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INTRODUCTION 

Texas Instruments presents the TSC500 Series 1-pm CMOS 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: 

• 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. 

• The library 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 TI 
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 Tllibrary software include fully expanded, node-by-node specifications. With 
respect to the completed design, the TI-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. 
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OA231 LJ ...................... 8-151 

OA240LJ ...................... ·8-152 

OA241 LJ ...................... 8-153 

OA320LJ ...................... 8-1 54 

OPHAOLJ 

OPHA1LJ 

OPHA3LJ 

OPHBOLJ 

OPHBl LJ 

OPHB3LJ 

OPHEOLJ 

OPHEl LJ 

OPHE3LJ 

OPHGOLJ 

OPHG1LJ 

OPHG3LJ 

OPHOOLJ 

OPH01LJ 

OPH03LJ 

OPH20LJ 

OPH21LJ 

OPH23LJ 

OPH40LJ 

OPH41LJ 

OPH43LJ 

OPH60LJ 

13-171 

13-173 

13-175 

13-178 

13-180 

13-182 

13-185 

13-187 

13-189 

13-192 

13-194 

13-196 

13-199 

13-201 

13-203 

13-206 

13-208 

13-210 

13-213 

13-215 

13-217 

13-220 

CELL/MACRO 

NAME 

OPH61 LJ 

OPH63LJ 

PAGE 

13-222 

13-224 

OPIAOLJ . . . . . . . . . . . . . . . . . . . . . .. 13-3 

OPIA1LJ ....................... 13-5 

OPIA3LJ . . . . . . . . . . . . . . . . . . . . . .. 13-7 

OPIBOLJ . . . . . . . . . . . . . . . . . . . . . .. 13-10 

OPIB1LJ ....................... 13-12 

OPIB3LJ . . . . . . . . . . . . . . . . . . . . . .. 13-14 

OPIEOLJ . . . . . . . . . . . . . . . . . . . . . . . 13-17 

OPIE1LJ ....................... 13-19 

OPIE3LJ .. . . . . . . . . . . . . . . . . . . . .. 13-21 

OPIGOLJ . . . . . . . . . . . . . . . . . . . . . . . 13-24 

OPIG 1 LJ . . . . . . . . . . . . . . . . . . . . . .. 13-26 

OPIG3LJ . . . . . . . . . . . . . . . . . . . . . .. 13-28 

OPIOOLJ ....................... 13-31 

OPIOl LJ ....................... 13-33 

OPI03LJ ....................... 13-35 

OPI20LJ . . . . . . . . . . . . . . . . . . . . . .. 13-38 

OPI2l LJ ....................... 13-40 

OPI23LJ . . . . . . . . . . . . . . . . . . . . . .. 13-42 

OPI40LJ . . . . . . . . . . . . . . . . . . . . . .. 13-45 

OPI41LJ ....................... 13-47 

OPI43LJ . . . . . . . . . . . . . . . . . . . . . .. 13-49 

OPI60LJ . . . . . . . . . . . . . . . . . . . . . .. 13-52 

OPI61 LJ ....................... 13-54 

OPI63LJ . . . . . . . . . . . . . . . . . . . . . .. 13-56 

OPJAOLJ 13-59 

OPJA 1 LJ ...................... 13-61 

OPJA3LJ ...................... 13-63 

OPJBOLJ . . . . . . . . . . . . . . . . . . . . . .. 13-66 

OPJBl LJ ....................... 13-68 

OPJB3LJ . . . . . . . . . . . . . . . . . . . . . . . 13-70 

OPJEOLJ . . . . . . . . . . . . . . . . . . . . . . . 13-73 

OPJE1LJ ....................... 13-75 

OPJE3LJ . . . . . . . . . . . . . . . . . . . . . .. 13-77 

OPJGOLJ 

OPJG1LJ 

13-80 

13-82 

TEXAS ~ 
INSTRUMENTS 

Copyright C> 1988, Texas Instruments Incorporated 

1-6 POST OFFICE BOX 855012 • DALLAS, TEXAS 75265 



ISC500 
SERIES 

ALPHANUMERIC CROSS·REFERENCE INDEX 

CELL/MACRO 

NAME 

OPJG3LJ 

PAGE 

13-84 

OPJOOLJ ....................... 13-87 

OPJ01 LJ . . . . . . . . . . . . . . . . . . . . . .. 13-89 

OPJ03LJ . . . . . . . . . . . . . . . . . . . . . .. 13-91 

OPJ20LJ . . . . . . . . . . . . . . . . . . . . . .. 13-94 

OPJ21 LJ . . . . . . . . . . . . . . . . . . . . . .. 13-96 

OPJ23LJ . . . . . . . . . . . . . . . . . . . . . . . 13-98 

OPJ40LJ ....................... 13-101 

OPJ41LJ ....................... 13-103 

OPJ43LJ . . . . . . . . . . . . . . . . . . . . . .. 13-105 

OPJ60LJ . . . . . . . . . . . . . . . . . . . . . .. 13-108 

OPJ61 LJ ....................... 13-110 

OPJ63LJ . . . . . . . . . . . . . . . . . . . . . . . 13-11 2 

OPKAOLJ 

OPKA1LJ 

OPKA3LJ 

OPKBOLJ 

OPKB1LJ 

OPKB3LJ 

13-115 

13-117 

13-119 

13-122 

13-124 

13-126 

OPKEOLJ . . . . . . . . . . . . . . . . . . . . . .. 13-129 

OPKE1LJ ....................... 13-131 

OPKE3LJ. . . . . . . . . . . . . . . . . . . . . . . 13-133 

OPKGOLJ 

OPKG1LJ 

OPKG3LJ 

OPKOOLJ 

OPK01LJ 

OPK03LJ 

OPK20LJ 

OPK21LJ 

OPK23LJ 

OPK40LJ 

OPK41LJ 

OPK43LJ 

OPK60LJ 

OPK61LJ 

OPK63LJ 

13-136 

13-138 

13-140 

13-143 

13-145 

13-147 

13-150 

13-152 

13-154 

13-157 

13-159 

13-161 

13-164 

13-166 

13-168 

CELL/MACRO 

NAME 

DECEMBER 1988 

PAGE 

OR210LJ ...................... 8-155 

OR220LJ ...................... 8-1 56 

OR240LJ ...................... 8-157 

OR260LJ ...................... 8-1 58 

OR310LJ ...................... 8-159 

OR320LJ ...................... 8-160 

OR340LJ ...................... 8-161 

OR360LJ ...................... 8-162 

OR410LJ ...................... 8-163 

OR420LJ ...................... 8-164 

OR440LJ ...................... 8-165 

OR460LJ ...................... 8-166 

OR510LJ ...................... 8-167 

OR810LJ ...................... 8-168 

OSI01LJ ....................... 10-5 

OSI02LJ . . . . . . . . . . . . . . . . . . . . . .. 10-7 

OSI03LJ . . . . . . . . . . . . . . . . . . . . . .. 10-9 

OSI04LJ . . . . . . . . . . . . . . . . . . . . . .. 10-11 

OSI24LJ . . . . . . . . . . . . . . . . . . . . . . . 10-13 

PD095LJ. . . . . . . . . . . . . . . . . . . . . . . 6-3 

PR005LJ . . . . . . . . . . . . . . . . . . . . . . . 6-4 

PR095LJ . . . . . . . . . . . . . . . . . . . . . . . 6-5 

PR250LJ ....................... 6-6 

PR400LJ . . . . . . . . . . . . . . . . . . . . . . . 6-7 

PUCOOLJ ...................... 6-8 

RF400LJ . . . . . . . . . . . . . . . . . . . . . . . 22-7 

RF401LJ ....................... 22-11 

RF402LJ . . . . . . . . . . . . . . . . . . . . . . . 22-1 5 

RF403LJ . . . . . . . . . . . . . . . . . . . . . . . 22-19 

RF600LJ . . . . . . . . . . . . . . . . . . . . . . . 22-23 

RF601 LJ ....................... 22-27 

RF602LJ . . . . . . . . . . . . . . . . . . . . . . . 22-31 

RHOOOLJ ...................... 20-9 

RH001 LJ ...................... 20-11 

RH002LJ ...................... 20-13 

RH003LJ ...................... 20-1 5 

RH004LJ ...................... 20-1 7 
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ALPHANUMERIC CROSS·REFERENCE INDEX TSC500 
SERIES 

DECEMBER 1988 

CELL/MACRO 
NAME 

PAGE 

RH005LJ ...................... 20-1 9 

RH006LJ ...................... 20-21 

RH007LJ ...................... 20-23 

RH008LJ ...................... 20-25 

RH009LJ ...................... 20-27 

RH010LJ ...................... 20-29 

RH011LJ 20-31 

R2401 LJ . . . . . . . . . . . . . . . . . . . . . .. 18-3 

R2402LJ .......... ; . . . . . . . . . . .. 18-5 

R2403LJ . . . . . . . . . . . . . . . . . . . . . .. 18-7 

R2404LJ . . . . . . . . . . . . . . . . . . . . . .. 18-9 

R2405LJ". . . . . . . . . . . . . . . . . . . . . .. 18-11 

R2406LJ ....................... 18-13 

R2407LJ . . . . . . . . . . . . . . . . . . . . . .. 18-1 5 

R24081,.J . . . . . . . . . . . . . . . . . . . . . .. 15-3 

5085LJ ...................... ;. 14-3 

5137LJ ........................ 16-6 

5138LJ ........................ 16-11 

5139LJ ........................ 16-15 

5151LJ ........................ 17-11 

5153LJ ........................ 17-15 

5155LJ ........................ 16-19 

5157LJ ........................ 17-19 

5158LJ ........................ 17-23 

5161ALJ ...................... 15-5 

5163ALJ ...................... 1 5-11 

5164LJ ........................ 18-17 

5165ALJ ...................... 18-22 

5166LJ ........................ 18-28 

5173LJ ........................ 9-86 

S174LJ ........................ 9-91 

5175LJ ........................ 9-95 

5177LJ .. " .................... 15-17 

5181LJ ........................ 14-8 

5191LJ ........................ 15-22 . 

5193LJ ........................ 15-30 

5194ALJ ...................... 18-34 

CELL/MACRO 
NAME 

5195ALJ 

PAGE 

18-40 

5244LJ ........................ 7-37 

5245LJ ........................ 7-41 

5251 LJ ........................ 17-27 

5257ALJ ...................... 17-31 

5258ALJ ...................... 17-35 

5259LJ . . . . . . . . . . . . . . . . . . . . . . . . 9-1 07 

5273LJ . . . . . . . . . . . . . . . . . . . . . . . . 9-99 

5280LJ ........................ 14-18 

5283LJ . . . . . . . . . . . . . . . . . . . . . . .. 14-22 

5298LJ ........................ 17-39 

5299LJ . . . . . . . . . . . . . . . . . . . . . . .. 18-46 

5299XLJ ...................... 18-53 

5373LJ ........................ 9-113 

5374LJ ........................ 9-103 

5375LJ ........................ 9-117 

S393LJ . . . . . . . . . . . . . . . . . . . . . . .. 1 5-36 

5398LJ ........................ 17-43 

5399LJ ........................ 17-47 

5590LJ . . . . . . . . . . . . . . . . . . . . . . .. 15-40 

5593XLJ ...................... 15-46 

5595LJ . . . . . . . . . . . . . . . . . . . . . . .. 18-59 

5598XLJ ...................... 18-63 

5651LJ ........................ 18-69 

5652LJ . . . . . . . . . . . . . . . . . . . . . . .. 18-77 

5669LJ . . . . . . . . . . . . . . . . . . . . . . .. 15-53 

5686LJ . . . . . . . . . . . . . . . . . . . . . . .. 14-28 

5688LJ . . . . . . . . . . . . . . . . . . . . . . .. 14-34 

T AB20LJ ...................... 9-38 

T AC20LJ ...................... 9-40 

T AP20LJ. . . . . . . . . . . . . . . . . . . . . . . 9-42 

TOB 1 OLJ ...................... 9-44 

TOC10LJ ...................... 9-50 

TOC11 LJ ...................... 9-53 

TON10LJ ...................... 9-60 

TON11 LJ ...................... 9-62 

TON12LJ ...................... 9-67 
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SERIES 

CELL/MACRO 

NAME 

TDN13LJ 

TDN22LJ 

T0010LJ 

ALPHANUMERIC CROSS·REFERENCE INDEX 

PAGE 

9-73 

9-80 

6-9 

CELL/MACRO 

NAME 

DECEMBER 1988 

PAGE 

TP006LJ . . . . . . . . . . . . . . . . . . . . . .. 19-6 

TP008LJ . . . . . . . . . . . . . . . . . . . . . .. 19-9 

TP009LJ . . . . . . . . . . . . . . . . . . . . . .. 19-12 

TPOOOLJ . . . . . . . . . . . . . . . . . . . . . .. 1 9-3 TP010LJ ....................... 19-15 
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CMOS/TTL·TO·STANDARD CELL 
CROSS·REFERENCE INDEX 

DECEMBER 1988 

TSC500 
SERIES 

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 RH004LJ 4011 (1 ) NA210LJ 

7C149 RH008LJ 4011 (1 ) NA220LJ 

7C150 RH008LJ 4011 (1 ) NA230LJ 

8X350 RH005LJ 4011 (1 ) NA240LJ 

65HC68 RH003LJ 4011 (1 ) NA260LJ 

68Bl0 RH003LJ 4012 (1 ) NA410LJ 

68HC68 RH005LJ 4012 (1 ) NA420LJ 

1223 RH008LJ 4012 (1 ) NA430LJ 

1433 RH011 LJ 4013 (1 ) DFB20LJ 

1822 RH004LJ 4013 (1 ) DTB10LJ 

1823 RH003LJ 4015 S164LJ 

1826 RH001 LJ 4015 (2) R2401LJ 

2016 RHOllLJ 4020 (1 ) R2408LJ 

2017 RH011 LJ 4023 (1 ) NA310LJ 

2018 RH011 LJ 4023 (1 ) NA320LJ 

2114 RH009LJ 4023 (1 ) NA330LJ 

2125 (4) RH008LJ 4023 (1 ) NA340LJ 

2149 RH008LJ 4024 (1 ) R2408LJ 

4000 (1 ) N0310LJ 4027 (2) JKB20LJ 

4000 (1 ) N0320LJ 4030 (1 ) EX210LJ 

4000 (1 ) N0330LJ 4030 (1 ) EX220LJ 

4001 (1 ) N0210LJ 4030 (1 ) EX240LJ 

4001 (1 ) N0220LJ 4040 (1 ) R2408LJ 

4001 (1 ) N0230LJ 4042 (2) LAH23LJ 

4001 (1 ) N0240LJ 4044 (1 ) LAB10LJ 

4002 (1 ) N0410LJ 4044 (1 ) LAB20LJ 

4002 (1 ) N0420LJ 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. 

TEXAS ..If Copyright C> 1988. Texas Instruments Incorporated 
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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 ) IV101 LJ 4082 (1 ) AN410LJ 

4069 (1 ) IV110LJ 4082 (1 ) AN420LJ 

4069 (1 ) IV120LJ 4082 (1) AN440LJ 

4069 (1 ) IV130LJ 4082 (1 ) AN460LJ 

4069 (1 ) IV140LJ 4085 (1) A0221LJ 

4069 (1 ) IV160LJ 4095 (1) JKB20LJ 

4069 (1 ) IV180LJ 4099 (1) S259LJ 

4070 (1 ) EX210LJ 4334 RH008LJ 

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) MU210LJ 

4072 (1 ) OR420LJ 4585 S085LJ 

4072 (1 ) OR440LJ 4703 (4) FI503LJ 

4072 (1 ) OR460LJ 4801 RH009LJ 

4073 (1 ) AN310LJ 5101 RH004LJ 

4073 (1 ) AN320LJ 5102 RH006LJ 

4073 (1 ) AN340LJ 5114 RH008LJ 

4073 (1 ) AN360LJ 5115 RH011 LJ 

4075 (1 ) OR310LJ 5116 RH011 LJ 

4075 (1 ) OR320LJ 5117 RH011 LJ 

4075 (1 ) OR340LJ 5118 RH011 LJ 

4075 (1 ) OR360LJ 5514 RH008LJ 

4076 S173LJ 6116 RH011 LJ 

4077 (1 ) EN210LJ 6514 RH008LJ 

4078 N0810LJ 6516 RH011 LJ 

4078 N0820LJ 6551 RH004LJ 

4081 (1 ) AN210LJ 6561 RH004LJ 

4081 (1 ) AN220LJ 7266 (1) EN210LJ 

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. 

TEXAS ." 
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CMOS/TTL· TO·STAN DARD CELL TSC600 
CROSS·REFERENCE INDEX SERIES 

DECEMBER 1988 

TTL/CMOS SEE CELL TTL/CMOS SEE CELL 

TYPE NOTE TYPE TYPE NOTE TYPE 

9122 RH004LJ 54/7404 (1 ) IV180LJ 

9150 RH008LJ 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 RHOll LJ 54/7410 (1 ) NA340LJ 

67401 (4) FI603LJ 54/7411 (1 ) AN310LJ 

67402 (4) FI603LJ 5417411 (1 ) AN320LJ 

67413 (4) FI603LJ 54/7411 (1 ) AN340LJ 

72401 (4) FI603LJ 54/7411 (1 ) AN360LJ 

72402 (4) FI603LJ 54/7414 (2) IPI09LJ 

72403 (4) FI603LJ 54/7420 (1 ) NA410LJ 

72404 (4) FI603LJ 54/7420 (1 ) NA420LJ 

72413 (4) FI603LJ 54/7421 (1 ) AN410LJ 

93422 RH004LJ 54/7421 (1 ) AN420LJ 

93425 (4) RH008LJ 54/7421 (1 ) AN440LJ 

54/7400 (1 ) NA210LJ 54/7421 (1 ) AN460LJ 

54/7400 (1 ) NA220LJ 54/7427 (1 ) N0310LJ 

54/7400 (1 ) NA230LJ 54/7427 (1 ) N0320LJ 

54/7400 (1 ) NA240LJ 54/7427 (1 ) N0330LJ 

54/7400 (1 ) NA260LJ 54/7430 AN810LJ 

54/7402 (1 ) N0210LJ 54/7430 (1 ) NA810LJ 

54/7402 (1 ) N0220LJ 54/7430 (1 ) NA820LJ 

54/7402 (1 ) N0230LJ 54/7432 (1 ) OR210LJ 

54/7400 (1 ) N0240LJ 54/7432 (1 ) OR220LJ 

54/7404 (1 ) IV101LJ 54/7432 (1 ) OR240LJ 

54/7404 (1 ) IVll0LJ 54/7432 (1 ) OR260LJ 

54/7404 (1) IV120LJ 5417440 (1 ) NA430LJ 

54/7404 (1 ) IV130LJ 54/7450 (2) A0220LJ 

54/7404 (1 ) IV140LJ 54/74S51 (1 ) A0221LJ 

54/7404 (1 ) IV160LJ 54/7451 (3) A0421LJ 

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. 
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TSC500 CMOS/TTL·TO·STANo.ARDCELL 
SERIES CROSS·REFERENCE INDEX 

DECEMBER 19a!! 

TTL/CMOS SEE CELL TTL/CMOS SEE CELL 
TVPE NOTE TVPE ,TVP! NOTE TVPE 

54/7451 (3) BFOO5W 54114175 R2406LJ 

54/7458 (3) A0320LJ 54/74175 S175LJ 
54/7474 (1 ) DFB20LJ 54/74177 Sl77LJ 

54/7474 (1 ) DTB10LJ 54/74181 S181LJ 

54/7475 (1 ) LAH10LJ 54/74191 S191LJ 
54/7475 (1 ) LAH20LJ 54/74193 S193LJ 

54/7475 (1 ) LAH40LJ 54/74i94A Si94ALJ 

54/7485 S085LJ 54/14195A S19,5ALJ 

54/7486 (1 ) EX210LJ 54/74222 (4) FI503LJ 

54/7486 (1 ) EX220LJ 54/74224 (4) FI503LJ 

54/7486 (1 ) EX240LJ 54/74225 (4) FI50aLJ 
54/7494- (1 ) R2403LJ 54/74244 S244LJ 

54/7494 (1 ) R2404LJ 54/74245 S245LJ 

54/74109 (1 i JKB20LJ 54/74251 S251LJ 

54/74137 S137LJ 54/74257A S257AW '. 
54/74138 S138LJ 54/74258A S258ALJ 

54/74139 S139LJ 54/74259 S259LJ 

54/74139 (1 ) DE212LJ 54174266 (1 ) EN210LJ 

54/74151 S151LJ 54/74273 S273LJ 

51/74153 S153LJ 54i74280 S2~OW 
54/74155 S155LJ 54/74283 $263LJ 
54/74155 (1 ) DE212LJ 54/74298 S298LJ 
54/74157 S157LJ 54/74299 S299LJ 
54/74157 (1 ) MU110LJ 54/74299 (1 ) S299XLJ 

54/74157 (1 ) MU111LJ 54/74373 S373LJ 

54/74158 S158LJ 54/74374 S374LJ 

54/74161A S161ALJ 54/74375 S375LJ 

54/74163A (2) S163ALJ 54/74393 S393LJ 

54/74164 S164LJ 54/74398 S398LJ 

54/74165A S165ALJ 54/74399 S399LJ , 

54/74166 S166LJ 54/74425 (1 ) BU221 LJ 

54/74173 SH3LJ 54/74425 (1 ) BU261LJ 

54/74174 S174LJ 54/74426 (1 ) aU222LJ 

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 additional inputs. 
4. Cell is a superset to the referenced functio.,. 
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CMOS/TTL·TO·STANDARD CELL 
CROSS·REFERENCE INDEX 

DECEMBER 1988 

TTL/CMOS SEE CEll TTl/CMOS 
TYPE NOTE TYPE TYPE 

54174468 (1 ) IV211lJ 54174669 

54174468 (1 ) IV221LJ 54/74670 

54174468 (1 ) IV241lJ 54/74670 

54/74590 S590LJ 54/74670 

54174593 (1 ) S593XLJ 54/74670 

54/74595 S595LJ 54174686 

54/74598 (1) S598XLJ 54174688 

54174651 S651LJ 54/747030 

54174652 S652LJ 

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

SEE 
NOTE 

(4) 

(4) 

(4) 

(4) 

(4) 

TSC500 
SERIES 

CEll 
TYPE 

S669lJ 

RF400LJ 

RF401lJ 

RF402LJ 

RF403LJ 

S686LJ 

S688LJ 

FI603LJ 

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

1-14 

Cell is a superset to the referenced function. 
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• High-Performance, 1-",m EPIC'" CMOS 
Process Efficiently Achieves System-Level 
Designs r:;;;J~~W~f /ifijii.PfiPfll:::==-=---, 

• 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-",m EPIC'" CMOS Process 
Features: 
- Double-Level Metal, Silicided-Poly 
- Typical Gate Delay 490 ps (FO - 3) 
- Flip-Flop Toggle Rates Up to 185 MHz 
- ESD and Latch-Up Protected II0s 
- Outputs with Up to 64-mA Sink 

Current 
- di/dt-Controlled or Full-Speed Buffers 

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 

LOGIC GATES (CELLS) COMPLIER FIFO 

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 TI's 1-",m 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. 
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library description 
The TSC500 Series Standard Cell library includes gate, buffer, MSI-Ievel, 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: 
• TSC500 Series 1-pm 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 

2-2 

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. 
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SPECIFYING 
THE DESIGN 

PHASE 0 

CREATING THE 
DESIGN DATA 

PHASE 1 

GENERATING THE 
CHIP LAYOUT 

CHIP FABRICATION 

PHASE 3 

TSC500 SERIES 
1·"m CMOS STANDARD CELLS 

03030, APRIL 1989 

~ CUSTOMER SPECIFIES RESOURCES FOR THESE TASKS: 
~ IN·HOUSE OR Tl AUTHORIZED DESIGN CENT£R 

FIGURE 2-2. TSC500 SERIES DESIGN FLOW 
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absolute maximum ratings over operating free-air temperature range t 
Supply voltage, VCC .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -0.5 V to 7 V 
Input voltage, VI ...................................... -0.5 V to 7 V 
Output voltage, Vo ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.5 V to 7 V 
Input clamp current:l:, 11K (VI < 0 or VI > V CC) ....... ± 20 mA 
Output clamp current§, 10K (VO < 0 or Vo > VCC) ................ ±20 mA 
Continuous output current §, (VO = 0 to V CC) .................... ± 25 mA 
Operating free-air temperature: Military temperature range. . . . .. - 55 DC to 150 DC 

Commercial temperature range . . . . .. 0 DC to 70 DC 
Storage temperature range. . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 65 DC to 150 DC 

t Stresses beyond those listed under" Absolute Maximum Ratings" may cause permanent damage to the 
device. 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. 

:I: Applies to external input and bidirectional buffers. 

recommended operating conditions 

MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 

VIH High-level input voltage' 
CMOS-compatible inputs 0.7VCC 
TTL-compatible inputs 2 

VIL Low-level input voltage' 
CMOS-compatible inputs 0.2VCC 

TTL-compatible inputs 0.8 

VI Input voltage' # 0 VCC 

VT+ 
Positive-going threshold CMOS-compatible inputs 0.7VCC 
voltage # TTL-compatible inputs 2 

VT-
Negative-going threshold CMOS-compatible inputs 0.2VCC 
voltage # TTL-compatible inputs 0.8 

Hysteresis # CMOS-compatible inputs 1.7 
Vhys 

(VT+ - VT-) TTL-compatible inputs 0.4 

Vo Output voltage§ 0 VCC 

IOH High-level output current § As specified on 

IOL Low-level output current § 

tt Input transition (rise and fall) times 1 0 

Military temp range -55 
TA Operating temperature 

Commercial temp range 0 

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

data sheets 

25 

125 

70 

UNIT 

V 

V 

V 

V 

V 

V 

V 

V 

mA 

ns 

°c 
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electrical and mechanical data summary 
Electrical characteristics are presented on individual data sheets in this manual and unless 
otherwise noted, apply to standard cells 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 terminaHs) are assumed to be a portion 
of the 15-pF or 50-pF switching-characteristics load shown for the output and 1/0 cells. 
Typically, the packaging bond wire and terminal capacitance values range from 1 to 2 pF. 
Consult Tl's desigri~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: 

• 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 (GPI. and ceramic (GB) 
• Ouad flatpack (OFP): JEDEC plastic (PO)' EIAJ plastic (PB, PC, PJ), and ceramic 

(HO). 

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

TABLE 2-1. DUAL-IN-LiNE AND CHIP CARRIERt 

DUAL-IN-L1NE' CHIP CARRIER 

PIN 
(DIP) (CC) 

COUNT PLASTIC CERAMIC 
PLASTIC CERAI\iIIC 

N J 
(PLCC) (I.CC) 

F.N FK 

28 C M C M 

40 C M 

44 C M 

48 C M 

68 C M 

84 C M 

t C = Commercial, M = Military 

'RoouenOI OATA doc ...... ' .... lIio i.' ...... i •• 
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PIN 

TABLE 2·2. PIN-GRID ARRAY 
AND QUAD FLATPACKSt 

PIN-GRID QUAD FLATPACKS 

ARRAY (PGA) (QFP) 

COUNT PLASTIC CERAMIC 
PLASTIC 

CERAMIC 
JEDEC 

2-6 

GP GB 
EIAJ 

PB. PC. PJ PO 
HQ 

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 PIN BODY MOLD SIZE PIN 

DESIGNATOR 
PINS 

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 20mm 14 mm 2.7 mm 0.65 mm 

PROOUCTIOI OATA doc.ml.11 ••• lli. i.formllio. 
current II af palieltion dati. Products cI.'.rm to 
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cell name prefixes and codes 

TSC500 SERIES 
'-I'm CMOS STANDARD CELLS 

03030, APRIL 1989 

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 

FUNCTION PREFIX ~ 
(AN = AND gate. See Table 2-5) 

NUMBER OF INPUTS (2) (Except 
AOs, BFs, BU2s, Os, Gs, lOs, IV2s, JKs, 
LAs, MUs, OPs, PDs, PRs, Rs, Ss, 
and Ts. See Table 2-5) 

1 0 W I T LTEeHNOLOGV, w ~ l-,m CMOS 

NUMERICAL SEQUENCE (Except 
lOs, IPs, and OPs) 

DRIVE LEVEL (1 X) (Except 
lOs, IPs, and OPs) 

TABLE 2-4. INDEX TO MACRO FUNCTION PREFIXES 

AN. . . . . . . . . . . . . . . . . . . . . . .. AND Gates 
AO . . . . . . . . . . . . . . . . . . . .. AND-OR Gates 
BF.. Multi-stage AND, NAND, NOR, OR Gates 
BU ........................... Buffers 
CK .......... . . .. Clock Generator/Drivers 
DE . . . . . . . . . . . . .. Decoders/Demultiplexers 
DF/DT ................ Flip-Flops, D-Type 
EN. . . . . . . . . . . . . . . .. Exclusive-NOR Gates 
EX . . . . . . . . . . . . . . . . .. Exclusive-OR Gates 
FI . . . . . . . . . . . .. First-In First-Out Memories 
10 . . . . . . . . . . . . . .. Bidirectional I/O Buffers 
IP . . . . . . . . . . . . . . . . . . . . . .. Input Buffers 
IV . . . . . . . . . . . . . . . . . . . . . . . . .. Inverters 
JK ................. Flip-Flops, J-K Type 
LA . . . . . . . . . . . . .. Latches, 0-Type and S-R 
LH .......................... Latches 

MU . . . . . . . . . . . . . . . . . . . . . .. Multiplexers 
NA ...................... NAND Gates 
NO. . . . . . . . . . . . . . . . . . . . . . .. NOR Gates 
OA . . . . . . . . . . . .. OR-AND/OR-NAND Gates 
OP . . . . . . . . . . . . . . . . . . . .. Output Buffers 
OR ......................... OR Gates 
OS ........................ Oscillators 
PO, PR ...... Pull-Down/Pull-Up Terminators 
R .......................... Registers 
RF ...................... Register Files 
RH ............ Random Access Memories 
S .................... Software Macros 
TA .............. Flip-FLops, Toggle Type 
TO . . . . . . . . . . . . . . . . . . . .. Scan Flip-Flops 
TO . . . . . .. High- and Low-Level Tie-Off Gate 
TP . . . . . . . . . . . . . . . .. Testability Functions 
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TABLE 2-5. CODING DEFINITIONS FOR FUNCTION PREFIXES 

AOs (3rd and 4th characters): 
22 = 2-wide, 2-inputs 
24 = 2-wide, 4-inputs 

BFs, Gs, and TOs (3rd, 4th, 5th characters): 
Three digit numerical sequence 

BUs and IVs (3rd character): 
2 = 3-State output 

Os, JKs, LAs, and TAs (3rd character): 
B = Both preset and clear inputs 
C Clear input 
P = Preset input 
N = Neither preset nor ·clear input 

DEs and MUs (3rd character): 
1 1 select line (2-wide) 
2 = 2 select lines (4-wide) 
3 = 3 select lines (S-wide) 

lOs and OPs (3rd character): 
H = 10 or OP 1/S speed 
I 10 or OP fl.lll speed 

J = 10 or OP 1/2 speed 
K = 10 or OP 1/4 speed 

lOs and OPs (4th character): 
A = 16/16-mA sink/source current 
B = 24/16-mA sink/source current 
E = 4S/16-mA sink/source current 

t t" d s a IC ran om-access memories 
The TSC500 Series includes 
12 versions of hardwired static RAMs. 
Full parallel access is provided with 
data inputs, data outputs, and separate 
write or memory enables. When the 
memory is disabled, it is powered 
down. Access time and write-cycle 
time is the same from either the 
powered-up or powered-down states. 
The SRAM cells incorporate built-in 
testability circuits to accommodate 
parallel module testing (PMT). Other 
features are: 

• Power-Down Current < 10 p.A 
• 3-State Outputs 
• 1 2 Popular Organizations 

Available 

lOs and OPs (4th character, cont'd): 
G = 64/16-mA sink/source current 
o = 1 0/16-mA sink/source current 
2 = 2/2-mA sink/solJrce current 
4 = 4/4-mA sink/source current 
6 = 6/6-mA sink/source current 

lOs and OPs (5th character): 
1 = CMOS input 
4 = TTL input 
7 = CMOS input with hysteresis 
9 = TTL input with hysteresis 

LA (3rd character): 
H = High enable 
L = Low enable 

OPs (5th character): 
o = Totem-pole 
1 = N-channel open drain 
3 = 3-State 

PDs and PRs (3rd, 4th, 5th character): 
005 5-pA typical current 
095 = 95-pA typical current 
250 = 250-pA typical current 
400 = 400-pA typical current 

Rs and Ss (2nd, 3rd, 4th, 5th characters): 
Three or four digit numerical sequence 

SRAM SELECTION GUIDE 

WRITE READ 
ORGAN 1- CELL 

tclW) talA) ZATION NAME 
Ins) Ins) 

30 1S.2 64W x 4B RHOOOLJ 

30 1S.3 64W x SB RH001 LJ 

30 19.4 12SW x 4B RH002LJ 

30 19.5 12SW x SB RH003LJ 

30 21.S 256W x 4B RH004LJ 

30 21.9 256W x SB RH005LJ 

30 21.5 512W x 4B RH006LJ 

30 22 512W x SB RH007LJ 

32 23.9 1024W x 4B RHOOSLJ 

32 24.4 1024W x S8 RH009LJ 

35 26.7 204SW x 4B RH010LJ 

36 27.7 204SW x SB RH011LJ 
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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 '-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 

TSC500 SERIES 
1-/Lm CMOS STANDARD CELLS 

03030. APRIL 1989 

FIFO SELECTION GUIDE 

WRITE READ 
ORGANI- CELL 

tc(W) talA) ZATION NAME 
(ns) (ns) 

24.5 25.8 32W x 9B FI503LJ 

25 29 64W x 9B FI603LJ 

25.5 34.2 128W x 9B FI703LJ 

REGISTER-FILE SELECTION GUIDE 

WRITE READ 
ORGANI-

PORTS 
CELL 

tc(W) talA) 
ZATION NAME 

(ns) (ns) 

6 10.7 16W x 8B RF400LJ 

6 10.9 16W x 9B RF402LJ 
1 WRITE 

2 READ 
6 13.6 16W x 12B RF403LJ 

6 12.3 64W x 8B RF600LJ 

6 12.5 64W x 9B RF602LJ 

2 WRITE 6 11 16W x 8B RF401LJ 

2 READ 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. 
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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 IPI01LJ 
CMOS 

HYSTERESIS IPI07LJ 

STANDARD IPI04LJ 
TTL 

HYSTERESIS IPI09LJ 

CMOS CLOCK BUFFER IPI11LJ 

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 

(MHz) 
OUTPUT DRIVE CELL NAME 

55 to 75 1X OSI01LJ 

35 to 55 1X OSI02LJ 

20 to 35 1X OSI03LJ 

1 to 20 (CMOS input) 1X OSI04LJ 

1 to 20 (TTL input) 1X OSI24LJ 

di/dt control 

2-10 

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(8). Full-speed, non-di/dt-controlled versions are also offered 
for critical paths. 
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o 

0-+-----... 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 Vee and ground trace impedances. 

• Locate non-di/dt-controlled output and bidirectional buffers on low-inductance pins 
and adjacent to Vee and ground pins 

• Increase the width of Vee and ground traces on printed circuit boards or use 
dedicated planes 

• Increase the number of power Vee and ground pins 
• Minimize the number of simultaneously switching outputs 

To assist designers in minimizing such effects, all output and bidirectional buffers in the 
TSe500 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 Vee 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 

APPLICATION (TYPE OF LOAD DRIVEN) 
CONSIDER USING 

BUFFER TYPE di/dt 

CMOS/MOS AC/ACT TERMINATED CRITICAL 
I/Os OUTPUTS 

LEVEL 

LS ALS/S/AS/F LINES PATHS 

~ ~ ~ IOHXXLJ OPHXXLJ 1/8 Speed 

~ ~ ~ IOKXXW OPKXXW 1/4 Speed 

~ ~ ~ ~ IOJXXW OPJXXLJ 1/2 Speed 

~ ~ ~ IOIXXLJ OPIXXLJ Fu" Speed 

Detailed design guidelines on the selection of output and bidirectional buffers, and Vee 
and ground pin requirements, are contained in the CMOS Standard Cell Design Manual. 
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output and bidirectional I/O characteristics 
The high-level and low-level· output voltage characteristics of external outputs and 
bidirectionall/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 

CMOS threshold 

High-level output TTL threshold 
IOH ?! Rated 

VOH voltage t Any output with- IOH = -20 p.A 
out a terminator See Note 1 

CMOS threshold 

Low-level output TTL threshold 
IOL oS Rated 

VOL 
voltage Any output with- IOL = 20 p.A 

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 d ....... 11 oonl.l. Inl.,m.llon 
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Vee- O.1 

0.5 
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TSC500 SERIES 
1-/Lm CMOS STANDARD CELLS 

03030. APRIL 1989 

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 mAo 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 
OUTPUT CURRENT CELL NAME (and performance class) 

CONFIGURATION 
(Sink/Source) 

(mA) 1/B-SPEED 1/4-SPEED 1/2-SPEED FULL-SPEED 

2/2 OPH20LJ OPK20LJ OPJ20LJ OPI20LJ 

4/4 OPH40LJ OPK40LJ OPJ40LJ OPI40LJ 

6/6 OPH60LJ OPK60LJ OPJ60LJ OPI60LJ 

TOTEM-POLE 
101.10 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 OPH61 LJ OPK61LJ OPJ61 LJ OPI61 LJ 

N-CHANNEL 
10 OPH01LJ OPKOl LJ OPJOl LJ OPIOl LJ 

(See Note 3) 
16 OPHA1LJ OPKA1LJ OPJA1LJ OPIA1LJ 

24 OPHBl LJ OPKB1LJ OPJB1LJ OPIBl LJ 

48 OPHE1LJ OPKE1LJ OPJE1LJ OPIE1LJ 

64 OPHG1LJ OPKG1LJ OPJGl LJ OPIGl LJ 

2/2 OPH23LJ OPK23LJ OPJ23LJ OPI23LJ 

4/4 OPH43LJ OPK43LJ OPJ43LJ OPI43LJ 

6/6 OPH63LJ OPK63LJ OPJ63LJ OPI63LJ 

3-STATE 
10/10 OPH03LJ OPK03LJ OPJ03LJ OPI03LJ 

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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TSC500 SERIES 
'-I'm CMOS STANDARD CELLS 

03030. APRIL 1989 

bidirectional input/output buffers 
BidirectionalI/O buffers are available in 3-state output configurations, with drive current 
ratings from 2 to 64 mAo 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 I/O 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) 
THRESHOLD 

(mA) 1/S-SPEED 1/4-SPEED 1/2·SPEED FULL-SPEED 

2/2 
CMOS IOH21W IOK21LJ IOJ21W 10121LJ 

TTL IOH24LJ IOK24LJ IOJ24LJ 10124LJ 

CMOS IOH41LJ IOK41LJ IOJ41LJ 10141LJ 
4/4 

TTL IOH44W IOK44LJ IOJ44LJ 10144W 

6/6 
CMOS IOH61LJ IOK61LJ IOJ61W 10161LJ 

TTL IOH64W IOK64LJ IOJ64LJ 10164W 

10/10 
CMOS IOH01W IOK01LJ IOJ01W 10101LJ 

TTL IOH04LJ IOK04LJ IOJ04LJ 10104LJ 

16/16 
CMOS IOHA1W IOKA1LJ IOJA1LJ 10lA1LJ 

TTL IOHA4LJ IOKA4LJ IOJA4LJ 10lA4LJ 

24/16 
CMOS IOHB1LJ IOKB1LJ IOJB1LJ 10lB1 LJ 

TTL IOHB4LJ IOKB4LJ IOJB4LJ 10lB4W 

48/0PEN TTL w/hyst 10HEPLJ 10KEPLJ 10JEPW 10lEPLJ 

48/16 
CMOS IOHE1LJ IOKE1LJ IOJE1W 10lE1LJ 

TTL IOHE4W IOKE4LJ IOJE4LJ 10lE4LJ 

CMOS IOHG1LJ IOKG1LJ IOJG1W 10lG1W 
64/16 

TTL IOHG4LJ IOKG4LJ IOJG4LJ 10lG4LJ 

NOTES: 4. All input buffers are noninverting. 
5. All output buffers are 3-state and noninverting. 
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TSC500 SERIES 
1-Jtm CMOS STANDARD CELLS 

03030, APRIL 1989 

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 

("AI 
CELL NAME 

PULL-DOWN 95 PD095LJ 

PULL-UP -400 PR400LJ 

PULL-UP -250 PR250LJ 

PULL-UP -95 PR095LJ 

PULL-UP -5 PR005LJ 

PRDDUCTIDI DATA documents •• ntlin i.tormltion 
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TSC500 
SERIES 

mechanical data summary 

MECHANICAL DATA 

03030. DECEMBER 19BB 

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 I/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) 
• Ouad flatpack, JEDEC plastic (PO), EIAJ plastic (PB,PC,PJ), and ceramic (HO) 

TI will review and consider supplyjng 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 TI representative for further information on getting started with 
an ASIC design. 
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MECHANICAL DATA TSC500 
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mechanical data - military 

3-2 

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-3851 O. In the event of a conflict 
between the packages contained in MIL-M-38510 and other TI 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 

\ '\ L Specific Outline, Revision 
Number of Terminations 

'-------- Basic Package Identifier 

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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TSC500 
SERIES 

MIL-M-38510 Appendix C Outlines 

NUMBER CERAMIC DUAL-IN-LiNE 

LEADSI MIL TI APPENDIX C MIL 

CONTACTS 10 10 OUTLINE 10 
28 JO 0-10 3 

40 Q JO 0-5 

44 

44 

68 

68 

84 

84 

84 

84 

100 

108 

120 

132 

144 

180 

208 

264 

mechanical data - commercial 

MECHANICAL DATA 

FLAT PACKAGE CHIP CARRIER PIN GRID ARRAY 

TI APPENDIX C MIL TI APPENDIX C 

10 OUTLINE 10 10 OUTLINE 

FO C-4 

FO C-5 

FJ C-J4 

FO C-7 GB P-BC 

FJ C-J5 

P-AC 

P-BB 

FO C-8 P-BC 

FJ C-J6 

GB P-BE 

GB P-BO 

GB P-BE 

P-BF 

P-AG 

P-AG 

P-BJ 

P-BJ 

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 11 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 

" " " " " " " 
" " " " " ". • " " 
" " " " " ". • " " " " " 

" " • " • " " " " " • " • " " " " • " • " " " " 
NOTE 1: For the quad flatpack (QFP), " = JEOEC and. = EIAJ 
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MECHANICAL DATA 

FN plastic chip carrier package 

TSC500 
SERIES 

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) 

128-terminel package used for illustration) 14,24 (0.167)1 ""''''' '"'''''' , ... -6 d:::;!:~~", ,.""."" :1'''''''''' ' !tl:07 (0:042) X45° 

V 0 
5 • 3 2 1 28 27 26 

25 

6 24 

7 23 

d":~',:A:~: '.CA'" 
- - - (See Note B) 

I 
'--....-=;:::::~ lW 

22 

21 

20 

19 

12 13 14 15 16 17 18 I 
I ~ B 'I~I' 0,25 (0.010) R MAX 
~-----A _(S_ee_N_o_l_e _A_) -41" 3 PLACES 

JEDEC NO. OF A B 
OUTLINE TERMINALS MIN MAX MIN MAX 

MO-047AB 28 
12,32 12,57 11.43 11,58 

(0.485) (0.4951 10.450) 10.456) 

MO-047AC 44 
17,40 17,65 16,51 16,66 

10.685) 10.695) 10.650) 10.656) 

MO·047AE 68 
25,02 25,27 24,13 24,33 

(0.985) (0.995) (0.950) 10.956) 

MO·047AF 84 
30,10 30,35 29,21 29.41 

11.185) (1.195) (1.150) 11.158) 

C 
MIN MAX 

10.41 10,92 

10.410) 10.430) 

15,49 16,00 
10.610) 10.630) 
23,11 23.62 

(0.910) (0.930) 

27,69 28,70 
(1.090) 11.130) 

SEATING PLANE 
(Se. Not. C) 

0,81 (0.032)--to--ot 

0,66 (0.026) ~T 
1,52 (0.060) MIN 

i...1. 
I ~ (0.025) MIN 

0,51 (0.020) -oj I F 
0,36 (0.014) I 

LEAD DETAIL 

All dimensions and notes for the specified JEDEC outline apply. 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTES: A. The centerline of the center pin on each side is within 0,10 (0.004) of the package centerline 
as determined by dimension B. 

3-4 

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

C. The lead contact points are planar within 0,10 (0.004). 
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TSC500 
SERIES 

MECHANICAL DATA 

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. 

100-PIN GP 

INDEX CORNER 
CHAMFER OR DOT 
AT OPTtON OF n. 

Io-r --- 3:"'1:'3!:1 'I 

::~:~:~~::t-[! i J1.27 CO,O&OI NOM 

..... :r'i f UllU" i i iJ~,:. __ 
2.14 10. 1001 ~i:-~g::: DIA 14 PLACES, 

........ .-..-- 2.54 10.1001 T.P, 
2.511 10.1001 T.'. -I 1- ,I'" Not. AI 

I
N~@@@@@@@@@@@@ 
M@E)@@@@@@@@@E)@h 
L @@ @@@ @@I I 
• @@ @@ 
J @@ @@ 

3O,5C1,200I'" H @@@ @@@ 

L=~~~ ~~~ 
E @@/EXT"APIN @@ 
D @@ @@ 
C @@. @@@ @@ 
I@E)@@@@@@@@@E)@ 
A@@@@@@@@@@@@@ 

, 2 3 ,. I • 7 • • 10 11 12 13 

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 

INDEX CORNER 
CHAMFER OR DOT 
AT OPTION Of TI. 

10-1' --- 3:481~~3~;1 ___ ->l'1 

~:~:g~~::t---c' , J,.27 10 0601 NOM 

._.,~'FlfU..!lW I ~f~: .. ~_ 
2.54 10.100) i;~~6p~~~~:: DIA 14 PLACES) 

254 (0 100) T P."'""'to! It-- 2,54 (0.1001 T.P. , . .. I I IS., Not' AI i N @@@@@@@@@@@@@ 
M@0@@@@@@@@@0@rr 
L @@@@@@@@@@@@@ 
K @@@ @@@ 
J @@@ @@@ 

30.5 1'.2001 "EO H @@@ @@@ 

L;~~~ ~~~ 
E @@@ /EKT"APtN @@@ 
D @@@<V @@@ 
c@@@@@@@@@@@@@ 
B@0@@@@@@@@@0@ 
A @@@@@@@@@@@@@ 

1 2 3 4 5 8 7 8 9 10 l' 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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TSC500 
SERIES 

MECHANICAL DATA 

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 

lNDEX CORNER 
CHAMFER OR DOT 
AT OPTION OF TI. 

l 
~:~ :~~~:: ~ ~,.27 10050) NOM 

~:Fm iill~[n ~f~,:. __ 
2,54 (0.1001 ~i~6p~~~:: DIA 14 PLACES) 

2.54 (0.1001 T.P.----toI lit-- 1.2710.0501 NOM 
I I IS .. Note AI I " 00000000000000 

N 0(!)0000000000001 
M 00000000000000 
L 000 000 
• 000 000 
J 000 000 

33.011.300)REF H 000 000 L= ~~~ ~~~ 
E 000 000 
D 000 000 
c 00000000000000 
• 00000000000000 
A 00000000000000 

1 2 3 4 6 6 7 8 9 10 " 121314 

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 r--- 40.1 (1.58) ----->1'1 I 39.1 (1.54) 

INDEX CORNER 
CHAMFER OR DOT 
AT OPT(ON OF TI. 

~ l 
40,1 (1.58) 

~:~ :~:~~::~====== __ ""'Jl'27 (0.050) NOM 

If ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~I 
4,08 (0.160) 0,608 (0.020) ---JI..- ~ C.27 (0.060) NOM 
2.54 (0.100) o.-::,~ ~~18) D)A 14 PlACES) 

2.54 (0.100) T.P.-, r-
~~~~~~~~~= I-R ~C!>@@@@@@@@@@@@@& 

P @@@@@@@@@@@@@@@l 
N@@@@@@@@@@@@@@@ 
M @@@ @@@ 
L @@@ @@@ 
K @@@ @@@ 
J @@@ @@@ 

36.e(IL·400)REF: ~~~ ~~~ 

F @@@/EXTRAPIN @@@ 
E @@@ @@@ 
o @@@. @@@ 
C@@@@@@@@@@@@@@@ 
B@@@@@@@@@@@@@@@ 
A$@@@@@@@@@@@@@$ 

1 234 6878 9101112131411 

2.54 (0.100) T.P. 
(See NoI. A) 

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. 

3-8 
TEXAS " INSIRUMENTS 

Copy,lght CI 1988. Toxa. Instrument. Incorpo,aled 

POST OFFICE aox 855012 • DALLAS, TEXAS 76285 



TSC500 
SERIES 

GP pin-grid-arrav plastic package 

MECHANICAL DATA 

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. 

20S-PIN GP 

INDEX CORNER 
CHAMFER OR DOT 
AT OPTION OF TI. 

1'-1' ------- :::~ :~:;!: -------II 

'l 
~------------------~ 

~ .j,.27 10,050) NOM 

I U ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ i ~ rm-~~ 3,1 IO"251~ 

4.0610.1601 ~-I\'- :lu~,.2710.0501 NOM 
2.5410.1001 0.40610.0161 DIA 14 PLACES) 

2,6410.1001 T.P'-1 L_ 1208 PlACESI ru 00000000000000000~ 
T 00000000000000000n-, 
R 00000000000000000 
P 00000000000000000 2.~~:I;;P. 
N 0000 0000 
M 0000 0000 
L 0000 0000 

4O'.ll··LOOIR'F~ un 'XTRA~ nu 
F 0000 / 0000 
• 00000 0000 
D 00000000000000000 
c00000000000000000 
• 00000000000000000 
A 100000000000000000 

1 2 3 4 6 8 7 8 910" 121314161817 

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. 

TEXAS ." 
INSIRuMENlS 
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TSC500 
SERIES 

MECHANICAL DATA 

HQ ceramic quadiform flat package 
The 1 OO-pinHQ ceramic package is housed in a quadiform flat package. It is hermetically 
sealed with O.05-inch-lead spacing configured with straight leads for surface mounting 
capability. 

100 PIN HQ 

38 

0,63 (0.025) R. 
4 PLACES 

~-------33,02 (1.30) TYP -------~ 

13 1. 89 

~ '''~ (0."" _____ 
6
_

3
_ 

16,64 (0.655) 

~ 
-r 

64 

0,28 (0.011) 
0,22 (0.009) 

3,12 (0.123) SEATING n 4,39 (0.173) MIN 

T rpLAN·¢"M~';:"~".xxx4 o.,:i'MAX 
2,03 (0.008) 
1,38 (0.054 i 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

. TEXAs..lf 
Copyright 0 1988, Texl. Inotrumlm. Incorporoticl 

INSTRUMENlS 
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MECHANICAL DATA 

JD ceramic side-braze dual-in-line package 

TSC500 
SERIES 

This is a hermetically sealed ceramic package with a metal cap and side-brazed tin-plated 
leads. 

48-PIN JD CERAMIC-SlOE-BRAZE 

~-. -

INDEX MARK""",,
(DOT, TRIANGLE, 

OR NUMBER) 

(V-------------------
'l 15,75 (0.620) 'l 1,78 (0.070) t 14,99 (0.590) j 0,51 (0.020) MIN 0,76 (0.030) 1 r-
~ IfflmMflfW1f1fW + 

-*- 5,08 (0.200) MAX 
_SEATING_ * 

::':'. PLAN, --Tt -',18 (O,~"'.'N 
~~ 1,91 (0.075) MAX-.I~~ JL 0,38 (0.015) 4 PLACES 

0,20 (0.008) 2,54 (0.100) NOM 0,53 (0.021) 
PIN SPACING 038 (0.015) 
(See Note A) , 

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. 

TEXAS ." 
INSTRUMENTS 
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TSC500 
SERIES 

MECHANICAL DATA 

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 intended for insertion in mounting-hole rows on 15,24 (0.600) centers. Once the leads 
are compressed and inserted, sufficient tension is provided to secure the package in the 
board during soldering. Leads require no additional cleaning or processing when used in 
soldered assembly. 

NW PLASTIC 
(28-PIN PACKAGE SHOWN I 

~-------------B--------------~ 

@@@@@@@@@@@@@@ 

EITHER OR BOTH 
INDEX MARKS 

0.28 • 0.08~~ 
(0.011 • 0.003) 

~ DIM 

A ± 0,25 (0.6001 

8 (MAXI 

C ±O,51 (0.0201 

28 40 

15,24 (0.6001 15,24 (0.6001 

36,6 (1.4401 53,1 (2.0901 

1,27 (0.0501 1,91 (0.0751 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTE A: Each pin centerline is located with 0,25 (0.0101 of its true longitudinal position. 

TEXAS ." 
Copyright C 1988. Tex •• Instruments Incorporated 
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MECtiANICAL DATA TSC500 
SERIES 

PBplastic quad-flat package (~IAJ) 

The following quad-flat packages. PB. PC. PJ. and PO. consist of a circuit mounted on 
a lead frame and encapsula~ed within an electrically nonconductive plastic compound. 
The compound withstands soldering temperature with no deformation. and circuit 
performance characteristics remain stable when operated in high-humidity conditions. 
The packages are intended for surface-mount assembly. The solder-dipPEld leads require 
no additional cleaning or procesli\ing When used in soldered assembly; . 

120~PlN PB PLASTIC PACKAGEt 
. ~ 10-0.810.311 NOM 

II TYPICAL 
.,.------=30 

32.40 1.2761 
31.6011.2441 

31 

60 

Io--------~~:: :~:~!::--------tI 

INDEX CORNER 
CHAMFER OR DOT 

28.2011.1101 

f ~::::::::::::::::: 3.8510.1521 OO~ 

01:1 MIN Jrr;o;o:g; ~ 0.:1.0081 
SEATING PLANE o:i"io.24i 0.10 10.0041 

2.210.0871 
'f.ilO:Om 

tAli dimensi!>ns and notes for EIAJ QFP mE!chanical outline apply. 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

'. .. '. ..ia" Copyright 0 1988. T.x .. ln.~.nt~ Incorporated 
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TSC500 
SERIES 

MECHANICAL DATA 

PC plastic quad-flat package (EIAJ) 

160-PIN PC PLASTIC PACKAGEt 

32.40 (1.276) 

"l~' 

so 

~------------------;~~~::~g~:~:~:~7~?:--------------------~ 

INDEX CORNER 
CHAMFER OR DOT 

2S.20 (1.110) 

3.85 (b.152) ---.l 

o (~c± 1.0 (0.39) O.~.OOS) 
SEATING PLANE 0.6 (0.24) 0.10 (0.004) 

2.2 (0.OS7) 
1.S (0.071) 

t All dimensions and notes for EIAJ QFP mechanical outline apply. 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

TEXAS ~ 
INSTRUMENTS 
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MECHANICAL DATA TSC500 
SERIES 

PJ plastic quad-flat package (EIAJ) 

100 PIN PJt 

~ ~ 0.026 10.65) TYP 
-r-_____ 3o I I 

liO.0~610.40) MAX ITYPICAl) 

31 

III!DEX 
CORNER 

'00 1 
1810.709) 14.210.559) 

"-, "."" " .:;;;:;;;O;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;m:;:;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;~ ___ I" ". r" 
L _IJa,,., ,.'"" 80 

c=19.810.779)-------01 

2410.945) 
~----------2~3~.2~10~.9~1~3):----------~ 

f 
2.95 10.11 6) MAX 

------*-

t All dimensions and notes for EIAJ QFP mechanical outline apply. 

3-16 

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

MECHANICAL DATA 

PO plastic quad-flat package 

PQ QUAD FLAT PACKAGE 
(100-lead package used for illustration) 

1537106051 115:1110:5951 

14---~-:::~ :~:~~~: 

12.41 10.0951 
2.1610.0B51 

1.42 10.0561 

1.07 10.0421 h ~~A2~1~3~~~I~N~~~Bf~/z+;,~:t .:;==1~1 
T 14:;;! 9--- ~!!~ 

0.3010.0121 
0.2010.00BIL 

T 

~ INDEX ~ I 

01. El o. E 02. E2 

3~f vrummmmmlHU1lU"Ulm'\jt);.t:64====:=~------*. E9 
01.El 63 

o. E ------.II 

02.E2---_ 

JEDEC OUTLINE DESIGNATIONt 

MO-069AD MO-069AE 
DIMENSION 

MIN MAX MIN MAX 

D.E 22.23 22.48 27.31 27.56 

(0.875) (0.885) (1.075) (1.085) 

01 •. E1 18.97 19.13 24.05 24.21 

(0.747) (0.753) (0.947) (0.953) 

02. E2 22.78 22.94 27.86 28.02 

(0.897) (0.903) (1.097) (1.103) 

03. E3 15.24 (0.6) REF 20.32 (0.8) REF 

N 100 132 

t All dimensions and notes for the specified JEDEC outline apply. 

I 

I 
03. E3 

~. 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

TEXAS ~ 
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TSC500 
SERIES 

DEFINITIONS AND RATINGS 

This section provides an explanation of function tables, parameter measurement 
information, and a glossary. 

explanation of function tables 

Function tables used in this data manual employ symbols to describe the states of input 
stimuli and the resultant output response. Definitions of the symbols are provided followed 
by an explanation of how the symbols are used to construct an actual function table. 
The function table example is a sequential storage macro that includes a description of 
the relationships between the application of static conditions versus the dynamic inputs. 
Sufficient detail is included to provide for interpretation of truth tables used in this manual. 

parameter measurement information 

Test conditions used for measurement of electrical characteristics are provided in the 
TSC500 Series data or on each individual data sheet. Conditions used for measurement 
of switching characteristics are shown in this section in the form of load circuits and 
voltage waveforms. Test points are illustrated schematically on the load circuits and 
reference points are plotted on the voltage waveforms. 

glossary 

A glossary in this section defines the symbols, terms, and definitions used in this manual. 
They are in accordance with those currently agreed upon by the JEDEC Council of the 
Electronic Industries Association (EIA) for use in the USA and by the International 
Electrotechnical Commission (lEC) for international use. 

PROOUCTIO. DATA doc ..... ts .... toi. inf.rmltion 
eurna. II of pulicttion uti. P,..uctl conform to 
.... ific.tion ...... tlte tenns of T.x •• IBltr .... nts 

==~i~':::I-::Zi ~=:~: :'I':;:::te~ nl1 
TEXAS ." 
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EXPLANATION OF FUNCTION TABLES 

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

H 

L 

t 

! 

X 

Z 

a .. h 

00 

00 

On 

JI... 

LJ 
TOGGLE 

? 

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 

level of 0 before the indicated steady-state input conditions were 
established 

complement of 00 or level of a before the indicated steady
state input conditions were established 

level of 0 before the most recent active transition indicated by t or ! 

one high-level pulse 

one low-level pulse 

each output changes to the complement of its previous level on each 
active transition indicated by t or ! 

unknown 

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

If, in the input columns, a row contains H, L, and/or X together with 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, 
00, or 00), it persists so long as the steady-state input levels and the levels that terminate 
indicated transitions are maintained. Unless otherwise indicated, input transitions in the opposite 
direction to those shown have no effect at the output. (If the output is shown as a pulse, SL 
or '""LJ , the pulse follows the indicated input transition and persists for an interval dependent 
on the circuit.) 

Copyright C> 1988. Texas Instruments Incorporated 
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EXPLANATION OF FUNCTION TABLES TSC500 
SERIES 

Among the most complex function tables iii this book are those of the shift registers. They 
use most of the symbols used in the other function tables, plus several others. The function 
table of a 4-bit bidirectional universal shift register, e.g., 5194LJ is shown below: 

FUNCTION TABLE 

INPUTS OUTPUTS 

CLEAR 
MODE 

CLOCK 
SERIAL 

S1 SO SLSER SRSER 

PARALLEL 

A 8 C D 
QA Q8 QC QD 

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

H X X L X X X X X X QAO aso aco aDO 
H H H t X X a b c d a b c d 

H L H t X H X X X X H aAn aSn aCn 
H L H t X L X X X X L aAn aSn aCn 
H H L t H X X X X X aSn aCn aDn H 

H H L t L X X X X X aSn aCn aDn L 

H L L X X X X X X X aAO aso aco aDO 

The first line of the table· represents a synchronous clearing of the register and says that if 
clear is low, all four outputs are 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. 5ince 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 51 and 50 are both high, then, without regard to the serial input, the data entered at A will 
beat output OA, data entered at B will be at OB, 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 OA is now at OB, the previous levels of OB and Oc are now at Oc and 0D, respectively, 
and the data previously at OD 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 51 is low and 50 is high and the 
levels at inputs A through D have no effect. 

4-4 
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EXPLANATION OF FUNCTION TABLES 

The sixth and seventh lines represent the loading of the high- and low-level data, respectively, 
from the shift-left serial input and the shifting of previously entered data one bit; data previously 
at Os is now at OA, the previous levels of Oc and OD are now at Os and OC, respectively, 
and the data previously at OA 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 S 1 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. 

TEXAS • 
INSTRUMENTS 
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PARAMETER ,MEASUREMENT INFORMATION TSC500 
S.ERIES 

4-6 

FROM OUTPUT TEST 
UNOER TEST ----r-+--POINT 

TCl 

lOAD CIRCUIT 

PARAMETER CEllS CLt 

INTERNAL and INPUT 0 
tpd 

OUTPUTS 15 pF or 50 pF 

t Cl includes probe and test fixture capacitance. 

FIGURE 4-1. TOTEM-POLE OUTPUTS 

FROM OUTPUT __ ~~ ____ -e~_TEST 
UNDER TEST POINT 

TClt - 15 pF 
or 50 pF 

-

P-CHANNEl LOAD CIRCUIT 

--.... --VCC 

Rl=1kn 
___ TEST 

FROM OUTPUT ___ e POINT 
UNDER TEST 

T Clt - 15 pF 
or 50 pF 

N-CHANNEL LOAD CIRCUIT 

tCl includes probe and test fixture capacitanc'e. 

FIGURE 4-2. OPEN-DRAIN OUTPUTS 

TEXAS ..If 
INSlRUMENlS 
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PARAMETER MEASUREMENT INFORMATION 

PARAMETER 
INTERNAL BUFFER OUTPUT OR 1/0 

51 52 
Rl clt Rl Clt 

tpZH 40 kf! 
0 

15 pF 'or OPEN CLOSED 
ten 1 kf! 

tpZl 20 kf! 50 pF CLOSED OPEN 

tpHZ 40 kf! OPEN CLOSED 
tdis 20 kf! 0 1 kf! 50 pF 

tplZ CLOSED OPEN 

tpd 
tplH 

0 
15 pF or 

OPEN OPEN - -
tPHL 50 pF 

t CL includes probe and test fixture capacitance. 

FIGURE 4-3. 3-STATE OUTPUTS 

TEXAS ..If 
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4-8 

50% 

1,..'_0_%_.. __ 0 

I 
I 
I 

INTERNAL I j4"tPLH~ 
OUT -OF-PHASE 1 1 

VOH 

OUTPUT I I ~--_Ii--'" 
If- tPHL---t 

INTERNAL 
IN-PHASE 
OUTPUT 

!4-tPLH..t 
I I 

1 
I 1 
t.-tPHL-.t VOL 

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

INPUT 

~tfl4-
..Jt:':9:::0~%~-~9:::0~%-:t-1- - - - - 3 V 

'.3V 1'0% 
11"li-'----O 
I 

INTERNAL tpLH 14 ~ 
OUT -OF-PHASE 1 44% I 44% 

OUTPUT 1.1 I 
If- tpHL'" -----1 -'" 

tpLH L.. ~ 1 - -VOH 
INTERNAL f4 I ~ 
IN-PHASE I 44% I 44% 
OUTPUT I I 

-----' tpHL \II ~ VOL 

FIGURE 4-5. TTL INPUT CELL AND TTL 3-STATE BIDIRECTIONAL INPUT 
PROPAGATION DELAY TIME VOLTAGE WAVEFORMS 

TEXAS ." 
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PARAMETER MEASUREMENT INFORMATION 

~tflf-
r.9~0~%r----:9:O:0~%~- I" - - -Vee 

INPUT 
44% I 

I .. '-.°";';;% ___ 0 

I 

VOH 
I 

OUT -OF-PHASE I tpLH -fI~I---" 
OUTPUT I 44% I 

I I __ -VOL 
~tPHL-.I , 

I 

jf-tPLHr.l, I ~VOH 
IN-PHASE 
OUTPUT 44% I 44% 

____ oJ !.tPHL-.t VOL 

FIGURE 4-6. INTERNAL TOTEM-POLE OUTPUT 
PROPAGATION DELAY TIME VOLTAGE WAVEFORMS 

~ tr~ ~tf~ 
I .,...----~- r - - - - Vee 

INPUT I 90% 90% I 

OUT -OF-PHASE I 90% 
OUTPUT L J 

~tpHZ 

I 
I 

IN-PHASE I 

44% I 
fl'o" ... O% ____ ° 
I 
I 
If'tPZH.I VOH 

I I 

I 

i~~H>Z 
!f-tPZL-+! VOL 

FIGURE 4-7. INTERNAL 3-STATE OUTPUT BUFFER 

tpLZ ~y,:, ~ 
OUTPU_T ___ ....I' '0% 

DISABLE AND ENABLE VOLTAGE WAVEFORMS 

TEXAS ~ 
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PARAMETER MEASUREMENT INFORMATION TSC500 
SERIES 

4·10 

~I ~~I ~q~ 
I I ' ~~----~~- - - - - - - -vcc I 00% 00% 1 

I I 
I 44% 1 

10% I I 10% 

: ~CMOS~ 

INPUT 

o 

\+-' CMOS .J tpLH 
~ I~ TTL 1 

___ ~ __ tP_H_L_ ,.-tpLH ~ I 
I I I II 

CMOS/TTL 
OUTPUT 

CMOS/TTL 
OUTPUT 

I I I 
I 50% 

I 1.3 V I 1.3 V 
Ie TTL 1 ______ 1 __ .1_ - - -VOL 

I'--tpHL ~ I...- CMOS • I 
I J ~tPHl ~ 
I+-CMOS~ _1_ - -VOH 

I tpLH I I 

I 

I 
"'---VOL 

FIGURE 4-8. CivlOS/TTL,OUTPUT AND 3-STATE BIDIRECTIONAL INPUT/OUTPUT 
PROPAGATION DELAY TIME VOLTAGE WAVEFORMS 
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INPUT 

CMOS/TTL 
OUTPUT 

CMOS/TTL 
OUTPUT 

10% 

PARAMETER MEASUREMENT INFORMATION 

If..tf~ 
Ir-______ -:I _ - - - - - --VCC 

90% 90% I 
1 
I 

10% 
~"'C"M-O"'S--,,----O 

I tpZH I 
I+- TTL -+I VOH 

I tpZH II 
I 50% 

1 
tPHZ ... ~t---.. 

I 
I 
j4-tPLZ-t! 

I 
1 

---------- - - -Hi-Z 
L CMOS-.! 
~ tpZL ,---------'""'-1 - - -Hi-Z 

I I 
1 

I 
I TTL I VOL 

If-- tpZL ---tI 

FIGURE 4-9. CMOS/TTL 3-STATE BIDIRECTIONAL INPUT/OUTPUT 
DISABLE AND ENABLE VOLTAGE WAVEFORMS 
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GLOSSARY 
SYMBOLS, TERMS, AND DEFINITIONS 

PART 1 - GENERAL CONCEPTS 

TSC500 
SERIES 

Address - Any given memory location in which data can be stored or from which it can be 
retrieved. 

Automatic Chip-Select/Power Down - (see Chip Enable Input) 

Bit - Contraction of Binary digiT, i.e., a 1 or a 0; in electrical terms the value of a bit may 
be represented by the presence or absence of charge, voltage, or current. 

Byte - A word of 8 bits (see word) 

Chip Enable Input - A control input to an integrated circuit that when active permits operation 
of the integrated circuit for input, internal transfer, manipulation, refreshing, and/or 
output of data and when inactive causes the integrated circuit to be in a reduced 
power standby mode. 

Chip Select Input - Chip select inputs are gating inputs that control the input to and output 
from the memory. They may be of two kinds: 
1. Synchronous - Clocked/latched with the memory clock. Affects the inputs and 

outputs for the duration of that memory cycle. 
2. Asynchronous - Has direct asynchronous control of the inputs and outputs. 

In the read mode, an asynchronous chip select functions like an output enable. 

Data - Any information stored or retrieved from a memory device. 

Fully Static RAM - In a fully static RAM, the periphery as well as the memory array is fully 
static. The periphery is thus always active and ready to respond to input changes 
without the need for clocks. There is no precharge required for static periphery. 

K - When used in the context of specifying a given number of bits of information, 
1 K = 2 10 = 1024 bits. Thus, 64K = 64 x 1024 = 65,536 bits. 

Large-Scale Integration (LSI) - The description of any IC technology that enables condensing 
more than 100 gates onto a single chip. 

Memory - A medium capable of storage of information from which the information can be 
retrieved. 

Memory Cell - The smallest subdivision of a memory into which a unit of data has been or 
can be entered, in which it is or can be stored, and from which it can be retrieved. 

Metal-Oxide Semiconductor (MOS) - The technology involving photolithographic layering of 
metal and oxide to produce a semiconductor device. 

Mux-Factor - The number of multiplexed inputs that are made available on a single output. 

TEXAS ." 
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GLOSSARY 
SYMBOLS, TERMS, AND DEFINITIONS 

Output Enable - A control input that, when true, permits data to appear at the memory output, 
and when false, causes the output to assume a high-impedance state. (See also 
chip select) 

Parallel Access - A feature of a memory by which all the bits of a byte or word are entered 
simultaneously at several inputs or retrieved simultaneously from several outputs. 

Power Down - A mode of a memory device during which the device is operating in a low
power or standby mode. Normally read or write operations of the memory are not 
possible under this condition. 

Read - A memory operation whereby data is output from a desired address location. 

Read/Write Memory - A memory in which each cell may be selected by applying appropriate 
electrical input signals and the stored data may be either (a) sensed at appropriate 
output terminals, or (b) changed in response to other similiar electrical input signals. 

Static RAM (SRAM) - A read/write random-access device within which information is stored 
as latched voltage levels. The memory cell is a static latch that retains data as long 
as power is applied to the memory array. No refresh is required. The type of periphery 
circuitry sub-categorizes static RAMs. 

Very-large-Scale Integration (VlSI) - The description of any IC technology that is much more 
complex than large-scale integration (LSI), and involves a much higher equivalent 
gate count. At this time, an exact definition including a minimum gate count has 
not been standardized by JEDEC or the IEEE. 

Volatile Memory - A memory in which the data content is lost when power supplied is 
disconnected. 

Word - A series of one or more bits that occupy a given address location and that can be 
stored and retrieved in parallel. 

Write - A memory operation whereby data is written into a desired address location. 

Write Enable - A control signal that when true causes the memory to assume the write mode, 
and when false causes it to assume the read mode. 

TEXAS ." 
INSTRUMENTS 
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GLOSSARY TSC500 
SERIES SYMBOLS, TERMS, AND DEFINITIONS 

PART 2 - OPERATING CONDITIONS AND CHARACTERISTICS 
(IN SEQUENCE BY LETTER SYMBOLS) 

Ci Input Capacitance 
The inherent input capacitance on every input pin, which can vary with various 
inputs and outputs. 

Co Output Capacitance 
The inherent output capacitance on every output pin, which can vary with various 
inputs and outputs. 

Cpd Power dissipation capacitance 
Used to determine the no-load dynamic power dissipation per logic function (see 
individual circuit pages): Po = epd vee2 f + lee Vee. 

fclock Clock frequency 
The 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 the output logic 
level in accordance with the specification. 

fopr Operating frequency 
The rate at which the inputs of a 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 at the output logic level in accordance with 
the specification. 

ICC Supply current 
The current into t the Vee supply terminal of an integrated circuit. 

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

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

IOH High-level output current 
The current into t an output with input conditions applied that, according to the 
product specification, will establish a high level at the output. 

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

t Current out of a terminal is given as a negative value. 
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T8C500 
SERIES 

VOH 

VOL 

ta 

talA) 

tatS). 
taleS) 

GLOSSARY 
SYMBOLS. TERMS. AND DEFINITIONS 

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

voltage for which operation of the logic element within specification limits 
is guaranteed. 

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 specificatiori. 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 voltage. VT + . 

Operating Free-Air Temperature 
The temperature range over which the device will operate and meet the specified 
electrical characteristics. 

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

Access time from address 

Access time from chip select (low) 

TEXAS ~ 
INSTRUMENTS 
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GLOSSARY TSC500 
SERIES SYMBOLS. TERMS. AND DEFINITIONS 

tc Cycle time 
The time interval between the start and end of a cycle. 

tc(W) Write cycle time 
The minimum value is specified that must be allowed for the write digital circuit 
to perform correctly. 

tdis Disable time (of a 3-state output) 
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: tdis = (tPHZ ~ tPLZ) . 

tdis(E) Output disable time after memory enable (high) 

tdis(G) Output disable time after output enable (high) 

ten Enable time (of a 3-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 = (tP~H ; tpzLl . 

NOTE: For memories, these intervals are often classified as access times. 

ten(E) Output enable time after memory enable (low) 

tf 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. 

th Hold time 
The time interva.1 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. 

th(D) , Data hold time (after write high) 
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TSC500 
SERIES 

tpd 

tpZH 

tpZL 

Propagation delay time 

GLOSSARY 
SYMBOLS, TERMS, AND DEFINITIONS 

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: tpd = (tPHL ; tPLH) . 

Propagation delay time. high-to-Iow 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 3-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 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 3-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 3-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 3-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. 

tsr 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. 

Copyright @ 1988. Texas Instruments Incorporated 
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GLOSSARY TSC500 
SERIES SYMBOLS, TERMS, AND DEFINITIONS 

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

and is determined by the system in which the digital circuit operates. 
A minimum value is specified that is the shortest interval for which 
correct operation of the digital circuit is guaranteed. 

2. The setup time may have a negative value, in which case, the minimum 
iimit 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. 

tsu(D) Data setup time (before write high) 

tt 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). 

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

tw(W) Write pulse duration 

AtpHL Delta propagation delay time, high-to-Iow level output 
The change in propagation delay time (tPHLI with load capacitance. 

AtPHZ Delta disable time (of a 3-state output) from high level 
The change in disable time (tPHZ) with load capacitance. 

AtPLH Delta propagation delay time, low-to-high level output 
The change in propagation delay time (tpLH) with load capacitance. 

AtPLZ Delta disable time (of a 3-state output) from low level 
The change in disable time (tPLZ) with load capacitance. 

AtPZH Delta enable time (of a 3-state output) to high level 
The change in enable time (tPZH) with load capacitance. 

AtPZL Delta enable time (of a 3-state output) to low level 

4-18 

The change in enable time (tPZL) with load capacitance. 
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TSC500 
SERIES 

GLOSSARY 
SYMBOLS, TERMS, AND DEFINITIONS 

PART 3 - TIMING DIAGRAM CONVENTIONS 

TIMING DIAGRAM 

SYMBOL 

!lllT 

INPUT 

FORCING FUNCTIONS 

Must be steady high or low 

High-to-Iow changes permitted 

Low-to-high changes permitted 

Don't Care 

(Does not apply) 

TEXAS ..If 
INSTRUMENlS 

OUTPUT 

RESPONSE FUNCTIONS 

Will be steady high or low 

Will be changing from high to low 

some time during a designated 

interval 

Will be changing from low to high 

sometime during a designated 

inverval 

State unknown or changing 

Centerline represents high

impedance (off) state 
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TSC500 
SERIES 

WORKSTATION LIBRARY SUMMARY 
1-tim CMOS STANDARD CELLS 

03030, APRIL 1989 

This section provides summary tables of functionally similar standard. cells from which the 
designers can seiect specific functions having the performance criteria that best meet their 
design requirements. Grouped into functional categories, the summary provides: 

• Standard cell identification (name) 

• General description, such as number of inputs, width, size, or scope of the cell 

• Output drive of internal celis and output current ratings of outputs and bidirectional 
II0s 

• The area of the cell or macro ratioed to the area of an NA21 OW cell 

• Typical and maximum delay and delta delay times for the primary or data path 

• Setup and hold times of the data path input for hardwired sequential functions 

Maximum delay times are the worst-case path or input. The worst-case propagation times 
for the low-to-high and high-to-Iow transition may occur in different paths or inputs. 

For complete specifications, conSult the standard cell data sheets in Sections 6 through 22. 

Data is from the O°C to 70°C temperature range. 
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TSC500 
SERIES 

FUNCTION 

GATES 

HARDWIRED 

AND 

CELL 

NAME 

AN210W 

AN220W 

AN240W 

AN260W 

AN31 OW 

AN320W 

AN340W 

AN360W 

AN41 OW 

AN420W 

AN440W 

AN460W 

AN510W 

AN810W 

NO. 

OF 

INPUTS 

2 

2 

2 

2 

3 

3 

3 

3 

4 

4 

4 

4 

5 

8 

PROOUCTIO. DATA d .. u_, ..... Ii. inf ..... ,i •• 
cun .. , ••• , .... ic_ d .... P,ad_ con"'" to 
IpecificatiDu ,... '.1 t.r .... If Teul IlIltr ...... 

=:~~i~·:.::li =~ :r::-.:::.- nat 

LIBRARY SUMMARY 
1-f.lm CMOS STANDARD CELLS 

AND GATES 

EaUIV 

NA210 

OUTPUT NAND 

DRIVE GATES 

1X 1.5 

2X 1.75 

4X 2.25 

6X 3 

1X 1.75 

2X 2 

4X 2.5 

6X 3.5 

1X 2 

2X 2.25 

4X 2.75 

6X 4 

1X 2.5 

1X 3.25 

TEXAS ..If 
INSTRUMENTS 

03030, APRIL 1989 

SWITCHING CHARACTERISTICS 

CL = 0 
DELAY TIME DELTA DELAY 

tpLH tpHL atpLH atpHL 
(ns) (ns) (ns/pF) (ns/pF) 

TYP 0.46 0.54 1.12 0.59 

MAX 0.86 1 2.16 1.08 

TYP 0.55 0.59 0.55 0.35 

MAX 1.03 1.13 0.06 0.64 

TYP 0.72 0.75 0.28 0.22 

MAX 1.34 1.44 0.58 0.46 

TYP 0.56 0.6 0.22 0.16 

MAX 1.07 1.11 0.4 0.32 

TYP 0.58 0.63 1.08 0.59 

MAX 1.18 1.2 2.1 1.1 

TYP 0.69 0.7 0.54 0.34 

MAX 1.4 1.33 1.06 0.7 

TYP 0.86 0.84 0.3 0.26 

MAX 1.78 1.78 0.64 0.52 

TYP 0.7 0.68 0.22 0.15 

MAX 1.39 1.35 0.44 0.32 

TYP 0.71 0.68 1.12 0.62 

MAX 1.53 1.36 2.18 1.14 

TYP 0.81 0.74 0.58 0.37 

MAX 1.75 1.54 1.16 0.7 

TYP 1.01 0.89 0.34 0.26 

MAX 2.27 1.95 0.68 0.52 

TYP 0.85 0.75 0.24 0.19 

MAX 1.82 1.54 0.46 0.4 

TYP 0.67 0.57 1.74 0.57 

MAX 1.37 1.18 3.52 0.94 

TYP 0.78 0.63 2.1 0.6 

MAX 1.68 1.38 4.23 1.14 

Copyright C) 1988. Texas Instruments Incorporated 
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LIBRARY SUMMARY 
1-f.,lm CMQSSTANDARD C~LLS 

03030. APRIL 1989 

TSC500 
SEAlES 

AND-NOR, AND .. ()R, ARITHMETIC fUNCTIONS, AND COMPARATORS 

FUNCTION SWITCHING CHARACTERISTICS 

EQUIV . . Cr;" 0 

NO. NA2i0 DELAY TIME DELTA DELAY 

G~TES CELL OF OUTPUT NAND tpLH ·tpHL AtplH AtpHL 
HARDWIRED NAME INPUTS DRIVE GATES (os) (ns) (n~/pF) (ns/pF) 
AND-OR A0220W 4 2X 2 TYP 0.51 0;88 1.1 0.79 

Y == (A'B) + (C'D) MAX 1.03 1.93 2.14 1.46 
AND-NOR A0221W 4 2X 1.7p TYP 0.43 0.36 2.03 0.91 

Y = (A'B)+(C'D) MAX 1.05 0.66 4.22 1.82 

A023QW J 6 X 2.75 TYP 0.56 1.31 1.11 0.91 

Y = (A1'A2)+(B1'B2)+(C1'C2) MAX 1.22 3.64 2.18 1.73 

A0250W I 9 I X 4 TYP 0.S3 1.31 1.28 1.04 

AND-OR 
Y = (A1'A2)+(B1'B2)+(C1'C2)+(D1'D2)+E1 MAX 1.38 3.82 2.47 2.15 

A0320WI 6 I X 2.5 TYP 0.68 1.06 1.1 0.8S 
Y = (A1·A2·A3)+(B1·B2·B3) MAX 1.43 2.61 2.15 1.56 

A0420W J 8 .1 X 3.25 TYP 0.91 1.22 1.13 0.86 

Y = (A1'A2'A3'A4)+(B1'B2'B3'B4) MAX 2.05 3.11 2.26 1.67 
AND-NOR A0421W 8 X 3.5 TYP 1.26 1.1 1.1 0.73 

Y = (A 1'A2'A3'A4) + (61'B2·B3·64) MAX 3.16 2.46 2.11 1.32 

FUNCTION SWITCHING CHARACTERISTICS 

EQUIV CL= 0 

ARITHMETIC WIDTH tiA2i0 DELAY TIME DELTA DELAY 

OPERATORS MACRO OR OUTPUT ~AND tpLH tpHl AtpLH AtpHL 

SOFTWARE NAME SIZE DRIVE GATES (ns) (ns) (ns/pF) (ns/pF) 
MAGNITUDE S085W 4-BIT~ 2X 50 TYP 4.6 5.6 0.52 0.42 . 

COMPARATOR MAX 7.4 8.6 1 0.62 

ALLi WITH S181W 4-BITS 1X 89 TYP 5.S 4.6 1.88 1.64 
LOOK-AHEAD MAX 10·3 10 3.64 3.46 
ODD-EVEN S280W 9-BITS 2X 54 TYP 4.8 4.8 0.52 0.42 

PARITY MAX 8.7 9.2 1 0.62 

BINARY FULL S283W 4-BIT8 2X 66.25 TYP 3 3.1 0.52 0.6 
ADDER MAX 5.5 6.2 1.04 1.24 
MAGNITUDE· S686W 8-BITS 2X 75.25 TYP 2.6 2.9 0.98 0.78 

COMPARATOR MAX 5.6 7.6 2.04 1.62 

IDENTITY S688W 8eBITS 2X 28.25 TYP 2.4 2.5 0.68 0.78 
COMPARATOR MAX 3.9 4.8 1.34 1.62 

'ROOUCTION DATA ~''''''II .. IIIIi. i.' .. IOItI.. ." 
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TSC500 
SERIES 

LIBRARY SUMMARY 
1-r-tm CMOS STANDARD CELLS 

03030. APRIL 1989 

MULTISTAGE-GATE BOOLEAN FUNCTIONS (AND-NOR) 

FUNCTION 

EQUIV 

MULTISTAGE NO. NA21 0 

GATES CELL OF OUTPUT NAND 

HARDWIRED NAME INPUTS DRIVE GATES 

BF001W 3 1X 1.5 

Y = Al+(Bl'B2) 

BF002W 4 lX 1.5 

Y = A1+(Bl·B2·B3) 

BF004W 5 1X 1.75 

Y = (A1'A2j+(B1'B2'B3) 

BF005W 6 1X 2 

Y = (A1·A2·A3)+(B1·B2·B3) 

BF006W 4.1 1X 1.75 

Y = A1+A2+(B1'B2) 

BF007W 5 1X 1.75 

Y = A1+A2+(B1'B2'B3) 

AND-NOR 
BF008W 5 1X 2 

Y = A1+(B1'B2)+(C1'C2) 

BF009W 6 1X 2 

Y = A1+(B1·B2)+(Cl·C2·C3) 

BF010W 7 1X 2.25 

Y = A1+(B1·B2·B3)+(C1·C2·C3) 

BF011W 6 1X 2.5 

Y = (A1'A2)+(B1'B2)+(C1'C2) 

BF012W 7 1X 2.5 

Y = (A1·A2)+(B1·B2)+(C1·C2·C3) 

BF013W 8 lX 2.5 

Y = (A1·A2)+(B1·B2·B3)+(C1·C2·C3) 

BF014W 9 1X 2.75 

Y = (A1'A2'A3)+(B1'B2'B3)+(C1'C2'C3) 

PRODUCTION DATA ....... nto ••• I.in in!ormotlon 
eM,,..t I. If pabiicltian dlt •. Products COII'.'III to 
.plCificati ••• p. the tlf'lU If T.xu II.trlmentl 
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SWITCHING CHARACTERISTICS 

CL =0 
DELAY TIME DELTA DELAY 

tpLH tpHL ~tpLH ~tpHL 

(os) (os) (os/pF) (os/pF) 

TYP 0.41 0.36 2.1 0.92 

MAX 0.97 0.58 4.26 1.82 

TYP 0.44 0.41 2.11 1.25 

MAX 1.24 0.75 4.22 2.56 

TYP 0.52 0.45 2.11 1.25 

MAX 1.29 0.82 4.26 2.58 

TYP 0.64 0.5 2.09 2.6 

MAX 1.51 0.93 4.24 1.24 

TYP 0.68 0.39 3.1 0.93 

MAX 1.67 0.63 6.34 1.86 

TYP 0.77 0.45 3.09 1.28 

MAX 2.09 0.86 6.34 2.64 

TYP 0.88 0.43 3.12 0.94 

MAX 2.16 0.7 6.36 1.88 

TYP 0.99 0.51 3.11 1.28 

MAX 2.54 0.99 6.36 2.64 

TYP 1.01 0.48 3.1 1.31 

MAX 2.61 0.93 6.34 2.7 

TYP 0.98 0.45 3.09 0.96 

MAX 2.36 0.73 6.36 1.9 

TYP 1.08 0.53 3.12 1.25 

MAX 2.79 1.01 6.36 2.58 

TYP 1.24 0.54 3.11 1.32 

MAX 3.12 1.05 6.34 2.7 

TYP 1.47 0.62 3.11 1.31 

MAX 3.66 1.2 6.34 2.7 
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LIBRARY SUMMARY 
1-J..lm CMOS STANDARD CELLS 

03030. APRIL 1989 

TSC500 
SERIES 

MULTISTAGE-GATE BOOLEAN FUNCTIONS 
(OR-AND-NOR, AND-OR-AND-NOR) . 

FUNCTION 
EQUIV 

MULTISTAGE NO. NA210 

GATES CELL OF OUTPUT NAND 

HARDWIRED NAME INPUTS DRIVE GATES 

BF015LJ 4 lX 1.75 

Y = Al +[Bl·(CHC2)] 

BF016LJ 5 lX 2 

Y = Al +[(Bl +B2)·(Cl +C2)) 

BF017LJ 5 lX 1.75 

Y = A1+[B1·B2·(CHC2)] 
BF020LJ 5 lX 2 

OR-AND-NOR 
Y = (Al·A2)+[Bl·(Cl+C2)) 

BF022LJ 6 lX 2 

Y = (Al·A2)+[Bl·B2·(CHC2)) 

BF025LJ 6 lX 2.25 

Y = (Al·A2)·A3+[Bl·(CHC2)) 

BF027LJ 7 lX 2.25 

Y = (Al·A2·A3)+[Bl·B2·(Cl+C2)) 

BF028LJ 8 lX 2.75 

Y = (Al·A2·A3)+[Bl·(CHC2)·(DHD2)) 

BF030LJ 5 lX 2 

Y = Al +{Bl·[CH(Dl·D2)]} 

AND-OR-AND- BF034LJ 6 lX 2.25 
NOR Y = (Al·A2)+{B1·[CH(Dl·D2))J 

BF035LJ 7 lX 2.25 

Y = (Al·A2)+{Bl·[(Cl·C2)+(Dl·D2)]) 

PRDDUCTIDI DATA d ...... ntl .onllin Info.mltio. 
currl.t I •• f pa •• i'lti.R dltl. Products confarm to 
.pecific.tio.s per the; t,rlltl of re.,. Jlllfr.me.ts 

::=:=i~·t::I~~i ~~:~ti:; l!r:::::~::,~ nat 
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INSTRUMENTS 

SWITCHING CHARACTERISTICS 

CL = 0 
DELAY TIME DELTA DELAY 

tpLH tpHL AtpLH AtpHL 
(ns) (ns) (ns/pF) (ns/pF) 

TYP 0.72 0.36 3.1 0.93 

MAX 1.67 0.62 6.34 1.84 

TYP 0.95 0.4 3.13 0.93 

MAX 2.16 0.69 6.36 1.9 

TYP 0.88 0.44 3.11 1.25 

MAX 2.04 0.87 6.34 2.62 

TYP 0.78 0.38 3.11 0.94 

MAX 1.8 0.65 6.32 1.86 

TYP 0.97 0.47 3.09 1.28 

MAX 2.23 0.93 6.34 2.64 

TYP 0.86 0.42 3.08 1.24 

MAX 1.97 0.7 6.36 2.56 

TYP 0.88 0.62 2.33 . 1.18 

MAX 1.99 1.32 4.76 2.46 

TYP 1.03 0.61 2.39 1.03 

MAX 2.36 1.24 4.86 2.38 
TYP 0.87 0.45 3.04 1.26 

MAX 2.05 0.85 6.22 2.6 

TYP 0.76 0.51 2.58 1.25 

MAX 1.74 1.02 5.26 2.56 

TYP 0.79 0.62 2.02 1.25 
I 

MAX 1.83 1.23 4.14 2.58 

Copyright ~ 1989, Texas Instruments Incorporated 
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TSC500 
SERIES 

LIBRARY SUMMARY 
1-f.1m CMOS STANDARD CELLS 

03030. APRIL 1989 

MULTISTAGE-GATE BOOLEAN FUNCTIONS (OR-NAND) 

FUNCTION 

EaUIV 

MULTISTAGE NO. NA210 

GATES CELL OF OUTPUT NAND 

HARDWIRED NAME INPUTS DRIVE GATES 

BF051W 3 1X 1.5 

Y = A1'(B1 +B2) 

BF052W 4 1X 1.5 

Y = A1·(B1 +B2+B3) 

BF053W 4 1X 1.75 

Y = (A1+A2)'(B1+B2) 

BF054W 5 1X 1.75 

Y = (A1 +A2)·(B1 +B2+B3) 

BF055W 6 1X 2 

Y = (A1 +A2+A3)'(B1 +B2+B3) 

BF056W 4 1X 1.75 

Y = A1·A2·(BHB2) 

OR-NAND 
BF057W 5 1X 1.75 

Y = A1'A2'(B1+B2+B3) 

BF058W 5 1X 2 

Y = A1·(B1 +B2)'(C1 +C2) 

BF059W 6 1X 2.25 

Y = A1'(B1 +B2)'(C1 +C2+C3) 

BF060W 7 1X 2.25 

Y = A1'(B1 +B2+B3)'(C1 +C2+C3) 

BF062W 7 1X 2.5 

Y = (A1 +A2)'(B1 +B2)'(C1 +C2+C3) 

BF063W 8 1X 2.5 

Y = (A1 +A2)·(B1 +B2+B3)'(C1 +C2+C3) 

BF064W 9 1X 2.75 

Y = (A1 +A2+A3)'(B1 +B2+B3)·(C1 +C2+C3) 

PROOUCTIO. DATA d ...... nta •• ntain i.lormlti •• 
current I. Df public.tian dlte. Preducts c •• tlnn to 
lpICifieltiDnl per the ,.,11. of T .... Inltrumentl 

::=~~i;·i~:::Je ~!.O:i~~ti:r :'~-=mn:..r:1 nat TEXAS ..If 
INSTRUMENTS 

SWITCHING CHARACTERISTICS 

CL = 0 
DELAY TIME DELTA DELAY 

tpLH tpHL AtpLH AtpHL 
(ns) (ns) (ns/pF) (ns/pF) 

TVP 0.46 0.38 2.08 0.91 

MAX 0.97 0.57 4.21 1.79 

TVP 0.65 0.41 3.08 0.92 

MAX 1.62 0.62 6.32 1.83 

TVP 0.52 0.42 2.11 0.91 

MAX 1.09 0.68 4.24 1.8 

TVP 0.74 0.45 3.09 0.92 

MAX 1.81 0.74 6.31 1.84 

TVP 0.82 0.47 3.13 0.93 

MAX 1.98 0.83 6.39 1.87 

TVP 0.59 0.38 2.09 1.24 

MAX 1.28 0.79 4.23 2.55 

TVP 0.85 0.42 3.09 1.26 

MAX 2.12 0.91 6.32 2.6 

TVP 0.67 0.48 2.11 1.24 

MAX 1.43 1.02 4.25 2.56 

TVP 0.78 0.52 3.12 1.25 

MAX 1.87 1.08 6.37 2.6 

TVP 1.01 0.57 3.13 1.27 

MAX 2.45 1.21 6.36 2.63 

TVP 0.92 0.62 3.13 1.25 

MAX 2.11 1.32 6.39 2.59 

TVP 1.13 0.68 3.14 1.26 

MAX 2.69 1.46 6.38 2.63 

TVP 1.22 0.76 3.16 1.28 

MAX 2.85 1.66 6.38 2.65 

Copyright @ 1989, Texas Instruments Incorporated 
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LIBRARY SUMMARY 
1-f..lm CMOS STANDARD CELLS 

03030, APRIL 1989 

TSC500 
SERIES 

MULTISTAGE-GATE BOOLEAN FUNCTIONS 
(AND-OR-NAND, OR-AND-OR-NAND) 

FUNCTION 

EQUIV 

MULTISTAGE NO. NA210 

GATES CELL OF OUTPUT NAND 

HARDWIRED NAME INPUTS DRIVE GATES 

BF065LJ 4 1X 1.75 

Y = A1'[BH(C1'C2)] 

BF066LJ 5 1X 2 

Y = A1'[(B1'B2)+(C1'C2)] 

BF067LJ 5 1X 1.75 

Y = A1'[B1+B2+(C1'C2)] 

BF068LJ 6 1X 2.25 

Y = Al·[Bl·(C1·C2)+(D1·D2)] 

AND-OR- BF069LJ 7 1X 2.5 
NAND Y = Al·[(B1·B2)+(Cl·C2)+(D1·D2)] 

BF070LJ 5 1X 2 

Y = (AHA2)'[BH(Cl'C2)] 

BF071LJ 6 1X 2.25 

Y = (AHA2)'[(B1'B2)+(Cl'C2)] 

BF072LJ 6 1X 2 

Y = (A1 +A2)·[Bl +B2+(C1'C2)] 

BF075LJ 6 1X 2 

Y = (AHA2+A3)'[B1+(C1'C2)] 

BF080LJ 5 1X 2 

Y = A1·{B1 +[C1'(D1 +D2>H 

BF081LJ 6 lX 2.25 

OR-AND-OR- Y = A1'{Bl+[(C1'C2)'(D1+D2>H 
NAND BF082LJ 6 1X 2.25 

Y = A1'{(B1'B2)+[Cl'(Dl+D2)]J 

BF088LJ 7 lX 2.5 

Y = (A1 +A2+A3)'{B1 + [C1'(D1 +D2>H 

PRDDUCTIDI DATA d ...... nt. "'llin i.I.,meli •• 
currlnt I. of p .... liation ..... Pmleta Cal'O,.II to 
.pecit.CltioRI per the tl,.l. af T •••• I •• tr •• entl 

::=:~~i~'i'::I~7i ~:~:~ti:r :'-:'-::::'- not TEXAS " INSTRUMENTS 

SWITCHING CHARACTERISTICS 

CL = 0 
DELAY TIME DELTA DELAY 

tpLH tpHL AtpLH AtPHL 
(n8) (n8) (n8/pF) (ns/pF) 

TVP 0.56 0.42 2.07 1.25 

MAX 1.31 0.78 4.21 1.56 

TVP 0.72 0.51 2.1 1.25 

MAX 1.65 0.97 4.23 2.57 

TVP 0.84 0.45 3.11 1.27 

MAX 2.07 0.85 6.34 2.62 

TVP 0.93 0.48 3.11 1.29 

MAX 2.23 0.91 6.33 2.69 

TVP 1.17 0.65 3.11 1.3 

MAX 2.78 1.18 6.35 2.67 

TVP 0.6 0.49 2.12 1.24 

MAX 1.44 0.89 4.25 2.57 

TVP 0.74 0.57 2.12 1.25 

MAX 1.71 1.1 4.27 2.56 

TVP 1 0.45 3.08 1.03 

MAX 2.45 0.79 6.28 2.13 

TVP 0.99 0.39 3.04 0.96 

MAX 2.45 0.65 6.22 1.93 

TVP 0.78 0.46 3.09 1.21 

MAX 1.8 0.86 6.29 2.52 

TVP 1.07 0.45 3.05 1.09 

MAX 2.49 0.85 6.23 2.25 

TVP 0.9 0.54 2.54 1.25 

MAX 2.04 1.15 5.17 2.59 

TVP 1.27 0.47 3.16 0.92 

MAX 2.97 0.86 6.47 2.19 

Copyright @ 1989. Texas Instruments Incorporated 
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TSC500 
SERIES 

LIBRARY SUMMARY 
1-,...m CMOS STANDARD CELLS 

03030. APRIL 1989 

BUFFERS AND BUS INTERFACE 

FUNCTION 

MACRO 

BUFFERS/ OR NO. 

BUS CELL OF 

INTERFACE NAME INPUTS 

BU110W 1 

BU111W 1 

BU112W 1 

TOTEM-POLE BU113W 1 
OUTPUTS 
(HAROWIRED) 

BU114W 1 

BU120W 1 

BU130W 1 

BU221W 2 

BU222W 2 
3-STATE 
OUTPUTS 
(HARDWIRED) BU261W 2 

BU262W 2 

3-STATE S244W 2x4 

OUTPUTS BITS 

(SOFTWARE) 2 EN 

3-STATE S245W 2x4 

OUTPUTS BITS 

(SOFTWARE) 2EN 

PROOUCTIOI oarA dacuma.ta.o.tli. i.form>tio. 
current II af public.tioll d"I. Products conform 10 
,plCificltianl per the lenni .f TI.IS IRstr.IMnts 
Itlndlnt wlrrant,. Praductian pt:ocillini dan nat 
necl'llrily includa ,nting of III plr~met.n. 

SWITCHING CHARACTERISTICS 

EaUIV CL = 0 

NA210 DELAY TIME DELTA DELAY 

OUTPUT NAND tpLH tpHL AtpLH AtpHL 
DRIVE GATES (ns) (ns) (ns/pF) (ns/pF) 

1X 2 TYP 2.4 3.89 1.2 1.32 

MAX 4.4 8 2.4 2.58 

1X 2.5 TYP 4.74 4.65 1.16 1.48 

MAX 9.16 9.21 2.28 2.9 

1X 2 TYP 1.6 2.04 1.16 1.32 

MAX 2.91 4.03 2.28 2.5 

1X 3.25 TYP 4.77 5.17 0.54 0.4 

MAX 8.62 9.34 1.05 0.73 

1X 3.25 TYP 8.11 8.29 0.54 0.4 

MAX 14.48 14.39 1 0.74 

2X 1.25 TYP 0.39 0.55 0.54 0.32 

MAX 0.72 0.97 1.04 0.6 

3X 1.75 TYP 0.49 0.62 0.34 0.25 

MAX 0.82 1.13 0.7 0.48 

2X 2.5 TYP 0.61 0.62 1.04 0.47 

MAX 1.25 1.15 2.09 0.92 

2X 2.5 TYP 0.62 0.61 1.04 0.46 

MAX 1.28 1.12 2.08 0.91 

6X 3.75 TYP 0.55 0.74 0.22 0.2 

MAX 0.99 1.41 0.45 0.43 

6X 3.75 TYP 0.55 0.73 0.22 0.2 

MAX 0.99 1.41 0.45 0.43 

1X 18 TYP 0.8 0.8 2.08 1.22 

MAX 1.4 1.4 4.16 2.42 

1X 36 TYP 0.9 0.9 2.08 1.22 

MAX 1.6 1.5 4.16 2.42 

TEXAS ~ 
INSTRUMENTS 

Copyright @ 1989. Texas Instruments Incorporated 
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LIBRARY SUMMARY 
1-fJm CMOS STANDARD CELLS 

D3030, APRIL 1989 

TSC500 
SERIES 

CLOCK GENERATOR AND COUNTERS 

FUNCTION SWITCHING CHARACTERISTICS 

EQUIV CL = 0 (See Note 1) 

CLOCK NA210 DELAY TIME DELTA DELAY 

GENERATOR CELL OUTPUT NAND tpLH tpHL AtpLH AtpHL 
HARDWIRED NAME DRIVE GATES (ns) (ns) (ns/pF) (ns/pF) 

TWO·PHASE 
CK120W 1X 

TYP 5.99 1.01 2.04 0.86 

NON·OVERLAP 
5 

MAX 13.61 2.46 4.58 2.11 

FUNCTION SWITCHING CHARACTERISTICS 

EQUIV CL == 0 (See Note 1) 

BINARY TYPE NA210 DELAY TIME DELTA DELAY 

COUNTERS MACRO OF OUTPUT NAND tpLH tPHL AtpLH AtpHL 
SOFTWARE NAME CLEAR DRIVE GATES (n8) (n8) (n8/pF) (n8/pF) 

4·BIT BINARY S161AW ASYNCH 1X 63 TYP 3.7 3.7 1.12 0.76 

(LOW) MAX 7.4 7 2.12 1.4 

4·BIT BINARY S163AW SYNCH 1X 65.25 TYP 3.7 3.7 1.12 0.76 

(LOW) MAX 7.4 7 2.12 1.4 

4·BIT RIPPLE S177W ASYNCH 1X 47.5 TYP 6.6 6 0.56 0.36 

BINARY (LOW) MAX 14.1 12.8 1.1 0.7 

4-BIT UP/DOWN S191W NONE 1X 80.5 TYP 4.9 3.7 1.54 1.32 

BINARY (USE MAX 9.4 7.1 3 2.74 

LOAD) 

4·BIT UP/DOWN S193W ASYNCH 1X 73 TYP 4.2 3.5 0.56 0.38 

BINARY (HIGH) MAX 8.7 7.1 1.14 0.74 

DUAL4·BIT S393W ASYNCH 1X 50 TYP 4.8 4.5 0.46 0.46 

RIPPLE BINARY (HIGH) MAX 8.6 9.8 0.88 0.88 

8·BIT BINARY S590W ASYNCH 1X 130 TYP 3 4 2.14 1.33 

3·STATE (LOW) MAX 5.6 7.6 4.27 2.54 

8·BIT BINARY S593XW ASYNCH 1X 179 TYP 3.4 3.9 2.08 1.22 

3·STATE (LOW) MAX 6.3 7.3 4.16 2.42 

4·BIT UP/DOWN S669W NONE 1X 69 TYP 2.7 4.5 1.12 0.76 

BINARY (USE MAX 5.4 9.4 2.12 1.4 

LOAD) 

NOTE 1: Specific timing data regarding pulse duration, setup time, and hold time models are incorporated in 
the engineering workstation library. 

5·10 

PRODUCTIDI DATA d •• ame.ts ••••• i. inf.rm •• io. 
currlnt I' af public.tioA dltl. Pradactl c •• f.r. to 
specifications per til. terllli of TIXH Intrumlnts 

::~~:=i~'i:I~7i ~:i:r :.r;::.::.::.s not 
TEXAS ." 

INSTRUMENTS 
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TSC500 
SERIES 

LIBRARY SUMMARY 
1-l.lm CMOS STANDARD CELLS 

03030. APRIL 1989 

DECODERS, DEMULTIPLEXERS, AND PROGRAMMABLE DELAYS 

FUNCTION 

MACRO 

DECODERS/ OR 

DEMULTI- CELL 

PLEXERS NAME SIZE 

HARDWIRED DE210W 2-to-4 

HARDWIRED DE212W 2-to-4 

3-ENABLES S137W 3-to-8 

(SOFTWARE) 

3-ENABLES S138W 3-to-8 

(SOFTWARE) 

1-ENABLE S139W DUAL 

(SOFTWARE) 2-to-4, 

1-ENABLE S155W DUAL 

(SOFTWARE) 2-to-4 

'RooueTIO. DATA ..... _I1 ••• '.i. i., .... ,i •• 
currlnt u af p.~licltion ...... Pradueta cI.f.nn .tl 
.pecifiationa per thl 'InIIl .f TIIU Inlt,. .... 11 

:::=~~.::~:t; ~=:~i:r m::::::.::.s not 

EQUIV 

NA210 

OUTPUT NAND 

DRIVE GATES 

1X 4 

1X 4 

1X 40.25 

1X 29.5 

1X 24 

1X 23.75 

TEXAS ." 
INSTRUMENTS 

SWITCHING CHARACTERISTICS 

CL = 0 
DELAY TIME DELTA DELAY 

tpLH tpHL AtpLH AtpHL 
(ns) (ns) (ns/pF) (ns/pF) 

TYP 0.41 0.46 1.08 0.94 

MAX 1.03 1.15 2.42 1.98 

TYP 0.45 0.52 1.22 1.31 

MAX 1.05 1.34 2.82 2.78 

TYP 2.9 4.9 0.68 0.78 

MAX 5.9 9.9 1.34 1.62 

TYP 1.6 2.3 0.68 0.78 

MAX 3.2 5 1.34 1.62 

TYP 1.7 1.7 0.58 0.62 

MAX 2.9 2.8 1.14 1.28 

TYP 1.1 1.5 0.58 0.62 

MAX 2.5 3.3 1.14 1.28 

Copyright @ 1989. Texas Instruments Incorporated 
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LIBRARY SUMMARV 
1-~m CMOS STANDARD CELLS 

D3030. APRIL 1989 

D· TYPE FLlP·FLOPS 

TSC500 
SERIES 

FUNCTION SWITCHING CHARACTERISTICS 

D·TYPE 

FLlp·FLOPS 

HARDWIRED CELL OUTPUT 

(fclock) NAME DRIVE 

130 MHz DFB20W 2X 

WITH CLRZ 

AND PREZ 

155 MHz DFC20W 2X 

WITH CLRZ 

165 MHz DFN20LJ 2X 

140 MHz DFP20W 2X 

WITH PREZ 

170 MHz DTB10W 1X 

WITH CLRZ 

AND PREZ 

150 MHz DTC10W 1X 

WITH CLRZ 

165 MHz DTN10W 1X 

165 MHz DTP10W 1X 

WITH PREZ 

PRODUCTION DATA d ...... nts •• ntlin inform.tio. 
current ••• f p~blic.tibn dl'l. Pr .... ctl confarm to 
.pecific.tiDnl per th. terms of TI.,I Instrum •• ts 
stlnlllni wlrr'lIty. Production praclUing da .. nat 
n8C'~I.til! incilld. tilting of. ell parameters. 

EaUIV 
DELAY TIME 

NA210 

NAND tPLtJ tpHL 
GATES (ns) (ns) 

7.25 TYP 1.92 _1.33 

MAX 4.19 2.83 

6.75 TYP 1.86 1.26 

MAX 3.99 2.65 

5.75 TYP 1.54 1.12 

MAX 3.25 2.31 

6.5 TYP 1.8 1.2 

MAX 3.91 2.62 

6.25 TYP 1.64 1.55 

MAX 3.53 3.12 

5.5 TYP 1.26 1.54 

MAX 2.49 3.12 

5.25 TYP 1.43 1.37 

MAX 2.86 2.71 

5.5 TYP 1.48 1.42 

MAX 2.96 2.79 

TEXAS .., 
INSTRUMENTS 

CL = 0 
SETUP HOLD 

DELTA DELAY 
(MI~) (MIN) 

atpLH atpHL ts!.!' th 
(ns/pF) (ns/pF) (ns) (ns) 

0.54 0.36 2 0.5 

1.1 0.7 

0.52 0.36 2 0.25 

1.06 0.72 

0.54 0.36 2 0.5 

1.04 0.68 

0.54 0.38 2 0.75 

1.08 0.66 

1.14 1.38 2 0 

2.3 2.54 

1.32 1.32 2 0.25 

2.56 2.36 

1.12 1.34 2 0.25 

2.18 2.44 

1.22 1.36 2 0.25 

2.34 2.48 

Copyrig~t @ 1989,' Texas Instruments Incorporated 
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TSC500 
SERIES 

FUNCTION 

D-TYPE 

FLIP-FLOPS 

SOFTWARE 

(fclock) 
4-BIT 3-STATE 

WITH CLRZ 

6-BIT WITH CLRZ 

4-BIT CaMP OUT 

WITH CLRZ 

8-BIT WITH CLRZ 

8-BIT WITH 3-STATE 

CELL 

NAME 

S173W 

S174W 

S175W 

S273W 

S374W 

LIBRARY SUMMARY 
1-f.lm CMOS STANDARD CELLS 

03030, APRIL 1989 

D-TYPE FLIP-FLOPS 

SWITCHING CHARACTERISTICS 

EQUIV CL = 0 (See Note 1) 

NA210 DELAY TIME DELTA DELAY 

OUTPUT NAND tpLH tpHL ~tpLH ~tpHL 
DRIVE GATES (ns) (ns) (ns/pF) (ns/pF) 

lX 48 TYP 2.3 2.4 1.02 0.64 

MAX 4.5 4.6 2.08 1.2 

lX 45 TYP 2.9 2.1 0.52 0.36 

MAX 5.5 3.9 1.06 0.72 

lX 25.75 TYP 1.8 1.8 1.12 0.76 

MAX 3.5 3.5 2.12 1.4 

lX 43.25 TYP 1.4 1.6 1.06 0.78 

MAX 2.9 3.3 2.04 1.4 

lX 51.5 TYP 1.6 1.7 2.2 1.38 

MAX 3.2 3.6 4.51 2.88 

NOTE1: Specific timing data regarding pulse duration, setup time, and hold time models are incorporated in 
the engineering workstation library. 

PROOUCTIOI DATA dlcumnlleanllin info, .. lIio. 
currlnt II of pa •• ielti •• dl". Praductl collfer ... to 
.pecifications PI' thl t.rms of T I." II.tru .... .. 

::'~~:~~i~'i':::::li ~!:~:~ti:; :'~-=::£::'I nat 
TEXAS ." 

INSTRUMENTS 
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LIBRARY SUMMARY 
1-",m CMOS STANDARD CELLS 

D3030, APRIL 1989 

TSC500 
SERIES 

EXCLUSIVE-NOR, EXCLUSIVE-OR, AND FIRST-IN FIRST-OUT MEMORIES 

FUNCTION SWITCHING CHARACTERISTICS 

EQUIV CL = 0 
NO. NA210 DELAY TIME DELTA DELAY 

GATES CELL OF OUTPUT NAND tpLH tpHL ~tpLH ~tpHL 

HARDWIRED NAME INPUTS DRIVE GATES (ns) (ns) (ns/pF) (ns/pF) 

EX-NOR GATE EN210LJ 2 1X 2.25 TYP 0.47 0.32 1.96 0.91 

MAX 0.98 0.59 3.97 1.77 

EX210LJ 2 1X 1.75 TYP 0.44 0.54 1.09 0.88 

MAX 0.79 1.19 2.12 1.68 

EX-OR EX220LJ 2 2X 2 TYP 0.51 0.52 0.52 0.6 

MAX 0.93 1.17 1.04 1.24 

EX240LJ 2 4X 2.5 TYP 0.64 0.63 0.28 0.4 

MAX 1.21 1.38 0.58 0.9 

FUNCTION CHARACTERISTICS 

FIRST·IN FIRST·OUT EQUIV DATA RATES FLAG TIMES (CL = 1 pF) 

MEMORIES WITH NA210 WRITE READ TO 

3·STATE OUTPUTSt CELL OUTPUT NAND READ WRITE TO FULL EMPTY 

HARDWIRED NAME DRIVE GATES (MHz) (MHz) (ns) (ns) 

32-WORD BY 9-BITS FI503LJ 1X 3896 TYP 9.18 8.36 

45 40 MAX 19.56 17.47 

64-WORD BY 9-BITS FI603LJ 1X 6996 TYP 11.29 9.55 

45 40 MAX 23.78 20.03 

128-WORD BY 9-BITS FI703LJ 1X 12125 TYP 10.69 10.04 

40 39 MAX 22.35 21.06 

t The above memories have the following status indicators: 
FULL, ALMOST-FULL, HALF-FULL, ALMOST-EMPTY, AND EMPTY. 

PRODUCTION DATA ......... I •••• I.i. infor ... lion 
eumnt I. of putt.ieltian d"l. Products canfDnll ta 
lpecificatlons per tire term. of T.ln IRltrullllflt. TEXAS ~ 

INSTRUMENTS 

Copyright @ 1989, Texas Instruments Incorporated 
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TSC500 
SERIES 

FUNCTION 

INPUT BUFFERS 

NON·INVERTINGt 

HARDWIRED 

WITH HYSTERESIS 

CLOCK DRIVER 

CELL 

NAME 

IPI01LJ 

IPI04W 

IPI07W 

IPI09W 

IPll1W 

IPI14W 

LIBRARY SUMMARY 
1-f.1m CMOS STANDARD CELLS 

D3030, APRIL 1989 

INPUT BUFFERS 

SWITCHING CHARACTERISTICS 

EQUIV CL = 0 
INPUT NA210 DELAY TIME DELTA DELAY 

THRESHOLD NAND tpLH tpHL dtPLH dtpHL 

(V) GATES (n5) (n5) (n5/pF) (n5/pF) 

2.5 TYP 55 TYP 0.9 0.63 0.18 0.12 

(CMOS) MAX 1.42 1.13 0.29 0.26 

1.3 TYP 55 TYP 1.41 1.16 0.18 0.24 

(TTL) MAX 2.14 2.96 0.32 0.53 

0.9/3.85 56 TYP 1.62 2.06 0.2 0.19 

(CMOS) MAX 2.18 3.13 0.36 0.35 

0.8/2 56 TYP 1.29 1.77 0.18 0.25 

(TTL) MAX 1.88 4.79 0.31 0.58 

2.5 TYP 65 TYP 1.55 1.45 0.15 0.19 

(CMOS) MAX 2.49 2.52 0.33 0.32 

1.3 TYP 65 TYP 2.39 2.21 0.19 0.12 

(TTL) MAX 4.49 4.44 0.32 0.26 

t Use active terminator cell(s) to eliminate floating input(s). 

PRODUCTIOI DATA doc.ml.I1 ... ,"i. informl,io. 
eurr.' II at publiclti.1 dl". Products conform ta 
specificatianl PII' the tllllli of Tlx •• Illtrumenll 

=:~~;.[::~'i ~:,~::i:; :,~,:~~,,'!":I not 
TEXAS ." 

INSTRUMENTS 
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LIBRARY SUMMARY 
1-r,.tm CMOS STANDARD CELLS 

03030, APRIL 1989 

TSC500 
SERIES 

1/8-SPEED BIDIRECTIONAL INPUTS/OUTPUTS 

FUNCTION OUTPUT SWITCHING 

I/O OUTPUT CHARACTERISTICSt CL = 15 pF 

3-STATE CURRENT INPUT 

BIPIRECTIONAL* CELL Sink/Source THRESHOLD 

HARDWIRED NAME (mA) M 
IOHA1W 16/16 2.5 TYP 

(CMOS) MAX 

IOHB1W 24/16 2.5 TYP 

(CMOS) MAX 

IOHE1LJ 48/16 2.5 TYP 

(CMOS) MAX 

IOHG1W 64/16 2.5 TYP 
1I8-SPEED CMOS/ (CMOS) MAX 
TIL OUTPUT WITH 

IOH01W 10/10 2.5 TYP CMOS INPUT 
(CMOS) MAX 

IOH21W 2/2 2.5 TYP 

(CMOS) MAX 

IOH41W 4/4 2.5 TYP 

(CMOS) MAX 

IOH61W 6/6 2.5 TYP 

(CMOS) MAX 

t CMOS output delay times are shown. 
* Use active terminator cell(s) to eliminate floating I/O(s). 

PRODUCTION DATA .......... '" ... tai. i.I .... lli .. 
curr •• ' II If p.lllice,ion dati. PrOIIuctI CH'.'. t • 
• paeificltionl per the '1'111 .f Tn'l II.tru ..... ts 

:::-:!:~~;·i~:r.7i ~:~:~ti:r :'~-:''::.ft::'1 nit 

TEXAS ." 
INSTRUMENTS 

DELAY TIME DELTA DELAY 

tpLH tpHL atpLH atpHL 

(ns) (ns) (ps/pF) (ps/pF) 

6.92 7.4 40 50 

13.98 14.63 80 80 

6.91 8.98 40 40 

13.96 17.42 80 80 

6.99 8.32 40 30 

14.14 16.28 80 50 

7.08 8.04 40 20 

14.32 15.82 80 40 

7.47 8.48 60 60 

15.03 16.62 110 110 

13.98 18.08 190 200 

27.62 34.58 350 360 

10.12 12.08 110 120 

20.07 23.24 200 210 

8.82 10.15 80 90 

17.59 19.69 150 160 

Copyright C> 1989. Texas Instruments Incorporated 
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TSC500 
SERIES 

LIBRARY SUMMARY 
1-m CMOS STANDARD CELLS 

03030, APRIL 1989 

1/8-SPEED BIDIRECTIONAL INPUTS/OUTPUTS 

FUNCTION OUTPUT SWITCHING 

I/O OUTPUT CHARACTERISTICSt CL = 15 pF 

3-STATE CURRENT INPUT 

BIDI~ECTIONAL* CELL Sink/Source THRESHOLD 

HARDWIRED NAME (rnA) (V) 

IOHA4W 16/1~ 1.3 

(TTL) 

IOHB4W 24/16 1.3 

(TTL) 

10HEPW 48/0PEN 0.8/2 

(RL = 1 kO) (TTL w/hyst) 

IOHE4W 48/16 1.3 

(TTL) 
1/8-SPEED CMOS/ 

IOHG4W 64/16 1.3 
TIL OUTPUT WITH 
TIL INPUT (TTL) 

IOH04W 10/10 1.3 

(TTL) 

IOH24W 2/2 1.3 

(TTL) 

IOH44W 4/4 1.3 

(TTL) 

10H64W 6/6 1.3 

(TTL) 

t TIL output delay times are shown. 
* Use active terminator cell(s) to eliminate floating I/O(s). 
§ = tpLZ 
~ = tpZL and AtpZL 

TYP 

MAX 

TYP 

MAX 

TYP 

MAX 

TYP 

MAX 

TYP 

MAX 

TYP 

MAX 

TYP 

MAX 

TYP 

MAX 

TYP 

MAX 

PRODUCTIOI DATA do ............. i. i.tormlti •• 
eurr.nt II at p ••• icetion dI ••. Prallucts cOliform to 
specific.ti ••• ,., , •• tll1lll at 'IIU lnatruments 

==~~;'[::I~ ~=:ti:r :.~,::::m~1 nat 
TEXAS ." 

INSTRUMENTS 

DELAY TIME DELTA DELAY 

tpLH tpHL AtpLH AtpHL 
(ns) (ns) (ps/pF) (ps/pF) 

5.97 8.21 30 60 

12.4 15.94 60 100 

5.96 9.82 30 50 

12.38 18.75 60 90 

7.38§ 7.37~ - 30' 

- 14.36~ - 60' 
6.03 8.96 30 30 

12.55 17.28 60 60 

6.11 8.61 30 30 

12.71 16.72 60 50 

6.31 9.53 40 80 

13.1 18.29 80 140 

10.92 21.17 110 270 

22.59 39.46 230 470 

8.19 13.91 70 150 

16.91 26.15 140 260 

7.28 11.56 50 110 

15.06 21.93 110 200 

Copyright @ 1989. Texas Instruments Incorporated 
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LIBRARY SUMMARY 
1-r..e.m CMOS STANDARD CELLS 

03030, APRIL 1989 

TSC500 
SERIES 

FULL-SPEED BIDIRECTIONAL INPUTS/OUTPUTS 

FUNCTION OUTPUT SWITCHING 

I/O OUTPUT CHARACTERISTICSt CL = 15 pF 

3·STATE CURRENT INPUT DELAY TIME DELTA DELAY 

BIDIRECTIONAL* CELL Sink/Source THRESHOLD tpLH tpHL AtpLH AtpHL 
HARDWIRED NAME (mA) (V) (ns) (ns) (ps/pF) (ps/pF) 

10lA1W 16/16 2.5 TYP 2.6 2.36 20 20 

(CMOS) MAX 5.3 4.75 40 40 

10lB1W 24/16 2.5 TYP 2.7 2.21 20 20 

(CMOS) MAX 5.45 4.5 40 30 

10lE1W 48/16 2.5 TYP 3.1 2.05 20 10 

(CMOS) MAX 6.28 4.26 40 20 

FULL-SPEED 10lG1W 64/16 2.5 TYP 3.42 2.05 20 10 

CMosmL (CMOS) MAX 6.98 4.3 30 20 

OUTPUT WITH 10101W 10/10 2.5 TYP 2.77 2.67 30 30 
CMOS INPUT (CMOS) MAX 5.56 5.32 60 60 

10121W 2/2 2.5 TYP 6.23 6.28 170 150 

(CMOS) MAX 12.15 11.99 320 260 

10141W 4/4 2.5 TYP 3.98 4.05 80 80 

(CMOS) MAX 7.82 7.86 160 130 

10161W 6/6 2.5 TYP 3.27 3.27 60 50 

(CMOS) MAX 6.47 6.42 110 90 

t CMOS output delay times are shown. 
:j: Use active terminator cell(s) to eliminate floating I/O(s). 

PRODUCTIOI DATA ....... IIII.lIIIIi. i.'ar .. llion 
elrr.' I' If publiClti •• date. Prodlcts cHter. t. 
_iIicoti .... per tho ler",1 a' Tlln 'OItru ... nll 

~:=~I~'['::':r.; ~=:r ~.:~::." .. t 
TEXAS ~ Copyright @ 1989. Te.a. Instrument. Incorporated 
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TSC500 
SERIES 

LIBRARY SUMMARY 
1-,....m CMOS STANDARD CELLS 

03030, APRIL 1989 

FULL-SPEED BIDIRECTIONAL INPUTS/OUTPUTS 

FUNCTION OUTPUT SWITCHING 

I/O OUTPUT CHARACTERISTICSt CL = 15 pF 

3·STATE CURRENT INPUT 

BIDIRECTIONAL; CELL Sink/Source THRESHOLD 

HARDWIRED NAME (mA) (V) 

101A4W 16/16 1.3 

(TIL) 

10lB4W 24/16 1.3 

(TIL) 

10lEPW 48/0PEN 0.8/2 

(RL = 1 kU) (TIL w/hyst) 

10lE4W 48/16 1.3 

FULL-SPEED (TIL) 

CMosrrrL 10lG4W 64/16 1.3 

OUTPUT WITH (TIL) 
TTL INPUT 10104W 10/10 1.3 

(TIL) 

10124W 2/2 1.3 

(TIL) 

10144W 4/4 1.3 

(TIL) 

10164W 6/6 1.3 

(TIL) 

t TTL output delay times are shown. 
; Use active terminator cell(s) to eliminate floating I/O(s). 
§ = tpLZ 
,. = tpZL and atpZL 

TYP 

MAX 

TYP 

MAX 

TYP 

MAX 

TYP 

MAX 

TYP 

MAX 

TYP 

MAX 

TYP 

MAX 

TYP 

MAX 

TYP 

MAX 

PRODUCTION DATA d ... mllltl •• ntoin iot .... lti •• 
current U If p.Wint'ln dltt. PnNIaccl canfDl1II t. 
IpnifiCitiDliI per ,lit t .... of TI ••• I.s'r •• _tl 

:!::~~i~'i~~:r. ~!.-=i:r :.-='.::..~ not 
TEXAS ..If 

INSTRUMENlS 

DELAY TIME DELTA DELAY 

tpLH tpHL atpLH AtpHL 
(ns) (n8) (ps/pF) (ps/pF) 

2.25 2.7 10 30 

4.65 5.34 30 50 

2.35 2.48 10 20 

4.82 4.99 30 40 

7.61§ 1.04" - 10" 

- 2.02" - 30" 

2.77 2.24 10 10 

5.68 4.61 20 20 

3.09 2.22 10 10 

6.39 4.61 20 20 

2.27 3.14 20 50 

4.67 6.13 40 80 

4.07 8.3 80 230 

8.45 15.24 180 390 

2.88 5.09 40 110 

5.91 9.58 90 190 

2.51 4 30 80 

5.14 7.64 60 130 

Copyright @ 1989, Texas Instruments Incorporated 
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LIBRARY SUMMARY 
1':f.lm CMOS STANDARD CELLS 

03030. APRIL 1989 

TSC500 
SERIES 

1/2-SPEED BIDIRECTIONAL INPUTS/OUTPUTS 

FUNCTION OUTPUT SWITCHING 

I/O OUTPUT CHARACTERISTICSf CL= 15 pF 

3-STATE CURRENT INPut DELAY TIME DELTA DELAY 

BIDIRECTIONAL:!: CELL Sink/Source THRESHOLD tpLH tpHL atpLH atpHL 
HARDWIRED NAME (mA) (V) (ns) (ns) (ps/pF) (ps/pF) 

IOJA1W 16/16 2.5 TYP 4.21 4.04 30 30 

(CMOS) MAX 8.53 8.12 60 50 

IOJB1W 24/16 2.5 TYP 4.21 4.44 30 30 

(CMOS) MAX 8.55 8.91 60 50 

IOJE1W 48/16 2.5 TYP 4.28 4.24 30 20 

(CMOS) MAX 8.~9 8.65 60 30 

IOJG1W 64/16 2.5 TYP 4.35 4.21 30 20 
1/2-SPEED CMOS/ (CMOS) MAX 8.81 8.64 50 30 
TTL OUTPUT WITH 
CMOS INPUT IOJ01W 10/10 2.5 TYP 4.47 4.63 40 40 

(CMOS) MAX 8.97 9.17 80 80 

IOJ21W 2/2 2.5 TYP 8.75 10.29 170 160 

(CMOS) MAX 17.18 19.55 320 280 

IOJ41W 4/4 2.5 TYP 6.07 6.76 90 90 

(CMOS) MAX 11;99 13.03 170 150 

IOJ61W 6/6 2.5 TYP 5.21 5.6 60 60 

(CMOS) MAX 10.36 10.92 120 110 

t CMOS output delay times are shown. 
:!: Use active terminator cell(s) to eliminate floating I/O(s). 

PRODUCTIOI DATA d ....... ts ... lli. i.formllio. 
eurrl"t II of publiclti ....... Pr,d,ctl clnfarm .tD 
specifications ,., the tina. of T •••• I •• tlllln.arl 

:=::~~i~'ir::I~7e ~::':~ti:r :'~D:::::~:'~ not 
TEXAS .., 

INSTRUMENTS 
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TSC500 
SERIES 

LIBRARY SUMMARY 
1-lJ.m CMOS STANDARD CELLS 

D3030, APRIL 1989 

1/2-SPEED BIDIRECTIONAL INPUTS/OUTPUTS 

FUNCTION OUTPUT SWITCHING 

I/O OUTPUT CHARACTERISTICSt CL = 15 pF 

3-STATE CURRENT INPUT 

BIDIRECTIONAL* CELL Sink/Source THRESHOLD 

HARDWIRED NAME (mA) (V) 

10JA4W 16/16 1.3 

(ITL) 

IOJB4W 24/16 1.3 

(ITL) 

10JEPW 48/0PEN 0.8/2 

(RL = 1 kO) (ITL w/hyst) 

IOJE4W 48/16 1.3 
1/2-SPEED CMOS/ (ITL) 
TTL OUTPUT WITH 

IOJG4W 64/16 1.3 
TTL INPUT 

(ITL) 

IOJ04W 10/10 1.3 

(ITL) 

IOJ24W 2/2 1.3 

(ITL) 

IOJ44W 4/4 1.3 

(ITL) 

IOJ64W 6/6 1.3 

(ITL) 

t TTL output delay times are shown. 
* Use active terminator cell(s) to eliminate floating I/O(s). 
§ = tpLZ 
11 = tpLZ and ~tpLZ 

TYP 

MAX 

TYP 

MAX 

TYP 

MAX 

TYP 

MAX 

TYP 

MAX 

TYP 

MAX 

TYP 

MAX 

TYP 

MAX 

TYP 

MAX 

'RODUCTIDI DATA d ....... 11 ... lli. i.I ..... li •• 
•• mool II 01 pu~li'lIioa dllt. " .... ots ........ I. 
specific.tiol. per the ttr .. 1 .f T I... Instrum.ntl 

:=:~~i~-r~~~ ~!.~:::r :Ir',.~:~~ n.t 
TEXAS ." 

INSTRUMENTS 

DELAY TIME DELTA DELAY 

tpLH tPHL ~tpLH ~tpHL 

(ns) (ns) (ps/pF) (ps/pF) 

3.64 4.53 20 40 

7.56 8.94 40 70 

3.65 4.91 20 30 

7.58 9.68 40 60 

7.39§ 3.24' - 20~ 

- 6.58' - 40~ 

3.71 4.59 20 20 

7.71 9.24 40 40 

3.77 4.53 20 20 

7.82 9.17 40 30 

3.75 5.29 30 60 

7.75 10.25 50 100 

6.41 12.57 90 230 

13.22 23.19 180 400 

4.73 8.02 50 120 

9.75 15.07 100 210 

4.2 6.53 40 80 

8.67 12.44 70 150 
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LIBRARY SUMMARY 
1-~m CMOS STANDARD CELLS 

03030. APRIL 1989 

TSC500 
SERIES 

1/4-SPEED BIDIRECTIONAL INPUTS/OUTPUTS 

FUNCTION OUTPUT SWITCHING 

I/O OUTPUT CHARACTERISTICSt CL = 15 pF 

3-STATE CURRENT INPUT 

BIDIRECTIONAL* CELL Sink/Source THRESHOLD 

HARDWIRED NAME (mA) (V) 
IOKA1W 16/16 2.5 TYP 

(CMOS) MAX 

IOKB1W 24/16 2.5 TYP 

(CMOS) MAX 

IOKE1W 48/16 2.5 TYP 

(CMOS) MAX 

IOKG1W 64/16 2.5 TYP 
1/4-SPEED CMOS/ (CMOS) MAX 
TTL OUTPUT WITH 
CMOS INPUT IOK01W 10/10 2.5 TYP 

(CMOS) MAX 

10K21W 2/2 2.5 TYP 

(CMOS) MAX 

IOK41W 4/4 2.5 TYP 

(CMOS) MAX 

IOK61W 6/6 2.5 TYP 

(CMOS) MAX 

t CMOS output delay times are shown. 
* Use active terminator cell(s) to eliminate floating I/O(s). 

PROOUCTIOI DATA doc •• o.11 co.lOl. 1.1 •• motlo. 
currlnt I. af publication ute. Preductl cI.'orm tD 
specific.tions per the '"IRS of Till. Instrumlnts 

::=~i~.i~:~'i ~:~::i:r :I~':::::~:'~ not 
TEXAS ." 

INSTRUMENTS 

DELAY TIME DELTA DELAY 

tpLH tpHL AtpLH AtpHL 
(ns) (ns) (ps/pF) (ps/pF) 

5.56 5.63 40 40 

11.27 11.24 70 70 

5.56 6.53 40 40 

11.28 12.88 70 70 

5.63 6.11 40 20 

11.43 12.2 70 40 

5.71 5.98 40 20 

11.57 12.02 70 40 

5.97 6.47 50 50 

12.03 12.77 90 90 

11.38 14.14 170 180 

22.41 27.01 330 320 

8.1 9.36 100 100 

15.06 18.04 180 180 

7.02 7.81 70 50 

14.01 15.19 130 130 

Copyright @ 1989. Texas Instruments Incorporated 

5-22 POST OFFICE BOX 655012 • DALLAS. TEXAS 75265 



TSC500 
SERIES 

LIBRARY SUMMARY 
1-m CMOS STANDARD CELLS 

D3030, APRil 1989 

1/4-SPEED BIDIRECTIONAL INPUTS/OUTPUTS 

FUNCTION OUTPUT SWITCHING 

I/O OUTPUT CHARACTERISTICSt CL = 15 pF 

3-STATE CURRENT INPUT 

BIDIRECTIONAL* CELL Sink/Source THRESHOLD 

HARDWIRED NAME (rnA) (V) 

IOKA4LJ 16/16 1.3 

(TTL) 

IOKB4LJ 24/16 1.3 

(TTL) 

10KEPLJ 48/0PEN 0.8/2 

(RL = 1 kil) (TTL w/hyst) 

IOKE4LJ 48/16 1.3 

(TTL) 
1/4-SPEED CMOS/ 

IOKG4LJ 64/16 1.3 
TIL OUTPUT WITH 
TIL INPUT (TTL) 

IOK04LJ 10/10 1.3 

(TTL) 

10K24LJ 2/2 1.3 

(TTL) 

IOK44LJ 4/4 1.3 

(TTL) 

IOK64LJ 6/6 1.3 

(TTL) 

t TIL output delay times are shown. 
* Use active terminator cell(s) to eliminate floating I/O(s). 
§ = tpLZ 
II = tpZL and ~tpZL 

TVP 

MAX 

TVP 

MAX 

TVP 

MAX 

TVP 

MAX 

TVP 

MAX 

TVP 

MAX 

TVP 

MAX 

TVP 

MAX 

TVP 

MAX 

PRODUCTION DATA d ••• monu ••• uin intormlti.n 
curr •• t I. of publicatian dltl. PrHuctl con'.rlil to 
specificatiDRI pe' the terms of Taxil lI"trullllntI 

:::!:~~i~·r::I~~ ~~:~ti:r :.r:=: .. ~:.~ not 
TEXAS ." 

INSTRUMENTS 

DELAY TIME DELTA DELAY 

tpLH tpHL ~tpLH AtpHL 
(ns) (ns) (ps/pF) (ps/pF) 

4.8 6.29 30 50 

9.99 12.31 50 90 

4.79 7.19 30 40 

9.99 13.95 50 80 

7.38§ 5.15~ - 3011 

- 10.24~ - 5011 

4.86 6.6 30 30 

10.13 13 50 50 

4.92 6.43 20 20 

10.26 12.75 50 40 

5.02 7.33 30 70 

10.44 14.16 70 120 

8.69 16.82 100 250 

17.94 31.26 200 430 

6.47 10.91 60 140 

13.36 20.51 120 230 

5.74 8.98 50 100 

11.89 17.07 90 170 

Copyright @ 1989, Texas Instruments Incorporated 
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LIBRARY SUMMARY 
1-fJ.m CMOS STANDARD CELLS 

03030, APRil 1989 

FUNCTION 

NO. 

INVERTERS CELL OF 
HARDWIRED NAME INPUTS 

IV101W 1 

IV110W 1 

IV120W 1 

INVERTERS 
IV130W 1 

IV140W 1 

IV160W 1 

IV180W 1 

IV211W 2 

IV212W 2 

IV221W 2 

3-STATE 
INVERTERS IV222W 2 

IV241W 2 

IV242W 2 

PRODUCTIOI DATA ....... nts ••• lIi. i.'o, ... tl •• 
currant I. of ,llIIlie.til •• Ite. P .... eta c •• f.r. to 
.,oelll •• tl ••• ,. tho term. 01 T .... I •• tr ..... ta 

::'!!:~~i;;-{::~'i ~:~::i:r :.~.:::~!~ I.t 

INVERTERS 

EQUIV 

NA210 

OUTPUT NAND 

DRIVE GATES 

10X 4.5 

1X 0.75 

2X 1 

3X 1.25 

4X 1.5 

6X 2 

8X 2.5 

1X 1.25 

1X 1.25 

2X 2 

2X 2 

4X 3 

4X 3 

TEXAS ..If 
INstRUMENTS 

TSC500 
SERIES 

SWITCHING CHARACTERISTICS 

CL = 0 (AtoY) 

DELAY TIME DELTA DELAY 

tpLH tpHL .1tpLH .1tpHL 
(ns) (ns) (ns/pF) (ns/pF) 

TYP 0.88 0.8 0.18 0.1 

MAX 1.69 1.58 0.23 0.21 

TYP 0.24 0.31 1.08 0.74 

MAX 0.31 0.39 2.12 1.32 

TYP 0.23 0.24 0.52 0.42 

MAX 0.31 0.39 1 0.62 

TYP 0.23 0.15 0.36 0.3 

MAX 0.33 0.34 0.66 0.37 

TYP 0.19 0.18 0.3 0.26 

MAX 0.32 0.33 0.48 0.36 

TYP 0.17 0.16 0.22 0.2 

MAX 0.29 0.3 0.34 0.28 

TYP 0.16 0.15 0.18 0.16 

MAX 0.27 0.27 0.28 0.24 

TYP 0.33 0.34 2.06 1.22 

MAX 0.67 0.57 4.18 2.42 

TYP 0.33 0.34 2.08 1.22 

MAX 0.71 0.56 4.16 2.42 

TYP 0.36 0.35 1 0.6 

MAX 0.71 0.58 2.04 1.2 

TYP 0.36 0.34 1 0.6 

MAX 0.72 0.55 2.06 1.2 

TYP 0.34 0.31 0.17 0.4 

MAX 0.67 0.58 0.35 0.76 

TYP 0.36 0.3 0.5 0.32 

MAX 0.73 0.52 1.02 0.6 

Copyright @ 1989, Texas Instruments Incorporated 

5-24 POST OFFICE BOX 855012 • DALLAS, TEXAS 75285 



TSC500 
SERIES 

LIBRARY SUMMARY 
1-f.lm CMOS STANDARD CELLS 

03030. APRIL 1989 

J-K FLIP-FLOPS AND LATCH BUS HOLDER 
FUNCTION SWITCHING CHARACTERISTICS TIMING 

CL = 0 (CLK to Q) RQMTS 
J.j( EQUIV 

DELTA DELAY 
SETUP HOLD 

FLlP·FLOPS NA210 
DELAY TIME 

(min) (min) 

HARDWIRED CELL OUTPUT NAND tpLH tpHL AtpLH AtpHL tsu th 

(fclock> NAME DRIVE GATES (ns) (ns) (ns/pF) (ns/pF) (ns) (ns) 

127 MHz JKB20W 2X 9.5 TYP 1.78 1.74 0.58 0.5 

W/CLRZ (POS. MAX 3.86 3.69 1.16 0.97 3 0.25 

AND PREZ EDGE 

CLOCK) 

125 MHz JKB21W 2X 9.5 TYP 1.8 1.7 0.58 0.5 

W/CLRZ (NEG. MAX 3.96 3.62 1.16 0.97 3 0.25 

AND PREZ EDGE 

CLOCK) 

FUNCTION ELECTRICAL CHARACTERISTICS 

LATCH EQUIV 

INTERNAL NA210 

BUS HOLDER CELL OUTPUT NAND CI Cpd 
HARDWIRED NAME DRIVE 

BUS HOLDER LH110W 1X 
FOR 3-STATE 
BUS 

PRODUCTION DATA doc ..... I1 ..... i. i.f ..... ti .. 
current I. of publicltian III". ProdUcts CD.'Drin tD 
specific.tiou ,II' the terml af ' •• ,1 Inltruments 

:'::-:~~i~·r::r.'i ~:~i~~ti:r :I~U:::::~::'I nat 

GATES (pF) (pF) 

1 TYP 0.56 0.17 When connected to a bus 
the Cilo of 0.56 pF 
becomes a part of the load 
driven. 

TEXAS ." 
INSTRUMENTS 
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LIBRARY SUMMARY 
1-fJm CMOS STANDARD CELLS 

03030, APRIL 1989 

LATCHES 

FUNCTION 

EQUIV 

NA210 

LATCHES CELL OUTPUT NAND 

HARDWIRED NAME DRIVE GATES 

S-R LAB10W 1X 2.5 

S-R LAB20W 2X 2.75 

D-TYPE HIGH ENABLE (C) LAH10W 1X 3.75 

D-TYPE HIGH ENABLE (C) LAH20W 2X 4 

D-TYPE HIGH ENABLE (C) LAH23W 2X 6.5 

D-TYPE HIGH ENABLE (C) LAH40W 4X 5.25 

D-TYPE LOW ENABLE (C) LAL20W 2X 4.25 

FUNCTION 

EQUIV 

NA210 

LATCHES MACRO OUTPUT NAND 

SOFTWARE NAME DRIVE GATES 

8-BIT ADDRESSABLE S259W 2X 59.75 

8-BIT 3-S D-TYPE HIGH S373W 1X 34.5 

ENABLE (C) 

4-BIT D-TYPE HIGH S375W 2X 14 

ENABLES (C) 

TSC500 
SERIES 

SWITCHING CHARACTERISTICS 

CL = 0 (CLK to Q) 

DELAY TIME DELTA DELAY 

tpLH tpHL AtPLH AtPHL 
(ns) (ns) (ns/pF) (ns/pF) 

TYP 0.92 0.65 1.12 0.6 

MAX 1.82 1.23 2.1 1.08 

TYP 1.11 0.71 0.52 0.34 

MAX 2.22 1.32 1.02 0.68 

TYP 0.58 0.64 1.06 0.56 

MAX 1.12 1.23 2.06 1.02 

TYP 0.6 0.71 0.54 0.34 

MAX 1.2 1.36 1.06 0.66 

TYP 0.78 0.77 0.55 0.49 

MAX 1.55 1.51 1.09 0.99 

TYP 0.65 0.74 0.28 0.22 

MAX 1.32 1.43 0.53 0.45 

TYP 1.79 1.1 0.5 0.42 

MAX 3.99 2.38 0.96 0.86 

SWITCHING CHARACTERISTICS 

CL = 0 (CLK to Q, See Note 1) 

DELAY TIME DELTA DELAY 

tpLH tpHL AtpLH AtpHL 

(ns) (ns) (ns/pF) (ns/pF) 

TYP 2.6 2.5 0.5 0.48 

MAX 4.6 4.5 1 0.9 

TYP 2 1.7 2.14 1.26 

MAX 3.3 3.2 4.38 2.56 

TYP 1.9 1.7 2.02 0.94 

MAX 3.1 2.7 4.08 1.82 

NOTE 1: Specific timing data regarding pulse duration, setup time, and hold time models are incorporated in 
the engineering workstation library. 

PRODUCTIO. DATA d ... _ ..... hi. in'orllliio. 
.. ,re.1 .1 of ,..Ii._ doll. P ........ confer .. 10 
I,..ifiulionl per Ih. IIIN of T .... 1011,_ .. 

::=~.:.:~'lo =~:r :'1';:::''::'::.0 0" 
TEXAS ." 

INSTRUMENlS 
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TSC500 
SERIES 

LIBRARY SUMMARY 
1-f.lm CMOS STANDARD CELLS 

03030, APRIL 1989 

MULTIPLEXERS 

FUNCTION 

CELL 

OR NO. 

MACRO OF 

MULTIPLEXERS NAME INPUTS 

MUll0LJ 2-10-1 

MUll1LJ 2-to-l 

HARDWIRED 
MU210LJ 4-10-1 

MU310LJ 8-10-1 

MU320LJ 8-to-l 

S151LJ 8-10-1 

S153LJ DUAL 

4-to-l 

S157LJ QUAD 

2-10-1 

S158LJ QUAD 

2-10-1 

S251 LJ 8-10-1 

SOFTWARE 
S257ALJ QUAD 

2-10-1 

S258ALJ QUAD 

2-10-1 

S298LJ QUAD 

2-10-1 

S398LJ QUAD 

2-10-1 

S399LJ QUAD 

2-10-1 

PRODUCTION DATA dDCumants contain information 
current IS of publication dat •. PrCHIucls conform to 
splcificationl plf the terms of TellS Instruments 

~:~~:~~i~.t;:1~1i ~:~~~ti:; :IIO::~:::::t::s~ not 

EaUIV 

NA210 

OUTPUT NAND 

DRIVE GATES 

lX 3.5 

lX 2.25 

lX 5 

lX 14.75 

2X 11.25 

lX 35 

lX 21.5 

1X 17 

1X 20 

lX 24.5 

lX 21 

lX 15 

lX 37 

lX 39 

lX 36 

TEXAS ~ 
INSTRUMENTS 

SWITCHING CHARACTERISTICS 

CL = 0 
DELAY TIME DELTA DELAY 

tPLH tpHL LltpLH LltpHL 
(ns) (ns) (ns/pF) (ns/pF) 

TYP 0.94 0.87 2 0.86 

MAX 1.88 1.66 4 1.7 

TYP 0.65 0.77 1.07 0.65 

MAX 1.23 1.67 2.1 1.2 

TYP 0.71 0.87 1.08 0.67 

MAX 1.86 2.28 2.08 1.24 

TYP 1.15 1.3 2.06 1.08 

MAX 3.16 3.63 4.12 2.18 

TYP 1.42 1.61 0.55 0.44 

MAX 4.59 5.24 1.1 0.84 

TYP 2.9 3.1 0.92 0.56 

MAX 5.7 6.1 1.76 1.02 

TYP 2.7 1.9 0.68 0.78 

MAX 4.8 3.6 1.34 1.62 

TYP 2.2 2.2 1.26 1 

MAX 3.9 3.7 2.46 1.98 

TYP 2.5 2.5 0.56 0.36 

MAX 4.2 4.6 1.06 0.64 

TYP 3.5 3.6 2.14 1.26 

MAX 6.9 8.2 4.38 2.56 

TYP 1.9 2.9 2.08 1.22 

MAX 2.8 3.7 4.16 2.42 

TYP 1.9 2.9 2.08 1.22 

MAX 3.3 3.7 4.16 2.42 

TYP 1.8 2 1.06 0.78 

MAX 3.5 3.9 2.04 1.4 

TYP 1.8 1.7 1.12 2.12 

MAX 3.5 3.5 0.76 1.4 

TYP 1.4 1.6 1.06 0.78 

MAX 2.9 3.3 2.04 1.4 

Copyright © 1989, Texas Instruments Incorporated 
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LlBRARYSOMMARY. . 
1-Jlm CMOS STANDARD CELLS 

03030, APRIL 1989 

FUNCTION 

NO. 

GATES CELL OF 

HARDWIRED NAME INPUTS 

NA210LJ 2 

NA220LJ 2 

NA230LJ 2 

NA240LJ 2 

NA260LJ 2 

NA310LJ 3 

NA320LJ 3 

NA330LJ 3 

NAND 
NA340LJ 3 

NA410LJ 4 

NA420LJ 4 

NA430LJ 4 

NA510LJ 5 

NA520LJ 5 

NA810LJ 8 

NA820LJ 8 

PRODUCTION DATA doc ..... lo ••.• III. 1.I .. mill •• 
curru, I. of pulllic.tian "Ite. P,.ducts cenfarm ta 
.,IClllolll •• o pW.lhl lermo of T •• n Inoltv .... 11 

::::=i~'{::1~7i ~!:1::i:r :'i'::~:~~ not 

NAND GATES 

EQUIV 

NA210 

OUTPUT NAND 

DRIVE GATES 

1X 1 

2X 1.5 

3X 2 

4X 2.5 

6X 3.5 

1X 1.25 

2X 2 

3X 2.75 

4X 3.5 

1X 1.5 

2X 2.5 

3X 3.5 

1X 3 

2X 3.25 

1X 3.75 

2X 4 

. TEXAS ..If 
INSTRUMENTS 

TSC500 
SERIES 

SWITCHING CHARACTERISTICS 

CL = 0 
DELAY TIME DELTA DELAY 

tpLH tpHL 6.tpLH 6.tpHL 

(ns) (ns) (ns/pF) (ns/pF) 

TYP 0.29 0.32 1.14 0.99 

MAX 0.44 0.46 2.46 1.98 

TYP 0.27 0.29 0.5 0.48 

MAX 0.4 0.45 1 0.9 

TYP 0.28 0.27 0.35 0.34 

MAX 0.43 0.42 0.7 0.62 

TYP 0.25 0.24 0.28 0.27 

MAX 0.42 0.44 0.48 0.44 

TYP 0.23 0.22 0.2 0.22 

MAX 0.4 0.43 0.32 0.3 

TYP 0.34 0.35 1.29 1.32 

MAx 0.61 0.63 3 2.74 

TYP 0.31 0.33 0.55 0.61 

MAX 0.51 0.55 1.14 1.28 

TYP 0.33 0.33 0.36 0.42 

MAX 0.52 0.55 0.74 0.84 

TYP 0.32 0.31 0.29 0.32 

MAX 0.53 0.54 0.58 0.64 

TYP 0.4 0.4 1.45 1.64 

MAX 0.73 0.85 3.64 3.46 

TYP 0.37 0.38 0.63 0.77 

MAX 0.64 0.74 1.34 1.62 

TYP 0.38 0.39 0.41 0.52 

MAX 0.66 0.75 0.94 1.1 

TYP 0.68 1.01 0.91 0.54 

MAX 1.4 2.12 1.76 1.02 

TYP 0.74 1.11 0.45 0.35 

MAX 1.49 2.39 0.88 0.68 

TYP 0.8 1.17 0.92 0.55 

MAX 1.63 2.54 1.76 1.02 

TYP 0.85 1.27 0.45 0.35 

MAX 1.71 2.8 0.9 0.7 

Copyright @ 1989. Texas Instruments Incorporated 
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TSC500 
SERIES 

FUNCTION 

NO. 

GATES CELL OF 

HARDWIRED NAME INPUTS 

N0210W 

N0220W 

N0230W 

N0240W 

N031 OW 

N0320W 

NOR 
N0330W 

N041 OW 

N0420W 

N051 OW 

N0520W 

N081 OW 

N0820W 

'RODUeTiO. DATA d ...... I ••• ntoi. inform.tion 
curr ••• I. of pOlie.lion dati. PmlCti Cllt .... to 
l,.ificlti.l. per to ttr ... " '1.,. Inltrumlntl 

=~i~'::I:li ~=:~ti:r =-a:::=::.s nit 

2 

2 

2 

2 

3 

3 

3 

4 

4 

5 

5 

8 

8 

LIBRARY SUMMARY 
1-,...m CMOS STANDARD CELLS 

03030. APRIL 1989 

NOR GATES 

SWITCHING CHARACTERISTICS 

EaUIV CL = 0 
NA210 DELAVTIME DELTADELAV 

OUTPUT NAND tpLH tpHL atpLH atpHL 
DRIVE GATES (ns) (ns) (ns/pF) (ns/pF) 

1X 1 TVP 0.29 0.37 2.07 1 

MAX 0.58 0.5 4.22 2.14 

2X 1.5 TVP 0.28 0.34 0.98 0.46 

MAX 0.46 0.5 2.04 0.8 

3X 2 TVP 0.28 0.3 0.66 0.37 

MAX 0.48 0.49 1.38 0.62 

4X 2.5 TVP 0.29 0.27 0.49 0.3 

MAX 0.45 0.46 1.02 0.44 

1X 1.25 TVP 0.38 0.43 3.07 1.29 

MAX 1.04 0.65 6.28 2.96 

2X 2 TVP 0.36 0.41 1.47 0.61 

MAX 0.75 0.6 3.04 1.14 

3X 2.75 TVP 0.36 0.38 1.01 0.42 

MAX 0.71 0.57 2.1 0.76 

1X 1.5 TVP 0.52 0.49 4.1 1.51 

MAX 1.62 0.8 8.44 3.46 

2X 2.5 TVP 0.47 0.47 2.02 0.78 

MAX 1.1 0.71 4.18 1.46 

1X 3.5 TVP 0.96 0.89 1.01 0.56 

MAX 2.5 1.69 1.96 1.02 

2X 3.75 TVP 1.05 0.97 0.5 0.33 

MAX 2.73 1.84 1 0.64 

1X 3.75 TVP 1.29 0.99 1.01 0.55 

MAX 3.36 2 1.98 1.02 

2X 4 TVP 1.39 1.05 0.51 0.33 

MAX 3.6 2.15 1.02 0.62 

TEXAS ." 
INSTRUMENTS 
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LIBRARY SUMMARY 
1-l-lm CMOS STANDARD CELLS 

03030. APRIL 1989 

TSC500 
SERIES 

1/8-SPEED TOTEM·POLE OUTPUTS 

FUNCTION SWITCHING CHARACTERISTICSt 

OUTPUT 

CURRENT 

OUTPUTS CELL Sink/Source 

HARDWIRED NAME (rnA) 

OPHAOW 16/16 TYP 

MAX 

OPHBOW 24/16 TYP 

MAX 

OPHEOW 48/16 TYP 

MAX 

OPHGOW 64/16 TYP 

1/8-SPEED TOTEM-POLE MAX 
OUTPUT OPHOOW 10/10 TYP 

MAX 

OPH20W 2/2 TYP 

MAX 

OPH40W 4/4 TYP 

MAX 

OPH60W 6/6 TYP 

MAX 

t CMOS output delay times are shown. 

PROOUCTIOI DATA d .............. il in'.rma.io. 
clrr .. ' n •• pullliCitiln date. Pred.cts c •• for. t • 
.... ili ••• i ••• ,. .h •• ormo 01 T •••• Illtr.m •••• 

=':!:~~'{::~'la ~=:::r mU:::::A::.' nat TEXAS " INSlRUMENlS 

(CL = 15 pF) 

DELAY TIME DELTA DELAY 

tpLH tpHL ~tpLH ~tpHL 

(ns) (ns) (ps/pF) (ps/pF) 

5.76 6.13 50 50 

11.83 12.15 90 90 

5.74 7.46 50 50 

11.79 14.33 90 80 

5.92 6.72 40 30 

12.16 12.94 90 60 

6.01 6.36 40 20 

12.33 12.28 80 50 

6.34 7.13 60 60 

12.96 14.01 110 120 

12.14 16.26 190 200 

24.18 31.11 360 200 

8.66 1Q.62 110 120 

17.39 20.47 210 210 

7.47 8.72 80 90 

15.12 16.93 160 160 
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TSC500 
SERIES 

LIBRARY SUMMARY 
1-f..lm CMOS STANDARD CELLS 

03030, APRIL 1969 

1/8-SPEED OPEN-DRAIN OUTPUTS 

FUNCTION SWITCHING CHARACTERISTICSt 

OUTPUT (CL = 15 pF) 

SINK DELAY DELTA 

OUTPUTS CELL CURRENT tpZL AtpZL 
HARDWIRED NAME (mA) (ns) (ps/pF) 

OPHA1W 16 TYP 5.89 50 

MAX 11.89 90 

OPHB1W 24 TYP 7.1 40 

MAX 14 80 

OPHE1W 48 TYP 6.82 30 

MAX 13.47 60 

OPHG1W 64 TYP 6.59 30 

1/8-SPEED OPEN-DRAIN MAX 13.05 50 
OUTPUT OPH01W 10 TYP 6.82 60 

MAX 13.69 120 

OPH21W 2 TYP 15.66 210 

MAX 31.73 380 

OPH41W 4 TYP 10.14 120 

MAX 20.21 220 

OPH61W 6 TYP 8.35 90 

MAX 16.67 160 

t CMOS output delay times are shown. 

PROOUCTIOI DATA dH ............. i.I.Io ••• lion 
o •• ront ., .f ptdIliooll •• d .... Prod.OII ••• 10 •• 10 
_ili •• lio •• PM I'" I" .. , .1 T •• n I.ot.u .. u .. 

::~::ri;'i'::I-:Ji ~-:\:~ti:r :.~,::::.::.- lI.t 
TEXAS ." 

INSTRUMENTS 
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LIBRARY SUMMARY 
1-fJm CMOS STANDARD CELLS 

03030. APRIL 1989 

TSC500 
SERIES 

1 /8-SPEED3-STATE OUTPUTS 

FUNCTION SWITCHING CHARACTERISTICSt 

OUTPUT (CL = 15 pF) 

CURRENT DELAY TIME DELTA DELAY 

OUTPUTS CELL Sink/Source tpLH tpHL ~tpLH ~tpHL 

HARDWIRED NAME (rnA) (n8) (n8) (p8/pF) (p8/pF) 

OPHA3LJ 16/16 TYP 6.84 7.32 40 50 

MAX 13.82 14.48 90 80 

OPHB3LJ 24/16 TYP 6.83 8.91 40 40 

MAX 13.81 17.28 90 80 

OPHE3LJ 48/16 TYP 6.91 8.26 40 30 

MAX 13.98 16.15 80 50 

OPHG3LJ 64/16 TYP 7 7.99 40 20 

1/8-SPEED 3-STATE MAX 14.15 15.72 80 40 
OUTPUT OPH03LJ 10/10 TYP 7.37 8.34 60 60 

MAX 14.81 16.34 110 110 

OPH23LJ 2/2 TYP 13.39 17.89 190 200 

MAX 26.48 34.41 350 360 

OPH43LJ 4/4 TYP 9.71 11.95 110 120 

MAX 19.29 23.07 200 210 

OPH63LJ 6/6 TYP 8.49 9.98 80 90 

MAX 16.99 19.37 150 160 

t CMOS output delay times are shown. 

PROOUCTIOI OATA d ....... ts olllllli. inl",,"li •• 
currlnt II of p ••• ieltil. d .... Products CDltor ... ta 
_iliclli ••• PI< Ihl tor •• 01 T'''I 1.11n".lots 

=~~i~'~:I~tz; ~:~:ti: :.~o::;::.~ .at 
TEXAS ." 

INSTRUMENTS 
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TSC500 
SERIES 

LIBRARY SUMMARY 
1-f,lm CMOS STANOARD CELLS 

03030, APRIL 1989 

FULL-SPEED tOTEM-POLE OUTPUTS 

FUNCTION SWITCHING CHARACTERISTICSt 

OUTPUT 

CURRENT 

OUTPUTS CELL Sink/Source 

HARDWIRED NAME (rnA) 

OPIAOW 16/16 TYP 

MAX 

OPIBOW 24/16 TYP 

MAX 

OPIE;OW 48/16 TYP 

MAX 

OPIGOW 64/16 TYP 

FULL-SPEED TOTEM-POLE 
OUTPUT OPIOOW 

OPI20W 

OPI40W 

OPI60W 

t CMOS output delay times are shown. 

PRODUCTIO. DATA ........ ts _,.1. l.ter .. OIl •• 
... ,iot u .1 pooIdicotlH ..... P ........... 1 .... .. 
itooclll.atiHI .... 'h. ' .... 1 01 T .... I ... ' ..... ts 

==;;'r::Qi ~=::I:r :.lO:;:!:~:'~ .11 

MAX 

10/10 TYP 

MAX 

2/2 TYP 

MAX 

4/4 TYP 

MAX 

6/6 TYP 

MAX 

.. TEXAS If 
INsTRUMENlS 

(CL = 15 pF) 

DELAY TIME DELTA DELAY 

tpLH tpHL AtpLH AtpHL 
(ris) (ns) (ps/pF) (ps/pF) 

1.52 1.54 20 20 

2.77 2.95 40 40 

1.56 1.33 20 20 

2.84 2.55 40 30 

1.68 1 20 10 

3.07 1.94 40 20 

1.71 0.88 20 10 

3.13 1.71 40 20 

1.84 1.87 30 30 

3.42 3.58 70 60 

4.94 5.25 170 150 

9.44 10.01 320 230 

3.01 3.18 80 80 

5.71 6.06 160 130 

2.39 2.46 60 50 

4.52 4.7 110 90 
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LIBRARY SUMMARY 
1-f..lm CMOS STANDARD CELLS 

03030, APRIL 1989 

TSC500 
SERIES 

FULL-SPEED OPEN-DRAIN OUTPUTS 

FUNCTION 

OUTPUTS 

HARDWIRED 

FULL-SPEED OPEN-DRAIN 
OUTPUT 

t CMOS output delay times are shown. 

PRooueTIO. DATA doo ...... II_i. itolo,matio. 
currtnt II If ...... icatiH dlt •. PrGlllacts c.lf.r. to 
specifiCdi ...... the '.,lnl If '1.1. Instrument. 

::=i~':::~'li ~:~:ti:r =~:'::'I nat 

OUTPUT 

SINK 

CELL CURRENT 

NAME (rnA) 

OPIA1W 16 

OPIB1W 24 

OPIE1W 48 

OPIG1W 64 

OPI01W 10 

OPI21W 2 

OPI41W 4 

OPI61W 6 

TEXAS .., 
INSTRUMENTS 

SWITCHING CHARACTERISTICSt 

(CL = 15 pF) 
DELAY DELTA 

tpZL ~tpZL 

(ns) (ps/pF) 
TVP 1.29 20 

MAX 2.49 40 

TVP 1.08 20 

MAX 2.09 30 

TVP 0.82 10 

MAX 1.6 20 

TVP 0.75 10 

MAX 1.46 20 

TVP 1.65 30 

MAX 3.2 60 

TVP 5 160 

MAX 9.94 300 

TVP 2.93 80 

MAX 5.69 140 

TVP 2.23 50 

MAX 4.31 100 

Copyright @ 1989. Texas Instruments Incorporated 
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TSC500 
SERIES 

LIBRARY SUMMARY 
1-rJm CMOS STANDARD CELLS 

03030. APRIL 1989 

FULL-SPEED 3·STATE OUTPUTS 

FUNCTION 

OUTPUTS CELL 

HARDWIRED NAME 

OPIA3W 

OPIB3W 

OPIE3W 

OPIG3W 

FULL-SPEED 3-STATE 
OUTPUT OPI03W 

OPI23W 

OPI43W 

OPI63W 

t CMOS output delay times are shown. 

PRODUCTIOI DATA ~ .. u •• nll".toi. i"""-i •• 
.. , .... " 01 paIIIicoIi •• d .... PntI .... caofann '0 
lfICi!icaIio .. por 110 ....... of T.I" hIIIr •• _ 

=~~I[::I-:r~ =.~ :.r::-~,:, not 

SWITCHING CHARACTERISTICSt 

OUTPUT 

CURRENT 

Sink/Source 

(mA) 

16/16 TYP 

MAX 
24/16 TYP 

MAX 
48/16 TYP 

MAX 
64/16 TYP 

MAX 
10/10 TYP 

MAX 
2/2 TYP 

MAX 
4/4 TYP 

MAX 
6/6 TYP 

MAX 

TEXAS ..If 
INSTRUMENTS 

(CL = 15 pF) 

DELAY TIME DELTA DELAY 

tpLH tpHL .itpLH .itpHL 
(ns) (ns) (ps/pF) (ps/pF) 

2.56 2.31 20 20 

5.25 4.63 40 40 

2.65 2.16 20 20 

5.37 4.39 40 30 

3.03 2 20 10 

6.14 4.19 40 20 

3.34 2.01 20 10 

6.82 4.22 30 20 

2.71 2.62 30 30 

5.46 5.23 70 60 

5.87 6.25 170 150 

11.47 12.09 320 260 

3.79 3.98 80 80 

7.47 7.77 160 130 

3.18 3.22 60 50 

6.34 6.33 110 90 
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LIBRARY SUMMARY 
1-f-lmCMOS ~TANDARDCELLS 

03030. APRIL 1989 

1/2-SPEED TOTEM-POLE OUTPUTS - . 

TSC500 
SERIES 

FUNCTION SWITCHING CHAMCTERISTICSt 

OUTPUTS CELL 

HARDWIR.ED NAME 

OPJAOW 

OPJBOLJ 

OPJEOLJ 

OPJGOLJ 

1 /2-SPE~D TOTEM-POLE 
OUTPUT OPJOOLJ 

OPJ20LJ 

OPJ40LJ 

OPJ60LJ 

t CMOS output delay times are shown. 

PROOUCTIOi"OAtA •••• '1Ita _ into .... ti •• · 
c." .. t II of ,.IIIICltlao· .1" .. p_ ........ to 
.,..ilii:itio •• pottb ~ ..... " T ...... 11' ..... 11 
1It .... 'd·w"".ty. P,.cti •• fI! ..... I •• " .. ·.ot ........ i" incl •• tnti ••. ot ." po'I""' .. '; 

QUTPUT 

CURRENT 

SIn.k/Sourc~ 

(mA) 

16/16 lYP 

MAX 

24/16 lYP 

MAX 

48/16 lYP 

MAX 

64/16 lYP 

MAX 
10/10 " TYP 

MAX 

2/2 lYP 

MAX 

4/4 lYP 

MAX 

6/6 lYP 

MAX 

. TEXAS'" 
INSTRUMENTS 

tCl = 1.5 pF) 
DELAYTII\IIE DELTA DELAY 

tplH tpHL AtPLH' AtpHL 
(ns) (!1s) (ps/pF) (ps/pF) 

.3.12 3.04 30 30 

6.29 6.08 60 60 

3.11 3.35 30 30 

6.28 6.68 60 50 

3.24 3.02 30 20 

6.52 6~1 60 30 

3.28 2.8a 30 20 

6.61 5:86 60 30 

3.47 3.61" 40 40 

6.94 7·13 80 80 

7.3 9.93 179 160 

14.3 17.22 320 230 

4.95 5.7 ~O 90 

9.74 10.99 170 160 

4.17 4.57 60 60 

8.27 8.89 120 110 

, Copyr~ght @'1989, Texas Instruments In~~rp~ra~ed 
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TSC500 
SERIES 

LIBRARY SUMMARY 
1-f.lm CMOS STANDARD CELLS 

D3030, APRIL 1989 

1/2-SPEED OPEN-DRAIN OUTPUTS 

FUNCTION 

OUTPUTS 

HARDWIRED 

1/2-SPEED OPEN-DRAIN 
OUTPUT 

t CMOS output delay times are shown. 

PRDDUCTIDI DATA ~ .... ",.n ....... in 1.lor .. lli •• 
.. "ont " " pUllelli •• dill. P.N .. " .. nlo.lllo 
.-licllionl por Ih. I ..... " T.ul 1.11 ....... 

::=~i;·::~'i ~:t;i:.. :Ii:::'::.a not 

OUTPUT 

SINK 

CELL CURRENT 

NAME (mA) 

OPJA1W 16 

OPJB1W 24 

OPJE1W 48 

OPJG1W 64 

OPJ01W 10 

OPJ21W 2 

OPJ41W 4 

OPJ61W 6 

TEXAS -II 
INSTRUMENTS 

SWITCHING CHARACTERISTICSt 

(CL = 15 pF) 

DELAY DELTA 

tpZL AtpZL 
(ns) (ps/pF) 

TYP 2.84 30 

MAX 5.77 60 

TYP 3.05 30 

MAX 6.2 50 

TYP 2.94 20 

MAX 6.05 40 

TYP 2.89 20 

MAX 5.99 30 

TYP 3.37 40 

MAX 6.76 80 

TYP 8.49 170 

MAX 16.92 320 

TYP 5.31 90 

MAX 10.49 160 

TYP 4.25 60 

MAX 8.44 120 
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LIBRARY SUMMARY 
1-f..lm CMOS STANDARD CELLS 

03030. APRIL 1989 

TSC500 
SERIES 

1/2-SPEED 3-STATE OUTPUTS 

FUNCTION 

OUTPUTS CELL 

HARDWIRED NAME 

OPJA3W 

OPJB3W 

OPJE3W 

OPJG3W 

1/2·SPEED 3·STATE 
OUTPUT OPJ03W 

OPJ23W 

OPJ43W 

OPJ63W 

t CMOS output delay times are shown. 

PRDDUCTIOI DATA ..... liliiii. _lain infarmllion 
current II of p.'licltion .118. Products conform to 
lpecificatilnl Plr the terml Df Till. IDltramlntl 

::'-=~i~'{::1~7i ~!.-:\:i:; :ti~m'::.s nDt 

SWITCHING CHARACTERISTICSt 

OUTPUT 

CURRENT 

Sink/Source 

(mA) 

16/16 TYP 

MAX 
24/16 TYP 

MAX 
48/16 TYP 

MAX 
64/16 TYP 

MAX 
10/10 TYP 

MAX 
2/2 TYP 

MAX 
4/4 TYP 

MAX 
6/6 TYP 

MAX 

TEXAS 41 
INSTRUMENTS 

(CL = 15 pF) 

DELAY TIME DELTA DELAY 

tPLH tpHL IltpLH IltpHL 

(ns) (ns) (ps/pF) (ps/pF) 

4.17 3.96 30 30 

8.45 7.96 60 60 

4.17 4.38 30 30 

8.46 8.79 60 50 

4.24 4.19 30 20 

8.6 8.55 60 30 

4.3 4.16 30 20 

8.72 8.55 60 30 

4.39 4.53 40 40 

8.84 8.98 80 80 

8.33 10.19 170 160 

16.39 19.55 320 280 

5.81 6.68 90 90 

11.52 12.94 170 150 

5.04 5.48 60 60 

10.07 10.72 130 110 

Copyright.@ 1989, Texas Instruments Incorporated 
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TSC500 
SERIES 

LIBRARY SUMMARY 
1-~m CMOS STANDARD CELLS 

03030. APRIL 1989 

1/4-SPEED TOTEM-POLE OUTPUTS 

FUNCTION SWITCHING CHARACTERISTICSt 

OUTPUT (CL = 15 pF) 

CURRENT DELAY TIME DELTA DELAY 

OUTPUTS CELL Sink/Source tpLH tpHL ~tpLH ~tpHL 

HARDWIRED NAME (rnA) (ns) (ns) (ps/pF) (ps/pF) 

OPKAOW 16/16 TYP 4.44 4.51 40 40 

MAX 9.07 9.01 70 70 

OPKBOW 24/16 TYP 4.43 5.27 40 40 

MAX 9.04 10.33 70 70 

OPKEOW 48/16 TYP 4.58 4.74 40 20 

MAX 9.36 9.36 70 40 

OPKGOW 64/16 TYP 4.65 4.51 40 20 

1/4-SPEED TOTEM-POLE MAX 9.48 8.94 70 40 
OUTPUT OPKOOW 10/10 TYP 4.91 5.3 50 50 

MAX 9.95 10.46 100 100 

OPK20W 2/2 TYP 9.73 12.64 180 180 

MAX 19.24 24.19 340 230 

OPK40W 4/4 TYP 6.81 8.12 100 100 

MAX 13.58 15.66 190 180 

OPK60W 6/6 TYP 5.83 6.59 70 80 

MAX 11.72 12.84 140 140 

t CMOS output delay times are shown. 

TEXAS ." 
INSTRUMENTS 

Copyright @ 1989, Texas Instruments Incorporated 
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LIBRARY SUMMARY 
1-f..lm CMOS STANDARD CELLS 

03030, APRIL 1989 

TSC500 
SERIES 

1/4·SPEED OPEN·DRAIN OUTPUTS 

FUNCTION 

OUTPUTS 

HARDWIRED 

1/4-SPEED OPEN-DRAIN 
OUTPUT 

t CMOS output delay times are shown. 

PROOUCTIO. DATA d •• amlol.Clotll. inf.rmlli •• 
currut I. at pMblicltioa ute. Pre"lctl conform to 
specificltionl PI' the IIrllll at Texn IlIdr.me.tl 

::=:~~i~'t::1~1i ~!=::i:r l,rc,.'::::".a:.- lot 

OUTPUT 

SINK 

CELL CURRENT 

NAME (mA) 

OPKA1W 16 

OPKB1W 24 

OPKE1W 48 

OPKG1LJ 64 

OPK01W 10 

OPK21W 2 

OPK41W 4 

OPK61W 6 

TEXAS .If 
INSTRUMENTS 

SWITCHING CHARACTERISTICSt 

(CL =15 pF) 

DELAY DELTA 

tpZL I1tpZL 
(ns) (ps/pF) 

TYP 4.27 40 

MAX 8.67 70 

TYP 4.88 40 

MAX 9.8 70 

TYP 4.71 30 

MAX 9.48 50 

TYP 4.61 20 

MAX 9.3 40 

TYP 5 50 

MAX 10.07 100 

TYP 4.48 190 

MAX 8.78 350 

TYP 7.64 100 

MAX 15.2 190 

TYP 6.21 80 

MAX 12.4 140 

Copyright @ 1989. Texas Instruments Incorporated 
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TSC500 
SERIES 

LIBRARY SUMMARY 
1-f.,lm CMOS STANDARD CELLS 

D3030. APRIL 1989 

1/4-SPEED 3-STATE OUTPUTS 

FUNCTION SWITCHING CHARACTERISTICSt 

OUTPUTS CEll 

HARDWIRED NAME 

OPKA3W 

OPKB3W 

OPKE3W 

OPKG3W 

1/4-SPEED 3-STATE 
OUTPUT OPK03W 

OPK23W 

OPK43W 

OPK63W 

t CMOS output delay times are shown. 

PROOUCTIO. DATA dacum.nI ••• nllin inlor ... ti.n 
currnt u at public .. iDn dati. Products conform t. 
lII*ifiutiana PI' til. IIrM. af T •• u Ins'r ..... nts 

OUTPUT 

CURRENT 

Sink/Source 

(mA) 

16/16 TVP 

MAX 
24/16 TVP 

MAX 
48/16 TVP 

MAX 
64/16 TVP 

MAX 
10/10 TVP 

MAX 
2/2 TVP 

MAX 
4/4 TVP 

MAX 
6/6 TVP 

MAX 

:.;:~ir,·::~7~ ~~~:~t~r :.r:::.:::..~ nDt 
TEXAS ." 

INSTl~.uMENTS 

(Cl = 15 pF) 

DELAY TIME DELTA DELAY 

tplH tpHl ~tplH ~tpHl 

(ns) (ns) (ps/pF) (ps/pF) 

5.5 5.54 40 40 

11.18 11.06 70 70 

5.5 6.46 40 40 

11.14 12.75 70 70 

5.57 6.05 40 20 

11.3 12.1 70 40 

5.64 5.94 40 20 

11.44 11.93 70 40 

5.88 6.34 50 50 

11.87 12.52 90 90 

10.87 14.01 180 180 

22.44 26.93 330 320 

7.77 9.26 100 100 

15.42 17.9 180 180 

6.77 7.65 70 70 

13.56 14.91 130 130 

Copyright @ 1989, Texas Instru"!lents Incorporated 
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LIBRARY SUMMARY 
1-fJm CMOS STANDARD CELLS 

03030, APRIL 1989 

FUNCTION 

NO. 

GATES CELL OF 

HARDWIRED NAME INPUTS 

OR 

OR21 OW 2 

OR220W 2 

OR240W 2 

OR260W 2 

OR31 OW 3 

OR320W 3 

OR340W 3 

OR360W 3 

OR410W 4 

OR420W 4 

OR440W 4 

OR460W 4 

OR51 OW 5 

OR810W 8 

PRODUCTIOI DATA doc ..... ts .... lain inf ..... io. 
curnnt as of paII.ieati •• llite. Productl conform t. 
specificationl PM' the 'Irma of TI.I. Instrumo .. 

:::~:~;·i:~'i ~:~:~ti:r :,~a;:::~::~ not 

OR GATES 

EQUIV 

NA210 

OUTPUT NAND 

DRIVE GATES 

1X 1.25 

2X 1.5 

4X 2.5 

6X 3.75 

1X 1.5 

2X 1.75 

4X 3 

6X 4.5 

1X 1.75 

2X 2.25 

4X 3.5 

6X 5.25 

1X 3.75 

1X 3.75 

TEXAS ..If 
INSTRUMENlS 

TSC500 
SERIES 

SWITCHING CHARACTERISTICS 

CL = 0 
DELTA DELAY 

tpLH tpHL atpLH atpHL 
(ns) (ns) (ns/p!=) (ns/p!=) 

TYP 0.49 0.65 1.09 0.63 

MAX 0.88 1.34 2.12 1.16 

TYP 0.58 0.76 0.53 0.38 

MAX 1.06 1,63 1.04 0.76 

TYP 0.55 0.67 0.27 0.25 

MAX 0.96 1.39 0.54 0.48 

TYP 0.55 0.68 0.18 0.17 

MAX 0.95 1.41 0.36 0.32 

TYP 0.61 0.87 1.09 0.71 

MAX 1.09 2.06 2.14 1.32 

TYP 0.71 1.02 0.53 0.46 

MAX 1.31 2.47 1.04 0.92 

TYP 0.68 0.91 0.28 0.27 

MAX 1.19 2.06 0.54 0.58 

TYP 0.65 0.89 0.2 0.22 

MAX 1.12 1.97 0.38 0.44 

TYP 0.71 1.05 1.1 0.8 

MAX 1.28 2.77 2.18 1.5 

TYP 0.85 1.26 0.54 0.52 

MAX 1.63 3.34 1.1 1.02 

TYP 0.79 1.16 0.28 0.31 

MAX 1.39 2.74 0.58 0.64 

TYP 0.79 1.16 0.18 0.24 

MAX 1.35 2.84 0.42 0.5 

TYP 0.58 0.84 1.73 0.96 

MAX 1;09 2.26 2.2 1.98 

TYP 0.65 1.19 1.06 1.02 

MAX 1.3 3.14 2.11 2.11 

Copyright @ 1989. Texas Instruments Incorporated 
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TSC500 
SERIES 

LIBRARY SUMMARY 
1-f.lm CMOS STANDARD CELLS 

03030, APRIL 1989 

OR-AND GATES, OR-NAND GATES, AND OSCILLATORS 

FUNCTION SWITCHING CHARACTERISTICS 

EQUIV CL = 0 
NO. NA210 DELAY TIME DELTA DELAY 

GATES CELL OF OUTPUT NAND tpLH tpHL atpLH atpHL 
HARDWIRED NAME INPUTS DRIVE GATES (ns) (ns) (ns/pF) (ns/pF) 

OA220W 4 lX 2.25 TYP 0.54 0.95 1.1 0.85 

OR-AND 
Y = (A1 +A2)·(B1 +B2) MAX 1.1 2.18 2.13 1.58 

0A230W I 6 I lX 3 TYP 0.83 1.15 1.1 0.93 

Y = (A1+A2)'(BHB2)'(CHC2) MAX 1.92 2.89 2.13 1.79 

OR-NAND 
OA231W 6 lX 3.25 TYP 1.18 1.05 1.09 0.74 

Y = (Al +A2)·(Bl +B2)'(Cl +C2) MAX 2.91 2.27 2.11 1.32 

OR-AND 
0A240WI· 8 J lX 3.75 TYP 1.2 1.38 1.11 1.01 

Y = (Al +A2)'(Bl +B2)'(Cl +C2)·(Dl +D2) MAX 2.84 3.59 2.18 2.01 

OR-NAND 
OA241W 8 lX 4 TYP 1.36 1.4 1.1 0.74 

Y = (Al +A2)'(Bl +B2)'(Cl +C2)'(Dl +D2) MAX 3.58 3.25 2.12 1.32 

OR-AND 
0A320W J 61 1X 2.5 TYP 0.59 1.28 1.1 0.97 

Y = (Al +A2+A3)·(Bl +B2+B3) MAX 1.29 3.22 2.16 1.98 

FUNCTION SWITCHING CHARACTERISTICSt 

(CL = 15 pF) 

FREQUENCY DELAY TIME DELTA DELAY 

OSCILLATORS CELL RANGE OUTPUT tpLH tpHL atpLH atpHL 

HARDWIRED NAME (MHz) DRIVE (n8) (ns) (ps/pF) (ps/pF) 

THIRD OSI01W 55 to 75 8X TYP 2.3 1.9 50 40 

OVERTONE MAX 3.3 2.9 90 70 

THIRD OSI02W 35 to 55 4X TYP 3.2 2.7 110 80 

OVERTONE MAX 4.8 4.1 190 150 

THIRD OSI03W 20 to 35 2X TYP 5.2 4.3 220 170 

OVERTONE MAX 8.3 6.9 370 300 

FUNDAMENTAL OSI04W 1 to 20 1X TYP 9.3 7.5 440 340 

(CMOS input) MAX 15.3 12.6 750 590 

FUNDAMENTAL OSI24W 1 to 20 lX TYP 14.01 9.92 740 480 

(TTL input) MAX 29.19 17.01 1410 840 

t CMOS output delay times are shown. 

PRODUCTION DATA ..... m ••••••••• i. i.' ...... i •• CU"I.' I. If p •• licati ....... Pr .... clt conform •• 
_ffiooti ........ ho _ 01 T ........ _ .... 

:=~~·r::r3e ~=:r :.r:::~::.- not 
TEXAS ." 

INSTRUMENTS 
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LIBRARY SUMMARY 
1-~m CMOS STAND~RD CELLS 

03030. APRIL 1989 

REGISTERS 

FUNCTION SWITCHING CHARACTERISTICS 

REGISTERSI CL = 0 (CLK to Q OUT) 

FLlP·FLOPSI EQUIV DELAY DELTA 

RIPPLE NA210 TIME DELAY 

COUNTER CELL OUTPUT NAND tpLH tpHL AtpLH AtpHL 

HARDWIRED NAME fClock DRIVE GATES (n8) (n8) (n8/pF) (n8/pF) 

4-BITWITH R2401W 17f! MHz 1X 23.5 TVP 1.51 1.64 0.62 0.42 

SERIN MAX 2.97 3.31 1.22 0.78 

4"BITWITH R2402W 175 MHz 1X 25.5 TVP 1.83 1.71 1.02 1.2 

SERIN MAX 3.71 3.46 1.98 2.38 

4-BITWITH R2403W 170 MHz 1X 29.5 TVP 1.36 1.6 0.6 0.42 

SERINAND MAX 2.69 3.22 1.16 0.76 

PARALLEL 

4-BITWITH R2404W 170 MHz 1X 31.5 TVP 1.78 1.68 1.02 1.22 

SERINAND MAX 3.6 3.37 1.96 2.34 

PARALLEL 

4-BITWITH R2405W 150 MHz 1X 20.5 TVP 1.45 1.62 1.06 0.78 

CLRZ MAX 2.88 3.31 2.04 1.4 

4-BITWITH R2406W 150 MHz 1X 23.5 TVP 1.76 1.76 1.12 0.76 

CLRZAND MAX 3.54 3.51 2.12 1.4 

COMPo OUT. 

4-BITWITH R2407W 150 MHz 1X 24.5 TVP 1.59 1.72 2.14 1.33 

CLRZ MAX 3.22 3.57 4.27 2.54 

4-BIT RIPPLE R2408W 185 MHz 1X 23.5 TVP 4.34 4.05 0.62 0.46 

COUNTER MAX 9.49 8.89 1.24 0.88 

TSC500 
SERIES 

TIMING 

RQMTS 

SETUP HOLD 

(MIN) (MIN) 

t8u th 
(n8) (n8) 

2 0 

2 0 

2 0 

2 0 

2 0 

2 0 

2 0 

0 -

PRODUCTION DATA d ••• mentl •• ntli. inf.rmlti •• 
eurr.nt " of public.tian d"I. Productl C.R'.'''' to 
lpecific.tions ..... th. tlrml of 'Ill. Ins,ruml.l,s TEXAS ." 

Copyright @ 1989, Texas Instruments Incorporated 
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TSC500 
SERIES 

FUNCTION 

REGISTER 

FILES 

HARD· 

WIRED 

3-PORT: 
1 WRITE. 
2 READ 

4-PORT: 
2 WRITE. 
2 READ 

CELL 

NAME 

RF400W 

RF402W 

RF403W 

RF600W 

RF602W 

RF401W 

RF601W 

ORGANI· OUT· 

ZATION PUT 

(WXB) DRIVE 

16 x 8 1X 

16 x 9 1X 

16 x 12 2X 

64 x 8 1X 

64 X 9 1X 

16 X 8 1X 

64 X 8 1X 

PRODUCTION DATA 4 ............ I.i. i.' ...... i •• 
•• noOl •• 01 puIIlali •• d .... Prod .... conform '0 
_if .... i ... fill' lho tor ... 0' T •• II 1 •• lr ....... 

::=~I~·;':::::.ri ~!.O:I:~ :.\":::.:It.~ ... 

LIBRARY SUMMARY 
1-fJ.m CMOS STANDARD CELLS 

D3030. APRIL 1989 

REGISTER FILES 

ACCESS/CYCLE TIME TIMING 

CHARACTERISTICS RQMTS 

EQUIV 
WRITE ADDR. ENABLE DELTA 

WRITE WRITE 

NA210 SETUP HOLD 

NAND 
CYCLE ACCESS ACCESS DELAY 

(MIN) (MIN) 

GATES tc(W) ta(A) ten(G) Ilta(A) tsu th 
AREA (MIN) (ns) (ns) (ns/pF) (ns) (ns) 

710 TYP 5.2 1.3 0.6 

MAX 9 10.7 2.9 1.2 5 0 

781 TYP 5.2 1.3 0.6 

MAX 9 10.9 2.9 1.2 5 0 

930 TYP 6.6 1.7 0.4 

MAX 12.1 13.6 3.8 0.9 5 0 

3516 TYP 5.5 1.6 0.7 

MAX 8 12.3 3.5 1.3 4 0 

3844 TYP 5.6 1.6 0.7 

MAX 8 12.5 3.5 1.3 4 0 

985 TYP 5.2 1.3 0.6 

MAX 10 11 2.9 1.3 6 0 

5007 TYP 5.5 1.6 0.7 

MAX 8 12.5 3.5 1.3 4 0 

TEXAS .., 
INSTRUMENTS 
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LIBRARY SUMMARY 
1-r..tm CMOS STANDARD CELLS 

03030, APRIL 1989 

STATIC RANDOM ACCESS MEMORIES 

FUNCTION ACCESS/CYCLE TIME 

CHARACTERISTICS 

EQUIV 
WRITE ADDR. ENABLE 

MACRO NA210 
CYCLE ACCESS ACCESS 

NAME OUT· NAND 

RAMS (MUX· PUT GATES tc(W) ta(A) ta(E) 
(ORGANIZATION) FACTOR) DRIVE (AREA) (ns) (ns) (ns) 

64W x 48 RHOOOW 1X 3866T TYP 7.6 7.6 

(2:1) MAX 30 18.2 18.2 

64W x 88 RH001W 1X 3866 TYP 7.7 7.7 

(2:1) MAX 30 18.3 18.3 

128W x 48 RH002W 1X 5855t TYP 8.2 8.2 

(2:1) MAX 30 19.4 19.4 

128W x 88 RH003W 1X 5855 TYP 8.3 8.3 

(2:1) MAX 30 19.5 19.5 

256W x 48 RH004W 1X 9834t TYP 9.3 9.3 

(2:1) MAX 30 21.8 21.8 

256W x 88 RH005W 1X 9834 TYP 9.4 9.4 

(2:1) MAX 30 21.9 21.9 

512W x 48 RH006W 1X 6526T TYP 9.2 9.2 

(8:1) MAX 30 21.5 21.5 

512W x 88 RH007W 1X 6526 TYP 9.5 9.5 

(8:1) MAX 30 22 22 

1024W x 48 RH008W 1X 5564 TYP 10.4 10.4 

(8:1) MAX 32 23.9 23.9 

1024W x 88 RH009W 1X 8209 TYP 10.8 10.8 

(8:1) MAX 32 24.4 24.4 

2048W X 48 RH010W 1X 12114t TYP 11.9 11.9 

(16:1) MAX 35 26.7 26.7 

2048W X 88 RH011W 1X 12114 TYP 12.6 12.6 

(16:1) MAX 36 27.7 27.7 

t Overall area is determined by factors other than bit density. 

DELTA 

DELAY 

Ata(A) 
(ns/pF) 

1 

2.1 

1 

2.1 

1 

2.1 

1 

2.1 

1 

2.1 

1 

2.1 

1 

2.1 

1 

2.1 

1 

2.1 

1 

2.1 

1 

2.1 

1 

2.1 

TSC500 
SERIES 

TIMING 

RQMTS 

DATA ADDR. 

SETUP HOLD 

(MIN) (MIN) 

tsu(D) th(WA) 
(ns) (ns) 

10 5 

10 5 

10 5 

10 5 

10 5 

10 5 

10 5 

10 5 

10 5 

10 5 

10 5 

10 5 

PROOUCTIO. DATA d.c .... nll c.ot.in inhl, ... ti •• 
clrreat I. of ...... ic.'i ... ute. PrWuctl c,.'anll t • TEXAS ." 

Copyright @ 1989, Texas Instruments Incorporated 
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TSC500 
SERIES 

LIBRARY SUMMARY 
1-J,lm CMOS STANDARD CELLS 

03030, APRIL 1989 

SHIFT REGISTERS 

FUNCTION SWITCHING CHARACTERISTICS 

EaUIV (See Note 1) 

SHIFT NA210 DELAY TIME DELTA DELAY 

REGISTERS MACRO OUTPUT NAND tpLH tpHL AtpLH AtpHL 
SOFTWARE NAME LENGTH DRIVE GATES (ns) (ns) (ns/pF) (ns/pF) 

SIPO WITH CLRZ S164LJ 8-BITS 2X 50.75 TYP 1.5 1.6 0.62 0.42 

MAX 3 3.3 1.22 0.78 

PISOWITH S165ALJ 8-BITS 1X 85.5 TYP 2.7 2.1 0.56 0.36 

CLKINH MAX 5.8 4.4 1.1 0.7 

PISO WITH CLRZ S166LJ 8-BITS 1X 66.5 TYP 2.3 2.5 1.06 0.78 

MAX 4.6 5 2.04 1.4 

PIPO BIDIRECT. S194ALJ 4-BITS 1X 52.75 TYP 1.6 1.7 1.06 0.78 

WITH CLRZ MAX 3.2 3.5 2.04 1.4 

PIPO WITH CLRZ S195ALJ 4-BITS 1X 41.5 TYP 1.8 1.7 1.12 0.76 

MAX 3.5 3.5 2.12 1.4 

PIPO BIDIRECT. S299LJ 8-BITS 1X 127 TYP 2.3 2.4 1 0.6 

WITH CLRZ MAX 4.6 4.7 2.06 1.2 

PIPO BIDIRECT. S299XLJ 8-BITS 1X 101.25 TYP 1.6 1.7 1.06 0.78 

WITH CLRZ MAX 3.2 3.5 2.04 1.4 

SIPO 3-STA TE S595LJ 8-BITS 1X 99.5 TYP 1.6 1.7 2.14 1.33 

WITH CLRZ MAX 3.2 3.6 4.27 2.54 

SIPO WITH CLRZ S598XLJ 8-BITS 1X 160.25 TYP 3.1 3.7 2.08 1.22 

MAX 6.4 7.6 4.16 2.42 

PIPO BIDIRECT. S651LJ 8-BITS 1X 172.5 TYP 3.5 3.2 1 0.6 

MAX 6.5 6.1 2.06 1.2 

PIPO BIDIRECT. S652LJ 8-BITS 1X 196.5 TYP 3.5 3.6 1 0.6 

MAX 6.7 6.7 2.06 1.2 

NOTE1: Specific timing data regarding pulse duration, setup time, and hold time models are incorporated in 
the engineering workstation library. 

PRDDUCTIO. DATA doc .... nll •• ntli. inf.'mltion 
curr ••• II of publiation date. P' .... CIS contann t. 
I~C'liHI ... the ..... If T,lIsII.lrllnlnts 

::=~i~'i:I~7i ~=:::r rn::::::.~ nit 
TEXAS ." 

INSTRUMENTS 
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LIBRARY SUMMARY 
1-J,lm CMOS STANDARD CELLS 

03030. APRIL 1989 

TSC500 
SERIES 

TOGGLE FLlP·FLOPS, SCAN FLlP·FLOPS, AND LATCHES 

FUNCTION SWITCHING CHARACTERISTICS 

TOGGLE EQUIV CL = 0 (CLK TO Q OUT) 

FLlP·FLOPS NA210 DELAY TIME DELTA DELAY 

HARDWIRED CELL OUTPUT NAND tpLH tpHL .:ltpLH .:ltpHL 

(fclock) NAME DRIVE GATES (ns) (ns) (ns/pF) (ns/pF) 

145 MHz WITH CLRZ TAB20W 2X 7.5 TYP 2.03 1.34 0.56 0.38 

AND PREZ MAX 4.43 2.94 1.12 0.7 

165 MHz WITH CLRZ TAC20W 2X 6.75 TYP 1.96 1.2 0.54 0.36 

MAX 4.24 2.52 1.1 0.7 

165 MHz WITH PREZ TAP20W 2X 6.5 TYP 1.87 1.31 0.56 0.36 

MAX 4.11 2.81 1.08 0.7 

FUNCTION SWITCHING CHARACTERISTICS TIMING 

SCAN (CLK to Q OUT) RQMTS 

FLlP·FLOPS EQUIV DELAY DELTA SETUP HOLD 

AND LATCHES NA210 TIME DELAY (MIN) (MIN) 

HARDWIRED CELL OUTPUT NAND tpLH tpHL .:ltpLH .:ltpHL tsu th 

('clock) NAME DRIVE GATES (ns) 

76 MHz TDB10W 

135 MHz WITH CLRZ TDC10W 

100 MHz WITH CLRZ TDCllW 

155 MHz TDN10W 

111 MHz TDN11W 

100 MHz TDD12W 

100 MHz TDN13W 

83 MHz TDN22W 

PRODUCTION DATA ........ ot ••• IIIi. inltr_i •• 
•• rnot I. 01 ,oli.ltio. dltl. Products ••• lorOl t • 
..... ifie.tl ••• pit Ih. 1InR. 01 Tin. 1 •• lr ..... I. 

::".::~i~·r::I~t ~~t~:r ru:::.::.::.- .ot 

1X 

1X 

lX 

lX 

1X 

lX 

lX 

2X 

7 TYP 0.87 

MAX 1.73 

7.75 TYP 1.31 

MAX 2.6 

4.25 TYP 1.56 

MAX 3.41 

7.25 TYP 1.46 

MAX 2.93 

4 TYP 1.19 

MAX 2.68 

3.75 TYP 1.4 

MAX 3.08 

6 TYP 1.32 

MAX 2.67 

6 TYP 1.56 

MAX 3.39 

TEXAS .., 
INSTRUMENTS 

(ns) (ns/pF) (ns/pF) (ns) (ns) 

1.12 1.12 1.12 

2.32 2.2 
4 0 

2.35 

1.54 1.31 0.85 

3.12 2.54 1.58 12 0 

1.9 1.09 0.72 

3.99 2.09 1.29 3 0 

1.34 1.13 1.17 

2.65 2.18 2.13 3 0 

1.63 1.09 0.74 

3.31 2.1 1.32 3 0 

1.86 1.09 0.72 

3.9 2.09 1.28 3 0 

1.93 1.09 0.98 

4.26 2.12 1.98 3 0 

1.94 0.53 0.35 

4.19 1.04 0.62. 3 0 

Copyright @ 1989. Texas Instruments Incorporated 
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TSC500 
SERIES 

LIBRARY SUMMARY 
1-J.lm CMOS STANDARD CELLS 

03030. APRIL 1989 

POWER~UP CLEAR, PULL-UP, PULL-DOWN TERMINATORS, AND HIILO 

FUNCTION 

POWER-UP EQUIV 

CLEAR CELL CELL OUTPUT NA210 ELECTRICAL 

HARDWIRED NAME DRIVE GATES 

OPERATES PUCOOW 1X 14.75 POWERED 

FROM VCC DIRECTLY BY 

VCC 

FUNCTION 

TERMINATORS CELL EQUIVALENT 

HARDWIRED NAME NA210s 

FOR 3-STATE I/0s PD095W 2.5 

AND INPUTS PR005W 4.25 

PR095W 4 

PR250W 3 

PR400W 3 

FUNCTION 

EQUIV 

TIEOFFFOR NA210 

UNUSED INPUTS CELL OUTPUT NAND 

HARDWIRED NAME DRIVE GATES 

HI/LOWITH TOOl OW lX 2 

ESD PROTECTION 

'ROOUCTIOI DATA do ...... I ••• lilli. i.lormlli •• 
.limtlUI 01 pUIIcolio. dati. , ..... cto ... 11 ... I. 
'plCifatians .... hI __ • ·0' '.IU In •• r ..... ta 

=.=i~·[:::zi ~:~::i: :'i'::~-:'::'- lit 

TEXAS .., 
INSTRUMENts 

CHARACTERISTICS 

SWITCHING 

MIN OUTPUT PULSE WIDTH = 30 ns 

AT VCC RISE TIME = 50 ns 

TYPICAL 

TYPE OF CURRENT 

TERMINATION (IJA) 

PULL-DOWN 95 

PULL-UP -5 

PULL-UP -95 

PULL-UP -250 

PULL-UP -400 

SWITCHING CHARACTERISTICS 

DELAY TIME DELTA DELAY 

tpLH tpHL atpLH atpHL 

(ns) (ns) (ns/pF) (ns/pF) 

TYP N/A N/A N/A N/A 

MAX N/A N/A N/A N/A 

Copyright @ 19~9, Texas Instruments Incorporated 
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LIBRARY SUMMARY 
1-flm CMOS STANDARD CELLS 

03030, APRIL 1989 

TEST-PORT CONTROLLERS 

FUNCTION 
SWITCHING CHARACTERISTICS 

PARALLEL 
MegaModule T. 

CL = 0 (CLK TO Q OUT) 

TEST-PORT EQUIV 
DELAY TIME DELTA DELAY 

CONTROLLERS NA210 

HARDWIRED CELL OUTPUT NAND tpLH tpHL .1tpLH .1tPHL 

(fclock) NAME DRIVE GATES (n8) (n8) (n8/pF) (n8/pF) 

123 MHz TPOOOW 1X 3.75 TYP 1.24 0.95 3.11 1.23 

PORT CO NT. MAX 2.48 2.08 6.27 2.22 

GLOBAL EN TP006W 4X 6.25 TYP 1.33 1.49 0.69 0.54 

CKCONT. MAX 2.65 3.07 1.43 1.06 

TEST OUTPUT TP008W 4X 3.5 TYP 0.33 0.33 0.37 0.34 

MAX 0.55 0.57 0.74 0.61 

INPUT BUFFER TP009W 4X 4 TYP 0.47 0.46 0.59 0.45 

MAX 0.79 0.71 1.2 0.86 

OUTPUT TP010W 4X 2.5 TYP 0.23 0.22 0.29 0.25 

BUFFER MAX 0.38 0.41 0.47 0.32 

MegaModule is a trademark of Texas Instruments Incorporated. 

TSC500 
SERIES 

TIMING 

RQMTS 

SETUP HOLD 

(MIN) (MIN) 

t8U th 
(n8) (n8) 

2.5 0 

N/A 

N/A 

N/A 

N/A 

PROOUCTIOI OA TA d __ oots _ontain i""' .... lion 
_1It11ItII n 0' , .. Ii_Ilion dolO. Pnodocts co""' .. 10 
.... iliulio •• ,. 1111 IIfIM 01 TI.D 1 •• 1 ..... 11. TEXAS ." 

Copyright C) 1989, Texas Instruments Incorporated 
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TSC500 
SERIES 

SPECIAL FUNCTIONS 
FUNCTIONAL INDEX 

03030, JANUARY 1989 

INPUT AND OUTPUT TERMINATORS/POWER·UP CLEAR/UNUSED·INPUT TIE·OFF 

DESCRIPTION 
CELL 

NAME 

Clock Generator CK120LJ 

Terminator PD095LJ 

Terminator PR005LJ 

Terminator PR095LJ 

Terminator PR250LJ 

Terminator PR400LJ 

Power-Up Clear One-Shot PUCOOLJ 

Tie-Off Gate T0010LJ 

PRODUCTION DATA dHullo.II ••• lli. i.'ormlli •• 
£1"'.' .1 If p •• licltion d •••. Products CI.f.nn t • 
• ,..i'iulio •• por lhe lor ... 01 Tlxu , •• 1' ..... 1. 

=:=i~·{::~7i ~::.:~ti:r :.r:::~~.r:.1 I.t 

OUTPUT 
COMMENTS 

EQUIVALENT 
PAGE 

DRIVE NA210s 

2-phase, nonoverlap 
1X clock generator for use 5 6-10 

with T N latches 

- 95-J,tA pull-down 0 6-3 

- 5-J,tA pull-up 0 6-4 

- 95-IJA pull-up 0 6-5 

- 250-J,tA pull-up 0 6-6 

- 400-J,tA pull-up 0 6-7 

- Positive-edge triggered 0 6-8 

1X H- and L-Iogic level tie-
off for unused inputs 2 6-9 

TEXAS ~ 
INSTRUMENTS 

Copyright @ 1989. Texas Instruments Incorporated 
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TSC500 
SERIES 

PD095LJ 
95-fJ.A PULL-DOWN ACTIVE TERMINATOR 

03030, DECEMBER 1988 

INTERNAL CELL 

description 
The PD095W is a dedicated standard
cell pull-down terminator that can be 
incorporated into an ASIC design on 
input, output, or 110 cells. The con
nection is made at the input, output, or 
110 node. The terminator is used to 
ensure that the input, output, or 110 will 
be driven to a low logic level, thereby 
avoiding exposure to a high-impedance 
or floating condition. The terminator is 
ESD and latch-up protected by the 
input, output, or 110 cell. When the ter-

logic symbolt 

PWRDN 

95 I 
I'A. 

.----II-TAP 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

minator is called from the engineering workstation input, the following label format is 
developed and will be captured in the design netlist: 

Label: PD095W (input,output,or 110 node name); 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics over recommended ranges of supply voltage and operating free· 
air temperature (unless otherwise noted), PWRDN = L* 

TEST CONDITIONS 
-55·C to 125·C 

PARAMETER 
MIN TYP§ MAX 

Vo = 1 V 21 

10 Output current Vo = 2.5V 36 

Vo = 4.5V 35 

:1: When PWRDN = H, the current source is turned off. 
§ Typical values are at VCC = 5 V, TA = 25·C. 

47 

87 

95 

PRODUCTION DATA documlnts contlhl informltion ." 
currlnt I. af publication dill. Products conform 10 1] 
specificatiofts P" Ihe terms of T8XIS Instruments EXAS 
=~:~i~'{::I~7i ~::i~~ti:f ~,a;.i:::t:~~s not INSTRUMENTS 

94 

182 

208 

O·C to 70·C 

MIN TYP§ MAX 
UNIT 

23 47 88 

39 87 170 J1A 
38 95 195 

Copyright @ 1988. Texas Instruments Incorporated 
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TSC500 
SERIES 

PR005LJ 
5-J..lA PULL-UP ACTIVE TERMINATOR 

DECEMBER 1988 

INTERNAL CELL 

description 
The PR005W is a dedicated standard
cell pull-up terminator that can be 
incorporated into an ASIC design on 
input, output, or I/O cells. The 
connection is made at the Input, output, 
or I/O node. The terminator is used to 
ensure that the input, output, or I/O will 
be driven to a high logic level, thereby 
avoiding exposure to a high-impedance 
or floating condition. The terminator is 
ESD and latch-up protected by the 
input, output, or I/O cell. When the ter-

logic symbolt 

PWRDN 

"--+-TAP 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

minator is called from the engineering workstation input, the following label format is 
developed and will be captured in the design netlist: 

Label: PR005W (input,output,or I/O node name); 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), PWRDN = L* 

-55°C to 125°C 
PARAMETER TEST CONDITIONS 

MIN 

VO=4V 0.52 

10 Output current Vo = 2.5V 1.7 

VO= 0 1.9 

:j: When PWRDN == H, the current source is turned off. 
§ Typical values are at Vee = 5 V. TA = 25°e. 

TYP§ MAX 

2.46 6.18 

4.62 9.78 

4.97 10.5 

O°C to 70°C 

TYP§ 
UNIT 

MIN MAX 

0.56 2.46 5.83 

1.88 4.62 9.24 IlA 
2 4.97 9.92 

PRODUCTIDI DATA ~' •• OI'.II ••• lli. inlorOlllio. 
Clrreat II If ,llIIie.tion lIatl. Prellueta can'arm to 
lpICiflCltitnl JIll' thl IIrllll .f rl.l. I •• trlm •• ts TEXAS ." 

Copyright @ 1988, Texas Instruments Incorporated 
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TSC500 
SERIES 

PR095LJ 
95-fJA PULL-UP ACTIVE TERMINATOR 

INTERNAL CELL 

description 
The PR095LJ is a dedicated standard
cell pull-up terminator that can be 
incorporated into an ASIC design on 
i"put, output, or I/O cells. The 
connection is made at the input, outP4t, 
or I/O node. The terminator is used to 
ensure that the input, output, or I/O will 
be driven to a high logic level, thereby 
avoiding exposure to a high-impedance 
or floating condition. The terminator is 
ESD and latch-up protected by the 
input, output, or I/O cell. When the ter-

logic symbolt 

PWRDN 

Vee 
951 
/LA. 

L---1r-TAP 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

minator is called from the engineering workstation input, the following label format is 
developed and will be captured in the design netlist: 

Label: PR095LJ (input,output,or I/O node name); 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), PWRDN = L* 

-55°e to 125°e 
PARAMETER TEST CONDITIONS 

" MIN 

Vo = 4V 10 

10 Output current Vo = 2.5 V 36 

VO= 0 40 

:j: When PWRDN = H, the current source is turned off. 
§ Typical values are at Vee = 5 V, T A = 25°C. 

TYP§ MAX 

47 115 

88 179 

95 192 

O°Cto 700C 

TYP§ 
UNIT 

MIN MAX 

11 47 109 

38 88 169 IlA 
42 95 182 

PRODUCTIO. DATA documlnt. cantlin, information 
currlnt •• of publicltioR d't •. Products conform to 
specific.tions per thl t.rms of TIXI •. Instrum.nt. TEXAS ,If 

INSTRUMENTS 

Copyright C) 1988. Texas Instruments Incorporated 

:=:~~i~'{::1~7i ~~'1;:~ti:r :llo;:;:::::'::I~' not 
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TSC500 
SERIES 

PR250LJ 
250-f.lA PULL-UP ACTIVE TERMINATOR 

03030, DECEMBER 1988 

INTERNAL CELL 

description 
The PR250LJ is a dedicated standard
cell pull-up terminator that can be 
Incorporated into an ASIC design on 
input, output, or I/O cells. The 
connection is made at the input, output, 
or I/O node. The terminator is used to 
ensure that the input, output, or I/O will 
be driven to a high logic level, thereby 
avoiding exposure to a high-impedance 
or floating condition. The terminator is 
ESD and latch-up protected by the 
input, output, or I/O cell. When the ter-

logic symbolt 

PWRDN 

VCC 
2501 
p.A t 

TAP 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

minator is called from the engineering workstation input, the following label format is 
developed and will be captured in the design netlist: 

Label: PR250W (input,output,or I/O node name); 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), PWRDN = L* 

PARAMETER TEST CONDITIONS 
-55°C to 125°C 

MIN TYP§ MAX 

Va =4V 21 96 

10 Output current Va = 2.5V 73 179 

Va = 0 83 197 

:j: When PWRDN = H, the current source is turned off. 
§ Typical values are at Vee = 5 V, TA = 25°e. 

PROOUCTIOI DATA d ....... t ...... i. i.I.,matlon 
.unnl U " , •• ,icllion ...... Product .... Ior. to 
"";_H. per "" "'M, " TI.I. I •• " ...... 
=i;'{'::t~ ~=:~r :~.::::= 1101 

TEXAS ..If 
INSTRUMENTS 

235 

366 

398 

O°C to 70°C 

MIN TYP§ MAX 
UNIT 

23 96 222 

78 179 346 I1A 
88 197 377 

Copyright @ 1988. Texas Instruments Incorporated 
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TSC500 
SERIES 

PR400LJ 
400-rJA PULL-UP ACTIVE TERMINATOR 

D3030, DECEMBER 1988 

INTERNAL CELL 

description 
The PR400W is a dedicated standard
cell pull-up terminator that can be 
incorporated into an ASIC design on 
input, output, or I/O cells. The 
connection is made at the input, output, 
or I/O node. The terminator is used to 
ensure that the input, output, or I/O will 
be driven to a high logic level, thereby 
avoiding exposure to a high-impedance 
or floating condition. The terminator is 
ESD and latch-up protected by the 
input, output, or I/O cell. When the ter-

logic symbolt 

PWRDN 

Vee 
400 I 
fAA t 

TAP 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

minator is called from the engineering workstation input, the following label format is 
developed and will be captured in the design netlist: 

Label: PR400W (input,output,or I/O node name); 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), PWRDN = Lt: 

-55·C to 125·C 
PARAMETER TEST CONDITIONS 

MIN 

VO=4V 44 

10 Output current Vo = 2.5V 150 

Vo = 0 170 

:j: When PWRDN = H, the current source is turned off. 
§ Typical values are at Vee = 5 V, T A = 25·e. 

TYP§ MAX 

196 478 

365 742 

400 805 

O·C to 70·C 

TYP§ 
UNIT 

MIN MAX 

47 196 451 

161 365 701 I1A 
180 400 762 

PRODUCT.DI DATA dlcumlnls cantlin inform.tioR 
currlnt I. of publication dltl. Products conform to 
.plCirie.tionl per the 'Irms of TIXIS Instruments TEXAS ." 

Copyright @ 1988, Texas Instruments Incorporated 
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TSC500 
SERIES 

PUCOOLJ 
POWER-UP CLEAR ONE-SHOT 

DECEMBER 1988 

INTERNAL CELL 

description logic symbolt 
The PUeOOLJ is a dedicated standard
cell implementing a positive-edge 
triggered one-shot that is automatically 
triggered by the rising edge of the 5-V 
power-up supply voltage. 

When the PUeOOLJ is incorporated in a 
standard~cell design, its output rises 
with Vee. It produces a low-logic-level 
pulse when Vee reaches the trigger 
level V1. As Vee continues to rise, the 
pulse terminates and the output goes 

JL 
Vee Q 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

high when Vee reaches V2. Another pulse will be initiated only if Vee falls below V1. The 
duration of the low-logic-level pulse is dependent on the rise time of the supply voltage. The 
output of the pueoow is used to initialize storage elements that can be preset or cleared 
asynchronously. For most applications, a single PUeOOLJ is adequate to execute the 
power-up initialization. When the one-shot is called from the engineering workstation input, 
the following label format is developed arid will be captured in the design netlist: 

Label: PUeOOLJ Q; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSe500 Series Data. 

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

PARAMETER TEST CONDITIONS MIN MAX UNIT 

V1 Level of Vee to initiate pulse Vee rising from 0 to 4.5 V 2 V 

V2 Level of Vee to terminate pulse 4 V 

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

FROM TO 
TEST CONDITIONS* MIN MAX UNIT PARAMETER 

(INPUT) (OUTPUT) 

tr =50ns 30 

tr = 1IJs 100 ns 
twQ Vee Q 

tr = 100 IJS 21 

tr = 10 ms 2.2 ms 

* Rise times are measured between the 0.5 V and 4.5 V points of Vee. 

PRooueno. OATA ..... m.nts .. nl.in inf.rm.li •• 
.ur"'" H .f , •• II •• li •• d.I •. Products •• nform 10 
.,..ifleoti ... ,.,. lhe lorm. of T •••• In.tr.m.nts 

TEXAS " INSTRUMENTS 

Copyright @ 1988, Texas Instruments Incorporated 
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TSC500 
SERIES 

T0010LJ 
ESD PROTECTED TIE-OFF 

WITH COMPLEMENTARY OUTPUTS 
DECEMBER 1988 

description 

FUNCTION TABLE 

OUTPUTS 

HI LO 

H L 

INTERNAL CELL 

logic symbolt 

~HI 
~LO 

t This symbol is in accordance with ANSI/IEEE 
STD 91-1984. 

AT APPLICATION OF VCC: HI = H, LO = L 

The T0010LJ internal tie-off cell is offered for managing unused inputs. The tie-off cell 
features complementary high-logic-level HI and low-logic-level LO outputs each capable of 
handling all unused inputs encountered in the standard cell design. When the cell is called 
from the engineering workstation input, the following label format is developed and will be 
captured in the design netlist: 

Label: T0010LJ LO,HI; 

"-absolute maximum ratings and recommended operating conditions 
These are specified as a part of the applicable cell library. 

electrical characteristics, Vee = 5 V, T A = 25°e (unless otherwise noted) 

PARAMETER* TEST CONDITIONS TYP MAX 

C d Equivalent power dissipation capacitance tr =tf=1ns nil 

* For Supply Current, ICC, see the TSC500 Series Data. 

PROOUCTIOM OArA d ....... t. c.ntlin inf.rmltion 
currlnt II of publication dill. Products clnfarm to 
.pleiliutianl ptI' the te'lIIl If TIJlIS Instruments TEXAS ." 

Copyright e 1988. Texas Instruments Incorporated 
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TSC500 
SERIES 

CK120LJ 
CLOCK GENERATOR 

WITH NONOVERLAPPING TWO-PHASE OUTPUTS 
MARCH 1989 

INTERNAL CLOCK GENERATOR CELL 

FUNCTION TABLE logic symbolt 
INPUT OUTPUTS -[J:CLK A 

L 
H 

ClK 

L 
H 

ClKZ 

H 
L 

A CLKZ 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984 and IEC Publication 617-12. 

description 
The CK120LJ clock generator provides two-phase nonoverlapping clock outputs from a 
single clock input. The generator is compatible for use with the dual clocks needed to 
strobe the TDXXXLJ scan latches. When the clock generator is called from the engineering 
workstation input, the following label format is developed and will be captured in the design 
netlist: 

Label: CK120LJ A,CLK,CLKZ; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, T A = 25°e 

PARAMETER* TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

. Cpd Equivalent power dissipation 
capacitance tr = tf = 1 ns 

* For Supply Current, ICC, see the TSC500 Series Data. 

TYP MAX UNIT 

2.2 V 

0.11 pF 

3.96 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 

PARAM- FROM TO - 55°C to 125°C 

ETER (INPUT) (OUTPUT) MIN TYPS MAX 

tpLH 
A CLK 

1.76 5.99 15.38 

tpHL 0.2 1.01 2.71 

tpLH 
A CLKZ 

1.7~ 5.85 15.06 

tpHL 0.27 2.01 3.13 

~tpLH 
A CLK 

0.64 2.04 5.04 

~tpHL 0.19 0.86 2.29 

~tpLH 
A CLKZ 

0.6 2.02 5.04 

~tpHL 0.21 0.88 2.32 

§ Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTION DATA documents contain information 
current 8' af publication datI. Products conform to 
spacifications par the terms of Taxas Instruments 

:~=~~i~·{::I~'li ~::i~~i:r :.~':::::£:~~ not 

TEXAS .., 
INSTRUMENTS 

O°C to 70°C 

MIN TYPS MAX 
UNIT 

1.95 5.99 13.61 

0.22 1.01 2.46 
ns 

1.9 5.85 13.34 

0.31 2.01 2.83 
ns 

0.68 2.04 4.58 
ns/pF 

0.21 0.86 2.11 

0.66 2.02 4.54 
ns/pF 

0.22 0.88 2.14 

Copyright @ 1989. Texas Instruments Incorporated 

6-10 POST OFFICE BOX 665012 • DALLAS, TeXAS 75265 



TSC500 
SERIES 

CK120LJ 
CLOCK GENERATOR 

WITH NONOVERLAPPING TWO-PHASE OUTPUTS 
03030, MARCH 1989 

PARAMETER MEASUREMENT INFORMATION 

A 

ClK 44% 

tplH .... ~ .... tpHl 

clKz _______ ,J144% '\"'44_% ____ /44% ~"'44_% ___ _ 

FIGURE 1. A TO ClK OR ClKZ TIMING DIAGRAM 

PRODUCTION DATA doc ..... ts ... IIII.lnf.rm.ti •• 
current I. of publicltion date. Products canfarm to 
specifications per the terms of TIXI. Instruments TEXAS ." 

Copyright @ 1989, Texas Instruments Incorporated 
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TSC500 
SERIES 

BUFFERS/DRIVERS 
FUNCTIONAL INDEX 

03030. JANUARY 1989 

INTERNAL BUFFER CELLS 

DESCRIPTION 
CELL OUTPUT 

COMMENTS 
EQUIVALENT 

PAGE 
NAME DRIVE NA210s 

1-lnput BU110W 1X Noninverting 2 7-3 

1-lnput BU111W 1X Inverting 2.5 7-4 

1-lnput BU112W 1X Noninverting 2 7-5 

1-lnput BU113W 1X Noninverting 3.25 7-6 

1-lnput BU114W 1X Noninverting 3.25 7-7 

1-lnput BU120W 2X Noninverting 1.25 7-8 

1-lnput BU130W 3X Noninverting 1.75 7-9 

2-lnput 3-State BU221W 2X Noninverting. Active L enable 2.5 7-10 

2-lnput 3-State BU222W 2X Noninverting. Active H enable 2.5 7-12 

2-lnput 3-State BU261W 6X Noninverting. Active L enable 3.75 7-14 

2-lnput 3-State BU262W 6X Noninverting. Active H enable 3.75 7-16 

INTERNAL INVERTER CELLS 

DESCRIPTION 
CELL OUTPUT 

COMMENTS 
EQUIVALENT 

PAGE 
NAME DRIVE NA210s 

IV101W 10X 4.5 7-18 

IV110W 1X 0.75 7-19 

IV120W 2X 1 7-20 

Inverters IV130W 3X 1.25 7-21 

IV140W 4X 1.5 7-22 

IV160W 6X 2 7-23 

IV180W 8X 2.5 7-24 

IV211W 1X Active L enable 1.25 7-25 

IV212W 1X Active H enable 1.25 7-27 

Inverters with 3-State Outputs 
IV221W 2X Active L enable 2 7-29 

IV222W 2X Active H enable 2 7-31 

IV241W 4X Active L enable 3 7-33 

IV242W 4X Active H enable 3 7-35 

PRODUCTIOI OATA d ••• monts.ontain in,." •• tion 
carnnt u If palilicatio. dltl. Pradlcts clnfarm to 
specifications p. the tennl of TIIII Inltfllmellts TEXAS .., 

INSTRUMENTS 

Copyright Cl 1989, Texas Instruments Incorporated 
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BUFFERS/DRIVERS 
FUNCTIONAL INDEX 

D3030, JANUARY 1989 

DESCRIPTION 

Dual 4-Bit Drivers with 3-State 

Outputs 

8-Bit Bidirect. with 3-State 

Outputs 

INTERNAL BUFFERS (SOFTWARE) 

MACRO OUTPUT 
COMMENTS 

NAME DRIVE 

S244W 1X 
Noninverting, Separate 

Active L enables 

S245W 1X 
Noninverting, 

Active L enable 

TSC500 
SERIES 

EQUIVALENT 
PAGE 

NA210s 

18 7-37 

36 7-41 

PRODUCTION DATA d ••• mo.ts ••• tli. i.i.,mlti •• 
current II of publication dati. Preducts conform to 
specifications per the terms of Texi. Instruments TEXAS ~ 

INSTRUMENTS 

Copyright @ 1989, Texas Instruments Incorporated 
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TSC500 
SERIES 

INTERNAL BUFFER CELL 

BU110LJ 
NONINVERTING BUFFER 

JANUARY 1989 

FUNCTION TABLE logic symbolt 
INPUT 

A 

H 

L 

OUTPUT 

Y 

H 

L 

A--[>-V 
t This symbol is in accordance with ANSI/IEEE 

Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A 

description 
The BU11 OW cell is a noninverting buffer. When the buffer is called from the engineering 
workstation input, the following label format is developed and will be captured in the design 
netlist: 

Label: BU11 OW A,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 

PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitance tr=tf=1ns 

TYP MAX UNIT 

2.2 V 

0.02 pF 

1.49 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 

FROM TO -55·C to 125·C o·Cto 70·C 
PARAMETER 

TYP* TYP* 
UNIT 

(INPUT) (OUTPUT) MIN MAX MIN MAX 

tpLH 
A V 

1.14 2.4 4.84 1.2 2.4 4.4 

1.41 3.89 3.89 8 
ns 

tpHL 8.67 1.49 

~tpLH 
A V 

0.42 1.2 2.6 0.46 1.2 2.4 
ns/pF 

~tpHL 0.52 1.32 2.84 0.56 1.32 2.58 

* Typical values are at VCC = 5 V, TA = 25·C. 

PRODUCTION DATA d ....... I •••• lli. inlormllio. 
•• " .. 1 I. of p •• licllio. dill. Pnd •• I •••• Iarm 10 
.poeiliollio •• PI' Ih. lerm. 01 T •••• 1 •• lr.m.nts TEXAS ." 
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TSC500 
SERIES 

BU111LJ 
INVERTING BUFFER 

JANUARY 1989 

INTERNAL BUFFER CELL 

FUNCTION TABLE 

INPUT OUTPUT 

A 

H 
L 

y 

L 

H 

logic symbolt 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A 

description 
The BU110W cell is an inverting buffer. When the buffer is called from the engineering 
workstation input, the following label format is developed and will be captured in the design 
netlist: 

Label: BU111 W A,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 

PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitance tr =tf=1ns 

TYP MAX UNIT 

2.2 V 

0.02 pF 

1.37 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 

FROM TO -55'C to 125'C O'C to 70'C 
PARAMETER 

TYp:j: TYp:j: 
UNIT 

(INPUT) (OUTPUT) MIN MAX MIN MAX 

tPLH 
A Y 

1.79 4.74 10.45 1.91 4.74 9.61 

tpHL 1.83 4.65 10.06 1.95 4.65 9.21 
ns 

~tpLH 
A Y 

0.44 1.16 2.5 0.46 1.16 2.28 
ns/pF 

~tpHL 0.6 1.48 3.18 0.64 1.48 2.9 

:j: Typical values are at VCC = 5 V, TA = 25'C. 

PRODUCTION DATA doc.ments •• ntlin inta,mltion 
currlnt .1 If pulilicatiin dltlo Pnductl conform to 
.... ifiCllti ••• per til. term, af 'IXI. Inltruments TEXAS .., 

INSTRUMENTS 

Copyright @ 1989, Texas Instruments Incorporated 
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TSC500 
SERIES 

BU112LJ 
NONINVERTING BUFFER 

JANUARY 1989 

INTERNAL BUFFER CELL 

FUNCTION TABLE 

INPUT OUTPUT 

A 

H 

L 

v 
H 

L 

logic symbolt 

A-{>----V 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: V = A 

description 
The BU112LJ cell is a non inverting buffer. When the buffer is called from the engineering 
workstation input, the following label format is developed and will be captured in the design 
netlist: 

Label: BU112LJ A,V; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 

PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitance tr =tf=1ns 

TYP MAX UNIT 

2.2 V 

0.03 pF 

0.7 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 

FROM TO -55°C to 125°C O°C to 70°C 
PARAMETER 

TYP; TYP; 
UNIT 

(INPUT) (OUTPUT) MIN MAX MIN MAX 

tpLH 
A Y 

0.79 1.6 3.18 0.82 1.6 2.91 
ns 

tpHL 0.81 2.04 4.37 0.87 2.04 4.03 

AtpLH 
A Y 

0.42 1.16 2.48 0.46 1.16 2.28 
ns/pF 

AtpHL 0.56 1.32 2.76 0.58 1.32 2.5 

:I: Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTIOM DATA dacumlnts centlin information 
current II af puillication dltl. Products conform to 
specificatioRs per the terms of TaXIS Instrumants TEXAS ~ 

INSTRUMENTS 

Copyright @ 1989, Texas Instruments Incorporated 
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TSC500 
SERIES 

BU113LJ 
NONINVERTING BUFFER 

03030, MARCH 1989 

INTERNAL BUFFER CELL' 

FUNCTION TABLE logic symbolt 
INPUT 

A 

H 

L 

OUTPUT 

V 

H 

L 

A-{>--V 

t This symbol is in accordance with ANSI/IEEE 
Std 91·1984. 

POSITIVE LOGIC EQUATION: Y = A 

description 
The BU113W is a noninverting buffer. When called from the engineering workstation input, 
the following label format is developed and will be captured in the design netlist: 

Label: BU113W A,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 
PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitance tr=tf=1ns 

TYP MAX UNIT 

2.2 V 

0.05 pF 

2.7 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 

PARAM- FROM TO -55·C to 125·C 

ETER (INPUT) (OUTPUT) MIN TYp:I= MAX 

tpLH 
Y 

2.3 4.77 9.52 
A 

5.17 10.16 tpHL 2.42 

atpLH y 0.22 0.54 1.14 

atpHL 
A 

0.21 0.4 0.8 

:I: Typical values are at VCC = 5 V, T A = 25·C. 

PRODUCTIOI DATA ........ nl •• ontoln Informltion 
'."lftl u of , •• Iicllio. '111. Products .onfor .. 10 
'plCificltians ,... the term. af T 1.1. InstrulIII.ts 

::=~i~'i:I~" ~:\:~~ :'~':~::A::" nDt 

TEXAS ~ 
INSTRUMENTS 

O·C to 70·C 
UNIT 

MIN TYp:I= MAX 

2.45 4.77 8.62 

2.57 5.17 9.34 
ns 

0.23 0.54 1.05 
ns/pF 

0.22 0.4 0.73 

Copyright C> 1989, Texas Instruments Incorporated 
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TSC500 
SERIES 

BU114LJ 
NONINVERTING BUFFER 

03030. MARCH 1989 

INTERNAL BUFFER CELL 

FUNCTION TABLE logic symbolt 
INPUT 

A 

H 

L 

OUTPUT 

Y 

H 

L 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A 

description 
The BU114LJ is a noninverting buffer. When called from the engineering workstation input, 
the following label format is developed and will be captured in the design netlist: 

Label: BU114LJ A,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 
PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitanc::e tr =tf=1ns 

TYP MAX UNIT 

2.2 V 

0.08 pF 

1.69 pF 

switching characteristics over recomm~nded ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 

PARAM- FROM TO - 55°C to 125°C O°C to 70°C 
UNIT 

ETER (INPUT) (OUTPUT) MIN TYP; MAX MIN TYP; MAX 

tpLH 
A Y 

3.99 8.11 15.99 4.26 8.11 14.48 

14.39 
ns 

tpHL 4.12 8.29 15.62 4.37 8.29 

AtpLH 
A Y 

0.21 0.54 1.1 0.23 0.54 1 
ns/pF 

AtPHL 0.16 0.4 0.8 0.19 0.4 0.74 

:t: Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTION DATA documants cantain information ." 
CUfflnt IS of publintion dat •. Product. conform to Tt 
spacifications per the t.rms of Ta.l. Instruments E.XAS 
::~::~~i~·i~:I~~i ~~:~:~ti:f ~~o::~:::~:~~s not INSTRUMENTS 
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TSC500 
SERIES 

INTERNAL BUFFER CELL 

BU120LJ 
NONINVERTING BUFFER 

WITH 2X OUTPUT 
03030, JANUARY 1989 

FUNCTION TABLE logic symbolt 
INPUT 

A 

H 

L 

OUTPUT 

Y 
H 

L 

A~Y 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: V = A 

description 
The BU120LJ cell is a noninverting buffer featuring twice the capability of buffer BU11 OLJ to 
drive capacitive loads. When the buffer is called from the engineering workstation input, the 
following label format is developed and will be captured in the design netlist: 

Label: BU120LJ A,V; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 
PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 

TYP MAX UNIT 

2.2 V 

0.06 pF 

0.47 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 

FROM TO -55°C to 125°C O°C to 70°C 
PARAMETER UNIT 

(INPUT) (OUTPUT) MIN TYP:!: MAX MIN TYP:!: MAX 

tpLH 0.19 0.39 0.77 0.2 0.39 0.72 
A Y ns 

tpHL 0.27 0.55 1.04 0.28 0.55 0.97 

AtpLH 
Y 

0.19 0.54 1.13 0.2 0.54 1.04 
ns/pF A 

AtPHL 0.13 0.32 0.68 0.15 0.32 0.6 

:!: Typical values are at VCC = 5 V, T A = 25°C. 

PRODUCTION DATA documenls .ontain information • 
curre.t as of publi.atio. data. Products .o.form to l1EXAS ~ 
specificatioos p. the terms of Texi. Instruments 

=~:~~~ai~:I':!1.; ~::l:~i:r li:o;::~:,:::. not INSTRUMENTS 
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TSC500 
SERIES 

INTERNAL BUFFER CELL 

BU130LJ 
NONINVERTING BUFFER 

WITH 3X OUTPUT 
03030. JANUARY 1989 

FUNCTION TABLE logic symbolt 
INPUT 

A 

H 

L 

OUTPUT 

Y 

H 

L 

A--{>---Y 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A 

description 
The BU130LJ cell is a noninverting buffer featuring three times the capability of buffer 
BU110LJ to drive capacitive loads. When the buffer is called from the engineering 
workstation input, the following label format is developed and will be captured in the design 
netlist: 

Label: BU130LJ A,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 

PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

C, Input capacitance 

Cpd Equivalent power dissipation capacitance tr=tf=1ns 

TYP MAX UNIT 

2.2 V 

0.06 pF 

0.71 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 

PARAMETER 
FROM TO -55°C to 125·C O·C to 70·C 

UNIT 
(INPUT) (OUTPUT) MIN TYP* MAX MIN TYP* MAX 

tpLH 
A Y 

0.21 0.49 0.87 0.22 0.49 0.82 

0.3 0.62 1.22 0.31 0.62 1.13 
ns 

tpHL 

AtpLH y 0.14 0.34 0.77 0.14 0.34 0.7 
ns/pF 

AtPHL 
A 

0.25 0.25 0.09 0.54 0.1 0.48 

* Typical values are at VCC = 5 V. TA = 25·C. 

PRODUCTION DATA documo.ts ... tli. informltio. ." 
cu"o.t IS of publicltio. dall. Products .o.form to T.EXAS t, 
spaciflcations par tb, terms at Ta.l. Instruments IJ 
=~~I~"r.':1~7i ~::I:~:r f11-::"':;:;:'~· .ot INSTRUMENTS 
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TSC500 
SERIES 

BU221LJ 
NONINVERTING 3-STATE BUFFER 

WITH ACTIVE-LOW ENABLE AND 2X OUTPUT 
03030. JANUARY 1989 

INTERNAL BUFFER CELL 

FUNCTION TABLE logic symbolt 
INPUTS OUTPUT 

~Z A Y 
L H H 
L L L 

A--.... rr~--v 
GZ -

H X Z t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. . 

POSITIVE LOGIC EQUATION: Y = A (if GZ is L) 

description 
The BU221 W cell is a noninverting 3-state internal buffer that interfaces internal cells with 
internal buses. The buffer features twice the capability of buffer BU11 OW to drive capacitive 
loads. When the buffer is called from the engineering workstation input, the following label 
forrnat is developed and will be captured in the design netlist: . 

Label: BU221 W A,GZ,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5, T A = 25°e 
PARAMETER TEST CONDITIONS TYP MAX UNIT 

VT 

Ci 

Co 

Cpd 

7-10 

Input threshold voltage 

Input capacitance IA 

IGZ 
Output capacitance 

Equivalent power dissipation capacitance tr = tf = 1 ns 

PRODUCTION DATA do •• monls .ontoin information 
currant I. of publlClition datI. Products conform to 
sp.~jfjcltionl per the tarml of Texl. Instruments 
stand.ard warranty. Production ~roC8ssing dOBS not 
n~ll.rily include testing of aU parameters. 

TEXAS ~ 
INSTRUMENTS 

POST OFFICE BOX 655012 • CALLAS. TEXAS 75265 

2.2 V' 

0.06 
pF 

0.14 

0.11 pF 
0.66 pF 
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TSC500 
SERIES 

BU221LJ 
NONINVERTING 3-STATE BUFFER 

WITH ACTIVE-LOW ENABLE AND 2X OUTPUT 
D3030, JANUARY 1989 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 

PARAM- FROM TO -SS·C to 12S·C O·C to 70·C 
TEST CONDITIONS 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) 

tpLH 
A Y RL = QC) 

0.21 0.61 1.36 0.22 0.61 1.25 
ns 

tpHL 0,3 0.62 1.24 0.31 0.62 1.15 

tpZH 
GZ y RL = 40 kG to GND 0,01 0,11 0.17 0.01 0,11 0.18 

RL = 20 kG to VCC 
ns 

tpZL 0.17 0.37 0,71 0.1,8 0.37 0,66 

tpHZ 
GZ y RL = 40 kG to GND 4.67 4.67 

RL = 20 kG to VCC 
ns 

tpLZ 2.43 2.43 

4tpLH 
A y 0.35 1.04 2.28 0.38 1.04 2.09 

ps/pF 
4tpHL 0.18 0.47 1.02 0.19 0.47 0.92 

4tpZH 
GZ y 0.4 1.04 2.33 0.42 1.04 2.13 

ps/pF 
4tpZL 0,23 0.47 1.02 0.23 0.47 0.92 

t Typical values are at VCC = 5 V, TA = 25·C. 

PROOUCTIOI OATA doc.me.ts ...... i. infarmltia. 
cumnt I. Df publicltion date. Products conform to 
specifications per the terms of Tex.s Instruments TEXAS .., 

Copyright @ 1989, Texas Instruments Incorporated 
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TSC500 
SERIES 

BU222LJ 
NONINVERTING 3-STATE BUFFER 

WITH ACTIVE-HIGH ENABLE AND 2X OUTPUT 
03030. JANUARY 1989 

INTERNAL BUFFER CELL 

FUNCTION TABLE logic symbolf 
INPUTS 
G A 
H H 

H L 
L X 

OUTPUT :---I&(:'---V V 

H 
L 

Z t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A (if G is H) 

description 
The BU222W cell is a noninverting 3-state internal buffer that interfaces internal cells with 
internal buses. The buffer features twice the capability of buffer BU11 OW to drive capacitive 
loads. When the buffer is called from the engineering workstation input, the following label 
format is developed and will be captured in the design netlist: 

Label: BU222W A,G,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 
PARAMETER TEST CONDITIONS TYP MAX UNIT 

VT Input threshold voltage 2.2 V 

Ci Input capacitance IA 0.06 
pF 

IGZ 0.1 

Co Output capacitance 0.11 pF 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 0.65 pF 

PRODUCTION DATA doc.montl contlin information 
current 8. of publication dltl. Products conform to 
specificatloRs per the terms of Tlxas Instruments TEXAS ..If 

INSTRUMENTS 

Copyright @ 1989. Texas Instruments Incorporated 
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TSC500 
SERIES 

BU222LJ 
NONINVERTING 3-STATE BUFFER 

WITH ACTIVE-HIGH ENABLE AND 2X OUTPUT 
D3030, JANUARY 1989 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 
PARAM· FROM TO -55°C to 125°C O°C to 70°C 

TEST CONDITIONS 
TYpt MAX TYpt MAX 

UNIT 
ETER (INPUT) (OUTPUT) MIN MIN 

tpLH 
Y RL = 00 

0.21 0.62 1.38 0.22 0.62 1.28 
A ns 

tpHL 0.3 0.61 1.21 0.3 0.61 1.12 

tpZH 
GZ Y 

RL = 40 kn to GND 0.11 0.3 0.67 0.11 0.3 0.62 
ns 

tpZL RL = 20 kn to Vee 0.11 0.22 0.39 0.1 0.22 0.4 

tpHZ 
GZ Y 

RL = 40 kn to GND 5.1 5.1 
ns 

tpLZ RL = 20 kn to Vee 2.11 2.11 

IltpLH 0.35 1.04 2.27 0.38 1.04 2.08 
A Y ps/pF 

IltpHL 0.17 0.46 1.02 0.19 0.46 0.91 

IltpZH 
GZ Y 

0.34 1.05 2.31 0.37 1.05 2.12 
ps/pF 

IltpZL 0.32 0.51 1 0.36 0.51 0.88 

t Typical values are at Vee = 5 V, TA = 25°e. 

PRODUCTIOI OATA documonts contoin informltion ~ 
current II of publicatian dlta. Praduets conform to 'j 
spacifiutians par the terms of Till. Instruments TEXA.S 
::~::~~i~·i~:I~'i ~:3:~ti:; :.~a::~::::~::-.~s not INSTRUMENTS 
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TSC500 
.SERIES 

BU261LJ 
NON INVERTING 3-STATE BUFFER 

WITH ACTIVE-LOW ENABLE AND 6X OUTPUT 
03030. JANUARY 1989 

INTERNAL BUFFER CELL 

FUNCTION TABLE logic symbolt 
INPUTS 

GZ A 

L H 
L L 

H X 

OUTPUT 

Y 
H 
L 

Z 

G:=t Y 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A (if GZ is L) 

description . 
The BU261 LJ cell is a noninverting 3-state internal buffer that interfaces internal cells with 
internal buses. The buffer features six times the capability of buffer BU110LJ to drive 
capacitive loads. When the buffer is called from the engineering workstation input, the 
following label format is developed and will be captured in the design netlist: 

Label: BU261 LJ A,GZ,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 

PARAMETER TEST CONDITIONS TYP MAX UNIT 

VT Input threshold voltage 2.2 V 

Ci Input capacitance IA 0.1 
pF 

IGZ 0.12 

Co Output capacitance 0.23 pF 

Cpd Equivalent power dissipation capacitance tr=tf=1ns 1.44 pF 

PRODUCTION DATA doc ... olIII •• Rlli. informlli.. ." 
current II of plblieatial date. Pr ..... ctl cDnform to ~ 
lpeciliCllionl par Iho tor ... 01 TaliS Instru .. 8nlS TEXA.S 
=~U~"{':":.7e =:~:r :~':a,,::::r:~~ not INSTRUMENlS 
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TSC500 
SERIES 

BU261LJ 
NONINVERTING 3·STATE BUFFER 

WITH ACTIVE·lOW ENABLE AND 6X OUTPUT 
D3030, JANUARY 1989 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 
PARAM- FROM TO -55~C to 125°C O°C to 70°C 

TEST CONDITIONS 
MIN TYpt MAX MIN TYpt MAX 

UNIT 
ETER (INPUT) (OUTPUT) 

tpLH 
A Y RL = 00 

0.21 0.55 1.05 0.22 0.55 0.99 
ns 

tpHL 0.33 0.74 1.54 0.34 0.74 1.41 

tpZH 
GZ y RL = 40 k!l to GND 0.29 0.69 1.49 0.3 0.69 1.37 

RL = 20 k!l to Vee 
ns 

tpZL 0.23 0.62 1.51 0.22 0.62 1.43 

tpHZ 
GZ y RL = 40 k!l to GND 7.13 7.13 

ns 
tpLZ RL = 20 k!l to Vee 3.34 3.34 

~tpLH 
A Y 

0.11 0.22 0.49 0.11 0.22 0.45 
ps/pF 

~tpHL 0.08 0.2 0.46 0.09 0.2 0.43 

~tpZH 
GZ y 0.09 0.24 0.49 0.09 0.24 0.45 

ps/pF 
~tpZL 0.09 0.25 0.52 0.11 0.25 0.47 

t Typical values are at Vee = 5 V, TA = 25°e. 

PRODUCTION DATA do.umants ... tain information • 
•• rrent II of publication dltl. Products .onform to liEXAS 1. 
.paclflcatlons par thl terms of Te .. s Instruma.ts 

~':=~Mai~':1~7i =t;:~~. :':·:;::A:~~ Rot INSTRUMENTS 
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TSC500 
SERIES 

BU262LJ 
NONINVERTING 3-STATE BUFFER 

WITH ACTIVE-HIGH ENABLE AND 6X OUTPUT 
03030. JANUARY 1989 

INTERNAL BUFFER CELL 

FUNCTION TABLE logic symbolt 
INPUTS 

G A 

H H 
H L 
L X 

OUTPUT 

Y 

H 

L 
Z 

:=' y 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A (if G is H) 

description 
The BU262W cell is a noninverting 3-state internal buffer that interfaces internal cells with 
internal buses. The buffer features six times the capability of buffer BU110W to drive 
capacitive loads. When the buffer is called from the engineering workstation input, the 
following label format is developed and will be captured In the design netlist: 

Label: BU262W A,G,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 

PARAMETER TEST CONDITIONS TYP MAX UNIT 

VT Input threshold voltage 2.2 V 

Ci Input capacitance LA 0.11 
pF 

IGZ 0.12 

Co Output capacitance 0.23 pF 

Cpd Equivalent power dissipation capacitance tr=tf=1ns 1.42 pF 

PRODUCTION DATA ~ ••• """ •• nhlln itll." .. tlo. 
cur,.., '1 of p.blieation dltl. 'railacts c,.f.rm ta 
,plCifieltianl JIll' th. IIrm. at TI ••• Instru .... nt. TEXAS .., 

INSTRUMENTS 

Copyright iC) t989. T •••• Instrum.nts Incorpor.t.d 

:=~~·{.::1~7i =:~I:r :':0::::::'::'- nat 
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TSC500 
SERIES 

BU262LJ 
NONINVERTING 3-STATE BUFFER 

WITH ACTIVE-HIGH ENABLE AND 6X OUTPUT 
03030, JANUARY 1989 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), Cl = 0 
PARAM· FROM TO -55°C to 125°C O°C to 70°C 

TEST CONDITIONS 
MIN TYpt MIN TYpt 

UNIT 
ETER (INPUT) (OUTPUT) MAX MAX 

tpLH 
Y 

0.21 0.55 1.05 0.22 0.55 0.99 
A RL = 00 

.. '3 
ns 

tpHL 0.33 0.73 1.54 0.34 1.41 

tpZH 
GZ y RL = 40 kD. to GND 0.1 0.47 1.01 0.12 0.47 0.94 

RL = 20 kD. to Vce 1.91 
ns 

tpZL 0.22 0.78 0.24 0.78 1.75 

tPHZ Y 
RL = 40 kD. to GND 7.03 7.03 

GZ ns 
tpLZ RL = 20 kD. to Vee 3.41 3.41 

L\tpLH 
A 

0.11 0.22 0.49 0.11 0.22 0.45 
ps/pF y 

L\tpHL 0.08 0.2 0.46 0.09 0.2 0.43 

L\tpZH 
GZ y 0.16 0.23 0.45 0.15 0.23 0.41 

ps/pF 
L\tpZL 0.05 0.24 0.51 0.06 0.24 0.46 

t Typical values are at Vee = 5 V, TA = 25°e. 

PRODUCTION DATA document. contli. inlermltion 
eunent I. of p •• lie.tien dat8. Products confarm to 
specificltionl par the tarms of T IXIS Instruments TEXAS ,If 
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TSC500 
SERIES 

IV101LJ 
INVERTER WITH 10X OUTPUT 

03030, JANUARY 1989 

INTERNAL INVERTER CELL 

FUNCTION TABLE logic symbolt 
INPUT 

A 

H 

L 

OUTPUT 

Y 
L 

H 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A 

description . .. , 
The IV1 01 LJ cell is an inverter featuring ten times the capability of inverter IV11 OLJ to drive 
capacitive loads. When the buffer is called from the engineering workstation input, the 
following label format is developed and will be captured in the design netlist: 

Label: IV101LJA,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified a.s a part of the TSC500 Series Data. 

electrical characteristics, Vce = 5, TA = 25°C 

PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

epd Equivalent power dissipation capacitance tr =tf=1ns 

TVP MAX UNIT 

2.2 V 

0.06 pF 

3.11 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 

FROM TO -55°C to 125°C O°C to 70°C 
UNIT PARAMETER 

(INPUT) TVP:l: TYp:l: (OUTPUT) MIN .MAX MIN MAX 

tpLH 
A Y 

0.36 0.88 1.84 0.38 0.88 1.69 

0.8 1.58 
ns 

tpHL 0;3 1.71 0.31 0.8 

AtpLH 
A Y 

0.05 .0.11 0.25 0.05 0.11 0.23 
ns/pF 

AtpHL 0.02 0.1 0.23 0.04 0.1 0.21 

* Typical values are at Vee = 5 V, TA = 25°e. 

PRODUCTION DATA dO.Ulllentl .onllin information 
cutrent I. of pulalicllion date. Prudue .. canform to 
specifications PII' the terms.of T •. x •• Instrumantl TEXAS .". 
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TSC500 
SERIES 

INTERNAL INVERTER CELL 

FUNCTION TABLE logic symbolt 
INPUT OUTPUT 

A y 

H L 

L H 

IV110LJ 
INVERTER 

D3030. JANUARY 1989 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A 

description 
The IV11 OW cell is a minimum-size inverter. When the buffer is called from the engineering 
workstation input, the following label format is developed and will be captured in the design 
netlist: 

Label: IV110WA,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 
PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitance tr=tf=1ns 

TYP MAX UNIT 

2.2 V 

0.05 pF 

0.16 pF 

switching characteristics over recommended ranges of supply voltage and operating free· 
air temperature (unless otherwise noted), eL = 0 

FROM TO -55·C to 125·C O·C to 70·C 
PARAMETER 

TYp:I: TYp:I: 
UNIT 

(INPUT) (OUTPUT) MIN MAX MIN MAX 

tpLH 
A y 0.19 0.24 0.32 0.2 0.24 0.31 

0.18 0.31 0.39 
ns 

tpHL 0.31 0.4 0.19 

AtPLH 
A y 0.4 1.08 2.3 0.42 1.08 2.12 

ns/pF 
AtpHL 0.4 0.74 1.46 0.42 0.74 1.32 

:I: Typical values are at V CC = 5 V, T A = 25·C. 

PRODUCTION DATA do.uma.ts •• ntlin information 
currallt II at publicltian data. Produm cDnform to 
specificatians per the tarms af raxil 'nltrumants TEXAS ." 

Copyright @ 1989, Texas Instruments Incorporated 
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TSC500 
SERIES 

IV120LJ 
INVERTER WITH 2X OUTPUT 

03030, JANUARY 1989 

INTERNAL INVERTER CELL 

FUNCTION TABLE logic symbolt 
INPUT 

A 

H 

L 

OUTPUT. 

Y 

L 

H 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A 

description 
The IV120W cell is an inverter featuring twice the capability of inverter IV11 OW to drive 
capacitive loads. When the buffer is called from the engineering workstation input, the 
following label format is developed and will be captured in the design netlist: 

Label: IV120WA,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, VCC = 5 V, TA = 25°C 

PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitance tr=tf=1ns 

TYP MAX UNIT 

2.2 V 

0.11 pF 

0.31 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 

FROM TO -55·C to 125·C o·Cto 70·C 
PARAMETER 

TYp:j: TYp:j: 
UNIT 

(INPUT) (OUTPUT) MIN MAX MIN MAX 

tpLH 
A Y 

0.14 0.23 0.31 0.14 0.23 0.31 

0.24 
ns 

tpHL 0.09 0.24 0.41 0.11 0.39 

AtpLH 
A 

0.24 0.52 1.1 0.26 0.52 1 
ns/pF 

AtpHL 
Y 

0.28 0.42 0.68 0.28 0.42 0.62 

:j: Typical values are at VCC = 5 V, TA = 25·C. 

PRODUCTION DATA documants contain information 
currant I. of publicltion data. Pradacts conform to 
specifications per the terms of Texi. Instruments TEXAS ." 
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TSC500 
SERIES 

IV130LJ 
INVERTER WITH 3X OUTPUT 

03030, JANUARY 1989 

INTERNAL INVERTER CELL 

FUNCTION TABLE logic symbolt 
INPUT 

A 

H 

L 

OUTPUT 

Y 

L 

H 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984, 

POSITIVE LOGIC EQUATION: Y = A 

description 
The IV130W cell is an inverter featuring three times the capability of inverter IV11 OW to drive 
capacitive loads. When the buffer is called from the engineering workstation input, the 
following label format is developed and will be captured in the design netlist: 

Label: IV130WA,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 

PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitance tr=tf=1ns 

TYP MAX UNIT 

2.2 V 

0.18 pF 

0.49 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 

FROM TO -55°C to 125°C O°C to 70°C 
PARAMETER 

TYp:j: TYp:j: 
UNIT 

(INPUT) (OUTPUT) MIN MAX MIN MAX 

tpLH 
A Y 

0,15 0.23 0.34 0,15 0.23 0.33 

0.05 0.35 0.15 0.34 
ns 

tpHL 0.15 0,05 

L\tpLH 
A Y 

0.18 0.36 0.72 0.19 0.36 0.66 
ns/pF 

L\tpHL 0.16 0.3 0.41 0.18 0.3 0.37 

:j: Typical values are at Vce = 5 V, TA = 25°C. 

PRODUCTION DATA documents contain information 
currant I. of publication data. Products conform to 
specificatiDRS par the tarms of Taxas Instruments TEXAS ." 
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TSC500 
SERIES 

IV140LJ 
INVERTER WITH 4X OUTPUT 

03030. JANUARY 1989 

INTERNAL INVERTER CELL 

FUNCTION TABLE logic symbolt 
INPUT 

A 

H 

L 

OUTPUT 

V 
L 

H 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: V = A 

description 
The IV140W cell is an inverter featuring four times the capability of inverter IV11 OW to drive 
capacitive loads. When the buffer is called from the engineering workstation input, the 
following label format is developed and will be captured in the design netlist: 

Label: IV140W A,V; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 

PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci hlput capacitance 

Cpd Equivalent power dissipation capacitance tr =tf=1ns 

TVP MAX UNIT 

2.2 V 

0.23 pF 

0.63 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 

FROM TO -55·C to 125·C o·Cto 70·C 
PARAMETER 

TVP:J: TVP:J: 
UNIT 

(INPUT) (OUTPUT) MIN MAX MIN MAX 

tpLH 
A V 

0.12 0.19 0.33 0.13 0.19 0.32 
ns 

tpHL 0.05 0.18 0.35 0.06 0.18 0.33 

~tpLH 
A V 

0.14 0.3 0.52 0.14 0.3 0.48 
ns/pF 

~tpHL 0.18 0.26 0.38 0.18 0.26 0.36 

:J: Typical values are at VCC = 5 V, TA = 25·C. 

PRODUCTION DATA d ...... nlS ••• llin inlormalioa 
currant 8S of publication ...... Praducts clnfarm la 
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TSC500 
SERIES 

IV160LJ 
INVERTER WITH 6X OUTPUT 

03030, JANUARY 1989 

INTERNAL INVERTER CELL 

FUNCTION TABLE logic symbolt 
INPUT 

A 

H 

L 

OUTPUT 
y 

L 

H 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: V = A 

description 
The IV160W cell is an inverter featuring six times the capability of inverter IV11 OW to drive 
capacitive I,oads. When the buffer is called from the engineering workstation input, the 
following label format is developed and will be captured in the design netlist: 

Label: IV160W A,V; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 

PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 

TYP MAX UNIT 

2.2 V 

0.35 pF 

0.93 pF 

switching characteristics over recommended ranges of supply voltage and operating free~ 
air temperature (unless otherwise noted), eL = 0 

FROM TO -55°C to 125°C O°C to 70°C 
PARAMETER 

TYP* TYP* 
UNIT 

(INPUT) (OUTPUT) MIN MAX MIN MAX 

tpLH 
A Y 

0.1 0.17 0.29 0.1 0.17 0.29 
ns 

tpHL 0.04 0.16 0.31 0.05 0.16 0.3 

~tpLH 
A Y 

0.12 0.22 0.38 0.12 0.22 0.34 
ns/pF 

~tpHL 0.14 0.2 0.3 0.14 0.2 0.28 

* Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTION DATA documants contli. informotion 
current I. of publication date. P'Dducti conform to 
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TSC500 
SERIES 

IV1aOLJ 
INVERTER WITH ax OUTPUT 

03030, JANUARY 1989 

INTERNAL INVERTER CELL 

FUNCTION TABLE logic symbolt 
INPUT 

A 

H 

L 

OUTPUT 

V 
L 

H 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: V = A 

description 
The IV180W cell is an inverter featuring eight times the capability of inverter IV11 OW to drive 
capacitive loads. When the buffer is called from the engineering workstation input, the 
following label format is developed and will be captured in the design netlist: 

Label: IV180W A,V; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 
PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitance tr =tf=1ns 

TVP MAX UNIT 

2.2 V 

0.46 pF 

1.23 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 

FROM TO -55'C to 125'C O'C to 70'C 
PARAMETER 

TVP* TVP* 
UNIT 

(INPUT) (OUTPUT) MIN MAX MIN MAX 

tpLH 
A V 

0.09 0.16 0.28 0.11 0.16 0.27 

0.28 0.15 0.27 
ns 

tpHL 0.04 0.15 0.05 

AtpLH 
A Y 

0.09 0.18 0.3 0.11 0.18 0.28 
ns/pF 

AtpHL 0.1 0.16 0.26 0.1 0.16 0.24 

* Typical values are at VCC = 5 V, TA = 25'C. 

PRODUCTION DATA do.umentl .o.tlin informltio. 
currant as of publicllion datI. Product. clnfarm to 
.pacifications per the terms of Texas Instruments TEXAS ." 
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TSC500 
SERIES 

IV211 LJ 
INVERTER WITH 3-STATE OUTPUT 

AND ACTIVE-LOW ENABLE 
D3030. JANUARY 1989 

INTERNAL INVERTER CELL 

FUNCTION TABLE logic symbolt 
INPUTS OUTPUT 

GZ A Y 
L H L 

L L H 

H X Z t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A (if GZ is L) 

description 
The IV211 W cell is a minimum-size internal 3-state inverting buffer that interfaces CMOS 
cells with 3-state bus lines. When the buffer is called from the engineering workstation input, 
the following label format is developed and will be captured in the design netlist: 

Label: IV211 W A,GZ,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, T A = 25°e 

PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance IA 
IGZ 

Co Output capacitance 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 

TYP MAX UNIT 

2.2 V 
0.06 

pF 
0.07 

0.06 pF 

0.18 pF 

PRODUCTION DATA d •• uments •• ntain information 
current as of publication data. Preducts conform to 
specifications par the terms of Taxas Instrumants TEXAS ~ 

INSTRUMENTS 
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IV211LJ 
INVERTER WITH 3-STATE OUTPUT 
AND ACTIVE-LOW ENABLE 
03030, JANUARY 1989 

TSC500 
SERIES 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 

PARAM- FROM TO -55°C to 125°C DOC to 70°C 
TEST CONDITIONS 

TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) MIN 

tpLH 0.16 0.33 0.73 0.17 0.33 0.67 
A Y RL = 00 ns 

tpHL 0.2 0.34 0.62 0.2 0.34 0.57 

tpZH RL = 40 kfl to GND 0.07 0.18 0.35 0.07 0.18 0.33 
GZ y ns 

tpZL RL = 20 kfl to Vee 0.19 0.38 0.74 0.21 0.38 0.68 

tpHZ 
GZ 

RL = 40 kfl to GND 3.49 3.49 
Y ns 

tpLZ RL = 20 kfl to Vee 1.87 i .87 

~tpLH 0.7 2.06 4.54 0.74 2.06 4.18 
ps/pF A Y 

~tpHL 0.48 1.22 2.68 0.52 1.22 2.42 

~tpZH 0.74 2.14 4.8 0.8 2.14 4.4 
GZ Y ps/pF 

~tpZL 0.48 1.26 2.86 0.5 1.26 2.56 

t Typical values are at Vee = 5 V, TA = 25°e. 

PRODUCTION DATA' documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments TEXAS ." 
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TSC500 
SERIES 

IV212LJ 
INVERTER 3-STATE OUTPUT 

AND ACTIVE-HIGH ENABLE 
D3030, JANUARY 1989 

INTERNAL INVERTER CELL 

FUNCTION TABLE logic symbolt 
INPUTS 
G A 

H H 

H L 
L X 

OUTPUT 

: ___ &r_"....J ~",--y Y 

L 
H 

Z t This symbol is in accordance with ANSI/IEEE 
Std 91-1984, 

POSITIVE LOGIC EQUATION: Y = A (if G is H) 

description 
The IV212W cell is a minimum-size internal 3-state buffer that interfaces CMOS cells with 
3-state bus lines, When the buffer is called from the engineering workstation input, the 
following label format is developed and will be captured in the design netlist: 

Label: IV212W A,G,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 
PARAMETER TEST CONDITIONS TYP MAX UNIT 

VT Input threshold voltage 2.2 V 

Ci Input capacitance IA 0.06 
pF IGZ 0.07 

Co Output capacitance 0.06 pF 

Cpd Equivalent power dissipation capacitance tr =tf=1ns 0.18 pF 

PRODUCTION DATA d •• umonll conllIi. informlti.n 
current II If publication dltl. Products cDnform to 
.pacificltlonl ..... til. tIIrms at TillS Instruments TEXAS ~ 
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IV212LJ 
INVERTER WITH 3-STATE OUTPUT 
AND ACTIVE-HIGH ENABLE 
D3030. JANUARY 1989 

TSC500 
SERIES 

switching characteristics over recommended ranges of supply voltage and'operating free
air temperature (unless otherwise noted), CL = 0 

PARAM· FROM TO -55°C to 125°C O°C to 70°C 
TEST CONDITIONS 

TYpt MAX MIN ,TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) MIN 

tpLH 
A Y RL = ao 

0.16 0.33 0.78 0.16 0.33 0.71 
ns 

tpHL 0.2 0.34 0.6 0.2 0.34 0.56 

tpZH 
G Y 

RL = 40 kn to GND 0.1 0.33 0.69 0.12 0.33 0.62 

RL = 20 kn to Vce 
ns 

tpZL 0.17 0.31 0.45 0.17 0.31 0.44 

tpHZ 
G 

RL = 40 kn to GND 3.7 3.7 
Y 

RL = 20 kn to Vee 
ns 

tpLZ 1.66 1.66 

atpLH 
A y 0.7 2.08 4.52 0.76 2.08 4.16 

ps/pF 
atpHL 0.48 1.22 2.7 0.52 1.22 2.42 

atpzH 
G 

0.76 2.14 4.8 0.8 2.14 4.38 
Y ps/pF 

atpZL 0.52 1.26 2.88 0.56 1.26 2.56 

t Typical values are at Vee = 5 V. TA = 25°e. 

PRODUCTIOI DATA documenls conlain inlormalion 
current I. of publication dati. Products conform to 
specificatioRs per the terms of T 8X8S Instruments TEXAS .., 
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TSC500 
SERIES 

IV221LJ 
INVERTER WITH 3-STATE 2X OUTPUT 

AND ACTIVE-LOW ENABLE 
D3030. JANUARY 1989 

INTERNAL INVERTER CELL 

FUNCTION TABLE logic symbolt 
INPUTS 

GZ A 

L H 
L L 
H X 

OUTPUT 

V 

L 
H 
Z 

A=t' 
GZ-----' 

Y 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A (if GZ is L) 

description 
The IV221 LJ cell is an internal 3-state internal inverter that interfaces CMOS cells with 
3-state bus lines. The inverter features two times the capability of inverter IV211 W to drive 
capacitive loads. When the cell is called from the engineering workstation input, the 
following label format is developed and will be captured in the design netlist: 

Label: IV221 W A,GZ,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 

PARAMETER TEST CONDITIONS TYP MAX UNIT 

VT Input threshold voltage 2.2 V 

Ci Input capacitance IA 0.11 
pF 

IGZ 0.1 

Co Output capacitance 0.11 pF 

Cpd Equivalent power dissipation capacitance tr=tf=1ns 0.38 pF 

PRODUCTION DATA do ..... n ... ontain information 
currant II af publicltion dl". Products conform t. 
spacificationl per thl terms of rlx., In.truments TEXAS ." 

Copyright @ 1989. Texas Instruments Incorporated 
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IV221LJ 
INVERTER WITH 3-STATE 2X OUTPUT 
AND ACTIVE-LOW ENABLE 
03030, JANUARY 1989 

TSC500 
SERIES 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 
PARAM· FROM TO -55°e to 125°e ooe to 700e 

TEST CONDITIONS 
MIN TYpt MAX MIN TYpt MAX 

UNIT 
ETER (INPUT) (OUTPUT) 

tpLH 
A Y RL = 00 

0.17 0.36 0.77 0.19 0.36 0.71 
ns 

tpHL 0.16 0.35 0.62 0.18 0.35 0.58 

tpZH 
GZ y RL = 40 kfl to GND 0.02 0.17 0.31 0.04 0.17 0.3 

RL = 20 kfl to Vee 0.19 0.76 0.4 
ns 

tpZL 0.4 0.19 0.72 

tpHZ 
GZ 

RL = 40 kfl to GND 4.1 4.1 
Y 

RL = 20 kfl to Vee 2.04 
ns 

tpLZ 2.04 

IltpLH 0.34 1 2.22 0.34 1 2.04 
ps/pF A Y 

IltpHL 0.28 0.6 1.34 0.28 0.6 1.2 

IltpZH 
GZ 

0.42 1.04 2.3 0.42 1.04 2.1 
ps/pF y 

IltPZL 0.24 0.6 1.36 0.26 0.6 1.2 

t Typical values are at Vee = 5 V, TA = 25°e. 

PRODUCTION DATA d ...... nts .'ntlin inf.rmation 
current I. of publication datI. Products conform to 
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TSC500 
SERIES 

. IV222LJ 
INVERTER WITH 3;.STATE 2XOUTPUT 

AND ACTIVE-HIGH ENABLE 
JANUARY 1989 

INTERNAL INVERTER CELL 

FUNCTION TABLE logic symbolt 
INPUTS 

G A 

H H 
H L 

L X 

OUTPUT 

: ___ ~_'iJ...... ",...;;:"..,. --v 
Y 
L 

H 
Z t This symbol is in accordance with ANSI/IEEE 

Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A (if G is H) 

description. .. . . 
The IV222W cell is an internal 3-state inverter that interlaces CMOS cells with 3-state bus 
lines. The inverter features two times the capability of inverter IV212W to drive capacitive 
loads. When the tell is called from the engineering workstation input, the following label 
format is developed and will be captured in the design netlist: 

Label: IV222W A,G,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, T A = 25°e 

PARAMETER TEST CONDITIONS TYP MAX UNIT 

VT Input threshold voltage 2.2 V 

Ci Input capacitance IA 0.11 
pF 

IGZ 0.1 

Co Output capacitance 0.11 pF 

Cpd Equivalent power dissipation capacitance tr=tf=1ns 0.38 pF 

PRODUCTION DATA ......... 11 ••• 111. i.forml,io. 
Current II at pglllieitiaft dltl. Products canfilrm to 
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IV222LJ 
INVERTER WITH 3·STATE 2X OUTPUT 
AND ACTIVE-HIGH ENABLE 
D3030, JANUARY 1989 

TSC500 
SERIES 

switching characteristics over recommended ranges of supply voltage and operating free· 
air temperature (unless otherwise noted), CL = 0 
PARAM· FROM TO -SS'C to 12S'C O'C to 70'C 

TEST CONDITIONS 
MIN TVPt MAX MIN TVPt MAX 

UNIT 
ETER (INPUT) (OUTPUT) 

tpLH 
A Y RL = co 

0.17 0.36 0.8 0.19 0.36 0.72 
ns 

tpHL 0.17 0.34 0.59 0.18 0.34 0.55 

tpZH 
G y RL = 40 kG to GND 0.15 0.36 0.74 0.15 0.36 0.67 

RL = 20 kG to Vcc 0.43 0.06 
ns 

tpZL 0.04 0.27 0.27 0.43 

tpHZ 
G Y 

RL = 40 kG to GND 4.48 4.48 

RL = 20 kG to Vcc 1.74 1.74 
ns 

tpLZ 
J1tpLH 

A Y 
0.34 1 2.22 0.34 1 2.06 

ps/pF 
J1tPHL 0.26 0.6 1.34 0.28 0.6 1.2 

J1tpZH 
G Y 

0.34 1.02 2.26 0.38 1.02 2.08 
ps/pF 

J1tPZL 0.38 0.64 1.36 0.38 0.64 1.2 

t Typical values are at VCC = 5 V, T A = 25·C. 

PRODUCTION DATA documents ••• tli. i.'o ... ltio. 
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TSC500 
SERIES 

IV241LJ 
INVERTER WITH 3-STATE 4X OUTPUT 

AND ACTIVE-LOW ENABLE 
D3030, JANUARY 1989 

INTERNAL INVERTER CELL 

FUNCTION TABLE logic symbolt 
INPUTS 

GZ A 

L H 
L L 

H X 

OUTPUT 

Y 

L 

H 

Z t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A (if GZ is L) 

description 
The IV241 W cell is an internal 3-state inverter that interfaces CMOS cells with 3-state bus 
lines. The inverter features four times the capability of inverter IV211 W to drive capacitive 
loads. When the cell is called from the engineering workstation input, the following label 
format is developed and will be captured in the design netlist: 

Label: IV241WA,GZ,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 

PARAMETER TEST CONDITIONS TYP MAX UNIT 

VT Input threshold voltage 2.2 V 

Ci Input capacitance 
IA 0.22 

pF 
IGZ 0.15 

Co Output capacitance 0.18 pF 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 0.72 pF 

PRooueno. DATA d.c.mlnts c •• llin Infa,mlti •• 
current I. at p •• licltion dlta. PrDductl conform to 
specific.tians per the terms of Tlxa. Instruments TEXAS ." 

Copyright @ 1989, Texas Instruments Incorporated 

:~~=~i~I[:I:ri ~=~~ti:: :..a:~:::t:~ not INSTRUMENTS 
POST OFFICE BOX 655012 • DALLAS. TeXAS 75265 7-33 



IV241 LJ 
INVERTER WITH 3-STATE 4X OUTPUT 
AND ACTIVE-lOW ENABLE 
03030, JANUARY 1989 

TSC500 
SERIES 

switching characteristics over recommended ranges of supply voltage and operating free-
air temperature (unless otherwise noted), CL = 0 . 

PARAM- FROM TO -55°C to 125°C ooe to 700e 
(INPUT) 

TEST CONDITIONS 
Typt MAX TYpt MAX 

UNIT 
ETER (OUTPUT) MIN MIN 

tpLH 0.16 0.34 0.72 0.17 0.::4 0.67 
A Y RL = 00 ns 

tpHL 0.12 0.3 0.62 0.13 0.31 0.58 

tpZH RL = 40 kD to GND 0.18 0.5 1.12 0.18 0.5 1.02 
GZ y ns 

tpZL RL = 20 kD to Vee 0.18 0.34 0.7 0.18 0.34 0.62 

tpHZ RL = 40 kD to GND 4.61 4.61 
GZ y ns 

tpLZ RL = 20 kD to Vee 2.19 2.19 

~tpLH 0.1 0.17 0.36 0.1 0.17 0.35 
ps/pF A Y 

~tf'HL 0.19 0.4 0.83 0.19 0.4 0.76 

~tpZH 0.34 0.5 1.06 0.36 0.5 0.96 
ps/pF GZ y 

~tpZL 0.14 0.36 0.72 0.16 0.36 0.66 

t Typical values are at Vee = 5 V, TA = 25°C. 

PRODUCTION DATA documents contain information 
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TSC500 
SERIES 

IV242LJ 
INVERTER WITH 3-STATE 4X OUTPUT 

AND ACTIVE-HIGH ENABLE 

INTERNAL INVERTER CELL 

FUNCTION TABLE logic symbolt 
INPUTS 

G A 

H H 
H L 

L X 

OUTPUT 

: ___ ~_'\J...J )Io.;::::...--y 
Y 

L 

H 
Z t This symbol is in accordance with ANSI/IEEE 

Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A (if G is H) 

description 
The IV242W cell is an internal 3-state inverter that interfaces CMOS cells with 3-state bus 
lines. The inverter features four times the capability of inverter IV212W to drive capacitive 
loads. When the cell is called from the engineering workstation input, the following label 
format is developed and will be captured in the design netlist: 

Label: IV242W A,G,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, T A = 25°e 

PARAMETER TEST CONDITIONS TYP MAX UNIT 

VT Input threshold voltage 2.2 V 

Ci Input capacitance 
IA 0.22 

pF 
IGZ 0.15 

Co Output capacitance 0.18 pF 

Cpd Equivalent power dissipation capacitance tr =tf=1ns 0.75 pF 

PRODUCTION DATA d •• um •• ts ••• tain informoti.n 
curnnt I. of p.lie'tiaR "Ita. Preducts conforlll to 
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IV242LJ 
INVERTER WITH a-STATE 4X OUTPUT 
AND ACTIVE-HIGH ENABLE 
D3030, JANUARY 1989 

TSC500 
SERIES 

switching characteristics over recommended ranges of supply voltage and operating free· 
air temperature (unless otherwise noted), CL = 0 
PARAM· FROM TO -55·C to 125·C O·C to 70·C 

TEST CONDITIONS 
MIN TYpt MAX MIN TYpt MAX 

UNIT 
ETER (INPUT) (OUTPUT) 

tpLH 
A Y RL = 00 

0.16 0.36 0.8 0.16 0.36 0.73 
ns 

tpHL 0.11 0.3 0.55 0.12 0.3 0.52 

tpZH 
G y RL = 40 k.o. to GND 0.16 0.41 0.79 0.18 0.41 0.73 

RL = 20 k.o. to Vee 
ns 

tpZL 0.1 0.19 0.44 0.1 0.19 0.41 

tpHZ 
G y RL =" 40 k.o. to GND 5.34 5.34 

RL = 20 k.o. to Vee 
ns 

tpLZ 1.7 1.7 

atpLH 
A y 0.18 0.5 1.1 0.2 0.5 1.02 

ps/pF 
atpHL 0.18 0.32 0.68 0.18 0.32 0.6 

atpZH 
G y 0.2 0.5 1.14 0.2 0.5 1.06 

ps/pF 
atpZL 0.3 0.38 0.62 0.3 0.38 0.58 

t Typical values are at Vee = 5 V. T A = 25·e. 
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TSC500 
SERIES 

S244LJ 
OCTAL INTERNAL BUS BUFFER 

WITH 3-STATE OUTPUTS 
JANUARY 1989 

SOFTWARE MACRO 

• 3·State Outputs Directly Interface 
Internal Data Buses 

• Active·Low Enables for 
Expandability 

• Use Parallel Bus Interfaces for 
Wide Words 

description 
The S244LJ software macro imple
ments an octal internal 3-state bus 
buffer. The macro is organized as dual 
4-bit drivers with individual enables, 
G1 Z and G2Z, which enable and 
disable the 3-state outputs to permit 
interfacing the internal bus directly in 
either a 4-bit parallel or an 8-bit word 

logic symbolt 

GIZ 

All VII 

AI2 VIZ 

AI3 VI3 

AI4 VI4 

G2Z 

A21 V21 

A22 V22 

A23 V23 

A24 V24 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984 and IEC Publication 617-12. 

mode. The Yn outputs are in a high-impedance state when GnZ is high. When GnZ is low, 
the outputs drive the bus lines. The S244LJ is implemented with the standard cell functions 
indicated: 

EQUIVALENT TOTAL TOTAL TOTAL 

CELL NAME NUMBER OF NO. EQUIVALENT Cpd:l: 
NA210Ws USED NA210Ws (pF) 

IV110W 0.75 8 6 1.28 

IV120W 1 2 2 0.62 

IV212W 1.25 8 10 1.44 

TOTALS 18 18 3.34 

:I: The equivalent power dissipation capacitance does not include 
interconnect capacitance. 

When the buffer is called from the engineering workstation input, the following label format 
is developed and will be captured in the design netlist: 

Label: S244WA11,A12,A13,A14,G1Z,A21,A22,A23,A24, 
G2Z,Y11,Y12,Y13,Y14,Y21,Y22,Y23,Y24; 

PRODUCTION DATA do.umonts .ontain information 
currant as of publication date. P,oducts conform to 
specifications per the terms of rexa. Instruments TEXAS ." 
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S244LJ TSC500 
OCTAL INTERNAL BUS BUFFER SERIES 
WITH 3-STATE OUTPUTS 
D3030, JANUARY 1989 

logic diagram 

1V11OLx IV212Lx 
A Y A Y 

A11 Yll 

IVllOLx 
A Y Y 

A12 Y12 

1V11OLx 
A Y Y 

A13 Y13 

1V11OLx IV212Lx 
A Y A 

A14 Y14 

G1Z Y 

IVllOLx IV212Lx 
A Y A Y 

A21 Y21 

IVllOLx IV212Lx 
A Y A Y 

A22 Y22 

IVllOLx IV212Lx 
A Y A 

A23 Y23 

IVllOLX 
A Y 

A24 Y24 

G2Z 
Y 

PRODUCTION DATA documents contain information 
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TSC500 
SERIES 

S244LJ 
OCTAL INTERNAL BUS BUFFER 

WITH 3-STATE OUTPUTS 
D3030. JANUARY 1989 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 
PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 
I A inputs 

I G1Z, G2Z 

Cpd Equivalent power dissipation capacitancet tr =tf=1ns 

TYP MAX 

2.2 

O.OS 

0.11 

3.4 

t The equivalent power dissipation capacitance does not include interconnect capacitance. 

UNIT 

V 

pF 

pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 (see Notes 1 and 2) 

FROM TO -55°C to 125°C oDe to 70°C 
PARAMETER 

TYp:j: TYp:j: 
UNIT 

(INPUT) (OUTPUT) MIN MAX MIN MAX 

tpLH 0.8 1.6 0.8 1.4 
Any A Any V ns 

'tpHL 0.8 1.S 0.8 1.4 

tpZH 
GnZ Any V 

0.8 1.6 0.8 1.4 
ns 

tpZL 0.8 1.4 0.8 1.2 

.6.tpLH 
Any A Any V 

0.7 2.08 4.S2 0.76 2.08 4.16 
ns/pF 

.6.tPHL 0.48 1.22 2.7 0.S2 1.22 2.42 

.6.tplH 
GnZ 

0.76 2.14 4.8 0.8 2.14 4.38 
ns/pF 

.6.tpZL 
Any V 

0.S2 1.26 2.88 0.S6 1.26 2.S6 

* Typical values are at VCC = S V, TA = 2SoC. 
NOTES: 1. These switching characteristics are simulations of the software macro using interconnect 

capacitance values for an array design having 4000 gates. Post-layout simulation uses actual 
interconnect capacitance values. 

2. Enable and delta-enable times are measured using the conditions specified for the IV212LJ. 
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S244LJ TSC500 
OCTAL INTERNAL BUS BUFFER SERIES 
WITH 3-STATE OUTPUTS 
03030, JANUARY 1989 

HDL FILEt 

BLOCK S244LJ; STRUCTURE 

A11 @INPUT; INV1 :IV110W A11,INV10; 

A12 @INPUT; INV10 :IV120W G2Z,INV100; 

A13 @INPUT; INV11 :IV212W INV1 0,INV50,Y11; 

A14 @INPUT; INV12 :IV212W INV20,INV50,Y12; 

G1Z @INPUT; INV13 :IV212W INV30,INV50,Y13; 

A21 @INPUT; INV14 :IV212W INV40,INV50,Y14; 

A22 @INPUT; INV15 :IV212W INV60,INV1 OO,Y21; 

A23 @INPUT; INV16 :IV212W INV70,INV100,Y22; 

A24 @INPUT; INV17 :IV212W INV80,INV100,Y23; 

G2Z @INPUT; INV18 :IV212W INV90,INV100,Y24; 

Y11 @OUTPUT; INV2 :IV110LJ A12,INV20; 

Y12 @OUTPUT; INV3 :IV110W A13,INV30; 

Y13 @OUTPUT; INV4 :IV110W A14,INV40; 

Y14 @OUTPUT; INV5 :IV120W G1Z,INV50; 

Y21 @OUTPUT; INV6 :IV110W A21,INV60; 

Y22 @OUTPUT; INV7 :IV110W A22,INV70; 

Y23 @OUTPUT; INV8 :IV110W A23,INV80; 

Y24 @OUTPUT; INV9 :IV110LJ A24,INV90; 

END S244W; 

t The HDL netlist format requires the "STRUCTURE" program lines to follow the "BLOCK" I/O program lines. 
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TSC500 
SERIES 

S245LJ 
OCTAL INTERNAL 3-STATE BUS TRANSCEIVER 

, JANUARY 1989 

SOFTWARE MACRO 

• 3-State Outputs Directly Interface 
Internal Data Buses 

• Active-Low Enables for 
Expandability 

• Use Parallel Bus Interfaces for 
Wide Words 

description 
The S245LJ software macro imple
ments an octal internal 3-state 
bidirectional I/O port, The macro is 
organized as an octal transceiver with 
direction control DIR and an output 
enable GZ. The GZ input enables and 
disables the 3-state outputs to permit 
interfacing or isolating the internal bus 
directly in a parallel mode. The outputs 
are in a high-impedance state when GZ 
is high. When GZ is low, the outputs 
selected by the DIR control drive the 
bus lines. The S245LJ is implemented 
with the standard cell functions 
indicated: 

EQUIVALENT 

CELL NAME NUMBER OF 

NA210LJs 

AN220W 1.75 

IV110W 0.75 

IV212W 1.25 

N0220W 1.5 

TOTALS 

logic symbolt 

GZ 

DIR 

Al Bl 

A2 B2 

A3 B3 

A4 B4 

A5 B5 

A6 B6 

A7 B7 

A8 B8 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984 and lEG Publication 617-12. 

FUNCTION TABLE 

CONTROL 
INPUTS OPERATION 

GZ DIR 

L L B data to A bus 

L H A data to B bus 

H X Isolation 

TOTAL TOTAL TOTAL 

NO. EQUIVALENT Cpd* 
USED NA210LJs (pF) 

1 1.75 0.47 

17 12.75 2.72 

16 20 2.88 

1 1.5 0.23 

35 36 6.3 

* The equivalent power dissipation capacitance does not include 
interconnect capaCitance. 

When the macro is called from the engineering workstation input, the following label format 
is developed and will be captured in the design netlist: • 

Label: S245W A1 ,A2,A3,A4,A5,A6,A7,A8,B1 ,B2,B3,B4,B5,B6,B7,B8,GZ,DIR; 

Copyright @ 1989. Texas Instruments Incorporated PRODUCTION DATA documents contain information ." 
currant IS of publication data. Products conform to T. • 
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S245LJ 
OCTAL INTERNAL 3-STATE BUS TRANSCEIVER 

D3030, JANUARY 1989 

logic diagram 

A1 

A2 

A3 

A4 

AS 

AS 

etR 

AS 

A N0220Lx 
L------:6:4 

TSC500 
SERIES 

61 

62 

63 

B4 

B6 
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TSC500 
SERIES 

S245LJ 
OCTAL INTERNAL 3-STATE BUS TRANSCEIVER 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, VCC = S V, TA = 2SoC 

PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

AorB 

Ci Input capacitance DIR 

GZ 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 

D3030, JANUARY 1989 

TYP MAX UNIT 

2.2 V 

0.05 

0.17 pF 

0.16 

6.3 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 (see Notes 1 and 2) 

FROM TO -55°C to 125°C O°C to 70°C 
PARAMETER 

TYpt TYpt 
UNIT 

(INPUT) (OUTPUT) MIN MAX MIN MAX 

tpLH 
An or Bn Bn or An 

0.9 1.8 0.9 1.6 

0.9 1.5 
ns 

tpHL 0.9 1.6 

tpZH 
GZ An or Bn 

1.8 4 1.8 3.6 

1.8 3.7 1.8 3.3 
ns 

tpZL 

AtpLH 
An or Bn Bn or An 

0.7 2.08 4.52 0.76 2.08 4.16 
ns/pF 

AtPHL 0.48 1.22 2.7 0.52 1.22 2.42 

AtpZH 
An or Bn Bn or An 

0.76 2.14 4.8 0.8 2.14 4.38 
ns/pF 

AtpZL 0.52 1.26 2.88 0.56 1.26 2.56 

tTypical values are at VCC = 5 V, TA = 25°C. 
NOTES: 1. These switching characteristics are simulations of the software macro using interconnect 

capacitance values for an array design having 4000 gates. Post-layout simulation uses actual 
interconnect capacitance values. 

2. Enable and delta-enable times are measured using the conditions specified for the IV212W. 
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S245LJ 
OCTAL INTERNAL 3-STATE BUS TRANSCEIVER 

03030, JANUARY 1989 

HDL FILEt 

BLOCK S245LJ; STRUCTURE 

GZ @INPUT; AN1 :AN220LJ DIR,INV1 0,AN1 0; 

DIR @INPUT; INV1 :IV110LJ GZ,INV10; 

A1 @INOUT; INV10 :IV110LJ A5,INV100; 

A2 @INOUT; INV11 :IV212LJ INV1 OO,AN1 0,B5; 

A3 @INOUT; INV12 :IV110LJ A6,INV120; 

A4 @INOUT; INV13 :IV212LJ INV120,AN10,B6; 

A5 @INOUT; INV14 :IV110LJ A7,INV140; 

A6 @INOUT; INV15 :IV212LJ INV140,AN10,B7; 

A7 @INOUT; INV16 :IV110LJ A8,INV160; 

A8 @INOUT; INV17 :IV212LJ INV160,AN10,B8; 

B1 @INOUT; INV18 :IV110LJ B1,INV180; 

B2 @INOUT; INV19 :IV212LJ INV180,N010,A1 ; 

B3 @INOUT; INV2 :IV110LJ A1,INV20; 

B4 @INOUT; INV20 :IV110LJ B2,INV200; 

B5 @INOUT; INV21 :IV212LJ INV200,N010,A2; 

B6 @INOUT; INV22 :IV110LJ B3,INV220; 

B7 @INOUT; I NV23 :IV212LJ INV220,N010,A3; 

B8 @INOUT; INV24 :IV110LJ B4,INV240; 

INV25 :IV212LJ INV240,N010,A4; 

I NV26 :IV110LJ B5,INV260; 

INV27 :IV212LJ INV260,N010,A5; 

INV28 :IV110LJ B6,INV280; 

INV29 :IV212LJ INV280,N010,A6; 

INV3 :IV212LJ INV20,AN1 0,B1; 

INV30 :IV110LJ B7,INV300; 

INV31 :IV212LJ INV300,N010,A7; 

INV32 :IV110LJ B8,INV320; 

INV33 :IV212LJ INV320,N010,A8; 

INV4 :IV110L,J A2,INV40; 

INV5 :IV212LJ INV40,AN10,B2; 

I NV61 :IV110LJ A3,INV60; 

INV7 :IV212LJ INV60,AN10,B3; 

INV8 :IV110LJ A4,INV80; 

INV9 :IV212LJ INV80,AN10,B4; 

N01 :N0220LJ GZ,DIR,N010; 

END S245LJ; 

TSC500 
SERIES 

t The HDL netlist format requires the "STRUCTURE" program lines to follow the "BLOCK" I/O program lines. 
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TSC500 
SERIES 

DESCRIPTION 

2-lnputAND 

3-lnputAND 

4-lnputAND 

5-lnputAND 

8-lnputAND 

DESCRIPTION 

AND-OR 

AND-NOR 

AND-OR 

AND-NOR 

PRODUCTION DATA d •• um •• ts ••• tain ,.'.rmati •• 
currant IS of publication date. Produc~s conform to 
specifications per the tarms of Texas Instruments 
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AND GATES 

CELL OUTPUT 

NAME DRIVE 

AN210W 1X 

AN220W 2X 

AN240W 4X 

AN260W 6X 

AN31 OW 1X 

AN320W 2X 

AN340W 4X 

AN360W 6X 

AN410W 1X 

AN420W 2X 

AN440W 4X 

AN460W 6X 

AN510W 1X 

AN81 OW 1X 

AND-ORlAND-NOR GATES 

CELL OUTPUT 

NAME DRIVE 

A0220W 2X 

A0221W 2X 

A0230W 1X 

A0250W 1X 

A0320W 1X 

A0420W 1X 

A0421W 1X 

TEXAS ." 
INSTRUMENlS 

GATES 
FUNCTIONAL INDEX 

D3030. APRIL 1988 

EQUIVALENT 
PAGE 

NA210s 

1.5 8-7 

1.75 8-8 

2.25 8-9 

3 8-10 

1.75 8-11 

2 8-12 

2.5 8-13 

3.5 8-14 

2 8-15 

2.25 8-16 

2.75 8-17 

4 8-18 

2.5 8-19 

3.25 8-20 

EQUIVALENT 

NA210s 
PAGE 

2 8-21 

1.75 8-22 

2.75 8-23 

4 8-24 

2.5 8-25 

3.25 8-26 

3.5 8-27 

Copyright @ 1988. Texas Instruments Incorporated 
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GATES 
FUNCTIONAL INDEX 

03030, APRIL 1988 

DESCRIPTION 

AND-NOR 

OR-AND-NOR 

AND-OR-AND-NOR 

PRODUCTION DATA d •• ume.ts •• ntai. i.f., ... ti •• 
CURlnt II at publication dlta. Products conform to 
opoeificoti ... po'tho termo 01 Tn •• ' •• trumonls 

:~=~~~I[:~:ri ~=~:~t~ lI~a:::::t:~~ not 

MULTI·STAGE GATES 

CELL OUTPUT 

NAME DRIVE 

BF001W 1X 

BF002W 1X 

BF004W 1X 

BF005W 1X 

BFOO6W 1X 

BFOO7W 1X 

BF008W 1X 

BF009W 1X 

BF010W 1X 

BF011W 1X 

BF012W 1X 

BF013W 1X 

BF014W 1X 

BF015W 1X 

BF016W 1X 

BF017W 1X 

BF020W 1X 

BF022W 1X 

BF025W 1X 

BF027W 1X 

BF028W 1X 

BF030W 1X 

BF034W 1X 

BF035W 1X 

TEXAS ~ 
INSTRUMENlS 

EQUIVALENT 

NA210s 

1.5 

1.5 

1.75 

2 

1.75 

1.75 

2 

2 

2.25 

2.5 

2.5 

2.5 

2.75 

1.75 

2 

1.75 

2 

2 

2.25 

2.25 

2.75 

2 

2.25 

2.25 

TSC500 
SERIES 

PAGE 

8-28 

8-29 

8-30 

8-31 

8-32 

8-33 

8-34 

8-36 

8-38 

8-40 

8-42 

8-44 

8-46 

8-48 

8-50 

8-52 

8-54 

8-56 

8-58 

8-60 

8-62 

8-64 

8-66 

8-68 

Copyright @ 1988. Texas Instruments Incorporated 
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TSC500 
SERIES 

DESCRIPTION 

OR-NAND 

AND-OR-NAND 

OR-AND-OR-NAND 

DESCRIPTION 

EX-NOR 

EX-OR 

MULTI-STAGE GATES (Continued) 

CELL OUTPUT 

NAME DRIVE 

BF051W 1X 

BF052W 1X 

BF053W 1X 

BF054W 1X 

BF055W 1X 

BF056W 1X 

BF057W 1X 

BF058W 1X 

BF059W 1X 

BF060W 1X 

BF062W 1X 

BF063W 1X 

BF064W 1X 

BF065W 1X 

BF066W 1X 

BF067W 1X 

BF068W 1X 

BF069W 1X 

BF070W 1X 

BF071W 1X 

BF072W 1X 

BF075W 1X 

BF080W 1X 

BF081W 1X 

BF082W 1X 

BF088W 1X 

EX-NOR/EX-OR GATES 

CELL OUTPUT 

NAME DRIVE 

EN210W 1X 

EX210W 1X 

EX220W 2X 

EX240W 4X 

GATES 
FUNCTIONAL INDEX 

03030, APRIL 1988 

EQUIVALENT 
PAGE 

NA210s 

1.5 8-70 

1.5 8-71 

1.75 8-72 

1.75 8-73 

2 8-74 

1.75 8-76 

1.75 8-77 

2 8-78 

2.25 8-80 

2.25 8-82 

2.5 8-84 

2.5 8-86 

2.75 8-88 

1.75 8-90 

2 8-92 

1.75 8-94 

2.25 8-96 

2.5 8-98 

2 8-100 

2.25 8-102 

2 8-104 

2 8-106 

2 8-108 

2.25 8-110 

2.25 8-112 

2.5 8-114 

EQUIVALENT 
PAGE 

NA210s 

2.25 8-116 

1.75 8-117 

2 8-118 

2.5 8-119 

PRODUCTION DATA d ....... ta •• nllin i.f.rmetion 
currant I. of publication date. Products conform to 
specifications Pili' the term. of Taxas Instruments TEXAS ." 

Copyright @ , 988, Texas Instruments Incorporated 

:~~~~:~~i~a{::I~tze ~!=:~:r llr:::::lt::s not INSTRUMENTS 
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GATES 
FUNCTIONAL INDEX 

03030, APRIL 1988 

DESCRIPTION 

2-lnput NAND 

3-lnput NAND 

4-lnput NAND 

5-lnput NAND 

8-lnput NAND 

DESCRIPTION 

2-lnput NOR 

3-lnput NOR 

4-lnput NOR 

5-lnput NOR 

8-lnput NOR 

PRODUCTION DATA do ..... nts.onllin information 
currant .1 af publicatioR data. Pradum conform to 
specifications par the tarma of Tax •• Instruments 

::::~~i~-r::I~'i ~!:~::i:fn :.~o::~:::::.~ not 

NAND GATES 

CELl- OUTPUT 

NAME DRIVE 

NA210W ~X 

NA220W 2X 

NA230W 3X 

NA240W 4X 

NA260W 6X 

NA31 OW 1X 

NA320W 2X 

NA330W 3X 

NA34dW 4X 

NA4tOLJ 1X 

NA420W 2X 

NA430W 3X 

NA51 OW 1X 

NA520W 2X 

NA81 OW 1X 

NA820W. 2X 

. . . 
NOR GATES 

CELL OUTPUT 

NAME. DRIVE 

N0210W 1X 

N0220W 2X 

N0230W 3X 

N0240W 4X 

N0310W 1X 

N0320W 2X 

N0330LJ 3X 

N0410W 1X 

N0420W 2X 

N051 OW 1X 

N0520W 2X 

NOB10LJ 1X 

N0820W 2X 

. TEXAS'" 
INSTRUMENTS 

EQUIVALENT 

NA210a 

1 

1.5 

2 
2.5 

3.5 

1.25 

2 

2.75 

3.5 

1.5 

2.5 

3.5 

3 

3.25 

3.75 

4 

EQUIVALENT 

NA210a 

1 

1.5 

2 

2.5 

1.25 

2 

2.75 

1.5 

2.5 

3.5 

3.75 

3.75 

4 

TSC500 
SERIES 

PAGE 

8-120 

8-121 

8-122 

8-123 

8-124 

8-125 

8-126 

8·127 

8-128 

8-129 

8·130 

8-131 

8-132 

8-133 

8-134 

8-135 

PAGE 

8-13.6 

8-1:37 

8-138 

8-139 

8-140 

8-141 

8-142 

8-143 

8·144 

8·145 

8·146 

8·147 

8·148 

Copyright @ 1988, Te)(8S Instruments Incorporated 
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TSC500 
SERIES 

DESCRIPTION 

OR-AND 

OR-NAND 

OR-AND 

OR-NAND 

OR-AND 

DESCRIPTION 

2-lnput OR 

3-lnput OR 

4-lnput OR 

5-lnput OR 

8-lnput OR 

PRODUCTION DATA documantacontain info,mltion 
c.,rent u of publicllio. dot •. P,oducta co.farm t. 
spacificatiDns plf the terms of Texn Instruments 

::~-::~i~8t::1~7i ~~::~n :.r:sr:::. nDt 

OR-AND/OR-NAND GATES 

CELL OUTPUT 

NAME DRIVE 

OA220W 2X 

OA230W 1X 

OA231W 1X 

OA240W 1X 

OA241W 1X 

OA320W 2X 

OR GATES 

CELL OUTPUT 

NAME DRIVE 

OR210W 1X 

OR220W 2X 

OR240W 4X 

OR260W 6X 

OR31 OW 1X 

OR320W 2X 

OR340W 4X 

OR360W 6X 

OR410W 1X 

OR420W 2X 

OR440W 4X 

OR460W 6X 

OR51 OW 1X 

OR810W 1X 

TEXAS ." 
INSTRUMENTS 

GATES 
FUNCTIONAL INDEX 

03030, APRIL 1988 

EQUIVALENT 
PAGE 

NA210s 

2.25 8-149 

3 8-150 

3.25 8-151 

3.75 8-152 

4 8-153 

2.5 8-154 

EQUIVALENT 
PAGE 

NA210s 

1.25 8-155 

1.5 8-156 

2.5 8-157 

3.75 8-158 

1.5 8-159 

1.75 8-160 

3 8-161 

4.5 8-162 

1.75 8-163 

2.25 8-164 

3.5 8-165 

5.25 8-166 

3.75 8-167 

3.75 8-168 

Copyright @ 1988. Texas Instruments Incorporated 
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TSC500 
SERIES 

FUNCTION TABLE 

INPUTS OUTPUT 

A B Y 

H H H 

L X L 

X L L 

AN210LJ 
2-INPUT POSITIVE-AND GATE 

D3030. APRIL 1988 

INTERNAL CELL 

logic symbolt 

:=O-v 
Equivalent to 1/47408 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A'S = A+B 

description 
The AN210LJ cell is a minimum-size, 2-input positive-AND gate. When the gate is called 
from the engineering workstation input, the following label format is developed and will be 
captured in the design netlist: 

Label: AN210WA,S,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 

PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Cj Input capacitance 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 

TYP MAX UNIT 

2.2 V 

0.06 pF 

0.33 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 

FROM TO -55·C to 125·C O·C to 70·C 
PARAMETER 

TYP:!: TYP:!: 
UNIT 

(INPUT) (OUTPUT) MIN MAX MIN MAX 

tpLH 
A,B Y 

0.19 0.46 0.93 0.19 0.46 0.86 
ns 

tpHL 0.26 0.54 1.09 0.26 0.54 1 

AtpLH 
A,B Y 

0.42 1.12 2.36 0.46 1.12 2.16 
ns/pF 

AtPHL 0.26 0.59 1.2 0.3 0.59 1.08 

:!: Typical values are at VCC = 5 V, TA = 25·C. 

PRODUCTION DATA documents contain information ." 
currant 8S of publication date. Products conform to T.EXAS 1, 
specifications par the terms of Texas Instruments II 
::::~~i~8{::1~1e ~!::i~~ti:r :'~O::~:::~::'s~S not INSTRUMENTS 

Copyright @ 1988, Texas Instruments Incorporated 
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TSC500 
SERIES 

FUNCTION TABLE 

INPUTS OUTPUT 

A B V 
H H H 

L X L 

X L L 

AN220LJ 
2-INPUT POSITIVE-AND GATE 

WITH 2X OUTPUT 
03030, APRIL 1988 

INTERNAL CELL 

logic symbolt 

:=O-V 
Equivalent to 1/4 7408 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A·B = A+B 

description 
The AN220W cell is a 2-input positive-AND gate featuring twice the capacitive-drive 
capability when compared to the AN210W AND gate. When the gate is called from the 
engineering workstation input, the following label format is developed and will be captured 
in the design netlist: 

Label: AN220W A,B,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, VCC = 5 V, TA = 25°C 

PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitance tr=tf=1ns 

TYP MAX UNIT 

2.2 V 

0.06 pF 

0.47 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 

FROM TO -55°C to 125°C O°C to 70°C 
PARAMETER 

(INPUT) (OUTPUT) TYp:I: TYp:I: 
UNIT 

MIN MAX MIN MAX 

tpLH 
A,B V 

0.24 0.55 1.11 0.26 0.55 1.03 

0.28 1.13 
ns 

tpHL 0.59 1.21 0.28 0.59 

AtpLH 
A,B Y 

0.2 0.55 1.16 0.2 0.55 1.06 
ns/pi= 

AtPHL 0.14 0.35 0.72 0.16 0.35 0.64 

:I: Typical values are at VCC = 5 V, TA = 25°C. 

PROOUCTIO. DATA d ••• m.nta •• ni.in info, ... ti.n • 
•• ".nt II of publi •• tio. dato. P,oducts .. nfor .. to T.EXAS ~ 
.pocifi •• Ii ••• par tho terma of T •••• Inll' ..... ts 11 

:==~~i~~:::I:. ~::.:~i:; :.r::.:.:~ nol INSTRUMENTS 
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TSC500 
SERIES 

AN240LJ 
2-INPUT POSITIVE-AND GAtE 

WITH 4X OUTPUT 

FUNCTION TABLE 

INPUTS OUTPUT 

A B Y 

H H H 

L X L 

X L L 

APRIL 1988 

INTERNAL CELL 

logic symbolt 

Equivalent to 1/47408 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A·B = A+B 

description 
The AN240LJ cell is a 2-input positive-AND gate featuring four times the capacitive-drive 
capability when compared to the AN210W AND gate. When the gate is called from the 
engineering workstation input, the following label format is developed and will be captured 
in the design netlist: 

Label: AN240LJ A,B,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 

PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 

TYP MAX UNIT 

2.2 V 

0.06 pF 

0.96 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 

FROM TO -SSOC to 12SoC O°C to 70°C 
PARAMETER 

(OUTPUT) TYp:j: TYp:j: 
UNIT 

(INPUT) MIN MAX MIN MAX 

tpLH 
A,B Y 

0.28 0.72 1.46 0.3 0.72 1.34 
ns 

tpHL 0.3 0.75 1.55 0.32 0.75 1.44 

~tpLH 
A,B Y 

0.12 0.28 0.64 0.12 0.28 0.58 
ns/pF 

~tpHL 0.1 0.22 0.52 0.1 0.22 0.46 

:I: Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTION DATA do •• monts .ontain information .., 
currant 81 of publication date. Products conform to liEXAS r 
specifications per the tarms of Texas Instruments 

~:~~:~~i~·{::1~1~ ~!:~~~li:r :'~D::~:::::t:::S not INSTRUMENTS 
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TSC500 
SERIES 

AN260lJ 
2-INPUT POSITIVE-AND GATE 

WITH 6X OUTPUT 

FUNCTION TABLE 

INPUTS OUTPUT 

A B V 

H H H 

L X L 

X L L 

APRIL 1988 

INTERNAL CELL 

logic symbolt 

:=O-V 
Equivalent to 1/4 7408 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A'S = A+B 

description 
The AN260W cell is a 2-input positive-AND gate featuring six times the capacitive-drive 
capability when compared to the AN210W AND gate. When the gate is called from the 
engineering workstation input, the following label format is developed and will be captured 
in the design netlist: 

Label: AN260W A,B,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 

PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitance tr=tf=1ns 

TVP MAX UNIT 

2.2 V 

0.12 pF 

1.3 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 

PARAMETER 
FROM TO 

(INPUT) (OUTPUT) 

tpLH 

tPHL 
A,B V 

AtpLH 
A,B Y 

AtpHL 

:I: Typical values are at Vee = 5 V. TA = 25°e. 

PRODUCTION DATA documants contain informllion 
current 81 af public'tian data. Products conform to 
specifications per the terms of TaxI. Instruments 

-55°C to 125°C 

MIN TVP:I: MAX 

0.21 0.56 1.17 

0.18 0.6 1.21 

0.1 0.22 0.44 

0.12 0.16 0.36 

::=~~1~8{::1~7i ~:~:~ti:r :'Io;:;:::,:~~s not TEXAS ." 
INSTRUMENTS 

O°C to 70°C 

MIN TVP:I: MAX 
UNIT 

0.24 0.56 1.07 

0.2 0.6 1.11 
ns 

0.1 0.22 0.4 
ns/pF 

0.12 0.16 0.32 

Copyright @ 1988, Texas Instruments Incorporated 
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TSC500 
SERIES 

FUNCTION TABLE 

INPUTS OUTPUT 

A B C y 

H H H H 

L X X L 

X L X L 

X X L L 

AN310LJ 
3-INPUT POSITIVE-AND GATE 

D3030, APRIL 1988 

INTERNAL CELL 

logic symbolt 

Equivalent to 1/3 7411 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A·B·C = A+B+C 

description 
The AN31 OW cell is a minimum-size, 3-input positive-AND gate. When the gate is called 
from the engineering workstation input, the following label format is developed and will be 
captured in the design netlist: 

Label: AN310WA,B,C,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 

PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 

TYP MAX UNIT 

2.2 V 

0.05 pF 

0.38 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 

FROM TO -55°C to 125°C DOC to 7DoC 
PARAMETER 

(OUTPUT) TYpt: TYpt: 
UNIT 

(INPUT) MIN MAX MIN MAX 

tpLH 
A,B,C y 0.23 0.58 1.3 0.23 0.58 1.18 

0.63 1.3 0.63 1.2 
ns 

tpHL 0.26 0.27 

atpLH 
A,B,C 

0.4 1.08 2.28 0.44 1.08 2.1 
ns/pF y 

atpHL 0.3 0.59 1.22 0.32 0.59 1.1 

* Typical values are at Vce = 5 V. T A = 25°e. 

PRODUCTION DATA documents contain information 
currant as of publication data. Products conform to 
specifications per the terms of Texas Instruments TEXAS ." 

Copyright @ 1988, Texas Instruments Incorporated 
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TSC500 
SERIES 

FUNCTION TABLE 

INPUTS OUTPUT 

A B C V 

H H H H 

L X X L 

X L X L 

X X L L 

AN320LJ 
3-INPUT POSITIVE-AND GATE 

WITH 2X OUTPUT 
03030, APRIL 1988 

INTERNAL CELL 

logic symbolt 

Equivalent to 1/3 7411 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: V = A·B·C = A+B+C 

description 
The AN320LJ cell is a 3-input positive-AND gate featuring twice the capacitive-drive 
capability when compared to the AN310LJ AND gate. When the gate is called from the 
engineering workstation input, the following label format is developed and will be captured 
in the design netlist: 

Label: AN320LJ A,B,C,V; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 Vj TA = 25"e 

PARAMETER TEST CONDITIONS 

Vr Input threshold voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 

TVP MAX UNIT 

2.2 V 

0.05 pF 

0.55 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 

FROM TO -55°C to 125°C o°C.to·WC 
PARAMETER 

(OUTPUT) TVP; TVP; 
UNIT 

(INPUT) MIN MAX MIN MAX 

tpLH 
A,B,C Y 

0.24 0.69 1.52 0.27 0.69 1.4 

0.28 1.33 
ns 

tpHL 0.18 0.7 1.45 0.7 

AtPLH 
A,B,C Y 

0.22 0.54 1.18 0.22 0.54 1.06 
ns/pF 

AtpHL 0.18 0.34 0.76 0.18 0.34 0.7 

:j: Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTION DATA dDc.menll CDnlain infDrmaliDn 
currant as of publication ~at •. Products conform to 
speclficationa par the tarms of Tax •• Instrumants 
standard warranty. Production processing do~s not 
nacessarlly Include tilting of all parameters. _ 

TEXAS ." 
Copyright @ 1988. Texas Instruments Incorporated 
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TSC500 
SERIES 

FUNCTION TABLE 

INPUTS OUTPUT 

A B C y 

H H H H 

L X X L 

X L X L 

X X L L 

AN340LJ 
3-INPUT POSITIVE-AND GATE 

WITH 4X OUTPUT 
APRIL 1988 

INTERNAL CELL 

logic symbolt 

Equivalent to 1/3 7411 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A·B·C = A+B+C 

description 
The AN340LJ cell is a 3-input positive-AND gate featuring four times the capacitive-drive 
capability when compared to the AN310LJ AND gate. When the gate is called from the 
engineering workstation input, the following label format is developed and will be captured 
in the design netlist: 

Label: AN340LJ A,B,C,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 

PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 

TYP MAX UNIT 

2.2 V 

0.05 pF 

0.98 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 

FROM TO -SS·C to 12S·C O·C to 70·C 
PARAMETER 

(INPUT) (OUTPUT) TYp:j: TYp:j: 
UNIT 

MIN MAX MIN MAX 

tpLH 
A,B,C Y 

0.32 0.86 1.95 0.33 0.86 1.78 

0.3 1.93 0.3 0.84 1.78 
ns 

tpHL 0.84 

AtpLH 
A,B,C 

0.12 0.3 0.7 0.12 0.3 0.64 
ns/pF Y 

AtpHL 0.08 0.26 0.58 0.08 0.26 0.52 

:j: Typical values are at VCC = 5 V, TA = 25·C. 

PRODUCTION DATA documanls contsin information .., 
curreot IS of publication date. Products conform to 1i i 
specifications per the terms of TexIs Instruments EXA.S 
:~~~~:~~i;ai~:I~'i ~!:~:~ti:: :'~O::~:::t::-S~ not INSTRUMENTS 
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TSC500 
SERIES 

FUNCTION TABLE 

INPUTS OUTPUT 

A B C V 
H H H H 

L X X L 

X L X L 

X X L L 

AN360LJ 
3-INPUT POSITIVE-AND GATE 

WITH 6X OUTPUT 
03030, APRIL 1988 

INTERNAL CELL 

logic symbolt 

Equivalent to 1/37411 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A·B·C = A+B+C 

description 
The AN360W cell is a 3-input positive-AND gate featuring six times the capacitive-drive 
capability when compared to the AN31 OW AND gate. When the gate is called from the 
engineering workstation input, the following label format is developed and will be captured 
in the design netlist: 

Label: AN360W A,B,C,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 

PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitance tr=tf=1ns 

TYP MAX UNIT 

2.2 V 

0.12 pF 

1.48 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 

FROM TO -55°C to 125°C O°C to 70°C 
PARAMETER 

(OUTPUT) TYp:I: TYp:I: 
UNIT 

(INPUT) MIN MAX MIN MAX 

tpLH 
A,B,C V 

0.27 0.7 1.53 0.29 0.7 1.39 
ns 

tpHL 0.26 0.68 1.45 0.28 0.68 1.35 

~tpLH 
A,B,C Y 

0.08 0.22 0.46 0.08 0.22 0.44 
ns/pF 

~tpHL 0.06 0.15 0.36 0.08 0.15 0.32 

:I: Typical values are at V CC = 5 V, T A = 25°C. 

PRODUCTION DATA do •• mants contain information 
current as of publication data. Products cDnform to 
specifications per lh' terms of Texas Instruments TEXAS ." 

Copyright @ 1988. Texas Instruments Incorporated 

:~~~~:~~i~·t::1~1i ~=~~~i:r lI~D:::::':~~S not INSTRUMENTS 
8-14 POST OFFICE BOX 655012 • DALLAS. TEXAS 75265 



TSC500 
SERIES 

A 
H 

FUNCTION TABLE 

AN410LJ 
4-INPUT POSITIVE-AND GATE 

APRIL 1988 

INTERNAL CELL 

INPUTS OUTPUT 

B C D y 

H H H H 

Any other combination L 

Equivalent to 1/27421 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = AB'C'D = A+B+C+D 

description 
The AN410LJ cell is a minimum-size, 4-input positive-AND gate. When the gate is called 
from the engineering workstation input, the following label format is developed and will be 
captured in the design netlist: 

Label: AN410LJ A,B,C,D,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 

PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitance tr =tf=1ns 

TYP MAX UNIT 

2.2 V 

0.05 pF 

0.42 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 

FROM TO -55°C to 125°C DOC to 70°C 
PARAMETER 

(OUTPUT) TYp:I: TYp:I: 
UNIT 

(INPUT) MIN MAX MIN MAX 

tpLH 
A,B,C,D Y 

0.24 0.71 1.7 0.26 0.71 1.53 
ns 

tpHL 0.28 0.68 1.48 0.29 0.68 1.36 

AtpLH 
A,B,C,D Y 

0.42 1.12 2.38 0.46 1.12 2.18 
ns/pF 

AtpHL 0.28 0.62 1.26 0.3 0.62 1.14 

:I: Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTION DATA doc.manls contain information ..If 
current as of publication date. Products conform-to T. ~ 
specifications par the terms of Texas Instruments I E.XAS 
:~~~~:~~i~·{::I~~i ~~:~~~ti:r :1~O::~:::::t:i.~S not INSTRUMENTS 

Copyright @ 1988. Texas Instruments Incorporated 

POST OFFICE BOX 655012 • DAl.LAS. TEXAS 75265 8-15 



TSC500 
SERIES 

AN420LJ 
4-INPUT POSITIVE-AND GATE 

WITH 2X OUTPUT 
APRIL 1988 

INTERNAL CELL 

FUNCTION TABLE 

INPUTS OUTPUT 

A B C D V 
H H H H H 

Any other combination L 

Equivalent to 1/27421 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A·B·C·D = A+B+C+D 

description 
The AN420W cell is a 4-input positive-AND gate featuring twice the capacitive-drive 
capability when compared to the AN410LJ AND gate. When the gate is called from the 
engineering workstation input, the following label format is developed and will be captured 
in the design netlist: 

Label: AN420W A,B,C,D,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 

PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 

TYP MAX UNIT 

2.2 V 

0.05 pF 

0.6 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 

FROM TO -55°C to 125°C O°C to 70'C 
PARAMETER 

(INPUT) (OUTPUT) TYP* TYP* 
UNIT 

MIN MAX MIN MAX 

tpLH 
A,B,C,D V 

0.31 0.81 1.94 0.32 0.81 1.75 

0.26 1.67 0.28 0.74 1.54 
ns 

tpHL 0.74 

AtpLH 
A,B,C,D V 

0.18 0.58 1.26 0.2 0.58 1.16 
ns/pF 

AtpHL 0.16 0.37 0.78 0.18 0.37 0.7 

* Typical values are at Vee = 5 V, TA = 25°e. 

PRODUCTION DATA doc.mants contain information 
current IS of publication data. Products conform to 
specifications per the terms of TeXIS Instruments TEXAS .., 

INSTRUMENTS 

Copyright @ .1988, Texas Instruments Incorporated 

::~~:~~i~a{::I~~i ~~:ti~~ti:r :I~O::~::::~:~~S not 
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TSC500 
SERIES 

A 

H 

FUNCTION TABLE 

AN440LJ 
4-INPUT POSITIVE-AND GATE 

WITH 4X OUTPUT 
03030, APRIL 1988 

INTERNAL CELL 

logic symbolt 
INPUTS OUTPUT 

B C D Y 

H H H H 

Any other combination L 
~~Y 

Equivalent to 1/2 7421 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A·B·C·D = A+B+C+D 

description 
The AN440LJ cell is a 4-input positive-AND gate featuring four times the capacitive-drive 
capability when compared to the AN410LJ AND gate. When the gate is called from the 
engineering workstation input, the following label format is developed and will be captured 
in the design netlist: 

Label: AN440LJ A,B,C,D,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 

PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 

TYP MAX UNIT 

2.2 V 

0.05 pF 

1.01 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 

FROM TO -55°C to 125°C O°C to 70°C 
PARAMETER 

(INPUT) (OUTPUT) TYp:j: TYp:j: 
UNIT 

MIN MAX MIN MAX 

tpLH 
A,B,C,D y 0,36 1.01 2.54 0.37 1.01 2.27 

ns 
tpHL 0.29 0.89 2.12 0.3 0.89 1.95 

4tPLH 
A,B,C,D Y 

0.1 0.34 0.72 0.1 0.34 0.68 
ns/pF 

4tpHL 0.08 0.26 0.58 0.08 0.26 0.52 

:j: Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTION DATA documents contain information ~ Copyright @ 1988. Texas Instruments Incorporated 
currant as of publication datI. Products conform to 1i 
specifications per the terms of Taxas Instruments EXAS 
:~~~~:~i~at::I~7i ~!:~:~ti:r :1~a::~:::::'::'s~1 not INSTRUMENTS 

POST OFFICE BOX 655012 • OALLAS. TEXAS 75265 8 .. 17 



TSC500 
SERIES 

A 

H 

AN460LJ 
4-INPUT POSITIVE-AND GATE 

WITH 6X OUTPUT 
D3030. APRIL 1988 

INTERNAL CELL 

FUNCTION TABLE logic symbolt 
INPUTS OUTPUT 

B C D Y 

H H H H 

Any other combination L 
~~v 

Equivalent to 1/27421 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = AB'C'D = A+B+C+D 

description 
The AN460LJ cell is a 4-input positive-AND gate featuring six times the capacitive-drive 
capability when compared to the AN410LJ AND gate. When the gate is called from the 
engineering workstation input, the following label format is developed and will be captured 
in the design netlist: 

Label: AN460LJ A,B,C,D,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, T A = 25°e 
PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

C, Input capacitance 

Cpd Equivalent power dissipation capacitance tr=tf=1ns 

TYP MAX UNIT 

2.2 V 

0.12 pF 

1.61 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 

FROM TO 
PARAMETER 

(INPUT) (OUTPUT) 

tpLH 
A,B,C,D y 

tpHL 

AtpLH 
A,B,C,D Y 

AtpHL 

:(: Typical values are at Vce = 5 V, TA = 25°e. 

PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 

-55°C to 125°C 

MIN TYp:j: MAX 

0.28 0.85 2 

0.32 0.75 1.67 

0.1 0.24 0.5 

0.04 0.19 0.42 

