified
in this publication without notice. Tl advises its customers to
obtain the latest version of the relevant information to verify,
before placing orders, that the information being relied upon is
current.

T1 warrants performance of its semiconductor products to current
specifications in accordance with Tl’s standard warranty. Testing
and other quality control techniques are utilized to the extent Tl
deems necessary to support this warranty. Unless mandated by
government requirements, specific testing of all parameters of
each device is not necessarily performed.

Tl assumes no liability for Tl applications assistance, customer
product design, software performance, or infringement of patents
or services described herein. Nor does Tl warrant or represent that
any license, either express or implied, is granted under any patent
right, copyright, mask work right, or other intellectual property
right of Tl covering or relating to any combination, machine, or
process in which such semiconductor products or services might
be or are used.

Copyright © 1988, Texas Instruments Incorporated
Printed in the U.S.A.
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INTRODUCTION

Texas Instruments presents the TSC500 Series 1-um CMQOS Standard Cell Data Manual, a
comprehensive reference document providing detailed specifications for each cell and macro
included in TI’s TSC500 Series software logic library, release 1.2.

how to use this manual

Sufficient detail is provided for a system designer to evaluate the availability, performance,
and suitability of standard cells and macros to employ in the design of custom ASICs. For the
evaluation process, the cell or macro data sheet contains the following detailed information:

o Cell or macro identification including a description supported with logic symbol and
truth table or typical functional sequences

] Electrical and switching time parametric specifications

® Detailed logic diagram showing the standard cells used in the creation of the
software macros

® Notes cross-referencing the standard cells and macro to similar CMOS and TTL
functions

Other sections of the manual contain data to match the design evaluation with the packages
offered in the TSC500 Series. For example:

® The TSC500 Series data, Section 2, includes data pertinent to the TSC500 Series
technology, performance range, and application-related characteristics. Package
availability is summarized.

®  Thelibrary cell summary, Section 5, includes a listing of individual cells and macros
in each of the functional categories offered.

Beyond use as a design evaluation tool, this manual can be used as a supplement to the Tl
library software and the TI| CMOS Standard Cell Design Manual.

As a supplement to the software library, the individual data sheets in this manual show the
extent of worst case ranges for the specifications, whereas the functional and simulation models
contained in the Tl library software include fully expanded, node-by-node specifications. With
respect to the completed design, the Tl-supplied library software will be used to determine
the final design specifications.

As a supplement to the CMOS Standard Cell Design Manual, techniques presented in this manual
include explanations of CMOS technology and TSC500 Series characteristics that can simplify
the evaluation, selection, and application of cells and macros required for the execution of a
custom standard cell design.

organization of this manual

SECTION 1 — Introduction. Presents a brief description of the contents of each data manual
section. Also provides an alphanumeric listing of the TSC500 Series cells and macros, including
a cross-reference for similar CMOS and TTL functions.
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SECTION 2 — TSC500 Series Data. Provides a brief technology discussion, packaging options,
and series-related specifications.

SECTION 3 — Mechanical Data. Provides drawings with dimensions and descriptive material
for the packages offered in the TSC500 series.

SECTION 4 — Definitions and Ratings. Details the methodologies used in the characterization
of functional and parametric ratings. Also defines abbreviations and terms.

SECTION 5 — Library Summary. Contains a complete listing of the cells and macros available
in the software library and summarizes key specifications portraying the performance of the
functions offered. Also provides equivalent sizes for each of the cells and macros.

SECTIONS 6 through 22 — Data Sheets. Contain the description, electrical, and switching
characteristics for each individual function available in the library. The data sheets are grouped
under the following tabs:

SPECIAL FUNCTIONS
BUFFERS/DRIVERS (Internal)
GATES

FLIP-FLOPS/LATCHES
OSCILLATORS

INPUT BUFFERS
BIDIRECTIONAL (I/O) BUFFERS
OUTPUT BUFFERS
ARITHMETIC FUNCTIONS
COUNTERS

DEMULTIPLEXERS
MULTIPLEXERS

REGISTERS

TESTABILITY FUNCTIONS
RANDOM ACCESS MEMORIES
FIFO MEMORIES

REGISTER FILES

Each tabbed section is preceded by a functional selection guide or general information related
to that group of data sheets.

DECEMBER 1988
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NAME
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AN220LJ . ..........
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AN320LJ . ..........
AN340LJ ....... L
AN360LJ ...........
AN410LJ . ..........
AN420LJ . ..........
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BFO14LJ .. ..........
BFO15LJ .. ..........
BFO16LJ .. ..........
BFO17LJ ... ... ... ..

PAGE CELL/MACRO PAGE
NAME

........... 8-7 BFO20LJ....................... 8-b4
........... 8-8 BFO22LJ....................... 8-56
........... 8-9 BFO25LJ....................... 858
........... 8-10 BFO27LJ....................... 860
........... 8-11 BFO28LJ . ...................... 8862
........... 8-12 BFO3OLJ....................... 864
........... 8-13 BFO34LJ....................... 8-66
........... 8-14 BFO35LJ....................... 8-68
........... 8-15 BFOSILJ....................... 870
........... 8-16 BFOS2LJ . ...................... 871
........... 8-17 BFOS3LJ . ...................... 872
........... 8-18 BFO54LJ .. ..................... 873
........... 8-19 BFOS5LJ ....................... 874
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........... 8-21 BFOS7LJ ....................... 877
........... 8-22 BFOS8LJ ....................... 878
........... 8-23 BFOSOLJ ....................... 880
........... 8-24 BFOGOLJ ....................... 882
........... 8-25 BFOG2LJ ....................... 884
........... 8-26 BFOB3LJ....................... 886
........... 8-27 BFOG4LJ....................... 888
........... 8-28 BFOG5LJ ....................... 890
....... ... 829 BFO66LJ . ...................... 892
........... 8-30 BFO67LJ....................... 894
........... 8-31 BFOG8LJ ....................... 896
........... 8-32 BFO6OLJ ....................... 898
........... 8-33 BFO70LJ ... .................... 8-100
........... 8-34 BFO71LJ ....................... 8102
........... 8-36 BFO72LJ . ...................... 8104
........... 8-38 BFO75LJ . ...................... 8-106
........... 8-40 BFOBOLJ....................... 8108
........... 8-42 BFOBILJ....................... 8110
........... 8-44 BFO8B2LJ . ...................... 8112
........... 8-46 BFO8B8BLJ . ...................... 8-114
........... 8-48 BUM1OLJ ...................... 73
........... 8-50 BUTTMILY ...l 744
........... 8-52 BUM2LJ ...................... 75
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CK120LJ ... .. i 6-10 I0IBILJ. ..o 12-9
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DE212LJ........ ... ..o oL 16-4 IOIEPLY . ... 12-15
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DTNIOLJ ...... ... ... . 9-15 101210 . . .o 12-35
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EN21OLJ. . ... . ... .o 8-116 IOI41LJ. .. 12-41
EX210LJ. ... ... 8-117 I0144LJ . .. ... ... 12-44
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IOHO4LY . .. ... ... 12-182 10J41Ld . ... 12-91
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S1B7LJ . o oot 16-6 S393LJ. o 15-36
S138LJ . .o 16-11 S398LJ . i 17-43
S139LJ . .ot 16-15 S399LJ . e 17-47
STIBTLI . oo oo e et 17-11 SBOOLY . . e 15-40
S1B3Ld . oottt 17-15 SBI3XLY .o 15-46
S1B5LJ . . oottt 16-19 SBOBLY . . e 18-59
SIB7L . oot 17-19 SBOBXLY ..o 18-63
S1B8LJ . . oottt 17-23 S65TLY . . oo 18-69
S161ALY ..ot 15-5 SB52Ld . e 18-77
S163ALJ ...t 15-11 SBBOLS. .. 15-53
S1B4LY . .o oot 18-17 SB86LY . .. o 14-28
S1BBALY ..ot 18-22 SB88LY. .t 14-34
S166LY . . oo ot 18-28 TAB20LJ .o oooee e 9-38
S173LJ . .o 9-86 TAC20LJ ..o 9-40
S174LJ. ... 9-91 TAP20LJ. ..ot 9-42
S i Z: N 9-95 TOBIOLY o ooveee e 9-44
S1TTL . oo 15-17 TDCIOLS oo oo e 9-50
S181LJ . oo oot 14-8 L1573 K T 9-53
S191LJ . o oot 15-22 TONTOLY ©ooeeeee e 9-60
S183LJ. ..ot 15-30 TONTILY o oo oo 9-62
S194ALJ ...ttt 18-34 TONI2LD oot 9-67
Copyright © 1988, Texas Instruments Incorporated
EXAS
INSTRUMENTS
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ALPHANUMERIC CROSS-REFERENCE INDEX

DECEMBER 1988
CELL/MACRO PAGE CELL/MACRO PAGE
NAME NAME
TDN13LJ ... 9-73 TPOOBLJ . . ... . o 19-6
TDN22LJ . ... 9-80 TPOO8BLJ . . ... 19-9
TOOIOLJ . ... .. 6-9 TPOOSLJ . .. ... 19-12
TPOOOLJ . . ... ..o 19-3 TPOIOLJ . . .. 19-15
Copyright © 1988, Texas Instruments Incorporated
TEXAS ‘b’
INSTRUMENTS

POST OFFICE BOX 655012  DALLAS, TEXAS 75265
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CMOS/TTL-TO-STANDARD CELL TSC500
CROSS-REFERENCE INDEX SERIES

DECEMBER 1988

This cross-reference index lists TTL/CMOS device types and shows the equivalent and/or similar
TSC500 Series cell type for each. The functions shown are intended for internal cells utilized
as the core logic of a 5-V CMOS ASIC custom design. As such, the bus-driver functions
referenced are for driving on-chip buses. A subset cell may require multiple cells of that type
or other cell types to achieve a replacement function. A superset cell contains either multiples
of or additional circuitry when compared to the referenced TTL/CMOS type.

TTL/CMOS SEE CELL TTL/CMOS SEE CELL
TYPE NOTE TYPE TYPE NOTE TYPE
7C122 RHO04LJ 4011 (1) NA210LJ
7C149 RHOO8LJ 4011 (1) NA220LJ
7C150 RHOO8LJ 4011 (1) NA230LJ
8X350 RHOO5LJ 4011 (1) NA240LJ
65HC68 RHOO3LJ 4011 (1) NA260LJ
68B10 RHOO3LJ 4012 (1) NA410LJ
68HC68 RHOO5LJ 4012 (1) NA420LJ
1223 RHOO8LJ 4012 (1) NA430LJ
1433 RHO11LJ 4013 (1) DFB20LJ
1822 RHOO04LJ 4013 (1) DTB10LJ
1823 RHOO3LJ 4015 S$164LJ
1826 RHOO1LJ 4015 (2) R2401LJ
2016 RHO11LJ 4020 (1) R2408LJ
2017 RHO11LJ 4023 (1) NA310LJ
2018 ‘RHO11LJ 4023 (1) NA320LJ
2114 RHOO9LJ 4023 (1) NA330LJ
2125 (4) RHOO8LJ 4023 (1) NA340LJ
2149 RHOO8LJ 4024 (1) R2408LJ
4000 (1) NO310LJ 4027 (2) JKB20LJ
4000 (1) NO320LJ 4030 (1) EX210LJ
4000 (1) NO330LJ 4030 (1) EX220LJ
4001 (1) NO210LJ 4030 (1) EX240LJ
4001 (1) NO220LJ 4040 (1) R2408LJ
4001 (1) NO230LJ 4042 (2) LAH23LJ
4001 (1) NO240LJ 4044 (1) LAB10OLJ
4002 (1) NO410LJ 4044 (1) LAB20LJ
4002 (1) NO420LJ 4063 S085LJ
NOTES: 1. Cell is a subset of the referenced function.

2. Cell is similar to a subset of the referenced function.

3. Cell is a subset of the referenced function but may contain additional inputs.

4. Cell is a superset to the referenced function.

% Copyright © 1988, Texas Instruments Incorporated

EXAS
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TSC500 CMOS/TTL-TO-STANDARD CELL

SERIES CROSS-REFERENCE INDEX
DECEMBER 1988
TTL/CMOS SEE CELL TTL/CMOS SEE CELL
TYPE NOTE TYPE TYPE NOTE TYPE

4068 (1) NA810LJ 4081 (1) AN240LJ
4068 (1) NA820LJ 4081 (1) AN260LJ
4069 (1) IV101LJ 4082 (1) AN410LJ
4069 (1) Iv1i0LJ 4082 (1) AN420LJ
4069 (1) 1vV120LJ 4082 (1) AN440LJ
4069 (1) 1vV130LJ 4082 (1) AN460LJ
4069 (1) 1V140LJ 4085 (1) A0221LJ
4069 (1) IV160LJ 4095 (1) JKB20LJ
4069 (1) 1V180LJ 4099 (1) S259LJ

4070 (1) EX210LJ 4334 RHOO8LJ
4070 (1) EX220LJ 4512 Mu310LJ
4070 (1) EX240LJ 4512 Mu320LJ
4071 (1) OR210LJ 4514 S137LJ

4071 (1) OR220LJ 4515 S137LJ

4071 (1) OR240LJ 4520 S161ALJ
4071 (1) OR260LJ 4520 (2) S163ALJ
4072 (1) OR410LJ 4539 (1) MuU210LJ
4072 (1) OR420LJ 4585 S085LJ

4072 (1) OR440LJ 4703 (4) FI503LJ

4072 (1) OR460LJ 4801 RHOO9LJ
4073 (1) AN310LJ 5101 RHOO4LJ
4073 (1) AN320LJ 5102 RHOO6LJ
4073 (1) AN340LJ 5114 RHOO8LJ
4073 (1) AN360LJ 5115 RHO11LJ
4075 (1) OR310LJ 5116 RHO11LJ
4075 (1) OR320LJ 5117 RHO11LJ
4075 (1) OR340LJ 5118 RHO11LJ
4075 (1) OR360LJ 5514 RHOO8LJ
4076 S173LJ 6116 RHO11LJ
4077 (1) EN210LJ 6514 RHOO8LJ
4078 NO810LJ 6516 RHO11LJ
4078 NO820LJ 6551 RHO04LJ
4081 (1) AN210LJ 6561 RHO04LJ
4081 (1) AN220LJ 7266 (1) EN210LJ
NOTES: 1. Cell is a subset of the referenced function.

1
2. Cell is similar to a subset of the referenced function.

3. Cell is a subset of the referenced function but may contain additional inputs.
4. Cell is a superset to the referenced function.

% Copyright ©® 1988, Texas Instruments Incorporated
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CMOS/TTL-TO-STANDARD CELL ; TSC500

CROSS-REFERENCE INDEX SERIES
DECEMBER 1988
TTL/CMOS SEE CELL TTL/ICMOS SEE CELL
TYPE NOTE TYPE TYPE NOTE TYPE
9122 RHO04LJ 54/7404 (1) IV180LJ
9150 RHOO8LJ 54/7404 (1) AN210LJ
14505 (4) RHOOOLJ 54/7408 (1) AN220LJ
40101 S280LJ 54/7408 (1) AN240LJ
40104 (2) S194ALJ 54/7408 (1) AN260LJ
40105 (4) FI503LJ 54/7410 (1) NA310LJ
40181 S181LJ 54/7410 (1) NA320LJ
40193 S193LJ 54/7410 (1) NA330LJ
65162 RHO11LJ 54/7410 (1) NA340LJ
67401 (4) FI603LJ 54/7411 (1) AN310LJ
67402 (4) FI603LJ 54/7411 (1 AN320LJ
67413 (4) FI6O3LJ 54/7411 (1) AN340LJ
72401 (4) FI603LJ 54/7411 (1) AN360LJ
72402 (4) FI6O3LJ 54/7414 (2) IPIO9LJ
72403 (4) FI6O3LJ 54/7420 (1) NA410LJ
72404 (4) FI6O3LJ 54/7420 (1) NA420LJ
72413 (4) FI6O3LJ 54/7421 (1) AN410LJ
93422 RHO04LJ 54/7421 (1) AN420LJ
93425 (4) RHOO8LJ 54/7421 (1) AN440LJ
54/7400 (1) NA210LJ 54/7421 (1) AN460LJ
54/7400 (1) NA220LJ 54/7427 (1) NO310LJ
54/7400 (1) NA230LJ 54/7427 (1) NO320LJ
54/7400 (1) NA240LJ 54/7427 (1) NO330LJ
54/7400 (1) NA260LJ 54/7430 AN810LJ
54/7402 (1) NO210LJ 54/7430 (1) NA810LJ
54/7402 (1) NO220LJ 54/7430 (1) NA820LJ
54/7402 (1) NO230LJ 54/7432 (1) OR210LJ
54/7400 (1) NO240LJ 54/7432 (1) OR220LJ
54/7404 (1) IvV101LJ 54/7432 (1) OR240LJ
54/7404 (1) IV110LJ 54/7432 (1) OR260LJ
54/7404 (1) 1IV120LJ 54/7440 (1) NA430LJ
54/7404 (1) 1IV130LJ 54/7450 (2) A0220LJ
54/7404 (1) 1V140LJ 54/74S51 (1) A0221LJ
54/7404 (1) IV160LJ 54/7451 (3) AO421LJ
NOTES: Cell is a subset of the referenced function.

1.
2. Cell is similar to a subset of the referenced function.