~~~:~:~~i~at::1~1e ~!::i~~ti:f :llo::::~:t:ros~s not TEXAS ." 
IN STRUM ENlS 

O°C to 70°C 

TYp:j: 
UNIT 

MIN MAX 

0.3 0.85 1.82 

0.32 0.75 1.54 
ns 

0.1 0.24 0.46 
ns/pF 

0.04 0.19 0.4 

Copyright © 1988, Texas Instruments Incorporated 
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TSC500 
SERIES 

FUNCTION TABLE 

INPUTS 

A B C D E 

H H H H H 

Any other combination 

AN510LJ 
5-INPUT POSITIVE-AND GATE 

D3030. APRIL 1988 

INTERNAL CELL 

OUTPUT 

Y 

H 

L 

logic symbolt 

i~Y 
t This symbol is in accordance with ANSI/IEEE 

Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A·B·C·D·E = A+B+C+D+E 

description 
The AN510W cell is a minimum-size, 5-input positive-AND gate. When the gate is called 
from the engineering workstation input, the following label format is developed and will be 
captured in the design netlist: 

Label: AN510WA,B,C,D,E,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 

PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitance tr=tf=lns 

TYP MAX UNIT 

2.2 V 

0.06 pF 

0.69 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 

FROM TO -55·C to 125·C O·C to 70·C 
PARAMETER 

(INPUT) (OUTPUT) TYp:I: TYp:I: 
UNIT 

MIN MAX MIN MAX 

tPLH 
A,B,C,D,E y 0.24 0.67 1.52 0.25 0.67 1.37 

ns 
tpHL 0.24 0.57 1.28 0.24 0.57 1.18 

AtpLH 
A,B,C,D,E y 0.6 1.74 3.82 0.66 1.74 3.52 

ns/pF 
AtpHL 0.22 0.57 1.04 0.25 0.57 0.94 

:I: Typical values are at Vce = 5 V, T A = 25°e. 

PRODUCTION DATA documents contain information ." 
current as of publicatioD date. Products conform to 
spacificatioRs per the terms of TellS Instrumants TEXAS 
:::::~~i~ai~:1~1i ~:~:~li:; :'Io::;:~~:~~s not INSTRUMENTS 

Copyright @ 1988, T!!xas Instruments Incorporated 

POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 8-19 



TSC500 
SERIES 

A B C 
H H H 

FUNCTION TABLE 

INPUTS 

D E F ~ 
H H H H 

Any other combination 

AN810LJ 
8-INPUT POSIT!VE-AND GATE 

APRIL 1988 

INTERNAL CELL 

OUTPUT 

H y 

H H 
L 

logic symbolt 
A 

B 

C 

D 

E--L-_ 

F 

G 

H 

y 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A·B·C·D·E·F·G·H = A+B+C+D+E+F+G+H 

description 
The AN810LJ cell is a minimum-size, 8-input positive-AND gate. When the gate is called 
from the engineering workstation input, the following label format is developed and will be 
captured in the design netlist: 

Label: AN810LJ A,B,C,D,E,F,G,H,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, T A = 25°e 

PARAMETER· TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 

TYP MAX UNIT 

2.2 V 

0.06 pF 

0.71 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 . 

FROM TO -55°C to 125°C O·C to 70°C 
PARAMETER 

(OUTPUT) TYpt: TYpt: 
UNIT 

(INPUT) MIN MAX MIN MAX 

tpLH 0.25 0.78 1.86 0.27 0.78 1.68 
A thru H Y 

0.32 0.63 1.38 
ns 

tpHL 0;31 0.63 1.5 

atpLH 
A thru H y 0.74 2.1 4.61 0.78 2,1 4.23 

ns/pF 
atpHL 0.3 0.6 1.27 0.32 0.6 1 .. 14 

t: TYPical values are at VCC = 5 V, TA = 25°C. 

PRODUCTION DATA doc.ments contain information ~ 
cu~r8nt as of publication date. Products ~Dnf~rm to 11 ~ 
spacifications par the terms of Texas Instruments EXAS 
::~::~~i;·i~:ru~i ~~:~~~ti:r :I~~;:~:::::'::s~s not INSTRUMENTS 

Copyright @ '98~. Texas Instruments'lncorporated 
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TSC500 
SERIES 

A0220LJ 
AND-OR GATE WITH 2X OUTPUT 

Y = (A·B) + (C·D) 
D3030, APRIL 1988 

INTERNAL CELL 

FUNCTION TABLE logic symbolt 
INPUTS 

A B C D 

H H X X 
X X H H 

Any other combination 

OUTPUT 

Y 

H 

H 

H 

A--r-

B--,--_ 

c--r--
0--..... _ 

y 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = (A' B) + (C'D) 

description 
The A0220LJ cell is a 2-wide, 2-input AND-OR gate, featuring a 2X output drive capability to 
enhance its performance. When the gate is called from the engineering workstation input, 
the following label format is developed and will be captured in the design netlist: 

Label: A0220LJ A,B,C,D,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 

PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitance tr =tf=lns 

TYP MAX UNIT 

2.2 V 

0.06 pF 

0.36 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 

FROM TO -55·C to 125·C O·C to 70·C 
PARAMETER 

(INPUT) (OUTPUT) TYP* TYP* 
UNIT 

MIN MAX MIN MAX 

tpLH 
A,B,C,D Y 

0.16 0.51 1.12 0.18 0.51 1.03 

0.3 0.88 2.12 0.32 0.88 1.93 
ns 

tpHL 

AtPLH 
A,B,C,D Y 

0.42 1.1 2.34 0.44 1.1 2.14 
ns/pF 

AtpHL 0.34 0.79 1.62 0.36 0.79 1.46 

* Typical values are at VCC = 5 V, TA = 25·C. 

PRODUCTION DATA documants contlln information 
current as of publication date. Products cDoform to 
specification. per the terms of T8XI. Instruments TEXAS ." 

Copyright @ 1988. Texas Instruments Incorporated. 

:~=:~i~·i~:,~7i ~:~:~ti:r II~O:=:::':~~S not INSTRUMENTS 
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TSC500 
SERIES 

FUNCTION TABLE 

A0221LJ 
AND-NOR GATE WITH 2X OUTPUT 

Y = (A'B) + (C'D) 
APRIL 1988 

INTERNAL CELL 

logic symbolt 
INPUTS OUTPUT A 

8--'1..-_ A B C 0 y 

H H X X L y 

X X H H L 

Any other combination H 

c--r--
0--'1..-_ 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = (A·B)+(C·D) 

description 
The A0221 W cell is a 2-wide, 2-input AND-NOR gate, featuring a 2X output drive capability 
to enhance its performance. When the gate is called from the engineering workstation 
input, the following label format is developed and will be captured in the design netlist: 

Label: A0221 W A,B,C,D,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 

PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitance tr=tf=1ns 

TYP MAX UNIT 

2.2 V 

0.06 pF 

0.22 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 

FROM TO -55·C to 125·C O·C to 70·C 
PARAMETER 

(INPUT) (OUTPUT) TYp:I: TYp:I: 
UNIT 

MIN MAX MIN MAX 

tpLH 
A,B,C,D y 0.2 0.43 1.16 0.21 0.43 1.05 

0.17 0.36 0.36 0.66 
ns 

tpHL 0.71 0.17 

~tpLH 
A,B,C,D Y 

0.68 2.03 4.58 0.72 2.03 4.22 
ns/pF 

~tpHL 0.36 0.91 2.02 0.4 0.91 1.82 

:I: Typical values are at VCC = 5 V, TA = 25·C. 

PRODUCTION DATA doc.mants contain information ." 
currant as of publication data. Products conform to T. ~ 
specifications per the terms of Taxas Instruments I EXAS 
:~~~~:~~i~at::,~le ~!::i~~i:r :1~D::~::::t:~~ not INSTRUMENTS 

Copyright @ 1988, Texas Instruments Incorporated 
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TSC500 
SERIES 

A1 A2 

H H 

X X 
X X 

FUNCTION TABLE 

INPUTS 

B1 B2 C1 C2 

X X X X 
H H X X 
X X H H 

Any other combination 

A0230LJ 
3-WIDE, 2-INPUT AND-OR GATE 

Y = (A1'A2) + (81,82) + (C1'C2) 
03030, MARCH 1989 

INTERNAL CELL 

OUTPUT 
y 

H 

H 

H 

L 

logic symbolt 

A1 

A2-,,-_ 

. 81 

82---.,,,-_ 

C1----.J...----

C2 ----,L---_ 

y 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y (A1'A2)+(B1'B2)+(C1'C2) 

description 
The A0230W is a 3-wide, 2-input AND-OR gate. When called from the engineering 
workstation input, the following label format is developed and will be captured in the design 
netlist: 

Label: A0230W A1 ,A2,B1 ,B2,C1 ,C2,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, T A = 25°e 

PARAMETE~ TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitance tr =tf=1ns 

TYP MAX UNIT 

2.2 V 

0.06 pF 

0.44 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 

FROM TO -55°C to 125°C O°C to 70°C 
UNIT PARAMETER 

(INPUT) (OUTPUT) TYp:I: TYp:I: MIN MAX MIN MAX 

tpLH 0.16 0.56 1.32 0.17 0.56 1.22 
Any Y ns 

tpHL 0.43 1.31 4.01 0.45 1.31 3.64 

dtpLH 
Any Y 

0.41 1.11 2.38 0.44 1.11 2.18 
ns/pF 

dtPHL 0.38 0.91 1.9 0.42 0.91 1.73 

:I: Typical values are at Vee = 5 V, TA = 25°e. 

PRODUCTION DATA dueumlnt. cantlin information ~ 
current I. of publicltion del •. Products conform to T. 
specificltions per the terms of T 1.1. h"truments I E.XAS 
==~i~'{:~~1J~ ~!:~~~ti:r :.~o:::::::,::s~ not INSTRUMENTS 

Copyright @ 1989. Texas Instruments Incorporated 
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TSC500 
SERIES 

A0250LJ 
5-WIOE AN~-OR GATE 

Y - (A1'A2) + (81,82) + (C1'C2) + (01,02) + E1 
03030, MARCH 1989 

INTERNAL CELL 

FUNCTION TABLE logic symbolt 
INPUTS OUTPUT A1 

A1 A2 B1 B2 C1 C2 01 02 E1 Y A2 
H H X X X X X X X H 

X X H H X X 
81 

X X X H 

X X X X H H X X X H 
82 

X X X X X X H H X H C1 
y 

X X X X X X X X H H C2 

Any other combination L 01 

02 

E1-------' 

t This symbol is in accordance with ANSI! 
IEEE Std 91-1984. 

POSITIVE LOGIC EQUATION: V = (A1·A2)+(B1·B2)+(C1·C2)+(D1·D2)+E1 

description 
The A0250LJ is a 5-wide, 2-2-2-2-1 input AND-OR gate. When called from the engineering 
workstation input, the following label format is developed and will be captured in the design 
netlist: 

Label: A0250LJ A 1 ,A2,B1 ,B2,C1 ,C2,D1 ,D2,E1 ,V; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 

PARAMETER TEST CONDITIONS TYP 

VT Input threshold voltage 2.2 

Ci Input capacitance 0.06 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 0.77 

MAX UNIT 

V 

pF 

pF 

switching characteristics over recommended ranges of supply voltage and operating free· 
air temperature (unless otherwise noted), eL = 0 

FROM TO -SS·C to 12S·C O·C to 70·C 
UNIT PARAMETER 

(IN Pun (OUTPUn TYp:f: TYp:f: MIN MAX MIN MAX 

tpLH 
Any Y 

0.21 0.63 1.5 0.23 0.63 1.38 

0.38 1.31 4.19 0.4 1.31 3.82 
ns 

tPHL 
~tpLH Y 

0.4 1.28 2.69 0.43 1.28 2.47 
ns!pF 

~tpHL 
Any 

0.39 1.04 2.39 0.42 1.04 2.15 

:f: Typical values are at VCC = 5 V, T A = 25·C. 

PRODUCTION DATA documlnta.o.llin inlOlmllio. 
eurna' II If publicltiDn dl". PrHucts c •• ,.,. ta 
specilic.ti' •• per the term. If TI.I. In.trlments TEXAS ." 

Copyright I) 1989, TexIs Instruments Incorporated 
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TSC500 
SERIES 

A1 A2 

H H 

X X 

FUNCTION TABLE 

INPUTS 

A3 B1 B2 B3 

H X X X 
X H H H 

Any other combination 

A0320LJ 
2-WIDE, 3-INPUT AND-OR GATE 

Y = (A1·A2·A3) + (81·82·83) 
D3030. MARCH 1989 

INTERNAL MACRO 

OUTPUT 

Y 
H 

H 

L 

logic symbolt 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y (A1·A2·A3) + (81'82·83) 

description 
The A0320W is a 2-wide, 3-input. AND-OR gate. When the gate is called from the 
engineering workstation input, the following label format is developed and will be captured 
in the design netlist: . 

Label: A0320LJ A1 ,A2,A3,81 ,82,83,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 
PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitance tr=tf=1ns 

TYP MAX UNIT 

2.2 V 

0.06 pF 

0.38 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 

FROM TO -55°C to 125°C O°C to 70°C 
PARAMETER 

(INPUT) (OUTPUT) TYp:I= TYp:I= 
UNIT 

MIN MAX MIN MAX 

tpLH 
Any Y 

0.22 0.68 1.59 0.24 0.68 1.43 
ns 

tpHL 0.33 1.06 2.84 0.34 1.06 2.61 

~tpLH 
Any Y 

0.42 1.1 2.34 0.45 1.1 2.15 
ns/pF 

~tpHL 0.36 0.83 1.74 0.39 0.83 1.56 

:1= Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTION DATA documents contlin inform.tion ~ 
cirrent II of publicatian dltl. Products conform to T. i 
specifications per the terms of TexIs Instruments • EXAS . 
:~~::~~i:·r::1~7~ ~!:~:~ti:; :,~o:==::::t::'~ not INSTRUMENlS 

Copyright @ 1989, Texas Instruments Incorporated 

POST OFFICE BOX 655012 • DALLAS. TEXAS 75265 8-25 



· TSC500 
SERIES 

A0420LJ 
2-WIDE, 4-INPUT AND-OR GATE 

Y = (A1·A2·A3·A4) + (81·82·83·84) 

FUNCTION TABLE 

INPUTS 

A1 A2 A3 A4 B1 B2 B3 

H H H H X X X 
X X X X H H H 

Any other combination 

INTERNAL MACRO 

OUTPUT 

B4 Y 

X H 

H H 

L 

logic symbolt 

A1 
A2 -~--' 
A3 -------. 

A4 

81 

82 
83-~--' 

84 

03030. MARCH 1989 

)---y 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = (A1·A2·A3·A4)+(B1·B2·B3·B4) 

description 
The A0420W is a 2-wide, 4-input AND-OR gate. When the gate is called from the 
engineering workstation input, the following label format is developed and will be captured 
in the design netlist: 

Label: A0420W A 1 ,A2,A3,A4,B1 ,B2,B3,B4,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 
PARAMETER TEST CONDITIONS 

VT Input thresi';old voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 

TYP 

2.2 

0.06 

0.43 

MAX UNIT 

V 

pF 

pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 

FROM TO -SS·C to 12S·C O·C to 70·C 
PARAMETER 

(INPUT) (OUTPUT) TYp:I: TYp:I: 
UNIT 

MIN MAX MIN MAX 

tpLH 
Any Y 

0.28 0.91 2.28 0.3 0.91 2.0S 

1.22 3.11 
ns 

tpHL 0.35 1.22 3.4 0.37 

~tpLH 0.42 1.13 2.47 0.45 1.13 2.26 
ns/pF Any Y 

~tpHL 0.37 0.86 1.85 0.4 0.86 1.67 

:I: Typical values are at VCC = 5 V, TA = 25·C. 

PRODUCTIOI DATA doc.ml.ts co.toin i.formalio. 
curr •• ' I. of p.blicltiDn da'l. Products cDnform to 
I,eclflcati ••• per the terms of TI.I. Instruments TEXAS ." 

Copyright @ '989,. Texas Instruments Incorporated 

=::i;'[::I':t ~:~~~i:r :.r::;::::~::S~1 nDt INSTRUMENTS 
8-26 POST OFFICE SOX 655012 • DALLAS, TEXAS 75265 



TSC500 
SERIES 

FUNCTION TABLE 

INPUTS 

A0421LJ 
2-WIDE, 4-INPUT AND-NOR GATE 

Y = (A1·A2·A3·A4) + (81·82·83·84) 
MARCH 1989 

INTERNAL MACRO 

logic symbolt 
OUTPUT A1 

A1 A2 A3 A4 B1 B2 B3 B4 Y A2 

H H H H X X X X L A3 
A4 
B1 V X X X X H H H H L 

Any other combination H B2 
B3 
B4 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = (A1·A2·A3·A4)+(B1·B2·B3·B4) 

description 
The A0421 LJ is a 2-wide, 4-input AND-NOR gate. When the gate is called from the 
engineering workstation input, the following label format is developed and will be captured 
in the design netlist: 

Label: A0421 LJ A 1 ,A2,A3,A4,B1 ,B2,B3,B4,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, T A = 25°e 

PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitance tr =tf=1ns 

TYP 

2.2 

0.06 

0.58 

MAX UNIT 

V 

pF 

pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 

FROM TO -55°C to 125°C O·C to 70·C 
PARAMETER 

(INPUT) (OUTPUT) TYp:I: TYp:I: 
UNIT 

MIN MAX MIN MAX 

tpLH 
Any y 0.36 1.26 3.45 0.38 1.26 3.16 

ns 
tpHL 0.33 1.1 2.75 0.36 1.1 2.46 

AtpLH 
Any y 0.41 1.1 2.3 0.45 1.1 2.11 

ns/pF 
AtpHL 0.34 0.73 1.47 0.37 0.73 1.32 

:I: Typical values are at VCC = 5 V. T A = 25·C. 

PROOUCTIOI OATA d .. umont.contlin informotion 
carrent I. of publication dlta. Products conform to 
specifications per the tarms of TI.IS Instrumants TEXAS ." 

C:;:opyright C> 1989. Texas Instruments Incorporated 

:=::~~i~·i~:I~7i ~!:~:~ti:: :.~oc,.-:::::,::.s not INSTRUMENTS 
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TSC500 
SERIES 

FUNCTION TABLE 

INTERNAL CELL 

logic symbolt 

BF001LJ 
AND-NOR GATE 

Y=A1 + (B1·B2) 
03030, APRIL 1988 

B1 -r-'\_.---
!~~ [Y--v 

INPUTS OUTPUT 

A1 B1 B2 Y 

H X X L 

X H H L 

L L 

L X 
X 
L 

H 

H 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A1+(BH~2) 

description 
The BF001 LJ cell is an expandable 1-2-input AND-NOR gate. When the gate is called from 
the engineering workstation input, the following label format is developed and will be 
captured in the design netlist: . 

Label: BF001LJ A1,B1,B2,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 
PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitance tr =tf=1ns 

TYP MAX UNIT 

2.2 V 

0.06 pF 

0.12 pF 

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

PARAMETER 
FROM TO - 55°C to 125°C O°C to 70°C 

TYp:I: TYp:I: 
UNIT 

(INPUT) (OUTPUT) MIN MAX MIN MAX 

tPLH 
A1 Y 

0.27 0.42 0.77 0.28 0.42 0.71 
ns 

tpHL 0.14 0.31 0.43 0.15 0.31 0.42 

tpLH 
AnyB Y 

0.19 0.41 1.05 0.19 0.41 0.97 

0.36 0.19 0.36 0.58 
ns 

tpHL 0.18 0.62 

~tpLH 
A1 Y 

0.7 2.06 4.58 0.74 2.06 4.22 
ns/pF 

litPHL 0.36 0.6 1.16 0.38 0.6 1.04 

~tpLH 
AnyB 

0.7 2.1 4.62 0.76 2.1 4.26 
ns/pF 

~tpHL 
Y 

0.38 0.4 0.92 1.82 ·0.92 2 

:I: Typical values are at VCC = 5 V, TA = 25°C. 

PR~DUCTIO. DATA .... " .... " ••• lli. i.,.,";lIio;' 
curr •• ' H .f publication dltl. PrD~uctl cDnform to 
specificltionl PI' thl tarms of TillS Instruments 
stlnd.r. wlrrant,. PrDducti~n'prac.llin. does not 
~!IC.lurily include ,asti •• af III' plrlmeter.. , 

TEXAS .~ 
INSTRU~ENTS 

Copyright @ 1988, Texas Instruments Incorporated 
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TSC500 
SERIES 

A1 

H 

X 
L 

L 

L 

INTERNAL CELL 

8F002LJ 
AND-NOR GATE 

Y = A1 + (81-82-83) 
03030, APRIL 1988 

FUNCTION TABLE logic symbolt 
INPUTS 

B1 B2 

X X 
H H 

L X 
X L 

X X 

B3 

X 
H 

X 
X 
L 

OUTPUT 
y 

L 

L 

H 

H 

H 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A1 +(B1'B2'B3) 

description 
The BF002W cell is an expandable 1-3-input AND-NOR gate. When the gate is called from 
the engineering workstation input, the following label format is developed and will be 
captured in the design netlist: 

Label: BF002W A1 ,B1 ,B2,B3,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, T A = 25°e 
PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 

TYP MAX UNIT 

2.2 V 

0.06 pF 

0.16 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 

FROM TO - 55°C to 125°C O°C to 70°C 
UNIT PARAMETER 

TYp:j: TYp:j: (INPUT) (OUTPUT) MIN MAX MIN MAX 

tpLH 
A1 y 0.29 0.5 1.01 0.3 0.5 0.94 

0.15 0.32 0.42 0.16 0.32 0.41 
ns 

tpHL 

tpLH 0.17 0.44 1.38 0.18 0.44 1.24 
AnyB Y ns 

tpHL 0.19 0.41 0.8 0.18 0.41 0.75 

AtpLH 
A1 y 0.7 2.08 4.6 0.74 2.08 4.22 

ns/pF 
AtPHL 0.36 0.6 1.18 0.38 0.6 1.06 

AtpLH 
AnyB Y 

0.72 2.11 4.54 0.76 2.11 4.22 
ns/pF 

AtPHL 0.42 1.25 2.88 0.48 1.25 2.56 

:j: Typical values are at VCC = 5 V, T A = 25°C. 

PRODUCTIO. DATA doc.mlntl .ontlin inlo'OIltion 
carrnt .1 If publicatian dlt •. Products cDnform tD 
splCificationl PIf the .arms of TI.H lostrumants TEXAS ." 

Copyright @ 1988. Texas Instruments Incorporated 

:::::~~~'i~:I~'i ~~u:l::i~n :'iO::::::~::'~ not INSTRUMENTS 
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TSC500 
SERIES 

FUNCTION TABLE 

INPUTS 

A1 A2 B1 B2 B3 

H H X X X 
X X H H H 

Any other combination 

8F004LJ 
AND-NOR GATE 

Y = (A 1·A2) + (81·82·83) 
03030. APRIL 1988 

INTERNAL CELL 

OUTPUT 
y 

L 

L 

H 

logic symbolt 

::~v 
A2 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = (A1·A2)+(B1·B2·B3) 

description 
The BF004W cell is a 2-wlde, 2-3-input AND-NOR gate. When the gate is called from the 
engineering workstation input, the following label format is developed and will be captured 
in the design netlist: 

Label: BF004W A1,A2,B1,B2,B3,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 
PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitance tr=tf=1ns 

TYP MAX UNIT 

2.2 V 

0.06 pF 

0.22 pF 

switching characteristics over recommended ranges of supply voltage alid operating free
air temperature (unless otherwise noted), eL = 0 

FROM TO - 55°e to 125°e 
PARAMETER 

TYp:I: (INPUT) (OUTPUT) MIN MAX 

tpLH 
Any A Y 

0.27 0.56 1.3 

tpHL 0.18 0.34 0.54 

tpLH 
AnyB Y 

0.17 0.52 1.44 

tpHL 0.19 0.45 0.9 

AtpLH 
Any A Y 

0.7 2.08 4.6 

AtpHL 0.38 0.91 2 

AtpLH 
AnyB Y 

0.72 2.11 4.6 

AtpHL 0.44 1.25 2.88 

:I: Typical values are at VCC = 5 V, TA = 25°C. 

PROOUCTIO. DATA documonts conloin i.formotion 
currHt I. of publlcltlon dati. Productl conform to 
specificatianl p. the ,.,., of , •••• Instruments 

::~~~~;'i~:I~7e ~:''1i~:i:r :'~·::;:::t!~~ not 

TEXAS .., 
INSTRUMENTS 

ooe to 70°C 

TYp:I: 
UNIT 

MIN MAX 

0.27 0.56 1.21 

0.19 0.34 0.51 
ns 

0.19 0.52 1.29 

0.21 0.45 0.82 
ns 

0.74 2.08 4.22 
ns/pF 

0.4 0.91 1.8 

0.78 2.11 4.26 
ns/pF 

0.46 1.25 2.58 

Copyright @ '988, Texas Instruments Incorporated 
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TSC500 
SERIES 

A1 A2 

H H 

X X 

FUNCTION TABLE 

INPUTS 

A3 B1 B2 B3 

H X X X 
X H H H 

Any other combination 

8F005LJ 
AND-NOR GATE 

Y = (A1·A2·A3) + (81·82·83) 
03030, APRIL 1988 

INTERNAL CELL 

OUTPUT 

Y 

L 

L 

H 

logic symbolt 

~~tj ~, 
t This symbol is in accordance with ANSI/IEEE 

Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = "(A1·A2·A3)+(B1·B2·B3) 

description 
The BF005W cell is a 2-wide, 3-input AND-NOR gate. When the gate is called from the 
engineering workstation input, the following label format is developed and will be captured 
in the design netlist: 

Label: BF005W A1 ,A2,A3,B1 ,B2,B3,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, T A = 25°e 

PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 

TYP MAX UNIT 

2.2 V 

0.06 pF 

0.26 pF 

switching characteristics over recommended ranges of supply voltage and operating free· 
air temperature (unless otherwise noted), eL = 0 

FROM TO -55°C to 125°C O°C to 70°C 
PARAMETER 

TYp:I: TYp:I: 
UNIT 

(INPUT) (OUTPUT) MIN MAX MIN MAX 

tpLH 0.2 0.57 1.58 0.2 0.57 1.46 
Any A Y 

0.5 0.93 
ns 

tpHL 0.21 0.5 1.02 0.21 

tpLH 
Any 8 Y 

0.26 0.64 1.65 0.27 0.64 1.51 
ns 

tpHL 0.2 0.41 0.77 0.19 0.41 0.71 

~tpLH 0.72 2.11 4.6 0.78 2.11 4.18 
ns/pF Any A y 

~tpHL 0.44 1.24 2.88 0.48 1.24 2.6 

~tpLH 0.7 2.09 4.6 0.76 2.09 4.24 
ns/pF 

~tpHL 
Any 8 Y 

0.42 1.24 2.86 0.46 1.24 2.56 

:I: Typical values are at Vee = 5 V, TA = 25°e. 

PRODUCTION DATA documents contain inform.lion 
cu,rent II of publicltion dlta. Products conform to 
specificltiaRI per the terms of TI .. IS Instruments TEXAS ." 

Copyright @ , 988, Texas Instruments Incorporated 
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TSC500 
SERIES 

8F006LJ 
AND-NOR GATE 

Y =A1 +A2+ (81-82) 
APRIL 1988 

INTERNAL CELL 

FUNCTION TABLE logic symbolt 
INPUTS OUTPUT 

A1 A2 B1 B2 Y :~Y H X X 
X H X 
X X H 

L L L 

L L X 

X L 

X L 

H L 

X H 

L H 

A2------.... 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A1+A2+(B1'B2) 

description 
The BF006W cell is a 1-1-2-input AND-NOR gate. When the gate is called from the 
engineering workstation input, the following label format is developed and will be captured 
in the design netlist: 

Label: BF006LJ A1 ,A2,B1 ,B2,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, T A = 25°e 
PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 

TYP MAX UNIT 

2.2 V 

0.06 pF 

0.15 pF 

switching characteristics over recommended ranges of supply voltage and operating free· 
air temperature (unless otherwise noted), eL = 0 

PARAMETER 
FROM TO 

(INPUT) (OUTPUT) 

tpLH 
Any A Y 

tPHL 
tpLH 

tpHL 
AnyB y 

~tpLH 
Any A y 

~tpHL 

~tpLH 
AnyB y 

~tpHL 

* Typical values are at VCC = 5 V, TA = 25·C. 

PRODUCTION DATA documanls contain information 
currant I. of publication dat •. Products conform to 
specificatioRs per the tarms of texas Instruments 

- 55·C to 125·C 

MIN TYP* MAX 

0.29 0.59 1.52 

0.13 0.34 0.5 

0.21 0.68 1.84 

0.19 0.39. 0.68 

1 3.09 6.88 

0.36 0.6 1.18 

1.02 3.1 6.88 

0.38 0.93 2.06 

:~~~::~i~'i~:1~7i ~~:~:~ti:r :.r::::::~:~~1 not 

TEXAS .., 
INSTRUMENTS 

O·C to 70·C 

MIN TYP* MAX 
UNIT 

0.29 0.59 1.37 

0.15 0.34 0.48 
ns 

0.21 0.68 1.67 

0.2 0.39 0.63 
ns 

1.06 3.09 6.34 
ns/pF 

0.38 0.6 1.06 

1.1 3.1 6.34 
ns/pF 

0.4 0.93 1.86 

Copyright @ 1988. Texas Instruments Incorporated 
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TSC500 
SERIES 

FUNCTION TA8LE 

INPUTS 

A1 A2 81 82 83 

H X X X X 
X H X X X 
X X H H H 

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

8F007LJ 
AND-NOR GATE 

Y = A1 + A2 + (81·82·83) 
APRIL 1988 

INTERNAL CELL 

OUTPUT 

Y 

L 

L 

L 

H 

H 

H 

logic symbolt 

A1-----..., 

~----J ~, 
A2------..J 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = 1.1 +A2+(B1'B2'B3) 
description 

The BF007W cell is a 1-1-3-input AND-NOR gate. When the gate is called from the 
engineering workstation input, the following label format is developed and will be captured 
in the design netlist: . 

Label: BF007W A 1 ,A2,B1,B2,B3,Y; 
absolute maximum ratings and recommended operating conditions 

These are specified as a part of the TSC500 Series Data. 

electrical characteristics, VCC = 5 V, TA = 25°C 
PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitance tr =tf=1ns 

TYP MAX 

2.2 

0.06 

0.16 

UNIT 

V 

pF 

pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL =0 

FROM TO - 55·C to 125·C O·C to 70·C 
PARAMETER 

TYp:I: TYp:I: 
UNIT 

(INPuT) (OUTPUT) MIN MAX MIN MAX 

tpLH 
Any A Y 

0.32 0.74 1.99 0.32 0.74 1.74 
ns 

tpHL 0.15 0.35 0.51 0.16 0.35 0.49 

tpLH 
AnyB y 0.21 0.77 2.27 0.22 0.77 2.09 

0.18 0.45 
ns 

tpHL 0.19 0.45 0.95 0.86 

AtPLH 1 3.09 6.9 1.08 3.09 6.34 
ns/pF Any A Y 

AtpHL 0.36 0.59 1.18 0.36 0.59 1.06 

AtpLH 
AnyB Y 

1.04 3.11 6.9 1.12 3.11 6.3 
ns/pF 

AtpHL 0.44 1.28 2.94 0.5 1.28 2.64 

:I: Typical values are at VCC "" 5 V, TA = 25·C. 

PRoouenO.·OATA documents contain information 
currant 8S 'of publication date. 'Products cDnform to 
specifications par the tarms of TIX8S Instruments .. TEXAS ." Copyright" © 1988; Texas Instruments Incorporated 
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TSC500 
SERIES 

FUNCTION TABLE 
INPUTS 

A1 B1 B2 C1 C2 
H X X X X 
X H H X X 
X X X H H 

Any other combinantion 

8F008LJ 
AND-NOR GATE 

Y = A1 + (81·82) + (C1·C2) 
03030. APRIL 1988 

INTERNAL CELL 

OUTPUT 
Y 
L 
L 
L 

H 

logic symbolt 

81~ 82 

~~ Y 

C2 

t This symbol is in accordance with ANSI/IEEE 
STO 91-1984. 

POSITIVE LOGIC EQUATION: Y = A1+(B1'B2)+(C1'C2) 

description 
The BF008W cell is a 1-2-2-input AND-NOR gate. When the gate is called from the 
engineering workstation input, the following label format is developed and will be captured 
in the design netlist: 

Label: BF008W A1,B1,B2,C1,C2,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 
PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitance tr =tf=1ns 

TYP MAX UNIT 
2.2 V 

0.06 pF 
0.21 pF 

o.rrant •• 01 paMicltion dill. Prada"", conform II 1, PRODUCTION DATA doc.mlnts contain In" .... lian ." COpyrlght@ 1988. Te ... Instruments Incorporated 

=flOIlI ... par lhe IIr .... , T.n. 1 •• lroml." TEXA.S 
."::~~i~·i:::.'li =:1: :.r:.e:::A::." nol INSTRUMENTS 
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TSC500 
SERIES 

BF008LJ 
AND-NOR GATE 

Y = A1 + (81'B2) + (C1'C2) 
03030, APRIL 1988 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 

FROM TO - 55°C to 125°C O°C to 70°C 
PARAMETER TYpt TYpt UNIT 

(INPUT) (OUTPUT) MIN MAX MIN MAX 

tpLH 
A1 Y 

0.32 0.88 2.1 0.34 0.88 1.9 

0.18 0.38 0.56 0.2 0.38 0.53 
ns 

tpHL 

tpLH 
Any 8 Y 

0.26 0.88 2.39 0.27 0.88 2.16 
ns 

tpHL 0.21 0.43 0.76 0.22 0.43 0.7 

tpLH 
AnyC 

0.31 0.61 1.47 0.31 0.61 1.36 
Y 

0.17 0.34 0.55 0.18 0.34 0.52 
ns 

tpHL 

~tpLH 
A1 Y 

1.04 3.08 6.88 1.1 3.08 6.34 
ns/pF 

~tpHL 0.36 0.6 1.18 0.36 0.6 1.06 

~tpLH 
Any 8 Y 

1.02 3.12 6.9 1.1 3.12 6.36 
ns/pF 

~tpHL 0.38 0.94 2.08 0.4 0.94 1.88 

~tpLH 
AnyC 

1 3.08 6.88 1.08 3.08 6.34 
ns/pF 

~tpHL 
Y 

0.38 0.91 2 0.4 0.91 1.8 

t Typical values are at VCC = 5 V, T A = 25°C. 

PRODUCTION DATA ..... _ ....... i. i.I ..... ion 
•• mat II II ,..11 .. 11 ....... Pr .......... 1 ... to 
opooiliclliono per lho _ II T .... lutr .... ... 

=i~·I'::t~ ="::r :;-::::.~ ... TEXAS ." 
INSTRUMENTS 

Copyright C> 1988, Tex •• lnatrument. Incorporated 

POST OFFICE BOX 855012 • DALLAS. TEXAS 7&26S 8-35 



TSC500 
SERIES 

BF009.LJ 
AND-NOR GATE 

A1 

H 

X 
X 

FUNCTION TABLE 

INPUTS 

B1 82 C1 C2 C3 

X X X X X 
H H X X X 
X X H H H 

Any other combination 

y ..:: A 1 + (81-82) + (C1-C2-C~) 
APRIL 1988 

INTERNAL CELL 

OUTPUT 

Y 
L 
L 
L 
H 

logic symbolt 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A1+(B1·B2)+(C1·C2·C3) 

description 
The BF009W cell is a 1-2-3-input AND-NOR gate. When the gate is called from the 
engineering workstation input, the following label format is developed and will be captured 
in the design netlist: 

Label: BF009W A1 ,B1 ,B2,C1 ,C2,C3,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 
PARAMETER TEST CONDITIONS 

Vr Input threshold voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitance tr=tf=1ns 

TYP MAX UNIT 

2.2 V 
0.06 pF 

0.2 pF 
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TSC500 
SERIES 

BF009LJ 
AND-NOR GATE 

Y = A1 + (B1'B2) + (C1'C2'C3) 
03030, APRIL 1988 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 

PARAMETER 
FROM TO - 55°C to 125°C 

(INPUT) (OUTPUT) MIN TYpt MAX 

tpLH 
A1 Y 

0.35 1.02 

tpHL 0.2 0.39 

tpLH 
Any 8 Y 

0.34 0.77 

0.18 0.37 tpHL 

tpLH 
AnyC Y 

0.25 0.99 

0.2 0.51 tpHL 

dtpLH 
A1 Y 

1.04 3.01 

dtpHL 0.34 0.6 

dtpLH 
Any 8 Y 

1 3.08 

dtPHL 0.38 0.9 

dtpLH 
AnyC Y 

1.04 3.11 

dtpHL 0.44 1.28 

t Typical values are at VCC = 5 V, T A = 25°C. 

PRODUCTION DATA n ........ _in i.Ier.Id .. 
•• rrlOll •• of ,..licoIit. n. Pr .......... 1". 10 
_ilicltio •• ,. tllo t .... 01 T .... IaotrullOOll 

=1~·I~:I:r.; =~ rn=~ not 
TEXAS ~ 

INSTRUMENTS 

2.51 

0.57 

1.88 

0.58 

2.79 

1.08 

6.88 

1.18 

6.9 

2 

6.9 

2.94 

QOC to 7QoC 

TYpt 
UNIT 

MIN MAX 

0.37 1.02 2.28 

0.21 0.39 0.54 
ns 

0.34 0.77 1.74 

0.19 0.37 0.54 
ns 

0.29 0.99 2.54 

0.22 0.51 0.99 
ns 

1.1 3.1 6.34 
ns/pF 

0.36 0.6 1.06 

1.08 3.08 6.34 
ns/pF 

0.4 0.9 1.8 

1.1 3.11 6.36 
ns/pF 

0.48 1.28 2.64 
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TSC500 
SERIES 

FUNCTION TABLE 

INPUTS 

A1 B1 B2 83 C1 C2 C3 

H X X X X X X 
X H H H X X X 
X X X X H H H 

Any other combination 

8F010LJ 
AND-NOR GATE 

Y = A1 + (81-82-83) + (C1-C2-C3) 
03030. APRIL 1988 

INTERNAL CELL 

OUTPUT 
y 

L 
L 

L 

H 

logic symbolt 

~TI--...... _8u-v 
A1-------' 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A1 +(B1·B2·B3)+(C1·C2·C3) 

description 
The BF010LJ cell is a 1-3-3-input AND-NOR gate. When the gate is called from the 
engineering workstation input, the following label format is developed and will be captured 
in the design netlist: 

Label: BF010LJ A 1 ,B1 ,B2,B3,C1 ,C2,C3,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, T A = 25°e 
PARAMETER TEST CONDITIONS TYP MAX UNIT 

VT Input threshold voltage 2.2 V 

Ci Input capacitance 0.06 pF 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 0.19 pF 

PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications pef the terms of Texas Instruments TEXAS ." 

Copyright © 1988, Texas Instruments Incorporated 
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TSC500 
SERIES 

8F010LJ 
AND-NOR GATE 

Y - A1 + (81-82-83) + (C1-C2-C3) 
03030, APRIL 1988 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 

FROM TO - 55°C to 125°C 
PARAMETER 

TYpt (INPUT) (OUTPUT) MIN MAX 

tpLH 
A1 Y 

0.35 0.64 1.36 

tPHL 0.15 0.33 0.44 

tPLH 0.26 0.88 2.48 
AnyB Y 

tPHL 0.19 0.48 1.02 

tpLH 
AnyC Y 

0.28 1.01 2.86 

tpHL 0.2 0.49 0.98 

AtpLH 1 3.08 6.88 
A1 Y 

AtPHL 0.36 0.6 1.18 

AtpLH 
Any B y 1.04 3.12 6.88 

AtpHL 0.46 1.31 3 

AtpLH 
AnyC y 1.04 3.1 6.9 

AtpHL 0.44 1.25 2.88 

t Typical values are at VCC = 5 V, TA = 25°C. 

PRDDUCTIDI DATA docuOIonts •• ntlin informltion 
eurn.' I. af publicltion dltl. Praducts conform ta 
specifiCltionl per the 'erlill of TI .. H InstrulMntl 

:::~~~'t::~'i ~:~::i:; :Ir::::~:~~ not 

TEXAS .., 
INSTRUMENTS 

DOC to 7DoC 

TYpt 
UNIT 

MIN MAX 

0.35 0.64 1.25 

0.16 0.33 0.43 
ns 

0.27 0.88 2.26 

0.2 0.48 0.93 
ns 

0.3 1.01 2.61 

0.21 0.49 0.89 
ns 

1.08 3.08 6.32 
ns/pF 

0.38 0.6 1.06 

1.1 3.12 6.32 
ns/pF 

0.5 1.31 2.7 

1.12 3.1 6.34 
ns/pF 

0.48 1.25 2.58 

Copyright @ 1988. Texes Instruments Incorporated 
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TSC500 
SERIES 

A1 A2 

H H 
X X 
X X 

FUNCTION TABLE 

INPUTS 

81 82 C1 C2 

X X X X 
H H X X 
X X H H 

Any other combination 

BF011LJ 
AND-NOR GATE 

Y = (A1-A2) + (B1-B2) + (C1-C2) 
APRIL 1988 

INTERNAL CELL 

OUTPUT 
y 

L 

L 

L 

H 

logic symbolt 

A1 

A2-,--_ 

81-.----.... 
1----1 

82-,--_ 

C1---'.-----..... 

C2--,~_ 

y 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = (A1'A2)+(B1'B2)+(C1'C2) 

description 
The BF011 LJ cell is a 3-wide, 2-input AND-NOR gate. When the gate is called from the 
engineering workstation input, the following label format is developed and will be captured 
in the design netlist: 

Label: BF011 LJ A 1,A2,B1,B2,C1,C2,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 

PARAMETER TEST CONDITIONS TYP MAX UNIT 

Vr Input threshold voltage 2.2 V 
Ci Input capacitance 0.06 pF 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 0.24 pF 

PRODUCTION DATA documents contain information 
current IS of publication date. Products conform to 
specifications par the terms of Taxas Instruments TEXAS • 

INSTRUMENTS 

Copyright @ 1988. Texas Instruments Incorporated 
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TSC500 
SERIES 

8F011LJ 
AND-NOR GATE 

Y = (A1'A2) + (81,82) + (C1'C2) 
03030. APRIL 1988 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (ul1less otherwise noted), Cl,; = 0 

FROM TO - 55°e to 125°e ooe to 700 e 
PARAMETER 

TVPt TVPt 
UNIT 

(INPUT) (OUTPUT) MIN MAX MIN MAX 

tpLH 0.27 1 2.57 0.3 1 2.34 
Any A Y 

0.2 0.8 0.22 0.44 0.73 
ns 

tpHL 0.44 

tpLH 
AnyB Y 

0.32 0.98 2.59 0.34 0.98 2.36 

0.73 
ns 

tpHL 0.2~ 0.45 0.79 0.22 0.45 

tpLH 
AnyC 

0.3 0.58 1.38 0.3 0.58 1.25 
Y 

0.17 0.34 0.55 0.18 0.34 0.54 
ns 

tpHL 

atpLH 
Any A Y 

1.06 3.09 6.9 1.12 3.09 6.36 
ns/pF 

atpHL 0.38 0.96 2.1 0.4 0.96 1.9 

atpLH 
Any B Y 

1.04 3.11 6.9 1.1 3.11 6.32 
ns/pF 

atpHL 0.38 0.91 2.02 0.4 0.91 1.82 

atpLH 
AnyC Y 

1 3.07 6.88 1.08 3.07 6.36 
ns/pF 

atpHL 0.38 0.91 1.98 0.4 0.91 1.78 

t Typical values are at VCC = 5 V, T A = 25°C. 

PROOUCTIO. DATA 1Io ....... II ... "'i. i.formlti •• 
curr.nt I' .f publicltion dlt •. Predacts conform to 
sptCific.tionl per t •• terM' of T .... Inltruments TEXAS ." 

Copyright @ 1988. Texa. Instruments Incorporated 

:=:~i~.t::~7i ~::~:~ti:; :.~-=::::.- nat INSTRUMENTS 
POST OFFICE BOX 855012 • DALLAS. TEXAS 75265 8-41 



TSC500 
SERIES 

A1 A2 

H H 
X X 
X X 

FUNCTION TABLE 

INPUTS 

B1 B2 C1 C2 C3 

X X X X X 
H H X X X 
X X H H H 

Any other combination 

BF012LJ 
AND-NOR GATE 

Y = (A1-A2) + (B1-B2) + (C1-C2-C3) 
03030, APRIL 1988 

INTERNAL CELL 

OUTPUT 
y 

L 

L 

L 
H 

logic symbolt 

A1 

A2-,--_ 
C1-__ 

C2 

C3-...... -' 

B1 

B2--'L-_ 

y 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = (A1·A2)+(B1·B2)+(C1·C2·C3) 

description 
The BF012W cell is a 3-wide, 2-2-3-input AND-NOR gate. When the gate is called from the 
engineering workstation input, the following label format is developed and will be captured 
in the design netlist: 

Label: BF012W A1,A2,B1 ,B2,C1 ,C2,C3,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 
PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitance tr=tf=1ns 

TYP MAX UNIT 

2.2 V 

0.06 pF 

0.26 pF 

cu,nll IS of pu~li.atlo. dlte. P,aducts .a.form to " 
PROOUCTIOI DATA documlnts ... tein informltion ~ Copyright C 1988. Texas Instruments Incorporated 

spacificllla.s par lhe Ilrms of TI .. I 1.llrumllts TEXA.S 
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TSC500 
SERIES 

BF012LJ 
AND-NOR GATE 

Y = (A1'A2) + (B1'B2) + (C1·C2·C3) 
D3030, APRIL 1988 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 

FROM TO 
PARAMETER 

(INPUT) (OUTPUT) 

tpLH 
Any A y 

tpHL 

tpLH 
Any B Y 

tpHL 

tpLH 
AnyC Y 

tpHL 

~tpLH 

~tpHL 
A1 y 

~tpLH 

~tpHL 
Any B y 

~tpLH 

~tpHL 
AnyC Y 

t Typical values are at VCC = 5 V, TA = 25°C. 

PROOUCTIOI DATA documlnts .. ntlin intormltio. 
cllrrent .1 of public.ti.1 dat •. Products conform to 
specificlti'.' plr the terms Df T.III IlIltrumHt. 

- 55°C to 125°C 

MIN TVPt MAX 

0.29 1.02 2.67 

0.22 0.45 0.81 

0.3 0.56 1.32 

0.17 0.35 0.57 

0.32 1.08 3.07 

0.22 0.53 1.11 

1.06 3.12 6.9 

0.38 0.96 2.12 

1 3.07 6.88 

0.38 0.91 1.98 

1.04 3.11 6.9 

0.44 1.25 2.86 

:=~:=i~'t:~~~i ~:~:~ti:r :.~-=:::lt::1 nat 
TEXAS ." 

INSTRUMENTS 

O°C to 70°C 

TVPt 
UNIT 

MIN MAX 

0.3 1.02 2.43 

0.22 0.45 0.74 
ns 

0.28 0.56 1.23 

0.17 0.35 0.54 
ns 

0.33 1.08 2.79 

0.22 0.53 1.01 
ns 

1.12 3.12 6.36 
ns/pF 

0.4 0.96 1.92 

1.08 3.07 6.34 
ns/pF 

0.42 0.91 1.78 

1.12 3.11 6.34 
ns/pF 

0.46 1.25 2.56 

Copyright @ 1988. Texas Instruments Incorporated 
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TSC500 
SERIES 

. BF013LJ 
AND-NOR GATE 

A1 
H 
X 
X 

FUNCTION TABLE 

INPUTS 

A2 B1 B2 B3 C1 C2 
H X X X X X 
X H H H X X 
X X X X H H 

Any other combination 

C3 
X 
X 
H 

Y = (A1·A2) + (B1·B2·B3) + (C1·C2·C3) 
APRIL 1988 

INTERNAL CELL 

OUTPUT 

Y 
H 
L 
L 
H 

logic symbolt 

81 
82 
83 
C1 
C2 y 

C3 
Al 

A2 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = "(A1·A2)+(B1·B2·B3)+(C1·C2·C3) 

description 
The BF013LJ cell is a 3-wide, 2-3-3-input AND-NOR gate. When the gate is called from the 
engineering workstation input, the following label format is developed and will be captured 
in the design netlist: 

Label: BF013LJ A 1 ,A2,B1 ,B2,B3,C1 ,C2,C3,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, T A = 25°C 
PARAMETER TEST CONDITIONS TYP MAX UNIT 

VT Input threshold voltage 2.2 V 

Ci Input capacitance 0.06 pF 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 0.25 pF 

PRODUCTION DATA documents contaiR information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments TEXAS ~ 

Copyright © 1988, Texas Instruments fncorporated 
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TSC500 
SERIES 

8F013LJ 
AND-NOR GATE 

Y = (A1'A2) + (81·82·83) + (C1·C2·C3) 
03030, APRIL 1988 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 

FROM TO - 55°e to 125°e ooe to 700 e 
PARAMETER 

TYpt TYpt 
UNIT 

(INPUT) (OUTPUT) MIN MAX MIN MAX 

tpLH 
Any A Y 

0.31 0.7 1.71 0.31 0.7 1.58 
ns 

tpHL 0.18 0.36 0.58 0.19 0.36 0.55 

tpLH 
Any B Y 

0.29 1.11 3.04 0.3 1.11 2.8 
ns 

tpHL 0.22 0.54 1.16 0.24 0.54 1.05 

tpLH 
AnyC Y 

0.33 1.24 3.42 0.34 1.24 3.12 
ns 

tPHL 0.23 0.56 1.14 0.25 0.56 1.02 

AtpLH 
Any A y 1.02 3.08 6.88 1.08 3.08 6.34 

ns/pF 
AtpHL 0.38 0.91 2 0.4 0.91 1.82 

AtpLH 
AnyB Y 

1.04 3.11 6.92 1.14 3.11 6.34 
ns/pF 

AtpHL 0.44 1.32 3.02 0.48 1.32 2.7 

AtpLH 
AnyC Y 

1.04 3.11 6.9 1.12 3.11 6.34 
ns/pF 

AtpHL 0.44 1.25 2.88 0.46 1.25 2.6 

t Typical values are at VCC = 5 V. TA = 25°C. 

PROOUCTIOI OATA d ......... co.lli. i.I.,mati •• 
carnnt .. If pu.liClti ... dltt. Pn'UCCI co.'orm to 
_,ecifle,tiD.. per .M ,.... If '1111 lnalra ....... 

=~~=i;':~'li ~=i:r :.~'::=~:::' nat 
TEXAS ." 
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TSC500 
SERIES 

8F014LJ 
AND-NOR GATE 

Y = (A1-A2-A3) + (81-82-83) + (C1-C2-C3) 
D3030, APRIL 1988 

INTERNAL CELL . 

FUNCTION TABLE logic symbolt 
INPUTS OUTPUT A1 

A1 A2 A3 B1 B2 B3 C1 C2 C3 y A2 

H H H X X X X X X L A3 
B1 

X X X H H H X X X L B2 V 
X X X X X X H H H L B3 

Any other combination H C1 
C2 
C3 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = (A1·A2·A3)+(B1·B2·B3)+(C1·C2·C3) 

description 
The BF014LJ cell is a 3-wide, 3-input AND-NOR gate. When the gate is called from the 
engineering workstation input, the following label format is developed and will be captured 
in the design netlist: 

Label: BF014LJ A 1,A2,A3,B1,B2,B3,C1,C2,C3,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSCSOO Series Data. 

electrical characteristics, Vee = 5 V, T A = 25°e 
PARAMETER TEST CONDITIONS TYP MAX UNIT 

VT Input threshold voltage 2.2 V 

C, Input capacitance 0.06 pF 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 0.29 pF 

PRODUCTION DATA documents contain information 
currant as of publication date. Products conform tiJ 
specifications pef the terms of Texas Instruments TEXAS ~ 

INSTRUMENTS 

Copyright @ 198~, Texas Instruments Incorporated 
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TSC500 
SERIES 

8F014LJ 
AND-NOR GATE 

Y = (A1·A2·A3) + (81·82·83) + (C1·C2·C3) 
03030, APRIL 1988 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 

FROM TO - 55°C to 125°C O°C to 70°C 
PARAMETER TYpt TYpt UNIT 

(INPUT) (OUTPUT) MIN MAX MIN MAX 

tpLH 
Any A Y 

0.35 1.35 3.67 0.38 1.35 3.33 

1.35 
ns 

tpHL 0.26 0.62 0.27 0.62· 1.2 

tpLH 0.39 1.47 4.03 0.42 1.47 3.66 
Any 8 Y 

0.63 1.31 0.26 0.63 
ns 

tpHL 0.25 1.18 

tpLH 
AnyC Y 

0.31 0.83 2.22 0.33 0.83 2.03 
ns 

tpHL 0.19 0.44 0.82 0.21 0.44 0.75 

dtpLH 
Any A y 1.04 3.11 6.88 1.12 3.11 6.32 

ns/pF 
dtPHL 0.44 1.31 3.02 0.48 1.31 2.7 

dtpLH 
Any 8 y 1.04 3.11 6.88 1.12 3.11 6.34 

ns/pF 
dtPHL 0.42 1.25 2.9 0.46 1.25 2.6 

dtpLH 
AnyC Y 

1.02 3.08 6.88 1.08 3.08 6.34 
ns/pF 

dtPHL 0.44 1.24 2.86 0.46 1.24 2.58 

t Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTION DATA docuM.nt.c.nllin inl ..... ti •• 
currlnt .. of p ••• jeltion dl'l. Prlllucll clntonn •• 
lpecificationl ,11' the tlrms of TI.I. Inl'ruments TEXAS ~ 

INSTRUMENTS 

Copyright Cl , 988. Ta.a. Instrumant. Incorporated 
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TSC500 
SERIES 

BF015LJ 
OR·AND·NOR GATE 

Y = A1 + [B1·(C1 + C2)] 

A1 

H 
X 
X 
L 
L 

03030, APRIL 1988 

INTERNAL CEll 

FUNCTION TABLE logic symbolt 
INPUTS OUTPUT 

B1 

X 
H 

H 
L 
X 

C1 C2 y 

X X L 
H X L 

X H L 
X X H 
L L H 

C1 l C2 
B1 
A1 

~U ) )' y 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A1+[B1'(C1+C2)] 

description , 
The BF015LJ cell is a 2-input sum-of-products NOR gate with a dedicated 2-input OR, 
2-input AND product term. One available input to the 2-input AND gate and the 2-input NOR 
gate provides expandability for implementing customized product terms. When the gate is 
called from the engineering workstation input, the following label format is developed and 
will be captured in the design netlist: 

Label: BF015W A 1 ,B1 ,C1 ,C2,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, T A = 25°e 
PARAMETER TEST CONDITIONS TYP MAX UNIT 

VT Input threshold voltage 2.2 V 

Ci Input capacitance 0.06 pF 

Cpd Equivalent power dissipation capacitance tr=tf=1ns 0.15 pF 

PRODUCTION DATA documants contain information 
currant as of publication date. Products conform to 
spacifications par the terms of Texas Instruments TEXAS ." 

Copyright @ 1988. Texas Instruments Incorporated 
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TSC500 
SERIES 

BF015LJ 
OR-AND-NOR GATE 

Y - A1 + [B1·(C1 + C2)] 
03030, APRIL 1988 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 

PARAMETER 
FROM TO "-55°e to 125°e ooe to 700e 

TYpt TYpt 
UNIT 

(INPUT) (OUTPUT) MIN MAX MIN. MAX 

tpLH 
A1 Y 

0.32 0.52 1.04 0.32 0.52 0.96 
ns 

tpHL 0.14 0.33 0.43 0.15 0.33 0.43 

tpL.H 
81 Y 

0.19 0.36 0.78 0.19 0.36 0.72 

0;22 0.39 0.6 0.23 0.39 
ns 

tPHL 0.58 

tpLH 
AnyC Y 

0.24 0.72 1.85 0.26 0.72 1.67 
ns 

tpHL 0.18 0.36 0.66 0.19 0.36 0.62 

AtPLH 
A1 y 1 3.08 6.88 1.08 3.08 6.32 

ns/pF 
AtpHL 0.36 0.58 1.16 0.38 0.58 1.04 

AtPLH 
81 Y 

0.7 2.1 4.62 0.76 2.1 4.24 
ns/pF 

AtpHL 0.38 0.9 2.02 0.4 0.9 1.8 

AtpLH 
AnyC y 1.02 3.1 6.88 1.1 3.1 6.34 

ns/pF 
AtpHL 0.38 0.93 2.06 0.4 0.93 1.84 

t Typical values are at VCC = 5 V, T A = 25°C. 

PRODUCTION DATA doC ..... b ... I.i.lnfarnllli •• 
0 ..... 1 ••• f p •• llo.lio. dol •. Products _for .. I. 
_ifl .. li ... por lito tor .... f T .... 1 .. " ..... 1. 
11 •• d.nI ",''''.1,. Pro.ucti •• prooll.lo. d_ •• 1 
... _ril, i .. lude IHII •• of .11 por • ..-•. 
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TSC500 
SERIES 

BF016LJ 
OR·AND·NOR GATE 

A1 B1 

H X 
X H 

X X 
X H 
X X 
L L 

L X 

FUNCTION TABLE 

INPUTS 

B2 C1 C2 

X X X 
X H X 
H H X 
X X H 

H X H 

L X X 
X L L 

Y = A1 + [(B1 + B2)·(C1 + C2)] 
D3030, APRIL 1988 

INTERNAL CELL 

OUTPUT 
y 

L 
L 

L 

L 

L 
H 

H 

logic symbolt 

B1--r'

B2 

C1 

C2 

A1----------------~ 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A1 +[(81 +82)·(C1 +C2)] 

description 
The 8F016LJ cell is a 2-input sum-of-products NOR gate with a dedicated 2-wide,2-input 
OR-AND product term. The available NOR input can be used to combine other custom 
product terms with the 2-wide, 2-input OR-AND term. When the gate is called from the 
engineering workstation input, the following label format is developed and will be captured 
in the design netlist: 

Label: 8F016LJ A 1,81 ,82,C1 ,C2,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 
PARAMETER TEST CONDITIONS TYP MAX UNIT 

VT Input threshold voltage 2.2 V 

Ci Input capacitance 0.06 pF 

Cpd Equivalent power dissipation capacitance tr=tf=1ns 0.17 pF 

PRODUCTION DATA document. contain information 
. current 8S of publication date. Products conform to 
specifications per the terms of Taxas Instruments TEXAS ~ 

INSfRUMENlS 

Copyright @ 19.88. Texas Instruments Incorporated 
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8-50 POST OFFICE BOX 655012 • DALLAS, TEXAS 75285 



TSC500 
SERIES 

BF016LJ 
OR-AND-NOR GATE 

Y - A1 + [(B1 + B2)·(C1 + C2)] 
03030, APRIL 1988 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 

PARAMETER 
FROM TO 

(INPUT) (OUTPUT) 

tpLH 
A1 Y 

tpHL 

tpLH 
AnyB Y 

tpHL 

tPLH 
AnyC Y 

tpHL 

dtPLH 
A1 y 

dtPHL 

dtpLH 

dtpHL 
AnyB Y 

dtpLH 
AnyC y 

dtpHL 

t Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTION DATA d ............ IIi. i_mali .. 
current •• of ,. •• ie.ti ••• 1tI!. Products c •• 'or .. t. 
opocilicoli ... PI' 1M I ..... 1 T .... I ... ru ...... 

- 55°e to 125°e 

MIN TYpt MAX 

0.35 0.73 1.57 

0.14 0.35 0.47 

0.3 0.95 2.38 

0.2 0.4 0.74 

0.23 0.68 1.73 

0.22 0.44 0.7 

1.02 3.06 6.86 

0.38 0.58 1.16 

1.04 3.1 6.88 

0.38 0.95 2.12 

1.04 3.13 6.92 

0.4 0.93 2.1 

::=~a;:~:t ~:~:::r :.r::::~:.' nDt 
TEXAS ." 

INSTRUMENTS 

ooe to 700 e 

TYpt UNIT 
MIN MAX 

0.37 0.73 1.43 

0.16 0.35 1.46 
ns 

0.31 0.95 2.16 

0.21 0.4 0.69 
ns 

0.25 0.68 1.57 

0.25 0.44 0.66 
ns 

1.08' 3.06 6.32 
ns/pF 

0.38 0.58 1.04 

1.12 3.1 6.32 
ns/pF 

0.4 0.95 1.9 

1.1 3.13 6.36 
ns/pF 

0.4 0.93 1.9 

Copyrighl C> 1988. T .... Instrumenls Incorporated 
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TSC500 
SERrES 

BF011LJ 
OR-ANO-NOR GATE 

Y =A1 +[B1·B2~(C1 + C~t1 

A1 81 

L L 

L X 
L X 
L L 
L X 
X H 

X H 

H X 

FUNCTION TABLE 

INPUTS 

82 C1 C2 

X X X 

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

H H X 
H x H 

X X X 

I'NTERNAL CELL . . '. ., 

OUTPUT 
'y 

H 

H 

H 
H 
H 
L 

L 
L 

logic sym~olt 

B1~ 

~~Y 
A1 , 

t This symbol is in a~cordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A1 +[B1'B~·(C1 +C2)] 

description 
The!3F017LJ cell is a ?-input sum-of-products NOR gate with a dedicated 2"input OR, 
3-input AND product term. Two availaple inputs to the 3-input AND gate and one to the other 
2-input NOR gate provides expandability for implementing customized product terms. 
When the gate is called from the engineering workstation input, the following label format is 
developed and will be captured in the design netlist: ' 

Label: BF017WA1,B1,B2,C1,C2,Y; 

absolute maximum ratings an~ recommended 0PElrating conditions 
These are specified as a part of the TSC500 Series batao ' 

electrical characteristics, Vee = 5 V, T A = 25°e 
PARAMETER TEST CONDITIONS TYP MAX UNIT 

VT Input threshold voltage 2.2 V 

Ci lriput capacitance 0.06 pF 

Cpd equivalent power dissipation capacitance tr = tf == 1 ns 0.16 pF 

PRODUCTION DATA documents •• ntain information 
current 8S of pu~lication date. Products conform to 
specificlti.ns per the terms of Texas Instruments TEXAS ." 

Copyright @ 19"88, Texas Instruments Incorpor-ated 

:~~~1:~~i~ar::~'e ~~:~:;~i:: :'~O:;~::::t::s~ not INSTRUMENTS 
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TSC500 
SERIES 

BF017LJ 
OR-AND-NOR GATE 

Y = A1 + [B1·B2·(C1 + C2)] 
03030. APRIL 1988 

switching characteristics over recommended ranges of supply voltage and operating free· 
air temperature (unless otherwise noted), CL = 0 

PARAMETER 
FROM TO - 55·C to 125·C 

(INPUT) (OUTPUT) MIN TYpt MAX 

tpLH 
A1 Y 

0.35 0.66 1.41 

0.32 tpHL 0.15 0.44 

tpLH 
AnyB Y 

0.2 0.5 1.28 

tpHL 0.23 0.47 0.92 

tpLH 
AnyC Y 

0.25 0.88 2.25 

0.44 tpHL 0.18 0.95 

AtpLH 
A1 y 1 3.08 6.88 

AtpHL 0.36 0.6 1.16 

AtpLH 
AnyB Y 

0.72 2.12 4.6 

AtPHL 0.44 1.27 2.92 

AtpLH 
AnyC Y 

1.04 3.11 6.9 

AtpHL 0.44 1.25 2.92 

t Typical values are at VCC = 5 V, TA = 25·C. 

PROOUCTIO. OATA .... _ OIl111io inl .... ti .. 
•• n •• 1 .. 01 p ... lcotl ....... "H ........... to 
_1II •• ti ••• por tilt torlOl 01 T.II. I •• tll .... .. 

=::I~·:=.7i ~:'":I~~:r =.:::.~ olt 

TEXAS .., 
INSTRUMENTS 

O·C to 70·C 

TYpt 
UNIT 

MIN MAX 

0.35 0.66 1.3 

0.16 0.32 0.43 
ns 

0.21 0.5 1.16 

0.23 0.47 0.83 
ns 

0.26 0.88 2.04 

0.2 0.44 0.87 
ns 

1.08 3.08 6.32 
ns/pF 

0.38 0.6 1.04 

0.76 2.12 4.22 
ns/pF 

0.48 1.27 2.62 

1.1 3.11 6.34 
ns/pF 

0.46 1.25 2.62 

Copyright C> , 988. Texas Instruments Incorporated 
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TSC500 
SERIES 

BF020LJ 
OR-AND-NOR GATE 

A1 

H 
X 
X 

FUNCTION TABLE 

INPUTS 

A2 B1 C1 C2 

H X X X 
X H H X 
X H X H 

Any other combination 

Y = (A 1·A2) + [B1·(C1 + C2)] 
03030, APRIL 1988 

INTERNAL CELL 

OUTPUT 
y 

L 

L 

L 
L 

logic symbolt 

c1D __ _ 
~ :~, 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = (A1'A2) + [B1'(C1 +C2)] 

description 
The BF020W cell is a 2-wlde 2-input sum-of-products OR-AND-NOR gate with a dedicated 
2-input OR, 2-input AND product term. One available input to one 2-input AND gate and two 
to the other 2-input AND gate provide expandability for implementing customized product 
terms. When the gate is called from the engineering workstation input, the following label 
format is developed and will be captured in the design netlist: 

Label: BF020W A1 ,A2,B1 ,C1 ,C2,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, T A = 25°e 
PARAMETER TEST CONDITIONS TYP MAX UNIT 

VT Input threshold voltage 2.2 V 

Ci Input capacitance 0.06 pF 

Cpd Equivalent power dissipation capacitance tr=tf=1ns 0.21 pF 

PRODUCTION DATA do •• mants .ontain information -II 
currant as of publication date. Products conform to 
specifications per the terms of Texas Instruments TEXAS 
~~~~~:~~i~at::I~'i ~!:~~~ti:r ~~o::~:::~::'s~s not INSTRUMENTS 

Copyright © 1988, Texas Instruments Incorporated 
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TSC500 
SERIES 

BF020LJ 
OR-AND-NOR GATE 

Y = (A1'A2) + [B1'(C1 +C2)] 
03030, APRIL 1988 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 

FROM TO 
PARAMETER 

(INPUT) (OUTPUT) 

tPLH 

tpHL 
Any A Y 

tpLH 
B1 Y 

tpHL 

tpLH 
AnyC Y 

tpHL 

AtpLH 

AtpHL 
Any A Y 

AtpLH 

AtPHL 
B1 Y 

AtPLH 

AtpHL 
AnyC Y 

t Typical values are at VCC = 5 V, T A = 25·C. 

PRODUCTION DATA doc ..... 11 ••• lIi. i.,.~.'i •• 
CII"lnt u of publiClti.1 dl' •. Products can'arm ta 
specificltiDRI per thl tlrml of T.III Instru •• lltl 

- 55·C to 125·C 

MIN TYpt MAX 

0.3 0.58 1.39 

0.17 0.34 0.53 

0.21 0.41 0.88 

0.23 0.42 0.66 

0.26 0.78 2 

0.19 0.38 0.7 

1 3.08 6.88 

0.38 0.91 2 

0.7 2.1 4.62 

0.38 0.9 2.02 

1.02 3.11 6.86 

0.38 0.94 2.08 

::-':~~i;·i:~'i ~!.~:~:r ~::::..~ nat 
TEXAS .If 

INSTRUMENTS 

O·C to 70·C 

TYpt 
UNIT 

MIN MAX 

0.3 0.58 1.29 

0.18 0.34 0.5 
ns 

0.21 0.41 0.83 

0.23 0.42 0.62 
ns 

0.28 0.78 1.8 

0.2 0.38 0.65 
ns 

1.06 3.08 6.32 
ns/pF 

0.4 0.91 1.8 

0.76 2.1 4.22 
ns/pF 

0.42 0.9 1.82 

1.1 3.11 6.32 
ns/pF 

0.4 0.94 1.86 

Copyright @ 1988. Texa. Instruments Incorporated 
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TSC500 
SERIES 

A1 A2 

H H 

X X 
X X 

FUNCTION TABLE 

INPUTS 

B1 B2 C1 C2 

X X X X 
H H H X 
H H X H 

Any other combination 

BF022LJ 
OR-AND-NOR GATE 

Y = (A 1-A2) + [B1-B2-(C1 + C2)] 
03030, APRIL 1988 

INTERNAL CELL 

OUTPUT 
y 

L 

L 

L 

H 

logic symbolt 

!l-.... [r--... ~, 
A2 _ 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = (A1'A2)+[B1'B2'(C1 +C2)] 

description 
The BF022W cell is a 2-wide 2-3-input sum-of-products AND-NOR gate with a dedicated 
2-input OR, 3-input AND product term. Two available inputs to the 3-input AND gate and two 
to the other 2-input AND gate provide expandability for implementing customized product 
terms. When the gate is called from the engineering workstation input, the following label 
format is developed and will be captured in the design netlist: 

Label: BF022W A1,A2,B1,B2,C1,C2,Y; 

absolute maximum ratings and recommended operating conditions 
. These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 
PARAMETER TEST CONDITIONS TYP MAX UNIT 

VT Input threshold voltage 2.2 V 

Ci Input capaCitance 0.06 pF 

Cpd Equivalent power dissipation capacitance tr =tf=1ns 0.22 pF 

PRODUCTION DATA documents contain information ." 
currant as of publication data. Products conform to 11 
specifications per the terms of TexIs Instruments EXAS 
~~~~~:~~i~8i~:1~1e ~!:~:~ti:r l!~D::~::::~::S~S not INSTRUMENTS 

Copyright @ 1988. Texas Instruments Incorporated 
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TSC500 
SERIES 

BF022LJ 
OR-ANO-NOR GATE 

Y = (A1'A2) + [B1'B2(C1 + C2)] 
03030, APRIL 1988 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 

FROM TO 
PARAMETER 

(INPUT) (OUTPUT) 

tPLH Any A Y 
tpHL 

tPLH y AnyB 
tpHL 

tPLH AnyC Y 
tpHL 

AtpLH 

AtPHL 
Any A Y 

AtpLH 

AtpHL 
Any B Y 

AtPLH 

AtpHL 
AnyC y 

t Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTION DATA d •• I",." ••• ,"i. inl.,mlli •• 
earrHI I' of publicatiDn ate. Pr .... eta c •• form la 
IplCificltianl par the tllllli .f T •••• Instrumuts 

- 55°C to 125°C 

MIN TYpt MAX 

0.32 0.72 1.78 

0.18 0.34 0.53 

0.22 0.56 1.39 

0.24 0.5 0.98 

0.3 0.97 2.45 

0.18 0.47 1.03 

1.02 3.09 6.9 

0.38 0.92 2.02 

0.72 2.1 4.62 

0.44 1.28 2.94 

1.02 3.1 6.84 

0.46 1.26 2.94 

::::=i;I{::Ir:l~ ~!.~~::: :'~O::::'::1 nat 
TEXAS ." 

INSTRUMENTS 

DOC to 7DoC 

MIN TYpt UNIT 
MAX 

0.33 0.72 1.64 

0.19 0.34 0.5 
ns 

0.23 0.56 1.27 

0.26 0.5 0.89 
ns 

0.3 0.97 2.23 

0.2 0.47 0.93 
ns 

1.08 3.09 6.34 
nsfpF 

0.4 0.92 1.82 

0.76 2.1 4.24 
nsfpF 

0.48 1.28 2.64 

1.12 3.1 6.28 
nsfpF 

0.48 1.26 2.64 

Copyright C) 1988. Taxas I~struments Incorporated 
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TSC500 
SERIES 

A1 A2 

H H 

X X 
X X 

FUNCTION TABLE 

INPUTS 

A3 B1 C1 C2 

H X X X 
X H H X 
X H X H 

Any other combination 

BF025LJ 
OR-ANO-NOR GATE 

Y = (A1-A2-A3) + [B1-(C1 + C2)] 
03030. APRIL 1988 

INTERNAL CELL 

OUTPUT 
y 

L 

L 

L 

H 

logic symbolt 

C1 [) __ : ~ 

;j----------~:~-~, 
t This symbol is in accordance with ANSI/IEEE 

Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = (A1·A2·A3)+[B1·(C1 +C2)] 

description 
The BF025LJ cell is a 2-wide 3-2-input sum-of-products AND-NOR gate with a dedicated 
2-input OR, 2-input AND product term. One available input to the 2-input AND gate and 
three to the other 3-input AND gate provide expandability for implementing customized 
product terms. When the gate is called from the engineering workstation input, the following 
label format is developed and will be captured in the design netlist: 

Label: BF025LJ A 1 ,A2,A3,B1 ,C1 ,C2,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 
PARAMETER TEST CONDITIONS TYP MAX UNIT 

VT Input threshold voltage 2.2 V 

Ci Input capacitance 0.06 pF 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 0.26 pF 

PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments T~. 

Copyright @ 1988, Texas Instruments Incorporated 
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TSC500 
SERIES 

BF025LJ 
OR-AND-NOR GATE 

Y - (A1·A2·A3) + [B1'(C1 + C2)] 
03030, APRIL 1988 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 

FROM TO - 55·C to 125·C O·C to 70·C 
PARAMETER TYpt TYpt UNIT 

(INPUT) (OUTPUT) MIN MAX MIN MAX 

tpLH 
Any A Y 

0.29 0.64 1.87 0.29 0.64 1.72 
ns 

tpHL 0.19 0.4 0.75 0.18 0.4 0.68 

tpLH 
B1 y 0.23 0.46 1.01 0.23 0.46 0.93 

0.23 0.72 0.26 0.45 0.68 
ns 

tpHL 0.45 

tpLH 
AnyC Y 

0.3 0.86 2.16 0.29 0.86 1.97 

0.21 
ns 

tpHL 0.2 0.42 0.77 0.42 0.7 

~tpLH 1.02 3.08 6.9 1.1 3.08 6.36 
ns/pF Any A Y 

~tpHL 0.42 1.24 2.84 0.48 1.24 2.56 

~tpLH 
B1 y 0.7 2.1 4.62 0.76 2.1 4.24 

ns/pF 
~tpHL 0.4 0.9 2.04 0.4 0.9 1.82 

~tpLH 
AnyC 

1.02 3.11 6.86 1.1 3.11 6.3 
ns/pF y 

0.38 0.93 2.08 0.4 0.93 1.88 ~tpHL 

t Typical values are at Vce = 5 V, TA = 25·C. 

PRODUCTION DATA documents contain information ." 
current as of publication date. Products conform to • 
specifications per the terms of Texas Instruments TEXAS 
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TSC500 
SERIES 

8F027LJ 
OR-AND-NOR GATE 

A1 

H 
X 

X 

FUNCTION TABLE 

INPUTS 

A2 A3 B1 B2 C1 C2 

H H X X X X 

X X H H H X 

X X H H X H 

Any other combination 

Y = (A1-A2-A3) + [81-82-(C1 + C2)] 
03030, APRIL 1988 

INTERNAL CELL 

OUTPUT 

Y 
L 

L 

L 

H 

logic symbolt 

A1-~-..... 

A2 ~----~ 
A3--L-' 

81----------~--~ 

82------..... 

C1----... 

C2--_&._" 

y 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = (A1·A2·A3)+[B1·B2·(C1+C2)] 

description 
The BF027LJ cell is a 2-wide 3-3-input sum-of-products AND-NOR gate with a dedicated 
2-input OR, 3-input AND product term. Two available inputs to the 3Linput AND gate and two 
to the other 3~input AND gate provide expandability for implementing customized product 
terms. When the gate is called from the engineering workstation inp!Jt, the following label 
format is developed and will be captured in the design netlist: 

Label: BF027LJ A1,A2,A3,B1,B2,C1,C2,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 
PARAMETER TEST CONDITIONS TYP MAX UNIT 

VT Input threshold voltage 2.2 V 

Ci Input capacitance 0.06 pF 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 0.26 pF 

PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments TEXAS .., 

INSTRUMENTS 

Copyright @ ·1988, Texas Instruments IncorpQrat~d 
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TSC500 
SERIES 

BF027LJ 
OR-AND-NOR GATE 

y (A1·A2·A3) + [B1·B2·(C1 + C2)] 
D3030, APRIL 1988 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 

FROM TO - 55°e to 125°e 
PARAMETER 

(INPUT) (OUTPUT) MIN TYpt MAX 

tpLH 0.22 0.39 
Any A Y 

tpHL 0.17 0.37 

tpLH 0.24 0.46 
Any B Y 

tpHL 0.26 0.55 

tpLH 
Anye 

0.3 0.88 
Y 

tpHL 0.24 0.62 

atpLH 
Any A 

0.48 1.39 y 
atpHL 0.42 1.19 

atpLH 
Any B y 0.44 1.35 

atpHL 0.38 1.01 

atpLH 
Anye 

0.74 2.33 y 
1.18 atpHL 0.4 

t Typical values are at Vee = 5 V, TA = 25°C. 

PRODUCTION DATA documents contain information 
current as of publication date, Products conform to 
specifications per the terms of Texas Instruments 

~~~~~:~~i~ai~:1~1~ ~!:~~~ti:f :llo::~:~:t:r~~s not 
TEXAS ~ 

INSTRUMENTS 

0.86 

0.68 

1.12 

1.09 

2.17 

1.48 

3.1 

2.72 

2.88 

2.28 

5.16 

2.72 

ooe to 700 e 

TYpt 
UNIT 

MIN MAX 

0.22 0.39 0.8 

0.18 0.37 0.63 
ns 

0.24 0.46 1.01 

0.29 0.55 1 
ns 

0.31 0.88 1.99 

0.24 0.62 1.32 
ns 

0.52 1.39 2.86 
ns/pF 

0.44 1.19 2.44 

0.48 1.35 2.68 
ns/pF 

0.38 1.01 2.04 

0.8 2.33 4.76 
ns/pF 

0.44 1.18 2.46 

Copyright © 1988, Texas Instruments Incorporated 
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TSC500 
SERIES 

BF028LJ 
OR·ANO·NOR GATE 

Y = (A1'A2'A3) + [B1'(C1 + C2)'(01 + 02)] 
03030, APRIL 1988 

INTERNAL CELL 

FUNCTION TABLE logic symbolt 
INPUTS OUTPUT 01 

A1 A2 A3 61 C1 C2 01 02 V 02 
H H H X X X X X L B1 
X X X H H X H X L C1 
X X X H H X X H L C2 
X X X H X H H X L A1 Y 
X X X H X H X H L A2 

Any other combination H A3 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSiTIVE lOGIC EQUATION: Y = (A1·A2·A3)+[B1·(C1 +C2)·(D1 +02)] 

description 
The BF028W cell is a 2-wide AND-NOR gate with OR gates comprising 2 inputs to the 
second AND gate. The first AND gate has three available inputs. The second AND gate has 
one available input plus the 4 ORed inputs. This combination provides expandability for 
implementing customized product terms. When the gate is called from the engineering 
workstation input, the following label format is developed and will be captured in the design 
netlist: 

label: BF028W A1 ,A2,A3,B1 ,C1 ,C2,D1 ,D2,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, T A = 25°e 
PARAMETER TEST CONDITIONS TYP MAX UNIT 

VT Input threshold voltage 2.2 V 

Ci Input capacitance 0.06 pF 

Cpd Equivalent power dissipation capacitance tr =tf=1ns 0.29 pF 

PRODUCTION DATA documents contain information 
currenl as of publication date. Products conform to 
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TSC500 
SERIES 

BF028LJ 
OR-ANO-NOR GATE 

Y - (A1·A2·A3) + [B1·(C1 + C2)·(01 + 02)] 
D3030, APRIL 1988 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 

FROM TO -55·C to 125·C O·C to 70·C 
PARAMETER 

TYpt TYpt 
UNIT 

(INPUT) (OUTPUT) MIN MAX MIN MAX 

tpLH 
Any A Y 

0.21 0.39 0.89 0.21 0.39 0.83 
ns 

tpHL 0.18 0.37 0.71 0.18 0.37 0.63 

tpLH 
B1 Y 

0.25 0.45 0.91 0.25 0.45 0.83 
ns 

tpHL 0.28 0.52 0.93 0.31 0.52 0.86 

tpLH 
AnyC Y 

0.32 1.03 2.6 0.33 1.03 2.36 
ns 

tpHL 0.27 0.61 1.37 0.27 0.61 1.24 

tpLH 
Any 0 Y 

0.27 0.8 1.98 0.28 0.8 1.78 
ns 

tpHL 0.27 0.59 1.25 0.27 0.59 1.15 

AtpLH 
Any A Y 

0.52 1.51 3.38 0.54 1.51 3.1 
ns/pF 

AtPHL 0.42 1.22 2.78 0.46 1.22 2.52 

AtpLH 
B1 Y 

0.48 1.42 3.1 0.52 1.42 2.86 
ns/pF 

AtpHL 0.34 0.84 1.88 0.34 0.84 1.68 

AtpLH 
AnyC Y 

0.78 2.39 5.28 0.84 2.39 4.86 
ns/pF 

AtpHL 0.3 1.03 2.64 0.34 1.03 2.38 

AtpLH 
Any 0 Y 

0.8 2.39 5.28 0.86 2.39 4.84 
ns/pF 

AtpHL 0.38 1.02 2.36 0.42 1.02 2.1 

t Typical values are at Vee = 5 V, TA = 25·e. 

PRODUCTION DATA documents contain information .., 
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TSC500 
SERIES 

FUNCTION TABLE 

INPUTS 

A1 B1 C1 01 02 

H X X X X 
X H H X X 
X H X H H 

Any other combination 

BF030LJ 
ANO-OR-ANO-NOR GATE 

Y =A1 + {B1·[C1 + (01·02)]} 
03030, APRIL 1988 

INTERNAL CELL 

OUTPUT 

Y 

L 

L 

L 

H 

logic symbolt 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A1+{B1'[C1+(D1'D2)]} 

description 
The BF030W cell is a 2-wide 1-2-input sum-of-products OR-AND-NOR gate with 2-input 
AND and one available input each to the 2-input AND and OR gates to provide expandability 
for implementing customized product terms. When the gate is called from the engineering 
workstation input, the following label format is developed and will be captured in the design 
netlist: 

Label: BF030W A 1 ,B1 ,C1 ,01 ,D2,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 
PARAMETER TEST CONDITIONS TYP MAX UNIT 

VT Input threshold voltage 2.2 V 

Ci Input capacitance 0.06 pF 

Cpd Equivalent power dissipation capacitance tr=tf=1ns 0.16 pF 

PRODUCTION DATA documonts contoin information ." 
currant as of publication dati. Products conform to 1i 
specifications par the terms of Texas lostrumants EXAS 
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TSC500 
SERIES 

BF030LJ 
AND-OR-AND-NOR GATE 

Y - A1 + {B1·[C1 + (D1·D2)]} 
03030, APRIL 1988 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise not,d), CL = 0 

FROM TO - 55'C to 125'C 
PARAMETER 

(INPUT) (OUTPUT) MIN TYpt MAX 

tPLH A1 Y 
0.24 0.3 0.46 

tpHL 0.12 0.29 0.42 

tpLH 0.19 0.37 0.76 
81 Y 

0.19 0.55 tPHL 0.37 

tpLH 
C1 Y 

0.25 0.6 1.36 

tpHL 0.18 0.34 0.63 

tpLH 
Any 0 Y 

0.24 0.87 2.26 

tpHL 0.17 0.45 0.95 

~tpLH 
A1 Y 

0.56 1.64 3.62 

~tpHL 0.36 0.6 1.14 

~tpLH 
81 Y 

0.7 2.06 4.58 

~tpHL 0.38 0.78 1.7 

~tpLH 
C1 y 0.84 2.54 5.66 

AtpHL 0.38 0.92 1.98 

~tpLH 
Y 

1.02 3.04 6.76 

~tpHL 
Any 0 

0.46 1.26 2.9 

t Typic~l'values are at VCC = 5 V, TA = 25·C. 

PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
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TEXAS .., 

INSTRUMENTS 

O'C to 70'C 

TYpt 
UNIT 

MIN MAX 

0.24 0.3 0.44 

0.12 0.29 0.42 
ns 

0.2 0.37 0.7 

0.22 0.37 0.53 
ns 

0.25 0~6 1.24 

0.19 0.34 0.57 
ns 

0.25 0.87 2.05 

0.19 0.45 0.85 
ns 

0.6 1.64 3.32 
ns/pF 

0.4 0.6 1 

0.74 2.06 4.2 
ns/pF 

0.38 0.78 1.52 

0.92 2.54 5.2 
ns/pF 

0.4 0.92 1.8 

1.1 3.04 6.22 
ns/pF 

0.48 1.26 2.6 
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TSC500 
SERIES 

A1 A2 

H H 
X X 
X X 

FUNCTION TABLE 

INPUTS 

B1 C1 01 02 

X X X X 
H H X X 
H X H H 

Any other combination 

BF034LJ 
AND-OR-AND-NOR GATE 

Y = (A1·A2) + {B1·[C1 + (D1·D2)]} 
03030, APRIL 1988 

INTERNAL CELL 

OUTPUT 

Y 
L 

L 

L 

H 

logic symbolt 
01--"""-

~:---~, 
t This symbol is in accordance with ANSI/IEEE 

Std 91-1984. 

POSITIVE LOGIC EQUATION: Y - (A1'A2)+{B1'[C1+(D1'D2)]} 

description 
The BF034LJ cell is a 2-wide 2-2-input sum-of-products AND-NOR gate with 2-input AND 
and one available input each to the 2-input AND and OR gates to provide expandability for 
implementing customized product terms. When the gate is called from the engineering 
workstation input, the fallowing label format is developed and will be captured in the design 
netlist: 

Label: BF034LJ A1 ,A2,B1 ,C1 ,01 ,D2,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 
PARAMETER TEST CONDITIONS TYP MAX UNIT 

VT Input threshold voltage 2.2 V 

Ci Input capacitance 0.06 pF 

Cpd Equivalent power dissipation capacitance tr =tf=1ns 0.23 pF 

PRODUCTION DATA d ... m ..... ontlin information 
currant 8. of publication dati. Products conform to 
spacifications per the terms of raxi. InStruments TEXAS ~ 
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TSC500 
SERIES 

BF034LJ 
ANO-OR-ANO-NOR GATE 

Y - (A1'A2) + {B1'[C1 + (D1'O)]} 
03030. APRIL 1988 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 

PARAMETER 
FROM TO - 55·C to 125·C 

(INPUT) (OUTPUT) MIN TYpt MAX 

tpLH 
Any A y 0.22 0.33 

tpHL 0.16 0.31 

tpLH 
81 y 0.22 0.41 

tpHL 0.22 0.44 

tpLH 
C1 y 0.25 0.7 

tpHL 0.24 0.46 

tpLH 
AnyD y 0.3 0.76 

tpHL 0.21 0.51 

~tpLH 
Any A y 0.54 1.64 

~tpHL 0.36 0.86 

~tpLH 
81 Y 

0.52 1.54 

~tpHL 0.38 0.78 

~tpLH 
C1 y 0.7 2.08 

~tpHL 0.36 0.94 

~tpLH 
AnyD y 0.84 2.58 

~tpHL 0.44 1.25 

t Typical values are at VCC = 5 V. TA = 25·C. 

PRODUCTION DATA documonts contain information 
curranl as of publication date. Products conform to 
specifications per the tarms of TIXIS Instrument. 

:~~~~:~~i~at::,~7~ ~~:~~~t:r ~~u:::::::~::s~ not TEXAS ~ 
INSTRUMENTS 

0.65 

0.49 

0.8 

0.71 
1.66 

0.91 

1.91 

1.12 

3.6 
1.88 

3.42 

1.7 
4.58 

2.06 
5.72 

2.84 

O·C to 70·C 

TYpt UNIT 
MIN MAX 

0.22 0.33 0.62 

0.17 0.31 0.46 
ns 

0.22 0.41 0.73 

0.25 0.44 0.67 
ns 

0.28 0.7 1.53 

0.24 0.46 0.84 
ns 

0.3 0.76 1.74 

0.21 0.51 1.02 
ns 

0.58 1.64 3.3 
ns/pF 

0.38 0.86 1.7 

0.56 1.54 3.16 
ns/pF 

0.38 0.78 1.52 
0.72 2.08 4.2 

ns/pF 
0.4 0.94 1.84 

0.92 2.58 5.26 
ns/pF 

0.48 1.25 2.56 
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TSC500 
SERIES 

FUNCTION TABLE 

INPUTS 

BF035LJ 
AND·OR·AND·NOR GATE . . . 

Y = (A1·A2) + {B1·[(C1·C2) + (D1·D2)]} 

INTERNAL CELL 

logic symbolt 
OUTPUT 

A1 A2 B1 C1 C2 01 02 Y 
02 

01-"'1-._ 

C2----H 

X 
X 

H X X X X 
X H H H X 
X H X X H 

Any other combination 

X L 

X L 

H L 
H 

C1-__ _ 

B1----------------~__' 

A2-----
J---------' 

A1--........_ 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = (A1'A2)+{B1-[(C1'C2)+(D1'D2)]} 

y 

description 
The BF035LJ cell is a expandable sum-of-products AND~OR-AND-NOR gate for 
implementing customized product terms. When the gate is called from the engineering 
workstation input, the following label format is developed and will be captured in the design 
netlist: 

Label: B!=035LJ A 1 ,A2,B1 ,C1 ,C2,D1 ,D2,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 
PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitance tr =tf=1ns 

TVP MAX UNIT 

2.2 V 

0.06 pF 

0.23 pF 

PRODUCTION DATA doc.monts contain information 
current a. of publication date. Products conform to 
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TSC500 
SERIES 

BF035LJ 
ANO-OR-ANO-NOR GATE 

Y = (A1-A2) + {B1-[(C1-C2) + (01-02)]} 
03030. APRIL 1988 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 

FROM TO 
PARAMETER 

(INPUT) (OUTPUT) 

tpLH 
Any A Y 

tpHL 

tpLH 

tpHL 
Bl Y 

tpLH 
AnyC Y 

tpHL 

tpLH 
Any 0 y 

tpHL 

dtpLH 

dtpHL 
Any A Y 

dtpLH 
Bl y 

dtPHL 

dtPLH 
AnyC Y 

dtPHL 

dtpLH 

dtpHL 
Any 0 y 

t Typical values are at Vec = 5 V. TA = 25°C. 

PRODUCTION DATA document. contain i.lo,mati •• 
current 8S of publication date. Products conform to 
specifications per the terms af Texas Instruments 

- 55°C to 125°C 

MIN TYpt MAX 

0,22 0.34 0.66 

0.17 0.32 0.5 

0.21 0.39 0.8 

0.26 0.46 0.78 

0.26 0.79 2.01 

0.25 0.62 1.38 

0.27 0.67 1.62 

0.22 0.53 1.12 

0.51 1.49 3.23 

0.36 0.88 1.92 

0.5 1.46 3.23 

0.35 0.85 1.91 

0.67 2.02 4.48 

0.43 1.25 2.86 

0.66 2.02 4.5 

0.42 1.2 2.75 

~~~:~:~~i~8t::'~~e ~!:~:;ti:; ~~o::i:::::t:~~s not 
TEXAS ." 

INSTRUMENTS 

O°C to 70°C 

MIN TYpt MAX 
UNIT 

0.23 0.34 0.61 

0.17 0.32 0.48 
ns 

0.21 0.39 0.74 

0.27 0.46 0.72 
ns 

0.27 0.79 1.83 

0.26 0.62 1.23 
ns 

0.28 0.67 1.49 

0.22 0.53 1.01 
ns 

0.54 1.49 3.05 
ns/pF 

0.39 0.88 1.72 

0.53 1.46 2.97 
ns/pF 

0.37 0.85 1.71 

0.72 2.02 4.12 
ns/pF 

0.47 1.25 2.58 

0.71 2.02 4.14 
ns/pF 

0.46 1.2 2.47 
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TSC500 
SERIES 

INTERNAL CELL 

BF051LJ 
OR-NAND GATE 

Y=A1·(B1 +B2) 
APRIL 1988 

FUNCTION TABLE logic symbolt 
INPUTS 

A1 B1 

H H 

H X 
L X 
X L 

OUTPUT 

B2 Y 

X L 

H L 

X H 

L H 

:~=[~ ~ V 

A1---~ 
t This symbol is in accordance with ANSI/IEEE 

Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A1·(BHB2) 

description 
The BF051 LJ cell is an expandable 2-wide, 1-2-input OR-NAND gate. When the gate is 
called from the engineering workstation input, the following label format is developed and 
will be captured in the design netlist: 

Label: BF051 LJ A1 ,B1 ,B2,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, VCC = 5 V, TA = 25°C 
PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 

TYP MAX UNIT 

2.2 V 

0.06 pF 

0.21 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 

FROM TO - 55·C to 125·C O·C to 70·C 
PARAMETER 

TYp:I: TYp:I: 
UNIT 

(INPUT) (OUTPUT) MIN MAX MIN MAX 

tpLH 
A1 Y 

0.21 0.27 0.41 0.21 0.27 0.39 

0.6 0.24 0.38 0.57 
ns 

tpHL 0.22 0.38 

tpLH 
AnyB Y 

0.22 0.46 1.08 0.22 0.46 0.97 

0.17 0.31 0.55 
ns 

tpHL 0.16 0.31 0.59 

~tpLH 0.4 1.09 2.31 0.43 1.09 2.12 
ns/pF A1 Y 

0.9 1.79 ~tpHL 0.38 0.9 1.99 0.4 

~tpLH 
Y 

0.69 2.08 4.58 0.74 2.08 4.21 
ns/pF 

~tpHL 
AnyB 

0.37 0.91 2 0.4 0.91 1.79 

:I: Typical values are at V CC = 5 V, T A = 25·C. 

PRODUCTION DATA documents contain information ." 
current as of publication data. Products conform to 1i ~ 
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TSC500 
SERIES 

A1 

H 

H 

H 

L 

X 

INTERNAL 

FUNCTION TABLE 

INPUTS OUTPUT 

B1 B2 B3 Y 

H X X L 

X H X L 

X X H L 

X X X H 

L L L H 

BF052LJ 
OR-NAND GATE 

Y=A1·(B1 +B2+83) 
D3030. APRIL 1988 

logic symbolt 

:~3 ~ 
83 ---4._/ I ..... ----'~_- y 

A1-------IL-/ 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A1'(B1+B2+B3) 

description 
The BF052LJ cell is an expandable 2-wide, 1-3-input OR-NAND gate. When the gate is 
called from the engineering workstation input, the following label format is developed and 
will be captured in the design netlist: 

Label: BF052LJ A1 ,B1 ,B2,B3,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 

PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 

TYP MAX UNIT 

2.2 V 

0.06 pF 

0.22 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 

FROM TO - 55°C to 125°C O·C to 70·C 
PARAMETER 

TYP* TYP* 
UNIT 

(INPUT) (OUTPUT) MIN MAX MIN MAX 

tpLH 
A1 y 0.21 0.27 0.4 0.21 0.27 0.38 

0.25 0.41 0.66 0.26 0.41 0.62 
ns 

tpHL 

tpLH 
AnyB Y 

0.25 0.65 1.78 0.26 0.65 1.62 
ns 

tpHL 0.16 0.33 0.66 0.16 0.33 0.61 

dtpLH 
A1 Y 

0.4 1.09 2.31 0.43 1.09 2.13 
ns/pF 

dtpHL 0.38 0.92 2.04 0.4 0.92 1.83 

dtPLH Y 
1 3.08 6.87 1.07 3.08 6.32 

ns/pF 
dtpHL 

AnyB 
0.38 0.92 2.04 0.4 0.92 1.83 

:f: Typical values are at VCC = 5 V, TA = 25·C. 

PRODUCTION DATA documents contain information ." 
curre,R. a~ of publication date. ,P'Toductsl conform to llEXAS j 
speci icallons per the terms 0 exas nstrumenls 
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TSC500 
SERIES 

INTERNAL CELL 

BF053LJ 
OR-NAND GATE 

Y = (A1 + A2)'(B1 + B2) 
03030. APRIL 1988 

FUNCTION TABLE logic symbolt 

A1 
H 
H 
X 
X 
L 
X 

INPUTS 

A2 B1 
X H 
X X 
H H 
H X 
L X 
X L 

B2 
X 
H 
X 
H 
X 
L 

OUTPUT 

Y 
L 
L 
L 
L 
H 
H 

~~~l-~Y 
t This symbol is in accordance with ANSI/IEEE 

Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = (A1 +A2)'(B1 +B2) 

description 
The BF053LJ cell is a 2-wide, 2-input OR-NAND gate. When the gate is called from the 
engineering workstation input, the following label format is developed and will be captured 
in the design netlist: 

Label: BF053LJ A1,A2,B1,B2,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. . 

electrical characteristics, Vee = 5 V, TA = 25°e 
PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 

TYP MAX UNIT 

2.2 V 

0.06 pF 

0.21 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 

FROM TO - 55°C to 125°C O°C to 70°C 
PARAMETER 

TYp:j: TYp:j: 
UNIT 

(INPUT) (OUTPUT) MIN MAX MIN MAX 

tpLH 
Any A Y 

0.23 0.52 1.21 0.24 0.52 1.09 
ns 

tpHL 0.17 0.33 0.63 0.18 0.33 0.58 

tpLH 
Any B Y 

0.2 0.37 0.83 0.21 0.37 0.74 
ns 

tpHL 0.21 0.42 0.73 0.22 0.42 0.68 

AtpLH 
Any A Y 

0.7 f·08 4.58 0.75 2.08 4.21 
ns/pF 

AtpHL 0.37 0.92 1.99 0.4 0.92 1.79 

AtPLH 
AnyB Y 

0.7 2.11 4.59 0.75 2.11 4.24 
ns/pF 

AtpHL 0.38 0.91 1.99 0.4 0.91 1.8 

:j: Typical values are at VCC = 5 V, TA = 25°C. 
/ 
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TSC500 
SERIES 

8F054LJ 
OR-NAND GATE 

Y = (A1 + A2)o(81 + 82 + 83) 
03030. APRIL 1988 

FUNCTION TABLE logic symbolt 
INPUTS OUTPUT 

A1 A2 81 82 83 Y 

H X H X X L 

H X X H X L 

H X X X H L 

X H H X X L 

X H X H X L 

X H X X 
Any other combination 

H L 

H 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = (A1 +A2)·(B1 +B2+B3) 
description 

The BF054W cell is a 2-wide, 2-3-input OR-NAND gate. When the gate is called from the 
engineering workstation input, the following label format is developed and will be captured 
in the design netlist: 

Label: BF054W A1,A2,B1,B2,B3,Y; 
absolute maximum ratings and .recommended operating conditions 

These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 
PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 

TYP MAX UNIT 

2.2 V 

0.06 pF 

0.21 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 

FROM TO - 55°C to 125°C O°C to 70°C 
PARAMETER 

TYP; TYP; 
UNIT 

(INPUT) (OUTPUT) MIN MAX MIN MAX 

tpLH 
Any A Y 

0.21 0.37 0.8 0.21 0.37 0.73 
ns 

tpHL 0.23 0.45 0.8 0.25 0.45 0.74 

tpLH 
Any 8 y 0.27 0.74 1.99 0.28 0.74 1.81 

ns 
tpHL 0.17 0.45 0.69 0.18 0.45 0.64 

atpLH 
Any A Y 

0.71 2.11 4.63 0.76 2.11 4.25 
ns/pF 

atpHL 0.37 0.92 2.05 0.39 0.92 1.84 

atpLH 
Any 8 y 1 3.09 6.86 1.08 3.09 6.31 

ns/pF 
atpHL 0.38 0.92 2.04 0.4 0.92 1.83 

; Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTION DATA doc.monll contain informllion ~ 
current II of puilliellian data. Products conform to ~ 
specificationl par the terms of Tax •• Instrumants TEXAS 
::=~~i:;O{:~~1i ~~:~:~Ii:r ~1'::;::::A:r~~ nol INSTRUMENTS 

Copyright Cl 1988. Texas Instruments Incorporated 
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TSC500 
SERIES 

FUNCTION TABLE 

INPUTS 

A1 A2 A3 B1 B2 B3 

H X X H X X 
H X X X H X 
H X X X X H 
X H X H X X 
X H X X H X 
X H X X X H 
X X H H X X 
X X H X H H 
X X H X X H 

Any other combination 

BF055U 
OR-NAND GATE 

Y = (A1 + A2 + A3)'(B1 + B2 + B3) 
03030, APRIL 1988 

INTERNAL CELL 

OUTPUT 

Y 
L 
L 
L 
L 
L 
L 
L 
L 
L 
H 

logic symbolt 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = (A1 +A2+A3)·(B1 +B2+B3) 

description 
The BFOSSLJ cell is a 2-wide, 3-input OR-NAND gate. When the gate is called from the 
engineering workstation input, the following label format is developed and will be captured 
in the design netlist: 

Label: BFOSSW A1,A2,A3,B1,B2,B3,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSCSOO Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 
PARAMETER TEST CONDITIONS TYP MAX UNIT 

VT Input threshold voltage 2.2 V 

Ci Input capacitance 0.06 pF 

Cpd Equivalent power dissipation capacitance tr =tf=1ns 0.23 pF 

PRODOCTIDI DATA d ...... nts oootoi. i.I., ... lio. 
•• rrotd n 01 , •• 1i0l1i •• d.I •. p,OIIuo:ts ••• 1 .... IG 
l~iootia.1 por I" ttl, ... 01 TI .. I Inst' .... nts 

~.:!:.~~.t.::l~i =:1:; :.:":."::::..~~ •• 1 TEXAS ." 
INSTRUMENlS 

Copyright @ , 988, Texas Instruments Incorporated 
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TSC500 
SERIES 

BF055LJ 
OR-NAND GATE 

Y=(A1 +A2+A3)·(B1 +B2+B3 
03030, APRIL 1988 

switching characteristics over recommended ranges of supply voltage and operating free· 
air temperature (unless otherwise noted), CL = 0 

FROM TO -55·C to 125·C O·C to 70·C 
PARAMETER 

TYpt TYpt 
UNIT 

(INPUT) (OUTPUT) MIN MAX MIN MAX 

tpLH 
Any A Y 

0.29 0.82 2.17 0.3 0.82 1.98 
ns 

tpHL 0.18 0.37 0.73 0.19 0.37 0.67 

tpLH 
AnyB 

0.25 0.55 1.47 0.25 0.55 1.33 
Y 

0.23 0.25 0.83 
ns 

tpHL 0.47 0.9 0.47 

AtpLH 
Any A Y 

1.01 3.08 6.88 1.08 3.08 6.31 
ns/pF 

AtpHL 0.38 0.92 2.04 0.4 0.92 1.83 

AtPLH 
AnyB Y 

1.03 3.13 6.95 1.11 3.13 6.39 
ns/pF 

AtpHL 0.36 0.93 2.08 0.39 0.93 1.87 

t Typical values are at Vee = 5 V, TA = 25·e. 

PROOUCTIOI DATA d ....... " ••• tli. informlti •• 
current II af publicltion dltl. Products conform to 
IpecifiCitiOAI ..... t •• tarms of T •• I. In.tr.m •• ta TEXAS ." 

Copyright @ 1988, Texas Instruments Incorporated 
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TSC500 
SERIES 

INTERNAL CEll 

BF056LJ 
OR-NAND GATE 

Y = A1·A2·(B1 + B2) 
D3030. APRIL 1988 

FUNCTION TABLE logic symbolt 
INPUTS 

A1 A2 B1 
H H H 
H H X 
L X X 
X L X 
X X L 

B2 

X 
H 
X 
X 
L 

OUTPUT 

Y 

L 
L 
H 
H 
H 

B1-)~ 

:l------.:-'---4-tlpoo--r- y 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A1'A2'(B1 +B2) 
description 

The BF056LJ cell is an expandable 3-wide, 1-1-2-input OR-NAND gate. When the gate is 
called from the engineering workstation input, the following label format is developed and 
will be captured in the design netlist: 

Label: BF056W A1 ,A2,B1 ,B2,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, T A = 25°e 
PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 

TYP MAX UNIT 

2.2 V 

0.06 pF 

0.22 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 

FROM 
PARAMETER 

TO - 55°C to 125°C 

(IN PUn (OUTPUn MIN TYP; MAX 

tpLH 
Any A y 0.2 0.32 0.58 

tpHL 0.25 0.45 0.83 

tpLH 
Any B y 0.24 0.59 1.39 

tpHL 0.18 0.38 0.87 

~tpLH 
Any A Y 

0.4 1.09 2.32 

~tpHL 0.43 1.24 2.84 

~tpLH 
Any B y 0.7 2.09 4.59 

~tpHL 0.43 0.38 2.84 

; Typical values are at Vee = 5 V, TA = 25°e. 

PRODUCTIO. DATA documants contoin information 
current IS of publicltion dat •. Products conform to 
.pacifications per the terms of T IXI. Instruments 

~~~~~:~~i~'r::1~1i ~!:~~~ti:r :I~~:~:::::t::s~' not 
TEXAS .., 

INSTRUMENlS 

O°C to 70°C 

TYP; 
UNIT 

MIN MAX 

0.21 0.32 0.55 

0.25 0.45 0.76 
ns 

0.25 0.59 1.28 

0.18 0.38 0.79 
ns 

0.43 1.09 2.13 
ns/pF 

0.46 1.24 2.55 

0.75 2.09 4.23 
ns/pF 

0.46 0.38 2.55 

Copyright @ 1988, Texas Instruments Incorporated 
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TSC500 
SERIES 

FUNCTION TABLE 

INPUTS 

A1 A2 B1 B2 B3 

H H H X X 
H H X H X 
H H X X H 

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

BF057LJ 
OR-NAND GATE 

Y=A1-A2-(B1 +B2+B3) 
03030, APRIL 1988 

INTERNAL CELL 

OUTPUT 

Y 

L 

L 

L 

H 

H 

H 

logic symbolt 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A1·A2·(B1 +B2+B3) 

description 
The BF057W cell is an expandable 3-wide, 1-1-3-input OR-NAND gate. When the gate is 
called from the engineering workstation input, the following label format is developed and 
will be captured in the design netlist: 

Label: BF057W A1 ,A2,B1 ,B2,B3,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 
PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitance tr=tf=1ns 

TVP MAX UNIT 

2.2 V 

0.06 pF 

0.23 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 

FROM TO - 55°C to 125°C O°C to 70°C 
PARAMETER 

TVP* TVP* 
UNIT 

(INPUT) (OUTPUT) MIN MAX MIN MAX 

tPLH 0.21 0.32 0.58 0.21 0.32 0.55 
Any A y 

0.88 
ns 

tPHL 0.27 0.5 0.92 0.27 0.5 

tpLH 0.28 0.85 2.33 0.29 0.85 2.12 
Any B y ns 

tPHL 0.17 0.42 1.01 0.18 0.42 0.91 

~tpLH 0.4 1.09 2.31 0.43 1.09 2.13 
ns/pF Any A y 

~tpHL 0.42 1.26 2.89 0.46 1.26 2.6 

~tpLH 1.01 3.09 6.88 1.09 3.09 6.32 
ns/pF AnyB Y 

2.59 ~tpHL 0.43 1.24 2.89 0.47 1.24 

* Typical values are at VCC = 5 V, TA = 25°C. 

PRoouenOI OATA doc.monts cootain informltion ." 
currillt II .f plI~lic •• ion dltl. P,oducts CDn'.rm to T. 
specific,tiolls per the tlrms of TeXIs Instruments • EXAS 
:~~:~:~~i~'{::I~" ~!:~:~ti:; lI'U::;::::'::'.~ nat INSTRUMENTS 

Copyright @ 1988. Texas Instruments Incorporated 
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TSC500 
SERIES 

FUNCTION TABLE 

INPUTS 

A1 B1 B2 C1 C2 

H H X H X 

H H X X H 

H X H H X 

H X H X H 
L X X X X 

X L L X X 

X X X L L 

BF058LJ 
OR-NAND GATE 

Y = A1·(B1 + B2)·(C1 + C2) 
APRIL 1988 

INTERNAL CELL 

OUTPUT 

V 
L 

L 

L 

L 
H 

H 

H 

logic symbolt 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A1·(B1 +B2)·(C1 +C2) 

description 
The BF058W cell is a 3-wide, 1-2-2-input OR-NAND gate. When the gate is called from the 
engineering workstation input, the following label format is developed and will be captured 
in the design netlist: 

Label: BF058W A1 ,B1 ,B2,C1 ,C2,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, T A = 25°e 
PARAMETER TEST CONDITIONS TVP MAX UNIT 

VT Input threshold voltage 2.2 V 

Ci Input capacitance 0.06 pF 

Cpd Equivalent power dissipation capacitance tr=tf=1ns 0.25 pF 

PROOUCTIOI OATA doc ..... t ••• ntain i.f.rmlti •• 
cuma. I. af p.llliclti.1 dl'l. Products cDn'an .. to 
specl'lclt .... pit' .he .er ... of Tlx •• IlIltram ... ts 

I TEXAS'" 
N STRUM ENTS 

Copyright @ 1988. Texas Instruments Incorporated 
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TSC500 
SERIES 

BF058LJ 
OR-NAND GATE 

Y = A1 o(B1 + B2)o(C1 + C2) 
D3030, APRIL 1988 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 

FROM TO 
PARAMETER 

(INPUT) (OUTPUT) 

tpLH 
A1 Y 

tpHL 

tpLH 
AnyB Y 

tpHL 

tpLH 
AnyC Y 

tpHL 

LltpLH 

LltpHL 
A1 Y 

LltpLH 

LltpHL 
Any B Y 

LltpLH 

LltpHL 
AnyC Y 

t Typical values are at VCC = 5 V, TA = 25°C. 

PROOUCTION OATA do.umlntl .ontlin informotio. 
current II of publicltion dlt'. Products con'orm to 
specifications PI' the term. of TI.II Inatrumlnts 

-55°C to 125°C 

MIN TYpt MAX 

0.23 0.39 0.67 

0.28 0.53 1.08 

0.27 0.67 1.57 

0.2 0.48 1.13 

0.2 0.41 0.94 

0.27 0.49 0.99 

0.41 1.09 2.3 

0.43 1.24 2.85 

0.71 2.1 4.6 

0.43 1.24 2.84 

0.71 2.11 4.61 

0.43 1.24 2.84 

~~~=:~~i~·[::'~'i ~!:~~~ti:f :'ID::~::::t:~~1 not 
TEXAS ." 

INSTRUMENTS 

O°C to 70°C 

TYpt 
UNIT 

MIN MAX 

0.24 0.39 0.62 

0.28 0.53 0.99 
ns 

0.28 0.67 1.43 

0.21 0.48 1.02 
ns 

0.2 0.41 0.84 

0.27 0.49 0.9 
ns 

0.44 1.09 2.12 
ns/pF 

0.47 1.24 2.56 

0.76 2.1 4.24 
ns/pF 

0.47 1.24 2.55 

0.76 2.11 4.25 

0.46 1.24 2.56 
ns/pF 

Copyright @ 1988, Texas Instruments Incorporated 
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TSC500 
SERIES 

FUNCTION TABLE 

INPUTS 

A1 81 B2 C1 C2 C3 

H H X H X X 
H H X X H X 
H H X X X H 
H X H H X X 
H X H X H X 
H X H X X H 
L X X X X X 
X L L X X X 
X X X L L L 

BF059LJ 
OR-NAND GATE 

Y ="A1·(B1 + B2)·(C1 + C2 + C3) 
03030. APRIL 1988 

INTERNAL CELL 

OUTPUT 

Y 

L 
L 

L 
L 
L 

L 

H 
H 

H 

logic symbolt 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A1·(B1 +B2)·(C1 +C2+C3) 

description 
The BF059LJ cell is a 3-wide, 1-2-3-input OR-NAND gate. When the gate is called from the 
engineering workstation input, the following label format is developed and will be captured 
in the design netlist: 

Label: BF059LJ A1 ,B1 ,B2,C1 ,C2,C3,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 
PARAMETER TEST CONDITIONS TYP MAX UNIT 

VT Input threshold voltage 2.2 V 

Ci Input capacitance 0.06 pF 

Cpd Equivalent power dissipation capacitance tr=tf=1ns 0.25 pF 

PRODUCTIO. DATA d ....... " ... tli. i.formlli •• 
currlnt II If pllMicltian lllta. Products cDn'.r. to 
sptCiflcati ••• per .h. terRi, at TI ... Instrum,.11 TEXAS ~ 

INSTRUMENTS 

Copyright @ '988, Texas Instruments Incorporated 
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TSCSOO 
SERIES 

BFOS9LJ 
OR-NAND GATE 

Y = A1-(B1 + B2)-(C1 + C2 + C3) 
D3030, APRIL 1988 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 

FROM TO -55·C to 125·C 
PARAMETER 

TVPt (INPUT) (OUTPUT) MIN MAX 

tpLH 
A1 Y 

0.21 0.29 0.46 

0.45 tpHL 0.28 0.77 

tpLH 
AnyB Y 

0.27 0.69 1.67 

tpHL 0.19 0.42 0.96 

tPLH AnyC Y 
0.28 0.78 2.05 

tpHL 0.23 0.52 1.19 

dtPLH 
A1 Y 

0.4 1.09 2.32 

dtPHL 0.43 1.23 2.83 

dtpLH 
Any B y .0.7 2.09 4.6 

dtPHL 0.43 1.24 2.83 

dtpLH 
AnyC Y 

1.02 3.12 6.93 

dtpHL 0.44 1.25 2.89 

t Typical values are at VCC = 5 V, TA = 25·C. 

PRODUCTION DATA document. OlIn .. in informltion 
CO""" I. of p •• licllion _ .... Proif.eII conform II 
.... Ific.ti ••• plr '.'. ttrllli of T •••• lutrulll01, 
It •• llini WI"'.',. Pr.duction prllClllinl d ... Jlot 
IIICUIIrily i.clude tHting of .11 p.rl.Ite, •. I TEXAS'" 

NSTRUMENTS 

O·C to 70·C 

TVPt 
UNIT 

MIN MAX 

0.21 0.29 0.44 

0.29 0.45 0.72 
ns 

0.28 0.69 1.51 

0.2 0.42 0.87 
ns 

0.29 0.78 1.87 

0.24 0.52 1.08 
ns 

0.43 1.09 2.13 
ns/pF 

0.46 1.23 2.55 

0.75 2.09 4.23 
ns/pF 

0.47 1.24 2.55 

1.09 3.12 6.37 
ns/pF 

0.48 1.25 2.6 

Copyright 0 1988. T •••• Instrum.nts Incorporated 
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TSC500 
SERIES 

BF060LJ 
OR-NAND GATE 

Y = A1·(B1 + B2 + B3)·(C1 + C2 + C3) 
03030. APRIL 1988 

INTERNAL CELL 

FUNCTION TABLE logic symbolt 
INPUTS OUTPUT 

:~=--[~ A1 B1 B2 B3 C1 C2 C3 y 

H H X X H X X L g~=--[?-? 'r-v H X H X X H X L 
H X X H X X H L Al 

H (Any H) (Any H) L t This symbol is in accordance with ANSI/IEEE 

Any other combination H Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A1·(B1 +B2+B3)·(C1 +C2+C3) 

descrlptlori 
The BF060W cell is a 3-wide, 1-3-3-input OR-NAND gate. When the gate is called from the 
engineering workstation input, the following label format is developed and will be captured 
in the design netlist: 

Label: BF060W A1,B1,B2,B3,C1,C2,C3,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 
PARAMETER TEST CONDITIONS TYP MAX UNIT 

VT Input threshold voltage 2.2 V 

Ci Input capacitance 0.06 pF 

Cpd Equivalent power dissipation capacitance tr=tf=1ns 0.25 pF 

PROOUCTIOI OATA ......... nt •••• toln i.lorm.tio. 
.unut II 01 .... icotio. d.to. PrtHlucts .onlorm to 
speci'ictti .... per the IIr •• of '1.1. Instrumentl 

=~~'i~r:.-:z. =:ti:r :.,::;:::.!.~ _01 
TEXAS ." 

INSTRUMENlS 

Copyright @ 1988, Texas Instruments Incorporated 
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TSC500 
SERIES 

BF060LJ 
OR-NAND GATE 

Y = A1 o(B1 + B2 + B3)o(C1 + C2 + C3) 
03030, APRIL 1988 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 

FROM TO 
PARAMETER 

(INPUT) (OUTPUT) 

tpLH 
A1 Y 

tpHL 

tpLH 
Any 8 Y 

tpHL 

tpLH AnyC Y 
tpHL 

~tpLH 

~tpHL 
A1 Y 

~tpLH 

~tpHL 
Any 8 Y 

~tpLH 

~tpHL 
AnyC y 

t Typical values are at VCC = 5 V, TA = 25°C. 

PROOUCTIO. DATA d ...... nt. conlli. int ...... i •• 
currot II If publiuti.1 .118. Products un'"'' ID 
I,.ifiatienl ,... til, ...... of T •••• Inltru.lntI 

- 55°C to 125°C 

MIN TYpt MAX 

0.21 0.29 0.45 

0.3 0.5 0.89 

0.32 1.01 2.7 

0.19 0.45 1.08 

0.28 0.77 2.05 

0.25 0.57 1.35 

0.4 1.09 2.32 

0.42 1.25 2.89 

1.02 3.1 6.88 

0.43 1.25 2.85 

1.04 3.13 6.93 

0.44 1.27 2.92 

==~i;'i'=~" ~:~::i:r :'i'::=~ nDt 

TEXAS ." 
INSTRUMENTS 

O°C to 70°C 

MIN TYpt MAX 
UNIT 

0.21 0.29 0.43 

0.31 0.5 0.82 
ns 

0.34 1.01 2.45 

0.19 0.45 0.98 
ns 

0.29 0.77 1.87 

0.26 0.57 1.21 
ns 

0.43 1.09 2.13 
ns/pF 

0.46 1.25 2.59 

1.09 3.1 6.33 
ns/pF 

0.47 1.25 2.59 

1.12 3.13 6.36 
ns/pF 

0.48 1.27 2.63 

Copyright C> 1988. Texa. Instruments Incorporated 
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TSC500 
SERIES 

FUNCTION TABLE 

INPUTS 

A1 A2 B1 B2 C1 C2 C3 

H X H X H X X 
X H X H X H X 
H X H X X X H 

(Any H) (Any H) (Any H) 

Any other combination 

BF062LJ 
OR-NAND GATE 

Y = (A1 + A2)-(B1 + B,2)-(C1 +C2 + C3) 

INTERNAL CELL 

OUTPUT 
y 

L 
L 
L 
L 
H 

logic symbolt 
C1---c"-..... 
C2 
C3-........ -~· 
A1---c"-..... 

A2-__ ' 

B1-.....f"-.... 

82-__ " 

y 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. .. 

1988 

POSITIVE LOGIC EqUATION: Y = (A1 +A2)·(B1 +B2)·(C1 +C2+C3) 

description 
The BF062LJ cell is a 3-wide, 2-3-3-input OR-NAND gate. When the gate is called from the 
engineering workstation input, the following label format is developed and will be captured 
in the design netlist: . . 

Label: BF062LJ A 1 ,A2,B1 ,B2,C1 ,C2,C3,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. . . 

electrical characteristics. Vee = 5 V. TA = 25°e 
PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 

TYP MAX UNIT 

2.2 V 

0.06 pF 

0.27 pF 

PRODUCTION DATA ......... t. c.oitli. ililor ... tio. 
cum.t II of publicltion "'tl. Prolluctl conform to TEXAS ." 

COPY;ight @ 1985; Texas Instruments Incorpor.t~ 
.peclllclli_ PI' thlt*, ... 01 T •• II 1 •• tr ..... hI ., ........ ".".0". Protium .......... i •• d .... 11 
....... rll' i.cl ••• telling 01 .11 po .... I1 ... . INSTRUMENTS 
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TSC500 
SERIES 

BF062LJ 
OR-NAND GATE 

Y = (A1 + A2)·(B1 + B2)·(C1 + C2 + C3) 
03030, APRIL 1988 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 

FROM TO - 55°C to 125°C 
PARAMETER TYpt (INPUT) (OUTPUT) MIN MAX 

tplH 
Any A Y 

0.31 0.78 1.85 

tpHl 0.22 0.52 1.2 

tplH 
Any 8 Y 

0.2 0.42 0.95 

0.27 0.97 tpHL 0.49 

tpLH 
AnyC Y 

0.35 0.92 2.36 

0.62 tpHL 0.27 1.46 

~tpLH 
Y 

0.71 2.1 4.6 

~tpHL 
Any A 

0.43 1.24 2.85 

~tpLH 
Any 8 Y 

0.71 2.1 4.61 

~tpHL 0.43 1.24 2.84 

~tpLH 
AnyC y 1.01 3.13 6.92 

~tpHL 0.44 1.25 2.89 

t Typical values are at VCC = 5 V, TA = 25°C. 

'RODUeTIO. OA TA •• _, •••• '11. Info .... ,I •• 
•• ".., ., at ,wI1 •• '1on dill. , ....... _form ,. 
_ilic.II ...... III ....... " T .... 1.lIr ..... '. 

==I~"f::~'li =:~ lr.,,::::::o.OI TEXAS ~ 
INSTRUMENTS 

O°C to 70°C 

MIN TYpt UNIT 
MAX 

0.32 0.78 1.67 

0.22 0.52 1.09 
ns 

0.2 0.42 0.85 

0.27 0.49 0.89 
ns 

0.37 0.92 2.11 

0.28 0.62 1.32 
ns 

0.76 2.1 4.23 
ns/pF 

0.47 1.24 2.56 

0.76 2.1 4.25 
ns/pF 

0.46 1.24 2.55 

1.09 3.13 6.39 
ns/pF 

0.48 1.25 2.59 

Copyright @ 1988. Tex •• Instruments Incorporated 
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TSC500 
SERIES 

A1 A2 81 
H X H 
X H X 
H X X 

FUNCTION TABLE 

INPUTS 

B2 B3 C1 C2 
X X H X 
H X X H 
X H X X 

BF063LJ 
OR-NAND GATE 

Y = (A1 + A2)·(B1 + B2 + B3)·(C1 + C2 + C3) 

INTERNAL CELL 

OUTPUT 

C3 V 
X L 
X L 
H L 

logic symbolt 

81--4"-.... 
82 
83-...... -' 
Cl-__ - ..... 

03030. APRIL 1988 

y 

(Any H) (Any H) (Any H) L 

C2 
C3--.&._' 
A1---
A2-__ , Any other combination H 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = (A1 +A2)·(B1 +B2+B3)·(C1 +C2+C3) 

description 
The BF063W cell is a 3-wide, 2-3-3-input OR-NAND gate. When the gate is called from the 
engineering workstation input, the following label format is developed and will be captured 
in the design netlist: 

Label: BF063WA1,A2,B1,B2,B3,C1,C2,C3,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 
PARAMETER TEST CONDITIONS TYP MAX UNIT 

VT Input threshold voltage 2.2 V 

Ci Input capacitance 0.06 pF 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 0.27 pF 

'RODUCTIO. DATA .......... " •• ot.i. inf.rm.tio. 
c8mllt n at publication d.t •. Produeta confarm to 
.,acili.llio •• pi!' tIIto t ..... of T •••• l.strum.oII TEXAS ..If 

INSlRUMENlS 

Copyright @ 1988, Texas Instruments Incorporated 
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TSC500 
SERIES 

BF063LJ 
OR-NAND GATE 

Y = (A1 + A2)·(B1 + B2 + B3)·(C1 + C2 + C3) 
03030. APRIL 1988 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 

FROM TO 
PARAMETER 

(INPUT) (OUTPUT) 

tpLH 
Any A Y 

tpHL 

tpLH 
AnyB Y 

tpHL 

tpLH 
AnyC Y 

tpHL 

8tpLH 

8tpHL 
Any A Y 

8tpLH 

8tpHL 
AnyB Y 

8tpLH 

8tpHL 
AnyC y 

t Typical values are at Vec = 5 V. TA = 25°e. 

PRODUCTION DATA d ....... t ••• ntain infor ... ti.n 
carrent II of p ••• ie.tian date. Products conform to 
IpicificltiDnl p. the terml af T •••• In.truments 

- 55°C to 125°C 

MIN TVPt MAX 

0.2 0.42 0.93 

0.29 0.54 1.11 

0.37 1.13 2.98 

0.21 0.55 1.34 

0.33 0.91 2.36 

0.28 0.68 1.62 

0.72 2.11 4.62 

0.43 1.26 2.89 

1.03 3.11 6.87 

0.44 1.25 2.89 

1.03 3.14 6.92 

0.44 1.26 2.92 

::~:=i~.t::~'i ~:3:~ti:; :.~.=:::~=- Rat 
TEXAS ~ 

INSTRUMENTS 

O°C to 70°C 

TVPt 
UNIT 

MIN MAX 

0.21 0.42 0.84 

0.3 0.54 1.01 
ns 

0.39 1.13 2.69 

0.22 0.55 1.2 
ns 

0.34 0.91 2.11 

0.3 0.68 1.46 
ns 

0.77 2.11 4.25 
ns/pF 

0.46 1.26 2.6 

1.1 3.11 6.33 
ns/pF 

0.47 1.25 2.6 

1.11 3.14 6.38 
ns/pF 

0.48 1.26 2.63 

Copyright @ 1988. Texa. Instruments Incorporated 
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TSC500 
SERIES 

A1 A2 A3 
H X X 
X H X 
X X H 

(Any H) 

BF064LJ 
OR-NAND GATE 

Y = (A1 + A2 + A3)·(B1 + B2 + B3)·(C1 + C2 + C3) 

INTERNAL CEll 

FUNCTION TABLE logic symbolt 
INPUTS 

B1 B2 B3 C1 
H X X H 
X H X X 
X X H X 

(Any H) 

C2 C3 
X X 
H X 
X H 

(Any H) 

OUTPUT 
y 
L 
L 
L 
L 

A1-__ _ 

A2 
A3--&._" 81-__ _ 

82 83-__ _ 

C1--r--. 

03030. APRIL 1988 

y 

C2 C3-__ _ Any other combination H 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y - (A1 +A2+A3)'(B1 +B2+B3)·(C1 +C2+C3) 

description 
The BF064W cell is a 3-wide, 3-input OR-NAND gate. When the gate is called from the 
engineering workstation input, the following label format is developed and will be captured 
in the design netlist: 

Label: BF064W A1 ,A2,A3,B1 ,B2,B3,C1 ,C2,C3,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 
PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitance tr=tf=1ns 

TVP 

2.2 
0.06 

0.31 

MAX UNIT 

V 

pF 

pF 

currant .s of publicatian data. Products conform to ~ 
PRODUCTION DATA documents contain information -II Copyright @ 1988, Texas Instruments Incorporated 

spaclfic.tions ptr the tarms of Te ••• Instrumants TEXA.S 
:~~::~~i~a:::1~1i ~!:~~~ti:r :Ilo:=:~!'t:~s not INSTRUMENTS 
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TSC500 
SERIES 

BF064LJ 
OR-NAND GATE 

Y = (A1 + A2 + A3)o(B1 + B2 + B3)o(C1 + C2 + C3 
03030, APRIL 1988 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 

FROM TO 
PARAMETER 

(INPUT) (OUTPUT) 

tpLH 
Any A Y 

tpHL 

tpLH 
Any B Y 

tpHL 

tpLH 
AnyC Y 

tpHL 

.:ltpLH 
Any A Y 

.:ltpHL 

.:ltpLH 
AnyB Y 

.:ltpHL 

.:ltpLH 
AnyC Y 

.:ltpHL 

t Typical values are at VCC = 5 V, TA = 25°C. 

PROOUCTIOI DATA doc.ments •• ntlin informltio. 
current I. of publication dlla. PrDllucts Claf.rm to 
lpecificatiolls per the tlrm. of '.111 InltrulHllts 

- 55°C to 125°C 

MIN TYpt MAX 

0.4 1.22 3.15 

0.24 0.63 1.55 

0.37 0.99 2.55 

0.31 0.76 1.85 

0.26 0.65 1.71 

0.29 0.59 1.31 

1.04 3.12 6.92 

0.44 1.26 2.92 

1.06 3.16 6.95 

0.45 1.28 2.94 

1.04 3.14 6.94 

0.43 1.26 2.92 

:':=~~i~':::I~'i ~::i:~ti~n :.~'::::~~ not 
TEXAS ." 

INSTRUMENTS 

O°C to 70°C 

TYpt UNIT 
MIN MAX 

0.42 1.22 2.85 

0.25 0.63 1.4 
ns 

0.39 0.99 2.31 

0.32 0.76 1.66 
ns 

0.26 0.65 1.55 

0.3 0.59 1.18 
ns 

1.12 3.12 6.35 
ns/pF 

0.47 1.26 2.62 

1.14 3.16 6.38 
ns/pF 

0.48 1.28 2.65 

1.12 3.14 6.37 
ns/pF 

0.47 1.26 2.62 

Copyright @ 1988. TexIs Instruments Incorporated 
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TSC500 
SERIES 

INTERNAL CELL 

BF065LJ 
AND-OR-NAND GATE 
Y = A1'[B1 + (C1'C2)] 

03030, APRIL 1988 

FUNCTION TABLE logic symbolt 

A1 
H 
H 
L 
X 
X 

INPUTS 

B1 C1 
H X 
X H 
X X 
L L 
L X 

OUTPUT 

C2 y 

X L 
H L 
X H 
X H 
L H 

C1---r-.... 
C2-__ 

81----......... :...
A1---------~~ 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A1'[B1+(C1'C2)] 
description 

The BF065W cell is a 2-input sum-of-products NAND gate with a dedicated 2-input OR, 2-
input AND product term. One available input to the 2-input OR gate and one available input 
to the 2-input NAND gate provides expandability for implementing customized product 
terms. When the gate is called from the engineering workstation input, the following label 
format is developed and will be captured in the design netlist: 

Label: BF065W A1,B1,C1,C2,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, T A = 25°e 
PARAMETER TEST CONDITIONS TYP MAX UNIT 

VT Input threshold voltage 2.2 V 

Ci Input capacitance 0.06 pF 

Cpd Equivalent power disslpation capacitance tr = tf = 1 ns 0.22 pF 

PRODUCTIOI DATA do.umonts .ontain information ~ 
currant I' of publication data. PraduCIS conform to ~ 
.p .. lfi •• tionl portha terms of Ta.a. Instrumants TEXA.S 
:~~::~~i~·r::1~1i ~:t;:~i:r :'IO::::::~:~~ not INSTRUMENTS 
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TSC500 
SERIES 

BF065LJ 
AND-OR-NAND GATE 
Y = A1·[B1 + (C1·C2)] 

03030, APRIL 1988 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 

FROM TO - 55°e to 125°e ooe to 700e 
PARAMETER 

TYpt ~ TYpt 
UNIT 

(INPUT) (OUTPUT) MIN MAX MAX 

tpLH 
A1 Y 

0.2 0.27 0.41 0.2 0.27 0.39 
ns 

tpHL 0.28 0.44 0.76 0.29 0.44 0.7 

tPLH 81 Y 
0.28 0.45 0.87 0.28 0.45 0.81 

ns 
tpHL 0.16 0.29 0.49 0.17 0.29 0.46 

tpLH 
AnyC Y 

0.21 0.56 1.45 0.22 0.56 1.31 
ns 

tpHL 0.19 0.42 0.85 0.2 0.42 0.78 

AtpLH 
A1 Y 

0.4 1.1 2.31 0.43 1.1 2.13 
ns/pF 

AtpHL 0.43 1.24 2.85 0.46 1.24 2.56 

AtpLH 
81 Y 

0.69 2.07 4.58 0.74 2.07 4.21 
ns/pF 

AtPHL 0.38 0.91 1.97 0.41 0.91 1.78 

AtpLH 
AnyC Y 

0.71 2.11 4.54 0.77 2.11 4.2 
ns/pF 

AtpHL 0.43 1.25 2.85 0.47 1.25 2.56 

t Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTION DATA d •• umontl ••• 'oin informalion ~ 
currant I. of publication datI. Products conform to T.EXAS t, 
spacifications par the terms of Texi. Instruments 11 

~':~~i~·{.':I':.'.1e ~:3::i:: :'I":'~:~::'.~ nol INSTRUMENTS 
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TSC500 
SERIES 

FUNCTION TABLE 

INPUTS 

A1 B1 B2 C1 C2 

H H H X X 
H X X H H 

Any other combination 

BF066LJ 
AND-DR-NAND GATE 

Y = A1·[(B1·B2) + (C1~,C2)] 
1988 

INTERNAL CELL 

OUTPUT 
y 

L 

L 

H 

logic symbolt 
B1 

B2---t.._" 

C1----..... 

C2--__ " 

A1--------------~ 

y 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A1·[(B1·B2)+(C1·C2)] 

description 
The BF066LJ cell is a 2-input sum-ot-products NAND gate with a dedicated 2-wide, 2-input 
AND-OR product term. The available NAND input can be used to combine other custom 
product terms with the 2-wide, 2-input AND-OR term. When the gate is call~d from the 
engineering workstation input, the following label format is developed and will be captured 
in the design netlist: ' 

Label: BF066W A1,B1,B2,C1,C2,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 
PARAMETER TEST CONDITIONS TYP MAX UNIT 

VT Input threshold voltage 2.2 V 

Ci Input capacitance 0.06 pF 

Cpd Equivalent power dissipation capacitance tr =tf=lns 0.24 pF 

PRODUCTIOIDATA .... um .... contli. i.form.tiD. 
current n of publiClti •• dlte. Products conform to 
speci'iCltilns pili' the, 'erlRl of rlXIS Instrument. TEXAS ." 

Copyright @ 1988, Texas Instruments Incorporated 
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TSC500 
SERIES 

BF066LJ 
AND-DR-NAND GATE 

Y = A1·[(B1·B2) + (C1·C2)] 
03030, APRIL 1988 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 

PARAMETER 
FROM TO - 55·C to 125·C 

(INPUT) (OUTPUT) MIN TYpt MAX 

tpLH 
A1 Y 

0.22 0.3 0.48 

tpHL 0.32 0.54 1.03 

tpLH 
AnyB Y 

0.25 0.72 1.8 

tpHL 0.21 0.51 1.09 

tpLH 
AnyC 

0.28 0.61 1.43 
Y 

0.19 tpHL 0.4 0.79 

~tpLH 0.4 1.1 2.32 
A1 Y 

~tpHL 0.42 1.24 2.86 

~tpLH 
Any 8 Y 

0.71 2.1 4.6 

~tpHL 0.44 1.25 2.85 

~tpLH 
AnyC y 0.7 2.09 4.6 

~tpHL 0.43 1.24 2.8 

t Typical values are at VCC = 5 V, TA = 25·C. 

PRODUCTION DATA doc ......... t.i. info, ... tio. 
cumnt II of ..... iellion dl". Prllductl conform to 
.... ificlti.ns Plr .hl flnnl at TI ... II.tr ••• ntl 

==~i~'r~::li ~!::ti:: :.-::::: .. -:~ not 
TEXAS ", 

INSTRUMENTS 

O·C to 70·C 

MIN TYpt MAX 
UNIT 

0.22 0.3 0.45 

0.32 0.54 0.94 
ns 

0.26 0.72 1.65 

0.22 0.51 0.97 
ns 

0.28 0.61 1.31 

0.19 0.4 0.72 
ns 

0.43 1.1 2.13 
ns/pF 

0.46 1.24 2.57 

0.77 2.1 4.23 
ns/pF 

0.47 1.25 2.57 

0.75 2.09 4.23 
ns/pF 

0.47 1.24 2.53 

Copyright C> '988, Texl. Instruments Incorporated 
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· TSC500 
SERIES 

BF067LJ 
AND-DR-NAND GATE 

Y = A1·[B1 + B2 + (C1·C2)] 

A1 B1 

H H 

H X 
H X 

L X 

X L 

X L 

FUNCTION TABLE 

INPUTS 

B2 C1 C2 

X X X 

H X X 

X H H 

X X X 

L L X 

L X L 

03030. APRIL 1988 

INTERNAL CELL 

OUTPUT 
y 

L 

L 

L 
H 

H 

H 

logic symbolt 

Cl----

~ ~, 
Al -

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A1'[B1+B2+(C1'C2)] 

description 
The BF067W cell is a 2-input sum-of-products NAND gate with a dedicated 3-input OR, 
2-input AND product term. Two available inputs to the 3-input OR gate and one available 
input to the 2-input NAND gate provides expandability for implementing customized 
product terms. When the gate is called from the engineering workstation input, the following 
label format is developed and will be captured in the design netlist: 

Label: BF067LJ A1,B1,B2,C1,C2,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 
PARAMETER TEST CONDITIONS TYP MAX UNIT 

VT Input threshold voltage 2.2 V 

Ci Input capacitance 0.06 pF 

Cpd Equivalent power dissipation capacitance tr "'tf"'1ns 0.22 pF 

PRDDUCTIDI DATA doc ..... " .ontlln info,mltion 
curr •• t H of plbliclti •• dltl. Praducta co.'arm to 
.,lcificlti.l. per the terml of T ••• , Instrumenh TEXAS ." 

Copyright @ 1988. Texas Instruments Incorporated 
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TSC500 
SERIES 

BF067LJ 
AND·OR·NAND GATE 

Y = A1 o [B1 + B2 + (C1 oC2)] 
03030, APRIL 1988 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 

FROM TO 
PARAMETER 

(INPUT) (OUTPUT) 

tpLH 
A1 Y 

tPHL 

tpLH 
Any B Y 

tPHL 

tpLH 
AnyC Y 

tpHL 

AtpLH 

AtPHL 
A1 Y 

AtpLH 

AtPHL 
AnyB Y 

AtPLH 
AnyC Y 

AtPHL 

t Typical values are at Vee = 5 V, TA = 25°e. 

PRODUCTION DATA d.c ..... I. c.nllin Inform'lion 
currl.t I. of public.til. dati. Productl canf.rm to 
.ptCifiCltiDDI per til. terms of tllil Instrumentl 

- 55°C to 125°C 

MIN TYpt MAX 

0.2 0.27 0.41 

0.3 0.48 0.85 

0.31 0.76 1.97 

0.17 0.35 0.68 

0.24 0.84 2.27 

0.18 0.45 0.94 

0.4 1.09 2.32 

0.43 1.26 2.92 

1.01 3.08 6.87 

0.38 0.91 1.99 

1.03 3.11 6.89 

0.45 1.27 2.92 

:.:::~~r,'i~:I:ri ~!=:~ti:r :.~-=~~:-.~ nat 

TEXAS .., 
INSTRUMENTS 

O°C to 70°C 

TYpt 
UNIT 

MIN MAX 

0.2 0.27 0.39 

0.3 0.48 0.78 
ns 

0.32 0.76 1.79 

0.18 0.35 0.63 
ns 

0.26 0.84 2.07 

0.19 0.45 0.85 
ns 

0.43 1.09 2.13 
ns/pF 

0.46 1.26 2.62 

1.08 3.08 6.31 
ns/pF 

0.4 0.91 1.79 

1.11 3.11 6.34 
ns/pF 

0.49 1.27 2.62 

Copyright @ 1988. Texas Instruments Incorporated 
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TSC500 
SERIES 

FUNCTION TABLE 

INPUTS 

A1 B1 C1 C2 01 02 

H H X X X X 
H X H H X X 
H X X X H H 
L X X X X X 
X L L X L X 
X L X L X L 

BF068LJ 
AND-OR-NAND GATE 

Y = A1·[B1 + (C1·C2) + (01·02)] 
APRIL 1988 

INTERNAL CELL 

OUTPUT 

Y 
-"~ 

L 

L 
H 
H 
H 

logic symbolt 

~;-:-~, 
A1 -

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A1'[B1+(C1'C2)+(D1'D2)] 

description 
The BF068LJ cell is a 2-input sum-of-products NAND gate with a dedicated 2-wide AND and 
3-input OR product term. The available NAND and OR inputs can be used to combine other 
custom product terms with the 2-wide, 2-input AND-OR term. When the gate is called from 
the engineering workstation input, the following label format is developed and will be 
captured in the design netlist: 

Label: BF068LJ A1,B1,C1,C2,D1,D2,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, VCC = S V, TA = 2SoC 

PARAMETER TEST CONDITIONS TYP MAX UNIT 

VT Input threshold voltage 2.2 V 

Ci Input capacitance 0.06 pF 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 0.22 pF 

PRODUCTION DATA d ...... AII 0,.'"10 Infarma.lon -IJ1 
currant .1 of publication dlta. Praduets canfDrm to ~ 
:':011101110.1 por th. '.rml of Ta.a. 1.I.ruma.1I TEXA.S 
:':'~=I~·{:~':.'li ~r::\:;,,:r ~I"::::::':~~·II INSfRUMENTS 
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TSC500 
SERIES 

BF068LJ 
AND-DR-NAND GATE 

Y = A1-[B1 + (C1-C2) + (01-02)] 
03030. APRIL 1988 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 

PARAMETER 
~ROM TO - 55°C to 125°C O°C to 70°C 

TYpt TYpt 
UNIT 

(INPUT) (OUTPUT) MIN MAX MIN MAX 

tpLH 
A1 Y 

0.2 0.27 0.41 0.2 0.27 0.39 

tpHL 0.32 0.52 0.95 0.33 0.52 0.87 
ns 

tpLH 
B1 Y 

0.34 0.67 1.43 0.34 0.67 1.32 
ns 

tpHL 0.17 0.33 0.55 0.18 0.33 0.53 

tpLH 
AnyC Y 

0.27 0.93 2.46 0.28 0.93 2.23 
ns 

tpHL 0.19 0.48 1 0.2 0.48 0.91 

tpLH 
Any 0 Y 

0.3 0.92 2.45 0.31 0.92 2.22 

tpHL 0.19 0.47 0.96 0.2 0.47 0.87 
ns 

AtPLH 
A1 Y 

0.4 1.09 2.31 0.44 1.09 2.13 
ns/pF 

At~HL 0.43 1.29 3 0.46 1.29 2.69 

AtpLH 
B1 Y 

1 3.07 6.88 1.08 3.07 6.32 
ns/pF 

AtpHL 0.38 0.91 1.99 0.4 0.91 1.78 

AtpLH 
AnyC Y 

1.04 3.11 6.86 1.12 3.11 6.32 
ns/pF 

AtpHL 0.46 1.29 2.97 0.49 1.29 2.67 

AtPLH 
Any 0 Y 

1.03 3.11 6.88 1.11 3.11 6.33 
ns/pF 

AtPHL 0.44 1.24 2.85 0.48 1.24 2.56 

t Typical values are at V CC = 5 V. T A = 25°C. 

PROOUCTIOI DATA d ............ t.in inlormati •• 
curr •• t I. If puItIiCItiln d .... Praducts CIII'.'. tD 
:r:ifiClri.l ...... the tIIrI8." If T ••• I Instrum.n .. 

:':~:~~i~I::I-::Je ~=:~i:r r.p:::~~ nDt 
TEXAS ." 

INSTRUMENlS 
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TSC500 
SERIES 

A1 B1 
H H 
H X 
H X 

FUNCTION TABLE 
INPUTS 

B2 C1 C2 D1 D2 
H X X X X 
X H H X X 
X X X H H 

Any other combination 

BF069LJ 
AND-OR-NAND GATE 

Y = A1·[(B1·B2) + (C1·C2) + (01·02)] 
03030, APRIL 1988 

INTERNAL CELL 

logic symbolt 
OUTPUT 

Y 

L 
L 
L 
H 

:: I )-, 

~~--I &-' 
A1 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. ' 

POSITIVE LOGIC EQUATION: Y = A1·[(B1·B2)+(C1·C2)+(D1·D2)] 

description 
The BF069LJ cell is a 2-input sum-ot-products NAND gate with a dedicated 3-wide AND-OR 
product term. The available NAND can be used to combine other custom product terms 
with the 3-wide, 2-input AND-OR term. When the gate is called trom the engineering 
workstation input, the following label format is developed and will be captured in the design 
netlist: 

Label: BF069LJ A1 ,B1 ,B2,C1 ,C2,D1 ,D2,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part ot the TSC500 Series Data. 

electrical characteristiCs, Vee = 5 V, TA = 25°e 
PARAMETER TEST CONDITIONS TYP MAX UNIT 

VT Input threshold voltage 2.2 V 

Ci Input capacitance 0.06 pF 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 0.25 pF 

PRODUCTION DATA doc ............ In i.!annllion ." 
currant I. of public,tiaR dltt. Pndlcts confarm to ~ 
Ipooillcllloni por Iho linn. 01 rox.I Inllr.montl TEXA.S 
~':'=~I~"I~:1~1i ~:3:~li:l' :'\O::;:~~;'~1 nol INSTRUMENTS 
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TSC500 
SERIES 

BF069LJ 
AND-OR-NAND GATE 

Y = A1 0 [(B1 0 B2) + (C1 oC2) + (01 0 02)] 
03030, APRIL 1988 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 

FROM TO - 55°C to 125·C 
PARAMETER TYpt (INPUT) (OUTPUT) MIN MAX 

tpLH 
A1 y 0.22 0.3 0.48 

tpHL 0.34 0.65 1.3 

tpLH 
AnyB Y 

0.32 1.17 3.06 

tpHL 0.23 0.56 1.19 

tpLH 
AnyC Y 

0.35 1.17 3.05 

tpHL 0.24 0.54 1.15 

tpLH 
Any 0 Y 

0.33 0.79 1.93 
0.79 tpHL 0.19 0.41 

AtpLH 
A1 Y 

0.41 1.1 2.32 

AtpHL 0.43 1.28 2.93 

AtpLH 
AnyB y 1.05 3.12 6.88 

AtpHL 0.45 1.3 2.98 

AtpLH 
AnyC y 1.04 3.11 6.9 

AtpHL 0.43 1.26 2.86 

AtPLH 
Any 0 Y 

1.01 3.09 6.89 

AtpHL 0.43 1.24 2.82 

t Typical values are at VCC = 5 V, T A = 25·C. 

TEXAS ..If 
INSTRUMENTS 

O·C to 70·C 
TYpt UNIT 

MIN MAX 

0.22 0.3 0.45 
0.35 0.65 1.18 

ns 

0.33 1.17 2.78 
0.24 0.56 1.07 

ns 

0.37 1.17 2.77 
0.24 0.54 1.04 

ns 

0.34 0.79 1.77 
0.2 0.41 0.73 

ns 

0.44 1.1 2.13 
ns/pF 

0.47 1.28 2.64 
1.12 3.12 6.33 

ns/pF 
0.49 1.3 2.67 
1.12 3.11 6.35 

ns/pF 
0.46 1.26 2.58 
1.09 3.09 6.33 

ns/pF 
0.46 1.24 2.55 

Copyright C 1988. To ••• In.trumonta Incorporated 
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TSC500 
SERIES 

FUNCTION TABLE 

INPUTS 

A1 A2 B1 C1 C2 
H X H X X 

X H H X X 
H X X H H 

X H X H H 

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

BF070LJ 
AND .. OR-NANOGATE 

Y = (A 1 + A2)·[B1 + (C1·C2)] 
03030. 1988 

INTERNAL CELL 

OUTPUT 
y 

L 
L 
L 
L 
H 

H 

H 

logic symbolt 

;;~--~=~-~=~~~ , 
A2---~ 
t This symbol is in accordance with ANSI/IEEE 

Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = (A1 +A2)'[B1 +(C1'C2)] 

descriptio!,! . . . 
The BF070LJ cell is a 2-wide 2-input sum-Of-products OR-NAND gate with a dedicated 
2-input OR product term. One available input to one 2-input OR gate and two available 
inputs to the other 2-input OR gate provide expandability for implementing customized 
product terms. When the gate is called from the engineering workstation input, the following 
label format is developed and will be captured in the design rietlist: 

Label: BF070LJ A 1 ,A2,B1 ,C1 ,C2,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 
PARAMETER TEST CONDITIONS TVP MAX UNIT 

VT Input threshold voltage 2.2 V 

Ci Input capacitance 0.06 pF 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 0.22 pF 

PRODUCTIOI DATA ....... nll ••• I.I. inl"".liO. .., 
•• mot U 01 pullli •• li •• dll •. Prad •• 11 conlor .. to To . 
..... ill .. llo .. per Ihl Ie .... 01 TI.II Inll •• miall . . I EXAS 
::=~"r::I':.7i ~!:l:~~r :.r::::::~:..~ n.1 INSTRUMENlS 
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TSC500 
SERIES 

BF070LJ 
AND-OR-NAND GATE 

Y = (A1 + A2)o[B1 + (C1 oC2)] 
03030. APRIL 1988 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 

PARAMETER 
FROM TO - 55°C to 125°C 

(INPUT) (OUTPUT) MIN TYpt MAX 

tPLH Any A Y 
0.19 0.37 0.84 

tpHL 0.27 0.49 0.96 

tpLH 
81 Y 

0.27 0.43 0.81 

tpHL 0.18 0.31 0.51 

tpLH 
AnyC Y 

0.23 0.6 1.58 

tpHL 0.2 0.44 0.9 

I1tPLH 
Any A y 0.73 2.12 4.62 

I1tpHL 0.43 1.24 2.85 

I1tpLH 
81 Y 

0.53 1.56 3.43 

I1tPHL 0.37 0.91 1.98 

I1tpLH 
AnyC Y 

0.71 2.11 4.54 

I1tpHL 0.44 1.24 2.85 

t Typical values are at V CC = 5 V, T A = 25°C. 

PROOUCTIOI DATA ....... uU .. ntai. i.I ..... ti •• 
•• r".t .1 01 publication 010 ... Pratlacto ........ to 
.... iflcl1ians .... I •• "'1 .f TI ••• 11.lralll8llll 

==:=i~'=:Je ~~:.:~~: :,~-:::.=:t::'- lot 

TEXAS .., 
INSTRUMENTS 

O°C to 70°C 

TYpt UNIT 
MIN MAX 

0.19 0.37 0.76 

0.27 0.49 0.89 
ns 

0.27 0.43 0.75 

0.19 0.31 0.49 
ns 

0.23 0.6 1.44 

0.2 0.44 0.82 
ns 

0.77 2.12 4.25 
ns/pF 

0.46 1.24 2.57 

.0.57 1.56 3.15 
ns/pF 

0.4 0.91 1.78 

0.76 2.11 4.18 
ns/pF 

0.47 1.24 2.56 

Copyright @ 1988. Texa. Instruments Incorporated 
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TSC500 
SERIES 

FUNCTION TABLE 

INPUTS 

A1 A2 B1 B2 C1 C2 

H X H H X X 

X H H H X X 

H X X X H H 

X H X X H H 

Any other combination 

BF071LJ 
AND-DR-NAND GATE 

Y = (A1 + A2)·[(B1·B2) + (C1·C2)] 
APRIL 1988 

INTERNAL CELL 

OUTPUT 
y 

L 

L 
L 

L 

H 

logic symbolt 

~:~, 
t This symbol is in accordance with ANSI/IEEE 

Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = (A1+A2)'[(B1'B2)+(C1'C2)] 

description 
The BF071 LJ cell is a 2-wide 2-input sum-of-products OR-NAND gate with a dedicated 
2-wide, 2-input AND-OR product term. The available 2-input OR gate provides expand ability 
for implementing customized product terms. When the gate is called from the engineering 
workstation input, the following label format is developed and will be captured in the design 
netlist: 

Label: BF071 W A 1 ,A2,B1 ,B2,C1 ,C2,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 
PARAMETER TEST CONDITIONS TYP MAX UNIT 

VT Input threshold voltage 2.2 V 

Ci Input capacitance 0.06 pF 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 0.25 pF 

PRODueTIO. DATA ....... nll c.ntlin i.lormatio. 
current II If pulllicltiDn dlt •. Product. conform to 
specificltians ... the ter •• of TIXII Instrument. TEXAS ." 

Copyright @ 1988. Taxas Instruments Incorporated 
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TSC500 
SERIES 

BF071LJ 
AND-OR-NAND GATE 

Y = (A1 + A2)·[(B1·B2) + (C1'C2)] 
D3030, APRIL 1988 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 

FROM TO 
PARAMETER 

(INPUT) (OUTPUT) 

tpLH 
Any A y 

tpHL 

tpLH 
Any 8 Y 

tpHL 

tpLH 
AnyC Y 

tpHL 
,MpLH 

Any A y 
~tpHL 

~tpLH 
Any 8 

~tpHL 
Y 

~tpLH 
AnyC y 

~tpHL 

t Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTION DATA doc.ments ••• lli. infor ... li.n 
curr •• ' I. If publication ut •. Products conform to 
specific.tianl ,er till IlI'ma of TI.I. Instrument. 

- 55°C to 125°C 

MIN TYpt MAX 

0.22 0.44 0.95 
0.3 0.57 1.22 

0.26 0.74 1.88 
0.22 0.52 1.08 

0.3 0.67 1.56 
0.2 0.42 0.82 

0.72 2.12 4.65 
0.43 1.24 2.8 
0.71 2.1 4.6 
0.44 1.25 2.84 

0.7 2.09 4.6 
0.43 1.24 2.81 

==~~i;·;::~'li ~:~::i:: :.r-:::=::'I not 
TEXAS ." 

INSTRUMENTS 

ooe to 70°C 

TYpt 
UNIT 

MIN MAX 

0.22 0.44 0.87 

0.3 0.57 1.1 
ns 

0.27 0.74 1.71 

0.23 0.52 0.98 
ns 

0.33 0.67 1.43 
0.2 0.42 0.76 

ns 

0.77 2.12 4.27 
ns/pF 

0.46 1.24 2.53 
0.77 2.1 4.23 

ns/pF 
0.47 1.25 2.56 
0.75 2.09 4.23 

ns/pF 
0.47 1.24 2.53 
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TSC500 
SERIES 

FUNCTION TABLE 

INPUTS 

A1 A2 B1 B2 C1 C2 

H X H X X X 
X H H X X X 
H X X H X X 
X H X H X X 
H X X X H H 
X H X X H H 
L L X X X X 
X X L L L X 
X X L L X L 

BF072LJ 
AND-DR-NAND GATE 

Y = (A1 + A2)·[B1 + B2 + (C1·C2)] 
03030. APRIL 1988 

INTERNAL CELL 

OUTPUT 
y 

L 
L 
L 
L 
L 
L 
H 
H 
H 

logic symbolt 

C1-....r-.... 

C2--L._'" 

81------1 
82-----~_'" 

A1----------~_.... 

A2---------~~ 

y 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITION LOGIC EQUATION: Y = (A1+A2)·[B1+B2+(C1·C2)] 

description 
The BF072LJ cell is a 2-wide, 2-3-input sum-of-products OR-NAND gate with a dedicated 
2-input AND, 2-input OR product term. Two available inputs to the 3-input OR gate and two 
available inputs to the 2-input OR gate provide expandability for implementing customized 
product terms. When the gate is called from the engineering workstation input, the following 
label format is developed and will be captured in the design netlist: 

Label: BF072LJ A1 ,A2,B1 ,B2,C1 ,C2,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 
PARAMETER TEST CONDITIONS TYP MAX UNIT 

VT Input threshold voltage 2.2 V 

Ci Input capacitance 0.06 pF 

Cpd Equivalent power dissipation capacitance tr=tf=1ns 0.22 pF 

'RoouerlO. DATA dacu ... nts ... toi. infor .. etion ." 
'.'flllII II of pHliclti •• dltl. Prollucts conforlll to 1i _'fIca.i_ per .... or .... f r •••• I •• "....... EXAS 
~.::~ri~·{::,:; ~::\':,~i:r :'10:::::'::.0 ••• INSTRUMENTS 
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TSC500 
SERIES 

BF072LJ 
AND-OR-NAND GATE 

Y = (A1 + A2)o[B1 + 82 + (C1 oC2)] 
03030, APRIL. 1988 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 

FROM TO 
PARAMETER 

(INPUT) (OUTPUT) 

tpLH 
Any A Y 

tpHL 

tpLH 
AnyB Y 

tpHL 

tpLH 
AnyC Y 

tpHL 

~tpLH 

~tpHL 
Any A Y 

~tpLH 

~tpHL 
AnyB Y 

~tpLH 

~tpHL 
AnyC Y 

t Typical values are at VCC = 5 V, T A = 25°C. 

PRODUCTION DATA d ....... 'u.i,'i. inf ..... ti.n 
current II of public.tion dill. "lIdum conform ta 
.... ific .. i.n. per t •• "'1111 If Tilll Instrum.ntl 

- 55°C to 125°C 

MIN TYpt MAX 

0.2 0.35 0.74 

0.16 0.35 0.52 

0.29 0.69 1.7 

0.18 0.37 0.58 

0.28 1 2.69 

0.21 0.45 0.86 

0.66 2 4.41 

0.36 0.69 1.45 

0.84 2.55 5.67 

0.34 0.67 1.46 

1.01 3.08 6.82 

0.37 1.03 2.38 

:::!:~i~'r:~1i ~::i~~i:r :1~'=::a~1 nat 
TEXAS ..If 

INSTRUMENTS 

DOC to 7Doe 

TYpt 
UNIT 

MIN MAX 

0.2 0.35 0.68 

0.17 0.35 0.51 
ns 

0.3 0.69 1.55 

0.19 0.37 0.56 
ns 

0.29 1 2.45 

0.22 0.45 0.79 
ns 

0.71 2 4.05 
ns/pF 

0.37 0.69 1.3 

0.9 2.55 5.21 
ns/pF 

0.35 0.67 1.31 

1.09 3.08 6.28 
ns/pF 

0.39 1.03 2.13 
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. TSC500 
··SERIES 

BF075LJ 
AND-OR-NAND GATE 

H 
X 
X 

L 

X 
X 

Y = (A1 + A2 + A3)·[B1 + (C1·C2)] 
APRIL 1988 

INTERNAL CELL 

FUNCTION TABLE logic symbolt 

INPUTS I OUTPUT I 
A2 A3 B1 C1 C2 Y 

X X 
H X 
X H 

(Any H) 

L L 
X X 
X X 

H X 
H X 
H X 
X H 
X X 
L L 
L X 

X 
X 
X 
H 
X 
X 
L 

L 
L 
L 
L 

H 
H 
H 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = (A1 +A2+A3)·[B1 +(C1'C2)] 

description 
The BF075W cell is a 2-wide, 2-3-input sum-of-products OR-NAND gate with a dedicated 
2-input AND, 2-input OR product term. One available input to the 2-input OR gate and three 
available inputs to the 3-input OR gate provide expandability for implementing customized 
product terms. When the gate is called from the engineering workstation input, the following 
label format is developed and will be captured in the design netlist: 

Label: BF075W A1 ,A2,A3,B1 ,C1 ,C2,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 
PARAMETER TEST CONDITIONS TYP MAX UNIT 

VT Input threshold voltage 2.2 V 

Ci Input capacitance 0.06 pF 

Cpd Equivalent power dissipation capacitance tr '" tf '" 1 ns 0.23 pF 

PRODuerlO. DATA ~ ....... I ...... i. i.hlrmalio. 
.. " .... 01 p •• li ... I •• d .... Product •• o.form to 
.... ifiCltions ,. th' IIr.1 af Tlx •• Instru ... ents 

:=~~i~'{::~ ~~~:~, :.~':::::~~ lat 
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TSC500 
SERIES 

BF075LJ 
AND-OR-NAND GATE 

Y = (A1 + A2 + A3)·[B1 + (C1·C2)] 
03030, APRIL 1988 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 

FROM TO 
PARAMETER 

(INPUT) (OUTPUT) 

tpLH 
Any A Y 

tpHL 

tpLH 
B1 Y 

tpHL 

tpLH 
AnyC Y 

tpHL 

i.\tPLH 

AtPHL 
Any A Y 

AtpLH 

i.\tPHL 
B1 y 

i.\tPLH 

i.\tpHL 
AnyC Y 

t Typical values are at VCC = 5 V, fA = 25°C. 

PRODUCTION DA fA d .. u .. onll .0.lIil iolor""lio. 
current I. of publicatian dl'l. P,oducts cD.f.,. t. 
specific.tianl per the t., •• af 'III. Instrument. 

- 55°C to 125°C 

MIN TYpt MAX 

0.31 0.99 2.7 

0.19 0.39 0.69 

0.23 0.3 0.47 

0.17 0.33 0.46 

0.19 0.43 1.07 

0.2 0.4 0.69 

1 3.04 6.76 

0.33 0.72 1.63 

0.49 1.42 3.13 

0.37 0.68 1.43 

0.63 1.93 4.28 

0.37 0.96 2.15 

:=~:~~i~·t::,~li ~!::i~~ti:r :liD:'''::::~!':' IIDt 
TEXAS .., 

INSTRUMENTS 

O°C to 70°C 

TYpt 
UNIT 

MIN MAX 

0.32 0.99 2.45 

0.21 0.39 0.65 
ns 

0.23 0.3 0.45 

0.19 0.33 0.45 
ns 

0.2 0.43 0.99 

0.2 0.4 0.64 
ns 

1.07 3.04 6.22 
ns/pF 

0.34 0.72 1.46 

0.52 1.42 2.88 
ns/pF 

0.38 0.68 1.28 

0.68 1.93 3.94 
ns/pF 

0.4 0.96 1.93 

Copyright @ 1988, Texas Instruments Incorporated 
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T80500 
SERIES 

BF080LJ 
OR-AND-OR-NAND GATE 

Y = A1·{B1 + [C1·(D1 + D2)]} 

A1 

H 
H 

H 

FUNCTION TABLE 

INPUTS 

81 C1 D1 D2 

H X X X 
X H H X 
X H X H 

Any other combination 

03030, 1988 

INTERNAL CELL 

OUTPUT 

Y 

L 
L 
L 

H 

logic symbolt 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A1'{B1+[C1'(D1 +D2)]} 

descriptio" 
The BF080W cell.is a 2-wide 1-2-input sum-of-products OR-NAND gate with a dedicated 
2-input OR, and one available input each to the 2-input AND and OR gates to provide 
expandability for implementing customized product terms. When the gate is called from the 
engineering workstation input, the following label format is developed and will be captured 
in the design netlist: 

Label: BF080W A1 ,B1 ,C1 ,01 ,D2,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 
PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 

TYP MAX UNIT 

2.2 V 

0.06 pF 

0.23 pF 

PROOIiCTIOI OATA ""U .. I.II c~.lIi. i.'o,mltio. 
... root "' ., publi •• tiG. dIItl. P,oduct, •• 0'.' .. t. 
,poci'icllie .... the tor .. , ., TI .. , Inlt,u .... t, TEXAS ." 

Copyright C> 1988. Ta.a. Instruments Incorporated 
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TSC500 
SERIES 

BF080LJ 
OR-AND-OR-NAND GATE 

Y = A1·{B1 + [C1·(D1 + D2)]} 
D3030. APRIL 1988 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 

PARAMETER 
FROM TO 

(INPUT) (OUTPUT) 

tpLH 
A1 Y 

tpHL 

tpLH 
81 Y 

tpHL 

tpLH 
C1 Y 

tpHL 

tpLH 
Any 0 Y 

tpHL 

AtpLH 

AtpHL 
A1 Y 

AtpLH 

AtpHL 
81 Y 

AtpLH 

AtpHL 
C1 Y 

AtpLH 

AtpHL 
Any 0 Y 

t Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTION DATA decuments contlin information 
current .s of publicltion dlt •. Products conform to 
.peci.icltions per the terms of T 'll. Instruments 

- 55°C to 125°C 

MIN TYpt MAX 

0.21 0.27 0.38 

0.18 0.32 0.43 

0.27 0.43 0.8 

0.16 0.29 0.48 

0.26 0.68 1.63 

0.21 0.42 0.83 

0.25 0.78 1.98 

0.22 0.46 0.94 

0.38 1.02 2.19 

0.35 0.71 1.53 

0.57 1.69 3.72 

0.36 0.85 1.86 

0.69 2.05 4.48 

0.38 1.01 2.3 

1.02 3.09 6.84 

0.43 1.21 2.81 

~:~~:~~i~'r::~~~ ~~::i~~ti:r :,~o:=:::::t:::l not 
TEXAS ." 

INSTRUMENTS 

O°C to 70°C 

TYpt 
UNIT 

MIN MAX 

0.21 0.27 0.37 

0.19 0.32 0.42 
ns 

0.28 0.43 0.74 

0.17 0.29 0.46 
ns 

0.26 0.68 1.49 

0.21 0.42 0.76 
ns 

0.25 0.78 1.8 

0.23 0.46 0.86 
ns 

0.4 1.02 2.02 
ns/pF 

0.37 0.71 1.37 

0.61 1.69 3.42 
ns/pF 

0.38 0.85 1.67 

0.74 2.05 4.12 
ns/pF 

0.4 1.01 2.06 

1.1 3.09 6.29 

0.46 1.21 2.52 
ns/pF 

Copyright @ 1988, Texas Instruments Incorporated 
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TSC500 
SERIES 

FUNCTION TABLE 

INPUTS 

A1 B1 C1 C2 01 02 

H H X X X X 
H X H X H X 
H X H X X H 
H X X H H X 
H X X H X H 

Any other combination 

BF081LJ 
OR-AND-OR-NAND GATE 

Y = A1·{B1 + [(C1 + C2)·(D1 + D2)]} 
03030. APRIL 1988 

INTE.RNAL CELL 

OUTPUT 

Y 

L 
L 
L 
L 
L 
H 

logic symbolt 

oo~ 01 

C2 

Cl 

~~ y 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A1'{B1 +[(C1 +C2)'(D1 +D2)]} 

description 
The BF081 W cell is a 2-wide 1-2-input sum-of-products OR-NAND gate with a dedicated 
2-input OR, dual 2-input OR, and one available input to the 2-input OR gate to provide 
expandability for implementing customized product terms. When the gate is called from the 
engineering workstation input, the following label format is developed and will be captured 
in the design netlist: 

Label: BF081 LJ A1 ,B1 ,C1 ,C2,D1 ,D2,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 
PARAMETER TEST CONDITIONS TYP MAX UNIT 

VT Input threshold voltage 2.2 V 

Ci Input capacitance 0.06 pF 

Cpd Equivalent power dissipation capacitance tr=tf=1ns 0.23 pF 

PROOUeTlO. DATA .... m.nl. cont.in inlormatio. " 
cur,.., u of p.~Uati •• ~.t •. Products conform 10 11 
_ilicati ••• pm Ib IIrm. 01 TI ••• I •• 'rum •• ,. EXAS 
:=~~~·:::I':.7i ~:::~'i:r t.l';~::::'::.' nol INSTRUMENTS 
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TSC500 
SERIES 

BF081LJ 
OR-AND-OR-NAND GATE 

Y = A1·{B1 + [(C1 + C2)·(D1 + D2)]} 
03030. APRIL 1966 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 

PARAMETER 
FROM TO - 55·C to 125·C 

(INPUT) (OUTPUT) MIN TYpt MAX 

tpLH 
A1 Y 

0.21 0.27 

tpHL 0.18 0.33 

tpLH 
81 Y 

0.29 0.45 

tpHL 0.16 0.3 

tpLH 
AnyC 

0.31 1.07 
Y 

tpHL 0.21 0.45 

tpLH 
Any 0 Y 

0.27 0.8 

tpHL 0.21 0.43 

~tpLH 0.4 1.1 
A1 Y 

~tpHL 0.37 0.73 

~tpLH 
81 Y 

0.65 1.99 

~tpHL 0.37 0.9 

~tpLH 
AnyC Y 

1.01 3.05 

~tpHL 0.39 1.08 

~tpLH 
Any 0 Y 

1.01 3.05 

~tpHL 0.4 1.09 

t Typical values are at VCC = 5 V, T A = 25·C. 

PROOUCTIOI DATA d ••• mlnll ... lli.I.lormoti •• 
curr •• t II If pullliCltila dl1l. P,.dlctl coliform to 
aptCificlti.l. per the t.rm. of TI.I. II'trumuti 

==~~i~.{::I~7e ~:~:~ti:r :I~'::::::~:I~ not 
TEXAS ~ 

INSTRUMENTS 

0.39 

0.44 

0.87 

0.51 

2.77 

0.94 

2 

0.85 

2.35 

1.55 

4.43 

1.95 

6.75 

2.46 

6.78 

2.5 

O·C to 70·C 

TYpt 
UNIT 

MIN MAX 

0.21 0.27 0.38 

0.2 0.33 0.43 
ns 

0.29 0.45 0.8 

0.17 0.3 0.47 
ns 

0.32 1.07 2.49 

0.22 0.45 0.85 
ns 

0.28 0.8 1.81 

0.22 0.43 0.78 
ns 

0.43 1.1 2.16 
ns/pF 

0.38 0.73 1.39 

0.7 1.99 4.07 
ns/pF 

0.4 0.9 1.75 

1.09 3.05 6.20 
ns/pF 

0.42 1.08 2.22 

1.09 3.05 6.23 
ns/pF 

0.43 1.09 2.25 

Copyright C> 1988. Toxa. Instruments Incorporated 

POST OFFICE BOX 655012 • DALLAS, TEXAS 75285 6-111 



TSC500 
SERIES 

FUNCTION TABLE 

INPUTS 

A1 B1 B2 C1 D1 D2 

H H H X X X 
H X X H H X 
H X X H X H 

Any other combination 

BF082LJ 
OR-AND-OR-NAND GATE 

Y = A1-{(B1-B2) + [C1-(D1 + D2)]} 
03030. APRIL 1988 

INTERNAL CELL 

OUTPUT 

V 
L 
L 

L 

H 

logic symbolt 

.,~ D1 

Cl 

:: ' 
t This symbol is in accordance with ANSI/IEEE 

Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A1'{(B1'B2)+[C1'(D1 +D2)]} 

description 
The BF082W cell is a 2-wide 1-2-input sum-of-products OR-NAND gate with a dedicated 
2-input OR, 2-input AND, and one available input to the 2-input AND gate to provide 
expandability for implementing customized product terms. When the gate is called from the 
engineering workstation input, the following label format is developed and will be captured 
in the design netlist: 

Label: BF082W A1 ,B1 ,B2,C1 ,01 ,D2,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°C 
PARAMETER TEST CONDITIONS TVP MAX UNIT 

VT Input threshold voltage 2.2 V 

Ci Input capacitance 0.06 pF 

Cpd Equivalent power dissipation capacitance tr=tf=1ns 0.26 pF 

'ROOUCTIO. OATA da ...... I •••• I.i. in'.'OIOIi.. " 
current II of "I •• ieation dill. Productl conform to 1i 
.p .. ili •• li ....... lhe ter ••• , T .... Inll, ••• nts EXAS 
::'~=~~i~·:.':::.7i ~=:~Ii:r :'1-:,o;:,:~~~·01 INSTRUMENTS 
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TSC500 
SERIES 

BF082LJ 
OR·AND-OR-NANDGATE 

Y = A1'{(B1'B2) + [C1'(D1 + D2)]} 
03030, APRIL 1988 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 

PARAMETER 
FROM TO - 55°C to 125°C 

(INPUT) (OUTPUT) MIN TYpt MAX 

tpLH 
Al Y 

0.21 0.28 

tpHL 0.21 0.36 

tpLH 
AnyB Y 

0.26 0.48 

tpHL 0.18 0.37 

tpLH 
Cl y 0.24 0.5 

tpHL 0.25 0.48 

tpLH 
Any 0 Y 

0.28 0.9 

tpHL 0.21 0.54 

~tpLH 
Al Y 

0.37 1.01 

~tpHL 0.37 0.84 

~tpLH 
AnyB Y 

0.57 1.7 

~tpHL 0.42 1.22 

~tpLH 
Cl y 0.53 1.56 

~tpHL 0.39 1.07 

~tpLH 
Any 0 y 0.84 2.54 

~tpHL 0.44 1.25 

t Typical values are at V CC = 5 V, T A = 25°C. 

PROOUCTIOI DATA doc.o .. Ollo.OI.io iO"'''.lion 
...... 1 .1 0' pulolio.lioo dll •. P,od_ •• 0""" 10 

:r::~::'!::~:: .t~~7.:r.:fp~:i~:~r::·:!~ 
nlCt ••• ,il, iIlCIU~' tnting af .11 p.r ..... t.r •. 

. TEXAS'" 
INSTRUMENTS 

0.43 

0.52 

1.04 

0.71 

1.1~ 

0.95 

2.26 

1.28 

2.15 

1.83 

3.73 

2.8 

3.37 

2.42 

5.60 

2.88 

O°C to 70°C 

MIN TYpt UNIT 
MAX 

0.21 0.28 0.41 

0.23 0.36 0.5 
ns 

0.26 0.48 0.96 

0.18 0.37 0.65 
ns 

0.24 0.5 1.02 

0.26 0.48 0.87 
ns 

0.3 0.9 2.04 

0.22 0.54 1.15 
ns 

0.4 1.01 1.98 
ns/pF 

0.39 0.84 1.65 

0.61 1.7 3.43 
ns/pF 

0.46 1.22 2.52 

0.57 1.56 3.12 
ns/pF 

0.42 1.07 2.18 

0.9 2.54 5.17 
ns/pF 

0.47 1.25 2.59 
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. TSC500 
SERIES 

FUNCTION TABLE 

INPUTS 

A1 A2 A3 B1 C1 01 02 

H X X H X X X 
X H X H X X X 
X X H H X X X 

(Any H) X H H X 
(Any H) X H X H 

Any other combination 

BF088LJ 
OR-ANO-OR-NANO GATE 

Y = (A1 + A2 + A3)-{B1 + [C1-(01 + 02)]} 
03030, APRIL 1988 

INTERNAL CELL 

OUTPUT 

Y 
L 
L 
L 
L 
L 
H 

logic symbolt 
D2 

D1 

c1-----IL~ 

B1------~'--~ 

A3=====::[) A2 
A1 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

y 

POSITIVE LOGIC EQUATION: Y = (A1 +A2+A3)'{B1 +[C1'(D1 +D2)]} 

description 
The BF088LJ cell is a 2-wide 2-3-input sum-of-products OR-NAND gate with a dedicated 
2-input OR, and one available input each to the 2-input AND and OR gates to provide 
expandability for implementing customized product terms. When the gate is called from the 
engineering workstation input, the following label format is developed and will be captured 
in the design netlist: 

Label: BF088LJ A 1 ,A2,A3,B1 ,C1 ,01 ,D2,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e (unless otherwise noted) 
PARAMETER TEST CONDITIONS TYP MAX UNIT 

Vr Input threshold voltage 2.2 V 
Ci Input capacitance 0.06 pF 

Cpd Equivalent power dissipation capacitance tr =tf=1ns 0.26 pF 

PROOUeTiO. DATA _IMIIIa ••• lIi. information 
currlllt I. If pulicltioll da'i. Pradlilis COliform to 
~.i •• I ..... the terms If Ta ••• Instruments TEXAS ..If 

INSTRUMENTS 
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TSC500 
SERIES 

BF088LJ 
OR-AND-OR-NAND GATE 

Y = (A1 + A2 + A3)-{B1 + [C1-(D1 + D2)]} 
D3030. APRIL 1988 

switching characteristics over recommended ranges of supply voltage and operating free-· 
air temperature (unless otherwise noted), CL = 0 

FROM TO - SS·C to 12S·C O·Cto 70·C 
PARAMETER 

TYpt TYpt 
UNIT 

(INPUT) (OUTPUT) MIN MAX MIN MAX 

tpLH 
Any A Y 

0.23 0.55 1.49 0.24 0.55 1.35 

0.58 
ns 

tpHL 0.17 0.37 0.62 0.19 0.37 

tpLH 
81 Y 

0.3 0.58 1.2 0.31 0.58 1.11 

0.38 0.2 0.53 
ns 

tpHL 0.19 0.55 0.38 

tpLH 
C1 y 0.26 0.7 1.64 0.27 0.7 1.52 

0.25 0.45 0.69 
ns 

tpHL 0.24 0.45 0.74 

tpLH 0.35 1.27 3.27 0.37 1.27 2.97 
Any 0 Y 

0.47 0.86 
ns 

tpHL 0.24 0.47 0.94 0.25 

6.tpLH 1.02 3.16 7.03 1.1 3.16 6.47 
ns/pF Any A Y 

1.67 0.38 0.75 1.5 6.tpHL 0.37 0.75 

6.tpLH 
81 y 0.54 1.6 3.52 0.58 1.6 3.24 

ns/pF 
6.tpHL 0.34 0.59 1.24 0.35 0.59 1.11 

6.tpLH 
C1 y 0.65 1.92 4.26 0.7 1.92 3.88 

ns/pF 
6.tpHL 0.34 0.74 1.65 0.35 0.74 1.48 

6.tpLH 1 2.98 6.6 1.07 2.98 6.1 
ns/pF Any 0 Y 

2.19 6.tpHL 0.28 0.92 2.42 0.3 0.92 

t Typical values are at VCC = 5 V. TA = 25·C. 

PROOUCTIOI OATA doc ........... i. inll .... li •• 
carnat II af p ••• icetiDD ..... PnMlvets confarm t. 
IPlCifiCltilRI per the ...... If TIXII Inlln._ll 

:=i~.[::I-::z. ~=:i:r :'~':::::~III.t 
TEXAS ." 

INSTRUMENlS 
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TSC500 
SERIES 

FUNCTION TABLE 

INPUTS OUTPUT 

A B Y 

L L H 
L H L 

H L L 

H H H 

EN210LJ 
2-INPUT EXCLUSIVE-NOR GATE 

APRIL 1988 

INTERNAL CELL 

logic symbolt 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATIONS: Y = A <±5 B = AB + AB 

description 
The EN210W cell is a minimum-size, 2-input exclusive-NOR gate. When the gate is called 
from the engineering workstation input, the following label format is developed and will be 
captured in the design netlist: 

Label: EN210WA,B,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as ~ part of the TSC500 Series Data. . 

electrical characteristics, Vec = 5 V, TA = 25°C 

PARAMETER TEST CONDITIONS TYP MAX UNIT 

VT Input threshold voltage 2.2 V 

Ci Input capacitahce 0.17 pF 

Cpd Equivalent power dissipation capacitance tr = tt=; 1 ns 0.52 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 

FROM TO ." -55°C to 125°C O°C to 70°C 
PARAMETER 

(INPUT) (OUTPUT) TYP* TYp.* 
UNIT 

MIN fJ!AX MIN MAX 

tpLH 
A,B Y 

0.23 0.47 1.08 0.23 0.47 0.98 
ns 

tpHL 0.16 0.32 0.63 0.17 0.32 0.59 

6.tPLH 
A,B Y 

0.65 1.96 4.31 0.7 1.~6 3.97 
ns/pF 

6.tPHL 0.37 0.91 1.97 0.39 0.91 1.77 

* Typical values are at V CC = 5 V, T A = 25°C. 

PRoliilcTIOI DATA ........ , •••• lIi. i.,.; ... ,;o. ,If 
•• "on' •• of puli.lli .. H'". P,.d ....... 1., .. to UEXAS . ~ 
iptCificltianl per the _1111 af T 1.1. Instru .... ts 

:'=~~·{::I:r. ~:3:~'i:r :':'::::::.::.~ na' IN STRUMENlS 
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TSC500 
SERIES 

FUNCTION TABLE 

INPUTS OUTPUT 

A B Y 

L L L 

L H H 

H L H 

H H L 

EX210LJ 
2-INPUT EXCLUSIVE-OR GATE 

03030. APRIL 1988 

INTERNAL CELL 

logic symbolt 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATIONS: Y = A <:B B = A'B + A'S 

description 
The EX210W cell is a minimum-size, 2-input exclusive-OR gate. When the gate is called 
from the engineering workstation input, the following label format is developed and will be 
captured in the design netlist: 

Label: EX21 OW A,B,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 

PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitance tr=tf=1ns 

TYP MAX UNIT 

2.2 V 

0.08 pF 

0.36 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 

FROM TO -55°C to 125°C O°C to 70°C 
PARAMETER 

(INPUT) (OUTPUT) TYp:J: TYp:J: 
UNIT 

MIN MAX MIN MAX 

tpLH 
A,B y 0.21 0.44 0.86 0.22 0.44 0.79 

0.54 
ns 

tpHL 0.13 0.54 1.3 0.16 1.19 

~tpLH 
A,B Y 

0.4 1.09 2.3 0.44 1.09 2.12 
ns/pF 

~tpHL 0.4 0.88 1.86 0.4 0.88 1.68 

:J: Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTION DATA .... um •• t •••• tli. i.formlti.. ." 
current •• of publicltion da'i. PrDducts conform '0 T. 
spHific.lianl per .11. tenn. of TIIII Instru .... nts I EXAS 
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TSC500 
SERIES 

EX220LJ 
2-INPUT EXCLUSIVE-OR GATE 

WITH 2X OUTPUT 

FUNCTION TABLE 

INPUTS OUTPUT 

A B Y 
L L L 

L H H 

H L H 

H H L 

D3030, APRIL 1988 

INTERNAL CELL 

logic symbolt 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATIONS: Y = A (f) B = A'B + A'S 

description 
The EX220LJ cell is a 2-input exclusive-OR gate featuring twice the capacitive-drive 
capability when compared to the EX21 OLJ exclusive-OR gate. When the gate is called from 
the engineering workstation input, the following label format is developed and will be 
captured in the design netlist: 

Label: EX220LJ A,B,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 

PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitance tr=tf=1ns 

TYP MAX UNIT 

2.2 V 

0.08 pF 

0.53 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 

FROM TO 
PARAMETER 

(INPUT) (OUTPUT) 

tpLH 
A,B Y 

tpHL 

I1tpLH 

I1tpHL 
A,B Y 

* Typical values are at VCC = 5 V, T A = 25°C. 

PROOUCTIOI DATA do •• m •• tl .o.tli. i.formatio. 
a.rrut ... f , ... Iieatio. dlte. Produc •• canfar. to 
lpecificatil" per the terml af TI.I. Instrumlnts 

-55°C to 125°C 

MIN TYP* MAX 

0.02 0.51 0.99 

0.14 0.52 1.26 

0.2 0.52 1.14 

0.2 0.6 1.36 

:~~=:~~~·i~r:.:r. ~=:~ti~n :.r:::=~~ Rat 

TEXAS ." 
INSTRUMENTS 

O°C to 70°C 

TYP* 
UNIT 

MIN MAX 

0.2 0.51 0.93 

0.13 0.52 1.17 
ns 

0.22 0.52 1.04 
ns/pF 

0.24 0.6 1.24 

Copyright @ 1988. Texas Instruments Incorporated 
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TSC500 
SERIES 

FUNCTION TABLE 

INPUTS OUTPUT 

A B V 
L L L 

L H H 

H L H 

H H L 

EX240LJ 
2-INPUT EXCLUSIVE-OR GATE 

WITH 4X OUTPUT 
03030, APRIL 1988 

INTERNAL CEll 

logic symbolt 

:=O-v 
t This symbol is in accordance with ANSI/IEEE 

Std 91-1984. 

POSITIVE LOGIC EQUATIONS: V = A <±) B = A'B + AS 

description 
The EX240LJ cell is a 2-input exclusive-OR gate featuring four times the capacitive-drive 
capability when compared to the EX21 OLJ exclusive-OR gate. When the gate is called from 
the engineering workstation input, the following label format is developed and will be 
captured in the design netlist: 

Label: EX240W A,B,V; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, T A = 25°e 

PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitance tr =tf=1ns 

TVP MAX UNIT 

2.2 V 

0.08 pF 

1.06 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 

PARAMETER 
FROM TO -55·C to 125·C O·C to 70·C 

UNIT 
(INPUT) (OUTPUT) MIN TVP:j: MAX MIN TVP:j: MAX 

tPLH 
A,B V 

0.23 0.64 1.31 0.25 0.64 1.21 
ns 

tpHL 0.14 0.63 1.48 0.15 0.63 1.38 

LltpLH 
A,B Y 

0.12 0.28 0.64 0.12 0.28 0.58 
ns/pF 

LltpHL 0.12 0.4 1 0.14 0.4 0.9 

:j: Typical values are at V CC = 5 V, T A = 25·C. 

PRODUCTION DATA do •• mO.11 .0.loi. i.formllio. • 
current I. of publication data. Praducts conform to 11 
specificatians par the tarms of Tlxlslnstruments EXAS 
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TSC500 
SERIES 

NA210LJ 
2-INPUT POSITIVE-NAND GATE 

APRIL 1988 

INTERNAL CELL 

logic symbolt 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATIONS: Y = A·B = A+B 

description 
The NA21 OW cell is a minimum-size, 2-input positive-NAND gate. When the gate is called 
from the engineering workstation input, the following label format Is developed and will be 
captured in the design netlist: 

Label: NA21 OLJ A,B,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, T A = 25°e 

PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitance tr=tf=1ns 

TYP MAX UNIT 

2.2 V 

0.05 pF 

0.19 pF 

switching characteristics over recommended ranges of supply voltage and operating free· 
air temperature (unless otherwise noted), eL = 0 

FROM TO -55·C to 125·C 
PARAMETER 

TYp:I: (INPUT) (OUTPUT) MIN MAX 

tpLH 
A,B Y 

0.2 0.29 0.46 

tpHL 0.21 0.32 0.49 

AtpLH 0.38 1.14 2.66 
A,B Y 

0.99 2.2 AtpHL 0.4 

:I: Typical values are at VCC = 5 V, TA = 25·C. 

PRDDUCTIDI DAn d ....... to ... t.;. iolo .... tio. 
curre.' H If pI •• icatian dlta. Producta conform to 
specificatilnl ... the terml of TIll. Instrumants 

:=:~ri~'i~:=i ~:~:~ti:r ~;::~~~ not 

TEXAS .., 
INSTRUMENTS 

O·C to 70·C 
UNIT 

TYp:I: MIN MAX 

0.21 0.29 0.44 

0.22 0.32 0.46 
ns 

0.4 1.14 2.46 
ns/pF 

0.42 0.99 1.98 

Copyright C> 1988. Texas Instruments Incorporated 
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TSC500 
SERIES 

NA220LJ 
2-INPUT POSITIVE-NAND GATE 

WITH 2X OUTPUT 
APRIL 1988 

INTERNAL CELL 

FUNCTION TABLE logic symbolt 
INPUTS 

A B 

H H 

L X 
X L 

OUTPUT 

Y 
L 

H 

H t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATIONS: Y = A·B = A+B 

description 
The NA220LJ cell is a 2-input positive-NAND gate featuring twice the capacitive-drive 
capability when compared to the NA210LJ NAND gate. When the gate is called from the 
engineering workstation input, the following label format is developed and will be captured 
in the design netlist: 

Label: NA220LJ A,B,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 

PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitance tr =tf=1ns 

TYP MAX UNIT 

2.2 V 

0.12 pF 

0.38 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 

FROM TO -55°C to 125°C O°C to 70°C 
PARAMETER 

(INPUT) (OUTPUT) TYp:I: TYp:I: 
UNIT 

MIN MAX MIN MAX 

tpLH 
A,B Y 

0.16 0.27 0.42 0.16 0.27 0.4 
ns 

tpHL 0.11 0.29 0.47 0.13 0.29 0.45 

IltpLH 0.22 0.5 1.08 0.24 0.5 1 
A,B Y ns/pF 

IltPHL 0.28 0.48 1.02 0.28 0.48 0.9 

:I: Typical I(alues are at VCC = 5 V, TA = 25°C. 

PRODUCTION DATA -documents contain information 
cur~ent ~s of publication date. Products conform to 
specifications per the terms· of Texas Instruments TEXAS ." 

Copyright © 1988, Texas Instruments Incorporated 
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TSC500 
SERIES 

NA230LJ 
2-INPUT POSITIVE-NAND GATE 

WITH 3X OUTPUT 

L 

X 

X 

L 

H 

H 

INTERNAL CELL 

logic symbolt 

:=O-v 
t This symbol is in accordance with ANSI/IEEE 

Std 91-1984. 

POSITIVE LOGIC EQUATIONS: Y = A·B = A+B 

description 
The NA230W cell is a 2-input positive-NAND gate featuring three times the capacitive-drive 
capability when compared to the NA210W NAND gate. When the gate is called from the 
engineering workstation input, the following label format is developed and will be captured 
in the design netlist: 

Label: NA230W A,B,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 

PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 

TYP MAX UNIT 

2.2 V 

0.18 pF 

0.56 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 

FROM TO -55°C to 125°C 
PARAMETER 

(INPUT) (OUTPUT) TYP* MIN MAX 

tpLH 
A,B Y 

0.14 0.28 0.45 

tpHL 0.1 0.27 0.46 

IltpLH 
A,B Y 

0.18 0.35 0.76 

IltpHL 0.18 0.34 0.68 

* Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTION DATA documonts contain information 
currant as of publication date. Products conform to 
specifications per the terms of Texas Instruments 

::~~:~~i~ai~:I~tzi ~!:~~~ti:r :IIO:=::~:;s~S not TEXAS • 
INSTRUMENlS 

O°C to 70°C 

TYP* 
UNIT 

MIN MAX 

0.15 0.28 0.43 

0.11 0.27 0.42 
ns 

0.18 0.35 0.7 
ns/pF 

0.2 0.34 0.62 

Copyright @ 1988, Texas Instruments Incorporated 
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TSC500 
SERIES 

NA240LJ 
2-INPUT POSITIVE-NAND GATE 

WITH 4X OUTPUT 
APRIL 1988 

INTERNAL CELL 

FUNCTION TABLE logic symbolt 
INPUTS 

A B 

H H 

L X 

X L 

OUTPUT 
y 

L 

H 

H 

:=O-v 
t This symbol is in accordance with ANSI/IEEE 

Std 91-1984. 

POSITIVE LOGIC EQUATIONS: Y = A·B = A+B 

description 
The NA240W cell is a 2-input positive-NAND gate featuring four times the capacitive-drive 
capability when compared to the NA210W NAND gate. When the gate is called from the 
el1gineering workstation input, the following label format is developed and will be captured 
in the design netlist: 

Label: NA240W A,B,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 

PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitance tr=tf=1ns 

TYP MAX UNIT 

2.2 V 

0.25 pF 

0.78 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 

FROM TO -55·C to 125·C o·Cto 70·C 
PARAMETER UNIT 

(INPUT) (OUTPUT) MIN TYp:j: MAX MIN TYp:j: MAX 

tpLH 
A,B 

0.14 0.25 0.44 0.14 0.25 0.42 
Y ns 

tpHL 0.08 0.24 0.47 0.08 0.24 0.44 

~tpLH 
A,B y 0.12 0.28 0.52 0.14 0.28 0.48 

ns/pF 
~tpHL 0.14 0.27 0.48 0.16 0.27 0.44 

:I: Typical values are at VCC = 5 V. TA = 25·C. 

PRODUCTION DATA documents contain information ~ 
current as of publication date. Products conform to T. ~ 
specifications per the terms of Texas Instruments I EXA.S 
:~~:::~~i~ar::1~1~ ~!:~~~i:: ~IO:=:::::t::S~ not INSTRUMENTS 

Copyright © 1988, Texas Instruments Incorporated 
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TSC500 
SERIES 

NA260LJ 
2-INPUT POSITIVE-NAND GATE 

. WITH 6X OUTPUT 

FUNCTION TABLE 

INPUTS OUTPUT 

A B Y 

H H L 

L X H 

X L H 

APRIL 1988 

INTERNAL CELL 

logic symbolt 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATIONS: Y = A·B = A+B 

description 
The NA260W cell is a 2-input positive-NAND gate featuring six times the capacitive-drive 
capability when compared to the NA210W NAND gate. When the gate is called from the 
engineering workstation input, the following label format is developed and will be captured 
in the design netlist: 

Label: NA260W A,B,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, T A = 25°e 

PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitance tr=tf=1ns 

TYP MAX UNIT 

2.2 V 

0.37 pF 

1.14 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 

FROM TO -55°C to 125°C 
PARAMETER 

(INPUT) (OUTPUT) TYp:j: MIN MAX 

tpLH 
A,S Y 

0.13 0.23 0.41 

tpHL 0.08 0.22 0.45 

.:1tpLH 
A,S y 0.08 0.02 0.36 

.:1tPHL 0.12 0.22 0.36 

:j: Typical values are at VCC = 5 V, T A = 25°C. 

PRODUCTION DATA documants contain information 
current I. of publication date. Products conform to 
spacifications par the terms of Taxas Instruments 

::~~:~~i~air::1~1~ ~!:~~~ti:; :1~O::~:::::t::I~ not TEXAS ", 
INSTRUMENTS 

DOC t07DoC 

1Yp:j: 
UNIT 

MIN MAX 

0.13 0.23 0.4 

0.09 0.22 0.43 
ns 

0.08 0.2 0.32 
ns/pF 

0.12 0.22 0.3 

Copyright © 1988, Texas Instruments Incorporated 
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TSC500 
SERIES 

NA310LJ 
3-INPUT POSITIVE-NAND GATE 

03030, APRIL 1988 

INTERNAL CELL 

FUNCTION TABLE logic symbolt 
INPUTS OUTPUT 

A B C y 

H H H L 

L X X H 

X L X H 

X X L H t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATIONS: Y = A·B·C = A+B+C 

description 
The NA31 OW cell is a minimum-size, 3-input positive-NAND gate. When the gate is called 
from the engineering workstation input, the following label format is developed and will be 
captured in the design netlist: 

Label: NA31 OW A,B,C,Y; 

absolute malelmum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 

PARAMETER TEST CONDITIONS 

VT Inpul threshold voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitance Ir = If = 1 ns 

TYP MAX UNIT 

2.2 V 

0.05 pF 

0.19 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 

FROM TO -55°C to 125°C O°C to 70°C 
PARAMETER 

(INPUT) (OUTPUT) TYp:I: TYp:I: 
UNIT 

MIN MAX MIN MAX 

tpLH 
A,B,C y 0.2 0.34 0.65 0.21 0.34 0.61 

ns 
tpHL 0.21 0.35 0.68 0.23 0.35 0.63 

~tpLH 
A,B,C y 0.42 1.29 3.26 0.44 1.29 3 

ns/pF 
~tpHL 0.46 1.32 3.04 0.48 1.32 2.74 

:I: Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTION DATA do.umenls .ontain information ." 
currant as of publication data. Products conform to liEXAS ~ 
specifications PII' the terms of rexas Instruments 

:~~~:~~i~ar::I':.'.1i ~::3~:i:r :llo::~:::::t~:'.~S not INSTRUMENTS 

Copyright otl 1988, Texas Instruments Incorporated 
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TSC500 
SERIES 

NA320LJ 
3-INPUT POSITIVE-NAND GATE 

WITH 2X OUTPUT 

A 

H 

L 

X 
X 

FUNCTION TABLE 

INPUTS OUTPUT 

B C y 

H H L 

X X H 

L X H 

X L H 

APRIL 1988 

INTERNAL CELL 

logic symbolt 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATIONS: V = A·B·C = A+B+C 

description 
The NA320W cell is a 3-input positive-NAND gate featuring twice the capacitive-drive 
capability when compared to the NA310W NAND gate. When the gate is called from the 
engineering workstation input, the following label format is developed and will be captured 
in the design netlist: 

Label: NA320W A,B,C,V; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, T A = 25°e 

PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitance tr =tf=1ns 

TYP MAX UNIT 

2.2 V 

0.12 pF 

0.37 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 

FROM TO -55°C to 125°C 
PARAMETER 

(INPUT) (OUTPUT) TYP* MIN MAX 

tpLH 
A,B,C Y 

0.16 0.31 0.54 

tpHL 0.15 0.33 0.59 

dtPLH 
A,B,C 

0.22 0.55 1.24 y 
dtpHL 0.26 0.61 1.42 

* Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTION DATA documents contain information' 
currant IS of publication date. Products conform to 
specifications par the terms of Texas Instruments 

:~~~~:~~i~at::1~1~ ~!:~~~ti:r :1~D::~:::::t::s~ not TEXAS • 
INSTRUMENTS 

O°C to 70°C 

TYP* 
UNIT 

MIN MAX 

0.18 0.31 0.51 

0.17 0.33 0.55 
ns 

0.24 0.55 1.14 
ns/pF 

0.26 0.61 1.28 

Copyright © t 988, Texas Instruments Incorporated 
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TSC500 
SERIES 

NA330LJ 
3-INPUT POSITIVE·,NAND GATE 

WITH 3X OUTPUT 

A 

H 

L 

X 

X 

FUNCTION TABLE 

INPUTS OUTPUT 

B C y 

H H L 

X X H 

L X H 

X L H 

APRIL 1988 

INTERNAL CELL 

logic symbolt 

t This symbol is in accordance with ANSI/IEEE 
Std 91·1984. 

POSITIVE LOGIC EQUATIONS: Y = A·B·C = A+B+C 

description 
The NA330LJ cell is a 3-input positive-NAND gate featuring three times the capacitive-drive 
capability when compared to the NA310LJ NAND gate. When the gate is called from the 
engineering workstation input, the following label format is developed and will be captured 
in the design netlist: 

Label: NA330LJ A,B,C,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 

PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitance tr =tf=1ns 

TYP MAX UNIT 

2.2 V 

0.17 pF 

0.56 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 

FROM TO -55°C to 125°C O°C to 70°C 
PARAMETER 

(INPUT) (OUTPUT) TYp:I: TYp:I: 
UNIT 

MIN MAX MIN MAX 

tpLH 
A,B,C Y 

0.16 0.33 0.54 0.16 0.33 0.52 
ns 

tpHL 0.12 0.33 0.6 0.14 0.33 0.55 

AtpLH 
A,B,C y 0.18 0.36 0.82 0.18 0.36 0.74 

ns/pF 
AtpHL 0.22 0.42 0.94 0.22 0.42 0.84 

:I: Typical values are at V CC = 5 V, T A = 25°C. 

PRODUCTION DATA documents contain information ." 
currant 8S of publication date. Products conform to 11 ~ 
specifications per the terms of Texas Instruments EXAS 
~~~~~:~~i~ar::,~1~ ~!::i~~ti:r :'~O::~:~:t::s~S not INSTRUMENTS 

Copyright @ 1988, Texas Instruments Incorporated 
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TSC500 
SERIES 

NA340LJ 
3-INPUT POSITIVE-NAND GATE 

WITH 4X OUTPUT 

A 

H 

L 

X 
X 

FUNCTION TABLE 

INPUTS OUTPUT 

B C y 

H u L 
" 

X X H 

L X H 

X L H 

D3030, APRIL 1988 

INTERNAL CELL 

logic symbolt 

t This symbol is in accordance with ANSI/IEEE 
Std 91·1984. 

POSITIVE LOGIC EQUATIONS: Y = A·B·C = A+B+C 

description 
The NA340W cell is a 3-input positive-NAND gate featuring four times the capacitive-drive 
capability when compared to the NA310W NAND gate. When the gate is called from the 
engineering workstation input, the following label format is developed and will be captured 
in the design netlist: 

Label: NA340LJ A,B,C,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, T A = 25°e 

PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 

TVP MAX UNIT 

2.2 V 

0.23 pF 

0.74 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 

FROM TO 
PARAMETER 

(INPUT) (OUTPUT) 

tpLH 
A,B,C Y 

tpHL 

LltpLH 

LltpHL 
A,B,C Y 

:J: Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTION DATA do.umo.ts .o.toi. i.formatio. 
current 8S of publication date, Products conform to 
specifications par the tarms of Tex8. Instrument. 

-55°C to 125°C 

MIN TVP:J: MAX 

0.15 0.32 0.55 

0.12 0.31 0.57 

0.14 0.29 0.64 

0.14 0.32 0.72 

::C~~:~~i~at::I~~e ~~:~~~ti:f :Ir:=::::~:~~s nat 
TEXAS ." 

INSTRUMENTS 

O°C to 70°C 

TVP:J: 
UNIT 

MIN MAX 

0.16 0.32 0.53 

0.13 0.31 0.54 
ns 

0.14 0.29 0.58 
ns/pF 

0.16 0.32 0.64 

Copyright @ '988, Texas Instruments Incorporated 
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TSC500 
SERIES 

FUNCTION TABLE 

NA410LJ 
4-INPUT POSITIVE-NAND GATE 

APRIL 1988 

INTERNAL CELL 

logic symbolt 
INPUTS OUTPUT 

~A~--B=---~C--~D~ Y 

H H H H L 

Any other combination H 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = AB·C'D = A+B+C+D 

description 
The NA410LJ cell is a minimum-size, 4-input positive-AND gate. When the gate is called 
from the engineering workstation input, the following label format is developed and will be 
captured in the design netlist: 

Label: NA410LJ A,B,C,D,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 

PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Cj Input capacitance 

Cpd Equivalent power dissipation capacitance tr=tf=1ns 

TYP MAX UNIT 

2.2 V 

0.05 pF 

0.19 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 

FROM TO -SS'C to 12S'C O'C to 70'C 
PARAMETER 

(INPUT) (OUTPUT) TYP* TYP* 
UNIT 

MIN MAX MIN MAX 

tpLH 
A,B,C,D 

0.22 0.4 0.78 0.22 0.4 0.73 
Y 

0.21 0.4 0.93 0.22 0.4 0.85 
ns 

tpHL 

.6.tPLH 
A,B,C,D y 0.4 1.45 3.96 0.44 1.45 3.64 

ns/pF 
.6.tPHL 0.52 1.64 3.84 0.56 1.64 3.46 

* Typical values are at Vee = 5 V, TA = 25·C. 

PROOUCTION DATA documents conteinlnformetion 
turrent as of publicatioR datI. Products conform to 
specifications per the terms of rexas Instruments 
standard warranty. Production processing doas not 
n,~,ss8rilY include tasting of .11 parameta,s. 

TEXAS ." 
Copyright @ 1988, Texas Instruments Incorporated 

INSTRUMENTS 
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TSC500 
SERIES 

NA420LJ 
4-INPUT POSITIVE-NAND GATE 

WITH 2X OUTrUT 
APRIL 1988 

INTERNAL CELL 

FUNCTION TABLE logic symbolt 
INPUTS OUTPUT 

I--A:----::B:----::C:----=O:-l y 

H H H H L 

Any other combination H 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = AS·C·D = A+B+C+D 

description 
The NA420W cell is a 4-input positive-NAND gate featuring twice the capacitive-drive 
capability when compared to the NA410W NAND gate. When the gate is called from the 
engineering workstation input, the following label format is developed and will be captured 
in the design netlist: 

Label: NA420W A,S,C,D,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 

PARAMETER TEST CONOITIONS 

VT Input threshold voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitance tr=tf=1ns 

TYP MAX UNIT 

2.2 V 

0.12 pF 

0.39 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 

FROM TO -55·C to 125·C 
PARAMETER 

(INPUT) (OUTPUT) TYp:J: MIN MAX 

tpLH 
A,B,C,D Y 

0.21 0.37 

0.38 tpHL 0.18 

AtpLH 
A,B,C,D Y 

0.22 0.63 

AtpHL 0.26 0.77 

:j: Typical values are at VCC = 5 V, TA = 25·C. 

PRODUCTION DATA d •• uments •• ntain inf.rmati •• 
currant as of publication date. Products conform to 
specifications par the terms of TexIS Instruments 

~:~~:=i~at::I~~i ~!:~~~ti:: :.~o::~:::::.::s~s not 
TEXAS .., 

IN STRUM ENlS 

0.68 

0.8 

1.46 

1.82 

O·C to 70·C 

TYp:J: 
UNIT 

MIN MAX 

0.21 0.37 0.64 

0.2 0.38 0.74 
ns 

0.24 0.63 1.34 
ns/pF 

0.28 0.77 1.62 

CopyrlQht @ 1988. Texas Instruments Incorporated 
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TSC500 
SERIES 

A 

H 

FUNCTION TABLE 

NA430LJ 
4·INPUT POSITIVE·NAND GATE 

WITH 3X OUTPUT 
D3030. APRIL 1988 

INTERNAL CELL 

logic symbolt 
INPUTS OUTPUT 

B C 0 y 

H H H L 

Any other combination H 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A·B·C·D = A+B+C+D 

description 
The NA430LJ cell is a 4-input positive-AND gate featuring three times the capacitive-drive 
capability when compared to the NA410LJ NAND gate. When the gate is called from the 
engineering workstation input, the following label format is developed and will be captured 
in the design netlist: 

Label: NA430LJ A,B,C,D,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 

PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 

TYP MAX UNIT 

2.2 V 

0.18 pF 

0.62 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 

FROM TO -55·C to 125·C O·C to 70·C 
PARAMETER 

(INPUT) (OUTPUT) TYpi TYpi 
UNIT 

MIN MAX MIN MAX 

tpLH 
A,B,C,D y 0.18 0.38 0.71 0.18 0.38 0.66 

ns 
tpHL 0.15 0.39 0.81 0.17 0.39 0.75 

AtpLH 
A,B,C,D y 0.18 0.41 1.02 0.18 0.41 0.94 

ns/pF 
AtpHL 0.2 0.52 1.24 0.2 0.52 1.1 

i Typical values are at VCC = 5 V, TA = 25·C. 

PRODUCTION DATA documents contain informltion 
currant as of publication data. Products conform to 
specifications per the terms of Texas Instrumants TEXAS ." 

Copyright © 1988, Texas Instruments Incorporated 

~~~~~:~~i~.i~:1~7i ~!:~:~ti:r :1~D::~:::'::s~S not INSTRUMENTS 
POST OFFICE BOX 655012 • OALLAS, TEXAS 75285 8-131 



TSC500 
SERIES 

NA510LJ 
5-INPUT POSITIVE-NAND GATE 

03030, APRIL 1988 

INTERNALC 

FUNCTION TABLE logic symbolt 

Any other combination 
i~Y 

INPUTS OUTPUT 
~A~--B~--C~--D~--=E~ y 
~---~ 

H H H H H L 

H 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A·B·C·D·E = A+B+C+D+E 

description 
The NA51 OW cell is a minimum-size, 5-input positive-NAND gate. When the gate is called 
from the engineering workstation input, the following label format is developed and will be 
captured in the design netlist: 

Label: NA510WA,B,C,D,E,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°C 

PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitance tr=tf=1ns 

TYP MAX UNIT 

2.2 V 
0.06 pF 

0.88 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 

PARAMETER 
FROM TO 

(INPUT) (OUTPUT) 

tpLH 
A,B,C,D,E Y 

tpHL 
~tpLH 

A,B,C,D,E y 
~tpHL 

:j: Typical values are at VCC = 5 V, T A = 25·C. 

PRODUCT/ON DATA docum •• ,. co.,.i. i.formatio. 
currant as of publication data. Products conform to 
spacifications paf the terms of. TaXI. Instruments 

-SS'C to 12S'C 

MIN TYp:t: MAX 

0.24 0.68 1.53 

0.34 1.01 2.35 

0.36 0.91 1.92 

0.24 0.54 1.12 

:~~~::~~i~.i~:I~~~ ~::::i:r :I~O::~:::::':::I not 
TEXAS ." 

INSTRUMENTS 

O'C to 70'C 
UNIT 

MIN TYp:t: MAX 

0.27 0.68 1.4 

0.36 1.01 2.12 
ns 

0.38 0.91 1.76 
ns/pF 

0.24 0.54 1.02 

Copyright @ 1988, Texas Instruments Incorporated 
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TSC500 
SERIES 

FUNCTION TABLE 

INPUTS 

A B C D E 

H H H H H 

Any other combination 

NA520LJ 
5-INPUT POSITIVE-NAND GATE 

WITH 2X OUTPUT 
D3030. APRIL 1988 

INTERNAL CELL 

OUTPUT 

Y 
L 
H 

logic symbolt 

i~v 
t This symbol is in accordance with ANSI/IEEE 

Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A·B·C·D·E = A+B+C+D+E 

description 
The NA520LJ cell is a 5-input positive-NAND gate featuring twice the capacitive-drive 
capability when compared to the NA510LJ NAND gate. When the gate is called from the 
engineering workstation input, the following label format is developed and will be captured 
in the design netlist: 

Label: NA520LJ A,B,C,D,E,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, T A = 25°e 

PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

epd Equivalent power dissipation capacitance tr =tf=1ns 

TYP MAX UNIT 

2.2 V 

0.06 pF 

1.05 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 

FROM TO -55°C to 125°C O°C to 70°C 
PARAMETER 

(INPUT) (OUTPUT) TYp:j: TYp:j: 
UNIT 

MIN MAX MIN MAX 

tpLH 
A,B,e,D,E y 0.25 0.74 1.62 0.28 0.74 1.49 

0.35 1.11 2.63 0.37 1.11 2.39 
ns 

tpHL 

AtPLH 
A,B,e,D,E y 0.16 0.45 0.96 0.18 0.45 0.88 

ns/pF 
AtpHL 0.14 0.35 0.76 0.16 0.35 0.68 

:j: Typical values are at Vee = 5 V, TA = 25°C. 

PRODUCTION DATA documents contain information ." Copyright @ 1988, Texas Instruments Incorporated 
current as of publication data. Products conform to 
specifications per the terms of Texas Instruments TEXAS 
~~~~~:~~i~ai~:1~1i ~!:~:~ti:: :I~o::~::::t:r~~s not INSTRUMENTS 

POST OFFICE BOX 655012 • DALLAS. TEXA.S 75265 8 .. 133 



TSC500 
SERIES 

A B C 
H H H 

FUNCTION TABLE 

INPUTS 

D E F G 
H H H H 

Any other combination 

NA810LJ 
8-INPUT POSITIVE-NAND GATE 

INTERNAL CELL 

logic symbolt 

A 

B 

C 

o 
E----,._" 
F 

G 

H 

03030. APRIL 1988 

y 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: V = A·B·C·D·E·F·G·H = A+B+C+D+E+F+G+H 
description 

The NAB10LJ cell is a minimum-size, B-input positive-NAND gate. When the gate is called 
from the engineering workstation input, the following label format is developed and will be 
captured in the design netlist: 

Label: NAB10LJ A,B,C,D,E,F,G,H,V; 

absolute maximum ratings and recommended operating condItions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 

PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitance tr=tf=1ns 

TYP MAX UNIT 

2.2 V 

0.06 pF 

0.91 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 

PARAMETER 
FROM TO 

(INPUT) (OUTPUT) 

tpLH 

tpHL 
A thru H Y 

dtPLH 

dtPHL 
A thru H y 

; Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTION DATA documonts c.ntai. i.formati •• 
current as of publication date. Product. conform to 
specifications per the terms of Taxas Instruments 

-55°C to 125°C 

MIN TYP; MAX 

0.24 O.S 1.76 

0.4 1.17 2.8 

0.34 0.92 1.92 

0.24 0.55 1.14 

:~~~:~~i~a{::I~'l~ ~::~~~ti:r ~~O::~:~:t::'s~S not TEXAS ." 
INSTRUMENTS 

O°C to 70°C 
UNIT 

MIN TYP; MAX 

0.26 0.8 1.63 

0.43 1.17 2.54 
ns 

0.36 0.92 1.76 
ns/pF 

0.26 0.55 1.02 

Copyright © 1988, Texas Instruments Incorporated 
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TSC500 
SERIES 

A B C 
H H H 

FUNCTION TABLE 

INPUTS 

D E F G 
H H H H 

Any other combination 

H 
H 

NA820LJ 
8-INPUT POSITIVE-NAND GATE 

WITH 2X OUTPUT 
APRIL 1988 

INTERNAL CELL 

OUTPUT 

Y 
L 
H 

logic symbolt 
A 

B 

c 

0 

E 

G 

H 

y 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A·B·C·D·E·F·G·H = A+B+C+D+E+F+G+H 
description 

The NA820LJ cell is a 8-input positive-NAND gate featuring twice the capacitive-drive 
capability when compared to the NA810LJ NAND gate. When the gate is called from the 
engineering workstation input, the following label format is developed and will be captured 
in the design netlist: 

Label: NA820LJ A,B,C,D,E,F,G,H,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 

PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitance tr =tf=1ns 

TVP MAX UNIT 

2.2 V 

0.06 pF 

1.31 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 

FROM TO -55°C to 125°C O°C to 70°C 
PARAMETER 

(OUTPUT) TVP:I: TVP:I: 
UNIT 

(INPUT) MIN MAX MIN MAX 

tpLH 
A thru H y 0.27 0.85 1.87 0.28 0.85 1.71 

0.42 3.1 1.27 2.8 
ns 

tpHL 1.27 0.44 

~tpLH 
A thru H y 0.16 0.45 0.96 0.18 0.45 0.9 

ns/pF 
~tpHL 0.14 0.35 0.76 0.14 0.35 0.7 

:I: Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTION DATA documents contain information ." 
current as of publication data. Products conform to ~ 
specifications per the terms of Texas Instruments TEXAS 
::~~:~~i~a{::,~1~ ~!::i:~ti:r :,~o::;::::~:~~s nat INSTRUMENTS 

Copyright @ 1988. Texas Instruments Incorporated 
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TSC500 
SERIES 

N0210lJ 
2-INPUT POSITIVE-NOR GATE 

D3030, APRIL 1988 

INTERNAL CELL 

FUNCTION TABLE logic symbolt 
INPUTS 

A B 

H X 

X H 

L L 

I OU~UT I 

I ~ I 
:~Y 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATIONS: Y = A+B = A'S 

description 
The N0210LJ cell is a minimum-size., 2-input positive-NOR gate. When the gate is called 
from the engineering workstation input, the following label format is developed and will be 
captured in the design netlist: 

Label: N0210LJ A,B,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 

PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

epd Equivalent power dissipation capacitance tr=tf=1ns 

TYP MAX UNIT 

2.2 V 

0.05 pF 

0.12 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 

FROM TO -55°e to 125°e 
PARAMETER 

(OUTPUT) TYp:I: (INPUT) MIN MAX 

tpLH 
A,S Y 

0.17 0.29 0.62 

0.22 0.37 tpHL 0.53 

IltpLH 
A,B 

0.7 2.07 4.6 y 
IltpHL 0.42 1 2.38 

:I: Typical values are at Vee = 5 V, TA = 25°e. 

PRODUCTION DATA documants coni.in information 
currant as of publication date. Products conform to 
spacifications per the terms of rexas Instruments 

~::~:~~i~at::I~~i ~!:~::i:r :1~D::~::::t!~~' not 
TEXAS • 

INSTRUMENTS 

ooe to 700 e 

TYp:I: 
UNIT 

MIN MAX 

0.18 0.29 0.58 

0.23 0.37 0.5 
ns 

0.74 2.07 4.22 
ns/pF 

0.44 1 2.14 

Copyright @ 1988, Texas Instruments Incorporated 
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TSC500 
SERIES 

N0220LJ 
2-INPUT POSITIVE-NOR GATE 

WITH 2X OUTPUT 
D3030, APRIL 1988 

INTERNAL CELL 

FUNCTION TABLE logic symbolt 
INPUTS 

A B 

H X 

X H 

L L 

OUTPUT 

Y 

L 

L 

H 

:===D-v 
t This symbol is in accordance with ANSI/IEEE 

Std 91-1984. 

POSITIVE LOGIC EQUATIONS: Y = A+B = A'S 

description 
The N0220W cell is a 2-input positive-NOR gate featuring twice the capacitive-drive 
capability when compared to the N0210LJ NOR gate. When the gate is called from the 
engineering workstation input, the following label format is developed and will be captured 
in the design netlist: 

Label: N0220W A,B,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 

PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitance tr =tf=1ns 

TYP MAX UNIT 

2.2 V 

0.11 pF 

0.23 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), el = 0 

FROM TO -55·C to 125·C o·Cto 70·C 
PARAMETER 

(OUTPUT) TYp:I: TYp:I: 
UNIT 

(INPUT) MIN MAX MIN MAX 

tpLH 
A,S Y 

0.18 0.28 0.49 0.2 0.28 0.46 

0.5 
ns 

tpHL 0.15 0.34 0.51 0.15 0.34 

AtpLH 
A,S Y 

0.34 0.98 2.22 0.34 0.98 2.04 
ns/pF 

.1tpHL 0.3 0.46 0.9 0.32 0.46 0.8 

:I: Typical values are at VCC = 5 V, TA = 25·C. 

PRODUCTION DATA documents contain information .., 
current as of publication date. Products conform to T. I 
specifications per the terms of TeXIS Instruments I EXAS 
~:~~:~~i~ar::'~~i ~!:~~~ti:r :1~O::~::::~:is~S not INSTRUMENTS 

Copyright © 198ft Texas Instruments Incorporated 

POST OFFICE BOX 855012.- DALLAS, TeXAS 75265 8-137 



TSC500 
SERIES 

N0230LJ 
2-INPUT POSITIVE-NOR GATE 

WITH 3X OUTPUT 
03030, APRIL 1988 

INTERNAL CELL 

FUNCTION TABLE logic symbolt 
INPUTS 

A B 

H X 
X H 
L L 

OUTPUT 

Y 

L 
L 

H 

:==1>-v 
t This symbol 15 in accordance with ANSI/IEEE 

Std 91-1984. 

POSITIVE LOGIC EQUATIONS: Y = A+B = A'S 

description 
The N0230W cell is a 2-input positive-NOR gate featuring three times the capacitive-drive 
capability when compared to the N0210W NOR gate. When the gate is called from the 
engineering workstation input, the following label format is developed and will be captured 
in the design netlist: 

Label: N0230W A,B,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 

PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitance tr =tf=1ns 

TYP MAX UNIT 

2.2 V 

0.16 pF 

0.34 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 

FROM TO -55°C to 125°C O°C to 70°C 
PARAMETER 

(INPUT) (OUTPUT) TYp:j: TYp:j: 
UNIT 

MIN MAX MIN MAX 

tpLH 
A, B y 0.17 0.28 0.51 0.17 0.28 0.48 

0.49 
ns 

tpHL 0.08 0.3 0.5 0.11 0.3 

~tpLH 
A,B Y 

0.22 0.66 1.48 0.24 0.66 1.38 
ns/pF 

~tpHL 0.26 0.37 0.7 0.26 0.37 0.62 

:j: Typical values are at VCC = 5 V, T A = 25°C. 

PRODUCTION DATA do.umants .o."'in i.formatio" "" 
.urrant as of publication dlla. Produ.ts .onform to T.EXAS t, 
spacifiClitiORI par the terms of TaXIS Instruments J J 

:'~~:~i~ar.::I~7.; ~~:~:~i:r :.\"::::::~':' not INSTRUMENTS 

Copyrlght@ 1988, Texas Instruments Incorporated 
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TSC500 
SERIES 

N0240LJ 
2-INPUT POSITIVE-NOR GATE 

WITH 4X OUTPUT 
APRIL 1988 

INTERNAL CELL 

FUNCTION TABLE logic symbolt 
INPUTS 

A B 

H X 

X H 

L L 

OUTPUT 

V 

L 

L 

H 

:~V 
t This symbol is in accordance with ANSI/IEEE 

Std 91-1984. 

POSITIVE LOGIC EQUATIONS: Y = A+B = A'S 

description 
The N0240W cell is a 2-input positive-NOR gate featuring four times the capacitive-drive 
capability when compared to the N0210W NOR gate. When the gate is called from the 
engineering workstation input, the following label format is developed and will be captured 
in the design netlist: 

Label: N0240W A,B,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, T A = 25°e 

PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 

TVP MAX UNIT 

2.2 V 

0.22 pF 

0.44 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 

FROM TO -55°C to 125°C O°C to 70°C 
PARAMETER 

(OUTPUT) TVP:I: TVP:I: 
UNIT 

(INPUT) MIN MAX MIN MAX 

tpLH 
A,B V 

0.17 0.29 0.49 0.17 0.29 0.45 
ns 

tpHL 0.1 0.27 0.47 0.11 0.27 0.46 

~tpLH 
A,B 

0.18 0.49 1.12 0.2 0.49 1.02 
ns/pF 

~tpHL 
Y 

0.2 0.3 0.48 0.2 0.3 0.44 

:I: Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments TEXAS ." 

Copyright @ 1988, Texas Instruments Incorporated 

~~~~~:~~i~ai~:1~1~ ~!::i~~ti:: ~Io::~:~:t:r~~s not INSTRUMENTS 
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TSC500 
SERIES 

FUNCTION TABLE 
INPUTS OUTPUT 

A B C y 

H X X L 
X H X L 

X X H L 
L L L H 

N0310LJ 
3-INPUT POSITIVE-NOR GATE 

03030, APRIL 1988 

INTERNAL CELL 

logic symbolt 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE lOGIC EQUATIONS: Y = A+B+C = A·B·C 

description 
The N0310W cell is a minimum-size, 3-input positive-NOR gate. When the gate is called 
from the engineering workstation input, the following label format is developed and will be 
captured in the design netlist: 

label: N0310W A,B,C,Y; 

absolute maximum ratings and recommended operating cbnditlons 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 

PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 

TYP MAX UNIT 

2.2 V 
0.05 pF 
0.13 pF 

switching cl1aracterlstics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 

FROM TO -55°C to 125°C DOC to 7DoC 
PARAMETER 

(INPUT) (OUTPUT) TYP:(: TYP:(: 
UNIT 

MIN MAX MIN MAX 

tpLH A,B,C Y 
0.16 0.38 1.13 0.16 0.38 1.04 

0.43 0.65 
ns 

tpHL 0.3 0.43 0.68 0.3 

6tpLH 
A,B,C Y 

1.02 3.07 6.82 1.08 3.07 6.28 
ns/pF 

6tpHL 0.46 1.29 3.3 0.5 1.29 2.96 

:(: Typical values are at Vee = 5 V, TA = 25°e. 

COpyright@ 1988. Texas Instruments Incorporated PRODUCTION DATA doeumonts contain Information ." 
curran~ .8 of publicltion dlta. Praducts conform to ~ 
spaeifieations par tha tarms of Ta.as Instrumants TEXAS 
~'::"~~~i~ar::1~1i ~::i:~i:: :I\o:::~lt::.~s not INSTRUMENTS 
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TSC500 
SERIES 

N0320LJ 
3·INPUT POSITIVE·NOR GATE 

WITH 2X OUTPUT 
D3030. APRIL 1988 

INTERNAL CELL 

FUNCTION TABLE logic symbolt 
INPUTS OUTPUT 

A B C y 

H X X L 

X H X L 

X X H L 

L L L H t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATIONS: Y = A+B+C = A:S'C 
description 

The N0320LJ cell is a 3-input positive-NOR gate featuring twice the capacitive-drive 
capability when compared to the N0310LJ NOR gate. When the gate is called from the 
engineering workstation input, the following label format is developed and will be captured 
in the design netlist: 

Label: N0320LJ A,B,C,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, T A = 25°e 

PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 

TYP MAX UNIT 

2.2 V 

0.11 pF 

0.24 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 

FROM TO -55°C to 125°C 
PARAMETER 

(INPUT) (OUTPUT) TYp:j: MIN 

tpLH 
A,B,C Y 

0.18 0.36 

tpHL 0.2 0.41 

AtpLH 
A,B,C Y 

0.48 1.47 

AtpHL 0.34 0.61 

:j: Typical values are at VCC = 5 V, TA = 25°C. 

PROOUCTIOI DATA documonts contoin informotion 
currant 81 of publication dlta. Products conform to 
specificatioDs par the terms of Tala. Instruments 

:~~::~~i~·i~:1~7i ~:~::i:r :'~O:=:::::t:~~1 not 
TEXAS ~ 

INSTRUMENTS 

MAX 

0.82 

0.63 

3.3 

1.28 

POST OFFICE BOX 655012 • DALLAS. TEXAS 75265 

QOC to 7QoC 

MIN TYp:j: MAX 
UNIT 

0.18 0.36 0.75 

0.23 0.41 0.6 
ns 

0.5 1.47 3.04 
ns/pF 

0.36 0.61 1.14 

Copyright C 1988, Texas Instruments Incorporated 
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TSC500 
SERIES 

N0330LJ 
3-INPUT POSITIVE-NOR GATE 

WITH 3X OUTPUT 

A 

H 

X 
X 
L 

FUNCTION TABLE 

INPUTS OUTPUT 

B C Y 

X X L 

H X L 

X H L 

L L H 

03030, APRIL 1988 

INTERNAL CELL 

logic symbolt 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATIONS: Y = A+B+C = A'B'C 
description 

The N0330LJ cell is a 3-input positive-NOR gate featuring three times the capacitive-drive 
capability when compared to the NA310LJ NOR gate. When the gate is called from the 
engineering workstation input, the following label format is developed and will be captured 
in the design netlist: 

Label: N0330LJ A,B,C,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 

PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitance tr=tf=1ns 

TYP MAX UNIT 

2.2 V 
0.16 pF 

0.35 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 

FROM TO -55°C to 125°C 
PARAMETER 

(INPUT) (OUTPUT) MIN TYP* 

tpLH 
A,B,C Y 

0.19 0.36 

0.19 0.38 tpHL 

AtPLH 
A,B,C Y 

0.32 1.01 

AtpHL 0.24 0.42 

* Typical values are at VCC = 5 V, TA = 25°C. 

PRooUeTiO. DATA d •• umlnls •• ntain information 
currant I. of publication data. Products conform to 
specification. per the tarms of T8XII Instruments 

:'~~~:~~~lt::I~~i ~::i~:i~n :1~U::::~:" not TEXAS ~ 
INSTRUMENTS 

MAX 

0.76 

0.59 

2.28 

0.86 

8-142 POST OFFICE BOX 655012 • OAlLAS, TEXAS 75265 

O°C to 70°C 

MIN TYP* MAX 
UNIT 

0.19 0.36 0.71 

0.19 0.38 0.57 
ns 

0.34 1.01 2.1 
ns/pF 

0.26 0.42 0.76 

Copyright e 1988, Texas Instruments Incorporated 



TSC500 
SERIES 

A 

L 

FUNCTION TABLE 

N0410LJ 
4-INPUT POSITIVE-NOR GATE 

APRIL 1988 

INTERNAL CELL 

logic symbolt 
INPUTS OUTPUT 

B C D V 

L L L H 

Any other combination L 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATIONS: Y = A+B+C+D = A·B·C·IT 

description 
The N0410LJ cell is a minimum-size, 4-input positive-NOR gate. When the gate is called 
from the engineering workstation input, the following label format is developed and will be 
captured in the design netlist: 

Label: N0410LJ A,B,C,D,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 

PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitance tr =tf=1ns 

TVP MAX UNIT 

2.2 V 

0.05 pF 

0.14 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 

FROM TO -55°C to 125°C O°C to 70°C 
PARAMETER 

(INPUT) (OUTPUT) TVP* TVP* 
UNIT 

MIN MAX MIN MAX 

tpLH 
A,B,C,D V 

0.17 0.52 1.79 0.17 0.52 1.62 
ns 

tpHL 0.31 0.49 0.85 0.32 0.49 0.8 

~tpLH 
A,B,C,D V 

1.34 4.1 9.2 1.46 4.1 8.44 
ns/pF 

~tpHL 0.54 1.51 3.84 0.58 1.51 3.46 

* Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTION DATA documants contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments TEXAS ." 

Copyright @ 1988. Texas Instruments Incorporated 

:~~~~:~~i~8i~:,~7i ~~:ti~~ti:r :'~O::~:::::t:~~S not INSTRUMENTS 
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TSC500 
SERIES 

N0420LJ 
4-INPUT POSITIVE-NOR GATE 

WITH 2X OUTPUT 
03030. APRIL 1988 

INTERNAL CELL 

FUNCTION TABLE logic symbolt 
INPUTS OUTPUT 

A B C D V -_._-" ~ '-

L L L L H 

Any other combination L 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATIONS: Y = A+B+C+D = A·B·C·D 

description 
The N0420W cell is a 4-input positive-NOR gate featuring twice the capacitive-drive 
capability when compared to the NA410W NOR gate. When the gate is called from the 
engineering workstation input, the following label format is developed and will be captured 
in the design netlist: 

Label: N0420W A,B,C,D,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vec = 5 V, T A = 25°C 

PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 

TYP MAX UNIT 

2.2 V 

0.1 pF 

0.24 pF 

switching characteristics over recommended ranges of supply voltage and operating free· 
air temperature (unless otherwise noted), CL = 0 

FROM TO -55·C to 125·C 
PARAMETER 

(INPUT) (OUTPUT) MIN TYp:j: MAX 

tpLH 
A,B,C,D V 

0.19 0.47 1.19 

tpHL 0.28 0.47 0.77 

AtpLH 
A,B,C,D V 

0.66 2.02 4.56 

AtpHL 0.36 0.78 1.62 

:j: Typical values are at VCC = 5 V, TA = 25·C. 

PRODUCTION DATA documents contain information 
currant 8S of publication data. Products conform to 
spacifications per the terms of raxas Instruments 

:::~~:~~i~ai~:,~1i ~!:t;~~ti:; !i~O::~:::::t!~~S not TEXAS ~ 
INSTRUMENTS 

o·Cto 70·C 
UNIT 

MIN TYp:j: MAX 

0.2 0.47 1.1 

0.29 0.47 0.71 
ns 

0.7 2.02 4.18 
ns/pF 

0.38 0.78 1.46 

Copyright @ 1988, Texas Instruments Incorporated 
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TSC500 
SERIES 

N0510LJ 
5-INPUT POSITIVE-NOR GATE 

APRIL 1988 

INTERNAL CELL 

FUNCTION TABLE logic symbolt 
INPUTS OUTPUT 

A B C 0 E y 

L L L L L H 

Any other combination L 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATIONS: Y = A+B+C+D+E = A·B·C·D·E 

description 
The N0510LJ cell is a minimum-size, 5-input positive-NOR gate. When the gate is called 
from the engineering workstation input, the following label format is developed and will be 
captured in the design netlist: 

Label: N051 OLJ A,B,C,D,E,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 

PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 

TYP MAX UNIT 

2.2 V 

0.05 pF 

0.7 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 

FROM TO -55°C to 125°e ooe to 70°C 
PARAMETER 

(INPUT) (OUTPUT) TYp:I= TYp:I= 
UNIT 

MIN MAX MIN MAX 

tpLH 
A,B,C,D,E y 0.28 0.96 2.77 0.28 0.96 2.5 

ns 
tpHL 0.35 0.89 1.83 0.38 0.89 1.69 

.MpLH 
A,B,C,D,E Y 

0.38 1.01 2.12 0.4 1.01 1.96 
ns/pF 

AtpHL 0.24 0.56 1.14 0.26 0.56 1.02 

:1= Typical values are at Vee = 5 V, TA = 25°e. 

PRODUCTION DATA documents contain information ~ 
curn~,n .. a~ of public8htion date',P'roductsl conform to T.EXAS f 
spaci leallons par t 8 terms 0 8X8S nstrumanls II 
:~~~~:~~i~8{::1~1i ~~:~:~ti:; li~O::~:::;:t:~~S not INSTRUMENTS 

Copyright @ 1988, Texas Instruments Incorporated 
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TSC500 
SERIES 

FUNCTION TABLE 

INPUTS 

N0520LJ· 
5-INPUT POSITIVE-NOR GATE 

WITH 2X OUTPUT 
03030, APRIL 

INTERNAL CELL 

logic symbolt 
OUTPUT 

f--A--B--C--D--E---1 Y 

L L L L L H 

Any other combination L 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATIONS: Y = A+B+C+D+E = A,B·C·D,E 

description 
The N0520W cell is a 5-input positive-NOR gate featuring twice the capacitive-drive 
capability when compared to the N0510W NOR gate. When the gate is called from the 
engineering workstation input, the following label format is developed and will be captured 
in the design netlist: 

Label: N0520W A,B,C,D,E,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 

PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitance tr=tf=1ns 

TYP MAX UNIT 

2.2 V 

0.05 pF 

0.81 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 

FROM TO -55°C to 125°C O°C to 70°C 
PARAMETER 

(INPUT) (OUTPUT) TYp:I: TYp:I: 
UNIT 

MIN MAX MIN MAX 

tpLH 
A,B,C,D,E Y 

0.33 1.05 3.02 0.34 1.05 2.73 
ns 

tpHL 0.37 0.97 2.02 0.39 0.97 1.84 

~tpLH 
A,B,C,D,E Y 

0.18 0.5 1.08 0.2 0.5 1 
ns/pF 

~tpHL 0.12 0.33 0.68 0.14 0.33 0.64 

:I: Typical values are at Vce = 5 V, TA = 25°e. 

PRODUCTION DATA d •• umonts •• ntain inf.rmati.. ." 
current 8S of publication date. Products conform to ~ 
specifications per the terms of Texas Instruments TEXAS 
~~~~~;~~i~8t~:I~~i ~~:~:~ti:r :,~o::~:::::t::as~s not INSTRUMENTS 

Copyright © 1988, Texas Instruments Incorporated 
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TSC500 
SERIES 

A B C 
L L L 

FUNCTION TABLE 

INPUTS 

D E F G 
L L L L 

Any other combination 

N0810LJ 
8·INPUT POSITIVE·NOR GATE 

D3030, APRIL 1988 

INTERNAL CELL 

OUTPUT 

H Y 
L H 

L 

logic symbolt 

A 
B 
C---:L_ 
D 
E 
F---''---
G 
H 

y 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATIONS: Y = A+B+C+D+E+F+G+H = A·9·C·j)·E·F·G·H 

description 
The N08i0W cell is a minimum-size, 8-input positive-NOR gate. When the gate is called 
from the engineering workstation input, the following label format is developed and will be 
captured in the design netlist: 

Label: N0810W A,B,C,D,E,F,G,H,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 

PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitance tr =tf=1ns 

TYP MAX UNIT 

2.2 V 

0.05 pF 

0.83 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 

FROM TO -55°C to 125°C O°C to 70°C 
UNIT PARAMETER 

(INPUT) (OUTPUT) TYp:j: TYp:j: MIN MAX MIN MAX 

tpLH 
A thru H y 0.39 1.29 3.7 0.42 1.29 3.36 

ns 
tpHL 0.36 0.99 2.08 0.39 0.99 2 

~tpLH 
A thru H y 0.38 1.01 2.12 0.42 1.01 1.98 

ns/pF 
~tpHL 0.26 0.55 1.14 0.28 0.55 1.02 

:j: Typical values are at VCC = 5 V, TA = 25°C. 

PROOUCTION DATA documents contoin informotion ." 
current I. Df publication dltl. Pradacts conform to l1EXAS ~ 
specificltianl per the terms at TIXIS Instruments 

:!:~:~~i~'i~:I~'~ ~:~:~ti:; :.~a:=:::::t::'~ not INSTRUM ENTS 

Copyright Cl1988, Texas Instruments Incorporated 
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TSC500 
SERIES 

A B C 
L L L 

FUNCTION TABLE 

INPUTS 

D E F G 
L L L L 

Any other combination 

H 
L 

N0820LJ 
a-INPUT POSITIVE-NOR GATE 

INTERNAL CELL 

OUTPUT 

Y 
H 
L 

logic symbolt 
A 
B 
C 
D 

Y 
E 
F 
G 
H 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATIONS: Y = A+B+C+D+E+F+G+H = A·B·C·[5·E·F·G·H 

description 
The N0820W cell is a 8-input positive-NOR gate featuring twice the capacitive-drive 
capability when compared to the N0810LJ NOR gate. When the gate is called from the 
engineering workstation input, the following label format is developed and will be captured 
in the design netlist: 

Label: N0820LJ A,B,C,D,E,F,G,H,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, T A = 25°e 

PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

ei Input capacitance 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 

TYP MAX UNIT 

2.2 V 

0.05 pF 

1.22 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 

FROM TO -55°C to 125°C O°C to 70°C 
PARAMETER 

(INPUT) (OUTPUT) TYp:J: TYp:J: 
UNIT 

MIN MAX MIN MAX 

tpLH 
A thru H Y 

0.43 1.39 3.99 0.45 1.39 3.6 

1.05 
ns 

tpHL 0.39 1.05 2.34 0.41 2.15 

~tpLH 
A thru H Y 

0.18 0.51 1.1 0.2 0.51 1.02 
ns/pF 

~tpHL 0.12 0.33 0.7 0.14 0.33 0.62 

:I: Typical values are at Vee = 5 V, TA = 25°e. 

PRODUCTION DATA documents contain information .., 
currant as of publication data. Products conform to 1i ~ 
specifications par the terms of Texas Instruments EXAS 
:~~::~~i~ai~:1~1i ~!:~:~ti:; :'~O::~:::::t::'s~S not INSTRUMENTS 

Copyright @ 1988, Texas Instr.uments Incorporated 
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TSC500 
SERIES 

OA220LJ 
2-WIDE, 2-INPUT OR-AND GATE WITH 2X OUTPUT 

Y - (A1 + A2)·(81 + 82) 
03030, MARCH 1989 

INTERNAL MACRO 

FUNCTION TABLE logic symbolt 
INPUTS OUTPUT 

A1 A2 
L L 

X X 
(Any H) 

B1 B2 

X X 

L L 

(Any H) 

y 

L 

L 

H 
~!=--I.:t=-~v 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = (A1 +A2)·(B1 +B2) 

description 
The 0A220LJ is a 2-wide, 2-input OR-AND gate. When the gate is called from the 
engineering workstation input, the following label format is developed and will be captured 
in the design netlist: 

Label: OA220LJ A1 ,A2,B1 ,B2,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 

PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitance tr =tf=1ns 

TYP MAX UNIT 

2.2 V 

0.06 pF 

0.35 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 

FROM TO -55°C to 125°C O°C to 70°C 
PARAMETER 

(INPUT) (OUTPUT) TYp:j: TYp:j: 
UNIT 

MIN MAX MIN MAX 

tpLH 
Any Y 

0.2 0.54 1.21 0.21 0.54 1.1 
ns 

tpHL 0.34 0.95 2.41 0.37 0.95 2.18 

atpLH Any y 0.41 1.1 2.31 0.45 1.1 2.13 
ns/pF 

atpHL 0.36 0.85 1.76 0.38 0.85 1.58 

:j: Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTIOI DATA d.cum •• tl c.ntlin inf.rmlti.n ." 
currant I. of pa •• ieltion dlte. Product. conform ta 11 ~ 
specifh::ltionl per th, tarms 01 TllIslaltrumlnt. EXAS 
::~~:~~i~·t::I~t ~!::i:~ti:r :1~D::~::::t:~S not INSTRUMENTS 

Copyright @ 1989, Texas Instruments Incorporated 
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TSC500 
SERIES 

A1 A2 

L L 
X X 
X X 
(Any H) 

OA230LJ 
3-WIDE, 2-INPUT OR-AND GATE WITH 1X OUTPUT 

Y = (A1 + A2)·(B1 + B2)'(C1 + C2) 
03030. MARCH 1989 

INTERNAL MACRO 

FUNCTION TABLE logic symbolt 
INPUTS 

B1 B2 C1 C2 

X X X X 

L L X X 
X X L L 

(Any H) (Any H) 

OUTPUT 

V 
L 
L 

L 

H 

A1 __ ..11""""_ 

A2--_«__ 

B1--~-' 

B2--,,-_ 

C1 ---r""-' 

C2--_<<__ 

y 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = (A1 +A2)'(B1 +B2)·(C1 +C2) 

description 
The OA230LJ is a 3-wide, 2-input OR-AND gate. When the gate is called from the 
engineering workstation input, the following label format is developed and will be captured 
in the design netlist 

Label: 0A230LJ A 1 ,A2,B1 ,B2,C1 ,C2,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 

PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 

TYP MAX UNIT 

2.2 V 

0.06 pF 

0.39 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 

FROM TO 
PARAMETER 

(INPUT) (OUTPUT) 

tpLH 
Any Y 

tpHL 

LltPLH 

LltpHL 
Any y 

:j: Typical values are at VCC = 5 V, T A = 25°C. 

PRODUCTION DATA doc.monts •• ntoin inf.rmoti •• 
camnt II of pu.'ieltian dltl. Products conform to 
specifications per the terms of TIJ.I. Instruments 

-55°C to 125°C 

MIN TYp:j: MAX 

0.31 0.83 2.02 

0.36 1.15 3.19 

0.42 1.1 2.32 

0.36 0.93 1.98 

::~::~~i~'{::1~7i ~:~:~i:r :'~":::::::~::'s~S not 
TEXAS ." 

INSTRUMENTS 

O°C to 70°C 

TYp:j: 
UNIT 

MIN MAX 

0.32 0.83 1.92 

0.38 1.15 2.89 
ns 

0.45 1.1 2.13 
ns/pF 

0.4 0.93 1.79 

Copyright @ 1989, Texas Instruments Incorporated 
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TSC500 
SERIES 

A1 A2 

L L 

X X 
X X 
(Any H) 

OA231LJ 
3-WIDE, 2-INPUT OR-NAND GATE WITH 1X OUTPUT 

Y = (A1 + A2)·(B1 + B2)·(C1 + C2) 
03030. MARCH 1989 

INTERNAL MACRO 

FUNCTION TABLE logic symbolt 
INPUTS 

B1 B2 C1 C2 

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

(Any H) (Any H) 

OUTPUT 

V 
H 

H 

H 

L 

A1--~-' 

A2--___ 

B1---
B2 --",-__ 

C1 -----. 
C2--___ 

y 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = (A1 +A2)·(B1 +B2)·(C1 +C2) 

description 
The OA231 W is a 3-wide, 2-input OR-NAND gate. When the gate is called from the 
engineering workstation input, the following label format is developed and will be captured 
in the design netlist: 

Label: OA231 W A1 ,A2,B1 ,B2,C1 ,C2,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 

PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 

TYP MAX UNIT 

2.2 V 

0.06 pF 

0.55 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 

FROM TO -55°C to 125°C O°C to 70°C 
PARAMETER 

(OUTPUT) TYP; TVP; 
UNIT 

(INPUT) MIN MAX MIN MAX 

tpLH 
V 

0.38 1.18 3.22 0.39 1.18 2.91 
Any ns 

tpHL 0.38 1.05 2.51 0.39 1.05 2.27 

~tpLH 
Any V 

0.42 1.09 2.3 0.46 1.09 2.11 
ns/pF 

~tpHL 0.34 0.74 1.46 0.37 0.74 1.32 

; Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTION DATA documents contlin information ." Copyright © 1989. Texas Instruments Incorporated 
curr~,l!t .~ of publiclhtion da'i. ,P'rOduCISI conform to T.EXAS j 
'PICI leltlons per t e tarms 0 8XIS nstruments I. 
:~~::~i~li~:1~7i ~!:~:~ti:; :'~"::~:::::t::'~S nol INSTRUMENTS 
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TSC500 
SERIES 

A1 A2 B1 

L L X 
X X L 

X X X 
X X X 

OA240LJ 
4-WIDE, 2-INPUT OR-AND GATE WITH 1X OUTPUT 

Y = (A1 + A2)·(B1 + B2)·(C1 + C2)·(D1 + D2) 
03030, MARCH 1989 

INTERNAL MACRO 

FUNCTION TABLE logic symbolt 
INPUTS OUTPUT 

B2 C1 C2 01 02 Y 

X X X X X L 
::~ 
B1 

L X X X X L 

X L L X X L v 
X X X L L L 

(Any H) (Any H) (Any H) (Any H) H 

B2 

C1-.r-~ 

C2-,,-__ 

01 

02 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = (A1 +A2)·(B1 +B2)·(C1 +C2)·(D1 +02) 

description 
The OA240LJ is a 4-wide, 2-input OR-AND gate. When the gate is called from the 
engineering workstation input, the following label format is developed and will be captured 
in the design netlist: 

Label: OA240LJ A1 ,A2,B1 ,B2,C1 ,C2,D1 ,D2,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 

PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitance tr =tf=1ns 

TYP 

2.2 

0.06 
0.46 

MAX UNIT 

V 

pF 

pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 

FROM TO -55°C to 125°C O°C to 70°C 
PARAMETER 

(INPUT) (OUTPUT) TYP* TYP* MAx 
UNIT 

MIN MAX MIN 

tPLH Y 
0.4 1;2 3.17 0.42 1.2 2.84 

Any ns 
tpHL 0.38 1.38 3.98 0.41 1.38 3.59 

AtPLH Y 
0.41 1.11 2.38 0.44 1.11 2.18 

ns/pF 
AtpHL 

Any 
0.38 1.01 2.21 0.42 1.01 2.01 

* Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTIG. DATA dleumantl cont.in information ." Copyright © 1989, Texas' Instruments Incorporated 
carrant I. at publication dlta. Products conform to T. 
specific.tilnl p. thl terms of rllli Instruments • EXAS 
::::~~irv'[::1~1i ~~:~:~ti:r :Ila::::::t:~~ nat INSTRUMENTS 
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TSC500 
SERIES 

OA241LJ 
3-WIDE, 2-INPUT OR-NAND GATE 

Y = (A1 + A2)o(B1 + B2)o(C1 + C2)o(D1 + D2) 
MARCH 1989 

INTERNAL MACRO 

FUNCTION TABLE logic symbolt 

A1 A2 

L L 

X X 

X X 
X X 
(Any H) 

INPUTS 

B1 B2 C1 C2 

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

X X X X 
(Any H) (Any H) 

01 02 

X X 
X X 
X X 
L L 

(Any H) 

OUTPUT 

Y 
H 

H 

H 

H 

L 

A1 _....r-" __ 

A2 

B1-....r-"-

B2 

C1-....r-"-

C2-~~ 

D1-....r--. 

D2-~~ 

v 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = "(A1 +A2)o(B1 +B2)o(C1 +C2)o(D1 +D2) 

description 
The OA241 LJ is a 4-wide, 2-input OR-NAND gate. When the gate is called from the 
engineering workstation input, the following label format is developed and will be captured 
in the design netlist: 

Label: OA241 LJ A1 ,A2,B1 ,B2,C1 ,C2,D1 ,D2,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 

PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitance tr =tf=1ns 

TYP 

2.2 

0.06 

0.61 

MAX UNIT 

V 

pF 

pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 

FROM TO -55°C to 125°C O°Cto 70°C 
PARAMETER 

(OUTPUT) TYp:j: TYp:j: 
UNIT 

(INPUT) MIN MAX MIN MAX 

tpLH 
Any Y 

0.38 1.36 3.95 0.41 1.36 3.58 
ns 

tpHL 0.45 1.4 3.63 0.48 1.4 3.25 

~tpLH 0.42 1.1 2.31 0.45 1.1 2.12 
ns/pF 

~tpHL 
Any Y 

0.33 0.74 1.46 0.36 0.74 1.32 

:j: Typical values are at VCC = 5 V, TA = 25°C. 

Copyright @ 1989, Texas Instruments Incorporated PRODUCTION DATA documents contlin informltion ." 
current I. of publiCition dl.a. PrlNlaclI conform to T. 'j 
specifications per the t.rms of TI .. s Instrumants I EXAS 
::~~:~~~·i~:,~1~ ~:~:~ti:r :'~O:::::::t::'~1 not INSTRUMENlS 
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TSC500 
SERIES 

A1 A2 

L L 

X X 
(Any H) 

OA320LJ 
2-WIDE,3-INPUT OR-AND GATE WITH 2XOUTPUT 

Y = (A1 + A2 + A3)·(81 + 82 + 83) 
MARCH 1989 

INTERNAL MACRO 

FUNCTION TABLE logic symbolt 
INPUTS 

A3 B1 B2 

L X X 

X L L 

(Any H) 

OUTPUT 

B3 V 

X L 

L L 

H 

~~Y 
83--'-"-

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = (Ai +A2+A3)·(Bi +B2+B3) 

description 
The OA320LJ is a 2-wide, 3-input OR-AND gate with a 2X output. When the gate is called 
from the engineering workstation input, the following label format is developed and will be 
captured in the design netlist: 

Label: OA320LJ Ai ,A2,A3,Bi ,B2,B3,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, VCC = 5 V, TA = 25°C 

PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 

TYP MAX UNIT 

2.2 V 

0.06 pF 

0.44 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 

PARAMETER 
FROM TO 

(INPUT) (OUTPUT) 

tpLH 

tpHL 
Any Y 

~tpLH 

~tpHL 
Any y 

:J: Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTION DATA documents contein informltion 
current II of publicltion data. Products conform to 
specific.tiolls par thl terms of '1111 Instruments 

-55°C to 125°C 

MIN TYp:J: MAX 

0.19 0.59 1.4 

0.44 1.28 3.54 

0.41 1.1 2.35 

0.39 0.97 2.19 

::~~~~i~lir::I~'l~ ~!:~:~ti:: :'~O::::::::t::'~ not 
TEXAS ." 

INSTRUMENTS 

O°C to 70°C 

MIN TYp:J: MAX 
UNIT 

0.2 0.59 1.29 

0.47 1.28 3.22 
ns 

0.45 1.1 2.16 
ns/pF 

0.42 0.97 1.98 

Copyright © 1989. Texas Instruments Incorporated 
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TSC500 
SERIES 

OR210LJ 
2-INPUT POSITIVE-OR GATE 

03030. APRIL 1966 

INTERNAL CELL 

FUNCTION TABLE logic symbolt 
INPUTS 

A B 

H X 
X H 

L L 

OUTPUT 

Y 

H 

H 

L 

:=D-v 
t This symbol is in accordance with ANSI/IEEE 

Std 91-1984. 

POSITIVE LOGIC EQUATIONS: Y = A+B = A'S 

description 
The OR21 OW cell is a minimum-size, 2-input positive-OR gate. When the gate is called from 
the engineering workstation input, the following label format is developed and will be 
captured in the design netlist: 

Label: OR210WA,B,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, T A = 25°e 

PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitance tr=tf=1ns 

TYP MAX UNIT 

2.2 V 

0.06 pF 

0.37 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 

FROM TO -55°C to 125°C O°Cto 70·C 
PARAMETER 

(INPUT) (OUTPUT) TYp:I: TYp:I: 
UNIT 

MIN MAX MIN MAX 

tpLH 
A,B Y 

0.21 0.49 0.95 0.21 0.49 0.88 

0.65 
ns 

tpHL 0.27 0.65 1.45 0.28 1.34 

..1tpLH 0.4 1.09 2.32 0.44 1.09 2.12 
ns/pF A,B Y 

AtPHL 0.28 0.63 1.28 0.3 0.63 1.16 

:I: Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTION DATA documents contain information ." 
current 8' of publication date. Products conform to 
specifications par the terms of TBIIS Instruments TEXAS 
:~~=:~~i~8i~:1~7~ ~!:~::i:: :'ID::~:::t::'~1 not INSTRUMENTS 
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· TSC500 
SERIES 

OR220LJ 
2-INPUT POSITIVE-OR GATE 

WITH 2X OUTPUT 
APRIL 1988 

INTERNAL CELL 

FUNCTION TABLE logic symbolt 
INPUTS OUTPUT 

A B Y 

H X H 

X H H 

L L L t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATIONS: Y = A+B = A·S 

description 
The OR220Wceil is a 2-input positive-OR gate featuring twice the capacitive-drive 
capability when compared to the OR210W OR gate. When the gate is called from the 
engineering workstation input, the following label format is developed and will be captured 
in the design netlist: 

Label: OR220W A,B,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, T A = 25°e 

PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 

TYP MAX UNIT 

2.2 V 

0.05 pF 

0.6 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 

FROM TO 
PARAMETER 

(INPUT) (OUTPUT) 

tpLH 
A,B y 

tpHL 

~tpLH 

~tpHL 
A,B Y 

* Typical values are at VCC = 5 V, TA= 25°C. 

PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 

-55°C to 125°C 

MIN TYP* MAX 

0.26 0.58 1.15 

0.27 0.76 1.78 

0.18 0.53 1.12 

0.18 0.38 0.82 

~~~~~:~~i~ai~:1~1~ ~!:~~~ti:r :I~o::::~~:~~s not TEXAS ." 
INSTRUMENTS 

O°C to 70°C 

TYP* 
UNIT 

MIN MAX 

0.27 0.58 1.06 

0.29 0.76 1.63 
ns 

0.2 0.53 1.04 
ns/pF 

0.18 0.38 0.76 

Copyright © 1988, Texas Instruments Incorporated 
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TSC500 
SERIES 

OR240LJ 
2-INPUT POSITIVE-OR GATE 

WITH 4X OUTPUT 
D3030, APRIL 1988 

INTERNAL CELL 

FUNCTION TABLE logic symbolt 
INPUTS 

A B 

H X 

X H 

L L 

OUTPUT 

Y 

H 

H 

L t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATIONS: Y = A+B = A'S 

description 
The OR240LJ cell is a 2-input positive-OR gate featuring four times the capacitive-drive 
capability when compared to the OR210W OR gate. When the gate is called from the 
engineering workstation input, the following label format is developed and will be captured 
in the design netlist: 

Label: OR240WA,B,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 

PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 

TYP MAX UNIT 

2.2 V 

0.1 pF 

1.16 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 

FROM TO -55°C to 125°C O°C to 70°C 
PARAMETER 

(INPUT) (OUTPUT) TYp:j: TYp:j: 
UNIT 

MIN MAX MIN MAX 

tpLH 
A,B 

0.24 0.55 1.02 0.27 0.55 0.96 
Y ns 

tpHL 0.28 0.67 1.53 0.28 0.67 1.39 

~tpLH 0.1 0.27 0.6 0.1 0.27 0.54 
ns/pF A,B Y 

~tpHL 0.08 0.25 0.52 0.08 0.25 0.48 

:j: Typical values are at Vee = 5 V, TA = 25°e. 

PRODUCTION DATA documents cantain information 
current 8S of publication date. Products conform to 
specifications per the terms of Texas Instruments TEXAS ." 

Copyright @ 1988, Texas Instruments Incorporated 

:'~~::~~i~a{~:I~~~ ~!::~~ti:fn 1t~O:::::::t::S~S not INSTRUMENTS 
POST OFFICE BOX 655012. DALLAS, TEXAS 75265 8-157 



TSC500 
SERIES 

OR260LJ 
2-INPUT POSITIVE-OR GATE 

WITH 6X OUTPUT 

INTERNAL CELL 

FUNCTION TABLE logic symbolt 
INPUTS 

A B 

H X 
X H 

L L 

OUTPUT 

Y 

H 

H 

L 

:=D-v 
t This symbol is in accordance with ANSI/IEEE 

Std 91-1984. 

POSITIVE LOGIC EQUATIONS: Y = A+B = A'S 

description 
The OR260W cell is a 2-input positive-OR gate featuring six times the capacitive-drive 
capability when compared to the OR210W OR gate. When the gate is called from the 
engineering workstation input, the following label format is developed and will be captured 
in the design netlist: 

'Label: OR260LJ A,B,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, T A = 25°e 

PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitance tr =tf=1ns 

TYP MAX UNIT 

2.2 V 

0.16 pF 

1.73 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 

FROM TO 
PARAMETER 

(INPUT) (OUTPUT) 

tpLH 

tpHL 
A,B Y 

8tPLH 

8tPHL 
A,B Y 

:j: Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Tex8s Instruments 

-55°C to 125°C 

MIN TYP:!: MAX 

0.2 0.55 1.02 

0.26 0.68 1.52 

0.1 0.18 0.4 

0.08 0.17 0.38 

~~~~~:~~i~ar::,~1. ~!::i~~ti:r :'~O;:~:~:t::S~S not 
TEXAS ..If 

INSTRUMENTS 

O°C to 70°C 

TYP:!: 
UNIT 

MIN MAX 

0.22 0.55 0.95 

0.26 0.68 1.41 
ns 

0.12 0.18 0.36 
ns/pF 

0.08 0.17 0.32 

Copyright © 1988, Texas Instruments Incorporated 
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TSC500 
SERIES 

FUNCTION TABLE 

INPUTS OUTPUT 

A B C y 

H X X H 

X H X H 

X X H H 

L L L L 

OR310LJ 
3-INPUT POSITIVE-OR GATE 

D3030, APRIL 1988 

INTERNAL CELL 

logic symbolt 

~3 >-v 
t This symbol is in accordance with ANSI/IEEE 

Std 91-1984. 

POSITIVE LOGIC EQUATIONS: Y = A+B+C = A·S·C 

description 
The OR31 OLJ cell is a minimum-size, 3-input positive-OR gate. When the gate is called from 
the engineering workstation input, the following label format is developed and will be 
captured in the design netlist: 

Label: OR310LJ A,B,C,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, T A = 25°e 

PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 

TYP MAX UNIT 

2.2 V 

0.05 pF 

0.39 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 

FROM TO -55°C to 125°C O°C to 70°C 
PARAMETER 

(INPUT) (OUTPUT) TYP* TYP* 
UNIT 

MIN MAX MIN MAX 

tpLH 
A,B,C 

0.26 0.61 1.18 0.28 0.61 1.09 
Y ns 

tpHL 0.3 0.87 2.25 0.32 0.87 2.06 

LltpLH 
A,B,C y 0.42 1.09 2.34 0.44 1.09 2.14 

ns/pF 
LltPHL 0.3 0.71 1.48 0.32 0.71 1.32 

* Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments TEXAS -II 

INSTRUMENTS 

Copyright © 1988, Texas Instruments Incorporated 

=~~~~:~~i~a{::1~1~ ~!:~~~ti:; 1I~o::~::::t::'s not 
POST OFFICE BOX 655012 • DALLAS, TeXAS 75265 8-159 



TSC500 
SERIES 

OR320LJ 
3-INPUT POSITIVE-OR GATE 

WITH 2X OUTPUT 

A 

H 

X 
X 
L 

FUNCTION TABLE 

INPUTS OUTPUT 

B C y 

X X H 

H X H 

X H H 

L L L 

INTERNAL CELL 

logic symbolt 

~3 )-v 
t This symbol is in accordance with ANSI/IEEE 

Std 91-1984. 