3. Cell is a subset of the referenced function but may contain additional inputs.
4. Cell is a superset to the referenced function.

i Copyright © 1988, Texas Instruments Incorporated
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TSC500

CMOSITTI. TD STANDARD CELL
SERIES CROSS-REFERENCE INDEX
L DECEMBER 1988
TTL/CMOS SEE CELL TTL/ICMOS SEE CELL
TYPE NOTE TYPE TYPE NOTE TYPE
54/7451 (3) BFOO5LJ 54/74175 R2406LJ
54/7458 (3) A0320LJ 54/74175 S175LJ
54/7474 (1 DFB20LJ 54/74177 S177LJ
54/7474 (1) DTB10LJ 54/74181 S181LJ
54/7475 m LAH10LJ 54/74191 S191LJ
54/7475 1 LAH20LJ 54/74193 S193LJ
54/7475 1 LAH40LJ 54/74194A S194ALJ
54/7485 S085LJ 54/74195A S195ALJ
54/7486 m EX210LJ 54/74222 (4) FI503LJ
54/7486 (1 EX220LJ 54/74224 (4) FI503LJ
54/7486 (1 EX240LJ 54/74225 (4) FI503LJ
54/7494 m R2403LJ 54/74244 S244LJ
54/7494 (1) R2404LJ 54/74245 S245LJ
54/74109 (1) JKB20LJ 54/74251 $251LJ
54/74137 S137LJ 54/74257A S257ALJ
54/74138 $138LJ 54/74258A S258ALJ
54/74139 S139LJ 54/74259 $259LJ
54/74139 (1 DE212LJ 54/74266 1 EN210LJ
54/74151 S151LJ 54/74273 $273LJ
54/74153 S153LJ 54/74280 $280LJ
54/74155 S155LJ 54/74283 $283LJ
54/74155 (1) DE212LJ 54/74298 $298LJ
54/74157 S157LJ 54/74299 $299LJ
54/74157 m MU110LJ 54/74299 (1 S299XLJ
54/74157 1 MU111L) 54/74373 $373LJ
54/74158 S158LJ 54/74374 $374LJ
54/74161A S161ALJ 54/74375 $375LJ
54/74163A (2) S163ALJ 54/74393 S$393LJ
54/74164 S164LJ 54/74398 $398LJ
54/74165A S165ALJ 54/74399 S399LJ
54/74166 S166LJ 54/74425 (1 BU221LJ
54/74173 S173LJ 54/74425 (1) BU261LJ
54/74174 S174Ld 54/74426 (1) BU222LJ
54/74174 (1) R2405LJ 54/74426 (1 BU262LJ
NOTES: 1. Cell is a subset of the referenced function.

2. Cell is similar to a subset of the referenced function.
3. Cell is a subset of the referenced function but may contain addmonal lnputs
4. Cell is a superset to the referenced function. .

Copyright ©® 1988, Texas Instruments Incorporated

INSTRUMENTS

POST OFFICE BOX 655012 « DALLAS, TEXAS 75265



CMOS/TTL-TO-STANDARD CELL TSC500
CROSS-REFERENCE INDEX SERIES

DECEMBER 1988

TTL/CMOS SEE CELL TTL/CMOS SEE CELL
TYPE NOTE TYPE TYPE NOTE TYPE
54/74468 (1) IV211LJ 54/74669 S669LJ
54/74468 (1) IV221LJ 54/74670 (4) RF400LJ
54/74468 (1) vV241LJ 54/74670 (4) RF401LJ
54/74590 S590LJ 54/74670 (4) RF402LJ
54/74593 (1) S593XLJ 54/74670 (4) RF403LJ
54/74595 S595LJ 54/74686 S686LJ
54/74598 (1 S598XLJ 54/74688 S688LJ
54/74651 S651LJ 54/747030 (4) FI6O3LJ
54/74652 S652LJ
NOTES: Cell is a subset of the referenced function.

1.
2. Cell is similar to a subset of the referenced function.

3. Cell is a subset of the referenced function but may contain additional inputs.
4. Cell is a superset to the referenced function.

i Copyright © 1988, Texas Instruments Incorporated
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TSC500 SERIES
1-um CMOS STANDARD CELLS

D3030, APRIL 1989

® High-Performance, 1-pm EPIC™ CMOS BOND PAD COMPLIER RAM
Process Efficiently Achieves System-Level MS! FUNCTION
Designs

® TSC500 Library Includes Macros for:
— Static RAMs and Register Files
— First-In First-Out Memories
— Oscillators

® TSC500 Library Supports Designs Using:
— Application Toolkit Products
—MegaModule™ Design Kits

® TSC500 1-pm EPIC™ CMOS Process
Features:
— Double-Level Metal, Silicided-Poly ”H“
— Typical Gate Delay 490 ps (FO = 3) ;
— Flip-Flop Toggle Rates Up to 185 MHz
— ESD and Latch-Up Protected 1/0s
— Outputs with Up to 64-mA Sink

Current 1/ I

— di/dt-Controlled or Full-Speed Buffers | ogic GATES (CELLS) COMPLIER FIFO

® Extensive Design Support Including:
— Design Libraries Compatible with Daisy
and Mentor CAE Systems
— TI Regional ASIC Design Centers
— Design Kits Available for Daisy and
Mentor Engineering Workstations

FIGURE 2-1. TYPICAL TSC500 SERIES
CUSTOM DESIGN

technology description

The Texas Instruments TSC500 Series CMOS Standard Cell library comprises productivity-
enhanced engineering workstation support software for the design of custom ICs to be
fabricated with Tl’s 1-um EPIC™ CMOS process and assembled in high-density, industry-
standard packages. The advanced silicon-gate process features two levels of copper-
doped-aluminum metallization to achieve increased performance and densities that support
system-level integration. Silicided gate, source, and drain elements reduce resistance and
enhance performance.

EPIC and MegaModule are trademarks of Texas Instruments Incorporated.

PRODUCTION DATA documents contain information i
current as of publication date. Products conform to i Copyright © 1989, Texas Instruments Incorporated
specifications per the terms of Texas Insl':umonts
dard Production p ing does not
necessarily include testing of all parameters.
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TSC500 SERIES
1-um CMOS STANDARD CELLS

D3030, APRIL 1989

library description

The TSC500 Series Standard Cell library includes gate, buffer, MSl-level, and memory
functions. Within the 452 cells, macros, and memories offered, 402 are hardwired macros
and 50 are software macros. The hardwired macros provide a broad selection of fully
characterized cells. The software macros provide popular TTL/CMOS-type MSI functions
that can be used as designed or modified at your workstation to suit your design
requirements. Additional user-defined software macros can be created using the TSC500
libraries to further enhance EWS productivity. Library release 1.2 contains the following
classes of cells and macros:

® 22 Hardwired MegaModule™ Memory Cells and 50 MSI Software Macros

® 66 Register, Scan FFs/Latches, Delay Elements, and Oscillator Cells

® 148 Gate, Bus Buffers, and Macro Building Blocks

® 166 External Input, Output, and Bidirectional Buffer Cells

A complete TSC500 Series Design Kit, for applicable workstations, includes the following:
® T7SC500 Series 1-um CMOS Standard Cell Data Manual
® CMOS Standard Cell Design Manual
® Design Support Software User’s Manual
® TSC500 Series Design Library

The design kit is arranged to accommodate revised material as it is issued.

design flow

Custom functions, which are designed using an engineering workstation in conjunction
with Tl's TSC500 Series Standard Cell library, can be simulated and verified prior to
creating the design database files. The database files generated are used to create tooling
for the fabrication and test programs for acceptance of the user-defined custom IC. A
detailed design flow diagram is presented in Figure 2-2.

2-2
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1-pm

TSC500 SERIES
CMOS STANDARD CELLS

D3030, APRIL 1989

1l 1]

1)

SPECIFYING
THE DESIGN

PHASE 0

FONCTIONAL
DESIGN

LOGIC
DESIGN

2

TINING
REQUIREMENTS,

1) 1l

1

TEST VECTOR
DESIGN

NN

%scneumnc

DESIGN

TEST VECTOR.
DESIGN

R e D § A

CREATING THE
DESIGN DATA
BASE

PHASE 1

TEST VECTOR, SCHEMATIC TEST VECTOR
GENERATION CAPTURE GENERATION
I'L

[ L

— ]

1L

1)

UNCTIONA

L
SIMULATION % V

TiMING

SIMULATION%

CUSTOM DESIGN DATA BASE'

1

1L

=

DESIGN
SPECIFICATION.