POSITIVE LOGIC EQUATIONS: V = A+B+C = A·B·C 

description 
The OR320W cell is a 3-input positive-OR gate featuring twice the capacitive-drive 
capability when compared to the OR310W OR gate. When the gate is called from the 
engineering workstation input, the following label format is developed and will be captured 
in the design netlist: 

Label: OR320W A,B,C,V; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 

PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Cj Input capacitance 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 

TYP MAX UNIT 

2.2 V 

0.05 pF 

0.62 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 

PARAMETER 
FROM TO 

(INPUT) (OUTPUT) 

tpLH 
A,B,C V 

tpHL 

4tpLH 
A,B,C V 

4tpHL 

:j: Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTION DATA documonts contain information 
current as of publication dlta. Products conform to 
specifications per the terms of Texas Instruments 

-55°C to 125°C 

MIN TYp:j: MAX 

0.27 0.71 1.4 

0.33 1.02 2.71 

0.16 0.53 1.16 

0.18 0.46 1.02 

~~~~~:~~i~8[::I~'i ~!::i~~ti:r :1~O::~:::::t::-S~S not 
TEXAS ." 

INSTRUMENTS 

O°C to 70°C 

TYp:j: 
UNIT 

MIN MAX 

0.3 0.71 1.31 

0.34 1.02 2.47 
ns 

0.18 0.53 1.04 
ns/pF 

0.18 0.46 0.92 

Copyright @ 1988, Texas Instruments Incorporated 

8-160 POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 



TSC500 
SERIES 

FUNCTION TABLE 

INPUTS OUTPUT 

A B C y 

H X X H 

X H X H 

X X H H 

L L L L 

OR340LJ 
3-INPUT POSITIVE-OR GATE 

WITH 4X OUTPUT 

INTERNAL CELL 

logic symbolt 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATIONS: Y = A+B+C = A'B'C 

description 
The OR340W cell is a 3-input positive-OR gate featuring four times the capacitive-drive 
capability when compared to the OR310W OR gate. When the gate is called from the 
engineering workstation input, the following label format is developed and will be captured 
in the design netlist: 

Label: OR340W A,B,C,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 

PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitance tr=tf=1ns 

TVP MAX UNIT 

2.2 V 

0.1 pF 

1.23 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 

FROM TO -55·C to 125·C O·C to 70·C 
PARAMETER 

TVP* TVP* 
UNIT 

(INPUT) (OUTPUT) MIN MAX MIN MAX 

tpLH 
A,B,C 

0.31 0.68 1.29 0.32 0.68 1.19 
Y 

2.06 
ns 

tpHL 0.31 0.91 2.25 0.33 0.91 

~tpLH 
A,B,C Y 

0.12 0.28 0.6 0.14 0.28 0.54 
ns/pF 

~tpHL 0.1 0.27 0.62 0.1 0.27 0.58 

* Typical values are at Vee = 5 V, T A = 25·e. 

PRODUCTION DATA documents contain information 
current IS of publication date. Products conform to 
specifications par the tarms of Texas Instruments . TEXAS ." 

Copyright © 1988, Texas Instruments Incorporated 

~~::~~i~ai~:1~1e ~!:t;~;ti:r ~~O::~:::::t:~~S not INSTRUMENTS 
POST OFFICE BOX 655012 • DAl.LAS, TEXAS 75265 8-161 



TSC500 
SERIES 

FUNCTION TABLE 

INPUTS OUTPUT 

A B C y 

H X X H 

X H X H 

X X H H 

L L L L 

OR360LJ 
3-INPUT POSITIVE-OR GATE 

WITH 6X OUTPUT 

INTERNAL CELL 

logic symbolt 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATIONS: Y = A+B+C = A·B·C 

description 
The OR360W cell is a 3-input positive-OR gate featuring six times the capacitive-drive 
capability when compared to the OR310W OR gate. When the gate is called from the 
engineering workstation input, the following label format is developed and will be captured 
in the design netlist: 

Label: OR360W A,B,C,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 

PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

epd Equivalent power dissipation capacitance tr = tf = 1 ns 

TYP MAX UNIT 

2.2 V 

0.15 pF 

1.87 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 

FROM TO -55·C to 125·C O·C to 70·C 
PARAMETER UNIT 

(INPUT) (OUTPU'T) MIN TYp:j: MAX MIN TYp:j: MAX 

tPLH 
A,B,C Y 

0.31 0.65 1.2 0.32 0.65' 1.12 

0.3 0.89 2.15 0.89 1.97 
ns 

tpHL 0.32 

~tpLH 
A,B,e y 0.06 0.2 0.42 0.08 0.2 0.38 

ns/pF 
~tpHL 0.08 0.22 0.48 0.08 0.22 0.44 

:j: Typical values are at Vee = 5 V, T A = 25·C. 

Copyright @ 1988, Texas Instruments Incorporated PROOUCTIOI DATA d •• ument •• ontein informetion ." 
CU"8nt I. of publication dltl. Products conform to 1i ~ 
spe.ifl.ations por the term. 01 Ta.BI Instrument. EXAS 
::=:i~e[::1:!T.; ~~~:~~r :Il";:~;~~:::· not INSfRUMENlS 

8-162 POST OFFICE 80X 6550'2 • DALLAS, TEXAS 75265 



TSC500 
SERIES 

OR410LJ 
4-INPUT POSITIVE-OR GATE 

03030, APRIL 1988 

INTERNAL CELL 

FUNCTION TABLE logic symbolt 
INPUTS OUTPUT 

A B C D Y 

L L L L L 

Any other combination H 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A+B+C+D = A'B,C'D 

description 
The OR41 OLJ cell is a minimum-size, 4-input positive-OR gate. When the gate is called from 
the engineering workstation input, the following label format is developed and will be 
captured in the design netlist: 

Label: OR410LJ A,B,C,D,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 

PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 

TYP MAX UNIT 

2.2 V 

0.05 pF 

0.39 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 

FROM TO 
PARAMETER 

(INPUT) (OUTPUT) 

tPLH 
A,B,C,D Y 

tpHL 

IltpLH 
A,B,e,D y 

IltpHL 

:j: Typical values are at Vee = 5 V, TA = 25°e. 

PRODUCTION DATA d •• umanls •• nllin information 
currant 81 of publication dati. Preducts cDnform to 
specifications par the tarm. af Texas Instrumants 

-55°C to 125°C 

MIN TYp:J: MAX 

0.27 0.71 1.38 

0.32 1.05 3.03 

0.4 1.1 2.38 

0.32 0.8 1.66 

:'::::~i~8i~:I~~i ~:~::ti:; ~ID:=:::~:~~ not 
TEXAS .. 

INSTRUMENlS 
POST OFFICE BOX 655012 • DALlAS. TEXAS 75265 

O°C to 70°C 

TYp:J: 
UNIT 

MIN MAX 

0.3 0.71 1.28 

0.35 1.05 2.77 
ns 

0.44 1.1 2.18 
ns/pF 

0.34 0.8 1.5 

Copyright Cl 1988. Texas Instruments Incorporated 



TSC500 
SERIES 

OR420LJ 
4·INPUT POSITIVE·OR GATE 

WITH 2X OUTPUT 

INTERNAL CELL 

FUNCTION TABLE 

INPUTS OUTPUT 
~A~~B---=C--~D~ Y 

L L L L L 

Any other combination H 

logic symbolt 

:§=>--c V 

o 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A+B+C+D = A·B·C·D 

description 
The OR420LJ cell is a 4-input positive-OR gate featuring twice the capacitive-drive 
capability when compared to the OR410LJ OR gate. When the gate is called from the 
engineering workstation input, the following label format is developed and will be captured 
in the design netlist: 

Label: OR420LJ A,B,C,D,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, T A = 25°e 

PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitance tr=tf=1ns 

TYP MAX UNIT 

2.2 V 

0.05 pF 

0.8 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted~, eL = 0 

FROM TO -55·C to 125·C O·C to 70·C 
PARAMETER 

(INPUT) (OUTPUT) TYp:j: TYp:j: 
UNIT 

MIN MAX MIN MAX 

tpLH 
A,B,C,D Y 

0.41 0.85 1.77 0.41 0.85 1.63 
ns 

tpHL 0.34 1.26 3.67 0.35 1.26 3.34 

AtpLH 
A.B.C.D y 0.18 0.54 1.22 0.2 0.54 1.1 

ns/pF 
AtpHL 0.18 0.52 1.12 0.2 0.52 1.02 

:j: TYPical values are at VCC = 5 V. T A = 25·C. 

PRODUCTION DATA d.c.mants c.ntain inf.rmation .,,-
currant IS of publication data. Products conform to ~ 
specifications par the terms of TaXI. Instrumants . TEXAS 
::~!:~~i~·i~:1~7i ~~~::i:r ~~o::::::t:r~~ not INSTRUMENTS 

Copyright @ 1988. Texas Instruments Incorporated 
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TSC500 
SERIES 

A 

L 

OR440LJ 
4-INPUT POSITIVE-OR GATE 

WITH 4X OUTPUT 
03030. APRIL 1988 

INTERNAL CELL 

FUNCTION TABLE logic symbolt 
INPUTS OUTPUT 

B C D V 
L L L L 

Any other combination H 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A+B+C+D = A·B·C·D 

description 
The OR440W cell is a 4-input positive-OR gate featuring four times the capacitive-drive 
capability when compared to the OR410W OR gate. When the gate is called from the 
engineering workstation input, the following label format is developed and will be captured 
in the design netlist: 

Label: OR440W A,B,C,D,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, T A = 25°e 

PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 

TVP MAX UNIT 

2.2 V 

0.1 pF 

1.61 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL =0 

FROM TO -55°e to 125°e ooe to 700e 
PARAMETER 

(INPUT) (OUTPUT) TVP:!: TVP:!: 
UNIT 

MIN MAX MIN MAX 

tpLH 
A.B.C.D Y 

0.36 0.79 1.49 0.38 0.79 1.39 
ns 

tPHL 0.32 1.16 3.01 0.35 1.16 2.74 

~tpLH 
A.B.C.D Y 

0.12 0.28 0.62 0.12 0.28 0.58 
ns/pF 

~tpHL 0.12 0.31 0.68 0.12 0.31 0.64 

:j: Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTION DATA doc.mlnts •• nllin in'.,mllion ..If 
curr~,'!t .~ of publiclhtian dati. ,P'Toducts. conform to T.EXAS j 
.pecl ICltlonl par t • tarms 0 IXIS nstrumlnts 11 
:~~~:~~i~.i~:I~~i ~:~:~ti:; :.~o::::::~::.~ nat INSTRUMENTS 

Copyright II> 1988. Texas Instruments Incorporated 
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TSC500 
SERIES 

OR460LJ 
4-INPUT POSITIVE-OR GATE 

WITH 6X OUTPUT 
APRIL 1988 

INTERNAL CELL 

FUNCTION TABLE logic symbolt 
INPUTS OUTPUT 

r-A----~B----C----D~ V 

L L L L L 

Any other combination H 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A+B+C+D = A·B·C·D 

description 
The OR460LJ cell is a 4-input positive-OR gate featuring six times the capacitive-drive 
capability when compared to the OR410LJ OR gate. When the gate is called from the 
engineering workstation input, the following label format is developed and will be captured 
in the design netlist: 

Label: OR460W A,B,C,D,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 

PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 

TYP MAX UNIT 

2.2 V 

0.15 pF 

2.45 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 

FROM TO 
PARAMETER 

(INPUT) (OUTPUT) 

tpLH 
A,B,C,D Y 

tpHL 

AtPLH 

AtpHL 
A,B,C,D Y 

:I: Typical values are at Vce = 5 V, TA = 25·C. 

PRODUCTION DATA d •• umlnll ••• llin i.f.rmlli.n 
curru' I. of pu.licltion dltl. P,aducts canform to 
splcificltiDnl per the tarms of TaxI. Instrumants 

-55·C to 125·C 

MIN TYp:I: MAX 

0.35 0.79 1.47 

0.33 1.16 3.11 

0.12 0.18 0.44 

0.1 1.24 0.54 

:::::i~.[:I~~ ~:~:~ti:r :.~"::~:::::.::.~s nat TEXAS ..If 
INSTRUMENTS 

O·C to 70·C 

TYp:I: 
UNIT 

MIN MAX 

0.37 0.79 1.35 

0.34 1.16 2.84 
ns 

0.12 0.18 0.42 
ns/pF 

0.1 0.24 0.5 

Copyright @ 1988. Texas Instruments Incorporated 
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TSC500 
SERIES 

FUNCTION TABLE 

INPUTS 

A B C D E 

L L L L L 

Any other combination 

OR510LJ 
5-INPUT POSITIVE-OR GATE 

D3030, APRIL 1988 

INTERNAL CELL 

OUTPUT 

Y 

L 

H 

logic symbolt 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A+B+C+D+E = A·B·C·D·E 

description 
The OR51 OLJ cell is a minimum-size, 5-input positive-OR gate. When the gate is called from 
the engineering workstation input, the following label format is developed and will be 
captured in the design netlist: 

Label: OR510LJ A,B,C,D,E,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 

PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Cj Input capacitance 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 

TYP MAX UNIT 

2.2 V 

0.05 pF 

0.59 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 

FROM TO -55°C to 125°C O°C to 70°C 
PARAMETER 

(INPUT) (OUTPUT) TYP* TYP* 
UNIT 

MIN MAX MIN MAX 

tpLH 
A,B,C,D,E V 

0.22 0.58 1.17 0.23 0.58 1.09 

0.26 0.84 2.26 
ns 

tPHL 0.84 2.48 0.27 

dtpLH 
A,B,C,D,E V 

0.41 1.73 2.32 0.44 1.73 2.2 
ns/pF 

dtpHL 0.36 0.96 2.21 0.39 0.96 1.98 

* Typical values are at VCC = 5 V, T A = 25°C. 

PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments TEXAS ." 

Copyright @ 1988, Texas Instruments Incorporated 

:~~~~:~~i~ar::,~1~ ~!:~:~ti:f lt~o::~:~:t::S~s not INSTRUMENTS 
POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 8-167 



TSC500 
SERIES 

FUNCTION TABLE 

INPUTS 

ABC D E F G 
L L L L L L L 

Any other combination 

H 
L 

OR810LJ 
8-INPUT POSITIVE-OR GATE 

APRIL 1988 

INTERNAL CELL 

10U:;UTI 

I ~ I 

logic symbolt 

A 
B 
c 
D y 
E 
F 
G 
H 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A+B+C+D+E+F+G+H = A·B·C·D·E·F·G·H 

description 
The OR81 OLJ cell is a minimum-size, 8-input positive-OR gate. When the gate is called from 
the engineering workstation input, the following label format is developed and will be 
captured in the design netlist: 

Label: OR810LJ A,B,C,D,E,F,G,H,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, T A = 25°e 

PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 

TYP MAX UNIT 

2.2 V 

0.05 pF 

0.63 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 

FROM TO 
PARAMETER 

(INPUT) (OUTPUT) 

tpLH 

tpHL 
A thru H y 

~tpLH 
A thru H y 

~tpHL 

* Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications par the terms of Texas Instruments 

-55°C to 125°C 

MIN TYP* MAX 

0.25 0.65 1.4 

0.4 1.19 3.46 

0.39 1.06 2.29 

0.36 1.02 2.34 

~~~~:~~i~at::,~1~ ~!:~:~ti:; :,~o::~::::~:~~ not TEXAS ." 
INSTRUMENTS 

O°C to 70°C 
UNiT 

TYP* MIN MAX 

0.28 0.65 1.3 

0.42 1.19 3.14 
ns 

0.42 1.06 2.11 
ns/pF 

0.39 1.02 2.11 

Copyright © 1988. Texas Instruments Incorporated 
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TSC500 
SERIES 

DESCRIPTION 

Preset and Clear 

Clear 

Preset 

Preset and Clear 

Clear 

Preset 

DESCRIPTION 

fmax 
(MHz) 

130 

155 

165 

140 

170 

150 

165 

165 

fmax 
(MHz) 

Positive-Edge Trigger 127 with Preset and Clear 

Negative-Edge Trigger 
with Preset and Clear 125 

DESCRIPTION 
CELL 

NAME 

Set-Reset LAB10LJ 

Set-Reset LAB20LJ 

OoType LAH10LJ 

OoType LAH20LJ 

OoType LAH23LJ 

OoType LAH40LJ 

OoType LAL20LJ 

3-S Bus Holder LH110LJ 

D-TYPE FLIP-FLOPS 

CELL OUTPUT 

NAME DRIVE 

OFB20LJ 2X 

OFC20LJ 2X 

OFN20LJ 2X 

OFP20LJ 2X 

OTB10LJ 1X 

OTC10LJ - 1X 

OTN10LJ 1X 

OTP10LJ 1X 

J-K FLIP-FLOPS 

CELL OUTPUT 

NAME DRIVE 

JKB20LJ 2X 

JKB21LJ 2X 

LATCHES 

OUTPUT 
COMMENTS 

DRIVE 

1X 

2X 

1X Active H enable 

2X Active H enable 

2X Clear and Preset 

4X Active H enable 

2X Active L enable 

1X 

FLIP-FLOPS/LATCHES 
FUNCTIONAL INDEX 

D3030. APRIL 1988 

EQUIVALENT 
PAGE 

NA210s 

7.25 9-3 

6.75 9-5 

5.75 9-7 

6.5 9-9 

6.25 9-11 

5.5 9-13 

5.25 9-15 

5.5 9-17 

EQUIVALENT 
PAGE 

NA210s 

9.5 9-19 

9.5 9-21 

EQUIVALENT 
PAGE 

NA210s 

2.5 9-23 

2.75 9-25 

3.75 9-27 

4 9-29 

6.5 9-31 

5.25 9-33 

4.25 9-35 

1 9-37 

PRODUCTION DATA documents contlin information 
current I. of publicltion dati. PrlMlucts conform to 
specifications per the tarms af T8.1. Instruments TEXAS ." 

Copyright @ 1988, Texas Instruments Incorporated 

:~:~:~~i;'i~:I~1e ~!:~:~ti:r :'~D::~:::::t::'~ not INSTRUMENlS 
POST OFFICE BOX 655012 • DALLAS, TeXAS 75265 9-1 



FLlP;oFLOPS/LATCHES 
FUNCTIONAL INDEX 

D3030, APRIL 1988 

TOGGLE FFs AND SCAN FFs/LATCHES 

DESCRIPTION 
fmax CELL OUTPUT 

(MHz) NAME DRIVE 

Preset and Clear 145 TAB20W 2X 

Clear 165 TAC20W 2X 

Preset 165 TAP20W 2X 

Scan Latch, Master 76 TDB10W 1X and Slave Outputs 

Multiplexed Scan FF, 
Clear 135 TDC10W 1X 

Scan Latch, Clear, 
Master .and Slave 100 TDC11W 1X 
Outputs 

Multiplexed Scan FF 155 TDN10W 1X 

Scan Latch 100 TDN11W 1X 

Scan Latch, Master 100 TDN12W 1X and Slave Outputs 

Scan Latch, Master 
and Slave Outputs, 
Slave D Input 

100 TDN13W 1X 

Scan Latch, Master 83 TDN22W 2X and Slave Outputs 

D·TYPE FLlP·FLOPS (SOFTWARE) 

DESCRIPTION 
CELL OUTPUT 

NAME DRIVE 

4-Bit, 3-State Outputs, 
Active H Clear S173W 1X 

6-Bit, Active L Clear S174W 1X 

4-Bit, Complementary 
Outputs, Active L Clear S175W 1X 

8-Bit, Active L Clear S273W 1X 

a-Bit, 3-State Outputs S374W 1X 

LATCHES (SOFTWARE) 

DESCRIPTION 
CELL OUTPUT 

COMMENTS 
NAME DRIVE 

8-Bit S259W 2X Addressable 

EQUIVALENT 

NA210s 

7,5 

6.75 

6.5 

7 

7.75 

4.25 

7.25 

4 

3.75 

6 

6 

EQUIVALENT 

NA210s 

47.5 

45 

25.75 

43.25 

50.75 

TSC500 
SERIES 

PAGE 

9-38 

9-40 

9-42 

9-44 

9-50 

9-53 

9-60 

9-62 

9-67 

9-73 

9-80 

PAGE 

9-86 

9-91 

9-95 

9-99 

9-103 

EQUIVALENT 
PAGE 

NA210s 

59.75 9-107 

8-Bit D-Type S373L.i 1X 3-state outputs, Active H enable 34.5 9-113 

4-Bit D-Type S375W 2X 

PRODUCTION DATA d.c.montl c.ntoin informotlon 
current I. of publicitiDR dati. Products conform to 
specifications per the tarms of TaxI. Instruments 

:~~::~~i~·t::I~7i ~!:~~~ti:r lI~O:=:::::t:is~ not 

Active H enable 14 9-117 

TEXAS .., 
INSTRUMENlS 

Copyright @ 1989, Texas Instruments Incorporated 
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TSC500 
SERIES 

DFB20LJ 
D-TYPE POSITIVE-EDGE-TRIGGERED FLIP-FLOP 

WITH PRESET, CLEAR, AND 2X OUTPUTS 
D3030, APRIL 1988 

INTERNAL CELL 

FUNCTION TABLE logic symbolt 
INPUTS OUTPUTS 

PREZ ClRZ ClK D Q QZ 

L H X X H L 

H L X X L H 

L L X X L* L* 

H H t H H L 

H H t L L H 

H H L X 00 00 
* This configuration is nonstable; that is, it will not 

persist when PREZ or CLRZ returns to its inactive 
(high) level. 

PREZfla ClK C1 
o 10 

CLRZ R az 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984 and IEC Publication 617-12. 

description 
The DFB20LJ cell implements a D-type flip-flop with preset, clear, and 2X drive outputs. The 
flip-flop can be used as a stand-alone bit-storage device or as an addition to larger 
synchronous functions such as registers or counters. When the flip-flop is called from the 
engineering workstation input, the following label format is developed and will be captured 
in the deSign netlist: 

Label: DFB20LJ CLRZ,PREZ,D,CLK,Q,QZ; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

MIN MAX UNIT 

fclock Clock frequency 0 130 MHz 

CLRZlow 3 

tw Pulse duration PREZ low 3 ns 

CLK high or low 3.8 

CLRZ inactive (high) 3 

tsu Setup time before clock PREZ inactive (high) 0 ns 

D high or low 2 

th Hold time after clock D high or low 0.5 ns 

PRODUCTION DATA documents contain information ." 
current I. of public.tion da.t. PrlHlucts conform to T. i 
specifications par the tarms of T •••• Instruments I EXA.S 
~:~~:~~i~li~:,~1i ~!:~::i:r :'~"::::::~:~~I not INSTRUMENTS 

Copyright © 1988. Texas Instruments Incorporated 

POST OFFICE BOX 655012 • DALLAS, TeXAS 75265 9-3 



DFB20LJ 
D-TYPE POSITIVE-EDGE-TRIGGERED FLIP-FLOP 
WITH PRESET, CLEAR, AND 2X OUTPUTS 
03030, APRIL 1988 

electrical characteristics, Vee = 5 V, TA = 25°e 
PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

CLRZ 

Ci Input capacitance 
PREZ 

0 
CLK 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 

TYP MAX 

2.2 

0.16 

0.15 

0.05 

0.11 

1.78 

TSC500 
SERIES 

UNIT 

V 

pF 

pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 

PARAM- FROM TO - 55°C to 125°C O°C to 70°C 

TYpt TYpt 
UNIT 

ETER (INPUT) (OUTPUT) MIN MAX MIN MAX 

tpLH 
CLK Q 

0.63 1.92 4.64 0.68 1.92 4.19 
ns 

tpHL 0.44 1.31 3.08 0.45 1.31 2.8 

tpLH 
CLK QZ 

0.62 1.89 4.55 0.65 1.89 4.12 
ns 

tpHL 0.44 1.33 3.11 0.47 1.33 2.83 

tpLH 
CLRZ 

QZ 0.56 1.52 3.5 0.58 1.52 3.18 

Q 1.6 
ns 

tpHL 0.31 0.76 0.33 0.76 1.48 

tpLH 
PREZ 

Q 0.56 1.5 3.47 0.57 1.5 3.14 

QZ 
ns 

tpHL 0.3 0.78 1.7 0.33 0.78 1.55 

~tpLH 
CLK Q 

0.2 0.56 1.16 0.2 0.56 1.08 
ns/pF 

~tpHL 0.14 0.34 0.76 0.16 0.34 0.68 

.MpLH 
CLK QZ 

0.18 0.54 1.18 0.2 0.54 1.08 
ns/pF 

~tpHL 0.18 0.36 0.78 0.18 0.36 0.7 

~tpLH 
CLRZ 

QZ 0.18 0.54 1.18 0.2 0.54 1.08 
ns/pF 

~tpHL Q 0.16 0.36 0.78 0.16 0.36 0.7 

~tpLH 
PREZ 

Q 0.16 0.54 1.18 0.2 0.54 1.1 
ns/pF 

~tpHL QZ 0.16 0.36 0.74 0.16 0.36 0.68 

t Typical values are at VCC = 5 V, TA = 25°C. 

CopyrIght @ 1988, Texas Instruments Incorporated PRODUCTION DATA d .. umonls .ontoin informotion -I!J 
current as of publication data. Products conform to ~ 
spocili •• tio .. por tho Iorms of Toxas Instrumonta TEXAS 
::~'!:~~~·r::I~~i ~!::l~~i:; :11,,=:::A:~~s not INSTRUMENTS 
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TSC500 
SERIES 

DFC20LJ 
D-TYPE POSITIVE-EDGE-TRIGGERED FLIP-FLOP 

WITH CLEAR AND 2X OUTPUTS 
03030, APRIL 1988 

INTERNAL CELL 

FUNCTION TABLE logic symbolt 
INPUTS 

ClRZ ClK 0 
l X X 
H t H 

H t l 

H l X 

OUTPUTS 
Q QZ 

l H 

H l 
l H 

00 00 

CLKE1 0 
o 10 

OZ CLRZ R 
t This symbol is in accordance with ANSI/IEEE 

Std 91-1984 and IEC Publication 617-12. 

description 
The DFC20W cell implements a D-type flip-flop with clear and 2X drive outputs. The flip-flop 
can be used as a stand-alone bit-storage device or as an addition to larger synchronous 
functions such as registers or counters. When the flip-flop is called from the engineering 
workstation input, the following label format is developed and will be captured in the design 
netlist: 

Label: DFC20W CLRZ,D,CLK,Q,QZ; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

MIN MAX UNIT 

fclock Clock frequency 0 155 MHz 

Pulse duration 
ClRZlow 3 

tw 
ClK high or low 3.2 

ns 

Setup time before clock 
ClRZ inactive (high) 2 

tsu ns o high or low 2 

th Hold time after clock o high or low 0.25 ns 

PRODUCTION DATA documants contain information ." 
current as of publication date. Pruduets conform to ~ 
specifications per the terms of Texas Instrumants TE.XA.S 
~~~~~:~~i~ar::I~i ~!:t;::i:: :'l":~:~~r~~ not INSTRUMENTS 

Copyright Cl198S, Texas Instruments Incorporated 

POST OFFICE BOX 655012 • DAUAS. TEXAS 75265 9-5 



DFC20LJ 
D-TYPE POSITIVE-EDGE-TRIGGERED FLIP-FLOP 
WITH CLEAR AND 2X OUTPUTS 
03030, APRIL 1988 

electrical characteristics, Vee = 5 V, TA = 25°e 
PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

ClRZ 

Cj Input capacitance 0 
ClK 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 

TVP MAX 

2.2 

0.11 

0.05 

0.16 

1.88 

TSC500 
SERIES 

UNIT 

V 

pF 

pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 

PARAM· FROM TO - 55·C to 125·C O·C to 70·C 

TVPt TVPt 
UNIT 

ETER (INPUn (OUTPUn MIN MAX MIN MAX 

tplH 
ClK Q 

0.64 1.86 4.4 0.68 1.86 3.99 

1.14 1.14 
ns 

tpHl 0.38 2.65 0.41 2.39 

tplH 
ClK QZ 

0.54 1.58 3.67 0.57 1.58 3.34 

2.91 0.46 1.26 
ns 

tpHl 0.45 1.26 2.65 

tplH 
ClRZ 

QZ 0.53 1.37 3.12 0.57 1.37 2.84 

Q 0.31 0.77 1.61 0.33 0.77 1.49 
ns 

tpHl 

AtPlH 
ClK Q 

0.18 0.52 1.16 0.18 0.52 1.06 
ns/pF 

AtPHl 0.16 0.36 0.7 0.16 0.36 0.66 

AtPlH 
ClK QZ 

0.18 0.52 1.1 0.2 0.52 1 
ns/pF 

AtpHl 0.14 0.34 0.74 0.16 0.34 0.66 

Atpl.,H 
ClRZ 

QZ 0.18 0.52 1.1 0.18 0.52 1.02 
ns/pF 

AtpHl Q 0.16 0.36 0.8 0.16 0.36 0.72 

t Typical values are at VCC = 5 V, TA = 25·C. 

PRODUCTION DATA documents contain information ." 
curr~,~t .~ of public_htian date. ,P'TOdUClSl conform to ~EXAS ~ 
Specl leal Ions per t • terms 0 exas nstrumants I J 

:~~~~:~~i~'{::1~1i ~!:~::i:r lil":"~~:,::':· .01 IN STRUMENTS 

Copyright @ 1988, Texas Instruments Incorporated 
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TSC500 
SERIES 

DFN20LJ 
D-TYPE POSITIVE-EDGE-TRIGGERED FLIP-FLOP 

WITH 2X OUTPUTS 
03030, APRIL 1988 

INTERNAL CELL 

FUNCTION TABLE logic symbolt 
INPUTS 

ClK D 

f H 

f L 

L X 

OUTPUTS 

Q QZ 

H L 

L H 

00 00 

CLK-rl-- a 

0-U-az 
t This symbol is in accordance with ANSI/IEEE 

Std 91-1984 and IEC Publication 617-12. 

description 
The DFN20W cell implements a D-type flip-flop with 2X drive outputs. The flip-flop can be 
used as a stand-alone bit-storage device or as an addition to larger synchronous functions 
such as registers or counters. When the flip-flop is cCilied from the engineering workstation 
input, the following label format is developed and will be captured in the design netlist: 

Label: DFN20W D,CLK,Q,QZ; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

MIN MAX UNIT 

fclock Clock frequency 0 165 MHz 

tw Pulse duration CLK high or low 3 ns 

tsu Setup time before clock o high or low 2 ns 

th Hold time after clock o high or low 0.5 ns 

electrical characteristics, Vee = 5 V, T A = 25°e 
PARAMETER TEST CONDITIONS TYP MAX UNIT 

VT Input threshold voltage 2.2 V 

Ci Input capacitance 
lCLK 0.12 

pF 
10 0.06 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 1.63 pF 

PRODUCTION DATA documents contatn information ." @ 
current I. af publicltian dltl. Products conform to ~ Copyright 1988, Texas Instruments Incorporated 
specifications pe' the terms of TII.llnstruments TEXAS 
:~~=~i;·i~:I~~~ ~!:~:~ti:; :,~o:::::~:r~~s not IN STRUMENTS 

POST OFFICE BOX 655012· DALLAS, TEXAS 75265 9-7 



DFN20LJ 
D-TYPE POSITIVE-EDGE-TRIGGERED FLIP-FLOP 
WITH 2X OUTPUTS 
03030, APRIL 1988 

TSC500 
SERIES 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 

PARAM- FROM TO 

ETER (INPUT) (OUTPUT) 

tpLH 

tpHL 
eLK a 

tpLH 

tpHl 
CLK az 

AtPlH 
CLK Q 

AtpHL 

AtpLH 
ClK QZ 

AtpHL 

t Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTIO. DATA d ••• m •• ts conlli. i.lormltio. 
currant II If publicltion tlltl. Products conform to 
specifications per the terms of TI ••• Instrumentl 

- 55°C to 125°C 

MIN TYpt MAX 

0.45 1.42 3.21 
-

0.37 1.12 2.53 

0.53 1.54 3.59 

0.36 1.02 2.23 

0.2 0.54 1.14 

0.16 0.36 0.76 

0.18 0.54 1.12 

0.12 0.34 0.72 

:~:!:~~i~lr::~7e ~:~:~t~; :.o:::::::.:::s not TEXAS ." 
INSTRUMENTS 

O°C to 70°C 

TYpt "MAX UNIT 
MIN 

0.49 1.42 2.93 

0.39 1.12 -"""2.31 ns 

0.56 1.54 3.25 

0.39 1.02 2.05 
ns 

0.22 0.54 1.04 
ns/pF 

0.18 0.36 0.68 

0.2 0.54 1.04 
ns/pF 

0.12 0.34 0.64 

Copyright @ 1988, Texas Instruments Incorporated 
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TSC500 
SERIES 

DFP20LJ 
D-TYPE POSITIVE-EDGE-TRIGGERED FLIP-FLOP 

WITH PRESET AND 2X OUTPUTS 
D3030. APRIL 19BB 

INTERNAL CELL 

FUNCTION TABLE logic symbolt 
INPUTS 

PREZ ClK 0 
L X X 
H t H 

H t L 

H L X 

OUTPUTS 

Q QZ 

H L 

H L 

L H 

00 00 

. Q PREZE 
ClK C1 

QZ 
o 10 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984 and IEC Publication 617-12. 

description 
The DFP20W cell implements a D-type flip-flop with preset and 2X drive outputs. The flip
flop can be used as a stand-alone bit-storage device or as an addition to larger synchronous 
functions such as registers or counters. When the flip-flop is called from the engineering 
workstation input, the following label format is developed and will be captured in the design 
netlist: 

Label: DFP20W PREZ,D,CLK,Q,QZ; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

MIN MAX UNIT 

fclock Clock frequency 0 140 MHz 

Pulse duration 
PREZlow 3 

tw 
CLK high or low 

ns 
3.6 

Setup time before clock 
PREZ inactive (high) 0 

tsu ns o high or low 2 

th Hold time after clock o high or low 0.75 ns 

PRODUCTION DATA document. contain information .., 'Copyright @ 1988, Texas In~truments Incorporated 
current I. of publicltion date. Products conform to 11 
specifications per the terms of rIllS Instruments EXAS 
:~~~::~~i~lt::I~~~ ~~:~:~'i:r :1~O::~:~~::s~1 not INSTRUMENlS 

POST OFFICE BOX 855012· DALLAS, TEXAS 75285 9·9 



DFP20LJ 
D· TYPE POSITIVE·EDGE-TRIGGERED FLIP-FLOP 
WITH PRESET 'AND 2X OUTPUTS 
D3030, APRIL 1988 

electrical characteristics, Vee = 5 V, TA = 25°e 
PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

PREZ 

Ci Input capacitance ClK 

0 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 

TYP MAX 

2.2 

0.16 

0.12 

0.06 

1.67 

TSC500 
SERIES 

UNIT 

V 

pF 

pF 

switching characteristics over recommended ranges of supply voltage and operating free· 
air temperature (unless otherwise noted), eL = 0 

PARAM· FROM TO -55°C to 125°C 

ETER (INPUT) (OUTPUT) MIN TYpt MAX 

tplH 
ClK Q 

0.54 1.59 3.69 

tpHL 0.43 1.2 2.88 

tplH 
ClK QZ 

0.6 1.8 4.32 

tpHl 0.4 1.14 2.61 

tPlH 
PREZ 

Q 0.46 1.32 2.99 

QZ tpHl 0.29 0.79 1.72 

~tplH 
ClK Q 

0.2 0.54 1.1 

~tpHl 0.12 0.36 0.72 

~tplH 
ClK QZ 

0.18 0.54 1.18 

~tpHl 0.16 0.38 0.74 

~tplH 
PREZ 

Q 0.22 0.52 1.12 

~tpHl QZ 0.16 0.34 0.7 

t Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTION DATA documonts contoin information 
current IS of publicltion data. Products conform to 
specificationl per the tarms of Texi. Instruments 

:~~'!::~~i~·i~:ru1i ~!:~:~l:r :'~~:~:::::t:is~' not 
TEXAS ~ 

INSTRUMENTS 

O°Cto 700e 
TYpt 

UNIT 
MIN MAX 

0.58 1.59 3.35 

0.44 1.2 2.62 
ns 

0.63 1.8 3.91 

0.42 1.14 2.39 
ns 

0.5 1.32 2.71 

0.32 0.79 1.56 
ns 

0.22 0.54 1.02 
ns/pF 

0.14 0.36 0.64 

0.2 0.54 1.08 
ns/pF 

0.18 0.38 0.66 

0.22 0.52 1.04 
ns/pF 

0.16 0.34 0.66 

Copyright @ 1988, Texas Instruments Incorporated . 
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TSC500 
SERIES 

DTB10LJ 
D-TYPE POSITIVE-EDGE-TRIGGERED FLIP-FLOP 

WITH PRESET, CLEAR, AND 1X OUTPUTS 
03030. APRIL 1988 

INTERNAL CELL 

FUNCTION TABLE logic symbolt 
INPUTS OUTPUTS 

PREZ ClRZ ClK 0 Q QZ 

L H X X H L 

H L X X L H 

L L X X L* L* 

H H t H H L 

H H t L L H 

H H L X 00 00 

* This configuration is nonstable; that is, it will not 
persist when PREZ or CLRZ returns to its inactive 
(high) level. 

PREZfla 
ClK C1 

o 10 
az 

ClRZ R 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984 and IEC Publication 617-12. 

description 
The DTB1 OLJ cell implements a D-type flip-flop with preset, clear, and 1 X drive outputs. The 
flip-flop can be used as a stand-alone bit-storage device or as an addition to larger 
synchronous functions such as registers or counters. When the flip-flop is called from the 
engineering workstation input, the following label format is developed and will be captured 
in the design netlist: 

Label: DTB10LJ CLRZ,PREZ,D,CLK,Q,QZ; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

fclock Clock frequency 

tw 

tsu 

th 

Pulse duration 

Setup time before clock 

Hold time after clock 

PRODUCTION DATA do.umants contain information 
current IS of publication date. Products conform to 
specificationl per the terms of TaXI. Instruments 

:~~~::~~i~ai~:l~~~ ~!::~~i:r :1~O:=:::::t:r~~S not 

MIN MAX UNIT 

0 170 MHz 

CLRZ low 3 
PREZ low 4 ns 

eLK high or low 2.9 

CLRZ inactive (high) 0 

PREZ inactive (high) 0 ns 

o high or low 2 
CLRZ active (low) 2 
PREZ active (low) 1 ns 

D high or low 0 

TEXAS ." 
INSTRUMENTS 

Copyright © 1988, Texas Instruments Incorporated 

POST OFFICE BOX 655012' DALLAS, TEXAS 15265 9-11 



DTB10LJ 
D-TYPE POSITIVE-EDGE-TRIGGERED FLIP-FLOP 
WITH PRESET, CLEAR, AND 1X OUTPUTS 
D3030, APRIL 1988 

electrical characteristics, Vee = 5 V, TA = 25°e 
PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

ClRZ 

Cj Input capacitance 
PREZ 

0 
ClK 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 

TYP MAX 

2.2 

0.05 

0.08 

0.08 

0.06 

1.51 

TSC500 
SERIES 

UNIT 

V 

pF 

pF 

switching characteristics over recommended ranges of supply voltage and operating free· 
air temperature (unless otherwise noted), eL = 0 

PARAM· FROM TO - 55°C to 125°C 

ETER (INPUn (OUTPUn MIN TYpt MAX 

tplH 
ClK a 0.52 1.3 2.83 

tpHl 0.61 1.55 3.41 

tplH 
ClK az 0.47 1.1 2.34 

0.54 tpHl 1.33 2.9 

tplH 
ClRZ 

az 0.56 1.64 3.9 

a tPHl 0.29 0.58 1.14 

tplH 
PREZ 

a 0.45 1.17 2.64 

az tpHl 0.48 1.25 2.79 

6tplH 
ClK a 0.48 1.18 2.46 

6tpHl 0.62 1.32 2.62 

6tplH 
ClK az 0.42 1.1 2.34 

6tpHl 0.62 1.38 2.82 

6tPlH ClRZ 
az 0.42 1.14 2.5 

6tpHl a 0.6 1.32 2.66 

6tplH a 0.44 1.18 2.46 

6tpHl 
PREZ az 0.6 1.34 2.76 

t Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTION DATA docqme.ts co.tei. i.formllio. 
currant I' of publicatioR dat •. Product. conform to 
specifications per the terms of TaxIS Instruments 

:~~~~:~~i~·i~:1~1i ~~:i~~ti:r :1~O::::::::'::'s~1 not 
TEXAS ~ 

INSTRUMENTS 

O°C to 70°C 

TYpt 
UNIT 

MIN MAX 

0.55 1.3 2.6 

0.65 1.55 3.12 
ns 

0.49 1.1 2.14 

0.57 1.33 2.66 
ns 

0.58 1.64 3.53 

0.3 0.58 1.05 
ns 

0.47 1.17 2.42 

0.49 1.25 2.56 
ns 

0.5 1.18 2.26 
ns/pF 

0.66 1.32 2.36 

0.44 1.1 2.16 
ns/pF 

0.66 1.38 2.54 

0.46 1.14 2.3 
ns/pF 

0.64 1.32 2.4 

0.48 1.18 2.26 
ns/pF 

0.66 1.34 2.48 

Copyright @ 1988, Texas Instruments Incorporated 
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TSC500 
SERIES 

DTC10LJ 
D-TYPE POSITIVE-EDGE-TR~GGERED FLIP-FLOP 

WITH CLEAR AND 1X OUTPUTS 
APRIL 1988 

INTERNAL CELL 

FUNCTION TABLE logic symbolt 
INPUTS 

ClRZ ClK 0 
l X X 
H t H 

H t l 

H l X 

OUTPUTS 
Q QZ 

l H 

H l 

l H 

00 00 

CLKE1 Q 

o 10 

QZ CLRZ R 
t This symbol is in accordance with ANSI/IEEE 

Std 91-1984 and IEC Publication 617-12. 

description 
The DTC1 OLJ cell implements a D-type flip-flop with clear and 1 X drive outputs. The flip-flop 
can be used as a stand-alone bit-storage device or as an addition to larger synchronous 
functions such as registers or counters. When the flip-flop is called from the engineering 
workstation input, the following label format is developed and will be captured in the design 
netlist: 

Label: DTC10LJ CLRZ,D,CLK,Q,QZ; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

timing requirements over recommended ranges of supply voltage and operating free-air 
temperature 

MIN MAX UNIT 

fclock Clock frequency 0 150 MHz 

Pulse duration 
ClRZlow 3 

tw ns 
ClK high or low 3.3 

Setup time before clock 
ClRZ inactive (high) 0 

tsu ns 
D high or low 2 

Hold time after clock 
D high or low 0.25 

th 
ClRZ active (low) 3 

ns 

PRODUCTION DATA documents contain information ." 
current IS of publication dat •. Products conform to .. ~ 
specifications par the terms of Texas Instruments • EXAS 
:~~::~~i~aj~:1~1e ~~:~:~ti:; :'~O::~:::::t::'s~S not INSTRUMENTS 

Copyright © 1988, Texas Instruments Incorporated 
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DTC10LJ 
D-TYPE POSITIVE-EDGE-TRIGGERED FLIP-FLOP 
WITH CLEAR AND 1X OUTPUTS 
D3030, APRIL 1988 

electrical characteristics, Vee = 5 V, TA = 25°e 
PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

ClRZ 

Ci Input capacitance ClK 

D 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 

TYP MAX 

2.2 

0.05 

0.06 

0.09 

1.44 

TSC500 
SERIES 

UNIT 

V 

pF 

pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 

PARAM- FROM TO - 55°C to 125°C 

ETER (INPUT) (OUTPUT) MIN TYpt MAX 

tplH 
ClK Q 

0.49 1.26 2.71 

tpHl 0.61 1.54 3.41 

tplH 
ClK QZ 

0.47 1.14 2.45 

tpHl 0.51 1.25 2.73 

tplH 
ClRZ 

QZ 0.55 1.56 3.61 

tpHl Q 0.3 0.57 1.12 

dtplH 
ClK Q 

0.48 1.16 2.46 

dtpHl 0.6 1.32 2.62 

dtplH 
ClK QZ 

0.5 1.32 2.78 

dtpHl 0.58 1.3 2.64 

dtplH 
ClRZ 

QZ 0.52 1.32 2.86 

dtpHl Q 0.58 1.32 2.66 

t Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 

~~~~~:~~i~at:~I~~e ~!~ti~~t,i:( ~Io::~:~:t:ros~s not TEXAS • 
INSfRUMENlS 

O°C to 70°C 

TYpt 
UNIT 

MIN MAX 

0.52 1.26 2.49 

0.63 1.54 3.12 
ns 

0.49 1.14 2.25 

0.53 1.25 2.52 
ns 

0.59 1.56 3.3 

0.3 0.57 1.03 
ns 

0.5 1.16 2.26 
ns/pF 

0.66 1.32 2.36 

0.54 1.32 2.56 
ns/pF 

0.62 1.3 2.36 

0.54 1.32 2.6 

0.64 1.32 2.4 
ns/pF 

Copyright @ 1988, Texas Instruments Incorporated 

9-14 POST OFFIc'E BOX 655012 • DALLAS, TEXAS 75265 



TSC500 
SERIES 

DTN10LJ 
D-TYPE POSITIVE-EDGE-TRIGGERED FLIP-FLOP 

WITH 1 X OUTPUTS 
03030, APRIL 1988 

INTERNAL CELL 

FUNCTION TABLE logic symbolt 
INPUTS 

elK D 

t H 

t l 

l X 

OUTPUTS 

Q QZ 

H l 

l H 

00 00 

CLK---Fl-O 
o-U-0z 

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

description 
The DTN10LJ cell implements a D-type flip-flop with 1 X drive outputs. The flip-flop can be 
used as a stand-alone bit-storage device or as an addition to larger synchronous functions 
such as registers or counters. When the flip-flop is called from the engineering workstation 
input, the following label format is developed and will be captured in the design netlist: 

Label: DTN10LJ D,CLK,Q,QZ; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

MIN MAX UNIT 

fclock Clock frequency a 165 MHz 

tw Pulse duration ClK high or low 3 ns 

tsu Setup time before clock o high or low 2 ns 

th Hold time after clock o high or low 0.5 ns 

electrical characteristics, Vee = 5 V, T A = 25°e 
PARAMETER TEST CONDITIONS TYP MAX UNIT 

VT Input threshold voltage 2.2 V 

Ci Input capacitance 
IClK 0.05 

pF 
10 0.05 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 0.89 pF 

PRODUCTION DATA documents contein information ." 
curr~f~t a~ of pu-bliclhtion data. fPrTOducts, conform to llEXAS ~ 
speCI leatlons per t e terms 0 8.IS nstruments 

:~~=:~~i~·i~:1~7i ~!:~~~ti:r :'~O::~::::t::s~S not INSTRUMENTS 

Copyright @ 1988, Texas Instruments Incorporated 
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DTN10LJ 
D· TYPE POSITIVE·EDGE· TRIGGERED FLlp·FLOP 
WITH 1X OUTPUTS 
03030, APRIL 1988 

TSC500 
SERIES 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 

PARAM- FROM TO 

ETER (INPUT) (OUTPUT) 

tplH 

tpHl 
ClK Q 

tplH 

tpHl 
ClK QZ 

atplH 
ClK Q 

atpHl 

atplH 

atpHl 
ClK QZ 

t Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTION DATA documlnts contlln InformOllon 
currant I. of publicatian dati. Products conform to 
specificationl per the tarms of TaXI. Instruments 

- 55°C to 125°C 

MIN TYpt MAX 

0.59 1.43 3.14 

0.53 1.37 2.96 

0.44 1.03 2.15 

0.51 1.2 2.56 
0.4 1.06 2.2 

0.56 1.22 2.44 

0.42 1.12 2.38 

0.6 1.34 2.7 

:~~-:!:~~i~·t::,~1~ ~!::i~~i:r :'~D::~::::t::S~1 nat 
TEXAS ." 

IN STRUM ENlS 

O°C to 70°C 

TYpt 
UNIT 

MIN MAX 

0.61 1.43 2.86 

0.55 1.37 2.71 
ns 

0.45 1.03 1.98 
0.52 1.2 2.35 

ns 

0.44 1.06 2.04 
ns/pF 

0.62 1.22 2.2 

0.46 1.12 2.18 
ns/pF 

0.66 1.34 2.44 

Copyright © 1988, Texas Instruments Incorporated 
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TSC500 
SERIES 

DTP10LJ 
D-TYPE POSITIVE-EDGE-TRIGGERED FLIP-FLOP 

WITH PRESET AND 1 X OUTPUTS 
03030. APRIL 1988 

INTERNAL CELL 

FUNCTION TABLE logic symbolt 
INPUTS 

PREZ ClK 0 

l X X 
H t H 

H t l 

H l X 

OUTPUTS 

Q QZ 

H l 

H l 

l H 

00 00 

PREZEo 
ClK C1 

OZ 
o 10 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984 and IEC Publication 617-12. 

description 
The DTP10LJ cell implements a D-type flip-flop with preset and 1X drive outputs. The flip
flop can be used as a stand-alone bit-storage device or as an addition to larger synchronous 
functions such as registers or counters. When the flip-flop is called from the engineering 
workstation input, the following label format is developed and will be captured in the design 
netlist: 

Label: DTP10LJ PREZ,D,CLK,Q,QZ; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

MIN MAX UNIT 

fclock Clock frequency 0 165 MHz 

PREZlow 4 
tw Pulse duration ns 

ClK high or low 3 

Setup time before clock 
PREZ inactive (high) 0 

tsu ns 
o high or low 2 

Hold time after clock 
o high or low 0.25 

th 
PREZ active (low) 0.75 

ns 

PRODUCTION DATA d •• um ...... o .. in inlormati.n ." 
cumnt II of publication date. Products conform tD ~ 
spa.i'icati.ns par tb. tarm. of Ta,," Instrumants TEXAS 
:='!:~i~a[::I'::J~ ~:t;:~ti:r lrlO:;::::I::.s not INSTRUMENTS 

Copyright C> 1988. T .... lnstruments Incorporated 
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DTP10lJ 
D-TYPE POSITIVE-EDGE-TRIGGEREDFLlP~FLOP 
WITH PRESET AND 1X OUTPUTS 
D3030, APRIL 1988 

electrical characteristics, Vee = 5 V, TA = 25De 
PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

PREZ 

Ci Input capacitance ClK 

0 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 

TYP MAX 

2.2 

0.08 

0.05 

O.Os 
1.32 

TSC500 
SERIES 

UNIT 

V 

pF 

pF 

switching characteristics over recommended ranges of supply voltage and operating free· 
air temperature (unless otherwise noted), eL = 0 

PARAM· FROM TO - 55°C to 125°C 

ETER (INPUT) (OUTPUT) MIN TYpt MAX 

tplH 
ClK a 0.61 1.48 3.25 

3.04 tpHl 0.57 1.42 

tplH 
ClK az 0.46 1.04 2.2 

tpHl 0.53 1.21 2.58 

tplH 
PREZ 

a 0.53 1.34 3.03 

az tPHl 0.43 1.09 2.4 

4tplH 
ClK a 0.46 1.18 2.46 

AtPHl 0.6 1.3 2.64 

4tplH 
ClK az 0.4(3 1.22 2.54 

4tPHl 0.6 1.36 2.76 

4tplH 
PREZ 

a 0.46 1.18 2.44 

4tplH az 0.6 1.34 2.72 

t Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTION DATA do.umonts .ontoin informotion 
current II of publicltion datI. Products conform to 
specificationl PII' the terms of riXI. Instrumants 
standard warrent,. Production processing dolS not 
nlclsslrily include tntin. of .11 para mete,s. 

TEXAS ." 
INSTRUMENTS 

ODC to 70°C 

TYpt 
UNIT 

MIN MAX 

0.63 1.48 2.96 

0.6 1.42 2.79 
ns 

0.49 1.04 2.02 

0.54 1.21 2.38 
ns 

0.55 1.34 2.75 

0.44 1.09 2.21 
ns 

0.5 1.18 2.28 
ns/pF 

0.64 1.3 2.38 

0.48 1.22 2.34 
ns/pF 

0.66 1.36 2.48 

0.5 1.18 2.26 
ns/pF 

0.66 1.34 2.44 

Copyright @ 1988, Texas Instruments Incorporated 
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TSC500 
SERIES 

JKB20LJ 
J-K-TYPE POSITIVE-EDGE-TRIGGERED FLIp· FLOP 

WITH PRESET, CLEAR, AND 2X OUTPUTS 
D3030, APRIL 1988 

INTERNAL CELL 

FUNCTION TABLE logic symbolt 
INPUTS 

PREZ ClRZ ClK J KZ 

L H X X X 
H L X X X 
L L X X X 
H H t L L 

H H t H l 
H H t L H 

H H t H H 

H H l X X 

OUTPUTS 

Q QZ 

H L 

L H 

L* L* 

L H 

TOGGLE 

00 00 
H L 

00 00 

PREZ 
J 

ClKZ 
KZ 

ClRZ 

"'-

"'-
"'-
"'-

S 

lJ 

lK 

R 

o 
Cl 

...... OZ 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984 and IEC Publication 617-12. 

* This configuration is nonstable; that is, it will not 
persist when PREZ or CLRZ return to their 
inactive (high) level. 

description 
The JKB20LJ cell implements a positive-edge-triggered J-K flip-flop with preset, clear and 
2X drive outputs. The flip-flop can be used as a stand-alone bit-resolution device or as an 
addition to larger synchronous functions such as registers or counters. When the flip-flop is 
called from the engineering workstation input, the following label format is developed and 
will be captured in the design netlist: 

Label: JKB20LJ CLRZ,PREZ,KZ,J,CLK,Q,QZ; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

timing requirements over recommended ranges of supply voltage and operating free-air 
temperature 

fclock Clock frequency 

tw 

tsu 

th 

Pulse duration 

Setup time before clock 

Hold time after clock 

PRODUCTION DATA documents cantlin information 
eurrlnt II of publication dltl. Products conform to 
specification. pe, the terms of Till. Instruments 

=::~~i~.i~:Ir:li ~!:~:~ti:; :'~D::::::t:~~ not 

MIN MAX UNIT 

0 127 MHz 

ClRZ low 4 

PREZ low 3 ns 

ClK high or low 3.9 

CLRZ inactive (high) 0.25 

PREZ inactive (high) 0 ns 

J or KZ high or low 3 

J or KZ high or low 0 ns 

TEXAS .., 
INSTRUMENTS 

Copyright C> 1988. Tex.s Instrumtlnts Incorporated 
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JKB20LJ 
J-K-TYPEPOSITIVE-EDGE-TRIGGERED FLIP-FLOP 
WITH PRESET, CLEAR, AND 2X OUTPUTS 
03030, APRIL 1988 

electrical characteristic$, Vee = 5 V, TA = 25°e 
PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

ClRZ 

Ci Input capacitance 
PREZ 

J, KZ 
ClK 

Cpd Equivalent power dissipation capacitance tr=tf=1ns 

TVP 

2.2 

0.11 

0.11 

0.06 

0.06 

3.69 

TSC500 
SERIES 

MAX UNIT 

V 

pF 

pF 

switching characteristics over recommended ranges of supply voltage and operating free· 
air temperature (unless otherwise noted), eL = 0 

PARAM· FROM TO - 55°C to 125°C O'C to 70'C 

TVPt TVPt 
UNIT 

ETER (INPUT) (OUTPUT) MIN MAX MIN MAX 

tplH 
ClK Q 

0.43 1.22 2.7 0.45 1.22 2.47 
ns 

tpHl 0.37 1.09 2.46 0.4 1.09 2.27 

tplH 
ClK QZ 

0.54 1.78 4.23 0.58 1.78 3.86 
ns 

tPHl 0.54 1.74 4.03 0.58 1.74 3.69 

tplH 
ClRZ 

QZ 0.63 1.84 4.42 0.65 1.84 4.02 

Q 0.45 2.3 
ns 

tpHl 0.43 1.1 2.49 1.1 

tplH Q 0.57 1.7 3.97 0.61 1.7 3.6 
PREZ 

QZ 0.33 
ns 

tpHl 0.31 0.77 1.64 0.77 1.51 

I1tplH 
ClK Q 

0.21 0.58 1.26 0.23 0.58 1.16 
ns/pF 

I1tpHl 0.18 0.5 1.08 0.2 0.5 0.97 

I1tplH 
ClK QZ 

0.21 0.53 1.12 0.22 0.53 1.03 
ns/pF 

I1tpHl 0.2 0.4 0.83 0.2 0.4 0.75 

I1tplH QZ 0.19 0.52 1.12 0.21 0.52 1.03 
ns/pF 

I1tPHl 
ClRZ 

Q 0.19 0.18 0.52 1.15 0.52 1.04 

I1tplH Q 0.22 0.55 1.19 0.23 0.55 1.09 
ns/pF PREZ 

QZ 0.17 I1tpHl 0.17 0.39 0.81 0.39 0.74 

t Typical values are at VCC = 5 V, T A = 25°C. 

PRDDUCTIDI DATA d •• um.ol •••• I.in iof.rm"ion 
curr.nt I. of puililieition dltl. P,..ucts con'onn to 
.pecific"ion. per Ih. IorIO' of T.II. Instrumonl. TEXAS .., 

INSIRUMENlS 

Copyright @ 1988. Texas Instruments Incorporated 

::::~~i;'i~:I~'la ~:~:~ti:r :Ir:.~:~::.s not 
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TSC500 
SERIES 

JKB21LJ 
J-K-TYPE NEGATIVE-EDGE-TRIGGERED FLIP-FLOP 

WITH PRESET, CLEAR, AND 2X OUTPUTS 
D3030. APRIL 1988 

INTERNAL CELL 

FUNCTION TABLE 

INPUTS OUTPUTS 

PREZ CLRZ CLKZ J KZ Q QZ 

L H X X X H L 

H L X X X L H 

L L X X X L* L* 

H H ~ L L L H 

H H ~ H L TOGGLE 

H H ~ L H 00 00 
H H ~ H H H L 

H H L X X 00 00 

* This configuration is nonstable; that is, it will not 
persist when PREZ or CLRZ return to their 
inactive (high) level. 

logic symbolt 

PREZ 
J 

ClKZ 
KZ 

ClRZ 

'" 
r--... 
r--... 
r--... 

S 

1J Q 

C1 

1K "" QZ 

R 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984 and IEC Publication 617-12. 

description 
The JKB21 LJ cell implements a negative-edge-triggered J-K flip-flop with preset, clear, and 
2X drive outputs. The flip-flop can be used as a stand-alone bit-resolution device or as an 
addition to larger synchronous functions such as registers or counters. When the flip-flop is 
called from the engineering workstation input, the following label format is developed and 
will be captured in the design netlist: 

Label: JKB21 LJ CLRZ,PREZ,KZ,J,CLKZ,Q,QZ; 

absolute maximum ratings and recommended operating conditions 
These are speCified as a part of the TSC500 Series Data. 

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

MIN MAX UNIT 

fclock Clock frequency a 125 MHz 

CLRZlow 4 

tw Pulse duration PREZlow 3 ns 

CLKZ high or low 4 
CLRZ inactive (high) 0.5 

tsu Setup time before clock PREZ inactive (high) a ns 

J or KZ high or low 3 
CLRZ active (low) 0.25 

th Hold time after clock PREZ active (low) 2 ns 

J or KZ high or low 0.5 

PROOUCTION OAn. doc.mlnts centlin information -II 
current II of pu.licltion dlte. Products conform to Tw oj 
specificationl per the terml of rlXIS Instruments I EXAS 
::~:~~i;·i~:I:r. ~::~::i:; :,~o::~::::~::'s~S not INSTRUMENlS 

Copyright @ 1988, Texas Instruments Incorporated 
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JKB21LJ 
J-K-TYPE NEGATIVE-EDGE-TRIGGERED FLIP-FLOP 
WITH PRESET, CLEAR, AND 2X OUTPUTS 
03030, APRIL 1988 

electrical characteristics, Vee = 5 V, TA = 25°e 
PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

CLRZ 

Ci Input capacitance 
PREZ 

J,KZ 

CLKZ 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 

TYP 

2.2 

0.11 

0.11 

0.06 

0.06 

1.91 

TSC500 
SERIES 

MAX UNIT 

V 

pF 

pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 

PARAM- FROM TO - 55°e to 125°e ooe to 700 e 

TYpt TYpt 
UNIT 

ETER (INPUT) (OUTPUT) MIN MAX MIN MAX 

tpLH 
CLKZ Q 

0.43 1.16 2.63 0.45 1.16 2.4 

0.41 1.12 2.59 0.43 1.12 2.38 
ns 

tpHL 

tpLH 
CLKZ QZ 

0.52 1.8 4.36 0.57 1.8 3.96 

3.97 0.59 1.7 3.62 
ns 

tpHL 0.55 1.7 

tpLH 
CLRZ 

QZ 0.62 1.84 4.4 0.64 1.84 4.01 

Q 
ns 

tpHL 0.43 1.11 2.5 0.45 1.11 2.3 

tpLH 
PREZ 

Q 0.57 1.69 3.96 0.6 1.69 3.59 

QZ 0.31 0.76 1.63 0.33 0.76 1.5 
ns 

tpHL 

.:1tpLH 
CLKZ Q 

0.21 0.58 1.27 0.22 0.58 1.16 
ns/pF 

.:1tpHL 0.15 0.5 1.08 0.18 0.5 0.97 

.:1tPLH 
CLKZ QZ 

0.23 0.53 1.12 0.24 0.53 1.03 
ns/pF 

.:1tpHL 0.17 0.39 0.83 0.18 0.39 0.75 

.:1tpLH QZ 0.19 0.53 1.12 0.21 0.53 1.03 
ns/pF 

.:1tpHL 
CLRZ 

Q 0.18 0.51 1.14 0.19 0.51 1.03 

.:1tPLH 
PREZ 

Q 0.22 0.55 1.19 0.23 0.55 1.09 
ns/pF 

.:1tpHL QZ 0.17 0.39 0.82 0.17 0.39 0.74 

t Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTIDI DATA doc.m •• t .... t.i. i.lor .. llio. 
curr •• ' II of puilliutil .. dltl. Prttlucts c •• ",. to 
.poeillollio.1 plr tho t ..... 01 T .... In .. rumontl TEXAS ~ 

INSTRUMENTS 

Copyright·@ 1988. rexas Instruments Incorporated 

==~~i~'[':~1i ~:::':~ti:r ma::::::lt::.s not 

9-22 POST OFFICE BOX 6SS012 • DALLAS, TEXAS 75265 



TSC500 
SERIES 

LAB10LJ 
S-R LATCH 

WITH 1X OUTPUTS 
APRIL 1988 

INTERNAL CELL 

FUNCTION TABLE 

INPUTS OUTPUTS 

SZ RZ Q QZ 

H H 00 00 
L H H L 

H L L H 

L L L* . L* 

.. This configuration is nonstable; that is, 
it will not persist when either SZ or RZ 
returns to its inactive (H) level. 

logic symbolt sz's ~Q 
RZ--'I",,_ R ____ .. r-- az 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984 and IEC Publication 617-1? . 

description 
The LAB1 OW cell implements a S-R latch with 1 X drive outputs. The cell incorporates direct 
inputs for both set (SZ) and reset (RZ) providing a stand-alone bit-storage device or an 
addition to larger latched functions. 

When the latch is called from the engineering workstation input, the following label format is 
developed and will be captured in the design netlist: 

Label: LAB10W SZ,RZ,Q,QZ; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

MIN MAX UNIT 

Pulse duration 
I RZlow 2 

tw ns 
ISZlow 2 

electrical characteristics, Vee = 5 V, TA = 25°e 
PARAMETER TEST CONDITIONS TYP MAX UNIT 

VT Input threshold voltage 2.2 V 

Ci Input capacitance JRZ, SZ 0.06 pF 

Cpd Equivalent power dissipation capacitance tr =tf=1ns 0.83 pF 

PRODUCTION DATA documents .ontlin informetio. 
cumnt II of publication dltl. P,aducts conform to 
specificltioRS par the terms of rexi. Instruments 
stlade,d warnnty. Production p:rOCls~ing does not 
RlC8lllrily include tHting of .11 par.m~ters. 

TEXAS ." 
Copyright @ 1988, Texas Instruments Incorporated 
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LAB10LJ 
S-R LATCH 
WITH 1X OUTPUTS 
03030, APRIL 1988 

TSC500 
SERIES 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 

PARAM- FROM TO 

ETER (INPUT) (OUTPUT) 

tpLH SZ Q 
RZ ipHL 

tpLH RZ 
QZ 

SZ tpHL 

LltpLH SZ 
Q 

LltpHL QZ 
LltpLH 

RZ 
QZ 

LltpHL Q 

t Typical values are at Vee = 5 V, TA = 25°e. 

PRODUCTION DATA documents contain information 
current as of publication datB. Products conform to 
specifications per the terms of TellS Instruments 

- 55°C to 125°C 

MIN TYpt MAX 

0.36 0.89 1.97 

0.26 0.65 i .31 

0.36 0.92 1.99 

0.27 0.65 1.33 

0.4 1.12 2.28 

0.28 0.6 1.2 

0.4 1.08 2.24 

0.28 0.58 1.18 

::':!:~~i~8i::1~1e ~!::i:~ti:r :1~O::~:::::t::s~S not 
TEXAS ." 

INSTRUMENTS 

O°C to 70°C 

TYpt 
UNIT 

MIN MAX 

0.37 0.89 1.8 

0.28 0.65 1.2 
ns 

0.37 0.92 1.82 

0.28 0.65 1.23 
ns 

0.44 1.12 2.1 
ns/pF 

0.3 0.6 1.08 

0.44 1.08 2.06 

0.3 0.58 1.08 
ns/pF 

Copyright © 1988, Texas Instruments Incorporated 
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TSC500 
SERIES 

LAB20LJ 
S-R LATCH 

WITH 2X OUTPUTS 
APRIL 1988 

INTERNAL CELL 

FUNCTION TABLE 

INPUTS OUTPUTS 

SZ RZ 0 OZ 

H H 00 00 
L H H L 

H L L H 

L L L* L* 

* This configuration is nonstable; that is, 
it will not persist when either SZ or RZ 
returns to its inactive (H) level. 

logic symbolt 

:~ ... : ___ ~~~2 
t This symbol is in accordance with ANSI/IEEE 

Std 91-1984 and IEC Publication 617-12. 

description 
The LAB20W cell implements a S-A latch with 2X drive outputs. The cell incorporates direct 
inputs for both set (SZ) and reset (RZ) providing a stand-alone bit-storage device or an 
addition to larger latched functions. 

When the latch is called from the engineering workstation input, the following label format is 
developed and will be captured in the design netlist: 

Label: LAB20LJ SZ,RZ,Q,QZ; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

MIN MAX UNIT 

Pulse duration 
I AZlow 2 

tw ns 
ISZlow 2 

electrical characteristics, Vee = 5 V, TA = 25°e 
PARAMETER TEST CONDITIONS TYP MAX UNIT 

VT Input threshold voltage 2.2 V 

Ci Input capacitance IAZ,SZ 0.06 pF 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 1.32 pF 

PRODUCTION DATA documents contain information 
currant 8S of publication dati. Products conform ta 
specification. per the tarms of Tlxa. Instruments TEXAS ." 

Copyright @ 1988, Texas Instruments Incorporated 

:==i~"::I~li ~:~::i:r :~c;~:::~::.s not INSTRUMENTS 
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LAB20LJ 
S-R LATCH 
WITH 2X OUTPUTS 
03030, APRIL 1988 

TSC500 
SERIES 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (uri less otherwise noted), CL = 0 

PARAM· FROM TO 

ETER (INPUT) (OUTPUT) 

tpLH SZ 
Q 

RZ tpHL 

tpLH RZ az 
SZ tpHL 

AtpLH SZ a 
AtPHL SZ az 
AtpLH RZ az 
AtpHL RZ a 

t Typical values are at Vee =: 5 V, TA =: 25°e. 

PRODUCTION DATA d.eumlnts eontlin inlo,mltlon 
cunent II 01 pu~li .. tio. dill. P,oduets eonlo,m to 
specifications 'plr the terms of Texas Instrumentl 

- 55°C to 125°C 

MIN TYpt MAX 

0.38 1.05 2.31 

0.28 0.71 1.44 
0.44 1.11 2.42 
0.27 0.64 1.35 

0.2 0.52 1.1 
0.16 0.36 0.72 

0.1 0.52 1.12 
0.18 0.34 0.74 

::::~i;rr::I~7i ~=~~ti:r :.~o:::::.::.s not 
tEXAS ." 

INSTRUMENTS 

O°C to 70°C 

MIN TYpt MAX 
UNIT 

0.4 1.05 2.1 

0.3 
----:-::-:::-

0.71 1.32 
ns 

0.46 1.11 2.22 
0.29 0.64 1.24 

ns 

0.22 0.52 1.02 
ns/pF 

0.16 0.36 0.66 

0.2 0.52 1.02 
ns/pF 

0.1 0.34 0.68 

Copyright @ 1988, Texas Instruments Incorporated 
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TSC500 
SERIES 

LAH10LJ 
D-TYPE LATCH 

WITH ACTIVE-HIGH ENABLE AND 1 X OUTPUTS 
APRIL 1988 

INTERNAL CELL 

FUNCTION TABLE logic symbolt 
INPUTS 

0 C 

L H 

H H 

X L 

OUTPUTS 

Q QZ 

L H 

H L 

00 00 

0'10 J--a 
C~~.C_1 ______ ~~az 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984 and IEC Publication 617-12. 

description 
The LAH1 OLJ cell implements a D-type latch with active-high enable and 1 X drive outputs. 
Information present at the data input is transferred to the Q output when the enable input is 
high, and the Q output will follow the data input as long as enable remains high. When 
enable goes low, the data that was present at the data input when the transition occurred is 
retained at the Q output until enable is taken high. 

When the latch is called from the engineering workstation input, the following label format is 
developed and will be captured in the design netlist: 

Label: LAH10LJ D,C,Q,QZ; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

MIN MAX UNIT 

tw Pulse duration, C high 2 

tsu Setup time, D high or low 0.75 ns 

th Hold time, 0 high or low 0 

electrical characteristics, Vee = 5 V, TA = 25°e 
PARAMETER TEST CONDITIONS TYP MAX UNIT 

VT Input threshold voltage 2.2 V 

Ci Input capacitance 10 0.09 
pF 

IC 0.12 

Cpd Equivalent power dissipation capacitance tr = If = 1 ns 0.78 pF 

PROOUCTION OATA document. contein informati.n . 
current IS of publication date. Products conform to 
specifications par the terma of Texas Instrumenb TEXAS ." 

Copyright @ 1988, Texas Instruments Incorporated 
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LAH10LJ 
D-TYPE LATCH 
WITH ACTIVE-HIGH ENABLE AND 1 X OUTPUTS 
03030, APRIL 1988 

TSC50o. 
SERIES 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 

PARAM- FROM TO - 55°e to 125°e 

ETER (INPUT) (OUTPUT) MIN TYpt MAX 

tpLH 
e Q 

0.29 0.78 1.58 

tpHL 0.19 0.67 1.47 

tpLH 
e QZ 

0.2 0.82 1.85 

tpHL 0.41 1.08 2.29 

tpLH 
Q 

0.24 0.58 1.22 
0 

tpHL 0.25 0.64 1.33 

tpLH 
QZ 

0.27 0.79 1.68 
0 

tpHL 0.36 0.88 1.91 

L\tpLH 
e Q 

0.42 1.06 2.24 

L\tPHL 0.24 0.58 1.16 

L\tpLH 
e QZ 

0.44 1.12 2.34 

L\tpHL 0.28 0.62 1.22 

L\tpLH 0.4 1.06 2.24 
0 Q 

L\tpHL 0.28 0.56 1.14 

L\tpLH 
QZ 

0.44 1.12 2.34 
0 

L\tpHL 0.26 0.62 1.24 

t Typical values are at Vee = 5 V, TA = 25°e. 

PRODUCTION DATA d.cumonls contain informetion 
current as of publication date. Products conform to 
specification. par the terms of Tax8. Instruments 

::~::~i~air::1~7i ~~:~~~i:; :,~O::::A::~ not 
TEXAS ~ 

INSfRUMENlS 

ooe to 700 e 

TYpt 
UNIT 

MIN MAX 

0.34 0.78 1.47 

0.22 0.67 1.36 
ns 

0.23 0.82 1.71 

0.44 1.08 2.11 
ns 

0.24 0.58 1.12 

0.26 0.64 1.23 
ns 

0.3 0.79 1.54 

0.37 0.88 1.77 
ns 

0.42 1.06 2.06 
ns/pF 

0.26 0.58 1.04 

0.48 1.12 2.14 
ns/pF 

0.3 0.62 1.1 

0.44 1.06 2.06 
ns/pF 

0.3 0.56 1.02 

0.46 1.12 2.16 
ns/pF 

0.28 0.62 1.1 

Copyright @ 1988, Texas Instruments Incorporated 
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TSC500 
SERIES 

LAH20LJ 
D-TYPE LATCH 

WITH ACTIVE-HIGH ENABLE AND 2X OUTPUTS 
D3030, APRIL 1988 

INTERNAL CELL 

FUNCTION TABLE logic symbolt 
INPUTS 

0 C 

L H 

H H 

X L 

OUTPUTS 

a az 
L H 

H L 

00 00 

0'10 1--0 
c----1~.C_1 ______ ~~OZ 

t This symbol is in accordance with ANSI/IEEE 
Sid 91-1984 and IEC Publication 617·12. 

description 
The LAH20LJ cell implements a D-type latch with active-high enable and 2X drive outputs. 
Information present at the data input is transferred to the Q output when the enable input is 
high, and the Q output will follow the data input as long as enable remains high. When 
enable goes low, the data that was present at the data input when the transition occurred is 
retained at the Q output until enable is taken high. 

When the latch is called from the engineering workstation input, the following label format is 
developed and will be captured in the design netlist: 

Label: LAH20LJ D,C,Q,QZ; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

MIN MAX UNIT 

tw Pulse duration, C high 2 

tsu Setup time, 0 high or low 1 ns 

th Hold time, 0 high or low 0 

electrical characteristics, Vee = 5 V, T A = 25°e 

PARAMETER TEST CONDITIONS TYP MAX UNIT 

VT Input threshold voltage 2.2 V 

Ci Input capacitance 10, C 0.09 pF 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 1.22 pF 

PRODUCTION DATA documents contain information 
current 8S of publication date. Products conform to 
specificatioRs par the terms of TaxIs Instruments TEXAS ." 

Copyright @ 1988, Texas Instruments Incorporated 

::~:~~i~lt::,~1i ~!::i~~ti:; :'I~:~::::~::'S not INSTRUMENTS 
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LAH20LJ 
D-TYPE LATCH 
WITH ACTIVE-HIGH ENABLE AND2X OUTPUTS 
D3030, APRIL 1988 

TSC500 
SERIES 

switching characteristics over recommended ranges of supply voltage and operating free· 
air temperature (unless otherwise noted), CL = 0 

PAR AM· FROM TO 

ETER (INPUT) (OUTPUT) 

tpLH 

tpHL 
e a 

tpLH 

tpHL 
e az 

tpLH 

tpHL 
0 a 

tpLH 

tpHL 
0 az 

~tpLH 
e a 

~tpHL 

~tpLH 
e az 

~tpHL 

~tpLH 

~tpHL 
0 a 

~tpLH 

~tpHL 
0 QZ 

t Typical values are at Vee = 5 V, TA = 25°e. 

PRODUCTION DATA d ....... " •• ntll. inf.rmati •• 
current .1 of publication dlta. Products confDrm to 
spacifications per the terms of TIXI. Instruments 

- 55°C to 125°C 

MIN TYpt MAX 

0.26 0.82 1.64 

0.26 0.76 1.68 

0.35 1.02 2.28 
0.37 1.16 2.52 

0.26 0.6 1.3 
0.27 0.71 1.49 

0.37 0.97 2.09 
0.35 0.96 2.18 

0.2 0.52 1.14 

0.16 0.36 0.74 
0.2 0.54 1.12 

0.14 0.36 0.72 

0.18 0.54 1.14 

0.18 0.34 0.72 

0.22 0.52 1.1 
0.14 0.36 0.72 

:~~~~:~~I;·i~:1~7i ~:~~:i:; lI~o;:;::~:~~ not 
TEXAS ." 

INSTRUMENTS 

O°C to 70°C 

TYpt UNIT 
MIN MAX 

0.28 0.82 1.51 

0.27 0.76 1.54 
ns 

0.37 1.02 2.1 

0.4 1-.16 2.31 
ns 

0.26 0.6 1.2 

0.29 0.71 1.36 
ns 

0.38 0.97 1.92 

0.36 0.96 2.01 
ns 

0.22 0.52 1.06 
ns/pF 

0.18 0.36 0.68 
0.22 0.54 1.02 

ns/pF 
0.16 0.36 0.66 

0.2 0.54 1.06 
ns/pF 

0.18 0.34 0.66 

0.24 0.52 1 
ns/pF 

0.16 0.36 0.64 

Copyright @ 1988. Texas Instruments Incorporated 
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TSC500 
SERIES 

LAH23LJ 
D·TYPE TRANSPARENT LATCH WITH ACTIVE·HIGH 

ENABLE, CLEAR, PRESET AND 2X OUTPUTS 
03030, MARCH 1989 

INTERNAL LATCH CELL 

FUNCTION TABLE 

INPUTS OUTPUTS 

CLRZ PREZ D C Q QZ 

H H L H L H 

H H H H H L 

H H X L 00 '00 
L H X X L H 

H L X X H L 

L L X X H* H* 

* This configuration is nonstable; that is, it will not 
persist when PREZ or CLRZ returns to its inactive 
(high) level. 

logic symbolt 

PREZ '" S 

C C1 Q 

D 1D 
,......, 

QZ 

CLRZ 
,......, 

R 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984 and IEC Publication 617-12. 

description 
The LAH23LJ cell implements a D-type transparent latch with active-high enable, 
asynchronous clear and preset, and 2X drive outputs. Transparent latches have level
operated control inputs rather than edge- or pulse-triggered inputs. The D input is active as 
long as the C, clear, and preset inputs are at their internal 1 state. The outputs respond 
immediately. Information present at the data input is transferred to the Q output when the 
enable input is high, and the Q output will follow the data input as long as enable remains 
high. When enable goes low, the data that was present at the data input when the transition 
occurred is retained at the Q output until enable is taken high. 

When the latch is called from the engineering workstation input, the following label format is 
developed and will be captured in the design netlist: 

Label: LAH23LJ D,C,CLRZ,PREZ,Q,QZ; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

MIN MAX UNIT 

C high 1 

tw Pulse duration CLRZlow 2 ns 

PREZlow 3 

tsu Setup time D high or low 1 ns 

D high or low 0 

th Hold time CLRZ inactive 0.5 ns 

PREZ inactive 0.5 

PRODUCTION DATA d.cuml.tl co.tli. i.formotio. ." 
current I' at publicltion dat •. P"duct. conform to .. 
.... ific.tiDRS per the I.rms of rl.IS Inltru .... n11 • EXAS 
:~~~::~~i~lt::I~'l.; ~!:~:~ti:r :.~a:::::::~::'.~ not INSTRUMENTS 

Copyright @ 1989, Texas Instruments Incorporated 
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LAH23LJ 
D-TYPE TRANSPARENT LATCH WITH ACTIVE-HIGH 
ENABLE, CLEAR, PRESET AND 2X OUTPUTS 
D3030, MARCH 1989 

electrical characteristics, Vee = 5 V, T A = 25°e 
PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

C 

Cj Input capacitance 
CLRZ 

0 
PREZ 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 

TYP 

2.2 

0.13 

0.19 

0.07 

0.06 

1.25 

TSC500 
SERIES 

MAX UNIT 

V 

pF 

pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 

PARAM- FROM TO - 55°C to 125°C 

ETER (INPUT) (OUTPUT) MIN TYpt MAX 

tpLH 
C a 0.26 0.92 1.98 

tpHL 0.24 0.81 1.81 

tpLH 
C az 0.32 1.18 2.74 

tpHL 0.4 1.37 3.09 

tpLH 
CLRZ 

az 0.21 0.3 0.45 

a 0.32 0.76 tpHL 1.57 

tpLH 
0 a 0.29 0.78 1.68 

tpHL 0.3 0.77 1.65 

tpLH 
0 az 0.44 1.16 2.58 

tpHL 0.41 1.25 2.8 

tpLH 
PREZ 

a 0.31 0.76 1.61 

az tpHL 0.5 1.44 3.23 

IltpLH 
C a 0.21 0.55 1.18 

IltpHL 0.18 0.49 1.1 

IltpLH 
C az 0.21 0.54 1.14 

IltpHL 0.2 0.48 1.05 

IltpLH 
CLRZ 

az 0.2 0.55 1.19 

IltpHL a 0.21 0.49 1.1 

IltpLH 
0 a 0.21 0.55 1.19 

IltpHL 0.21 0.49 1.09 

IltpLH 
0 az 0.18 0.53 1.14 

IltpHL 0.21 0.47 1.04 

IltpLH 
PREZ 

a 0.22 0.56 1.15 

IltpHL az 0.19 0.52 1.16 

t Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTION DATA documents contlin information 
current'I' of publicltion dltl. Product. conform to 
spacificltioRs per the terms of T8XII Instruments 

:~~~~:~~i~'[::,~1i ~!::i~~i:: :'~O:=:::::t::s~S not 
TEXAS ~ 

INSTRUMENTS 

O°C to 70°C 

TYpt 
UNIT 

MIN MAX 

0.29 0.92 1.81 

0.26 0.81 1.66 
ns 

0.36 1.18 2.5 

0.43 1.37 2.82 
ns 

0.21 0.3 0.43 

0.34 0.76 1.44 
ns 

0.3 0.78 1.55 

0.32 0.77 1.51 
ns 

0.46 1.16 2.35 

0.45 1.25 2.55 
ns 

0.33 0.76 1.48 

0.53 1.44 2.94 
ns 

0.22 0.55 1.09 
ns/pF 

0.2 0.49 1 

0.22 0.54 1.05 
ns/pF 

0.21 0.48 0.95 

0.21 0.55 1.1 

0.21 0.49 1 ns/pF 

0.23 0.55 1.09 
ns/pF 

0.21 0.49 0.99 

0.2 0.53 1.05 

0.21 0.47 0.95 
ns/pF 

0.23 0.56 1.06 

0.21 0.52 1.05 
ns/pF 

Copyright © 1989, Texas Instruments Incorporated 

9-32 POST OFFICE BOX 655012. DALLAS, TEXAS 75265 



TSC500 
SERIES 

LAH40LJ 
D-TYPE TRANSPARENT LATCH 

WITH ACTIVE-HIGH ENABLE AND 4X OUTPUTS 
D3030, MARCH 1989 

INTERNAL LATCH CELL 

FUNCTION TABLE logic symbolt 
INPUTS 

0 C 

L H 

H H 

X L 

OUTPUTS 

Q QZ 

L H 

H L 

00 00 
t This symbol is in accordance with ANSI/IEEE 

Std 91-1984. 

description 
The LAH40LJ cell implements a D-type transparent latch with active-high enable and 4X 
drive outputs. Transparent latches have level-operated control inputs rather than edge- or 
pulse-triggered inputs. The D input is active as long as the C input is at its internal 1 state. 
The outputs respond immediately. Information present at the data input is transferred to the 
Q output when the enable input is high, and the Q output will follow the data input as long as 
enable remains high. When enable goes low, the data that was present at the data input 
when the transition occurred is retained at the Q output until enable is taken high. 

When the latch is called from the engineering workstation input, the following label format is 
developed and will be captured in the design netlist: 

Label: LAH40W D,C,Q,QZ; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

tw 

tsu 

th 

Pulse duration, C high 

Setup time, D high or low 

Hold time, D high or low 

PRODUCTION DATA documants cantlin information 
curr •• t II .f publication dltl. Products conform to 
specificltiDns ,If the 'erllli of TIllS Instruments 

:::::=i;.i:I~'L ~:~:~ti:r :'~D:::::::t:r~~S not 

MIN MAX UNIT 

1 

1.5 ns 

0.1 

TEXAS ." 
INSTRUMENTS 

Copyright @ 1989, Texas Instruments Incorporated 

POST OFFICE BOX 655012 • DAllAS. TEXAS 75265 9-33 



LAH40LJ .. 
D~TYPE TRANSPARENT LATCH 
WITH ACTIVE-HIGH ENABLE AND 4X OUTPUTS 
D3030 •. MARCH 1989 

electrical characteristics, Vee = 5 V, TA = 25°e 
PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 
10 
IC 

Cpd Equivalent power dissipation capacitance tr=tf=1ns 

TYP MAX 

2.2 

0.09 

0.1 

2.12 

TSC500 
SERIES 

UNIT 

V 

pF 

pF 

switching characteristics over recommended ranges of supply voltage and operating free· 
air temperature (unless otherwise noted), eL = 0 

PARAM· FROM TO - 55°C to 125°C 

ETER (INPUT) (OUTPUT) MIN TYpt MAX 

tpLH 
C a 0.3 0.86 1.74 

tpHL 0.27 0.81 1.78 

tPLH 
C az 0.38 1.18 2.61 

0.38 1.24 2.72 tpHL 

tpLH 
D a 0.23 0.65 1.43 

tpHL 0.32 0.74 1.55 

tpLH 
D az 0.39 1.07 2.41 

.0.42 tpHL 1.03 2.37 

atpLH 
C a 0.08 0.28 0.6 

atpHL . 0.1 0.24 0.49 

atpLH 
C az 0.11 0.24 0.5 

atpHL 0.1 0.23 0.43 

atpLH 
D a 0.12 0.28 0.57 

atpHL 0.08 0.22 0.5 

atpLH 
D az 0.11 0.26 0.51 

atpHL 0.02 0.23 0.45 

t Typical values are at VCC = 5 V, TA = 25°C. 

PROOUC.TION DATA d ........... nlli. i.Io,",III .. 
curr •• t I' of pulilication llite. Products conform to 
Ipecificltio.1 ,.If the t,rms of TI.I. Inltnmtnts 

::=:~i~'i~:~'li ~:::~ti:r ~O::;:::t::~ nDt I TEXAS. 
NSTRUMENTS 

QOC to 70°C 

TYpt 
UNIT 

MIN MAX 

0.31 0.86 1.61 

0.29 0.81 1.63 
ns 

0.41 1.18 2.39 

0.42 1.24 2.49 
ns 

0.24 0.65 1.32 

0.33 0.74 1.43 
ns 

0.41 1.07 2.21 

0.42 1.03 2.17 
ns 

0.1 0.28 0.55 
ns/pF 

0.1 0.24 0.46 

0.11 0.24 0.47 
ns/pF 

0.1 0.23 0.4 

0.13 0.28 0.53 
ns/pF 

0.09 0.22 0.45 

0.12 0.26 0.46 
ns/pF 

0.05 0.23 0.41 

Copyright @ 1989, Texas Instruments Incorporated 
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TSC500 
SERIES 

LAL20LJ 
D-TYPE LATCH 

WITH ACTIVE-LOW ENABLE AND 2X OUTPUTS 

FUNCTION TABLE 

INPUTS OUTPUTS 

0 C Q QZ 

L L L H 

H L H L 

X H 00 QQ 

03030, APRIL 1988 

INTERNAL CELL 

logic symbolt 

~ ... :_: ___ J"~~--:Z o 

c 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984 and IEC Publication 617-12. 

description 
The LAL20W cell implements a D-type latch with active-low enable and 2X drive outputs. 
Information present at the data input is transferred to the Q output when the enable input is 
high, and the Q output will follow the data input as long as enable remains high. When 
enable goes low, the data that was present at the data input at the time the transition 
occurred is retained at the Q output until enable is taken high. When the latch is called from 
the engineering workstation input, the following label format is developed and will be 
captured in the design netlist: 

Label: LAL20W D,C,Q,QZ; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

MIN MAX UNIT 

tw Pulse duration, C high 2 

tsu Setup time, 0 high or low 2 ns 

th Hold time, D high or low 0 

electrical characteristics, Vee = 5 V, T A = 25°e 
PARAMETER TEST CONDITIONS TYP MAX UNIT 

VT Input threshold voltage 2.2 V 

Ci Input capacitance ID 0.12 
pF 

IC 0.11 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 2.27 pF 

PRODUCTION DATA documents contain information 
currant as of publication date. Products conform to 
specifications par the terms of Taxas Instruments TEXAS ." 

Copyright IS) 1988, Texas Instruments Incorporated 
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LAL20LJ 
D-TYPE LATCH 
WITH ACTIVE-LOW ENABLE AND 2X OUTPUTS 
03030, APRIL 1988 

TSC500 
SERIES 

switching characteristics over recommended ranges of supply voltage and operating free· 
air temperature (unless otherwise noted), CL = 0 

PARAM· FROM TO 

ETER (INPUT) (OUTPUT) 

tpLH 

tpHL 
C Q 

tpLH 

tpHL 
e QZ 

tpLH 
0 Q 

tpHL 

tpLH 

tpHL 
D QZ 

8tPLH 

8tpHL 
e Q 

8tPLH 

8tpHL 
e QZ 

8tpLH 
D Q 

8tpHL 

8tPLH 
D QZ 

8tpHL 

t Typical values are at Vee = 5 V, TA = 25·e. 

PRODUCTION DATA documents .ontain information 
currant .s of publication date. Products conform to 
specifications per the tarms of TaXI. Instruments 

-55·C to 125·C 

MIN TYpt MAX 

0.55 1.61 3.84 

0.46 1.1 2.47 

0.58 1.69 4 

0.46 1.09 2.44 

0.47 1.79 4.4 

0.41 1.1 2.62 

0.53 1.71 4.20 

0.31 1.24 2.96 

0.21 0.5 1.04 

0.13 0.42 0.91 

0.22 0.51 1.07 

0.13 0.42 0.92 

0.19 0.5 1.04 

0.13 0.42 0.93 

0.22 0.52 1.08 

0.16 0.42 0.94 

::~~:~~i~.{::,~li ~~:~:~ti:r :.~O::~::£:~~ not 
TEXAS ." 

INSTRUMENTS 

O·C to 70·C 

TYpt 
UNIT 

MIN MAX 

0.58 1.61 3.49 

0.47 1.1 2.25 
ns 

0.61 1.69 3.63 

0.47 1.09 2.24 
ns 

0.51 1.79 3.99 

0.42 1.1 2.38 
ns 

0.57 1.71 3.8 

0.34 1.24 2.71 
ns 

0.22 0.5 0.96 
ns/pF 

0.15 0.42 0.83 

0.23 0.51 0.99 
ns/pF 

0.15 0.42 0.84 

0.2 0.5 0.96 
ns/pF 

0.15 0.42 0.86 

0.23 0.52 1 
ns/pF 

0.18 0.42 0.85 

Copyright @ 1988, Texas Instruments Incorporated 
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TSC500 
SERIES 

LH110LJ 
3-STATE BUS HOLDER 

Da030. APRIL 1966 

INTERNAL CELL 

logic symbolt 

BUS HOLDER 

description z A 

The LH110LJ cell implements a bus-
holder latch. When driven to either a 
high logic level or low logic level, the 
output of the holder latch reinforces or 
maintains the bus state. The holder is 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984 and lEG Publication 617-12. 

particularly useful in providing stable bus levels during a system period when all3-state bus 
drivers transition through the high-impedance state prior to the next driven level. When the 
latch is called from the engineering workstation input, the following label format is 
developed and will be captured in the design netlist: 

Label: LH110LJ A; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, T A = 25°e 
PARAMETER TEST CONDITIONS TYP MAX UNIT 

VT Input threshold voltage 2.2 V 

Gi/o Input/output capacitance I A 0.07 pF 

Gpd Equivalent power dissipation capacitance tr=tf=1ns 0.17 pF 

PRODUCTIOI DATA do •• mentl .ontain information 
currant I. of publication data. Products conform to 
specificatians par the terms of Texi. Instruments TEXAS ." 

Copyright @ 1988. Texas Instruments Incorporated 
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TSC500 
SERIES 

FUNCTION TABLE 

INPUTS 

PREZ ClRZ ClK 

L H X 
H L X 

L L X 

H H t 
H H L 

TAB20LJ 
TOGGLE FLIP-FLOP 

WITH PRESET, CLEAR, AND 2X OUTPUTS 
03030, APRIL 1988 

INTERNAL CELL 

logic symbolt 
OUTPUTS 

Q 

H 
L 

L* 

00 
00 

QZ 

L 

H 

L* 

00 

00 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984 and IEC Publication 617-12. 

* This configuration is nonstable; that is, it 
will not persist when PREZ or CLRZ 
returns to its inactive (high) level. 

description 
The TAB20LJ cell implements a toggle flip-flop with preset and clear inputs. The flip-flop can 
be used as a stand-alone bit-storage device or as an addition to larger synchronous 
functions such as registers or counters. When the flip-flop is called from the engineering 
workstation input, the following label format is developed and will be captured in the design 
netlist: 

Label: TAB20W CLRZ,PREZ,CLK,Q,QZ; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

timing requirements over recommended ranges of supply voltage and operating free-air 
temperature 

fclock Clock frequency 

tw 

tsu 

th 

9-38 

Pulse duration 

Setup time before clock 

Hold time after clock 

PRODUCTION DATA documents contain inlormation 
current I. of publication date. Products cDnform to 
specifications par the terms of Ta.l. Instruments 

::~=~~i~'r::,~li ~~::i:i:; :'~O:==::t::.s not 

MIN . MAX UNIT 

0 145 MHz 
CLRZlow 3 .-
PREZlow 3 ns 

CLK high or low 3.4 
CLRZ inactive (high) 3 
PREZ inactive (high) 0 

ns 

CLRZ active (low) 0 
ns 

PREZ active (low) 0.75 

TEXAS ." 
INSTRUMENTS 

Copyright @ 1988, Texas Instruments Incorporated 
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TSC500 
SERIES 

TAB20LJ 
TOGGLE FLIP-FLOP 

WITH PRESET, CLEAR, AND 2X OUTPUTS 
D3030, APRIL 1988 

electrical characteristics, Vee = 5 V, TA = 25°e 
PARAMETER TEST CONDITIONS TYP MAX UNIT 

VT Input threshold voltage 2.2 V 

ClRZ 0.11 

Ci Input capacitance PREZ 0.16 pF 

ClK 0.15 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 1.61 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 

PARAM- FROM TO 

ETER (INPUT) (OUTPUT) 

tplH 
ClK a 

tpHl 

tplH 

tpHl 
ClK az 

tplH 
ClRZ 

az 
a tpHl 

tplH 
PREZ 

a 
az tpHl 

.:1tplH 
ClK a 

.:1tpHL 

.:1tpLH 
ClK QZ 

.:1tpHL 

.:1tpLH 
CLRZ 

QZ 

.:1tPHL Q 

.:1tpLH Q 
PREZ 

.:1tpHl QZ 

t Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTION DATA do,umantl ,ontlin information 
current. a. of publication data. Products conform to 
specificatioRs par the tarms of TaXI. Instruments 

- 55°C to 125°C 

MIN TYpt MAX 

0.65 2.03 4.91 

0.44 1.34 3.24 

0.61 1.95 4.74 

0.46 1.32 3.13 

0.55 1.56 3.59 

0.34 0.84 1.82 

0.53 1.55 3.61 

0.32 0.8 1.7 

0.2 0.56 1.2 

0.16 0.38 0.78 

0.2 0.54 1.16 

0.16 0.38 0.78 

0.2 0.54 1.2 

0.16 0.38 0.82 

0.2 0.56 1.24 

0.14 0.34 0.74 

::~~:~~i~·t::I~'~ ~!::i~~i:r :1~O::::::::t:;a.~s not TEXAS. 
INSTRUMENTS 

O°C to 70°C 

TYpt 
UNIT 

MIN MAX 

0.69 2.03 4.43 

0.45 1.34 2.94 
ns 

0.64 1.95 4.28 

0.47 1.32 2.85 
ns 

0.59 1;56 3.28 

0.36 0.84 1.68 
ns 

0.56 1.55 3.28 

0.33 0.8 1.5 
ns 

0.22 0.56 1.12 
ns/pF 

.0.18 0.38 0.7 

0.22 0.54 1.08 
ns/pF 

0.18 0.38 0.7 

0.2 0.54 1.08 
ns/pF 

0.16 0.38 0.74 

0.22 0.56 1.14 
ns/pF 

0.16 0.34 0.68 

Copyright @ 1988, Texas Instruments Incorporated 
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TSC500 
SERIES 

FUNCTION TABLE 
INPUTS OUTPUTS 

ClRZ ClK Q QZ 
L X L H 
H t 00 00 
H l 00 00 

TAC20LJ 
TOGGLE FLIP-FLOP 

WITH CLEAR AND 2X OUTPUTS 
D3030. APRIL 1988 

INTERNAL CELL 

logic symbolt 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984 and IEC Publication 617-12. 

description 
The TAC20W cell implements a toggle flip-flop with clear input. The flip-flop can be used as 
a stand-alone bit-storage device or as an addition to larger synchronous functions such as 
registers or counters. When the flip-flop is called from the engineering workstation input, the 
following label format is developed and will be captured in the design netlist: 

Label: TAC20W CLRZ,CLK,Q,QZ; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

MIN MAX UNIT 

fclock Clock frequency 0 165 MHz 

Pulse duration 
ClRZlow 3 

tw 
ClK high or low 3 

ns 

tsu Setup time before clock ClRZ inactive (high) 2 ns 

th Hold time after clock ClRZ active (low) 0 ns 

electrical characteristics, Vee = 5 V, TA = 25°e 
PARAMETER TEST CONDITIONS TYP MAX UNIT 

VT Input threshold voltage 2.2 V 

Ci Input capacitance 
IClRZ 0.16 

pF 
IClK 0.11 

Cpd Equivalent power dissipation capacitance tr =tf=1ns 1.72 pF 

PRODuenOt DATA d ....... II ••• t.i. in'ormltion 
curr.nt u af publicltian dltl. Preducts conform to 
IptCiticlti.ft. per the term_ of T8.1. Instruments TEXAS ." 

Copyright @ 1988, Texas Instruments Incorporated 
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TSC500 
SERIES 

TAC20LJ 
TOGGLE FLIP-FLOP 

WITH CLEAR AND 2X OUTPUTS 
D3030, APRIL 1988 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 

PARAM· FROM TO - SsoC to 12SoC O·C to 70·C 

TYpt TYpt 
UNIT 

ETER (INPUT) (OUTPUT) MIN MAX MIN MAX 

tplH 
ClK a 0.63 1.96 4.69 0.68 1.96 4.24 

1.2 1.2 2.52 
ns 

tpHl 0.41 2.76 0.44 

tplH 
ClK az 0.53 1.66 3.85 0.57 1.66 3.49 

0.46 1.27 2.93 1.27 2.66 
ns 

tpHL 0.47 

tplH 
CLRZ 

az 0.54 1.4 3.2 0.56 1.4 2'.91 

a ns 
tpHl 0.34 0.84 1.82 0.37 0.84 1.68 

AtplH 
ClK a 0.2 0.54 1.2 0.2 0.54 1.1 

ns/pF 
AtpHl 0.14 0.36 0.78 0.14 0.36 0.7 

AtplH 
ClK az 0.2 0.5 1.1 0.22 0.5 1.02 

ns/pF 
AtpHl 0.14 0.34 0.76 0.16 0.34 0.68 

AtplH 
ClRZ 

az 0.18 0.52 1.1 0.2 0.52 1.02 
ns/pF 

AtpHl a 0.14 0.36 0.8 0.14 0.36 0.72 

t Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTION DATA documents cantlin information 
currant II If publicltian dlt •. Pradacts conform to 
specificatians Plr the terms of Tall. Instruments TEXAS ." 
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TSC500 
SERIES 

FUNCTION TABLE 

INPUTS OUTPUTS 

PREZ ClK Q QZ 

l X H l 

H t 00 00 
H l 00 00 

TAP20LJ 
TOGGLE FLlP~FLOP 

WITH PRESET AND 2X OUTPUTS 
03030, APRIL 

INTERNAL CELL 

logic symbolt 

t-~---~z 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984 and IEC Publication 617-12. 

description 
The TAP20W cell implements a toggle flip-flop with preset input. The flip-flop can be used 
as a stand-alone bit-storage device or as an addition to larger synchronous functions such 
as registers or counters. When the flip-flop is called from the engineering workstation input, 
the following label format is developed and will be captured In the design netlist: 

Label: TAP20W PREZ,CLK,Q,QZ; 

absolute maximum ratings and recommended operating concfitlons 
These are specified as a part of the TSC500 Series Data. 

timing requirements over recommended ranges of supply voltage and operating free·air 
temperat",re (unless otherwise noted) 

MIN MAX UNIT 

fclock Clock frequency 0 165 MHz 

PUlse duration 
PREZlow 3 

tw 
ClK high or low 

ns 
3 

tsu Setup time before clock PREZ inactive (high) 0 ns 

th Hold time after clock PREZ active (low) 0.5 ns 

electrical characteristics, Vee = 5 V, T A = 25°e 
PARAMETER TEST CONDITIONS TYP MAX UNIT 

VT Inputthreshold voltage 2.2 V 

Ci Input capacitance 
IPREZ 0.16 

pF 
ICLK 0.12 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 2.07 pF 

PRODUCTION DATA documa.ts c •• tli. I.formatio. 
currant II of publication dl.e. Products conform to 
speCifications per the terms of teKls Instruments TEXAS ~ 

INSTRUMENTS 

Copyright @ 1988, Texas Instruments Incorporated 
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TSC500 
SERIES 

TAP20LJ 
TOGGLE FLIP-FLOP 

WITH PRESET AND 2X OUTPUTS 
03030, APRIL 1988 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 

PARAM- FROM TO - 55°C to 125°C 

ETER (INPUT) (OUTPUT) MIN TYpt MAX 

tplH 
ClK Q 0.56 1.7 3.9 

1.31 3.09 tpHl 0.44 

tplH 
ClK QZ 

0.62 1.87 4.54 

0.41 1.15 2.6 tpHl 

tplH Q 0.48 1.37 3.09 
PREZ 

QZ tpHl 0.29 0.8 1.73 

~tplH 
ClK Q 0.22 0.54 1.16 

~tpHl 0.14 0.36 0.78 

~tplH 
ClK QZ 

0.18 0.56 1.18 

~tpHl 0.14 0.36 0.74 

~tplH 
PREZ 

Q 0.22 0.54 1.18 

AtpHl QZ 0.16 0.34 0.7 

t Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTION DATA documonls conlain inlormalion 
current I. of publicltion dati. Products cDnform to 
splcificltiDAI per the terms of TexIs Instrumants 

:~:::~~i~'r::I~~ ~~:~:~ti:r lI~O:=::::~:!~1 not 

TEXAS .., 
INSTRUMENTS 

O°C to 70°C 

MIN TYpt MAX 
UNIT 

0.61 1.7 3.55 

0.44 1.31 2.81 
ns 

0.66 1.87 4.11 

0.43 1.15 2.38 
ns 

0.52 1.37 2.83 
0.32 0.8 1.58 

ns 

0.22 0.54 1.06 
ns/pF 

0.18 0.36 0.7 

0.18 0.56 1.08 
ns/pF 

0.16 0.36 0.66 
0.22 0.54 1.06 

ns/pF 
0.16 0.34 0.64 

Copyright © 1988, Texas Instruments Incorporated 
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TSC500 
SERIES 

TDB10LJ 
MASTER-SLAVE SCAN-INPUT D-TYPE LATCH 

WITH CLEAR AND 1X OUTPUTS 
03030, 1989 

INTERNAL MACRO 

FUNCTION TABLE logic symbolt 
INPUTS OUTPUTS 

DATA PATH SCAN PATH MASTER SLAVE MASTER 
SLAVE 

CLRZ R 

S R DMC SCAND TMC CLRZ SLC 

X X X X X L L 

X X X X X L H 

X X L X L H L 

L L H X L H L 

H X H X L H L 

L H H X L H L 

X X L dl H H L 

X X H X H H L 

X X L X L H H 

L L H X L H H 

H X H X L H H 

L H H X L H H 

X X L dl H H H 

X X H X H H H 

Q1 Q2 

L 020 
L L 

01 0 020 
01 0 020 

H 020 
L 020 
dl 020 
? 020 

01 0 01 0 
01 0 01 0 

H H 
L L 

dl dl 

? ? 

DMC C1 

S 1S 

R 1R 

TMC C2 

SCAND 

SLC C3 

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

01 

02 

description 

9-44 

The TDB10LJ implements a scan-input R-S/D-type latch with 1X drive master and slave 
outputs. The cell consists of an R-S/D-type master input data and scan-data latch with 
active-low clear and a single slave latch. In the data- or scan-path mode, either DMC or TMC 
can be used to select the entry and storage of data. When TMC is low and DMC is high, the 
01 output follows the R-S inputs. When DMC is subsequently taken low, the 01 output is 
latched. When DMC is low and TMC is high, the 01 output follows the SCAND input. When 
TMC is subsequently taken low, the 01 output is latched. Data entered is available to the 
slave output latch, which follows the selected master input latch while SLC is high. Data at 
the 02 output can be latched by taking SLC low. The clock generator, CK120W, provides 
nonoverlapping clock signals timed specifically for driving the DMC, TMC, and SLC clocks. 
When the flip-flop is called from the engineering workstation input, the following label format 
is developed and will be captured in the design netlist: 

Label: TDB10LJ DMC,TMC,SLC,S,R,SCAND,CLRZ,01,02; 

PRODUCTIOI DATA d ••• m •• 1i ••• 111. Inlo;m.llo. 
clrrHt II af ,..Iic.tlln dlte. P,oducts conform to 
.,oelll.III ••• per Ih. lorm. 01 T .... 1 •• 1' ..... 1. 

=='i;·:::.:1i ~!=:~ti~n :.~,:;:=::a~ nat 
TEXAS ." 

INSTRUMENlS 
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TSC500 
SERIES 

TDB10LJ 
MASTER-SLAVE SCAN-INPUT D-TYPE LATCH 

WITH CLEAR AND 1X OUTPUTS 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

03030, MARCH 1989 

timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (see Note 1) 

MIN MAX UNIT 

fopr Operating frequency 76 MHz 

CLRZlow 3 

Pulse duration 
DMC or TMC high 3 

tw 
SLC high 3 

ns 

R-S high 3 
S high or low before DMq 4 

R high or low before DMq 4 

tsu Setup time SCAND high or low before TMC~ 3 ns 

DMC or TMC low before SLCf (nonoverlap) 3.5 
SLC low before DMC or TMCf (nonoverlap) 3.5 

R-S high or low after DMC~ 0 

th Hold time SCAND high or low after TMq 0 ns 

DMC or TMC low after SLC~ (nonoverlap) 3.5 

NOTE 1: Additional timing data regarding pulse-duration, setup-time, and hold-time models are incorporated 
in the engineering workstation library. 

electrical characteristics, Vee = 5 V, TA = 25°e 

PARAMETER TEST CONDITIONS TYP MAX UNIT 

VT Input threshold voltage 2.2 V 

CLRZ 0.23 

DMC 0.04 

R 0.05 

Ci Input capacitance S 0.09 pF 

SCAND 0.06 

SLC 0.03 
TMC 0.04 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 1 pF 

PRODUCTION DATA d.cam .. " c.ntlin inlormlti •• 
current I. of publieltian dlte. Preducts cDn'.rm to 
.pecifiutionl par tile terms at TIXII Instrumlnts TEXAS ." 

Copyright @ 1989, Texas Instruments Incorporated 
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TDB10LJ 
MASTER .. SLAVE SCAN-INPUT D .. TYPE LATCH 
WITH CLEAR AND 1 X OUTPUTS 
03030, MARCH 1989 

TSC500 
SERIES 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 

PARAM- FROM TO - 55°C to 125°C O°C to 70°C 

TYpt TYpt 
UNIT 

ETER (INPUT) (OUTPUT) MIN MAX MIN MAX 

tPLH CLRZ 01 
0.44 1.15 2.61 0.47 1.15 2.36 

ns 
tpHL 0.34 1.08 2.65 0.36 1.08 2.45 

tpLH 
CLRZ 02 

0.57 1.7 4.07 0.6 1.7 3.7 

0.56 1.67 4.1 0.58 1.67 3.74 
ns 

tpHL 

tPLH DMC 01 
0.3 0.87 1.88 0.32 0.87 1.73 

ns 
tpHL 0.48 1.12 2.48 0.48 1.12 2.32 

tpLH 
DMC 02 

0.41 1.42 3.35 0.45 1.42 3.06 

tpHL 0.71 1.72 3.95 0.72 1.72 3.64 
ns 

tpLH 
R 

01 0.38 1.57 3.89 0.43 1.57 3.57 

02 
ns 

tpHL 0.61 2.18 5.39 0.65 2.18 4.92 

tpLH 
S 01 

0.55 1.23 2.7 0.57. 1.23 2.44 

0.36 1.39 3.61 0.38 1.39 3.31 
ns 

tpHL 

tPLH 
S 02 

0.69 1.79 4.15 0.72 1.79 3.77 

0.56 2 5.09 0.59 2 4.64 
ns 

tpHL 

tpLH 
SCAND 01 

0.48 1.04 2.23 0.5 1.04 2.04 

0.37 1.14 2.8 0.38 . 1.14 2.58 
ns 

tpHL 

tpLH 
SCAND 02 

0.61 2.59 3.7 0.65 2.59 3.37 

0.61 1.76 4.25 0.63 1.76 3.89 
ns 

tpHL 

tpLH 
SLC 02 

0.41 0.92 1.78 0.42 0.92 1.68 
ns 

tpHL 0.15 0.68 1.55 0.17 0.68 1.42 

tpLH 
TMC 01 

0.3 0.89 1 0.32 0.89 1.75 
ns 

tpHL 0.47 1.11 2.46 0.48 1.11 2.29 

tpLH 
TMC 02 

0.42 1.42 3.37 0.45 1.42 3.08 

0.72 1.71 3.59 
ns 

tpHL 0.7 1.71 3.91 

iltpLH 
CLRZ 01 

0.42 1.12 2.4 0.45 1.12 2.2 
ns/pF 

iltpHL 0.38 1.11 2.57 0.41 1.11 2.34 

iltpLH 
CLRZ 02 

0.43 1.09 2.29 0.46 1.09 2.1 
ns/pF 

iltpHL 0.33 0.73 1.44 0.36 0.73 1.3 

iltpLH 
DMC 01 

0.42 1.12 2.4 0.45 1.12 2.2 
ns/pF 

iltPHL 0.38 1.12 2.59 0.41 1.12 2.35 

iltpLH 
DMC 02 

0.43 1.1 2.29 0.46 1.1 2.11 
ns/pF 

iltpHL 0.34 0.73 1.44 0.37 0.73 1.29 

iltpLH 01 0.39 1.12 2.58 0.41 1.12 2.35 
ns/pF R 

iltpHL 02 0.33 0.73 1.43 0.36 0.73 1.29 

t Typical values are at V CC = 5 V, T A = 25°C. 
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TSC500 
SERIES 

TDB10LJ 
MASTER-SLAVE SCAN-INPUT D-TYPE LATCH 

WITH CLEAR AND 1 X OUTPUTS 
03030, MARCH 1989 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 (Continued) 

PARAM- FROM TO - 55°e to 125°e ooe to 700 e 

ETER (INPUT) (OUTPUT) MIN TYpt TYpt UNIT 
MAX MIN MAX 

LltPLH 
S 01 

0.43 1.13 2.39 0.46 1.13 2.2 

LltPHL 0.37 1.12 2.57 0.4 1.12 2.34 
ns/pF 

LltpLH 
S 02 

0.43 1.1 2.29 0.46 1.1 2.11 

LltpHL 0.33 0.73 1.44 0.36 0.73 1.29 
ns/pF 

LltpLH 
SCAND Ql 

0.41 1.12 2.39 0.44 1.12 2.19 

LltpHL 0.37 1.12 2.58 0.4 1.12 2.35 
ns/pF 

LltpLH 
SCAND 02 

0.43 1.1 2.29 0.45 1 .1 2.11 

LltpHL 0.32 0.72 1.44 0.35 0.72 1.3 
ns/pF 

LltpLH 
SLC 02 

0.43 1.1 2.3 0.46 1 .1 2.11 

LltpHL 0.33 0.73 1.47 0.36 0.73 1.32 
ns/pF 

LltpLH 
TMC 01 

0.42 1.11 2.39 0.45 1.11 2.19 
ns/pF 

LltpHL 0.38 1.12 2.58 0.41 1.12 2.35 

LltpLH 0.43 1.1 2.29 0.46 1.1 2.11 
TMC 02 ns/pF 

LltpHL 0.34 0.73 1.44 0.37 0.73 1.3 

t Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTION DATA documents contain information 
currant II of'publication data. Products conform to 
spacifications per the terms of T aXai Instruments TEXAS ." 
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TDB10LJ TSC500 
SERIES MASTER-SLAVE SCAN-INPUT D-TYPE LATCH 

WITH CLEAR AND 1 X OUTPUTS 
03030, MARCH 1989 

PARAMETER MEASUREMENT INFORMATION 

CLRZ \ 44% 44% /. ___ _ 

SCAND 
(or R. S) 

~ tw ------..i 

________ ~~44% 44%~~ __ ~i ___________ ' ______________________ __ 
I --.f th If-. : 
~tsu~ I ! 

I I 

VCC 

o 

Vce 

o 

OMC 
(orTMC) ~~;:::::::~t:------ll-----fopr------~~ 

____ ..J{ 44%t
w 
44%~,-____ i ________ ..J1."4-4-%--4-4-0""~\ - - - :CC 

I I I I I I I 

01 

OUTPUT 

SLC 

02 
OUTPUT 

SCAND 
(or R. S) 

DMC 
(or TMC) 

02 
OUTPUT 

It-- tpxx~ I ,... tpxx --tI ..- tpxx~ 
----------~-4-4-%~}( )(~4-4-%-----+1----~)('-44-%------- VOH 

: _':.:...i~oM'"-4:~-ts-u--"-:'---. -tw..J--,+- th-.l VOL 
r-tw I :' --.!--------- VCC f 44% '\ 44% 

---------------------' 14-- tw_ '-----------------
J..-tpxx -ill I 

______________________________ -..J)('4-4-%----------------------

o 

VOL 

FIGURE 1. TIMING DIAGRAM 

\'----_______ ---'L __________ :CC 

VCC 

o 

NOTE: SLC is high. 
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FIGURE 2. DMC OR TMC TO Q2 TIMING DIAGRAM 
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TSC500 
SERIES 

5CAND 

(or R, 51 

Q2 

OUTPUT 

TDB10LJ 
MASTER-SLAVE SCAN-INPUT D-TYPE LATCH 

WITH CLEAR AND 1X OUTPUTS 
03030, MARCH 1989 

PARAMETER MEASUREMENT INFORMATION 

~44% f,44% Vcc 

I I ------ 0 

!.-tPHL--.I I.-tPLH-.o 
I , I I 

I 

1~% __ VOH \44% 
VOL 

NOTE: DMC, TMC, SLC are high. 

FIGURE 3. SCAND (OR R-S) TO Q2 OR QZ2 TIMING DIAGRAM 
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TSC500 
SERIES 

TDC10LJ 
SCAN-INPUT D-TYPE FLIP-FLOP 
WITH CLEAR AND 1 X OUTPUTS 

FUNCTION TABLE 

INPUTS 

CLRZ CLK SCAN 0 SO 

L X X X X 
H t L L X 
H t L H X 
H t H X L 

H t H X H 
H L X X X 

APRIL 1988 

INTERNAL CELL 

OUTPUTS 

Q QZ 

L H 
L H 
H L 

L H 
H L 

00 00 

logic symbolt 

CLRZ 
ClK C2 

Q 

SCAN G1 

0 '1 20 -QZ 
SO 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984 and IEC Publication 617-12. 

description 
The TDC1 OlJ cell implements a scan-input D-type flip-flop with clear and 1 X drive outputs. 
The cell functions as a D-type flip-flop with data input from a 2-to-1 multiplexer that selects 
either the D or SD input, depending on the level of the SCAN input. When' the .clear input is 
inactive (H) and the clock input makes a low-to-high transition, the state of each 
complementary output Q and QZ will be determined by the state of the selected D or SD 
input logic level. While the clock ClK remains high or transitions to the low level and 
remains low, the outputs will remain stable while the clear is inactive. The cell provides 
intentionally long setup times in the scan data (SD) path to simplify implementation of the 
serial clocking scheme required for shifting data through the scan data path. Conv~ntional 
implementation of the data (D) path produces relatively short setup times that support 
normal operating frequency ranges. 

When the flip-flop is called from the engineering workstation input, the following label format 
is developed and will be captured in the design netlist: 

Label: TDC10W ClRZ,ClK,SCAN,D,SD,Q,QZ; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

9·50 
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TSC500 
SERIES 

TDC10LJ 
SCAN-INPUT D-TYPE FLIP-FLOP 
WITH CLEAR AND 1X OUTPUTS 

D3030, APRIL 1988 

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

MIN MAX UNIT 

fclock Clock frequency 
SCAN low 0 135 

MHz 
SCAN high 0 32.5 

Pulse duration 
ClRZlow 3 

tw 
ClK high or low 3.7 

ns 

ClRZ inactive (high) 0 

Setup time before clockt 
o high or low 3.5 

tsu 
SO high or low 27 

ns 

SCAN high or low 12 

ClRZ active (low) 3 

Hold time after clockt 
o high or low 0 

th ns 
SO high or low 0 

SCAN high or low 0 

electrical characteristics, Vee = 5 V, TA = 25°e 
PARAMETER TEST CONDITIONS TYP MAX UNIT 

VT Input threshold voltage 2.2 V 

ClRZ 0.08 

Ci Input capacitance ClK,SO 0.05 pF 

O,SCAN 0.06 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 1.16 pF 

PROOUCTIOI DATA "'0.10 •• 11 oo.lIin inlo,mllio. 
current '1 of publicltian ill' •. Pradlctl clnforM to 
specificatianl per the term. of T •••• Inltrumlnh TEXAS ~ 
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Copyright @ 1988. Texas Instruments Incorporated 
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TDC10LJ 
SCAN-INPUT D-TYPE FLIP-FLOP 
WITH CLEAR AND 1 X OUTPUTS 
03030, APRIL 1988 

TSC500 
SERIES 

switching characteristics over recommended ranges of supply voltage and operating free
. air temperature (unless otherwise noted), CL = 0 

PARAM- FROM TO - 55°C to 125°C 

ETER (INPUT) (OUTPUT) MIN TYpt MAX 

tplH elK Q 
0.53 1.31 2.84 
0.62 1.54 3.41 tpHl 

tplH 
ClK QZ 

0.49 1.19 2.55 

tpHl 0.5 1.17 2.52 

tplH 
ClRZ 

Q 0.26 0.54 1.06 
QZ 0.57 1.61 3.79 tpHl 

AtplH 
ClK Q 0.46 1.17 2.46 

AtpHl 0.33 0.74 1.47 

AtplH 
ClK QZ 

0.5 1.31 2.77 

AtpHl 0.36 0.85 1.75 

AtplH 
ClRZ 

Q 0.35 0.74 1.49 

AtpHl QZ 0.5 1.31 2.79 

t Typical values are at VCC = 5 V, T A = 25°C. 

PRODUCTION DATA d •• UOWlnl •• onllin informllion 
currHt I. of plblieltian de'l. Pradacts conform to 
IpIciflutioRI pe' the ',rms of T.II. Instruments 

::~~~~i~.{::I~'i ~!.-t:~i:r :'~D:'~::~!~~ not 
TEXAS ." 

INSTRUMENTS 

O°C to 70°C 
TYpt UNIT 

MIN MAX 

0.55 1.31 2.6 
0.64 1.54 3.12 

ns 

0.51 1.19 2.34 
0.51 1.17 2.33 

ns 

0.27 0.54 0.98 
0.6 1.61 3.44 

ns 

0.49 1.17 2.26 
ns/pF 

0.36 0.74 1.33 
0.54 1.31 2.54 

ns/pF 
0.39 0.85 1.58 
0.37 0.74 1.34 

ns/pF 
.0.53 1.31 2.56 

Copyright @ 1988, Texas Instruments Incorporated 
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TSC500 
SERIES 

TDC11LJ 
MASTER-SLAVE SCAN-INPUT D-TYPE LATCH WITH 

MASTER CLEAR AND MASTER AND SLAVE 1X OUTPUTS 
D3030. APRIL 1988 

MASTER 

CLR 

H 

L 
L 

L 

L 

L 

L 

L 

L 

description 

INTERNAL CELL 

FUNCTION TABLE 

INPUTS OUTPUTS 

DATA PATH 

D DMC 

X X 

X L 
d1 H 
X L 

d1 H 

X L 

d1 H 

X L 

d1 H 

SCAN PATH SLAVE MASTER 

SCAND TMC SLC Q1 QZ1 

X X X L H 

X L L 0 10 01 0 
X L L d1 d1 

d2 H L d2 d2 

d2 H L ? ? 

X L H 010 01 0 
X L H d1 d1 

d2 H H d2 d2 

d2 H H ? ? 

logic symbolt 

CLR 

DMC 
o 

TMC 
SCANO 

SLC 

R 

C1 

10 

C2 

SLAVE 

Q2 QZ2 

L H 

020 020 
020 020 
020 020 
020 020 
01 0 01 0 
d1 d1 

d2 d2 

? ? 

Q1 

QZ1 

Q2 

QZ2 

The TDC11 W cell implements a scan
input D-type latch with 1 X-drive master 
and slave outputs. The cell consists of a 
dual D-type master input-data and 
scan-data latch with active-high clear 
and complementary outputs and a 
single slave latch with complementary 
outputs. In the data- or scan-path 
mode, either DMC or TMC can be used 
to select the entry and storage of data. 
When TMC is low and DMC is high, the 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984 and lEG Publication 617-12. 

01 output follows the D input. When DMC is subsequently taken low, the 01 output is 
latched. When DMC is low and TMC is high, the 01 output follows the SCAND input. When 
TMC is subsequently taken low, the 01 output is latched. Data entered is available to the 
slave output latch, which follows the selected master input latch while SLC is high. Data at 
the 02 and 0Z2 outputs can be latched by taking SLC low. 

When the flip-flop is called from the engineering workstation input, the following label format 
is developed and will be captured in the design netlist: 

Label: TDC11 W D,SCAND,CLR,DMC,TMC,SLC,01 ,OZ1 ,02,OZ2; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

PRODUCTION DATA document. cont.in information 
current IS of publication date. Products conform to 
specificatians per the terms of rexas Instruments TEXAS ." 
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TDC11LJ 
MASTER*SLAVE SCAN*INPUT D*TYPE LATCH WITH 
MASTER CLEAR AND MASTER AND SLAVE 1X OUTPUTS 
D3030, APRIL 1988 

TSC500 
SERIES 

timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (see Note 1) 

MIN MAX UNIT 

fopr Operating frequency 0 100 MHz 

CLR high 3.5 

tw Pulse duration DMC or TMC high 2.5 ns 

SLC high 2.5 

D high or low before DMq 3 

tsu Setup time SCAND high or low before TMC~ 3 ns 

DMC or TMC low before SLCt (nonoverlap) 2.5 

o high or low after DMC~ 0 

th Hold time SCAND high or low after TMC~ 0 ns 

DMC or fMC low after SLq (nonoverlap) 2.5 

NOTE 1: Additional timing data regarding pulse-duration, setup-time, and hold-time are incorporated in the 
engineering workstation library. ' 

electrical characteristics, Vee = 5 V, T A = 25°e 

PARAMETER TEST CONDITIONS TYP MAX UNIT 

VT Input threshold voltage 2 V 

CLR 0.08 

Ci Input capacitance 
0, SCAND 0.06 

pF 
DMC, TMC 0.04 

SLC 0.03 

Cpd Equivalent power dissipation capacitance tr=tf=1ns 1.38 pF 

PRODUCTION DATA do.umlnts .ontain information 
current I. af publication dati. P"ducts conform to 
specificationl per the terms of TIXI. Instruments TEXAS ." 

Copyright @ 1988, Texas,lnstrumen.ts Incorporated 
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TSC500 
SERIES 

TDC11LJ 
MASTER-SLAVE SCAN-INPUT D-TYPE LATCH WITH 

MASTER CLEAR AND MASTER AND SLAVE 1X OUTPUTS 
D3030, APRIL 1988 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 

PARAM- FROM TO 

ETER (INPUT) (OUTPUT) 

tpLH 
CLR 

OZ1 

01 tpHL 

tpLH 
CLR 

OZ2 

02 tpHL 

tpLH 

tpHL 
0 01 

tpLH 

tpHL 
0 OZ1 

tpLH 
0 02 

tpHL 

tpLH 

tpHL 
0 OZ2 

tpLH 

tpHL 
DMC 01 

tpLH 

tpHL 
DMC OZ1 

tpLH 

tpHL 
DMC 02 

tpLH 

tpHL 
DMC 0Z2 

tpLH 

tpHL 
SCAND 01 

tpLH 

tpHL 
SCAND OZ1 

tPLH 

tpHL 
SCAND 02 

tpLH 

tpHL 
SCAND OZ2 

tpLH 

tpHL 
SLC 02 

tpLH 
SLC 0Z2 

tpHL 

tpLH 

tpHL 
TMC 01 

t Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTION DATA doc.ments contain information 
current 8S of publication date. Product. conform to 
specifications per the terms of Tells Instruments 

- 55°C to 125°C 

MIN TYpt MAX 

0.61 1.55 3.75 

0.46 1.17 2.82 

0.62 1.7 4.18 

0.75 1.99 4.88 

0.42 0.93 1.94 

0.32 1.04 2.54 

0.47 1.42 3.48 

0.57 1.46 3.19 

0.63 1.75 4.07 

0.6 1.89 4.64 

0.49 1.59 3.93 

0;56 1.72 4.11 

0.24 0.75 1.6 

0.46 1.04 2.26 

0.62 1.42 3.19 

0.4 1.29 2.85 

0.4 1.56 3.72 

0.77 1.9 4.34 

0.64 1.57 3.63 

0.38 1.55 3.77 

0.42 0.93 1.93 

0.32 1.03 2.54 

0.47 1.42 3.49 

0.58 1.47 3.2 

0.63 1.75 4.06 

0.6 1.89 4.64 

0.48 1.58 3.93 

0.56 1.72 4.11 

0.48 1 2.03 

0.25 0.81 1.79 

0.13 0.5 1.08 

0.45 0.98 2.1 

0.24 0.75 1.6 

0.46 1.04 2.26 

:~~::~~iW'{::I~'l~ =~:~ti:: :1~o:=:~n:.:r~~1 not 
TEXAS ." 

INSTRUMENlS 

O°C to 70°C 

TYpt 
UNIT 

MIN MAX 

0.61 1.55 3.45 

0.46 1.17 2.6 
ns 

0.63 1.7 3.83 

0.76 1.99 4.46 
ns 

0.44 0.93 1.76 

0.34 1.04 2.35 
ns 

0.48 1.42 3.2 

0.6 1.46 2.9 
ns 

0.66 1.75 3.71 

0.63 1.89 4.24 
ns 

0.51 1.59 3.6 

0.6 1.72 3.75 
ns 

0.26 0.75 1.48 

0.47 1.04 2.11 
ns 

0.63 1.42 2.96 

0.43 1.29 2.61 
ns 

0.44 1.56 3.41 

0.79 1.9 3.99 
ns 

0.66 1.57 3.35 

0.42 1.55 3.47 
ns 

0.44 0.93 1.76 

0.34 1.03 2.35 
ns 

0.48 1.42 3.21 

0.61 1.47 2.91 
ns 

0.66 1.75 3.71 

0.63 1.89 4.24 
ns 

0.5 1.58 3.6 

0.6 1.72 3.75 
ns 

0.49 1 1.9 

0.26 0.81 1.66 
ns 

0.14 0.5 1 

0.45 0.98 1.97 
ns 

0.26 0.75 1.48 

0.47 1.04 
ns 

2.11 

Copyright © '988, Texas Instruments Incorporated 

POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 9-55 



TDC11LJ 
MASTER-SLAVE SCAN-INPUT D-TYPE LATCH WITH 
MASTER CLEAR AND MASTER AND SLAVE 1X OUTPUTS 
03030, APRIL 1988 

TSC500 
SERIES 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 (Continued) 

PARAM· FROM TO -55°C to 125°C 

ETER (INPUT) (OUTPUT) MIN TYpt MAX 

tpLH 
TMC OZ1 

0.62 1.42 3.19 

tpHL 0.4 1.29 2.86 

tpLH 
TMC 02 

0.4 1.56 3.72 

0.77 tPHL 1.9 4.34 

tpLH 
TMC OZ2 

0.64 1.57 3.63 

tpHL 0.38 1.55 3.77 

~tpLH 
CLR 

OZ1 0.4 1.07 2.25 

~tpHL 01 0.38 1.07 2.41 

~tpLH 
CLR 

OZ2 0.43 1.08 2.27 

~tpHL 02 0.32 0.73 1.43 

~tpLH 
0 

0.43 1.11 2.38 

~tpHL 01 0.38 1.07 2.4 

~tpLH 
0 OZ1 

0.41 1.07 2.25 

~tpHL 0.34 0.74 1.48 

~tpLH 
0 02 

0.43 1.08 2.27 

~tpHL 0.32 0.72 1.43 

~tpLH 
0 OZ2 

0.43 1.08 2.27 

~tpHL 0.37 0.95 2.11 

~tpLH 
DMC 01 

0.43 1.11 2.37 

~tpHL 0.38 1.06 2.4 

~tpLH 
DMC OZ1 

0.4 1.08 2.26 

~tpHL 0.33 0.74 1.51 

~tpLH 
DMC 02 

0.44 1.09 2.27 

~tpHL 0.32 0.72 1.43 

~tpLH 
DMC OZ1 

0.42 1.09 2.27 

~tpHL 0.37 0.95 2.11 

~tpLH 
SCAND 01 

0.43 1.11 2.37 

~tpHL 0.38 1.07 2.4 

~tpLH 
SCAND OZ1 

0.41 1.07 2.26 

~tpHL 0.34 0.74 1.49 

~tpLH 
SCAND 02 

0.43 1.08 2.27 

~tpHL 0.32 0.72 1.43 

~tpLH 
SCAND 0Z2 

0.43 1.05 2.27 

~tpHL 0.37 0.95 2.11 

t Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTION DATA do •• ma.11 .0.lai. i.lormllio. 
current IS of publicatioR dltl. Products conform to 
specific.tiDRs per the terms of TaxI. InstrulII.ntl 

:=~:~~i~.{~:~'i ~~::i~:i:r :I~D::~::::~:~~ not 
TEXAS • 

INSTRUMENTS 

ooe to 70°C 

TYpt UNIT 
MIN MAX 

0.63 1.42 2.96 

0.43 1.29 2.61 
ns 

0.44 1.56 3.41 

0.79 1.9 3.99 
ns 

0.66 1.57 3.35 

0.42 1.55 3.47 
ns 

0.44 1.07 2.07 
ns/pF 

0.41 1.07 2.19 

0.46 1.08 2.09 
ns/pF 

0.35 0.73 1.29 

0.45 1.11 2.18 

0.41 1.07 2.19 
ns/pF 

0.44 1.07 2.07 
ns/pF 

0.37 0.74 1.34 

0.46 1.08 2.09 
ns/pF 

0.35 0.72 1.29 

0.46 1.08 2.09 
ns/pF 

0.39 0.95 1.92 

0.45 1.11 2.18 
ns/pF 

0.4 1.06 2.18 

0.44 1.08 2.08 
ns/pF 

0.36 0.74 1.36 

0.47 1.09 2.09 
ns/pF 

0.35 9.72 1.29 

0.45 1.09 2.09 
ns/pF 

0.39 0.95 1.91 

0.45 1.11 2.18 
ns/pF 

0.41 1.07 2.18 

0.44 1.07 2.08 
ns/pF 

0.37 0.74 1.35 

0.46 1.08 2.09 
ns/pF 

0.35 0.72 1.29 

0.46 1.08 2.09 
ns/pF 

0.39 0.95 1.92 
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TSC500 
SERIES 

TDC11LJ 
MASTER-SLAVE SCAN-INPUT D-TYPE LATCH WITH 

MASTER CLEAR AND MASTER AND SLAVE 1X OUTPUTS 
03030, APRIL 1988 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 (Continued) 

PARAM· FROM TO 

ETER (INPUT) (OUTPUT) 

IltpLH 

IltpHL 
SLC Q2 

IltpLH 

IltpHL 
SLC OZ2 

IltpLH 
TMC 01 

IltpHL 

IltpLH 
TMC OZ1 

IltpHL 

IltpLH 

IltpHL 
TMC 02 

IltpLH 
TMC OZ1 

IltpHL 

t Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTION DATA documents contain information 
current IS af publiution dat •. Praducts conform to 
spacifications per the t8rllli of TI.I. Instruments 

- 55°e to 125°e 

MIN TYpt MAX 

0.4 1.1 2.28 

0.32 0.74 1.48 

0.4 1.09 2.32 

0.35 0.95 2.12 

0.43 1.11 2.37 

0.38 1.06 2.4 

0.4 1.08 2.26 

0.33 0.74 1.51 

0.44 1.09 2.27 

0.32 0.72 1.43 

0.42 1.09 2.27 

0.37 0.75 2.11 

::~~:~~i~li~:I~'i ~!:~:~ti:r :1~":::::::t::S~ not 
TEXAS ." 

INSTRUMENTS 

ooe to 700 e 

TYpt 
UNIT 

MIN MAX 

0.44 1.1 2.1 
ns/pF 

0.35 0.74 1.33 

0.44 1.09 2.13 
ns/pF 

0.38 0.95 1.92 

0.45 1.11 2.18 
ns/pF 

0.4 1.06 2.18 

0.44 1.08 2.08 
ns/pF 

0.36 0.74 1.36 

0.47 1.09 2.09 
ns/pF 

0.35 0.72 1.29 

0.45 1.09 2.09 
ns/pF 

0.39 0.95 1.91 

Copyright @ 1988. Texas Instruments Incorporated 
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TDC11LJ TSC500 
SERIES MASTER-SLAVE SCAN-INPUT D-TYPE LATCH WITH 

MASTER CLEAR AND MASTER AND SLAVE 1X OUTPUTS 
D3030. APRIL 1988 

PARAMETER MEASUREMENT INFORMATION 

CLR _______________________ --J;(44% 44%\ ---------:CC 

I 
VCC 

D (or SCAN D) _________ ..J~ ¥ .... 44_01c_o -+l------------------- 0 

t= ~ th"- I 
tsu~ I 

1/fopr------.,~ 
II I 1,--..... --VCC 

DMC (or TMC) _______ -J~4%tw 44%)' I t 4% 44%L 0 

I,f-tpd ~~I ~ tpd ~ • tpd-.J 

9·58 

01 or OZ1 \It I ~I VOH 
OUTPUT 44% 44%1\ 44% J\ 

----------I----~ I ., I '----VOL 

I4--tw ... tsu ~. tw~th----+' 144% 440;:.\.- - - - - - - - - Vcc 
___________________ ...J. ~tw --.! . 0 SLC 

I4-tpd~ 

~U~p~~2 _______________________ ....J>kr44-%-----------------::: 

FIGURE 1. TIMING DIAGRAM 

PRODUCTION DATA documents contain in'o,ination 
current II of public.tiaR dat •. Pro.ducts conform to 
specificationl per the t" ..... of TeXIS Instruments 

:~~:~:~~i~·i~:,~7i ~~:~::i:r :'~D:=:=::'s~s not TEXAS ~ 
'NSTRUMENlS 

Copyright @ , 988. Texas Instruments Incorporated 
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TSC500 
SERIES 

TDC11LJ 
MASTER-SLAVE SCAN-INPUT D-TYPE LATCH WITH 

MASTER CLEAR AND MASTER AND SLAVE 1X OUTPUTS 
D3030, APRIL 1988 

PARAMETER MEASUREMENT INFORMATION 

'" VCC 

'-------------'. - - - - - - - - - - - - -0 
D(orSCAND) ~ 

I 

DMC (orTMC) 
,,44% \ _________ ...J,{44% \ - - - :CC 

!II ~ tpHL 

02 I ~44% OUTPUT I 

~tpLH~ 

I l'~---VOH 
44% 

'------------+1--....J4 - - - - VOL 

14 ~ tpLH If---tpHL~ 

OZ2 144% OUTPUT 

NOTE: SLC is high. 

,...--------------...,.'1 - - - -VOH 
44%\ 

\.0. ---VOL 

FIGURE 2. DMC OR TMC TO 02 OR OZ2 TIMING DIAGRAM 

-----~ VCC 
o (or SCAN D) ).,44% 44%~ ______ 0 

02 
OUTPUT 

QZ2 
OUTPUT 

j+-tPHL-.t j4-tPLH--.t 

------~~--~I I y----I VOH 

II ~I 44% 44%~ 
\.0. --________ 01-1 __ ......;4- - - VOL 

I4-tpLH~ If---tPHL--.j 
I-t---VOH 

144% 44%'i. 
------~. ''----VOL NOTE: DMC, TMC, and SLC are high. 

FIGURE 3. D OR SCAND TO 02 OR OZ2 TIMING DIAGRAM 

PRODUCTION DATA do.umontl .ontain informltion ." 
currant IS af puillicatian date. Praducts conform to 11 ~ 
specificationl per the terms of TIXIS Instrumants EXAS 
::~~:~~i~·i~:I~~i ~!:~:~ti:r !i~-::~:::':~~S not INSTRUMENTS 
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TSC500 
SERIES 

TDN10LJ 
SCAN-INPUT D-TYPE FLIP-FLOP 

WITH 1X OUPUTS 

ClK 

t 
t 
t 
t 
L 

D3030, AUGUST 1988 

INTERNAL CELL 

FUNCTION TABLE logic symbolt 
INPUTS OUTPUTS 

SCAN 0 SO a 
L L X L 

L H X H 

H X L L 

H X H H 

X X X 00 

oz 
H 

L 

H 
L 

00 

ClK a 
MUX 

SCAN Gl 
20 

0 "1 QZ 

SO 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984 and IEC Publication 617-12. 

description 
The TDN10LJ cell implements a scan-input D-type flip-flop with 1X drive outputs. The cell 
functions as a D-type flip-flop with data input from a 2-to-1 multiplexer that selects either the 
D or SD input, depending on the level of the SCAN input. When the clock input makes a 
low-to-high transition, the state of each complementary output Q and QZ will be determined 
by the state of the selected D or SD input logic level. While the clock ClK remains high or . 
transitions to the low level and remains low, the outputs will remain stable. The cell provides 
intentionally long setup times in the scan data (SD) path to simplify implementation of the 
serial clocking scheme required for shifting data through the scan data path. Conventional 
implementation of the data (D) path produces relatively short setup times that support 
normal operating frequency ranges. 

When the flip-flop is called from the engineering workstation input, the following label format 
is developed and will be captured in the design netlist: 

label: TDN10LJ ClK,SCAN,D,SD,Q,QZ; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

PROOUCTIOI DATA documonts conlain informalion ~ 
current IS of publication date. PrDducts conform to 11 ~ 
specifications par the terms of Texi. Instruments EXA,S 
:~~~~:~~i~·r::1~1i ~!::i~~li:r :llo::~:~:I::'~ nol INSTRUMENTS 

Copyright @ 1988, Texas Instruments Incorporated. 

9-60 POST OFFICE sox 655012 • DALLAS, TEXAS 75285 



TSC500 
SERIES 

TDN10LJ 
SCAN-INPUT 0-TYPE FLIP-FLOP 

WITH 1X OUTPUTS 
D3030. AUGUST 1988 

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

MIN MAX UNIT 

fclock Clock frequency 
SCAN low 0 155 

MHz 
SCAN high 0 35 

tw Pulse duration ClK high or low 3.2 ns 

o high or low 3 

tsu Setup time before clock SO high or low 24 ns 

SCAN high or low 9 

o high or low 0 

th Hold time after clock SO high or low 0 ns 

SCAN high or low 0 

electrical characteristics, Vee = 5 V, T A = 25°e 

PARAMETER TEST CONDITIONS TYP MAX UNIT 

VT Input threshold voltage 2.2 V 

Ci Input capacitance 
IClK, SO 0.05 

pF 
IO,SCAN 0.06 

Cpd Equivalent power dissipation capacitance tr =tf=1ns 0.94 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 

PARAM- FROM TO - 55°C to 125°C ooe to 700e 
TYpt TYpt 

UNIT 
ETER (INPUT) (OUTPUT) MIN MAX MIN MAX 

tplH 
ClK a 0.6 1.46 3.19 0.63 1.46 2.93 

ns 
tpHl 0.52 1.34 2.89 0.55 1.34 2.65 

tplH 
ClK az 0.43 1.01 2.12 0.45 1.01 1.95 

ns 
tPHl 0.49 1.15 2.45 0.51 1.15 2.26 

~tplH 
ClK a 0.4 1.06 2.21 0.43 1.06 2.03 

ns/pF 
~tpHl 0.34 0.74 1.47 0.37 0.74 1.33 

~tplH 
ClK az 0.43 1.13 2.37 0.46 1.13 2.18 

ns/pF 
~tpHl 0.53 1.17 2.37 0.57 1.17 2.13 

t Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTION DATA documents contain informltion 
currant II of publication data. Products conform to 
specificalioRs par the tarms of Ta .. s Instrumants TEXAS ." 

Copyright @ 1988, Texas Instruments Incorporated 
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TSC500 
SERIES 

TDN11LJ 
MASTER-SLAVE SCAN-INPUT D-TYPE LATCH 

WITH 1 X OUTPUTS 
03030. APRIL 1988 

INTERNAL CELL 

FUNCTION TABLE logic symbolt 
INPUTS 

OUTPUTS 
DATA PATH SCAN PATH SLAVE 

D DMC SCAND TMC SLC Q QZ 

X L X L L QO QO 
d1 H X L L QO 00 

OMC C1 
Q 

0 10 

TMC 
30 

C2 

SCANO 20 
QZ 

SLC C3 
X L d2 H L QO 00 

d1 H d2 H 

X L X L 

L QO 
H QO' 

00 
00' 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984 and IEC Publication 617-12. 

d1 H X L H d1 d1 

X L d2 H H d2 d2 

d1 H d2 H H ? ? 

Qo' = state of master latch setup prior to DMC and 
TMC both being low. 

description 
The TON 11 W cell implements a scan-input D-type latch with 1 X-drive outputs. The cell 
consists of a dual D-type input master latch for data and scan data, and a single slave latch 
with complementary outputs. In the data- or scan-path mode, either DMC or TMC can select 
the entry and storage of data. When TMC is low and DMC is high, the 01 output follows the 
o input. When DMC is subsequently taken low, the 01 output is latched. When DMC is low 
and TMC is high, the 01 output follows the SCAND input. When TMC is subsequently taken 
low, the 01 output is latched. Data entered is available to the slave output latch, which 
follows the selected master input latch while SLC is high. Data at the 0 and OZ outputs can 
be latched by taking SLC low. 

When the flip-flop is called from the engineering workstation input, the following label format 
is developed and will be captured in the design netlist: 

Label: TDN11 LJ D,SCAND,DMC,TMC,SLC,O,OZ; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

9-62 

PRODUCTION DATA documonto contoin inlormltion 
currant II of publication dlt'. Products conform to 
.pecificltionl per the terms of TIXI. Instrument. 
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TSC500 
SERIES 

TDN11LJ 
MASTER-SLAVE SCAN-INPUT D-TYPE LATCH 

WITH 1X OUTPUTS 
D3030, APRIL 1988 

timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (see Note 1) 

MIN MAX UNIT 

fopr Operating frequency 0 100 MHz 

Pulse duration 
DMC or TMC high 2.5 

tw 
SLC high 

ns 
2.5 

D high or low before DMq 3 

tsu Setup time SCAND high or low before TMq 3 ns 

DMC or TMC low before SLCf (nonoverlap) 2 

D high or low after DMC. 0 

th Hold time SCAND high or low after TMq 0 ns 

DMC or TMC low after SLC. (nonoverlap) 2 

NOTE 1: Additional data regarding pulse-duration, setup-time, and hold-time are incorporated in the 
engineering workstation library. 

electrical characteristics, Vee = 5 V, TA = 25°e 

PARAMETER TEST CONDITIONS TYP MAX UNIT 

VT Input threshold voltage 2.2 V 

D, SCAND 0.06 

Ci Input capacitance DMC, TMC 0.04 pF 

SLC 0.03 

Cpd Equivalent power dissipation capacitance tr =tf=1ns 0.56 pF 

PRODUCTION DATA doc.m •• ts contain inf.rmation 
current U Df p.llilieltion dlte .. PrHucts conform to 
.pecificatianl per tile terms af TI ••• Instruments TEXAS ." 

Copyright @ 1988, Texas Instruments Incorporated 
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TDN11LJ 
MASTER·SLAVE SCAN·INPUT D·TYPE LATCH 
WITH 1X OUTPUTS 
03030, APRIL 1988 

TSC500 
SERIES 

switching characteristics over recommended ranges of supply voltage and operating free· 
air temperature (unless otherwise noted), CL = 0 

PARAM· FROM TO 

ETER (INPUT) (OUTPUT) 

tpLH 

tpHL 
0 Q 

tpLH 

tpHL 
0 QZ 

tpLH 

tpHL 
DMC Q 

tpLH 

tpHL 
DMC QZ 

tpLH 

tpHL 
SCAND Q 

tpLH 
SCAND QZ 

tpHL 

tpLH 

tpHL 
SLC Q 

tpLH 

tpHL 
SLC QZ 

tpLH 

tpHL 
TMC Q 

tpLH 

tpHL 
TMC QZ 

A.tpLH Q D 
A.tpHL 

A.tpLH 
0 QZ 

A.tpHL 

A.tpLH 
DMC Q 

A.tPHL 

A.tPLH 
DMC QZ 

A.tpHL 

A.tpLH 
SCAND 

A.tPHL 
Q 

A.tPLH 
SCAND QZ 

A.tpHL 

A.tpLH 

A.tPHL 
SLC Q 

t Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTION DATA documents •• ntain informeti •• 
currellt IS of publiCitian dltl. Products c.R'.rm to 
.pecifications par the tarms ot TIXIS Instruments 

-SS·C to 12S· 

MIN TYpt MAX 

0.45 1.34 3.1 

0.52 1.58 3.78 

0.41 1.26 3.07 

0.42 1.32 3.13 

0.27 1.19 2.91 

0.68 1.63 3.68 

0.58 1.33 2.87 

0.22 1.17 2.97 

0.45 1.34 3.1 

0.52 1.58 3.78 

0.41 1.26 3.07 

0.42 1.32 3.13 

0.46 0.99 2.04 

0.21 0.8 1.86 

0.11 0.49 1.19 

0.45 0.97 2.22 

0.27 1.19 2.92 

0.68 1.63 3.68 

0.57 1.33 2.87 

0.22 1.17 2.98 

0.44 1.09 2.28 

0.35 0.73 1.46 

0.42 1.1 2.3 

0.37 0.96 2.13 

0.44 1.09 2.28 

0.35 0.74 1.47 

0.42 1.09 2.3 

0.36 0.96 2.12 

0.44 1.09 2.28 

0.35 0.73 1.46 

0.42 1.1 2.3 

0.37 0.96 2.13 

0.42 1.1 2.29 

0.35 0.74 1.47 

~~=~;li:I~~i ~:~:~ti:r ~~o::::::.::.s not TEXAS ~ 
INSTRUMENTS 

o·Cto 700C 

MIN TYpt MAX 
UNIT 

0.48 1.34 2.83 

0.55 1.58 3.46 
ns 

0.44 1.26 2.8 

0.46 1.32 2.88 
ns 

0.29 1.19 2.68 

0.71 1.63 3.31 
ns 

0.59 1.33 2.65 

0.25 1.17 2.73 
ns 

0.48 1.34 2.83 

0.55 1.58 3.46 
ns 

0.44 1.26 2.8 

0.46 1.32 2.88 
ns 

0.47 0.99 1.91 

0.23 0.8 1.69 
ns 

0.12 0.49 1.08 

0.45 0.97 2.03 
ns 

0.29 1.19 2.69 

0.7 1.63 3.3 
ns 

0.59 1.33 2.65 

0.25 1.17 2.74 
ns 

0.47 1.09 2.1 
ns/pF 

0.37 0.73 1.31 

0.45 1.1 2.12 
ns/pF 

0.39 0.96 1.93 

0.47 1.09 2.1 
ns/pF 

0.37 0.74 1.32 

0.45 1.09 2.12 
ns/pF 

0.39 0.96 1.93 

0.47 1.09 2.1 
ns/pF 

0.37 0.73 1.31 

0.45 1.1 2.12 
ns/pF 

0.39 0.96 1.93 

0.45 1.1 2.1 
ns/pF 

0.37 0.74 1.32 

Copyright @ 1988, Texas Instruments Incorporated 
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TSC500 
SERIES 

TDN11LJ 
MASTER-SLAVE SCAN-INPUT D-TYPE LATCH 

WITH 1 X OUTPUTS 
D3030, APRIL 1988 

switching characteristics over recommended ranges of supply voltage and operating free· 
air temperature (unless otherwise noted), CL = 0 (Continued) 

PARAM· FROM TO - 55°C to 125°C QOC to 7QoC 

TYpt TYpt 
UNIT 

ETER (INPUT) (OUTPUn MIN MAX MIN MAX 

LltpLH 0.42 1.1 2.22 0.45 1.1 2.06 
ns/pF SLC QZ 

LltpHL 0.35 0.96 2.08 0.38 0.96 1.93 

LltpLH 
TMC Q 

0.44 1.09 2.28 0.47 1.09 2.09 
ns/pF 

LltPHL 0.35 0.74 1.47 0.37 0.74 1.32 

LltpLH 0.42 1.09 2.3 0.45 1.09 2.12 
ns/pF TMC QZ 

LltpHL 0.36 0.96 2.12 0.39 0.96 1.93 

t Typical values are at VCC = 5 V, TA = 25°C. 

PARAMETER MEASUREMENT INFORMATION 

DMC (orTMC) 

gU~P~~ ________________________________ -J)kr44-o/.-0-------------------~:: 
FIGURE 1, TIMING DIAGRAM 

PRODUCTION DATA d •• um •• ts ••• tli. i.formati •• 
curr.nt I. of publicatian dltl. Products conform 10 
specific,tionl per the terms of TIXI. Instruments TEXAS .., 

INSTRUMENTS 

Copyright © 1988, Texas Instruments Incorporated 
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TDNi1Lj TSC500 
SERIES MASTER;.SLAVE SCAN-INPUT O-TYPE LATCH 

WITH 1 X OUTPUTS 
03030, APRIL 1988 

PARAMETER MEASUREMENT INFORMATION 

"''--_____________ ..JI _______ ' __ vocc o (or SCANO) ~ . 

OMC (orTMC) 

Q 
OUTPUT 

I 
,,..--.... \ - -vcc 

__ ~~44% ~ _________ J~44% "'-----0 
re-tPHL-.t ~tpLH--.t 

-----,I-~\L, I ~I VOH 

I ~,«% «~ ..... ----------.j..I----.J4_ - - VOL 
I4-tPLH-.j I4-tpHL~ 

QZ I-t---VOH 

OUTPUT 1 44% 44O/)L. 
-------~. ' ~VOL 

NOTE: SLC is high. 

FIGURE 2. DMC OR TMC TO Q ORQZ TIMING DIAGRAM 

----~ vcc 
o (or SCAND) }44% 44O/~ ______ 0 

Q 
OUTPUT 

QZ 
OUTPUT 

~tpHL tpLH~ 
----,I---{, I '/,I,..----VOH 

I -:\:, 44% To 44% 
..... -------------Io1--.J4 - - - - - VOL 

~tplH tpHl~ 
1-+ - - - - - VOH 

144% 44%\ 
-------~. ....-----VOl 

NOTE: OMC, TMC, and SLC are high, 

9-66 

FIGURE 3. D OR SCAND TO Q OR QZ TIMING DIAGRAM 

PRODUCTION DATA,documants contain information 
current I. of publication date. Products conform to 
specificatioRs per the terms of rexls Instruments 
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TSC500 TDN12LJ 
SERIES MASTER-SLAVE SCAN-INPUT D-TYPE LATCH 

WITH MASTER AND SLAVE 1X OUTPUTS 
03030. APRIL 1988 

INTERNAL CELL 

FUNCTION TABLE logic symbolt 
INPUTS OUTPUTS 

DATA PATH SCAN PATH SLAVE MASTER SLAVE OMC C1 01 

0 DMC SCAND TMC SLC Q1 QZ1 Q2 QZ2 0 10 OZl 

X L X L L 01 0 01 0 020 020 
TMC 

d1 020 020 
SCANO 

d1 H X L L d1 
02 

X L d2 H L d2 d2 020 020 SLC C3 
OZ2 

d1 H d2 H L ? ? 020 020 
X L X L H 01 0 01 0 01 0 01 0 t This symbol is in accordance with 

d1 H X L H d1 d1 d1 d1 ANSI/IEEE Std 91-1984 and lEG 
X L d2 H H d2 d2 d2 d2 Publication 617-12. 

d1 H d2 H H ? ? ? ? 

description 
The TDN12LJ cell implements a scan-input D-type latch with 1X-drive master and slave 
outputs. The cell consists of a dual D-type master input data and scan-data latch with 
complementary outputs, and a single slave latch with complementary outputs. In the data
or scan-path mode, either DMC or TMC can select the entry and storage of data. When TMC 
is low and DMC is high, the Q1 output follows the D input. When DMC is subsequently taken 
low, the Q1 output is latched. When DMC is low anGi.JMC is high, the Q1 output follows the 
SCAND input. When TMC is subsequently taken low, the Q1 output is latched. Data entered 
is available to the slave output latch, which follows the selected master input latch while SLC 
is high. Data at the Q2 and QZ2 outputs can be latched by taking SLC low. 

When the flip-flop is called from the engineering workstation input, the following label format 
is developed and will be captured in the design netlist: 

Label: TDN12LJ D,SCAND,DMC,TMC,SLC,Q1 ,QZ1 ,Q2,QZ2; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

PRODUCTION DATA datumeftt. cantlin information ." 
cunent II of publication det'. ,P'ToduC1SI conform to liEXAS 1, Copyright @ 1988. Texas Instruments Incorporated 

specificltions PIf the terms 0 IXI. n.trumen's 
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TDN12LJ 
MASTER-SLAVE SCAN-INPUT D-TYPE LATCH 
WITH MASTER AND SLAVE 1X OUTPUTS 
03030, APRIL 1988 

TSC500 
SERIES 

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

MIN MAX UNIT 

fopr Operating frequency 0 100 MHz 

Pulse duration 
DMC or TMC high 2.5 

tw 
SLC high 2.5 

ns 

D high or low before DMq 3 

tsu Setup time SCAND high or low before TMq 3 ns 

DMC or TMC low before SLct (nonoverlap) 2.5 

D high or low after DMq 0 

th Hold time SCAND high or low after TMq 0 ns 

DMC or TMC low after SLq (nonoverlap) 2.5 

electrical characteristics, Vee = 5 V, TA = 25°e 

PARAMETER TEST CONDITIONS TYP MAX UNIT 

VT Input threshold voltage 2.2 V 

D, SCAND 0.06 

Ci Input capacitance DMC, TMC 0.04 pF 

SLC 0.03 

Cpd Equivalent power dissipation capacitance tr =tf=1ns 1.21 pF 

PRODUCTIOI DATA docUM._ts co_lIi_ i_farmtti._ 
•• "._1 I. "' publiClllan doll. Pnuluott conform I. 
,plCifiutilnl pe' til' terms of rill. Instru ... ntl TEXAS ..If 

INSTRUMENlS 
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TSC500 
SERIES 

TDN12LJ 
MASTER-SLAVE SCAN-INPUT D-TYPE LATCH 

WITH MASTER AND SLAVE 1X OUTPUTS 
D3030, APRIL 1988 

switching characteristics over recommended ranges of supply voltage and operating free· 
air temperature (unless otherwise noted), CL = 0 

PARAM· FROM TO - 55°C to 125°C ooe to 70°C 

TYpt TYpt 
UNIT 

ETER (INPUT) (OUTPUT) MIN MAX MIN MAX 

tpLH 0.37 0.72 1.41 0.38 0.72 1.29 
D 01 ns 

tpHL 0.32 1 2.43 0.34 1 2.24 

tpLH 
D OZl 

0.47 1.38 3.35 0.48 1.38 3.08 
ns 

tpHL 0.54 1.25 2.63 0.56 1.25 2.41 

tpLH 
D 02 

0.57 1.54 3.52 0.59 1.54 3.22 
ns 

tpHL 0.61 1.83 4.5 0.63 1.83 4.12 

tpLH 
QZ2 

0.48 1.54 3.79 0.5 1.54 3.47 
D ns 

tpHL 0.54 1.5 3.56 0.56 1.5 3.27 

tpLH 
DMC 01 

0.19 0.59 1.24 0.2 0.59 1.15 

2.04 
ns 

tpHL 0.46 1.01 2.18 0.46 1.01 

tpLH 
DMC OZl 

0.61 1.39 3.09 0.62 1.39 2.86 
ns 

tpHL 0.35 1.12 2.46 0.37 1.12 2.26 

tpLH 
DMC 02 

0.38 1.4 3.36 0.42 1.4 3.08 
ns 

tpHL 0.78 1.86 4.23 0.78 1.86 3.9 

tPLH 
DMC OZ2 

0.63 1.55 3.52 0.65 1.55 3.25 
ns 

tpHL 0.35 1.38 3.4 0.38 1.38 3.12 

tpLH 
SCAND 01 

0.37 0.72 1.41 0.38 0.72 1.29 
ns 

tpHL 0.32 1 2.43 0.34 1 2.24 

tpLH 
SCAND OZl 

0.47 1.38 3.35 0.48 1.38 3.08 
ns 

tpHL 0.54 1.25 2.63 0.56 1.25 2.41 

tpLH 
SCAND 02 

0.57 1.54 3.52 0.59 1.54 3.22 
ns 

tpHL 0.61 1.83 4.5 0.63 1.83 4.12 

tpLH 
SCAND OZ2 

0.48 1.54 3.79 0.5 1.54 3.47 
ns 

tpHL 0.54 1.5 3.56 0.56 1.5 3.27 

tpLH 0.48 1 2.03 0.49 1 1.9 
SLC 02 ns 

tpHL 0.25 0.81 1.79 0.26 0.81 1.65 

tpLH 0.13 0.5 1.08 0.14 0.5 1 
SLC 0Z2 ns 

tpHL 0.45 0.98 2.1 0.38 0.95 1.92 

tpLH 0.19 0.59 1.24 0.2 0.59 1.15 
TMC 01 ns 

tpHL 0.46 1.01 2.18 0.46 1.01 2.04 

tpLH 0.61 1.39 3.09 0.62 1.39 2.86 
TMC OZl ns 

tpHL 0.35 1.12 2.46 0.37 1.12 2.26 

tpLH 0.38 1.4 3.36 0.41 1.4 3.08 
TMC 02 ns 

tpHL 0.78 1.86 4.23 0.78 1.86 3.9 

t Typical values are at VCC = 5 V, TA = 25°C. 
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TDN12LJ 
MASTER-SLAVE SCAN-INPUT D-TYPE LATCH 
WITH MASTER AND SLAVE 1X OUTPUTS 
D3030, APRIL 1988 

TSC500 
SERIES 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 (Continued) 

PARAM· FROM TO - 55°C to 125°C ooe to 70°C 

TVpt TYpt UNIT 
ETER (INPUT) (OUTPUT) MIN MAX MIN MAX 

tpLH 
TMC 0Z2 

0.63 1.55 3.52 0.65 1.55 3.25 

1.38 3.4 0.38 1.38 
ns 

tpHL 0.35 3.12 

~tpLH 
D 01 

0.42 1.1 2.33 0.45 1.1 2.14 
ns/pF 

~tpHL 0.38 1.05 2.36 0.41 1.05 2.15 

~tpLH 
D OZ1 

0.41 1.07 2.26 0.44 1.07 2.08 
ns/pF 

~tpHL 0.34 0.74 1.51 0.36 0.74 1.36 

~tpLH 
02 

0.42 1.08 2.27 0.45 1.08 2.09 
ns/pF 

~tpHL 
0 

0.73 0.32 1.43 0.35 0.73 1.28 

~tpLH 
OZ2 

0.43 1.08 2.27 0.46 1.08 2.09 
ns/pF 0 

~tpHL 0.34 0.96 2.12 0.37 0.96 1.92 

~tpLH 
DMC 01 

0.42 1.1 2.34 0.45 1.1 2.15 
ns/pF 

~tpHL 0.37 1.05 2.36 0.4 1.05 2.15 

~tpLH 
DMC OZ1 

0.41 1.08 2.27 0.44 1.08 2.08 
ns/pF 

~tpHL 0.34 0.75 1.51 0.37 0.75 1.36 

~tpLH 
DMC 02 

0.42 1.09 2.27 0.44 1.09 2.09 
ns/pF 

~tpHL 0.31 0.72 1.43 0.35 0.72 1.28 

~tpLH 
DMC 0Z2 

0.42 1.08 2.28 0.45 1.08 2.09 
ns/pF 

~tpHL 0.36 0.96 2.12 0.38 0.96 1.93 

~tpLH 
SCAND 01 

0.42 1.1 2.33 0.45 1.1 2.14 
ns/pF 

~tpHL 0.38 1.05 2.36 0.41 1.05 2.15 

~tpLH 
SCAND OZ1 

0.41 1.07 2.26 0.44 1.07 2.08 
ns/pF 

~tpHL 0.34 0.74 1.51 0.36 0.74 1.36 

~tpLH 
SCAND 02 

0.42 1.08 2.27 0.45 1.08 2.09 
ns/pF 

~tpHL 0.32 0.73 1.43 0.35 0.73 1.28 

~tpLH 
SCAND OZ2 

0.43 1.08 2.27 0.46 1.08 2.09 
ns/pF 

~tpHL 0.34 0.96 2.12 0.37 0.96 1.92 

~tpLH 
SLC 02 

0.4 1.1 2.28 0.44 1.1 2.1 
ns/pF 

~tpHL 0.32 0.74 1.48 0.35 0.74 1.33 

~tpLH 
SLC OZ2 

0.4 1.09 2.32 0.44 1.09 2.13 
ns/pF 

~tpHL 0.35 0.95 2.12 0.38 0.95 1.92 

~tpLH 
01 

0.42 1.1 2.34 0.45 1.1 2.14 
ns/pF 

~tpHL 
TMC 

0.37 1.05 2.36 0.4 1.05 2.15 

~tpLH 
TMC OZ1 

0.41 1.08 2.27 0.44 1.08 2.08 
ns/pF 

~tpHL 0.34 0.75 1.51 0.37 0.75 1.36 

t Typical values are at VCC = 5 V, TA = 25°C. 
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TSC500 
SERIES 

TDN12LJ 
MASTER-SLAVE SCAN-INPUT D-TYPE LATCH 

WITH MASTER AND SLAVE 1X OUTPUTS 
D3030. APRIL 1988 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 (Continued) 

PARAM- FROM TO - 55°C to 125°C O°C to 70°C 

TYpt TYpt 
UNIT 

ETER (INPUT) (OUTPUT) MIN MAX MIN MAX 

AtpLH 
TMC 02 

0.42 1.09 2.27 0.45 1.09 2.09 
ns/pF 

AtpHL 0.31 0.72 1.43 0.35 0.72 1.28 

AtpLH 
TMC 0Z2 

0.42 1.08 2.28 0.45 1.08 2.09 
ns/pF 

AtpHL 0.36 0.96 2.12 0.38 0.96 1.93 

t Typical values are at VCC = 5 V. TA = 25°C. 

PARAMETER MEASUREMENT INFORMATION 

D(OrScAND) ______ -J~44% 440/~================================~:CC 
14--tsu~ th t4-

lOIII I 1/fopr-------.J.t 
II I~---.. --vCC 

___ -J~4% 440/;\ ~4%tw 440/~ 0 DMC (orTMC) 

.~~ I ~~~ 

~U~p~~1 _______ T"": __ 4_4O/C.,,* ! ! * .. % ::: 

j4---tw ~ tsu ~ tw ~ th~ 

SLC 
144% 440/:;' - - - - - - - - _vcc 

-------------------------'. ~tw~ . 0 
.tpd-+l 

~U~p~~2 ______________________________ _J~r4-4O/C-O-------------------::: 
FIGURE 1. TIMING DIAGRAM 
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TDN12LJ TSC500 
SERIES MASTER-SLAVE SCAN-INPUT D-TYPE LATCH 

WITH MASTER AND SLAVE 1X OUTPUTS 
03030, APRIL 1988 

PARAMETER MEASUREMENT INFORMATION 

'- / Vcc o (or SCAND) \. , 
~ ________________________ J ----------0 

DMC (orTMC) ___ 144% \ .... _________ .....J144% \ - - - :cc 

Q2 
OUTPUT 

j4-tPHL-.! j4-tPLH-.! 

----...,.--"""" I I ,---_VOH 
II ~I 44% I 44%/ ...... - ________ -+I_---J.~ - - - _ VOL 

If--tPLH ~ I4-tpHL~ 
QZ2 l-t - - - - VOH 

OUTPUT 144% 44% \ 
--------~. .....-----VOL 

NOTE: SLC is high, 

FIGURE 2. DMC OR TMC TO Q2 OR QZ2 TIMING DIAGRAM 

-----~ VCC 
o (orSCANO) }440/0 440/( _______ 0 

Q2 
OUTPUT 

~tpHL"" j4- tpLH-IlI 
-----...,.--.... I I ~---VOH 

I, 'I 44% I 44%/ 
.... , ----------------.... I __ J,:..J - - - - VOL 

~tpLH~ I4-tPHL-.j 
QZ2 I.-t - - - -VOH 

OUTPUT 144% 44%\ ________ J. .....------VOL 

NOTE: OMC, TMC, and SLC are high. 

9·72 

FIGURE 3. D OR SCAND TO Q2 OR QZ2 TIMING DIAGRAM 
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TSC500 
SERIES 

TDN13LJ 
MASTER-SLAVE SCAN-INPUT D-TYPE LATCH WITH 

SLAVE D-INPUT AND MASTER AND SLAVE 1X OUTPUTS 

INTERNAL CELL 

FUNCTION TABLE 

MASTER INPUTS SLAVE INPUTS OUTPUTS 

DATA PATH SCAN PATH SLAVE SLAVE DATA MASTER SLAVE 

e OMC SCAND TMC SLC 01 esc 01 OZ1 020Z2 

X L X L L X L 01 0 01 0 020 020 
d1 H X L L X L d1 d1 020 020 

X L d2 H L X L d2 d2 020 020 
d1 H d2 H L X L ? ? 020 020 
X L X L H X L 01 0 01 0 01 0 01 0 

d1 H X L H X L d1 d1 d1 d1 
X L d2 H H X L d2 d2 d2 d2 

d1 H d2 H H X L ? ? ? ? 

X L X L L d3 H 01 0 01 0 d3 d3 
d1 H X L L d3 H d1 d1 d3 d3 
X L d2 H L d3 H d2 d2 d3 d3 

d1 H d2 H L d3 H ? ? d3 d3 
X L X L H d3 H 01 0 01 0 ? ? 

d1 H X L H d3 H d1 d1 ? ? 

X L d2 H H d3 H d2 d2 ? ? 

d1 H d2 H H d3 H ? ? ? ? 

description 

logic symbolt 

DMC 

D 

TMC 

SCAND 

SlC 

DSC 

01 

C1 

03030. APRIL 1988 

Q1 

QZ1 

Q2 

QZ2 

t This symbol is in accordance 
with ANSI/IEEE Std 91-1984 and 
lEG Publication 617-12. 

The TDN13LJ cell implements a scan-input D-type latch with 1X drive master and slave 
outputs. The cell consists of a dual D-type master input data and scan-data latch with 
complementary outputs and a single slave latch with a data input and complementary 
outputs. In the data- or scan-path mode, either DMC or TMC can be used to select the entry 
and storage of data. When TMC is low and DMC is high, the 01 output follows the D input. 
When DMC is subsequently taken low, the 01 output is latched. When DMC is low and TMC 
is high, the 01 output follows the SCAND input. When TMC is subsequently taken low, the 
01 output is latched. Data entered is available to the slave output latch, which follows the 
selected master input latch while SLC is high and DSC is low. Data at the 02 and OZ2 
outputs is latched by taking SLC low. When SLC is low and DSC is high, the 02 output 
follows the D1 input. When DSC is subsequently taken low, the 02 output is latched. 

When the flip-flop is called from the engineering workstation input, the following label format 
is developed and will be captured in the design netlist: 

Label: TDN13LJ D,D1,SCAND,DMC,DSC,TMC,SLC,01,OZ1,02,0Z2; 

PROOUCTIOI DATA d ••• mlnts .. ntoin informlli.1f' 
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TDN13LJ 
MASTER-SLAVE SCAN-INPUT D-TYPE LATCH WITH 
SLAVE D-INPUT AND MASTER AND SLAVE 1X OUTPUTS 
03030, APRIL 1988 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

TSC500 
SERIES 

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

MIN MAX UNIT 

fopr Operating frequency 0 100 MHz 

Pulse duration 
DMC or TMC high 2.5 

tw 
SLC or DSC high 2.5 

ns 

D high or low before DMq 3 

Setup time 
SCAND high or low before TMq 3 

tsu ns 
D1 high or low before DSq 3 

DMC or TMC low before SLCt (nonoverlap) 2.5 

D high or low after DMq 0 

Hold time 
SCAND high or low after TMC,," 0 

th 
D1 high or low after DSC,," 0 

ns 

DMC or TMC low after SLq (nonoverlap) 2.5 

electrical characteristics, Vee = 5 V, TA = 25°e 
PARAMETER TEST CONDITIONS TYP MAX UNIT 

VT Input threshold voltage 2.2 V 

Ci Input capacitance 
I D,D1 ,SCAND 0.06 

pF I DMC,DSC,TMC,SLC 0.04 

Cpd Equivalent power dissipation capacitance tr=tf=1ns 1.62 pF 

PRODuenOt DAU d ............. tli. I.'.rmlti •• 
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TSC500 
SERIES 

TDN13LJ 
MASTER-SLAVE SCAN-INPUT D-TYPE LATCH WITH 

SLAVE D-INPUT AND MASTER AND SLAVE 1X OUTPUTS 
03030, APRIL 1988 

switching characteristics over recommended ranges of supply voltage and operating free· 
air temperature (unless otherwise noted), CL = 0 

PARAM· FROM TO - 55°e to 125°e ooe to 700 e 

ETER (INPUT) (OUTPUT) MIN TYpt TYpt UNIT 
MAX MIN MAX 

tpLH 
0 01 

0.37 0.72 1.42 0.38 0.72 1.3 
ns 

tpHL 0.32 1.01 2.47 0.34 1.01 2.28 

tpLH 
0 OZ1 

0.37 1.16 2.78 0.39 1.16 2.56 
ns 

tpHL 0.47 1.05 2.2 0.49 1.05 2.01 

tPLH 0 02 
0.61 1.43 3.09 0.63 1.43 2.82 

ns 
tpHL 0.53 1.91 4.85 0.56 1.91 4.47 

tpLH 
0 OZ2 

0.59 1.94 4.84 0.61 1.94 4.44 
ns 

tpHL 0.71 1.75 3.83 0.75 1.75 3.48 

tPLH 
OMC 01 

0.19 0.6 1.25 0.2 0.6 1.16 
ns 

tPHL 0.46 1.02 2.22 0.46 1.02 2.08 

tpLH 
OMC OZ1 

0.49 1.17 2.53 0.51 1.17 2.35 

0.93 
ns 

tpHL 0.28 0.93 2.03 0.3 1.87 

tpLH 
OMC 02 

0.44 1.32 2.93 0.47 1.32 2.67 
ns 

tpHL 0.64 1.93 4.61 0.66 1.93 4.26 

tpLH 
OMC OZ2 

0.64 1.96 4.59 0.68 1.96 4.23 

3.34 
ns 

tpHL 0.55 1.64 3.66 0.58 1.64 

tpLH 
OSC 02 

0.17 0.55 1.16 0.18 0.55 1.07 
ns 

tpHL 0.45 1 2.18 0.46 1 2.04 

tpLH 
OSC 0Z2 

0.5 1.03 2.12 0.5 1.03 1.99 
ns 

tpHL 0.29 0.87 1.89 0.3 0.87 1.74 

tPLH 
02 

0.35 0.69 1.33 0.37 0.69 1.22 
01 ns 

tpHL 0.31 0.99 2.41 0.32 0.99 2.23 

tpLH 0.34 1.02 2.38 0.36 1.02 2.2 
01 OZ2 ns 

tpHL 0.46 1 2.06 0.48 1 1.89 

tpLH 
SCANO 01 

0.37 0.72 1.42 0.38 0.72 1.3 

0.34 
ns 

tpHL 0.32 1.01 2.47 1.01 2.28 

tpLH 
SCANO OZ1 

0.37 1.16 2.79 0.39 1.16 2.56 
ns 

tpHL 0.47 1.05 2.2 0.49 1.05 2.01 

tpLH 
SCAND 02 

0.61 1.43 3.09 0.63 1.43 2.82 
ns 

tpHL 0.53 1.91 4.85 0.56 1.91 4.47 

tpLH 
SCAND OZ2 

0.59 1.94 4.84 0.61 1.94 4.43 
ns 

tpHL 0.71 1.75 3.83 0.75 1.75 3.48 

tpLH 
SLC 02 

0.17 0.55 1.15 0.18 0.55 1.07 
ns 

tpHL 0.45 1 2.18 0.46 1 2.04 

t Typical values are at VCC = 5 V, TA = 25°C. 
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TDN13LJ 
MASTER-SLAVE SCAN-INPUT D-TYPE LATCH WITH 
SLAVE D-INPUT AND MASTER AND SLAVE 1X OUTPUTS 
03030, APRil 1988 

TSC500 
SERIES 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 (Continued) 

PARAM· FROM TO - 55·e to 125·e 

ETER (INPUT) (OUTPUT) MIN TYpt MAX 

tPLH SLe OZ2 
0.5 1.03 

0.29 0.87 tpHL 

tpLH 
TMC 01 

0.19 0.6 

tpHL 0.46 1.02 

tpLH 
TMC OZ1 

0.49 1.17 

tpHL 0.28 0.93 

tpLH 
TMC 02 

0.44 1.32 

tpHL 0.64 1.93 

tpLH 
TMC 0Z2 

0.64 1.96 

tPHL 0.54 1.64 

L\tpLH 
0 01 

0.42 1.1 

AtpHL 0.37 1.04 

AtpLH 
0 OZ1 

0.43 1.09 

AtpHL 0.34 0.74 

AtpLH 0.42 1.1 
0 02 

L\tpHL 0.37 0.98 

AtpLH 
0 OZ2 

0.42 1.08 

AtpHL 0.35 0.73 

AtPLH 
OMC 01 

0.42 1.1 

AtpHL 0.36 1.04 

AtpLH 
OMC OZ1 

0.43 1.1 

AtpHL 0.34 0.74 

AtpLH 
DMC 02 

0.41 1.09 

AtPHL 0.35 0.98 

AtPLH 
OZ2 

0.43 1.08 
DMC 

AtpHL 0.33 0.73 

AtpLH 
DSC 

0.41 1.1 

AtpHL 
02 

0.36 0.99 

AtpLH 
OSC OZ2 

0.4 1.1 

AtpHL 0.33 0.73 

L\tpLH 0.42 1.1 
01 02 

AtpHL 0.37 0.99 

AtPLH 
01 OZ2 

0.43 1.09 

AtPHL 0.34 0.74 

t Typical values are at VCC = 5 V, TA;= 25·C. 
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2.12 

1.89 

1.25 

2.22 

2.53 

2.03 

2.92 

4.61 

4.59 

3.66 

2.33 

2.34 

2.29 

1.49 

2.31 

2.19 

2.25 

1.45 

2.33 

2.35 

2.29 

1.48 

2.3 

2.19 

2.25 

1.46 

2.32 

2.21 

2.29 

1.47 

2.32 

2.21 

2.28 

1.47 

o·e to 7o·e 

TYpt 
UNIT 

MIN MAX 

0.5 1.03 1.99 

0.3 0.87 1.74 
ns 

0.2 0.6 1.16 

0.46 1.02 2.08 
ns 

0.51 1.17 2.35 

0.3 0.93 1.87 
ns 

0.47 1.32 2.67 

0.66 1.93 4.26 
ns 

0.68 1.96 4.23 

0.58 1.64 3.34 
ns 

0.45 1.1 2.14 
ns/pF 

0.4 1.04 2.13 

0.46 1.09 2.1 
ns/pF 

0.37 0.74 1.34 

0.45 1.1 2.12 
ns/pF 

0.4 0.98 1.98 

0.46 1.08 2.07 
ns/pF 

0.37 0.73 1.32 

0.45 1.1 2.14 
ns/pF 

0.39 1.04 2.13 

0.46 1.1 2.1 
ns/pF 

0.37 0.74 1.33 

0.44 1.09 2.12 
ns/pF 

0.38 0.98 1.98 

0.46 1.08 2.07 
ns/pF 

0.36 0.73 1.31 

0.44 1.1 2.13 
ns/pF 

0.39 0.99 2.01 

0.44 1.1 2.1 
ns/pF 

0.36 0.73 1.32 

0.45 1.1 2.13 
ns/pF 

0.39 0.99 2 

0.46 1.09 2.09 
ns/pF 

0.36 0.74 1.32 

Copyright @ 1988. Tex.s Instruments Incorporated 

9-76 POST OFFICE BOX 655012 • OALLAS, TEXAS 75285 



TSC500 
SERIES 

TDN13LJ 
MASTER·SLAVE SCAN·INPUT D·TYPE LATCH WITH 

SLAVE D·INPUT AND MASTER AND SLAVE 1X OUTPUTS 
03030, APRIL 1988 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 (Continued) 

PARAM- FROM TO - 55°C to 125°C O°C to 70°C 

TYpt TYpt 
UNIT 

ETER (INPUT) (OUTPUT) MIN MAX MIN MAX 

IltpLH 
SCAND OZ1 

0.42 1.1 2.33 0.45 1.1 2.14 

IltpHL 0.37 1.04 2.34 0.4 1.04 2.13 
ns/pF 

IltpLH 
SCAND OZ1 

0.43 1.09 2.29 0.46 1.09 2.1 
ns/pF 

IltpHL 0.34 0.74 1.49 0.37 0.74 1.34 

IltpLH 
SCAND 02 

0.42 1.1 2.31 0.45 1.1 2.12 
ns/pF 

IltpHL 0.37 0.98 2.19 0.4 0.98 1.98 

IltpLH 
SCAND OZ1 

0.42 1.08 2.25 0.46 1.08 2.07 
ns/pF 

IltpHL 0.35 0.73 1.45 0.37 0.73 1.32 

IltPLH 
SLC 02 

0.41 1.1 2.32 0.44 1.1 2.13 

IltpHL 0.36 0.99 2.21 0.39 0.99 2.01 
ns/pF 

IltpLH 
SLC OZ2 

0.41 1.1 2.32 0.44 1.1 2.1 
ns/pF 

IltpHL 0.33 0.73 1.47 0.36 0.73 1.32 

IltpLH 
01 

0.42 1.1 2.33 0.45 1.1 2.14 
ns/pF TMC 

IltpHL 0.36 1.04 2.35 0.39 1.04 2.13 

IltpLH 
TMC OZ1 

0.43 1.1 2.29 0.46 1.1 2.1 
ns/pF 

IltpHL 0.34 0.74 1.48 0.37 0.74 1.33 

IltpLH 
TMC 02 

0.41 1.09 2.31 0.44 1.09 2.12 
ns/pF 

IltpHL 0.35 0.98 2.19 0.38 0.98 1.98 

IltpLH 
TMC 0Z2 

0.43 1.08 2.25 0.46 1.08 2.07 
ns/pF 

IltpHL 0.34 0.73 1.46 0.36 0.73 1.31 

t Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTIO. DATA docu .. onll ••• lIin in' ..... li.n 
currellt .1 of pulllicatiDn dltl. P'Huetl cDnfarm to 
specifications per th. t ... 1ftI of TIIiI Instruments TEXAS ." 
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TDN13LJ TSC500 
SERIES MASTER-SLAVE SCAN-INPUT D-TYPE LATCH WITH 

SLAVE D-INPUT AND MASTER AND SLAVE 1X OUTPUTS 
D3030, APRIL 1988 

9-78 

PARAMETER MEASUREMENT INFORMATION 

Ql or QZl 
OUTPUT 

SLC 

Dl : 44%X ~VIH _____________ ..I.. ____ ...J. I . ij\::..VIL 

I -t1 th If-
I4--tsu~ 
~tw----.l 
I+---VIH 

DSC _____________ -+-_____ f4% 44%\ VIL 

Q2 or QZ2 
OUTPUT 

I-t-tpd-.I 

44%* .... _______ J*r44-.;.-. ---::: 
FIGURE 1. TIMINQ DIAGRAM 

PRODUCTIOI DATA documlntl c •• tli.lnf.rmltl •• 
Clrrent I. of pullliettion U ••. Productl canform to 
specificltlanl per the terms ., Te ••• Instrumentl 

:~~~:~~ir,I{::I~7i ~:~:~i:r :.~,:::::~::.s not 
TEXAS ." 

INSTRUMENTS 
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TSC500 
SERIES 

TDN13LJ 
MASTER-SLAVE SCAN-INPUT D-TYPE LATCH WITH 

SLAVE D-INPUT AND MASTER AND SLAVE 1X OUTPUTS 
03030, APRIL 1988 

PARAMETER MEASUREMENT INFORMATION 

o (or seAN D) \.'-____________ J/ _________ :ee 

DMC (orTMC) __ --'*'~44-%-""'\'__ _______ ..Jf4% \ - - -:ee 

jill ~ tpHL j4-tPLH-.t 

a2 ----...,Ir-""'\!. I . ~I ~---VOH 
OUTPUT I:\:I 44% 44%7, 

'-. -----------+1--.J4 - - - - VOL 
14 ~ tpLH ~tpHL~ 

aZ2 /1 \:1 - - - - VOH 
OUTPUT 44% 44% 

-------'. '-. ---VOL 
NOTE: SLC is high. 

FIGURE 2. DMC OR TMC TO Q2 OR QZ2 TIMING DIAGRAM 

---"""""' I Vee 
o (or seAN D) }. 44% 44%( _______ 0 

~tPHL ~tpLH-.t 

OU~~UT----""II~""'~IL44_% _________ --+I __ 4_4.J%)t~----VOH 
_ I .4----VOL 

~tpLH /4--tPHL-.j 

aZ2 /1 \:1 - -- - - VOH 
OUTPUT 44% 44% 

----------'. '-. ---VOL 
NOTE: DMC, TMC, SLC are high. 

FIGURE 3. D OR SCAND TO Q2 OR QZ2 TIMING DIAGRAM 

PRODUCTION DATA doc.m .. t ...... i. informltio. 
currant II af pull.icltion date. Products canra ... ta 
specificltia.1 per the "'1111 .f T.III Inltrumlntl 

::::~~i~'{::1~7i ~~~:ti: :.i'::':t!~ nDt 
TEXAS ." 

INSTRUMENTS 
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TSC500 
SERIES 

TDN22LJ 
MASTER-SLAVE SCAN-INPUT D-TYPE LATCH 

WITH MASTER AND SLAVE 2X OUTPUTS 
03030. APRIL 1988 

INTERNAL CELL 

FUNCTION TABLE logic symbolt 
INPUTS OUTPUTS 

DATA PATH SCAN PATH SLAVE MASTER SLAVE 

0 DMC SCAND TMC SLC 

X L X L L 

d1 H X L L 

X L d2 H L 
d1 H d2 H L 

X L X L H 

d1 H X L H 

X L d2 H H 

d1 H d2 H H 

Q1 QZ1 Q2 QZ2 

Q10 Q10 Q20 Q20 
d1 d1 Q20020 

d2 d2 Q20020 
? ? Q20020 

Q10010 Q10010 
d1 d1 d1 d1 

d2 d2 d2 d2 

? ? ? ? 

OMC C1 Q1 

0 10 QZ1 
3D 

TMC C2 
SCANO 20 Q2 

QZ2 
SLC C3 

t This symbol is in accordance with ANSI/ 
IEEE Std 91-1984 and lEG Publication 
617-12. 

description 
The TDN22LJ cell implements a scan-input D-type latch with 2X drive master and slave 
outputs. The cell consists of a dual D-type master input data and scan-data latch with 
complementary outputs and a single slave latch with complementary outputs. In the data- or 
scan-path mode. either DMC or TMC can be used to select the entry and storage of data. 
When TMC is low and DMC is high, the 01 output follows the D input. When DMC is 
subsequently taken low, the 01 output is latched. When DMC is low and TMC is high, the 
01 output follows the SCAND input. When TMC is subsequently taken low, the 01 output is 
latched. Data entered is available to the slave output latch, which follows the selected 
master input latch while SLC is high. Data at the 02 and OZ2 outputs is latched by taking 
SLC low. 

When the flip-flop is called from the engineering workstation input, the following label format 
is developed and will be captured in the design netlist: 

Label: TDN22LJ D,SCAND,DMC,TMC,SLC,Q1,OZ1,02,OZ2; 

absolute maximum ratings and recommended operating epnditions 
These are specified as a part of the TSC500 Series Data. 

9-80 

PRODUCTION DATA ..... m.nt •• ontlin informltion 
curre.' u of p.blic.tiall dltl. Preducts conform to 
specifiatialll ... the 'lfm. of TIXI. Instruments 
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TSC500 
SERIES 

TDN22LJ 
MASTER·SLAVE SCAN·INPUT D·TVPE LATCH 

WITH MASTER AND SLAVE 2X OUTPUTS 
03030, APRIL 1988 

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

MIN MAX UNIT 

fopr Operating frequency 0 83 MHz 

Pulse duration 
DMC or TMC high 3 

tw 
SLC high 

ns 
3 

o high or low before DMq 3 

tsu Setup time SCAND high or low before TMq 3 ns 

DMC or TMC low before SLCf (nonoverlap) 3 
o high or low after DMq 0 

th Hold time SCAND high or low after TMq 0 ns 

DMC or TMC low after SLq (nonoverlap) 3 

electrical characteristics, Vee = 5 V, TA = 25°e 
PARAMETER TEST CONDITIONS TYP MAX UNIT 

VT Input threshold voltage 2.2 V 

D,SCAND 0.06 

Ci Input capacitance DMC, TMC 0.04 pF 

SLC 0.03 

Cpd Equivalent power dissipation capacitance tr =tf=1ns 2.46 pF 

PRODUCTION DATA doc.me.11 cO.lei. i.lormllio. ~ 
current I. of publicetiDIl data. Productl cenfDrm to T. ~ 
spacilicalio •• per Ihe lor ... 01 Tun 1.lIrom •• 1I 1 EMS 
::~:~i~·i:::l~i ~:3::i:l' lilo;::::I::'··OI INSTRUMENlS 

Copyright C 1988. T .... tn.truments tncorporated 

POST OFFICE BOX 655012 • DALLAS. TEXAS 75265 9-81 



TDN22LJ 
MASTER-SLAVE SCAN-INPUT D-TYPE LATCH 
WITH MASTER AND SLAVE 2X OUTPUTS 
03030, APRIL 1988 

TSC500 
SERI.ES 

switching characteristics over recommended ranges of supply voltage and operating free· 
air temperature (unless otherwise noted), PL = 0 

PARAM· FROM TO - 55°C to 125°C 

ETER (INPUT) (OUTPUT) MIN TYpt MAX 

tpLH 
0 01 

0.4 0.85 1.72 

0.37 tpHL 1.09 2.62 

tpLH 
0 OZ1 

0.49 1.45 3.5 

0.53 tpHL 1.26 2.67 

tpLH 
0 02 

0.131 1.65 3.91 

tpHL 0.63 1.99 4.96 

tpLH 
0 0Z2 

0.51 1.73 4.32 

0.54 1.56 3.7 tpHL 

tpLH 
DMC 01 

0.25 0.75 1.54 

tPHL 0.48 1.04 2.27 

tpLH 
DMC OZ1 

0.59 1.4 3.14 

0.38 1.14 2.49 tpHL 

tpLH 
DMC 02 

0.45 1.56 3.7 

tpHL 0.69 1.94 4.58 

tpLH 
DMC 0Z2 

0.66 1.68 3.95 

0.41 tpHL 1.46 3.52 

tpLH 
SCAND 01 

0.4 0.85 1.72 

0:37 1.09 2.62 tpHL 

tpLH 
SCAND OZ1 

0.49 1.45 3.5 

tpHL 0.53 1.26 2.67 

tpLH 
SCAND 02 

0.61 1.65 3.91 

tpHL 0.63 1.99 4.96 

tpLH 
SCAND OZ2 

0.51 1.73 4.32 

1.56 tpHL 0.54 3.7 

tpLH 
SLC 02 

0.48 1.04 2.2 

tpHL 0.25 0.8 1.71 

tpLH 
SLC 0Z2 

0.21 0.55 1.11 

tpHL 0.46 0.95 2.02 

tpLH 
TMC 01 

0.25 0.75 1.54 

tpHL 0.48 1.04 2.27 

tpLH 
TMC OZ1 

0.59 1.4 3.14 

tpHL 0.38 1.14 2.5 

tPLH 
TMC 02 

0.45 1.56 3.7 

tpHL 0.69 1.94 4.51 

t Typical values are at VCC = 5 V, TA = 25°C. 

pI/DDUeTID. DATA decu .... ts .D.lli. i"""mlliD. 
curtin' II of p.lllicltian Uh. Pradlet. c •• '.rm t • 
.,..ifiCltio •• p.the term. 0' T.u. I.'!rumenla 
•• enurd Wlrrlnty. P'Huction pr .... in ..... nat 
alC .. ~~ril, ind.d, testinl af ~II p~r'lIIl1.rl. 

TEXAS ." 
INSTRUMENlS 

O°C to 70°C 

MIN TYpt MAX 
UNIT 

0.42 0.85 1.57 

0.39 1.09 2.42 
ns 

0.51 1.45 3.22 

0.57 1.26 2.44 
ns 

0.64 1·135 3.57 

1.99 
ns 

0.66 4.52 

0.54 1.73 3.95 

0.58 1.56 3.39 
ns 

0.27 0.75 1.41 

0.48 1.04 2.11 
ns 

0.6 1.4 2.9 

0.4 1.14 2.28 
ns 

0.48 1.56 3.39 

0.72 1.94 4.19 
ns 

0.67 1.68 3.63 

0.44 1.46 3.23 
ns 

0.42 0.85 1.57 

0.39 1.09 2.42 
ns 

0.51 1.45 3.22 

0.57 1.26 2.44 
ns 

0.64 1.65 3.57 

0.66 1.99 4.52 
ns 

0.54 1.73 3.95 

0.58 1.56 3.39 
ns 

0.49 1.04 2.05 

0.27 0.8 1.57 
ns 

0.21 0.55 1.03 

0.46 0.95 1.89 
ns 

0.28 0.75 1.42 

0.48 1.04 2.11 
ns 

0.6 1.4 2.9 

0.4 1.14 2.28 
ns 

0.48 1.56 3.39 

0.72 1.94 4.19 
ns 

Copyright C) 1988. To.o. Instrumonts Incorporoted 
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TSC500 
SERIES 

TDN22LJ 
MASTER-SLAVE SCAN-INPUT D-TYPE LATCH 

WITH MASTER AND SLAVE 2X OUTPUTS 
03030, APRIL 1988 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 (Continued) 

PARAM- FROM TO - 55°C to 125°C 

ETER (INPUT) (OUTPUT) MIN TYpt MAX 

tPLH 
TMC OZ2 

0.66 1.68 3.95 

tpHL 0.41 1.47 3.53 

atpLH 
0 01 

0.22 0.58 1.25 

atpHL 0.2 0.7 1.7 

atpLH 
0 OZ1 

0.18 0.58 1.31 

atpHL 0.18 0.41 0.85 

atpLH 
0 02 

0.2 0.53 1.11 

atpHL 0.14 0.35 0.68 

atpLH 
0 0Z2 

0.23 0.55 1.18 

atpHL 0.2 0.66 1.59 

AtpLH 
DMC 01 

0.23 0.58 1.27 

AtpHL 0.19 0.7 1.7 

AtpLH 
DMC OZ1 

0.22 0.58 1.31 

AtpHL 0.19 0.42 0.85 

atpLH 
DMC 02 

0.18 0.53 1.13 

atpHL 0.21 0.35 0.68 

AtpLH 
DMC 0Z2 

0.19 0.55 1.18 

AtpHL 0.18 0.65 1.59 

AtpLH 
SCAND 01 

0.22 0.58 1.25 

atpHL 0.2 0.7 1.7 

atpLH 
SCAN 0 OZ1 

0.18 0.58 1.31 

AtpHL 0.18 0.41 0.85 

AtpLH 
SCAND 02 

0.2 0.53 1.11 

AtpHL 0.14 0.35 0.68 

atpLH 
SCAND 0Z2 

0.23 0.55 1.18 

AtpHL 0.2 0.66 1.59 

atpLH 
SLC 02 

0.21 0.54 1.13 

atpHL 0.19 0.38 0.76 

atpLH 
SLC OZ2 

0.19 0.56 1.21 

atpHL 0.18 0.66 1.61 

AtpLH 
TMC 01 

0.23 0.58 1.27 

atpHL 0.19 0.7 1.7 

AtPLH 
TMC OZ1 

0.22 0.58 1.31 

AtpHL 0.19 0.42 0.85 

t Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTION DATA do •• ml.ts contlin informltio. 
elrrent II of publicltion dltl. Products conform 18 
:ificltionl per til. terms ot rllli Inl1rUntenl • 

...'!!:~~i~'f::,~~ ~:~:~ti:r :.~':~::£:.~ not 
TEXAS ." 

INSTRUMENTS 

O°C to 70°C 

TYpt 
UNIT 

MIN MAX 

0.67 1.68 3.63 

0.44 1.47 3.24 
ns 

0.23 0.58 1.15 
ns/pF 

0.22 0.7 1.55 

0.2 0.58 1.2 
ns/pF 

0.19 0.41 0.76 

0.21 0.53 1.02 
ns/pF 

0.16 0.35 0.61 

0.24 0.55 1.08 
ns/pF 

0.21 0.66 1.45 

0.24 0.58 1.16 
ns/pF 

0.21 0.7 1.55 

0.23 0.58 1.2 
ns/pF 

0.21 0.42 0.77 

0.2 0.53 1.04 
ns/pF 

0.21 0.35 0.62 

0.21 0.55 1.08 
ns/pF 

0.2 0.65 1.45 

0.23 0.58 1.15 
ns/pF 

0.22 0.7 1.55 

0.2 0.58 1.2 
ns/pF 

0.19 0.41 0.76 

0.21 0.53 1.02 
ns/pF 

0.16 0.35 0.61 

0.24 0.55 1.08 
ns/pF 

0.21 0.66 1.45 

0.23 0.54 1.04 
ns/pF 

0.2 0.38 0.7 

0.21 0.56 1.11 
ns/pF 

0.2 0.66 1.47 

0.24 0.58 1.16 
ns/pF 

0.21 0.7 1.55 

0.23 0.58 1.2 
ns/pF 

0.21 0.42 0.77 

Copyright @ '988, Texas Instruments Incorporated 
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TDN22LJ 
MASTER-SLAVE SCAN-INPUT D-TYPE LATCH 
WITH MASTER AND SLAVE 2X OUTPUTS 
D3030, APRIL 1988 

TSC500 
SERIES 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 (Continued) 

PARAM· FROM TO - 55°C to 125°C O°C to 70°C 

ETER (INPUT) (OUTPUT) MIN TYpt TYpt UNIT 
MAX MIN MAX 

dtPLH 
TMC 02 

0.18 0.53 1.13 0.2 0.53 1.04 
ns/pF 

dtpHL 0.21 0.35 0.68 0.21 0.35 0.62 

dtpLH 
TMC 0Z2 

0.19 0.55 1.18 0.21 0.55 1.08 
ns/pF 

dtpHL 0.18 0.65 1.59 0.2 0.65 1.45 

t Typical values are at VCC = 5 V, TA = 25°C. 

PARAMETER MEASUREMENT INFORMATION 

~ ~--------------------------------..... Vcc D (or SCAN D) --444% 44%):("-______________________________ 0 
~tsu -.lth~ 

14 =:!I l/fopr-----~~ 
DMC (orTMC) ---*,44% 44%~ f,-4-%-4-4 ..... %\ - - - - - -:CC 

9·84 

j4-tpd-.t I j4-tpd-.l 

: 44%~ : 44%*============::: 
al or aZl 
OUTPUT 

If---tw ~ tsu * tw--....th-.i 

SLC __________ .1'44% 44%,- - - - - - - - - - - -:CC 

I4-tpd-tj 

~u~P~~ _________________ -J>kr4-4~-0----------------------::: 
FIGURE 1. TIMING DIAGRAM 

PROOUCTIO. DATA d ........ 1J ..... in i.I" .. ltio. 
curl'lnt I' If plblie.ti.1 lIatl. 'r,ducts con' ..... to 
.pecifinti.l. p. the ter •• of T .... lnatrumlntl 

::=:~~i~'[::1~7i ~=:~ti!tll :.r~r!':t~1 nDt 
TEXAS ~ 

INSTRUMENTS 
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TSC500 
SERIES 

TDN22LJ 
MASTER-SLAVE SCAN-INPUT D-TYPE LATCH 

WITH MASTER AND SLAVE 2X OUTPUTS 
03030, APRIL 1988 

PARAMETER MEASUREMENT INFORMATION 

o (or SCANO) ~'-_____________ -'/ _________ :cc 
OMC (orTMC) __ --Jk,.44-%-~\~ _______ ___Jf4% \ - - -:cc 

r- ~ tpHL j4-tPLH ~ 

Q2 -----;I-.... ~ I ,'LI ",---VOH 
OUTPUT I:\:I 44% 440/7, '-. -----------+1---'4 - - - - VOL 

~ ~ tpLH ~tpHL~ 

QZ2 II \-t - - - - VOH 
OUTPUT 44% 44% __________ J. '-.-----VOL 

NOTE: SLC is high. 

FIGURE 2. DMC OR TMC TO Q2 OR QZ2 TIMING DIAGRAM 

---""-'\ I VCC 
o (or SCANO) '}.. 44% 44% ( _______ 0 

~tpHL j4-tPLH-.t 

OU~:UT-----~II--~~IL44_~_. __________________ ~I __ 4_4-,%)t,.----VOH 

- I .4----VOL 
~tpLH I4-tpHL~ 

O~Z:UT 144% 44% \. - - - - VOH 

--------'. '-.-----VOL 
NOTE: DMC, TMC, SLC are high. 

FIGURE 3. D OR SCAND TO Q2 OR QZ2 TIMING DIAGRAM 

PROOUCTIOI OATA d ....... II •• nllli. informlti.n 
currut I' af publicltian .t .. PrOilactl cal'.rlll to 
specific.tiDnl per the terM' .f rill. Ils'rumen', 

::~:=i~·:::~'i ~~:\:~t~r :.~-=:~:.~ nat 
TEXAS ." 

INSTRUMENlS 
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TSC500 
SERIES 

S173LJ 
4-81T 0-TYPE REGISTER 

WITH 3-STATE OUTPUTS 
03030, APRIL 1988 

SOFTWARE MACRO 

• 3-State Outputs Interface Internal logic symbolt 
Data Buses Directly 

• Direct Clear Input Simplifies CLR R 

Initialization or Pattern Length MZ 
NZ 

• Embedded Clock Driver Provides G1Z 

Symmetrical Performance Across G2Z 

Long Registers CLK 

• Parallel Registers for S-Bit, 16-Bit, 01 01 

32-Blt Word Widths 02 02 
03 03 

description 04 04 

9·86 

The S173LJ software macro imple
ments a 4-bit D-type register. The four
bit length simplifies testability when 
constructing large registers. Gated 
enable inputs are provided on these 
macros for controlling the entry of 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984 and lEG Publication 617-12. 

data into the register. When both data enable inputs, GnZ, are low, data at the D inputs are 
loaded on the next positive transition of the clock input. Buffer output enable inputs, MZ and 
NZ, are also provided. When both are low, the normal logic states (high or low levels) of the 
four outputs are impressed on the data bus. The outputs are disabled by a high logic level at 
either output control input. The outputs then present a high impedance to the internal bus. 
When the outputs are disabled, sequential operation of the flip-flops is not affected. 

EQUIVALENT TOTAL TOTAL TOTAL 

CELL NAME NUMBER OF NO. EQUIVALENT Cpd 
NA210Ws USED NA210Ws (pF) 

IV120LJ 1 2 2 0.62 

IV222LJ 2 4 8 1.52 

NA210LJ 1 12 12 2.28 

N0210LJ 1 1 1 0.12 

N0220LJ 1.5 1 1.5 0.23 

R2406LJ 23.5 1 23.5 5.16 

TOTALS 21 48 9.93 

When the latch is called from the engineering workstation input, the following label format is 
developed and will be captured in the design netlist: 

Label: S173LJ 01 ,D2,03,04,CLK,CLR,G1 Z,G2Z,MZ,NZ,01 ,02,03,04; 

PRooueTIO. DATA .... u ... nt. contlin informltion 
current II of publiclti.1 d .... Productl conform to 
specificatilnl per the terms of TIXI. Instru .. lnts 

==:~~i;'I::Zi ~~:~ti:r :'~-:=:::::':~~I nDt TEXAS ." 
INSTRUMENTS 
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TSC500 
SERIES 

S173LJ 
4-81T 0-TYPE REGISTER 

WITH 3-STATE OUTPUTS 

ClR 

H 

L 
L 

L 

L 

L 

FUNCTION TABLE 

(EACH FLlP·FlOP) (see Note 1) 

INPUTS 

ClK G1Z G2Z On 
x X x X 
L X X X 

t H X X 

t x H x 
t L L L 

t L L H 

OUTPUT 

an 
L 

00 

00 

00 
L 

H 

00 = level of a before the indicated steady-state input 
conditions were established. 
NOTE 1: When either MZ or NZ (or both) is (are) high, the 

output is disabled to the high-impedance state; 
however, sequential operation of the flip-flops is 
not affected. 

03030, APRIL 1988 

PRODUCTION DATA doc.monts ••• 101. inform.lio. 
CIII' ... ' u of publiclti.1 II .... PrtMIuclI c •• ,",, II 
:liClII ... pot Ihl larlOl .f Til •• 1 .. 1' ..... 1 • TEXAS ..If 

INSTRUMENlS 
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S173LJ 
4-81T D-TYPE REGISTER 
WITH 3-STATE OUTPUTS 
03030, APR.IL 1988 

logic diagram 

eLK 

y 

'RDDUeTlD. DATA ~ .............. i. inform •• io. 
eurr •• ' I. of , •• Iicltion dltl. Pn.ucil con'.r. tD 
.pocifit:otl ....... he •• mo of T •••• 1II1II' ....... 

==~i~·t::~7i ~=:r rn~::.'::.' not 

TEXAS ." 
INSTRUMENTS 

TSC500 
SERIES 

01 

Q2 

Q3 

04 
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TSC500 
SERIES 

S173LJ 
4-81T 0-TYPE REGISTER 

WITH 3-STATE OUTPUTS 
D3030, APRIL 1988 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

timing requirements 
Specific timing data regarding pulse duration, setup time, and hold time models are 
incorporated in most engineering workstation libraries. These models are for the clocked 
cells embedded in the software macros. Evaluations of timing requirements made during 
pre-layout simulation produce workstation output used to identify and resolve each specific 
timing need. 

electrical characteristics, Vee = 5 V, T A = 25°e 
PARAMETER TEST CONDITIONS TYP MAX UNIT 

VT Input threshold voltage 2.2 V 

CLR 0.11 

CLK 0.11 

Ci Input capacitance On 0.06 pF 

GnZ 0.05 

MZ, NZ 0.05 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 9.93 pF 

switching characteristics over recommended ranges of supply voltage and operating free· 
air temperature (unless otherwise noted), eL = 0 (see Notes 2 and 3) 

PARAM· FROM TO - 55°C to 125°C O°C to 70°C 

TYpt TYpt 
UNIT 

ETER (INPUT) (OUTPUT) MIN MAX MIN MAX 

tpLH 
CLK an 

2.3 4.9 2.3 4.5 

2.4 5.2 2.4 4.6 
ns 

tpHL 

tpHL CLR an 1.1 2.1 1.1 1.9 ns 

tpZH 
MZ,NZ an 

2.1 4.3 2.1 4.1 

2 2 3.8 
ns 

tpZL 4 

~tpLH 0.34 1 2.22 0.34 1 2.06 
ns/pF 

~tpHL 
Any an 

0.26 0.6 1.34 0.28 0.6 1.2 

~tpZH 
MZ,NZ an 

0.34 1.02 2.26 0.38 1.02 2.08 
ns/pF 

~tpZL 0.38 0.64 1.36 0.38 0.64 1.2 

t Typical values are at VCC = 5 V, TA = 25°C. 
NOTES: 2. These switching characteristics are simulations of the software macro using interconnect 

capacitance values for an array design having 4000 gates. Post-layout simulation uses actual 
interconnect capacitance values. 

3. Enable and delta-enable times are measured using the conditions specified for the IV222W. 
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St73LJ, ' 
4;.81T D .. TYPE REGISTER 
WITH 3-STATE OUTPUTS 
03030, APRIL 1988 

BLOCK S173W; STRUCTURE 

01 @INPUT; G01 

02 @INPUT; G02 

03 @INPUT; G03 

04 @INPUT; G04 

ClK @INPUT; INV2 

ClR @INPUT; INV6 

G1Z @INPUT; NA1 

G2Z @INPUT; NA10 

MZ @INPUT; NA11 

NZ @INPUT; NA12 

01 @OUTPUT; NA2 

02 @OUTPUT; NA3 

03 @OUTPUT; NA4 

04 @OUTPUT; NA5 

NA6 

NA7 

NA8 

NA9 

N01 

N02 

HDL FILEt 

:IV222W 

:IV222W 

:IV222W 

:IV222W 

:IV120W 

:IV120W 

:NA210W 

:NA210W 

:NA210W 

:NA210W 

:NA210W 

:NA210W 

:NA210W 

:NA210W 

:NA210W 

:NA210W 

:NA210W 

:NA210W 

:N0210W 

:N0220W 

OAZ,N020,01 ; 

OBZ,N020,02; 

OCZ,N020,03; 

00Z,N020,04; 

ClR,INV20; 

N010,INV60; 

OA,INV60,NA 1O; 

NA30,NA40,NA100; 

NA50,NA60,NA110; 

NA70, NA8Q, NA 120; 

N01 0,01 ,NA20; 

OB,INV60,NA30; 

N010,02,NA40; 

OC,INV60,NA50; 

N010,03,NA60; 

OO,INV60,NA70; 

N010,04,NA80; 

NA 1 0,NA20,NA90; 

G1 Z,G2Z,N01 0; 

MZ,NZ,N020; 

TSC500 
SERIES 

FF14 :R2406W INV20,NA90,NA 1 OO,NA 11 O,NA 120,ClK, 
OAZ,OB,OBZ,OC,OCZ,OO,OOZ; 

END S173W; 

t The HOl netlist format requires the "STRUCTURE" program lines to follow the "BLOCK" 110 program lines. 

9-90 
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TSC500 
SERIES 

S174LJ 
HEX D-TYPE FLIP-FLOP 

D3030. APRIL 1988 

• Six-Bit Register 

SOFTWARE MACRO 
logic symbolt 

• Direct Clear Input Simplifies 
Initialization or Pattern Length 

• Clock Buffer Provides Symmetrical 
Performance Across Long 
Registers 

description 
dThe S174W software macro imple
ments a 64-bit D-type register. Its 6-bit 
length simplifies construction of large 
counters. It may be customized to meet 
specific system requirements. This 
software macro reduces the input 
loading for implementing of larger 
registers because standard library cells 
are used to buffer the clear and clock 

ClRZ 

ClK 

01 

02 

03 

04 

05 

06 

01 

02 

03 

04 

05 

06 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984 and IEC Publication 617-12. 

inputs to further enhance performance across long registers. The S174W is implemented 
with the standard cell functions indicated: 

EQUIVALENT TOTAL TOTAL TOTAL 

CELL NAME NUMBER OF NO. EQUIVALENT Cpd 
NA210Ws USED NA210Ws (pF) 

DFC20W 6.75 6 40.5 11.28 

IV110W 0.75 2 1.5 0.32 

IV140W 1.5 2 3 1.26 

TOTALS 10 45 12.86 

When the latch is called from the engineering workstation input, the following label format is 
developed and will be captured in the design netlist: 

Label: S174W D1 ,D2,D3,D4,D5,D6,CLK,CLRZ,01 ,02,03,04,05,06; 

ClRZ 

L 

H 

H 
H 

FUNCTION TABLE 

(EACH FLIP-FLOP) 

INPUTS 

ClK On 

X X 

t H 

t L 

L X 

OUTPUT 

Qn 

L 

H 

L 

00 

PHooveno. DATA documlntl clntli" informltion 
eurrut II af publication dlte. PrDdattl conform to 
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S174LJ 
HEX 0-TYPE FLIP-FLOP 

D3030, APRIL 1988 

logic diagram 

01 

ClRZ 

02 

ClK 

03 

04 

06 

D6 

PRODUCTION DATA "" .... ntl •• nllin inl., ... tion 
currlnt I' of plblicltion dl'l. P,,"uctl c,.form to 
specificltionl p. the 'Irlill at '1.1. III.trumlntl 
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TSC500 
SERIES 

OFC2OLx 
CK 

Cl 
0 

01 

0 

IV140Lx 

OFC20lx 

Q2 

IV140Lx 

DFC20Lx 

Q3 

DFC20Lx 

04 

OFC2OLx 

QIj 

OFC2OLx 

06 
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TSC500 
SERIES 

S174LJ 
HEX D-TYPE FLIP-FLOP 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

timing requirements 

D3030, APRIL 1988 

Specific timing data regarding pulse duration, setup time, and hold time models are 
incorporated in most engineering workstation libraries. These models are for the clocked 
cells embedded in the software macros. Evaluations of timing requirements made during 
pre-layout simulation produce workstation output used to identify and resolve each specific 
timing need. 

electrical characteristics, Vee = 5 V, T A = 25°e 

PARAMETER TEST CONDITIONS TYP MAX UNIT 

VT Input threshold voltage 2.2 V 

ClK 0.05 

Ci Input capacitance ClRZ 0.05 pF 
On 0.16 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 12.86 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 (see Note 1) 

PARAM- FROM TO - 55·C to 125·C O·C to 70·C 

TYpt TYpt 
UNIT 

ETER (INPUT) (OUTPUT) MIN MAX MIN MAX 

tplH 
ClK On 

2.9 6 2.9 5.5 
ns 

tpHl 2.1 4.2 2.1 3.9 

tPHl ClRZ On 1.9 3.5 1.9 3.4 ns 

~tplH 
On 

0.18 0.52 1.16 0.18 0.52 1.06 
ns/pF 

~tpHl 
Any 

0.14 0.36 0.8 0.16 0.36 0.72 

t Typical values are at VCC = 5 V, TA = 25·C. 
NOTE 1. These switching characteristics are simulations of the software macro using interconnect 

capacitance values for an array design having 4000 gates. Post-layout simUlation uses actual 
interconnect capacitance values. 
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S174LJ 
HEX 0-TYPE FLIP-FLOP 

03030, APRIL 1988 

BLOCK S174W; STRUCTURE 

D1 @INPUT; FF1 

D2 @INPUT; FF2 

03 @INPUT; FF3 

D4 @INPUT; FF4 

DS @INPUT; FFS 

06 @INPUT; FF6 

ClK @INPUT; INV1 

ClRZ @INPUT; INV2 

01 @OUTPUT; INV3 

02 @OUTPUT; INV4 

03 @OUTPUT; END S174W; 

04 @OUTPUT; 

OS @OUTPUT; 

06 @OUTPUT; 

HDL FILEt 

:DFC20W 

:DFC20W 

:OFC20W 

:OFC20lJ 

:OFC20lJ 

:OFC20W 

:IV110W 

:IV140lJ 

:IV110W 

:IV140W 

INV20,D1 ,INV40,01 ,DUM; 

INV20,D2,INV40,02,DUM; 

INV20,D3,INV40,03,OUM; 

INV20,D4,INV40,04,DUM; 

INV20,DS,INV40,OS,OUM; 

INV20,D6,INV40,06,DUM; 

ClRZ,INV10; 

INV10,INV20; 

ClK,INV30; 

INV30,INV40; 

TSC500 
SERIES 

t The HDl nellist format requires the "STRUCTURE" program lines to follow the "BLOCK" I/O program lines. 

9·94 

PRODUCTIOI DATA documlntl contli. informltion 
CIf"lnt I' .f p.lI.ication d •• I. Pradllcta conf.rm to 
specificationl per the t.rllli af Tlxn Iliitrumlntl 

:~::~~,~'{::1~7i ~:~:~i:; 1I~~::::::;:.' nat 
TEXAS ." 

INSTRUMENlS 

Copyright @ 1988. Texas Instruments Incorporated 

POST OFFICE BOX 655012 • DALLAS. TEXAS 75285 



TSC500 
SERIES 

S175LJ 
QUADRUPLE D-TYPE FLIP-FLOP 

WITH COMPLEMENTARY OUTPUTS 
D3030, APRIL 1988 

SOFTWARE MACRO 

• Four·Bit Register with 
Complementary Outputs 

• Direct Clear Input Simplifies 
Initialization or Pattern Length 

• Embedded Clock Driver Provides 
Clock Buffering 

• Parallel Registers for 8·Bit, 16·Bit, 
32·Bit Word Widths 

description 
The S175LJ software macro imple
ments a 4-bit register. Its 4-bit 
length simplifies construction of large 
registers. This software macro reduces 
the input loading for implementing 
larger registers because standard 
library cells are used to buffer the clear 
input and the R2406LH register clock 
input is internally buffered. The S175LJ 
is implemented with the standard cell 
functions indicated: 

EQUIVALENT 

CELL NAME NUMBER OF 

NA210LJs 

IV110LJ 0.75 

IV140LJ 1.5 

R2406LJ 23.5 

TOTALS 

logic symbolt 

ClRZ 

ClK 

01 
01 

01Z 

02 
02 

02Z 
03 

03 
03Z 
04 

04 
04Z 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984 and lEG Publication 617-12. 

TOTAL TOTAL TOTAL 

NO. EQUIVALENT Cpd 
USED NA210LJs (pF) 

1 0.75 0.16 

1 1.5 0.63 

1 23.5 5.16 

3 25.75 5.95 

When the flip-flop is called from the engineering workstation input, the following label format 
is developed and will be captured in the design netlist: 

Label: S175LJ D1 ,D2,D3,D4,CLK,CLRZ,Q1 ,Q1 Z,Q2,Q2Z,Q3,Q3Z,Q4,Q4Z; 
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S175LJ 
QUADRUPLE D-TYPE FLIP-FLOP 
WITH COMPLEMENTARY OUTPUTS 
03030, APRIL 1988 

FUNCTION TABLE 

(EACH FLlP·FLOP) 

INPUTS OUTPUTS 

ClRZ ClK On Qn QZ 

L X X L H 

H t H H L 

H t L L H 

H L X 00 00 

logic diagram 

R2406Lx 

ClK 
ClK 01 

alZ 
ClRZ 

02 ClRZ 

01 
01 
02 

02 

03 

04D 

TSC500 
SERIES 

01 

alZ 

02 

02Z 

03 

a3Z 

04 

a4Z 
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TSC500 
SERIES 

S175LJ 
QUADRUPLE D-TYPE FLIP-FLOP 

WITH COMPLEMENTARY OUTPUTS 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

timing requirements 

03030, APRIL 1988 

Specific timing data regarding pulse duration, setup time, and hold time models are 
incorporated in most engineering workstation libraries. These models are for the clocked 
cells embedded in the software macros. Evaluations of timing requirements made during 
pre-layout simulation produce workstation output used to identify and resolve each specific 
timing need. 

electrical characteristics, Vee = 5 V, TA = 25°e 
PARAMETER TEST CONDITIONS TYP MAX UNIT 

VT Input threshold voltage 2.2 V 

ClK 0.11 

Ci Input capacitance ClRZ 0.05 pF 

On 0.06 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 5.95 pF 

switching characteristics over recommended ranges of supply voltage and operating free· 
air temperature (unless otherwise noted), eL = 0 (see Note 1) 

PARAM· FROM TO - 55°C to 125°C O°C to 70°C 

TYpt TYpt 
UNIT 

ETER (INPUT) (Q.UTPUT) MIN MAX MIN MAX 

tplH 
ClK On 

1.4 3.1 1.4 2.9 
ns 

tpHl 1.6 3.6 1.6 3.3 

tplH 
CLK OnZ 

1.8 3.9 1.8 3.5 
ns 

tpHL 1.8 3.8 1.8 3.5 

tplH 
ClRZ 

OnZ 1 1.8 1 1.7 
ns 

tpHl On 1.6 3.1 1.6 2.9 

AtPlH 0.42 1.12 2.32 0.44 1.12 2.12 
ns/pF ClK On 

AtPHL 0.34 0.76 1.54 0.36 0.76 1.4 

AtplH 
ClK OnZ 

0.42 1.08 2.26 0.44 1.08 2.08 
ns/pF 

AtpHl 0.26 0.6 1.18 0.28 0.6 1.06 

AtpHl On 0.34 0.76 1.54 0.36 0.76 1.4 
ns/pF ClRZ 

AtplH OnZ 0.4 1.08 2.26 0.42 1.08 2.08 

t Typical values are at VCC = 5 V, TA = 25°C. 
NOTE 1: These switching characteristics are simulations of the software macro using interconnect 

capacitance values for an array design having 4000 gates. Post-layout simulation uses actual 
interconnect capacitance values. 
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$175LJ , 
QUADRUPLE D· TYPE FLlP .. FLOP . 
WITH COMPLEMENTARY OUTPUTS 
03030, APRIL 1988 

HDL FILEt 

BLOCK S175W; STRUCTURE 

01 @INPUT; FF14 :R2406W 

02 @INPUT; 

03 @INPUT; 

04 @INPUT; INV1 :IV110W 

ClK @INPUT; INV2 :IV140W 

ClRZ @INPUT; END S175W; 

Q1 @OUTPUT; 

Q1Z @OUTPUT; 

Q2 @OUTPUT; 

Q2Z @OUTPUT; 

Q3 @OUTPUT; 

Q3Z @OUTPUT; 

Q4 @OUTPUT; 

Q4Z @OUTPUT; 

INV20,01,02,03,04,ClK, 

Q1,Q1Z,Q2,Q2Z,Q3, 

Q3Z,Q4,Q4Z; 

ClRZ,INV10; 

INV10,INV20; 

TSC500 
SERIES' 

t The HOl netlist format requires "STRUCTURE" program lines to follow the "BLOCK" I/O program lines. 
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TSC500 
SERIES 

S273LJ 
OCTAL D-TYPE FLIP-FLOP 

03030, APRIL 1988 

• a·Bit Software Register 

SOFTWARE MACRO 
logic symbolt 

• Direct Clear Input Simplifies 
Initialization or Pattern Length 

• Buffered Clear Simplifies System 
Design 

• Cascadable and Expandable for 
Wide Words 

description 
The S273LJ software macro imple
ments an 8-bit register. The 8-bit length 
simplifies construction of large registers. 
This software macro reduces the input 
loading for implementing of larger 
registers because standard library cells 
are used to buffer the clear input. The 
S273LJ is implemented with the 
standard cell functions indicated: 

EQUIVALENT 

CELL NAME NUMBER OF 

NA210Ws 

IV110LJ 0.75 

IV140LJ 1.5 

R2405LJ 20.5 

TOTALS 

ClRZ 

ClK 

01 01 

02 02 

03 03 

04 04 

os OS 
06 06 
07 07 
08 08 

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

TOTAL TOTAL TOTAL 

NO. EQUIVALENT Cpd 
USED NA210Ws (pF) 

1 0.75 0.16 

1 1.5 0.63 

2 41 9.24 

4 43.25 10.03 

When the flip-flop is called from the engineering workstation input, the following label format 
is developed and will be captured in the design netlist: 

Label: S273LJ D1 ,D2,D3,D4,D5,D6,D7,D8,CLK,CLRZ,01 ,02,03,04,05,06,07,08; 

ClRZ 

L 

H 

H 

H 

FUNCTION TABLE 

(EACH FLlP·FlOP) 
INPUTS OUTPUT 

ClK Dn Qn 

X X L 

t H H 

t L L 

L X 00 

PRODUCTION DATA dacumlnts cantain information ~ 
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S273LJ 
OCTAL 0-TYPE FLIP-FLOP 

03030, APRil 1988 

logic diagram 

ClK 

01 

02 

03 

04 

ClRZ 

06 

06 

07 

08 
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R2406Lx 
ClK 

ClRZ 

01 
02 
03 

FF14 

FF68 
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Q3 
Q3 

04 
04 

01 
Q6 

Q2 
06 

Q3 
07 
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TSC500 
SERIES 

S273LJ 
OCTAL D-TYPE FLIP-FLOP 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

timing requirements 

03030, APRIL 1988 

Specific timing data regarding pulse duration, setup time, and hold time models are 
incorporated in most engineering workstation libraries. These models are for the clocked 
cells embedded in the software macros. Evaluations of timing requirements made during 
pre-layout simulation produce workstation output used to identify and resolve each specific 
timing need. . 

electrical characteristics, Vee = 5 V, TA = 25°e 
PARAMETER TEST CONDITIONS TYP MAX UNIT 

VT Input threshold voltage 2.2 V 

ClK 0.11 

Ci Input capacitance ClRZ 0.05 pF 

On O.OS 

Cpd Equivalent power dissipation capacitance tr =tf=1ns 10.03 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 (see Note 1) 

PARAM- FROM TO - 55°C to 125°C O°C to 70°C 

TYpt TYpt 
UNIT 

ETER (INPUT) (OUTPUT) MIN MAX MIN MAX 

tplH 1.4 3.1 1.4 2.9 
ClK On ns 

tpHl 1.S 3.S 1.S 3.3 

tpHl ClRZ On 1.8 3.2 1.8 3.1 ns 

AtPlH 
Any On 

0.42 1.0S 2.24 0.44 1.0S 2.04 
ns/pF 

AtpHl 0.34 0.78 1.58 0.3S 0.78 1.4 

t Typical values are at V CC = 5 V, T A = 25°C. 
NOTE 1: These switching characteristics are simUlations of the software macro using interconnect 

capacitance values for an array design having 4000 gates. Post-layout simulation uses actual 
interconnect capacitance values. 
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S273LJ 
OCTAL D-TYPE FLIP-FLOP 

03030, APRIL 1988 

BLOCK S273W; 

01 @INPUT; 

02 @INPUT; 

03 @INPUT; 

04 @INPUT; 

05 @INPUT; 

06 @INPUT; 

07 @INPUT; 

OS @INPUT; 

ClK @INPUT; 

ClRZ @INPUT; 

01 @OUTPUT; 

02 @OUTPUT; 

03 @OUTPUT; 

04 @OUTPUT; 

05 @OUTPUT; 

06 @OUTPUT; 

Q7 @OUTPUT; 

Q8 @OUTPUT; 

STRUCTURE 

FF14 

FF58 

INV1 

INV2 

END S273W; 

HDL FILEt 

TSC500 
SERIES 

:R2405W INV20,01 ,02,03,04,ClK,01 ,02,Q3,04; 

:R2405W INV20,05,06,07,08,ClK,Q5,Q6,Q7,OS; 

:IV110W ClRZ,INV10; 

:IV140W INV10,INV20; 

t The HOl netlist format requires the "STRUCTURE" program lines to follow the "BLOCK" I/O program lines. 
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TSC500 
SERIES 

S374LJ 
8-BIT 0-TYPE FLIP-FLOP 
WITH 3-STATE OUTPUTS 

031)30. APRIL 1988 

SOFTWARE MACRO 

• 3-State Outputs Interface with 
Internal Data Buses Directly 

• Buffered Output Control Simplifies 
System Design 

• Embedded Clock Drivers Provide 
Symmetrical Performance Across 
Long Registers 

• Parallel Latches for 16-Bit, 32-Bit, 
64-Bit Word Widths 

description 
The S374LJ software macro imple
ments an 8-bit Ootype register and is 
designed specifically for interfacing 
internal bus lines. The 8-bit length 
Simplifies construction of large 
registers. The Output-Control input, 
OCl, can be used to place the eight 

logic symbolt 

ecz 

ClK 

Dl 01 

D2 02 

D3 03 

D4 04 

D5 05 

D6 06 

D7 07 

D8 08 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984 and IEC Publication 617-12. 

outputs in either a normal logic state (high or l.ow logic levels) or a high-impedance state. 
When the outputs are enabled with OCl low, the logic level at each of the eight outputs is 
impressed on the data bus. The outputs are disabled by a high logic level at OCl. The 
outputs then preset a high impedance to the internal bus. When the outputs are disabled, 
sequential operation of the flip-flops is not affected. The S374LJ is implemented with the 
standard cell functions indicated: 

EQUIVALENT TOTAL TOTAL TOTAL 

CELL NAME NUMBER OF NO. EQUIVALENT Cpd 
NA210Ws USED NA210Ws (pF) 

IV120W 1 1 1 31 

R2407W 24.5 2 49 9.92 

T0010W 1.5 1 1.5 NIL 

TOTALS 4 51.5 10.23 

When the flip-flop is called from the engineering workstation input, the following label format 
is developed and will be captured in the design netlist: 

Label: S374LJ 01 ,02,03,04,05,06,07,08,CLK,OCl,01 ,02,03,04,05,06,07,08; 

PRODUCTIOI DATA do •• m.nls •• nllin inf ..... tion ." Copyright @ 1988. T •••• ln.trum.nt. Incorporated 
currlnt II af publicltion d"I. Praduct. conform to 11 
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S374LJ 
8 .. 81T 0-TYPE FLIP-FLOP 
WITH 3-STATE OUTPUTS 
D;30~O, APRIL 1988 

logic diagram 

INV1 

elK 

01 

02 

FUNCTION TABLE 

(EACH FLlP·FLOP) (see Note 1) 

INPUTS OUTPUT 

OCZ ClK On Qn 

l t H H 

L t L L 
L L X 00 
H X X Z 

00 = level of a before the indicated 
steady-state input conditions were 
established. 
Note 1: When oez is high, the output is 

disabled to the high-impedance 
state; however, sequential opera
tion of the flip-flops is not 
affected. 

R2407Lx 
Q1 

Q2 

Q3 

TSC500 
SERIES 

Q1 

Q2 

Q3 

Q4 
04 

F~---------r> Q4 
03 

FF14 

04 
R2407Lx 

ClK Q1 
ENA 

ClR Q2 
OCZ 

INV6 

as 

Q6 

01 Q3 

02 
06 Q7 

03 Q4 
04 

08 as 

07 FF68 

08 
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TSC500 
SERIES 

S374LJ 
8-BIT 0-TYPE FLIP-FLOP 
WITH 3-STATE OUTPUTS 

03030, APRIL 198.8 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

timing requirements 
Specific timing data regarding pulse duration, setup time, and hold time models are 
incorporated in most engineering workstation libraries. These models are for the clocked 
cells embedded in the software macros. Evaluations of timing requirements made during 
pre-layout simulation produce workstation output used to identify and resolve each specific 
timing need. 

electrical characteristics, Vee = 5 V, TA = 25°e 
PARAMETER TEST CONDITIONS TYP MAX UNiT 

VT Input threshold voltage 2.2 V 

ClK 0.22 

Ci Input capacitance On 0.06 pF 

OCZ 0.11 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 10.23 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 (see Notes 2 and 3) 

PARAM- FROM TO - 55·C to 125·C O·C to 70·C 

TYpt TYpt 
UNIT 

ETER (INPUT) (OUTPUT) MIN MAX MIN MAX 

tplH 
ClK an 

1.6 3.5 1.6 3.2 

1.7 3.6 
ns 

tPHl 1.7 3.9 

tpZH 
OCZ 

0.9 1.9 0.9 1.9 
an ns 

tpZl 0.9 1.6 0.9 1.6 

I.\tplH 
ClK an 

0.77 2.14 4.64 0.82 2.14 4.27 
ns/pF 

I.\tpHl 0.51 1.33 2.76 0.55 1.33 2.54 

I.\tpZH 0.77 2.2 4.93 0.82 2.2 4.51 
ns/pF 

I.\tPZl 
Any an 

0.51 1.38 3.23 0.55 1.38 2.88 

t Typical values are at VCC = 5 V, TA = 25·C. 
NOTES: 2. These switching characteristics are simulations of the software macro using interconnect 

capacitance values for an array design having 4000 gates. Post-layout simulation uses actual 
interconnect capacitance values. 

3. Enable and delta-enable times are measured using the conditions specified for the R2407W. 

PRODUCTIOI DATA d ••• m .. t ...... ;. inlormllio. 
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S374LJ 
8 .. 81T D .. TYPE FLlp .. FLOP 
WITH 3 .. STATEOUTPUTS 
03030, APRIL 1988 

BLOCK S374W; STRUCTURE 

01 @INPUT; INV1 

02 @INPUT; INV5 

03 @INPUT; FF14 

04 @INPUT; 

05 @INPUT; FF5S 

06 @INPUT; 

07 @INPUT; ENO S374W; 

OS @INPUT; 

CLK @INPUT; 

OCZ @INPUT; 

01 @OUTPUT; 

02 @OUTPUT; 

03 @OUTPUT; 

04 @OUTPUT; 

05 @OUTPUT; 

06 @OUTPUT; 

07 @OUTPUT; 

OS @OUTPUT; 

HDL FILEt 

:TOO10W 

:IV120W 

:R2407W 

:R2407W 

OUM,ICLRZ; 

OCZ,INV50; 

ICLRZ,01,02,03,04,CLK, 

INV50,01,02,03,04; 

ICLRZ,05,06,07,OS,CLK, 

INV50,05,06,07,OS; 

TSC500 
SERIES 

t The HOL netlist format requires the "STRUCTURE" program lines to follow the "BLOCK" I/O program lines. 
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TSC500 
SERIES 

S259LJ 
8-BIT ADDRESSABLE LATCH 

03030, APRIL 1988 

SOFTWARE MACRO 

• Parallel·Out Register Performs 
Serlal·to·Parallel Conversion with 
Storage 

• Expandable for N·Bit Applications 

• Enable/Disable Input Simplifies 
Expansion 

• Four Functional Modes: 
Addressable Transparent Latch 
Parallel 8·Bit Storage Latch 
1·of·8 Demultiplexer 
Asynchronous Parallel Clear 

description 
The S259LJ software macro imple
ments an addressable 8-bit parallel 
latch, The 8-bit configuration length 
simplifies construction of large latches, 
These 8-bit addressable latches are 
designed for general purpose storage 
applications where demultiplexing and/ 
or addressable bit storage locations are 
needed, Some uses include working 
registers, serial-holding registers, and 
active-high decoders or demulti

logic symbolt 

50 :}SM-t 51 

52 

GZ 

0 

CLRZ 

10,OR 
00 

9,10 
01 

10,'iR 

9,20 
02 

10;2R 

9.30 
03 

9.40 
04 

9.50 
06 

9,60 

10,6R 
06 

9,70 

10,7R 
07 

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

plexers, They are multifunction macros capable of storing single-line data in eight 
addressable latches or of implementing a 1-of-N line decoder or demultiplexer with active
high outputs. 

The S259LJ is implemented with the standard cell functions indicated: 

EQUIVALENT TOTAL TOTAL TOTAL 

CELL NAME NUMBER OF NO. EQUIVALENT Cpd 
NA210LJs USED NA210LJs (pF) 

AN240W 2.25 1 2.25 0.96 

IV110W 0.75 2 1.5 0.32 

IV120W 1 6 6 1.86 

IV140W 1.5 1 1.5 0.63 

NA220W 1.5 8 12 3.04 

NA31 OW 1.25 8 10 1,52 

NA410W 1.5 16 24 3.04 

N0240W 2.5 1 2.5 0.44 

TOTALS 43 59,75 11.81 

PRODUCTIOI DATA ......... t •••• lIi. i.form.ti •• 
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S259LJ TSC500 
SERIES 8·BIT ADDRESSABLE LATCH 

03030. APRIL 1988 

9-108 

When the macro is called from the engineering workstation input, the following label format 
is developed and will be captured in the design netlist: 

Label: S259LJ CLRZ,D,GZ,SO,S1 ,S2,00,01 ,02,03,04,05,06,07; 

Four distinct modes of operation are selectable by controlling the clear (CLRZ) and enable 
(GZ) inputs as shown in the function table. In the addressable-latch mode, data at the data
in input D are written into the addressed latch. The addressed latch will follow the data input 
with remaining unaddressed latches retaining their previous states. In the memory mode, 
all latches remain in their previous states and are not affected by changes at the data or 
address inputs. To preclude entering erroneous data in the latches, enable GZ should be 
held high (inactive) while the address lines are changed. In the 1-of-8 decoding or 
demultiplexing mode, the addressed output will follow the level at the D input with the 
remaining outputs low. In the clear mode, all outputs are set low and are not affected by 
address and data changes. 

FUNCTION TABLE 

OUTPUT OF EACH 
INPUTS 

ADDRESSED OTHER FUNCTION 

CLRZ GZ LATCH OUTPUT 

H L D aiO Addressable Latch 

H H aiO aiO Memory 

L L D L a-Line Demultiplexer 

L H L L Clear 

D = the level at the data input 
aiO = the level of ai (i = 0,1, ... 7, as appropriate) before the 
indicated steady- state input conditions were established. 

LATCH SELECTION TABLE 

SELECT INPUTS LATCH 

S2 S1 SO ADDRESSED 

PRODUCTION DATA d ........ t. c .. toi. iata,mation 
curn_, I' of publication .Itl. Products cHfarm '0 
_i'lcltlo •• ,., tb. t ...... , TIXI. Inll,u .. lntI 

::'!!:~i~I{::1~7i ~:~:~ti:r :'~O;:::I::S~ nDt 

L L L 0 
L L H 1 

L H L 2 

L H H 3 
H L L 4 

H L H 5 

H H L 6 

H H H 7 
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logic diagram 
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S259LJ 
8-BIT ADDRESSABLE LATCH 

D3030, APRIL 1988 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characterlstlcsded, VCC = 5 V, TA = 25°C 

PARAMETER TEST CONDITIONS 

VT 
---'--

Input threshold voltage 

CLRZ 

Ci Input capacitance 
D 

GZ 

SO,S1,S2 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 

TYP 

2.2 

0.05 

0.28 

0.27 

0.11 

11.9 

TSC500 
SERIES 

MAX UNIT 

V 

pF 

pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 (see Note 1) 

PARAM- FROM TO - 55°C to 125°C O°C to 70°C 

ETER (INPUn (OUTPUn MIN TYpt MAX MIN TYpt MAX UNIT 

tpLH 
SO,S1,S2 an 

2.2 4.5 2.2 3.6 

tpHL 2.3 4.8 2.3 4.3 
ns 

tpLH 
an 

2.1 4.1 2.1 3.8 
D ns 

tpHL 2.5 5.1 2.5 4.5 

tpLH 
GZ an 

2.6 5.1 2.6 4.6 
ns 

tpHL 2.5 5.1 2.5 4.5 

tpHL CLR an 2.1 4.1 2.1 3.7 ns 

atpLH 0.22 0.5 1.08 0.24 0.5 1 
ns/pF 

atpHL 
Any Any 

0.28 0.48 1.02 0.28 0.48 0.9 

t Typical values are at VCC = 5 V, TA = 25°C. 
NOTE 1: These switching characteristics are simulations of the software macro using interconnect 

capacitance values for an array design having 4000 gates. Post-layout simulation uses actual 
interconnect capacitance values. 

9-110 
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TSC500 
SERIES 

HDl FilEt 

S259LJ 
8-BIT ADDRESSABLE LATCH 

03030, APRIL 1988 

BLOCK S259LJ; STRUCTURE 
CLRZ @INPUT; ANl :AN240LJ D,G,SET; 
0 @INPUT; INV1 :IV120LJ SO,ADDR1Z; 
GZ @INPUT; INV2 :IV120LJ ADDR1Z,ADDR1 ; 
SO @INPUT; INV3 :IV120LJ S1,ADDR2Z; 
Sl @INPUT; INV4 :IV120LJ ADDR2Z,ADDR2; 
S2 @INPUT; INV5 :IV120LJ S2,ADDR3Z; 
QO @OUTPUT; INV6 :IV120LJ ADDR3Z,ADDR3; 
Q1 @OUTPUT; INV7 :IV110LJ CLRZ,CLEAR; 
Q2 @OUTPUT; INV8 :IV140LJ CLEAR,CLEARZ; 

Q3 @OUTPUT; INV9 :IV110LJ GZ,G; 
Q4 @OUTPUT; NA1 :NA410LJ SET,ADDR1 Z,ADDR2Z,ADDR3Z,SETOZ; 

NA2 :NA410LJ RESET,ADDR1 Z,ADDR2Z,ADDR3Z, 
RESETOZ; 

Q5 @OUTPUT; 

Q6 @OUTPUT; NA3 :NA410LJ SET,ADDR1 ,ADDR2Z,ADDR3Z,SET1 Z; 
Q7 @OUTPUT; NA4 :NA410LJ RESET,ADDR1 ,ADDR2Z,ADDR3Z,RESET1 Z; 

NA5 :NA410LJ SET,ADDR1 Z,ADDR2,ADDR3Z,SET2Z; 
NA6 :NA410LJ RESET,ADDR1 Z,ADDR2,ADDR3Z,RESET2Z; 
NA7 :NA410LJ SET,ADDR1,ADDR2,ADDR3Z,SET3Z; 

NA8 :NA410LJ RESET,ADDR1,ADDR2,ADDR3Z,RESET3Z; 

NA9 :NA410LJ SET,ADDR1 Z,ADDR2Z,ADDR3,SET 4Z; 

NA10 :NA410LJ RESET,ADDR1 Z,ADDR2Z,ADDR3,RESET 4Z; 

NA11 :NA410LJ SET,ADDR1,ADDR2Z,ADDR3,SET5Z; 
NA12 :NA410LJ RESET,ADDR1,ADDR2Z,ADDR3,RESET5Z; 

NA13 :NA410LJ SET,ADDR1Z,ADDR2,ADDR3,SET6Z; 

NA14 :NA410LJ RESET,ADDR1 Z,ADDR2,ADDR3,RESET6Z; 

NA15 :NA410LJ SET,ADDR1,ADDR2,ADDR3,SET7Z; 

NA16 :NA410LJ RESET,ADDR1,ADDR2,ADDR3,RESET7Z 

NA17 :NA220LJ SETOZ,QOZ,QO; 
NA18 :NA310LJI QO,RESETOZ,CLEARZ,QOZ; 

NA19 :NA220LJ SET1Z,Q1Z,Q1 ; 

NA20 :NA310LJ Q1 ,RESET1 Z,CLEARZ,Q1Z 

NA21 :NA220LJ SET2Z,Q2Z,Q2; 

NA22 :NA310LJ Q2,RESET2Z,CLEARZ,Q2Z; 

NA23 :NA220LJ SET3Z,Q3Z,Q3; 

NA24 :NA310LJ Q3,Re;SET3Z,CLEARZ,Q3Z; 

NA25 :NA220LJ SET4Z,Q4Z,Q4; 

t The HDL netlist format requires the "STRUCTURE" program lines to follow the "BLOCK" I/O program lines, 

PRooueTIO. OA TA doc.ml.ta ••• tli. i.farmlti •• 
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S259LJ 
a·BIT ADDRESSABLE LATCH 

D3030, APRIL 1988 

HDL FILEt. Continued 
NA26 :NA31OW Q4,RESET4Z,CLEARZ,Q4Z; 

NA27 :NA220W SETSZ,QSZ,QS; 
NA28 :NA31OW QS,RESETSZ,CLEARZ,QSZ; 
NA29 :NA220W SET6Z,Q6Z,Q6; 
NA30 :NA310W Q6,RESET6Z,CLEARZ,Q6Z; 

NA31 :NA220W SET7Z,Q7Z,Q7; 

NA32 :NA310W Q7,RESET7Z,CLEARZ,Q7Z; 

N01 :N0240W DIN,GZ,RESET; 
ENDS259W; 

TSC500 
SERIES 

t The HDL netlist format requires the "STRUCTURE" program lines to follow the "BLOCK" I/O program lines. 
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TSC500 
SERIES 

S373LJ 
8-BIT D-TYPE LATCH 

WITH 3-STATE OUTPUTS 
03030. APRIL 1988 

SOFTWARE MACRO 

• 3-State Outputs Interface with 
Internal Data Buses Directly 

• Buffered Output Enable Simplifies 
System Design 

• Full Parallel Access for Loading 

• Parallel Latches for 16-Blt, 32-Blt, 
64-Bit Word Widths 

description 

logic symbolt 

ocz-....t:::::..rE;;---' 
C----I 

01 
02 
03 

04 
05 
06 
07 

08 

Q1 
Q2 
Q3 

Q4 
Q5 
Q6 
Q7 
Q8 

The S373W software macro imple
ments an 8-bit D-type latch. The macro 
is designed specifically for interfacing 
with internal bus lines. The 8-bit length 
simplifies construction of large latches. 
The eight latches of the S373W are 
transparent D-type latches. While the t This symbol is in accordance with ANSI/IEEE 
enable (C) is high, the 0 outputs will Std 91-1984 and lEG Publication 617-12. 
follow the data (D) inputs. When the 
enable is taken low, the 0 outputs will 
be latched at the levels that were set up at the D inputs. The output-control input (OCZ) can 
be used to place the eight outputs in either a normal logic state (high or low logic levels) or a 
high-impedance state. When the outputs are enabled with OCl low, the logic level at each 
of the eight outputs is impressed on the data bus. The outputs are disabled by a high logic 
level at OCl. The outputs then present a high impedance to the internal bus. The output 
control does not affect the internal operations of the latches. Old data can be retained or 
new data can be entered while the outputs are off. The S373W is implemented with the 
standard cell functions indicated: 

EQUIVALENT TOTAL TOTAL TOTAL 
CELL NAME NUMBER OF NO. EQUIVALENT Cpd 

NA210LJs USED NA210LJs (pF) 
A0221LJ 1.75 8 14 1.76 
IV110LJ 0.75 8 6 1.28 
IV140LJ 1.5 3 4.5 1.89 
IV212LJ 1.25 8 10 1.44 

TOTALS 27 34.5 6.37 

When the latch is called from the engineering workstation input, the following label format is 
developed and will be captured in the design netlist: 

Label: S373W D1,D2,D3,D4,D5,D6,D7,D8,C,OCl,01 ,02,03,04,05,06,Q7,08; 
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current I. of publication dl'l. Products conform to 
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S373LJ 
8-BIT' D-TYPE LATCH 
WITH S-STATE OUTPUTS 
03030, ~PRIL 1988 

FUNCTION TABLE 

(EACH LATCH) 

INPUTS 

OC~ C On 
L H H 
L H L 
L L X 
H X X 

logic diagram 
01 r-)-----------------------~ 

02r-)-----------------4-~~r_l 

03r-)-----------------+I-~ 

D6c>---------j-Jf-~ 

D6r->--------4-f-~1' 

07 r-~------------------~4_~~ 

D6c:>-----+---~-~ 

eez .>-------------"'-l 

OUTPUT 

an 
H 
L 

00 
Z 

TSC500 
SERIES 
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TSC500 
SERIES 

S373LJ 
8·BIT D·TYPE LATCH 

WITH 3·STATE OUTPUTS 
03030, APRIL 1988 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

timing requirements 
Specific timing data regarding pulse duration, setup time, and hold time models are 
incorporated in most engineering workstation libraries. These models are for the clocked 
cells embedded in the software macros. Evaluations of timing requirements made during 
pre-layout simulation produce workstation output used to identify and resolve each specific 
timing need. 

electrical characteristics, VCC = S V, T A = 2S·C 
PARAMETER TEST CONDITIONS TYP MAX UNIT 

VT Input threshold voltage 2.2 V 

C 0.23 

Ci Input capacitance On 0.06 pF 

OCZ 0.23 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 6.4 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 (see Notes 1 and 2) 

PARAM· FROM TO - 55°C to 125°C O·C to 70°C 

TYpt TYpt 
UNIT 

ETER (INPUT) (OUTPUT) MIN MAX MIN MAX 

tpLH 
On On 

1 2.1 1 2 
ns 

tpHL 1.3 2.9 1.3 2.7 

tpZH 
OCZ On 

0.8 1.5 0.8 1.3 

1.3 0.8 1.1 
ns 

tpZL 0.8 

tpLH 
C On 

2 3.5 2 3.3 

3.3 3.2 
ns 

tpHL 1.7 1.7 

dtPLH 
On On 

0.7 2.08 4.52 0.76 2.08 4.16 
ns/pF 

dtpHL 0.48 1.22 2.7 0.52 1.22 2.42 

dtpZH 
On 

C.76 2.14 4.8 0.8 2.14 4.38 
ns/pF 

dtpZL 
Any 

0.52 1.26 2.88 0.56 1.26 2.56 

t Typical values are at VCC = 5 V, TA = 25°C. 
NOTES: 1. These switching characteristics are simulations of the software macro using interconnect 

capacitance values for an array design having 4000 gates. Actual performance can be evaluated 
at post-layout simulation. 

2. Enable and delta-enable times are measured using the conditions specified for the IV212W. 
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S373LJ TSC500 
8·BIT D·TVPE LATCH SERIES 
WITH3·STATE OUTPUTS 
03030, APRIL 1988 

HDL FILEt 

BLOCK S373W; STRUCTURE 

01 @INPUT; A01 :A0221W 01,INV90,INV1 OO,INV11 O,A01 0; 

02 @INPUT; A02 :A0221W 02,INV90,INV100,INV120,A020; 

03 @INPUT; A03 :A0221W 03,INV90,INV100,INV130,A030; 

04 @INPUT; A04 :A0221W 04,INV90,INV100,INV140,A040; 

OS @INPUT; AOS :A0221W OS,INV90,INV100,INV1S0,AOSO; 

OS @INPUT; AOS :A0221W OS,INV90,INV100,INV1S0,AOSO; 

07 @INPUT; A07 :A0221W 07,INV90,INV100,INV170,A070; 

08 @INPUT; A08 :A0221W 08,INV90,INV100,INV180,A080; 

C @INPUT; INV10 :IV140LJ C,INV100; 

OCZ @INPUT; INV11 :IV110LJ A01 O,INV11 0; 

Q1 @OUTPUT; INV12 :IV110W A020,INV120; 

Q2 @OUTPUT; INV13 :IV110LJ A030,INV130; 

Q3 @OUTPUT; INV14 :IV110W A040,INV140; 

Q4 @OUTPUT; INV1S :IV110W AOSO,INV1S0; 

QS @OUTPUT; INV16 :IV110W A060,INV160; 

Q6 @OUTPUT; INV17 :IV110LJ A070,INV170; 

Q7 @OUTPUT; INV18 :IV110LJ A080,INV180; 

Q8 @OUTPUT; INV20 :IV140W OCZ,INV200; 

INV21 :IV212W A01 O,INV200,Q1; 

I NV22 :IV212W A020,INV200,Q2; 

INV23 :IV212W A030,INV200,Q3; 

I NV24 :IV212W A040,INV200,Q4; 

INV2S :IV212W AOSO,INV200,QS; 

INV26 :IV212W A060,INV200,Q6; 

INV27 :IV212W A070,INV200,Q7; 

INV28 :IV212W A080,INV200,Q8; 

INV9 :IV140LJ INV100,INV90; 

ENO S373W; 

t The HOL netlist format requires the "STRUCTURE" program lines to follow the "BLOCK" I{O program lines. 
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TSC500 
SERIES 

S375LJ 
4-BIT BISTABLE LATCH 

03030, APRIL 1988 

SOFTWARE MACRO 

• Four·Bit Software Latches with 
Complementary Outputs 

• Eliminates Skew and Mismatch of 
Long Versus Short Data Paths 

• Parallel Latches for 8·Bit, 16·Bit, 
32·Bit Word Widths 

description 
The S375W software macro imple
ments a 4-bit bistable latch. The 4-bit 
length simplifies construction of large 
registers. Information present at a On 
input is transferred to the On output 

logic symbolt 

o1--------~1DO------~~-----01 

~--01Z 
C1C2 tc;"---l---02 

02 --------1!~ ____ .F'--02Z 

03------4 1---03 

~--03Z 
C3C4 1c.i---l---04 

04 ------440 ..... --04Z 

when the CnCm input is high, and the t This symbol is in accordance with ANSI/IEEE 
On output will follow the data input as . . 
long as CnCm remains high. When Std 91-1984 and IEC Publication 617-12. 

CnCm goes low, the data (that was present at the On input at the time the transition 
occurred) is retained at the On output until CnCm is taken high. The S375W is implemented 
with the standard cell functions indicated: 

EQUIVALENT TOTAL TOTAL TOTAL 

CELL NAME NUMBER OF NO, EQUIVALENT Cpd 
NA210Ws USED NA210LJs (pF) 

A0221LJ 1.75 4 7 0.88 

IV110LJ 0.75 4 3 0.64 

IV120LJ 1 4 4 1.24 

TOTALS 12 14 2.76 

When the latch is called from the engineering workstation input, the following label format is 
developed and will be captured in the design netlist: 

Label: S375LJ 01,02,03,04,C1 C2,C3C4,01 ,01 Z,02,02Z,03,03Z,04,04Z; 

FUNCTION TABLE 

(EACH LATCH) 

INPUTS OUTPUTS 

On CnCm Qn QnZ 

L H L H 

H H H L 

X L ana ana 
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S375LJ 
4-BIT BISTABLE LATCH 

D3030, APRIL 1988 

logic diagram 

01 

C1C2 

D2 

03 

C3C4 

04 

9-118 
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SERIES 

Q1Z 

Q1 

Q2Z 

Q2 

Q3Z 

Q3 

Q4Z 

Q4 
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TSC500 
SERIES 

S375LJ 
4-BIT BISTABLE LATCH 

03030, APRIL 1988 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

timing requirements 
Specific timing data regarding pulse duration, setup time, and hold time models are 
incorporated in most engineering workstation libraries. These models are for the clocked 
celis embedded in the software macros. Evaluations of timing requirements made during 
pre-layout simulation produce workstation output used to identify and resolve each specific 
timing need. . .. 

electrical characteristics, Vee = 5 V, TA = 25°e 
PARAMETER TEST CONDITIONS TYP MAX UNIT 

VT Input threshold voltage 2.2 V 

Ci Input capacitance 
ICn,Cm 0.05 

pF 
IOn 0.06 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 10.1 pF 

switching characteristics over recommended ranges of supply voltage and operating free-
air temperature (unless otherwise noted), eL = 0 (see Note 1) . 

PARAM- FROM TO ... 55·C to 125·C O·C to 70·C 

TYpt TYpt 
UNIT 

ETER (INPUT) (OUTPUT) MIN MAX MIN MAX 

tpLH 
On an 

0.7 1.3 0.7 1.3 

0.8 1.8 0.8 1.7 
ns 

tpHL 

tpLH 
On anZ 

0.6 1.4 0.6 1.3 

0.9 0.5 0.9 
ns 

tPHL 0.5 

tpLH 
CnCm an 

1.9 3.3 1.9 3.1 

2.4 
ns 

tpHL 1.3 2.5 1.3 

tpLH 
CnCm anZ 

1.1 2.1 1.1 2 

1.7 2.9 1.7 2.7 
ns 

tpHL 

4tpLH 
an 

0.24 0.52 1.1 0.26 0.52 1 
ns/pF 

4tpHL 
Any 

0.28 0.42 10.68 0.28 0.42 0.62 

4tpLH 
AnyanZ 

0.68 2.02 4.44 0.72 2~02 4.08 
ns/pF 

4tPHL 
Any 

0.36 0.94 2.02 0.4 0.!;l4 1.82 

t Typical values are at V CC = 5 V, T A = 25·C. 
NOTE 1: These switching characteristics are simulations of the software macro using interconnect 

capacitance values for an array design having 4000 gates. Post-layout simulation uses actual 
interconnect capacitance values. . 
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S375LJ TSC500 
4-BIT BISTABLE LATCH SERIES 

D3030, APRIL 1988 

HDL FILEt 
BLOCK S375W; STRUCTURE 

01 @INPUT; A01 :A0221W 01 ,INV60,INV1 0,01,01 Z; 

02 @INPUT; A02 :A0221W 02,INV60,INV10,02,02Z; 

03 @INPUT; A03 :A0221W 03,INV80,INV70,03,03Z; 

04 @INPUT; A04 :A0221LJ 04,INV80,INV70,04,04Z; 

C1C2 @INPUT; INV1 :IV110W C1 C2,INV1 0; 

C3C4 @INPUT; INV2 :IV120W 01Z,01 ; 

01 @OUTPUT; INV3 :IV120W 02Z,02; 

01Z @OUTPUT; INV4 :IV120W 03Z,03; 

02 @OUTPUT; INV5 :IV120W 04Z,04; 

02Z' @OUTPUT; INV6 :IV110W INV10,INV60; 

03 @OUTPUT; INV7 :IV110W C3C4,INV70; 

03Z @QUTPUT; INV8 :IV110LJ INV70,INV80; 

04 @OUTPUT; END S375W; 

04Z @OUTPUT' 

t The HOL netlist format requires the "STRUCTURE" program lines to follow the "BLOCK" I/O program lines. 
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TSC500 
SERIES 

OSCILLATORS 
GENERAL INFORMATION 

03030, APRIL 1989 

OSCILLATOR (INPUT MACRO) CELLS 

• Crystal-Controlled Oscillator 
for Generating On-Chip 
Clock Signals 

OSCILLATOR FUNCTIONAL INDEX 

• Specified for Operation Over 
VCC Range of 4.5 V to 5.5 V 

• Dependable Texas 
Instruments Quality and 
Reliability 

description 

CELL 

NAME 

OSI01LJ 

OSI02LJ 

OSI03LJ 

OSI04LJ 

OSI24LJ 

FREQUENCY 

RANGE (MHz) 

55 to 75 

35 to 55 

20 to 35 

1 to 20 

1 to 20 

CRYSTAL THRES-

TYPE HOLD 
PAGE 

3rd Overtone 2.5 V 10-5 

3rd Overtone 2.5 V 10-7 

3rd Overtone 2.5 V 10-9 

Fundamental 2.5 V 10-11 

Fundamental 1.5V 10-13 

These cells are crystal oscillators designed for use with a minimum of external components. 
The input XI and feedback output XO provide connections for use with an external series- or 
parallel-resonant crystal. An internal 91-kn biasing resistor can be placed between nodes 
XI and XO by internal logic. On-chip frequencies from 1 to 75 MHz can be generated. 

DESIGN CONSIDERATIONS 

series- or parallel-mode crystal operation 
A series- or parallel-mode crystal can be used, but a parallel-mode crystal should be used if 
frequency accuracy is important. Series- and parallel-mode crystals are identical except 
that the frequency of a series-mode crystal is set at the series resonant, low impedance 
frequency of operation. Parallel-mode crystals are tuned with a load capacitor in series that 
causes them to be tuned for operation between the series resonant frequency and the 
anti resonant, high- impedance frequency. The value ofthe load capacitor is specified and is 
typically 12 pF to 32 pF. This load capacitance value should be equal to the equivalent 
capacitance between the pins of the oscillator to which the crystal is connected. If accurate 
frequency of operation is desired, either the input or output capacitance can be set to 
produce the correct frequency with a given crystal or the crystal manufacturer can make a 
crystal that will operate at the correct frequency with the existing capacitance. 

third-overtone frequency operation 
The capacitance loading the input and output should be larger at lower frequencies and 
smaller at higher frequencies to provide sufficient gain for oscillation yet insufficient gain to 
produce oscillation at unwanted overtone frequencies. Third-overtone frequency operation 
is achieved by adding an external LC circuit consisting of an inductor to ground through a 
capacitor. (See Figure 1). The input pin capacitance and the inductor-capacitor 
combination form a tank circuit. The tank values are chosen so that its resonant frequency is 
at the second overtone frequency of the third overtone crystal. This produces a phase shift 
that prevents oscillation at the fundamental frequency. Smaller values of output capacitance 
are used at higher frequencies to provide sufficient gain for oscillation. 
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OSCILLATORS 
GENERAL INFORMATION 

03030, APRIL 1989 

power down 

TSC500 
SERIES 

The PWRDN pin connects or disconnects an internal 90-kn bias resistor by controlling a 
series transmission gate. If PWRDN is low, the resistor is connected between the input and 
output of the CMOS inverter oscillator circuit. If PWRDN is high, the transmission gate is 
open and the resistor is taken out of the circuit. Designs using an external power-down pin 
can tie the oscillator PWRDN pin to the chip power-down. pin. To use an external resistor, 
the oscillator PWRDN pin should be tied to the HI node of a T001 OLJ tie-off cell, removing 
the internal resistor from the circuit. If the internal resistor is to be used, PWRDN should be 
low for normal operation and high for test to allow for ICCQ measurement. 

OSI01LJ, OSI02LJ, OR OSI03LJ 

INPUT (XI) 

L 
PWRDN ---I--~ 

G 

Jl....JL 
Y OUTPUT (ON CHIP) 

Ltank ~----~O~-----4 
CRYSTAL 

Cgnd "l' 
t Cin and Cout are the total capacitance of the circuit board and components, excluding the integrated circuit. 

FIGURE 1. OVERTONE FREQUENCY OPERATION OF OSI01W, OSI02W, OR OSI03LJ 

Insufficient capacitance may produce oscillation at the fifth overtone. It is important to 
operate with as little capacitance as practical (loading the crystal at third-overtone 
frequencies) to keep the crystal drive level low. Operation at 15 pF or less equivalent load 
capacitance allows the crystal to behave more as an inductor. High drive level can cause 
excessive frequency drift and possible crystal failure. 

Good design practices include: 
- Placing the oscillator pins in the least "noisy" area of the package pins. 
- Placing the oscillator on two adjacent pin locations. 
- Placing the oscillator between a VCC and ground pin utilizing primary or secondary 

power pin locations. 
- Placing large outputs, especially those operating at data rates near the oscillator 

frequency, away from the oscillator pins. 
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TSC500 
SERIES 

trial values recommended for third-overtone operation 

OSI01 LJ (See Figure 1) 
3RD-OVERTONE 

Ltank Cgnd FREQUENCY 

75 MHz 0.47 JlH 1000 pF 

64 MHz 0.68 JlH 1000 pF 

55 MHz 1 JlH 1000 pF 

OSI02LJ (See Figure 1) 
3RD-OVERTONE 

Ltank Cgnd FREQUENCY 

55 MHz 1 JlH 1000 pF 

48 MHz 1.5 JlH 1000 pF 

35 MHz 2.2 JlH 1000 pF 

OSI03LJ (See Figure 1) 
3RD-OVERTONE 

Ltank Cgnd FREQUENCY 

35 MHz 2.2 JlH 1000 pF 

28 MHz 3.3 JlH 1000 pF 

20 MHz N/A N/A 

OSCILLATORS 
GENERAL INFORMATION 

03030, APRIL 1989 

Clnt Coutt 

10 pF 10 pF 

10 pF 10 pF 

10 pF 10 pF 

Cint Coutt 

10 pF 10 pF 

10 pF 10 pF 

10 pF 10 pF 

Cint Coutt 

10 pF 10 pF 

10 pF 10 pF 

27 pF 27 pF 

t Cin and Cout are the total capacitance of the circuit board and components, excluding the 
integrated circuit. 
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OSCILLATORS 
GENERAL INFORMATION 

03030, APRIL 1989 

trial values recommended for fundamental operation 

OSI04LJ OR OSI24LJ (See Figure 2) 

FUNDAMENTAL Rext Rext 
FREQUENCY (Clnt = Coutt = 30 pF) (Cln t = Cout t '" 64 pF) 

20 MHz 0 0 

16 MHz 2200 0 

12 MHz 4700 2200 

SMHz 1 kO 4700 

4 MHz 3.3 kO 1.5 kO 

3 MHz 6.S kO 3.3 kO 

2 MHz 10 kO 4.7 kO 

1 MHz 33 kO 15 kO 

OSI04LJ OR OSI24W 

TSC500 
SERIES 

G I----Y OUTPUT (ON CHIP) 

n..n.. 
1..-",:,=_..".., T0010LJ 

Cint~ 

FIGURE 2. FUNDAMENTAL FREQUENCY OPERATION OF OSI04LJ OR OSI24LJ 

t Gin and Cout are the total capacitance of the circuit board and components, excluding the integrated circuit. 
Typical values range from 10 pF to 64 pF. For operation at lower frequencies, it is necessary to increase the 
size of Cout and/or Rext. 

10-4 
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TSC50b 
SERIES 

OSI01L.J 
55- TO 75-MHz CRYSTAL-CONTROLLED OSCILLATOR 

D3030, APRIL 1989 

OSCILLATOR CELL 

• Crystal·Controlled Oscillator for 
Generating On·Chlp Clock Signals 
from 55 to 75 MHz 

• Specified for Operation Over VCC 
Range of 4.5 V to 5.5 V 

• Dependable Texas Instruments 
Quality and Reliability 

logic symbolt 

y 

PWRDN ----I [PWR DNJ 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984 and IEC Publication 617-12. 

description 
The OSI01 LJ is a crystal oscillator designed for use with a minimum of external 
components. The input XI and feedback output XO provide two connections for use with an 
external series- or parallel-resonant crystal. As a third-harmonic, crystal-controlled 
oscillator, on-chip frequencies from 55 to 75 MHz can be generated. An internal 91-k!l 
biasing resistor can be placed between notes XI and XO by internal logic. When the 
oscillator is called from the engineering workstation input, the following label format is 
developed and will be captured in the design netlist: 

Label: 05101 W XI,PWRDN,XO,Y; 

absolute maximum ratings and recommended operating conditions 
These are speCified as a part of the TSC500 Series Data. 

electrical characteristics, VCC = 5 V, T A = 25°C (unless otherwise noted) 

PARAMETER TEST CONDITIONS TYP MAX UNIT 

VT Input threshold voltage 2.5 V 

ICC Supply current 
VI = VCC orO, 

16.2 mA 
fosc = 64 MHz 

Ci Input capacitance IXI 8.51 pF 

Co Output capacitance Ixo 10.19 pF 

Cpd Equivalent power dissipation capacitance 
tr = tf = 1 ns, 

18.4 pF 
fosc = 1 MHz 

PROOUCTIOI OATA dac.mo_tua.lli. i_lo,matia_ 
currlnt II of publicltion dltl. Praductl confDrm to 
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OSI01LJ 
55- to 75-MHz CRYSTAL-CONTROLLED OSCILLATOR 

TSC500 
SERIES 

03030, APRIL 1989 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 

PARAMETER 
FROM TO -55°C to 125°C ooe to 70°C 

UNIT 
(INPUT) (OUTPUT) MIN TYPT MAX MIN TYPT MAX 

tpLH XI Y 
1.2 2.6 5.1 1.3 2.6 4.7 

ns 
tpHL 1.4 2.8 5 1.5 2.8 4.6 

dtpLH 
XI Y 

80 190 390 80 190 360 
ps/pF 

dtPHL 110 150 370 100 150 340 

t Typical values are at Vee = 5 V, TA = 25°G. 

DESIGN CONSIDERATIONS 

series- or parallel-mode crystal operation 
A series- or parallel-mode crystal can be used. See oscillators' general information for more 
detailed information on the selection of crystals. 

third-overtone frequency operation 
The capacitance loading the input and output should be larger at lower frequencies and 
smaller at higher frequencies to provide sufficient gain for oscillation yet insufficient gain to 
produce oscillation at unwanted overtone frequencies. Third-overtone frequency operation 
is achieved by adding an external LC circuit consisting of an inductor to ground through a 
capacitor. For more detailed design considerations, including a schematic of the external 
component hookup, see the oscillators' general information. 

trial values recommended for third-overtone operation (See Figure 1 in the Oscillators' 
General Information Section) 

OSI01W 
3RD-OVERTONE 

Ltank Cgnd Cln* Cout* 
FREQUENCY 

75 MHz 0.47 IlH 1000 pF 10 pF 10 pF 

64 MHz 0.68 1lH 1000 pF 10 pF 10 pF 

55 MHz 1 IlH 1000 pF 10 pF 10 pF 

* Gin and Cout are the total capacitance of the circuit board and components, excluding the 
integrated circuit. 

Good design practices include: 
- Placing the oscillator pins in the least "noisy" area of the package pins. 
- Placing the oscillator on two adjacent pin locations. 
- Placing the oscillator between a VCC and ground pin utilizing primary or 

secondary power pin locations. 
- Placing large outputs, especially those operating at data rates near the OSCillator 

frequency, away from the oscillator pins. 
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TSC500 
. SERIES 

OSI02LJ 
35- TO 55-MHz CRYSTAL-CONTROLLED OSCILLATOR 

D3030, APRIL 1989 

OSCILLATOR CELL 
• Crystal-Controlled Oscillator for 

Generating On-Chip Clock Signals 
from 35 to 55 MHz 

• Specified for Operation Over VCC 
Range of 4.5 V to 5.5 V 

• Dependable Texas Instruments 
Quality and Reliability 

logic symbolt 

v 

PWRDN ----I [PWR ON) 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984 and lEG Publication 617-12. 

description 
The OSI02LJ is a crystal oscillator designed for use with a minimum of external 
components. The input XI and feedback output XO provide two connections for use with an 
external series- or parallel-resonant crystal. As a third-harmonic, crystal-controlled 
oscillator, on-chip frequencies from 35 to 55 MHz can be generated. An internal 91-kfl 
biasing resistor can be placed between nodes XI and XO by internal logic. When the 
oscillator is called from the engineering workstation input, the following label format is 
developed and will be captured in the design netlist: 

Label: OSI02LJ XI,PWRDN,XO,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, VCC = 5 V, T A = 25°C (unless otherwise noted) 

PARAMETER TEST CONDITIONS TVP MAX UNIT 

VT Input threshold voltage 2.5 V 

ICC Supply current 
VI = VCC or 0, 

fosc = 48 MHz 
9.4 mA 

Ci Input capacitance [XI 6.53 pF 

Co Output capacitance [XO 5.75 pF 

Cpd Equivalent power dissipation capacitance 
tr = tf = 1 ns, 

14.5 pF 
fosc = 1 MHz 
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OSI02LJ ... TSC500 
SERIES 35- TO 55-MHz CRYSTAL-CONTROLLED OSCILLATOR 

03030, APRIL 1989 

swltchihg characteristics ~ver recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 

FROM TO -55°C to 125°C O°C to 70°C 
PARAMETER 

TYpt TYpt UNIT 
(INPUT) (OUTPUT) MIN MAX MIN MAX 

tPLH 
XI Y 

1.2 2.6 5.1 1.3 2.6 4.7 
ns 

tPHL 1.4 2.8 5 1.5 2.8 4.6 

LltpLH 
XI Y 

80 190 390 80 190 360 
ps/pF 

LltpHL 110 150 360 100 150 . 340 

t Typical values are at VCC = 5 V, TA = 25°C. 

DESIGN CONSIDERATIONS 

series- or parallei-mode crystal operation 
A series- or parallel-mode crystal can be used. See oscillators' general information for more 
detailed information on the selection of crystals. 

third-overtone frequency operation 
The capacitance loading at the input and output should be larger at lower frequencies and 
smaller at higher frequencies to provide sufficient gain for oscillation and insufficient gain to 
produce oscillation at unwanted overtone frequencies. Third-overtone frequency operation 
is achieved by adding an external LC circuit consisting of an Inductor to ground through a 
capacitor. For more detailed design considerations, including a schematic of the external 
component hookup, see the oscillators' general information. 

trial values recommended for third-overtone operation (See Figure 1 in the Oscillators' 
General Information Section) 

10-8 

OSI02W 

3RD-OVERTONE 
Ltank Cgnd Cln* Cout* FREQUENCY 

55 MHz 1 J.lH 1000 pF 10 pF 10 pF 

48 MHz 1.5 J.lH 1000 pF 10 pF 10 pF 

35 MHz 2.2J.lH 1000 pF 10 pF 10 pF 

* Cin and Cout are the total capacitance of the circuit board and components, excluding the 
integrated circuit. 

Good design practices include: 
- Placing the oscillator pins in the least "noisy" area of the package pins. 
- Placing the oscillator on two adjacent pin locations. 
- Placing the oscillator between a Vee and ground pin utilizing primary or 

secondary power pin locations. 
- Placing large outputs, especially those operating at data rates near the oscillator 

frequency, away from the oscillator pins. 

PRODUCTION DATA d ..... I.IIOD.III. iO' .... I.I •• 
.......... '.po.,I ••• I •• d •••. P .. d ..... '.'0'" '0 
.po.i'iCl" ••• PI' the • ., ... of T •••• ' .... 0 .... " 

::~:~~i~·{::,~1i ~":\:I:r ltl":.:~:':~ .0' 
tEXAS ..If 
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TSC500 
SERIES 

OSI03LJ 
20· TO 35·MHz CRYSTAL·CONTROLLED OSCILLATOR 

03030, APRIL 1989 

OSCILLATOR CELL 

• Crystal-Controlled Oscillator for 
Generating On-Chip Clock Signals 
from 20 to 35 MHz 

• Specified for Operation Over VCC 
Range of 4.5 V to 5.5 V 

• Dependable Texas Instruments 
Quality and Reliability 

logic symbolt 

y 

PWRON---I [PWR ON) 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984 and IEC Publication 617-12. 

description 
The OSI03LJ is a crystal oscillator designed for use with a minimum of external 
components. The input XI and feedback output XO provide two connections for use with an 
external series- or parallel-resonant crystal. As a third-harmonic, crystal-controlled 
oscillator, on-chip frequencies from 20 to 35 MHz can be generated. An internal 91-k!1 
biasing resistor can be placed between nodes XI and XO by internal logic. When the 
oscillator is called from the engineering workstation input, the following label format is 
developed and will be captured in the design netlist: 

Label: OSI03LJ XI,PWRDN,XO,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, VCC =5 V, TA = 25°C (unless otherwise. noted) 

PARAMETER TEST CONDITIONS TYP MAX UNIT 

VT Input threshold voltage 2.5 V 

ICC Supply current 
VI =VccorO, 

fosc = 32 MHz 
4.8 rnA 

Ci Input capacitance IXI 5.54 pF 

Co Output capacitance IXO 5.4 pF 

Cpd Equivalent power dissipation capacitance 
tr = tf = 1 ns, 

14.8 pF 
fosc = 1 MHz 

PRODUCTION DATA d.cumants contain information 
currant as of publicatioR date. Products conform to 
specifications par the tarms of T ax.s Instruments TEXAS ~ 

INSTRUMENTS 
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OSI03LJ 
20- TO 35-MHz CRYSTAL-CONTROLLED OSCILLATOR 

TSC500 
SERIES 

03030. APRIL 1989 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 

PARAMETER 
FROM TO -55°C to 125°C O°C to 70°C 

UNIT 
(INPUT) (OUTPUT) MIN TYpt MAX MIN TYpt MAX 

tpLH 
XI Y 

1.2 2.7 5.1 1.3 2.7 4.7 
ns 

tpHL 1.6 2.8 5 1.6 2.8 4.7 

MpLH 
XI Y 

60 180 390 100 180 350 
ps/pF 

LltpHL 50 100 290 60 100 250 
-

t Typical values are at VCC = 5 V. TA = 25°C. 

DESIGN CONSIDERATIONS 

series- or parallel-mode crystal operation 
A series- or parallel-mode crystal can be used. See oscillators' general information for more 
detailed information on the selection of crystals. 

third-overtone frequency operation 
The capacitance loading the input and output should be larger at lower frequencies and 
smaller at higher frequencies to provide sufficient gain for oscillation and insufficient gain to 
produce oscillation at unwanted overtone frequencies. Third-overtone frequency operation 
is achieved by adding an external LC circuit consisting of an inductor to ground through a 
capacitor. For more detailed design considerations, including a schematic of the external 
component hookup, see the oscillators' general information. 

trial values recommended for third-overtone operation (See Figure 1 in the Oscillators' 
General Information Section) 

OSI03W 

3RD-OVERTONE 
Ltank Cgnd Cln* Cout* FREQUENCY 

35 MHz 2.21JH 1000 pF 10 pF 10 pF 

28 MHz 3.31JH 1000 pF 10 pF 10 pF 

20 MHz N/A N/A 27pF 27 pF 

* Cin and Cout are the total capacitance of the circuit board and components, excluding the 
integrated circuit. 

Good design practices include: 
- Placing the oscillator pins in the least "noisy" area of the package pins. 
- Placing the oscillator on two adjacent pin locations. 
- PlaCing the oscillator between a VCC and ground pin utilizing primary or 

secondary power pin locations. 
- Placing large outputs, especially those operating at data rates near the OSCillator 

frequency, away from the oscillator pins. 

PROOUCTIOI OATA d ......... _in i.lo .... tio. ." 
curre •• u af p.blicltian ..... Products conform to T. 
.... cificatian. p •• 11. ttlr •• If TIUI Iistrum.ntl • EXAS 
=~i~·[::r.1i ~:~:~~ :'I-::::=::'~ nat INSTRUMENTS 

Copyright @ 1988. Texas Instruments Incorporated 
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TSC500 
SERIES 

OSI04LJ 
1- TO 20-MHz CRYSTAL-CONTROLLED OSCILLATOR 

APRIL 1989 

OSCILLATOR CELL 

• Crystal-Controlled Oscillator for 
Generating On·Chip Clock Signals 
from 1 to 20 MHz 

• Specified for Operation Over VCC 
Range of 4.5 V to 5.5 V 

• Dependable Texas Instruments 
Quality and Reliability 

logic symbolt 

y 

----I [PWR ON) 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984 and IEC Publication 617-12. 

description 
The OSI04LJ is a crystal oscillator designed for use with a minimum of external 
components. The input XI and feedback output XO provide two connections for use with an 
external series- or parallel-resonant fundamental crystal. As a crystal-controlled oscillator, 
on-chip frequencies from 1 to 20 MHz can be generated. An internal 91-k!l biasing resistor 
can be placed between nodes XI and XO by internal logic. When the oscillator is called from 
the engineering workstation input, the following label format is developed and will be 
captured in the design netlist: 

Label: OSI04LJ XI,PWRDN,XO,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, VCC = 5 V, T A = 25°C (unless otherwise noted) 

PARAMETER TEST CONDITIONS TYP MAX UNIT 

VT Input threshold voltage 2.5 V 

ICC Supply current 
VI = VCC or 0, 

3.2 mA 
fosc = 16 MHz 

Ci Input capacitance IXI 5.06 pF 

Co Output capacitance Ixo 5.22 pF 

Cpd Equivalent power dissipation capacitance 
tr = tf = 1 ns, 

14.5 pF 
fosc = 1 MHz 

PRODUCTION DATA d.c.ml.tl c.nt.in inf ..... ti.n 
cyne •• I. af publicltian dltt. Productl conform to 
"lcificlti.II. per til. terml of T.II. Instrumentl TEXAS ." 

Copyright C> '989, Texas Instruments Incorporated 

~~'!::~~i~·t::I~7i ~:t;:~ti:; l!~'::~:::':i.~ not INSTRUMENTS 
POST OFFICE BOX 855012 • DALLAS. TEXAS 75285 10-11 



OSI04LJ 
1- TO 20-MHz CRYSTAL-CONTROLLED OSCILLATOR 

TSC500 
SERIES 

03030, APRIL 1989 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 

PARAMETER 
FROM TO -55·C·to 125·C O·C to 70·C 

UNIT 
(INPUT) (OUTPUT) MIN TYpt MAX MIN TYpt MAX 

tpLH 
XI y 1.2 2.7 5.1 1.3 2.7 4.7 

ns 
tpHL 1.6 2.8 5 1.6 2.8 4.7 

LltpLH 
XI Y 

60 180 390 100 180 350 
ps/pF 

LltpHL 50 100 290 60 100 250 

t Typical values are at VCC = 5 V, TA = 25·C. 

DESIGN CONSIDERATIONS 

series- or parallel-mode crystal operation 
A series- or parallel-mode crystal can be used. See oscillators' general information for more 
detailed information on the selection of crystals. The capacitance loading the input and 
output should be larger at lower frequencies and smaller at higher frequencies to provide 
sufficient gain for oscillation and insufficient gain to produce oscillation at unwanted 
overtone frequencies. 

trial RC values recommended for use with fundamental crystals 

FUNDAMENTAL Rext Rext 
FREQUENCY (Cln* = Cout* = 30 pF) (Cln* = Cout* = 64 pF) 

20 MHz 0 0 

16 MHz 220n 0 

12 MHz 470n 220 n 

SMHz 1 kn 470n 

4MHz 3.3 kn 1.5 kn 

3MHz 6.S kn 3.3 kn 

2MHz 10 kn 4.7 kn 

1 MHz 33 kn 15 kn 

:j: Cin and Cout are the total capacitance of the circuit board and components, excluding the integrated circuit. 
Typical values range from 10 pF to 64 pF. For operation at lower frequencies, it is necessary to increase the 
size of Cout and/or Rext. 

Good design practices include: 
- Placing the oscillator pins in the least "nOisy" area of the package pins. 
- Placing the oscillator on two adjacent pin locations. 
- Placing the oscillator between a Vee and ground pin utilizing primary or 

secondary power pin locations. 
- Placing large outputs, especially those operating at data rates near the oscillator 

frequency, away from the oscillator pins. 

PROOUCTIOI DATA ......... II ... tai. i.' ..... II.. ~ 
•• "ttll .1 ., ptdIlicolhut nta. P' ..... II .entOlm I. 1i 
..... lIi .. li ••• per Ih. lormo 01 T •••• Inal'.1I1D11 EXAS 
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Copyright @ 1988. Texas Instruments Incorporated 

10~12 POST OFFICE BOX 85501~. DA1.LAS, TEXAS 75265 



TSC500 
SERIES 

, , ' OSI24LJ 
1- TO 20-MHz CRYSTAL-CONTROLLED OSCILLATOR 

WITH TTL THRESHOLD INPUT 
APRIL 1989 

OSCILLATOR CELL 

• Crystal·Controlled Oscillator for 
Generating On·Chip Clock Signals 
from 1 to 20 MHz 

• Specified for Operation Over VCC 
Range of 4.5 V to 5.5 V 

• Dependable Texas Instruments 
Quality and Reliability 

• TTL Input Threshold Voltage 

logic symbolt 

y 

PWRDN ---I [PWR ON) 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984 and IEC Publication 617-12. 

description, :< 
The OSI24LJ is a crystal oscillator designed for~~:;~ith a minimum of external 
components. The input XI and feedback output XQ:p~ tWo connections for use with an 
external series- or parallel-resonant fundamentaL(~~t~i::As a crystal-controlled oscillator, 
on-chip frequencies from 1 to 20 MHz can beg~r~. An internal 91-kO biasing resistor 
can be placed between nodes XI and XO by in~riaf:l6gic. When the oscillator is called from 
the engineering workstation input, the f~!'\g label format is developed and will be 
captured in the design netlist: : ',' " 

Label: 08f~~,~h,pWRDN,XO,y; 
, ":.'~ , ,~":,,»,,.,:;:;,<, 

absolute maximum ratings and recomffi~~aed operating conditions 
These are specified as a par,1 of tl1i},SC500 Series Data . 

. ,,:" 

electrical characteristics, Vcc?~EI,V, T A = 25°C (unless otherwise noted) 
",,'" 

PARAME'liR 'is TEST CONDITIONS TYP MAX UNIT 

VT Input threshold voltaQW.""""'0'" 1.5 V 

ICC Supply current '>:~:'T-:>: VI = VCC or 0, 
3.2 mA 

c', fosc = 16 MHz 

Ci Input capapit/iIlce,,; IXI 5.06 pF 

Co Output c~acitance IXO 5.22 pF 

Cpd 
,yo.':::" "iX',:;;";' tr = tf = 1 ns, 

pF E~:~,~:!ti§pwer dissipation capacitance 
fosc = 1 MHz 

14.5 

';;', 

PRODUCT PREVIEW documents contain Information ." Copyright @ 1989, Texes Instruments Incorporated 
o. products in the formiltl .. or de.lgn phe .. of Ti 
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OSI24LJ 
1- TO 20-MHz CRYSTAL-CONTROLLED OSCILLATOR 
WITH TTL THRESHOLD INPUT 
03030, APRIL 1989 

TSC500 
SERIES 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 

FROM TO -55°C to 125°C O°C to 70°C 
UNIT PARAMETER 

(INPUT) (OUTPUT) MIN TYpf MAX MIN TYpt MAX 

tPLH 1.89 3.78 7 2 3.78 6.44 
XI y ns 

tpHL i .73 3.86 7.85 1.83 3.86 7.11 

AtpLH 153 200 337 151 200 307 
ps/pF XI Y 

AtpHL 124 240 325 124 240 300 

t Typical values are at VCC = 5 V, T A = 25°C. 

DESIGN CONSIDERATIONS 

series- or parallel-mode crystal operation .' .....\. 
A series- or parallel-mode crystal can be used. See oscill~torS'.g~neral information for more 
detailed information on the selection of crystals. Thecap{!~itance loading the input and 
output should be larger at lower frequencies and sm~ll~rat higher frequencies to provide 
sufficient gain for oscillation yet insufficient gain.Wpreduce oscillation at unwanted 
overtone frequencies. ., .. 

trial RC values recommended for use with fund~mentalcrystals 

•••• 

FUNDAMENTAL Rext. 
' .. 

Rext 
FREQUENCY (Cln* = Cout*~30 pF) (Cln* = Cout* = 64 pF) 

20 MHz ° 0 

16 MHz .···· •. 220,0,· 0 

12 MHz .....•. < 470 U 220U 

8 MHz 1 kU 470U 

4 MHz .. > ......•... 3.3 kU 1.51.1 

3 MHz .... 6.8 kU 3.3 kU 

2 MHz 
.... 

10 kU 4.7 kU 

1 MHz '. r 33 kU 15 kU 

:I: Cin and Cout are the tota1capacltance of the circuit board and components, excluding the integrated circuit. 
Typical values rangefro.rnJOpF to 64 pF. For operation at lower frequencies, it is necessary to increase the 
size of Cout and/o~R$><t. 

Good de$i\;]11 practices include: 
- Placing. the oscillator pins in the least "noisy" area of the package pins. 
- Placing the oscillator on two adjacent pin locations. 
- Placing the oscillator between a Vee and ground pin utilizing primary or 

secondary power pin locations. 
- Placing large outputs, especially those operating at data rates near the oscillator 

frequency, away from the oscillator pins. 

TEXAS ." 
INSTRUMENlS 

Copyright © 1989, Texas Instruments Incorporated PRODUCT PREVIEW documents cORtain information 
on products in the formative or design phase of 
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TSC500 
SERIES 

INPUT BUFFERS 
GENERAL INFORMATION 

D3030, APRIL 1988 

INPUT BUFFER CELLS 

The TSC500 Series CMOS standard cell provides the custom IC designer a wide selection of 
input buffers. For each input offered, both a CMOS and a TIL threshold input buffer version is 
available. The inputs can be used with an active pull-up or pull-down terminator. Use of a 
terminator ensures that the input will be driven to a high- or low-logic level thereby avoiding 
exposure to a high-impedance or floating condition. When used, the terminator is connected to 
the input node. 

All input cells are deSigned to actively bypass and dissipate electrostatic discharges (ESD). 
Guard-ring structures, which provide current management techniques for the cell to recover from 
exposure to currents of up to 250 mA, are employed to negate most common sources that can 
produce a latch-up condition. 

The following input cells are available in the TSC500 Series CMOS standard cell library: 

INPUT BUFFERS FUNCTIONAL INDEX 

DESCRIPTION 
CELL OUTPUT 

COMMENTS PAGE 
NAME DRIVE 

IPI01W 1X CMOS compatible 11-3 

Input buffers 
IPI04W 1X TIL compatible 11-5 

IPI07W 1X CMOS compatible with hysteresis 11-7 

IPI09W 1X TIL compatible with hysteresis 11-9 

Input clock buffers 
IPI11W 1X CMOS compatible 11-11 

IPI14W 1X TIL compatible 11-13 

PRoouellO. DATA d ....... II •• ntli. i.'orm.tio. 
.. ,ro.t II of publi.llio. doto. Pred •• 11 ••• fa, .. to 
.pecifiClti' •• pi!' 110. tor .... , T .... '.It,"''1011 TEXAS ." 

Copyright @ 1988, Texas Instruments Incorporated 
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TSC500 
SERIES 

IPI01 LJ 
CMOS·COMPATIBLE INPUT BUFFER 

03030. APRIL 1988 

INPUT BUFFER CELL 

FUNCTION TABLE logic symbolt 
INPUT OUTPUT 

A Y 

L L AIml--{>--Y 
H H 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A 

description 
The IPI01 LJ is an input buffer that interfaces CMOS input levels to CMOS internal voltage 
levels. A pull-up or pull-down terminator can be connected to the A node. 

When the input buffer is called from the engineering workstation input, the following label 
format is developed and will be captured in the design netlist: 

Label: IPI01 LJ A,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

absolute maximum ratings and recommended operating conditions 
These specified as a part of the TSC500 Series Data. 

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

PARAMETER* TEST CONDITIONS 

VT Input threshold voltage 

ICC Supply current 
I-55°C to 125°C 

VI = VIH or VIL 
10°C to 70°C 

II Input current~ VI = VccorO 

Ci Intrinsic input capacitance# 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 

* For input voltages, VIH or VIL, see the TSC500 Series Data. 
§ Typical values are at VCC = 5 V, TA = 25°C. 
~ Total current does not include pull-up or pull-down current source. 

TYP§ MAX UNIT 

2.5 V 

4.72 

0.49 
mA 

±1 I1A 

4.41 pF 

1.97 pF 

# Total input capacitance is dependent on the package type and is equal to the sum of package capacitance 
and intrinsic input capacitance. 

PRODUCTION DATA d •• lmo.11 .ontoin Info","tion 
curr.I' H of publicatian da'l. Products cDnterm to 
specifications par the terms of TIXI. Instrumants 
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IPI01 LJ 
CMOS·COMPATIBLE INPUT BUFFER 

D3030, APRIL 1988 

TSC500 
SERIES 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 

PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

TYpt TYF'~. 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN MAX MIN MAX 

tpLH 0.56 0.9 1.5 0.59 0.9 1.42 
A Y ns 

tpHL 0.12 0.63 1.19 0.13 0.63 i. i 3 

~tpLH 0.07 0.18 0.33 0.7 0.18 0.29 
ns/pF A Y 

~tpHL 0.12 0.12 0.27 0.12 0.12 0.26 

t Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTION DATA documents contain information 
current II of publication dal •. Products conform to 
spacifications per the terms of Texas Instruments TEXAS • 

INSTRUMENTS 

Copyright © 1988. Texas Instruments Incorporated 

~:~~:~~i~.i~:1~1i ~!:~::ti:r :1~O::~:~:t:~~ not 

11-4 POST OFFICE BOX 655012· DALLAS, TEXAS 75265 



TSC500 
SERIES 

IPI04LJ 
TTL·COMPATIBLE INPUT BUFFER 

03030. APRIL 1988 

INPUT BUFFER CELL 

FUNCTION TABLE logic symbolt 
INPUT 

A 

L 

H 

OUTPUT 

V 

L 

H 

A~V 

tThis symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A 

description 
The IPI04LJ is an input buffer that interfaces TTL input levels to CMOS internal voltage 
levels. A pull-up or pull-down terminator can be connected to the A node. 

When the input buffer is called from the engineering workstation input, the following label 
format is developed and will be captured in the design netlist: 

Label: IPI04LJ A,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

PARAMETER:!: TEST CONDITIONS TVP§ MAX UNIT 

VT Input threshold voltage 

ICC Supply current 
I - 55°C to 125°C 

VI = V,H or VIL 
10°C to 70°C 

II Input current~ VI =Vee orO 

ei Intrinsic input capacitance# 

epd Equivalent power dissipation capacitance tr = tf = 1 ns 

:j: For input voltages, V,H or VIL, see the TSC500 Series Data. 
§ Typical values are at Vee = 5 V, TA = 25°C. 
~ Total current does not include pull-up or pull-down current source. 

1.3 V 

3.57 
mA 

0.3 

±1 IlA 

4.41 pF 

2.82 pF 

# Total input capacitance is dependent on the package type and is equal to the sum of package capacitance 
and intrinsic input capacitance. 

PRODUCTION DATA docum.nts ca.llin i.f1Inwllio. 
,*rrant I. at pubUcatian d1ta. Pradueta canform tD 
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IPI04LJ 
TTL·COMPATIBLE INPUT BUFFER 

03030, APRIL 1988 

TSC500 
SERIES 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 

PAR AM- FROM TO TEST -SS·C to 12S·C O·C to 70·C 

ETER (INPUT) (OUTPUT) CONDITIONS MIN TYpt TYpt 
UNIT 

MAX MIN MAX 

tpLH 
A Y 

0.79 1.41 2.23 0.82 1.41 2.14 
ns 

tpHL 0.04 1.16 3.11 0.05 1.16 2.96 

IltpLH 0.05 0.18 0.37 0.05 0.18 0.32 
ns/pF A Y 

IltpHL 0.03 0.24 0.58 0.04 0.24 0.53 

t Typical values are at Vee = 5 V, TA = 25°e. 

11-6 
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TSC500 
SERIES 

IPI07LJ 
CMOS·COMPATIBLE INPUT BUFFER 

WITH HYSTERESIS 
D3030, APRIL 1988 

INPUT BUFFER CELL 

FUNCTION TABLE logic symbolt 
INPUT 

A 

L 

H 

OUTPUT 

Y 

L 

H 

A~Y 

tThis symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: V = A 

description 
The IPI07LJ is an input buffer that interfaces CMOS input levels to CMOS internal voltage 
levels. A pull-up or pull-down terminator can be connected to the A node. 

When the input buffer is called from the engineering workstation input, the following label 
format is developed and will be captured in the design netlist: 

Label: IPI07LJ A,V; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

PARAMETER:!: TEST CONDITIONS 

VT+ Positive-going threshold voltage 

VT- Negative-going threshold level 

Vhys Hysteresis (VT + - VT-) 

Supply current 
I-55°C to 125°C 

VI = VIH or VIL ICC 
10°C to 70°C 

II Input current~ VI = VCCorO 

Ci Intrinsic input capacitance# 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 

:1= For input voltages, V,H or V,L. see the TSC500 Series Data. 
§ Typical values are at VCC = 5 V, TA = 25°C. 
~ Total current does not include pull-up or pull-down current source. 

TYP§ MAX UNIT 

3.35 V 

1.65 V 

1.7 V 

0.82 

0.48 
mA 

±1 (.lA 

4.17 pF 

4.53 pF 

# Total input capacitance is dependent on the package type and is equal to the sum of package capacitance 
and intrinsic input capacitance. 

PROOUCTIOI DATA d ... mlnll ••• tain informati.n 
currant I. of publicltion dltl. Products conform to 
.pacificatio •• par the terml of raXl1 Instrumlnts 

:::~:~~i~.i~:I~7i ~:~::i:; :I~D::::::~:~~ not 
TEXAS ~ 

INSTRUMENlS 
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IPI07LJ 
CMOS·COMPATIBLE INPUT BUFFER 
WITH HYSTERESIS 
03030, APRIL 1988 

TSC500' 
SERIES 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 
PARAM· FROM TO TEST - 55°C to 125°C O°C to 70°C 

ETER (INPUT) (OUTPUT) CONDITIONS MIN TYpt MAX MIN TYpt MAX 
UNIT 

tpLH A Y 
1.2 1.62 2.27 1.24 1.62 2.18 

ns 
tpHL 1.39 2.06 3.31 1.42 2.06 3.13 

L\tpLH 
A Y 

0.08 0.2 0.4 0.9 0.2 0.36 
ns/pF 

L\tpHL 0.06 0.19 0.37 0.06 0.19 0.35 

t Typical values are at Vce = 5 V, TA = 25°C. 

PRODUCTIOI DATA documonts .. ntain inform.tion 
clmnt IS of publication date. Productl·conform to 
apaciflc.tlons pOr th. IIrm. of T •••• InSlrum.nts 
st.ldard wamlty. Production p'ractliling d08. not 
....... rlly Includ. t.Sllng 01 .11 paramlllrs. 

TEXAS. 
Copyright C 1988. Texas "Instruments In(:9rporated 
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TSC500 
SERIES 

IPI09LJ 
TTL·COMPATIBLE INPUT BUFFER 

WITH HYSTERESIS 
03030, APRIL 1988 

INPUT BUFFER CELL 

FUNCTION TABLE logic symbolt 
INPUT OUTPUT 

A V 
L L 

H H 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A 

description 
The IPI09LJ is an input buffer that interfaces TIL input levels to CMOS internal voltage 
levels. A pull-up or pull-down terminator can be connected to the A node. 

When the input buffer is called from the engineering workstation input, the following label 
format Is developed and will be captured in the design netlist: 

Label: IPI09LJ A,V; 

absolute maximum ratings and recommended operating conditions 
These specified as a part of the TSC500 Series Data. 

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

PARAMETER:!: TEST CONDITIONS TYP§ MAX UNIT 

VT+ Positive-going threshold voltage 

VT- Negative-going threshold level 

Vhys Hysteresis (VT + - VT-) 

ICC Supply current 
I -55°C to 125°C 

VI = VIH or VIL 
10°C to 70°C 

II Input current1l VI = VCCorO 

Ci Intrinsic input capacitance# 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 

:j: For input voltages, VIH or VIL, see the TSC500 Series Data. 
§ Typical values are at VCC = 5 V, TA = 25°C. 
11 Total current does not include pull-up or pull-down current source. 

1.6 V 

1.2 V 

0.4 V 

1.82 

0.28 
mA 

±1 J.lA 

4.22 pF 

2.43 pF 

# Total input capacitance is dependent on the package type and is equal to the sum of package capacitance 
and intrinsic input capacitance. 

PRODUCTION DATA d •• um.ntl ... tain info, ... tion -111 
currant II IJf publicltion dati. Products conform to ~ 
lpa.ifi •• tion. pa' th. ta,m. of T •••• Inst,um.ntl TEXAS 
:::::~~i~·{::1~7~ =~::i:r lil·:==~9t:~~ not INSTRUMENTS 
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POST OFFICE SOX 655012 • DAllAS, TEXAS 75265 11-9 



IPI09LJ 
TTL·COMPATIBLE INPUT BUFFER 
WITH HYSTERESIS 
D3030, APRIL 1988 

TSC500 
SERIES 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 

PARAM· FROM TO TEST -55·e to 125°C Q·e to 7Qoe 

TYpt TYpt 
--- UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN MAX MIN MAX 

tpLH 0.78 1.29 1.96 0.8 1.29 1.88 
A Y ns 

tpHL 0.2 1.77 5.06 0.22 1.77 4.79 

LltpLH 
A y 0.05 0.18 0.35 0.06 0.18 0.31 

ns/pF 
LltpHL 0.04 0.25 0.61 0.04 0.25 0.58 

t Typical values are at Vee = 5 V, TA = 25°C. 

PRODUCTIOI DATA d ••• monll.o.tlin informotio. 
curr.nt I. at pI •• ie.tian date. P"dlets confirm to 
specificatioRS p. the tar.1 of Tlx •• Instrument. TEXAS .., 

INSTRUMENlS 

Copyright @ 1988, Texas Instruments Incorporated 
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TSC500 
SERIES 

IPI11 LJ 
CMOS·COMPATIBLE INPUT CLOCK BUFFER 

D3030, APRIL 1988 

INPUT BUFFER CELL 

FUNCTION TABLE logic symbolt 
INPUT 

A 

L 

H 

OUTPUT 

Yn 
L 

H 
AlpAol 

YO 

Y1 
~--Y2 

Y3 

Y4 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Yn = A 
description 

The IPlll LJ is an input clock buffer that interfaces CMOS input levels to CMOS internal 
voltage levels. The buffer contains five internal cl09k-driver outputs that can be used to drive 
up to 3 pF (total) of interconnected loads each. A pull-up or pull-down terminator can be 
connected to the A node. 

When the input clock buffer is called from the engineering workstation input, the following 
label format is developed and will be captured in the design netlist: 

Label: IPI11 LJ A,YO,Y1 ,Y2,Y3,Y4; 

absolute maximum ratings and recommended operating conditions 
The maximum capacitive load permitted on each output is 3 pF. 

Other ratings and conditions are specified as a part of the TSC500 Series Data. 

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

PARAMETER:!: TEST CONDITIONS 

VT Input threshold voltage 

ICC Supply current 
I -55·C to 125·C 

VI = VIH or VIL I O·C to 70cC 

II Input currentll VI = VCcorO 

Ci Intrinsic input capacitance# 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 

:j: For input voltages, VIH or VIL, see the TSC500 Series Data. 
§ Typical values are at VCC = 5 V, TA = 25·C. 

TYP§ MAX UNIT 

2.5 V 

5.97 

1.17 
mA 

±1 IlA 

5.87 pF 

12.7 pF 

11 Total current does not include pull-up or pull-down current source. 
# Total input capacitance is dependent on the package type and is equal to the sum of package capacitance 

and intrinsic input capacitance. 

PRODUCTION DATA doc.mlnts.ontlin information 
currant .. of pU.IiCltiDR dati. Products conform to 
.pecifications per the tarms of Texas Instrumlnts 

=:~i~li~:I:ri =::1:;' :.~a:=::::~::~ not TEXAS ." 
INSTRUMENTS 
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IPI11 LJ 
CMOS·COMPATIBLE INPUT CLOCK BUFFER 

03030. APRIL 1988 

TSC500 
SERIES 

switching characteristics over recommended ranges of supply voltage and operating free· 
air temperature (unless otherwise noted), CL = 0 
PARAM· FROM TO TEST - 55°C to 125°C O°C to 70°C 

ETER (INPUT) (OUTPUT) CONDITIONS MIN TYpt MAX MIN TYpt MAX 
UNIT 

tpLH 
A Yn 

0.75 1.55 2.65 0.79 1.55 2.5 
ns 

tpHL 0.72 1.45 2.68 0.74 1.45 2.52 

AtpLH 
A Yn 

0.09 0.15 0.34 0.09 0.15 0.33 
ns/pF 

AtpHL 0.1 0.19 0.32 0.11 0.19 0.32 

t Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTIOI DATA d ....... II •• nt.in inform.'ion 
•• rrlft' •• of p.~li .. Ii •• dill. Prod ..... onform '0 
.paclfl •• llo •• per 'ho term. of T •••• Inltr.monll TEXAS ." 

Copyright @ 1988, Texas Instruments Incorporated 
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TSC500 
SERIES 

IPI14LJ 
TTL·COMPATIBLE INPUT CLOCK BUFFER 

03030, APRIL 1988 

INPUT BUFFER CELL 

FUNCTION TABLE logic symbolt 
INPUT 

A 

L 

H 

OUTPUT 

Yn 
L 

H 

YO 

Y1 

""'--Y2 

Y3 

Y4 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC: EQUATION: Yn = A 

description 
The IPI14W is an input clock buffer that interfaces TTL input levels to CMOS internal voltage 
levels. The buffer contains five internal clock-driver outputs that can be used to drive up to 
3 pF (total) of interconnected loads each. A pull-up or pull-down terminator can be 
connected to the A node. 

When the input clock buffer is called from the engineering workstation input, the following 
label format is developed and will be captured in the design netlist: 

Label: IPI14WA,YO,Y1,Y2,Y3,Y4; 

absolute maximum ratings and recommended operating conditions 
The maximum capacitive load permitted on each output is3 pF. 
Other ratings and conditions are speCified as a part of the TSC500 Series Data. 

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

PARAMETER* TEST CONDITIONS 

VT Input threshold voltage 

ICC Supply current 
I-55°C to 125°C 

VI = VIH or VIL 
10°C to 70°C 

II Input currentll VI = VCCorO 

Ci Intrinsic input capacitance# 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 

:1: For Input voltages, VIH or VIL, see the TSC500 ~ertes Data. 
§ Typical values are at VCC = 5 V, TA = 25°C. 

TVP§ MAX UNIT 

1.3 V 

2.92 

0.3 
rnA 

:t1 j.lA 

4.44 pF 

10.7 pF 

11 Total current does not include pull-up or pull-down current source. 
# Total input capacitance is dependent on the package type and is equal to the sum of package capacitance 

and intrinsic input capacitance. 

PRODUCTION DATA doc .......... I.i. i.formatio. 
•• rrent .1 01 publi •• llo. dlla. Produ"" cO.forilllo 
.... ili .. Ii ••• ,. lhe tar ... of T .... Inltr .... nto 
.... dord ",,,".ty. Production pr_.lng d ... III 
....... rlly i.cludo 11111 •• 01 "" pin mil .. . 

TEXAS ." 
INSTRUMENTS 

Copyright @ 1'988; 'Texas Instruments Incorp~rated 
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IPI14LJ 
TTL-COMPATIBLE INPUT CLOCK BUFFER 

03030, APRIL 1988 

TSC500 
SERIES 

switching characteristics over recommended ranges of supply voltage and operating free· 
air temperature (unless otherwise noted), CL = 0 
PARAM· FROM TO TEST - 55°C to 125°C O°C to 70°C 

ETER (INPUT) (OUTPUT) CONDITIONS MIN TVPt MAX MIN TVPt MAX 
UNIT 

tpLH 
A Yn 

0.96 2.4 4.86 1.02 2.4 4.49 

0.85 2.21 4.85 0.91 2.21 
ns 

tpHL 4.43 

~tpLH 
A Yn 

0.06 0.19 0.36 0.07 0.19 0.32 
ns/pF 

~tpHL 0.07 0.12 0.3 0.06 0.12 0.26 

t Typical values are at Vee = 5 V, TA = 25°e. 

PRODUCTION DATA d •• u .... ts _tol. Infarmotto. 
curnnt .1 of publleotl •• dot •. Products confarm to TEXAS . ." 

Copyright @ 1988. Texas Instruments In~orporated 
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TSC500 
SERIES 

3-STATE AND OPEN-DRAIN 
INPUT/OUTPUT BUFFER CELLS 

GENERAL INFORMATION 
03030, APRIL 1988 

BIDIRECTIONAL INPUT/OUTPUT BUFFER CELLS 

The TSC500 Series CMOS standard cell library provides the custom IC designer a selection of 
noninverting 3-state and open-drain input/output buffer cells that interface CMOS internal cells 
with TIL or CMOS bidirectional bus lines. The input buffer responds to either CMOS or TIL 
threshold logic levels imposed on the I/O bus regardless of the logic state of the 3-state output 
control, GZ. 

Each bidirectional I/O buffer is offered in the following options with respect to di/dt circuitry: 

CELL Y RELATIVE 
APPLICATION 

CLASS dl/dt 

IOlxxW 1 Critical path(s) only (least delay) 

IOJxxW 0.5 Can reduce GND pins by up to 25% 

IOKxxW 0.25 Can reduce GND pins by up to 45% 

IOHxxW 0.125 Can reduce GND pins by up to 60% (most delay) 

The cells are designed to actively bypass and dissipate electrostatic discharges (ESO). Guard
ring structures that provide current management techniques for the cell to recover from exposure 
to currents of up to 250 mA are employed, thereby negating the most common sources that can 
produce a latch-up condition. 

The buffers can be used with an active pull-up or pull-down terminator. When used, the terminator 
is connected to the output node. Use of a terminator ensures that the I/O will be driven to a high- or 
low-logic level thereby avoiding exposure to a high-impedance or floating condition. 

These output cells are designed to provide low-impedance drive levels for both the high- and low
logic-level states. As a result, passive resistance has been omitted in series with the, output 
transistors, Shorting a high-level output to ground or a lOW-level output to VCC will cause current 
to flow in excess of that recommended for normal operation. Therefore, it is recommended that 
outputs not be shorted directly to ground or VCC. 

The dynamic-drive capability of each buffer is specified by the delta propagation delay time 
parameters included with the switching characteristics. The delta propagation delay times provide 
a means for making direct comparisons of the various output responses to changes in capacitive 
loading. 

PROOUCTION DATA d.cumonll c.ntoin inl.rmlli.n 
currant I. of publication dati. Products conform to 
specificatlans per the terms of 'a ••• Instrumlnts 

:'~-:::~~~'{'::I~'i ~~~::i:r :.~o::~:::~~~ not 
TEXAS ." 

INSTRUMENTS 
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3-STATE AND OPEN-DRAIN 
INPUT/OUTPUT BUFFER CELLS 
GENERAL INFORMATION 
03030, APRIL 1988 

TSC500 
SERIES 

The following input/output cells are available in the TSC500 Series CMOS standard cell library: 

12·2 

3·STATE INPUT/OUTPUT BUFFER CELL SELECTION TABLE 

CELL NAME 
OUTPUT 

INPUT 
CURRENT (mA) 