TEST
DESCRIPTION
LANGUAGE

GENERATING THE
CHIP LAYOUT

PHASE 2

PLACEMENT &
ROUTING
LAYOUT CAPACITANCE
EXTRACTION

L)
POST LAYOUT

SIMULATION A
CJ

%

N

HARDWARE
DESCRIPTION
LANGUAGE

.
DESIGN & SCHEMATIC
VERIFICATION

INTERNAL
CELL STRUCTURE

TOOLING
DATA BASE

CHIP FABRICATION
AND TESTING

PHASE 3

CUSTOMER SPECIFIES

\

2

PATTERN
GENERATION

L
GENERATION J

| TEST PROGRAM

PROTOTYPE
ASSEMBLY &
TEST

SHIPMENT OF
PROTOTYPES

I
AC

AND DATALOG
VOLUME
PRODUCTION

RESOURCES FOR THESE TASKS:

IN-HOUSE OR TI AUTHORIZED DESIGN CENTER

SHIPMENT OF
"B PROTOTYPES

FIGURE 2-2. TSC500 SERIES DESIGN FLOW
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TSC500 SERIES

1-p

D303

m CMOS STANDARD CELLS

0, APRIL 1989

absolute maximum ratings over operating free-air temperature range

Supply voltage, VCC - - -« v vt et e e -05Vto7V
Input voltage, V| ... ... e -05Vto7V
Output voltage, VO .. v o oo vttt -0.5Vto7V
Input clamp current®, Ik (V] < 0or Vi > VCC) v viieieeann. +20 mA
Output clamp current$, Igg (VO < 0orVQ > VEC) - v v v v v eiieennnn +20 mA
Continuous output current3, (VO = 0toVCC) .+« v vvvnennnnnnn.. +25 mA
Operating free-air temperature: Military temperature range. . . . . . —-55°C to 150°C

Commercial temperature range . . .. .. 0°C to 70°C

Storage temperature range —-65°C to 150°C

T Stresses beyond those listed under ‘' Absolute Maximum Ratings’’ may cause permanent damage to the

dev

ice. These are stress ratings only and operation of the device at these or any other condition(s) beyond

those indicated in the ‘’Recommended Operating Conditions’’ section of this specification is not implied.
Exposure to absolute maximum rated conditions for extended periods may affect device reliability.
iApplies to external input and bidirectional buffers.

recommended operating conditions

MIN NOM MAX | UNIT
Vce Supply voltage 4.5 5 5.5 \")
CMOS- tible input: 0.7V
ViH High-level input voltageﬁ com[?a I .e npre cC v
TTL-compatible inputs 2
CMOS-compatible inputs 0.2V
ViL Low-level input voltageq p - L cC \")
TTL-compatible inputs 0.8
\/ Input voltage Y # 0 Vce \'
V Positive-going threshold CMOS-compatible inputs 0.7Vce Vv
T+ voltage# TTL-compatible inputs 2 ,
V Negative-going threshold CMOS-compatible inputs 0.2Vce v
T- voltage # TTL-compatible inputs 0.8
v Hysteresis # CMOS-compatible inputs 1.7 v
hys (VT4 — V1) TTL-compatible inputs 0.4
Vo Output voltage$ 0 Vce Vv
loH High-level output current3 As specified on mA
loL Low-level output current$ data sheets
tt Input transition (rise and fall) times Y 0 25 ns
. Military temp range —-55 125
T Operating t erature °C
A perating temperatur Commercial temp range (0] 70

§Applies to external bidirectional and output buffers.
ﬁIAppIies to external input and bidirectional buffers without hysteresis.
#Applies to external input buffers with hysteresis.

2-4
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TSC500 SERIES

1-um CMOS STANDARD CELLS

D3030, APRIL 1989

electrical and mechanical data summary
Electrical characteristics are presented on individual data sheets in this manual and unless
otherwise noted, apply to standard celis prior to interconnect routing and mechanical
packaging. Characteristics and effects of cell layout, routing, and interconnection of a
completed ASIC design are covered in the post-layout simulation software. The capacitive
loading effects of the package bond wire(s) and terminal(s) are assumed to be a portion
of the 15-pF or 50-pF switching-characteristics load shown for the output and I/0O cells.
Typically, the packaging bond wire and terminal capacitance values range from 1 to 2 pF.
Consult Tl's design-center personnel when choosing ASIC packaging options.

recommended package selection
The following classes of conventional through-hole and surface-mount packages are
recommended for ASIC designs: '

(HQ).

Dual-in-line (DIP): ceramic (J) and plastic (N)

Plastic leaded chip carrier (PLCC): plastic (FN)
Leadless chip carrier (LCC): ceramic (FK)
Pin-grid-array (PGA): plastic (GP), and ceramic (GB)
Quad flatpack (QFP): JEDEC plastic (PQ), EIAJ plastic (PB, PC, PJ), and ceramic

Tables 2-1 through 2-3 list package options which satisfy a wide range of ASIC
applications. Tl will consider package requirements other than those listed.

TABLE 2-1. DUAL-IN-LINE AND CHIP CARRIERT

DUAL-IN-LINE CHIP CARRIER
PIN - PLASTI((:C(::)ERAMIC
COUNT | PLASTIC | CERAMIC X
N J {pLCcC) | (LCC)
FN FK
28 C M Cc M
40 C M
44 C M
48 C M
68 C M
84 C M
T C = Commercial, M = Military
::323&";'2"&ﬂ:#:mth;m:za':::zgu Copyright © 1989, Texas Instruments Incorporated
specifications per the terms of Texas Instruments EXAS a
standard warranty. Production processing doss not
necessarily include testing of all parameters. INSTRUMENTS
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TSC500 SERIES
1-pum CMOS STANDARD CELLS

D3030, APRIL 1989

TABLE 2-2. PIN-GRID ARRAY
AND QUAD FLATPACKST

PIN-GRID QUAD FLATPACKS
ARRAY (PGA) " (QFP)
PIN PLASTIC
COUNT |PLASTIC|CERAMIC EIA) JEDEC CERAMIC
6P cB PB, PC, PJ PQ Ha
68 M
84 M
100 C M C C M
120 C M C
132 C M C M
144 C M
160 . C
180 C M
208 C M
256 C.M
264 M

T C = Commercial, M = Military

TABLE 2-3. EIAJ QUAD FLATPACKS

PACKAGE PINS PIN BODY MOLD SIZE PIN
DESIGNATOR DISTRIBUTION | LENGTH | WIDTH | HEIGHT|SPACING
PB 120 | 30,30,30,30 | 28 mm |28 mm |3.85 mm| 0.8 mm
PC 160 | 40,40,40,40 | 28 mm |28 mm |3.85 mm|0.65 mm
PJ 100} 30,30,20,20 | 20 mm |14 mm| 2.7 mm{0.65 mm
Eﬁ?ﬁg}g&{:ﬁze;'{'z?:zzi‘::ﬁs:‘ﬁ"sé&‘:zﬁ‘ﬁ Copyright © 1989, Texas Instruments Incorporated
Recastariy einds tosing of o seramene ™ INSTRUMENTS
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TSC500 SERIES
1-pm CMOS STANDARD CELLS

D3030, APRIL 1989

cell name prefixes and codes
Table 2-4 lists the prefixes used to name standard cells. Each standard cell is further
coded, as in the example below, using the data in Table 2-5.

cell name example
AN 2 1 0

LJ
FUNCTION PREFIX T —[-TECHNOLOGY: LJ = 1-um CMOS
(AN = AND gate. See Table 2-5)

NUMERICAL SEQUENCE (Except

NUMBER OF INPUTS (2) (Except 10s, IPs, and OPs)
AOs, BFs, BU2s, Ds, Gs, 10s, 1V2s, JKs,
LAs, MUs, OPs, PDs, PRs, Rs, Ss, DRIVE LEVEL (1X) (Except
and Ts. See Table 2-5) 10s, IPs, and OPs)

TABLE 2-4. INDEX TO MACRO FUNCTION PREFIXES

AN. ... AND Gates MU............ ... .. ... Muiltiplexers
AO ... ... AND-OR Gates NA .. NAND Gates
BF .. Multi-stage AND, NAND, NOR, OR Gates NO. ... . NOR Gates
BU.. ... e Buffers OA............. OR-AND/OR-NAND Gates
CK ... ... Clock Generator/Drivers OP ... . Output Buffers
DE.............. Decoders/Demultiplexers OR ... . e OR Gates
DFIDT ... oot Flip-Flops, D-Type OS .. e Oscillators
EN. ... ... ... ... Exclusive-NOR Gates PD,PR ...... Pull-Down/Pull-Up Terminators
EX .. o Exclusive-OR Gates R o Registers
Fl ... .. First-In First-Out Memories RF ... Register Files
10 ... ... Bidirectional /O Buffers RH ............ Random Access Memories
P Input Buffers S e Software Macros
IV o Inverters TA .. Flip-FLops, Toggle Type
JK o Flip-Flops, J-K Type TD .. Scan Flip-Flops
LA. .. ..o Latches, D-Type and S-R TO ....... High- and Low-Level Tie-Off Gate
LH Latches TP . Testability Functions

PRODUCTION DATA documents contain information i
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TSC500 SERIES
1-um CMOS STANDARD CELLS

D3030, APRIL 1989

TABLE 2-5. CODING DEFINITIONS FOR FUNCTION PREFIXES

AOs (3rd and 4th characters): 10s and OPs (4th character, cont’d):
22 = 2-wide, 2-inputs G = 64/16-mA sink/source current
24 = 2-wide, 4-inputs 10/16-mA sink/source current

BFs, Gs, and TOs (3rd, 4th, 5th characters): 2/2-mA sink/source current
Three digit numerical sequence = 4/4-mA sink/source current

BUs and Vs (3rd character): = 6/6-mA sink/source current

= 3-State output 10s and OPs (5th character):

il

OB NO
Il

Ds, JKs, LAs, and TAs (3rd character): 1 = CMOS input
B = Both preset and clear inputs 4 = TTL input
C = Clear input 7 = CMOS input with hysteresis
P = Preset input 9 = TTL input with hysteresis
N = Neither preset nor clear input LA (3rd character):
DEs and MUs (3rd character): H = High enable
1 = 1 select line (2-wide) L = Low enable
2 = 2 select lines (4-wide) OPs (5th character):
3 = 3 select lines (8-wide) 0 = Totem-pole
10s and OPs (3rd character): 1 = N-channel open drain
H = 10 or OP 1/8 speed 3 = 3-State
I = 10 or OP full speed PDs and PRs (3rd, 4th, 5th character):
J = 10 or OP 1/2 speed 005 = 5-uA typical current
K = 10 or OP 1/4 speed 095 = 95-uA typical current
10s and OPs (4th character): 250 = 250-xA typical current
A = 16/16-mA sink/source current 400 = 400-pA typical current
B = 24/16-mA sink/source current Rs and Ss (2nd, 3rd, 4th, 5th characters):
E = 48/16-mA sink/source current Three or four digit numerical sequence
SRAM SELECTION GUIDE
static random-access memories
The TSC500 Series includes WRITE |READ| o ~ANI- CELL
12 versions of hardwired static RAMs. tew) | talA) 2ATION NAME
Full parallel access is provided with (ns) | (ns)
data nputs,dato outpute andeeparste |50 [ va.7 | _gaw x 43 AHo0oL)
memory is disabled, it is powered 30 |18.3] 64W x 8B)RHOO1L
down. Access time and write-cycle 30 [19.4] 128W x 4B|RHOO2LJ
time is the same from either the 30 | 19.5]| 128W x 8B|RHOO3LJ
powered-up or powered-down states. 30 | 21.8] 256W x 4B|RHOO4LJ
e R T M oo fare s efmones
parallel module testing (PMT). Other 30 }21.6] 512W x 48| RHOO6LJ
features are: 30 22 512W x 8B| RHOO7LJ
® Power-Down Current < 10 A 32 23.9 | 1024W x 4B|RHO08LJ
® 3-State Outputs 32 24.4 | 1024W x 8B| RHOOSLJ
® 12 Popular Organizations 35 | 26.7 [2048W x 4B|RHO10LJ
Available 36 | 27.7 |2048W x 8B|RHO11LJ
PRODUCTION DATA documents contain information Copyright © 1989, Texas Instruments lncorborated
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TSC500 SERIES
1-um CMOS STANDARD CELLS

D3030, APRIL 1989

first-in first-out buffer memories
The TSC500 Series offers three
versions of universal first-in first-out
memories featuring status indicators
for:

® Full

® Almost Full (Programmable)

® Half Full

® Almost Empty (Programmable)
® Empty

Programmability of the ‘‘almost’’
functions ranges from 1-to-4 for the
32-word FIFO to 1-to-8 for the
64-word and 128-word FIFOs with
respect to either ““Empty’’ or ‘‘Full’’.

register files

The TSC500 Series provides seven
high-performance register files that
provide closely coupled memory for
high-speed processors. Word widths of
8-, 9-, and 12-bits are implemented.
Various levels of system parallelism are
supported by 3- and 4-1/0 port
configurations. Both 16- and 64-word
memories are offered.

input, output and bidirectional buffers

FIFO SELECTION GUIDE

WRITE | READ| e GANI- CELL
teW) | talA) | yari0N NAME
(ns) (ns)
245 | 25.8| 32W x 9B | FI503LJ
25 | 29| 64W x 9B | FI603LJ
255 | 34.2 | 128W x 9B | FI703LJ

REGISTER-FILE SELECTION GUIDE

WRITE|READ
PORTS tR ':EA ORGANI- | CELL

cW) | falA) | Za1i0N | NAME

(ns) (ns)

6 |10.7] 16W x 8B |RF400LJ
s warrel_6_|10-9] 16W x 9B |RF402LJ

6 |13.6| 16W x 12B |RF403LJ
2 READ

6 |12.3| 64W x 8B |RF600LJ

6 |12.5]| 64W x 98 |RF602LJ
2WRITE| 6 | 11 | 16W x 8B |RF401LJ
2READ| 6 |12.5| 64W x 8B |RF601LJ

The TSC500 Series library contains a wide selection of input, output, and bidirectional
buffers that facilitate design optimization. The input and bidirectional buffers are designed
to accommodate the active pull-up or pull-down terminators as shown on page 2-15.

PRODUCTION DATA documents contain information
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TSC500 SERIES
1-um CMOS STANDARD CELLS
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input buffers
Input buffers are available with CMOS- or TTL-level thresholds that feature noninverting
versions with and without hysteresis. Also, clock buffers with CMOS-level or TTL-level
thresholds are available. The clock buffers feature five separate clock-driver outputs with
each output capable of driving a 3-pF load for a total of 15 pF. A guide to input buffer
selection is shown below:

INPUT BUFFER SELECTION GUIDE

INPUT THRESHOLD LOGIC TYPE CELL NAME
STANDARD IPIO1LJ
cMos HYSTERESIS IPIO7LJ
STANDARD IPIO4LJ
T HYSTERESIS IPIO9LJ
CMOS CLOCK BUFFER IPIT1LJ
TTL CLOCK BUFFER IPI14LJ

All input buffers are designed to accommodate active pull-up or pull-down terminators.

Additionally, another class of input buffers features 2-pin crystal-controlled oscillator
circuits embedded in an input design.

CRYSTAL-CONTROLLED OSCILLATOR SELECTION GUIDE

FREQUENCY
OUTPUT DRIVE CELL NAME
(MHz)
55 to 75 1X 0SI01LJ
35 to 65 1X 0Si02LJ
20 to 35 1X 0SI03LJ
1 to 20 (CMOS input) 1X 0S104LJ
1 to 20 (TTL input) 1X 0sl24LJ

di/dt control

' The rapid rate of change of current (di/dt) developed during high-speed logic-level
transitions of output and bidirectional buffers creates unwanted voltage transients if the
IC is installed in a system having high Vcc and/or ground impedances. See Figure 2-3(A).
To assist designers in minimizing unwanted voltage transients, the TSC500 Series
Standard Cell library includes output and bidirectional buffers having three levels of integral
di/dt control. See Figure 2-3(B). Full-speed, non-di/dt-controlled versions are also offered
for critical paths.

PRODUCTION DATA documents contain information i 1 , Texas Instruments Incorporated
current as of publication date. Products conform to i Copyright © 1989, Texas Instrume P
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SWITCHING
OUTPUT(S)

UNSWITCHED
OUTPUT(S)

AY,
VA o—_—

A. WITHOUT di/dt CONTROL B. WITH di/dt CONTROL
FIGURE 2-3. TYPICAL EFFECTS OF di/dt

When using non-di/dt-controlled output buffers, the following methods minimize the di/dt-
related transients and reduce Vcc and ground trace impedances.

® Locate non-di/dt-controlled output and bidirectional buffers on low-inductance pins
and adjacent to V¢ and ground pins

® Increase the width of Vcc and ground traces on printed circuit boards or use
dedicated planes

® Increase the number of power Vcc and ground pins

® Minimize the number of simultaneously switching outputs

To assist designers in minimizing such effects, all output and bidirectional buffers in the
TSC500 Series library are offered with three degrees of di/dt-control circuits and a full-
speed version for critical paths. This permits the designer to achieve the levels of
performance needed at each output and offers an opportunity to optimize the number
of Vcc and ground pins needed.