THRESHOLD 
di/dt = 1 dl/dt = 0.5 dl/dt = 0.25 dl/dt = 0.125 SINK SOURCE 

IOlA1W IOJA1W IOKA1W IOHA1W 16 16 CMOS 

IOIA4W IOJA4W IOKA4W IOHA4W 16 16 TTL 
IOlB1W IOJB1W IOKB1W IOHB1W 24 16 CMOS 

IOlB4W IOJB4W IOKB4W IOHB4W 24 16 TTL 
IOlE1W IOJE1W IOKE1W IOHE1W 48 16 CMOS 

IOlE4W IOJE4W IOKE4W IOHE4W 48 16 TTL 
IOlG1W IOJG1W IOKG1W IOHG1W 64 16 CMOS 

IOlG4W IOJG4W IOKG4W IOHG4W 64 16 TTL 
IOl01W IOJ01W IOK01W IOH01W 10 10 CMOS 

IOl04W IOJ04W IOK04W IOH04W 10 10 TTL 
IOl21W IOJ21W IOK21W IOH21W 2 2 CMOS 

IOl24W IOJ24W IOK24W IOH24W 2 2 TTL 
IOl41W IOJ41W IOK41W IOH41W 4 4 CMOS 

IOl44W IOJ44W IOK44W IOH44W 4 4 TTL 
IOl61W IOJ61W IOK61W IOH61W 6 6 CMOS 

IOl64W IOJ64W IOK64W IOH64W 6 6 TTL 

OPEN·DRAIN INPUT/OUTPUT BUFFER CELL SELECTION TABLE 

CELL NAME 

dl/dt = 1 I dl/dt = 0.5 I dl/dt = 0.25 I dl/dt = 0.125 

IOIEPW I IOJEPW I IOKEPW I IOHEPW 

PRODUCTION DATA d •• umlnts •• ntlin inf.rmation 
currant as of publication datI. Products conform to 
specifications per the terms of Texi. Instruments 

~~~::~~i~I{::I~"'i ~~::i~~i:; :'~D:=:::::t:~~S not 
TEXAS ~ 

INSTRUMENTS 

OUTPUT SINK INPUT 

CURRENT (mA) THRESHOLD 

48 TTL 
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TSC500 
SERIES 

IOIA1 LJ 
16-mA 3-STATE I/O BUFFER 

WITH CMOS INPUT AND CMOS/TTL OUTPUT 

A 

L 

H 
X 
X 

D3030. APRIL 1988 

I/O BUFFER CELL 

FUNCTION TABLE logic symbolt 
INPUTS OUTPUTS 

A 
GZ Y1 

L L 

L H 
H L 

H H 

Y1 

L 

H 
Z 

Z 

Y2 

L 

H 
L 

H 

GZ----' 

V2 --.-< 
t This symbol is in accordance with ANSI/IEEE 

Std 91-1984. 

POSITIVE LOGIC EQUATIONS: Yi = A (if GZ is L) Y2 = Yi 

description 
The 10lAi LJ cell is a noninverting 3-state input-output buffer that interfaces CMOS internal 
functions with TTL or CMOS off-chip bidirectional bus lines. The input buffer responds to 
CMOS threshold levels imposed on the I/O bus regardless of the state of the output enable 
GZ. When the buffer is called from the engineering workstation input, the following label 
format is developed and will be captured in the design nellist: 

Label: lOlA 1 LJ A,GZ,Y2,Y1 ; 

A pull-up or pull-down terminator can be connected to the Yi node. 

absolute maximum ratings and recommended operating conditions 
These are specified as part of the TSC500 Series Data. 

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

TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

TYp:j: MAX TYp:j: MAX 
UNIT 

CONDITIONS MIN MIN 

VT 
iA,GZ 2.2 2.2 

V Input threshold voltage I Y1 
2.5 2.5 

VOH High-level output voltage 
10H = -16 mA 3.7 

V 
10H = -13.6 mA 3.7 

VOL LOW-level output voltage 
IOL=16mA 0.5 

V 
10L = 13.6 mA 0.5 

10Z Off-state output current Va = VCC or 0 ±10 ±5 J..lA 
ICC Supply current VI = VIH or VIL 10.6 0.49 mA 

Ci Input capacitance jY1 13.8 13.8 pF 

Cpd 
Equivalent power dissipation tr = tf = 1 ns 27.2 27.2 pF capacitance 

:j: Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTION DATA do •• ma.II ... tai. information 
current II of publicatian datI. Products conform to 
specifications per the tarms of T,xls Instruments TEXAS ." 
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10lA1LJ 
16-mA 3-STATE I/O BUFFER. 
WITH CMOS INPUT AND CMOSmL OUTPUT 
03030, APRIL 1988 

TSC500 
SERIES 

TIL SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX 

tpLH 
A Y1 RL = 00 

0.79 2.25 5.1 0.84 2.25 4.66 
ns 

tpHL 1.01 2.7 5.88 1.09 2.7 5.35 

tpZH 
GZ Y1 

RL = 1 kn to GND 0.78 2.49 5.79 0.83 2.49 5.3 
ns 

tpZL RL = 1 kn to Vee 0.97 2.58 5.58 1.04 2.58 5.08 

CL = 50 pF 
PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
A Y1 RL = 00 

0.94 2.68 6.13 0.99 2.68 5.6 
ns 

tpHL 1.5 3.76 7.96 1.61 3.76 7.22 

tpZH 
GZ Y1 

RL = 1 kn to GND 0.94 2.94 6.83 1.01 2.94 6.25 
ns 

tpZL RL = 1 knto Vee 1.47 3.69 7.78 1.58 3.69 7.06 

tpHZ 
GZ Y1 

RL = 1 kn to GND 9.41 9.41 
ns 

tpLZ RL = 1 kntoVee 9.57 9.57 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 
PARAM· FROM TO TEST - 55°C to 125°C ooe to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tltpLH 
A Y1 

0 10 30 0 10 30 
ps/pF 

tltpHL 10 30 60 10 30 50 

tltpZH 
GZ Y1 

0 10 30 0 10 30 
ps/pF 

dtpZL 10 30 60 20 30 60 

t Typical values are at VCC = 5 V, TA = 25°e. 

PRODUCTION DATA do •• montl ... t.i. i.formatio. 
current I. of publication dlt •. Preducts conform to 
specifications per the terms of TIXI. Instrumant. TEXAS ." 

Copyright @ 1988, Texas Instruments Incorporated 

:~~=:~~i~li~:1~1i ~:~~:i:r :'fD:::':::t:~~1 nDt INSTRUMENlS 
POST OFFICE BOX 655012 • DAlL.AS, TEXAS 75265 



TSC500 
SERIES 

IOIA1 LJ 
16-mA 3-STATE I/O BUFFER 

WITH CMOS INPUT AND CMOS/TTL OUTPUT 
03030, APRIL 1988 

CMOS SWITCHING CHARACTERISTICS 

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

CL = 15 pF 

PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

TYpt MAX TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN MIN 

tpLH 
A Y1 

0.92 2.6 5.8 0.97 2.6 5.3 
RL = 00 ns 

tpHL 0.9 2.36 5.23 0.96 2.36 4.75 

tpZH 
GZ Y1 

RL = 1 kO to GND 1.02 2.86 6.41 1.08 2.86 5.85 
ns 

tpZL RL = 1 kO to Vce 0.84 2.22 4.87 0.89 2.22 4.43 

CL = 50 pF 

PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

TYpt MAX TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN MIN 

tpLH 
A Y1 

1.21 3.37 7.44 1.28 3.37 6.8 
RL = 00 ns 

tpHL 1.22 3.11 6.75 1.3 3.11 6.12 

tpZH 
GZ 

RL = 1 kO to GND 1.32 3.64 8.09 1.4 3.64 7.39 
Y1 ns 

tpZL RL = 1 kO to Vee 1.19 3.01 6.51 1.27 3.01 5.91 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 
PAR AM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

atpLH 10 20 50 10 20 40 
ps/pF A Y1 

atpHL 10 20 40 10 20 40 

atpZH 
GZ 

10 20 50 10 20 40 
ps/pF Y1 

atpZL 10 20 50 10 20 40 

input switching characteristics over recommended ranges of supply voltage and operating 
free-air temperature (unless otherwise noted), CL = 0 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX 

tpLH 0.58 0.9 1.52 0.61 0.9 1.41 
Y1 Y2 ns 

tPHL 0.12 0.63 1.21 0.13 0.63 1.16 

atpLH 
Y1 Y2 

0.06 0.2 0.34 0.06 0.2 0.32 

atpHL 0.13 0.13 0.26 0.13 0.13 0.24 
ns/pF 

t Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTION DATA documenll.ontein Inform.tion 
current II of publlcltion dlte. Productl conform to 
Iplcifi .. tio.1 per t~. IIrml of TI.IS Instruments TEXAS ~ 
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TSC500 
SERIES 

IOIA4LJ 
16-mA 3-STATE I/O BUFFER 

WITH TTL INPUT AND CMOSmL OUTPUT 

A 

L 

H 

X 
X 

03030. APRIL 1988 

I/O BUFFER CELL 

FUNCTION TABLE logic symbolt 
INPUTS OUTPUTS A 

GZ Y1 

L L 

L H 

H L 

H H 

Yi 

L 

H 

Z 

Z 

Y2 

L 

H 

L 

H 

GZ----' 

Y2 ---4-< 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATIONS: Y1 = A (if GZ is L) Y2 = Y1 

description 
The 10lA4LJ cell is a non inverting 3-state input-output buffer that interfaces CMOS internal 
functions with TIL or CMOS off-chip bidirectional bus lines. The input buffer responds to 
TIL threshold levels imposed on the I/O bus regardless of the state of the output enable GZ. 
When the buffer is called from the engineering'workstation input, the following label format 
is developed and will be captured in the design netlist: 

Label: 101A4LJ A,GZ,Y2,Y1; 

A pull-up or pull-down terminator can be connected to the Y1 node. 

absolute maximum ratings and recommended operating conditions 
These are specified as part of the TSC500 Series Data. 

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

TEST - 55°C to 125°C O°C to 70°C 
PARAMETER UNIT 

CONDITIONS MIN TYP* MAX MIN TYP* MAX 

VT 
[A,GZ 2.2 2.2 

V Input threshold voltage I Yi 
1.3 1.3 

VOH High-level output voltage 
IOH = -16 rnA 3.7 

V 
IOH = -13.6 rnA 3.7 

VOL LOW-level output voltage 
IOL = 16mA 0.5 

V 
IOL = 13.6 rnA 0.5 

IOZ Off-state output current Vo = VCC or 0 ±10 ±5 fJA 
ICC Supply current VI = VIH or VIL 3.45 0.3 rnA 

Ci Input capacitance IY1 13.8 13.8 pF 

Cpd 
Equivalent power dissipation 
capacitance tr -=tf=1ns 28.2 28.2 pF 

* Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTION DATA doc.mants contlin informltion 
current IS of publicltion dl'a. Productl conform to 
specificationl par the terms of rax •• Instrumantl TEXAS ." 

Copyright @ 1988, Texas Instruments Incorporated 
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TSC500 
SERIES 

IOIA4LJ 
16-mA 3-STATE I/O BUFFER 

WITH TTL INPUT AND CMOS/TTL OUTPUT 
D3030, APRIL 1988 

TTL SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70'C 

ETER (INPUT) (OUTPUT) CONDITIONS MIN TYpt MAX TYpt MAX 
UNIT 

MIN 

tpLH 
Y1 

0.79 2.25 5.1 0.84 2.25 4.65 
A RL = ex> ns 

tpHL 1.01 2.7 5.87 1.08 2.7 5.34 

tpZH 
GZ Y1 

RL = 1 kn to GND 0.78 2.49 5.78 0.83 2.49 5.29 
ns 

tpZL RL = 1 kn to Vee 0.97 2.57 5.57 1.03 2.57 5.07 

CL = 50 pF 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN MAX 

tpLH A Y1 RL = ex> 
0.94 2.68 6.13 0.99 2.68 5.59 

ns 
tpHL 1.5 3.75 7.95 1.61 3.75 7.21 

tpZH RL = 1 kn to GND 0.94 2.94 6.83 1 2.94 6.25 
GZ Y1 ns 

tpZL RL = 1 kn to Vcc 1.47 3.68 7.77 1.58 3.68 7.05 

tpHZ 
GZ Y1 

RL = 1 kn to GND 9.41 9.41 
ns 

tpLZ RL = 1 kn to Vee 9.42 9.42 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 

PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

IltpLH 0 10 30 0 10 30 
ps/pF A Yi 

IltpHL 10 30 60 10 30 50 

IltpZH 
GZ 

0 10 30 0 10 30 
ps/pF Y1 

IltpZL 10 30 60 20 30 60 

input switching characteristics over recommended ranges of supply voltage and operating 
free-air temperature (unless otherwise noted), CL = 0 

PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX 

tpLH Y1 Y2 
0.79 1.43 2.26 0.81 1.43 2.16 

ns 
tpHL 0.05 1.18 3.15 0.06 1.18 2.99 

IltpLH 0.06 0.18 0.37 0.07 0.18 0.32 
Y1 Y2 ns/pF 

IltPHL 0.03 0.24 0.58 0.04 0.24 0.54 

t Typical values are at Vee = 5 V, TA = 25°e. 

PRODUCTION DATA documents cantain information 
currant IS of publication date. Products conform to 
specifications per thl tarms of T Ixas Instruments TEXAS ." 

Copyright @ 1988. Texas Instruments Incorporated 
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IOIA4LJ . ". , 
16-mA3-STATE I/O BUFFER , 
WITH TTL INPUT AND CMOS/TTL OUTPUT 
D3030, APRIL 1988 

CMOS SWITCHING CHARACTERISTICS 

TSC500 
SERIES 

output switching characteristic;s over recommended ranges of supply voltage and operating 
free-air temperature (unless otherwise noted) 

CL = 15 pF 
PARAM· FROM TO TEST -55°C to 125°C O°C t.o 70°C 

(OUTPUT) MIN TYpt MIN TYpt MAX 
UNIT 

ETER (INPUT) CONDITIONS MAX 

tpLH 
Y1 RL = 00 

0.92 2.6 5.79 0.97 2.6 5.3 
A 

0.95 
ns 

tPHL 0.89 2.36 5.22 2.36 4.74 

tpZH 
GZ 

RL = 1 kn to GND 1.02 2.86 6.41 1.08 2.86 5.85 
Y1 

RL = 1 kntoVee 
ns 

tpZL 0.83 2.21 4.86 0.89 2.21 4.43 

CL = 50 pF 
PARAM· FROM TO TEST -55°C to 125°C ooe to 70°C 

CONDiTIONS MIN TYpt MAX TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) MIN 

tpLH 1.21 3.37 7.44 1.28 3.37 6.81 
A Y1 RL = 00 ns 

tpHL 1.22 3.1 6.74 1.3 3.1 6.12 

tpZH 
GZ Y1 

RL = 1 kn to GND 1.32 3.65 8.09 1.4 3.65 7.39 

RL = 1 kntoVee 1.19 3.01 6.5 3.01 5.9 
ns 

tpZL 1.27 

change in propagation delay time with load capacitance over .recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX 

IltpLH 
Y1 

10 20 50 10 20 40 
ps/pF A 

IltpHL 10 20 40 10 20 40 

IltpZH 
GZ 

10 20 50 10 20 40 
ps/pF Y1 " 

10 IltpZL 20 50 10 20 40 

t Typical values are at Vee = 5 V, TA = 25°C. 

PRODUCTION DATA d.cum .. t. c.ntlln inl.rmati.n 
currant II of publication da ... Products conform ~o 
spocillcatioin, pt< thl term, .1 T .... Instrum.nts . TEXAS'" 
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TSC500 
SERIES 

IOIB1 LJ 
24-mA 3-STATE I/O BUFFER 

WITH CMOS INPUT AND CMOSmL OUTPUT 

A 

L 

H 

X 
X 

D3030, APRIL 1988 

I/O BUFFER CELL 

FUNCTION TABLE logic symbolt 
INPUTS OUTPUTS 

GZ Y1 Y1 

L L L 

L H H 

H L Z 

H H Z 

Y2 

L 

H 

L 

H 

A 

GZ----' 

Y2--+-< 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATIONS: Y1 = A (if GZ is L) Y2 = Y1 

description 
The 10lB1 W cell is a noninverting 3-state input-output buffer that interfaces CMOS internal 
functions with TIL or CMOS off-chip bidirectional bus lines. The input buffer responds to 
CMOS threshold levels imposed on the I/O bus regardless of the state of the output enable 
GZ. When the buffer is called from the engineering workstation input, the following label 
format is developed and will be captured in the design netlist: 

Label: 10lB1 W A,GZ,Y2,Y1; 

A pull-up or pull-down terminator can be connected to the Y1 node. 

absolute maximum ratings and recommended operating conditions 
These are specified as part of the TSC500 Series Data. 

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

TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

MIN TYp:j: MAX MIN TYp:j: MAX 
UNIT 

CONDITIONS 

VT 
,lA, GZ 2.2 2.2 

V Input threshold voltage IV1 
2.5 2.5 

VOH High-level output voltage 
IOH = -16 mA 3.7 

V 
IOH = -13.6 mA 3.7 

VOL LOW-level output voltage 
IOL = 24 mA 0.5 

V 
IOL = 20.4 mA 0.5 

IOZ Off-state output current Vo = VCC orO ±10 :t5 fJA 

ICC Supply current VI = VIH or VIL 10.6 0.49 mA 

Ci Input capacitance IV1 13.9 13.9 pF 

Cpd 
Equivalent power dissipation 
capacitance tr = tf = 1 ns 29.9 29.9 pF 

:J: Typical values are at VCC = 5 V, T A = 25°C. 

PRODUCTION DATA documents contain Information ~ 
current I. of publicatioR date. Preductl conform to ~ 
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IOIB1LJ 
24-mA 3-STATE I/O BUFFER 
WITH CMOS INPUT AND CMOSmL OUTPUT 
D3030, APRIL 1968 

TSC500 
SERIES 

TTL SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PARAM- FROM TO TEST ~55°e to 125°e ooe to 700 e 

MIN TYpt MAX TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN 

tpLH 
A Yl RL = 00 

0.85 2.35 5.3 0.9 2.35 4.82 

4.99 
ns 

tpHL 0.91 2.48 5.48 0.98 2.48 

tpZH 
GZ Yl 

RL = 1 k!lto GND 0.79 2.51 5.84 0.84 2.51 5.34 

RL = 1 k!l to Vce 
ns 

tpZL 0.85 2.37 5.2 0.91 2.37 4.74 

CL = 50 pF 

PARAM- FROM TO TEST ~55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX 

tpLH 0.98 2.75 6.26 1.04 2.75 5.71 
A Y1 RL = 00 ns 

tPHL 1.26 3.28 7.07 1.35 3.28 6.43 

tpZH 
GZ 

RL = 1 k!l to GND 0.95 2.97 6.88 1.01 2.97 6.3 
Yl 

RL = 1 k!l to Vee 6.88 
ns 

tpZL 1.23 3.21 1.33 3.21 6.25 

tpHZ RL = 1 k!l to GND 9.43 9.43 
GZ Yl ns 

tpLZ RL = 1 k!l to Vee 8.57 8.57 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

.MPLH 
A Yl 

0 10 30 0 10 30 
ps/pF 

~tpHL 10 20 50 10 20 40 

~tpZH 
GZ Yl 

0 10 30 0 10 30 
ps/pF 

~tpZL 10 20 50 10 20 40 

t Typical values are at Vec = 5 V, TA = 25°e. 

PRODUCTION DATA documonts contoin information 
current I' of publicatioR dlte. Products conform to 
spacifh::atioRI per the terms of TaXI. Instruments TEXAS ." 

Copyright @ 1988, Texas Instruments Incorporated 

:'~~::~~i~li~:ru7i ~=~~:i:r !i~O::~::::t:~~ not INSTRUMENTS 
12-10 POST OFfiCE BOX 855012 • DALLAS, TEXAS 75285 



TSC500 
SERIES 

IOIB1 LJ 
24-mA 3-STATE I/O BUFFER 

WITH CMOS INPUT AND CMOS/TTL OUTPUT 
03030. APRIL 1988 

CMOS SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
A Y1 RL = 00 

0.97 2.7 5.97 1.03 2.7 5.45 
ns 

tpHL 0.81 2.21 4.95 0.87 2.21 4.5 

tpZH 
GZ Y1 

RL = 1 kO to GND 1.03 2.88 6.46 1.09 2.88 5.9 

tpZL RL = 1 kOto Vee 0.77 2.08 4.62 0.82 2.08 4.21 
ns 

CL = 50 pF 

PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

ETER (INPUT) (OUTPUT) CONDITIONS MIN TYpt MAX MIN TYpt MAX 
UNIT 

tpLH 
A Y1 RL = 00 

1.24 3.44 7.56 1.32 3.44 6.91 
ns 

tpHL 1.06 2.79 6.15 1.14 2.79 5.59 

tpZH 
GZ Y1 

RL = 1 kO to GND 1.33 3.67 8.14 1.41 3.67 7.43 

RL = 1 kO to Vee 2.71 
ns 

tpZL 1.03 2.71 5.91 1.11 5.38 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

~tpLH 
A Y1 

10 20 50 10 20 40 
ps/pF 

~tpHL 10 20 30 10 20 30 

~tpZH 
GZ Y1 

10 20 50 10 20 40 
ps/pF 

~tpZL 10 20 40 10 20 30 

Input switching characteristics over recommended ranges of supply voltage and operating 
free-air temperature (unless otherwise noted), CL = 0 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 0.58 0.9 1.52 0.6 0.9 1.4 
Y1 Y2 ns 

tpHL 0.12 0.63 1.21 0.13 0.63 1.16 

~tpLH 0.06 0.2 0.34 0.07 0.2 0.33 
ps/pF Y1 Y2 

~tpHL 0.13 0.13 0.26 0.13 0.13 0.24 

t Typical values are at Vee = 5 V, TA = 25°e. 

PRODUCTION DATA dooumlnlS .onllin Information ." 
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TSC500 
SERIES 

IOIB4LJ 
24-mA 3-STATE I/O BUFFER 

WITH TTL INPUT AND CMOS/TTL OUTPUT 

A 

L 

H 

X 
X 

APRIL 1988 

I/O BUFFER CELL 

FUNCTION TABLE logic symbolt 
INPUTS OUTPUTS 

A 
GZ Y1 

L L 

L H 

H L 

H H 

Y1 

L 

H 

Z 

Z 

Y2 

L 

H 

L 

H 

GZ-----l 

Y2-..... -< 
t This symbol is in accordance with ANSI/IEEE 

Std 91-1984. 

POSITIVE LOGIC EQUATIONS: Y1 = A (if GZ is L) Y2 = Y1 

description 
The 10lB4LJ cell is a noninverting 3-state input-output buffer that interfaces CMOS internal 
functions with TIL or CMOS off-chip bidirectional bus lines. The input buffer responds to 
TIL threshold levels imposed on the I/O bus regardless of the state of the output enable GZ. 
When the buffer is called from the engineering workstation input, the following label format 
is developed and will be captured in the design netlist: 

Label: 10lB4LJ A,GZ,Y2,Y1; 

A pull-up or pull-down terminator can be connected to the Y1 node. 

absolute maximum ratings and recommended operating conditions 
These are specified as part of the TSC500 Series Data. 

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

TEST -55°C to 125°C O°C to 70°C 
PARAMi;TER 

MIN TYp:j: MAX TYp:j: MAX 
UNIT 

CONDITIONS MIN 

VT 
,IA,GZ 2.2 2.2 

V Input threshold voltage IY1 
1.3 1.3 

VOH High-level output voltage 
10H = -16mA 3.7 

V 
10H = -13.6 mA 3.7 

VOL Low-level output voltage 
10L = 24 mA 0.5 

V 
10L = 20.4 mA 0.5 

10Z Off-state output current Vo = VCCorO ±10 ±5 JJA 
ICC Supply current VI = VIH or VIL 3.45 0.3 mA 

Ci Input capacitance IY1 13.9 13.9 pF 

Cpd 
Equivalent power dissipation 
capacitance tr = tf = 1 ns 29.9 29.9 pF 

:j: Typical values are at VCC = 5 V. TA = 25°C. 

PRODUCTION DATA documlntl contain information ~ 
currant al of publication dlta. P"",,,CIS conform to llEXAS ~ 
spacificatiDns per the tarms of Texas Instruments 
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TSC500 
SERIES 

10lB4LJ 
. 24-mA 3-STATE .1/0 BUFFER 

WITH TTL INPUT AND CMOS/TTL OUTPUT 
D3030, APRIL 1988 

TTL SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

TYpt MAX TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN MIN 

tpLH 
A Y1 RL = 00 

0.85 2.35 5.3 0.9 2.35 4.82 
ns 

tpHL 0.91 2.48 5.48 0.97 2.48 4.99 

tpZH 
GZ Y1 

RL = 1 kn to GND 0.79 2.51 5.84 0.84 2.51 5.34 

RL=1kntoVee 
ns 

tpZL 0.85 2.37 5.19 0.91 2.37 4.73 

CL = 50 pF 
PARAM- FROM TO TEST -55°C to 125°C O°C to 700 e 

TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN 

tpLH 
A Y1 RL = 00 

0.98 2.75 6.25 1.04 2.75 5.7 

6.42 
ns 

tpHL 1.25 3.27 7.07 1.35 3.27 

tpZH 
GZ Y1 

RL = 1 kn to GND 0.95 2.97 6.88 1.01 2.97 6.3 

tpZL 
ns 

RL = 1 kn to Vee 1.23 3.21 6.87 1.32 3.21 6.25 

tpHZ 
GZ Y1 

RL = 1 kn to GND 9.43 9.43 
ns 

tpLZ RL = 1 kntoVee 8.57 8.57 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherWise noted) 
PARAM- FROM TO TEST -55°C to 125°C. O°C to 700e 

MIN TYpt MAX MIN TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX 

IltpLH 
Y1 

0 10 30 0 10 30 
ps/pF A 

IltpHL 10 20 50 10 20 40 

IltpZH 
GZ Y1 

0 10 30 0 10 30 
ps/pF 

IltPZL 10 20 50 10 20 40 

input switching characteristics over recommended ranges of supply voltage and operating 
free-air temperature (unless otherwise noted), CL = 0 
PARAM- FROM TO TEST -55°C to 125°C ooe to 70°C 

ETER MIN TYpt MAX MIN Tvpt 
UNIT 

(INPUT) (OUTPUT) CONDITIONS MAX 

tpLH 0.79 1.43 2.26 0.81 1.43 2.16 
Y1 Y2 ns 

tpHL 0.05 1.18 3.15 0.06 1.18 3 

IltpLH 
Y1 Y2 

0.06 0.18 0.37 0.07 0.18 0.32 
ns/pF 

IltPHL 0.03 0.24 0.58 0.04 0.24 0.53 

t Typical values are at Vee = 5 V, TA = 25°C. 

PRODUCTION DATA documantl contain information 
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IOIB4LJ 
24-mA 3-STATE I/O BUFFER 
WITH TTL INPUT AND CMOSmL OUTPUT 
03030, APRIL 1966 

CMOS SWITCHING CHARACTERISTICS 

TSC500 
SERIES 

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

CL = 15 pF 
PARAM- FROM TO TEST -55°C to 125°C QOC to 70·C 

MIN TYpt MAX MIN TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX 

tpLH A Y1 RL = 00 
0.97 2.7 5.97 1.03 2.7 5.45 

ns 
tpHL 0.81 2.21 4.95 0.87 2.21 4.49 

tpZH 
GZ Y1 

RL = 1 kn to GND 1.03 2.88 6.46 1.09 2.86 5.9 
ns 

tpZL RL = 1 kn to Vee 0.77 2.08 4.62 0.82 2.08 4.21 

CL = 50 pF 
PARAM- FROM TO TEST -55°C to 125°C DOC to 7DoC 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH A Y1 RL = 00 
1.24 3.44 7.56 1.32 3.44 6.91 

ns 
tpHL 1.06 2.79 6.15 1.14 2.79 5.59 

tPZH 
GZ Y1 

RL = 1 knto GND 1.33 3.67 8.14 1.41 3.67 7.43 

RL = 1 kntoVee 
ns 

tpZL 1.03 2.71 5.91 1.11 2.71 5.37 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 

PARAM- FROM TO TEST -55°C to 125°C DoC to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

AtpLH 
A Y1 

10 20 50 10 20 40 
ps/pF 

AtpHL 10 20 30 10 20 30 

AtpZH 
GZ Y1 

10 20 50 10 20 40 
ps/pF 

LltpZL 10 20 40 10 20 30 

t Typical values are at Vee = 5 V, T A = 25°e. 

PRODUCTION DATA dacumonls oontoin information 
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TSC500 
SERIES 

10lEPLJ 
48-mA OPEN-DRAIN I/O BUFFER WITH TTL 

INPUT WITH HYSTERESIS, AND CMOSmL OUTPUT 
03030, DECEMBER 1988 

I/O BUFFER CELL 

FUNCTION TABLE logic symbolt 
INPUTS 

A Yl 

L L 

H H 

H L 

description 

OUTPUTS 

Yl Y2 

L L 
HI: H 

L L 

A -h I"jiADJ Y1 

Y2~ 
t This symbol is in accordance with ANSI/lEEE 

Std 91-1984. 

POSITIVE LOGIC EQUATIONS: Y1 = AI: Y2 = Y1 

The 10lEPLJ is a noninverting open-drain input-output buffer that interfaces CMOS internal 
functions with TIL or CMOS off-chip terminated bus lines. The input buffer responds to TIL 
threshold levels imposed on the I/O bus when the internal A node is at a high logic level. 
When the buffer is called from the engineering workstation input, the following label format 
is developed and will be captured in the design netlist: 

Label: 10lEPLJ A,Y2,Y1 ; 

absolute maximum ratings and recommended operating conditions 
These are specified as part of the TSC500 Series Data. 

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

TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

TYP§ MAX MIN TYP§ MAX 
UNIT 

CONDITIONS MIN 

VT Input threshold voltage at A 2.2 2.2 V 

VT+ 
Positive-going threshold 

1.6 1.6 V 
level at Yl 

VT-
Negative-going threshold 

1.2 1.2 V 
level at Yl 

Vhys Hysteresis (VT + - VT _) at Yl 004 004 V 

VOL Low-level output voltage 
10L = 48 mA 0.5 

V 
10L = 40.8 mA 0.5 

loz Off-state output current Vo = VCcorO ±10 ±5 IlA 
ICC Supply current VI = VIH or VIL 6.6 1.14 mA 

Ci Input capacitance ~ 
0.59 0.59 

pF 
11.2 11.2 

Cpd 
Equivalent power dissipation 

tr = tf = 1 ns lOA lOA pF 
capacitance 

:j: With external pull-up resistor to Y2. 
§ Typical values are at V CC = 5 V, T A = 25°C. 
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IOIEPLJ TSC500 
SERIES 48-mA OPEN-DRAIN I/O BUFFER WITH TTL 

INPUT WITH HYSTERESIS, AND CMOS/TTL OUTPUT 
03030, DECEMBER 1988 

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

TTL loads, RL = 1 kO to Vee 
PARA- FROM TO TEST - SS·C to 12S·C O·C to 70·C 

UNIT 
METER (INPUT) (OUTPUT) CONDITIONS MIN TVPT MAX MIN TVPT MAX 

A Y1 
CL=15pF 0.38 1.04 2.2 0.41 1.04 2.02 

tpZL 
CL =50 pF 

ns 
0.61 1.54 3.21 0.65 1.54 2.93 

tpLZ A Y1 7.61 7.61 ns 

atpZL A Y1 10 10 30 10 10 30 ps/pF 

eM os loads, RL = 1 kO to Vee 
PARA· FROM TO TEST - SS·C to 12S·C O·C to 70·C 

METER (INPUT) (OUTPUT) CONDITIONS MIN TVPT MAX MIN TVpT MAX 
UNIT 

A Y1 
CL = 15 pF ·0.34 0:87 1.85 0.36 0.87 1.7 

tpZL 
CL = 50 pF 0.52 1.25 2.64 0.55 1.25 2.41 

ns 

atpZL A Y1 10 10 20 10 10 20 ps/pF 

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

PARA· FROM TO TEST - SS·C to 12S·C O·C t070·C 
UNIT 

METER (INPUT) (OUTPUT) CONDITIONS MIN TVPt MAX MIN TVPt MAX 

tpLH 
Y1 Y2 CL = 0 

0.78 1.29 1.97 0.8 1.29 1.89 
·4.83 

ns 
tpHL 0.21 1.79 5.05 0.22 1.79 

atpLH 0.06 0.17 0.34 0.07 0.17 0.31 
ns/pF 

atpHL 
Y1 Y2 

0.03 0.25 0.62 0.04 0.25 0.58 

t Typical values are at VCC = 5 V, TA = 25·C. 
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TSC500 
SERIES 

10lE1 LJ 
48-mA 3-STATE 1/0 BUFFER 

WITH CMOS INPUT AND CMOS/TTL OUTPUT 

A 

L 

H 

X 

X 

D3030. APRIL 1988 

I/O BUFFER CELL 

FUNCTION TABLE logic symbolt 
INPUTS OUTPUTS A 

GZ Y1 

L L 

L H 

H L 

H H 

Y1 

L 

H 

Z 
Z 

Y2 

L 

H 

L 

H 

GZ -----' 

Y2 ----<lIfo< 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATIONS: Yi = A (if GZ is L) Y2 = Yi 

description 
The 10lEi LJ cell is a noninverting 3-state input-output buffer that interfaces CMOS internal 
functions with TIL or CMOS off-chip bidirectional bus lines. The input buffer responds to 
CMOS threshold levels imposed on the I/O bus regardless of the state of the output enable 
GZ. When the buffer is called from the engineering workstation input, the following label 
format is developed and will be captured in the design netiist: 

Label: 10lEi W A,GZ,Y2,Yi; 

A pull-up or pull-down terminator can be connected to the Yi node. 

absolute maximum ratings and recommended operating conditions 
These are specified as part of the TSC500 Series Data. 

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

TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

TYp:j: MAX TYp:j: MAX 
UNIT 

CONDITIONS MIN MIN 

lA, GZ 2.2 2.2 
VT Input threshold voltage I Y1 V 

2.5 2.5 

IOH = -16 rnA 3.7 
VOH High-level output voltage V 

10H = -13.6 rnA 3.7 

10L = 48 rnA 0.5 
VOL Low-level output voltage V 

10L = 40.8 rnA 0.5 

10Z Off-state output current Vo = VCC or 0 ±10 ±5 f.lA 
ICC Supply current VI = VIH or VIL 10.6 0.49 rnA 

Ci Input capacitance IY1 15.4 15.4 pF 

Cpd 
Equivalent power dissipation 

tr = tf = 1 ns 44.3 44.3 pF capacitance 

:j: Typical values are at VCC = 5 V. T A = 25°C. 
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IOIE1 LJ 
48-mA 3-STATE I/O BUFFER 
WITH CMOS INPUT AND CMOS/TTL OUTPUT 
D3030, APRIL 1988 

TSC500 
SERIES 

TTL SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
. -.----~----.-~~----,-. _._.---,.,- . --" 

PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

TYpt TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN MAX MIN MAX 

tpLH 
Y1 

0.98 2.77 6.26 1.04 2.77 5.68 
A RL = 00 ns 

tpHL 0.8 2.23 5.06 0.85 2.23 4.6 

tpZH RL = 1 k!1 to GND 0.81 2.56 5.95 0.87 2.56 5.45 
GZ Y1 ns 

tpZL RL = 1 k!1 to Vee 0.79 2.16 4.84 0.83 2.16 4.42 

CL = 50 pF 

PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX MIN 

tpLH 
Y1 

1.09 3.08 6.99 1.16 3.08 6.35 
A RL = 00 ns 

tpHL 0.99 2.71 6.02 1.05 2.71 5.47 

tpZH RL = 1 k!1 to GND 0.97 3.01 6.99 1.03 3.01 6.4 
GZ Y1 ns 

lpZL RL = 1 k!1 to Vee 0.98 2.65 5.82 1.04 2.65 5.31 

tpHZ 
GZ Y1 

RL = 1 k!1 to GND 9.55 9.55 
ns 

tpLZ RL = 1 k!1 to Vee 9.62 9.62 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 

PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MIN Typt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX 

~tpLH 0 10 20 0 10 20 
ps/pF A Y1 

~tpHL 10 10 30 10 10 20 

~tpZH 0 10 30 0 10 30 
ps/pF GZ Y1 

~tpZL 10 10 30 10 10 30 

t Typical values are at Vec = 5 V, TA = 25°C. 
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TSC500 
SERIES 

IOIE1 LJ 
48-mA 3-STATE I/O BUFFER 

WITH CMOS INPUT AND CMOS/TTL OUTPUT 
D3030, APRIL 1988 

CMOS SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN 

tpLH 1.1 3.1 6.9 1.17 3.1 6.28 
A Y1 RL = 00 ns 

tpHL 0.75 2.05 4.68 0.79 2.05 4.26 

tpZH 
GZ Y1 

RL = 1 kD to GND 1.05 2.94 6.6 1.11 2.94 6.02 
ns 

tpZL RL=1kDtoVce 0.72 1.97 4.44 0.76 1.97 4.05 

CL = 50 pF 

PARAM- FROM TO TEST -55°C to 125°C ooe to 70°C 

MIN TYpt MAX TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN 

tpLH 
A Y1 RL = 00 

1.36 3.76 8.28 1.45 3.76 7.55 
ns 

tpHL 0.89 2.4 5.43 0.95 2.4 4.94 

tpZH 
GZ Y1 

RL = 1 kD to GND 1.35 3.73 8.27 1.44 3.73 7.55 
ns 

tpZL RL = 1 kD to Vee 0.88 2.34 5.22 0.93 2.34 4.76 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 

PARAM- FROM TO TEST -55°C to 125°C o°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

AtpLH 
A Y1 

10 20 40 10 20 40 
ps/pF 

AtpHL 0 10 20 0 10 20 

AtpZH 
GZ Y1 

10 20 50 10 20 40 
ps/pF 

AtpZL 0 10 20 0 10 20 

input switching characteristics over recommended ranges of supply volt~ge and operating 
free-air temperature (unless otherwise noted), CL = 0 

PARAM- FROM TO TEST -55°C to 125°C o°C to 70°C 

MIN TYpt MAX MIN TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX 

tpLH 0.58 0.9 1.53 0.6 0.9 1.41 
Y1 Y2 ns 

tpHL 0.12 0.63 1.21 0.13 0.63 1.16 

AtpLH 
Y2 

0.06 0.2 0.33 0.07 0.2 0.32 
Y1 ns/pF 

AtpHL 0.13 0.13 0.26 0.13 0.13 0.24 

t Typical values are at Vee = 5 V, TA = 25°C. 
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TSC500 
SERIES 

IOIE4LJ 
48-mA 3-STATE I/O BUFFER 

WITH TTL INPUT AND CMOS/TTL OUTPUT 

A 

L 

H 

X 
X 

APRIL 1988 

I/O BUFFER CELL 

FUNCTION TABLE logic symbolt 
INPUTS OUTPUTS A 

GZ Y1 

L L 

L H 

H L 

H H 

Y1 

L 

H 

Z 

Z 

Y2 

L 

H 

L 

H 

GZ----' 

Y2 ---4-< 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATIONS: Y1 = A (if GZ is L) Y2 = Y1 

description 
The 10lE4LJ cell is a noninverting 3-state input-output buffer that interfaces CMOS internal 
functions with TTL or CMOS off-chip bidirectional bus lines. The input buffer responds to 
TTL threshold levels imposed on the I/O bus regardless of the state of the output enable GZ. 
When the buffer is called from the engineering workstation input, the following label format 
is developed and will be captured in the design netlist: 

Label: 10lE4LJ A,GZ,Y2,Y1 ; 

A pull-up or pull-down terminator can be connected to the Y1 node. 

absolute maximum ratings and recommended operating conditions 
These are specified as part of the TSC500 Series Data. 

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

TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

MIN TYP* MAX TYp:j: 
UNIT 

CONDITIONS MIN MAX 

VT 
IA,GZ 2.2 2.2 

V Input threshold voltage IY1 
1.3 1.3 

VOH High-level output voltage 
IOH = -16 rnA 3.7 

V 
10H = -13.6 rnA 3:7 

VOL Low-level output voltage 
10L = 48 rnA 0.5 

V 
10L = 40.8 rnA 0.5 

10Z Off-state output current Vo = VCC or 0 ±10 ±5 (JA 

ICC Supply current VI = VIH or VIL 3.45 0.3 rnA 

Ci Input capacitance IY1 15.4 15.4 pF 

Cpd 
Equivalent power dissipation 
capacitance tr = tf = 1 ns 45.2 45.2 pF 

:j: Typical values are at VCC = 5 V, TA = 25°C. 
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TSC500 
SERIES 

IOIE4LJ 
48-mA 3-STATE I/O BUFFER 

WITH TTL INPUT AND CMOS/TTL OUTPUT 
D3030, APRIL 1988 

TTL SWITCHING CHARACTERISTICS 

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

CL = 15 pF 

PAR AM- FROM TO TEST -55°C to 125°C O°C to 70°C 

TYpt MAX MIN TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN MAX 

tpLH 0.98 2.77 6.26 1.04 2.77 5.68 
A Y1 RL = 00 ns 

tpHL 0.8 2.24 5.07 0.85 2.24 4.61 

tpZH RL = 1 k!lto GND 0.81 2.56 5.95 0.87 2.56 5.45 
GZ Y1 

RL = 1 k!l to Vee 2.16 
ns 

tpZL 0.79 4.83 0.83 2.16 4.41 

CL = 50 pF 

PARAM- FROM TO TEST -55°C to 125°C ooe to 700 e 

TYpt MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN MAX 

tpLH 1.09 3.08 6.99 1.16 3.08 6.35 
A Y1 RL = 00 ns 

tpHL 0.99 2.7 6.01 1.05 2.7 5.47 

tpZH 
GZ 

RL = 1 k!l to GND 0.97 3.01 6.99 1.03 3.01 6.4 
Y1 

RL = 1 k!l to Vee 
ns 

tpZL 0.98 2.65 5.81 1.04 2.65 5.3 

tpHZ 
GZ 

RL = 1 k!l to GND 9.55 9.55 
Y1 

RL = 1 k!l to Vee 
ns 

tpLZ 9.62 9.62 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

AtpLH 0 10 20 0 iO 20 
ps/pF A Y1 

AtpHL 10 10 30 10 10 20 

.MpZH 
GZ 

0 10 30 0 10 30 
ps/pF Y1 

.MpZL 10 10 30 10 10 30 

input switching characteristics over recommended ranges of supply voltage and operating 
free-air temperature (unless otherwise noted), CL = 0 
PARAM- FROM TO TEST '-55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX 

tpLH 0.79 1.43 2.26 0.83 1.43 2.16 
Y1 Y2 ns 

tpHL 0.05 1.18 3.15 0.06 1.18 3 

LltpLH 0.05 0.18 0.37 0.05 0.18 0.32 
ns/pF Y1 Y2 

LltpHL 0.03 0.24 0.58 0.04 0.24 0.53 

t Typical values are at Vee = 5 V, TA = 25°e. 
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IOIE4LJ 
48-mA 3-STATE I/O BUFFER 
WITH TIL INPUT AND CMOS/TIL OUTPUT 
D3030, APRIL 1988 

CMOS SWITCHING CHARACTERISTICS 

TSC500 
SERIES 

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

CL = 15 pF 

PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN 

tPLH 
A Y1 RL = 00 

1.1 3.1 6.9 1.17 3.1 6.27 
ns 

tpHL 0.75 2.04 4.69 0.79 2.04 4.26 

tpZH 
GZ Y1 

RL = 1 kO to GND 1.05 2.94 6.6 1.11 2.94 6.02 
ns 

tpZL RL = 1 kO to Vce 0.72 1.96 4.44 0.76 1.96 4.05 

CL = 50 pF 

PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

ETER (INPUT) (OUTPUT) CONDITIONS MIN TYpt MAX MIN TYpt MAX 
UNIT 

tpLH 
A Y1 

1.36 3.77 8.28 1.45 3.77 7.55 
RL = 00 ns 

tpHL 0.89 2.4 5.43 0.95 2.4 4.94 

tpZH 
GZ Y1 

RL = 1 kOto GND 1.35 3.73 8.27 1.44 3.73 7.55 

RL = 1 kOto Vce 0.88 5.22 0.93 
ns 

tpZL 2.34 2.34 4.75 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 
PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

AtPLH 10 20 40 10 20 40 
ps/pF A Yl 

AtpHL 0 10 20 0 10 20 

AtpZH 
GZ Yl 

10 20 50 10 20 40 
ps/pF 

AtpZL 0 10 20 0 10 20 

t Typical values are at Vee = 5 V, TA = 25°C. 
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TSC500 
SERIES 

IOIG1LJ 
54-rnA 3-STATE I/O BUFFER 

WITH CMOS INPUT AND CMOSmL OUTPUT 

A 

L 

H 

X 

X 

03030. APRIL 1988 

I/O BUFFER CELL 

FUNCTION TABLE logic symbolt 
INPUTS OUTPUTS 

A 
GZ Y1 

L L 

L H 

H L 

H H 

Y1 

L 

H 

2 

2 

Y2 

L 

H 

L 

H 

GZ--....l 

Y2 - ......... f-< 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATIONS: Y1 = A (if GZ is L) Y2 = Y1 

description 
The 10lG1 LJ cell is a noninverting 3-state input-output buffer that interfaces CMOS internal 
functions with TTL or CMOS off-chip bidirectional bus lines. The input buffer responds to 
CMOS threshold levels imposed on the I/O bus regardless of the state of the output enable 
GZ. When the buffer is called from the engineering workstation input, the following label 
format is developed and will be captured in the design netlist: 

Label: IOlG1 LJ A,GZ,Y2,Y1 ; 

A pull-up or pull-down terminator can be connected to the Y1 node. 

absolute maximum ratings and recommended operating conditions 
These are specified as part of the TSC500 Series Data. 

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

TEST - 55°e to 125°e ooe to 70°C 
UNIT PARAMETER 

TYpt: MAX TYpt: MAX CONDITIONS MIN MIN 

.IA,G2 2.2 2.2 
V VT Input threshold voltage I Y1 

2.5 2.5 

10H = -16mA 3.7 
V VOH High-level output voltage 

10H = -13.6 mA 3.7 

10L = 64mA 0.5 
V VOL Low-level output voltage 

10L = 54.4 mA 0.5 

102 Off-state output current Va = VCC orO ±10 ±5 JlA 
ICC Supply current VI = VIH or VIL 10.1 0.49 mA 

Ci Input capacitance TY1 16.6 16.6 pF 

Cpd 
Equivalent power dissipation 

tr = tf = 1 ns 55.6 55.6 pF capacitance 

:I: Typical values are at VCC = 5 V, TA = 25°C. 
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IOIG1LJ 
64-rnA 3-STATE I/O BUFFER 
WITH CMOS INPUT AND CMOS/TTL OUTPUT 
03030, APRIL 1988 

TSC500 
SERIES 

TTL SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX MIN 

tpLH 
A 

1.06 3.09 7.05 1.13 3.09 6.39 
Yl RL = 00 ns 

tpHL 0.79 2.21 5.06 0.84 2.21 4.6 

tpZH 
GZ 

RL = 1 kn to GND 0.83 2.6 6.03 0.88 2.6 5.52 
Yl ns 

tpZL RL = 1 kn to Vee 0.78 2.16 4.85 0.82 2.16 4.43 

CL = 50 pF 
PARAM- FROM TO TEST -55°C to 125°C poc to 70°C 

MIN TYpt MAX TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN 

tpLH 
A Y1 RL = 00 

1.18 3.38 7.7 1.26 3.38 7 
ns 

tPHL 0.94 2.59 5.83 1 2.59 5.31 

tpZH 
GZ Yl 

RL = 1 kn to GND 0.98 3.05 7.07 1.05 3.05 6.46 

RL = 1 kntoVee 
ns 

tpZL 0.94 2.54 5.64 0.99 2.54 5.14 

tpHZ 
GZ Yl 

RL = 1 knto GND 9.63 9.63 

RL = 1 kntoVee 
ns 

tpLZ 10.17 10.17 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwIse noted) 
PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX 

L1tpLH 0 10 20 0 10 20 
ps/pF A Y1 

L1tPHL 0 10 20 0 10 20 

L1tpZH 0 10 30 0 10 30 
ps/pF GZ Yl 

L1tpZL 0 10 20 0 10 20 

t Typical values are at Vee = 5 V, TA = 25°e. 

PRODUCTION DATA do.umonts ••• Ioi. i.l.rmolio •. 
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TSC500 
SERIES 

IOIG1LJ 
54-rnA 3-STATE I/O BUFFER 

WITH CMOS INPUT AND CMOS/TTL OUTPUT 
D3030, APRIL 1988 

CMOS SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
Yl RL = 00 

1.2 3.42 7.69 1.27 3.42 6.98 
A ns 

tpHL 0.74 2.05 4.73 0.78 2.05 4.3 

tpZH 
GZ Yl 

RL = 1 kO to GND 1.07 2.98 6.69 1.13 2.98 6.11 
ns 

tpZL RL = 1 kO to Vee 0.72 1.98 4.51 0.76 1.98 4.11 

CL = 50 pF 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

TYpt MIN TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN MAX MAX 

tpLH 1.45 4.06 8.99 1.54 4.06 8.19 
A Yl RL = 00 ns 

tpHL 0.86 2.34 5.35 0.91 2.34 4.86 

tpZH 
GZ Yl 

RL = 1 kO to GND 1.37 3.77 8.36 1.45 3.77 7.63 
ns 

tpZL RL = 1 kO to VCC 0.85 2.29 5.15 0.89 2.29 4.69 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

UNIT 
ETER (INPUT) (OUTPUT) CONDITIONS MIN TYpt MAX MIN TYpt MAX 

AtpLH 10 20 40 10 20 30 
ps/pF A Y1 

AtpHL 0 10 20 0 10 20 

AtpZH 
GZ Y1 

10 20 50 10 20 40 
ps/pF 

AtpZL 0 10 20 0 10 20 

input switching characteristics over recommended ranges of supply voltage and operating 
free-air temperature (unless otherwise noted), CL = 0 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX 

tpLH 
Y2 

0.57 0.91 1.53 0.6 0.91 1.42 
Yl ns 

tpHL 0.12 0.63 1.21 0.13 0.63 1.16 

AtpLH 0.07 0.19 0.32 0.08 0.19 0.3 
ns/pF Yl Y2 

AtpHL 0.13 0.13 0.26 0.13 0.13 0.24 

t Typical values are at Vee = 5 V, TA = 25°e. 
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TSC500 
SERIES 

IOIG4LJ 
54-rnA 3-STATE I/O BUFFER 

WITH TTL INPUT AND CMOSmL OUTPUT 

A 

L 

H 

X 
X 

APRIL 1988 

I/O BUFFER CELL 

FUNCTION TABLE logic symbolt 
INPUTS OUTPUTS A 

GZ Y1 

L L 

L H 

H L 

H H 

Y1 

L 

H 

Z 

Z 

Y2 

L 

H 

L 

H 

GZ-----' 

y2-....... K 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATIONS: Y1 = A (if GZ is L) Y2 = Y1 

description 
The 10lG4LJ cell is a noninverting 3-state input-output buffer that interfaces CMOS internal 
functions with TTL or CMOS off-chip bidirectional bus lines. The input buffer responds to 
TTL threshold levels imposed on the I/O bus regardless of the state of the output enable GZ. 
When the buffer is called from the engineering workstation input, the following label format 
is developed and will be captured in the design netlist: 

Label: 10lG4LJ A,GZ,Y2,Y1; 

A pull-up or pull-down terminator can be connected to the Y1 node. 

absolute maximum ratings and recommended operating conditions 
These are specified as part of the TSC500 Series Data. 

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

TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

MIN TYp:j: MAX MIN TYp:j: MAX 
UNIT 

CONDITIONS 

VT 
.IA,GZ 2.2 2.2 

V Input threshold voltage IY1 
1.3 1.3 

VOH High-level output voltage 
IOH = -16mA 3.7 

V 
IOH = -13.6 mA 3.7 

VOL Low-level output voltage 
IOL = 64 mA 0.5 

V 
IOL = 54.4 mA 0.5 

IOZ Off-state output current Vo = VCCorO ±10 ±5 lolA 
ICC Supply current VI = VIH or VIL 3.45 0.3 mA 

Ci Input capacitance IY1 16.6 16.6 pF 

Cpd 
Equivalent power dissipation 
capacitance tr=tf=1ns 56.6 56.6 pF 

:j: Typical values are at VCC = 5 V, TA = 25°C. 
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TSC500 
SERIES 

IOIG4LJ 
54-rnA 3-STATE I/O BUFFER 

WITH TTL INPUT AND CMOS/TTL OUTPUT 
D3030, APRIL 1988 

TTL SWITCHING CHARACTERISTICS 

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

CL = 15 pF 

PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

TYpt MAX TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN MIN 

tpLH 
A Y1 RL = 00 

1.05 3.09 7.04 1.12 3.09 6.39 
ns 

tpHL 0.79 2.22 5.07 0.84 2.22 4.61 

tpZH 
GZ 

RL = 1 kD to GND 0.82 2.6 6.03 0.88 2.6 5.52 
Y1 ns 

tpZL RL = 1 kD to Vee 0.78 2.15 4.86 0.82 2.15 4.43 

CL = 50 pF 

PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN TYpt MAX MIN TYpt MAX 

tpLH 
A Y1 

1.17 3.38 7.7 1.25 3.38 7 
RL = 00 ns 

tpHL 0.94 2.59 5.83 1 2.59 5.31 

tpZH 
GZ 

RL = 1 kD to GND 0.98 3.05 7.07 1.04 3.05 6.46 
Y1 ns 

tPZL RL = 1 kDtoVee 0.94 2.54 5.65 0.99 2.54 5.15 

tpHZ 
GZ 

RL = 1 kD to GND 9.63 9.63 
Y1 ns 

tpLZ RL = 1 kDtoVee 10.17 10.17 

change in propagation delay time with load capacitance over reccmmended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 

PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX 

fltpLH 0 10 20 0 10 20 
ps/pF A Y1 

fltpHL 0 10 20 0 10 20 

fltpZH 0 10 30 0 10 30 
GZ Y1 ps/pF 

fltpZL 0 10 20 0 10 20 

input switching characteristics over recommended ranges of supply voltage and operating 
free-air temperature (unless otherwise noted), CL = 0 

PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

TYpt MAX TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN MIN 

tpLH 0.79 1.43 2.26 0.82 1.43 2.16 
Y1 Y2 ns 

tpHL 0.05 1.18 3.15 0.06 1.18 3 

fltpLH 
Y1 

0.05 0.18 0.37 0.05 0.18 0.32 
ns/pF Y2 

fltpHL 0.03 0.24 0.58 0.04 0.24 0.53 

tTypical values are at Vee = 5 V, TA = 25°e. 
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IOIG4LJ 
64-rnA 3-STATE I/O BUFFER 
WITH TTL INPUT AND CMOS/TTL OUTPUT 
03030, APRIL 1988 

CMOS SWITCHING CHARACTERISTICS 

TSC500 
SERIES 

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

CL = 15 pF 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

ETER (INPUT) (OUTPUT) CONDITIONS MIN TYpt MIN TYpt MAX 
UNIT 

MAX 

tpLH 
A Vi RL = 00 

1.18 3.42 7.69 1.26 3.42 6.98 

tpHL 0.74 2.04 4.73 0.78 2.04 4.3 
ns 

tpZH 
GZ Vi 

RL = 1 kfi to GND 1.07 2.98 6.69 1.13 2.98 6.11 

RL = 1 kfitoVee 
ns 

tpZL 0.72 1.98 4.51 0.76 1.98 4.11 

CL = 50 pF 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

ETER (OUTPUT) MIN TYpt MAX MIN TYpt MAX 
UNIT 

(INPUT) CONDITIONS 

tpLH 
A Vi 

1.44 4.06 9 1.53 4.06 8.19 

tpHL 
RL = 00 

0.86 2.34 5.34 0.91 2.34 4.86 
ns 

tpZH 
GZ Vi 

RL = 1 kfi to GND 1.37 3.77 8.36 1.45 3.77 7.63 
ns 

tpZL RL = 1 kfi to Vee 0.85 2.29 5.15 0.9 2.29 4.68 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MIN TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX MAX 

litpLH 
A Vi 

10 20 40 10 20 30 
ps/pF 

litpHL 0 10 20 0 10 20 

litpZH 
GZ Vi 

10 20 50 10 20 40 
ps/pF 

litpZL 0 10 20 0 10 20 

t Typical values are at Vee = 5 V, TA = 25°e. 
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TSC500 
SERIES 

10101LJ 
10-mA 3-STATE I/O BUFFER 

WITH CMOS INPUT AND CMOS/TTL OUTPUT 

A 

L 

H 

X 

X 

1/0 BUFFER CELL 

FUNCTION TABLE logic symbolt 
INPUTS OUTPUTS 

A 
GZ Y1 

L L 

L H 

H L 

Y1 

L 

H 

Z 

Y2 

L 

H 

L 

GZ-----l 

Y2 --<III-< 

APRIL 1988 

H H Z H t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. ' 

POSITIVE LOGIC EQUATIONS: Y1 = A (if GZ is L) Y2 = Y1 

description 
The 10101 LJ cell is a noninverting 3-state input-output buffer that interfaces CMOS internal 
functions with TIL or CMOS off-chip bidirectional bus lines. The input buffer responds to 
CMOS threshold levels imposed on the I/O bus regardless of the state of the output enable 
GZ. When the buffer is called from the engineering workstation input, the following label 
format is developed and will be captured in the design netlist: 

Label: 10101 LJ A,GZ,Y2,Y1; 

A pull-up or pull-down terminator can be connected to the Y1 node. 

absolute maximum ratings and recommended operating conditions 
These are specified as part of the TSC500 Series Data. 

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

TEST -SS·C to 12SoC O·C to 70°C 
PARAMETER 

TYp:j: TYp:j: MAX 
UNIT 

CONDITIONS MIN MAX MIN 

.IA,GZ 2.2 2.2 
V VT Input threshold voltage I Y1 

2.5 2.5 

IOH = -10mA 3.7 
V VOH High-level output voltage 

10H = -8.5 mA 3.7 

IOL=10mA 0.5 
VOL LOW-level output voltage V 

10L = 8.5 mA 0.5 

10Z Off-state output current Vo = VCC or 0 ±10 ±5 ~ 

ICC Supply current VI = VIH or VIL 10.7 0.49 mA 

Ci Input capacitance IY1 13.8 13.8 pF 

Cpd 
Equivalent power dissipation 

tr = tf = 1 ns 21.4 21.4 pF capacitance 

:j: Typical values are at VCC = 5 V, TA = 25°C. 

PROOUCTION OATA documents co,;tlin informltion 
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10101 LJ 
10-rnA 3-STATE I/O BUFFER 
WITH CMOS INPUT AND CMOSmL OUTPUT 
03030, APRIL 1988 

TSC500 
SERIES 

TTL SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TVPt MAX MIN TVPt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
A Y1 RL = 00 

0.83 2.27 5.12 0.88 2.27 4.67 
ns 

tPHL 1.23 3.15 6.76 1.31 3.15 6.14 

tpZH 
GZ Y1 

RL = 1 kn to GND 0.83 2.53 5.82 0.88 2.53 5.33 

RL = 1 kn to Vee 
ns 

tpZL 1.2 3.08 6.61 1.28 3.08 6 

CL = 50 pF 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TVPt MAX MIN TVPt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
A Y1 RL = 00 

1.04 2.9 6.59 1.1 2.9 6.02 
ns 

tpHL 2 4.78 9.91 2.14 4.78 8.98 

tPZH GZ Y1 
RL = 1 kn to GND 1.04 3.17 7.32 1.11 3.17 6.7 

RL = 1 kn to Vee 1.99 4.77 9.92 2.13 8.97 
ns 

tpZL 4.77 

tpHZ 
GZ Y1 

RL = 1 kn to GND 9.89 9.89 

RL = 1 kn to Vee 8.86 
ns 

tpLZ 8.86 

change In propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 

PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TVPt MAX MIN TVPt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

MpLH 
A Y1 

10 20 40 10 20 40 
ps/pF 

totPHL 20 50 90 20 50 80 

totpZH 
GZ Y1 

10 20 40 10 20 40 
ps/pF 

totpZL 20 50 90 20 50 80 

t Typical values are at Vee = 5 V, TA = 25°e. 
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TSC500 
SERIES 

IOI01LJ 
10-mA 3-STATE I/O BUFFER 

WITH CMOS INPUT AND CMOSmL OUTPUT 
03030, APRIL 1988 

CMOS SWITCHING CHARACTERISTICS 

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

CL = 15 pF 

PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
Y1 

1.01 2.77 6.08 1.07 2.77 5.56 
A RL = 00 ns 

tPHL 1.04 2.67 5.85 1.1 2.67 5.32 

tpZH 
GZ 

RL = 1 kn to GND 1.12 3.04 6.73 1.19 3.04 6.15 
Y1 

RL = 1 knto VCC 
ns 

tpZL 1 2.57 5.6 1.06 2.57 5.1 

CL = 50 pF 
PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN 

.tpLH 
A Y1 

1,46 3.94 8.56 1.56 3.94 7.83 
RL = 00 ns 

tpHL 1.54 3.79 8.11 1.65 3.79 7.35 

tpZH 
GZ Y1 

RL = 1 kn to GND 1.59 4.24 9.29 1.69 4.24 8,49 

RL = 1 kn to VCC 
ns 

tpZL 1.53 3.74 7.97 1.63 3.74 7.23 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free·air temperature (unless otherwise noted) 
PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

AtPLH 
A Y1 

10 30 70 10 30 60 
ps/pF 

AtpHL 10 30 60 20 30 60 

AtpZH 
GZ Y1 

10 30 70 10 30 70 
ps/pF 

AtpZL 10 30 70 20 30 60 

Input switching characteristics over recommended ranges of supply voltage and operating 
free·air temperature (unless otherwise noted), CL = 0 
PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MIN TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX MAX 

tpLH 0.58 0.9 1.52 0.61 0.9 1,41 
Y1 Y2 

1.16 
ns 

tpHL 0.12 0.63 1.21 0.13 0.63 

AtpLH 0.06 0.2 0.34 0.06 0.2 0.32 
ns/pF Y1 Y2 

AtpHL 0.13 0.13 0.26 0.13 0.13 0.24 

t Typical values are at VCC = 5 V, T A = 25°C. 
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TSC500 
SERIES 

. .IOI04LJ 
10-rilA 3-STATE I/O BUFFER 

WITH TTL INPUT AND CMOSmL OUTPUT 

A 

L 

H 

X 

X 

APRIL 1988 

1/0 BUFFER CELL 

FUNCTION TABLE logic symbolt 
INPUTS OUTPUTS 

A 
GZ Y1 

L L 

L H 

H L 

H H 

Y1 

L 

H 

Z 

Z 

Y2 

L 

H 

L 

H 

GZ-_...J 

Y2 --<11K 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATIONS: Y1 = A (if GZ is L) Y2 = Y1 

description 
The 10l04LJ cell is a noninverting 3-state input-output buffer that interfaces CMOS internal 
functions with TIl.:. or CMbs off-chip bidirectional bus lines. The input buffer responds to 
TIL threshold levels imposed on the I/O bus regardless of the state of the output enable GZ. 
When the buffer is called from the engineering workstation input, the following label format 
is developed and wiil be captured in the design netlist: 

Label: 10l04LJ A,GZ,Y2,Y1 ; 

A pull-up or pull-down terminator can be connected to the Y1 node. 

absolute maximum ratings and recommended operating conditions 
These are specified as part of the TSC500 Series Data. 

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

TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

TYP; MAX TYP; MAX 
UNIT 

CONDITIONS MIN MIN 

Vr 
! IA GZ 2.2 2.2 

Input threshold voltage I Y; 
1.3 1.3 

V 

VOH High-level output voltage 
10H = -10 rnA 3.7 

10H = -8.5 rnA 
V 

3.7 

VOL LOW-level output voltage 
lOt. = 10 rnA 0.5 

V 
10L == 8.5 rnA 0.5 

10Z Off-state outPllt current Va = VCC orO ±10 ±5 I-lA 
ICC Supply current VI = VIH or VIL 3.45 0.3 rnA 

Ci Input capacitance IY1 13.8 13.8 pF 

Cpd 
Equivalent power dissipation 
capacitance. tr =tf=1ns 22.4 22.4 pF 

; Typical values are at VCC = 5 V, T A = 25°C. 
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TSC500 
SERIES 

IOI04LJ 
10-mA 3-STATE I/O BUFFER 

WITH TTL INPUT AND CMOS/TLL OUTPUT 
D3030. APRIL 1988 

TTL SWITCHING CHARACTERISTICS 

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

CL = 15 pF 

PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 0.83 2.27 5.12 0.88 2.27 4.67 
A Y1 RL = 00 ns 

tpHL 1.22 3.14 6.75 1.31 3.14 6.13 

tpZH 
GZ Y1 

RL = 1 kll to GND 0.83 2.53 5.82 0.88 2.53 5.33 

RL = 1 kll to Vee 
ns 

tpZL. 1.19 3.07 6.6 1.28 3.07 5.99 

CL = 50 pF 

PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX 

tpLH 
A Y1 RL = 00 

1.04 2.9 6.59 1.1 2.9 6.02 
ns 

tpHL 2 4.77 9.89 2.14 4.77 8.97 

tpZH 
GZ 

RL = 1 kll to GND 1.04 3.17 7.33 1.11 3.17 6.7 
Y1 

RL = 1 kllto Vee 
ns 

tpZL 1.99 4.76 9.9 2.13 4.76 8.96 

tpHZ 
GZ Y1 

RL = 1 kllto GND 9.89 9.89 
ns 

tpLZ RL = 1 kllto Vee 8.85 8.85 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 
PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX 

AtpLH 10 20 40 10 20 40 
ps/pF A Y1 

AtpHL 20 50 90 20 50 80 

AtpZH 
GZ 

10 20 40 10 20 40 
ps/pF Y1 

AtpZL 20 50 90 20 50 80 

input switching characteristics over recommended ranges of supply voltage and operating 
free-air temperature (unless otherwise noted), CL = 0 
PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 0.79 1.43 2.26 0.82 1.43 2.16 
Y1 Y2 ns 

tpHL 0.05 1.18 3.15 0.06 1.18 3 

AtPLH 0.06 0.18 0.37 0.06 0.18 0.32 
ns/pF Y1 Y2 

0.24 0.58 0.04 0.24 0.53 AtpHL 0.03 

t Typical values are at Vec = 5 V, TA = 25°e. 
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IOI04LJ 
10-mA 3-STATE I/O BUFFER 
WITH TTL INPUT AND CMOS/TTL OUTPUT 
D3030. APRIL 1988 

CMOS SWITCHING CHARACTERISTICS 

TSC500 
SERIES 

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

CL = 15 pF 

PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

ETER (INPUT) (OUTPUT) CONDITIONS MIN TYpt MAX MIN TYpt MAX 
UNIT 

tpLH 
A Y1 RL = 0::> 

1.01 2.77 6.08 1.07 2.77 5.56 
ns 

tpHL 1.04 2.66 5.85 1.1 2.66 5.31 

tpZH 
GZ Y1 

RL = 1 k!1 to GND 1.12 3.04 6.73 1.19 3.04 6.15 
ns 

tpZL RL = 1 k!1to Vee 1 2.56 5.6 1.06 2.56 5.09 

CL = 50 pF 

PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
A Y1 RL = 0::> 

1.47 3.95 8.56 1.56 3.95 7.84 
ns 

tpHL 1.54 3.78 8.1 1.65 3.78 7.35 

tpZH 
GZ 

RL = 1 k!1to GND 1.59 4.24 9.3 1.69 4.24 8.49 
Y1 ns 

tpZL RL = 1 k!1 to Vee 1.53 3.73 7.97 1.63 3.73 7.22 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 
PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

AtpLH 
A Y1 

10 30 70 10 30 70 
ps/pF 

AtpHL 10 30 60 20 30 60 

AtpZH 
GZ Y1 

10 30 70 10 30 70 
ps/pF 

AtpZL 10 30 70 20 30 60 

t Typical values are at Vee = 5 V, TA = 25°e. 
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TSC500 
SERIES 

10I21LJ 
2-mA 3-STATE I/O BUFFER 

WITH CMOS INPUT AND CMOS/TTL OUTPUT 

A 

L 

H 

X 
X 

D3030. APRIL 1988 

I/O BUFFER CELL 

FUNCTION TABLE logic symbolt 
INPUTS OUTPUTS 

A 
GZ Y1 

L L 

L H 

H L 

H H 

Y1 

L 

H 

Z 

Z 

Y2 

L 

H 

L 

H 

GZ--~ 

Y2--+-< 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATIONS: Y1 = A (if GZ is L) Y2 = Y1 

description 
The 10121 LJ cell is a noninverting 3-state input-output buffer that interfaces CMOS internal 
functions with TTL or CMOS off-chip bidirectional bus lines. The input buffer responds to 
CMOS threshold levels imposed on the I/O bus regardless of the state of the output enable 
GZ. When the buffer is called from the engineering workstation input, the following label 
format is developed and will be captured in the design netlist: 

Label: 10121 LJ A,GZ,Y2,Y1; 

A pull-up or pull-down terminator can be connected to the Y1 node. 

absolute maximum ratings and recommended operating conditions 
These are specified as part of the TSC500 Series Data. 

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

TEST -55°C to 125°C O°C to 700e 
PARAMETER 

TYp:I: MAX TYp:I: 
UNIT 

CONDITIONS MIN MIN MAX 

VT 
,IA,GZ 2.2 2.2 

V Input threshold voltage I Y1 
2.5 2.5 

VOH High-level output voltage 
10H = -2 mA 3.7 

V 
10H = -1.6 mA 3.7 

VOL Low-level output voltage 
10L = 2 rnA 0.5 

V 
10L = 1.6 rnA 0.5 

10Z Off-state output current Va = VCC or 0 ±10 ±5 JJA 
ICC Supply current VI = VIH or VIL 10.7 0.49 mA 

Ci Input capacitance IY1 13.8 13.8 pF 

Cpd 
Equivalent power dissipation 

tr = tf = 1 ns 17.2 17.2 pF capacitance 

:I: Typical values are at VCC = 5 V, TA = 25°C. 
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10I21LJ 
2-mA 3-STATE I/O BUFFER 
WITH CMOS INPUT AND CMOS/TTL OUTPUT 
D3030, APRIL 1988 

TSC500 
SERIES 

TTL SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
A Y1 RL = 00 

1.46 4.07 9.24 1.55 4.07 8.46 
ns 

tPHL 3.58 8.34 16.93 3.86 8.34 15.32 

tpZH 
GZ 

RL "" 1 kn to GND 1.47 4.43 10.47 1.56 4.43 9.54 
Y1 

RL = 1 kntoVee 9.15 3.99 9.15 18.01 
ns 

tpZL 3.7 20.4 

CL = 50 pF 
PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
A Y1 RL = 00 

2.41 6.98 15.99 2.56 6.98 14.66 
ns 

tpHL 7.4 16.25 31.93 7.97 16.25 28.82 

tpZH 
GZ Y1 

RL = 1 knto GND 2.41 7.47 17.92 2.57 7.47 16.34 

tpZL RL = 1 kn to Vee 7.7 18.18 40.09 8.33 18.111 35.14 
ns 

tpHZ 
GZ Y1 

RL = 1 kn to GND 15.76 15.76 

RL = 1 kn to Vee 12.56 
ns 

tpLZ 12.56 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free·air temperature (unless otherwise noted) 

PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX 

~tpLH 
A 

30 80 190 30 80 180 
ps/pF Y1 

~tpHL 110 230 430 120 230 390 

~tpZH 
GZ Y1 

30 90 210 30 90 190 
ps/pF 

~tpZL 110 260 560 120 260 490 

t Typical values are at Vee = 5 V. T A = 25°e. 
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10I21lJ TSC500 
SERIES . 2-mA 3-STATE I/O BUFFER 

WITH CMOS INPUT AND CMOS/TTl OUTPUT 
D3030, APRIL 1988 

CMOS SWITCHING CHARACTERISTICS 

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

CL = 15 pF 

PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

ETER (INPUT) (OUTPUT) CONDITIONS MIN TYpt MAX TYpt MAX 
UNIT 

MIN 

tPLH A 
2.4 6.23 13.26 2.55 6.23 12.15 

Y1 RL = ex> ns 
tpHL 2.59 6.28 13.23 2.78 6.28 11.99 

tpZH 
GZ 

RL = 1 kD to GND 2.54 6.92 15.85 2.7 6.92 14.33 
Y1 ns 

tpZL RL = 1 kD to Vee 2.62 6.56 14.47 2.82 6.56 12.96 

CL = 50 pF 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN 

tpLH 
A Y1 RL = ex> 

4.69 12.04 25.31 5 12.04 23.24 
ns 

tpHL 5.01 11.48 23.48 5.4 11.48 21.21 

tpZH 
GZ Y1 

RL = 1 kD to GND 4.86 13.31 30.59 5.19 13.31 27.61 

RL = 1 kD to Vee 
ns 

tpZL 5.11 12.19 26.45 5.51 12.19 23.55 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 

PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

~tpLH 70 170 340 70 170 320 
ps/pF A Y1 

~tpHL 70 150 290 70 150 260 

~tpZH 
GZ Y1 

70 180 420 70 180 380 
ps/pF 

~tpZL 70 160 340 80 160 300 

input switching characteristics over recommended ranges of supply voltage and operating 
free-air temperature (unless otherwise noted), CL = 0 

PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 0.58 0.9 1.52 0.6 0.9 1.41 
Y1 Y2 

1.16 
ns 

tpHL 0.12 0.63 1.21 0.13 0.63 

~tpLH 
Y1 Y2 

0.06 0.2 0.34 0.07 0.2 0.32 
ns/pF 

~tpHL 0.13 0.13 0.26 0.13 0.13 0.24 

t Typical values are at VCC = 5 V, TA = 25°C. 
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TSC500 
SERIES 

10I24LJ 
2-mA 3-STATE I/O BUFFER 

WITH TTL INPUT AND CMOS/TTL OUTPUT 

A 

L 

H 

X 

X 

D3030, APRIL 1988 

I/O BUFFER CELL 

FUNCTION TABLE logic symbolt 
INPUTS 

GZ V1 

L L 

L H 

H L 

H H 

OUTPUTS 

V1 V2 

L L 

H H 

Z L 

Z H 

A 

GZ---' 

Y2-...... < 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATIONS: Y1 = A (if GZ is L) Y2 = Y1 

description 
The 10124LJ cell is a noninverting 3-state input-output buffer that interfaces CMOS internal 
functions with TTL or CMOS off-chip bidirectional bus lines. The input buffer responds to 
TTL threshold levels imposed on the I/O bus regardless of the state of the output enable GZ. 
When the buffer is called from the engineering workstation input, the following label format 
is developed and will be captured in the design netlist: 

Label: 10124LJ A,GZ,Y2,Y1; 

A pull-up or pull-down terminator can be connected to the Y1 node. 

absolute maximum ratings and recommended operating conditions 
These are specified as part of the TSC500 Series Data. 

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

TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

TVP:(: TVP:(: MAX 
UNIT 

CONDITIONS MIN MAX MIN 

VT 
IA,GZ 2.2 2.2 

V Input threshold voltage I Vl 
1.3 1.3 

VOH High-level output voltage 
10H = -2mA 3.7 

V 
10H = -1.6mA 3.7 

VOL Low-level output voltage 
10L = 2 rnA 0.5 

V 
10L = 1.6 rnA 0.5 

10Z Off-state output current Vo = Vee or 0 ±10 ±5 !lA 
lee Supply current VI = VIH or VIL 3.45 0.3 rnA 

ei Input capacitance IVl 13.8 13.8 pF 

Cpd 
Equivalent power dissipation 
capacitance tr = tf = 1 ns 17.8 17.8 pF 

:j: Typical values are at Vee = 5 V, TA = 25°e. 
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TSC500 
SERIES 

10I24LJ 
2-mA 3-STATE I/O BUFFER 

WITH TTL INPUT AND CMOS/TTL OUTPUT 
D3030, APRIL 1988 

TTL SWITCHING CHARACTERISTICS 

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

CL = 15 pF 

PARAM- FROM TO TEST -55°C to 125°C DOC to 7DoC 

TYpt MAX TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN MIN 

tpLH 
A Y1 

1.46 4.07 9.24 1.55 4.07 8.45 
RL = 00 ns 

tpHL 3.57 8.3 16.84 3.84 8.3 15.24 

tpZH 
GZ 

RL = 1 kn to GND 1.47 4.43 10.47 1.56 4.43 9.54 
Y1 ns 

tpZL RL = 1 kn to Vee 3.68 9.1 20.27 3.98 9.1 17.89 

CL = 50 pF 

PARAM- FROM TO TEST -55°C to 125°C DOC to 7DoC 

ETER (INPUT) (OUTPUT) CONDITIONS TYpt MAX MIN TYpt MAX 
UNIT 

MIN 

tpLH 
A 

2.41 6.98 15.99 2.56 6.98 14.66 
Y1 RL = 00 ns 

tpHL 7.39 16.21 31.84 7.96 16.21 28.74 

tpZH 
GZ Y1 

RL = 1 kn to GND 2.41 7.47 17.93 2.57 7.47 16.34 
ns 

tpZL RL = 1 knto Vce 7.69 18.1439.96 8.32 18.14 35.03 

tpHZ 
GZ Y1 

RL = 1 knto GND 15.74 15.74 

RL = 1 knto Vec 
ns 

tpLZ 12.57 12.57 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 
PARAM- FROM TO TEST -55°C to 125°C DOC to 7DOC 

ETER (INPUT) (OUTPUT) CONDITIONS MIN TYpt MAX MIN TYpt 
UNIT 

MAX 

lltpLH 
A Y1 

30 80 190 30 80 180 
ps/pF 

lltpHL 110 230 430 120 230 390 

lltpZH 
GZ Y1 

30 90 210 30 90 190 
ps/pF 

lltpZL 110 260 560 120 260 490 

input switching characteristics over recommended ranges of supply voltage and operating 
free-air temperature (unless otherwise noted), CL = 0 
PARAM· FROM TO TEST -55°C to 125°C DOC to 7DoC 

MIN Typt MAX MIN TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX 

tpLH 
Y1 Y2 

0.79 1.43 2.26 0.81 1.43 2.16 
ns 

tpHL 0.05 1.18 3.15 0.06 1.18 2.99 

lltpLH 
Y1 Y2 

0.06 0.18 0.37 0.07 0.18 0.32 
ns/pF 

lltpHL 0.03 0.24 0.58 0.04 0.24 0.54 

t Typical values are at Vec = 5 V, TA = 25°C. 
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10I24LJ 
2-mA 3-STATE I/O BUFFER . 
WITH TTL INPUT AND CMOS/TTL OUTPUT 
D3030. APRIL 1988 

CMOS SWITCHING CHARACTERISTICS 

TSC500 
SERIES 

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

CL = 15 pF 

PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

CONDITIONS Typt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) MIN 

tpLH 2.41 6.25 13 .. 3 2.57 6.25 12.19 
A Yl RL = 00 ns 

tpHL 2.59 6.26 13.2 2.77 6.26 11.96 

tpZH 
GZ 

RL = 1 kUto GND 2.55 6.94 15.91 2.71 6.94 14.38 
Yl 

RL = 1 kU to Vee 
ns 

tpZL 2.61 6.54 14.44 2.81 6.54 12.92 

CL = 50 pF 
PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

TYpt MAX TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN MIN 

tpLH 4.7 12.07 25.38 5.01 12.07 23.29 
A Y1 RL = 00 ns 

tpHL 5.01 11.46 23.45 5.39 11.46 21.18 

tpZH 
GZ 

RL = 1 kU to GND 4.87 13.34 30.66 5.2 13.34 27.68 
Y1 ns 

tpZL RL = 1 kU to Vee 5.11 12.17 26.41 5.51 12.17 23.51 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free·air temperature (unless otherwise noted) 

PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX 

L'ltpLH 70 170 350 70 170 320 
ps/pF A Yl 

L'ltpHL 70 150 290 70 150 260 

L'ltpZH 70 180 420 70 180 380 
ps/pF GZ Y1 

L'ltpZL 70 160 340 70 160 300 

t Typical values are at Vee = 5 V. TA = 25°e. 
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TSC500 
SERIES 

10141 LJ 
4-mA 3-STATE I/O BUFFER 

WITH CMOS INPUT AND CMOS/TTL OUTPUT 

A 

L 

H 

X 

X 

D3030, APRIL 1988 

I/O BUFFER CELL 

FUNCTION TABLE logic symbolt 
INPUTS OUTPUTS A 

GZ Y1 

L L 

L H 

H L 

H H 

Y1 

L 

H 

Z 

Z 

Y2 

L 

H 

L 

H 

GZ--~ 

Y2-+-C 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATIONS: Y1 = A (if GZ is L) Y2 = Y1 

description 
The 10141 LJ cell is a noninverting 3-state input-output buffer that interfaces CMOS internal 
functions with TTL or CMOS off-chip bidirectional bus lines. The input buffer responds to 
CMOS threshold levels imposed on the I/O bus regardless of the state of the output enable 
GZ. When the buffer is called from the engineering workstation input, the following label 
format is developed and will be captured in the design netlist: 

Label: 10141 LJ A,GZ,Y2,Y1 ; 

A pull-up or pull-down terminator can be connected to the Y1 node. 

absolute maximum ratings and recommended operating conditions 
These are specified as part of the TSC500 Series Data. 

electrical characteristics over recommended ranges of supply vOltage and operating free
air temperature (unless otherwise noted) 

TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

MIN TYp:j: MAX TYp:j: MAX 
UNIT 

CONDITIONS MIN 

VT 
!A,GZ 2.2 2.2 

Input threshold voltage I Y1 V 
2.5 2.5 

VOH High-level output voltage 
10H = -4mA 3.7 

V 
10H = -3.4 rnA 3.7 

VOL Low-level output voltage 
10L = 4 rnA 0.5 

V 
10L = 3.4 rnA 0.5 

10Z Off-state output current Vo = VCC orO ±10 ±5 J-lA 

ICC Supply current VI = VIH or VIL 11.3 0.49 rnA 

Ci Input capacitance IY1 13.8 13.8 pF 

Cpd 
Equivalent power dissipation 
capacitance tr = tf = 1 ns 17.6 17.6 pF 

:j: Typical values are at VCC = 5 V, TA = 25°C. 
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10141 LJ 
4-mA 3-STATE I/O BUFFER 
WITH CMOS INPUT AND CMOS/TTL OUTPUT 
03030, APRIL 1988 

TSC500 
SERIES 

TTL SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

ETER (INPUT) (OUTPUT) CONDITIONS MIN TYpt TYpt 
UNIT 

MAX MIN MAX 

tpLH 
A Y1 

1.06 2.88 6.47 1.12 2.88 5.91 
RL = 00 ns 

tpHL 2.11 5.11 10.6 2.27 5.11 9.61 

tpZH 
GZ Y1 

RL = 1 k!1 to GND 1.06 3.15 7.27 1.13 3.15 6.64 
ns 

tpZL RL = 1 k!1 to Vee 2.12 5.25 11.17 2.28 5.25 10.05 

CL = 50 pF 
PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

TYpt MAX Typt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN MIN 

tpLH 1.53 4.34 9.86 1.62 4.34 9.02 
A Y1 RL = 00 ns 

tpHL 4.02 9.06 18.11 4.32 9.06 16.37 

tpZH 
GZ 

RL = 1 k!1 to GND 1.54 4.65 10.82 1.64 4.65 9.89 
Y1 ns 

tpZL RL = 1 k!1 to Vee 4.08 9.46 19.6 4.39 9.46 17.54 

tpHZ 
GZ 

RL = 1 k!1to GND 11.65 11.65 
Y1 ns 

tpLZ RL = 1 k!1 to Vee 10.28 10.28 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 

PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

AtpLH 10 40 100 10 40 90 
ps/pF A Y1 

AtpHL 50 110 210 60 110 190 

AtpZH 
GZ 

10 40 100 10 40 90 
ps/pF Y1 

AtpZL 60 120 240 60 120 210 

t Typical values are at VCC = 5 V, TA = 25°e. 
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TSC500 
SERIES 

10I41LJ 
4-mA 3-STATE I/O BUFFER 

WITH CMOS INPUT AND CMOS/TTL OUTPUT 
D3030. APRIL 1988 

CMOS SWITCHING CHARACTERISTICS 

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

CL = 15 pF 

PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN Typt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX 

tpLH 1.51 3.98 8.54 1.6 3.98 7.82 
A Y1 RL = 00 ns 

tpHL 1.63 4.05 8.66 1.74 4.05 7.86 

tpZH 
GZ Y1 

RL = 1 k!l to GND 1.63 4.33 9.54 1.73 4.33 8.69 

RL = 1 k!l to Vce 
ns 

tpZL 1.61 4.06 8.79 1.73 4.06 7.94 

CL = 50 pF 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN 

tpLH 
A Y1 RL = 00 

2.64 6.87 14.55 2.82 6.87 13.34 
ns 

tpHL 2.85 6.67 13.86 3.05 6.67 12.54 

tpZH 
GZ Y1 

RL = 1 k!l to GND 2.79 7.37 16.12 2.97 7.37 14.69 

RL = 1 k!lto Vee ns 
tpZL 2.85 6.79 14.36 3.06 6.79 12.92 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free·air temperature (unless otherwise noted) 
PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

~tpLH 
A Y1 

30 80 170 30 80 160 
ps/pF 

~tpHL 30 80 150 40 80 130 

~tpZH 
GZ Y1 

30 90 190 40 90 170 
ps/pF 

~tpZL 40 80 160 40 80 140 

input switching characteristics over recommended ranges of supply voltage and operating 
free·air temperature (unless otherwise noted), CL = 0 
PAR AM· FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX 

tpLH 
Y1 Y2 

0.58 0.9 1.52 0.6 0.9 1.4 
ns 

tpHL 0.12 0.63 1.21 0.13 0.63 1.16 

~tpLH 
Y1 Y2 

0.06 0.2 0.34 0.07 0.2 0.33 
ns/pF 

~tpHL 0.13 0.13 0.26 0.13 0.13 0.24 

t Typical values are at VCC = 5 V. TA = 25°C. 
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TSC500 
SERIES 

10I44LJ 
4-mA 3-STATE I/O BUFFER 

WITH TTL INPUT AND CMOSmL OUTPUT 

A 

L 

H 

X 

X 

D3030, APRIL 1988 

1/0 BUFFER CELL 

FUNCTION TABI,...E logic symbolt 
INPUTS OUTPUTS 

A 
GZ Y1 

L L 

L H 

H L 

H H 

Y1 

L 

H 

Z 

Z 

Y2 

L 

H 

L 

H 

GZ----' 

Y2---oiIIK 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATIONS: Y1 = A (if GZ is L) Y2 = Y1 

description 
The 10144LJ cell is a noninverting 3-state input-output buffer that interfaces CMOS internal 
functions with TIL or CMOS off-chip bidirectional bus lines. The input buffer responds to 
TIL threshold levels imposed on the I/O bus regardless of the state of the output enable GZ. 
When the buffer is called from the engineering workstation input, the following label format 
is developed and will be captured in the design netlist: 

Label: 10144LJ A,GZ,Y2,Y1 ; 

A pull-up or pull-down terminator can be connected to the Y1 node. 

absolute maximum ratings and recommended operating conditions 
These are specified as part of the TSC500 Series Data. 

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

TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

TYp:j: MAX MIN TYp:j: MAX 
UNIT 

CONDITIONS MIN 

VT 
.IA. GZ 2.2 2.2 

Input threshold voltage I Y1 
1.3 

V 
1.3 

VOH High-level output voltage 
10H = -4mA 3.7 

10H = -3.4 mA 
V 

3.7 

VOL LOW-level output voltage 
10L = 4 mA 0.5 

V 
10L = 3.4 mA 0.5 

10Z Off-state output current Va = VCC orO ±10 ±5 IJA 

ICC Supply current VI = VIH or VIL 3.45 0.3 mA 

Ci Input capacitance IY1 13.8 13.8 pF 

Cpd 
Equivalent power dissipation tr = tf = 1 ns 18.3 18.3 pF capacitance 

:j: Typical values are at VCC = 5 V, T A = 25°C. 
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TSC500 
SERIES 

10I44LJ 
4-mA 3-STATE I/O BUFFER 

WITH TTL INPUT AND CMOS/TTL OUTPUT 
D3030, APRIL 1988 

TTL SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN 

tpLH 1.06 2.88 6.47 1.12 2.88 5.91 
A Y1 RL = 00 ns 

tpHL 2.1 5.09 10.56 2.26 5.09 9.58 

tpZH RL = 1 kD. to GND 1.06 3.15 7.26 1.13 3.15 6.64 
GZ Y1 ns 

tpZL RL = 1 kD. to Vee 2.11 5.23 11.12 2.27 5.23 10.01 

CL = 50 pF 
PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

UNIT 
ETER (INPUT) (OUTPUT) CONDITIONS MIN TYpt MAX MIN TYpt MAX 

tpLH 1.53 4.34 9.85 1.62 4.34 9.02 
A Y1 RL = 00 ns 

tpHL 4.01 9.04 18.07 4.32 9.04 16.34 

tpZH 
GZ 

RL = 1 kD. to GND 1.54 4.65 10.82 1.64 4.65 9.89 
Y1 ns 

tpZL RL = 1 kD. to Vee 4.07 9.44 19.55 4.39 9.44 17.49 

tpHZ 
Y1 

RL = 1 kD. to GND 11.65 11.65 
GZ ns 

tpLZ RL = 1 kD. to Vee 10.28 10.28 

change in. propagation delay time With. load capacitance over recommended ranges of 
supply voltage and operating free·air temperature (unless otherwise noted) 

PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX 

~tpLH 10 40 100 10 40 90 
ps/pF A Y1 

~tpHL 50 110 210 60 110 190 

~tpZH 10 40 100 10 40 90 
GZ Y1 ps/pF 

~tpZL 60 120 240 60 120 210 

input switching characteristics over recommended ranges of supply voltage and operating 
free·air temperature (unless otherwise noted), CL = 0 

PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN TYpt MAX MIN TYpt MAX 

tpLH 
Y1 Y2 

0.79 1.43 2.26 0.81 1.43 2.16 
ns 

tpHL 0.05 1,18 3.15 0.06 1.18 2.99 

~tpLH 
Y1 Y2 

0.06 0.18 0.37 0.07 0.18 0.32 
ns/pF 

~tpHL 0.03 0.24 0,58 0.04 0.24 0.54 

t Typical values are at Vee = 5 V, TA = 25°e. 
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10I44LJ 
4-mA 3-STATE I/O BUFFER 
WITH TTL INPUT AND CMOS/TTL OUTPUT 
03030, APRIL 1988 

CMOS SWITCHING CHARACTERISTICS 

TSC500 
SERIES 

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

CL = 15 pF 

PARAM- FROM TO TEST -55°C to 125°C DOC to 7D"C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
Yl RL = 00 

1.51 3.99 8.55 1.61 3.99 7.83 
A ns 

tpHL 1.62 4.04 8.65 1.73 4.04 7.85 

tpZH 
GZ Yl 

RL = 1 k!l to GND 1.64 4.34 9.56 1.74 4.34 8.71 

RL = 1 k!l to Vee 
ns 

tpZL 1.61 4.05 8.78 1.72 4.05 7.93 

CL = 50 pF 
PARAM· FROM TO TEST -55°C to 125°e DoC to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
A Yl RL = 00 

2.65 6.88 14.57 2.83 6.88 13.36 
ns 

tpHL 2.84 6.67 13.84 3.05 6.67 12.53 

tpZH 
GZ Y1 

RL = 1 k!l to GND 2.79 7.38 16.15 2.97 7.38 14.71 

RL = 1 k!l to Vee 
ns 

tpZL 2.85 6.79 14.34 3.06 6.79 12.91 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 
PARAM- FROM TO TEST -55°C to 125°C DoC to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

AtpLH 
Y1 

30 80 170 30 80 160 
ps/pF A 

80 80 130 AtpHL 30 150 40 

AtpZH 
GZ Y1 

30 90 190 40 90 170 
ps/pF 

AtpZL 40 80 160 40 80 140 

t Typical values are at Vee = 5 V, TA = 25°e. 
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TSC500 
SERIES 

10I61LJ 
6-mA 3-STATE I/O BUFFER 

WITH CMOS INPUT AND CMOS/TTL OUTPUT 

A 

L 

H 

X 

X 

D3030, APRIL 1988 

I/O BUFFER CELL 

FUNCTION TABLE logic symbolt 
INPUTS OUTPUTS A 

GZ Y1 Y1 

L L L 

L H H 

H L 2 

H H 2 

Y2 

L 

H 

L 

H 

GZ----' 

Y2--.-< 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATIONS: Y1 = A (if GZ is L) Y2 = Y1 

description 
The 10161 LJ cell is a noninverting 3-state input-output buffer that interfaces CMOS internal 
functions with TIL or CMOS off-chip bidirectional bus lines. The input buffer responds to 
CMOS threshold levels imposed on the I/O bus regardless of the state of the output enable 
GZ. When the buffer is called from the engineering workstation input, the following label 
format is developed and will be captured in the design netlist: 

Label: 10161 LJ A,GZ,Y2,Y1 ; 

A pull-up or pull-down terminator can be connected to the Y1 node. 

absolute maximum ratings and recommended operating conditions 
These are specified as part of the TSC500 Series Data. 

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

TEST -SS·C to 12S·C O·C to 70·C 
PARAMETER 

TYp:I: MAX TYp:I: MAX 
UNIT 

CONDITIONS MIN MIN 

.IA,G2 2.2 2.2 
VT Input threshold voltage I Y1 V 

2.5 2.5 

VOH High-level output voltage 
10H = -6mA 3.7 

V 
10H = -S.1 mA 3.7 

VOL Low-level output voltage 
10L = 6 mA O.S 

V 
10L = S.1 mA O.S 

102 Off-state output current Va = VCC orO ±10 ±5 ~ 

ICC Supply current VI = VIH or VIL 10.7 0.49 mA 

Ci Input capacitance IY1 13.8 13.8 pF 

Cpd 
Equivalent power dissipation tr = tf = 1 ns 18.S 18.S pF capacitance 

:I: Typical values are at VCC = S V, T A = 2S·C. 
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10161 LJ 
6-rnA 3-STATE I/O BUFFER 
WITH CMOS INPUT AND CMOSmL OUTPUT 
03030, APRIL 1988 

TSC500 
SERIES 

TIL SWITCHING·CHARACTERISTICS 

output switching characteristics over recommended ranges of supply voltage and operating 
free-air temperature (l!nless otherwise noted) 

CL = 15 pF 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

ETER (INPUT) (OUTPUT) CONDITIONS MIN TYpt MIN TYrt MAX 
UNIT 

MAX 

tpLH 
A Y1 RL = 00 

0.93 2.51 5.63 0.98 2.51 5.14 
ns 

tpHL 1.62 4.01 8.43 1.73 4.01 7.65 

tpZH 
GZ Y1 

RL = 1 kn to GND 0.93 2.77 6.36 0.99 2.77 5.81 
ns 

tpZL RL = 1 kn to Vee 1.61 4.02 8.53 1.72 4.02 7.72 

CL = 50 pF 

PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN 

tpLH 1.25 3.5 7.94 1.32 3.5 7.26 
A Y1 RL = 00 

6.66 13.5 3.1 6.66 12.21 
ns 

tpHL 2.89 

tpZH RL = 1 kn to GND 1.26 3.78 8.74 1.34 3.78 7.99 
GZ Y1 ns 

tpZL RL = 1 knto Vee 2.9 6.79 13.99 3.12 6.79 12.59 

tpHZ 
GZ 

RL = 1 kn to GND 10.09 10.09 
Y1 ns 

tpLZ RL = 1 kn to Vee 9.59 9.59 

change in propagation delay time with load capacitanoe over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) . . 

PARArJi- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

~tpLH 
A Y1 

10 30 70 10 30 60 
ps/pF 

~tpHL 40 80 140 40 80 130 

~tpZH 
GZ Y1 

10 30 70 10 30 60 
ps/pF 

LltpZL 40 80 160 40 80 140 

t Typical values are at Vee = 5 V, TA = 25°e. 
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TSC500 
SERIES 

10161 LJ 
6-mA 3-STATE 1/0 BUFFER 

WITH CMOS INPUT AND CMOS/TTL OUTPUT 
D3030, APRIL 1988 

CMOS SWITCHING CHARACTERISTICS 

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

CL=15pF 

PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

TYpt MAX Typt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN MIN MAX 

tpLH 1.22 3.27 7.07 1.3 3.27 6.47 
A Y1 RL = 00 ns 

tpHL 1.3 3.27 7.07 1.38 3.27 6.42 

tpZH RL = 1 kD to GND 1.34 3.56 7.83 1.42 3.56 7.15 
GZ Y1 ns 

tpZL RL = 1 kDtoVee 1.27 3.22 6.98 1.36 3.22 6.32 

CL = 50 pF 

PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

TYpt MAX TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN MIN 

tpLH 1.98 5.2 11.1 2.11 5.2 10.17 .. 
A Y1 RL = 00 ns 

tpHL 2.12 5.05 10.62 2.27 5.05 9.62 

tpZH RL = 1 kD to GND 2.11 5.56 12.1 2.24 5.56 11.05 
GZ Y1 ns 

tpZL RL = 1 kDtoVee 2.11 5.06 10.7 2.26 5.06 9.66 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 

PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MIN TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX MAX 

~tpLH 20 60 120 20 60 110 
ps/pF A Y1 

~tpHL 20 50 100 30 50 90 

~tpZH 20 60 120 20 60 110 
ps/pF GZ Y1 

~tpZL 20 50 110 30 50 100 

input switching characteristics over recommended ranges of supply voltage and operating 
free-air temperature (unless otherwise noted), CL = 0 

PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

TYpt TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN MAX MIN 

tpLH 0.58 0.9 1.52 0.6 0.9 1.4 
Y1 Y2 ns 

tpHL 0.12 0.63 1.21 0.13 0.63 1.16 

~tpLH 0.06 0.2 0.34 0.07 0.2 0.33 
ns/pF Y1 Y2 

~tpHL 0.13 0.13 0.26 0.13 0.13 0.24 

t Typical values are at Vee = 5 V, TA = 25°e. 
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TSC500 
SERIES 

10164LJ 
6-mA 3-STATE I/O BUFFER 

WITH TTL INPUT AND CMOS/TTL OUTPUT 

A 

L 

H 

X 

X 

D3030, APRIL 1988 

I/O BUFFER CELL 

FUNCTION TABLE logic symbolt 
INPUTS OUTPUTS A 

GZ Y1 

L L 

L H 

H L 

H H 

Y1 

L 

H 

Z 

Z 

Y2 

L 

H 

L 

H 

GZ--...J 

Y2--+-< 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATIONS: Y1 = A (if GZ is L) Y2 = Y1 

description 
The 10164LJ cell is a noninverting 3-state input-output buffer that interfaces CMOS internal 
functions with TTL or CMOS off-chip bidirectional bus lines. The input buffer responds to 
TTL threshold levels imposed on the I/O bus regardless ofthe state ofthe output enable GZ. 
When the buffer is called from the engineering workstation input, the following label format 
is developed and will be captured in the design netlist: 

Label: 10164LJ A,GZ,Y2,Y1; 

A pull-up or pull-down termlnator can be connected to the Y1 node. 

absolute maximum ratings and recommended operating conditions 
These are specified as part of the TSC500 Series Data. 

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

TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

TYp:t: MAX TYp:t: 
UNIT 

CONDITIONS MIN MIN MAX 

VT 
IA,GZ 2.2 2.2 

V Input threshold voltage I Y1 
1.3 1.3 

VOH High-level output voltage 
IOH = -6 mA 3.7 

V 
IOH = -5.1 mA 3.7 

VOL Low-level output voltage 
IOL = 6 mA 0.5 

V 
IOL = 5.1 mA 0.5 

10Z Off-state output current Vo = VCC or a ±10 ±5 fJA 

ICC Supply current VI = VIH or VIL 3.45 0.3 mA 

Ci Input capacitance IY1 13.8 13.8 pF 

Cpd 
Equivalent power dissipation 

tr = tf = 1 ns 19.1 19.1 pF capacitance 

:j: Typical values are at VCC = 5 V, TA = 25°C. 
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TSC500 
SERIES 

10I64LJ 
6-mA 3-STATE I/O BUFFER 

WITH TTL INPUT AND CMOS/TTL OUTPUT 
D3030, APRIL 1988 

TTL SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PARAM- FROM TO TEST -55°C to 125°C ooe to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 0.93 2.51 5.63 0.98 2.51 5.14 
A Yl RL = co ns 

tpHL 1.61 4 8.41 1.72 4 7.64 

tpZH 
GZ 

RL = 1 kll to GND 0.93 2.77 6.36 0.99 2.77 5.81 
Yl ns 

tpZL RL = 1 kll to Vee 1.6 4.01 8.51 1.71 4.01 7.7 

CL = 50 pF 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

ETER (INPUT) (OUTPUT) CONDITIONS MIN TYpt MAX MIN TYpt MAX 
UNIT 

tpLH 
A Yl RL = co 

1.25 3.5 7.93 1.32 3.5 7.26 
ns 

tpHL 2.88 6.65 13.46 3.1 6.65 12.19 

tpZH 
GZ 

RL = 1 kll to GND 1.26 3.78 8.74 1.34 3.78 7.99 
Yl ns 

tpZL RL = 1 kll to Vee 2.9 6.78 13.95 3.11 6.78 12.56 

tpHZ 
GZ Yl 

RL = 1 kll to GND 10.09 10.09 
ns 

tpLZ RL = 1 klltoVce 9.59 9.59 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 

PARAM- FROM TO TEST -55°C to 125°C ooe to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

LltpLH 10 30 70 10 30 60 
ps/pF A Yl 

LltpHL 40 80 140 40 80 130 

LltpZH 10 30 70 10 30 60 
ps/pF GZ Yl 

40 80 160 40 80 140 LltpZL 

input switching characteristics over recommended ranges of supply voltage and operating 
free-air temperature (unless otherwise noted), CL = 0 

PARAM- FROM TO TEST -55°C to 125°C DOC to 7DoC 

MIN TYpt MAX MIN TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX 

tpLH 0.79 1.43 2.26 0.81 1.43 2.16 
Yl Y2 ns 

tpHL 0.05 1.18 3.15 0.06 1.18 2.99 

LltpLH 0.06 0.18 0.37 0.07 0.18 0.32 
ns/pF Yl Y2 

0.54 LltpHL 0.03 0.24 0.58 0.04 0.24 

t Typical values are at Vee = 5 V, TA = 25°e. 
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10I64LJ 
6-rnA 3-STATE I/O BUFFER 
WITH TTL INPUT AND CMOS/TTL OUTPUT 
03030, APRIL 1988 

CMOS SWITCHING CHARACTERISTICS 

TSC500 
SERIES 

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

CL = 15 pF 

PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

TYpt TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN MAX MIN 

tpLH 1.23 3.27 7.08 1.3 3.27 6.47 
A Y1 RL = 00 ns 

tpHL 1.3 3.26 7.06 1.38 3.26 6.42 

tpZH 
GZ Y1 

RL = 1 ka to GND 1.34 3.57 7.84 1.42 3.57 7.15 

RL = 1 kato Vce 
ns 

tpZL 1.27 3.22 6.97 1.35 3.22 6.32 

CL = 50 pF 

PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 1.98 5.21 11.11 2.11 5.21 10.18 
A Y1 RL = 00 ns 

tpHL 2.12 5.05 10.61 2.26 5.05 9.61 

tpZH RL = 1 ka to GND 2.11 5.57 12.12 2.25 5.57 11.06 
GZ Y1 

RL = 1 kato VCC 5.06 10.69 2.26 9.66 
ns 

tpZL 2.11 5.06 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free·air temperature (unless otherwise noted) 
PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MIN TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX MAX 

AtpLH 
A Y1 

20 60 120 20 60 110 
ps/pF 

AtpHL 20 50 100 30 50 90 

AtpZH 
GZ 

20 60 120 20 60 110 
ps/pF Y1 

AtpZL 20 50 110 30 50 100 

t Typical values are at Vee = 5 V, TA = 25°e. 

12-52 

PRODUCTION DATA d ••• mentl .ontein information 
current as of publication date. Products conform to 
spacifications per the terms of Texas Instruments 

:~~~::~~i~a{::I~'i ~!::i:~i:r l!~O::~::::t:~~S not TEXAS .., 
INSTRUMENTS 

Copyright @ 1988, Texas Instruments Incorporated 

POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 



TSC500 
SERIES 

IOJA1LJ 
16-mA 3-STATE I/O BUFFER 

WITH 0.5 di/dt, CMOS INPUT, AND CMOS/TTL OUTPUT 

A 

L 

H 

X 
X 

03030, APRIL 1988 

I/O BUFFER CELL 

FUNCTION TABLE 

INPUTS OUTPUTS 

logic symbolt 

A 
GZ Y1 

L L 

L H 

H L 

H H 

Y1 

L 

H 

Z 

Z 

Y2 

L 

H 

L 

H 

GZ-----' 

Y2--+-<' 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATIONS: Y1 = A (if GZ is L) Y2 = Y1 

description 
The IOJA1 LJ cell is a noninverting 3-state input-output buffer that interfaces CMOS internal 
functions with TIL or CMOS off-chip bidirectional bus lines. The input buffer responds to 
CMOS threshold levels imposed on the I/O bus regardless of the state of the output enable 
GZ. When the buffer is called from the engineering workstation input, the following label 
format is developed and will be captured in the design netlist: 

Label: IOJA1LJ A,GZ,Y2,Y1; 

A pull-up or pull-down terminator can be connected to the Y1 node. 

absolute maximum ratings and recommended operating conditions 
These are specified as part of the TSC500 Series Data. 

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

TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

TYp:j: MAX TYp:j: MAX 
UNIT 

CONDITIONS MIN MIN 

IA,GZ 2.2 2.2 
VT Input threshold voltage I Y1 V 

2.5 2.5 

VOH High-level output voltage 
IOH= -16 mA 3.7 

V 
IOH = -13.6 mA 3.7 

VOL Low-level output voltage 
IOL=16mA 0.5 

V 
IOL = 13.6 mA 0.5 

IOZ Off-state output current Vo = VCC or 0 ±10 ±5 J.lA 

ICC Supply current VI = VIH or VIL 10.6 0.49 mA 

Ci Input capacitance IY1 13.8 13.8 pF 

Cpd 
Equivalent power dissipation tr = tf = 1 ns 20.8 20.8 pF capacitance 

:j: Typical values are at VCC = 5 V, TA = 25°C. 
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currant IS of publication date. Praducts conform to 11 j 
splcifications per the tarms of r8.1. Instruments EXAS 
:~~~~:~~i~·t::1~7i ~~:t;~~i:; :I~':~:~~~~~ not INSTRUMENTS 

Copyright @ 1988, Texas Instruments Incorporated 

POST OFFICE 80)( 65se1 2 • DALLAS, TeXAS 75265 12-53 



IOJA1LJ 
16-mA 3-STATE I/O BUFFER 

TSC500 
SERIES 

WITH 0.5 di/dt, CMOS INPUT, AND CMosmL OUTPUT 
D3030, APRIL 1988 

TTL SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
.~ .. ---.. '-. 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 1,29 3.64 8.29 1.36 3.64 7.56 
A Y1 RL = co ns 

tpHL 1.73 4.54 9.83 1.86 4.54 8.95 

tpZH 
GZ Y1 

RL = 1 kfl to GND 1.32 3.92 9.05 1.4 3.92 8.26 
ns 

tPZL RL = 1 kfl 10 Vce 1.74 4.54 9.79 1.86 4.54 8.91 

CL = 50 pF 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

TYpt MAX TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN MIN 

tpLH 
A Y1 RL = co 

1.54 4.32 9.81 1.64 4.32 8.94 
ns 

tpHL 2.37 5.92 12.52 2.55 5.92 11.38 

tpZH RL = 1 kfl to GND 1.57 4.6 10.57 1.68 4.6 9.64 
GZ Y1 ns 

tpZL RL = 1 kfltoVee 2.38 5.93 12.5 2.55 5.93 11.35 

tpHZ 
GZ Y1 

RL = 1 kfl to GND 9.3 9.3 

RL = 1 kflloVee 
ns 

tpLZ 9.34 9.34 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

~tpLH 10 20 40 10 20 40 
ps/pF A Y1 

~tpHL 20 40 80 20 40 70 

~tpZH 10 20 40 10 20 40 
ps/pF GZ Y1 

~tpZL 20 40 80 20 40 70 

t Typical values are at Vec = 5 V, TA = 25°e. 

PRODUCTION DATA documents contain information 
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TSC500 
SERIES 

IOJA1LJ 
16-mA 3-STATE I/O BUFFER 

WITH 0.5 di/dt, CMOS INPUT, AND CMOS/TTL OUTPUT 
D3030, APRIL 1988 

CMOS SWITCHING CHARACTERISTICS 

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

CL = 15 pF 

PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 1.52 4.21 9.34 1.62 4.21 8.53 
A Yl RL = 00 ns 

tpHL 1.52 4.04 8.92 1.62 4.04 8.12 

tpZH 
GZ 

RL = 1 k11 to GND 1.67 4.51 10.06 1.78 4.51 9.16 
Yl ns 

tpZL RL = 1 k11toVce 1.52 4.01 8.8 1.62 4.01 8.01 

CL = 50 pF 
PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
Yl RL = 00 

1.94 5.24 11.5 2.07 5.24 10.49 
A ns 

tpHL 2 5.1 11.04 2.14 5.1 10.03 

tpZH RL = 1 k11 to GND 2.09 5.54 12.23 2.22 5.54 11.13 
GZ Yl ns 

tpZL RL = 1 k11 to Vee 2 5.08 10.93 2.14 5.08 9.94 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 

PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

~tpLH 
A Yl 

10 30 60 10 30 60 
ps/pF 

~tpHL 10 30 60 10 30 50 

~tpZH 
GZ 

10 30 50 10 30 60 
ps/pF Yl 

~tpZL 10 30 40 10 30 50 

input switching characteristics over recommended ranges of supply voltage and operating 
free·air temperature (unless otherwise noted), CL = 0 

PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX 

tpLH 0.58 0.9 1.52 0.6 0.9 1.4 
Yl Y2 ns 

tpHL 0.12 0.63 1.21 0.13 0.63 1.16 

~tpLH 0.06 0.2 0.34 0.07 0.2 0.33 
ns/pF Yl Y2 

~tpHL 0.13 0.13 0.26 0.13 0.13 0.24 

t Typical values are at Vec = 5 V, TA = 25°e. 
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TSC500 
SERIES 

IOJA4LJ 
16-mA 3-STATE I/O BUFFER 

WITH 0.5 di/dt, TTL INPUT, AND CMtJSJrtL OUTPUT 
03030, APRIL 1988 

I/O BUFFER CELL 

FUNCTION TABLE logic symbolt 

A 

L 

H 

X 
X 

INPUTS 

GZ V1 

L L 

L H 

H L 

H H 

OUTPUTS 

V1 V2 

L L 

H H 

Z L 

Z H 

A 

GZ-_...J 

Y2--+-< 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATIONS: Y1 = A (if GZ is L) Y2? Y1 

description 
The 10JA4W cell is a noninverting 3-state input-output buffer that illteriaces CMOS internal 
functions with TIL or CMOS off-chip bidirectional bus lines. The input buffer responds to 
TIL threshold levels imposed on the I/O bus regardless of the state of the output enable GZ. 
When the buffer is called from the engineei'ing workstation input, the following label format 
is developed and will be captured in the design netlist: ,', ., 

Label: IOJA4W A,GZ,Y2,Y1; 

A pull-up or pull-down terminator can be connected to the Y1 node. 

absolute maximum ratings and recommend~d operating conditions 
These are specified as part of the TSC500 Series Data. 

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

TEST -55°C to 125°C O°C to 70°C 
PARAMETER UNIT 

CONDITIONS MIN TYp:j: MAX MIN TYp:I: MAX 

VT 
.IA,GZ 2.2 2.2 

V Input threshold voltage IV1 
1.3 1.3 

VOH High-level output voltage 
IOH = -16 mA 3.7 

V 
IOH = -13.6 mA 3.7 

VOL LOW-level output voltage 
IOL =16 rnA 0.5 

V 
IOL = 13.6 mA 0.5 

IOZ Off-state output current Vo = Vee or 0 ±10 ±5 I-\A 

lee Supply current VI = VIH or VIL 3.45 0.3 mA 

Cj Input capacitance IY1 13.8 13.8 pF 

Cpd 
Equivalent power dissipation 
capacitance tr = tf = 1 ns 22.5 22.5 pF 

:j: Typical values are at Vec = 5 V, TA = 25°e. 
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TSC500 
SERIES 

IOJA4LJ 
16-mA 3-STATE I/O BUFFER 

WITH 0.5 di/dt, TTL INPUT, AND CMOS/TTL OUTPUT 
D3030, APRIL 1988 

TTL SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 1.29 3.64 8.29 1.36 3.64 7.56 
A Y1 RL = 00 ns 

tpHL 1.73 4.53 9.83 1.85 4.53 8.94 

tpZH RL = 1 k.!1 to GND 1.32 3.92 9.05 1.41 3.92 8.26 
GZ Y1 

RL = 1 k.!1 to Vee 
ns 

tpZL 1.73 4.53 9.77 1.86 4.53 8.89 

CL = 50 pF 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

TYpt MAX TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN MIN 

tpLH 
Y1 

1.54 4.32 9.8 1.64 4.32 8.94 
A RL = 00 ns 

tpHL 2.37 5.91 12.52 2.54 5.91 11.38 

tpZH 
GZ 

RL = 1 k.!1 to GND 1.57 4.6 10.57 1.68 4.6 9.64 
Y1 ns 

tpZL RL = 1 k.!1 to Vee 2.37 5.92 12.49 2.55 5.92 11.34 

tpHZ 
GZ Y1 

RL = 1 k.!1 to GND 9.3 9.3 
ns 

tpLZ RL = 1 k.!1 to Vee 9.19 9.19 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 

PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX 

~tpLH 10 20 40 10 20 40 
ps/pF A Y1 

~tpHL 20 40 80 20 40 70 

~tpZH 
GZ 

10 20 40 10 20 40 
ps/pF Y1 

~tpZL 20 40 80 20 40 70 

input switching characteristics over recommended ranges of supply voltage and operating 
free-air temperature (unless otherwise noted), CL = 0 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

ETER (INPUT) (OUTPUT) CONDITIONS MIN TYpt MAX MIN TYpt MAX 
UNIT 

tpLH 
Y1 Y2 

0.79 1.43 2.26 0.81 1.43 2.16 
ns 

tpHL 0.05 1.18 3.15 0.06 1.18 2.99 

~tpLH 
Y1 Y2 

0.06 0.18 0.37 0.07 0.18 0.32 

~tpHL 0.03 0.24 0.58 0.04 0.24 0.54 
ns/pF 

t Typical values are at Vee = 5 V, TA = 25°e. 
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IOJA4LJ 
16-mA 3-STATE I/O BUFFER 

TSC500 
SERIES 

WITH 0.5 di/dt, TTL INPUT, AND CMOS/TTL OUTPUT 
03030. APRIL 1988 

CMOS SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
A Y1 

1.52 4.21 9.34 1.62 4.21 8.53 
RL = 00 ns 

tpHL 1.51 4.03 8.92 1.62 4.03 8.11 

tpZH 
GZ Y1 

RL = 1 kil to GND 1.67 4.51 10.06 1.78 4.51 9.16 

RL = 1 kiltoVcC 
ns 

tpZL 1.51 4.01 8.8 1.62 4.01 8.01 

CL = 50 pF 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 1.94 5.24 11.5 2.07 5.24 10.49 
A Y1 RL = 00 ns 

tpHL 1.99 5.09 11.04 2.14 5.09 10.03 

tpZH 
GZ 

RL = 1 kil to GND 2.09 5.54 12.23 2.23 5.54 11.15 
Y1 ns 

tpZL RL = 1 kiltoVcC 1.99 5.07 10.93 2.14 5.07 9.93 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

AtpLH 10 30 60 10 30 60 
ps/pF A Y1 

AtpHL 10 30 60 20 30 50 

AtpZH 10 30 60 10 30 60 
ps/pF GZ Y1 

10 30 60 20 30 50 AtpZL 

t Typical values are at Vee = 5 V. TA = 25°e. 
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TSC500 
SERIES 

IOJB1LJ 
24-mA 3-STATE I/O BUFFER 

WITH 0.5 di/dt, CMOS INPUT, AND CMOSmL OUTPUT 

A 

L 

H 

X 
X 

APRIL 1988 

I/O BUFFER CELL 

FUNCTION TABLE 

INPUTS OUTPUTS 

logic symbolt 

A 
GZ Y1 

L L 

L H 

H L 

H H 

Y1 

L 

H 

Z 

Z 

Y2 

L 

H 

L 

H 

GZ-----' 

Y2--+-< 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATIONS: Y1 = A (if GZ is L) Y2 = Y1 

description 
The IOJB1 LJ cell is a noninverting 3-state input-output buffer that interfaces CMOS internal 
functions with TTL or CMOS off-chip bidirectional bus lines. The input buffer responds to 
CMOS threshold levels imposed on the 1/0 bus regardless of the state of the output enable 
GZ. When the buffer is called from the engineering workstation input, the following label 
format is developed and will be captured in the design netlist: 

Label: IOJB1 LJ A,GZ,Y2,Y1; 

A pull-up or pull-down terminator can be connected to the Y1 node. 

absolute maximum ratings and recommended operating conditions 
These are specified as part of the TSC500 Series Data. 

electrical characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise rioted) 

TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

MIN TYP; MAX TYP; MAX 
UNIT 

CONDITIONS MIN 

VT 
IA,GZ 2.2 2.2 

V Input threshold voltage I Y1 
2.5 2.5 

High-level output voltage 
10H = -16 rnA 3.7 

VOH V 
10H = -13.6 rnA 3.7 

LOW-level output voltage 
10L = 24 rnA 0.5 

VOL V 
10L = 20.4 rnA 0.5 

10Z Off-state output current Vo = VCC or 0 ±10 ±5 IJA 

ICC Supply current VI = VIH or VIL 10.6 0.49 rnA 

Ci Input capacitance IY1 13.9 13.9 pF 

Cpd 
Equivalent power dissipation 

tr = tf = 1 ns 22.5 22.5 pF capacitance 

; Typical values are at VCC = 5 V, TA = 25°C. 
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IOJB1LJ 
24-mA 3-STATE I/O BUFFER 

TSC500 
SERIES 

WITH 0.5 di/dt, CMOS INPUT, AND CMOS/TTL OUTPUT 
D3030, APRIL 1988 

TIL SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PARAMo FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
A Y1 RL = 00 

1.29 3.65 8.31 1.37 3.65 7.58 
ns 

tpHL 1.88 4.91 10.63 2.01 4.91 9.69 

tpZH 
GZ Y1 

RL = 1 kfl to GND 1.32 3.94 9.09 1.41 3.94 8.29 

RL = 1 kfltoVee 
ns 

tpZL 1.9 4.96 10.66 2.04 4.96 9.72 

CL = 50 pF 
PARAMo FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 1.54 4.33 9.83 1.64 4.33 8.96 
A Y1 RL = 00 ns 

tpHL 2.43 6.11 12.95 2.61 6.11 11.79 

tpZH 
GZ 

RL = 1 kfl to GND 1.58 4.62 10.62 1.69 4.62 9.68 
Y1 

RL = 1 kfl to Vee 2.46 6.15 11.81 
ns 

tpZL 6.15 12.98 2.64 

tpHZ 
GZ Y1 

RL = 1 kflto GND 9.31 9.31 

RL = 1 kfl to Vee 8.27 8.27 
ns 

tpLZ 

change In propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 
PARAMo FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

AtpLH 
A Y1 

10 20 40 10 20 40 
ps/pF 

AtpHL 20 30 70 20 30 60 

AtpZH 
GZ Y1 

10 20 40 10 20 40 
ps/pF 

AtpZL 20 30 70 20 30 60 

t Typical values are at Vee = 5 V, TA = 25°e. 
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TSC500 
SERIES 

IOJB1LJ 
24-mA 3-STATE I/O BUFFER 

WITH 0.5 di/dt, CMOS INPUT, AND CMOSmL OUTPUT 
D3030, APRIL 1988 

CMOS SWITCHING CHARACTERISTICS 

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

CL = 15 pF 

PARAM- FROM TO TEST -55De to 125De oDe to 70De 

MIN TYpt MAX MIN TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX 

tpLH 
Y1 RL = 00 

1.52 4.21 9.36 1.62 4.21 8.55 
A ns 

tpHL 1.67 4.44 9.78 1.79 4.44 8.91 

tpZH 
GZ Y1 

RL = 1 kn to GND 1.68 4.52 10.1 1.78 4.52 9.2 
ns 

tpZL RL = 1 kn to Vee 1.69 4.47 9.74 1.81 4.47 8.88 

CL = 50 pF 

PARAM- FROM TO TEST -55De to 125De oDe to 70DC 

TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN 

tpLH 
A Y1 RL = 00 

1.94 5.25 11.52 2.07 5.25 10.51 
ns 

tpHL 2.1 5.39 11.67 2.25 5.39 10.62 

tpZH 
GZ Y1 

RL = 1 kn to GND 2.09 5.56 12.27 2.23 5.56 11.17 

RL = 1 kn to Vee 5.41 11.63 
ns 

tpZL 2.12 2.27 5.41 10.59 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unlElss otherwise noted) 
PARAM- FROM TO TEST -55DC to 125DC ODC to 70DC 

MIN TYpt MIN TYF't MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX 

. Lltp~H 
Y1 

10 30 60 10 30 60 
ps/pF A 

LltpHL 10 30 50 10 30 50 

LltpZH 
GZ Y1 

10 30 60 10 30 60 
ps/pF 

LltpZL 10 30 50 10 30 50 

input switching characteristics over recommended ranges of supply voltage and operating 
free-air temperature (unless otherwise noted), CL = () . 

PARAM- FROM TO TEST -55DC to 125DC ODC to 70DC 

MIN TYpt MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX 

tpLH 
Y1 Y2 

0.58 0.9 1.52 0.6 0.9 1.4 
ns 

tpHL 0.12 0.63 1.21 0.13 0.63 1.16 

LltpLH 0.06 0.2 0.34 0.07 0.2 0.33 
ns/pF Y1 Y2 

LltpHL 0.13 0.13 0.26 0.13 0.13 0.24 

t Typical values are at Vee = 5 V, TA = 25De. 
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TSC500 
SERIES 

IOJB4LJ 
24-mA 3-STATE I/O BUFFER 

WITH 0.5 di/dt, TTL INPUT, AND CMOS;TTL OUTPUT 

A 

L 

H 

X 

X 

03030, APRIL 1988 

I/O BUFFER CELL 

FUNCTION TABLE logic symbolt 
INPUTS OUTPUTS A 

GZ Y1 Y1 

L L L 

L H H 

H L Z 

H H Z 

Y2 

L 

H 

L 

H 

GZ-----' 

Y2-+-< 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATIONS: Y1 = A (if GZ is L) Y2 = Y1 

description 
The IOJB4LJ cell is a non inverting 3-state input-output buffer that interfaces CMOS internal 
functions with TIL or CMOS off-chip bidirectional bus lines. The input buffer responds to 
TIL threshold levels imposed on the I/O bus regardless of the state ofthe output enable GZ. 
When the buffer is called from the engineering workstation input, the following label format 
is developed and will be captured in the design netlist: 

Label: IOJB4LJ A,GZ,Y2,Y1; 

A pull-up or pull-down terminator can be connected to the Y1 node. 

absolute maximum ratings and recommended operating conditions 
These are specified as part of the TSC500 Series Data. 

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

TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

TYP:!: MAX MIN TYP:!: MAX 
UNIT 

CONDITIONS MIN 

IA,GZ 2.2 2.2 
VT Input threshold voltage I V1 V 

1.3 1.3 

VOH High-level output voltage 
10H = -16 rnA 3.7 

V 
10H = -13.6 rnA 3.7 

VOL LOW-level output voltage 
10L = 24 rnA 0.5 

V 
10L = 20.4 rnA 0.5 

10Z Off-state output current Vo = VccorO ±10 ±5 ~ 
ICC Supply current VI = VIH or VIL 3.45 0.49 rnA 

Ci Input capacitance IV1 13.9 13.9 pF 

Cpd 
Equivalent power dissipation 

tr = tf = 1 ns 24.7 24.7 pF capacitance 

:!: Typical values are at VCC = 5 V, TA = 25°C. 
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TSC500 
SERIES 

IOJB4LJ 
24-mA 3-STATE I/O BUFFER 

WITH 0.5 di/dt, TTL INPUT, AND CMOSmL OUTPUT 
03030, APRIL 1988 

TTL SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

UNIT 
ETER (INPUT) (OUTPUT) CONDITIONS MIN TVPt MAX MIN TVPt MAX 

tpLH 
A Y1 RL = 00 

1.29 3.65 8.31 1.37 3.65 7.58 
ns 

tPHL 1.88 4.91 10.62 2.01 4.91 9.68 

tPZH 
GZ Y1 

RL = 1 kn to GND 1.32 3.94 9.09 1.41 3.94 8.29 

RL = 1 kntoVee 
ns 

tpZL 1.9 4.96 10.64 2.04 4.96 9.7 

CL = 50 pF 
PARAM- FROM TO TEST -55°e to 125°C O°C to 70°C 

MIN TVPt MAX MIN TVPt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
A Y1 RL = 00 

1.54 4.33 9.83 1.64 4.33 8.96 
ns 

tpHL 2.43 6.1 12.94 2.61 6.1 11.78 

tpZH 
GZ Y1 

RL = 1 kn to GND 1.58 4.62 10.61 1.68 4.62 9.68 

RL = 1 kn10 VCC 
ns 

tpZL 2.46 6.15 12.97 2.64 6.15 11.8 

tpHZ 
GZ Y1 

RL = 1 kn to GND 9.31 9.31 

RL = 1 kntoVee 
ns 

tpLZ 8.27 8.27 

change In propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TVPt MAX MIN TVPt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

AtpLH 
Y1 

10 20 40 10 20 40 
ps/pF 

AtpHL 
A 

20 30 70 20 30 60 

AtpZH 
GZ Y1 

10 20 40 10 20 40 
ps/pF 

AtpZL 20 30 70 20 30 60 

Input switching characteristics over recommended ranges of supply voltage and operating 
free-air temperature (unless otherwise noted), CL = 0 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TVPt MAX MIN TVPt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 0.79 1.43 2.26 0.81 1.43 2.16 
Y1 Y2 

2.99 
ns 

tpHL 0.05 1.18 3.15 0.06 1.18 

AtpLH 
Y1 Y2 

0.06 0.18 0.37 0.07 0.18 .0.32 
ns/pF 

AtpHL 0.03 0.24 0.58 0.04 0.24 0.54 

t Typical values are at Vee = 5 V, TA = 25°e. 
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, . 

IOJB4lJ 
24-I11A 3-STATE I/O BUFFER . 

TSC500 
SERIES 

WITH 0.5 di/dt, TTL INPUT, AND CMOSml OUTPUT 
D3030, APRIL 1988 

CMOS SWITCHING CHARACTERISTICS 

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

CL = 15 pF 

PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN 

tpLH 1.52 4.22 9.36 1.62 4.22 8.55 
A Y1 RL = 00 ns 

tpHL 1.67 4.44 9.77 1.78 4.44 8.9 

tpZH 
GZ 

RL = 1 k!1to GND 1.68 4.53 10.1 1.78 4.53 9.2 
Y1 

RL = 1 k!1to Vee 8.87 
ns 

tpZL 1.69 4.46 9.73 1.81 4.46 

CL = 50 pF 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

UNIT 
ETER (INPUT) (OUTPUT) CONDITIONS MIN TYpt MAX MIN TYpt MAX 

tpLH 
A Y1 RL = 00 

1.94 5.25 11.52 2.07 5.25 10.51 

2.1 5.39 11.66 2.25 5.39 10.61 
ns 

tpHL 

tpZH 
GZ Y1 

RL = 1 k!1 to GND 2.1 5.56 12.27 2.23 5.56 11.17 

RL = 1 k!1toVee 5.41 10.58 
ns 

tpZL 2.12 5.41 11.63 2.27 

change in propagation deiay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 
PARAM- FROM TO TEST -55°C to 125°C O°Cto 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

AtpLH 10 30 60 10 30 60 
ps/pF A Y1 

LitpHL 10 30 50 10 30 50 

AtpZH 
GZ Y1 

10 30 60 10 30 60 
ps/pF 

AtpZL 10 30 50 10 30 50 

t Typical values are at Vee = 5 V, TA = 25°e. 
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TSC500 
SERIES 

IOJEPLJ 
48-mA OPEN-DRAIN I/O BUFFER WITH 0.5 di/dt, 

TTL INPUT WITH HYSTERESIS, AND CMOS/TTL OUTPUT 
03030, DECEMBER 1988 

I/O BUFFER CELL 

FUNCTION TABLE logic symbolt 
INPUTS 

A Y1 

L L 

H H 

H L 

description 

OUTPUTS 

Y1 Y2 

L L 

HI: H 

L L 

A~ PAD Yl 

Y2 .II 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATIONS: Yi = At Y2 = Yi 

The IOJEPLJ is a noninverting open-drain input-output buffer that interfaces CMOS internal 
functions with TTL or CMOS off-chip terminated bus lines. The input buffer responds to TTL 
threshold levels imposed on the I/O bus when the internal A node is at a high logic level. 
When the buffer is cal/ed from the engineering workstation input, the fol/owing label format 
is developed and will be captured in the design netlist: 

Label: 10JEPLJ A,Y2,Y1; 

absolute maximum ratings and recommended operating conditions 
These are specified as part of the TSC500 Series Data. 

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

TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

MIN TYP§ MAX TYP§ MAX 
UNIT 

CONDITIONS MIN 

VT Input threshold voltage at A 2.2 2.2 V 

VT+ 
Positive-going threshold 

level at Y1 
1.6 1.6 V 

VT-
Negative-going threshold 

level at Y1 
1.2 1.2 V 

Vhys Hysteresis (VT + - VT _) at Y1 0.4 0.4 V 

VOL Low-level output voltage 
10L = 48 mA 0.5 

V 
10L = 40.8 mA 0.5 

10Z Off-state output current Va = VCC or a ±10 ±5 J.lA 

ICC Supply current VI = VIH or VIL 3.84 1 mA 

Ci Input capacitance ~ 
0.59 0.59 

pF 
11.2 11.2 

Cpd 
Equivalent power dissipation 

tr = tf = 1 ns 
capacitance 

9.52 9.52 pF 

:j: With external pull-up resistor to Y2. 
§ Typical values are at VCC = 5 V, TA = 25°C. 
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10JEPLJ 
48-mA OPEN-DRAIN I/O BUFFER WITH 0.5 di/dt, 

TSC500 
SERIES 

TTL INPUT WITH HYSTERESIS, AND CMOSmL OUTPUT 
0;3030, DECEMBER 1988 

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

TTL loads, RL = 1 kO to Vee 
PARA· FROM TO TEST - SS'C to 12S'C O'C to 70'C 
METER (INPUT) (OUTPUT) CONDITIONS MIN TYPT MAX MIN TYPT MAX 

UNIT 

A Y1 
CL = 15 pF 1.11 3.24 7.23 1.2 3.24 6.58 

tpZL 
CL = 50 pF 1.47 4.03 8.79 1.58 4.03 7.99 

ns 

tpLZ A Y1 7.39 7.39 ns 

AtpZL A Y1 10 20 40 10 20 40 ps/pF 

eMOS loads, RL = 1 kO to Vee 
PARA· FROM TO TEST - SS'C to 12S'C O'C to 70'C 

METER (INPUT) (OUTPUT) CONDITIONS MIN TYPT MAX MIN TYPT MAX 
UNIT 

A Y1 
CL = 15 pF 0.99 2.91 6.61 1.06 2.91 6.01 

tpZL 
CL = 50 pF 1.27 3.55 7.91 1.36 3.55 7.19 

ns 

AtpZL A Y1 10 20 40 10 30 40 ps/pF 

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

PARA· FROM TO TEST - SS'C to 12S'C O'C to 70'C 
UNIT 

METER (INPUT) (OUTPUT) CONDITIONS MIN TYpt MAX MIN TYpt MAX 

tpLH 
Y1 Y2 CL = 0 

0.74 1.29 1.96 0.77 1.29 1.89 

5.09 0.22 1.79 4.83 
ns 

tpHL 0.21 1.79 

AtpLH 
Y1 Y2 

0.1 0.17 0.35 0.1 0.17 0.31 
ns/pF 

AtpHL 0.03 0.25 0.62 0.04 0.25 0.58 

t Typical values are at V CC = 5 V, T A = 25·C. 
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TSC500 
SERIES 

IOJE1LJ 
48-mA 3-STATE I/O BUFFER 

WITH 0.5 di/d1, CMOS INPUT, AND CMOS/TTL OUTPUT 

A 

L 

H 

X 

X 

APRIL 1988 

I/O BUFFER CELL 

FUNCTION TABLE logic symbolt 
INPUTS OUTPUTS A 

GZ Y1 

L L 

L H 

H L 

H H 

Y1 

L 

H 

2 

2 

Y2 

L 

H 

L 

H 

GZ----I 

Y2--+-< 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATIONS: Y1 = A (if GZ is L) Y2 = Y1 

description 
The IOJE1 LJ cell is a non inverting 3-state input-output buffer that interfaces CMOS internal 
functions with TTL or CMOS off-chip bidirectional bus lines. The input buffer responds to 
CMOS threshold levels imposed on the I/O bus regardless of the state of the output enable 
GZ. When the buffer is called from the engineering workstation input, the following label 
format is developed and will be captured in the design netlist: 

Label: IOJE1 LJ A,GZ,Y2,Y1 ; 

A pull-up or pull-down terminator can be connected to the Y1 node. 

absolute maximum ratings and recommended operating conditions 
These are specified as part of the TSC500 Series Data. 

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

TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

TYp:J: MAX TYp:J: MAX 
UNIT 

CONDITIONS MIN MIN 

VT 
lA, G2 2.2 2.2 

Input threshold voltage I Y1 
2.5 

V 
2.5 

VOH High-level output voltage 
10H = -16mA 3.7 

10H = -13.6 mA 
V 

3.7 

VOL Low-level output voltage 
10L = 48 mA 0.5 

10L = 40.8 mA 
V 

0.5 

102 Off-state output current Va = Vce or 0 ±10 ±5 I-lA 
ICC Supply current VI = VIH or VIL 10.6 0.49 mA 

Ci Input capacitance IY1 15.4 15.4 pF 

epd 
Equivalent power dissipation 

tr = tf = 1 ns 27.9 27.9 pF capacitance 

:J: Typical values are at Vee = 5 V, TA = 25°C. 
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IOJE1 LJ 
48-mA 3-STATE I/O BUFFER 

TSC500 
SERIES 

WITH 0.5 di/dt, CMOS INPUT, AND CMOSmL OUTPUT 
03030, APRIL 1988 

TTL SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
¥¥ ." -_. 

PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUn (OUTPUn CONDITIONS MIN 

tpLH 
A Y1 RL = 00 

1.31 3.71 8.45 1.39 3.71 7.71 
ns 

tpHL 1.71 4.59 10.15 1.82 4.59 9.24 

tpZH 
GZ Y1 

RL = 1 k!1to GND 1.34 3.99 9.21 1.43 3.99 8.41 
ns 

tpZL RL = 1 k!1toVec 1.73 4.64 10.15 1.85 4.64 9.25 

CL = 50 pF 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
A Y1 RL = 00 

1.56 4.38 9.95 1.66 4.38 9.07 
ns 

tpHL 2.2 5.37 11.68 2.2 5.37 10.62 

tpZH 
GZ Y1 

RL = 1 k!1 to GND 1.59 4.67 10.72 1.7 4.67 9.77 
ns 

tpZL RL = 1 k!1 to Vee 2.08 5.42 11.67 2.23 5.42 10.63 

tpHZ 
GZ Y1 

RL = 1 k!1to GND 9.43 9.43 
ns 

tpLZ RL = 1 k!1 to Vee 9.22 9.22 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 

PARAM- FROM TO TEST -55°C to 125°C O°C to 700 e 

ETER (INPUT) (OUTPUT) CONDITIONS MIN TYpt MAX MIN TYpt MAX 
UNIT 

AtpLH 10 20 40 10 20 40 
ps/pF A Y1 

AtpHL 10 20 40 10 20 40 

AtpZH 
GZ Y1 

10 20 40 10 20 40 
ps/pF 

AtpZL 10 20 40 10 20 40 

t Typical values are at Vee = 5 V, T A = 25°e. 
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TSC500 
SERIES 

IOJE1 LJ 
48-mA 3-STATE I/O BUFFER 

WITH 0.5 di/dt, CMOS INPUT, AND CMOS/TTL OUTPUT 
D3030, APRIL 1988 

CMOS SWITCHING CHARACTERISTICS 

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

CL = 15 pF 

PARAM- FROM TO TEST -55·C to 125·C O·C to 70·C 

(INPUT) MIN TYpt MAX TYpt 
UNIT 

ETER (OUTPUT) CONDITIONS MIN Mt.X 

tpLH 
A 

1.54 4.28 9.52 1.65 4.28 8.69 
Y1 RL = co ns 

tpHL 1.56 4.24 9.5 1.66 4.24 8.65 

tpZH 
GZ Y1 

RL = 1 knto GND 1.7 4.59 10.24 1.81 4.59 9.33 

RL = 1 kn to Vee 
ns 

tpZL 1.59 4.27 9.46 1.69 4.27 8.62 

CL = 50 pF 

PARAM- FROM TO TEST -55·C to 125·C O·C to 70·C 

TYpt MAX TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN MIN 

tpLH 
A Y1 RL = co 

1.96 5.3 11.66 2.1 5.3 10.63 
ns 

tpHL 1.84 4.87 10.78 1.96 4.87 9.8 

tpZH 
GZ Y1 

RL = 1 knto GND 2.11 5.61 12.39 2.25 5.61 11.28 
ns 

tpZL RL = 1 kn to Vee 1.87 4.91 10.74 1.99 4.91 9.78 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 
PARAM- FROM TO TEST -55·C to 125·C O·C to 70·C 

MIN TYpt MAX MIN TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX 

IltpLH 
A Y1 

10 30 60 10 30 60 
ps/pF 

IltpHL 10 20 40 10 20 30 

IltpZH 
GZ Y1 

10 30 60 10 20 60 
ps/pF 

IltpZL 10 20 40 10 20 30 

input switching characteristics over recommended ranges of supply voltage and operating 
free-air temperature (unless otherwise noted), CL = 0 
PARAM- FROM TO TEST -55·C to 125·C O·C to 70·C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 0.58 0.9 1.52 0.6 0.9 1.4 
Y1 Y2 ns 

tpHL 0.12 0.63 1.21 0.13 0.63 1.16 

IltpLH 
Y1 

0.06 0.2 0.34 0.07 0.2 0.33 
ns/pF Y2 

IltpHL 0.13 0.13 0.26 0.13 0.13 0.24 

t Typical values are at Vce = 5 V, TA = 25·C. 
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TSC500 
SERIES 

IOJE4LJ 
48-mA 3-STATE I/O BUFFER 

WITH 0.5 di/dt, TTL INPUT, ANDCMOS/TTL OUTPUT 

A 

L 

H 

X 

X 

D3030, 

I/O BUFFER CELL 

FUNCTION TABLE 

INPUTS OUTPUTS 

logic symbolt 

A 
GZ Y1 

L L 

L H 

H L 

H H 

Y1 

L 

H 

Z 

Z 

Y2 

L 

H 

L 

H 

GZ----' 

Y2-+-< 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATIONS: Y1 = A (if GZ is L) Y2 = Y1 

description 
The IOJE4LJ cell is a noninverting 3-state input-output buffer that interfaces CMOS internal 
functions with TIL or CMOS off-chip bidirectional bus lines. The input buffer responds to 
TIL threshold levels imposed on the I/O bus regardless of the state of the output enable GZ. 
When the buffer is called from the engineering workstation input, the following label format 
is developed and will be captured in the design netlist: 

Label: IOJE4LJ A,GZ,Y2,Y1 ; 

A pull-up or pull-down terminator can be connected to the Y1 node. 

absolute maximum ratings and recommended operating conditions 
These are specified as part of the TSC500 Series Data. 

electrical characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwi.se noted) 

TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

TYp:I= MAX TYp:I= MAX 
UNIT 

CONDITIONS MIN MIN 

VT 
IA,GZ 2.2 2.2 

V Input threshold voltage IY1 
1.3 1.3 

VOH High-level output voltage 
10H = -16 mA 3.7 

V 
10H = -13.6 mA 3.7 

VOL Low-level output voltage 
10L = 48 mA 0.5 

V 
10L = 40.8 mA 0.5 

10Z Off-state output current Vo = VCC or 0 ±10 ±5 fJA 
ICC Supply current VI = VIH or VIL 3.45 0.3 mA 

Ci Input capacitance IY1 15.4 15.4 pF 

Cpd 
Equivalent power dissipation tr = tf = 1 ns 29.9 29.9 pF capacitance 

t Typical values are at VCC = 5 V, T A = 25°C. 
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TSC500 
SERIES 

IOJE4LJ 
48-mA 3-STATE I/O BUFFER 

WITH 0.5 di/dt, TTL INPUT, AND CMOS/TTL OUTPUT 
D3030, ARPIL 1988 

TTL SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70 0 e 

MIN TYpt MAX TVPt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN 

tpLH 
A V1 RL = 00 

1.31 3.71 8.45 1.39 3.71 7.71 
ns 

tpHL 1.71 4.59 10.15 1.82 4.59 9.24 

tpZH 
GZ 

RL = 1 kfl to GND 1.34 3.99 9.21 1.43 3.99 8.4 
Y1 ns 

tpZL RL = 1 kfl to Vee 1.74 4.64 10.14 1.86 4.64 9.24 

CL = 50 pF 
PARAM- FROM TO TEST -55°e to 125°e ooe to 700 e 

MIN TYpt MAX TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN 

tpLH 1.56 4.38 9.95 1.66 4.38 9.07 
A Y1 RL = 00 ns 

tpHL 2.06 5.37 11.68 2.2 5.37 10.62 

tpZH 
GZ V1 

RL = 1 kfl to GND 1.59 4.67 10.72 1.7 4.67 9.77 
ns 

tpZL RL = 1 kflto Vee 2.09 5.42 11.67 2.24 5.42 10.62 

tpHZ 
GZ Y1 

RL = 1 kfl to GND 9.43 9.43 
ns 

tpLZ RL = 1 kfl to Vee 9.22 9.22 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 

PARAM- FROM TO TEST -55°e to 125°C O°C to 700 e 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

AtpLH 10 20 40 10 20 40 
ps/pF A V1 

AtpHL 10 20 40 10 20 40 

AtpZH 10 20 40 10 20 40 
GZ Y1 ps/pF 

AtpZL 10 40 40 10 20 40 

input switching characteristics over recommended ranges of supply voltage and operating 
free-air temperature (unless otherwise noted), CL = 0 
PARAM- FROM TO TEST -55°e to 125°e O°C to 700 e 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
Y1 Y2 

0.79 1.43 2.26 0.81 1.43 2.16 
ns 

tpHL 0.05 1.18 3.15 0.06 1.18 2.99 

AtpLH 0.06 0.18 0.37 0.07 0.18 0.32 
ns/pF Y1 Y2 

AtpHL 0.03 0.24 0.58 0.04 0.24 0.54 

t Typical values are at Vee = 5 V, TA = 25°e. 
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IOJE4LJ. 
48~mA 3-STATEI/O SUFFER .,. 

TSC500 
SERIES 

WITH 0.5 di/dt, TTL INPUT, AND CMOS/TTl OUTPUT 
D30~O, APRIL 1988 

CMOS SWITCHING CHARACTERISTICS 

output switching characteristics over recommended ranges of supply voltage a!ld operating 
free-air temperature (unless otherwise noted) 

CL = 15 pF 
PARAM- FROM. TO TEST -SS·C to 12S·C O·C to 70·C 

TYpt MIN TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN MAX MAX. 

tpLH 
A Y1 RL = 00 

1.55 4.28 9.52 1.65 4.28 8.69 
ns 

tpHL 1.56 4.23 9.5 1.66 4.23 8.64 

tpZH 
GZ Y1 

RL = 1 kOto GND 1.7 4.59 10.24 1.81 4.59 .9.33 

RL = 1 kOto Vee 
ns 

tpZL 1.58 4.27 9.41 1.69 4.27 8.61 

CL = 50 pF 
PARAM- FROM TO TEST -SS·C to 12S·C O·C to. 70°C 

(OUTPUT) MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETE.R (INPUT) CONDITIONS 

tpLH 
A Y1 RL = 00 

1.96 5.31 11.66 2.1 5.31 10.63 
ns 

tpHL 1.84 4.87 10.78 1.96 4.87 9.8 

tpZH 
GZ 

RL = 1 kO to GND 2.11 5.62 12.39 2.25 5.62 11.28 
Y1 

RL = 1 kD.toVee 
ns 

tpZL 1.87 4.91 10.74 1.99 4.91 9.77 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70·C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

6.tpLH 
A 

10 30 60 10 30 60 
ps/pF Y1 

AtpHL 10 20 40 10 20 30 

6.tpZH 
GZ Y1 

10 30 60 10 30 60 
ps/pF 

6.tpZL 10 20 40 10 20 30 

t Typical values are at Vee = 5 V, TA = 25·C. 
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TSC500 
SERIES 

IOJG1LJ 
64-mA 3-STATE I/O BUFFER 

WITH 0.5 di/dt, CMOS INPUT, AND CMOSmL OUTPUT 

A 

L 

H 

X 

X 

D3030, APRIL 1988 

I/O BUFFER CELL 

FUNCTION TABLE logic symbolt 
INPUTS OUTPUTS 

A 
GZ V1 

L L 

L H 

H L 

H H 

V1 

L 

H 

Z 

Z 

V2 

L 

H 

L 

H 

GZ----' 

Y2--+-< 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATIONS: Y1 = A (if GZ is L) Y2 = Y1 

description 
The IOJG1 LJ cell is a noninverting 3-state input-output buffer that interfaces CMOS internal 
functions with TTL or CMOS off-chip bidirectional bus lines. The input buffer responds to 
CMOS threshold levels imposed on the I/O bus regardless of the state of the output enable 
GZ. When the buffer is called from the engineering workstation input, the following label 
format is developed and will be captured in the design netlist: 

Label: IOJG1 LJ A,GZ,Y2,Y1; 

A pull-up or pull-down terminator can be connected to the Y1 node. 

absolute maximum ratings and recommended operating conditions 
These are specified as part of the TSC500 Series Data. 

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

TEST -55°C to 125°C DOC to 7DoC 
PARAMETER 

TVP:I: TVP:I: MAX 
UNIT 

CONDITIONS MIN MAX MIN 

IA,GZ 2.2 2.2 
VT Input threshold voltage I V1 V 

2.5 2.5 

VOH High-level output voltage 
10H = -16mA 3.7 

V 
10H = -13.6 mA 3.7 

Low-level output voltage 
IOL = 64 mA 0.5 

V VOL 
IOL = 54.4 mA 0.5 

10Z Off-state output current Vo = VCC or 0 :!:10 :!:5 J.1A 
ICC Supply current VI = VIH or VIL 10.1 0.49 mA 

Ci Input capacitance IY1 16.6 16.6 pF 

Cpd 
Equivalent power dissipation 

tr = tf = 1 ns 31 31 pF capacitance 

:I: Typical values are at VCC = 5 V, TA = 25°C. 
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IOJG1LJ 
64-mA 3-STATE I/O BUFFER 

TSC500 
SERIES 

WITH 0.5 di/dt, CMOS INPUT, AND CMOS/TTL OUTPUT 
03030, APRIL 1988 

TTL SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PARAM· FROM TO TEST -55°C to 125·C O°C to 70·C 

MIN TYpt MAX MIN TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX 

tpLH A Yl RL = 00 

1.34 3.77 8.58 1.42 3.77 7.82 
ns 

tpHL 1.58 4.43 10.06 1.68 4.43 9.17 

tpZH 
GZ 

RL = 1 k!l to GND 1.35 4.03 9.3 1.44 4.03 8.48 
Yl ns 

tpZL RL = 1 k!l to Vee 1.7 4.56 10.06 1.81 4.56 9.16 

CL = 50 pF 

PARAM· FROM TO TEST -55°C to 125°C O·C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH Yl 
1.58 4.43 10.06 1.68 4.43 9.17 

A RL = 00 ns 
tpHL 1.95 5.17 11.38 2.08 5.17 10.34 

tpZH 
GZ 

RL = 1 k!lto GND 1.6 4.69 10.78 1.71 4.69 9.83 
Yl ns 

tpZL RL = 1 k!lto Vec 1.98 5.21 11.35 2.12 5.21 10.33 

tpHZ 
GZ Yl RL = 1 k!l to GND 9.52 9.52 

RL = 1 k!ltoVee 
ns 

tpLZ 9.7 9.7 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

AtpLH 10 20 40 10 20 40 
ps/pF A Yl 

AtpHL 10 20 40 10 20 30 

AtpZH 
GZ 

10 20 40 10 20 40 
ps/pF Yl 

10 20 40 10 20 30 AtpZL 

t Typical values are at Vee = 5 V, T A = 25°e. 
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TSC500 
SERIES 

IOJG1LJ 
54-rnA 3-STATE I/O BUFFER 

WITH 0.5 di/dt, CMOS INPUT, AND CMOS/TTL OUTPUT 
D3030, APRIL 1988 

CMOS SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

ETER (INPUT) (OUTPUT) CONDITIONS MIN TYpt MAX MIN TYpt MAX 
UNIT 

tpLH 
A Y1 RL = 00 

1.57 4.35 9.66 1.68 4.35 8.81 
ns 

tpHL 1.53 4.21 9.51 1.64 4.21 8.64 

tpZH 
GZ Y1 

RL = 1 kn to GND 1.71 4.63 10.34 1.82 4.63 9.41 

RL = 1 knto Vce 
ns 

tpZL 1.56 4.23 9.45 1.66 4.23 8.6 

CL = 50 pF 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH A Y1 RL = 00 
1.99 5.36 11.77 2.12 5.36 10.73 

ns 
tpHL 1.76 4.74 10.59 1.88 4.74 9.62 

tpZH 
GZ Y1 

RL = 1 kn to GND 2.12 5.65 12.47 2.27 5.65 11.35 
ns 

tpZL RL = 1 kntoVee 1.79 4.77 10.53 1.91 4.77 9.58 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 

PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

~tpLH 
A 

10 30 60 10 30 50 
ps/pF Y1 

~tpHL 10 20 30 10 20 30 

~tpZH 
GZ Y1 

10 30 60 10 30 60 
ps/pF 

~tpZL 10 20 30 10 20 30 

input switching characteristics over recommended ranges of supply voltage and operating 
free-air temperature (unless otherwise noted), CL = 0 

PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX 

tpLH 
Y1 

0.58 0.9 1.52 0.6 0.9 1.4 
Y2 ns 

tpHL 0.12 0.63 1.21 0.13 0.63 1.16 

AtpLH 
Y1 

0.06 0.2 0.34 0.07 0.2 0.33 
ns/pF Y2 

~tpHL 0.13 0.13 0.26 0.13 0.13 0.24 

fTypical values are at Vee = 5 V, TA = 25°e. 
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TSC500 
SERIES 

IOJG4LJ 
64·rnA 3·STATE I/O BUFFER 

WITH 0.5 di/dt, TTL INPUT, AND CMosmL OUTPUT 

A 

L 
H 

X 

X 

03030, APRIL 1988 

I/O BUFFER CELL 

FUNCTION TABLE 

INPUTS OUTPUTS 

logic symbolt 

A 
GZ Y1 Y1 

L L L 
L H H 

H L Z 

H H Z 

Y2 

L 
H 

L 
H 

GZ-----I 

Y2-4-< 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATIONS: Y1 = A (if GZ is L) Y2 = Y1 

description 
The IOJG4W cell is a noninverting 3-state input-output buffer that interfaces CMOS internal 
functions with TTL or CMOS off-chip bidirectional bus lines. The input buffer responds to 
TTL threshold levels imposed on the I/O bus regardless of the state of the output enable GZ. 
When the buffer is called from the engineering workstation input, the following label format 
is developed and will be captured in the design netlist: 

Label: IOJG4W A,GZ,Y2,Y1; 

A pull-up or pull-down terminator can be connected to the Y1 node. 

absolute maximum ratings and recommended operating conditions 
These are specified as part of the TSC500 Series Data. 

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

TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

MIN TYp:f: MAX TYp:f: 
UNIT 

CONDITIONS MIN MAX 

VT 
IA,GZ 2.2 2.2 

V Input threshold voltage IYl 
1.3 1.3 

VOH High-level output voltage 
IOH = -16 mA 3.7 

V 
IOH = -13.6 mA 3.7 

VOL Low-level output voltage 
IOL = 64 mA 0.5 

V 
IOL = 54.4 mA 0.5 

IOZ Off-state output current Vo = vcc orO ±10 ±5 IlA 

ICC Supply current VI = VIH or VIL 3.45 0.3 mA 

Ci Input capacitance IYl 16.6 16.6 pF 

Cpd 
Equivalent power dissipation tr =tf=lns 32.5 32.5 pF capacitance 

:j: Typical values are at VCC = 5 V, TA = 25°C. 
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TSC500 
SERIES 

IOJG4LJ 
. 54-rnA 3-STATE I/O BUFFER 

WITH 0.5 di/dt, TTL INPUT, AND CMOS/TTL OUTPUT 
D3030, APRIL 1988 

TTL SWITCHING CHARACTERISTICS 

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

CL = 15 pF 

PARAM· FROM TO TEST -55°C to 125°C ooe to 70°C 

MIN TYpt MAX Typt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MiN MAX 

tpLH 1.3 3.77 8.58 1.39 3.77 7.82 
A Y1 RL = 00 ns 

tpHL 1.66 4.53 10.08 1.78 4.53 9.17 

tpZH 
GZ 

RL = 1 kU to GND 1.35 4.03 9.29 1.44 4.03 8.48 
Y1 ns 

tpZL RL = 1 k!1 to Vee 1.7 4.56 10.06 1.81 4.56 9.16 

CL= 50 pF 

PARAM· FROM TO TEST -55°C to 125cC O°C to 70c C 

TYpt MAX TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN MIN 

tpLH 1.54 4.43 10.06 1.65 4.43 9.16 
A Y1 RL = 00 ns 

tpHL 1.94 5.17 11.37 2.08 5.17 10.34 

tpZH RL = 1 k!1 to GND 1.6 4.7 10.78 1.71 4.7 9.83 
GZ Y1 ns 

tpZL RL = 1 k!1 to Vee 1.97 5.21 11.34 2.11 5.21 10.32 

tpHZ RL = 1 k!1 to GND 9.51 9.51 
GZ Y1 ns 

tpLZ RL = 1 k!1 to Vee 9.7 9.7 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free·air temperature (unless otherwise noted) 

PARAM· FROM TO TEST -55°C to 125°C ooe to 70°C 

MIN TYpt MAX MIN TYpt MJ..X 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

AtpLH 10 20 40 10 20 40 
ps/pF A Y1 

LllpHL 10 20 40 10 20 30 

AtpZH 10 20 40 10 20 40 
ps/pF GZ Y1 

AtpZL 10 20 40 10 20 30 

input switching characteristics over recommended ranges of supply volta::!£. and operating 
free·air temperature (unless otherwise noted), CL = 0 
PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

TYpt MAX TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN MIN 

tpLH 0.79 1.43 2.26 0.81 1.43 2.16 
Y1 Y2 ns 

tpHL 0.05 1.18 3.15 0.06 1.18 2.99 

AtpLH 
Y1 

0.06 0.18 0.37 0.07 0.18 0.32 
ns/pF Y2 

AtpHL 0.03 0.24 0.58 0.04 0.24 0.54 

t Typical values are at Vce = 5 V, TA = 25°C. 
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IOJG4LJ 
64 .. mA 3-STATE I/O BUFFER 

TSC500 
SERIES 

WITH 0.5 di/dt, TTL INPUT, AND CMOSmL OUTPUT 
D3030, APRIL 1988 

CMOS SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PARAM- FROM TO TEST -55·C to 125·C O·C to 70·C 

MIN TYpt MAX MIN TYpt 
UNIT 

ETER (INPUT) (OUTPUn CONDITIONS MAX 

tpLH 
Y1 

1.54 4.35 9.66 1.65 4.35 8.81 
A RL = co ns 

tpHL 1.54 4.2 9.49 1.64 4.2 8.63 

tpZH 
GZ Y1 

RL = 1 knto GND 1.72 4.64 10.34 1.83 4.64 9.41 

RL = 1 knto Vee 
ns 

tpZL 1.56 4.23 9.44 1.66 4.23 8.59 

CL = 50 pF 
PARAM- FROM TO TEST -55·C to 125·C O·C to 70·C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
Y1 

1.95 5.36 11.77 2.1 5.36 10.74 
A RL = co 

9.62 
ns 

tpHL 1.76 4.74 10.59 1.88 4.74 

tpZH 
GZ Y1 

RL = 1 kn to GND 2.13 5.65 12.47 2.27 5.65 11.35 

RL = 1 kntoVee 1.79 4.77 10.53 1.91 9.58 
ns 

tpZL 4.77 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 

PARAM- FROM TO TEST -55·C to 125·C O·C to 70·C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

LltpLH 
Y1 

10 30 60 10 30 60 
ps/pF A 

LltpHL 10 20 30 10 20 30 

LltpZH 
GZ Y1 

10 30 60 10 30 60 
ps/pF 

LltpZL 10 20 30 10 20 30 

t Typical values are at Vee = 5 V, TA = 25·e. 
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TSC500 
SERIES 

IOJ01 LJ 
10-mA 3-STATE I/O BUFFER 

WITH 0.5 di/dt, CMOS INPUT, AND CMOS/TTL OUTPUT 

A 

L 

H 

X 

X 

D3030, APRIL 1988 

I/O BUFFER CELL 

FUNCTION TABLE logic symbolt 
INPUTS OUTPUTS 

GZ Y1 

L L 

L H 

H L 

H H 

Y1 

L 

H 

Z 

Z 

Y2 

L 

H 

L 

H 

A 

GZ-----I 

Y2-....... < 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATIONS: Y1 = A (if GZ is L) Y2 = Y1 

description 
The IOJ01 LJ cell is a noninverting 3-state input-output buffer that interfaces CMOS internal 
functions with TTL or CMOS off-chip bidirectional bus lines. The input buffer responds to 
CMOS threshold levels imposed on the I/O bus regardless of the state of the output enable 
GZ. When the buffer is called from the engineering workstation input, the following label 
format is developed and will be captured in the design netlist: 

Label: IOJ01 LJ A,GZ,Y2,Y1 ; 

A pull-up or pull-down terminator can be connected to the Y1 node. 

absolute maximum ratings and recommended operating conditions 
These are specified as part of the TSC500 Series Data. 

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

TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

TYP* TYP* 
UNIT 

CONDITIONS MIN MAX MIN MAX 

VT 
,IA,GZ 2.2 2.2 

Input threshold voltage IY1 V 
2.5 2.5 

VOH High-level output voltage 
10H = -10mA 3.7 

V 
10H = -8.5 mA 3.7 

VOL Low-level output voltage 
10L = 10 mA 0.5 

V 
10L = 8.5 mA 0.5 

10Z Off-state output current Vo = VCC orO ±10 ±5 (.1A 

ICC Supply current VI = VIH or VIL 10.7 0.49 mA 

Ci Input capacitance IY1 13.8 13.8 pF 

Cpd 
Equivalent power dissipalion 

Ir = If = 1 ns 18.7 18.7 pF capacitance 

* Typical values are al VCC = 5 V, TA = 25°C. 
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IOJ01LJ -TSC500 
SERIES to-rnA 3-STATE I/O BUFFER 

WITH 0.5 di/dt, CMOS INPUT, AND CMOSmL OUTPUT 
D303Cl. APRIL 1988',' , . 

TTL SWITCHING CHARACTERISTICS 

output switching characteristics over recommended ranges of supply voltage and operatil'!g 
free-air temperature (l,ml.ess otherwise noted) . 

CL = 15pF 
PARAM- FROM TO TEST' -55·C to 125·C o·e to 70·C 

MINTYPt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH A Y1 RL = 00 
1.34 3.75 8.51 1.42 3.75 7.75 

ns 
tpHL 2.08 5.3 11.27 2.23 5.3 10.27 

tpZH 
GZ Y1 

RL = 1 kato GND 1.37 4.04 9.3 1.46 4.04 8.47 

RL = 1 k!1 to Vee 
ns 

tpZL 2.09 5.33 11.34 2.24 5.33 10.31 

CL = 50 pF 
PARAM- FROM ,TO TEST -55·C to 125·C O·C to 70~C 

ETER (INPI.)T) (OUTPUT) CONDITIONS MIN TYpt' MAX MIN TYpt MAX 
I.)N!T 

tpLH 
A Y1 RL = 00 

1.66 4.63 10.5 1:77 4.63 9.57 
ns 

tpHL 3 7.26 15.07 3.23 7.26 13.69 

tpZH 
GZ Yl 

RL = 1 kO to GND 1.7 4.93 11.31 1.81 4.93 10.3 

RL = 1 ka to Vee 
ns 

tpZL 3.02 7.31 15.23 3.24 7.31 13.8 

tpHZ 
GZ Y1 

RL = 1 ka to GND 9.77 9.77 

RL = 1 ka to Vee 8.62 
ns 

tPLZ 8.62 

change in propagatiol'! delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 
PARAM· FROM TO TEST -55·C to 125·C O·C to 70·C 

ETER (INPUr) (OUTPUT) CQNDITIONS MIN TYflt MAX . MIN TYpt MAX 
U~IT 

dtpLH 
A Y1 

10 30 60 10 30 50 
ps/pF 

dtpHL 30 60 110 30 60 1QO 

dtPZH 
GZ Y1 

10 30 60 10 30 50 
ps/pF 

dtPZL 30 60 110 30 60 100 

t Typical values are at Vee = 5 V. T A = 25·e. 
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TSC500 
SERIES 

IOJ01LJ 
10-mA 3-STATE I/O BUFFER 

WITH 0:5 di/dt, CMOS INPUT, AND CMOS/TTL OUTPUT 
D3030, APRIL 1988 

CMOS SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

TYpt MAX TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN MIN 

tpLH 1.64 4.47 9.89 1.75 4.47 8.97 
A Y1 RL = <Xl ns 

tpHL 1.78 4.63 10.07 1.91 4.63 9.17 

tpZH 
GZ Y1 

RL = 1 kO to GND 1.79 4.78 10.62 1.91 4.78 9.66 
ns 

tpZL RL = 1 kO to Vce 1.78 4.62 10.Q1 1.91 4.62 9.1 

CL = 50 pF 
PARAM· FROM TO TEST -55°C to 125°C ooe to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
A Y1 RL = 00 

2.22 5.88 12.81 2.37 5.88 11.68 
ns 

tpHL 2.45 6.09 12.98 2.63 6.09 11.8 

tpZH 
GZ Y1 

RL = 1 kO to GND 2.37 6.21 13.64 2.53 6.21 12.41 
ns 

tpZL RL = 1 kOtoVee 2.45 6.1 12.96 2.63 6.1 11.77 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free·air temperature (unless otherwise noted) 

PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MIN TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX MAX 

.MPLH 
A Y1 

20 40 80 20 40 80 
ps/pF 

~tpHL 20 40 80 20 40 80 

~tpZH 
GZ Y1 

20 40 90 20 40 80 
ps/pF 

~tpZL 20 40 80 20 40 80 

input switching characteristics over recommended ranges of supply voltage and operating 
free·air temperature (unless otherwise noted), CL = 0 

PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX 

tpLH 
Y1 Y2 

0.58 0.9 1.52 0.6 0.9 1.41 
ns 

tpHL 0.12 0.63 1.21 0.13 0.63 1.16 

~tpLH 
Y1 

0.06 0.2 0.34 0.07 0.2 0.32 
ns/pF Y2 

~tpHL 0.13 0.13 0.26 0.13 0.13 0.24 

t Typical values are at Vec = 5 V, TA = 25°C. 
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TSC500 
SERIES 

IOJ04LJ 
10-mA 3-STATE I/O BUFFER 

WITH 0.5 di/dt, TTL INPUT, AND CMOS/TTL OUTPUT 

A 

L 

H 

X 

X 

D3030. APRIL 1988 

I/O BUFFER CELL 

FUNCTION TABLE logic symbolt 
INPUTS OUTPUTS 

A 
GZ Y1 

L L 

L H 

H L 

H H 

Y1 

L 

H 

Z 

Z 

Y2 

L 

H 

L 

H 

GZ----' 

V2 --l1li-< 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATIONS: Y1 = A (if GZ is L) Y2 = Y1 

description 
The IOJ04LJ cell is a non inverting 3-state input-output buffer that interfaces CMOS internal 
functions with TTL or CMOS off-chip bidirectional bus lines. The input buffer responds to 
TTL threshold levels imposed on the I/O bus regardless of the state of the output enable GZ. 
When the buffer is called from the engineering workstation input, the following label format 
is developed and will be captured in the design netlist: 

Label: IOJ04LJ A,GZ,Y2,Y1; 

A pull-up or pull-down terminator can be connected to the Y1 node. 

absolute maximum ratings and recommended operating conditions 
These are specified as part of the TSC500 Series Data. 

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

TEST -55·C to 125·C O·C to 70·C 
PARAMETER 

TYp:t: MIN TYp:t: MAX 
UNIT 

CONDITIONS MIN MAX 

VT 
.lA,GZ 2.2 2.2 

V Input threshold voltage !Yl 
1.3 1.3 

VOH High-level output voltage 
IOH == -10 mA 3.7 

V 
IOH == -8.5 mA 3.7 

VOL LOW-level output voltage 
IOL==10mA 0.5 

V 
IOL == 8.5 mA 0.5 

IOZ Off-state output current Vo == VCC or 0 ±10 ±5 J.lA 

ICC Supply current VI == VIH or VIL 3.45 0.3 mA 

Ci Input capacitance IY1 13.8 13.8 pF 

Cpd 
Equivalent power dissipation tr ==tf==lns 19.9 19.9 pF capacitance 

:t: Typical values are at VCC == 5 V, TA == 25·C. 

PROOUCTION DATA documents .ontain information 
current .s af publication date. Products conform to 
specifications per the terms of TellS Instruments TEXAS ." 

Copyright @ 1988, Texas Instruments Incorporated 

:~~~~:~~i~ar::~~i ~!:ti~~ti:f :1~D::::=:t:~~S not INSTRUMENTS 
12-82 POST OFFICE BOX 655012 • DALLAS. TEXAS 75265 



TSC500 
SERIES 

IOJ04LJ 
10-mA 3-STATE I/O BUFFER 

WITH 0.5 di/dt, TTL INPUT, AND CMOSmL OUTPUT 
D3030, ~PRIL 1988 

TTL SWITCHING CHARACTERISTICS 

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

CL = 15 pF 

PARAM- FROM TO TEST -55°C to 125°C O°C to 70'C 

MIN TYpt MAX TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN 

tpLH 1.34 3.75 8.51 1.42 3.75 7.75 
A Y1 RL = 00 ns 

tpHL 2.08 5.29 11.25 2.23 5.29 10.25 

tpZH 
GZ Y1 

RL = 1 kD.to GND 1.37 4.03 9.29 1.46 4.03 8.47 
ns 

tpZL RL = 1 kD. to Vee 2.09 5.32 11.32 2.24 5.32 10.29 

CL = 50 pF 

PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

ETER (INPUT) (OUTPUT) CONDITIONS MIN TYpt MAX MIN TYpt MAX 
UNIT 

tpLH 
Y1 

1.66 4.63 10.5 1.77 4.63 9.56 
A RL = 00 ns 

tpHL 3 7.25 15.05 3.22 7.25 13.67 

tpZH 
Y1 

RL = 1 kD.to GND 1.7 4.92 11.31 1.81 4.92 10.3 
GZ ns 

tpZL RL = 1 kD.to Vee 3.01 7.31 15.21 3.23 7.31 13.79 

tpHZ 
GZ 

RL = 1 kD. to GND 9.77 9.77 
Y1 ns 

tpLZ RL = 1 kD. to Vee 8.62 8.62 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

~tpLH 
A Y1 

10 30 60 10 30 60 
ps/pF 

~tpHL 30 60 110 30 60 100 

~tpZH 
GZ Y1 

10 30 60 10 30 50 
ps/pF 

AtpZL 30 60 110 30 60 100 

input switching characteristics over recommended ranges of supply voltage and operating 
free-air temperature (unless otherwise noted), CL = 0 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

ETER (INPUT) (OUTPUT) CONDITIONS MIN TYpt MIN TYpt MAX 
UNIT 

MAX 

tpLH 
Y1 Y2 

0.79 1.43 2.26 0.81 1.43 2.16 
ns 

tpHL 0.05 1.18 3.15 0.06 1.18 2.99 

AtpLH 
Y1 Y2 

0.06 0.18 0.37 0.07 0.18 0.32 
ns/pF 

~tpHL 0.03 0.24 0.58 0.04 0.24 0.54 

t Typical values are at Vee = 5 V, TA = 25°C. 

PRODUCTION DATA documents tontain information 
current IS of publication date. Products conform to 
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IOJ04LJ 
10-mA 3-STATE I/O BUFFER 

TSC500 
SERIES 

WITH 0.5 di/dt, TTL INPUT, AND CMOSmL OUTPUT 
03030, APRIL 1988 

CMOS SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PARAM- FROM TO TEST -55°C to 125°C ooe to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
A 

1.65 4.47 9.84 1.75 4.47 8.97 
Y1 RL = '" ns 

tpHL 1.78 4.62 10.06 1.91 4.62 9.16 

tpZH 
GZ Y1 

RL = 1 kn to GND 1.79 4.78 10.62 1.91 4.78 9.66 
ns 

tpZL RL = 1 kn to Vee 1.78 4.62 10 1.9 4.62 9.1 

CL = 50 pF 

PARAM- FROM TO TEST -55DC to 125DC ODC to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tPLH 2.22 5.89 12.82 2.37 5.89 11.68 
A Y1 RL = '" ns 

tPHL 2.45 6.09 12.97 2.63 6.09 11.79 

tpZH 
GZ Y1 

RL = 1 kn to GND 2.37 6.22 13.65 2.53 6.22 12.42 

RL = 1 kntoVee 2.63 
ns 

tpZL 2.45 6.09 12.96 6.09 11.76 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 
PARAM- FROM TO TEST -55DC to 125°C ODC to 70°C 

MIN TYpt MIN TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX MAX 

L\tpLH 
A 

20 40 90 20 40 80 
ps/pF Y1 

L\tpHL 20 40 80 20 40 80 

L\tpZH 
GZ Y1 

20 40 90 20 40 80 
ps/pF 

L\tpZL 20 40 80 20 40 80 

t Typical values are at Vee = 5 V, TA = 25De. 

Copyright @ 1988, Texas Instruments Incorporated PRODUCTION DATA documonts contain information ." 
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TSC500 
SERIES 

IOJ21 LJ 
2-mA 3-STATE I/O BUFFER 

WITH 0.5 di/dt, CMOS INPUT, AND CMOS/TTL OUTPUT 

A 

L 

H 

X 
X 

D3030. APRIL 1988 

I/O BUFFER CELL 

FUNCTION TABLE logic symbolt 
INPUTS OUTPUTS 

A 
GZ Y1 

L L 

L H 

H L 

H H 

Y1 

L 

H 

2 

2 

Y2 

L 

H 

L 

H 

GZ----J 

Y2-+-C 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATIONS: Y1 = A (if GZ is L) Y2 = Y1 

description 
The IOJ21 LJ cell is a noninverting 3-state input-output buffer that interfaces CMOS internal 
functions with TIL or CMOS off-chip bidirectional bus lines. The input buffer responds to 
CMOS threshold levels imposed on the I/O bus regardless of the state of the output enable 
(3Z. When the buffer is called from the engineering workstation input, the following label 
formatis developed and will be captured in the design netlist: 

Label: IOJ21 LJ A,GZ,Y2,Y1 ; 

A pull-up or pull-down terminator can be connected to the Y1 node. 

absolute maximum ratings and recommended operating conditions 
These are specified as part of the TSC500 Series Data. 

electrical characteristics over recomm~nded ranges of supply voltage and operating free
air temperature (unless otherwise rioted) 

TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

TYP* MAX TYP* 
UNIT 

CONDITIONS MIN MIN MAX 

VT 
IA.G2 2.2 2.2 

Input threshold voltage I Y1 
2.5 

V 
2.5 

VOH High-level output voltage 
10H = -2mA 3.7 

V 
10H = -1.6 mA 3.7 

VOL LOW-level output voltage 
IOL = 2 mA 0.5 

10L = 1.6 mA 
V 

0.5 

102 Off-state output current Vo = VCC or 0 ±10 ±5 j.lA 

ICC Supply current VI = VIH or VIL 10.7 0.49 mA 

Ci Input capacitance IY1 13.8 13.8 pF 

Cpd 
Equivalent power dissipation tr =tf=1ns 17.2 17.2 pF capacitance 

* Typical values are at VCC = 5 V. TA = 25°C. 

PRODUCTION DATA documents contain information 
cur .... nt I. of publication data. Products conform to 
specifications par the terms ~f TaIlS Instruments TEXAS ." 

CoPVright·@ 1988. Texas Instruments Incorporated 

~~~~:~~i~·t::1~1~ ~!::i:~~i:r :'~O::~:~~::'s~s not INSTRUMENTS 
POST OFFICE BOX 655012 .. DALLAS. TEXAS 75265 12-85 



IOJ21LJ 
2-mA 3-STATE I/O BUFFER 

TSC500 
SERIES 

WITH 0.5 di/dt, CMOS INPUT, AND CMOSmL OUTPUT 
D3030, APRIL 1988 

TTL SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PARAM· FROM TO TEST -osoe to 125°C ooe to 700 e 

ETER (INPUT) (OUTPUT) CONDITIONS MIN TYpt MAX TYpt MAX 
UNIT 

MIN 

tpLH 
A Y1 RL = 00 

2.34 6.41 14.51 2.5 6.41 13.22 
ns 

tpHL 5.45 12.61 25.62 5.8512.61 23.28 

tpZH 
GZ 

RL = 1 kn to GND 2.4 6.83 16.02 2.56 6.83 14.53 
Y1 ns 

tpZL RL = 1 kn to Vee 5.61 13.68 30.09 6.05 13.68 26.77 

CL = 50 pF 

PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

ETER (INPUT) (OUTPUT) CONDITIONS MIN TYpt MAX TYpt MAX 
UNIT 

MIN 

tpLH 3.4 9.48 21.57 3.63 9.48 19.69 
A Y1 RL = 00 ns 

tpHL 9.34 20.73 41.1 10.06 20.73 37.22 

tpZH 
GZ Y1 

RL = 1 kn to GND 3.44 10.02 23.66 3.68 10.02 21.49 

RL = 1 kn to Vee 
ns 

tpZL 9.66 22.79 49.74 10.44 22.79 43.94 

tpHZ 
GZ Y1 

RL = 1 kn to GND 15.58 15.58 

RL = 1 kn to Vee 
ns 

tpLZ 12.31 12.31 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 

PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

~tpLH 30 90 200 30 90 180 
ps/pF A Y1 

~tpHL 110 230 440 120 230 400 

~tpZH 
GZ 

30 90 220 30 90 200 
ps/pF Y1 

~tpZL 120 260 560 130 260 490 

t Typical values are at Vce = 5 V, TA = 25°e. 

PRODUCTION DATA documents cantain information 
current as of publication date. Products conform to 
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TSC500 
SERIES 

IOJ21LJ 
2-mA 3-STATE I/O BUFFER 

WITH 0.5 di/dt, CMOS INPUT, AND CMOS/TTL OUTPUT 
D3030. APRIL 1988 

CMOS SWITCHING CHARACTERISTICS 

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

CL = 15 pF 

PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 3.4 8.75 18.83 3.64 8.75 17.18 
A Yl RL = 00 ns 

tpHL 4.31 10.29 21.5 4.62 10.29 19.55 

tpZH 
GZ 

RL = 1 knto GND 3.59 9.54 21.79 3.83 9.54 19.65 
Yl ns 

tpZL RL = 1 kn to Vce 4.38 10.76 23.46 4.7 10.7621.11 

CL = 50 pF 

PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
A RL = 00 

5.73 14.63 31.03 6.13 14.63 28.38 
Yl ns 

tpHL 6.9 15.86 32.47 7.42 15.86 29.44 

tpZH 
GZ Yl 

RL = 1 kn to GND 5.94 15.96 36.5 6.35 15.96 32.91 
ns 

tpZL RL = 1 knto Vee 7.03 16.67 35.84 7.56 16.67 32.11 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 
PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MIN TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX MAX 

AtpLH 70 170 350 70 170 320 
ps/pF A Yl 

AtpHL 70 160 310 80 160 280 

AtpZH 
GZ Yl 

70 180 420 70 180 380 
ps/pF 

AtpZL 80 170 350 80 170 310 

input switching characteristics over recommended ranges of supply voltage and operating 
free-air temperature (unless otherwise noted), CL = 0 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX 

tpLH 
Yl 

0.58 0.9 1.52 0.6 0.9 1.41 
Y2 ns 

tpHL 0.12 0.63 1.21 0.13 0.63 1.16 

AtpLH 0.06 0.2 0.34 0.07 0.2 0.32 
ns/pF Yl Y2 

AtpHL 0.13 0.13 0.26 0.13 0.13 0.24 

t Typical values are at VCC = 5 V, T A = 25°C. 

PRODUCTION DATA dooumonts oontain informllion 
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TSC500 
SERIES 

IOJ24LJ 
2-mA 3-STATE I/O BUFFER 

WITH 0.5 di/dt, TTL INPUT, AND CMosrrTL OUTPUT 

A 
I ... 
H 

X 

X 

D3030, APRIL 1988 

I/O BUFFER CELL 

FUNCTION TABLE logic symbolt 
INPUTS OUTPUTS 

A 
GZ Y1 

L L 

L H 

H L 

H H 

Y1 

L 

H 

Z 

Z 

Y2 
I ... 
H 

L 

H 

GZ-----' 

Y2-.... -<.. 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATIONS: Y1 = A (if GZ is L) Y2 = Y1 

description 
The IOJ24LJ cell is a noninverting 3-state input-output buffer that interfaces CMOS internal 
functions with TIL or CMOS off-chip bidirectional bus lines. The input buffer responds to 
TIL threshold levels imposed on the I/O bus regardless of the state of the output enable GZ. 
When the buffer is called from the engineering workstation input; the following label format 
is developed and will be captured in the design netlist: 

Label: IOJ24LJ A,GZ,Y2,Y1 ; 

A pull-up or pull-down terminator can be connected to the Y1 node. 

absolute maximum ratings and recommended operating conditions 
These are specified as part of the TSC500 Series Data. 

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

TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

TYp:j: MAX TYp:j: MAX 
UNIT 

CONDITIONS MIN MIN 

.IA, GZ 2.2 2.2 
VT Input threshold voltage I Y1 V 

1.3 1.3 

IOH = -2 rnA 3.7 
V VOH High-level output voltage 

IOH = -1.6 rnA 3.7 

IOL= 2 rnA 0.5 
VOL Low-level output voltage V 

IOL = 1.6 rnA 0.5 

IOZ Off-state output current Vo = Vee or 0 ±10 ±5 J.lA 

ICC Supply current VI = VIH or VIL 3.45 0.3 rnA 

Ci Input capacitance IY1 13.8 13.8 pF 

Cpd 
Equivalent power dissipation 
capacitance tr = tf = 1 ns 17.7 17.7 pF 

:j: Typical values are at VCC = 5 V, T A = 25°C. 

PRODUCTION DATA documents contain information 
current 8S of publication date. Products conform to 
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TSC500 
SERIES 

IOJ24LJ 
2-mA 3-STATE I/O BUFFER 

WITH 0.5 di/dt, TTL INPUT, AND CMOS/TTL OUTPUT 
D3030, APRIL 1988 

TTL SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

TYpt MAX Typt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN MIN 

tpLH 2.35 6.41 14.52 2.5 6.41 13.22 
A Y1 RL = 00 ns 

tpHL 5.43 12.57 25.52 5.84 12.57 23.19 

tpZH RL = 1 kfl to GND 2.4 6.84 16.02 2.56 6.84 14.53 
GZ Y1 ns 

tpZL RL = 1 kfltoVee 5.59 13.63 29.94 6.03 13.63 26.65 

CL = 50 pF 
PARAM- FROM TO TEST -55°C to 125°C O'C to 70°C 

TYpt MAX Typt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN MIN 

tpLH 3.4 9.49 21.58 3.64 9.49 19.69 
A Y1 RL = 00 ns 

tpHL 9.33 20.7 40.99 10.04 20.737.14 

tpZH 
GZ 

RL = 1 kfl to GND 3.44 10.02 23.67 3.68 10.02 21.49 
Y1 ns 

tpZL RL = 1 kfl to Vee 9.65 22.75 49.59 10.43 22.75 43.82 

tpHZ 
GZ 

RL = 1 kfl to GND 15.56 15.56 
Y1 ns 

tpLZ RL = 1 kfl to Vee 12.33 12.33 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 

PARAM- FROM TO TEST -55°C to 125'C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

~tpLH 
Y1 

30 90 200 30 90 180 
ps/pF A 

~tpHL 110 230 440 120 230 400 

~tpZH 
GZ 

30 90 220 30 90 200 
ps/pF Y1 

~tpZL 120 260 560 130 260 490 

input switching characteristics over recommended ranges of supply voltage and operating 
free-air temperature (unless otherwise noted), CL = 0 
PARAM- FROM TO TEST - 55°C to 125'C QOC to 7Qoe 

TYpt MAX TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN MIN MAX 

tpLH 0.79 1.43 2.26 0.81 1.43 2.16 
Y1 Y2 ns 

tpHL 0.05 1.18 3.15 0.06 1.18 2.99 

~tpLH 0.06 0.18 0.37 0.07 0.18 0.32 
Y1 Y2 ns/pF 

~tpHL 0.03 0.24 0.58 0.04 0.24 0.54 

t Typical values are at Vee = 5 V, TA = 25°e. 

PRODUCTION DATA documents contain information 
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IOJ24LJ 
2-mA 3-STATE I/O BUFFER 

TSC500 
SERIES 

WITH 0.5 di/dt, TTL INPUT, AND CMOSmL OUTPUT 
03030, APRIL 1988 

CMOS SWITCHING CHARACTERISTICS 

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

CL = 15 pF 

PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

TYpt MAX TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN MIN 

tpLH 
A Yl 

3.41 8.78 18.87 3.65 8.78 17.22 
RL = co ns 

tpHL 4.3 10.28 21.45 4.61 10.28 19.52 

tpZH 
GZ Yl 

RL = 1 kD to GND 3.6 9.57 21.85 3.85 9.57 19.7 
ns 

tpZL RL = 1 kD to Vee 4.37 10.74 23.4 4.69 10.74 21.07 

CL = 50 pF 

PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

TYpt MAX TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN MIN 

tpLH 
A Yl RL = co 

5.74 14.65 31.09 6.14 14.65 28.43 
ns 

tpHL 6.9 15.85 32.42 7.41 15.85 29.41 

tpZH 
GZ Yl 

RL = 1 kD to GND 5.95 15.98 36.56 6.36 15.98 32.97 
ns 

tpZL RL = 1 kD to Vee 7.02 16.66 35.78 7.55 16.6632.07 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free·air temperature (unless otherwise noted) 

PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

L\tpLH 
A 

70 170 350 70 170 320 
Yl ps/pF 

L\tpHL 70 160 310 80 160 280 

L\tpZH 
GZ 

70 180 420 70 180 380 
Yl ps/pF 

L\tpZL 80 170 350 80 170 310 

t Typical values are at Vee = 5 V, T A = 25°e. 

PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
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TSC500 
SERIES 

IOJ41LJ 
4-mA 3-STATE I/O BUFFER 

WITH 0.5 di/dt, CMOS INPUT, AND CMOSmL OUTPUT 

A 

L 

H 

X 

X 

03030, APRIL 1988 

I/O BUFFER CELL 

FUNCTION TABLE logic symbolt 
INPUTS OUTPUTS 

A 
GZ Y1 Y1 

L L L 

L H H 

H L Z 

H H Z 

Y2 

L 

H 

L 

H 

GZ----' 

Y2-..... -< 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATIONS: Y1 = A (if GZ is L) Y2 = Y1 

description 
The IOJ41 LJ cell is a noninverting 3-state input-output buffer that interfaces CMOS internal 
functions with TTL or CMOS off-chip bidirectional bus lines. The input buffer responds to 
CMOS threshold levels imposed on the I/O bus regardless of the state of the output enable 
GZ. When the buffer is called from the engineering workstation input, the following label 
format is developed and will be captured in the design netlist: 

Label: IOJ41 LJ A,GZ,Y2,Y1; 

A pull-up or pull-down terminator can be connected to the Y1 node. 

absolute maximum ratings and recommended operating conditions 
These are specified as part of the TSC500 Series Data. 

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

TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

TYP:(: MAX TYP:(: MAX 
UNIT 

CONDITIONS MIN MIN 

VT 
.IA, GZ 2.2 2.2 

V Input threshold voltage I' . Y1 2.5 2.5 

VOH High-level output voltage 
IOH = -4 rnA 3.7 

V 
IOH = -3.4 rnA 3.7 

VOL Low-level output voltage 
IOL = 4 rnA 0.5 

V 
10L = 3.4 rnA 0.5 

10Z Off-state output current Vo = VCC or 0 ±10 ±5 J..lA 
ICC Supply current VI = VIH or VIL 11.3 0.49 rnA 

Ci Input capacitance IY1 13.8 13.8 pF 

Cpd 
Equivalent power dissipation 

tr = tf = 1 ns 17.5 17.5 pF capacitance 

:(: Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTION DATA documents contain information 
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IOJ41 LJ 
4-mA 3-STATE I/O BUFFER 

TSC500 
SERIES 

WITH 0.5 di/dt, CMOS INPUT, AND CMosmL OUTPUT 
D3030, APRIL 1988 

TTL SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PARAM- FROM TO TEST -55°e to 125°e aoe to 700 e 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 1.72 4.74 10.71 1.84 4.74 9.75 
A Y1 RL = 00 ns 

tpHL 3.35 8.05 16.62 3.6 8.05 15.12 

tpZH 
GZ 

RL = 1 kn to GND 1.77 5.06 11.68 1.89 5.06 10.62 
Y1 ns 

tPZL RL = 1 kn to Vee 3.39 8.3 17.6 3.65 8.3 15.89 

CL = 50 pF 

PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 2.33 6.44 14.58 2.49 6.44 13.29 
A Y1 RL = 00 ns 

tpHL 5.37 12.28 24.7 5.78 12.28 22.4 

tpZH 
GZ Y1 

RL = 1 kn to GND 2.38 6.79 15.67 2.54 6.79 14.25 
ns 

tpZL RL = 1 kn to Vee 5.44 12.74 26.44 5.87 12.74 23.76 

tpHZ 
GZ Y1 

RL = 1 knto GND 11.49 11.49 
ns 

tpLZ RL = 1 kntoVee 10.02 10.02 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

~tpLH 
Y1 

20 50 110 20 50 100 
ps/pF A 

~tpHL 60 120 230 60 120 210 

~tpZH 
GZ Y1 

20 50 110 20 50 100 
ps/pF 

~tpZL 60 130 250 60 130 220 

t Typical values are at Vee = 5 V, TA = 25°e. 
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TSC500 
SERIES 

IOJ41LJ 
4-mA 3-STATE I/O BUFFER 

WITH 0.5 di/dt, CMOS INPUT, AND CMOS/TTL OUTPUT 
D3030. APRIL 1988 

CMOS SWITCHING CHARACTERISTICS 

output switching characteristics over recommended ranges of supply volt.age and operating 
free-air temperature (unless otherwise noted) 

CL = 15 pF 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

TYpt MAX TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN MIN 

tpLH 
Y1 

2.31 6.07 13.16 2.47 6.07 11.99 
A RL = 00 ns 

tpHL 2.74 6.76 14.33 2.94 6.76 13.03 

tpZH 
GZ Y1 

RL = 1 kD. to GND 2.48 6.49 14.41 2.65 6.49 13.06 
ns 

tpZL RL = 1 kD. to Vee 2.75 6.86 14.75 2.95 6.86 13.36 

CL = 50 pF 
PAR AM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN 

tPLH A Y1 RL = 00 

3.53 9.11 19.48 3.77 9.11 17.79 
ns 

tpHL 4.13 9.75 20.22 4.43 9.75 18.35 

tpZH 
GZ Y1 

RL = 1 kD.to GND 3.7 9.65 21.22 3.96 9.65 19.26 

RL = 1 kD. to Vee 
ns 

tpZL 4.15 9.92 20.92 4.46 9.92 18.9 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 

PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX 

4ltpLH 
A Y1 

30 90 180 40 90 170 
ps/pF 

4ltpHL 40 90 170 40 90 150 

4ltpZH 
GZ Y1 

30 90 190 40 90 180 
ps/pF 

4ltpZL 40 90 180 40 90 160 

input switching characteristics over recommended ranges of supply voltage and operating 
free-air temperature (unless otherwise noted), CL = 0 

PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 0.58 0.9 1.52 0.58 0.9 1.4 
Y1 Y2 ns 

tpHL 0.12 0.63 1.21 0.13 0.63 1.16 

4ltpLH 0.06 0.2 0.34 0.07 0.2 0.33 
ps/pF Y1 Y2 

4ltpHL 0.13 0.13 0.26 0.13 0.13 0.24 

t Typical values are at Vce = 5 V. TA = 25°e. 
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TSC500 
SERIES 

IOJ44LJ 
4-mA 3-STATE I/O BUFFER 

WITH 0.5 di/dt, TTL INPUT, AND CMOS/TTL OUTPUT 

A 
I 
"-

H 

X 

X 

D3030, APRIL 1988 

I/O BUFFER CELL 

FUNCTION TABLE logic symbolt 
INPUTS OUTPUTS 

A 
GZ Y1 

I I 
"- L. 

L H 

H L 

H H 

Y1 
I 
L. 

H 

Z 

Z 

Y2 
I 
L. 

H 

L 

H 

GZ----' 

Y2 ---4~ 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATIONS: Y1 = A (if GZ is L) Y2 = Y1 

description 
The IOJ44LJ cell is a noninverting 3-state input-output buffer that interfaces CMOS internal 
functions with TIL or CMOS off-chip bidirectional bus lines. The input buffer responds to 
TIL threshold levels imposed on the I/O bus regardless of the state of the output enable GZ. 
When the buffer is called from the engineering workstation input, the following label format 
is developed and will be captured in the design netlist: 

Label: IOJ44LJ A,GZ,Y2,Y1; 

A pull-up or pull-down terminator can be connected to the Y1 node. 

absolute maximum ratings and recommended operating conditions 
These are specified as part of the TSC500 Series Data. 

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

TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

TYp:j: MAX TYp:j: MAX 
UNIT 

CONDITIONS MIN MIN 

VT 
IA. GZ 2.2 2.2 

V Input threshold voltage I 
Y1 1.3 1.3 

VOH High-level output voltage 
IOH = -4 mA 3.7 

V 
IOH = -3.4 mA 3.7 

IOL = 4 mA 0.5 
VOL Low-level output voltage V 

IOL = 3.4 mA 0.5 

IOZ Off-state output current Vo = VCC or 0 :t10 :t5 I-lA 

ICC Supply current VI = VIH or VIL 3.45 0.3 mA 

Ci Input capacitance IY1 13.8 13.8 pF 

Cpd 
Equivalent power dissipation tr = tf = 1 ns 17.8 17.8 pF capacitance 

:j: Typical values are at VCC = 5 V, TA = 25°C. 
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TSC500 
SERIES 

IOJ44LJ 
4-mA 3-STATE I/O BUFFER 

WITH 0.5 di/dt, TTL INPUT, AND CMOS/TTL OUTPUT 
03030, APRIL 1988 

TTL SWITCHING CHARACTERISTICS 

output switching characteristics over recommended ranges of supply vC'Jltage and operating 
free-air temperature (unless otherwise noted) 

CL=15pF 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

Typt MAX TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN MIN 

tpLH 
A Y1 RL = 00 

1.72 4.73 10.71 1.84 4.73 9.75 
ns 

tpHL 3.34 8.02 16.57 3.59 8.02 15.07 

tpZH 
GZ Y1 

RL = 1 kO to GND 1.77 5.06 11.68 1.89 5.06 10.61 
ns 

tpZL RL = 1 kO to Vee 3.38 8.28 17.53 3.64 8.28 15.83 

CL = 50 pF 

PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

TYpt MAX TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN MIN 

tpLH 2.33 6.44 14.58 2.49 6.44 13.29 
A Y1 RL = 00 ns 

tpHL 5.37 12.26 24.65 5.77 12.26 22.36 

tpZH 
GZ 

RL = 1 kO to GND 2.38 6.79 15.67 2.54 6.79 14.25 
Y1 ns 

tpZL RL = 1 kO to Vee 5.44 12.72 26.38 5.86 12.72 23.71 

tpHZ 
GZ 

RL = 1 kO to GND 11.49 11.49 
Y1 ns 

tpLZ RL = 1 kO to Vee 10.02 10.02 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 

PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

AtpLH 20 50 110 20 50 100 
A Y1 ps/pF 

AtpHL 60 120 230 60 120 210 

AtpZH 20 50 110 20 50 100 
GZ Y1 ps/pF 

AtpZL 60 130 250 60 130 230 

input switching characteristics over recommended ranges of supply voltage and operating 
free-air temperature (unless otherwise noted), CL = 0 

PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 0.79 1.43 2.26 0.81 1.43 2.16 
Y1 Y2 ns 

tpHL 0.05 1.18 3.15 0.06 1.18 2.99 

AtpLH 0.06 0.18 0.37 0.07 0.18 0.32 
ns/pF Y1 Y2 

AtpHL 0.03 0.24 0.58 0.04 0.24 0.54 

t Typical values are at Vee = 5 V, TA = 25°e. 

PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of T axas Instruments TEXAS ~ 

Copyright © 1988, Texas Instruments Incorporated 

~~~~~:~~i~ar::1~1~ ~!:~:~ti:r :,iO::~:~:t::s~S not INSTRUMENTS 
POST OFFICE BOX 655012. DALLAS, TEXAS 75265 12-95 



IOJ44LJ. TSC500 
SERIES 4-mA 3;.STATE I/O BUFFER . 

WitH 0.5 di/dt, TTL INPUT, AND CMOSmL OUTPUT 
D3030, APRIL 1988 

CMOS SWITCHING CHARACTERISTICS 

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

CL = 15 pF 

PARAM· FROM TO TEST -55°C to 125°C O°C to 700e 
ETER MIN TVPt MAX TVPt MAX 

UNIT 
(INPUT) (OUTPUT) CONDITIONS MIN 

tpLH 
A Y1 RL = 00 

2.32 6.07 13.18 2.48 6.07 12.01 

6.75 13.02 
ns 

tpHL 2.74 6.75 14.3 2.93 

tpZH 
GZ Y1 

RL = 1 kn to GND 2.49 6.5 14.43 2.66 6.5 13.08 

RL = 1 kn to Vee 
ns 

tpZL 2.75 6.85 14.72 2.95 6.85 13.33 

CL = 50pF 

PARAM· FROM TO TEST -55°C to 125°C . O°C to 70°C 

(INPUT) MIN TVPt MAX MIN TVPt MAX 
UNIT 

ETER (OUTPUT) CONDITIONS 

tpLH 
A Y1 RL = 00 

3.53 9,12 19.5 3.78 9.12 17.81 
ns 

tpHL 4.12 9.74 20.2 4.43 9.74 18.33 

tpZH 
GZ Y1 

RL = 1 kn.to GND 3.71 9.66 21.24 3.96 9.66 19.28 

RL = 1 kn to Vee 4.15 20.9 
ns 

tPZL 9.92 4.46 9.92 18.88 

change in propagation delay time with load capacitance over recommended ranges of 
$upply voltage and operating free-air temperature (unless otherwise noted) 
PARAM- FROM TO TEST -.55°C to 125°C O°C to 70°C 

MIN TVPt MAX MIN TVPt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

AtpLH 
A Y1 

30 90 180 40 90 170 
ps/pF 

AtpHL 40 90 170 40 90 150 

AtpZH 
GZ Y1 

30 90 190 40 90 180 
ps/pF 

AtpZL 40 90 180 40 90 160 

t Typical values are at Vec = 5 V, TA = 25°C. 
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TSC500 
SERIES 

IOJ61LJ 
6-mA 3-STATE I/O BUFFER 

WITH 0.5 di/dt, CMOS INPUT, AND CMOS/TTL OUTPUT 

A 

L 

H 

X 
X 

D3030, APRIL 1988 

1/0 BUFFER CELL 

FUNCTION TABLE logic symbolt 
INPUTS OUTPUTS 

GZ V1 

L L 

L H 

H L 

H H 

V1 V2 

L L 

H H 

2 L 

2 H 

A 

GZ----' 

Y2--+-< 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATIONS: Y1 = A (if GZ is L) Y2 = Y1 

description 
The IOJ61 LJ cell is a noninverting 3-state input-output buffer that interfaces CMOS internal 
functions with TTL or CMOS off-chip bidirectional bus lines. The input buffer responds to 
CMOS threshold levels imposed on the I/O bus regardless of the state of the output enable 
GZ. When the buffer is called from the engineering workstation input, the following label 
format is developed and will be captured in the design netlist: 

Label: IOJ61 LJ A,GZ,Y2,Y1; 

A pull-up or pull-down terminator can be connected to the Y1 node. 

absolute maximum ratings and recommended operating conditions 
These are specified as part of the TSC500 Series Data. 

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

TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

TYp:l: MAX TYp:l: 
UNIT 

CONDITIONS MIN MIN MAX 

VT 
IA,G2 2.2 2.2 

V Input threshold voltage /Vl 
2.5 2.5 

VOH High-level output voltage 
10H = -6 mA 3.7 

V 
10H = -5.1 mA 3.7 

VOL Low-level output voltage 
10L = 6 mA 0.5 

V 
IOL = 5.1 mA 0.5 

102 Off-state output current Vo = VCC orO ±10 ±5 J.1A 
ICC Supply current VI = VIH or VIL 10.7 0.49 mA 

Ci Input capacitance IVl 13.8 13.8 pF 

Cpd 
Equivalent power dissipation 
capacitance tr = tf = 1 ns 18.5 18.5 pF 

:I: Typical values are at Vee = 5 V, TA = 25°C. 
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IOJ61 LJ 
6-mA 3-STATE I/O BUFFER 

TSC500 
SERIES 

WITH 0.5 di/dt, CMOS INPUT, AND CMOS/TTL OUTPUT 
D3030, APRIL 1988 

TTL SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX 

tpLH 1.52 4.2 9.52 1.62 4.2 8.67 
A Y1 RL = 00 ns 

tpHL 2.66 6.55 13.7 2.85 6.55 12.46 

tpZH 
GZ Y1 

RL = 1 kn to GND 1.57 4.51 10.38 1.67 4.51 9.44 
ns 

tpZL RL = 1 kn to Vee 2.68 6.65 14.09 2.88 6.65 12.76 

CL = 50 pF 
PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 1.98 5.47 12.37 2.11 5.47 11.27 
A Y1 RL = 00 ns 

tpHL 4.07 9.52 19.4 4.~7 9.52 17.6 

tpZH 
GZ Y1 

RL = 1 kn to GND 2.02 5.78 13.27 2.16 5.78 12.08 

RL = 1 kntoVcc 
ns 

tpZL 4.1 9.7 20.07 4.41 9.7 18.13 

tpHZ 
GZ Y1 

RL = 1 kn to GND 9.94 9.94 

RL = 1 kn to Vee 
ns 

tpLZ 9.34 9.34 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 

PAR AM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

LltpLH 10 40 80 10 40 70 
ps/pF 

LltPHL 
A Y1 

40 80 160 40 80 150 

LltpZH 10 40 80 10 40 80 
ps/pF GZ Y1 

90 170 40 90 150 LltpZL 40 

t Typical values are at VCC = 5 V, TA = 25°e. 
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TSC500 
SERIES 

IOJ61 LJ 
6-mA 3-STATE I/O BUFFER 

WITH 0.5 di/dt, CMOS INPUT, AND CMOS/TTL OUTPUT 
D3030, APRIL 1988 

CMOS SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
A Y1 RL =~ 

1.96 5.21 11.37 2.09 5.21 10.36 
ns 

tpHL 2.22 5.6 12 2.38 5.6 10.92 

tpZH 
GZ Y1 

RL = 1 kfl to GND 2.13 5.56 12.31 2.27 5.56 11.18 

RL = 1 kfl to Vee 
ns 

tpZL 2.22 5.63 12.12 2.38 5.63 11 

CL = 50 pF 

PAR AM· FROM TO TEST -55°C to 125°C O°C to 70°C 

TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN 

tpLH 
A Y1 RL = 00 

2.82 7.34 15.83 3.01 7.34 14.43 
ns 

tpHL 3.21 7.75 16.25 3.45 7.75 14.76 

tpZH 
GZ Y1 

RL = 1 kfl to GND 2.99 7.75 16.96 3.19 7.75 15.41 
ns 

tpZL RL = 1 kfl to Vee 3.22 7.81 16.48 3.45 7.81 14.92 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free·air temperature (unless otherwise noted) 
PAR AM· FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX 

~tpLH 20 60 130 30 60 120 
ps/pF A Y1 

~tpHL 30 60 120 30 60 110 

~tpZH 
GZ 

20 60 130 30 60 120 
ps/pF Y1 

120 60 110 ~tpZL 30 60 30 

input switching characteristics over recommended ranges of supply voltage and operating 
free-air temperature (unless otherwise noted), CL = 0 
PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 0.58 0.9 1.52 0.6 0.9 1.4 
Y1 Y2 ns 

tpHL 0.12 0.63 1.21 0.13 0.63 1.16 

~tpLH 
Y1 

0.06 0.2 0.34 0.07 0.2 0.33 
ns/pF Y2 

~tpHL 0.13 0.13 0.26 0.13 0.13 0.24 

t Typical values are at Vee = 5 V, TA = 25°e. 
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TSC500 
SERIES 

IOJ64LJ 
6-mA 3-STATE I/O BUFFER 

WITH 0.5 di/dt, TTL INPUT, AND CMOSmL OUTPUT 

A 

L 
H 

X 

X 

03030, APRIL 1988 

I/O BUFFER CELL 

FUNCTION TABLE logic symbolt 
INPUTS OUTPUTS 

GZ V1 V1 

L L L 

L H H 

H L Z 

H H Z 

Y2 

L 
H 

L 

H 

A 

GZ-----' 

v2-......... K 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATIONS: Y1 = A (if GZ is L) Y2 = Y1 

description 
The IOJ64LJ cell is a noninverting 3-state input-output buffer that interfaces CMOS internal 
functions with TIL or CMOS off-chip bidirectional bus lines. The input buffer responds to 
TIL threshold levels imposed on the I{O bus regardless of the state of the output enable GZ. 
When the buffer is called from the engineering workstation input, the following label format 
is developed and will be captured in the design netlist: 

Label: IOJ64W A,GZ,Y2,Y1; 

A pull-up or pull-down terminator can be connected to the Y1 node. 

absolute maximum ratings and recommended operating conditions 
These are specified as part of the TSC500 Series Data. 

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

TEST -55°C to 125°C O°C to 70°C 
PARAMETER UNIT 

CONDITIONS MIN TVP; MAX MIN TVP; MAX 

VT 
IA,GZ 2.2 2.2 

V Input threshold voltage IVl 
1.3 1.3 

VOH High-level output voltage 
10H = -6 mA 3.7 

V 
10H = -5.1 mA 3.7 

VOL Low-level output voltage 
10L = 6 mA 0.5 

V 
10L = 5.1 mA 0.5 

10Z Off-state output current Vo = VccorO ±10 ±5 J.lA 
ICC Supply current VI = VIH or VIL 3.45 0.3 mA 

Ci Input capacitance IVl 13.8 13.8 pF 

Cpd 
Eq-uivalent power dissipation 
capacitance tr = tf = 1 ns 18.5 18.5 pF 

:j: Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTION DATA docum.nti cont.ln Inform.tlon ~ 
currant as of publication data. Products conform to ~ 
spaclflc.tlon. par th.t.rm. 01 T •••• Instrum.nts TEXA.S 
::'~~~:~~I~·r::1~1i ~!::I~~tl:r :'Io:=:~:t:~~ not INSfRUMENTS 

Copyright 1C11988, Texas Instruments Incorporated 

12-100 POST OFFICE BOX 655012 • DALlAS, TEXAS 75265 



TSC500 
SERIES 

IOJ64LJ 
6-mA 3-STATE I/O BUFFER 

WITH 0.5 di/dt, tTL INPUT, AND CMOS/TTL OUTPUT 
[)3030. APRIL 1988 

TTL SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN 

tpLH 
A Y1 RL = 00 

1.52 4.2 9.52 1.62 4.2 8.67 
ns 

tpHL 2.65 6.53 13.67 2.85 6.53 12.44 

tpZH 
GZ Y1 

RL = 1 kfl.to GND 1.57 4.51 10.38 1.67 4.51 9.44 
ns 

tpZL RL = 1 kfl. to Vee 2.67 6.64 14.05 2.87 6.64 12.73 

CL = 50 pF 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

(INPUT) TYpt MAX TYpt MAX 
UNIT 

ETER (OUTPUT) CONDITIONS MIN MIN 

tpLH 
A 

1.98 5.46 12.37 2.11 5.46 11.26 
Y1 RL = 00 ns 

tpHL 4.06 9.5 19.36 4.37 9.5 17.57 

tpZH 
GZ Y1 

RL = 1 kfl. to GND 2.02 5.78 13.27 2.16 5.78 12.07 
ns 

tpZL RL = 1 kfl. to Vee 4.1 9.69 20.04 4.41 9.69 18.1 

tpHZ 
GZ Y1 

RL = 1 kfl. to GND 9.94 9.94 
ns 

tpLZ RL = 1 kfl. to Vee 9.34 9.34 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 

PARAM- FROM TO TESt -55°C to 125°C O°C 10 70°C 

MIN TYpt MiN Typt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX 

~tpLH 
A 

10 40 80 10 40 70 
Y1 ps/pF 

~tpHL 40 80 160 40 80 150 

~tpZH 
GZ 

10 40 80 10 "'·0 80 
ps/pF Y1 

~tpZL 40 90 170 40 90 150 

input switching characteristics over recommended ranges of supply voltage and operating 
free-air temperature (unless otherwise noted), CL = 0 

PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX 

tpLH 
Y1 Y2 

0.79 1.43 2.26 0.81 1.43 2.16 
ns 

tpHL 0.05 1.18 3.15 0.06 1.18 2.99 

~tpLH 
Y1 Y2 

0.06 0.18 0.37 0.07 0.18 0.32 

IltpHL 0.03 0.24 0.58 0.04 0.24 0.54 
ns/pF 

t Typical values are at Vee = 5 V. TA = 25°e. 
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IOJ64LJ 
6-rnA 3-STATE I/O BUFFER 

TSC500 
SERIES 

WITH 0.5 di/dt, TTL INPUT, AND CMOS/TTL OUTPUT 
D3030, APRIL 1988 

CMOS SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

CONDitiONS MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) 

tpLH 
A Y1 RL = 00 

1.96 5.21 11.38 2.1 5.21 10.36 
ns 

tpHL 2.22 5.59 11.99 2.37 5.59 10.91 

tpZH RL = 1 k!l to GND 2.13 5.57 12.33 2.27 5.57 11.19 
GZ Y1 ns 

tpZL R(. = 1 k!l to Vee 2.22 5.62 12.11 2.38 5.62 10.99 

CL = 50 pF 
PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
A Y1 RL = 00 

2.82 7.35 15.84 3.02 7.35 14.44 
ns 

tpHL 3.21 7.74 16.23 3.44 7.74 14.75 

tpZH 
GZ Y1 

RL = 1 k!lto GND 2.99 7.75 16.97 3.19 7.75 15.42 
ns 

tpZL RL = 1 k!l to Vee 3.22 7.8 16.47 3.45 7.8 14.91 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free·air temperature (unless otherwise noted) 

PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX 

AtpLH 20 60 130 30 60 120 
ps/pF A Y1 

AtpHL 30 60 120 30 60 110 

AtpZH 20 60 130 30 60 120 
ps/pF GZ Y1 

AtpZL 30 60 120 30 60 110 

t Typical values are at Vee = 5 V, TA = 25°C. 
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TSC500 
SERIES 

IOKA1LJ 
16-mA 3-STATE I/O BUFFER 

WITH 0.25 di/dt, CMOS INPUT, AND CMOS/TTL OUTPUT 

A 

L 

H 

X 

X 

D3030, APRIL 1988 

I/O BUFFER CELL 

FUNCTION TABLE 

INPUTS OUTPUTS 

logic symbolt 

A 
GZ Y1 

L L 

L H 

H L 

H H 

Y1 

L 

H 

Z 

Z 

Y2 

L 

H 

L 

H 

GZ----' 

Y2--+-<' 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATIONS: Y1 = A (if GZ is L) Y2 = Y1 

description 
The IOKA 1 W cell is a noninverting 3-state input-output buffer that interfaces CMOS internal 
functions with TIL or CMOS off-chip bidirectional bus lines. The input buffer responds to 
CMOS threshold levels imposed on the I/O bus regardless of the state of the output enable 
GZ. When the buffer is called from the engineering workstation input, the following label 
format is developed and will be captured in the design netlist: 

Label: IOKA1 LJ A,GZ,Y2,Y1; 

A pull-up or pull-down terminator can be connected to the Y1 node. 

absolute maximum ratings and recommended operating conditions 
These are specified as part of the TSC500 Series Data. 

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

TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

TYp:I: MAX TYp:I: MAX 
UNIT 

CONDITIONS MIN MIN 

VT 
.IA,GZ 2.2 2.2 

V Input threshold voltage I Y1 
2.5 2.5 

VOH High-level output voltage 
10H = -16mA 3.7 

V 
10H = -13.6 mA 3.7 

VOL LOW-level output voltage 
10L = 16 mA 0.5 

V 
10L = 13.6 mA 0.5 

loz Off-state output current Vo = VCCorO ±10 ±5 IlA 
ICC Supply current VI = VIH or VIL 10.6 0.49 mA 

Ci Input capacitance IY1 13.8 13.8 pF 

Cpd 
Equivalent power diSSipation 
capacitance tr=tf=1ns 20.8 20.8 pF 

:I: Typical values are at VCC = 5 V, TA = 25°C. 
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IOKA1LJ . .. ., . TSC500 
SERIES 16-mA 3-.STATE 1/0 BUFFER. .... 

WITH O~25 di/dt; ClVios INPUT, AND CMOSmL OUTPUT 
D3Q30,APRIL 1988 

TTL SWITCHING CHARACTERISTICS 

outputswitching characteristics over recommended ranges of supply voltage and operating 
free·air temperature (unleSs otherwise noted) 

CL = 15 pF 
PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN T)'pt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
A Vi RL = 00 

1.69 4.79 10.96 1.79 4.79 9.99 
ns 

tpHL 2.46 6.29 13.53 2.64 6.29 12.33 

tpZH 
GZ Vi RL = 1 k!1 to GND 1.74 5.09 11.79 1.85 5.09 16.74 

RL = 1 k!1 to Vee 
ns 

tpZL 2.47 6.32 13.6 2.65 6.32 12.37 

CL = 50 pF 
PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

NIIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
A Vi RL = 00 

2.02 5.68 12.96 2.15 5.68 11.79 

13.26 
ns 

tpHL 8.01 16.88 3.49 8.01 15.35 

tpZH 
GZ Vi 

RL = 1 k!1 to GND 2.07 5.98 13.78 2.21 5.98 12.54 

RL = 1 k!1 to Vee 
ns 

tpZL 3.26 8.04 16.96 3.5 8.04 15.4 

tpHZ 
GZ Vi 

RL = 1 k!1 to GND 9.28 9.28 

RL = 1 k!1 to Vee 
ns 

tpLZ 9.32 9.32 

change in propagation delay. time with load capacitance over recommended ranges of 
supply voltage and operating free·air temperature (unless otherwise noted) 
PARAM~ FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

AtpLH 
A Vi 

10 30 60 10 30 50 
ps/pF 

AtpHL 20 50 100 20 50 90 

AtpZH 
GZ Vi 

10 30 60 10 30 50 
ps/pF 

AtpZL 20 50 100 20 50 90 

t Typical values are at Vee = 5 V, TA = 25°e. 
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TSC500 
SERIES 

IOKA1LJ 
16·mA 3·STATE I/O BUFFER 

WITH 0.25 di/dt, CMOS INPUT, AND CMOS/TTL OUTPUT 
D3030. APRIL 1988 

CMOS SWITCHING CHARACTERISTICS 

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

CL = 15 pF 

PAR AM· FROM TO TEST -55°C to 125°C QOC tt) 7QoC 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
A 

2.02 5.56 12.37 2.16 5.56 11.27 
V1 RL = 00 ns 

tpHL 2.16 5.63 12.34 2.31 5.G3 11.24 

tpZH 
GZ 

RL = 1 kD to GND 2.19 5.88 13.2 2.33 5.88 12 
V1 ns 

tpZL RL = 1 kD to Vee 2.16 5.62 12.29 2.31 5.62 11.18 

CL = 50 pF 

PARAM· FROM TO TEST -55°C to 125°C QOC to 7QoC 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
A V1 RL = 00 

2.55 6.86 15.14 2.73 6.86 15.1 
ns 

tpHL 2.77 6.98 15.05 2.96 6.98 13.69 

tpZH 
GZ 

RL = 1 kD to GND 2.72 7.18 15.92 2.9 7.18 14.47 
V1 

RL = 1 kD to Vec 
ns 

tpZL 2.77 6.97 15 2.96 6.97 13.63 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 
PARAM· FROM TO TEST -55°C to 125°C QOC to 7QoC 

MIN TYpt MAX MIN TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX 

t.tpLH 20 40 80 20 40 70 
ps/pF A V1 

t.tpHL 20 40 80 20 40 70 

t.tpZH 20 40 80 20 40 70 
ps/pF GZ V1 -70 t.tpZL 20 40 80 20 40 

input switching characteristics over recommended ranges of supply voltage aild operating 
free-air temperature (unless otherwise noted), CL = 0 
PARAM· FROM TO TEST -55°C to 125°C QOC to 7QoC 

MIN TYpt MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX 

tpLH 0.58 0.9 1.52 0.6 0.9 1.4 
V1 V2 ns 

tpHL 0.12 0.63 1.21 0.13 0.63 1.16 

t.tpLH 0.06 0.2 0.34 0.07 0.2 0.33 
ns/pF V1 V2 

t.tpHL 0.13 0.13 0.26 0.13 0.13 0.24 

t Typical values are at Vee = 5 V, TA = 25°C. 
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TSC500 
SERIES 

IOKA4LJ 
16-mA 3-STATE I/O BUFFER 

WITH 0.25 di/dt, TTL INPUT, AND CMOS/TTL OUTPUT 

A 

L 

H 

X 

X 

03030. APRIL 1988 

I/O BUFFER CELL 

FUNCTION TABLE 

INPUTS OUTPUTS 

logic symbolt 

A 
GZ Y1 

L L 

L H 

H L 

H H 

Y1 

L 

H 

Z 

Z 

Y2 

L 

H 

L 

H 

GZ--~ 

y2-...... -< 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATIONS: Y1 = A (if GZ is L) Y2 = Y1 

description 
The IOKA4LJ cell is a noninverting 3-state input-output buffer that interfaces CMOS internal 
functions with TIL or CMOS off-chip bidirectional bus lines. The input buffer responds to 
TIL threshold levels imposed on the I/O bus regardless of the state of the output enable GZ. 
When the buffer is called from the engineering workstation input, the following label format 
is developed and will be captured in the design netlist: 

Label: IOKA4LJ A,GZ,Y2,Y1 ; 

A pull-up or pull-down terminator can be connected to the Y1 node. 

absolute maximum ratings and recOmmended operating conditions 
These are specified as part of the TSC500 Series Data. 

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

TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

MIN TYP:!: MAX TYP:!: MAX 
UNIT 

CONDITIONS MIN 

lA,GZ 2.2 2.2 
V VT Input threshold voltage I V1 

1.3 1.3 

High-level output voltage 
10H = -16mA 3.7 

V VOH 
10H = -13.6 rnA 3.7 

10L = 16 rnA 0.5 
V VOL Low-level output voltage 

10L = 13.6 rnA 0.5 

10Z Off-state output current Vo = VCC or a ±10 ±5 j.lA 

ICC Supply current VI = VIH or VIL 3.45 0.3 rnA 

Ci Input capacitance !V1 13.8 13.8 pF 

Cpd 
Equivalent power dissipation 
capacitance tr = tf = 1 ns 22.5 22.5 pF 

:j: Typical values are at VCC = 5 V. TA = 25°C. 
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TSC500 
SERIES 

IOKA4LJ 
16-mA 3-STATE I/O BUFFER 

WITH 0.25 di/dt, TTL INPUT, AND CMOSmL OUTPUT 
D3030, APRIL 1988 

TTL SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

ETER (INPUT) (OUTPUT) CONDITIONS MIN TYpt MAX MIN TYpt MAX 
UNIT 

tpLH 
A Y1 RL = 00 

1.68 4.8 10.96 1.79 4.8 9.99 
ns 

tpHL 2.45 6.29 13.51 2.63 6.29 12.31 

tpZH 
GZ Y1 

RL = 1 kn to GND 1.74 5.09 11.79 1.86 5.09 10.73 

RL = 1 kn to Vee 
ns 

tpZL 2.46 6.31 13.58 2.64 6.31 12.35 

CL = 50 pF 

PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
A Y1 RL = 00 

2.02 5.68 12.95 2.15 5.68 11.79 
ns 

tpHL 3.25 8 16.86 3.49 8 15.34 

tpZH 
GZ 

RL = 1 knto GND 2.07 5.98 13.78 2.21 5.98 12.54 
Y1 ns 

tPZL RL = 1 kntoVee 3.26 8.03 16.94 3.5 8.03 15.39 

tpHZ 
GZ Y1 

RL = 1 knto GND 9.3 9.3 

RL = 1 kn to Vee 
ns 

tpLZ 9.18 9.18 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MIN TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX MAX 

atpLH 10 30 60 10 30 50 
ps/pF A Y1 

atpHL 20 50 100 30 50 90 

atpZH 
GZ 

10 30 60 10 30 50 
ps/pF Y1 

atpZL 20 50 100 30 50 90 

input switching characteristics over recommended ranges of supply voltage and operating 
free-air temperature (unless otherwise noted), CL = 0 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MIN TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX MAX 

tpLH 
Y1 Y2 

0.79 1.43 2.26 0.81 1.43 2.16 
ns 

tpHL 0.05 1.18 3.15 0.06 1.18 2.99 

atpLH 
Y1 Y2 

0.06 0.18 0.37 0.07 0.18 0.32 
ns/pF 

atpHL 0.03 0.24 0.58 0.04 0.24 0.54 

t Typical values are at VCC = 5 V, TA = 25°C. 
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IOKA4LJ 
16-mA 3-STATE I/O BUFFER 

TSC500 
SERIES 

WITH 0.25 di/dt, TTL INPUT, AND CMOSmL OUTPUT 
03030, APRIL 1988 

CMOS SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
A Y1 RL = 00 

2.02 5.57 12.38 2.16 5.57 11.28 
ns 

tpHL 2.16 5.63 12.33 2.31 5.63 11.23 

tpZH 
GZ Y1 

RL = 1 kfito GND 2.19 5.98 13.2 2.34 5.98 12 

RL = 1 kfi to Vee 
ns 

tpZL 2.16 5.61 12.27 2.31 5.61 11.17 

CL = 50 pF 
PARAM- FROM TO TEST -55°C to 125°C ObC to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
A Y1 RL = 00 

2.56 6.86 15.09 2.73 6.86 13.74 
ns 

tpHL 2.76 6.98 15.04 2.96 6.98 13.68 

tpZH 
GZ Y1 

RL = 1 kfi to GND 2.72 7.19 15.93 2.91 7.19 14.47 

RL = 1 kfitoVec 
ns 

tpZL 2.76 6.96 14.99 2.96 6.96 13.63 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 
PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MIN T'fpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX MAX 

AtpLH 
Y1 

20 40 80 20 40 70 
ps/pF A 

AtpHL 20 40 80 20 40 70 

AtpZH 
GZ Y1 

20 40 80 20 40 70 
ps/pF 

AtpZL 20 40 80 30 t·O 70 

t Typical values are at Vee = 5 V, TA = 25°e. 
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TSC500 
SERIES 

IOKB1LJ 
. 24-mA 3-STATE I/O BUFFER 

A 

L 

H 

X 

X 

WITH 0.25 di/dt, CMOS INPUT, AND CMOSmL OUTPUT 
D3030, APRIL 1988 

I/O BUFFER CELL 

FUNCTION TABLE 

INPUTS OUTPUTS 

logic symbolt 

A 
GZ Y1 

L L 

L H 

H L 

H H 

Y1 

L 

H 

2 

2 

Y2 

L 

H 

L 

H 

GZ-----' 

Y2-+-< 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATIONS: Y1 == A (if GZ is L) Y2 = Y1 

description 
The IOKB1 LJ cell is a noninverting 3-state input-output buffer that interfaces CMOS internal 
functions with TIL or CMOS off-chip bidirectional bus lines. The input buffer responds to 
CMOS threshold levels imp,osed on the I/O bus regardless of the state of the output enable 
GZ. When the buffer is called from the engineering workstation input, the following label 
format is developed and will be captured in the design netlist: 

Label: IOKB1 LJ A,GZ,Y2,Y1; 

A pull-up or pulj-down terminator can be connected to the Y1 node. 

absolute maximum ratings and recommended operating conditions 
These are specified as part of the TSC500 Series Data. 

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

TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

TYp:I: TYp:I: 
UNIT 

CONDITIONS MIN MAX MIN MAX 

IA,G2 2.2 2.2 
V VT Input threshold voltage I Y1 

2.5 2.5 

10H = -16 mA 3.7 
V VOH High-level output voltage 

10H = -.13.6 mA 3.7 

10L = 24 mA 0.5 
V VOL Low-level output voltage 

10L = 20.4 mA 0.5 

102 Off-state output current Vo = Vee orO ::t;10 ::t;5 JlA 

lee Supply current VI = VIH or VIL 10.6 0.49 rnA 

Ci Input capacitance IY1 13.9 13.9 pF 

epd 
Equivalent power dissipation tr = tf = 1 ns 22.5 22.5 pF capacitance 

:I: Typical values are at Vec = 5 V, TA = 25°C. 
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IOKB1LJ 
24-mA 3-STATE I/O BUFFER 

TSC500 
SERIES 

WITH 0.25 di/dt, CMOS INPUT, AND CMOSmL OUTPUT 
03030, APRIL 1988 

TTL SWITCHING CHARACTERISTICS 

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

CL = 15 pF 

PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

ETER (INPUT) (OUTPUT) CONDITIONS MIN TYpt MAX MIN TYpt MAX 
UNIT 

tpLH 
A Y1 RL = 00 

1.68 4.79 10.96 1.79 4.79 9.99 

tpHL 2.87 7.19 15.3 3.08 7.19 13.96 
ns 

tpZH 
GZ Y1 

RL = 1 kfl to GND 1.74 5.1 11.83 1.86 5.1 10.77 
ns 

tpZL RL = 1 kflto Vee 2.91 7.29 15.47 3.12 7.29 14.11 

CL = 50 pF 

PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH A Y1 RL = 00 
2.02 5.68 12.96 2.15 5.68 11.8 

ns 
tpHL 3.59 8.75 18.33 3.85 8.75 16.7 

tpZH 
GZ Y1 

RL = 1 kfl to GND 2.07 5.99 13.82 2.21 5.99 12.57 

tpZL RL = 1 kfltoVee 3.63 8.84 18.49 3.89 8.84 16.84 
ns 

tpHZ 
GZ Y1 

RL = 1 kfl to GND 9.29 9.29 

tpLZ RL = 1 kfltoVee 8.25 8.25 
ns 

change In propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

ETER (OUTPUT) CONDITIONS MIN TYpt MAX MIN TYpt MAX 
UNIT 

(INPUT) 

-itpLH 
A Y1 

10 30 60 10 30 50 
ps/pF 

-itPHL 20 40 90 20 40 80 

AtpZH 
GZ Y1 

10 30 60 10 30 60 
ps/pF 

-itpZL 20 40 90 20 40 80 

t Typical values are at Vee = 5 V, T A = 25°e. 
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TSC500 
SERIES 

IOKB1 LJ 
24-mA 3-STATE I/O BUFFER 

WITH 0.25 di/dt, CMOS INPUT, AND CMOSmL OUTPUT 
03030, APRIL 1988 

CMOS SWITCHING CHARACTERISTICS 

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

CL = 15 pF 

PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

ETER (INPUT) (OUTPUT) CONDITIONS MIN TYpt MAX MIN TYpt MAX 
UNIT 

tpLH 
A Y1 RL = co 

2.02 5.56 12.37 2.16 5.56 11.28 
ns 

tpHL 2.56 6.53 14.12 2.74 6.53 12.88 

tpZH 
GZ Y1 

RL = 1 kO to GND 2.19 5.9 13.23 2.34 5.9 12.03 

RL = 1 kO to Vee 
ns 

tpZL 2.6 6.59 14.19 2.77 6.59 12.94 

CL = 50 pF 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

ETER (INPUT) (OUTPUT) CONDITIONS MIN TYpt MAX MIN TYpt MAX 
UNIT 

tpLH 
A Y1 RL = co 

2.55 6.86 15.1 2.73 6.86 13.75 
ns 

tpHL 3.12 7.78 16.63 3.34 7.78 15.16 

tpZH 
GZ 

RL = 1 kO to GND 2.73 7.2 15.95 2.91 7.2 14.5 
Y1 

RL = 1 kO to Vee 
ns 

tpZL 3.15 7.84 16.69 3.37 7.84 15.21 

change In propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

~tpLH 
A Y1 

20 40 80 20 40 70 
ps/pF 

~tpHL 20 40 70 20 40 70 

~tpZH 
GZ Y1 

20 40 80 20 40 70 
ps/pF 

~tpZL 20 40 70 20 40 60 

Input switching characteristics over recommended ranges of supply voltage and operating 
free-air temperature (unless otherwise noted), CL = 0 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 0.58 0.9 1.52 0.6 0.9 1.4 
Y1 Y2 ns 

tpHL 0.12 0.63 1.21 0.13 0.63 1.16 

~tpLH 
Y1 

0.06 0.2 0.34 0.07 0.2 0.33 
ps/pF Y2 

~tpHL 0.13 0.13 0.26 0.13 0.13 0.24 

t Typical values are at Vee = 5 V, TA = 25°e. 

PROOUCTIOI OATA do.um.ntl .o.tain inform.tio. ~ 
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TSC500 
SERIE$ 

IOKB4LJ 
24-mA 3-STATE I/O BUFFER 

WITH 0.25 ~i/~t, nL INPUT, A~P CMOSmL OUTP~T 

A 

L 

H 

X 
X 

1988 

I/O BUFFER CJ:LL 

FUNCTION TABLE 

INPUTS OUTPUTS 

logic symbolt 

A 
GZ V1 

L L 

L H 

H L 

H H 

V1 

L 

H 

Z 

Z 

V2 

L 

H 

L 

H 

GZ--~ 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATIONS: Y1 = A (if GZ is L) Y2 = Y1 

description 
The IOKB4LJ cell is a noninverting 3-state input-output buffer that interfaces CMOS internal 
functions with TTL or CMOS off-chip bidirectional bus lines. The input buffer responds to 
TTL threshold levels imposed on the I/O bus regardless ofthe state of the output enable GZ. 
When the buffer is ca!led from the engineering workstation input, the following label format 
is developed and will be captured in the design netlist 

Label: IOKB4LJ A,GZ,Y2,Y1 ; 

A pull-up or pull-down termin~tor can be connected to the Y1 node. 

absolute maxim",m ratings and recommended operating conditions 
, These are specified as part of the TSC500 Series Data. 

electrical charact~ristics over recommended ranges of ~upply vpltage and operating free-
ali' temperature (unless otherwise noted) , , 

TEST -:SS·C to 12S·C O·C to 70·C 
PARAMETER 

TYP* MAX TYP* 
UNIT 

CONDITIONS MIN MIN MAX 

" ,IA,GZ 2.2 2.2 
V VT Input threshold voltage I V1 ' 

1.3 1.3 

VOH High-level output voltage 
IOH = -16mA 3.7 

V 
IOH = .,..13.6 mA 3.7 

IOL = 24mA 0.5 
V VOL Low-level output voltage 

IOL = 20.4 mA 0.5 

10Z Off-state output current Vo = VCc orO ±10 ±5 JJA 
ICC ~upply current VI = VIH or VIL 3.4f! 0.3 mA 

Ci Input capacitance IV1 13.9 13.9 pF 

Cpd 
Equivalent power dissipation 
capacitance, ' tr=tf=1ns 24.7 24.7 pF 

* Typical values are at VCC = 5 V, T A = 2S·C. 

Copyright @ 1988. Texas Instruments Incorporated 



TSC500 
SERIES 

IOKB4LJ 
24-mA 3-STATE I/O BUFFER 

WITH 0.25 di/dt, TTL INPUT, AND CMOS/TTL OUTPUT 
D3030. APRIL 1988 

TIL SWITCHING CHARACTERISTICS 

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

CL = 15 pF 

PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

ETER (INPUT) (OUTPUT) CONDITIONS MIN TYpt MAX MIN TYpt MAX 
UNIT 

tpLH 
A Y1 RL = co 

1.68 4.79 10.96 1.79 4.79 9.99 
ns 

tpHL 2.87 7.19 15.29 3.08 7.19 13.95 

tpZH 
GZ Y1 

RL = 1 kO to GND 1.75 5.11 11.83 1.86 5.11 10.77 
ns 

tpZL RL = 1 kO to Vee 2.91 7.28 15.45 3.12 7.28 14.09 

CL = 50 pF 

PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

ETER (INPUT) (OUTPUT) CONDITIONS MIN TYpt MAX MIN TYpt MAX 
UNIT 

tpLH 
A Y1 RL = co 

2.02 5.68 12.95 2.15 5.68 11.79 
ns 

tpHL 3.59 8.74 18.32 3.85 8.74 16.69 

tpZH 
GZ Y1 

RL = 1 kO to GND 2.07 5.99 13.82 2.22 5.99 12.57 
ns 

tpZL RL = 1 kO to Vee 3.63 8.83 18.47 3.89 8.83 16.82 

tpHZ 
GZ Y1 

RL = 1 kO to GND 9.3 9.3 
. ns 

tpLZ RL = 1 kO to Vee 8.25 8.25 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 
PARAM- FROM TO TEST -55°C to 125°C ooe to 70°C 

ETER (INPUT) (OUTPUT) CONDITIONS MIN TYpt MAX MIN TYpt 
UNIT 

MAX 

AtpLH 
A Y1 

10 30 60 10 30 50 
ps/pF 

AtpHL 20 40 90 20 40 80 

AtpZH 
GZ Y1 

10 30 60 10 30 50 
ps/pF 

AtpZL 20 40 90 20 40 80 

input'switching characteristics over recommended ranges of supply voltage and operating 
free-air temperature (unless otherwise noted), CL = 0 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MIN TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX MAX 

tpLH 0.79 1.43 2.26 0.81 1.43 2.16 
Y1 Y2 ns 

tpHL 0.05 1.17 3.15 0.06 1.17 2.99 

AtpLH 
Y1 Y2 

0.06 0.18 0.37 0.07 0.18 0.32 
ns/pF 

AtpHL 0.03 0.24 0.58 0.04 0.24 054 

t Typical values are at Vee = 5 V, TA = 25°C. 

PRODUCTION DATA documonts contain information 
currant IS of publication date. Products conform to 
specifications par the tarms of TIXI. Instruments TEXAS ." 
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IOKB4LJ 
24-mA 3-STATE I/O BUFFER 

TSC500 
SERIES 

WITH 0.25 di/dt, TTL INPUT, AND CMOS/TTL OUTPUT 
D3030, APRIL 1988 

CMOS SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tPLH A Y1 RL = 00 
2.02 5.56 12.37 2.16 5.56 11.28 

ns 
tpHL 2.56 6.52 14.12 2.65 6.52 12.88 

tpZH 
GZ Y1 

RL = 1 kO to GND 2.2 5.91 13.24 2.34 5.91 12.03 
ns 

tpZL RL = 1 kO to Vee 2.59 6.58 14.18 2.77 6.58 12.93 

CL = 50 pF 
PARAM· FROM TO TEST -55°C to 125°C GOC to 70°C 

ETER (INPUT) (OUTPUT) CONDITIONS MIN Typt MAX MIN TYpt MAX 
UNIT 

tpLH 
A Y1 RL = 00 

2.55 6.86 15.1 2.73 6.86 13.75 
ns 

tpHL 3.12 7.78 16.63 3.34 7.78 15.15 

tpZH 
GZ Y1 

RL = 1 kO to GND 2.73 7.2 15.96 2.91 7.2 14.51 

RL = 1 kOto Vee 
ns 

tpZL 3.15 7.84 16.68 3.37 7.84 15.2 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free·air temperature (unless otherwise noted) 
PARAM· FROM TO TEST -55°C to 125°C GOC to 70°C 

MIN TYpt MIN TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX MAX 

~tpLH 20 40 80 20 40 70 
A Y1 ps/pF 

~tpHL 20 40 70 20 40 60 

~tpZH 
GZ Y1 

20 40 80 20 40 70 
ps/pF 

~tpZL 20 40 70 20 40 60 

t Typical values are at Vee = 5 V, TA = 25°e. 

Copyright @ 1988, Texas Instruments Incorporated PRODUCTION DATA documents contain information .., 
current IS of publication date. Products conform to T. i 
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TSC500 
SERIES 

10KEPLJ 
48-mA OPEN-DRAIN I/O BUFFER WITH 0.25 di/dt, 

TTL INPUT WITH HYSTERESIS, AND CMOS/TTL OUTPUT 
03030, DECEMBER 1988 

I/O BUFFER CELL 

FUNCTION TABLE logic symbolt 
INPUTS 

A Yl 

L L 

H H 

H L 

description 

OUTPUTS 

Yl Y2 

L L 

Hf: H 

L L 

A~ PAD Yl 

Y2 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATIONS: Y1 = At Y2 = Y1 

The 10KEPW is a noninverting open-drain input-output buffer that interfaces CMOS internal 
functions with TIL or CMOS off-chip terminated bus lines. The input buffer responds to TIL 
threshold levels imposed on the 1/0 bus when the internal A node is at a high logic level. 
When the buffer is called from the engineering workstation input, the following label format 
is developed and will be captured in the design netlist: 

Label: 10KEPW A,Y2,Y1; 

absolute maximum ratings and recommended operating conditions 
These are specified as part of the TSC500 Series Data. 

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

TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

TYP§ MAX TYP§ MAX 
UNIT 

CONDITIONS MIN MIN 

VT Input threshold voltage at A 2.2 2.2 V 

VT+ 
Positive-going threshold 

1.6 1.6 V 
level at Yl 

VT-
Negative-going threshold 

1.2 1.2 V 
level at Y1 

Vhvs Hysteresis (VT + - VT -) at Yl 0.4 0.4 V 

10L = 48 mA 0.5 
V VOL Low-level output voltage 

10L = 40.8 mA 0.5 

10Z Off-state output current Va = VCC or 0 ±10 ±5 IJ.A 
ICC Supply current VI = VIH or VIL 3.16 0.88 mA 

~ 
0.59 0.59 

pF Ci Input capacitance 
11.2 11.2 

Cpd 
Equivalent power dissipation 

tr = tf = 1 ns 9.52 9.52 pF 
caoacitance 

:j: With external pull-up resistor to Y2. 
§ Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTION DATA do •• mants .ontain information -II 
currant as of publication date. Products conform to 11 ~ 
specificatioRs per tbe terms of Texas Instruments EXAS 
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10KEPLJ 
48-mA OPEN-DRAIN I/O BUFFER WITH 0.25 di/dt, 

TSC500 
SERIES 

TTL INPUT WITH HYSTERESIS, AND CMOS/TTL OUTPUT 
03030, DECEMBER 1988 

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

TTL loads, RL = 1 kf! to Vee 
PARA- FROM TO TEST - SS·C to 12S·C O·C to 70·C 

METER (INPUT) (OUTPUT) CONDITIONS MIN TYpt MAX MIN TYpt MAX 
UNIT 

tpZL A Y1 
CL = 15 pF 1.89 5.15 11.26 2.04 5.15 10.24 

ns 
CL = 50 pF 2.35 6.17 13.3 2.53 6.17 12.08 

tpLZ A Y1 7.38 7.38 ns 

IltpZL A Y1 10 30 60 20 30 50 ps/pF 

eM os loads, RL = 1 kf! to Vee 
PARA- FROM TO TEST - SS·C to 12S·C O·C to 70·C 

METER (INPUT) (OUTPUT) CONDITIONS MIN TYPT MAX MIN TYPT MAX 
UNIT 

A 
CL = 15 pF 1.69 4.68 10.4 1.82 4.68 9.45 

tpZL Y1 
CL = 50 pF 

ns 
2.05 5.52 12.12 2.21 5.52 11 

IltpZL A Y1 10 20 50 10 20 40 ps/pF 

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

PARA- FROM TO TEST - SS·C to 12S·C O·C to 70·C 

METER (INPUT) (OUTPUT) CONDITIONS MIN TYpt MAX MIN TYpt MAX 
UNIT 

tpLH 
Y1 Y2 CL = 0 

0.74 1.29 1.96 0.77 1.29 1.89 
ns 

tpHL 0.21 1.79 5.09 0.22 1.79 4.83 

IltpLH 
Y1 

0.1 0.17 0.35 0.1 0.17 0.31 
ns/pF Y2 

IltpHL 0.03 0.25 0.62 0.04 0.25 0.58 

t Typical values are at VCC = S V, TA = 2S·C. 

PRODUCTION DATA documents contain information ." 
curr~,~t a~ of public8htion date. ,P'roductsl conform to T.EXAS 1, 
speci IcatlOos per t e terms 0 axas nstruments I J 
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TSC500 
SERIES 

IOKE1LJ 
48-mA 3-STATE I/O BUFFER 

WITH 0.25 di/dt, CMOS INPUT, AND CMOS/TTL OUTPUT 
D3030, APRIL 1988 

I/O BUFFER CELL 

FUNCTION TABLE logic symbolt 

A 

L 

H 

X 
X 

INPUTS 

GZ Y1 

L L 

L H 

H L 

H H 

OUTPUTS 

Y1 Y2 

L L 

H H 

Z L 

Z H 

A 

GZ----' 

Y2-+-< 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATIONS: Yl = A (if GZ is L) Y2 = Yl 

description 
The 10KEl LJ celi is a noninverting 3-state input-output buffer that interfaces CMOS internal 
functions with TIL or CMOS off-chip bidirectional bus lines. The input buffer responds to 
CMOS threshold levels imposed on the I/O bus regardless of the state of the output enable 
GZ. When the buffer is called from the engineering workstation input, the following label 
format is developed and will be captured in the design netlist: 

Label: 10KEl LJ A,GZ,Y2,Yl; 

A pull-up or pull-down terminator can be connected to the Yl node. 

absolute maximum ratings and recommended operating conditions 
These are specified as part of the TSC500 Series Data. 

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

TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

MIN TYp:j: MAX MIN TYp:j: MAX 
UNIT 

CONDITIONS 

VT 
.IA,GZ 2.2 2.2 

V Input threshold voltage IY1 
2.5 2.5 

VOH High-level output voltage 
10H = -:16 mA 3.7 

V 
10H = -13.6 mA 3.7 

VOL Low-level output voltage 
10L = 48 mA 0.5 

V 
10L = 40.8 mA 0.5 

10Z Off-state output current Vo = Vee orO ±10 ±5 J.lA 

lee Supply current VI = VIH or VIL 10.6 0.49 mA 

Ci Input capacitance IY1 15.4 15.4 pF 

Cpd 
Equivalent power dissipation 
capacitance tr == tf = 1 ns 27.9 27.9 pF 

*Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTION DATA documants contain information 
currant IS of publication dat •. Products conform to 
spacifications ,11' the tarms of TeJlIS Instruments 
standard warranty. Production proCllsing dOls not 
nlc.s~.rily include tasting of 811 p.rameters. 

TEXAS ." 
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IOKE1LJ 
48·mA 3·STATE I/O BUFFER 

TSC500 
SERIES 

WITH 0.25 di/dt, CMOS INPUT, AND CMOSmL OUTPUT 
D3030, APRIL 1988 

TTL SWITCHING CHARACTERISTICS 

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

CL = 15 pF 

PARAM· FROM TO TEST -55°C to 125°C QOC to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 1.71 4.86 11.12 1.82 4.86 10.13 
A Vi RL = 00 ns 

tpHL 2.58 6.6 14.28 2.76 6.6 13.01 

tpZH RL = 1 kn to GND 1.76 5.16 11.97 1.88 5.16 10.9 
GZ Vi 

RL = 1 kntoVee 
ns 

tpZL 2.62 6.67 14.34 2.8 6.67 13.07 

CL = 50 pF 

PARAM· FROM TO TEST -55°C to 125°e ooe to 700e 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
A Vi RL = 00 

2.04 5.74 13.09 2.17 5.74 11.91 
ns 

tpHL 3.03 7.62 16.3 3.25 7.62 14.84 

tpZH 
GZ 

RL = 1 kn to GND 2.09 6.04 13.93 2.23 6.04 12.67 
Vi ns 

tpZL RL = 1 kntoVee 3.07 7.68 16.34 3.29 7.68 14.88 

tpHZ 
GZ Vi 

RL = 1 kn to GND 9.41 9.41 
ns 

tpLZ RL = 1 kn to Vee 9.2 9.2 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free·air temperature (unless otherwise noted) 
PARAM· FROM TO TEST -55°e to 125°e O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

AtpLH 10 30 60 10 30 50 
ps/pF A Vi 

10 30 60 10 30 50 AtpHL 

AtpZH 
GZ 

10 30 60 10 30 50 
ps/pF Vi 

10 30 60 10 30 50 AtpZL 

t Typical values are at Vee = 5 V, TA = 25°e. 

Copyright C> 1988. Texas Instruments Incorporated PRODUCTIO. DATA d ••• mlnls •• nllin informali.. ~ 
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TSC500 
SERIES 

IOKE1LJ 
48-mA 3-STATE I/O BUFFER 

WITH 0.25 di/dt, CMOS INPUT, AND CMOS/TTL OUTPUT 
[')3030, APRIL 1988 

CMOS SWITCHING CHARACTERISTICS 

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

CL = 15 pF 

PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 2.05 5.63 12.54 2.19 5.63 11.43 
A Y1 RL = 00 

12.2 
ns 

tpHL 2.36 6.11 13.39 2.52 6.11 

tpZH RL = 1 k!l to GND 2.22 5.97 13.4 2.37 5.97 12.18 
GZ Y1 ns 

tpZL RL = 1 k!l to Vee 2.39 6.15 13.39 2.55 6.15 12.2 

CL = 50 pF 
PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN 

tpLH 2.58 6.92 15.24 2.75 6.92 13.88 
A Y1 RL = 00 

6.94 13-:74 
ns 

tpHL 2.71 6.94 15.09 2.9 

tpZH RL = 1 k!l to GND 2.75 7.26 16.08 2.93 7.26 14.62 
GZ Y1 ns 

tpZL RL = 1 k!l to Vee 2.75 6.98 15.08 2.94 6.98 13.74 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 
PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MIN TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX MAX 

dtPLH 20 40 80 20 40 70 
ps/pF A Y1 

10 20 50 10 20 40 dtpHL 

dtpZH 20 40 80 20 40 70 
ps/pF GZ Y1 

10 20 40 dtPZL 10 20 50 

input switching characteristics over recommended ranges of supply voltage and operating 
free-air temperature (unless otherwise noted), CL = 0 
PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX 

tpLH 0.58 0.9 1.52 0.6 0.9 1.4 
Y1 Y2 ns 

tpHL 0.12 0.63 1.21 0.13 0.63 1.16 

dtpLH 0.06 0.2 0.34 0.07 0.2 0.33 
ps/pF Y1 Y2 

0.26 0.13 0.13 0.24 dtpHL 0.12 0.13 

t Typical values are at Vee = 5 V, TA = 25°e. 

PRODUCTION DATA doc.me.ts •• ntli. i.f.rmeti •• 
currant I. of publication data. Products conform to 
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TSC500 
S~RIES 

IOKE4LJ 
48-mA 3-STATE I/O BUFFER 

WITH 0.25 di/dt, TTL INPUT, cAND CMOS/TTL OUTPUT 

A 

L 

H 

X 

X 

D3030, APRIL 

I/O BUFFER CELL 

FUNCTION TABLE 

INPUTS OUTPUTS 

logic symbolt 

A 
GZ Y1 

L L 

L H 

H L 

H H 

Y1 

L 

H 

Z 

Z 

Y2 

L 

H 

L 

H 

GZ--....I 

Y2--+-< 

t This symbol is in accordance with ANSI/IEEE 
Std 91.-1984. 

POSITIVE LOGIC EQUATIONS: Y1 = A (if GZ is L) Y2 = Y1 

description 
The IOKE4LJ cell is a noninverting 3-state input-output buffer that interfaces CMOS internal 
functions with TTL or CMOS off-chip bidirectional bus lines. The input buffer responds to 
TTL threshold levels imposed on the I/O bus regardless ofthe state of the output enable GZ. 
When the buffer is calleq from the engineering workstation input, the following label format 
is developed and will be captured in the design netlist: . 

Label: IOKE4LJ A,GZ,Y2,Y1; 

A pull-up or pull-down terminator can be connected to the Y1 node. 

absolute maximum ratings and recommended operating conditions 
These are specified as part of the TSC500 Series Data. 

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

TEST -55°C to 125°C O°C to 70°C 
UNIT PARAMETER· 

TYp:j: TYp:j: MAX CONDITIONS MIN MAX MIN 

.IA, GZ 2.2 2.2 
V VT Input threshold voltage I V1 . 

1.3 1.3 

10H = -16 mA 3.7 
V VOH High-level output voltage 

10H = -13.6 mA 3.7 

10L = 48 mA 0.5 
V VOL Low-level output voltage 

10L = 40.8 mA 0.5 

10Z Off-state output current Vo = VCC or 0 ±10 ±5 IlA 

ICC Supply current VI = VIH or VIL 3.45 0.3 mA 

Ci Input capacitance IV1 15.4 15.4 pF 

Cpd 
Equivalent power dissipation 
capacitance tr = tf = 1 ns 29.9 29.9 pF 

:j: Typical values are at V CC = 5 V, T A = 25°C. 
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TSC500 
SERIES 

IOKE4LJ 
48-mA 3-STATE I/O BUFFER 

WITH 0.25 di/dt, TTL INPUT, AND CMOS/TTL OUTPUT 
03030, APRIL 1988 

TTL SWITCHING CHARACTERISTICS 

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

CL=15pF 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70uC 

ETER (INPUT) (OUTPUT) CONDITIONS MIN TYpt MAX Typt MAX 
UNIT 

MIN 

tpLH 1.71 4.86 11.12 1.82 4.86 10.13 
A Y1 RL = co ns 

tPHL 2.58 6.6 14.27 2.76 6.6 13 

tpZH 
GZ Y1 

RL = 1 k!1 to GND 1.76 5.16 11.97 1.88 5.16 10.89 
ns 

tpZL RL = 1 k!1 to Vee 2.61 6.66 14.33 2.8 6.66 13.06 

CL = 50 pF 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

ETER (INPUT) (OUTPUT) CONDITIONS MIN TYpt MAX TYpt MAX 
UNIT 

MIN 

tpLH 
A Y1 RL = co 

2.04 5.74 13.08 2.17 5.74 11.91 
ns 

tpHL 3.03 7.62 16.3 3.25 7.62 14.84 

tpZH 
GZ Y1 

RL = 1 k!1 to GND 2.09 6.04 13.92 2.23 6.04 12.67 
ns 

tpZL RL = 1 k!1 to Vee 3.06 7.68 16.34 3.28 7.68 14.88 

tpHZ 
GZ Y1 

RL = 1 k!1 to GND 9.41 9.41 
ns 

tpLZ RL = 1 k!1 to Vee 9.19 9.19 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

LltpLH 10 30 60 10 30 50 
A Y1 ps/pF 

LltpHL 10 30 60 10 30 50 

LltpZH 
GZ 

10 30 60 10 30 50 
Y1 ps/pF 

LltpZL 10 30 60 10 30 50 

input switching characteristics over recommended ranges of supply voltage and operating 
free-air temperature (unless otherwise noted), CL = 0 
PARAM- FROM TO TEST -55°C to 125°C DOC to 7DoC 

MIN TYpt MAX MIN TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX 

tpLH 0.79 1.43 2.26 0.81 1.43 2.16 
Y1 Y2 ns 

tpHL 0.05 1.18 3.15 0.06 1.18 2.99 

LltpLH 0.06 0.18 0.37 0.07 0.18 0.32 
Y1 Y2 

0.24 0.58 0.04 0.24 0.54 
ns/pF 

LltpHL 0.03 

t Typical values are at Vee = 5 V, TA = 25°e. 

PRODUCTION DATA documents contain information 
current 8S of publication date. Products conform to 
specifications per the terms of Texas Instruments TEXAS ~ 

INSTRUMENTS 

Copyright @ 1988, Texas Instruments Incorporated 

~~~~~:~~i~a{::I~~~ ~!~~~~ti:; :1~O::~:~:t:~~S not 
POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 12-121 



IOKE4LJ 
48-mA 3-STATE I/O BUFFER 

TSC500 
SERIES 

WITH 0.25 di/dt, TTL INPUT, AND CMOS/TTL OUTPUT 
D3030, APRIL 1988 

CMOS SWITCHING CHARACTERISTICS 

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

CL = 15 pF 

PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
A Y1 RL = 00 

2.05 5.64 12.55 2.19 5.64 11.43 
ns 

tpHL 2.36 6.1 13.39 2.52 6.1 12.19 

tpZH 
GZ Y1 

RL = 1 kO to GND 2.22 5.98 13.4 2.37 5.98 12.18 
ns 

tpZL RL = 1 kO to VCC 2.38 6.15 13.39 2.55 6.15 12.2 

CL = 50 pF 

PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
A Y1 RL = 00 

2.58 6.92 15.24 2.76 6.92 13.88 
ns 

tpHL 2.71 6.94 15.09 2.9 6.94 13.73 

tpZH 
GZ Y1 

RL = 1 kO to GND 2.75 7.26 16.09 2.93 7.26 14.62 
ns 

tpZL RL = 1 kO to Vee 2.74 6.98 15.08 2.93 6.98 13.73 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free·air temperature (unless otherwise noted) 
PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MIN TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX MAX 

LltpLH 
A Y1 

20 40 80 20 40 70 
ps/pF 

LltpHL 10 20 50 10 20 40 

LltpZH 
GZ Y1 

20 40 80 20 40 70 
ps/pF 

LltpZL 10 20 50 10 20 40 

t Typical values are at Vee = 5 V, TA = 25°e. 
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TSC500 
SERIES 

IOKG1LJ 
64-rnA 3-STATE I/O BUFFER 

WITH 0.25 di/dt, CMOS INPUT, AND CMOS/TTL OUTPUT 

A 

L 

H 

X 

X 

03030. APRIL 1988 

I/O BUFFER CELL 

FUNCTION TABLE logic symbolt 
INPUTS OUTPUTS 

GZ Y1 Y1 

L L L 

L H H 

H L Z 

H H Z 

Y2 

L 

H 

L 

H 

A 

GZ----' 

Y2-""-< 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATIONS: Y1 = A (if GZ is L) Y2 = Y1 

description 
The IOKG1 LJ cell is a noninverting 3-state input-output buffer that interfaces CMOS internal 
functions with TIL or CMOS off-chip bidirectional bus lines. The input buffer responds to 
CMOS threshold levels imposed on the I/O bus regardless of the state of the output enable 
GZ. When the buffer is called from the engineering workstation input, the following label 
format is developed and will be captured in the design netlist: 

Label: IOKG1 LJ A,GZ,Y2,Y1 ; 

A pull-up or pull-down terminator can be connected to the Y1 node. 

absolute maximum ratings and recommended operating conditions 
These are specified as part of the TSC500 Series Data. 

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

TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

MIN TYp:j: MAX TYp:j: MAX 
UNIT 

CONDITIONS MIN 

,IA,GZ 2.2 2.2 
VT Input threshold voltage IV1 V 

2.5 2.5 

VOH High-level output voltage 
10H = -16mA 3.7 

V 
10H = -13.6 mA 3.7 

VOL Low-level output voltage 
10L = 64 mA 0.5 

V 
10L = 54.4 mA 0.5 

10Z Off-state output current Va = Vee or 0 ±10 ±5 I1A 

lee Supply current VI = VIH or VIL 10.1 0.49 mA 

ei Input capacitance IY1 16.6 16.6 pF 

epd 
Equivalent power dissipation 
capacitance tr = tf = 1 ns 31 31 pF 

:j: Typical values are at Vee = 5 V, TA = 25°e. 
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IOKG1LJ 
54-rnA 3-STATE I/O BUFFER 

TSC500 
SERIES 

WITH 0.25 di/dt, CMOS INPUT, AND CMOS/TTL OUTPUT 
03030, APRIL 1988 

TTL SWITCHING CHARACTERISTICS 

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

CL = 15 pF 

PARAM· FROM TO TEST -55°e to 125°e ooe to 700 e 

ETER (INPUT) (OUTPUT) CONDITIONS MIN TYpt MAX TYpt MAX 
UNIT 

MIN 

tpLH '1.74 4.93 11.26 1.85 4.93 10.26 
A Y1 RL = 00 ns 

tpHL 2.5 6.43 14.01 2.67 6.43 12.75 

tpZH 
GZ 

RL = 1 kf! to GND 1.77 5.2 12.06 1.89 5.2 10.98 
Y1 ns 

tpZL RL = 1 kf! to Vee 2.44 6.47 13.72 2.61 6.47 12.49 

CL = 50 pF 

PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

TYpt MAX TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN MIN 

tpLH 2.07 5.79 13.22 2.2 5.79 12.03 
A Y1 RL = 00 ns 

tpHL 2.86 7.26 15.7 3.09 7.26 14.28 

tpZH 
GZ 

RL = 1 kf! to GND 2.1 6.07 14 2.24 6.07 12.74 
Y1 

RL = 1 kf! to Vee 
ns 

tpZL 2.88 7.3 15.69 3.09 7.3 14.27 

tpHZ 
GZ 

RL = 1 kf! to GND 9.5 9.5 
Y1 ns 

tpLZ RL = 1 kf! to Vee 9.66 9.66 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free·air temperature (unless otherwise noted) 
PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX 

iltpLH 10 20 60 10 20 50 
A Y1 ps/pF 

iltpHL 10 20 50 10 20 40 

iltpZH 
GZ 

10 20 60 10 20 50 
ps/pF Y1 

iltpZL 10 20 50 10 20 40 

t Typical values are at Vee = 5 V, TA = 25°e. 
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TSC500 
SERIES 

IOKG1LJ 
64-mA 3-STATE I/O BUFFER 

WITH 0.25 di/dt, CMOS INPUT, AND CMOS/TTL OUTPUT 
D3030, APRIL 1988 

CMOS SWITCHING CHARACTERISTICS 

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

CL = 15 pF 

PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

ETER (INPUT) (OUTPUT) CONCITIONS MIN TYpt MAX TVl,t MAX 
UNIT 

MIN 

tpLH 2.08 5.71 12.7 2.23 5.71 11.57 
A Y1 RL = 00 ns 

tpHL 2.3 5.98 13.21 ~.45 5.98 12.02 

tpZH 
GZ 

RL = 1 k!1 to GND 2.24 6.02 13.5 2.39 6.02 12.27 
Y1 ns 

tpZL RL = 1 k!1 to Vee 2.32 6.01 13.17 2.48 6.01 11.99 

CL = 50 pF 
PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
Y1 RL = 00 

2.61 6.98 15.39 2.79 6.98 14 
A ns 

tpHL 2.59 6.67 14.64 2.77 6.67 13.31 

tpZH 
GZ Y1 

RL = 1 k!1 to GND 2.76 7.29 16.17 2.95 7.29 14.69 

RL = 1 k!1 to Vee 
ns 

tpZL 2.61 6.7 14.59 2.79 6.7 13.28 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free·air temperature (unless otherwise noted) 

PARAM· FROM TO TeST -55°e to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

~tpLH 
Y1 

10 40 80 20 40 70 
ps/pF A 

~tpHL 10 20 40 10 20 40 

~tpZH 
GZ 

10 40 80 20 40 70 
ps/pF 

~tpZL 
Y1 -40 10 20 40 10 20 

input switching characteristics over recommended ranges of supply voltage and operating 
free·air temperature (unless otherwise noted), CL = 0 

PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX 

tpLH 0.58 0.9 1.52 0.6 0.9 1.4 
Y1 Y2 ns 

tpHL 0.12 0.63 1.21 0.13 0.63 1.16 

~tpLH 0.06 0.2 0.34 0.07 0.2 0.33 
ns/pF Y1 Y2 

~tpHL 0.13 0.13 0.26 0.13 0.13 0.24 

t Typical values are at Vec = 5 V, T A = 25°C. 
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TSC500 
SERIES 

IOKG4LJ 
64-rnA 3-STATE I/O BUFFER 

WITH 0.25 di/dt, TTL INPUT, AND CMosmL OUT~UT 

A 

L 

H 

X 
X 

03030, APRIL 1988 

I/O BUFFER CELL 

FUNCTION TABLE logic symbolt 
INPUTS OUTPUTS 

GZ Y1 Y1 

L L L 

L H H 

H L Z 

H H Z 

Y2 

L 

H 

L 

H 

A 

GZ----' 

Y2--.< 
t This symbol is in accordance with ANSI/IEEE 

Std 91-1984. 

POSITIVE LOGIC EQUATIONS: Y1 = A (if GZ is L) Y2 = Y1 

description 
The IOKG4W cell is anoninverting 3-state input-output buffer that interfaces CMOS internal 
functions with TTL or CMOS off-chip bidirectional bus lines. The input buffer responds to 
TTL threshold levels imposed on the I/O bus regardless ofthe state ofthe output enable GZ. 
When the buffer is called from the engineering workstation input, the following label format 
is developed and will be captured in the design netlist: 

Label: IOKG4W A,GZ,Y2,Y1; 

A pull-up or pull-down terminator can be connected to the Y1 node. 

absolute maximum ratings and recommended operating conditions 
These are specified as part of the TSC500 Series Data. 

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

PARAMETER 
TEST -55°C to 125°C O°C to 70°C 

MIN TYp:t: MAX TYp:t: MAX 
UNIT 

CONDITIONS MIN 

VT 
.IA.GZ 2.2 2.2 

V Input threshold voltage IYl 
1.3 1.3 

VOH High-level output voltage 
IOH = -16mA 3.7 

V 
IOH = -13.6 mA 3.7 

VOL Low-level output voltage 
IOL= 64mA 0.5 

V 
IOL = 54.4 mA 0.5 

10Z Off-state output current Vo = VCC orO ±10 ±5 IJA 
ICC Supply current VI = VIH or VIL 3.45 0.3 mA 

Ci Input capacitance IYl 16.6 16.6 pF 

Cpd 
Equivalent power dissipation 
capacitance tr =tf=lns 32.5 32.5 pF 

:t: Typical values are at VCC = 5 V. T A = 25°C. 
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TSC500 
SERIES 

IOKG4LJ 
64-rnA 3-STATE I/O BUFFER 

WITH 0.25 di/dt, TTL INPUT, AND CMOS/TTL OUTPUT 
D3030. APRIL 1988 

TTL SWITCHING CHARACTERISTICS 

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

CL = 15 pF 

PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

ETER (INPUT) (OUTPUT) CONDITIONS MIN TYpt MAX MIN TYpt MAX 
UNIT 

tpLH 
A Y1 RL = 00 

1.74 4.92 11.26 1.86 4.92 10.26 
ns 

tPHL 2.5 6.43 14.01 2.67 6.43 12.75 

tpZH 
GZ Y1 

RL = 1 kn to GND 1.78 5.2 12.05 1.9 5.2 10.98 

RL = 1 kn to Vee 
ns 

tpZL 2.52 6.47 14.01 2.7 6.47 12.75 

CL = 50 pF 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 2.07 5.79 13.21 2.2 5.79 12.02 
A Y1 RL = 00 ns 

tpHL 2.86 7.26 15.69 3.06 7.26 14.27 

tpZH 
GZ 

RL = 1 kn to GND 2.1 6.07 13.99 2.24 6.07 12.74 
Y1 ns 

tpZL RL = 1 kn to Vee 2.88 7.3 15.68 3.09 7.3 14.26 

tpHZ 
GZ 

RL = 1 kn to GND 9.5 9.5 
Y1 ns 

tpLZ RL = 1 kn to Vee 9.66 9.66 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 
PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

.MpLH 10 20 60 10 20 50 
ps/pF A Y1 

.MpHL 10 20 50 10 20 40 

AtpZH 10 20 60 10 20 50 
ps/pF GZ Y1 

AtpZL 10 20 50 10 20 40 

input switching characteristics over recommended ranges of supply voltage and operating 
free-air temperature (unless otherwise noted), CL = 0 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
Y1 

0.79 1.43 2.26 0.81 1.43 2.16 
Y2 ns 

tpHL 0.05 1.18 3.15 0.06 1.18 2.99 

AtpLH 
Y1 Y2 

0.06 0.18 0.37 0.07 0.18 0.32 
ns/pF 

AtpHL 0.03 0.24 0.58 0.04 0.24 0.54 

t Typical values are at Vee = 5 V, TA = 25°e. 
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IOKG4LJ , 
54-rnA 3-STATE I/O BUFFER 

TSC500 
SERIES 

WITH 0.25 di/dt, TTL INPUT, AND CMOS/TTL OUTPUT 
D3030, APRIL 1988 

CMOS SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PARAM- FROM TO TEST -55'C to 125'C O'C to70'C 

ETER (INPUT) (OUTPUT) CONDITIONS MIN TYpt MAX TYpt MAX 
UNIT 

MIN 

tpLH 
A Y1 RL = 00 

2.09 5.71 12.7 2.23 5.71 11.57 
ns 

tPHL 2.3 5.98 13.22 2.45 5.98 12.02 

tpZH 
GZ Y1 

RL = 1 kfl to GND 2.24 6.02 13.5 2.39 6.02 12.27 
ns 

tpZL RL = 1 kfl to Vee 2.32 6.01 13.17 2.47 6.01 11.98 

CL = 50 pF 
PARAM- FROM TO TEST -55°C to 125'C O'C to 70°C 

TYpt MAX TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN MIN 

tpLH 
A 

2.61 6.99 15.38 2.79 6.99 14 
Y1 RL = 00 

6.67 14.64 
ns 

tpHL 2.59 2.76 6.67 13.31 

tpZH 
GZ 

RL = 1 kfl to GND 2.76 7.3 16.17 2.95 7.3 14 . .7 
Y1 ns 

tpZL RL = 1 kfltoVee 2.61 6.7 14.59 2.79 6.7 13.27 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 

PARAM- FROM TO TEST -55°C to 125°C QOC to 70°C 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN TYpt MAX MIN Typt MAX 

~tpLH 
A Y1 

10 40 80 20 40 70 
ps/pF 

~tpHL 10 20 40 10 20 40 

~tpZH 10 40 80 20 40 70 
GZ Y1 ps/pF 

~tpZL 10 20 40 10 20 40 

t Typical values are at Vee = 5 V, T A = 25°C. 
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TSC500 
SERIES 

IOK01LJ 
10-rnA 3-STATE I/O BUFFER 

WITH 0.25 di/dt, CMOS INPUT, AND CMOS/TTL OUTPUT 

A 

L 

H 
X 

X 

D3030, APRIL 1988 

I/O BUFFER CELL 

FUNCTION TABLE logic symbolt 
INPUTS OUTPUTS 

A 
GZ V1 

L L 

L H 
H L 
H H 

V1 

L 
H 

Z 
Z 

V2 

L 
H 

L 
H 

GZ-_.......J 

Y2-+-C 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATIONS: Y1 = A (if GZ is L) Y2 = Y1 

description 
The IOK01 LJ cell is a noninverting 3-state input-output buffer that interfaces CMOS internal 
functions with TTL or CMOS off-chip bidirectional bus lines. The input buffer responds to 
CMOS threshold levels imposed on the I/O bus regardless of the state of the output enable 
GZ. When the buffer is called from the engineering workstation input, the following label 
format is developed and will be captured in the design netlist: 

Label: IOK01 LJ A,GZ,Y2,Y1 ; 

A pull-up or pull-down terminator can be connected to the Y1 node. 

absolute maximum ratings and recommended operating conditions 
These are specified as part of the TSC500 Series Data. 

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

TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

TYp:j: MAX TYp:j: MAX 
UNIT 

CONDITIONS MIN MIN 

.IA, GZ 2.2 2.2 
V VT Input threshold voltage I Y1 

2.5 2.5 

IOH = -10 rnA 3.7 
V VOH High-level output voltage 

10H = -8.5 mA 3.7 

IOL=10mA 0.5 
V VOL Low-level output voltage 

10L = 8.5 rnA 0.5 

10Z Off-state output current Vo = VCC or 0 ±10 ±5 IlA 
ICC Supply current VI = VIH or VIL 10.7 0.49 mA 

Ci Input capacitance IV1 13.8 13.8 pF 

Cpd 
Equivalent power dissipation tr = tf = 1 ns 18.7 18.7 pF capacitance 

:I: Typical values are at VCC = 5 V, TA = 25°C. 
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IOK01LJ 
10.;mA 3-STATE I/O BUFFER 

TSC500 
SERIES 

WITH 0.25 di/dt, CMOS INPUT, AND CMOS/TTL OUTPUT 
D3030, APRIL 1988 

TTL SWITCHING CHARACTERISTICS 

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

CL = 15 pF 

PARAM· FROM TO TEST -55°C to 125°C O°C to 700e 
MIN TYpt MAX MIN TYpt MAX 

UNIT 
ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
A Y1 RL = 00 

1.79 5.02 11.47 1.9 5.02 10.44 
ns 

tpHL 2.93 7.34 15.56 3.15 7.84 14.18 

tpZH 
GZ Y1 

RL = 1 kO to GND 1.83 5.33 12.35 1.96 5.33 11.23 

RL = 1 kO to Vee 
ns 

tpZL 2.95 7.42 15.82 3.16 7.42 14.37 

CL = 50 pF 
PAR AM- FROM TO TEST -55°C to 125°C O°C to 70°C 

TYpt MAX TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN MIN 

tpLH " 2.21 6.15 14.01 2.35 6.15 12.75 
A Y1 RL = 00 ns 

tpHL 4.05 9.71 20.12 4.34 9.71 18.31 

tpZH 
GZ Y1 

RL = 1 kO to GND 2.26 6.47 14.9 2.41 6.47 13.55 

RL = 1 kOtoVee 
ns 

tpZL 4.06 9.81 20.45 4.36 9.81 18.55 

tpHZ 
GZ Y1 

RL = 1 kOto GND 9.75 9.75 

RL = 1 kOto Vee 
ns 

tpLZ 8.61 8.61 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

8tpLH 
A Y1 

10 30 70 10 30 70 
ps/pF 

8tpHL 30 70 130 30 70 120 

~tpZH 10 30 70 10 30 70 
ps/pF GZ Y1 

8tpZL 30 70 130 30 70 120 

t Typical values are at Vee = 5 V, TA = 25°e. 
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TSC500 
SERIES 

IOK01 LJ 
10-mA 3-STATE I/O BUFFER 

WITH 0.25 di/dt, CMOS INPUT, AND CMOS/TTL OUTPUT 
D3030, APRIL 1988 

CMOS SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

TYpt MAX TYpt M.D')( 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN MIN 

tpLH 2.21 S.97 13.21 2.36 S.97 12.03 
A Yl RL = 00 ns 

tpHL 2.S3 6.47 14.01 2.71 6.47 12.77 

tpZH RL = 1 k!1 to GND 2.38 6.32 14.14 2.S4 6.32 12.83 
GZ Yl ns 

tpZL RL = 1 k!1 to Vee 2.S3 6.49 14.08 2.71 6.49 12.8 

CL = 50 pF 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN 

tpLH 2.91 7.69 16.78 3.11 7.69 lS.28 
A Yl RL = 00 ns 

tpHL 3.37 8.31 17.64 3.6 8.31 16.06 

tpZH 
GZ Yl 

RL = 1 k!1to GND 3.08 8.0S 17.7S 3.29 8.0S 16.12 

RL = 1 k!1 to Vee 8.33 16.11 
ns 

tpZL 3.37 8.33 17.73 3.61 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 

PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

LltpLH 20 SO 100 20 SO 90 
ps/pF A Yl 

LltpHL 20 SO 100 30 SO 90 

LltpZH 
GZ 

20 SO 100 20 SO 90 
ps/pF Yl 

LltpZL 20 SO 100 30 SO 90 

input switching characteristics over recommended ranges of supply voltage and operating 
free-air temperature (unless otherwise noted), CL = 0 

PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MIN TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX MAX 

tpLH 0.S8 0.9 1.S2 0.6 0.9 1.41 
Yl Y2 ns 

tpHL 0.12 0.63 1.21 0.13 0.63 1.16 

LltpLH 0.06 0.2 0.34 0.07 0.2 0.33 
ns/pF Yl Y2 

0.24 LltpHL 0.13 0.13 0.26 0.13 0.13 

t Typical values are at VCC = 5 V, TA = 25°e. 
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TSC500 
SERIES 

IOK04LJ 
10-mA 3-STATE I/O BUFFER 

WITH 0.25 di/dt, TTL INPUT, AND CMOS/TTL OUTPUT 

A 

L 

H 

X 
X 

D3030. APRIL 1988 

I/O BUFFER CELL 

FUNCTION TABLE logic symbolt 
INPUTS OUTPUTS 

A 
GZ Y1 

L L 

L H 

H L 
H H 

Y1 

L 

H 

Z 

Z 

Y2 

L 

H 

L 

H 

GZ-----I 

Y2--+< 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATIONS: Y1 = A (if GZ is L) Y2 = Y1 

description 
The IOK04LJ cell is a noninverting 3-state input-output buffer that interfaces CMOS internal 
functions with TTL or CMOS off-chip bidirectional bus lines. The input buffer responds to 
TTL threshold levels imposed on the I/O bus regardless of the state ofthe output enable GZ. 
When the buffer is called from the engineering workstation input, the following label format 
is developed and will be captured in the design netlist: 

Label: IOK04LJ A,GZ,Y2,Y1; 

A pull-up or pull-down terminator can be connected to the Y1 node. 

absolute maximum ratings and recommended operating conditions 
These are specified as part of the TSC500 Series Data. 

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

TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

TYp:I: MIN TYp:I: MAX 
UNIT 

CONDITIONS MIN MAX 

lA,GZ 2.2 2.2 
V VT Input threshold voltage I V1 

1.3 1.3 

IOH = -10 rnA 3.7 
V VOH High-level output voltage 

IOH = -8.5 rnA 3.7 

10L = 10 rnA 0.5 
VOL Low-level output voltage V 

10L = 8.5 rnA 0.5 

10Z Off-state output current Va = VCC orO ±10 ±5 IlA 

ICC Supply current VI = VIH or VIL 3.45 0.3 rnA 

Ci Input capacitance IV1 13.8 13.8 pF 

Cpd 
Equivalent power dissipation tr = tf = 1 ns 19.9 19.9 pF capacitance 

:I: Typical values are at VCC = 5 V, TA = 25°C. 
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TSC500 
SERIES 

IOK04LJ 
10-mA 3-STATE I/O BUFFER 

WITH 0.25 di/dt, TTL INPUT, AND CMOS/TTL OUTPUT 
03030, APRIL 1988 

TTL SWitCHING CHARACTERISTICS 

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

CL = 15 pF 

PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN 

tpLH 1.79 5.02 11.47 1.9 5.02 10.44 
A Vi RL = 00 ns 

tpHL 2.93 7.33 15.54 3.14 7.33 14.16 

tpZH 
GZ 

RL = 1 k!l to GND 1.83 5.33 12.35 1.96 5.33 11.23 
Vi ns 

tpZL RL = 1 k!l to Vee 2.94 7.41 15.79 3.16 7.41 14.35 

CL = 50 pF 

PAR AM- FROM TO TEST -55°C to 125°C O°C to 70°C 

ETER (INPUT) (OUTPUT) CONDITIONS MIN TYpt MAX MIN TYpt MAX 
UNIT 

tpLH 2.21 6.15 14.01 2.35 6.15 12.75 
A Vi RL = 00 ns 

tpHL 4.05 9.7 20.09 4.34 9.7 18.28 

tpZH 
GZ 

RL = 1 k!lto GND 2.26 6.47 14.9 2.41 6.47 13.55 
Vi ns 

tpZL RL = 1 k!l to Vee 4.06 9.8 20.42 4.36 9.8 18.53 

tpHZ 
GZ 

RL = 1 k!l to GND 9.75 9.75 
Vi 

RL = 1 k!l to Vee 
ns 

tpLZ 8.61 8.61 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MIN TVPt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX 

t1tpLH 
Vi 

10 30 70 10 30 70 
ps/pF A 

t1tpHL 30 70 130 30 70 120 

t1tpZH 
GZ 

10 30 70 10 30 70 
ps/pF Vi 

t1tpZL 30 70 130 30 70 120 

input switching characteristics over recommended ranges of supply voltage and operating 
free-air temperature (unless otherwise noted), CL = 0 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 0.79 1.43 2.26 0.81 1.43 2.16 
Vi V2 ns 

tpHL 0.05 1.18 3.15 0.06 1.18 2.99 

t1tPLH 0.06 0.18 0.37 0.07 0.18 0.32 
ns/pF Vi V2 

6.tpHL 0.03 0.24 0.58 0.04 0.24 0.54 

t Typical values are at Vee = 5 V, T A = 25°e. 
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IOK04LJ 
10-mA 3-STATE I/O BUFFER 

TSC500 
SERIES 

WITH 0.25 di/dt, TTL INPUT, AND CMOS/TTL OUTPUT 
D3030, APRIL 1988 

CMOS SWITCHING CHARACTERISTICS 

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

CL = 15 pF 

PARAM· FROM TO TEST -55°e to 125°e ooe to 700 e I I 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
A Y1 RL = 00 

2.21 5.97 13.22 2.36 5.97 12.03 
ns 

tpHL 2.53 6.47 14 2.7 6.47 12.76 

tpZH 
GZ Y1 

RL = 1 kD. to GND 2.38 6.33 14.15 2.54 6.33 12.84 
ns 

tpZL RL = 1 kD. to Vee 2.53 6.49 14.06 2.7 6.49 12.79 

CL = 50 pF 

PARAM· FROM TO TEST -55°C to 125°C ooe to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
Y1 

2.91 7.69 16.79 3.12 7.69 15.29 
A RL = 00 ns 

tpHL 3.36 8.3 17.63 3.6 8.3 16.05 

tpZH 
GZ Y1 

RL = 1 kD. to GND 3.09 8.05 17.76 3.3 8.05 16.13 

RL = 1 kD. to Vee 3.36 8.33 17.71 3.6 8.33 16.1 
ns 

tpZL 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free·air temperature (unless otherwise noted) 
PARAM· FROM TO TEST -55°e to 125°e ooe to 700 e 

MIN TYpt MIN TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX MAX 

AtpLH 20 50 100 20 50 90 
ps/pF A Y1 

50 100 30 90 AtpHL 20 50 

AtpZH 
GZ 

20 50 100 20 50 90 
ps/pF Y1 

AtpZL 20 50 100 30 50 90 

t Typical values are at Vee = 5 V, TA = 25°e. 
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TSC500 
SERIES 

IOK21LJ 
2-mA 3-STATE I/O BUFFER 

WITH 0.25 di/dt, CMOS INPUT, AND CMOS/TTL OUTPUT 

A 

L 

H 

X 
X 

03030. APRIL 1988 

I/O BUFFER CELL 

FUNCTION TABLE logic symbolt 
INPUTS OUTPUTS 

A 
GZ V1 

L L 

L H 

H L 

H H 

V1 

L 

H 

Z 

Z 

V2 

L 

H 

L 

H 

GZ----' 

Y2--+< 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATIONS: Y1 = A (if GZ is L) Y2 = Y1 

description 
The IOK21 LJ cell is a noninverting 3-state input-output buffer that interfaces CMOS internal 
functions with TIL or CMOS off-chip bidirectional bus lines. The input buffer responds to 
CMOS threshold levels imposed on the I/O bus regardless of the state of the output enable 
GZ. When the buffer is called from the engineering workstation input, the following label 
format is developed and will be captured in the design netlist: 

Label: 10K21 LJ A,GZ,Y2,Y1 ; 

A pull-up or pull-down terminator can be connected to the Y1 node. 

absolute maximum ratings and recommended operating conditions 
These are specified as part of the TSC500 Series Data. 

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

PARAMETER 
TEST -55°C to 125°C O°C to 70°C 

CONDITIONS MIN TYp:j: MAX MIN TYp:j: MAX 
UNIT 

VT 
IA,GZ 2.2 2.2 

Input threshold voltage I Y1 
2.5 2.5 

V 

VOH High-level output voltage 
10H = -2 rnA 3.7 

10H = -1.6 rnA 3.7 
V 

VOL LOW-level output voltage 
10L = 2 rnA 0.5 

V 
10L = 1.6 rnA 0.5 

10Z Off-state output current Vo = Vec or 0 ±10 ±5 tJA 

ICC Supply current VI = VIH or VIL 10.7 0.49 rnA 

Ci Input capacitance IV1 13.8 13.8 pF 

Cpd 
Equivalent power dissipation tr =tf=1ns 17.2 17.2 pF capacitance 

:j: Typical values are at VCC = 5 V, TA = 25°C. 
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IOK21LJ. .. . 
2-inA 3-STATE I/O ·BUFFER .' . 

TSC500 
SERIES 

WITH 0.25 di/dt, CMOS INPUT, AND CMOSmL OUTPUT 
D3030, APRil 1988. 

TTL SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

(OUTPUT) MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) CONDITIONS 

tpLH 
A Vi RL = 00 

3.19 8.69 19.75 3.41 8.69 17.95 
ns 

tpHL 7.3 16.86 34.45 7.84 16.8631.35 

tpZH 
GZ Vi RL = 1 kO to GND 3.25 9.2 21.64 3.48 9.2 19.57 

RL = 1 kO to Vee 
ns 

tpZL 7.54 18.35 40.63 8.12 18.35 36.2 

CL = 50 pF 
PARAM- FROM TO TEST -55°C Jo 125°C O°C to 70°C 

CONDITIONS TYpt MAX TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) MIN MIN 

tpLH 
A Vi RL = 00 

4.4412.14 27.53 4.75 12.14 25.06 
ns 

tpHL 11.5 25.61 51.15 12.36 25.61 46.41 

tpZH 
GZ Vi RL = 1 kO to GND 4.49 12.75 29.93 4.81 12.75 27.11 

RL = 1 kO to Vee 
ns 

tpZL 11.88 27.96 60.88 12.81 27.96 54.01 

tpHZ 
GZ 

RL = 1 kO to GND 15.56 15.56 
Vi 

RL = 1 kOto Vee 12.3 12.3 
ns 

tpLZ 

change in. propagation delay time with load capacitance over recommendp.d ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) . 

PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

(OUTPUT) MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) CONDITIONS 

atpLH 40 100 220 40 100 200 
ps/pF A Vi 

atpHL 120 250 480 130 250 430 

atpZH 
GZ 

40 100 240 40 100 220 
ps/pF Vi 

atpZL 120 270 580 130 270 510 

t Typical values are at Vee = 5 V, TA = 25°C. 
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TSC500 
SERIES 

IOK21LJ 
2-mA 3-STATE I/O BUFFER 

WITH 0.25 di/dt, CMOS INPUT, AND CMOS/TTL OUTPUT 
D3030. APRIL 1988 

CMOS SWITCHING CHARACTERISTICS 

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

CL = 15 pF 

PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN 

tpLH 
A Y1 RL = 00 

4.45 11.38 24.62 4.77 11.38 22.41 
ns 

tpHL 5.93 14.14 29.66 6.36 14.14 27.01 

tpZH 
GZ Y1 

RL = 1 kfl to GND 4.66 12.31 28.23 4.99 12.31 25.39 
ns 

tpZL RL = 1 kfl to Vee 6.05 14.88 32.72 6.49 14.88 29.46 

CL = 50 pF 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
Y1 RL = 00 

6.92 17.5 37.32 7.41 17.5 34.03 
A ns 

tpHL 8.88 20.44 42.03 9.54 20.44 38.18 

tpZH 
GZ Y1 

RL = 1 kfl to GND 7.14 18.92 43.19 7.65 18.92 38.88 
ns 

tpZL RL = 1 kfl to Vee 9.05 21.47 46.25 9.7221.4741.55 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

litpLH 
A Y1 

70 170 360 80 170 330 
ps/pF 

litpHL 80 180 350 90 180 320 

litpZH 
GZ Y1 

70 190 430 80 190 390 
ps/pF 

litpZL 90 190 390 90 190 350 

input switching characteristics over recommended ranges of supply voltage and operating 
free-air temperature (unless otherwise noted), CL = 0 
PAR AM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MIN TYpt 
UNIT 

ETER (INPUT) (OUTPUn CONDITIONS MAX MAX 

tpLH 
Y1 

0.58 0.9 1.52 0.6 0.9 1.41 
Y2 ns 

tpHL 0.12 0.63 1.21 0.13 0.63 1.16 

litpLH 
Y1 Y2 

0.06 0.2 0.34 0.07 0.2 0.33 
ns/pF 

litpHL 0.13 0.13 0.26 0.13 0.13 0.24 

t Typical values are at Vee = 5 V. TA = 25°e. 

PRODUCTION DATA decument. contain information 
currant IS of publication date. Products conform to 
specifications par the terms of TexIs Instrumants TEXAS ." 

Copyright @ 1988, Texas Instruments Incorporated 

::~~:~~i~.i~:1~1i ~!::i~~li:: :'~D::~:::::t::I~S not INSTRUMENlS 
POST OFFICE BOX 655012 • DALLAS, TeXAS 75265 12-137 



TSC500 
SERIES 

IOK24LJ 
2-mA 3-STATE I/O BUFFER 

WITH 0.25 di/dt, TTL INPUT, AND CMOS/TTL OUTPUT 

A 

L 

H 

X 
X 

D3030, APRIL 1988 

I/O BUFFER CELL 

FUNCTION TABLE 

INPUTS OUTPUTS 

logic symbolt 

A 
GZ Y1 

L L 

L H 

H L 

H H 

Y1 

L 

H 

Z 

Z 

Y2 

L 

H 

L 

H 

GZ--~ 

Y2-+-< 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984, 

POSITIVE LOGIC EQUATIONS: Y1 = A (if GZ is L) Y2 = Y1 

description 
The IOK24LJ cell is a non inverting 3-state input-output buffer that interfaces CMOS internal 
functions with TTL or CMOS off-chip bidirectional bus lines. The input buffer responds to 
TTL threshold levels imposed on the I/O bus regardless ofthe state ofthe output enable GZ. 
When the buffer is called from the engineering workstation input, the following label format 
is developed and will be captured in the design netlist: 

Label: 10K24LJ A,GZ,Y2,Y1 ; 

A pull-up or pull-down terminator can be connected to the Y1 node. 

absolute maximum ratings and recommended operating conditions 
These are specified as part of the TSC500 Series Data. 

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

TEST -55·C to 125·C O·C to 70·C 
PARAMETER 

TYP:!: TYP:!: MAX 
UNIT 

CONDITIONS MIN MAX MIN 

IA,GZ 2.2 2.2 
V VT Input threshold voltage IY1 

1.3 1.3 

IOH = -2 mA 3.7 
VOH High-level output voltage V 

IOH = -1.6 mA 3.7 

10L = 2 mA 0.5 
VOL LOW-level output voltage V 

10L = 1.6 mA 0.5 

10Z Off-state output current Vo = VccorO ±10 ±5 IlA 
ICC Supply current VI = VIH or VIL 3.45 0.3 rnA 

Ci Input capacitance IY1 13.8 13.8 pF 

Cpd 
Equivalent power dissipation 
capacitance tr =tf=1ns 17.7 17.7 pF 

:j: Typical values are at VCC = 5 V, TA = 25·C. 
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TSC500 
SERIES 

IOK24LJ 
2-mA 3-STATE I/O BUFFER 

WITH 0.25 di/dt, TTL INPUT, AND CMOS/TTL OUTPUT 
D3030, APRIL 1988 

TTL SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PARAM- FROM TO TEST -55°C to 125°C O°C to '!O°C 

MIN TYpt MAX TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN 

tpLH 
A 

3.2 8.69 19.75 3.42 8.69 17.94 
Y1 RL = co ns 

tpHL 7.29 16.82 34.35 7.82 16.8231.26 

tpZH 
GZ Y1 

RL = 1 kU to GND 3.25 9.2 21.65 3.48 9.2 19.57 
ns 

tpZL RL = 1 kU to Vee 7.53 18.3 40.5 8.11 18.3 36.09 

CL = 50 pF 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
A Y1 RL = co 

4.44 12.15 27.54 4.76 12.15 25.07 
ns 

tpHL 11.49 25.57 51.05 12.35 25.57 46.31 

tpZH 
GZ Y1 

RL = 1 kUta GND 4.49 12.75 29.95 4.81 12.75 27.11 
ns 

tpZL RL = 1 kUtoVee 11.87 27.91 60.75 12.8 27.91 53.88 

tpHZ 
GZ Y1 

RL = 1 kU to GND 15.54 15.54 

RL = 1 kU to Vee 
ns 

tpLZ 12.31 12.31 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 

PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

AtpLH 
A Y1 

40 100 220 40 100 200 
ps/pF 

AtpHL 120 250 480 130 250 430 

AtpZH 
GZ 

40 100 240 40 100 220 
ps/pF Y1 

AtpZL 120 270 580 130 270 510 

input switching characteristics over recommended ranges of supply voltage and operating 
free-air temperature (unless otherwise noted), CL = 0 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX 

tpLH 
Y1 

0.79 1.43 2.26 0.81 1.43 2.16 
Y2 ns 

tpHL 0.05 1.18 3.15 0.06 1.18 2.99 

AtpLH 0.06 0.18 0.37 0.07 0.18 0.32 
ns/pF Y1 Y2 

AtpHL 0.03 0.24 0.58 0.04 0.24 0.54 

t Typical values are at Vce = 5 V, TA = 25°e. 
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currant IS of publication datI. Products conform to ~ 
specifications per the tarms of Texas Instruments TEXA.S 
~~~~=~~i~8{::1~1i ~!:~:~ti:r :I~o::~::::~!~~a not INSTRUMENlS 

Copyright @ 1988. Texas Instruments Incorporated 

POST OFFICE BOX 6550~' • DALLAS. TEXAS 75265 12,139 



IOK24LJ 
2-mA 3-STATE I/O BUFFER 

TSC500 
SERIES 

WITH 0.25 di/dt, TTL INPUT, AND CMOSmL OUTPUT 
D3030, APRIL 1988 

CMOS SWITCHING CHARACTERISTICS 

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

CL = 15 pF 

PARAM- FROM TO TEST -55·C to 125·C O·C to 70·C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
A Y1 RL = 00 

4.47 11.4 24.69 4.79 11.4 22.44 
ns 

tpHL 5.92 14.13 29.62 6.35 14.13 26.98 

tpZH 
GZ Y1 

RL = 1 kOta GND 4.67 12.35 28.31 5 12.35 25.46 

RL =.1 kOta Vee 
ns 

tpZL 6.04 14.86 32.68 6.48 14.86 29.42 

CL = 50 pF 

PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
A Y1 RL = 00 

6.93 17.53 37.37 7.42 17.53 34.09 
ns 

tpHL 8.88 20.42 41.98 9.53 20.42 38.14 

tpZH 
GZ Y1 

RL = 1 kOta GND 7.15 18.95 43.27 7.66 18.95 38.94 

RL = 1 kOta Vce 
ns 

tpZL 9.04 21.45 46.19 9.72 21.45 41.48 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 
PARAM- FROM TO TEST -55°C to 125°C O·C to 70·C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

AtpLH 70 180 360 80 180 330 
ps/pF A Y1 

AtPHL 80 180 350 90 180 320 

AtpZH 
GZ Y1 

70 190 430 80 190 390 
ps/pF 

AtpZL 90 190 390 90 190 340 

t Typical values are at Vee = 5 V. TA = 25°e. 

PRODUCTION DATA documen" contain information 
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TSC500 
SERIES 

IOK41LJ 
... 4-mA 3-STATE I/O BUFFER 

A 

L 

H 

X 

X 

WITH 0.25 di/dt, CMOS INPUT, AND CMOS/TTL OUTPUT 
APRIL 1988 

I/O BUFFER CELL 

FUNCTION TABLE logic symbolt 
INPUTS OUTPUTS 

A 
GZ Y1 

L L 

L H 

H L 

H H 

Y1 

L 

H 

Z 

Z 

Y2 

L 

H 

L 

.. H 

GZ--.....I 

Y2--+< 

t This symbol is in accordance with ANSlilEEE 
Std 91~1984. 

POSITIVE LOGIC EQUATIONS: Y1 = A (if GZ IS L) Y2 = Y1 

description 
The IOK41 LJ cell is a noninverting 3-state input-output buffer that interfaces CMOS internal 
functions with TIL or CMOS off-chip bidirectional bus lines. The input buffer responds to 
CMOS threshold levels imposed on the I/O bus regardless of the state of the output enable 
GZ. When the buffer is called from the engineering workstation input, the following label 
format is developed and will be captured in the design netlist: 

Label: IOK41 LJ A,GZ,Y2,Y1; 

A pull-up or pull-down terminator can be connected to the Y1 node. 

absolute maximum ratings and recommended operating conditions 
These are specified as pari of the TSC500 Series Data. 

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

tEST -55°C to 125°C QOC to 7QoC 
PARAMETER 

CONDITIONS TYp:l: MAX TYp:l: 
UNIT 

MIN MIN MAX 

. .IA GZ 2.2 2.2 
V Vr Input threshold voltage I Y; 

2.5 2.5 

10H = -4mA 3.7 
V VOH High-level output voltage 

10H = -3.4 mA 3.7 

10L = 4 mA 0.5 
V VOL LOW-level output voltage 

10L = 3.4 mA 0.5 

10Z Off-state output current Vo = VCC or 0 ±10 ±5 lolA 
ICC Supply current VI = VIH or VIL 11.3 0.49 mA 

Ci Input capacitance IY1 13.8 13.8 pF 

Cpd 
Equivalent power diSSipation 
capacitance tr = tf = 1 ns 17.5 17.5 pF 

:l: Typical values are at VCC = 5 V, TA = 25°C. 

PROOUCTION DATA documani. clintlin information 
current I. of publication ditl. Product. conform to 
specifications per the t.rms of T.xI. Instruments . TEXAS'" 

INSTRUMENTS 
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IOK41LJ 
4·mA 3·STATE I/O BUFFER 

TSC500 
SERIES 

WITH 0.25 di/dt, CMOS INPUT, AND CMOSmL OUTPUT 
03030, APRIL 1988 

TTL SWITCHING CHARACTERISTICS 

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

Cl = 15 pF 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
Y1 RL = 00 

2.35 6.47 14.7 2.51 6.47 13.36 
A ns 

tPHL 4.59 10.94 22.58 4.92 10.94 20.56 

tpZH 
GZ Y1 

RL = 1 kn to GND 2.4 6.84 15.86 2.57 6.84 14.39 

RL = 1 kn to Vcc 
ns 

tpZL 4.65 11.34 24.14 5 11.34 21.8 

Cl = 50 pF 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
A Y1 

3.11 8.51 19.26 3.32 8.51 17.52 
RL = 00 ns 

tpHL 6.86 15.69 31.68 7.37 15.69 28.76 

tpZH 
GZ Y1 

RL = 1 kn to GND 3.16 8.91 20.53 3.38 8.91 18.63 

RL = 1 knto Vce 6.95 16.27 33.87 
ns 

tpZL 7.48 16.27 30.5 

tpHZ 
GZ Y1 

RL = 1 kn to GND 11.47 11.47 

RL = 1 kntoVcc 10.01 10.01 
ns 

tpLZ 

change in propagation delay time with load capacitance over .recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX 

AtpLH 
Y1 

20 60 130 20 60 120 
ps/pF A 

140 140 AtpHL 60 260 70 230 

AtpZH 
GZ Y1 

20 60 130 20 60 120 
ps/pF 

AtpZL 70 140 280 70 140 250 

t Typical values are at Vee = 5 V, TA = 25°e. 

Copyright @ 1988. Texa. Instrument. Incorporated PRODUCTION DATA d ... mentl contain informltio. ." 
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TSC500 
SERIES 

IOK41LJ 
4-mA 3-STATE I/O BUFFER 

WITH 0.25 di/dt, CMOS INPUT, AND CMOS/TTL OUTPUT 
03030, APRIL 1988 

CMOS SWITCHING CHARACTERISTICS 

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

CL = 15 pF 

PARAM· FROM TO TEST -55·C to 125·C O·C to';'70·C 

TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN 

tpLH 
A Y1 RL = 00 

3.11 8.1 17.65 3.33 8.1 16,06 
ns 

tpHL 3.81 9.36 19.8 4.08 9.36 18.04 

tpZH 
GZ Y1 

RL = 1 kO to GND 3.29 8.61 19.22 3.52 8.61 17.4 
ns 

tpZL RL = 1 kO to Vee 3.83 9.55 20.6 4.11 9,55 18.67 

CL = 50 pF 

PARAM· FROM TO TEST -55·C to 125~C O·C to 70·C 

MIN TYpt MAX MIN Typt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
A Y1 

4.48 11.47 24.62 4.8 11.47 22.42 
RL = 00 ns 

tpHL 5.45 12.88 26.73 5.85 12.88 24.29 

tpZH 
GZ Y1 

RL = 1 kO to GND 4.66 12.07 26.6 4.99 12.07 24.11 
ns 

tpZL RL = 1 kO 10 Vee 5.49 13.14 27.75 5.89 13.14 25.1 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free·air temperature (unless otherwise noted) 
PARAM· FROM TO TEST -55·C to 125·C O·C to 70·C 

MIN TYpt MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX 

AtpLH 
A Y1 

40 100 200 40 100 180 
ps/pF 

AlpHL 50 100 200 50 100 180 

AtpZH 
GZ 

40 100 210 40 100 190 
ps/pF Y1 

AtpZL 50 100 200 50 100 180 

input switching characteristics over recommended ranges of supply voltage and operating 
free·air temperature (unless otherwise noted), CL = 0 
PARAM· FROM TO TEST -55·C to 125·C O·C to 70·C 

MIN TYpt MAX MIN TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX 

tpLH 0.58 0.9 1.52 0.6 0.9 1.4 
Y1 Y2 ns 

tpHL 0.12 0.63 1.21 0.13 0.63 1.16 

AtpLH 
Y1 Y2 

0.06 0.2 0.34 0.07 0.2 0.33 
ns/pF 

AtpHL 0.13 0.13 0.26 0.13 0.13 0.24 

t Typical values are at Vee = 5 V, TA = 25·e. 

PRODUCTION DATA documlnts contlin information 
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TSC50Q 
SERIES 

IOK44LJ 
4-mA 3-STATE I/O BUFFER 

WITH 0.25 di/dt, TTL INPUT, AND CMOS/TTL OUTPUT 

FUNCTION TABLE 

INPUTS OUTPUTS 

A GZ Y1 Y1 Y2 

L L L L l 
H L H H H 

X H L Z L 

BUFFER C~LL 

logic symbolt 

A 

GZ-----' 

Y2--+< 

APRIL 1988 

Y1 

X H H Z H t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATIONS: Y1 = A (if GZ is L) Y2 = Y1 

description 
The IOK44LJ cell is a noninverting 3-state input-output puffer that interfaces CMOS internal 
functions with TTL or CMOS off-chip bidirectional bus lines. The input buffer responds t6 
TTL threshold levels imposed on the I/O bus regardless of the state of the' output enable GZ. 
When the buffer is called from the engineering Workstation input, the following ,label format 
is developed and will be captu'red in the design netlist: 

Label: IOK44LJ A,GZ,Y2,Y1 ; 

A pull-up or PLJ"-down terminator can ~e con~ected to the Y1 node. 

absolute maximum ratings and recommended operating conditions 
, ' These are specified as part of the TSC500 Series Data. ' 

electrical characteristics over recommended ranges of supply voltage and operating free-
air temperature (unless otherWise I'!oted) .' 

TEST -55°C to 125°C O°C to 70°C 
PA~AMETER 

CONDITIONS MIN TYp:I: MAX TYp:I: MAX 
UNIT 

MIN 

VT 
' , .IA GZ 2.2 2.2 

V Input threshold voltage I' ' 
. "V1 1.3 1.3 

VOH High-level output voltage 
10H = -4 mA 3.7 

V 
10H = -3.4 mA 3.7 

VOL Low~level output voltage 
10L = 4 mA 0.5 

V 
!OL = 3.4 mA 0.5 

10Z Off-s~ate output current Vb = VCC or 0 ±10 ±5 ~ 
ICC Supply current VI = VIH or VIL 3.45 0:3 mA 

Ci Input capacitance IV1 13.8 13.8 pF 

Equivalent power dissipation -
Cpd capacitance ' . tr=tf=1ns 17.8 17.8 pF 

:I: Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTION DATA d •• um.nts •• ntli'; inf.rm.ti.n ',' ..,' ,,' 
cutrant II of publication date. Pra.ducts conform to Ii II 
specifications per the terma of TIXI. Instruments . I EXAS 
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TSC500 
SERIES 

IOK44LJ 
4·mA 3·STATE I/O BUFFER 

WITH 0.25 di/dt, TTL INPUT, AND CMOS/TTL OUTPUT 
D3030, APRIL 1988 

TIL SWITCHING CHARACTERISTICS 

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

CL = 15 pF 

PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
Y1 

2.35 6.47 14.69 2.51 6.47 13.36 
A RL = 00 ns 

tpHL 4.58 10.91 22.52 4.91 10.91 20.51 

tpZH 
GZ Y1 

RL = 1 k!l to GND 2.4 6.84 15.86 2.57 6.84 14.34 

RL = 1 k!l to Vee 
ns 

tpZL 4.64 11.32 24.05 4.99 11.3221.73 

CL = 50 pF 

PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN 

tpLH A Y1 RL = 00 
3.11 8.51 19.26 3.32 8.51 17.52 

ns 
tpHL 6.85 15.67 31.61 7.36 15.67 28.7 

tpZH 
GZ Y1 

RL = 1 k!l to GND 3.16 8.91 20.53 3.38 8.91 18.63 
ns 

tpZL RL = 1 k!l to Vee 6.95 16.25 33.8 7.48 16.25 30.44 

tpHZ 
GZ Y1 

RL = 1 k!lto GND 11.46 11.46 

RL = 1 k!l to Vee 
ns 

tpLZ 10.01 10.01 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free·air temperature (unless otherwise noted) 
PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MIN TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX MAX 

atpLH 
A Y1 

20 60 130 20 60 120 

atpHL 60 140 260 70 140 230 
ps/pF 

atpZH 
GZ Y1 

20 60 130 20 60 120 
ps/pF 

atpZL 70 140 280 70 140 250 

input switching characteristics over recommended ranges of supply voltage and operating 
free·alr temperature (unless otherwise noted), CL = 0 

PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX 

tpLH 0.79 1.43 2.26 0.81 1.43 2.16 
Y1 Y2 ns 

tpHL 0.05 1.18 3.15 0.06 1.18 2.99 

atpLH 0.06 0.18 0.37 0.07 0.18 0.32 
ns/pF Y1 Y2 

0.24 0.58 0.04 0.24 0.54 atpHL 0.03 

t Typical values are at VCC = 5 V, T A = 25°C. 

PROOUCTION DATA do.uments .onlein informltion 
currant I. of publication date. Products conform to 
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IOK44LJ 
4-mA 3-STATE I/O BUFFER 

TSC500 
SERIES 

WITH 0.25 di/dt, TTL INPUT, AND CMOS/TTL OUTPUT 
03030, APRIL 1988 

CMOS SWITCHING CHARACTERISTICS 

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

CL = 15 pF 

PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

ETER (INPUT) (OUTPUT) MIN TYpt MAX MIN TYpt MAX 
UNIT 

CONDITIONS 

tpLH 
A V1 RL = 00 

3.11 8.12 17.67 3.33 8.12 16.08 

tpHL 3.81 9.35 19.77 4.08 9.35 18.02 
ns 

tpZH 
GZ V1 

RL = 1 kn to GND 3.3 8.62 19.24 3.53 8.62 17.41 

tpZL RL = 1 kn to Vee 3.83 9.54 20.56 4.11 9.54 18.64 
ns 

CL = 50 pF 

PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

ETER (INPUT) (OUTPUT) CONDITIONS MIN TYpt MAX MIN TYpt MAX 
UNIT 

tpLH 
A V1 RL = 00 

4.49 11.48 24.64 4.8 11.48 22.45 
ns 

tpHL 5.45 12.87 26.7 5.85 12.87 24.26 

tpZH 
GZ V1 

RL = 1 knto GND 4.67 12.09 26.64 5 12.09 24.13 

RL = 1 kn to Vee 
ns 

tpZL 5.48 13.13 27.72 5.89 13.13 25.08 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 
PARAM- FROM TO TEST -55°C to 125°C O°Cto 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

LltpLH 
A 

40 100 200 40 100 180 
ps/pF V1 . 

LltpHL 50 100 200 50 100 180 

LltpZH 
GZ 

40 100 210 40 100 190 
ps/pF V1 

LltpZL 50 100 200 50 100 180 

t Typical values are at Vee = 5 V, TA = 25°e. 

Copyright @ 1988. Texas Instruments Incorporated PRODUCTION DATA document. contain information ." 
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TSC500 
SERIES 

IOK61LJ 
6-mA 3-STATE I/O BUFFER 

WITH 0.25 di/dt, CMOS INPUT, AND CMOS/TTL OUTPUT 

A 

L 

H 

X 

X 

APRIL 1988 

I/O BUFFER CELL 

FUNCTION TABLE 

INPUTS OUTPUTS 

logic symbolt 

A 
GZ V1 

L L 

L H 

H L 

H H 

V1 

L 

H 

Z 

Z 

V2 

L 

H 

L 

H 

GZ-----J 

Y2--+-< 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATIONS: Y1 = A (if GZ is L) Y2 = Y1 

description 
The IOK61 LJ cell is a noninverting 3-state input-output buffer that interfaces CMOS internal 
functions with TIL or CMOS off-chip bidirectional bus lines. The input buffer responds to 
CMOS threshold levels imposed on the I/O bus regardless of the state of the output enable 
GZ. When the buffer is called from the engineering workstation input, the following label 
format is developed and will be captured in the design netlist: 

Label: IOK61 LJ A,GZ,Y2,Y1; 

A pull-up or pull-down terminator can be connected to the Y1 node. 

absolute maximum ratings and recommended operating conditions 
These are specified as part of the TSC500 Series Data. 

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

TEST -55°C to 125°C QOC to 7QoC 
PARAMETER 

TVP:f: TVP:f: 
UNIT 

CONDITIONS MIN MAX MIN MAX 

VT 
lA, GZ 2.2 2.2 

V Input threshold voltage IV1 
2.5 2.5 

10H = -6 rnA 3.7 
VOH High-level output voltage V 

10H = -5.1 rnA 3.7 

Low-level output voltage 
10L = 6 rnA 0.5 

V VOL 
10L = 5.1 rnA 0.5 

102 Off-state output current Va = VCC or 0 :!:10 :!:5 IJ.A 
ICC Supply current VI = VIH or VIL 10.7 0.49 rnA 

Ci Input capacitance IV1 13.8 13.8 pF 

Cpd 
Equivalent power dissipation 
capacitance tr = tf = 1 ns 18.5 18.5 pF 

:j: Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTION DATA documents contain information 
current IS of publication date. Products conform to 
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IOK61LJ 
6-rnA 3-STATE I/O BUFFER 

TSC500 
SERIES 

WITH 0.25 di/dt, CMOS INPUT, AND CMosmL OUTPUT 
D3030, APRIL 1988 

TTL SWITCHING CHARACTERISTICS 

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

CL = 15 pF 

PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
A Y1 

2.07 5.74 13.07 2.21 5.74 11.89 
RL = 00 ns 

tpHL 3.7 9 18.78 3.97 9 17.11 

tpZH 
GZ Y1 

RL = 1 kO to GND 2.11 6.08 14.07 2.26 6.08 12.77 

RL = 1 kO to Vee 
ns 

tpZL 3.73 9.2 19.51 4 9.2 17.68 

CL = 50 pF 

PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

ETER (INPUT) (OUTPUT) CONDITIONS MIN TYpt MAX MIN TYpt MAX 
UNIT 

tpLH 
A Y1 RL = 00 

2.66 7.31 16.57 2.84 7.31 15.07 

5.33 12.44 25.39 5.73 12.44 23.07 
ns 

tpHL 

tpZH 
GZ Y1 

RL = 1 kO to GND 2.7 7.65 17.60 2.89 7.65 15.98 

RL = 1 kO to Vee 
ns 

tpZL 5.37 12.71 26.36 5.78 12.71 23.84 

tpHZ 
GZ Y1 

RL = 1 kO to GND 9.92 9.92 

RL = 1 kO to Vee 
ns 

tpLZ 9.33 9.33 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX 

IltpLH 20 40 100 20 40 90 
ps/pF A Y1 

IltpHL 50 100 190 50 100 170 

IltpZH 
GZ 

20 40 100 20 40 90 
ps/pF Y1 

IltpZL 50 100 200 50 100 180 

t Typical values are at Vec = 5 V, T A = 25°e. 
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TSC500 
SERIES 

IOK61LJ 
6-mA 3-STATE I/O BUFFER 

WITH 0.25 di/dt, CMOS INPUT, AND CMOS/TTL OUTPUT 
[)3030, APRIL 1988 

CMOS SWITCHING CHARACTERISTICS 

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

CL = 15 pF 

PARAM· FROM TO TEST -55°C to 125°C DOC to 7DoC 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
A Y1 RL = 00 

2.66 7.02 15.39 2.84 7.02 14.01 
ns 

tpHL 3.12 7.81 16.67 3.34 7.81 15.19 

tpZH RL = 1 kll to GND 2.82 7.43 16.57 3.02 7.43 15.01 
GZ Y1 ns 

tpZL RL = 1 kll to Vee 3.13 7.89 17.01 3.35 7.89 15.45 

CL = 50 pF 
PARAM- FROM TO TEST -55°C to 125°C DOC to 7DoC 

ETER (INPUT) (OUTPUT) CONDITIONS MIN TYpt MAX MIN TYpt MAX 
UNIT 

tpLH 
A Y1 RL = 00 

3.67 9.49 20.51 3.93 9.49 18.68 
ns 

tpHL 4.32 10.41 21.8 4.63 10.41 19.82 

tpZH 
GZ 

RL = 1 kllto GND 3.84 9.94 21.84 4.11 9.94 19.81 
Y1 ns 

tpZL RL = 1 kllto Vee 4.33 10.52 22.23 4.65 10.52 20.16 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 
PARAM- FROM TO TEST -55°C to 125°C DOC to 7DoC 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

AtpLH 30 70 150 30 70 130 
ps/pF A Y1 

AtpHL 30 70 150 40 50 130 

AtpZH 
GZ Y1 

30 70 150 30 70 140 
ps/pF 

AtpZL 30 80 150 40 80 130 

input switching characteristics over recommended ranges of supply voltage and operating 
free-air temperature (unless otherwise not~d), CL = 0 
PARAM· FROM TO TEST -55°C to 125°C DOC to 7DoC 

MIN TYpt MAX MIN TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX 

tpLH 
Y1 Y2 

0.58 0.9 1.52 0.6 0.9 1.4 
ns 

tpHL 0.12 0.63 1.21 0.13 0.63 1.16 

AtpLH 0.06 0.2 0.34 0.07 0.2 0.33 
ps/pF Y1 Y2 

AtpHL 0.13 0.13 0.26 0.13 0.13 0.24 

t Typical values are at Vee = 5 V, TA = 25°e. 

PROOUCTIOri'OAlA d ••• m.ntl •• ntlin inf.rmation ." 
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TSC500 
SERIES 

IOK64LJ 
6-mA 3-STATE I/O BUFFER 

WITH 0.25 di/dt, TTL INPUT,AND CMOS/TTL OUTPUT 

A 

L 

H 

X 

X 

APRIL 1988 

I/O BUFFER CELL 

FUNCTION TABLE logic symbolt 
INPUTS OUTPUTS A 

GZ Y1 

L L 

L H 

H L 

H H 

Y1 

L 

H 

2 

2 

Y2 

L 

H 

L 

H 

GZ-----' 

Y2--+-< 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATIONS: Y1 = A (if GZ is L) Y2 = Y1 

description 
The IOK64LJ cell is a noninverting 3-state input-output buffer that interfaces CMOS internal 
functions with TTL or CMOS off-chip bidirectional bus lines. The input buffer responds to 
TTL threshold levels imposed on the I/O bus regardless of the state of the output enable GZ. 
When the buffer is called from the engineering workstation input. the following label format 
is developed and will be captured in the design netlist: 

Label: IOK64LJ A.GZ.Y2.Y1; 

A pull-up or pull-down terminator can be connected to the Y1 node. 

absolute maximum ratings and recommended operating conditions 
These are specified as part of the TSC500 Series Data. 

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

TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

TYP:!: MAX TYP:!: MAX 
UNIT 

CONDITIONS MIN MIN 

.IA. G2 2.2 2.2 
VT Input threshold voltage I Y1 V 

1.3 1.3 

10H = -6 mA 3.7 
V VOH High-level output voltage 

10H = -5.1 mA 3.7 

10L = 6 mA 0.5 
V VOL LOW-level output voltage 

10L = 5.1 mA 0.5 

102 Off-state output current Vo = VCC or 0 ±10 ±5 J.lA 

ICC Supply current VI = VIH or VIL 3.45 0.3 mA 

Ci Input capacitance IYl 13.8 13.8 pF 

Cpd 
Equivalent power dissipation tr = tf = 1 ns 18.5 18.5 pF capacitance 

:j: Typical values are at VCC = 5 V. TA = 25°C. 

PRODUCTION DATA documents contain information 
current 8S of publication date. Products conform to 
specifications per the terms of Texas Instruments TEXAS • 

INSTRUMENTS 
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TSC500 
SERIES 

IOK64LJ 
6-mA 3-STATE I/O BUFFER 

WITH 0.25 di/dt, TTL INPUT, AND CMOS/TTL OUTPUT 
03030, APRIL 1988 

TTL SWITCHING CHARACTERISTICS 

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

CL = 15 pF 

PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
A Y1 RL = 00 

2.07 5.74 13.07 2.21 5.74 11.89 
ns 

tPHL 3.69 8.98 18.74 3.96 8.98 17.07 

tpZH RL = 1 kfl to GND 2.12 6.08 14.06 2.26 6.08 12.77 
GZ Y1 

RL = 1 kflto Vce 9.18 19.46 9.18 17.64 
ns 

tpZL 3.72 4 

CL = 50 pF 

PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
Y1 RL = 00 

2.65 7.32 16.57 2.83 7.32 15.07 
A ns 

tpHL 5.32 12.43 25.36 5.72 12.43 23.04 

tpZH 
GZ 

RL = 1 kfl to GND 2.7 7.65 17.6 2.89 7.65 15.98 
Y1 ns 

tpZL RL = 1 kfltoVeC 5.37 12.69 26.32 5.77 12.69 23.8 

tpHZ 
GZ 

RL = 1 kfl to GND 9.92 9.92 
Y1 ns 

tpLZ RL = 1 kfl to Vee 9.33 9.33 

change In propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 

PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

AtpLH 
A Y1 

20 50 100 20 50 90 
ps/pF 

AtpHL 50 100 190 50 100 170 

AtpZH 
GZ 

20 50 100 20 50 90 
ps/pF Y1 

AtpZL 50 100 200 50 100 180 

input switching characteristics over recommended ranges of supply voltage and operating 
free-air temperature (unless otherwise noted), CL = 0 

PAR AM· FROM TO TEST -55°C to 125°C O°C to 70°C 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN TYpt MAX MIN TYpt MAX 

tpLH 0.79 1.43 2.26 0.81 1.43 2.16 
Y1 Y2 ns 

tpHL 0.05 1.18 3.15 0.06 1.18 2.99 

AtpLH 0.06 0.18 0.37 0.07 0.18 0.32 
Y1 Y2 

0.03 0.24 0.58 0.04 0.24 0.54 
ns/pF 

AtpHL 

t Typical values are at VCC = 5 V, T A = 25°C. 

PRODUCTION DATA d ••• monlS contain information 
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IOK64LJ TSC500 
SERIES 6~mA 3-STATE I/O BUFFER 

WITH 0.25 di/dl, TTL INPOT, AND CMOS/TTL OUTPUT 
03030, APRIL 1988 

CMOS SWITCHING CHA~ACTERI~TICS 

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

CL = 15 pF 

PARAM· FROM TO TEST -55°C to 125°C QOC to 7QoC 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
A Y1 RL = 00 

2.66 7.03 15.41 2.85 7.03 14.02 
ns 

tpHL 3.12 7.8 16.66 3.34 7.8 15.17 

tpZH 
GZ 

RL = 1 kfi to GND 2.83 7.44 16.58 3.02 7.44 15.03 
Y1 

RL = 1 kfi to Vee 
ns 

tpZL 3.12 7.88 16.99 3.34 7.88 15.43 

CL = 50 pF 
PARAM· FROM TO TEST -55°C to 125°C QOC to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
A Y1 RL"" 00 

2.7 7.65 17.6 2.89 7.65 15.98 
ns 

tpHL 5.37 12.69 26.32 5.77 12.69 23.8 

tpZH 
GZ Y1 

RL = 1 kfito GND 3.67 9.51 20.53 3.93 9.51 18.69 

RL = 1 kfitoVee 
ns 

tpZL 4.32 10.41 21.79 4.63 10.41 19.81 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 
PARAM· FROM TO TEST -55°C to 125°C QOC to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

AtpLH 
A Y1 

20 50 100 20 50 90 
ps/pF 

AtPHL 50 100 200 50 100 180 

AtpZH 
GZ Y1 

30 70 150 30 70 130 
ps/pF 

AtpZL 30 70 150 40 10 130 

t Typical values are at Vee = 5 V, TA = 25°e. 

PRODUCTION DATA d.cumantac.ntain information 
currant 8S of publication dlte. Produ~1 conform to 
specificatioRs per the terms of Texas Instruments TEXAS ." 

Copyright © 1988. Texas In~truments Incorporated 
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TSC500 
SERIES 

IOHA1LJ 
16-mA 3-STATE I/O BUFFER 

WITH 0.125 di/dt, CMOS INPUT, AND CMOSmL OUTPUT 

A 

L 

H 

X 

X 

03030, APRIL 1988 

I/O BUFFER CELL 

FUNCTION TABLE 

INPUTS OUTPUTS 

logic symbolt 

A 
GZ Y1 

L L 

L H 

H L 

H H 

Y1 

L 

H 

Z 

Z 

Y2 

L 

H 

L 

H 

GZ-_.....J 

Y2--+-< 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATIONS: Y1 = A (if GZ is L) Y2 = Y1 

description 
The 10HA 1 LJ cell is a noninverting 3-state input-output buffer that interfaces CMOS internal 
functions with TTL or CMOS off-chip bidirectional bus lines. The input buffer responds to 
CMOS threshold levels imposed on the I/O bus regardless of the state of the output enable 
GZ. When the buffer is called from the engineering workstation input, the following label 
format is developed and will be captured in the design netlist: 

Label: 10HA 1 LJ A,GZ,Y2,Y1; 

A pull-up or pull-down terminator can be connected to the Y1 node. 

absolute maximum ratings and recommended operating conditions 
These are specified as part of the TSC500 Series Data. 

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

TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

MIN TYp:I: MAX TYp:I: MAX 
UNIT 

CONDITIONS MIN 

VT 
IA,GZ 2.2 2.2 

Input threshold voltage I Y1 
2.5 

V 
2.5 

VOH High-level output voltage 
IOH = -16mA 3.7 

V 
IOH = -13.6 mA 3.7 

VOL Low-level output voltage 
IOL = 16 mA 0.5 

V 
IOL = 13.6 mA 0.5 

10Z Off-state output current Vo = VCC or 0 ±10 ±5 IJA 

ICC Supply current VI = VIH or VIL 10.6 0.49 mA 

Ci Input capacitance IY1 13.8 13.8 pF 

Cpd 
Equivalent power dissipation 

tr = tf = 1 ns 20.8 20.8 pF capacitance 

:I: Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTION DATA documlntl contain info,mllion 
currant II of publicltion data. Praduct. conform to 
spacifications per the terms of TaXIS Instruments TEXAS ." 

Copyright @ 1988, Texas Instruments Incorporated 

~~~~~:~~i~'r::,~7~ ~!:~:~ti:; :'~D:'~::~:~~S nat INSTRUMENTS 
POST OFFICE BOX 655012 • CALL.A5, TEXAS 75265 12-153 



IOHA1LJ 
16-mA 3-STATE I/O BUFFER 

TSC500 
SERIES 

WITH 0.125 di/dt, CMOS INPUT, AND CMOS/TTL OUTPUT 
D3030, APRIL 1988 

TIL SWITCHING CHARACTERISTICS 

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

CL = 15 pF 

PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

TYpt MAX TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN MIN 

tpLH 
RL = 00 

2.12 5.97 13.62 2.26 5.97 12.4 
A Y1 ns 

tpHL 3.29 8.22 17.52 3.52 8.22 15.96 

tpZH 
GZ 

RL = 1 ki1 to GND 2.18 6.29 14.54 2.33 6.29 13.23 
Y1 ns 

tpZL RL = 1 ki1toVee 3.31 8.28 17.71 3.54 8.28 16.1 

CL = 50 pF 

PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

TYpt MAX TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN MIN 

tpLH 2.52 7.04 16.03 2.69 7.04 14.59 
A Y1 RL = 00 ns 

tpHL 4.22 10.24 21.46 4.52 10.24 19.54 

tpZH RL = 1 ki1 to GND 2.57 7.36 16.94 2.75 7.36 15.4 
GZ Y1 ns 

tpZL RL = 1 ki1 to Vce 4.23 10.29 21.65 4.54 10.29 19.67 

tpHZ RL = 1 ki1 to GND 9.28 9.28 
GZ Y1 ns 

tpLZ RL = 1 ki1 to Vee 9.32 9.32 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free·air temperature (unless otherwise noted) 

PAR AM· FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

atpLH 10 30 70 10 30 60 
ps/pF A Y1 

atpHL 30 60 110 30 60 100 

atpZH 
GZ 

10 30 70 10 30 60 
ps/pF Y1 

atpZL 30 60 110 30 60 100 

t Typical values are at Vee = 5 V, TA = 25°C. 

PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments TEXAS ~ 
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TSC500 
SERIES 

IOHA1LJ 
16-mA 3-STATE I/O BUFFER 

WITH 0.125 di/dt, CMOS INPUT, AND CMOS/TTL OUTPUT 
D3030, APRIL 1988 

CMOS SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

TYpt MAX Typt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN MIN 

tpLH 
A Y1 

2.55 6.92 15.35 2.72 6.92 13.98 

tpHL 
RL = 00 

2.91 7.4 16.06 3.11 7.4 14.63 
ns 

tpZH 
GZ Y1 

RL = 1 kfito GND 2.72 7.28 16.32 2.91 7.28 14.82 

tpZL RL = 1 kfitoVce 2.91 7.4 16.08 3.11 7.4 14.63 
ns 

CL = 50 pF 

PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN 

tpLH 
A Y1 RL = 00 

3.18 8.46 18.6 3.4 8.46 16.93 
ns 

tpHL 3.62 9.01 19.29 3.87 9.01 17.56 

tpZH 
GZ Y1 

RL = 1 kfi to GND 3.35 8.82 19.54 3.58 8.82 17.75 
ns 

tpZL RL = 1 kfi to Vee 3.62 9.01 19.3 3.87 9.01 17.55 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 

PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX 

~tpLH 
A 

20 40 90 20 40 80 
ps/pF Y1 

~tpHL 20 50 90 20 50 80 

~tpZH 
GZ Y1 

20 40 90 20 40 80 
ps/pF 

~tpZL 20 50 90 20 50 80 

input switching characteristics over recommended ranges of supply voltage and operating 
free-air temperature (unless otherwise noted), CL = 0 

PAR AM· FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX 

tpLH 
Y1 

0.58 0.9 1.52 0.6 0.9 1.4 
Y2 ns 

tpHL 0.12 0.63 1.21 0.13 0.63 1.16 

~tpLH 
Y1 

0.06 0.2 0.34 0.07 0.2 0.33 
ns/pF Y2 

~tpHL 0.13 0.13 0.26 0.13 0.13 0.24 

t Typical values are at V ce = 5 V, T A = 25°C. 

PRODUCTION DATA documents cantlin information 
currant IS of publication dltl. Products conform to 
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TSC500 
SERIES 

IOHA4LJ 
16-mA 3-STATE I/O BUFFER 

WITH 0.125 di/dt, TTL INPUT, AND CMOS/TTL OUTPUT 

A 

L 

H 

X 

X 

APRIL 1988 

I/O BUFFER CELL 

FUNCTION TABLE logic symbolt 

A INPUTS 

GZ Y1 

L L 

L H 

H L 

H H 

OUTPUTS 

Y1 Y2 

L L 

H H 

Z L 

Z H 

GZ-----' 

Y2 -+-c:: 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATIONS: Y1 = A (if GZ is L) Y2 = Y1 

description 
The IOHA4LJ cell is a noninverting 3-state input-output buffer that interfaces CMOS internal 
functions with TTL or CMOS off-chip bidirectional bus lines. The input buffer responds to 
TTL threshold levels imposed on the I/O bus regardless of the state of the output enable GZ. 
When the buffer is called from the engineering workstation input, the following label format 
is developed and will be captured in the design netlist: 

Label: 10HA4LJ A,GZ,Y2,Y1 ; 

A pull-up or pull-down terminator can be connected to the Y1 node. 

absolute maximum ratings and recommended operating conditions 
These are specified as part of the TSC500 Series Data. 

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

TEST -SS·C to 12S·C O·C to 70·C 
PARAMETER 

TYpi MAX TYP:!: MAX 
UNIT 

CONDITIONS MIN MIN 

VT 
.IA,GZ 2.2 2.2 

Input threshold voltage IY1 
1.3 

V 
1.3 

VOH High-level output voltage 
10H = -16mA 3.7 

V 
10H = -13.6 rnA 3.7 

VOL LOW-level output voltage 
10L = 16 rnA 0.5 

V 
10L = 13.6 rnA 0.5 

10Z Off-state output current Vo = VCC or 0 ±10 ±5 J.lA 
ICC Supply current VI = VIH or VIL 3.45 0.3 rnA 

Ci Input capacitance IY1 13.8 13.8 pF 

Cpd 
Equivalent power dissipation 
capacitance tr = tf = 1 ns 22.5 22.5 pF 

i Typical values are at VCC = 5 V, T A = 25·C. 

PRODUCTION DATA do.um.nts •• ntlin inf.rmati.n 
current .. of publicltion datI. Products conform to 
spacificationl per the terms of TI.I. Instrum.nts TEXAS .., 
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TSC500 
SERIES 

IOHA4LJ 
16-mA 3-STATE I/O BUFFER 

WITH 0.125 di/dt, TTL INPUT, AND CMOS/TTL OUTPUT 
D3030, APRIL 1988 

TIL SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

TYpt MAX TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN MIN 

tpLH 2.12 5.97 13.62 2.26 5.97 12.4 
A Y1 RL = 00 ns 

tpHL 3.29 8.21 17.49 3.52 8.21 15.94 

tpZH 
GZ 

RL = 1 k!l to GND 2.18 6.28 14.54 2.33 6.28 13.23 
Y1 ns 

tpZL RL = 1 k!l to Vee 3.3 8.27 17.69 3.54 8.27 16.08 

CL = 50 pF 

PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

ETER (INPUT) (OUTPUT) CONDITIONS MIN TYpt MAX TYpt MAX 
UNIT 

MIN 

tpLH 
A Y1 RL = 00 

2.52 7.04 16.01 2.69 7.04 14.57 
ns 

tpHL 4.22 10.24 21.45 4.52 10.24 19.52 

tpZH 
GZ Y1 

RL = 1 k!l to GND 2.57 7.36 16.94 2.75 7.36 15.41 

tpZL RL = 1 k!l to Vec 4.23 10.29 21.63 4.54 10.29 19.66 
ns 

tpHZ 
GZ Y1 

RL = 1 k!l to GND 9.28 9.28 
ns 

tpLZ RL = 1 k!l to Vee 9.18 9.18 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 

PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

AtPLH 10 30 70 10 30 60 
ps/pF A Y1 

.:ltPHL 30 60 110 30 60 100 

.:ltpZH 10 30 70 10 30 60 
ps/pF GZ Y1 

AtpZL 30 60 110 30 60 100 

input switching characteristics over recommended ranges of supply voltage and operating 
free-air temperature (unless otherwise noted), CL = 0 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

TYpt MAX TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN MIN 

tpLH 0.79 1.43 2.26 0.81 1.43 2.16 
Y1 Y2 ns 

tpHL 0.05 1.18 3.15 0.06 1.18 2.99 

AtpLH 0.06 0.18 0.37 0.07 0.18 0.32 
ns/pF Y1 Y2 

0.03 0.24 0.58 0.04 0.24 0.54 AtpHL 

t Typical values are at Vce = 5 V, T A = 25°e. 
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IOHA4LJ 
16-mA 3-STATE I/O BUFFER 

TSC500 
SERIES 

WITH 0.125 di/dt, TTL INPUT, ANDCMosmL OUTPUT 
03030, APRIL 1988 

CMOS SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PARAM· FROM TO TEST -5S"C to 125°C O°C to 70°C 

ETER (INPUT) (OUTPUT) CONDITIONS MIN TYpt MAX MIN TYpt MAX 
UNIT 

tpLH 
A Vi RL = 00 

2.55 6.92 15.36 2.73 6.92 13.99 
ns 

tpHL 2.91 7.4 16.04 3.1 7.4 14.62 

tpZH 
GZ Vi RL = 1 kOto GND 2.73 7.28 16.33 2.91 7.28 14.83 

RL = 1 kO to Vee 
ns 

tpZL 2.91 7.4 16.07 3.1 7.4 14.62 

CL = 50 pF 
PARAM· FROM TO TEST -55·C to 125·C O·C to 70·C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
A Vi RL = 00 

3.18 8.46 18.58 3.4 8.46 16.92 

9.01 19.29 9.01 17.55 
ns 

tpHL 3.62 3.87 

tpZH 
GZ Vi 

RL = 1 kO to GND 3.36 8.82 19.56 3.59 8.82 17.76 

RL = 1 kOtoVee 3.62 9.01 19.3 3.87 9.01 17.55 
ns 

tpZL 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free·alr temperature (unless otherwise noted) 
PARAM· FROM TO TEST -55·C to 125·C O·C to 70·C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

~tpLH 
A Vi 

20 40 90 20 40 80 
ps/pF 

~tpHL 20 50 90 20 50 80 

~tpZH 
GZ Vi 

20 40 90 20 40 80 
ps/pF 

~tpZL 20 50 90 20 50 80 

t Typical values are at Vee = 5 V, TA = 25·e. 
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TSC500 
SERIES 

IOHB1LJ 
24-mA 3-STATE I/O BUFFER 

WITH 0.125 di/dt, CMOS INPUT, AND CMOSmL OUTPUT 

A 

L 

H 

X 
X 

03030, APRIL 1988 

I/O BUFFER CELL 

FUNCTION TABLE logic symbolt 
INPUTS OUTPUTS 

A 
GZ Y1 

L L 

L H 

H L 

H H 

Y1 

L 

H 

Z 

Z 

Y2 

L 

H 

L 

H 

GZ-_...J 

Y2-+-C 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATIONS: Y1 = A (if GZ is L) Y2 = Y1 

description 
The IOHB1 LJ cell is a noninverting 3-state input-output buffer that interfaces CMOS internal 
functions with TTL or CMOS off-chip bidirectional bus lines. The input buffer responds to 
CMOS threshold levels imposed on the I/O bus regardless of the state of the output enable 
GZ. When the buffer is called from the engineering workstation input, the following label 
format is developed and will be captured in the design netlist: 

Label: IOHB1LJ A,GZ,Y2,Y1; 

A pull-up or pull-down terminator can be connected to the Y1 node. 

absolute maximum ratings and recommended operating conditions 
These are specified as part of the TSC500 Series Data. 

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

TEST -55°C to 125°C O°Cto 70°C 
PARAMETER UNIT 

CONDITIONS MIN TYp:j: MAX MIN TYp:j: MAX 

VT 
IA,GZ 2.2 2.2 

V Input threshold voltage IY1 
2.5 2.5 

VOH High-level output voltage 
10H = -16 mA 3.7 

V 
10H = -13.6 mA 3.7 

VOL Low-level output voltage 
10L = 24mA 0.5 

V 
10L = 20.4 mA 0.5 

10Z Off-state output current Vo = VCC orO ±10 ±5 IJ.A 

ICC Supply current VI = VIH or VIL 10.6 0.49 mA 

Ci Input capacitance IY1 13.9 13.9 pF 

Cpd 
Equivalent power dissipation 
capacitance tr =tf=1ns 22.5 22.5 pF 

:t: Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTION DATA d.c •• ants .. ntain i.I .... ati.n • 
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IOHB1LJ . '., '. 
24-mA 3-STATE. I/O BUFFER '. 

TSC500 
SERIES 

WITH 0.125 di/dt, CMOS INPUT, AND CMOSmL OUTPUT 
D3030, APRIL 1988 

TTL SWITCHING CHARACTERISTICS 

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

CL = 15 pF 

PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

CONDITIONS MIN TYpt MAX TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) MIN 

tpLH 
A V1 RL = 00 

2.11 5.96 13.6 2.25 5.96 12.39 

9.83 18.76 
ns 

tpHL 4.08 9.83 20.55 4.37 

tpZH 
GZ V1 

RL = 1 knto GND 2.18 6.3 14.58 2.33 6.3 13.26 
ns 

tpZL RL = 1 kntoVee 4.14 9.98 20.89 4.43 9.98 19.05 

CL = 50 pF 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN 

tpLH 2.51 7.03 16.01 2.68 7.03 14.57 
A Vi RL = 00 ns 

tpHL 4.93 11.69 24.21 5.28 11.69 22.07 

tpZH 
GZ Vi 

RL = 1 kn to GND 2.58 7.37, 16.97 2.76 .7.37 15.43 

RL = 1 kntoVee 
ns 

tpZL 4.99 11.83 24.51 5.34 11.83 22.33 

tpHZ 
GZ Vi 

RL = 1 kn to GND 9.29 9.29 

RL = 1 kntciVee 
ns 

tpLZ 8.25 8.25 

change iri propagation delay. time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 
PARAM- FROM TO TEST -55°C tei 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

AtpLH 10 30 70 10 30 60 
ps/pF A Vi 

AtpHL 20 50 100 30 50 90 

AtpzH 
GZ V1 

10 30 70 10 30 60 
ps/pF 

AtpZL 20 50 100 30 50 90 

t Typical values are at Vee = 5 V, TA = 25°C. 

PRODUCTION DATA d •• umenll .onllin inlorm'li.~ .., 
currlnt .1 of publication dltl. Proilucts canfqrm t.D 1i . 
speciflcati.I. per th •. ~.r"'l of Tlx., Instruments E.XAS' 
:~~~~:~i~"r::1~7i ~~"ll:~I~; :.:o::~::~:::s nol INSTRUMENTS 

CoPvrlghl @ '988, Tex.s Instruments Incorporated 

12-160 POST OFFICE OOX 655012 • DALLAS. TEXAS 75265 



TSC500 
SERIES 

IOHB1LJ 
24-mA 3-STATE I/O BUFFER 

WITH 0.125 di/dt, CMOS INPUT, AND CMOSmL OUTPUT 
D3030, APRIL 1988 

CMOS SWITCHING CHARACTERISTICS 

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

CL = 15 pF 

PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
A Y1 RL = 00 

2.54 6.91 15.33 2.71 6.91 13.96 

tpHL 3.67 8.98 19.09 3.92 8.98 17.42 
ns 

tpZH 
GZ Y1 

RL = 1 kO to GND 2.73 7.29 16.36 2.92 7.29 14.85 

tpZL RL = 1 kO to Vee 3.71 9.08 19.27 3.96 9.08 17.58 
ns 

CL = 50 pF 

PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

ETER (INPUT) (OUTPUT) CONDITIONS MIN TYpt MAX MIN TYpt MAX 
UNIT 

tPLH 
A Y1 RL = 00 

3.17 8,45 18.57 3.39 8,45 16.91 
ns 

tpHL 4.34 10.5 22.14 4.64 10.5 20.18 

tpZH 
GZ Y1 

RL = 1 kO to GND 3.36 8.83 19.57 3.59 8.83 17.78 

RL = 1 kO to Vee 
ns 

tpZL 4.38 10.59 22.29 4.68 10.59 20.32 

change In propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

AtpLH 
A Y1 

20 40 90 20 40 80 
ps/pF 

AtpHL 20 40 90 20 40 80 

AtpZH 
GZ Y1 

20 40 90 20 40 80 
ps/pF 

AtPZL 20 40 90 20 40 80 

Input switching characteristics over recommended ranges of supply voltage and operating 
free-air temperature (unless otherwise noted), CL = 0 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
Y1 Y2 

0.58 0.9 1.52 0.6 0.9 1.4 
ns 

tpHL 0.12 0.63 1.21 0.13 0.63 1.16 

AtpLH 
Y1 Y2 

0.06 0.2 0.34 0.07 0.2 0.33 
ns/pF 

AtpHL 0.13 0.13 0.26 0.13 0.13 0.24 

t Typical values are at Vee = 5 V, TA = 25°e. 
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TSC500 
SERIES 

IOHB4LJ 
24-mA 3-STATE I/O BUFFER 

WITH 0.125 di/dt, TTL INPUT, AND CMOS/TTL OUTPUT 

A 

L 

H 

X 
X 

APRIL 1988 

I/O BUFFER CELL 

FUNCTION TABLE logic symbolt 
INPUTS OUTPUTS 

A 
GZ Y1 

L L 

L H 

H L 
H H 

Y1 

L 

H 

Z 
Z 

Y2 

L 

H 

L 

H 

GZ----' 

Y2-..... -< 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATIONS: Y1 = A (if GZ is L) Y2 = Y1 

description 
The IOHB4LJ cell is a noninverting 3-state input-output buffer that interfaces CMOS internal 
functions with TIL or CMOS off-chip bidirectional bus lines. The input buffer responds to 
TIL threshold levels imposed on the I/O bus regardless of the state ofthe output enable GZ. 
When the buffer is called from the engineering workstation input, the following label format 
is developed and will be captured in the design netlist: 

Label: IOHB4LJ A,GZ,Y2,Y1 ; 

A pull-up or pull-down terminator can be connected to the Y1 node. 

absolute maximum ratings and recommended operating conditions 
These are specified as part of the TSC500 Series Data. 

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

TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

MIN TYp:I: MAX TYp:I: MAX 
UNIT 

CONDITIONS MIN 

VT 
jA,GZ 2.2 2.2 

Input threshold voltage !Y1 V 
1.3 1.3 

VOH High-level output voltage 
10H = -16mA 3.7 

V 
10H = -13.6 rnA 3.7 

VOL Low-level output voltage 
10L = 24 rnA 0.5 

V 
10L = 20.4 rnA 0.5 

10Z Off-state output current Va = VCC orO ±10 ±5 IlA 
ICC Supply current VI = VIH or VIL 3.45 0.3 rnA 

Ci Input capacitance jY1 13.9 13.9 pF 

Cpd 
Equivalent power dissipation tr = tf = 1 ns 24.7 24.7 pF capacitance 

:I: Typical values are at VCC = 5 V. TA = 25°C. 

PRODUCTION DATA do •• monls .ontlin information 
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TSC500 
SERIES 

IOHB4LJ 
24-mA 3-STATE I/O BUFFER 

WITH 0.125 di/dt, TTL INPUT, AND CMOS/TTL OUTPUT 
D3030, APRIL 1988 

TIL SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PARAM- FROM TO TEST -55°C to 125°C QUC.070°C 

(INPUT) TYpt MAX TYpt MAX 
UNIT 

ETER (OUTPUT) CONDITIONS MIN MIN 

tpLH 
A Y1 

2.11 5.96 13.6 2.25 5.96 12.38 
RL = 00 ns 

tpHL 4.08 9.82 20.53 4.36 9.82 18.75 

tpZH 
GZ Y1 

RL = 1 kll to GND 2.18 6.3 14.58 2.33 6.3 13.26 
ns 

tpZL RL = 1 kll to Vee 4.13 9.97 20.88 4.42 9.97 19.03 

CL = 50 pF 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

TYpt MAX TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN MIN 

tpLH 2.51 7.03 16.00 2.68 7.03 14.57 
A Y1 RL = 00 ns 

tpHL 4.93 11.6824.18 5.28 11.68 22.06 

tpZH 
GZ 

RL = 1 kll to GND 2.58 7.37 16.97 2.76 7.37 15.44 
Y1 ns 

tpZL RL = 1 kll to Vee 4.98 11.82 24.49 5.34 11.82 22.31 

tpHZ 
GZ 

RL = 1 kll to GND 9.29 9.29 
Y1 ns 

tpLZ RL = 1 klltoVee 8.25 8.25 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 

PARAM- FROM TO TEST -55°C to 125°e O°C to 70°C 

MIN TYpt MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX 

AtpLH 
A Y1 

10 30 70 10 30 60 
ps/pF 

AtpHL 20 50 100 30 50 '90 
AtpZH 

GZ Y1 
10 30 70 10 30 60 

ps/pF 
AtpZL 20 50 100 30 50 90 

input switching characteristics over recommended ranges of supply voltage and operating 
free-air temperature (unless otherwise noted), CL = 0 

PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
Y1 Y2 

0.79 1.43 2.26 0.81 1.43 2.16 
ns 

tpHL 0.05 1.18 3.15 0.06 1.18 2.99 

AtpLH 0.06 0.18 0.37 0.07 0.18 0.32 
ns/pF Y1 Y2 

AtpHL 0.03 0.24 0.58 0.04 0.24 0.54 

t Typical values are at Vee = 5 V, T A = 25°e. 

PRODUCTION DATA documents contain information 
current 81 of publication dati. Products conform to 
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IOHB4LJ 
24-mA 3-STATE I/O BUFFER 

TSC500 
SERIES 

WITH 0.125 di/dt, TTL INPUT, AND CMOSmL OUTPUT 
03030. APRIL 1988 

CMOS SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PARAM- FROM TO TEST -55·C to 125·C O·C to 70·C 

MIN TVPt MAX MIN TVPt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
A Y1 RL == 00 

2.54 6.91 15.34 2.72 6.91 13.97 

3.67 8.98 19.08 8.98 17.41 
ns 

tpHL 3.92 

tpZH 
GZ Y1 

RL == 1 k!l to GND 2.73 7.3 16.36 2.92 7.3 14.86 

RL == 1 k!l to Vee 
ns 

tpZL 3.71 9.08 19.26 3.96 9.08 17.57 

CL = 50 pF 
PARAM- FROM TO TEST -55·C to 125·C O·C to 70·C 

ETER (INPUT) CONDITIONS MIN TVPt MAX MIN TVPt Pm\)( 
UNIT 

(OUTPUT) 

tpLH 
A Y1 RL == 00 

3.17 8.45 18.57 3.39 8.45 16.91 
ns 

tpHL 4.34 10.49 22.12 4.64 10.49 20.17 

tpZH 
GZ Y1 

RL == 1 k!l to GND 3.36 8.84 19.58 3.59 8.84 17.79 
ns 

tpZL RL == 1 k!l to Vee 4.38 10.58 22.28 4.68 10.58 20.31 

change In propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 
PARAM- FROM TO TEST -55·C to 125·C O·C to 70·C 

ETER (INPUT) MIN TVPt MAX MIN TVPt MAX 
UNIT 

(OUTPUT) CONDITIONS 

~tpLH 
A Y1 

20 40 90 20 40 80 
ps/pF 

~tpHL 20 40 90 20 40 80 

~tpZH 
GZ Y1 

20 40 90 20 40 80 
ps/pF 

~tpZL 20 40 90 20 40 80 

PRODUCTION DATA dooumants oontain information • 
current I. of publicatian da.a. Products conform to ~ 
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TSC500 
SERIES 

. 10HEPLJ 
48-mA OPEN-DRAIN I/O BUFFER WITH 0.125. di/dt, 

TTL INPUT WITH HYSTERESIS, AND CMOSmL OUTPUT 
03030, DECEMBER 1988 

I/O BUFFER CELL 

FUNCTION TABLE logic symbolt 
INPUTS 

A Y1 

L L 

H H 

H L 

description 

OUTPUTS 

Y1 Y2 

L L 

H~ H 

L L 

A~ PAD V1 

V2 .rr 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATIONS: Yl = At: Y2 = Yl 

The IOHEPLJ is a noninverting open-drain input-output buffer that interfaces CMOS internal 
functions with TTL or CMOS off-chip terminated bus lines. The input buffer responds to TTL 
threshold levels imj)osed on the I/O bus when the internal A node is at a high logic level. 
When the buffer is called from the engineering workstation input, the following label format 
is developed and will be captured in the design netlist: 

Label: IOHEPLJ A,Y2,Yl ; 

absolute maximum ratings and recommended operating conditions 
These are specified as part of the TSC500 Series Data. 

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

TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

TYP§ TYP§ 
UNIT 

CONDITIONS MIN MAX MIN MAX 

VT Input threshold voltage at A 2.2 2.2 V 

VT+ 
Positive-going threshold 

1.6 1.6 V 
level at Y1 

VT-
Negative-going threshold 

level atY1 
1.2 1.2 V 

Vhys Hysteresis (VT + - Vr _) at Y1 0.4 0.4 V 

VOL LOW-level output voltage 
10L = 48 mA 0.5 

V 
10L = 40.8 mA 0.5 

10Z Off-state output current Vo = Vee or 0 ±10 ±5 J.lA 

Ice Supply current VI = VIH or VIL 2.61 0.78 mA 

ei Input capacitance ~ 
0.59 0.59 

pF 
11.2 11.2 

epd 
Equivalent power dissipation 

tr = tf = 1 ns 9.52 9.52 pF 
capacitance 

:j: With external pull-up resistor to Y2. 
§ Typical values are at Vee = 5 V, TA = 25°e. 

PROOUCTIOI DATA do~um.n ..... tli. informati.n 
currant I' of publication da.a. Preducts conform to 
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10HEPLJ 
48-mA OPEN-DRAIN I/O BUFFER WITH 0.125 di/dt, 

TSC500 
SERIES 

TTL INPUT WITH HYSTERESIS, AND CMOSmL OUTPUT 
03030, DECEMBER 1988 

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

nL loads, RL = 1 kO to Vee 
PARA· FROM TO TEST -55·C to 125·C O·C to 70·C 

UNIT 
METER (INPUT) (OUTPUT) CONDITIONS MIN TYPT MAX MIN TYPT MAX 

A Y1 
CL = 15 pF 2.87 7.37 15.8 3.09 7.37 14.36 

tpZL 
CL = 50 pF 8.59 16.57 

ns 
3.4 8.59 18.25 3.66 

tpLZ A Y1 7.38 7.38 ns 

4tpZL A Y1 20 30 70 20 30 60 ps/pF 

eMOS loads, RL = 1 kO to Vee 
PARA· FROM TO TEST -5S·C to 12S·C O·C to 70·C 

UNIT 
METER (INPUT) (OUTPUT) CONDITIONS M.IN TYpt MAX MIN TYpt MAX 

A Y1 
CL = 15 pF 2.59 6.76 14.71 2.78 6.76 13.36 

tpZL ns 
CL = 50 pF 3.02 7.77 16.78 3.25 7.77 15.24 

4tpZL A Y1 10 30 60 10 30 50 ps/pF 

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

PARA· FROM TO TEST - 55·C to 125·C oocto 70·C 
UNIT 

METER (INPUT) (OUTPUT) CONDITIONS MIN TYPT MAX MIN TYPT MAX 

tpLH 
Y1 Y2 CL = 0 

0.74 1.29 1.96 0.77 1.29 1.89 

0.21 5.09 0.22 1.79 4.83 
ns 

tpHL 1.79 

4tPLH 0.1 0.17 0.35 0.1 0.17 0.31 
ns/pF 

4tPHL 
Y1 Y2 

0.03 0.25 0.62 0.04 0.25 0.58 

t Typical values are at VCC = 5 V, T A = 25·C. 
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TSC500 
SERIES 

IOHE1LJ 
48-mA 3-STATE I/O BUFFER 

WITH 0.125 di/dt, CMOS INPUT, AND CMOSmL OUTPUT 

A 

L 

H 

X 
X 

APRIL 1988 

I/O BUFFER CELL 

FUNCTION TABLE logic symbolt 
INPUTS OUTPUTS 

A 
GZ Y1 

L L 

L H 

H L 

H H 

Y1 

L 

H 

Z 

Z 

Y2 

L 

H 

L 

H 

GZ-----' 

Y2-..... -< 
t This symbol is in acc;:ordance with ANSI/IEEE 

Std 91-1984. 

POSITIVE LOGIC EQUATIONS: Y1 = A (if GZ is L) Y2 = Y1 

description 
The IOHE1 LJ cell is a noninverting 3-state input-output buffer that interfaces CMOS internal 
functions with TTL or CMOS off-chip bidirectional bus lines. The input buffer responds to 
CMOS threshold levels imposed on the I/O bus regardless of the state of the output enable 
GZ. When the buffer is called from the engineering workstation input, the following label 
format is developed and will be captured in the design netlist: 

Label: IOHE1 LJ A,GZ,Y2,Y1; 

A pull-up or pull-down terminator can be connected to the Y1 node. 

absolute maximum ratings and recommended operating conditions 
These are specified as part of the TSC500 Series Data. 

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

TEST -55°C to 125°C O°C to 70°C 
UNIT PARAMETER 

MIN TYp:j: MAX MIN TYp:j: MAX CONDITIONS 

,IA,GZ 2.2 2.2 
V VT Input threshold voltage r V1 

2.5 2.5 

10H = -16mA 3.7 
V VOH High-level output voltage 

10H = -13.6 mA 3.7 

10L = 48 mA 0.5 
V VOL LOW-level output voltage 

10L = 40.8 mA 0.5 

10Z Off-state output current Vo = VCCor 0 ±10 ±5 lJ.A 

ICC Supply current VI = VIH or VIL 10.6 0.49 mA 

Ci Input capacitance 1V1 15.4 15.4 pF 

Cpd 
Equivalent power dissipation 
capacitance tr = tf = 1 ns 27.9 27.9 pF 

:j: Typical values are at VCC = 5 V, TA = 25°C. 
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IOHE1LJ . . ... TSC500 
SERIES 48-mA 3-STATE I/O BUFFER ..... 

WITH 0.125 di/dt, CMOS INPUT, AND CMOSmL OUTPUT 
03030, APRIL. ~ 988 

TIL SWITCHING CHARACTERISTICS 

output switching characteristics over recommended ranges of supply voltage and operating 
free·alr temperature (unless otherwise noted) 

CL = 15 pF 
PARAM· FROM TO TEST -55°C to 125°C ooe to 70°C 

(INPUT) CONDiTIONS MIN TYpt MAX TYpt MAX 
UNIT 

ETER (OUTPUT) MIN 

tpLH 2.13 6.03 13.79 2.27 6.03 12.55 
A Y1 RL == 00 

8.96 18.96 3.93 
ns 

tpHL 3.67 8.96 17.3 

tpZH 
GZ Y1 

RL == 1 kD. to GND 2.21 6.36 14.73 2.36 6.36 13.39 

RL == 1 kD. to Vee 3.96 
ns 

tpZL 3.7 9.04 19.11 9.04 17.41 

CL = 50 pF 
PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

ETER (INPUT) (OUTPUT) CONDITIONS MIN TYpt MAX TYpt MAX 
UNIT 

MIN 

tpLH 
A Y1 RL == 00 

2.52 7.09 16.16 2.69 7.09 14.71 
ns 

tpHL 4.21 10.18 21.43 4.5 10.18 19.52 

tpZH 
GZ Y1 

RL == 1 kD. to GND 2.6 7.42 17.1 2.78 7.42 15.54 

tpZL RL == 1 kD. to Vee 4.23 10.25 21.55 4.54 10.25 19.61 
ns 

tpHZ 
GZ Y1 

RL == 1 kD. to GND 9.41 9.41 

tpLZ RL == 1 kfi to Vee 9.18 9.18 
ns 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free·air temperature (unless otherwise noted) 
PARAM· FROM TO TEST -55°C to 125°C o°C to 70°C 

MIN TYpt MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX 

IltpLH 10 30 70 10 30 60 
ps/pF A Y1 

LltpHL 20 30 70 20 30 60 

LltpZH 10 30 70 10 30 60 
ps/pF GZ Y1 

LltpZL 20 30 70 20 30 60 

t Typical values are at Vee == 5 V. TA == 25°C. 
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TSC500 
SERIES 

IOHE1LJ 
48-mA 3-STATE I/O BUFFER 

WITH 0.125 di/dt, CMOS INPUT, AND CMOS/TTL OUTPUT 
D3030, APRIL 1988 

CMOS SWITCHING CHARACTERISTICS 

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

CL = 15 pF 

PAR AM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN 

tpLH 
A 

2.56 6.99 15.53 2.74 6.99 14.14 
Y1 RL = co ns 

tpHL 3.36 8.32 17.85 3.59 8.32 16.28 

tpZH 
GZ Y1 

RL = 1 kD to GND 2.76 7.37 16.53 2.95 7.37 15 
ns 

tpZL RL = 1 kD to Vee 3.38 8.36 17.91 3.61 8.36 16.31 

CL = 50 pF 

PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
A Y1 RL = co 

3.19 8.52 18.74 3.41 8.52 17.05 
ns 

tpHL 3.79 9.32 19.93 4.05 9.32 18.15 

tpZH 
GZ Y1 

RL = 1 kD to GND 3.38 8.89 19.72 3.62 8.89 17.9 

RL = 1 kD to Vee 
ns 

tpZL 3.81 9.37 19.98 4.07 9.37 18.18 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 

PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MIN TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX MAX 
AtpLH 

A Y1 
20 40 90 20 40 80 

ps/pF 
AtpHL 10 30 60 10 30 50 

AtpZH 
GZ Y1 

20 40 90 20 40 80 
ps/pF 

AtpZL 10 30 60 10 30 50 

input switching characteristics over recommended ranges of supply voltage and operating 
free-air temperature (unless otherwise noted), CL = 0 

PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 0.58 0.9 1.52 0.6 0.9 1.4 
Y1 Y2 ns 

tpHL 0.12 0.63 1.21 0.13 0.63 1.16 

AtpLH 0.06 0.2 0.34 0.07 0.2 0.33 
ns/pF Y1 Y2 

AtpHL 0.13 0.13 0.26 0.13 0.13 0.24 

t Typical values are at Vee = 5 V, TA = 25°e. 
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TSC500 
SERIES 

IOHE4LJ 
48-mA 3-STATE I/O BUFFER 

WITH 0.125 di/dt, TTL INPUT, AND CMOSmL OUTPUT 

A 

L 

H 

X 

X 

D3030, APRIL 1988 

I/O BUFFER CELL 

FUNCTION TABLE logic symbolt 
INPUTS OUTPUTS 

A 
GZ Y1 

L L 

L H 

H L 

H H 

Y1 

L 

H 

Z 

Z 

Y2 

L 

H 

L 

H 

GZ----' 

Y2-..... < 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATIONS: Y1 = A (if GZ is L) Y2 = Y1 

description 
The IOHE4LJ cell is a noninverting 3-state input-output buffer that interfaces CMOS internal 
functions with TTL or CMOS off-chip bidirectional bus lines. The input buffer responds to 
TTL threshold levels imposed on the I/O bus regardless of the state of the output enable GZ. 
When the buffer is called from the engineering workstation input, the following label format 
is developed and will be captured in the design netlist: 

Label: IOHE4LJ A,GZ,Y2,Y1; 

A pull-up or pull-down terminator can be connected to the Y1 node. 

absolute maximum ratings and recommended operating conditions 
These are specified as part of the TSC500 Series Data. 

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

TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

TYP; MIN TYp:I: MAX 
UNIT 

CONDITIONS MIN MAX 

VT 
.IA,GZ 2.2 2.2 

V Input threshold voltage I Y1 
1.3 1.3 

VOH High-level output voltage 
10H = -16mA 3.7 

V 
10H = -13.6 mA 3.7 

VOL Low-level output voltage 
10L = 48 mA 0.5 

V 
10L = 40.8 mA 0.5 

10Z Off-state output current Vo = VCCorO ±10 ±5 I1A 

ICC Supply current VI = VIH or VIL 3.45 0.3 mA 

Ci Input capacitance IY1 15.4 15.4 pF 

Cpd 
Equivalent power dissipation 
capacitance tr = If = 1 ns 29.9 29.9 pF 

; Typical values are at VCC = 5 V, T A = 25°C. 
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TSC500 
SERIES 

IOHE4LJ 
48-mA 3-STATE I/O BUFFER 

WITH 0.125 di/dt, TTL INPUT, AND CMOS/TTL OUTPUT 
03030. APRIL 1988 

TTL SWITCHING CHARACTERISTICS 

output switching characteristics over recommended ranges of supply voltagE'; and operating 
free-air temperature (unless otherwise noted) 

CL = 15 pF 

PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

ETER (INPUT) (OUTPUT) CONDITIONS MIN TYpt MAX TYpt MAX 
UNIT 

MIN 

tpLH 
A Y1 

2.13 6.03 13.78 2.27 6.03 12.55 
RL = 00 ns 

tpHL 3.67 8.96 18.96 3.93 8.96 17.28 

tpZH 
GZ 

RL = 1 kn to GND 2.21 6.36 14.73 2.36 6.36 13.4 
Y1 ns 

tpZL RL = 1 kn to Vee 3.7 9.03 19.08 3.96 9.03 17.39 

CL = 50 pF 

PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

ETER (INPUT) (OUTPUT) CONDITIONS MIN TYpt MAX TYpt MAX 
UNIT 

MIN 

tpLH 
A Y1 RL = 00 

2.53 7.09 16.15 2.7 7.09 14.7 
ns 

tpHL 4.2 10.18 21.42 4.5 10.18 21.42 

tpZH 
GZ Y1 

RL = 1 knto GND 2.6 7.42 17.09 2.78 7.42 15.53 
ns 

tpZL RL = 1 kntoVee 4.23 10.25 21.52 4.53 10.25 19.59 

tpHZ 
GZ Y1 

RL = 1 kn to GND 9.41 9.41 
ns 

tpLZ RL = 1 kn to Vee 9.18 9.18 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX 

t..tpLH 10 30 70 10 30 60 
ps/pF A Y1 

t..tpHL 20 30 70 20 30 60 

LltpZH 
GZ 

10 30 70 10 30 60 
ps/pF Y1 

LltpZL 20 30 70 20 30 60 

input switching characteristics over recommended ranges of supply voltage and operating 
free-air temperature (unless otherwise noted), CL = 0 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
Y1 Y2 

0.79 1.43 2.26 0.81 1.43 2.16 
ns 

tpHL 0.05 1.18 3.15 0.06 1.18 2.99 

t..tpLH 0.06 0.18 0.37 0.07 0.18 0.32 
ns/pF Y1 Y2 

LltpHL 0.03 0.24 0.58 0.04 0.24 0.54 

t Typical values are at Vee = 5 V, TA = 25°e. 
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IOHE4LJ 
48-mA 3-STATE I/O BUFFER 

TSC500 
SERIES 

WITH 0.125 di/dt, TTL INPUT, AND CMOSmL OUTPUT 
03030, APRIL 1988 

CMOS SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TVPt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
A Y1 RL:; 00 

2.57 6.99 15.54 2.75 6.99 14.15 
ns 

tpHL 3.36 8.32 17.85 3.58 8.32 16.27 

tpZH 
GZ 

RL = 1 knto GND 2.77 7.37 16.54 2.95 7.37 15.02 
Y1 

RL = 1 kn to Vee 
ns 

tpZL 3.38 8.36 17.89 3.61 8.36 16.3 

CL = 50 pF 

PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
Y1 

3.19 8.52 18.73 3.41 8.52 17.05 
A RL = 00 ns 

tpHL 3.79 9.33 19.92 4.05 9.33 18.14 

tpZH 
GZ Y1 

RL = 1 knto GND 3.39 8.89 19.71 3.62 8.89 17.9 

RL = 1 kntoVce 
ns 

tpZL 3.81 9.37 19.95 4.07 9.37 18.17 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free·air temperature (unless otherwise noted) 
PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX 

AtpLH 
Y1 

20 40 90 20 40 80 
ps/pF A 

AtpHL 10 30 60 10 30 50 

AtpZH 
GZ Y1 

20 40 90 20 40 80 
ps/pF 

AtpZL 10 30 60 10 30 50 

t Typical values are at Vee = 5 V, TA = 25°e. 
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TSC500 
SERIES 

. IOHG1lJ 
..64-mA 3-STATE I/O BUFFER 

WITH 0.125 di/dt, CMOS INPUT, AND CMOSml OUTPUT 
03030, 1988 

I/O BUFFER CELL 

FUNCTION TABLE logic symbolt 

A 

L 

H 

X 
X 

INPUTS 

GZ Y1 

L L 

L H 

H L 

H H 

OUTPUTS 

Y1 Y2 

L L 

H H 

Z L 

Z H 

A 

GZ----' 

Y2 ----oIK 

1This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC E:QUATIONS: Y1 = A (if GZ is L) Y2 = Y1 

description 
The IOHG1 LJ cell is a noninverting 3-state input-output buffer that interfaces CMOS internal 
functions with TTL or CMOS off-chip bidirectional bus lines. The input buffer responds to 
CMOS threshold ievels imposed on the I/O bus regardless of the state of the output enable 
GZ. When the buffer is called from the engineering Workstation input, the following label 
format is developed and will be captured in the design netlist: 

Label: IOHG1 LJ A,GZ,Y2,Y1; 

A pull-up or pull-down terminator can be connected to the Y1 node. 

absolute maximum ratings and recommended operating conditions 
These are specified as part of the TSC500 Series Data. 

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

TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

TYP:(: MAX TYP:(: MAX 
UNIT 

CONDITIONS MIN MIN 

VT 
·IA,GZ 2.2 2.2 

V Input threshold voltage IY1 
2.5 2.5 

VOH High-level output voltage 
IOH = -16mA 3.7 

V 
IOH = -13.6 mA 3.7 

VOL Low-level output voltage 
IOL = 64 mA 0.5 

V 
IOL = 54.4 mA 0.5 

IOZ Off-state output current Vo = VCC or 0 ±10 ±5 ~A 

ICC Supply current VI = VIH or VIL 10.1 0.49 mA 

Ci Input capacitance IV1 16.6 16.6 pF 

Cpd 
Equivalent power dissipation 
capacitance tr = tf = 1 ns 31 31 pF 

:(: Typical values are at VCC = 5 V, TA = 25°C. 

PRDDUCTIOI DATA docum •• tl co.tlin Inlo,mltio. ." Copynght C> 1988, T .... ln.trum.nts Incorporat.d 
c .... nt .S 01 publlcltlon dill. Products oO.lo,m t. ~ 
..... 111.111.01 por th. ta,ml 01 Tun I •• t,umlllll T1EXAS 
ltandl,d WI .. lnty. P,.duolioo ~''''"llng dOlI not INSTR· UMENTS 
n .. Hllrily includl I8Itlog 0' In p.' ... I1 .... 

POST OFFtCE BOX 655012 • DALJ.6.S, TEXAS 75265 12~ 173 



IOHG1LJ 
64-mA 3-STATE I/O BUFFER 

TSC500· 
SERIES 

WITH 0.125 di/dt, CMOS INPUT, AND CMOSmL OUTPUT 
03030, APRIL 1988 

TTL SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PARAM- FROM TO TEST -55·C to 125·C O·C to 70·C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
A Yl RL = 00 

2.17 6.11 13.97 2.31 6.11 12.72 

tpHL 3.53 8.62 18.37 3.77 8.62 16.73 
ns 

tpZH 
GZ Yl RL = 1 kfito GND 2.22 6.41 14.83 2.37 6.41 13.49 

RL = 1 kfi to Vee 8.65 18.39 
ns 

tpZL 3.54 3.78 8.65 16.74 

CL = 50 pF 
PARAM. FROM TO TEST -55°C to 125·C O°C to 70·C 

ETER (INPUT) (OUTPUT) CONDITIONS MIN TYpt MAX MIN TYpt MAX 
UNIT 

tpLH 
A Yl RL = 00 

2.55 7.16 16.31 2.73 7.16 14.84 

tpHL 3.95 9.62 20.4 4.22 9.62 18.57 
ns 

tpZH 
GZ Yl RL = 1 kfi to GND 2.61 7.45 17.16 2.79 7.45 15.6 

RL = 1 kfi to Vee 
ns 

tpZL 3.96 9.65 20.4 4.24 9.65 18.56 

tPHZ 
GZ Y1 RL = 1 kfi to GND 9.49 9.49 

tpLZ RL = 1 kfitoVee 9.65 9.65 
ns 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 
PARAM- FROM TO TEST -55·C to 125·C O·C to 70°C 

MIN TYpt MAX MIN TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX 

lltPLH 
A Yl 

10 30 70 10 30 60 
ps/pF 

lltpHL 10 30 60 10 30 50 

lltpZH 
GZ Yl 

10 30 70 10 30 60 
ps/pF 

lltpZL 10 30 60 10 30 50 

t Typical values are at Vee = 5 V, TA = 25·C. 
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TSC500 
SERIES 

IOHG1LJ 
64-mA 3-STATE I/O BUFFER 

WITH 0.125 di/dt, CMOS INPUT, AND CMOSmL OUTPUT 
03030, APRIL 1988 

CMOS SWITCHING CHARACTERISTICS 

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

CL = 15 pF 

PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

ETER (INPUT) (OUTPUT) CONDITIONS MIN TYpt MAX MIN TYpt MAX 
UNIT 

tpLH 
A Y1 RL = 0Cl 

2.6 7.08 15.73 2.78 7.08 14.32 
ns 

tpHL 3.24 8.04 17.37 3.46 8.04 15.82 

tpZH 
GZ Y1 

RL = 1 kn to GND 2.78 7.42 16.65 2.97 7.42 15.11 

tpZL RL = 1 kntoVee 3.25 8.05 17.33 3.47 8.05 15.77 
ns 

CL = 50 pF 

PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
A Y1 RL = 0Cl 

3.22 8.59 18.89 3.44 8.59 17.19 
ns 

tpHL 3.59 8.87 19.1 3.83 8.87 17.38 

tpZH 
GZ Y1 

RL = 1 kn to GND 3.4 8.93 19.79 3.63 8.93 17.98 

tpZL RL =1 kn to Vee 3.6 8.88 19.04 3.84 8.88 17.33 
ns 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

~tpLH 
A Y1 

20 40 90 20 40 80 
ps/pF 

~tpHL 10 20 50 10 20 40 

~tpZH 
GZ Y1 

20 40 90 20 40 80 
ps/pF 

~tpZL 10 20 50 10 20 40 

input switching characteristics over recommended ranges of supply voltage and operating 
free-air temperature (unless otherwise noted), CL = 0 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
Y1 Y2 

0.58 0.9 1.52 0.6 0.9 1.4 
ns 

tpHL 0.12 0.63 1.21 0.13 0.63 1.16 

~tpLH 
Y1 Y2 

0.06 0.2 0.34 0.07 0.2 0.33 
ns/pF 

~tpHL 0.13 0.13 0.26 0.13 0.13 0.24 

t Typical values are at Vee = 5 V, TA = 25°e. 
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TSC500 
SERIES 

IOHG4LJ 
54-rnA 3-STATE I/O BUFFER 

WITH 0.125 di/dt, TTL INPUT, AND CMOS/TTL OUTPUT 

A 

L 

H 
X 

X 

I/O BUFFER CELL 

FUNCTION TABLE logic symbolt 
INPUTS OUTPUTS 

A 
GZ Y1 

L L 
L H 
H L 

Y1 

L 

H 
Z 

Y2 

L 

H 
L 

GZ-----l 

Y2--+-< 

03030, APRIL 1988 

H H Z H t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. . 

POSITIVE LOGIC EQUATIONS: Y1 = A (if GZ is L) Y2 = Y1 

description 
The IOHG4LJ cell is a noninverting 3-state input-output buffer that interfaces CMOS internal 
functions with TTL or CMOS off-chip bidirectional bus lines. The input buffer responds to 
TTL threshold levels imposed on the I/O bus regardless of the state of the output enable GZ. 
When the buffer is called from the engineering workstation input, the following label format 
is developed and will be captured in the design netlist: 

Label: IOHG4LJ A,GZ,Y2,Y1; 

A pull-up or pull-down terminator can be connected to the Y1 node. 

absolute maximum ratings and recommended operating conditions 
These are specifiep as part of the T$C500 Series Data. 

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

TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

TYP* MAX TYP* 
UNIT 

CONDITIONS MIN MIN MAX 

.IA, GZ 2.2 2.2 
V VT Input threshold voltage I Y1 

1.3 1.3 

10H = -16 rnA 3.7 
V VOH High-level output voltage 

10H = -13.6 rnA 3.7 

10L '" 64mA 0.5 
V VOL LOW-level output voltage 

10L'" 54.4 rnA 0.5 

10Z Off-state output current VO'" VCC or 0 ±10 ±5 f.lA 

ICC Supply curr!'!nt VI'" VIH or VIL 3.45 0.3 rnA 

Ci Input capacitance IY1 16.6 16.6 pF 

Cpd 
Equivalent power dissipation tr = tf = 1 ns 32.5 32.5 pF capacitance 

* Typical values are at VCC = 5 V, TA = 25°C. 
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TSC500 
SERIES 

IOHG4LJ 
64-rnA 3-STATE I/O BUFFER 

WITH 0.125 di/dt, TTL INPUT, AND CMOSfTTL OUTPUT 
03030, APRIL 1988 

TTL SWITCHING CHARACTERISTICS 

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

CL = 15 pF 

PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 2.17 6.11 13.96 2.31 6.11 12.71 
A Y1 RL = 00 ns 

tpHL 3.52 8.61 18.35 3.77 8.61 16.72 

tpZH 
GZ Y1 

RL = 1 k!l. to GND 2.23 6.4 14.83 2.38 6.4 13.48 

RL = 1 k!l. to Vce 3.78 
ns 

tpZL 3.54 8.64 18.37 8.64 16.73 

CL = 50 pF 
PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
A Y1 RL = 00 

2.55 7.16 16.31 2.73 7.16 14.84 
ns 

tpHL 3.95 9.61 20.39 4.22 9.6118.56 

tpZH 
GZ Y1 

RL = 1 k!l. to GND 2.61 7.45 17.16 2.79 7.45 15.6 
ns 

tpZL RL = 1 k!l. to Vee 3.96 9.64 20.39 4.24 9.64 18.56 

tpHZ 
GZ Y1 

RL = 1 k!l.to GND 9.5 9.5 
ns 

tpLZ RL = 1 k!l.toVee 9.65 9.65 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX 

IltpLH 10 30 70 10 30 60 
ps/pF A Y1 

IltpHL 10 30 60 10 30 50 

IltpZH 
GZ Y1 

10 30 70 10 30 60 
ps/pF 

IltpZL 10 30 60 10 30 50 

input switching characteristics over recommended ranges of supply voltage and operating 
free-air temperature (unless otherwise noted), CL = 0 
PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX 

tpLH 
Y1 Y2 

0.79 1.43 2.26 0.81 1.43 2.16 
ns 

tpHL 0.05 1.18 3.15 0.06 1.18 3 

IltpLH 
Y1 Y2 

0.06 0.18 0.37 0.07 0.18 0.32 
ns/pF 

IltpHL 0.03 0.24 0.58 0.04 0.24 0.53 

t Typical values are at VCC = 5 V, TA = 25°e. 
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IOHG4LJ 
64-mA3-STATE I/O BUFFER 

TSC500 
SERIES 

WITH 0.125 di/dt, TTL INPUT, AND CMOS/TTL OUTPUT 
D3030, APRIL 1988 

CMOS SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

Typt MAX TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN MIN 

tpLH 
A Y1 RL = 00 

2.61 7.08 15.73 2.79 7.08 14.32 
ns 

tpHL 3.24 8.04 17.36 3.46 8.04 15.81 

tpZH 
GZ 

RL= 1 kfl to GND 2.79 7.43 16.65 2.98 7.43 15.12 
Y1 ns 

tpZL RL = 1 kfl to Vee 3.25 8.05 17.32 3.47 8.05 15.77 

CL = 50 pF 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

Typt MAX TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN MIN 

tpLH 
A Y1 RL = 00 

3.22 8.59 18.9 3.45 8.59 17.2 
ns 

tpHL 3.59 8.87 19.09 3.83 8.87 17.37 

tpZH 
GZ 

RL = 1 kfl to GND 3.4 8.93 19.8 3.64 8.93 17.99 
Y1 ns 

tpZL RL = 1 kfl to Vee 3.6 8.88 19.04 3.84 8.88 17.32 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 

PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN Typt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX 

AtpLH 20 40 90 20 40 80 
A Y1 ps/pF 

AtpHL 10 20 50 10 20 40 

AtpZH 20 40 90 20 40 80 
GZ Y1 ps/pF 

AtpZL 10 20 50 10 20 40 

t Typical values are at Vee = 5 V, TA = 25°e. 
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TSC500 
SERIES 

IOH01LJ 
10-mA 3-STATE I/O BUFFER 

WITH 0.125 di/dt, CMOS INPUT, AND CMOS/TTL OUTPUT 

A 

L 

H 

X 
X 

D3030, APRIL 1988 

I/O BUFFER CELL 

FUNCTION TABLE logic symbolt 

A INPUTS 

GZ Y1 

L L 

L H 

H L 

H H 

OUTPUTS 

Y1 Y2 

L L 

H H 

2 L 

2 H 

GZ-----' 

Y2-+< 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATIONS: Y1 = A (if GZ is L) Y2 = Y1 

description 
The IOH01 LJ cell is a noninverting 3-state input-output buffer that interfaces CMOS internal 
functions with TIL or CMOS off-Chip bidirectional bus lines. The input buffer responds to 
CMOS threshold levels imposed on the I/O bus regardless of the state of the output enable 
GZ. When the buffer is called from the engineering workstation input, the following label 
format is developed and will be captured in the design netlist: 

Label: IOH01 LJ A,GZ,Y2,Y1 ; 

A pull-up or pull-down terminator can be connected to the Y1 node. 

absolute maximum ratings and recommended operating conditions 
These are specified as part of the TSC500 Series Data. 

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

TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

TYp:f; MAX TYp:f; 
UNIT 

CONDITIONS MIN MIN MAX 

.IA,G2 2.2 2.2 
VT Input threshold voltage I Y1 V 

2.5 2.5 

VOH High-level output voltage 
10H = -10 mA 3.7 

V 
10H = -8.5 mA 3.7 

VOL Low-level output voltage 
10L = 10 mA 0.5 

V 
10L = 8.5 mA 0.5 

102 Off-state output current Vo = VCC or 0 ±10 ±5 lolA 

ICC Supply current VI = VIH or VIL 10.7 0.49 mA 

Ci Input capacitance IY1 13.8 13.8 pF 

Cpd 
Equivalent power dissipation 

tr = tf = 1 ns 18.7 18.7 pF capacitance 

:f; Typical values are at VCC = 5 V, TA = 25°C. 
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IOH01LJ 
10-mA 3-STATE I/O BUFFER 

TSC500 
SERIES 

WITH 0.125 di/dt, CMOS INPUT, AND CMOS/TTL OUTPUT 
D3030, APRIL 1988 

TIL SWITCHING CHARACTERISTICS 

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

CL = 15 pF 

PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
A Yl Ri. = 00 

2.26 6.31 14.42 2.41 6.31 13.11 
ns 

tpHL 3.88 9.54 20.09 4.16 9.54 18.32 

tpZH 
GZ 

RL = 1 kfl to GND 2.3 6.64 15.39 2.46 6.64 13.98 
Yl ns 

tpZL RL = 1 kfltoVcC 3.9 9.68 20.57 4.18 9.68 18.69 

CL = 50 pF 

PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
A Yl RL = 00 

2.77 7.67 17.43 2.96 7.67 15.85 

tpHL 5.17 12.29 25.43 5.54 12.29 21.14 
ns 

tpZH 
GZ Yl 

RL = 1 kfl to GND 2.81 8 18.44 3.01 8 16.75 
ns 

tpZL RL = 1 kfltoVcC 5.19 12.45 25.95 5.57 12.45 23.54 

tpHZ 
GZ Yl 

RL = 1 kfl to GND 9.75 9.75 
ns 

tpLZ RL = 1 kfltoVee 8.61 8.61 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free·air temperature (unless otherwise noted) 
PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX 

~tpLH 
Y1 

10 40 90 20 40 80 
ps/pF A 

~tpHL 40 80 150 40 80 140 

~tpZH 10 40 90 20 40 80 
ps/pF GZ Y1 

~tpZL 40 80 150 40 80 140 

t Typical values are at Vee = 5 V, TA = 25°e. 
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TSC500 
SERIES 

IOH01LJ 
10-mA 3-STATE I/O BUFFER 

WITH 0.125 di/dt, CMOS INPUT, AND CMOSmL OUTPUT 
D3030. APRIL 1988 

CMOS SWITCHING CHARACTERISTICS 

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

CL = 15 pF 

PARAM· FROM TO TEST -55°C to 125°C QOC to 70°C 

ETER (INPUT) (OUTPUT) CONDITIONS MIN TYpt MAX MIN TYpt MAX 
UNIT 

tpLH 
A Y1 RL = 00 

2.79 7.47 16.53 2.99 7.47 15.03 
ns 

tpHL 3.37 8.48 18.22 3.61 8.48 16.62 

tPZH 
GZ Y1 

RL = 1 kn to GND 2.95 7.86 17.61 3.16 7.86 15.97 
ns 

tpZL RL = 1 kn to Vee 3.37 8.54 18.42 3.61 8.54 16.75 

CL = 50 pF 
PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

ETER (INPUT) (OUTPUT) CONDITIONS MIN TYpt MAX TYpt MAX 
UNIT 

MIN 

tpLH 
A Y1 RL = 00 

3.62 9.48 20.69 3.87 9.48 18.82 
ns 

tpHL 4.35 10.65 22.54 4.66 10.65 20.52 

tpZH 
GZ Y1 

RL = 1 kn to GND 3.78 9.88 21.83 4.04 9.88 19.8 

RL = 1 kntoVee 
ns 

tpZL 4.35 10.7 22.75 4.66 10.7 20.66 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free·air temperature (unless otherwise noted) 
PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

L\tpLH 
A Y1 

20 60 120 30 60 110 
ps/pF 

L\tpHL 30 60 110 30 60 110 

L\tpZH 
GZ Y1 

20 60 120 30 60 110 
ps/pF 

L\tPZL 30 60 120 30 60 110 

input switching characteristics over recommended ranges of supply voltage and operating 
free·air temperature (unless otherwise noted), CL = 0 
PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

CONDITIONS MIN TYpt MIN TYpt 
UNIT 

ETER (INPUT) (OUTPUT) MAX MAX 

tpLH 
Y1 Y2 

0.58 0.9 1.52 0.6 0.9 1.41 
ns 

tpHL 0.12 0.63 1.21 0.13 0.63 1.16 

L\tpLH 
Y1 Y2 

0.06 0.2 0.34 0.07 0.2 0.32 
ns/pF 

L\tpHL 0.13 0.13 0.26 0.13 0.13 0.24 

t Typical values are at VCC = 5 V. TA = 25°e. 
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TSC500 
SERIES 

IOH04LJ 
10-mA 3-STATE I/O BUFFER 

WITH 0.125 di/dt, TTL INPUT,AND CMosmL OUTPUT 

A 

L 

H 

X 

X 

APRIL 1988 

I/O BUFFER CELL 

FUNCTION TABLE 

INPUTS OUTPUTS 

logic symbolt 

A 
GZ Y1 

L L 

L H 

H L 

H H 

Y1 

L 

H 

Z 

Z 

Y2 

L 

H 

L 

H 

GZ-----I 

Y2-.... -< 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATIONS: Y1 = A (if GZ is L) Y2 = Y1 

description 
The IOH04LJ cell is a noninverting 3-state input-output buffer that interfaces CMOS internal 
functions with TTL or CMOS off-chip bidirectional bus lines. The input buffer responds to 
TTL threshold levels imposed on the I/O bus regardless of the state of the output enable GZ. 
When the buffer is called from the engineering workstation input, the following label format 
is developed and will be captured in the design netlist: 

Label: IOH04LJ A,GZ,Y2,Y1 ; 

A pull-up or pull-down terminator can be connected to the Y1 node. 

absolute maximum ratings and recommended operating conditions 
These are specified as part of the TSC500 Series Data. 

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

TEST -55°C to 125°C O°C to 70°C 
UNIT PARAMETER 

TYp:I: TYp:I: CONDITIONS MIN MAX MIN MAX 

.IA,GZ 2.2 2.2 
V Vr Input threshold voltage IV1 

1.3 1.3 

10H = -10mA 3.7 
V VOH High-level output voltage 

10H = -8.5 mA 3.7 

10L = 10 mA 0.5 
V VOL Low-level output voltage 

10L = 8.5 mA 0.5 

10Z Off-state output current Vo = VCC or 0 ::!:10 :!:5 J.lA 
ICC Supply current VI = VIH or VIL 3.45 0.3 mA 

Ci Input capa9itance TV1 13.8 13.8 pF 

Cpd 
Equivalent power dissipation 
capacitance tr =tf=1ns 19.9 19.9 pF 

:I: Typical values are at VCC = 5 V, TA = 25°C. 
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TSC500 
SERIES 

IOH04LJ 
10-mA 3-STATE I/O BUFFER 

WITH 0.125 di/dt, TTL INPUT, AND CMOS/TTL OUTPUT 
D3030, APRIL 1988 

TTL SWITCHING CHARACTERISTICS 

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

CL = 15 pF 

PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

ETER (INPUT) (OUTPUT) CONDITIONS MIN TYpt MAX MIN TYpt MAX 
UNIT 

tpLH A Y1 RL = co 
2.27 6.31 14.41 2.42 6.31 13.1 

ns 
tpHL 3.87 9.53 20.06 4.15 9.53 18.29 

tpZH 
GZ Yl 

RL = 1 kUto GND 2.3 6.64 15.4 2.46 6.64 13.98 

tpZL RL = 1 kU to Vee 3.9 9.66 20.52 4.18 9.66 18.65 
ns 

CL = 50 pF 

PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
Yl RL = co 

2.77 7.67 17.44 2.96 7.67 15.85 
A ns 

tpHL 5.17 12.28 25.4 5.54 12.28 23.12 

tpZH 
GZ Yl 

RL = 1 kU to GND 2.81 8.01 18.45 3.01 8.01 16.75 
ns 

tpZL RL = 1 kU to Vec 5.19 12.44 25.91 5.57 12.44 23.52 

tpHZ 
GZ Yl 

RL = 1 kU to GND 9.75 9.75 
ns 

tpLZ RL = 1 kU to Vce 8.6 8.6 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

AtpLH 
A Yl 

10 40 90 20 40 80 

AtpHL 40 80 150 40 80 140 
ps/pF 

AtpZH 
GZ Yl 

10 40 90 20 40 80 

AtpZL 40 80 150 40 80 140 
ps/pF 

input switching characteristics over recommended ranges of supply voltage and operating 
free-air temperature (unless otherwise noted), CL = 0 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

ETER (INPUT) (OUTPUT) CONDITIONS MIN TYpt MAX MIN TYpt MAX 
UNIT 

tpLH 
Yl Y2 

0.79 1.43 2.26 0.81 1.43 2.16 
ns 

tpHL 0.05 1.18 3.15 0.06 1.18 2.99 

AtpLH 
Yl Y2 

0.06 0.18 0.37 0.07 0.18 0.32 
ns/pF 

AtpHL 0.03 0.24 0.58 0.04 0.24 0.54 

t Typical values are at Vee = 5 V, T A = 25°e. 

PRODUCTIOI DATA documl.1s co.tlin in"',mltion 
current I. of puillicatian date. Produc •• conform to 
specifications par thl terms of Texi. Instruments TEXAS ." 

Copyright @ 1988. Texas Instruments Incorporated 

:~~=~~i~.i~r:I~~i ~:~::i:r :1~D:=:::t::'S not INSTRUMENTS 
POST OFFICE BOX 655012 • DAllAS. TEXAS 75285 12-183 



IOH04LJ 
10-mA 3-STATE I/O BUFFER 

TSC500 
SERIES 

WITH 0.125 di/dt, TTL INPUT, AND CMOS/TTL OUTPUT 
D3030. APRIL 1988 

CMOS SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
pARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MINTYPt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 2.8 7.48 16.53 3 7.48 15.04 
A Y1 RL = 00 ns 

tpHL 3.37 8.48 18.21 3.6 8.48 16.6 

tpZH 
GZ Y1 

RL = 1 k.fl to GND 2.96 7.87 17.65 3.16 7.87 15.99 
ns 

tpZL RL = 1 k.fl to Vee 3.37 8.53 18.39 3.61 8.53 16.73 

CL = 50 pF 
PARAM· FROM TO TEST -55°C to 125°C O°C to 700e 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
A Y1 RL = 00 

3.62 9.49 20.71 3.87 9.49 18.84 

4.35 10.64 22.52 
ns 

tpHL 4.66 10.64 20.5 

tpZH 
GZ Y1 

RL = 1 k.fl to GND 3.78 9.89 21.85 4.05 9.89 19.81 

RL = 1 k.fltoVee 10.7 22.73 10.1 20.66 
ns 

tpZL 4.35 4.66 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 

PARAM· FROM TO TEST -55°C to 125°C O°C to 700 e 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

~tpLH 
A Y1 

20 60 120 30 60 110 
ps/pF 

~tpHL 30 60 120 30 60 110 

~tpZH 20 60 120 30 60 110 
GZ Y1 ps/pF 

~tpZL 30 60 120 30 60 110 

t Typical values are at Vee = 5 V. T A = 25°C. 

PRODUCTION DATA d.c.menlll canllin information 
current II of publication d., •. Products conform to 
spacifications per the tarms of TIXI. Instrument. 
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TSC500 
SERIES 

IOH21LJ 
2-mA 3-STATE I/O BUFFER 

WITH 0.125 di/dt, CMOS INPUT, AND CMOSmL OUTPUT 

A 

L 

H 

X 

X 

03030, APRIL 1988 

I/O BUFFER CELL 

FUNCTION TABLE logic symbolt 
INPUTS OUTPUTS 

A 
GZ Y1 

L L 

L H 

H L 

H H 

Y1 

L 

H 

Z 

Z 

Y2 

L 

H 

L 

H 

GZ----' 

Y2--+< 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984, 

POSITIVE LOGIC EQUATIONS: Y1 = A (if GZ is L) Y2 = Y1 

description 
The IOH21 LJ cell is a noninverting 3-state input-output buffer that interfaces CMOS internal 
functions with TTL or CMOS off-chip bidirectional bus lines, The input buffer responds to 
CMOS threshold levels imposed on the I/O bus regardless of the state of the output enable 
GZ, When the buffer is called from the engineering workstation input, the following label 
format is developed and will be captured in the design netlist: 

Label: IOH21 LJ A,GZ,Y2,Y1 ; 

A pull-up or pull-down terminator can be connected to the Y1 node, 

absolute maximum ratings and recommended operating conditions 
These are specified as part of the TSC500 Series Data, 

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

TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

TYp:j: MAX TYp:j: MAX 
UNIT 

CONDITIONS MIN MIN 

VT 
IA,GZ 2.2 2.2 

Input threshold voltage IY1 V 
2.5 2.5 

VOH High-level output voltage 
IOH = -2mA 3.7 

V 
10H = -1.6 mA 3.7 

VOL Low-level output voltage 
10l = 2 mA 0.5 

V 
10l = 1.6 mA 0.5 

10Z Off-state output current Va = VCC orO ±10 ±5 fAA 

ICC Supply current VI = VIH or Vil 10.7 0.49 mA 

Ci Input capacitance IY1 13.8 13.8 pF 

Cpd 
Equivalent power dissipation 

tr = tf = 1 ns 17.2 17.2 pF capacitance 

:t: Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTION DATA d.cuments c.ntein information 
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IOH21LJ 
2-mA 3-STATE I/O BUFFER 

TSC500 
SERIES 

WITH 0.125 di/dt, CMOS INPUT, AND CMOS/TTL OUTPUT 
D3030, APRIL 1988 

TTL SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PARAM- FROM TO TEST -55°C to 125°C ooe to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
Y1 

4.04 10.92 24.87 4.32 10.92 22.59 
A RL = 00 ns 

tpHL 9.18 21.21 43.41 9.84 21.21 39.56 

tpZH 
GZ Y1 

RL = 1 kfi to GND 4.1 11.53 27.27 4.4 11.53 24.61 
ns 

tpZL RL = 1 kfito VCC 9.51 23.23 51.77 10.23 23.23 46.14 

CL = 50 pF 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

ETER (INPUT) (OUTPUT) CONDITIONS TYpt MAX MIN TYpt MAX 
UNIT 

MIN 

tpLH 
Y1 

5.47 14.8 33.56 5.86 14.8 30.5 
A RL = 00 ns 

tpHL 13.78 30.76 61.69 14.79 30.76 56.04 

tpZH 
GZ 

RL = 1 kfi to GND 5.53 15.49 36.39 5.93 15.49 32.89 
Y1 

RL = 1 kfi to VCC 14.22 33.52 73.13 15.32 33.52 64.98 
ns 

tpZL 

tpHZ RL = 1 kfi to GND 15.55 15.55 
GZ Y1 ns 

tpLZ RL = 1 kfito VCC 12.3 12.3 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 
PARAM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

IltpLH 40 110 250 40 110 230 
ps/pF A Y1 

IltpHL 130 270 520 140 270 470 

IltpZH 40 110 260 40 110 240 
ps/pF GZ Y1 

IltpZL 130 290 610 150 290 540 

t Typical values are at VCC = 5 V, TA = 25°C. 
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TSC500 
SERIES 

IOH21LJ 
2-mA 3-STATE I/O BUFFER 

WITH 0.125 di/dt, CMOS INPUT, AND CMosmL OUTPUT 
D3030, APRIL 1988 

CMOS SWITCHING CHARACTERISTICS 

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

CL = 15 pF 

PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

(INPUT) MIN TYpt MAX TYpt MAX 
UNIT 

ETER (OUTPUT) CONDITIONS MIN 

tpLH 
A Y1 RL = 00 

5.51 13.98 30.39 5.91 13.98 27.62 
ns 

tpHL 7.58 18.08 37.93 8.11 18.08 34.58 

tpZH 
GZ Y1 

RL = 1 kOto GND 5.73 15.11 34.89 6.15 15.11 31.3 

RL = 1 kO to Vee ns 
tpZL 7.74 19.13 42.33 8.3 19.13 38.11 

CL = 50 pF 

PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
Y1 

8.17 20.5 43.91 8.75 20.5 39.96 
A RL = 00 ns 

tpHL 10.91 25.16 51.87 11.7 25.16 47.17 

tpZH 
GZ Y1 

RL = 1 kOto GND 8.42 22.06 50.41 9.02 22.06 45.3 

RL = 1 kO to Vec ns 
tpZL 11.11 26.47 57.26 11.9426.4751.46 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MIN TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX MAX 

i.\tpLH 80 190 390 80 190 350 
ps/pF A Y1 

i.\tpHL 100 200 400 100 200 360 

atpZH 
GZ 

80 200 440 80 200 400 
ps/pF Y1 

i.\tpZL 100 210 430 100 210 380 

input switching characteristics over recommended ranges of supply voltage and operating 
free-air temperature (unless otherwise noted), CL = 0 
PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 0.58 0.9 1.52 0.6 0.9 1.41 
Y1 Y2 ns 

tpHL 0.12 0.63 1.21 0.13 0.63 1.16 

i.\tpLH 0.06 0.2 0.34 O.OY· 0.2 0.32 
ns/pF Y1 Y2 

i.\tpHL 0.13 0.13 0.26 0.13 0.13 0.24 

t Typical values are at VCC = 5 V, TA = 25°C. 
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TSC500 
SERIES 

IOH24LJ 
2-mA 3-STATE I/O BUFFER 

WITH 0.125 di/dt, TTL INPUT, AND CMOS/TTL OUTPUT 

A 

L 

H 

X 

X 

D3030. APRIL 1988 

I/O BUFFER CELL 

FUNCTION TABLE 

INPUTS OUTPUTS 

logic symbolt 

A 
GZ Vi 

L L 

L H 

H L 

H H 

Vi 

L 

H 

Z 

Z 

V2 

L 

H 

L 

H 

GZ--~ 

V2--+-< 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATIONS: Y1 = A (if GZ is L) Y2 = Y1 

description 
The IOH24LJ cell is a noninverting 3-state input-output buffer that interfaces CMOS internal 
functions with TIL or CMOS off-chip bidirectional bus lines. The input buffer responds to 
TIL threshold levels imposed on the I/O bus regardless of the state of the output enable GZ. 
When the buffer is called from the engineering workstation input, the following label format 
is developed and will be captured in the design netlist: 

Label: IOH24LJ A,GZ,Y2,Y1 ; 

A pull-up or pull-down terminator can be connected to the Y1 node. 

absolute maximum ratings and recommended operating conditions 
These are specified as part of the TSC500 Series Data. 

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

TEST -55°C to 125°C GOC to 7GoC 
PARAMETER 

TYP; MAX TYP; 
UNIT 

CONDITIONS MIN MIN MAX 

VT 
IA,GZ 2.2 2.2 

Input threshold voltage IV1 V 
1.3 1.3 

VOH High-level output voltage 
10H = -2mA 3.7 

V 
10H = -1.6 mA 3.7 

VOL LOW-level output voltage 
10l = 2 mA 0.5 

V 
10l = 1.6 mA 0.5 

10Z Off-state output current Vo = VCC or 0 ±10 ±5 JlA 
ICC Supply current VI = VIH or Vil 3.45 0.3 mA 

Ci Input capacitance IVi 13.8 13.8 pF 

Cpd 
Equivalent power dissipation 
capacitance tr = tf = 1 ns 17.7 17.7 pF 

; Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTION DATA doc.mln" •• ntlin informltl •• 
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TSC500 
SERIES 

IOH24LJ 
2-mA 3-STATE I/O BUFFER 

WITH 0.125 di/dt, TTL INPUT, AND CMOS/TTL OUTPUT 
03030, APRIL 1988 

TTL SWITCHING CHARACTERISTICS 

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

CL = 15 pF 

PAR AM- FROM TO TEST -55°C to 125°C O°C to 70°C 

TYpt MAX TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN MIN 

tpLH 
A Y1 RL = 00 

4.05 10.92 24.88 4.33 10.92 22.59 
ns 

tpHL 9.1621.17 43.3 9.82 21 .17 39.46 

tpZH 
GZ Y1 

RL = 1 kn to GND 4.1 11.54 27.27 4.4 11.54 24.61 
ns 

tpZL RL = 1 kn to Vee 9.49 23.16 51.59 10.21 23.16 45.99 

CL = 50 pF 

PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

(iNPUT) MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (OUTPUT) CONDITIONS 

tpLH 5.48 14.833.57 5.87 14.8 30.5 
A Y1 RL = 00 ns 

tpHL 13.7630.7261.56 14.77 30.72 55.95 

tpZH RL = 1 kn to GND 5.53 15.49 36.43 5.94 15.49 32.9 
GZ Y1 ns 

tpZL RL = 1 kn to Vee 14.21 33.48 73.02 15.31 33.48 64.9 

tpHZ RL = 1 kn to GND 15.53 15.53 
GZ Y1 ns 

tpLZ RL = 1 kntoVee 12.31 12.31 

change in propagation delay time with load capacitance over recommended ranges of 
supply volt!ige and operating free-air temperature (unless otherwise noted) 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

A.tpLH 
A 

40 110 250 40 110 230 
ps/pF Y1 

.itpHL 130 270 520 140 270 470 

.itpZH 
GZ Y1 

40 110 260 40 110 240 
ps/pF 

.itpZL 130 290 610 150 290 540 

input switching characteristics over recommended ranges of supply voltage and operating 
free-air temperature (unless otherWise noted), CL = 0 
PARAM- FROM TO TEST -55°C to 125°C DOC to 7DOC 

MIN TYpt MAX MIN TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX 

tPLH 0.79 1.43 2.26 0.81 1.43 2.16 
Y1 Y2 ns 

tpHL 0.05 1.18 3.15 0.06 1.18 3 

.itpLH 0.06 0.18 0.37 0.07 0.18 0.32 
ns/pF Y1 Y2 

.itpHL 0.03 0.24 0.58 0.04 0.24 0.54 

t Typical values are at Vee = 5 V, TA = 25°C. 
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IOH24LJ 
2-mA·3-STATE I/O BUFFER 

TSC500 
SERIES 

WITH 0.125 di/dt, TTL INPUT, AND CMOS/TTL OUTPUT 
03030. APRIL 1988 

CMOS SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
--_._---_._--- ~ ---

PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

ETER (INPUT) (OUTPUT) CONDITIONS MIN TYpt MAX MIN TYpt MAX 
UNIT 

tpLH 
A Yl RL = <Xl 

5.53 14.01 30.46 5.92 14.01 27-67 

7.56 18.06 37.88 
ns 

tPHL 8.1 18.06 34.54 

tpZH 
GZ Yl 

RL = 1 k.o. to GND 5.75 15.1634.96 6.17 15.1631.37 

RL = 1 k.o. to Vee 7.73 19.11 42.26 8.29 19.11 38.06 
ns 

tpZL 

CL = 50 pF 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH A Yl RL = <Xl 
8.19 20.53 43.97 8.77 20.53 40.02 

ns 
tpHL 10.89 25.15 51.8 11.6825.1547.14 

tpZH 
GZ Yl 

RL = 1 k.o. to GND 8.42 22.09 50.51 9.03 22.09 45.38 

tpZL RL = 1 k.o. to Vee 11.11 26.45 57.2 11.93 26.45 51.43 
ns 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

IltpLH 
A Yl 

80 190 390 80 190 350 
ps/pF 

IltpHL 100 200 400 100 200 360 

IltpZH 
GZ Yl 

80 200 440 80 200 400 
ps/pF 

IltpZL 100 210 430 100 210 380 

t Typical values are at Vee = 5 V. TA = 25°e. 
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TSC500 
SERIES 

IOH41LJ 
4-mA 3-STATE I/O BUFFER 

WITH 0.125 di/dt, CMOS INPUT, AND CMOSmL OUTPUT 

A 

L 

H 

X 

X 

03030. APRIL 1988 

I/O BUFFER CELL 

FUNCTION TABLE logic symbolt 
INPUTS OUTPUTS 

A 
GZ Y1 

L L 

L H 

H L 

H H 

Y1 

L 

H 

Z 

Z 

Y2 

L 

H 

L 

H 

GZ----' 

Y2--+-< 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATIONS: Y1 = A (if GZ is L) Y2 = Y1 

description 
The IOH41 LJ cell is a noninverting 3-state input-output buffer that interfaces CMOS internal 
functions with TTL or CMOS off-chip bidirectional bus lines. The input buffer responds to 
CMOS threshold levels imposed on the I/O bus regardless of the state of the output enable 
GZ. When the buffer is called from the engineering workstation input, the following label 
format is developed and will be captured in the design netlist: 

Label: IOH41LJ A,GZ,Y2,Y1; 

A pull-up or pull-down terminator can be connected to the Y1 node. 

absolute maximum ratings and recommended operating conditions 
These are specified as part of the TSC500 Series Data. 

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

TEST -55·C to 125·C O·C to 70·C 
UNIT PARAMETER 

TYP; MAX TYP; MAX CONDITIONS MIN MIN 

.IA,GZ 2.2 2.2 
V VT Input threshold voltage I Y1 

2.5 2.5 

High-level output voltage 
IOH = -4mA 3.7 

V VOH 
10H = -3.4 mA 3.7 

10L = 4 mA 0.5 
V VOL Low-level output voltage 

10L = 3.4 mA 0.5 

10Z Off-state output current Vo = VCC or 0 ±10 ±5 JJ.A 
ICC Supply current VI = VIH or VIL 11.3 0.49 mA 

Ci Input capacitance TY1 13.8 13.8 pF 

Cpd 
Equivalent power dissipation 
capacitance tr=tf=1ns 17.5 17.5 pF 

* Typical values are at VCC = 5 V. TA = 25·C. 
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IOH41LJ 
4-mA 3-STATE I/O BUFFER ... . 

TSC500 
SERIES 

WITH 0.125 di/dt, CMOS INPUT,AND CMOSmL OUTPUT 
D3030. APRIL 1988 

TTL SWITCHING CHARACTERISTICS 

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

CL = 15 pF 

PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

(OUTPUT) CONDITIONS MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) 

tpLH 
A Y1 RL = 00 

2.99 8.19 18.6 3.19 8.19 16.9 
ns 

tPHL 5.88 13.94 28.75 6.31 13.94 26.2 

tpZH 
GZ Y1 

RL = 1 k!1 to GND 3.04 8.62 20.04 3.26 8.62 18.14 

RL = 1 k!1 to Vee 
ns 

tpZL 5.98 14.52 31 6.42 14.52 27.99 

CL = 50 pF 

PARAM- FROM TO TEST -SS·C to 12SoC O·C to 70·C 

(INPUT) CONDiTIONS MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (OUTPUT) 

tpLH 
RL = 00 

3.88 10.56 23.88 4.15 10.56 21.7 
A Y1 

9.05 19.26 35.45 
ns 

tpHL 8.43 19.26 39.02 

tpZH 
GZ 

RL = 1 k!1 to GND 3.93 11.01 25.4 4.22 11.01 23 
Y1 ns 

tpZL RL = 1 k!1to Vee 8.56 2041.81 9.21 20 37.68 

tPHZ 
GZ 

RL = 1 k!1 to GND 11.46 11.46 
Y1 

RL = 1 k!1toVce 10.01 
ns 

tpLZ 10.01 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherWise noted) 
PARAM- FROM TO TEST -5S·C to 12S·C O·C to 70·C 

MIN TYpt MAX MIN TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX 

AtpLH 
A Y1 

30 70 150 30 70 140 
ps/pF 

AtpHL 70 150 290 80 150 260 

AtpZH 
GZ Y1 

30 70 150 30 70 140 
ps/pF 

AtpZL 70 160 310 80 160 280 

t Typical values are at Vce = 5 V, TA = 25°e. 
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TSC500 
SERIES 

IOH41LJ 
4-mA 3-STATE I/O BUFFER 

WITH 0.125 di/dt, CMOS INPUT, AND CMOSmL OUTPUT 
03030, APRIL 1988 

CMOS SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PARAM· FROM TO TEST -55°C to 125°C DOC to 7DoC 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
A Y1 RL = 00 

3.91 10.12 22.09 4.18 10.1220.07 
ns 

tpHL 4.95 12.08 25.49 5.3 12.08 23.24 

tpZH 
GZ Y1 

RL = 1 k!l to GND 4.09 10.73 24.09 4.39 10.7321.75 

RL = 1 k!l to Vee 
ns 

tpZL 4.99 12.38 26.74 5.35 12.38 24.23 

CL = 50 pF 
PARAM- FROM TO TEST -55°C to 125°C DOC to 7DoC 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
A Y1 RL = 00 

5.44 13.85 29.81 5.83 13.85 27.11 
ns 

tpHL 6.83 16.12 33.51 7.33 16.12 30.47 

tpZH 
GZ Y1 

RL = 1 k!l to GND 5.64 14.55 32.16 6.05 14.55 29.07 
ns 

tpZL RL = 1 k!l to Vee 6.89 16.48 34.94 7.4 16.48 31.61 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 

PARAM· FROM TO TEST -55°C to 125°C DOC to 7DoC 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

·lltPLH 
A Y1 

40 110 220 50 110 200 
ps/pF 

IltpHL 50 120 230 60 120 210 

IltpZH 
GZ 

40 110 230 50 110 210 
ps/pF Y1 

IltpZL 50 120 230 60 120 210 

input switching characteristics over recommended ranges of supply voltage and operating 
free-air temperature (unless otherwise noted), CL = 0 

PARAM· FROM TO TEST -55°C to 125°C DOC to 7DoC 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 0.58 0.9 1.52 0.6 0.9 1.4 
Y1 Y2 ns 

tpHL 0.12 0.63 1.21 0.13 0.63 1.16 

IltpLH 0.06 0.2 0.34 0.07 0.2 0.33 
ns/pF Y1 Y2 

IltpHL 0.13 0.13 0.26 0.13 0.13 0.24 

t Typical values are at Vee = 5 V, TA = 25°C. 
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TSC500 
SERIES 

IOH44LJ 
4-mA 3-STATE I/O BUFFER 

WITH 0.125 di/dt, TTL INPUT, AND CMOSmL OUTPUT 
03030, APRIL 1988 

I/O BUFFER CELL 

FUNCTION TABLE logic symbolt 

A 

L 

H 

X 

X 

INPUTS 

GZ Y1 

L -C 
L H 

H L 

H H 

OUTPUTS 

Y1 Y2 

L L 

H H 

Z L 

Z H 

A 

GZ----' 

Y2-+-<' 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATIONS: Y1 = A (if GZ is L) Y2 = Y1 

description 
The IOH44W cell is a noninverting 3-state input-output buffer that interfaces CMOS internal 
functions with TTL or CMOS off-chip bidirectional bus lines. The input buffer responds to 
TTL threshold levels imposed on the I/O bus regardless of the state of the output enable GZ. 
When the buffer is called from the engineering workstation input, the following label format 
is developed and will be captured in the design netlist: 

Label: IOH44W A,GZ,Y2,Y1; 

A pull-up or pull-down terminator can be connected to the Y1 node. 

absolute maximum ratings and recommended operating conditions 
These are specified as part of the TSC500 Series Data. 

electrical characteristics over recommended ranges of supply vOltage and operating free
air temperature (unless otherwise noted) 

TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

MIN TYp:j: MAX TYp:j: MAX 
UNIT 

CONDITIONS MIN 

IA,GZ 2.2 2.2 
VT Input threshold voltage IY1 V 

1.3 1.3 

VOH High-level output voltage 
10H = -4 mA 3.7 

V 
10H = -3.4 mA 3.7 

VOL Low-level output voltage 
10L = 4 mA 0.5 

V 
10L = 3.4mA 0.5 

10Z Off-state output current Vo = VCC orO ±10 ±5 I1A 
ICC Supply current VI = VIH or VIL 3.45 0.3 mA 

Ci Input capacitance IY1 13.8 13.8 pF 

Cpd 
Equivalent power dissipation tr = tf = 1 ns 17.8 17.8 pF capacitance 

:j: Typical values are at V CC = 5 V, T A = 25°C. 
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TSC500 
SERIES 

IOH44LJ 
4-mA 3-STATE I/O BUFFER 

WITH 0.125 di/dt, TTL INPUT, AND CMOS/TTL OUTPUT 
D3030. APRIL 1988 

TTL SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN 

tpLH 2.99 8.19 18.62 3.19 8.19 16.91 
A Yl RL = 00 ns 

tpHL 5.87 13.91 28.7 6.29 13.91 26.15 

tpZH RL = 1 kD. to GND 3.04 8.62 20.03 3.27 8.62 18.13 
GZ Yl ns 

tpZL RL = 1 kD. to VCC 5.97 14.49 30.93 6.41 14.49 27.93 

CL = 50 pF 

PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 3.89 10.56 23.87 4.15 10.56 21.69 
A Yl RL = 00 ns 

tpHL 8.42 19.24 38.96 9.04 19.24 35.4 

tpZH RL = 1 kD. to GND 3.93 11.01 25.41 4.22 11.01 23 
GZ Yl ns 

tpZL RL = 1 kD. to VCC 8.55 19.97 41.75 9.19 19.9737.63 

tpHZ RL = 1 kD. to GND 11.46 11.46 
GZ Yl ns 

tpLZ RL = 1 kD.to Vcc 10 10 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 

PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

AtpLH 30 70 150 30 70 140 
ps/pF A Yl 

6.tpHL 70 150 290 80 150 260 

AtpZH 30 70 150 30 70 140 
ps/pF GZ Yl 

AtpZL 70 160 310 80 160 280 

input switching characteristics over recommended ranges of supply voltage and operating 
free-air temperature (unless otherwise noted), CL = 0 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

ETER (INPUT) (OUTPUT) CONDITIONS MIN TYpt MAX MIN TYpt MAX 
UNIT 

tpLH 
Yl Y2 

0.79 1.43 2.26 0.81 1.43 2.16 
ns 

tpHL 0.05 1.18 3.15 0.06 1.18 3 

AtpLH 
Y1 Y2 

0.06 0.18 0.37 0.07 0.18 0.32 
ns/pF 

AtpHL 0.03 0.24 0.58 0.04 0.24 0.53 

t Typical values are at VCC = 5 V, TA = 25°C. 
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IOH44LJ 
4-mA 3-STATE I/O BUFFER 

TSC500 
SERIES 

WITH 0.125 di/dt, TTL INPUT, AND CMOS/TTL OUTPUT 
D3030, APRIL 1988 

CMOS SWITCHING CHARACTERISTICS 

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

CL = 15 pF 

PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
A Y1 RL = 00 

3.91 10.13 22.13 4.19 10.13 20.11 
ns 

tpHL 4.94 12.07 25.49 5.29 12.07 23.23 

tpZH 
GZ 

RL = 1 k!1 to GND 4.1 10.74 24.12 4.4 10.74 21.77 
Y1 

RL = 1 k!1to VCC 4.98 12.36 26.72 5.34 12.36 24.21 
ns 

tpZL 

CL = 50 pF 
PARAM- FROM TO TEST -55°C to 125°C QOC to 7QoC 

MIN TYpt MAX TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN 

tpLH 
A Y1 RL = 00 

5.46 13.87 29.82 5.85 13.87 27.13 
ns 

tpHL 6.83 16.11 33.5 7.33 16.11 30.45 

tpZH 
GZ 

RL = 1 k!1 to GND 5.65 14.57 32.21 6.06 14.57 29.1 
Y1 

RL = 1 k!1 to Vee 7.39 16.47 
ns 

tpZL 6.88 16.47 34.92 31.6 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX 

AtpLH 
A Y1 

40 110 220 50 110 200 
ps/pF 

AtpHL 50 120 230 60 120 210 

AtpZH 
GZ 

40 110 230 50 110 210 
ps/pF Y1 

AtPZL 50 120 230 60 120 210 

t Typical values are at Vee = 5 V, TA = 25°e. 

Copyright @ 1988. Texas Instruments Incorporated PRODUCTION DATA documantl contlin information .., 
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TSC500 
SERIES 

IOH~1LJ 
6-mA 3-STATE I/O BUFFER 

WITH 0.125 di/dt, CMOS INPUT, AND CMOSmL OUTPUT 

A 

L 

H 

X 
X 

APRIL 1988 

I/O BUFFER CELL 

FUNCTION TABLE logic symbolt 
INPUTS OUTPUTS 

A 
GZ Y1 

L L 
L H 

H L 

H H 

Y1 

L 

H 

Z 

Z 

Y2 

L 

H 

L 

H 

GZ---' 

Y2 - ....... c. 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATIONS: Y1 = A (if GZ is L) Y2 = Y1 

description . 
The IOH61 LJ cell is a noninverting 3-state input-output buffer that interfaces CMOS internal 
functions with TTL or CMOS off-chip bidirectional bus lines. The input buffer responds to 
CMOS threshold levels imposed on the I/O bus regardless of the state of the output enable 
GZ. When the buffer is called from the engineering workstation input, the following label 
format is developed and will be captured in the design netlist: 

Label: IOH61 LJ A,GZ,Y2,Y1; 

A pull-up or pull-down terminator can be connected to the Y1 node. 

absolute maximum ratings and recommended operating conditions 
These are specified as part of the TSC500 Series Data. 

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

TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

TYP* MAX TYP* 
UNIT 

CONDITIONS MIN MIN MAX 

.IA. GZ 2.2 2.2 
VT Input threshold voltage IY1 V 

2.5 2.5 

VOH High-level output voltage 
10H = -6 mA 3.7 

V 
10H = -5.1 mA 3.7 

VOL LOW-level output voltage 
10L = 6 mA 0.5 

V 
10L = 5.1 mA 0.5 

10Z Off-state output current Vo = VCC or 0 :!:10 :!:5 J.lA 
ICC Supply current VI = VIH or VIL 10.7 0.49 mA 

Ci Input capacitance IY1 13.8 13.8 pF 

Cpd 
Equivalent power dissipation 

tr = tf = 1 ns 18.5 18.5 pF capacitance 

:t Typical values are at VCC = 5 V. TA = 25°C. 
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IOH61LJ 
6-rnA 3-STATE I/O BUFFER 

TSC500 
SERIES 

WITH 0.125 di/dt, CMOS INPUT, AND CMosmL OUTPUT 
03030, APRIL 1988 

TTL SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PARAM· FROM TO TEST >55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH A RL = 00 
2.64 7.28 16.57 2.82 7.28 15.06 

Y1 ns 
tpHL 4.8 11.58 24.12 5.15 11.58 21.98 

tpZH 
GZ 

RL = 1 kG to GND 2.68 7.65 17.73 2.87 7.65 16.08 
Y1 

RL = 1 kG to Vee 5.2 11.88 22.88 
ns 

tpZL 4.85 11.88 25.27 

CL = 50 pF 
PARAM· FROM TO TEST -55°C to 125°C DoC to 70°C 

ETER (INPUT) (OUTPUT) CONDITIONS MIN TYpt MAX MIN TYpt MAX 
UNIT 

tpLH 
A Y1 RL = 00 

3.34 9.12 20.69 3.56 9.12 18.79 

tpHL 6.67 15.51 31.7 7.16 15.51 28.8 
ns 

tpZH 
GZ Y1 

RL = 1 kG to GND 3.37 9.51 21.88 3.62 9.51 19.84 

tpZL RL = 1 kG to Vee 6.73 15.87 33.04 7.23 15.87 29.88 
ns 

tpHZ 
GZ Y1 

RL = 1 kG to GND 9.92 9.92 
ns 

tPLZ RL = 1 kG to Vee 9.33 9.33 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free·air temperature (unless otherwise noted) 
PARAM· FROM TO TEST -55°C to 125°C DoC to 70°C 

MIN TYpt MIN TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX MAX 

.MpLH 20 50 120 20 50 110 
ps/pF A Y1 

110 60 110 190 atpHL 50 220 

atpZH 
GZ 

20 50 120 20 50 110 
ps/pF Y1 

atpZL 50 110 220 60 110 200 

t Typical values are at Vce = 5 V, T A = 25°C. 
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TSC500 
SERIES 

IOH61LJ 
6-mA 3-STATE I/O BUFFER 

WITH 0.125 di/dt, CMOS INPUT, AND CMOSmL OUTPUT 
03030, APRIL 1988 

CMOS SWITCHING CHARACTERISTICS 

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

CL = 15 pF 

PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
A Y1 RL = 00 

3.36 8.82 19.35 3.59 8.82 17.59 
ns 

tpHL 4.1 10.15 21.6 4.39 10.15 19.69 

tPZH GZ Y1 
RL = 1 kll to GND 3.53 9.3 20.8 3.78 9.3 18.83 

ns 
tPZL RL = 1 kll to Vee 4.11 10.29 22.21 4.4 10.29 20.16 -

CL = 50 pF 

PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
A Y1 RL = 00 

4.53 11.62 25.18 4.85 11.62 22.89 

5.89 13.19 25.12 
ns 

tPHL 5.49 13.19 27.62 

tpZH 
GZ 

RL = 1 kll to GND 4.7 12.14 26.75 5.03 12.14 24.22 
Y1 ns 

tpZL RL = 1 kll to Vee 5.51 13.35 28.29 5.92 13.35 25.65 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 
PARAM- FROM TO TEST . -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

~tpLH 
Y1 

30 80 170 40 80 150 
ps/pF A 

~tpHL 40 90 170 40 90 160 

~tpZH 
GZ 

30 80 170 40 80 150 
ps/pF Y1 

~tpZL 40 90 170 40 90 160 

input switching characteristics over recommended ranges of supply voltage and operating 
free-air temperature (unless otherwise noted), CL = 0 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 0.58 0.9 1.52 0.6 0.9 1.4 
Y1 Y2 ns 

tpHL 0.12 0.63 1.21 0.13 0.63 1.16 

~tpLH 
Y1 Y2 

0.06 0.2 0.34 0.07 0.2 0.33 
ns/pF 

~tpHL 0.13 0.13 0.26 0.13 0.13 0.24 

t Typical values are at V CC = 5 V, T A = 25°e. 
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TSC500 
SERIES 

IOH64LJ 
. 6-mA 3-STATE I/O BUFFER 

A 

L 

I-i 
X 
X 

WITH 0.125 di/dt, TTL INPUT, AND CMOS/TTL OUTPUT 
03030. APRIL 1988 

I/O BUFFER CELL 

FUNCTION TABLE 

INPUTS OUTPUTS 

logic symbolt 

A 
GZ Y1 

L L 

L H 

H L 

H H 

Y1 

L 

H 

Z 

Z 

'(2 

L 

H 

L 

H 

GZ-_.....J 

Y2-+-C 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATIONS: Y1 = A (if GZ is L) Y2 = Y1 

description 
The IOH64LJ cell is a noninverting 3-state input-output buffer that interfaces CMOS internal 
functions with TTL or CMOS off-chip bidirectional bus lines. The input buffer responds to 
TTL threshold levels imposed on the I/O bus regardless of the state ofthe output enable GZ. 
When the buffer is called from the engineering workstation input, the following label format 
is developed and will be captured in the design netlist: 

Label: IOH64LJ A,GZ,Y2,Y1 ; 

A pull-up or pull-down terminator can be connected to the Y1 node. 

absolute maximum ratings and recommended operating conditions 
These are specified as part of the TSC500 Series Data. 

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

TEST -55DC to 125DC oDe to 70°C 
PARAMETER 

TYp:J: MAX TYp:J: MAX 
UNIT 

CONDITIONS MIN MIN 

VT 
·IA.GZ 2.2 2.2 

Input threshold voltage I Y1 V 
1.3 1.3 

VOH High-level output voltage 
IOH = -6mA 3.7 

V 
IOi-! = -5.1 mA 3.7 

VOL Low-level output voltage 
IOL = 6 mA 0.5 

V 
IOL = 5.1 mA 0.5 

loi Off-state output current Va = Vee or 0 ±10 ±5 !lA 
ICC Supply current VI = VIH or VIL 3.45 0.3 mA 

Ci Input capacitance !Y1 13.8 13.8 pF 

Cpd 
Equivalent power dissipation 
capacitance tr = tf = 1 ns 18.5 18.5 pF 

:J: Typical values are at VCC = 5 V. TA = 25°C. 

PRODUCTION DATA documl.11 .0.lli. i.loiimllio. ." 
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TSC500 
SERIES 

IOH64LJ 
6-mA 3-STATE I/O BUFFER 

WITH 0.125 di/dt, TTL INPUT, AND CMOS/TTL OUTPUT 
D3030, ARPIL 1988 

TTL SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN 

tpLH 
A Y1 

2.64 7.28 ,16.57 2.82 7.28 15.06 
RL = 00 ns 

tpHL 4.79 11.56 24.06 5.14 11.5621.93 

tpZH 
GZ Y1 

RL = 1 k'o' to GND 2.68 7.65 17.74 2.88 7.65 16.08 
ns 

tpZL RL = 1 k'o' to Vee 4.84 11.86 25.2 5.2 11.86 22.83 

CL = 50 pF 

PARAM- FROM TO TEST -55°C to 125°e O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 3.34 9.13 20.7 3.57 9.13 18.79 
A Y1 RL = 00 ns 

tpHL 6.66 15.49 31.65 7.15 15.49 28.78 

tpZH RL = 1 k'o' to GND 3.38 9.51 21.89 3.62 9.51 19.84 
GZ Y1 ns 

tpZL RL = 1 k,O,toVee 6.72 15.86 32.99 7.23 15.86 29.84 

tpHZ RL = 1 k'o' to GND 9.92 9.92 
GZ Y1 ns 

tpLZ RL = 1 k'o' to Vee 9.33 9.33 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 

PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

.MpLH 20 50 120 20 50 110 
ps/pF A Y1 

LltpHL 50 110 220 60 110 200 

LltpZH 
GZ 

20 50 120 20 50 110 
Y1 ps/pF 

LltpZL 50 110 220 60 110 200 

input switching characteristics over recommended ranges of supply voltage and operating 
free-air temperature (unless otherwise noted), CL = 0 
PAR AM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX 

tpLH 0.79 1.43 2.26 0.81 1.43 2.16 
Y1 Y2 ns 

tpHL 0.05 1.18 3.15 0.06 1.18 2.99 

LltpLH 
Y1 Y2 

0.06 0.18 0.37 0.07 0.18 0.32 
ns/pF 

LltpHL 0.03 0.24 0.58 0.04 0.24 0.54 

t Typical values are at Vee = 5 V, TA = 25°e. 

PRODUCTION DATA documents contain information 
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IOH64LJ 
6-mA 3-STATE I/O BUFFER 

TSC500 
SERIES 

WITH 0.125 di/dt, TTL INPUT, AND CMOSmL OUTPUT 
D3030, APRIL 1988 

CMOS SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PARAM- FROM TO TEST -55°e to 125°e oGe to lOGe 

TYpt MAX TYF,t MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN MIN 

tpLH 
Y1 RL = 00 

3.37 8.83 19.37 3.6 8.83 17.61 
A ns 

tpHL 4.09 10.14 21.58 4.38 10.14 19.67 

tpZH 
GZ Y1 

RL = 1 kfl to GND 3.53 9.31 20.84 3.79 9.31 18.85 
ns 

tpZL RL = 1 kfl to Vee 4.1 10.28 22.18 4.4 10.28 20.14 

CL = 50 pF 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

TYpt MAX TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN MIN 

tpLH 
Y1 

4.53 11.64 25.22 4.85 11.64 22.91 
A RL = 00 ns 

tpHL 5.49 13.18 27.6 5.89 13.18 25.11 

tpZH 
GZ Y1 

RL = 1 kfl to GND 4.7 12.15 26.79 5.04 12.15 24.24 
ns 

tpZL RL = 1 kfl to Vee 5.51 13.34 28.27 5.91 13.34 25.63 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 

PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MIN TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX MAX 

C.tpLH 30 80 170 40 80 150 
ps/pF A Y1 

C.tpHL 40 90 170 40 90 160 

C.tpZH 30 80 170 40 80 150 
GZ Y1 ps/pF 

C.tpZL 40 90 170 40 90 160 

t Typical values are at Vee = 5 V, TA = 25°e. 
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TSC500 
SERIES 

OUTPUT MACROS 

OUTPUT BUFFER CELLS 
GENERAL INFORMATION 

03030, APRIL 1988 

The TSC500 Series CMOS standard-cel,llit:>rary provides the ci.Jstom IC designer a selection 
of output buffers. Each output is characterized for driving either CMOS or TTL loads. The 
buffers can be used with an active pull-up or pull-down terminator. When used, the 
terminator is conriectE!d to the oU,tput node. Use of a terminator, especially with an open
drain or 3-state output, ensures that the output will be driven to a high- or low-logic level 
thereby avoiding exposure to a high-impedance or floating condition. 

Each output buffer is offered in the following options with respect to di/dt circuitry: 

MACRO RELATIVE 
APPLICATION 

CLASS dl/dt 

OPlxxW 1 ' Critical path(s) only (least delay) 

OPJxxLJ 0.5 Can reduce GND pins by up to 2~% 
OPKxxLJ 0.25 Can reduce GND pins by up to 45% 

OPHxxW 0.125 Can reduce GND pins by up to 60% (most delay) 

The TSC500 output cells are designed to lictively bypass and dissipate electrostatic 
discharges (ESD).Guard-ring structures that provide current management techniques for 
the cell to recover from exposure to high currents of up to 400 mA are employed, thereby 
negating most common sources that can produce a latch-up condition. 

These output macros are designed to provide low-impedance drive levels for both the high
and low-logic-level states. As a result, passive resistance has been omitted in series with the 
output transistors. Shorting a high-level output to ground or a low-level output to VCC will 
cause current to flow in excess of that recommended fbr normal operation. Therefore, it is 
recommended that outputs not be shorted directly to grouhd or VCC. 

Dynamic-drive capability of the outputs is specified by the change in propagation delay time 
parameters included with the switching characteristics. The change in propagation delay 
times provides a means for making direct comparisons of the various output responses to 
changes in capacitive loading. 
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OUTPUT BUFFER CELLS 
GENERAL INFORMATION 

03030, APRIL 1988 

TSC500 
SERIES 

The following output cells are available in the TSC500 Series CMOS standard-cell library: 

MACRO SELECTION TABLE 
TrL-/CMOS COMPATIBLE OUTPUT BUFFER CELLS 

MACRO NAME OUTPUT 
di/dt = 1 dl/dt = 0.5 dl/dt = 0.25 dl/dt = 0.125 CURRENT TYPE OF OUTPUT 
OPIAOW OPJAOW OPKAOW OPHAOW 16/16 mA TOTEM-POLE 
OPIA1W OPJA1W OPKA1W OPHA1W 16mA OPEN-DRAIN 
OPIA3W OPJA3W OPKA3W OPHA3W 16/16 rnA 3-STATE 
OPIBOW OPJBOW OPKBOW OPHBOW 24/16 rnA TOTEM-POLE 
OPIB1W OPJB1W OPKB1W OPHB1W 24mA OPEN-DRAIN 
OPIB3W OPJB3W OPKB3W OPHB3W 24/16 mA 3-STATE 
OPIEOW OPJEOW OPKEOW OPHEOW 48/16 rnA TOTEM-POLE 
OPIE1W OPJE1W OPKE1W OPHE1W 48mA OPEN-DRAIN 
OPIE3W OPJE3W OPKE3W OPHE3W 48/16 rnA 3-STATE 
OPIGOW OPJGOW OPKGOW OPHGOW 64/16 mA TOTEM-POLE 
OPIG1W OPJG1W OPKG1W OPHG1W 64mA OPEN-DRAIN 
OPIG3W OPJG3W OPKG3W OPHG3W 64/16 mA 3-STATE 
OPIOOW OPJOOW OPKOOW OPHOOW 10/10 mA TOTEM-POLE 
OPI01W OPJ01W OPK01W OPH01W 10mA OPEN-DRAIN 
OPI03W OPJ03W OPK03W OPH03W 10/10 rnA 3-STATE 
OPI20W OPJ20W OPK20W OPH20W 2/2 rnA TOTEM-POLE 
OPI21W OPJ21W OPK21W OPH21W 2mA OPEN-DRAIN 
OPI23W OPJ23W OPK23W OPH23W 2/2 rnA 3-STATE 
OPI40W OPJ40W OPK40W OPH40W 4/4mA TOTEM-POLE 
OPI41W OPJ41W OPK41W OPH41W 4mA OPEN-DRAIN 
OPI43W OPJ43W OPK43W OPH43W 4/4mA 3-STATE 
OPI60W OPJ60W OPK60W OPH60W 6/6 rnA TOTEM-POLE 
OPI61W OPJ61W OPK61W OPH61W 6mA OPEN-DRAIN 
OPI63W OPJ63W OPK63W OPH63W 6/6 rnA 3-STATE 

PRODUCTION DATA d ...... _ ... '.i. iof.,IIOIio. .0,,"' •• of , ... icOli •• do," ......... , ...... r. t. 
_Ificolil •• ,. tho "" •• of T.," 1 •• 'r ..... 11 

==r,r.~:ri =:~t:r r,:::A::'- nDt 
TEXAS ." 

INSTRUMENTS 

Copyright ~ 1988. Te •• s Ins,rumen's Incorporated 

13-2 POST OFFICE BOX 655012 • DALLAS, TEXAS 75285 



TSC500 
SERIES 

OPIAOLJ 
16-mA TOTEM-POLE CMOSmL OUTPUT BUFFER 

APRIL 1988 

OUTPUT BUFFER CELL 

FUNCTION TABLE logic symbolt 
INPUT OUTPUT 

A Y A~Y 
H H 
l l t This symbol is in accordance with ANSI/IEEE 

Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A 

description 
The OPIAOLJ cell is a noninverting output buffer that interfaces internal cells with TTL or 
CMOS external loads. When the output buffer is called from the engineering workstation 
input, the following label format is developed and will be captured in the design netlist. 

Label: OPIAOW A,Y; 

A pull-up or pull-down terminator can be connected to the Y node. 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

TEST - 55°C to 125°C O°C to 70°C 
PARAMETER 

TYP* TYP* 
UNIT 

CONDITIONS MIN MAX MIN MAX 

VT Input threshold voltage 2.2 2.2 V 

VOH High-level output voltage 
IOH = -16 mA 3.7 

V 
IOH = -13.6 mA 3.7 

VOL low-level output voltage 
IOl = 16 mA 0.5 

V 
IOl = 13.6 mA 0.5 

ICC Supply current VI = VIH or Vll 4.21 0.5 mA 

Ci Input capacitance 0.53 0.53 pF 

Cpd 
Equivalent power 
dissipation capacitance tr = tf = 1 ns 21.2 21.2 pF 

:j: Typical values are at VCC = 5 V, TA = 25°C. 
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OPIAOLJ 
16-mA TOTEM:-POLE CMOS/TTL OUTPUT BUFFER 

'. "', \ , .. -

03030, APRIL 1988 

TSC500 
SERIES 

switching characteristics over reCQmmended ranges of supp.ly voltage and operating frlile-
air temperature (unless otl1erwise noted) '. " 
'. "'" T. " ", 

TTL loads, RL = 00 

PARAM- FROM TO TEST - 55°C to 125°C ooe to 70°C 

(INPUT) CONDITIONS MIN TYpt MIN Tvpt MAX 
UNIT 

ETER (OUTPUT) MAX 

tpLH Y CL = 15 pF 
0.63 1.22 2.43 0.65 1.22 2.22 

A ns 
tpHL 0.76 1.63 3.81 0.81 1.83 3.47 

tpLH 
A Y CL =50 pF 

0.75 1.64 3.43 0.79 1.64 3.13 

tpHL 1.24 2~89 5.88 1.32 ~.89 5.34 
ns 

IltpLH y 0 10 30 a 10 30 
ps/pF A 

AtpHL 10 30 60 10 30 50 

CMOS loads, RL == 00 

PARAM~ FROM TO TEST - 55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
CL = 15 pF 

0.72 1.52 3.03 0.76 1.52 2.77 
A Y 

3.24 
ns 

tpHL 0.66 1.54 0.7 1.54 2.95 

tpLH 
CL = 50 pF 

1 2.28 4.66 1.06 2.28 4.27 
A Y ns 

tpHL 0.98 2.28 4.75 1.04 2.28 4.31 

AtPLH Y 
10 20 50 10 20 40 

ps/pF A 
IltPHL 10 20 40 10 20 40 

t Typical values are at VCC = 5 V, TA = 25°C. 

'RooueTIO. OATA ........ II ... I.I. ·I;"atiioll.. .., 
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TSC500 
SERIES 

OPIA1 LJ 
16-mA N-CHANNEL OPEN-DRAIN CMOSmL 

OUTPUT BUFFER 
APRIL 1988 

OUTPUT BUFFER CELL 

FUNCTION TABLE logic symbolt 

A~Y 
INPUT OUTPUT 

A Y 

L L 
H H t This symbol is in accordance with ANSI/IEEE 

Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A 

description 
The OPIA 1 LJ cell is a noninverting output buffer that interfaces internal cells with TTL or 
CMOS external loads. When the output buffer is called from the engineering workstation 
input, the following label format is developed and will be captured in the design netlist: 

Label: OPIA1W A,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristiCs over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted) 

TEST - 55°C to 125°C O°C to 70°C 
PARAMETER 

TYP:!: TYP:!: 
UNIT 

CONDITIONS MIN MAX MIN MAX 

VT Input threshold voltage 2.2 2.2 V 

VOL Low-level output voltage 
IOL=16mA 0.5 

V 
10L = 13.6 mA 0.5 

10Z Off-state output current Vo = VCC orO ±10 ±5 lolA 

ICC Supply current VI = VIH or VIL 2.21 0.38 mA 

Ci Input capacitance 0.19 0.19 pF 

Cpd 
Equivalent power tr = tf = 1 ns 2.13 2.13 pF dissipation capacitance 

:!: Typical values are at VCC = 5 V, TA = 25°C. 

PRDDUCTIDI DaTa documlnts.onlli. informltion 
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OPIA1LJ 
16-mA N-CHANNEL OPEN-DRAIN CMOSmL 
OUTPUT BUFFER 
03030, APRIL 1988 

TSC500 
SERIES 

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

TTL loads, RL = 1 kn to Vee 
PARAM· FROM TO TEST -55°C to 125°C O°C to'70°C 

MIN TYpt MIN TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX MAX 

tpZL 
A Y 

CL = 15 pF 0.63 1.59 3.33 0.68 1.59 3.04 

CL = 50 pF 
ns 

tpZL 1.15 2.72 5.57 1.23 2.72 5.05 

tpLZ A Y 7.74 7.74 ns 

LltpZL A Y 10 30 60 20 30 60 ps/pF 

eMOS loads, RL = 1 kn to Vee 
PARAM· FROM TO TEST - 55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpZL 
A Y 

CL = 15 pF 0.53 1.29 2.73 0.56 1.29 2.49 

CL = 50 pF 
ns 

tpZL 0.9 2.11 4.4 0.95 2.11 4 

LltpZL A Y 10 20 50 10 20 40 ps/pF 

t Typical values are at VCC = 5 V. TA = 25°C. 

13-6 
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TSC500 
SERIES 

OPIA3LJ 
16-mA 3-STATE CMOSmL OUTPUT BUFFER 

WITH ACTIVE-LOW ENABLE 
APRIL 1988 

OUTPUT BUFFER CELL 

FUNCTION TABLE logic symbolt 
INPUT 

GZ A 

L H 

L L 

H X 

OUTPUT 

Y 

H 

L 

Z 

A~Y 
GZ~ 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A (if GZ is L) 

description 
The OPIA3LJ is a noninverting 3-state output buffer that interfaces internal cells with TTL or 
CMOS external loads. When the output buffer is called from the engineering workstation 
input, the following label format is developed and will be captured in the design netlist: 

Label: OPIA3LJ A,GZ,Y; 

A pull-up or pull-down terminator can be connected to the Y node. 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

TEST - 55°C to 125°C O°C to 70°C 
PARAMETER 

TYp:j: TYp:j: 
UNIT 

CONDITIONS MIN MAX MIN MAX 

VT Input threshold voltage 2.2 2.2 V 

10H = -16 mA 3.7 
V VOH High-level output voltage 

10H = -13.6 mA 3.7 

Low-level output voltage 
10L = 16 mA 0.5 

V VOL 
10L = 13.6 mA 0.5 

10Z Off-state output current Va = Vee or 0 ±10 ±5 IJ,A 

ICC Supply current VI = VIH or VIL 1.04 0.27 mA 

Ci Input capacitance i ~z 0.18 0.18 
pF 

0.15 0.15 

Cpd 
Equivalent power 

tr = tf = 1 ns 22.5 22.5 pF dissipation capacitance 

:j: Typical values are at VCC = 5 V, TA = 25°C. 
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OPIA3LJ 
16-mA 3-STATE CMOSmL OUTPUT BUFFER 
WITH ACTIVE-LOW ENABLE 
03030, APRIL 1988 

TSC500 
SERIES 

TTL SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PARAM- FROM TO TEST - 55°C to 125°C DOC to 7DoC 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
A Y RL = 00 

0.78 2.22 5.06 0.82 2.22 4.62 
ns 

tpHL 1 2.63 5.73 1.06 2.63 5.2 

tPZH 
GZ y RL = 1 k!l to GND 0.77 2.47 5.75 0.82 2.47 5.26 

ns 
tpZL RL = 1 k!l to Vee 0.94 2.49 5.39 1 2.49 4.91 

CL = 50 pF 
PARAM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
A Y RL = 00 

0.93 2.67 6.11 0.98 2.67 5.58 
ns 

tpHL 1.47 3.68 7.79 1.58 3.68 7.07 

tpZH 
GZ y RL = 1 k!l to GND 0.94 2.93 6.82 1 2.93 6.23 

RL = 1 k!lto Vee 1.44 3.6 7.59 1.55 3.6 6.89 
ns 

tpZL 

tpHZ 
GZ y RL = 1 k!l to GND 9.36 9.36 

RL = 1 k!l to Vee 
ns 

tpLZ 9.24 9.24 

change In propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 
PARAM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

UNIT 
ETER (INPUT) (OUTPUT) CONDITIONS MIN TYpt MAX MIN TYpt MAX 

LltpLH 
A y RL = 00 

0 10 30 0 10 30 
ps/pF 

LltpHL 10 30 60 10 30 50 

LltpZH 
GZ y RL = 1 k!l to GND 0 10 30 10 10 30 

ps/pF 
LltpZL RL = 1 k!l to Vee 10 30 60 20 30 60 

t Typical values are at Vee = 5 V, TA = 25°e. 
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TSC500 
SERIES 

OPIA3LJ 
16-mA 3-STATE CMOS/TTL OUTPUT BUFFER 

WITH ACTIVE-LOW ENABLE 
D3030, APRIL 1988 

CMOS SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PARAM- FROM TO TEST - 55·C to 125·C O·C to 70·C 

MIN TYpt MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX 

tpLH 
Y 

0.9 2.56 5.74 0.95 2.56 5.25 
A RL = <Xl ns 

tPHL 0.88 2.31 5.1 0.93 2.31 4.63 

tpZH RL = 1 kfi to GND 1.01 2.83 6.35 1.07 2.83 5.8 
GZ y ns 

tpZL RL = 1 kfito VCC 0.81 2.14 4.71 0.87 2.14 4.29 

CL = 50 pF 
PARAM- FROM TO TEST - 55·C to 125·C O·C to 70·C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 1.19 3.34 7.4 1.27 3.34 6.77 
A Y RL = <Xl ns 

tpHL 1.2 3.04 6.61 1.28 3.04 6 

tpZH 
GZ 

RL = 1 kfi to GND 1.31 3.62 8.05 1.39 3.62 7.35 
Y ns 

tpZL RL = 1 kfitoVCC 1.17 2.94 6.35 1.25 2.94 5.76 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise· noted) 
PAR AM- FROM TO TEST - 55·C to 125·C O·C to 70·C 

MIN TYpt MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX 

~tpLH 10 20 50 10 20 40 
ps/pF A Y RL = <Xl 

~tpHL 10 20 40 10 20 40 

~tpZH 
GZ y RL = 1 kfi to GND 10 20 50 10 20 40 

ps/pF 
~tpZL RL = 1 kfitoVcc 10 20 40 10 20 40 

t Typical values are at Vee = 5 V, TA = 25·e. 
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· TSC500 
SERIES 

OPIBOLJ 
24-mA TOTEM-POLE CMosmL OUTPUT BUFFER 

FUNCTION TABLE 

INPUT OUTPUT 

A Y 

L L 
H H 

APRIL 1988 

OUTPUT BUFFER CELL 

logic symbolt 

A~Y 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A 

description 
The OPIBOLJ cell is a noninverting output buffer that interfaces internal cells with TTL or 
CMOS external loads. When the output buffer is called from the engineering workstation 
input, the following label format is developed and will be captured in the design netlist. 

Label: OPIBOLJ A,Y; 

A pull-up or pull-down terminator can be connected to the Y node. 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

TEST - 55~C to 125·C O·C to 70·C 
UNIT PARAMETER 

TYP; TYP; CONDITIONS MIN MAX MIN MAX 

VT Input threshold voltage 2.2 2.2 V 

IOH = -16mA 3.7 
V VOH High-level output voltage 

IOH = -13.6 mA 3.7 

IOL = 24 mA 0.5 
V VOL Low-level output voltage 

IOL = 20.4 mA 0.5 

ICC Supply current VI = VIH or VIL 4.21 0.57 mA 

Ci Input capacitance 0.63 0.63 pF 

Cpd 
Equivalent power . 
dissipation capacitance tr = tf = 1 ns 26 26 pF 

; Typical values are at VCC = 5 V, TA = 25·C. 
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TSC500 
SERIES 

OPIBOLJ 
24-mA TOTEM-POLE CMOSmL OUTPUT BUFFER 

03030. APRIL 1988 

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

TIL loads, RL = 00 

PARAM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUn (OUTPUT) CONDITIONS 

tPLH A Y CL = 15 pF 
0.66 1.27 2.53 0.68 1.27 2.3 

ns 
tpHL 0.65 1.58 3.27 0.69 1.58 2.99 

tpLH 
A Y CL = 50 pF 

0.78 1.67 3.48 0.81 1.67 3.17 
ns 

tpHL 0.99 2.36 4.84 1.06 2.36 4.4 

LltpLH 0 10 30 0 10 20 
ps/pF A Y 

LltpHL 10 20 40 10 20 40 

CMOS loads, RL = 00 

PARAM· FROM TO TEST - 55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
A Y CL = 15 pF 

0.75 1.56 3.11 0.78 1.56 2.84 
ns 

tpHL 0.56 1.33 2.8 0.59 1.33 2.55 

tpLH 
A Y CL = 50 pF 

1.02 2.31 4.7 1.08 2.31 4.3 
ns 

tpHL 0.81 1.9 3.97 0.86 1.9 3.62 

.MpLH 
A Y 

10 20 50 10 20 40 
ps/pF 

LltpHL 10 20 30 10 20 30 

t Typical values are at VCC = 5 V. TA = 25°C. 
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TSC500 
SERIES 

OPIB1LJ 
24-mA N-CHANNEL OPEN-DRAIN CMOSmL 

OUTPUT BUFFER 
APRIL 1988 

OUTPUT BUFFER CELL 

FUNCTION TABLE 10gic symbolt 

A~Y INPUT OUTPUT 

A Y 

L L 
H H t This symbol is in accordance with ANSI/IEEE 

Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A 

description 
The OPIB1 LJ cell is a noninverting output buffer that interfaces internal cells with TIL or 
CMOS external loads. When the output buffer is called from the engineering workstation 
input, the following label format is developed and will be captured in the design netlisi: 

Label: OPIB1LJ A,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical ocharacterlstics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted) 

TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

TYP; TYP; 
UNIT 

CONDITIONS MIN MAX MIN MAX 

VT Input threshold voltage 2.2 2.2 V 

VOL LOW-level output voltage 
10L = 24 rnA 0.5 

V 
10L = 20.4 rnA 0.5 

10Z Off-state output current Vo = Vee orO ±10 ±5 !lA 
ICC Supply current VI = VIH or VIL 3.31 0.57 rnA 

ei Input capacitance 0.27 0.27 pF 

Cpd 
Equivalent power 

tr = tf = 1 ns 3.44 3.44 pF dissipation capacitance 

; Typical values are at Vee = 5 V, TA = 25°C. 

PRODUCTIDI DATA docum •• ts ... tein in'or .. etion ." 
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TSC500 
SERIES 

OPIB1LJ 
24-mA N-CHANNEL OPEN-DRAIN CMOS/TTL 

OUTPUT BUFFER 
03030, APRIL 1988 

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

TTL loads, RL = 1 kO to Vee 
PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpZL CL = 15 pF 0.53 1.32 2.77 0.56 1.32 2.53 
A Y 

CL = 50 pF 
ns 

tpZL 0.89 2.17 4.45 0.96 2.17 4.05 

tpLZ A Y 6.79 6.69 ns 

AtpZL A Y 10 20 50 10 20 40 ps/pF 

eMOS loads, RL = 1 kO to Vee 
PARAM· FROM TO TEST - 55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpZL 
A Y 

CL = 15 pF 0.44 1.08 2.28 0.47 1.08 2.09 

CL = 50 pF 
ns 

tpZL 0.72 1.71 3.58 0.77 1.71 3.26 

AtpZL A Y 10 20 40 10 20 30 ps/pF 

t Typical values are at VCC = 5 V, TA = 25°C. 
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TSC500 
SERIES 

OPIB3LJ 
24-mA 3-STATE CMOSmL OUTPUT BUFFER 

WITH ACTIVE-LOW ENABLE 
APRIL 1988 

OUTPUT BUFFER CELL 

FUNCTION TABLE logic symbolt 
INPUTS 

GZ A 

l H 

l l 

H X 

OUTPUT 

V 

H 

l 

Z 

A~V 
GZ~ 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A (if GZ is L) 

description 
The OPIB3LJ is a noninverting 3-state output buffer that interfaces internal cells with TIL or 
CMOS external loads. When the output buffer is called from the engineering workstation 
input, the following label format is developed and will be captured in the design netlist: 

Label: OPIB3W A,GZ,Y; 

A pull-up or pull-down terminator can be connected to the Y node. 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

TEST - 55°C to 125°C O°C to 70°C 
PARAMETER 

TVPt TVPt 
UNIT 

CONDITIONS MIN MAX MIN MAX 

VT Input threshold voltage 2.2 2.2 V 

VOH High-level output voltage 
IOH = -16mA 3.7 

V 
IOH = -13.6 mA 3.7 

VOL low-level output voltage 
IOl = 24 mA 0.5 

V 
10l = 20.4 mA 0.5 

loz Off-state output current Vo = VccorO ±10 ±5 IlA 

ICC Supply current VI = VIH or Vil 1.04 0.27 mA 

Ci 
. IA 0.18 0.18 

pF Input capacitance I GZ 
0.15 0.15 

Cpd 
Equivalent power 
dissipation capacitance tr = tf = 1 ns 24.7 24.7 pF 

:j: Typical values are at VCC = 5 V. TA = 25°C. 

PRODUCTIOI DATA d.c.m •• t. co.tli. inform.tio. 
current I' Df publicltian dl'l. Productl conform to 
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TSC500 
SERIES 

OPIB3LJ 
24-mA 3-STATE CMOS/TTL OUTPUT BUFFER 

WITH ACTIVE-LOW ENABLE 
D3030, APRIL 1988 

TTL SWITCHING CHARACTERISTICS 

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

CL = 15 pF 

PARAM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

ETER (INPUT) (OUTPUT) CONDITIONS TYpt MAX MIN TYpt MAX 
UNIT 

MIN 

tpLH 
Y 

0.83 2.31 5.22 0.88 2.31 4.76 
A RL = 00 ns 

tpHL 0.87 2.42 5.35 0.94 2.42 4.86 

tpZH 
GZ 

RL = 1 kn to GND 0.78 2.49 5.8 0.83 2.49 5.31 
Y ns 

tpZL RL = 1 kn to Vce 0.83 2.3 5.03 0.89 2.3 4.59 

CL = 50 pF 
PARAM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

TYpt MAX TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN MIN MAX 

tpLH 0.97 2.73 6.22 1.03 2.73 5.67 
A Y RL = 00 ns 

tpHL 1.23 3.21 6.93 1.32 3.21 6.3 

tpZH 
GZ 

RL = 1 kn to GND 0.95 2.96 6.87 1.01 2.96 6.28 
Y ns 

tpZL RL = 1 kn to Vee 1.21 3.15 6.72 1.3 3.15 6.11 

tpHZ 
GZ Y 

RL = 1 kn to GND 9.37 9.37 
ns 

tpLZ RL = 1 kn to Vee 8.29 8.29 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 
PARAM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

LltpLH 
A Y RL = 00 

0 10 30 0 10 30 
ps/pF 

LltpHL 10 20 50 10 20 40 

LltpZH RL = 1 kn to GND 0 10 30 10 10 30 
ps/pF GZ Y 

LltpZL RL = 1 kn to Vee 10 20 50 10 20 40 

t Typical values are at Vee = 5 V, TA = 25°e. 

PRODUCTION DATA d ............ t.i. i.I., ... ti •• 
currlnt I. of publicltian d"I. Products conform to 
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OPIB3LJ 
24-mA 3-STATE CMOSmL OUTPUT BUFFER 
WITH ACTIVE-LOW ENABLE 
03030, APRIL 1988 

TSC500 
SERIES 

CMOS SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PARAM· FROM TO TEST - 55°C to 125°C O°C to 70°C 

MIN TVPt MAX MIN TVPt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
A Y RL = 00 

0.95 2.65 5.88 1.01 2.65 6.37 
ns 

tPHL 0.8 2.16 4.83 0.85 2.16 4.39 

tpZH 
GZ 

RL = 1 kO to GND 1.02 2.85 6.4 1.08 2.85 6.85 
Y ns 

tpZL RL = 1 kO to Vee 0.74 2.02 4.48 0.79 2.02 4.08 

CL = 50 pF 
PARAM· FROM TO TEST - 55°C to 125°C O°C to 70°C 

MIN TVPt MIN TVPt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX MAX 

tpLH 1.23 3.4 7.6 1.3 3.4 6.86 
A Y RL = 00 

2.73 6.03 1.11 2.73 
ns 

tpHL 1.04 5.47 

tpZH RL = 1 kOto GND 1.32 3.64 8.1 1.4 3.64 7.4 
GZ Y 

RL = 1 kOtoVcC 
ns 

tpZL 1.01 2.65 5.77 1.08 2.65 5.25 

change in propagation delay .tlme with load capacitance over recommended ranges of 
supply voltage and operating free·air temperature (unless otherwise noted) 
PARAM· FROM TO TeST - 55°C to 125°C O°C to 70°C 

MIN TVPt MIN TVPt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX 

dtpLH 10 20 60 10 20 40 
ps/pF A Y RL = 00 

10 20 30 10 20 30 dtpHL 

dtpZH RL = 1 kOto GND 10 20 60 10 20 40 
ps/pF GZ Y 

RL = 1 kOtoVee 10 20 40 10 20 30 dtpZL 

t Typical values are at Vee = 6 V, T A = 25°C. 

PROOUCTIO. DATA doc ............ i. in_.i •• 
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TSC500 
SERIES 

OPIEOLJ 
48-mA TOTEM-POLE CMOSmL OUTPUT BUFFER 

APRIL 1988 

OUTPUT BUFFER CELL 

FUNCTION TABLE logic symbolt 
INPUT 

A 
OUTPUT 

y 

L L 
H H 

A~V 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A 

description 
The OPIEOLJ cell is a noninverting output buffer that interfaces internal cells with TIL or 
CMOS external loads. When the output buffer is called from the engineering workstation 
input, the following label format is developed and will be captured in the design netlist. 

Label: OPIEOW A,Y; 

A pull-up or pull-down terminator can be connected to the Y node. 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

PARAMETER 
TEST - 55°C to 125°C O°C to 70°C 

TYpt: TYpt: 
UNIT 

CONDITIONS MIN MAX MIN MAX 

VT Input threshold voltage 2.2 2.2 V 

High-level output voltage 
IOH = -16mA 3.7 

V VOH 
IOH = -13.6 rnA 3.7 

VOL Low-level output voltage 
IOL = 48 rnA 0.5 

V 
IOL = 40.8 rnA 0.5 

ICC Supply current VI = VIH or VIL 6.6 1.15 rnA 

Ci Input capacitance 0.92 0.92 pF 

Cpd 
Equivalent power 

tr = tf = 1 ns 36.5 36.5 pF dissipation capacitance 

:j: Typical values are at VCC = 5 V, TA = 25°C. 

PROOUCTIOI DATA doc.mlnlS •• n'oin int.rmoti •• 
currellt I. of pMlllieltian dltl. Products conform 10 
specific.ti ••• per Uli 'Irms of '1.1. hi.trumentl 
Itlnd~rd .Irrlnt,. P,oduction processing dee. not 
n~nl~ril, include tnting of ,II pl,amete,s. 

TEXAS ." 
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OPIEOLJ 
48-mA TOTEM-POLE CMOS/TTL OUTPUT BUFFER 

03030, APRIL 1988 

TSC500 
SERIES 

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

TIL loads, RL = 00 

PARAM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

TYpt TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN MAX MIN MAX --------- -'------'-~-"------"-- ~~ .. ~~, ----.. --.,'.--,~-.---.~ ~--- -""-"""-- -.~---,,~~-,-.--~.-"-.--,,-",-,~ ~-------~ 

tpLH 0.7 1.36 2.74 0.73 1.36 2.48 .. 
A Y CL = 15 pF ns 

tpHL 0.46 1.19 2.48 0.49 1.19 2.28 

tpLH 0.82 1.75 3.65 0.85 1.75 3.32 
A Y CL = 50 pF ns 

tpHL 0.67 1.64 3.4 0.71 1.64 3.11 

LltpLH 0 10 30 0 10 20 
ps/pF A Y 

20 LltPHL 10 10 30 10 10 

CMOS loads, RL = 00 

PARAM· FROM TO TEST - 55°C to 125°C O°C to 70°C 

ETER (INPUT) (OUTPUT) CONDITIONS MIN TYpt MAX MIN TYpt 
UNIT 

MAX 

tpLH 
CL=15pF 

0.79 1.68 3.36 0.83 1.68 3.07 
A Y 

1.94 
ns 

tpHL 0.43 1 2.11 0.45 1 

tpLH 1.07 2.41 4.92 1.12 2.41 4.5 
A Y CL = 50 pF ns 

tPHL 0.57 1.35 2.83 0.61 1.35 2.59 

LltpLH 10 20 40 10 20 40 
ps/pF A Y 

0 10 20 0 10 20 LltpHL 

t Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTION DATA dDtUmlntl cantlin inform.tion ." 
current II of publicltion dl',. PrlHl,uctl conform to T. 
specificatioRI per the terms of T IXII Instrumentl I EXAS 
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TSC500 
SERIES 

OPIE1LJ 
48-mA N-CHANNEL OPEN-DRAIN CMOSmL 

OUTPUT BUFFER 

FUNCTION TABLE 

INPUT OUTPUT 

A y 

L L 

H H 

03030 APRIL 1988 

OUTPUT BUFFER CELL 

logic symbolt 

A~Y 
t This symbol is in accordance with ANSI/IEEE 

Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A 

description 
The OPIE1 LJ cell is a noninverting output buffer that interfaces internal cells with TTL or 
CMOS external loads. When the output buffer is called from the engineering workstation 
input, the following label format is developed and will be captured in the design netJist: 

Label: OPIE1 LJ A,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

TEST - 55°C to 125°C O°C to 70°C 
PARAMETER 

TYp:I: TYp:I: 
UNIT 

CONDITIONS MIN MAX MIN MAX 

VT Input threshold voltage 2.2 2.2 V 

VOL LOW-level output voltage 
10L = 48 mA 0.5 

V 
10L = 40.8 mA 0.5 

10Z Off-state output current Vo = VCC or 0 ±10 ±5 IJA 

ICC Supply current VI = VIH or VIL 6.6 1.14 mA 

Ci Input capacitance 0.55 0.55 pF 

Cpd 
Equivalent power 
disSipation capacitance tr = tf = 1 ns 7.12 7.12 pF 

:I: Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTIO. DATA documl.tl .I.tlio informltion 
currlnl .. of publicatiDn dill. Prod .. etl ca.'o,m 10 
specific.ti ••• ptr the terms If TIXII laltruml.11 TEXAS ." 
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OPIE1 LJ 
48~ItlA N-CHANNEL OPEN-DRAIN CMOS/TTL 
OUTPUT BUFFER 
03030, APRIL 1'988 

TSC500 
SERIES 

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

TTL loads, RL = 1 kO to Vee 
PARAM· FROM TO TeST - 55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpZL 
A Y 

CL=15pF 0.35 0.99 2.07 0.38 0.99 1.91 

CL = 50 pF 
ns 

tpZL 0.59 1.49 3.09 0.63 1.49 2.82 

tpLZ A Y 7.2 7.2 ns 

.1.tpZL A Y 10 10 30 10 10 30 ps/pF 

eMOS 10ads,RL = 1 kO to Vee 
PARAM· FROM TO TeST - 55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpZL CL = 15 pF 0.32 0.82 1.74 0.34 0.82 1.6 
A Y ns 

tpZL CL = 50 pF 0.5 1.21 2.54 0.53 1.21 2.33 

.1.tPZL A Y 10 10 20 10 10 20 ps/pF 

t Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTIO. DATA d ....... I1 ••.• "'i. i.' .... ,i •• 
•• ,renl .1 ., p .... i •• ,io. dol •. P,od.cts ... , ... I. 
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TSC500 
SERIES 

OPIE3LJ 
48-mA 3-STATE CMOSmL OUTPUT BUFFER 

WITH ACTIVE-LOW ENABLE 
APRIL 1988 

OUTPUT BUFFER CELL 

FUNCTION TABLE logic symbolt 
INPUTS 

GZ A 

L H 

L L 

H X 

OUTPUT 
y 

H 

L 

Z 

A~Y 
GZ~ 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A (if GZ is L) 

description 
The OPIE3LJ is a noninverting 3-state output buffer that interfaces internal cells with TTL or 
CMOS external loads. When the output buffer is called from the engineering workstation 
input, the following label format is developed and will be captured in the design netlist: 

Label: OPIE3LJ A,GZ,Y; 

A pull-up or pull-down terminator can be connected to the Y node. 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

TEST - 55'C to 125'C O'C to 70'C 
PARAMETER 

TYp:j: TYp:j: 
UNIT 

CONDITIONS MIN MAX MIN MAX 

VT Input threshold voltage 2.2 2.2 V 

VOH High-level output voltage 
10H = -16mA 3.7 

V 
10H = -13.6 mA 3.7 

VOL Low-level output voltage 
10L = 48 mA 0.5 

V 
10L = 40.6mA 0.5 

10Z Off-state output current Vo = VCC or 0 ±10 ±5 I1A 

ICC Supply current VI = VIH or VIL 1.04 0.27 mA 

Ci 
. IA 0.18 0.18 

pF Input capacitance I GZ 
0.15 0.15 

Cpd 
Equivalent power 
diSSipation capacitance tr = tf = 1 ns 36.7 36.7 pF 

:j: Typical values are at Vce = 5 V, TA = 25°e. 

PRODUCTIOI DATA d ....... t •••• lIin i.f.rmati •• 
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OPIE3LJ 
48-mA3-STATE CMOSmL OUTPUT BUFFER 
WITH ACTIVE .. LOW ENABLE 
D3030, APRIL 1988 

TSC500 
SERIES 

TTL SWITCHING CHARACTERISTICS 

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

Cl = 15 pF 
PARAM· FROM TO TEST - 55°C to 125°C ooe to 70°C 

CONDITIONS MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) 

tpLH 
A Y RL = 00 

0.96 2.71 6.14 1.02 2.71 5.57 

2.19 
ns 

tpHL 0.79 2.19 4.97 0.84 4.53 

tpZH 
GZ Y 

RL = 1 kO to GND 0.81 2.55 5.92 0.86 2.55 5.42 
ns 

tPZL RL = 1 kO to Vee 0.77 2.11 4.72 0.8 2.11 4.31 

Cl = 50 pF 
PARAM· FROM TO TEST - 55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH Y RL = 00 
1.08 3.04 6.89 1.14 3.04 6.26 

A ns 
tpHL 0.97 2.66 5.93 1.03 2.66 5.4 

tpZH 
GZ y RL = 1 kO to GND 0.97 3.01 6.98 1.03 3.01 6.38 

RL = 1 kO to Vee 0.96 
ns 

tpZL 2.6 5.72 1.02 2.6 5.22 

tpHZ 
GZ y RL = 1 kO to GND 9.48 9.48 

RL = 1 kO to Vee 
ns 

tpLZ 9.34 9.34 

change In propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 
PARAM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

AIPLH A Y RL = 00 
0 10 20 0 10 20 

ps/pF 
AtpHL 10 10 30 10 10 20 

AtpZH 
GZ y RL = 1 kO to GND 0 10 30 0 10 30 

ps/pF 
AlpZL RL = 1 kO to Vee 10 10 30 10 10 30 

t Typical values are at Vee = 5 V, T A = 25°e. 

PRODUCTION DATA doc.mantl contain informltion 
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TSC500 
SERIES 

OPIE3LJ 
4B-mA 3-STATE CMOS/TTL OUTPUT BUFFER 

WITH ACTIVE-LOW ENABLE 
D3030. APRIL 1988 

CMOS SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PARAM· FROM TO TEST - 55°C to 125°C O°C to 70°C 

TYpt MAX MIN TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN MAX 

tpLH 1.08 3.03 6.75 1.15 3.03 6.14 
A y RL = 00 ns 

tpHL 0.73 2 4.6 0.77 2 4.19 

tpZH 
GZ 

RL = 1 k!1 to GND 1.04 2.91 6.54 1.1 2.91 5.98 y ns 
tpZL RL = 1 k!1 to Vce 0.7 1.92 4.35 0.74 1.92 3.97 

CL = 50 pF 
PARAM· FROM TO TEST - 55°C to 125°C O°C to 70°C 

MIN TYpt MAX TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN 

tpLH 1.34 3.7 8.16 1.42 3.7 7.44 
A y RL = 00 ns 

tpHL 0.87 2.37 5.35 0.93 2.37 4.87 

tpZH RL = 1 k!1to GND 1.34 3.7 8.23 1.43 3.7 7.52 
GZ y 

RL = 1 k!1 to Vce 
ns 

tpZL 0.86 2.3 5.13 0.91 2.3 4.68 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free·air temperature (unless otherwise noted) 
PARAM· FROM TO TEST - 55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX 

L\tpLH 10 20 40 10 20 40 
ps/pF A Y RL = 00 

L\tpHL 0 10 20 0 10 20 

L\tpZH 
GZ 

RL = 1 k!1 to GND 10 20 50 10 20 40 
ps/pF y 

L\tpZL RL = 1 k!1toVee 0 10 20 0 10 20 

t Typical values are at Vee = 5 V, TA = 25°e. 

PRODUCTION DATA dOC ... lnll ... lli. iniormOli •• 
current I. af publicltiDn dl'l. Praductl clnform to 
lpecific.ti ••• per the terms If Tlxu Instrum.ntl TEXAS ." 

Copyright @) 1988, Texas Instruments Incorporated 

::~:~~i~'f:l-::le ~:~:~ti:r :'I-:''::::'~ not INSTRUMENTS 
POST OFFICE BOX 855012 • DALLAS. TEXAS 75285 13-23 



. TSC500 
SERIES 

OPIGOLJ 
64-rnA TOTEM-POLE CMosmL OUTPUT BUFFER 

FUNCTION TABLE 

INPUT OUTPUT 

A Y 

L L 

H H 

OUTPUT BUFFER CELL 

logic symbolt 

A~Y 

APRIL 1988 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A 

description 
The OPIGOW cell is a noninverting output buffer that interfaces internal cells with TTL or 
CMOS external loads. When the output buffer is called from the engineering workstation 
input, the following label format is developed and will be captured in the design netlist. 

Label: OPIGOWA,Y; 

A pull-up or pull-down terminator can be connected to the Y node. 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

TEST - 55·C to 125·C O·C to 70·C 
PARAMETER 

TYp:j: TYp:j: 
UNIT 

CONDITIONS MIN MAX MIN MAX 

VT Input threshold voltage 2.2 2.2 V 

VOH High-level output voltage 
IOH = -16mA 3.7 

V 
IOH = -13.6 mA 3.7 

VOL 
IOL = 64mA 0.5 

V Low-level output voltage 
IOL = 54.4 mA 0.5 

ICC Supply current VI = VIH or VIL 8.83 1.53 mA 

Ci Input capacitance 1.1 1.1 pF 

Cpd 
Equivalent power 
dissipation capacitance tr = tf = 1 ns 40.3 40.3 pF 

:j: Typical values are at VCC = 5 V, TA = 25·C. 

'RooueTIO. DATA docom'.".lIt.in inform.ti •• 
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TSC500 
SERIES 

OPIGOLJ 
54-rnA TOTEM-POLE CMOSmL OUTPUT BUFFER 

D3030, APRIL 1988 

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

TTL loads, RL = 00 

PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX 

tpLH 
A Y CL = 15 pF 

0.71 1.39 2.79 0.74 1.39 2.53 
ns 

tpHL 0.4 1.04 2.17 0.43 1.04 1.99 

tpLH 0.83 1.77 3.7 0.86 1.77 3.37 
A Y CL = 50 pF ns 

tpHL 0.55 1.41 2.92 0.59 1.41 2.67 

iltpLH 0 10 30 0 10 20 
ps/pF A Y 

iltpHL 0 10 20 0 10 20 

CMOS loads, RL = 00 

PARAM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX 

tpLH 
Y CL = 15 pF 

0.8 1.71 3.43 0.84 1.71 3.13 
A ns 

tpHL 0.36 0.88 1.86 0.38 0.88 1.71 

tpLH 
CL = 50 pF 

1.08 2.44 4.99 1.14 2.44 4.56 
A Y ns 

tpHL 0.49 1.16 2.44 0.52 1.16 2.23 

iltpLH 
A Y 

10 20 40 10 20 40 
ps/pF 

iltPHL 0 10 20 0 10 20 

t Typical values are at V CC = 5 V, T A = 25°C. 

PROOUCTIOI DATA. d •• , .. o.1I ••• I.io i.' ..... li •• 
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TSC500 
SERIES 

FUNCTION TABLE 

INPUT OUTPUT 

A Y 

L L 

H H 

OPIG1LJ 
64-rnA N-CHANNEL OPEN-DRAIN CMOSmL 

OUTPUT BUFFER 
03030, APRIL 1988 

OUTPUT BUFFER CELL 

logic symbolt 

A~Y 
t This symbol is in accordance with ANSI/IEEE 

Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A 

description 
The OPIG1 W cell is a noninverting output buffer that interfaces internal cells with TTL or 
CMOS external loads. When the output buffer is called from the engineering workstation 
input, the following label format is developed and will be captured in the design netlist: 

Label: OPIG1 W A,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

PARAMETER 
TEST - 55°C to 125°C O°C to 70°C 

UNIT 
CONDITIONS MIN TYP:!: 

VT Input threshold voltage 2.2 

VOL Low-level output voltage 
10L = 64 mA 

10L = 54.4 mA 

10Z Off-state output current Va = VccorO 

ICC Supply current VI = VIH or VIL 

Ci Input capacitance 0.71 

Cpd 
Equivalent power 
dissipation capacitance tr =tf=1ns 9.41 

:j: Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTION DATA documantl ... l8in Inlor ... lion 
current .1 01 publlcati.n uta. ProduOll co.'orm 18 
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2.2 V 

0.5 
V 

0.5 

±10 ±5 lolA 
8.83 1.53 mA 

0.71 pF 

9.41 pF 
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TSC500 
SERIES 

OPIG1LJ 
64-rnA N-CHANNEL OPEN-DRAIN CMOSmL 

OUTPUT BUFFER 
D3030, APRIL 1988 

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

TTL loads, Rl = 1 kn to Vee 
PAR AM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

ETER (INPUT) (OUTPUT) CONDITIONS MIN TYpt MIN TYpt MAX 
UNIT 

MAX 

tpZL 
A Y 

CL = 15 pF 0.33 .9 1.88 0.35 0.9 1.73 
ns 

tpZL CL = 50 pF 0.5 1.3 2.7 0.53 1.3 2.48 

tpLZ A y 7.56 7.56 ns 

AtpZL A y 0 10 20 10 10 20 ps/pF 

eM os loads, Rl = 1 kn to Vee 
PARAM· FROM TO TEST - 55°C to 125°C O°C to 70°C 

MIN TYpt MIN TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX MAX 

tpZL A y CL == 15 pF 0.3 0.75 1.59 0.31 0.75 1.46 
ns 

tpZL CL == 50 pF 0.44 1.07 2.24 0.46 1.07 2.05 

AtpZL A y 0 10 20 0 10 20 ps/pF 

t Typical values are at VCC == 5 V, TA = 25°C. 
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TSC500 
SERIES 

. . OPIG3LJ 
54-ITIA 3.;STATE CMOS/TTL OUTPUT BUFFER 

WITH ACTIVE-LOW ENABLE 
D3030, APRIL 1988 

OUTPUT BUFFER CELL 

FUNCTION TABLE logic symbolt 
INPUTS 

GZ A 

L H 

L L 

H X 

OUTPUT 

Y 
H 

L 

Z 

A~Y 
GZ~ 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A (if GZ is L) 

description 
The OPIG3LJ is a noninverting 3-state Oi.Jtput buffer that interfaces internal cells with TIL or 
CMOS external loads. When the output buffer is called from the engineering workstation 
input, the fOllowing label format is developed and will be captured in the design netlist: 

Label: OPIG3LJ A,GZ,Y; 

A pull-up or pUll-down terminator can be connected to the Y node. 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

TEST - 55°C to 125°C O°C to 70°C 
UNIT PARAMETER 

TYp:j: TYp:j: CONDITIONS MIN MAX MIN MAX 

VT Input threshold voltage 2.2 2.2 V 

VOH High-level output voltage 
10H = -16 rnA 3.7 

V 
10H = -13.6 rnA 3.7 

LOW-level output voltage 
10L = 64 rnA 0.5 

V VOL 
10L = 54.4 rnA 0.5 

10Z Off-state output current Vo = VCC orO ±10 ±5 J.1A 

ICC Supply current VI = VIH or VIL 1.04 0.27 rnA 

. IA 0.18 0.18 
pF Ci Input capacitance I GZ 

0.15 0.15 

Cpd 
Equivalent power 
dissipation capacitance tr = tf = 1 ns 54.8 54.8 pF 

:j: Typical values are at Vee = 5 V, TA = 25°C. 