The various degrees of di/dt control offered for different applications are shown in
Table 2-6:

TABLE 2-6. di/dt BUFFER SELECTION ACCORDING TO APPLICATION

CONSIDER USING

APPLICATI T F LOA IVEN
ON (TYPE OF LOAD DRIVEN) BUFFER TYPE di/dt

CMOS/MOS| AC/ACT | TERMINATED | CRITICAL LEVEL

1/0:
LS ALS/S/AS/F LINES PATHS 0s OouTPUTS

v v v IOHXXLJ OPHXXLJ 1/8 Speed

v IOKXXLJ OPKXXLJ 1/4 Speed

v v
v v v v 10JXXLJ OPJXXLJ 1/2 Speed
v v v 10IXXLJ OPIXXLJ Full Speed

Detailed design guidelines on the selection of output and bidirectional buffers, and Vcc
and ground pin requirements, are contained in the CMOS Standard Cell Design Manual.
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output and bidirectional 1/O characteristics
The high-level and low-level output voltage characteristics of external outputs and
bidirectional I/Os are common for all types of cells. The following table provides the VoH
and VoL parameters:

electrical characteristics over recommended ranges of supply voltage and operating

free-air temperature

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
CMOS threshold 3.7
. loH = Rated
High-level output| TTL threshold 2.4 v
voltageT Any output with- IoH = —20 A Ver-0.1
out a terminator See Note 1 ce-v
CMOS threshold 0.5
loL = Rated
Low-level output | TTL threshold 0.5 v
L voltage Any output with- loL = 20 pA 0.1
out a terminator See Note 1 '

T Not applicable for external open-drain output buffers
NOTE 1: These limits apply when all other outputs are open.

PRODUCTION DATA documents contain information
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output buffers
Output buffers are available in totem-pole, 3-state, or N-channel open-drain output
configurations, with drive current ratings from 2 to 64 mA. Performance specifications
are contained in the Workstation Library Summary (Section 5) and in the TSC500 Series
Family Data Sheet. A guide to output buffer selection is shown in Table 2-7.

FIGURE 2-7. OUTPUT BUFFER SELECTION GUIDE (See Note 2)
"~ (Each is characterized for CMOS and TTL loads)

OUTPUT OUTF" UT CURRENT CELL NAME (and performance class)
CONFIGURATION (Sml::::;:rce) 1/8-SPEED | 1/4-SPEED | 1/2-SPEED | FULL-SPEED
2/2 OPH20LJ | OPK20LJ | OPJ20LJ OPI20LJ
4/4 OPH40LJ | OPK40LJ | OPJAOLJ | OPI40LJ
6/6 OPHB60LJ | OPK6OLJ | OPJ6OLJ OPI6OLJ
TOTEM POLE 10/10 OPHOOLJ | OPKOOLJ | OPJOOLJ OPIOOLJ
16/16 OPHAOLJ | OPKAOLJ | OPJAOLJ | OPIAOLJ
24/16 OPHBOLJ | OPKBOLJ | OPJBOLJ OPIBOLJ
48/16 OPHEOLJ | OPKEOLJ | OPJEOLJ OPIEOLJ
64/16 OPHGOLJ | OPKGOLJ | OPJGOLJ | OPIGOLJ
2 OPH21LJ | OPK21LJ | OPJ21LJ oPI21LJ
4 OPH41LJ | OPK41LJ | OPJ41LJ oPI41LJ
OPEN-DRAIN 6 OPH61LJ | OPK61LJ [ OPJ6ILJ OPI61L
N-CHANNEL 10 OPHO1LJ | OPKO1LJ | OPJO1LJ oPIO1LJ
16 OPHATLJ | OPKA1LJ | OPJA1LJ | OPIA1LJ
(See Note 3)
24 OPHB1LJ | OPKB1LJ | OPJBILJ OPIB1LJ
48 OPHE1LJ | OPKE1LJ | OPJE1LJ OPIE1LJ
64 OPHGILJ | OPKG1LJ | OPJGILJ | OPIGILJ
2/2 OPH23LJ | OPK23LJ | OPJ23LJ oPI23LJ
4/4 OPH43LJ | OPK43LJ | OPJ43LJ OPI43LJ
6/6 OPH63LJ | OPK63LJ | OPJ63LJ OPI63LJ
3.STATE 10/10 OPHO3LJ | OPKO3LJ | OPJO3LJ OPIO3LJ
16/16 OPHA3LJ | OPKA3LJ | OPJA3LJ | OPIA3LJ
24/16 OPHB3LJ | OPKB3LJ | OPJB3LJ OPIB3LJ
48/16 OPHE3LJ | OPKE3LJ | OPJE3LJ OPIE3LJ
64/16 OPHG3LJ | OPKG3LJ | OPJG3LJ | OPIG3LJ

NOTES: 2. All output buffers are noninverting.
3. N-channel open-drain outputs are for sink current.
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bidirectional input/output buffers
Bidirectional I/O buffers are available in 3-state output configurations, with drive current
ratings from 2 to 64 mA. Performance specifications are contained in the Workstation
Library Summary (Section 5) and in the TSC500 Series Family Data Sheet. A guide to

bidirectional buffer selection is shown in Table 2-8.

TABLE 2-8. BIDIRECTIONAL 1/0 BUFFER SELECTION GUIDE (See Notes 4 and 5)
(Each is characterized for CMOS and TTL loads)

OUTPUT CURRENT INPUT CELL NAME (and performance class)
(Sink/Source)

(mA) THRESHOLD | 1/8.SPEED | 1/4-SPEED | 1/2-SPEED | FULL-SPEED

22 CMOS I0H21LJ 10K21LJ 10J21LJ 10121LJ

TTL I0H24LJ 10K24LJ 10J24LJ 10124LJ

a CMOS IOH41LJ I0K41LJ 10J41L 10141LJ

TTL I0H44LJ 10K44LJ 10J44LJ 10144LJ

6/6 CMOS IOHB1LJ I0K61LJ 10J61LJ 10161LJ

TTL IOH64LJ 10K64LJ 10J64LJ 10164LJ

10/10 CMOS IOHO1LJ 10KO1LJ 10J01LJ 10101LJ

TTL I0HO04LJ 10K04LJ 10J04LJ 10104LJ

1616 CMOS IOHA1LJ IOKA1LJ I0JA1LJ I0IA1LJ

TTL IOHA4LJ I0KA4LJ 10JA4LJ I01A4L)

24/16 CMOS IOHB1LJ I0KB1LJ 10JB1LJ 101B1LJ

TTL I0HB4LJ IOKB4LJ 10JB4LJ 101B4LY

48/0PEN TTL w/hyst | IOHEPLJ IOKEPLJ I0JEPLJ IOIEPLY

48/16 CMOS IOHE1LJ IOKE1LJ 10JE1LJ IOIE1LJ

TTL IOHE4LJ IOKE4LJ I0JE4LJ IOIE4LY

6416 CMOS IOHG1LJ IOKG1LJ 10JG1LJ I0IG1LJ

TTL IOHGA4LJ I0KG4LJ 10JG4LJ 101G4LJ

NOTES: 4. All input buffers are noninverting.
5. All output buffers are 3-state and noninverting.
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pull-up and pull-down active terminators
The following pull-up and pull-down terminators are offered for use with the input buffers

and bidirectional I/O buffers:

TERMINATOR SELECTION GUIDE

TERMINATION TYPICAL CURRENT CELL NAME
(pA)
PULL-DOWN 95 PDO95LJ
PULL-UP —-400 PR400OLJ
PULL-UP —-250 PR250LJ
PULL-UP -95 PRO95LJ
PULL-UP -5 PROO5LJ
Eﬁaﬁ‘}?&{fﬁeﬁ'ﬂzﬁ?;ﬁ&}gﬁ%&ﬁﬁg Copyright © 1989, Texas Instruments Incorporated
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TSC500 MECHANICAL DATA
SERIES

D3030, DECEMBER 1988

mechanical data summary

Electrical characteristics presented in this data manual, unless otherwise noted, apply
to standard cells prior to interconnect routing and packaging. Characteristics and effects
of cell layout, routing, and interconnection of a completed ASIC design are covered in
the post-layout simulation software. The capacitive loading effects of the package bond
wire(s) and terminal(s) are assumed to be a portion of the 15-pF or 50-pF switching-
characteristics load shown for the output and 1/O cells. Typically, the packaging bond
wire and terminal capacitance values range from 1 to 2 pF. Consult TI’s design-center
personnel for further assistance in choosing and specifying ASIC packaging options.

package selection

The following classes of conventional through-hole and surface-mount packages are
recommended for ASIC designs:

® Dual-in-line (DIP), ceramic (J), and plastic (N)

® Leaded chip carrier (PLCC), plastic (FN)

® Leadless chip carrier (LCC) and ceramic (FK)

® Pin-grid-array (PGA), low-cost (GP), and ceramic (GB)

® Quad flatpack, JEDEC plastic (PQ), EIAJ plastic (PB,PC,PJ), and ceramic (HQ)

TI will review and consider supplying package requirements other than those listed.

ordering instructions

Implementing semiconductor solutions using TSC500 components normally results in
an application-specific integrated circuit. Total specifications, including packaging and
ordering instructions, are developed as a part of this Design Specification described in
Section 1. Contact your Tl representative for further information on getting started with
an ASIC design.
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SERIES

mechanical data — military

Military ASIC products are offered in a variety of hermetic ceramic packages. Included
are the side-brazed ceramic dual-in-line (CDIP), leadless ceramic chip carrier, leaded
ceramic chip carrier, and the ceramic pin grid array. Most packages conform to the
mechanical outlines contained in Appendix C of MIL-M-38510. In the event of a conflict
between the packages contained in MIL-M-38510 and other Tl published mechanical
outlines, MIL-M-38510 will take precedence.

Mechanical outlines of packages that are not contained in MIL-M-38510 are included
in this document.

The published mechanical outlines for a given package may vary slightly from product
to product. To identify the detailed outline drawing for a particular product, refer to the
specific data sheet for that product.

There will be detail outline subsets within a generic package category that will be identified
as follows:

XX YYY

Z
.\ _\——— Specific Outline Revision
Number of Terminations

Basic Package ldentifier

A guide for the Military package selection is shown on the next page. These packages
are recommended as a representative selection that satisfies a wide range of ASIC
applications.
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MIL-M-38510 Appendix C Outlines

NUMBER | CERAMIC DUAL-IN-LINE FLAT PACKAGE CHIP CARRIER PIN GRID ARRAY
LEADS/ |MIL| TI | APPENDIXC | MIL | TI | APPENDIX C| MIL | TI APPENDIX C
CONTACTS | ID | ID OUTLINE D | ID OUTLINE ID ID OUTLINE
28 JD D-10 3 | FD c-4
40 Q|Jo D-5
44 FD C-5
44 FJ c-J4
68 FD c-7 GB P-BC
68 FJ C-J5
84 P-AC
84 P-BB
84 FD c-8 P-BC
84 FJ C-J6
100 GB P-BE
108 GB P-BD
120 GB P-BE
132 P-BF
144 P-AG
180 P-AG
208 P-BJ
264 P-BJ

mechanical data — commercial

A guide for the commercial package selection is shown below. These packages are
recommended as a representative selection that satisfies a wide range of ASIC

applications.

COMMERCIAL PACKAGES

PLASTIC PLASTIC PLASTIC QFP PLASTIC
DIP LCC (See Note 1) PGA
28 | 40| 28| 44| 68| 84| 100| 120| 132|160| 100 | 120 | 132} 144 | 180 | 208
PIN | PIN] PIN| PIN| PIN|PIN| PIN| PIN | PIN [ PIN| PIN | PIN | PIN| PIN | PIN | PIN
v v | v v v | v v .
v v v v |r®| @ v v
v v v]| v]|v|re| © v v v ;/ v
v | v L v ® v v v v v
® v ® v v v v
o v (] v v v v
NOTE 1: For the quad flatpack (QFP), »~» = JEDEC and ® = EIAJ
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FN plastic chip carrier package

Each of these chip carrier packages consists of a circuit mounted on a lead frame and
encapsulated within an electrically nonconductive plastic compound. The compound
withstands soldering temperatures with no deformation, and circuit performance
characteristics remain stable when the devices are operated in high-humidity conditions.
The packages are intended for surface mounting on solder lands on 1,27 (0.050) centers.
Leads require no additional cleaning or processing when used in soldered assembly.

FN PLASTIC CHIP CARRIER 4,50 (0.177)
(28-terminal package used for illustration) 4,24 (0.167)
| 2,79(0.110)
1,22 (0.048) _ . o "™ 2,41 (0.095)
————— X45 1,35 (0.053) o 0,94 (0.037)
1,07 (0.042 =22 P2 i 45— .94 (0.037)
( ) 1,19 (0.047) ﬁ—.‘ /0,69 10.027) R
5 4 3 2 1 28 27 26 2%
6 24
1 2 C (AT SEATING PLANE)
A B 5 8 22
’ a 1,27 (0.050) T.P.
fl o 20 (See Note B)
ﬁ 1 19
J 12 13 14 16 17 18
r
N
B 0,25 {0.010)
(See Note A) ﬁ‘_\ apLaces R MAX SEATING PLANE
A 1 (See Note C)
JEDEC NO. OF B c
OUTLINE | TERMINALS | MIN  MAX | MIN  MAX | mMIN  MmAX 0.81(0.032)
MO-047AB 28 1232 12,57 | 11.43 11,58 | 10.41 10,92 .66 (0.026)
{0.485) (0.495) | (0.450) (0.456) | (0.410) (0.430) 1.52 (0.060) MIN
MO-047AC s 17,40 17,65 | 16,51 16,66 | 1549 16.00 L
(0.685) (0.695) | (0.650) (0.656) | (0.610) (0.630) ot (0.025) M
,64 (0. IN
MO-047AE 68 25,02 25,27 | 24,13 24,33 | 23,11 23.62 051 (00200 L%
(0.985) (0.995) | (0.950) (0.956) | (0.910) (0.930) 0360018 "
MO-047AF 84 30,10 30,36 | 29,21 29,41 | 27.69 28.70 LEAD DETAIL
{1.185) (1.195) | (1.150) (1.158) | (1.090) (1.130)
All dimensions and notes for the specified JEDEC outline apply.

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NOTES: A.

as determined by dimension B.

pin on each side.

The centerline of the center pin on each side is within 0,10 (0.004) of the package centerline
. The location of each pin is within 0,127 (0.005) of its true position with respect to the center

. The lead contact points are planar within 0,10 (0.004).

34

Copyright © 1988, Texas Instruments Incorporated
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GP pin-grid-array plastic packagé

The GP family of plastic pin-grid-array packages consists of a high-temperature epoxy
circuit board that positions and supports the package terminals, interconnections, bond
pads, and metallized cavity. The conductively mounted die, bonding wires, and pads are
enclosed within a moisture-resistant envelope. The anodized aluminum cover is secured
with an epoxy preform. The solder-dipped terminals require no additional cleaning or
processing when used in soldered assembly.

100-PIN GP
e 35.8 (1.41)
34 (1.34)
INDEX CORNER
CHAMFER OR DOT (.
AT OPTION OF TI.
358 (1.41)
34 (1.34)
5.7 0.225) _
3710128 | 27 (0.050) NOM
4,06 (0.160) 0.508 (0.020)
2sk w0 Hieme wﬂ“i"“‘
e J’fﬁ.‘."ﬂﬁ?ﬁ"'
[l B lOJOJOJOJOXOJOJOXOJOXOXOJO,
Li[o) o JoJoJoJoXoJoJoJoJoX o Jo}
LIe® (0JoJO] @06 _T
X ®O (oJo}
Fi(oXo; 0JO)
30502000 H|QOO ©e6
[3{oofo loJolo]
FlOGO loJolo]
E @@ EXTRA PIN @@
|00 @f/ 00
c|l®@O [ooJo} ©06
L} {cl - JoJoJoJoJoJoJoloXoX o o}
b ¥ (oXcJoJoloJoReJoXoIoJOXOlo)
1 23 4 56 7 8 9101 1213
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NOTE A: Pins are located within 0,13 (0.005) radius of true position relative to each other at maximum
material condition and within 0,25 (0.010) radius relative to the center of the plastic.
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MECHANICAL DATA TSC500
SERIES

GP pin-grid-array plastic package

The GP family of plastic pin-grid-array packages consists of a high-temperature epoxy
circuit board that positions and supports the package terminals, interconnections, bond
pads, and metallized cavity. The conductively mounted die, bonding wires, and pads are
enclosed within a moisture-resistant envelope. The anodized aluminum cover is secured
with an epoxy preform. The solder-dipped terminals require no additional cleaning or
processing when used in soldered assembly.

120-PIN GP

35,8 (1.41)
34 (1.34)

v

INDEX CORNER
CHAMFER OR DOT
AT OPTION OF Ti. f"

35.8 (1.41)
34 (1.34)

o
~

10.225) _
(0.125)

|

1,27 (0.050) NOM
c !
4,06 (0.160) 0.508 10.0201_J|, 1,27 (0.050) NOM

2,54 (0.100} T.P,—ll l.-—-—— _[ A(Sea 'Nm. ADI .
E LR (0J0JOJOJOXOJOJOXOXOJOXOIC]
MEOOEREEOEPOOEOG

L @@@@@@@@@@@@@T

K@@ [0JOJO)
JIEOO [0JOJO]
305 1.200pe H[OOG [oXoJe}
[RioJoJO} [0JOJO)
FIOEO @
i loYoro) EXTRA PIN Yo10)
° @@@@5/ OO
[J{cJoJoJoJoJoJoJoJoJoIoXOJO)
[¥{o] oJoJoJoJoJoJoJoJoJoXoXo)
b LS ioJoJoJoJoJoJoJoJeJoJoJolo]
1 23 45 6 7 8 91011 1213

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NOTE A: Pins a}e located within 0,13 (0.005) radius of true position relative to each other at maximum
material condition and w’ithin 0,25 (0.010) radius relative to the center of the plastic.

» Copyright © 1988, Texas Instruments Incorporated
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TSC500 MECHANICAL DATA
SERIES

GP pin-grid-array plastic package

The GP family of plastic pin-grid-array packages consists of a high-temperature epoxy
circuit board that positions and supports the package terminals, interconnections, bond
pads, and metallized cavity. The conductively mounted die, bonding wires, and pads are
enclosed within a moisture-resistant envelope. The anodized aluminum cover is secured
with an epoxy preform. The solder-dipped terminals require no additional cleaning or
processing when used in soldered assembly.

132-PIN GP

37.6 (1.48)
35,8 (1.41)

INDEX CORNER
CHAMFER OR DOT
AT OPTION OF TI. (]

37.6 (1.48)
35,8 (1.41)

5.7 (0.225)
3.1(0.125) |

1,27 (0.050) NOM
—

4,06 (0.160) 0.508 (0.020) _.”._ J Lnn (0.050) NOM

2,54 (0. .
(0.100) :’;;gi&g;‘s‘: DIA (4 PLACES)
2‘54(0.100)1.9.—-‘ r—- _Itn (0.050) NOM
(See Note A)
3 r{POEEEPEEEOEEO O]
NOOREEOOOOEEE OO
M @@@@@@@@@@@@@@T
LIGE®E [oJoXo]
KOO [0JOJO)
FRIOJOJO] [0JOJO)
33,0 (1,300 e H | @ @ © [oJoJo]
[BlojoJo] [oJoJe}
FIOOE [0JoJo]
E@OO [oJolo]
D@ [0X0JO)
[cJoJoXoJoJoJoJoJoJoloXooXo)
[J1c)oJoJoJoJoJoJoJoXoJoXoX o JO)
* ArOEPEOOEOEOPEEOEEOG

123456 78 91011121314

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NOTE A: Pins are located within 0,13 {0.005) radius of true position relative to each other at maximum
material condition and within 0,25 (0.010) radius relative to the center of the plastic.
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MECHANICAL DATA TSC500
SERIES

GP pin-grid-array plastic package

The GP family of plastic pin-grid-array packages consists of a high-temperature epoxy
circuit board that positions and supports the package terminals, interconnections, bond
pads, and metallized cavity. The conductively mounted die, bonding wires, and pads are
enclosed within a moisture-resistant envelope. The anodized aluminum cover is secured
with an epoxy preform. The solder-dipped terminals require no additional cleaning or
processing when used in soldered assembly.

144-PIN GP ‘ ' . 40,1 (1.58)

INDEX CORNER ’-
CHAMFER OR DOT
AT OPTION OF Ti.

40,1 (1.58)
39,1 (1.54)

5,7 (0.225) _
3,7(0.125)

_1—1.27 {0.050) NOM

4.06 (0.160) 0.508 (0.020) _fl, 1,27 (0.050) NOM

2,54 (0.100) 0,406 (0.
., o '1?vg1 6) DIA (4 PLACES)
2,54 (0.100) T'P‘_‘I r—— 2,?;'(.0."131:):)1
= LR YoYoyororexoxorcxexexexererel
[JloYoYoJoXololoYoJoXoloJoXoloJo!
u@@@@@@@@@@@@@@@7
MOOO oJoYo)
L PO oJolo)
[§{oJoXo) [oJoYo)
FifoJo¥c} oJoJo)
35.6(1400)NEF“ loYo10) [0Yo10)
¢ |PEO foYoJo)
FIOOO EXTRA PIN [oYo)o}
e@@@d/f [oYolo)
L3[o)oYo) oJol
IcXolelexeloleololololoXoXolo]
BOPOPREEPOPRAEPOBO
P$icJoJoJoJoJoJoJoJoJofeJofoJol o)

12346678 9101112131415
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NOTE A: Pins are located within 0,13 (0.005) radius of true position relative to each other at maximum
material condition and within 0,25 (0.010) radius relative to the center of the plastic.

¢ Copyright © 1988, Texas Instruments Incorporated
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TSC500 MECHANICAL DATA
SERIES

GP pin-grid-array plastic package

The GP family of plastic pin-grid-array packages consists of a high-temperature epoxy
circuit board that positions and supports the package terminals, interconnections, bond
pads, and metallized cavity. The conductively mounted die, bonding wires, and pads are
enclosed within a moisture-resistant envelope. The anodized aluminum cover is secured
with an epoxy preform. The solder-dipped terminals require no additional cleaning or
processing when used in soldered assembly.

180-PIN GP

CONTACT ASIC FIELD SALES SPECIALIST
OR
REGIONAL TECHNOLOGY CENTER

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES
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MECHANICAL DATA TSC500
SERIES

GP pin-grid-array plastic package

The GP family of plastic pin-grid-array packages consists of a high-temperature epoxy
circuit board that positions and supports the package terminals, interconnections, bond
pads, and metallized cavity. The conductively mounted die, bonding wires, and pads are
enclosed within a moisture-resistant envelope. The anodized aluminum cover is secured
with an epoxy preform. The solder-dipped terminals require no additional cleaning or
processing when used in soldered assembly.

208-PIN GP

45,9 (1.81)

22,1 (1.78) "
INDEX CORNER i

CHAMFER OR DOT e
AT OPTION OF TI.

45.9 (1.81)
44,1 (1.74)

3,7(0.125) } -

-ﬁ -
i
4,06 (0.160) 0.508 (0.020) _ [l 1,27 (0.050) NOM

2,54 (0.100) 0,406 {0.016) DIA (4 PLACES)

2,54 (0.100) T.P. (208 PLACES)
pla N

R OJooJoYoloYoJoJoJOJOROXO)
[0 cJoJoJoJoJoXOJOXOLOXOXO)
00000 |
® 2,54 {0.100) T.P.
(See Note A)

5.7 (0.225) —[ 1.27 (0.050) NOM

[oJoJoloJoloJoJoJoJoloXo)
[oJoJoJoJoJoJoJoJoJojoJel

40,6 (1.600) REF

EXTRA PIN 8 QOO

® [o¥oXoXo}
[oJoJoJoJoJoJoJoJoJoJoJokol
[oJoJoJoXoleZoJoJoJoJoJoJoXo)

PBOOMMOTICXrZT2TD

1oJeJojejojoJoJoJolojoJoXelofololo)
123465678 91011121314151617

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NOTE A: Pins are located within 0,13 (0.005) radius of true position relative to each other at maximum
material condition and within 0,25 (0.010) radius relative to the center of the plastic.
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TSC500 MECHANICAL DATA
SERIES

HQ ceramic quadiform flat package
The 100-pin HQ ceramic package is housed in a quadiform flat package. It is hermetically
sealed with 0.05-inch-lead spacing configured with straight leads for surface mounting
capability. ‘

100 PIN HQ -

¢ 33,02 (1.30) TYP »

IO

1a—— [ N E=——ss
——

—
S

—
10,63 (0.025) TYP
—|

.
=

—
—
——
———
L1 0,28 (0.011)

E—
| E—
————]
C—]
| —
| —
]
| E—
| —
C—]
| —
c— %
| —
 I— | —
E—
| E—
 I—
| —
| S—
| —
| —
E—
—]

——— 0,22 (0.009)

38

- : J/ J

ez | [T

4 PLACES 39 63

17,25 (0.679)
16,64 (0.655)

3,12 (0.123)  SEATING .
MAX l“ PLANE [‘-——T ,39 (0.173) MIN
L -

I 0,15 (0.006) MAX
2,03 (0.008)

1,38 (0.054)

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES
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MECHANICAL DATA TSC500
SERIES

JD ceramic side-braze dual-in-line package
This is a hermetically sealed ceramic package with a metal cap and side-brazed tin-plated
leads.

48-PIN JD CERAMIC —SIDE-BRAZE

62,2 (2449)___
MAX

15,0 (0.590)
NOM
INDEX MARK
(DOT, TRIANGLE, ™~
OR NUMBER)

15,75 (0.620) & 1,78 (0.070)
14,99 (0.590) 0,51 (0. 020) MIN 0,76 (0.030)

'3
le—
{
5,08 (0.200) MAX
¥ __SEATING _ —
105° PLANE 3,18 (0.125) MIN
j¢ 90° —_—
1,91 (0.075) MAX _’l‘—L
0,38 (0.015) 4 PLACES

10,20 (0.008) 2,54 (0.100) NOM 0,53 (0.021)

PIN SPACING
(See Note A) 0,38 (0.015)

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NOTE A: Each pin centerline is located within 0,25 (0.010) of its true longitudinal position.

Copyright © 1988, Texas Instruments Incorporated

Texas Q’
INSTRUMENTS

3-12 POST OFFICE BOX 665012 * DALLAS, TEXAS 76265



TSC500 MECHANICAL DATA
SERIES

NW plastic dual-in-line packages

Each of these dual-in-line packages consists of a circuit mounted on a lead frame and
encapsulated within an electrically nonconductive plastic compound. The compound will
withstand soldering temperature with no deformation and circuit performance
characteristics remaining stable when operated in high-humidity conditions. The packages
are intende<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>