PRODUCTION DATA ........ II ... t.l. 1.1 ..... Ii •• 
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TSC500 
SERIES 

OPIG3LJ 
54·rnA 3·STATE CMosmL OUTPUT BUFFER 

WITH ACTIVE· LOW ENABLE 
03030, APRIL 1988 

TIL SWITCHING CHARACTERISTICS 

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

CL;:;: 15pF 

PARAM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

TYpt MAX TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN MIN 

tpLH 1.03 3.03 6.9 1.1 3.03 6.25 
A Y RL = 00 ns 

tpHL 0.78 2.17 4.97 0.82 2.17 4.53 

tpZH 
GZ y RL = 1 kfl to GND 0.82 2.58 6 0.87 2.58 5.49 

ns 
tpZL RL = 1 kfl to Vee 0.76 2.11 4.75 0.8 2.11 4.33 

CL = 50 pF 

PARAM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

TYpt MAX TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN MIN 

tpLH 
A Y RL = 00 

1.16 3.32 7.57 1.23 3.32 6.87 
ns 

tpHL 0.92 2.55 5.74 0.98 2.55 5.22 

tPZH 
GZ y RL = 1 kfl to GND 0.98 3.04 7.05 1.04 3.04 6.45 

ns 
tpZL RL = 1 kfl to Vee 0.91 2.5 5.55 0.97 2.5 5.06 

tpHZ 
GZ 

RL = 1 kfl to GND 9.56 9.56 
Y ns 

tpLZ RL = 1 kfl to Vee 9.88 9.88 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 

PARAM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

~tpLH 0 10 20 0 10 20 
ps/pF A Y RL = 00 

~tpHL 0 10 20 0 10 20 

~tpZH RL = 1 kfl to GND 0 10 30 0 10 30 
GZ y ps/pF 

IltpZL RL = 1 kfl to Vee 0 10 20 0 10 20 

t Typical values are at Vee = 5 V, TA = 25°e. 

PRODUCTION DATA documents contlin information 
current I' of publh:ltion dlte. Products conform to 
specifications per the terms of T.u. Instruments TEXAS ." 
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OPIG3LJ 
54-rnA 3-STATECMOS/TTL OUTPUT BUFFER 
WITH ACTIVE-LOW ENABLE 
03030, APRIL 1988 

TSC500 
SERIES 

CMOS SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PARAM· FROM TO TEST -55°C to 125°C QOC to 7QoC 

MIN TYpt MIN TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX MAX 

tpLH 
A Y RL = 00 

1.16 3.34 7.51 1.23 3.34 6.82 
ns 

tpHL 0.72 2.01 4.64 0.76 2.01 4.22 

tpZH 
GZ 

RL = 1 kG to GND 1.05 2.95 6.63 1.12 2.95 6.06 
Y ns 

tpZL RL = 1 kG to Vce 0.69 1.94 4.43 0.74 1.94 4.03 

CL = 50 pF 
PARAM· FROM TO TEST - 55°C to 125°C QOC to 7QoC 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
A 

1.41 3.98 8.84 1.51 3.98 8.04 
Y RL = 00 ns 

tpHL 0.84 2.3 5.26 0.89 2.3 4.78 

tpZH 
GZ 

RL = 1 kG to GND 1.36 3.74 8.32 1.44 3.74 7.6 
Y 

RL = 1 kG to Vee 0.83 0.88 2.25 4.61 
ns 

tpZL 2.25 5.07 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 
PARAM- FROM TO TEST - 55°C to 125°C QOC to 7QoC 

MIN TYpt MAX MIN TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX 

~tpLH 
A Y RL = 00 

10 20 40 10 20 30 
ps/pF 

~tpHL 0 10 20 0 10 20 

~tpZH 
GZ 

RL = 1 kG to GND 10 20 50 10 20 40 
ps/pF y 

~tpZL RL = 1 kG to Vee 0 10 20 0 10 20 

t Typical values are at Vee = 5 V, TA = 25°e. 

PRODUCTION DaTa d.c.,".nts conllin inf.rm.ti •• 
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TSC500 
SERIES 

OPIOOLJ 
10-mA TOTEM-POLE CMOS/TTL OUTPUT BUFFER 

D3030, APRIL 1988 

OUTPUT BUFFER CELL 

FUNCTION TABLE logic symbolt 
INPUT 

A 

L 

H 

OUTPUT 
A~Y Y 

L 

H t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: V = A 

description 
The OPIOOLJ cell is a noninverting output buffer that interfaces internal cells with TIL or 
CMOS external loads. When the output buffer is called from the engineering workstation 
input, the following label format is developed and will be captured in the design netlist. 

Label: OPIOOLJ A,V; 

A pull-up or pull-down terminator can be connected to the V node. 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

TEST - 55°C to 125°C O°C to 70°C 
PARAMETER 

TYp:j: TYp:j: 
UNIT 

CONDITIONS MIN MAX MIN MAX 

VT Input threshold voltage 2.2 2.2 V 

VOH High-level output voltage 
IOH = -10 mA 3.7 

V 
IOH = -8.5 mA 3.7 

VOL Low-level output voltage 
IOL = 10 mA 0.5 

V 
IOL = 8.5 mA 0.5 

ICC Supply current VI = VIH or VIL 2.63 0.31 mA 

Ci Input capacitance 0.35 0.35 pF 

Cpd 
Equivalent power tr = tf = 1 ns 15.5 15.5 pF dissipation capacitance 

t Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTION DATA documents contlin information 
current IS of publication dlte. Products conform to 
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OPIOOLJ 
10-mA TOTEM-POLE CMOS/TTL OUTPUT BUFFER 

03030, APRIL 1988 

TSC500 
SERIES 

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

TIL loads, RL = 00 

PARAM· FROM TO TEST - 55·C to 125·C O·C to 70·C 

MIN TYpt MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX 

tpLH 
A Y CL = 15 pF 

0.69 1.41 2.9 0.72 1.41 2.65 
ns 

tpHL 0.95 2.28 4.72 1.02 2.28 4.3 

tpLH 
CL = 50 pF 

0.89 2.04 4.37 0.93 2.04 4 
A Y ns 

tpHL 1.71 3.91 7.86 1.83 3.91 7.13 

AtpLH 10 20 40 10 20 40 
ps/pF A Y 

AtpHL 20 50 90 20 50 80 

CMOS loads, RL = 00 

PARAM· FROM TO TEST - 55·C to 125·C O·C to 70·C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
CL = 15 pF 

0.83 1.84 3.73 0.88 1.84 3.42 
A Y 

1.87 3.58 
ns 

tpHL 0.8 1.87 3.94 0.84 

tpLH 
CL = 50 pF 

1.28 3.01 6.21 1.36 3.01 5.69 
A Y ns 

tpHL 1.29 2.99 6.19 1.38 2.99 5.62 

AtpLH 
A Y 

10 30 70 10 30 70 
ps/pF 

AtpHL 10 30 60 20 30 60 

t Typical values are at VCC = 5 V, TA = 25·C. 

PRODUCTIOI DATA documlnts •• ntoio i.lormltio. 
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TSC500 
SERIES 

OPI01lJ 
10-mA N-CHANNEL OPEN-DRAIN OUTPUT BUFFER 

FUNCTION TABLE 

INPUT OUTPUT 

A Y 

L L 
H H 

APRIL 1988 

OUTPUT BUFFER CELL 

logic symtlolt 

A~Y 
t This symbol is in accordance with ANSI/IEEE 

Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A 

description 
The OPI01 LJ cell is a noninverting output buffer that interfaces internal cells with TTL or 
CMOS external loads. When the output buffer is called from the engineering workstation 
input, the following label format is developed and will be captured in the design netlist: 

Label: OPI01 LJ A,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

TEST - 55°C to 125°C QOC to 7QoC 
PARAMETER 

TYP:!: TYP:!: 
UNIT 

CONDITIONS MIN MAX MIN MAX 

VT Input threshold voltage 2.2 2.2 V 

VOL Low-level output voltage 
IOL=10mA 0.5 

V 
10L = 8.5 mA 0.5 

10Z Off-state output current Va = VCC or 0 ±10 ±5 f.lA 

ICC Supply current VI = VIH or VIL 1.37 0.24 mA 

Ci Input capacitance 0.13 0.13 pF 

epd 
Equivalent power 

tr = tf = 1 ns 1.36 1.36 pF dissipation capacitance 

:I: Typical values are at Vee = 5 V, TA = 25°e. 

PROOUCTIOI DATA d ....... I •• itnl.in informllion 
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OPI01LJ 
10-rnA N-CHANNEL OPEN-DRAIN OUTPUT BUFFER 

03030, APRIL 1988 

TSC500 
SERIES 

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

TIL loads, RL = 1 kO to Vee 
PARAM· FROM TO TEST - SS·C to 12S·C O·Cto 70·C 

MIN TVPt MAX MIN TVPt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS _.-
tpZL 

A Y 
CL = 15 pF 0.85 2.07 4.34 0.9 2.07 3.95 

CL = 50 pF 1.63 3.77 7.69 1.75 3.77 6.95 
ns 

tpZL 

tpLZ A Y 8.01 8.01 ns 

~tpZL A Y 20 50 100 20 50 90 ps/pF 

eMOS loads, RL = 1 kO to Vee 
PARAM· FROM TO TEST -SS·C to 12SDC ODC to 70DC 

MIN TVPt MAX MIN TVPt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpZL 
A Y 

CL = 15 pF 0.69 1.65 3.51 0.73 1.65 3.2 

tpZL CL = 50 pF 1.22 2.84 5.92 1.3 2.84 5.36 
ns 

.:ltpZL A Y 20 30 70 20 30 60 ps/pF 

t Typical values are at VCC = 5 V, TA = 25DC. 
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TSC500 
SERIES 

OPI03LJ 
10-mA 3-STATE CMOS/TTL OUTPUT BUFFER 

WITH ACTIVE-LOW ENABLE 
APRIL 1988 

OUTPUT BUFFER CELL 

FUNCTION TABLE logic symbolt 
INPUTS 

GZ A 

l H 
l l 

H X 

OUTPUT 

V 

H 

l 

Z 

A~V 
GZ --.11 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A (if GZ is L) 

description 
The OPI03LJ is a noninverting 3-state output buffer that interfaces internal cells with TIL or 
CMOS external loads. When the output buffer is called from the engineering workstation 
input, the following label format is developed and will be captured in the design netlist: 

Label: OPI03LJ A,GZ,Y; 

A pull-up or pull-down terminator can be connected to the Y node. 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

TEST - 55·C to 125·C O·C to 70·C 
PARAMETER 

TVP:j: TVP:j: 
UNIT 

CONDITIONS MIN MAX MIN MAX 

VT Input threshold voltage 2.2 2.2 V 

VOH High-level output voltage 
IOH = -10 rnA 3.7 

V 
IOH = -8.5 rnA 3.7 

VOL low-level output voltage 
IOl = 10 rnA 0.5 

V 
IOl = 8.5 rnA 0.5 

10Z Off-state output current Vo = VCC orO ±10 ±5 ",A 

ICC Supply current VI = VIH or Vil 1.04 0.27 rnA 

Ci Input capacitance i ~z 0.18 0.18 
pF 

0.15 0.15 

Cpd 
Equivalent power tr =tf=lns 17.8 17.8 pF dissipation capacitance 

:1: Typical values are at VCC = 5 V. TA = 25·C. 
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OPI03LJ 
10-mA 3-STATE CMOSmL OUTPUT BUFFER 
WITH ACTIVE-LOW ENABLE . 
03030, APRIL 1988 

TSC500 
SERIES 

TIL SWITCHING CHARACTERISTICS 

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

CL = 15 pF 

PARAM- FROM TO TEST - 55°C to 125°C O°C to 70u C 

TYpt TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN MAX MIN 

tpLH 0.82 2.23 5.04 0.86 2.23 4.61 
A Y RL = co ns 

tPHL 1.19 3.08 6.63 1.28 3.08 6.03 

tpZH 
GZ 

RL = 1 kD to GND 0.82 2.49 5.75 0.87 2.49 5.26 
Y ns 

tpZL RL = 1 kD to Vee 1.17 3.01 6.46 1.25 3.01 5.87 

CL = 50 pF 

PARAM- FROM TO TEST - 55°C to 125°C O°Cto 70°C 

TYpt MAX TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN MIN 

tpLH 1.03 2.87 6.54 1.09 2.87 5.98 
A Y RL = 00 ns 

tpHL 1.97 4.71 9.78 2.11 4.71 8.86 

tpZH RL = 1 kD to GND 1.03 3.14 7.27 1.1 3.14 6.65 
GZ y ns 

tpZL RL = 1 kD to VCC 1.95 4.7 9.77 2.1 4.7 8.84 

tpHZ RL = 1 kD to GND 9,83 9.83 
GZ y ns 

tpLZ RL = 1 kD to Vce 8.74 8.74 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 

PARAM- FROM TO TEST - 55°C to 125°C O°C to 70°C 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN TYpt MAX MIN TYpt MAX 

AtPLH 10 20 40 10 20 40 
ps/pF A Y RL = 00 

AtpHL 20 50 90 20 50 80 

AtpZH RL = 1 kD to GND 10 20 40 10 20 40 
ps/pF GZ y 

AtpZL RL = 1 kDtoVec 20 50 90 20 50 90 

t Typical values are at Vce = 5 V, T A = 25°e. 
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TSC500 
SERIES 

OPI03LJ 
10-mA 3-STATE CMOS/TTL OUTPUT BUFFER 

WITH ACTIVE-LOW ENABLE 
D3030. APRIL 1988 

CMOS SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PARAM· FROM TO TEST - 55°C to 125°C O°C to 70°C 

ETER (INPUT) (OUTPUT) CONDITIONS MIN TYpt MAX TYpt MAX 
UNIT 

MIN 

tpLH 
A y RL = 00 

0.99 2.71 5.97 1.05 2.71 5.46 
ns 

tpHL 1.02 2.62 5.76 1.08 2.62 5.23 

tpZH 
GZ y RL = 1 kn to GND 1.1 2.98 6.62 1.17 2.98 6.05 

ns 
tpZL RL = 1 kn to VCC 0.98 2.52 5.49 1.04 2.52 5 

CL = 50 pF 
PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

ETER (INPUT) (OUTPUT) CONDITIONS MIN TYpt MAX TYpt MAX 
UNIT 

MIN 

tpLH 
A Y RL = 00 

1.44 3.89 8.46 1.54 3.89 7.74 
ns 

tpHL 1.52 3.74 8.02 1.63 3.74 7.27 

tpZH 
GZ y RL = 1 kn to GND 1.57 4.19 9.2 1.67 4.19 8.4 

ns 
tpZL RL = 1 kntoVcC 1.51 3.69 7.87 1.6 3.69 7.14 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 
PARAM· FROM TO TEST - 55°C to 125°C O°C to 70°C 

ETER MIN TYpt MAX MIN TYpt MAX 
UNIT 

(INPUT) (OUTPUT) CONDITIONS 

AtPLH 
A y RL = 00 

10 30 70 10 30 70 
ps/pF 

AtpHL 10 30 60 20 30 60 

AtpZH 
GZ y RL = 1 kn to GND 10 30 70 10 30 70 

ps/pF 
AtpZL RL = 1 kntoVee 10 30 70 20 30 60 

t Typical values are at Vee = 5 V. TA = 25°e. 

PRODUCTION DATA d ....... ts ..... in informati.n 
elrrut u of publicltiDIL dltl. Pndlctl CDn'.rm 10 
lpecification. p. the terms af 'I ••• InstruMentl TEXAS ." 

Copyright @ 1988. Tex •• Instruments Incorporated 

::~~~~';::~7i ~::i:~i:: :'~-:::£::I~ nDt INSTRUMENTS 
POST OFFICE BOX 866012 • DALLAS, TEXAS 76265 13-37 



TSC500 
SERIES 

OPI20LJ 
2-mA TOTEM-POLE CMOSmL OUTPUT BUFFER 

03030. APRIL 1988 

OUTPUT BUFFER CELL 

FUNCTION TABLE logic symbolt 

A ----{>-rffiJ y 
INPUT OUTPUT 

A V 
L 

H 

L 

H 
t This symbol is in accordance with ANSI/IEEE 

Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A 

description 
The OPI20LJ cell is a noninverting output buffer that interfaces internal cells with TTL or 
CMOS external loads. When the output buffer is called from the engineering workstation 
input. the following label format is developed and will be captured in the design netlist. 

Label: OPI20LJ A,Y; 

A pull-up or pull-down terminator can be connected to the Y node. 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

TEST - 55°C to 125°C O°C to 70~C 
PARAMETER 

TVP:j: TVP:j: 
UNIT 

CONDITIONS MIN MAX MIN MAX 

VT Input threshold voltage 2.2 2.2 V 

VOH High-level output voltage 
IOH = -2mA 3.7 

V 
IOH = -1.6 rnA 3.7 

VOL Low-level output voltage 
IOL = 2 rnA 0.5 

V 
IOL = 1.6 rnA 0.5 

ICC Supply current VI = VIH or VIL 0.53 0.06 rnA 

Ci Input capacitance 0.09 0.09 pF 

Cpd 
Equivalent power 
dissipation capacitance tr = tf = 1 ns 8.22 8.22 pF 

:j: Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTION DATA documonts contain information • 
current IS of publicatian date. Products conform ta ~ '1 
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TSC500 
SERIES 

OPI20LJ 
2-mA TOTEM-POLE CMOS/TTL OUTPUT BUFFER 

D3030, APRIL 1988 

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

TIL loads, RL = 00 

PARAM· FROM TO TEST - 55°C to 125°C O°C to 70°C 

MIN TYpi MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX 

tpLH 
A Y CL = 15 pF 

1.26 3.13 6.93 1.33 3.13 6.35 
ns 

tpHL 3.04 6.96 14.1 3.26 6.96 12.78 

tpLH 
A Y CL = 50 pF 

2.2 6.03 13.67 2.33 6.03 12.54 
ns 

tpHL 6.84 14.83 27.05 7.37 14.83 24.98 

AtpLH 
A Y 

30 80 190 30 80 180 
ps/pF 

AtpHL 110 220 370 120 220 350 

CMOS loads, RL = 00 

PARAM· FROM TO TEST - 55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
A Y CL = 15 pF 

2.03 4.94 10.3 2.16 4.94 9.44 
ns 

tpHL 0.22 5.25 11.03 2.38 5.25 10.01 

tpLH 
CL = 50 pF 

4.32 10.74 22.34 4.6 10.74 20.51 
A Y ns 

tpHL 4.64 10.43 19.27 5 10.43 17.97 

AtpLH 70 170 340 70 170 320 
ps/pF A Y 

AtpHL 70 150 240 70 150 230 

t Typical values are at VCC = 5 V, TA = 25°C. 

PROOUCTIOI DATA do.ume.".ontai. informltio. 
current II .f publicltion dlte. Products conform to 
specificatian. per til. "fIllS at T •• I. Instruments 
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TSC500 
SERIES 

OPI21LJ 
2-mA N-CHANNEL OPEN-DRAIN CMOSmL 

OUTPUT BUFFER 

FUNCTION TABLE 

INPUT OUTPUT 

A Y 
L L 

H H 

APRIL 1988 

OUTPUT BUFFER CELL 

logic symbolt 

A~Y 
t This symbol is in accordance with ANSI/IEEE 

Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A 

description 
The OPI21 LJ cell is a noninverting output buffer that interfaces internal cells with TIL or 
CMOS external loads. When the output buffer is called from the engineering workstation 
input, the following label format is developed and will be captured in the design netlist: 

Label: OPI21 LJ A,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

TEST - 55°C to 125°C O°C to 70°C 
PARAMETER 

TYP:\: TYp:f: 
UNIT 

CONDITIONS MIN MAX MIN MAX 

VT Input threshold voltage 2.2 2.2 V 

IOL = 2 mA 0.5 
V VOL Low-level output voltage 

IOL = 1.6 mA 0.5 

IOZ Off-state output current Vo = VCC or 0 ±10 ±5 lolA 
ICC Supply current VI = VIH or VIL 0.28 0.05 mA 

Ci Input capacitance 0.04 0.04 pF 

Cpd 
Equivalent power tr = tf = 1 ns 0.37 0 .. 37 pF dissipation capacitance 

:j: Typical values are at VCC = 5 V, TA = 25°C. 

PROOUCTIO. DATA d.cumantl c.nhli. i.,., ... ti •• 
currlnt H If puillitalian data. Praductl conform to 
.pacific.ti ••• per the terms of TIXI. Instrumlntl TEXAS ..II 

INSTRUMENTS 
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TSC500 
SERIES 

OPI21LJ 
2-mA N-CHANNEL OPEN-DRAIN CMOS/TTL 

OUTPUT BUFFER 
03030, APRIL 1988 

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

TIL loads, RL = 1 kD to Vee 
PARAM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpZL 
A Y 

CL = 15 pF 2.87 7 15.69 3.09 7 13.84 

CL = 50 pF 
ns 

tpZL 6.87 16.01 35.21 7.43 16.01 30.84 

tpLZ A Y 13.05 13.05 ns 

~tpZL A Y 110 260 560 120 260 490 ps/pF 

eMOS loads, RL = 1 kD to Vee 
PARAM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpZL CL = 15 pF 2.04 5 11.11 2.19 5 9.94 
A Y 

CL = 50 pF 
ns 

tpZL 4.54 10.61 23.01 4.89 10.61 20.47 

~tpZL A Y 70 160 340 80 160 300 ps/pF 

t Typical values are at V CC = 5 V, T A = 25°C. 

PRODUCTION DATA documents contain information -II} 
current as of publication date. Products conform to 1. spe,ification. pOf the terms of Texa. Instrumants T EMS 
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TSC500 
SERIES 

OPI23LJ 
2-mA 3-STATE CMOS/TTL OUTPUT BUFFER 

WITH ACTIVE-LOW ENABLE 

FUNCTION TABLE 

INPUTS OUTPUT 

GZ A Y 

L H H 
L L L 

OUTPUT BUFFER CELL 

logic symbolt 

A~Y 
GZ~ 

1988 

H X Z t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A (if GZ is L) 

description 
The OPI23LJ is a noninverting 3-state output buffer that interfaces internal cells with TIL or 
CMOS external loads. When the· output buffer is called from the engineering workstation 
input, the following label format is developed and will be captured in the design netlist: 

Label: OPI23LJ A,GZ,Y; 

A pull-up or pull-down terminator can be connected to the Y node. 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

TEST - 55·C to 125·C O·C to 70·C 
PARAMETER 

TYp:j: TYp:j: 
UNIT 

CONDITIONS MIN MAX MIN MAX 

VT Input threshold voltage 2.2 2.2 V 

VOH High-level output voltage 
IOH = -2mA 3.7 

V 
IOH = -1.6 mA 3.7 

VOL Low-level output voltage 
10L = 2 mA 0.5 

V 
10L = 1.6 mA 0.5 

10Z Off-state output current Vo = VCCorO ±10 ±S IJA 

ICC Supply current VI = VIH or VIL 1.04 0.27 mA 

Ci Input capacitance i ~z 0.18 0.18 
pF 

0.15 0.15 

Cpd 
Equivalent power 
dissipation capacitance tr=tf=1ns 11.8 11.8 pF 

:j: Typical values are at VCC = 5 V, TA = 25·C. 

PRODUCnal DATA d ....... ts .. ntoln in,.,moti •• 
e."IIIt I. of ,.lIIielll .. dltl. Products ... ,., .. t • 
.,..;tim ..... tIoo II .... 01 T •• I. 'nll •••• 1111 TEXAS ." 
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TSC500 
SERIES 

OPI23LJ 
2-mA 3-STATE CMOS/TTL OUTPUT BUFFER 

WITH ACTIVE-LOW ENABLE 
03030, APRIL 1988 

TTL SWITCHING CHARACTERISTICS 

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

CL::::: 15 pF 

PARAM- FROM TO TEST - 55°e to 125°e O°C to 70°C 

TYpt MAX TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN MIN 

tpLH 
A Y RL = 00 

1.38 3.83 8.73 1.46 3.83 7.98 
ns 

tpHL 3.45 8.19 16.83 3.73 8.19 15.23 

tpZH 
GZ y RL = 1 kO to GND 1.38 4.18 9.91 1.47 4.18 9.04 

ns 
tpZL RL = 1 kO to Vee 3.56 8.96 20.14 3.85 8.96 17.8 

CL = 50 pF 

PARAM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

ETER (INPUT) (OUTPUT) CONDITIONS MIN TYpt MAX TYpt MAX 
UNIT 

MIN 

tpLH 
Y 

2.32 6.73 15.47 2.47 6.73 14.18 
A RL = 00 ns 

tpHL 7.27 16.1 31.84 7.85 16.1 28.74 

tpZH 
GZ y RL = 1 kO to GND 2.33 7.21 17.36 2.48 7.21 15.82 

ns 
tpZL RL = 1 kOtoVee 7.57 17.99 39.8 8.2 17.99 34.91 

tpHZ 
GZ Y 

RL = 1 kO to GND 15.55 15.55 
ns 

tpLZ RL = 1 kO to Vee 12.21 12.21 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 

PARAM- FROM TO TEST - 55°C to 125°C O°C to 700e 

MIN TYpt MAX MIN TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX 

.MpLH 30 80 190 30 80 180 
ps/pF A y RL = 00 

AtpHL 110 230 430 120 230 390 

AtpZH 
GZ y RL = 1 kO to GND 30 90 210 30 90 190 

ps/pF 
AtpZL RL = 1 kO to Vee 110 260 560 120 260 490 

t Typical values are at Vee = 5 V, TA = 25°e. 

PRODUCTIOI DATA d ....... II ••• t.i. inl.rmoti •• 
earnat II at pu .. icltian ute. Products conform to 
specific.tianl per til. term .f 'I ••• Inlt,umlllltS 
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OPI23LJ 
2-mA 3-STATE CMOSmL OUTPUT BUFFER 
WITH ACTIVE-LOW ENABLE . 
03030, APRIL 1988 

TSC500 
SERIES 

CMOS SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PARAM- FROM TO reST - 55°C to 125°C ooe to 70°C 

MIN TYpt MAX TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN 

tpLH 
A y RL = 00 

2.26 5.87 12.51 2.41 5.87 11.47 
ns 

tpHL 2.52 6.25 13.34 2.71 6.25 12.09 

tpZH 
GZ y RL = 1 kO to GND 2.4 6.52 14.97 2.55 6.52 13.53 

ns 
tpZL RL = 1 kOtoVce 2.55 6.52 14.56 2.75 6.52 13.04 

CL = 50 pF 
PARAM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tPLH 
A y RL = 00 

4.55 11.67 24.55 4.86 11.67 22.53 
ns 

tpHL 4.95 11.46 23.6} 5.33 11.46 21.33 

tpZH 
GZ Y 

RL = 1 kO to GND 4.73 12.92 29.69 5.04 12.92 26.8 
ns 

tpZL RL = 1 kntoVee 5.04 12.15 26.53 5.45 12.1523.64 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherWise noted) 
PARAM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

MIN TYpt MIN TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX MAX 

~tpLH 
A Y 

70 170 340 70 170 320 
ps/pF 

~tpHL 
RL = 00 

70 150 290 70 150 260 

~tpZH 
GZ y RL = 1 kO to GND 70 180 420 70 180 380 

ps/pF 
~tpZL RL = 1 kOtoVee 70 160 340 80 160 300 

t Typical values are at Vee = 5 V, TA = 25°e. 

PRODUCTION DATA documents cantlin inf.rmation 
current I. of pllalit.ti ... d"l. Productl ci.f.rm to 
specifications per the terms of TIXI. Instrumlnts TEXAS ." 

Copyright C> 1988. Texas Instruments Incorporated 

~~~~~~i~'{::1~7i ~:~~~ti:r :.~~:;::~:~~ not INSTRUMENTS 
13-44 POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 



TSC500 
SERIES 

OPI40LJ 
4-mA TOTEM-POLE CMOS/TTL OUTPUT BUFFER 

D3030, APRIL 1988 

OUTPUT BUFFER CELL 

FUNCTION TABLE logic symbolt 
INPUT 

A 

l 

H 

OUTPUT 

A~Y Y 

l 

H t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A 

description 
The OPI40LJ cell is a noninverting output buffer that interfaces internal cells with TIL or 
CMOS external loads. When the output buffer is called from the engineering workstation 
input, the following label format is developed and will be captured in the design netlist. 

label: OPI40LJ A,Y; 

A pull-up or pull-down terminator can be connected to the Y node. 

absolute maximum ratings and recommended operating conditions 
Those are specified as a part of the TSC500 Series Data. 

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

TEST - 55DC to 125DC ODC to 70DC 
UNIT PARAMETER 

TYp:j: TYp:j: CONDITIONS MIN MAX MIN MAX 

VT Input threshold voltage 2.2 2.2 V 

IOH = -4 mA 3.7 
V VOH High-level output voltage 

IOH = -3.4 mA 3.7 

IOl = 4 mA 0.5 
V VOL low-level output voltage 

IOl = 3.4 mA 0.5 .. 
ICC Supply current VI = VIH or Vil 1.05 0.13 mA 

Ci Input capacitance 0.17 0.17 pF 

Cpd 
Equivalent power 

tr = tf = 1 ns 9.72 9.72 pF dissipation capacitance 

:t: Typical values are at VCC = 5 V, TA = 25DC. 

PRUDUeTiO. DATA documlnts cantlin infarmllion ..If 
cumnt IS af publicltion dl'l. Prod.cts conform to 1i 
specificatians per the terms af TillS Instruments EXAS 
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OPI40LJ 
4·mA TOTEM·POLE CMosmL OUTPUT BUFFER 

D3030, APRIL 1988 

TSC500 
SERIES 

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

TTL loads, RL = 00 

PARAM· FROM TO TEST - 55°C to 125°C O°C to 70°C 

MIN TYpt MIN TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX MAX 

tpLH Y CL = 15 pF 
0.91 2.09 4.48 0.96 2.09 4.09 

A ns 
tpHL 1.74 4.07 8.3 1.86 4.07 7.54 

tpLH 
A Y CL = 50 pF 

1.38 3.55 7.87 1.46 3.55 7.21 
ns 

tpHL 3.64 8.02 15.8 3.91 8.02 14.3 

~tpLH 
A Y 

10 40 100 10 40 90 
ps/pF 

~tpHL 50 110 210 60 110 190 

CMOS loads, RL = 00 

PARAM· FROM TO TEST - 55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
A Y CL = 15 pF 

1.29 3.01 6.23 1.36 3.01 5.71 
ns 

tpHL 1.35 3.18 6.67 1.43 3.18 6.06 

tpLH 
A Y CL = 50 pF 

2.42 5.9 12.24 2.57 5.9 11.23 
ns 

tpHL 2.56 5.81 11.87 2.74 5.81 10.75 

~tpLH 
Y 

30 80 170 30 80 160 
ps/pF A 

~tpHL 30 80 150 40 80 130 

t Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTION DATA d •• omenta ••• tlin intormltion 
c.frnt II 0' ptrbficltion dII, •. Products conform t • 
• paclfic.til.1 pe' ,h. terms If Till. Instrumen,. 
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TSC500 
SERIES 

OPI41LJ 
4-mA N-CHANNEL OPEN-DRAIN CMOS/TTL 

OUTPUT BUFFER 

FUNCTION TABLE 

INPUT OUTPUT 

A Y 
L L 

H H 

03030, APRIL 1988 

OUTPUT BUFFER CELL 

logic symbolt 

A~Y 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A 

description 
The OPI41 LJ cell is a noninverting output buffer that interfaces internal cells with TIL or 
CMOS external loads. When the output buffer is called from the engineering workstation 
input, the following label format is developed and will be captured in the design netlist: 

Label: OPI41 LJ A,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

TEST - 55°C to 125°C O°C to 70°C 
PARAMETER 

TYP* TYP* 
UNIT 

CONDITIONS MIN MAX MIN MAX 

VT Input threshold voltage 2.2 2.2 V 

VOL Low-level output voltage 
IOL = 4 mA 0.5 

V 
10L = 3.4 mA 0.5 

10Z Off-state output current Va = VCC orO ±10 ±5 IlA 

ICC Supply current VI = VIH or VIL 0.55 0.09 mA 

Ci Input capacitance 0.07 0.07 pF 

Cpd 
Equivalent power 
dissipation capacitance tr = If = 1 ns 0.62 0.62 pF 

* Typical values are at VCC = 5 V, T A = 25°C. 

PROOUCTIOI OATA documo.ts co.tli. informltio. ." 
, .. ,rent I. af publiCitioft dltl. Products conform to T. I 
specificatioRs per the terms of T ••• s Instruments I EXAS 
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OPI41LJ 
4-mA N-CHANNEL OPEN-DRAIN CMOSmL 
OUTPUT BUFFER 
03030, APRIL 1988 

TSC500 
SERIES 

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

TTL loads, RL = 1 kG to Vee 
PARAM· FROM TO TEST - SS·C to 12S·C O·C to 70·C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpZL 
A y CL = 15 pF 1.6 3.86 8.2 1.72 3.86 7.37 

CL = 50 pF 3.55 8.07 16.62 3.83 8.07 14.86 
ns 

tpZL 

tpLZ A Y 9.77 9.77 ns 

atpZL A y 60 120 240 60 120 210 ps/pF 

eMOS loads, RL = 1 kG to Vee 
PARAM· FROM TO TEST - SS·C to 12S·C O·C to 70·C 

ETER (INPUT) (OUTPUT) CONDITIONS MIN TYpt MAX MIN TYpt MAX 
UNIT 

tpZL 
A y CL = 15 pF 1.22 2.93 6.3 1.3 2.93 5.69 

tpZL CL = 50 pF 2.46 5.67 11.9 2.64 5.67 10.7 
ns 

atpZL A y 40 80 160 40 80 140 ps/pF 

t Typical values are at VCC = 5 V, TA = 25·C. 

PROOUCTIOI DATA ..... - _in i""'_ .UEXAS ." cumot H of p"'Iu1I ••• oto. Prod_ co"",," 10 " 
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TSC500 
SERIES 

OPI43LJ 
4-mA 3-STATE CMOSmL OUTPUT BUFFER 

WITH ACTIVE-LOW ENABLE 
D3030. APRIL 1988 

FUNCTION TABLE 

INPUTS OUTPUT 

GZ A Y 

L H H 

L L L 

OUTPUT BUFFER CELL 

logic symbolt 

A~Y 

GZ~ 
H X Z t This symbol is in accordance with ANSI/IEEE 

Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A (if GZ is L) 

description 
The OPI43LJ is a noninverting 3-state output buffer that interfaces internal cells with TIL or 
CMOS external loads. When the output buffer is called from the engineering. workstation 
input. the following label format is developed and will be captured in the design netlist: 

Label: OPI43LJ A,GZ,Y; 

A pull-up or pull-down terminator can be connected to the Y node. 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

TEST - 55·C to 125·C O·C to 70·C 
PARAMETER 

TYP* TYP* 
UNIT 

CONDITIONS MIN MAX MIN MAX 

VT Input threshold voltage 2.2 2.2 V 

VOH High-level output voltage 
IOH = -4mA 3.7 

V 
IOH = -3.4 mA 3.7 

VOL Low-level output voltage 
IOL = 4 mA 0.5 

V 
IOL = 3.4 mA 0.5 

10Z Off-state output current Vo = VCC or 0 ±10 ±5 J,lA 

ICC Supply current VI = VIH or VIL 1.04 0.27 mA 

Ci 
. IA 0.18 0.18 

pF Input capacitance I GZ 
0.15 0.15 

Cpd 
Equivalent power 

tr = tf = 1 ns 13.2 13.2 pF dissipation capacitance 

* Typical values are at VCC = 5 V, TA = 25·C. 

PRODuellOI DATA tI ••• ml.ts ••• tli. i.formlti •• 
curr ... I •• f publicatian dltt. P,oduch cDnform to 
specifications PII' the t.rms at rtxlS In.truments 
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OPI43LJ 
4-mA 3-STATE CMosmL OUTPUT BUFFER 
WITH ACTIVE-LOW ENABLE 
03030, APRIL 1988 

TSC500 
SERIES 

TIL SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PARAM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

ETER (INPUT) (OUTPUT) CONDITIONS MIN TYpt MAX MIN TYpt MAX 
UNIT 

tpLH 
A Y RL = 00 

1.01 2.75 6.2 1.07 2.75 5.66 
ns 

tpHL 2.03 4.98 10.4 2.18 4.98 9.43 

tpZH 
GZ 

RL = 1 kn to GND 1.02 3.02 6.99 1.08 3.02 6.38 
Y ns 

tpZL RL = 1 knto VCC 2.03 5.11 10.93 2.19 5.11 9.83 

CL = 50 pF 
PARAM- FROM TO TEST - 5S·C to 12S·C O·C to 70·C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 1.48 4.21 9.59 1.57 4.21 8.78 
A Y RL = 00 ns 

tpHL 3.94 8.94 17.91 4.24 8.94 16.19 

tpZH 
GZ y RL = 1 kn to GND 1.5 4.52 10.54 1.6 4.52 9.64 

ns 
tpZL RL = 1 knto VCC 3.99 9.32 19.36 4.3 9.32 17.32 

tpHZ 
GZ y RL = 1 kn to GND 11.56 11.56 

RL = 1 kntoVcc 
ns 

tpLZ 9.97 9.97 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 
PARAM- FROM TO TEST - SS·C to 12S·C O·C to 70·C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

~tpLH 
A 

10 40 100 10 40 90 
ps/pF y RL = 00 

~tpHL 50 110 210 60 110 190 

~tpZH 
GZ 

RL = 1 knto GND 10 40 100 10 40 90 
ps/pF y 

~tpZL RL = 1 knto.Vcc 60 120 240 60 120 210 

t Typical values are at VCC = 5 V, T A = 25·C. 

PRODUCTIOI DATA ... u .. O.II.O.lol. i.lor .. olio. 
CI"1IIt I ••• pIIIIIiCltil •• "1. P' ••• CI. conform to 
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TSC500 
SERIES 

OPI43LJ 
4-mA 3-STATE CMOSmL OUTPUT BUFFER 

WITH ACTIVE-LOW ENABLE 
D3030, APRIL 1988 

CMOS SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PARAM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

ETER (INPUT) (OUTPUT) CONDITIONS MIN TYpt MAX MIN TYpt MAX 
UNIT 

tpLH 
A Y RL = 00 

1.44 3.79 8.16 1.53 3.79 7.47 
ns 

tpHL 1.58 3.98 8.56 1.69 3.98 7.77 

tpZH 
GZ y RL = 1 kO to GND 1.56 4.14 9.14 1.66 4.14 8.32 

ns 
tPZL RL = 1 kOto Vcc 1.56 3.99 8.67 1.67 3.99 7.84 

CL = 50 pF 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tPLH 2.57 6.68 14.16 2.74 6.68 12.99 
A Y RL = 00 ns 

tpHL 2.79 6.61 13.77 3 6.61 12.45 

tpZH 
GZ Y 

RL = 1 kO to GND 2.72 7.17 15.71 2.89 7.17 14.32 

RL = 1 kOto VCC 
ns 

tpZL 2.8 6.72 14.25 3.01 6.72 12.83 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 
PARAM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

~tpLH 
A Y RL = 00 

30 80 170 30 80 160 
ps/pF 

~tpHL 30 80 150 40 80 130 

~tpZH 
GZ y RL = 1 kO to GND 30 90 190 40 90 170 

ps/pF 
~tpZL RL = 1 kOtoVcC 40 80 160 40 80 140 

t Typical values are at VCC = 5 V, TA = 25°C. 
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TSC500 
SERIES 

OPI60LJ 
6-mA TOTEM-POLE CMOSmL OUTPUT BUFFER 

FUNCTION TABLE 

INPUT OUTPUT 

A y 

L L 

H H 

APRIL 1988 

OUTPUT BUFFER CELL 

logic symbolt 

A~Y 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A 

description 
The OPI60LJ cell is a noninverting output buffer that interfaces internal cells with TTL or 
CMOS external loads. When the output buffer is called from the engineering workstation 
input, the following label format is developed and will be captured in the design netlist. 

Label: OPI60LJ A,Y; 

A pull-up or pull-down terminator can be connected to the Y node. 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

TEST - 55°C to 125°C O°C to 70°C 
UNIT PARAMETER 

TYP* TYP* CONDITIONS MIN MAX MIN MAX 

VT Input threshold voltage 2.2 2.2 V 

IOH = -6mA 3.7 
V VOH High-level output voltage 

IOH = -5.1 mA 3.7 

IOL = 6 mA 0.5 
V VOL Low-level output voltage 

IOL = 5.1 mA 0.5 

ICC Supply current VI = VIH or VIL 1.58 0.19 mA 

Ci Input capacitance 0.24 0.24 pF 

Cpd 
Equivalent power tr =tf=1ns 11.6 11.6 pF dissipation capacitance 

:j: Typical values are at VCC = 5 V, T A = 25°C. 

PROOUCTIO. DATA doc_mUII •• nllin infi,moli •• 
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TSC500 
SERIES 

OPI60LJ 
6-rnA TOTEM-POLE CMOSmL OUTPUT BUFFER 

030;30, APRIL 1988 

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

TTL loads, RL = 00 

PARAM· FROM TO TEST - 55°C to 125°C DOC to 7DoC 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
A y CL = 15 pF 

0.8 1.75 3.69 0.83 1.75 3.37 
ns 

tpHL 1.31 3.08 6.33 1.4 3.08 5.76 

tpLH 
A CL = 50 pF 

1.12 2.74 6.01 1.17 2.74 5.5 y ns 
tpHL 2.56 5.74 11.41 2.75 5.74 10.33 

atpLH 
A y 10 30 70 10 30 60 

ps/pF 
atpHL 40 80 150 40 80 130 

CMOS loads, RL = 00 

PARAM- FROM TO TEST - 55°C to 125°C D·C to 7D·C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
A y CL = 15 pF 

1.04 2.39 4.93 1.1 2.39 4.52 
ns 

tpHL 1.04 2.46 5.17 1.11 2.46 4.7 

tpLH 
A y CL = 50 pF 

1.79 4.32 8.96 1.9 4.32 8.22 

1.86 4.25 8.74 1.99 4.25 7.92 
ns 

tpHL 

atpLH 
A y 20 60 120 20 60 110 

ps/pF 
atpHL 20 50 100 30 50 90 

t Typical values are at VCC = 5 V. TA = 25°C. 
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TSC500 
SERIES 

OPI61LJ 
6-mA N-CHANNEL OPEN-DRAIN CMOSmL 

OUTPUT BUFER 

FUNCTION TABLE 

INPUT OUTPUT 

A V 

L L 

H H 

03030, APRIL 1988 

OUTPUT BUFFER CELL 

logic symbolt 

A~Y 
t This symbol is in accordance with ANSI/IEEE 

Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A 

description 
The OPI61 LJ cell is a noninverting output buffer that interfaces internal cells with TIL or 
CMOS external loads. When the output buffer is called from the engineering workstation 
input, the following label format is developed and will be captured in the design netlist: 

Label: OPI61 LJ A,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

TYP:!: TYP:!: 
UNIT 

CONDITIONS MIN MAX MIN MAX 

VT Input threshold voltage 2.2 2.2 V 

VOL Low-level output voltage 
10L = 6mA 0.5 

V 
10L = 5.1 mA 0.5 

10Z Off-state output current Vo = Vec or 0 ±10 ±5 IJA 

ICC Supply current VI = VIH or VIL 0.83 0.14 mA 

Ci Input capacitance 0.09 0.09 pF 

Cpd 
Equivalent power 
dissipation capacitance tr = tf = 1 ns 0.86 0.86 pF 

:!: Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTION DATA ........ 1 •••• 111. 1.lorIRIII.. ." 
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TSC500 
SERIES 

OPI61LJ 
6-mA N-CHANNEL OPEN-DRAIN CMOSmL 

OUTPUT BUFFER 
D3030, APRIL 1988 

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

TTL loads, RL = 1 kn to Vee 
PARAM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

UNIT 
ETER (INPUT) (OUTPUT) CONDITIONS MIN TYpt MAX MIN TYpt MAX 

tpZL CL = 15 pF 1.18 2.86 6.02 1.27 2.86 5.44 
A Y ns 

tpZL CL = 50 pF 2.47 5.64 11.49 2.66 5.64 10.34 

tpLZ A y 9.42 9.42 ns 

AtpZL A Y 40 80 160 40 80 140 ps/pF 

eMOS loads, RL = 1 kn to Vee 
PARAM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpZL CL = 15 pF 0.93 2.23 4.76 0.99 2.23 4.31 
A y ns 

tpZL CL = 50 pF 1.77 4.08 8.53 1.89 4.08 7.7 

AtpZL A Y 20 50 110 30 50 100 ps/pF 

t Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTION DATA d •• umlnt ••• ntlin i.'.rmlti •• 
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TSC500 
SERIES 

OPI63LJ 
6-mA 3-STATE CMOS/TTL OUTPUT BUFFER 

WITH ACTIVE-LOW ENABLE 
D3030, APRIL 1988 

OUTPUT BUFFER CELL 

FUNCTION TABLE logic symbolt 
INPUTS 

GZ A 

L H 

L L 

H X 

OUTPUT 

V 

H 
L 

Z 

A~V 
GZ~ 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A (if GZ is L) 

description 
The OPI63LJ is a noninverting 3-state output butter that interfaces internal cells with TIL or 
CMOS external loads. When the output butter is called from the engineering workstation 
input, the following label format is developed and will be captured in the design netlist: 

Label: OPI63LJ A,GZ,Y; 

A pull-up or pull-down terminator can be connected to the Y node. 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

TEST - 55°C to 125°C O°C to 70°C 
PARAMETER 

TVP:t: TVP:t: 
UNIT 

CONDITIONS MIN MAX MIN MAX 

VT Input threshold voltage 2.2 2.2 V 

VOH High-level output voltage 
10H = -6mA 3.7 

V 
10H = -5.1 mA 3.7 

VOL Low-level output voltage 
10L = 6 mA 0.5 

V 
IOL = 5.1 mA 0.5 

10Z Off-state output current Vo = VCCorO ±10 ±5 J.lA 

ICC Supply current VI = VIH or VIL 1.04 0.27 mA 

Ci 
. IA 0.18 0.18 

pF Input capacitance I GZ 
0.15 0.15 

Cpd 
Equivalent power 
dissipation capacitance tr = tf = 1 ns 14.5 14.5 pF 

:j: Typical values are at VCC = 5 V, TA = 25°C. 

PROOUCTIO. DATA d ....... t •••• tli. i.for ... Ii •• 
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TSC500 
SERIES 

OPI63LJ 
6-mA 3-STATE CMosmL OUTPUT BUFFER 

WITH ACTIVE-LOW ENABLE 
D3030, APRIL 1988 

TTL SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PARAM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

MIN TYpt TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX MIN 

tpLH 
A 

0.91 2.46 5.55 0.96 2.46 5.07 
Y RL = 00 ns 

tpHL 1.56 3.91 8.27 1.67 3.91 7.51 

tpZH 
GZ y RL = 1 kD. to GND 0.91 2.72 6.28 0.96 2.72 5.74 

ns 
tpZL RL = 1 kD. to Vee 1.54 3.92 8.35 1.65 3.92 7.55 

CL = 50 pF 
PARAM- FROM TO TEST -55°C to 125°C ooe to 70°C 

TYpt MAX TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN MIN 

tpLH 
A Y RL = 00 

1.22 3.45 7.88 1.3 3.45 7.2 
ns 

tpHL 2.83 6.57 13.33 3.05 6.57 12.07 

tpZH 
GZ y RL = 1 kD. to GND 1.24 3.73 8.68 1.32 3.73 7.94 

ns 
tpZL RL = 1 kD. to Vee 2.84 6.69 13.81 3.06 6.69 12.43 

tPHZ 
GZ y RL = 1 kD. to GND 10.03 10.03 

ns 
tPLZ RL = 1 kD. to Vee 9.31 9.31 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 

PARAM- FROM TO TEST - 55°C to 125°C ooe to 70°C 

(OUTPU11 MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) CONDITIONS 

L\tpLH 
A 

10 30 70 10 30 60 
ps/pF y RL = 00 

L\tpHL 40 80 140 40 80 130 

L\tpZH 
GZ y RL = 1 kD. to GND 10 30 70 10 30 60 

ps/pF 
L\tpZL RL = 1 kD. to Vee 40 80 160 40 80 140 

t Typical values are at Vee = 5 V, TA = 25°e. 

PROOUCTIOW OATA doc.ml.ta ••• lli. informalion 
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OPI63LJ 
6-mA 3-STATE CMOSmL OUTPUT BUFFER 
WITH ACTIVE-LOW ENABLE 
03030, APRIL 1988 

TSC500 
SERIES 

CMOS SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PARAM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
A Y RL = 00 

1,18 3.18 6.93 1.26 3.18 6.34 

6.33 
ns 

tpHL 1.27 3.22 6.97 1.35 3.22 

tpZH 
GZ y RL = 1 kn to GND 1.3 3.47 7.69 1.38 3.47 7.01 

ns 
tpZL RL = 1 kntoVee 1.24 3.16 6.86 1.32 3.16 6.22 

CL = 50 pF 
PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tPLH 
A Y RL = 00 

1.94 5.11 10.96 2.07 5.11 10.04 
ns 

tpHL 2.08 5 10.53 2.23 5 9.54 

tpZH 
GZ 

RL = 1 kn to GND 2.07 5.47 11.96 2.2 5.47 10.92 
Y 

RL = 1 kn to Vee 5.01 2.22 5.01 9.58 
ns 

tpZL 2.07 10.6 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 
PARAM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

I1tpLH 20 60 120 20 60 110 
ps/pF A Y RL = 00 

I1tpHL 20 50 100 30 50 90 

I1tpZH 
GZ 

RL = 1 kn to GND 20 60 120 20 60 110 
ps/pF y 

RL = 1 kn to Vee 100 I1tpZL 20 50 110 30 50 

t Typical values are at Vee = 5 V, TA = 25°e. 

PRooueTIO. OATA ........ II_lIIi. inlor ... Iio. 
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TSC500 
SERIES 

OPJAOLJ 
16-mA TOTEM-POLE CMOSmL OUTPUT BUFFER 

WITH 0.5 di/dt 

FUNCTION TABLE 

INPUT OUTPUT 

A Y 

L L 
H H 

f)3030. APRIL 1988 

OUTPUT BUFFER CELL 

logic symbolt 

A~Y 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A 

description 
The OPJAOLJ cell is a non inverting output buffer that interfaces internal cells with TTL or 
CMOS external loads. The buffer incorporates di/dt circuitry designed to reduce the effects 
of impedance mismatch. When the output buffer is called from the engineering workstation 
input, the following label format is developed and wi" be captured in the desig'1 netlist: 

Label: OPJAOLJ A,Y; 

A pull-up or pull-down terminator can be connected to the Y node. 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

TEST -55°C to 125°C O°C to 70°C 
UNIT PARAMETER 

TYP* TYP* CONDITIONS MIN MAX MIN MAX 

VT Input threshold voltage 2.2 2.2 V 

IOH = -16mA 3.7 
V VOH High-level output voltage 

IOH = -13.6 mA 3.7 

IOL=16mA 0.5 
V VOL Low-level output voltage 

IOL = 13.6 mA 0.5 

ICC Supply current V, = V,H or V,L 3.42 0.35 mA 

Ci Input capacitance 0.53 0.53 pF 

epd 
Equivalent power 
dissipation capacitance tr = tf = 1 ns 13.3 13.3 pF 

* Typical values are at Vee = 5 V. TA = 25°e. 

PROOUCTIOI OATA ......... I1 ••• ,.i. i.f.rm.,i •• 
curr •• t I. If publicltion dltl. Product. c,,'.,m ta 
.pecificati ••• per the tarllli If r.x.I I.stru.lnts TEXAS .., 

INSTRUMENTS 

Copyright C> 19BB. T .... Instruments Incorporatad 

==:~i~'i:I~'l.t =:~ti:; :.~.:~.:~!~~ nat 

POST OFFICE BOX 855012 • DALLAS. TeXAS 75285 13-59 



OPJAOLJ 
16-mA TOTEM-POLE CMOSmL OUTPUT BUFFER 
WITH 0.5 di/dt 
D3030, APRIL 1988 

TSC500 
SERIES 

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

TTL loads, RL = 00 

FROM TO TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

TYpt TYpt MAX 
UNIT 

(INPUT) (OUTPUT) CONDITIONS MIN MAX MIN 

tpLH 
CL = 15 pF 

0.95 2.6 5.94 1.01 2.6 5.4 
A y ns 

tpHL 1.31 3.48 7.48 1.4 3.48 6.83 

tpLH 
CL = 50 pF 

1.22 3.32 7.55 1.3 3.32 6.86 
A y ns 

tPHL 1.97 4.91 10.28 2.12 4.91 9.35 

IltpLH 10 20 50 10 20 40 
ps/pF A y 

IltPHL 20 40 80 20 40 70 

CMOS loads, RL = 00 

FROM TO TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

(INPUT) MIN TYpt MAX MIN Typt MAX 
UNIT 

(OUTPUT) CONDITIONS 

tpLH 1.16 3.12 6.91 1.24 3.12 6.29 
A y CL = 15 pF ns 

tPHL 1.13 3.04 6.67 1.21 3.04 6.08 

tPLH 1.6 4.2 9.17 1.71 4.2 8.34 
A y CL = 50 pF ns 

tpHL 1.62 4.14 8.87 1.74 4.14 8.08 

IltpLH 10 30 60 10 30 60 
ps/pF A y 

IltpHL 10 30 60 20 30 60 

t Typical values are at VCC = 5 V, T A = 25°C. 
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TSC500 
SERIES 

OPJA1LJ 
16-mA N-CHANNEL OPEN-DRAIN CMOS;TTL 

OUTPUT BUFFER WITH 0.5 di/dt 

FUNCTION TABLE 

INPUT OUTPUT 

A V 
L L 
H H 

APRIL 1988 

OUTPUT BUFFER CELL 

logic symbolt 

A~V 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A 

description 
The OPJA 1 LJ cell is a noninverting output buffer that interfaces internal cells with TIL or 
CMOS external loads. The buffer incorporates di/dt circuitry designed to reduce the effects 
of impedance mismatch. When the output buffer is called from the engineering workstation 
input, the following label format is developed and will be captured in the design netlist: 

Label: OPJA1LJ A,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

TVP; TVP; 
UNIT 

CONDITIONS MIN MAX MIN MAX 

VT Input threshold voltage 2.2 2.2 V 

VOL Low-level output voltage 
10L = 16 mA 0.5 

10L = 13.6 mA 0.5 V 

10Z Off-state output current Vo = VCC or 0 :!:10 :!:5 JAA 

ICC Supply current VI = VIH or VIL 1.38 0.35 mA 

Ci Input capacitance 0.19 0.19 pF 

epd 
Equivalent power 
dissipation capacitance tr = tf = 1 ns 1.96 1.96 pF 

:j: Typical values are at Vee = 5 V, TA = 25°e. 

PRODUCTIOI DATA dacumantl contain information ." 
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OPJA1LJ 
16-mA N-CHANNEL OPEN-DRAIN CMosmL 
OUTPUT BUFFER WITH 0.5 di/dl 
03030, APRIL 1988 

TSC500 
SERIES 

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

TTL loads, RL = 1 kG to Vee 
FROM TO TEST -55°C to 125°C O°C to 70°C 

PARAMETER 
MIN TYpt MIN TYpt 

UNIT 
(INPUT) (OUTPUT) CONDITIONS MAX MAX 

tpZL CL = 15 pF 1.21 3.28 7.19 1.29 3.28 6.53 
A Y 

CL = 50 pF 
ns 

tpZL 1.86 4.71 10 2 4.71 9.07 

tpLZ A Y 7.53 7.53 ns 

AtpZL A Y 20 40 80 20 40 70 ps/pF 

eMOS loads, RL = 1 kG to Vee 
FROM TO TEST -55°C to 125°C O°C to 70°C 

PARAMETER 
MIN TYpt MIN Typt MAX 

UNIT 
(INPUT) (OUTPUT) CONDITIONS MAX 

tpZL 
A 

CL = 15 pF 1.03 2.84 6.34 1.1 2.84 5.77 
Y 

CL = 50 pF 
ns 

tpZL 1.53 3.94 8.56 1.63 3.94 7.77 

AtpZL A y 10 30 60 20 30 60 ps/pF 

t Typical values are at VCC = 5 V, TA = 25°C. 
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TSC500 
SERIES 

OPJA3LJ 
16-mA 3-STATE CMOS/TTL OUTPUT BUFFER 

WITH 0.5 di/dt AND ACTIVE-LOW ENABLE 
D3030, APRIL 1988 

OUTPUT BUFFER CELL 

FUNCTION TABLE logic symbolt 

A~Y 
GZ~ 

INPUTS 

GZ A 

L H 

L L 

H X 

OUTPUT 

Y 

H 

L 

Z 
t This symbol is in accordance with ANSI/IEEE 

Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A (if GZ is L) 

description 
The OPJA3LJ is a noninverting 3-state output buffer that interfaces internal cells with TIL or 
CMOS external loads. The buffer incorporates di/dt circuitry designed to reduce the effects 
of impedance mismatch. When the output buffer is called from the engineering workstation 
input, the following label format is developed and will be captured in the design netlist: 

Label: OPJA3LJ A,GZ,Y; 

A pull-up or pull-down terminator can be connected to the Y node. 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

TEST - 55°C to 125°C O°C to 70°C 
PARAMETER 

TYP* TYP* 
UNIT 

CONDITIONS MIN MAX MIN MAX 

VT Input threshold voltage 2.2 2.2 V 

VOH High-level output voltage 
10H = -16 mA 3.7 

V 
10H = -13.6 mA 3.7 

VOL Low-level output voltage 
10L = 16 mA 0.5 

V 
10L = 13.6 mA 0.5 

10Z Off-state output current Va = VCC orO ±10 ±S J,lA 

ICC Supply current VI = VIH or VIL 1.04 0.27 mA 

Ci 
. IA 0.18 0.18 

pF Input capacitance I GZ 
0.15 0.15 

Cpd 
Equivalent power tr = tf = 1 ns 17.3 17.3 pF dissipation capacitance 

* Typical values are at VCC = 5 V, TA = 25°C. 
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OPJA3LJ 
16-mA 3-STATE CMosmL OUTPUT BUFFER 
WITH 0.5 di/dt AND ACTIVE-LOW ENABLE 
D3030. APRIL 1988 

TSC500 
SERIES· 

TTL SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PARAM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX 

tpLH 
A Y RL = 00 

1.28 3.62 8.22 1.35 3.62 7.5 
ns 

tpHL 1.69 4.44 9.63 1.81 4.44 8.77 

tpZH 
GZ 

RL = 1 kn to GND 1.31 3.9 8.99 1.39 3.9 8.21 
Y ns 

tpZL RL = 1 kn to Vee 1.69 4.44 9.58 1.82 4.44 8.72 

CL = 50 pF 
PARAM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

ETER (INPUT) (OUTPUT) CONDITIONS MIN TYpt MAX MIN TYpt MAX 
UNIT 

tpLH 1.53 4.31 9.78 1.63 4.31 8.91 
A Y RL = 00 ns 

tpHL 2.33 5.83 12.34 2.51 5.83 11.22 

tpZH 
GZ y RL = 1 kn to GND 1.57 4.59 10.55 1.67 4.59 9.62 

RL = 1 kn to Vee 2.34 5.84 12.32 2.51 5.84 11.19 
ns 

tpZL 

tpHZ 
GZ y RL = 1 kn to GND 9.24 9.24 

RL = 1 kn to Vee 9.04 
ns 

tpLZ 9.04 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 
PARAM· FROM TO TEST - 55°C to 125°C ooe to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

~tpLH 10 20 40 10 20 40 
ps/pF A Y RL = 00 

~tpHL 20 40 80 20 40 70 

~tpZH 
GZ 

RL = 1 knto GND 10 20 40 10 20 40 
ps/pF y 

~tpZL RL = 1 kn to Vee 20 40 80 20 40 70 

t Typical values are at Vee = 5 V. T A = 25°e. 
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TSC500 
SERIES 

OPJA3LJ 
16-mA 3-STATE CMosmL OUTPUT BUFFER 

WITH 0.5 di/dt AND ACTIVE-LOW ENABLE 
D3030, APRIL 1988 

CMOS SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PAR AM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

MIN TYpt MAX TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN MAX 

tpLH 
A Y RL = 00 

1,5 4,17 9,26 1,6 4,17 8.45 

1,59 
ns 

tpHL 1.48 3,96 8,75 3,96 7,96 

tpZH 
GZ 

RL = 1 kfl to GND 1,65 4.47 9,98 1,76 4.47 9,09 
Y 

RL = 1 kfl to Vee 
ns 

tpZL 1.48 3,94 8,63 1,59 3,94 7,86 

CL = 50 pF 
PARAM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

ETER (INPUT) (OUTPUT) CONDITIONS MIN TYpt MAX MIN TYpt MAX 
UNIT 

tPLH A Y RL = 00 

1,93 5,21 11.45 2,06 5,21 10.44 
ns 

tpHL 1,97 5,03 10,89 2,11 5,03 9,9 

tpZH 
GZ y Ri. = 1 kfl to GND 2,08 5,52 12,18 2,21 5,52 11,09 

RL = 1 kfl to Vee 
ns 

tpZL 1,97 5,01 10,78 2,1 5,01 9,8 

change in propagation delay time with load capacitance! over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 

PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN TYpt MAX MIN TYpt MAX 

AtpLH 
A Y RL = 00 

10 30 60 10 30 60 
ps/pF 

AtpHL 10 30 60 10 30 60 

AtpZH 
GZ 

RL = 1 kfl to GND 10 30 60 10 30 60 
ps/pF y 

AtpZL RL = 1 kfl to Vee 10 30 60 10 30 60 

t Typical values are at Vee = 5 V, T A = 25°e, 
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TSC500 
SERIES 

OPJBOLJ 
24-mA TOTEM-POLE CMOSmL OUTPUT BUFFER 

WITH 0.5 di/dt 

FUNCTION TABLE 

INPUT OUTPUT 

A y 

l l 

H H 

APRIL 1988 

OUTPUT BUFFER CELL 

logic symbolt 

A~Y 
t This symbol is in accordance with ANSI/IEEE 

Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A 

description 
The OPJBOW cell is a noninverting output buffer that interfaces internal cells with TTL or 
CMOS external loads. The buffer incorporates di/dt circuitry designed to reduce the effects 
of impedance mismatch. When the output buffer is called from the engineering workstation 
input, the following label format is developed and will be captured in the design netlist: 

Label: OPJBOW A,Y; 

A pull-up or pull-down terminator can be connected to the Y node. 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

TEST -55°C to 125°C O°C to 700C 
PARAMETER 

TYp:j: TYp:j: 
UNIT 

CONDITIONS MIN MAX MIN MAX 

VT Input threshold voltage 2.2 2.2 V 

VOH High-level output voltage 
IOH = -16 mA 3.7 

V 
IOH = -13.6 mA 3.7 

VOL low-level output voltage 
IOl = 24 mA 0.5 

V 
IOl = 20.4 mA 0.5 

ICC Supply current VI = VIH or Vll 3.42 0.5 mA 

Ci Input capacitance 0.63 0.63 pF 

Cpd 
Equivalent power 
dissipation capacitance tr =tf=1ns 14.8 14.8 pF 

:I: Typical values are at VCC = 5 V, TA = 25°C. 
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TSC500 
SERIES 

OPJBOLJ 
24-mA TOTEM-POLE CMOS/TTL OUTPUT BUFFER 

WITH 0.5 di/dt 
03030, APRIL 1988 

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

TIL loads, RL = 00 

FROM TO TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

(INPUT) (OUTPUT) CONDITIONS 

tpLH 0.95 2.6 5.93 1 2.6 5.39 
A Y CL = 15 pF ns 

tpHL 1.42 3.77 8.08 1.52 3.77 7.39 

tpLH 1.22 3.32 7.54 1.29 3.32 6.85 
A Y CL = 50 pF 

9.58 
ns 

tpHL 1.99 5.02 10.51 2.14 5.02 

L\tpLH 10 20 50 10 20 40 
ps/pF A Y 

L\tpHL 20 40 70 20 40 60 

CMOS loads, RL = 00 

FROM TO TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

MIN TYpt MIN TYpt MAX 
UNIT 

(INPUT) (OUTPUT) CONDITIONS MAX 

tpLH 1.16 3.11 6.9 1.23 3.11 6.28 
A Y CL = 15 pF ns 

tpHL 1.24 3.35 7.31 1.33 3.35 6.68 

tpLH 1.59 4.19 9.16 1.7 4.19 8.33 
A Y CL = 50 pF ns 

tpHL 1.68 4.34 9.29 1.8 4.34 8.47 

L\tpLH 10 30 60 10 30 60 
ps/pF A Y 

L\tpHL 10 30 60 10 30 50 

t Typical values are at VCC = 5 V, TA = 25°C. 
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TSC500 
SERIES 

OPJB1LJ 
24-mA N~CHANNEL OPEN-DRAIN CMOSmL 

OUTPUT aUFFER WITH 0.5 di/dt 
1988 

OUTPUT BUFFER CELL 

FUNCTION TAi3LE logic symbolt 

L L 
A~V 

INPUT OUTPUT 

A V 

H H t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A 

description 
. The OPJB1 LJ cell is a noninverting output buffer that interfaces internal cells with TIL or 

CMOS external loads. The buffer incorporates di/dt circuitry designed to reduce the effects 
of impedance mismatch. When the output buffer is called from the engineering workstation 
input, the following label format is developed and will be captured in the .design netlist: . 

Label: OPJB1 W A,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the rSC500 Series Data. . 

electrical characteristics over recommended ranges of supply voltage and operating free-
air temperatj.lre (unless otherwise noted) .. 

TEST -55°C to 125°C O°C to 70·C 
PARAMETER 

TVP:I: TVP:I: 
UNIT 

CONDITIONS MIN MAX MIN MAX 

VT· Input threshold voltage 2.2 2.2 V 

VOL Low-level output voltage 
10L = 24mA 0.5 

V 
10L = 20.4 mA 0.5 

10Z Off-state output current Vo '" VCC or 0 :±:10 :±:5 lolA 
ICC Supply current VI = VIH or VIL 1.92 0.5 mA 

Ci Input capacitance 0.27 0.27 pF 

Cpd 
Equivalent power 
dissipation capacitance tr = tf = 1 ns 3.2 3.2 pF 

:I: Typical values are at VCC = 5 V, TA = 25·C. 
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TSC500 
SERIES 

OPJB1LJ 
24-mA N-CHANNEL OPEN-DRAIN CMOS/TTL 

OUTPUT BUFFER WITH 0.5 di/dt 
D3030, APRIL 1988 

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

TIL loads, RL = 1 kD to Vee 
FROM TO TEST -55·C to 125·C O·C to 70·C 

PARAMETER 
MIN TVPt MAX MIN TVPt MAX 

UNIT 
(INPUT) (OUTPUT) CONDITIONS 

tpZL 
A Y 

CL = 15 pF 1.26 3.45 7.59 1.35 3.45 6.9 
ns 

tpZL CL = 50 pF 1.81 4.66 9.95 1.94 4.66 9.04 

tpLZ A Y 6.55 6.55 ns 

~tpZL A Y 20 30 70 20 30 60 ps/pF 

eMOS loads, RL = 1 k to Vee 
FROM TO TEST -55·C to 125·C O·C to 70·C 

PARAMETER 
MIN TVPt MAX MIN TVPt MAX 

UNIT 
(INPUT) (OUTPUT) CONDITIONS 

tpZL 
A 

CL = 15 pF 1.09 3.05 6.81 1.17 3.05 6.2 
Y 

CL = 50 pF 
ns 

tpZL 1.52 4.01 8.74 1.63 4.01 7.94 

~tpZL A Y 10 30 60 10 30 50 ps/pF 

t Typical values are at VCC = 5 V, TA = 25·C. 
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TSC500 
SERIES 

OPJB3LJ 
24-mA 3-STATE CMOSmL OUTPUT BUFFER 

WITH 0.5 di/dt AND ACTIVE-LOW ENABLE 
03030, APRIL 1988 

OUTPUT BUFFER CELL 

FUNCTION TABLE logic symbolt 

A~Y 
GZ ----1J 

INPUTS 

GZ A 

L H 

L L 

H X 

OUTPUT 

Y 

H 

L 

Z 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A (if GZ is L) 

description 
The OPJB3LJ is a noninverting 3-state output buffer that interlaces internal cells with TTL or 
CMOS external loads. The buffer incorporates di/dt circuitry designed to reduce the effects 
of impedance mismatch. When the output buffer is called from the engineering workstation 
input, the following label format is developed and will be captured in the design netlist: 

Label: OPJB3LJ A,GZ,Y; 

A pull-up or pull-down terminator can be connected to the Y node. 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

TYp:J: TYp:J: 
UNIT 

CONDITIONS MIN MAX MIN MAX 

VT Input threshold voltage 2.2 2.2 V 

VOH High level output voltage 
IOH = -16 rnA 3.7 

V 
IOH = -13.6 rnA 3.7 

VOL Low-level output voltage 
IOL = 24 rnA 0.5 

V 
IOL = 20.4 rnA 0.5 

IOZ Off-state output current Va = VCC or 0 ±10 ±5 I1A 
ICC Supply current VI = VIH or VIL 1.04 0.27 rnA 

Ci Input capacitance : ~z 0.18 0.18 
pF 

0.15 0.15 

Cpd 
Equivalent power 
dissipation capacitance tr = tf = 1 ns 19.2 19.2 pF 

:j: Typical values are at VCC = 5 V, T A = 25°C. 
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TSC500 
SERIES 

OPJB3LJ 
24-mA 3-STATE CMOS/TTL OUTPUT BUFFER 

WITH 0.5 di/dt AND ACTIVE-LOW ENABLE 
D3030, APRIL 1988 

TTL SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PARAM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

ETER (INPUT) (OUTPUT) CONDITIONS MIN TYpt MAX MIN TYpt 
UNIT 

MAX 

tpLH 
Y RL = 00 

1.27 3.62 8.24 1.35 3.62 7.52 
A ns 

tpHL 1.84 4.83 10.48 1.97 4.83 9.55 

tpZH 
GZ y RL = 1 k!l to GND 1.31 3.91 9.02 1.4 3.91 8.23 

ns 
tpZL RL = 1 k!l to Vee 1.87 4.88 10.51 2 4.88 9.57 

CL = 50 pF 
PARAM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN 

tpLH 
A Y RL = 00 

1.53 4.31 9.8 1.63 4.31 8.93 
ns 

tpHL 2.4 6.04 12.83 2.58 6.04 11.68 

tpZH 
GZ y RL = 1 k!l to GND 1.58 4.61 10.58 1.68 4.61 9.65 

ns 
tpZL RL = 1 k!l to Vee 2.43 6.09 12.86 2.61 6.09 11.7 

tpHZ 
GZ y RL = 1 k!l to GND 9.25 9.25 

ns 
tpLZ RL = 1 k!ltoVec 8.01 8.01 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 
PARAM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

~tpLH 10 20 40 10 20 40 
ps/pF A Y RL = 00 

~tpHL 20 30 70 20 30 60 

~tpZH 
GZ 

RL = 1 k!l to GND 10 20 40 10 20 40 
ps/pF y 

~tpZL RL = 1 k!l to Vee 20 30 70 20 30 60 

t Typical values are at Vee = 5 V, TA = 25°e. 
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OPJB3LJ 
24-mA 3-STATE CMOSmL OUTPUT BUFFER 
WITH 0.5 di/dt AND ACTIVE-LOW ENABLE 
03030, APRIL 1988 

TSC500 
SERIES 

CMOS SWITCHING CHARACTERISTICS 

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

CL = 15 pF 

PARAM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX 

tpLH 
A 

1.5 4.17 9.27 1.6 4.17 8.46 
Y RL = 00 ns 

tpHL 1.64 4.38 9.65 1.76 4.38 8.79 

tpZH 
GZ 

RL = 1 kn to GND 1.66 4.48 10 1.77 4.48 9.11 
Y ns 

tpZL RL = 1 kn to VCC 1.66 4.4 9.62 1.78 4.4 8.76 

CL = 50 pF 

PARAM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

(OUTPUT) CONDITIONS MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) 

tpLH 
A Y RL = 00 

1.93 5.22 11.47 2.06 5.22 10.46 

tpHL 2.08 5.34 11.56 2.22 5.34 10.52 
ns 

tpZH 
GZ y RL = 1 knto GND 2.08 5.53 12.21 2.22 5.53 11.12 

tpZL RL = 1 k!l to VCC 2.1 5.36 11.53 2.24 5.36 10.49 
ns 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 
PARAM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

ETER (INPUT) (OUTPUT) CONDITIONS MIN TYpt MAX MIN TYpt 
UNIT 

MAX 

IltpLH 
A Y RL = 00 

10 30 60 10 30 60 
ps/pF 

IltpHL 10 30 50 10 30 50 

IltpZH 
GZ 

RL = 1 knto GND 10 30 60 10 30 60 
Y ps/pF 

IltpZL RL = 1 knto VCC 10 30 50 10 30 50 

t Typical values are at VCC = 5 V, TA = 25°C. 
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TSC500 
SERIES 

OPJEOLJ 
48-mA TOTEM-POLE CMOS/TTL OUTPUT BUFFER 

WITH 0.5 di/dt 
APRIL 1988 

OUTPUT BUFFER CELL 

FUNCTION TABLE logic symbolt 
INPUT OUTPUT 

A Y 

L L 
A~Y 

H H t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A 

description 
The OPJEOLJ cell is a non inverting output buffer that interfaces internal cells with TIL or 
CMOS external loads. The buffer incorporates di/dt circuitry designed to reduce the effects 
of impedance mismatch. When the output buffer is called from the engineering workstation 
input, the following label format is developed and will be captured inthe design netlist:· 

Label: OPJEOLJ A,Y; 

A pull-up or pull-down terminator can be connected to the Y node. 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

PARAMETER 
TEST - 55·C to 125·C O·C to 70·C 

TYp:f: TYp:f: 
UNIT 

CONDITIONS MIN MAX MIN MAX 

VT Input threshold voltage 2.2 2.2 V 

VOH High-level output voltage 
IOH = -16mA 3.7 

V 
IOH = -13.6 rnA 3.7 

VOL LOW-level output voltage 
IOL = 48 rnA 0.5 

V 
IOL = 40.8 rnA 0.5 

ICC Supply current VI = VIH or VIL 3.84 1 rnA 

Ci Input capacitance 0.92 0.92 pF 

Cpd 
Equivalent power 

tr = tf = 1 ns 21.4 21.4 pF dissipation capacitance 

:j: Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTIOI DATA dacumitnll contain information ." 
current I. af publicltion datI. Prudue.s conform to 1i 
specificationl per the terms of Texas Instruments EXAS 
:::::~~i~'i~:1~7~ ~!:~:~ti:: :.~o::;::::.::.s not INSTRUMENTS 

Copyright @ 1988. Texas !nstrumants Incorporated 

POST OFFICE BOX 655012 • DALLAS. TEXAS 15285 13-73 



OPJEOLJ 
48-mA TOTEM-POLE CMOSmL OUTPUT BUFFER 
WITH 0.5 di/dl 
03030. APRIL 1988 

TSC500 
SERIES 

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

TTL loads, RL = <Xl 

FROM TO TEST -SS'C to 12S'C O'C to 70'C 
PARAMETER 

(INPUT) MIN TYpt MAX MIN TYpt MAX 
UNIT 

(OUTPUT) CONDITIONS 

tpLH Y CL=15pF 
0.98 2.69 6.14 1.04 2.69 5.58 

A ns 
tpHL 1.2 3.35 7.29 1.29 3.35 6.66 

tpLH A Y CL = 50 pF 
1.24 3.38 7.7 1.32 3.38 7 

ns 
tpHL 1.56 4.15 8.87 1.67 4.15 8.09 

AtpLH 
A Y 

10 20 40 10 20 40 
ps/pF 

AtpHL 10 20 50 10 20 40 

CMOS loads, RL = <Xl 

FROM TO TEST -SS'C to 12S'C O'C to 70°C 
PARAMETER 

MIN TYpt MAX IYIIN TYpt MAX 
UNIT 

(INPUT) (OUTPUT) CONDITIONS 

tpLH Y CL = 15 pF 
1.2 3.24 7.16 1.28 3.24 6.52 

A ns 
tpHL 1.07 3.02 6.68 1.14 3.02 6.1 

tpLH 
A Y CL = 50 pF 

1.63 4.28 9.36 1.74 4.28 8.51 
ns 

tpHL 1.35 3.67 8 1.45 3.67 7.3 

AtpLH 10 30 60 10 30 60 
ps/pF A Y 

AtpHL 10 20 40 10 20 30 

t Typical values are at VCC = 5 V. TA = 25°C. 
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TSC500 
SERIES 

OPJE1LJ 
48-mA N-CHANNEL OPEN-DRAIN CMOSmL 

OUTPUT BUFFER WITH 0.5 di/dl 

FUNCTION TABLE 

INPUT OUTPUT 

A Y 

L L 

H H 

APRIL 1988 

OUTPUT BUFFER CELL 

logic symbolt 

A~Y 
t This symbol is in accordance with ANSI/IEEE 

Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A 

description 
The OPJE1 LJ cell is a noninverting output buffer that interfaces internal cells with TIL or 
CMOS external loads. The buffer incorporates di/dt circuitry designed to reduce the effects 
of impedance mismatch. When the output buffer is called from the engineering workstation 
input, the following label format is developed and will be captured in the design netlist: 

Label: OPJE1 W A,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

TEST -55°C to 125°C DOC to 7DoC 
PARAMETER 

TYp:I: TYp:I: 
UNIT 

CONDITIONS MIN MAX MIN MAX 

VT Input threshold voltage 2.2 2.2 V 

IOL = 48 mA 0.5 
V VOL LOW-level output voltage 

10L = 40.8 mA 0.5 

102 Off-state output current Va = Vcc orO ±10 ±S lolA 

ICC Supply current VI = VIH or VIL 3.84 1 mA 

Ci Input capacitance 0.55 0.55 pF 

Cpd 
Equivalent power 

tr = tf = 1 ns 6.61 6.61 pF dissipation capacitance 

:I: Typical values are at VCC = 5 V. TA = 25°C. 

PRODUCTION DATA doc.ml.' •• ontll. i.formllio. 
currut as of publicatia. dati. Products con'arm to 
specific.tioRI per the terms of r •••• Instrumlnts TEXAS ." 
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OPJE1 LJ 
48-mA N-CHANNEL OPEN-DRAIN CMOSmL 
OUTPUT BUFFER WITH 0.5 di/dt . 
D3030, APRIL 1988 

TSC500 
. SERIES 

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

TTL loads, RL = 1 kD to Vee 
FROM TO TEST -55°C to 125°C O°C to 70'C 

PARAMETER 
MIN TYpt MAX MIN TYpt MAX UNIT 

(INPUT) (OUTPUT) CONDITIONS 

tpZL 
A Y 

CL=15pF 1.12 3.26 7.26 1.21 3.26 6.6 

CL = 50 pF 
ns 

tpZL 1.5 4.09 8.91 1.61 4.09 8.09 

tpLZ A Y 6.96 6.96 ns 

atpZL A y 10 20 50 10 20 40 ps/pF 

eMOS loads, RL = 1 kD to Vee 
FROM TO TEST -55°C to 125°C O°C to 70°C 

PARAMETER 
MIN TYpt MAX MIN TYpt MAX 

UNIT 
(INPUT) (OUTPUT) CONDITIONS 

tpZL CL = 15 pF 1 2.94 6.65 1.08 2.94 6.05 
A Y ns 

tPZL CL = 50 pF 1.3 3.62 8.04 1.4 3.62 7.3 

atpZL A y 10 20 40 10 20 40 ps/pF 

t Typical values are at Vec = 5 V, TA = 25°C. 

PRODUCTION DATA do.um •• ts .ontli. informetion 
currant I. af publication dltl. Products conform to 
specificatians PIf the tarms of Till. hll~,um.ntl 
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nece .. arily include tilting of ~II p'~lm~.,s. 
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Copyright @ 1988, Taxa& Instruments Incorporated 

13-76 POST OFFICE BOX 655012 • DALLAS. TEXAS 75265 



TSC500 
SERIES 

OPJE3LJ 
48-mA 3-STATE CMOS/TTL OUTPUT BUFFER 

WITH 0.5 di/dt AND ACTIVE-LOW ENABLE 
,APRIL 1988 

OUTPUT BUFFER CELL 

FUNCTION TABLE logic symbolt 
INPUTS 

GZ A 

L H 

L L 

H X 

OUTPUT 

Y 

H 

L 

Z 

A~Y 
GZ --.-1J 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A (if GZ is L) 

description 
The OPJE3LJ is a noninverting 3-state output buffer that interfaces internal cells with TTL or 
CMOS external loads. The buffer incorporates di/dt circuitry designed to reduce the effects 
of impedance mismatch. When the output buffer is called from the engineering workstation 
input, the following label format is developed and will be captured in the design netlist: 

Label: OPJE3LJ A,GZ,Y; 

A pull-up or pull-down terminator can be connected to the Y node. 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

TEST - 55°C to 125°C O°C to 70°C 
PARAMETER 

TYp:J: TYp:J: 
UNIT 

CONDITIONS MIN MAX MIN MAX 

VT Input threshold voltage 2.2 2.2 V 

VOH High-level output voltage 
IOH = -16 mA 3.7 

V 
IOH = -13.6 mA 3.7 

VOL Low-level output voltage 
IOL = 48 mA 0.5 

V 
IOL = 40.8 mA 0.5 

IOZ Off-state output current Vo = VCC orO ±10 ±5 I..lA 

Ice Supply current VI = VIH or VIL 1.04 0.27 mA 

Ci Input capacitance i ~z 0.18 0.18 
pF 

0.15 0.15 

Cpd 
Equivalent power 

tr = tf = 1 ns 24.3 24.3 pF dissipation capacitance 

:J: Typical values are at Vce = 5 V, TA = 25°e. 

PRODUCTION DATA d ••• m.nlS .ontein informltion 
current II ., public.tion date. Products conform to 
.pecificltians per the terms of TIXI. Instrumlnt. TEXAS • 

INSTRUMENTS 
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OPJE3LJ 
48-mA 3-STATE CMOS/TTL OUTPUT BUFFER 
WITH 0.5 di/dt AND ACTIVE-LOW ENABLE 
03030, APRIL 1988 

TSC500 
SERIES 

TIL SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PAR AM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

ETER (INPUT) (OUTPUT) CONDITIONS MIN TYpt MAX TYpt 
UNIT 

MIN MAX 

tpLH 
A Y RL = 00 

1.3 3.68 8.37 1.38 3.68 7.64 
ns 

tpHL 1.68 4.53 10.03 1.8 4.53 9.13 

tpZH 
GZ Y 

RL = 1 knto GND 1.33 3.96 9.15 1.42 3.96 8.34 
ns 

tpZL RL = 1 kn to Vee 1.71 4.58 10.03 1.83 4.58 9.14 

CL = 50 pF 

PARAM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 1.55 4.36 9.92 1.65 4.36 9.04 
A Y RL = 00 ns 

tpHL 2.03 5.32 11.59 2.18 5.32 10.54 

tpZH 
GZ Y 

RL = 1 knto GND 1.59 4.65 10.69 1.69 4.65 9.74 
ns 

tpZL RL = 1 knto Vee 2.06 5.37 11.58 2.21 5.37 10.54 

tpHZ 
GZ Y 

RL = 1 kn to GND 9.37 9.37 

RL = 1 kn to Vee 
ns 

tpLZ 8.95 8.95 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 
PARAM· FROM TO TEST - 55°C to 125°C O°C to 70°C 

MIN TYpt MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX 

.MpLH 10 20 40 10 20 40 
ps/pF A Y RL = 00 

dtpHL 10 20 40 10 20 40 

dtpZH RL = 1 knto GND 10 20 40 10 20 40 
ps/pF GZ y 

dtpZL RL = 1 kn to Vee 10 20 40 10 20 40 

t Typical values are at Vee = 5 V, T A = 25°e. 

PROOUCTIOI DATA d •• u .. ontl •• ntlin i.I., .. ltion 
Ilurr •• ' II .f pllblic.tioR dati. Product. conform 10 
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TSC500 
SERIES 

OPJE3LJ 
48-mA 3-STATE CMOS/TTL OUTPUT BUFFER 

WITH 0.5 di/dt AND ACTIVE-LOW ENABLE 
D3030, APRIL 1988 

CMOS SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PARAM· FROM TO TEST - 55°C to 125°C DOC to 7DoC 

TYpt MAX TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN MIN 

tpLH 1.53 4.24 9.42 1.63 4.24 8.6 
A Y RL = 00 ns 

tpHL 1.54 4.19 9.4 1.64 4.19 8.55 

tpZH 
GZ Y 

RL = 1 kn to GND 1.68 4.55 10.15 1.79 4.55 9.25 
ns 

tpZL RL = 1 kn to Vec 1.56 4.23 9.37 1.67 4.23 8.53 

CL = 50 pF 
PARAM· FROM TO TEST - 55°C to 125°C DOC to 7DoC 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
Y 

1.95 5.28 11.6 2.0B 5.28 10.5B 
A RL = 00 ns 

tpHL 1.82 4.83 10.7 1.94 4.83 9.73 

tpZH 
GZ Y 

RL = 1 kn to GND 2.1 5.59 12.34 2.24 5.59 11.23 
ns 

tpZL RL = 1 kn to Vee 1.85 4.87 10.66 1.97 4.87 9.7 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free·air temperature (unless otherwise noted) 

PARAM· FROM TO TEST - 55°C to 125°C DOC to 7DoC 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

IltpLH 10 30 60 10 30 60 
ps/pF A Y RL = 00 

IltpHL 10 20 40 10 20 30 

IltpZH 
GZ 

RL = 1 kn to GND 10 30 60 10 30 60 
ps/pF y 

IltpZL RL = 1 kn to Vee 10 20 40 10 20 30 

t Typical values are at Vce = 5 V, TA = 25°e. 

PRODUCTION DATA documlnts contlin inlormltion 
current I. of pllblicltian dati. PrlNluctl conform to 
specificationl per the terms of TIJlI Instruments TEXAS • 
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TSC500 
SERIES 

OPJGOLJ 
54-mA TOTEM-POLE CMOSmL OUTPUT BUFFER 

WITH 0.5 di/dt 

FUNCTION TABLE 

INPUT OUTPUT 

A Y 

L L 

H H 

D3030. APRIL 1988 

OUTPUT BUFFER CELL 

logic symbolt 

A ---{»-imJ V 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A 

description 
The OPJGOLJ cell is a noninverting output buffer that interfaces internal cells with TTL or 
CMOS external loads. The buffer incorporates di/dt circuitry designed to reduce the effects 
of impedance mismatch. When the output buffer is called from the engineering workstation 
input, the following label format is developed and will be captured in the design netlist: 

Label: OPJGOW A,Y; 

A pull-up or pull-down terminator can be connected to the Y node. 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

TEST -55°C to 125·C O°C to 70·C 
PARAMETER 

TYP:!: TYP:!: 
UNIT 

CONDITIONS MIN MAX MIN MAX 

VT Input threshold voltage 2.2 2.2 V 

VOH High-level output voltage 
IOH = -16 mA 3.7 

V 
IOH = -13.6 mA 3.7 

VOL Low-level output voltage 
IOL = 64 mA 0.5 

V 
IOL = 54.4 rnA 0.5 

ICC Supply current VI = VIH or VIL 5.13 1.34 rnA 

Ci Input capacitance 1.1 1.1 pF 

Cpd 
Equivalent power 

tr = tf = 1 ns 24.2 24.2 pF dissipation capacitance 

:!: Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTIOI DATA ......... 1 •• onl.in in'or ... li •• 
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.,...ilicotiOft ..... I~' lit ... 01 Tu .. 1.11' ..... 11 TEXAS ~ 

INSTRUMENlS 

Copyrigbt @ 1988, Texas Instruments Incorporated 

==~;·i~=i ~=:~ti:r :I~u:::=:~~ lIot 

13-80 
POST OFFICE BOX 655012 • DALLAS, TEXAS 76285 



TSC500 
SERIES 

OPJGOLJ 
54-rnA TOTEM-POLE CMOS/TTL OUTPUT BUFFER 
. WITH 0.5 di/dt 

D3030. APRIL 1988 

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

TTL loads, RL = 00 

FROM TO TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

(INPUT) (OUTPUT) CONDITIONS 

tpLH 
Y CL = 15 pF 

0.99 2.73 6.23 1.05 2.73 5.67 
A ns 

tpHL 1.11 3.18 6.97 1.19 3.18 6.37 

tpLH 
Y CL = 50 pF 

1.25 3.42 7.77 1.33 3.42 7.07 
A ns 

tpHL 1.4 3.84 8.29 1.51 3.84 7.56 

AtpLH 
Y 

10 20 40 10 20 40 
ps/pF A 

AtpHL 10 20 40 10 20 30 

CMOS loads, RL = 00 

FROM TO TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

(INPUT) (OUTPUT) CONDITIONS 

tpLH 1.22 3.28 7.26 1.3 3.28 6.61 
A Y CL = 15 pF ns 

tpHL 1 2.88 6.42 1.07 2.88 5.86 

tpLH 1.64 4.32 9.44 1.75 4.32 8.59 
A Y CL = 50 pF ns 

tpHL 1.23 3.42 7.52 1.32 3.42 6.85 

AtpLH 
A Y 

10 30 60 10 30 60 
ps/pF 

AtpHL 10 20 30 10 20 30 

t Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTION DATA do.umlnt •• o.tli. informltio. 
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TSC500 
SERIES 

OPJG11J 
64-rnA N-CHANNEL OPEN-DRAIN CMOS/TTL 

OUTPUT BUFFER WITH 0.5 di/dl 

FUNCTION TABLE 

INPUT OUTPUT 

A Y 

L L 

H H 

APRIL 1988 

OUTPUT BUFFER CELL 

logic symbolt 

A~Y 
t This symbol is in accordance with ANSI/IEEE 

Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A 

description 
The OPJG1 LJ cell is a noninverting output buffer that interfaces internal cells with TTL or 
CMOS external loads. The buffer incorporates di/dt circuitry designed to reduce the effects 
of impedance mismatch. When the output buffer is called from the engineering workstation 
input, the following label format is developed and will be captured in the design netlist: 

Label: OPJG1 W A,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

TEST -55·C to 125·C O·C to 70·C 
PARAMETER 

TYp:I: TYp:I: 
UNIT 

CONDITIONS MIN MAX MIN MAX 

VT Input threshold voltage 2.2 2.2 V 

VOL low-level output voltage 
IOl = 64 rnA 0.5 

V 
IOL = 54.4 rnA 0.5 

IOZ Off-state output current Vo = Vcc orO :t10 :t5 f.lA 

ICC Supply current VI = VIH or Vil 5.13 1.34 mA 

Ci Input capacitance 0.71 0.71 pF 

Cpd 
Equivalent power tr = tf = 1 ns 8.63 8.63 pF dissipation capacitance 

:I: Typical values are at Vec = 5 V, TA = 25·C. 

PRODUCTION DATA ........ I ••• nt.i. inl"""ltiD. 
current u of , ••• ie.tian dlte. P,oductl conform to 
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TSC500 
SERIES 

OPJG1LJ 
64-mA N-CHANNEL OPEN-DRAIN CMOSmL 

OUTPUT BUFFER WITH 0.5 di/dt 
03030, APRIL 1988 

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

TTL loads, RL = 1 k!1 to Vee 
FROM TO TEST -55°C to 125°C O°C to 70°C 

PARAMETER 
MIN TYpt MAX MIN TYpt MAX 

UNIT 
(INPUT) (OUTPUT) CONDITIONS 

tpZL CL = 15 pF 1.08 3.19 7.15 1.17 3.19 6.51 
A Y ns 

tpZL CL = 50 pF 1.38 3.88 8.53 1.49 3.88 7.75 

tpLZ A y 7.35 7.35 ns 

.MpZL A Y 10 20 40 10 20 40 ps/pF 

eMOS loads, RL = 1 k!1 to Vee 
FROM TO TEST -55°C to 125°C O°C to 70°C 

PARAMETER 
MIN TYpt MIN TYpt MAX 

UNIT 
(INPUT) (OUTPUT) CONDITIONS MAX 

tpZL CL = 15 pF 0.97 2.89 6.59 1.04 2.89 5.99 
A Y ns 

tpZL CL = 50 pF 1.21 3.47 7.75 1.3 3.47 7.04 

.:ltpZL A Y 10 20 30 10 20 30 ps/pF 

t Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTION DATA doc,mlllll.'.lIin informeli •• 
currlnt II of publiutil. dlte. Products ,.,,'urnl to 
.... ific.ti.n. ,II' the tlrlftl at Tlxu II.trvlMtltl TEXAS ..If 

INSTRUMENTS 

Copyright 0 1988. T8)(8S Instrumenta Incorporated 

:=~~i~'[::I~'.t =~:i:r :'~'=,::.::- ao' 

POST OFFICE BOX 655012 • O.,llAS. TEXAS 75285 13-83 



TSC500 
SERIES 

OPJG3LJ 
64-rnA 3-STATECMOSmL OUTPUT BUFFER 

WITH 0.5 di/dt AND ACTIVE-LOW ENABLE 
APRIL 1988 

OUTPUT BUFFER CELL 

FUNCTION TABLE logic symbolt 
INPUTS 

GZ A 

l H 

l l 

H X 

OUTPUT 

Y 

H 

l 

Z 

A~Y 
GZ~ 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A (if GZ is L) 

description 
The OPJG3LJ is a noninvMing 3-state output buffer that interfaces internal cells with TIL or 
CMOS external loads. The buffer incorporates di/dt circuitry designed to reduce the effects 
of impedance mismatch. When the output buffer is called from the engineering workstation 
input, the following label format is developed and will be captured in the design netlist: 

,Label: OPJG3LJ A,GZ,Y; 

A pull-up or pull-down terminator can be connected to the Y node. 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSCSOO Series Data. 

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

TEST - 55°C to 125°C O°C to 70°C 
PARAMETER 

TYp:I: TYp:I: 
UNIT 

CONDITIONS MIN MAX MIN MAX 

VT Input threshold voltage 2.2 2.2 V 

VOH High-level output voltage 
IOH = -16 mA 3.7 

V 
10H = -13.4 mA 3.7 

Val low-level output voltage 
IOl = 64 mA 0.5 

V 
IOl = 54.4 mA 0.5 

loz Off-state output current Va = Vee or 0 :!:10 :!:5 I1A 
ICC Supply current VI = VIH or Vil 1.04 0.27 mA 

Ci Input capacitance I ~z 0.18 0.18 
pF 

0,15 0.15 

Cpd 
Equivalent power tr = tf = 1 ns 27 27 pF dissipation capacitance 

:I: Typical values are at VCC = 5 V, T A = 25°C. 

'Rooueno. DATA docu ... nllcanliin i.f.,;'IIi •• 
current II of publicltion detl. Producll conform to 
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TSC500 
SERIES 

OPJG3LJ 
54-rnA 3-STATE CMOS/TTL OUTPUT BUFFER 

WITH 0.5 di/dt AND ACTIVE-LOW ENABLE 
D3030, APRIL 1988 

TTL SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PARAM· FROM TO TEST - 55°C to 125°C DOC to 7DoC 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
A Y RL = 00 

1.33 3.73 8.5 1.41 3.73 7.75 
ns 

tpHL 1.64 4.48 9.98 1.76 4.48 9.08 

tpZH RL = 1 kn to GND 1.34 4 9.23 1.43 4 8.42 
GZ Y ns 

tpZL RL = 1 kn to Vee 1.67 4.52 9.96 1.79 4.52 9.07 

CL = 50 pF 
PAR AM· FROM TO TEST - 55°C to 125°C DOC to 7DoC 

TYpt MAX TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN MIN 

tpLH 
Y RL = 00 

1.57 4.41 10.02 1.67 4.41 9.13 
A ns 

tpHL 1.92 5.13 11.29 2.06 5.13 10.26 

tpZH 
GZ 

RL = 1 kn to GND 1.6 4.68 10.75 1.7 4.68 9.B 
Y ns 

tpZL RL = 1 kn to Vee 1.96 5.17 11.26 2.1 5.17 10.25 

tPHZ 
GZ y RL = 1 kn to GND 9.45 9.45 

ns 
tpLZ RL = 1 kntoVee 9.43 9.43 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 

PARAM· FROM TO TEST - 55°C to 125°C DOC to 7DoC 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

L\tpLH 10 20 40 10 20 40 
ps/pF A Y RL = co 

30 L\tPHL 10 20 40 10 20 

L\tpZH RL = 1 kn to GND 10 20 40 10 20 40 
ps/pF GZ Y 

L\tpZL RL = 1 kn to Vee 10 20 40 10 20 30 

t Typical values are at Vee = 5 V, TA = 25°e. 

PROOUCTIOI DATA d ... m •• 11 ••• lIi. inform.tion 
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OPJG3lJ 
54-rnA 3-STATE CMOS/TTl OUTPUT BUFFER 
WITH 0.5 di/dt AND ACTIVE-lOW ENABLE 
03030, APRIL 1988 

TSC500 
SERIES 

CMOS SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PARAM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

TYpt MAX TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN MIN 

tpLH 
A Y RL = 00 

1.55 4.3 9.55 1.66 4.3 8.72 
ns 

tpHL 1.51 4.16 9.41 1.62 4.16 8.55 

tpZH 
GZ 

RL = 1 k11 to GND 1.7 4.59 10.25 1.81 4.59 9.33 
Y ns 

tpZL RL = 1 k11 to Vce 1.54 4.19 9.35 1.64 4.19 8.51 

CL = 50 pF 
PARAM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
A Y RL = 00 

1.97 5.33 11.71 2.11 5.33 10.68 
ns 

tpHL 1.74 4.7 10.51 1.86 4.7 9.55 

tpZH 
GZ Y 

RL = 1 k11 to GND 2.11 5.62 12.41 2.25 5.62 11.3 
ns 

tpZL RL = 1 k11 to Vee 1.77 4.73 10.46 1.89 4.73 9.51 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 
PARAM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN. TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX 

~tpLH 
A Y RL = 00 

10 30 60 10 30 60 
ps/pF 

~tpHL 10 20 30 10 20 30 

~tpZH 
GZ 

RL = 1 k11 to GND 10 30 60 10 30 60 
ps/pF y 

~tpZL RL = 1 k11toVce 10 20 30 10 20 30 

t Typical values are at Vee = 5 V, T A = 25°e. 
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TSC500 
SERIES 

OPJOOLJ 
10-rnA TOTEM-POLE CMosmL OUTPUT BUFFER 

WITH 0.5 di/dt 

FUNCTION TABLE 

INPUT OUTPUT 

A Y 

l l 
H H 

D3030, APRIL 1988 

OUTPUT BUFFER CELL 

logic symbolt 

A~Y 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A 

description 
The OPJOOLJ cell is a noninverting output buffer that interfaces internal cells with TIL or 
CMOS external loads. The buffer incorporates di/dt circuitry designed to reduce the effects 
of impedance mismatch. When the output buffer is called from the engineering workstation 
input, the following label format is developed and will be captured in the design netlist: 

Label: OPJOOLJ A,Y; 

A pull-up or pull-down terminator can be connected to the Y node. 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

TYP; TYP; 
UNIT 

CONDITIONS MIN MAX MIN MAX 

VT Input threshold voltage 2.2 2.2 V 

VOH High-level output voltage 
IOH = -10 mA 3.7 

V 
IOH = -8.5 mA 3.7 

IOl = 10 mA 0.5 
VOL low-level output voltage V 

IOl = 8.5 mA 0.5 

ICC Supply current VI = VIH or Vil 2.15 0.22 mA 

Ci Input capacitance 0.35 0.35 pF 

Cpd 
Equivalent power tr = tf = 1 ns 10.8 10.8 pF dissipation capacitance 

:j: Typical values are at VCC = 5 V, TA = 25°C. 
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OPJOOLJ 
10-rnA TOTEM-POLE CMosmL OUTPUT BUFFER 
WITH 0.5 di/dt 
D3030, APRIL 1988 

TSC500 
SERIES 

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

TIL loads, RL = 00 

FROM TO TeST -55°C to 125°C O°C to 70°C 
PARAMETER 

MIN TYpt MAX MIN TYpt 
UNIT 

(INPUT) (OUTPUT) CONDITIONS MAX 

tpLH 
CL = 15 pF 

1.05 2.82 6.4 1.11 2.82 5.82 
A Y ns 

tpHL 1.64 4.19 8.88 1.76 4.19 8.1 

tpLH 
A CL = 50 pF 

1.4 3.75 8.5 1.48 3.75 7.73 
Y ns 

tpHL 2.58 6.21 12.79 2.77 6.21 11.63 

LltpLH 
A 

10 30 60 10 30 50 
ps/pF y ,...--~. --

LltpHL 30 60 110 30 60 100 

CMOS loads, RL = 00 

FROM TO TeST -55°C to 125°C O°C to 70°C 
PARAMETER 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

(INPUT) (OUTPUT) CONDITIONS 

tpLH 
A CL =. 15 pF 

1.32 3.47 7.62 1.41 3.47 6.94 y ns 
tpHL 1.39 3.61 7.82 1.48 3.61 7.13 

tPLH A CL = 50 pF 
1.92 4.94 10.7 2.05 4.94 9.74 

Y ns 
tpHL 2.07 5.12 10.84 2.22 5.12 9.85 

LltpLH 20 40 90 20 40 80 
ps/pF A y 

LltpHL 20 40 90 20 40 80 

t Typical values are at VCC = 5 V, TA = 25°C. 
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TSC500 
SERIES 

OPJ01LJ 
10-rnA N-CHANNEL OPEN-DRAIN CMOS/TTL 

OUTPUT BUFFER WITH 0.5 di/dt 

FUNCTION TABLE 

INPUT OUTPUT 

A Y 
L L 
H H 

1988 

OUTPUT BUFFER CELL 

logic symbolt 

A~Y 
t This symbol is in accordance with ANSI/IEEE 

Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A 

description 
The OPJ01 LJ cell is a noninverting output buffer that interfaces internal cells with TIL or 
CMOS external loads. The buffer incorporates di/dt circuitry designed to reduce the effects 
of impedance mismatch. When the output buffer is called from the engineering workstation 
input, the following label format is developed and will be captured in the design netlist: 

Label: OPJ01 LJ A,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

TYpt: TYpt: 
UNIT 

CONDITIONS MIN MAX MIN MAX 

VT Input threshold voltage 2.2 2.2 V 

10L = 10 mA 0.5 
V VOL Low-level output voltage 

10L = 8.5 mA 0.5 

10Z Off-state output current Vo = Vee orO ±10 ±5 /lA 

lee Supply current VI = VIH or VIL 0.85 0.22 mA 

ei Input capacitance 0.13 0.13 pF 

Cpd 
Equivalent power tr = tf = 1 ns 1.26 1.26 pF dissipation capacitance 

t: Typical values are at Vee = 5 V, TA = 25°e. 
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OPJ01LJ 
10-mA N-CHANNEL OPEN-DRAIN CMOS/TTL 
OUTPUT BUFFER WITH 0.5 di/dt 
D3030, APRIL 1988 

TSC500 
SERIES 

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

TTL loads, Rl = 1 kft to Vee 
FROM TO TEST -55°C to 125°C O°C to 70°C 

PARAMETER 
MIN TYpt MAX MIN TYpt MAX 

UNIT 
(INPUT) (OUTPUT) CONDITIONS 

r----" -
CL = 15 pF i .51 3.96 8.57 1.62 3.96 7.78 tpZL 

A y ns 
tPZL CL = 50 pF 2.45 5.98 12.54 2.63 5.98 11.36 

tpLZ A y 7.8 7.8 ns 

~tpZL A Y 30 60 110 30 60 100 ps/pF 

eMOS loads, Rl = 1 kft to Vee 
FROM TO TEST -55°C to 125°C O°C to 70°C 

PARAMETER 
MIN TYpt MAX MIN TYpt MAX 

UNIT 
(INPUT) (OUTPUT) CONDITIONS 

tpZL 
A Y 

CL= 15 pF 1.27 3.37 7.45 1.36 3.37 6.76 

CL = 50 pF 
ns 

tpZL 1.95 4.88 10.49 2.09 4.88 9.51 

~tpZL A Y 20 40 90 20 40 80 ps/pF 

t Typical values are at VCC = 5 V, TA = 25°C. 
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TSC500 
SERIES 

OPJ03LJ 
10-mA 3-STATE CMOS/TTL OUTPUT BUFFER 

WITH 0.5 di/dt AND ACTIVE-LOW ENABLE 
03030, APRIL 1988 

OUTPUT BUFFER CELL 

FUNCTION TABLE logic symbolt 
INPUTS 

GZ A 

L H 

L L 

H X 

OUTPUT 

V 

H 

L 

Z 

A~V 
GZ ---.1J 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A (if GZ is L) 

description 
The OPJ03LJ is a noninverting 3-state output buffer that interfaces internal cells with TIL or 
CMOS external loads. The buffer incorporates di/dt circuitry designed to reduce the effects 
of impedance mismatch. When the output buffer is called from the engineering workstation 
input, the following label format is developed and will be captured in the d ~sign netlist: 

Label: OPJ03LJ A,GZ,Y; 

A pull-up or pull-down terminator can be connected to the Y node. 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

PARAMETER 
TEST - 55°C to 125°C O°C to 70°C 

TVP:t: TVP:t: 
UNIT 

CONDITIONS MIN MAX MIN MAX 

VT Input threshold voltage 2.2 2.2 V 

High-level output voltage 
IOH = -10 mA 3.7 

VOH V 
10H = -8.5 mA 3.7 

VOL Low-level output voltage 
10L = 10 mA 0.5 

V 
10L = 8.5 mA 0.5 

10Z Off-state output current Vo = VCC or 0 :t10 :t5 JolA 

ICC Supply current VI = VIH or VIL 1.04 0.27 mA 

Ci 
. IA 0.18 0.18 

Input capacitance I GZ 
0.15 0.15 

pF 

Cpd 
Equivalent power tr = tf = 1 ns 14.9 14.9 pF dissipation capacitance 

:j: Typical values are at VCC = 5 V, TA = 25°C. 
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OPJ03LJ 
1 O~mA 3-STATECMOS/TTL OUTPUT BUFFER 
WITH 0.5 di/dt AND ACTIVE-LOW ENABLE 
D3030. APRIL 1988 

TSC500 
SERIES 

TTL SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PARAM· FROM TO TEST - 55°C to 125°C O°C to 70°C 

MIN TYpt MAX TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN 

tpLH 
RL = 00 

1.32 3.69 8.39 1.4 3.69 7.65 
A y ns 

tPHL 2.02 5.17 11.02 2.16 5.17 10.04 

tpZH 
GZ 

RL = 1 kn to GND 1.35 3.98 9.19 1.44 3.98 8.37 
Y ns 

tpZL RL = 1 kn to Vee 2.03 5.19 11.08 2.17 5.19 10.07 

CL = 50 pF 
PARAM· FROM TO TEST - 55°C to 125°C O°C to 70°C 

ETER MIN TYpt MAX TYpt MAX 
UNIT 

(INPUT) (OUTPUT) CONDITIONS MIN 

tpLH 1.65 4:6 10.43 1.76 4.6 9.5 
A y RL = 00 

7.14 13.48 
ns 

tPHL 2.95 7.14 14.83 3.16 

tpZH 
GZ y RL = 1 kn to GND 1.69 4.89 11.24 1.8 4.89 10.24 

ns 
tpZL RL = 1 kntoVee 2.95 7.19 14.98 3.17 7.19 13.58 

tPHZ GZ y RL = 1 kn to GND 9.7 9.7 
ns 

tpLZ RL = 1 kn to Vee 8.51 8.51 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 

PARAM· FROM TO TEST - 55°C to 125°C O°C to 70°C 

CONDITIONS MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) 

.MpLH 
Y 

10 30 60 10 30 50 
ps/pF A RL = 00 

dtpHL 30 60 110 30 60 100 

~tpZH 
GZ 

RL = 1 kn toGND 10 30 60 10 30 50 
ps/pF y 

dtpZL RL = 1 kn to Vee 30 60 110 30 60 100 

t Typical values are at Vce = 5 V, TA = 25°e. 
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TSC500 
SERIES 

OPJ03LJ 
10-mA 3-STATE CMOS/TTL OUTPUT BUFFER 

WITH 0.5 di/dt AND ACTIVE-LOW ENABLE 
D3030, APRIL 1988 

CMOS SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PARAM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

TYpt MAX TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN MIN 

tpLH 
A Y RL = 00 

1.61 4.39 9.69 1.72 4.39 8.84 
ns 

tPHL 1.74 4.53 9.86 1.86 4.53 8.98 

tpZH 
GZ y RL = 1 kD to GND 1.77 4.71 10.48 1.88 4.71 9.53 

ns 
tpZL RL = 1 kDtoVee 1.73 4.52 9.8 1.85 4.52 8.91 

CL = 50 pF 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

TYpt MAX TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN MIN 

tpLH 2.2 5.83 12.7 2.35 5.83 11.58 
A Y RL = 00 ns 

tpHL 2.41 6 12.8 2.58 6 11.63 

tpZH 
GZ y RL = 1 kD to GND 2.35 6.16 13.54 2.51 6.16 12.32 

ns 
tpZL RL = 1 kD to Vee 2.41 6 12.77 2.58 6 11.59 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 
PARAM- FROM TO TEST - 55°e to 125°C ooe to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

~tpLH 20 40 90 20 40 80 
ps/pF A y RL = 00 

~tpHL 20 40 80 20 40 80 

~tpZH 
GZ 

RL = 1 kD to GND 20 40 90 20 40 80 
ps/pF y 

~tpZL RL = 1 kD to Vee 20 40 80 20 40 80 

t Typical values are at Vee = 5 V, T A = 25°e. 
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TSC500 
SERIES 

OPJ20LJ 
2-mA TOTEM-POLE CMOS/TTL OUTPUT BUFFER 

WITH 0.5 di/dt 

FUNCTION TABLE 

INPUT OUTPUT 

A Y 

L L 

H H 

D3030. APRIL 1988 

OUTPUT BUFFER CELL 

logic symbolt 

A --{>--rEPJ Y 

t This symbol is in accordance wiih ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A 

description 
The OPJ20LJ cell is a noninverting output buffer that interfaces internal cells with TIL or 
CMOS external loads. The buffer incorporates di/dt circuitry designed to reduce the effects 
of impedance mismatch. When the output buffer is called from the engineering workstation 
input, the following label format is developed and will be captured in the design netlist: 

Label: OPJ20LJ A,Y; 

A pull-up or pull-down terminator can be connected to the Y node. 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

TEST -55°C to 125°C O°C to 70°C 
UNIT PARAMETER 

TYp:j: TYp:j: CONDITIONS MIN MAX MIN MAX 

VT Input threshold voltage 2.2 2.2 V 

IOH = -2 mA 3.7 
V VOH High-level output voltage 

IOH = -1.6 mA 3.7 

IOL = 2 mA O.S 
V VOL Low-level output voltage 

IOL = 1.6 mA O.S 

ICC Supply current VI = VIH or VIL 0.43 O.OS mA 

Ci Input capacitance 0.09 0.09 pF 

Cpd 
Equivalent power 

tr = tf = 1 ns 7.68 7.68 pF dissipation capacitance 

:j: Typical values are at VCC = S V, TA = 2SoC. 
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TSC500 
SERIES 

OPJ20LJ 
2-mA TOTEM-POLE CMOSmL OUTPUT BUFFER 

WITH 0.5 di/dt 
03030, APRIL 1988 

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

TIL loads, RL = 00 

FROM TO TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

(INPUT) (OUTPUT) CONDITIONS 

tpLH 1.98 5.28 11.98 2.11 5.28 10.9 
A Y CL = 15 pF ns 

tpHL 4.73 11 22.41 5.08 11 20.41 

tpLH 
A Y CL = 50 pF 

3.06 8.41 19.14 3.27 8.41 17.46 
ns 

tPHL 8.65 19.15 34.92 9.32 19.15 32.5 

IltpLH 
Y 

30 90 200 30 90 190 
ps/pF A 

IltpHL 110 230 360 120 230 350 

CMOS loads, RL = 00 

FROM TO TEST -55°C to 125·C O·C to 70°C 
PARAMETER 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

(INPUT) (OUTPUT) CONDITIONS 

tpLH 2.89 7.3 15.69 3.08 7.3 14.3 
A Y CL = 15 pF ns 

tpHL 3.77 9.03 18.88 4.03 9.03 17.22 

tpLH Y CL = 50 pF 
5.23 13.2 27.94 5.59 13.2 25.54 

A ns 
tpHL 6.4 14.64 26.87 6.88 14.64 25.25 

IltpLH 
Y 

70 170 350 70 170 320 
ps/pF A 

IltpHL 80 160 230 80 160 230 

t Typical values are at VCC = 5 V, TA = 25°C. 
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TSC500 
SERIES 

OPJ21LJ 
2-mA N-CHANNEL OPEN-DRAIN CMOSmL 

OUTPUT BUFFER·WITH 0.5 di/dt 

FUNCTION TABLE 

INPUT OUTPUT 

A V 

l l 

H H 

OUTPUT BUFFER CELL 

logic symbolt 

A~V 
t This symbol is in accordance with ANSI/IEEE 

Std 91-1984. 

POSITIVE lOGIC EQUATION: Y = A 

description 
The OPJ21 LJ cell is a noninverting output buffer that interfaces internal cells with TTL or 
CMOS external loads. The buffer incorporates di/dt circuitry designed to reduce the effects 
of impedance mismatch. When the output buffer is called from the engineering workstation 
input, the following label format is developed and will be captured in the design netlist: 

Label: OPJ21 LJ A,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

TVP; TVP; 
UNIT 

CONDITIONS MIN MAX MIN MAX 

VT Input threshold voltage 2.2 2.2 V 

VOL lOW-level output voltage 
IOl = 2 mA 0.5 

V 
IOl'= 1.6 mA 0.5 

IOZ Off-state output current Vo = VCC or 0 ±10 ±5 fJA 

ICC Supply current VI = VIH or Vil 0.17 0.04 mA 

Ci Input capacitance 0.04 0.04 pF 

Cpd 
Equivalent power 

tr = tf = 1 ns 0.35 0.35 pF dissipation capacitance 

:j: Typical values are at VCC = 5 V, TA = 25°C. 
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TSC500 
SERIES 

OPJ21LJ 
2-mA N-CHANNEL OPEN-DRAIN CMosmL 

OUTPUT BUFFER WITH 0.5 di/dt 
D3030, APRIL 1988 

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

TTL loads, RL = 1 k.fl to Vee 
FROM TO TEST -55°C to 125°C O°C to 70°C 

PARAMETER 
MIN TYpt MAX 

",--- UNIT 
(INPUT) (OUTPUT) CONDITIONS MIN Tvr .. t MAX 

tpZL 
A 

CL = 15 pF 4.37 10.81 24.06 4.71 10.81 21.41 
Y 

CL = 50 pF 
ns 

tpZL 8.44 19.93 43.58 9.11 19.93 38.49 

tpLZ A y 12.79 12.79 ns 

AtpZL A y 120 260 560 130 260 490 ps/pF 

eMOS loads, RL = 1 k.fl to Vee 
FROM TO TEST -55°C to 125°C O°C to 70°C 

PARAMETER 
MIN TYpt MAX MIN TYpt MAX 

UNIT 
(INPUT) (OUTPUT) CONDITIONS 

tpZL CL = 15 pF 3.4 8.49 18.8 3.65 8.49 16.92 
A y ns 

tpZL CL = 50 pF 6.06 14.44 31.2 6.52 14.44 27.95 

utpZL A y 80 170 350 80 170 320 ps/pF 

t Typical values are at VCC = 5 V, TA = 25°C. 
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TSC500 
SERIES 

OPJ23LJ 
2-mA 3-STATE CMOSmL OUTPUT BUFFER 

WITH 0.5 di/dl AND ACTIVE-LOW ENABLE 
D3030. APRIL 1988 

OUTPUT BUFFER CELL 

FUNCTION TABLE logic symbolt 
INPUTS 

GZ A 

L H 

L L 

H X 

OUTPUT 

Y 

H 

L 

Z 

A~Y 
GZ --..11 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: V = A (if GZ is L) 

description 
The OPJ23LJ is a noninverting 3-state output buffer that interfaces internal cells with TTL or 
CMOS external loads. The buffer incorporates di/dt circuitry designed to reduce the effects 
of impedance mismatch. When the output buffer is called from the engineering workstation 
input, the following label format is developed and will be captured in the design netlist: 

Label: OPJ23LJ A,GZ,V; 

A pull-up or pull-down terminator can be connected to the V node. 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

TEST -55°e to 125°e ooe to 70°C 
PARAMETER 

TYP* TYP* 
UNIT 

CONDITIONS MIN MAX MIN MAX 

VT Input threshold voltage 2.2 2.2 V 

VOH High-level output voltage 
IOH = -2 mA 3.7 

V 
IOH = -1.6 mA 3.7 

VOL Low-level output voltage 
IOL = 2 mA 0.5 

V 
IOL = 1.6 mA 0.5 

IOZ Off-state output current Vo = Vee or a ±10 ±5 ~A 

ICC Supply current VI = VIH or VIL 1.04 0.27 mA 

Ci 
. IA 0.18 0.18 

pF Input capacitance I 
0.15 0.i5 GZ 

epd 
Equivalent power 
dissipation capacitance tr = tf = 1 ns 11.4 11.4 pF 

* Typical values are at Vee = 5 V. TA = 25°C. 
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TSC500 
SERIES 

OPJ23LJ 
2-mA 3-STATE CMOS/TTL OUTPUT BUFFER 

WITH 0.5 di/dt AND ACTIVE-LOW ENABLE 
03030, APRIL 1988 

TTL SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PARAM· FROM TO TEST - 55°C to 125°C O°C to 70°C 

TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN 

tPLH 2.23 6.1 13.87 2.38 6.1 12.63 
A Y RL = 00 ns 

tpHL 5.3 12.39 25.41 5.7 12.39 23.09 

tpZH 
GZ 

RL = 1 kO to GND 2.27 6.52 15.33 2.43 6.52 13.91 
Y 

RL = 1 kOtoVee 
ns 

tpZL 5.46 13.42 29.71 5.89 13.42 26.45 

CL = 50 pF 
PARAM· FROM TO TEST - 55°C to 125°C O°C to 70°C 

MIN TYpt MAX TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN 

tpLH 
A Y RL = 00 

3.29 9.19 20.94 3.52 9.19 19.12 
ns 

tpHL 9.2 20.54 40.94 9.91 20.54 37.08 

tpZH 
GZ y RL = 1 kO to GND 3.33 9.72 22.98 3.56 9.72 20.88 

RL = 1 kO to Vee 10.29 22.56 43.66 
ns 

tpZL 9.52 22.56 49.4 

tpHZ 
GZ y RL = 1 kO to GND 15.37 15.37 

RL = 1 kO to Vee 
ns 

tpLZ 11.95 11.95 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 

PARAM· FROM TO TEST - 55°C to 125°C O°C to 70°C 

MIN TYpt MIN TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX MAX 

AtpLH 
A RL = 00 

30 90 200 30 90 190 
ps/pF y 

AtpHL 110 230 440 120 230 400 

AtpZH 
GZ y RL = 1 kO to GND 30 90 220 30 90 200 

ps/pF 
AtpZL RL = 1 kO to Vee 120 260 560 130 260 490 

t Typical values are at Vee = 5 V, TA = 25°e. 

PROOUCTIOI OATA d ............ I.in i"orRllli •• 
current I •• , pu.liation date. Prodacts cal'or .. to 
IplCificati'.' per th. t.,._ If rlnl Inmu .... ntl TEXAS ." 

Copyright @ 1988. Texi. Instruments Incorporated 

=:~ri;·:::Ji ~:.O:'::t :.-,:::::1 not INSTRUMENTS 
POST OFFICE BOX 655012 • DALLAS. TEXAS 75265 13-99 



OPJ23LJ 
2~mA-3·STATE CMOS/TTL OUTPUT BUFFER 
WITH 0.5 dil~t AND ACTIVE-~OW ENABLE 
D3030, APF!IL 1988 

TSC500 
SERIES 

CMOS -SWiTCHING CHARACTERISTICS . ,.' . 

output switching character.istics over recommended ranges of supply voltage and operating 
free-air teltlperature (unless otherwise noted) 

CL = 15 pF 
PARAM- FROM TO TEST - 55°C to 125°C O°C to 70·C 

(INPUT) MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (OUTPUT) CONDITIONS 

tpLH 
A Y RL = ex> 

3.24 ~.33 17.96 3.46 8.33 16.39 
ns 

tpHL 4.2210.19 21.49 4.53 10.19 19.55 

tpZH 
GZ Y 

RL = 1 kD. to GND 3.42 9.09 20.8 3.65 9.09 18.76 
ns 

tpZL RL = 1 kD. to Vee 4.29 10.65 23.41 4.61 10.65 21.07 

CL = 50 pF 
PAR AM- F_ROM TO TEST - 55°C to 125°C O°C to 79°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
A Y RL = ex> 

5.58 14.21 30.16 5.96 14.21 27.58 
ns 

tpHL 6.82 15.79 32.53 7.33 15.79 29.5 

tpZH 
GZ y RL = 1 kD. to GND 5.77 15.51 35.47 6.17 15.51 32 

RL = 1 kD. to Vec 6.95 16.59 35.86 
ns 

tpZL 7,48 16.59 32.14 

change in propagation -delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 
PARAM· FROM TO -TEST ~ 55~C to 125·C O·C to 70·C 

eTER MIN TYpt MAX MIN TYpt 
UNIT 

(INPUT) (OUTPUT) CONDITIONS MAX 

l1tpLH 70 170 350 70 170 320 
ps/pF A Y RL = ex> 

l1tPHL 70 160 320 80 160 280 

l1tpZH 
GZ Y 

RL = 1 kD. to GND 70 180 420 70 180 380 
ps/pF 

l1tpZL RL = 1 kD. to Vce 80 170 360 80 170 320 

t Typical valu~s are at Vee = 5 V, TA = 25°e. 
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TSC500 
SERIES 

OPJ40LJ 
4-mA TOTEM-POLE CMOSmL OUTPUT BUFFER 

WITH 0.5 di/dt 

FUNCTION TABLE 

INPUT OUTPUT 

A Y 

L L 

H H 

D3030. APRIL 1988 

OUTPUT BUFFER CELL 

logic symbolt 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A 

description 
The OPJ40LJ cell is a noninverting output buffer that interfaces internal cells with TTL or 
CMOS external loads. The buffer incorporates di/dt circuitry designed to reduce the effects 
of impedance mismatch. When the output buffer is called from the engineering workstation 
input, the following label format is developed and will be captured in the design netlist: 

Label: OPJ40LJ A,Y; 

A pull-up or pull-down terminator can be connected to the Y node. 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

TYP:!: TYp:j: 
UNIT 

CONDITIONS MIN MAX MIN MAX 

VT Input threshold voltage 2.2 2.2 V 

VOH High-level output voltage 
IOH = -4 mA 3.7 

V 
IOH = -3.4 mA 3.7 

VOL Low-level output voltage 
IOL = 4 mA 0.5 

V 
IOL = 3.4 mA 0.5 

ICC Supply current VI = VIH or VIL 0.87 0.09 mA 

Ci Input capacitance 0.17 0.17 pF 

Cpd 
Equivalent power 

tr = tf = 1 ns 8.5 8.5 pF dissipation capacitance 

:j: Typical values are at VCC = 5 V, TA = 25°C. 
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OPJ40LJ 
4-mA TOTEM-POLE CMOSmL OUTPUT BUFFER 
WITH 0.5 di/dt 
D3030, APRIL 1988 

TSC500 
SERIES 

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

TIL loads, RL = 00 

FROM TO TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

MIN TYpt MAX MIN TYpt 
UNIT 

(INPUT) (OUTPUT) CONDITIONS MAX 
-

tpLH 
A Y CL = 15 pF 

1.42 3.78 8.54 1.51 3.78 7.77 
ns 

tpHL 2.83 6.81 14.05 3.04 6.81 12.8 

tpLH 
A Y CL = 50 pF 

2.05 5.53 12.52 2.18 5.53 11.4 
ns 

tpHL 4.88 11.11 22.24 5.24 11.11 20.19 

iltpLH 
Y 

20 50 110 20 50 100 
ps/pF A 

iltpHL 60 120 230 6Q 120 210 

CMOS loads, RL = 00 

FROM TO TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

MIN TYpt MAX MIN TYpt. MAX 
UNIT 

(INPUT) (OUTPUT) CONDITIONS 

tpLH 
CL = 15 pF 

1.94 4.95 10.7 2.07 4.95 9.74 
A Y ns 

tpHL 2.31 5.7 12.06 2.47 5.7 10.99 

tpLH 
Y CL = 50 pF 

3.17 8.03 17.11 3.38 8.03 15.61 
A ns 

tpHL 3.72 8.76 18.06 3.99 8.76 16.42 

iltPLH 40 90 180 40 90 170 
ps/pF A Y 

LltpHL 40 90 170 40 90 160 

t Typical values are at VCC = 5 V, TA = 25°C. 
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TSC500 
SERIES 

OPJ41LJ 
4-mA N-CHANNEL OPEN-DRAIN CMOS/TTL 

OUTPUT BUFFER WITH 0.5 di/dt 
03030, APRIL 1988 

OUTPUT BUFFER CELL 

FUNCTION TABLE logic symbolt 

A~Y 
INPUT 

A 

L 

H 

OUTPUT 

Y 

L 

H t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A 

description 
The OPJ41 LJ cell is a noninverting output buffer that interfaces internal cells with TTL or 
CMOS external loads. The buffer incorporates di/dt circuitry designed to reduce the effects 
of impedance mismatch. When the output buffer is called from the engineering workstation 
input, the following label format is developed and will be captured in the design netlist: 

Label: OPJ41LJ A,Y; 

absolute maximum ratings and recommended operating conditions 
These are speCified as a part of the TSC500 Series Data. 

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

TEST -55°C to 125°C O°C to 70°C 
PARAMETER UNIT 

CONDITIONS MIN TYp:j: MAX MIN TYp:j: MAX 

VT Input threshold voltage 2.2 2.2 V 

VOL LOW-level output voltage 
IOL = 4 mA 0.5 

V 
10L = 3.4mA 0.5 

10Z Off-state output current Vo = VCC orO ±10 ±5 J.lA 

ICC Supply current VI = VIH or VIL 0.35 0.09 mA 

Ci Input capacitance 0.07 0.07 pF 

Cpd 
Equivalent power 
dissipation capacitance tr = tf = 1 ns 0.58 0.58 pF 

:j: Typical values are at VCC = 5 V, TA = 25°C. 
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OPJ41LJ 
4-mA N-CHANNEL OPEN-DRAIN CMOSmL 
OUTPUT BUFFER WITH 0.5 di/dt 
03030, APRIL 1988 

TSC500 
SERIES 

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

TTL loads, RL = 1 kfl to Vee 
FROM TO TEST -55°C to 125°C O°C to 70°C 

PARAMETER 
MIN TYpt MAX MIN TYpt MAX 

UNIT 
(INPUT) (OUTPUT) CONDITIONS 

tpZL 
A Y 

CL = 15 pF 2.6 6.48 13.94 2.8 6.48 12.56 

CL = 50 pF 
ns 

tpZL 4.67 10.95 22.86 5.03 10.95 20.53 

tpLz A Y 9.51 9.51 ns 

iltpZL A Y 60 130 250 60 130 230 ps/pF 

eMOS loads, RL = 1 kfl to Vee 
FROM TO TEST -55°C to 125°C O°C to 70°C 

PARAMETER 
MIN TYpt MAX MIN TYpt MAX 

UNIT 
(INPUT) (OUTPUT) CONDITIONS 

tPZL CL = 15 pF 2.1 5.31 11.6 2.25 5.31 10.49 
A Y 

CL = 50 pF 
ns 

tpZL 3.51 8.42 17.89 3.77 8.42 16.15 

iltpZL A Y 40 90 180 40 90 160 ps/pF 

t Typical values are at VCC = 5 V, TA = 25°C. 
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TSC500 
SERIES 

OPJ43LJ 
4-mA 3-STATE CMOS/TTL OUTPUT BUFFER 

WITH 0.5 di/dt AND ACTIVE-LOW ENABLE 
APRIL 1988 

OUTPUT BUFFER CELL 

FUNCTION TABLE logic symbolt 
INPUTS 

GZ A 

L H 

l l 

H X 

OUTPUT 

Y 

H 

l 

2 

A~Y 

GZ~ 
t This symbol is in accordance with ANSI/IEEE 

Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A (if GZ is L) 

description 
The OPJ43LJ is a noninverting 3-state output buffer that interfaces internal cells with TIL or 
CMOS external loads. The buffer incorporates dijdt circuitry designed to reduce the effects 
of impedance mismatch. When the output buffer is called from the engineering workstation 
input, the following label format is developed and will be captured in the design netlist 

Label: OPJ43LJ A,GZ,Y; 

A pull-up or pull-down terminator can be connected to the Y node. 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

TEST - 55°C to 125°C O°C to 70°C 
PARAMETER 

TYp:j: TYp:j: 
UNIT 

CONDITIONS MIN MAX MIN MAX 

VT Input threshold voltage 2.2 2.2 V 

VOH 
10H = -4 mA 3.7 

High-level output voltage V 
10H = -3.4 mA 3.7 

VOL low-level output voltage 
10l = 4 mA 0.5 

V 
10l = 3.4 mA 0.5 

102 Off-state output current Vo = VCC orO ±10 ±5 !J.A 

ICC Supply current VI = VIH or Vil 1.04 0.27 mA 

Ci 
. IA 0.18 0.18 

pF Input capacitance I G2 
0.15 0.15 

Cpd 
Equivalent power 

tr = tf = 1 ns 12.4 12.4 pF dissipation capacitance 

:j: Typical values are at VCC = 5 V, TA = 25°C. 
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OPJ43LJ 
4-mA 3-STATE CMOS/TTL OUTPUT BUFFER 
WITH 0.5 di/dt AND ACTIVE-LOW ENABLE 
D3030. APRIL 1988 

TSC500 
SERIES 

TTL SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PARAM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

ETER (INPUT) (OUTPUT) CONDITIONS MIN TYpt MAX MIN TYpt MAX 
UNIT 

tPLH 
A RL = 00 

1.65 4.54 10.29 1.76 4.54 9.37 y ns 
tpHL 3.27 7.91 16.42 3.51 7.91 14.93 

tpZH 
GZ 

RL = 1 k.!1 to GND 1.7 4.87 11.26 1.81 4.87 10.24 
Y 

RL = 1 k.!1 to Vee 
ns 

tpZL 3.31 8.15 17.36 3.56 8.15 15.68 

CL = 50 pF 
PARAM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
A y RL = 00 

2.26 6.26 14.18 2.41 6.26 12.93 
ns 

tpHL 5.29 12.16 24.55 5.7 12.16 22.26 

tpZH 
GZ y RL = 1 k.!1 to GND 2.31 6.61 15.28 2.46 6.61 13.89 

ns 
tpZL RL = 1 k.!1 to Vee 5.37 12.61 26.24 5.79 12.61 23.6 

tpHZ 
GZ 

RL = 1 k.!1 to GND 11.4 11.4 
Y 

RL = 1 k.!1toVee 
ns 

tpLZ 9.73 9.73 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 
PARAM· FROM TO TEST - 55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX 

~tpLH 
RL = 00 

20 50 110 20 50 100 
ps/pF A Y 

~tpHL 60 120 230 60 120 210 

~tpZH 
GZ 

RL = 1 k.!1 to GND 20 50 110 20 50 100 
ps/pF y 

~tpZL RL = 1 k.!1 to Vec 60 130 250 60 130 230 

t Typical values are at Vee = 5 V. TA = 25°e. 
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TSC500 
SERIES 

OPJ43LJ 
4-mA 3-STATE CMosmL OUTPUT BUFFER 

WITH 0.5 di/dt AND ACTIVE-LOW ENABLE 
D3030, APRIL 1988 

CMOS SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PARAM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN 

tpLH Y 
2.21 5.81 12.63 2.37 5.81 11.52 

A RL = 00 ns 
tpHL 2.69 6.68 1~.23 2.88 6.68 12.94 

tpZH RL = 1 kO to GND 2.39 6.23 13.86 2.55 6.23 12.57 
GZ y ns 

tpZL RL = 1 kO to Vec 2.7 6.78 14.63 2.9 6.78 13.26 

CL = 50 pF 
PARAM· FROM TO TEST - 55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 3.43 8.86 18.97 3.67 8.86 17.32 
A Y RL = 00 ns 

tPHL 4.08 9.69 20.17 4.38 9.69 18.3 

tpZH RL = 1 kOto GND 3.61 9.4 20.69 3.85 9.4 18.78 
GZ y ns 

tpZL RL = 1 kO to VCC 4.11 9.86 20.85 4.41 9.86 18.85 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 

PARAM· FROM TO TEST - 55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX 

AtpLH 30 90 180 40 90 170 
ps/pF A Y RL = 00 

AtpHL 40 90 170 40 90 150 

AtpZH RL = 1 kOto GND 30 90 200 40 90 180 
ps/pF GZ y 

AtpZL RL = 1 kfl to Vce 40 90 180 40 90 160 

t Typical values are at Vee = 5 V, TA = 25°e. 
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TSC500 
SERIES 

OPJ60LJ 
6-mA TOTEM-POLE CMOSmL OUTPUT BUFFER 

, WITH 0.5 di/dt 
03030. APRIL 1988 

OUTPUT B4FFER CELL 

FUNCTION TABLE logic symbolt 
INPUT 

A 

L 

H 

OUTPUT 
A ---{>-r!m Y Y 

L 

H t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A 

description 
The OPJ60W cell is a non inverting output buffer that interfaces internal cells with TTL or 
CMOS external loads. The buffer incorporates di/dt circuitry designed to reduce the effects 
of impedance mismatch. When the output buffer is called from the engineering workstation 
input, the following label format is developed and will be captured in the design netlist: 

Label: OPJ60W A,Y; 

A pull-up or pull-down terminator can be connected to the Y node. 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrlcal4lharacterlstlcs over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted) 

PARAMETER 
TEST -55°C to 125°C DOC to 7DoC 

UNIT 
CONDITIONS MIN TYP; MAX MIN TYP; MAX 

VT Input threshold voltage 2.2 2.2 V 

VOH High-level output voltage 
IOH = -6 mA 3.7 

V 
IOH = -5.1 mA 3.7 

VOL Low-level output voltage 
IOL = 6 mA 0.5 

V 
IOL = 5.1 mA 0.5 

ICC Supply current VI = VIH or VIL 1.29 0.13 mA 

Ci Input capacitance 0.24 0.24 pF 

Cpd 
Equivalent power 
dissipation capacitance tr =tf=1ns 9.3 9.3 pF 

; Typical values are at Vce = 5 V, TA = 25°C. 
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TSC500 
SERIES 

OPJ60LJ 
6-rnA TOTEM-POLE CMosmL OUTPUT BUFFER 

WITH 0.5 di/dt 
03030. APRIL 1988 

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

TTLloads,RL = 00 

FROM TO TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

(INPUT) (OUTPUT) CONDITIONS 

tpLH 
A Y CL = 15 pF 

1.24 3.28 7.43 1.31 3.28 6.76 
ns 

tpHL 2.18 5.39 11.24 2.34 5.39 10.24 

tpLH 
CL = 50 pF 

1.71 4.59 10.4 1.82 4.59 9.46 
A Y ns 

tpHL 3.62 8.41 17.06 3.89 8.41 15.49 

t.tpLH 10 40 80 10 40 80 
A Y ps/pF 

t.tpHL 40 90 170 40 90 150 

CMOS loads, RL = 00 

FROM TO TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

MIN TYpt MAX MIN Typt MAX 
UNIT 

(INPUT) (OUTPUT) CONDITIONS 

tpLH 
CL = 15 pF 

1.62 4.17 9.08 1.73 4.17 8.27 
A Y ns 

tpHL 1.81 4.57 9.75 1.94 4.57 8.89 

tpLH 
A Y CL = 50 pF 

2.49 6.35 13.65 2.66 6.35 12.44 
ns 

tpHL 2.82 6.77 14.12 3.02 6.77 12.83 

t.tpLH 30 60 130 30 60 120 
ps/pF A Y 

t.tpHL 30 60 120 30 60 110 

t Typical values are at VCC = 5 V, TA = 25°C. 
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TSC500 
SERIES 

OPJ61LJ 
6-mA N-CHANNEL OPEN-DRAIN CMOSmL 

OUTPUT BUFFER WITH 0.5 di/dl 

FUNCTION TABLE 

INPUT OUTPUT 

A Y 
L L 

H H 

APRIL 1988 

OUTPUT BUFFER CELL 

logic symbolt 

A~Y 
t This symbol is in accordance with ANSI/IEEE 

Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A 

description 
The OPJ61 LJ cell is a non inverting output buffer that interfaces internal cells with TIL or 
CMOS external loads. The buffer incorporatesdi/dt circuitry designed to reduce the effects 
of impedance mismatch. When the output buffer is called from the engineering workstation 
input, the following label format is developed and will be captured in the design netlist: 

Label:OPJ61 LJ A,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

TYp:j: TYp:j: 
UNIT 

CONDITIONS MIN MAX MIN MAX 

VT Input threshold voltage 2.2 2.2 V 

VOL Low-level output voltage 
IOL = 6 mA 0.5 

V 
IOL = 3.4 rnA 0.5 

IOZ Off-state output current Vo = VCC or 0 ±10 ±5 I1A 

ICC Supply current VI = VIH or VIL 0.52 0.13 mA 

Ci Input capacitance 0.09 0.09 pF 

Cpd 
Equivalent power 
dissipation capacitance tr =tf=1ns 0.82 0.82 pF 

:j: Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTIOM DATA documents contlin information 
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TSC500 
SERIES 

OPJ61LJ 
6-mA N-CHANNEL OPEN-DRAIN CMOS/TTL 

OUTPUT BUFFER WITH 0.5 di/dt 
D3030, APRIL 1988 

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

TTL loads, RL = 1 kD to Vee 
FROM TO TEST -55°C to 125°C O°C to 70°C 

PARAMETER 
MIN TYpt MAX MIN TYpt MAX 

UNIT 
(INPUT) (OUTPUT) CONDITIONS 

tpZL 
A Y 

CL = 15 pF 2.01 5.09 10.94 2.16 5.09 9.9 
ns 

tpZL CL = 50 pF 3.45 8.18 17.03 3.71 8.18 15.37 

tpLZ A Y 9.19 9.19 ns 

t.tpZL A Y 40 90 170 40 90 160 ps/pF 

eMOS loads, RL = 1 kD to Vee 
FROM TO TEST -55°C to 125°C O°C to 70°C 

PARAMETER 
MIN TYpt MAX MIN Typt MtX 

UNIT 
(INPUT) (OUTPUT) CONDITIONS 

tpZL CL = 15 pF 1.65 4.25 9.31 1.77 4.25 8.44 
A Y 

6.47 12~47 
ns 

tpZL CL = 50 pF 2.66 6.47 13.78 2.86 

t.tpZL A Y 30 60 130 30 60 120 ps/pF 

t Typical values are at VCC = 5 V, TA = 25°C. 
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currant '1 af publicatian dl'l. Products conf.rm to 
specifications per the tlrml af T 1.1. InstrU"'lntl TEXAS ." 

Copyright @ 1988. Texas Instruments Incorporated 

::~~:~~i~'[::I~7i ~=~:~ti:r :1r::::~:I~ not INSTRUMENTS 
POST OFFICE BOX 665012 • DALLAS. TEXAS 75265 13-111 



TSC500 
SERIES 

OPJ63LJ 
6-mA 3-STATE CMOSmL OUTPUT BUFFER 

WITH 0.5 di/dt AND ACTIVE-LOW ENABLE 
APRIL 1988 

OUTPUT BUFFER CELL 

FUNCTION TABLE logic symbolt 
INPUTS 

GZ A 

L H 

L L 

H X 

OUTPUT 

Y 

H 

L 

Z 

A~V 
GZ~ 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A (if GZ is L) 

description 
The OPJ63LJ is a noninverting 3-state output buffer that interfaces internal cells with TIL or 
CMOS external loads. The buffer incorporates di/dt circuitry designed to reduce the effects 
of impedance mismatch. When the output buffer is called from the engineering workstation 
input, the following label format is developed and will be captured in the design netlist: 

Label: OPJ63LJ A,GZ,Y; 

A pull-up or pull-down terminator can be connected to the Y node. 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

TEST - 55°C to 125°C O°C to 70°C 
PARAMETER 

TYP* TYP* 
UNIT 

CONDITIONS MIN MAX MIN MAX 

VT Input threshold voltage 2.2 2.2 V 

VOH High-level output voltage 
10H = -SmA 3.7 

V 
10H = -5.1 mA 3.7 

VOL LOW-level output voltage 
10L = SmA 0.5 

V 
10L = 5.1 mA 0.5 

10Z Off-state output current Vo = VCCorO ±10 ±5 J.lA 

ICC Supply current VI = VIH or VIL 1.04 0.27 mA 

Ci 
. IA 0.18 0.18 

pF Input capacitance I GZ 
0.15 0.15 

Cpd 
Equivalent power tr = tf = 1 ns 13.2 13.2 pF dissipation capacitance 

* Typical values are at VCC = 5 V, TA = 25°C. 
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TSC500 
SERIES 

OPJ63LJ 
6-mA 3-STATE CMOSmL OUTPUT BUFFER 

WITH 0.5 di/dt AND ACTIVE-LOW ENABLE 
D3030, APRIL 1988 

TTL SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PARAM· FROM TO TEST - 55°C to 125°C O°C to 70°C 

TYpt MAX TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN MIN 

tpLH 
A Y RL = 00 

1.47 4.08 9.27 1.56 4.08 8.44 
ns 

tpHL 2.58 6.38 13.39 2.77 6.38 12,19 

tpZH 
GZ 

RL = 1 kU to GND 1.51 4.38 10.14 1.62 4.38 9.22 
Y ns 

tpZL RL = 1 kU to Vce 2.59 6.49 13.78 2.79 6.49 12.48 

CL = 50 pF 
PARAM· FROM TO TEST - 55°C to 125°C Occ to 70cC 

TYpt MAX TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN MIN 

·tpLH 1.93 5.35 12.16 2.06 5.35 11.07 
A Y RL = 00 ns 

tpHL 3.99 9.37 19.12 4.29 9.37 17.35 

tpZH 
GZ 

RL = 1 kU to GND 1.97 5.67 13.06 2.11 5.67 11.89 
Y ns 

tpZL RL = 1 kUtoVee 4.02 9.55 19.79 4.33 9.55 17.88 

tpHZ RL = 1 kU to GND 9.88 9.88 
GZ Y ns 

tpLZ RL = 1 kUtoVee 9.07 9.07 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free·air temperature (unless otherwise noted) 
PARAM· FROM TO TEST - 55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

~tpLH 10 40 80 10 40 80 
ps/pF A Y RL = 00 

~tpHL 40 90 160 40 90 150 

~tpZH RL = 1 kU to GND 10 40 80 10 40 80 
ps/pF GZ y 

~tpZL RL = 1 kUto Vee 40 90 170 40 90 150 

t Typical values are at Vee = 5 V, TA = 25°e. 
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OPJ63LJ 
6-mA 3-STATE CMOS/TTL OUTPUT BUFFER 
WITH 0.5 di/dt AND ACTIVE-LOW ENABLE 
D3030, APRIL 1988 

TSC500 
SERIES 

CMOS SWITCHING CHARACTERISTICS 

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

CL = 15 pF 

PARAM- . FROM TO TEST - 55·C to 125·C O·C to 70·C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
A Y RL = 00 

1.89 5.04 11.04 2.02 5.04 10.07 
ns 

tpHL 2.16 5.48 11.77 2.32 5.48 10.72 

tpZH 
GZ 

RL = 1 kll to GND 2.05 5.4 12 2.19 5.4 10.89 
Y 

RL = 1 kll to Vee 5.51 11.89 
ns 

tpZL 2.16 2.32 5.51 10.8 

CL = 50 pF 

PARAM- FROM TO TEST - 55·C to 125·C D·C to 7D·C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
A RL = 00 

2.75 7.19 15.54 2.94 7.19 14.17 
Y ns 

tpHL 3.16 7.64 16.05 3.39 7.64 14.58 

tpZH RL = 1 kllto GND 2.92 7.59 16.66 3.12 7.59 15.15 
GZ Y 

RL = 1 klltoVee 3.16 7.7 16.28 3.39 7.7 14.75 
ns 

tpZL 

change in propagation delay time with load capacitance over recommended ranges of 
supply. voltage and operating free-air temperature (unless otherwise noted) 
PARAM- FROM TO TEST - 55·C to 125·C D·C to 70·C 

MIN TYpt MAX MINTYPt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

~tpLH 20 60 130 20 60 130 
ps/pF A Y RL = 00 

~tpHL 30 60 120 30 60 110 

~tpZH 
GZ y RL = 1 kll to GND 20 60 130 30 60 120 

ps/pF 
~tpZL RL = 1 klltoVee 30 60 130 30 60 110 

t Typical values are at Vee = 5 V, TA = 25·e. 
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TSC500 
SERIES 

OPKAOLJ 
16-mA TOTEM-POLE CMOSmL OUTPUT BUFFER 

WITH 0.25 di/dl 

FUNCTION TABLE 

INPUT OUTPUT 

A V 

L L 

H H 

APRil 1988 

OUTPUT BUFFER CELL 

logic symbolt 

A~Y 
t This symbol is in accordance with ANSI/IEEE 

Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A 

description 
The OPKAOLJ cell is a noninverting output buffer that interfaces internal cells with TIL or 
CMOS external loads. The buffer incorporates di/dt circuitry designed to reduce the effects 
of impedance mismatch. When the output buffer is called from the engineering workstation 
input, the following label format is developed and will be captured in the design netlist: 

Label: OPKAOLJ A,Y; 

A pull-up or pull-down terminator can be connected to the Y node. 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

TVPt TVPt 
UNIT 

CONDITIONS MIN MAX MIN MAX 

VT Input threshold voltage 2.2 2.2 V 

VOH High-level output voltage 
IOH = -16 rnA 3.7 

V 
IOH = -13.6 rnA 3.7 

VOL Low-level output voltage 
IOL = 16 rnA 0.5 

V 
IOL = 13.6 rnA 0.5 

ICC Supply current VI = VIH or VIL 2.68 0.35 rnA 

Ci Input capacitance 0.53 0.53 pF 

Cpd 
Equivalent power 
dissipation capacitance tr = tf = 1 ns 13.3 13.3 pF 

:1: Typical values are at VCC = 5 V, TA = 25°C. 
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OPKAOLJ 
16-mA TOTEM-POLE CMOS/TTL OUTPUT BUFFER 
WITH 0.25 di/dt 
D3030, APRIL 1988 

TSC500 
SERIES 

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

TIL loads, RL = 00 

PARAMETER 
FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

(INPUT) (OUTPUT) CONDITIONS 
-

tpLH 1.28 3.73 8.67 1.37 3.73 7.87 
A y CL = 15 pF ns 

tpHL 1.91 5.1 10.95 2.06 5.1 9.99 

tpLH 
A y CL = 50 pF 

1.63 4.68 10.79 1.75 4.68 9.79 
ns 

tpHL 2.74 6.89 14.43 2.95 6.89 13.14 

.:1tpLH 
Y 

10 30 60 10 30 50 
ps/pF A 

.:1tpHL 20 50 100 30 50 90 

CMOS loads, RL = 00 

FROM TO TEST -55°C to 125°C O°C to 7_0°C 
PARAMETER 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

(INPUT) (OUTPUT) CONDITIONS 

tpLH 
CL = 15 pF 

1.58 4.44 9.99 1.7 4.44 9.07 
A y ns 

tpHL 1.65 4.51 9.88 1.77 4.51 9.01 

tpLH 
A y eL = 50 pF 

2.14 5.81 12.85 2.3 5.81 11.67 

2.45 
ns 

tpHL 2.28 5.92 12.69 5.92 11.56 

.:1tpLH 20 40 80 20 40 70 
ps/pF A y 

.:1tpHL 20 40 80 20 40 70 

t Typical values are at Vee = 5 V, T A = 25°e. 
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TSC500 
SERIES 

OPKA1LJ 
16-mA N-CHANNEL OPEN-DRAIN CMosmL 

OUTPUT BUFFER WITH 0.25 di/dt 

FUNCTION TABLE 

INPUT OUTPUT 

A V 
L L 
H H 

APRIL 1988 

OUTPUT BUFFER CELL 

logic symbolt 

A~Y 
t This symbol is in accordance with ANSIIIEEE 

Std 91-1984. 

POSITIVE LOGIC EQUATION: V = A 

description 
The OPKA 1 LJ cell is a noninverting output buffer that interfaces internal cells with TIL or 
CMOS external loads. The buffer incorporates di/dt circuitry designed to reduce the effects 
of impedance mismatch. When the output buffer is called from the engineering workstation 
input, the following label format is developed and will be captured in the design netlist: 

Label: OPKA1LJ A,V; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

TYP:!: TYP:!: 
UNIT 

CONDITIONS MIN MAX MIN MAX 

VT Input threshold voltage 2.2 2.2 V 

VOL Low-level output voltage 
10L = 16 mA 0.5 

V 
10L = 13.6 mA 0.5 

10Z Off-state output current Vo = VCC orO ±10 ±5 j.1A 

ICC Supply current VI = VIH or VIL 1.17 0.32 mA 

Ci Input capacitance 0.19 0.19 pF 

Cpd 
Equivalent power 
dissipation capacitance tr = tf = 1 ns 1.96 1.96 pF 

:j: Typical values are at VCC = 5 V, TA = 25°C. 
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OPKA1LJ 
16-mA N-CHANNEL OPEN-DRAIN CMOSmL 
OUTPUT BUFFER WITH 0.25 di/dt 
03030, APRIL 1988 

TSC500 
SERIES 

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

TTL loads, RL = 1 k!l to Vee 
FROM TO TEST -55°C to 125°C ooe to 70°C 

PARAMETER 
MIN TVPt MAX MIN TVPt MAX 

UNIT 
(!NPUT) (OUTPUT) CONDITIONS 

tpZL 
A Y 

CL = 15 pF 1.77 4.86 10.67 1.91 4.86 9.69 

CL = 50 pF 
ns 

tpZL 2.59 6.64 14.18 2.79 6.64 12.86 

tpLZ A Y 7.52 7.52 ns 

.MpZL A Y 20 50 100 30 50 90 ps/pF 

eMOS loads, RL = 1 k!l to Vee 
FROM TO TEST -55°C to 125°C ooe to 70°C 

PARAMETER 
MIN TVPt MAX MIN TVPt MAX 

UNIT 
(INPUT) (OUTPUT) CONDITIONS 

tpZL 
A y CL = 15 pF 1.52 4.27 9.54 1.64 4.27 8.67 

CL = 50 pF 
ns 

tpZL 2.15 5.67 12.39 2.31 5.67 11.24 

iltpZL A y 20 40 80 20 40 70 ps/pF 

t Typical values are at Vce = 5 V, TA = 25°C. 
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TSC500 
SERIES 

OPKA3LJ 
16-mA 3-STATE CMOS/TTL OUTPUT BUFFER 

WITH 0.25 di/dt AND ACTIVE-LOW ENABLE 
APRIL 1988 

OUTPUT BUFFER CELL 

FUNCTION TABLE logic symbolt 
INPUTS 

GZ A 

L H 

L L 

H X 

OUTPUT 

Y 

H 

L 

Z 

A~Y 
GZ~ 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A (if GZ is L) 

description 
The OPKA3LJ is a non inverting 3-state output buffer that interfaces internal cells with TIL or 
CMOS external loads. The buffer incorporates di/dt circuitry designed to reduce the effects 
of impedance mismatch. When the output buffer is called from the engineering workstation 
input, the following label format is developed and will be captured in the design netlist: 

Label: OPKA3LJ A,GZ,Y; 

A pull-up or pull-down terminator can be connected to the Y node. 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

TEST - 55°C to 125°C O°C to 70°C 
PARAMETER 

TYp:j: TYp:j: 
UNIT 

CONDITIONS MIN MAX MIN MAX 

VT Input threshold voltage 2.2 2.2 V 

VOH High-level output voltage 
10H = -16 mA 3.7 

V 
10H = -13.6 mA 3.7 

VOL 
10L = 16 mA 0.5 

V LOW-level output voltage 
10L = 13.6 mA 0.5 

10Z Off-state output current Va = Vec or 0 ±10 ±5 IlA 

lee Supply current VI = VIH or VIL 1.04 0.27 mA 

ei Input capacitance I ~z 0.18 0.18 
pF 

0.15 0.15 

Cpd 
Equivalent power 

tr = tf = 1 ns 17.3 17.3 pF dissipation capacitance 

:j: Typical values are at Vee = 5 V, T A = 25°e. 

PRODUCTION DATA document. contain information 
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OPKA3LJ 
16-mA 3-STATE CMOSmL OUTPUT BUFFER 
WITH 0.25 di/dt AND ACTIVE-LOW ENABLE 
D3030, APRIL 1988 

TSC500 
SERIES 

TTL SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
. ---~~ --~-,----

PARAM· FROM TO TEST - 55°C to 125°C O°C to 70°C 

ETER (INPUT) (OUTPUT) CONDITIONS MIN TYpt MAX TYpt MAX 
UNIT 

MIN 

tpLH 
A Y RL = 00 

1.67 4.75 10.9 1.78 4.75 9.92 
ns 

tPHL 2.4 6.18 13.3 2.58 6.18 12.12 

tpZH 
GZ y RL = 1 kU to GND 1.72 5.05 11.7 1.84 5.05 10.65 

ns 
tpZL RL = 1 kU to Vee 2.41 6.21 13.36 2.59 6.21 12.16 

CL = 50 pF 

PARAM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

MIN TYpt MAX TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN 

tpLH 2.01 5.66 12.89 2.14 5.66 11.74 
A Y RL = 00 ns 

tpHL 3.21 7.91 16.69 3.45 7.91 15.18 

tpZH RL = 1 kU to GND 2.06 5.96 13.74 2.2 5.96 12.51 
GZ Y ns 

tpZL RL = 1 kU to Vee 3.22 7.94 16.75 3.46 7.94 15.23 

tpHZ 
GZ y RL = 1 kU to GND 9.23 9.23 

ns 
tpLZ RL = 1 kU to Vee 9.02 9.02 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 
PARAM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

.MpLH 
Y 

10 30 60 10 30 50 
ps/pF A RL = 00 

atpHL 20 50 100 20 50 90 

atpZH RL = 1 kU to GND 10 30 60 10 30 50 
ps/pF GZ Y 

atpZL RL = 1 kUtoVee 20 50 100 20 50 60 

t Typical values are at Vee = 5 V, TA = 25°e. 
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TSC500 
SERIES 

OPKA3LJ 
16-mA 3-STATE CMOS/TTL OUTPUT BUFFER 

WITH 0.25 di/dt AND ACTIVE-LOW ENABLE 
D3030, APRIL 1988 

CMOS SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PARAM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

TYpt MAX TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN MIN 

tpLH 2 5,5 12.28 2.14 5.5 11.18 
A Y RL = 00 ns 

tpHL 2.12 5.54 12.15 2.27 5.54 11.06 

tpZH 
GZ 

RL = 1 kO to GND 2.17 5.83 13.08 2.31 5.83 11.89 
Y ns 

tpZL RL = 1 kO to Vee 2.12 5.53 12.09 2.27 5.53 11.01 

CL = 50 pF 
PARAM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

TYpt MAX TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN MIN 

tpLH 2.54 6.82 15.01 2.72 6.82 13.67 
A Y RL = 00 ns 

tpHL 2.73 6.9 14.89 2.92 6.9 13.54 

tpZH 
GZ y RL = 1 kO to GND 2.71 7.15 15.86 2.89 7.15 14.41 

RL = 1 kO to Vee 
ns 

tpZL 2.73 6.89 14.83 2.92 6.89 13.49 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 

PARAM· FROM TO TEST - 55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN Typt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX 

AtpLH 20 40 80 20 40 70 
ps/pF A Y RL = 00 

AtpHL 20 40 80 20 40 70 

AtpZH RL = 1 kO to GND 20 40 80 20 40 70 
ps/pF GZ y 

AtpZL RL = 1 kO to Vee 20 40 80 20 40 70 

t Typical values are at Vee = 5 V, TA = 25°e. 
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TSC500 
SERIES 

OPKBOLJ 
24-mA TOTEM-POLE CMOSmL OUTPUT BUFFER 

WITH 0.25 di/dt 

FUNCTION TABLE 

INPUT OUTPUT 

A Y 
L L 

H H 

03030, APRIL 1988 

OUTPUT BUFFER CELL 

logic symbolt 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: V = A 

description 
The OPKBOW cell is a noninverting output buffer that interfaces internal cells with TIL or 
CMOS external loads. The buffer incorporates di/dt circuitry designed to reduce the effects 
of impedance mismatch. When the output buffer is called from the engineering workstation 
input, the following label format is developed and will be captured in the design netlist: 

Label: OPKBOLJ A,V; 

A pull-up or pull-down terminator can be connected to the V node. 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

TYp:t: TYp:t: 
UNIT 

CONDITIONS MIN MAX MIN MAX 

VT Input threshold voltage 2.2 2.2 V 

VOH High-level output voltage 
IOH = -16 mA 3.7 

V 
IOH = -13.6 mA 3.7 

VOL LOW-level output voltage 
IOL = 24 mA 0.5 

V 
IOL = 20.4 mA 0.5 

ICC Supply current VI = VIH or VIL 2.68 0.44 mA 

Ci Input capacitance 0.63 0.63 pF 

Cpd 
Equivalent power 
dissipation capacitance tr = tf = 1 ns 14.8 14.8 pF 

:t: Typical values are at VCC = 5 V, TA = 25°C. 
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TSC500 
SERIES 

OPKBOLJ 
24-mA TOTEM-POLE CMOS/TTL OUTPUT BUFFER 

WITH 0.25 di/dt 
D3030, APRIL 1988 

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

TTL loads, RL = 00 

FROM TO TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

(INPUT) (OUTPUn CONDITIONS 

tpLH 
A y CL = 15 pF 

1.27 3.72 8.65 1.36 3.72 7.85 
ns 

tpHL 2.29 5.86 12.37 2.46 5.86 11.31 

tPLH 
CL = 50 pF 

1.63 4.66 10.77 1.74 4.66 9.77 
A Y ns 

tpHL 3.04 7.48 15.52 3.26 7.48 14.18 

L\tpLH 10 30 60 10 30 50 
ps/pF A Y 

tltpHL 20 50 90 20 50 80 

CMOS loads, RL = 00 

FROM TO TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

(INPUT) (OUTPUT) CONDITIONS 

tpLH 
CL = 15 pF 

1.58 4.43 9.96 1.69 4.43 9.04 
A y ns 

tpHL 2.02 5.27 11.3 2.16 5.27 10.33 

tpLH 
CL = 50 pF 

2.14 5.79 12.83 2.29 5.79 11.65 
A Y ns 

tpHL 2.6 6.57 13.9 2.78 6.57 12.7 

tltPLH 20 40 80 20 40 70 
ps/pF A Y 

40 70 L\tPHL 20 40 70 20 

t Typical values are at VCC = 5 V, TA = 25°C. 
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TSC500 
SERIES 

OPKB1LJ 
24-mA N-CHANNEL OPEN-DRAIN CMOSmL 

OUTPUT BUFFER WITH 0.25 di/dt 

FUNCTION TABLE 

INPUT OUTPUT 

A Y 
L L 
H H 

OUTPUT BUFFER CELL 

logic symbolt 

A~Y 
t This symbol is in accordance with ANSI/IEEE 

Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A 

description 
The OPKB1 LJ cell is a nohinverting output buffer that interfaces internal cells with TTL or 
CMOS external loads. The buffer incorporates di/dt circuitry designed to reduce the effects 
of impedance mismatch. When the output buffer is called from the engineering workstation 
input, the following label format is developed and will be captured in the design netlist: 

Label: OPKB1 LJ A,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

PARAMETER 
TEST -55°C to 125°C O°C to 70°C 

CONDITIONS TYp:j: TYp:j: 
UNIT 

MIN MAX MIN MAX 

VT Input threshold voltage 2.2 2.2 V 

VOL Low-level output voltage 
IOL = 24 mA 0.5 

V 
IOL = 20.4 mA 0.5 

iOZ Off-state output current Vo = VCC orO ±10 ±5 I1A 

ICC Supply current VI = VIH or VIL 1.56 0.44 mA 

Ci Input capacitance 0.27 0.27 pF 

Cpd 
Equivalent power 
dissipation capacitance tr = tf = 1 ns 3.2 3.2 pF 

:j: Typical values are at VCC = 5 V, TA = 25°C. 
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TSC500 
SERIES 

OPKB1LJ 
24-mA N-CHANNEL OPEN-DRAIN CMOS/TTL 

OUTPUT BUFFER WITH 0.25 di/dt 
030. APRIL 1988 

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

TIL loads, RL = 1 kfl to Vee 
FROM TO TEST -55°C to 125°C O°C to 70°C 

PARAMETER 
MIN TYpt MAX MIN TYpt MAX 

UNIT 
(INPUT) (OUTPUT) CONDITIONS 

tpZL A Y 
CL = 15 pF 2.05 5.46 11.86 2.21 5.46 10.77 

CL = 50 pF 
ns 

tpZL 2.76 7.02 14.93 2.97 7.02 13.55 

tpLZ A Y 6.53 6.53 ns 

t.tpZL A Y 20 40 90 20 40 80 ps/pF 

eMOS loads, RL = 1 kfl to Vee 
FROM TO TEST -55°C to 125°C O°C to 70°C 

PARAMETER 
MIN TYpt MAX MIN TYpt MAX 

UNIT 
(INPUT) (OUTPUT) CONDITIONS 

tpZL 
A Y 

CL = 15 pF 1.8 4.88 10.78 1.94 4.88 9.8 
ns 

tpZL CL = 50 pF 2.35 6.14 13.33 2.53 6.14 12.10 

t.tpZL A y 20 40 70 20 40 70 ps/pF 

t Typical values are at Vee = 5 V, T A = 25°C. 
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TSC500 
SERIES 

OPKB3LJ 
24-mA 3-STATECMOSmL OUTPUT BUFFER 

WITH 0.25 di/dt AND ACTIVE-LOW ENABLE 
D3030, APRIL 1988 

FUNCTION TABLE 

INPUTS OUTPUT 

GZ A V 

L H H 

L L L 

OUTPUT BUFFER CELL 

logic symbolt 

A~Y 
GZ~ 

H X Z t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A (if GZ is L) 

description 
The OPKB3LJ is a noninverting 3-state output buffer that interfaces internal cells with TTL or 
CMOS external loads. The buffer incorporates di/dt circuitry designed to reduce the effects 
of impedance mismatch. When the output buffer is called from the engineering workstation 
input, the following label format is developed and will be captured in the design netlist: 

Label: OPKB3LJ A,GZ,Y; 

A pull-up or pull-down terminator can be connected to the Y node. 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

TEST - 55°C to 125°C O°C to 70°C 
PARAMETER 

TVP:I: TVP:I: 
UNIT 

CONDITIONS MIN MAX MIN MAX 

Vr Input threshold voltage 2.2 2.2 V 

10H = -16 mA 3.7 
VOH High-level output voltage V 

10H = -13.6 mA 3.7 

VOL Low-level output voltage 
10L = 24 mA 0.5 

V 
IOL = 20.4 mA 0.5 

10Z Off-state output current Va = Vce or 0 ±10 ±5 fJA 

ICC Supply current VI = VIH or VIL 1.04 0.27 mA 

Cj 
. IA 0.18 0.18 

Input capacitance I GZ 
0.15 0.15 

pF 

Cpd 
Equivalent power 

tr = tf = 1 ns 19.2 19.2 pF dissipation capacitance 

:I: Typical values are at Vee = 5 V, TA = 25°e. 
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TSC500 
SERIES 

OPKB3LJ 
24·mA 3·STATE CMOSmL OUTPUT BUFFER 

WITH 0.25 di/dt AND ACTIVE· LOW ENABLE 
D3030, APRIL 1988 

TTL SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PAR AM- FROM TO TEST -55°C to 125°C O°C to 70°C 

TYpt MAX TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN MIN 

tpLH 
A Y 

1.67 4.75 10.85 1.77 4.75 9.89 
RL = 00 ns 

tPHL 2.83 7.1 15.12 3.03 7.1 13.8 

tpZH 
GZ 

RL = 1 kn to GND 1.73 5.06 11.73 1.84 5.06 10.68 
Y ns 

tpZL RL = 1 kn to Vee 2.87 7.19 15.29 3.07 7.19 13.93 

CL = 50 pF 
PARAM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

TYpt MAX TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN MIN 

tpLH 
Y 

2.01 5.66 12.89 2.14 5.66 11.74 
A RL = 00 ns 

tpHL 3.56 8.68 18.19 3.81 8.68 16.58 

tpZH RL = 1 kn to GND 2.06 5.97 13.77 2.2 5.97 12.53 
GZ y ns 

tpZL RL = 1 kn to Vee 3.6 8.76 18.35 3.85 8.76 16.7 

tpHZ RL = 1 kn to GND 9.24 9.24 
GZ Y ns 

tpLZ RL = 1 kn to Vee 7.99 7.99 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 

PARAM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

dtpLH 10 30 60 10 30 50 
ps/pF A Y RL = 00 

IltPHL 20 50 90 20 50 80 

IltpZH 
GZ 

RL = 1 kn to GND 10 30 60 10 30 50 
ps/pF y 

IltpZL RL = 1 kn to Vee 20 40 90 20 40 80 

t Typical values are at Vee = 5 V, T A = 25°e. 
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OPKB3LJ 
24-mA 3-STATE CMOSmL OUTPUT BUFFER 
WITH 0.25 di/dt AND ACTIVE-LOW ENABLE 
D3030, APRIL 1988 

TSC500 
SERIES 

CMOS SWITCHING CHARACTERISTICS 

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

CL = 15 pF 

PARAM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN Typt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 1.99 5.5 12.23 2.13 5.5 11.14 
A Y RL = 00 ns 

tpHL 2.53 6.46 13.98 2.71 6.46 12.75 

tpZH 
GZ Y 

RL = 1 k,O,to GND 2.17 5.84 13.11 2.32 5.84 11.92 

RL = 1 k'o' to Vce 
ns 

tpZL 2.56 6.51 14.05 2.74 6.51 12.8 

CL = 50 pF 
PARAM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

TYpt MAX TYpi 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN MIN MAX 

tpLH 
Y 

2.54 6.82 15.01 2.71 6.82 13.67 
A RL = 00 ns 

tpHL 3.1 7.73 16.53 3.32 7.73 15.06 

tpZH 
GZ Y 

RL = 1 k'o' to GND 2.71 7.17 15.89 2.9 7.17 14.44 

RL = 1 k,O,toVCC 
ns 

tpZL 3.13 7.78 16.58 3.35 7.78 15.1 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 
PAR AM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

AtpLH 
A Y 

20 40 80 20 40 70 
ps/pF 

AtpHL 
RL = 00 

20 40 70 20 40 70 

AtpZH 
GZ 

RL = 1 k,O,to GND 20 40 80 20 40 70 
ps/pF y 

AtpZL RL = 1 k,O,toVee 20 40 70 20 40 70 

t Typical values are at Vee = 5 V, TA = 25°e. 
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TSC500 
SERIES 

OPKEOLJ 
48-mA TOTEM-POLE CMOS/TTL OUTPUT BUFFER 

WITH 0.25 di/dt 
D3030, APRIL 1988 

OUTPUT BUFFER CEll 

FUNCTION TABLE logic symbolt 

A~Y 
INPUT 

A 

L 

H 

OUTPUT 

Y 

L 

H t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A 

description 
The OPKEOLJ cell is a noninverting output buffer that interfaces internal cells with TIL or 
CMOS external loads. The buffer incorporates di/dt circuitry designed to reduce the effects 
of impedance mismatch. When the output buffer is called from the engineering workstation 
input, the following label format is developed and will be captured in the design netlist: 

Label: OPKEOLJ A,Y; 

A pull-up or pull-down terminator can be connected to the Y node. 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

TYP:!: TYP:!: 
UNIT 

CONDITIONS MIN MAX MIN MAX 

VT Input threshold voltage 2.2 2.2 V 

VOH High-level output voltage 
IOH = -16mA 3.7 

V 
IOH = -13.6 mA 3.7 

VOL Low-level output voltage 
IOL = 48 mA 0.5 

V 
tOL = 40.8 mA 0.5 

ICC Supply current VI = VIH or VIL 3.16 0.88 mA 

Ci Input capacitance 0.92 0.92 pF 

Cpd 
Equivalent power 

tr = tf = 1 ns 21.4 21.4 pF dissipation capacitance 

:j: Typical values are at Vce = 5 V, TA = 25°C. 

PRODUCTION DATA dac.ma.l ••• lil.ln info,m.llo. ." 
~ur,.nt I. of publicatioll data. Products cDnform to ~ . 
opoolli •• llo.o par Iha litrm. 01 T •••• 1.II,um •• lo .TEXA.S 
:~=I~·i~:1~7i ~":\:;Ii:r :~o;::=o .01 INSTRUMENTS 

Copyright C: 1988, Texas Instruments Incorporated 

POST OFFICE BOX 655012 • DALLAS.!EXAS 75265 13-129 



OPKEOLJ 
48-mA TOTEM-POLE CMOSmL OUTPUT BUFFER 
WITH 0.25 di/dt 
03030. APRIL 1988 

TSC500 
SERIES 

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

TTL loads, RL = 00 

FROM TO TEST -55·C to 125·C O·C to 70·C 
PARAMETER 

MIN TVPt MAX MIN TVPt MAX 
UNIT 

(INPUT) (OUTPUT) CONDITIONS 

tpLH 
A Y CL = 15 pF 

1.32 3.84 8.93 1.41 3.84 8.11 

5.21 10.13 
ns 

tpHL 1.97 5.21 11.06 2.12 

tpLH 
A Y CL =50 pF 

1.66 4.75 10.98 1.77 4.75 9.96 
ns 

tpHL 2.43 6.25 13.15 2.62 6.25 12.01 

AtpLH 
A Y 

10 30 60 10 30 50 
ps/pF 

AtpHL 10 30 60 10 30 50 

CMOS loads, RL = 00 

FROM TO TEST -55·C to 125·C O·C to 70·C 
PARAMETER 

(OUTPUT) CONDITIONS MIN TVPt MAX MIN TVPt MAX 
UNIT 

(INPUT) 

tpLH 
A Y CL = 15 pF 

1.64 4.58 10.3 1.76 4.58 9.36 

tpHL 1.76 4.74 10.23 1.89 4.74 9.36 
ns 

tpLH 
A Y CL = 50 pF 

2.18 5.9 13.08 2.34 5.9 11.87 
ns 

tpHL 2.13 5.6 11.98 2.29 5.6 10.93 

AtpLH 
A Y 

20 40 80 20 40 70 
ps/pF 

AtPHL 10 20 50 10 20 40 

t Typical values are at VCC = 5 V, TA = 25·C. 
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TSC500 
SERIES 

FUNCTION TABLE 

INPUT OUTPUT 

A Y 

L L 
H H 

OPKE1LJ 
48-mA N-CHANNEL OPEN-DRAIN CMOS/TTL 

OUTPUT BUFFER WITH 0.25 di/d1 
APRIL 1988 

OUTPUT BUFFER CELL 

logic symbolt 

A~Y 
t This symbol is in accordance with ANSI/IEEE 

Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A 

description 
The OPKE1 LJ cell is a noninverting output buffer that interfaces internal cells with TIL or 
CMOS external loads. The buffer incorporates di/dt circuitry designed to reduce the effects 
of impedance mismatch. When the output buffer is called from the engineering workstation 
input, the following label format is developed and will be captured in the design netlist: 

Label: OPKE1 LJ A,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

TYp:j: TYp:j: 
UNIT 

CONDITIONS MIN MAX MIN MAX 

VT Input threshold voltage 2.2 2.2 V 

Low-level output voltage 
10L = 48 mA 0.5 

V VOL 
10L = 40.8 mA 0.5 

10Z Off-state output current Vo = VCC orO ±10 ±5 f.lA 

ICC Supply current VI = VIH or VIL 3.16 0.88 mA 

Ci Input capacitance 0.55 0.55 pF 

Cpd 
Equivalent power 
dissipation capacitance tr = tf = 1 ns 6.61 6.61 pF 

:j: Typical values are at VCC = 5 V, TA = 25°C. 
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OPKE1LJ 
48-mAN-CHANNEL OPEN-DRAIN CMOSmL 
OUTPUTBUFF~R WITH 0.25 di/dt ' 
03030, A~RIL 1988 

TSC500 
SERIES 

switching cl1aracterlstlcs oyer r~commended ranges of supply voltage and operating free-
air temperature (unless otherwise noted) , . 

TIL loads, RL = 1 kO to Vee 
'FROM TO TEST -55'Cto 125·C O·C to 70·C 

PARAMETER 
MIN TVPt MAX MIN TVPt MAX 

UNIT 
(INPUT) (OUTPUT) CONDITIONS 

tpZL 
A Y 

CL = 15 pF 1.89 5.16 11.27 2.04 5.16 10.25 

tpZL CL = 50 pF 2.38 "6.25 13.43 2.56 6.25 12.21 
ns 

tPLZ A Y 6.95 6.95 ns 

AtpZL A Y 10 30 60 10 30 60 ps/pF 

eMOS loads, RL = 1 kO to Vee 
FROM TO TEST -S5·C to 12S·C O·C to 70·C 

PARAMETER 
(INPUT) (OUTPUT) CONDITIONS MIN TYpt MAX MINTVPt MAX 

UNIT 

tpZL 
A y CL = 15 pF 1.7 4.71 10.43 1.83 4.71 9.48 

tpZL CL = 50 pF 2.09 5.6 12.26 2.24 5.6 11.14 
ns 

AtpZL A Y 10 30 50 10 30 50 ps/pF 

t Typical values are at VCC = 5 V, TA = 25·C. 
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TSC500 
SERIES 

OPKE3LJ 
48-mA 3-STATE CMOS/TTL OUTPUT BUFFER 

WITH 0.25 di/dt AND ACTIVE-LOW ENABLE 
D3030, APRIL 1988 

OUTPUT BUFFER CELL 

FUNCTION TABLE logic symbolt 
INPUTS 

GZ A 

L H 

L L 

H X 

OUTPUT 

Y 

H 

L 

Z 

A~Y 
GZ~ 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A (if GZ is L) 

description 
The OPKE3LJ is a noninverting 3-state output buffer that interfaces internal cells with TIL or 
CMOS external loads. The buffer incorporates di/dt circuitry designed to reduce the effects 
of impedance mismatch. When the output buffer is called from the engineering workstation 
input, the following label format is developed and will be captured in the design netlist: 

Label: OPKE3LJ A,GZ,Y; 

A pull-up or pull-down terminator Can be connected to the Y node. 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

TEST - 55°C to 125°C O°C to 70°C 
PARAMETER 

TVP; TVP; 
UNIT 

CONDITIONS MIN MAX MIN MAX 

VT Input threshold voltage 2.2 2.2 V 

High-level output voltage 
10H = -16 mA 3.7 

VOH V 
10H = -13.6 mA 3.7 

10L = 48 mA 0.5 
VOL Low-level output voltage V 

10L = 40.8 mA 0.5 

10Z Off-state output current Vo = VCC or 0 ±10 ±5 J.lA 

ICC Supply current VI = VIH or VIL 1.04 0.27 mA 

Ci Input capacitance I ~z 0.18 0.18 
pF 

0.15 0.15 

Cpd 
Equivalent power 

tr = tf = 1 ns 24.3 24.3 pF dissipation capacitance 

; Typical values are at VCC = 5 V, TA = 25°C. 
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OPKE3lJ 
48-mA 3-STATE CMosml OUTPUT BUFFER 
WITH 0.25 di/dt AND ACTIVE-lOW ENABLE 
D3030, APRIL 1988 

TSC500 
SERIES 

TTL SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PARAM· FROM TO TEST - 55°C to 125°C ooe to 70°C 

ETER (INPUT) (OUTPUT) CONDITIONS MIN TYpt MAX TYpt MAX 
UNIT 

MIN 

tpLH 
A Y RL = <Xl 

1.69 4.81 11.01 1.8 4.81 10.03 
ns 

tpHL 2.55 6.54 14.14 2.73 6.54 12.89 

tpZH 
GZ 

RL = 1 k!1 to GND 1.75 5.12 11.87 1.86 5.12 10.81 
Y 

RL = 1 k!1 to Vee 
ns 

tpZL 2.58 6.6 14.2 2.77 6.6 12.94 

CL = 50 pF 
PARAM· FROM TO TEST -55°C to 125°C ooe to 70°C 

ETER (INPUT) (OUTPUT) CONDITIONS MIN TYpt MAX TYpt MAX 
UNIT 

MIN 

tpLH 2.03 5.71 13.02 2.16 5.71 11.86 
A Y RL = <Xl ns 

tpHL 3.01 7.57 16.19 3.22 7.57 14.74 

tpZH 
GZ 

RL = 1 kU to GND 2.08 6.02 13.88 2.22 6.02 12.63 
Y ns 

tpZL RL = 1 kU to Vee 3.04 7.63 16.24 3.26 7.63 14.79 

tPHZ 
GZ y RL = 1 kU to GND 9.35 9.35 

ns 
tpLZ RL = 1 kUto Vee 8.92 8.92 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free·air temperature (unless otherwise noted) 
PARAM· FROM TO TEST -55°C to 125°C ooe to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

~tpLH 10 30 60 10 30 50 
ps/pF A Y RL = <Xl 

~tpHL 10 30 60 10 30 50 

~tpZH 
GZ 

RL = 1 kU to GND 10 30 60 10 30 50 
ps/pF y 

RL = 1 kU to Vee 10 50 ~tpZL 10 30 60 30 

t Typical values are at Vee = 5 V, T A = 25°e. 
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TSC500 
SERIES 

OPKE3LJ 
48-mA 3-STATE CMOS/TTL OUTPUT BUFFER 

WITH 0.25 di/dt AND ACTIVE-LOW ENABLE 
D3030. APRIL 1988 

CMOS SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PARAM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

TYpt MAX Typt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN MIN 

tpLH 2.02 5.57 12.4 2.16 5.57 11.3 
A Y RL = 00 ns 

tpHL 2.33 6.05 13.28 2.49 6.05 12.1 

tpZH RL = 1 k!l to GND 2.2 5.91 13.27 2.34 5.91 12.06 
GZ y ns 

tpZL RL = 1 k!l to Vee 2.36 6.1 13.28 2.52 6.1 12.1 
-

CL = 50 pF 
PARAM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

TYpt MAX TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN MIN 

tpLH 2.56 6.88 15.15 2.74 6.88 13.8 
A y RL = 00 ns 

tpHL 2.7 6.9 15 2.88 6.9 13.65 

tpZH 
GZ 

RL = 1 k!l to GND 2.73 7.22 16.01 2.92 7.22 14.56 
Y ns 

tpZL RL = 1 k!l to Vee 2.72 6.94 15 2.91 6.94 13.65 

change in propagation delay time with load capacitance over reccmmended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 

PARAM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

MIN TYpt MIN TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX MAX 

~tpLH 20 40 80 20 40 70 
ps/pF A Y RL = 00 

~tpHL 10 20 50 10 20 40 

~tpZH 
GZ 

RL = 1 k!l to GND 20 40 80 20 40 70 
ps/pF y 

~tpZL RL = 1 k!l to Vee 10 20 50 10 20 40 

t Typical values are at Vee = 5 V. T A = 25°e. 
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TSC500 
SERIES 

OPKGOLJ 
64-rnA TOTEM-POLE CMOSmL OUTPUT BUFFER 

WITH 0.25 di/dt 

FUNCTION TABLE 

INPUT OUTPUT 

A y 

L L 
H H 

03030, APRIL 1988 

OUTPUT BUFFER CELL 

logic symbolt 

A~Y 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A 

description 
The OPKGOLJ cell is a noninverting output buffer that interfaces internal cells with TIL or 
CMOS external loads. The buffer incorporates di/dt circuitry designed to reduce the effects 
of impedance mismatch. When the output buffer is called from the engineering workstation 
input, the following label format is developed and will be captured in the design netlist: 

Label: OPKGOLJ A,Y; 

A pull-up or pull-down terminator can be connected to the Y node. 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

TVP; TVP; 
UNIT 

CONDITIONS MIN MAX MIN MAX 

VT Input threshold voltage 2.2 2.2 V 

VOH High-level output voltage 
IOH = -16 mA 3.7 

V 
IOH = -13.6 mA 3.7 

Low-level output voltage 
IOL = 64 mA 0.5 

V VOL 
IOL = 54.4 mA 0.5 

ICC Supply current VI = VIH or VIL 4.23 1.18 mA 

Ci Input capacitance 1.1 1.1 pF 

Cpd 
Equivalent power 

tr = tf = 1 ns 24.2 24.2 pF dissipation capacitance 

:j: Typical values are at VCC = 5 V, TA = 25°C. 
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TSC500 
SERIES 

OPKGOLJ 
54-rnA TOTEM-POLE CMOSmL OUTPUT BUFFER 

WITH 0.25 di/dt 
03030, APRIL 1988 

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

TIL loads, RL = co 

FROM TO TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

(INPUT) (OUTPUT) CONDITIONS 

tpLH 
A y CL = 15 pF 

1.34 3.9 9.07 1.43 3.9 8.23 
ns 

tpHL 1.84 4.93 10.54 1.98 4.93 9.63 

tpLH Y CL = 50 pF 
1.67 4.8 11.08 1.78 4.8 10.05 

A ns 
tpHL 2.21 5.78 12.26 2.37 5.78 11.19 

AtPLH 10 30 60 10 30 50 
ps/pF A Y 

20 AtpHL 10 50 10 20 40 

CMOS loads, RL = co 

FROM TO TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

MIN TYpt MAX MIN TYpt 
UNIT 

(INPUT) (OUTPUT) CONDITIONS MAX 

tpLH 
CL = 15 pF 

1.66 4.65 10.45 1.78 4.65 9.48 
A Y ns 

tpHL 1.65 4.51 9.79 1.78 4.51 8.94 

tpLH 2.19 5.96 13.19 2.35 5.96 11.97 
A Y CL = 50 pF ns 

tpHL 1.95 5.21 11.24 2.1 5.21 10.25 

AtpLH 
Y 

20 40 80 20 40 70 
ps/pF A 

AtpHL 10 20 40 10 20 40 

t Typical values are at VCC = 5 V, TA = 25°C. 
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TSC500 
SERIES 

OPKG1LJ 
64-rnA N-CHANNEL OPEN-DRAIN CMOSmL 

OUTPUT BUFFER WITH 0.25 di/dt 

FUNCTION TABLE 

INPUT OUTPUT 

A Y 

l l 

H H 

APRIL 1988 

OUTPUT BUFFER CELL 

logic symbolt 

A~Y 
t This symbol is in accordance with ANSI/IEEE 

Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A 

description 
The OPKG1 LJ cell is a noninverting output buffer that interfaces internal cells with TIL or 
CMOS external loads. The buffer incorporates di/dt circuitry designed to reduce the effects 
of impedance mismatch. When the output buffer is called from the engineering workstation 
input, the following label format is developed and will be captured in the design netlist: 

Label: OPKG1 LJ A,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

TEST -55·C to 125·C O·C to 70·C 
PARAMETER 

TYp:I: TYp:I: 
UNIT 

CONDITIONS MIN MAX MIN MAX 

VT Input threshold voltage 2.2 2.2 V 

VOL low-level output voltage 
IOl = 64 mA 0.5 

V 
IOl = 54.4 mA 0.5 

10Z Off-state output current Vo = VCC orO ±10 ±5 IJ.A 

ICC Supply current VI = VIH or Vil 4.23 1.18 mA 

Ci Input capacitance 0.71 0.71 pF 

Cpd 
Equivalent power 

tr = tf = 1 ns 8.63 8.63 pF dissipation capacitance 

:I: Typical values are at VCC = 5 V, TA = 25·C. 
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TSC500 
SERIES 

OPKG1LJ 
64-rnA N-CHANNEL OPEN-DRAIN CMosmL 

OUTPUT BUFFER WITH 0.25 di/dt 
D3030, APRIL 1988 

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

TIL loads, RL = 1 kD to Vee 
FROM TO TEST -55°C to 125°C O°C to 70°C 

PARAMETER 
MIN TYpt MAX MIN TYpt MAX 

UNIT 
(INPUT) (OUTPUT) CONDITIONS 

tpZL CL = 15 pF 1.83 5.02 11.01 1.97 5.02 10.01 
A y ns 

tpZL CL = 50 pF 2.21 5.91 12.8 2.38 5.91 11.63 

tpLZ A Y 7.35 7.35 ns 

LltpZL A Y 10 30 50 10 30 50 ps/pF 

eMOS loads, RL = 1 kD to Vee 
FROM TO TEST -55°C to 125°C O°C to 70°C 

PARAMETER 
MIN TYpt MAX MIN Typt MAX 

UNIT 
(INPUT) (OUTPUT) CONDITIONS 

tpZL CL = 15 pF 1.65 4.61 10.25 1.78 4.61 9.3 
A y ns 

tpZL CL = 50 pF 1.96 5.34 11.76 2.11 5.34 10.68 

LltpZL A y 10 20 40 10 20 40 ps/pF 

t Typical values are at VCC = 5 V, T A = 25°C. 
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TSC500 
SERIES 

OPKG3LJ 
64-rnA 3-STATE CMOSmL OUTPUT BUFFER 

WITH 0.25 di/dt AND ACTIVE-LOW ENABLE 
APRIL 1988 

OUTPUT BUFFER CELL 

FUNCTION TABLE logic symbolt 
INPUTS 

GZ A 

l H 

l l 

H X 

OUTPUT 

Y 
H 

l 

Z 

A~Y 
GZ ---.1l . 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A (if GZ is L) 

description 
The OPKG3LJ is a non inverting 3-state output buffer that interfaces internal cells with TIL or 
CMOS external loads. The buffer incorporates di/dt circuitry designed to reduce the effects 
of impedance mismatch. When the output buffer is called from the engineering workstation 
input, the following label format is developed and will be captured in the design netlist: 

Label: OPKG3LJ A,GZ,Y; 

A pull-up or pull-down terminator can be connected to the Y node. 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 $eries Data. 

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

TEST - 55°C to 125°C QOC to 7QoC 
UNIT PARAMETER 

TYpt TYpt CONDITIONS MIN MAX MIN MAX 

VT Input threshold voltage 2.2 2.2 V 

10H = -16 rnA 3.7 
V VOH High-level output voltage 

10H = -13.6 rnA 3.7 

10l = 64 rnA 0.5 
V VOL low-level output voltage 

10l = 54.4 rnA 0.5 

10Z Off-state output current Vo = Vee orO :!:10 :!:5 IlA 

ICC Supply current VI = VIH or Vil 1.04 0.27 rnA 

. IA 0.18 0.18 
pF Ci Input capacitance I GZ 

0.15 0.15 

epd 
Equivalent power 

tr = tf = 1 ns 27 27 pF dissipation capacitance 

t Typical values are at Vee = 5 V, TA = 25°C. 
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TSC500 
SERIES 

OPKG3LJ 
54-rnA 3-STATE CMOS/TTL OUTPUT BUFFER 

WITH 0.25 di/dt AND ACTIVE-LOW ENABLE 
D3030, APRIL 1988 

TTL SWITCHING CHARACTERISTICS 

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

CL=15pF 

PARAM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

TYpt MAX TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN MIN 

tpLH 
A 

1.72 4.88 11.15 1.83 4.88 10.16 
Y RL = 00 ns 

tpHL 2.47 6.37 13.89 2.64 6.37 12.64 

tpZH 
GZ 

RL = 1 kn to GND 1.76 5.16 11.96 1.88 5.16 10.9 
Y ns 

tpZL RL = 1 kn to Vee 2.49 6.41 13.89 2.67 6.41 12.64 

CL = 50 pF 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

ETER (INPUT) (OUTPUT) CONDITIONS MIN TYpt MAX MIN TYpt MAX 
UNIT 

tpLH 
A y RL = 00 

2.06 5.77 13.14 2.19 5.77 11.97 
ns 

tpHL 2.83 7.22 15.6 3.04 7.22 14.19 

tpZH 
GZ y RL = 1 kn to GND 2.09 6.05 13.95 2.23 6.05 12.69 

ns 
tpZL RL = 1 knto Vee 2.86 7.26 15.59 3.06 7.26 14.18 

tpHZ 
GZ y RL = 1 knto GND 9.43 9.43 

RL = 1 kntoVee 
ns 

tpLZ 9.39 9.39 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 

PARAM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX 

IltpLH 
A y RL = 00 

10 30 60 10 30 50 
ps/pF 

IltPHL 10 20 50 10 20 40 

IltpZH 
GZ 

RL = 1 kn to GND 10 30 60 10 30 50 
ps/pF y 

IltpZL RL = 1 kn to Vee 10 20 50 10 20 40 

t Typical values are at Vee = 5 V, T A = 25°e. 
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OPKG3LJ 
64-rnA 3-STATE CMosmL OUTPUT BUFFER 
WITH 0.25 di/dt AND ACTIVE-LOW ENABLE 
D3030. APRIL 1988 

TSC500 
SERIES 

CMOS SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PARAM· FROM TO TEST - 55°C to 125°C O°C to 70°C 

ETER (INPUT) (OUTPUT) CONDITIONS MIN TYpt MAX MIN TYpt MAX 
UNIT 

tpLH 
A Y RL = 00 

2.06 5.64 12.56 2.2 5.64 11.44 
ns 

tpHL 2.28 5.94 13.12 2.43 5.94 11.93 

tpZH 
GZ y RL = 1 kn to GND 2.21 5.96 13.38 2.36 5.96 12.16 

ns 
tpZL RL = 1 kn to Vee 2.3 5.96 13.07 2.45 5.96 11.9 

CL = 50 pF 
PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

ETER (INPUT) (OUTPUT) CONDITIONS MIN TYpt MAX MIN TYpt MAX 
UNIT 

tpLH 
A Y 

2.59 6.94 15.28 2.77 6.94 13.92 
RL = 00 ns 

tpHL 2.57 6.94 14.56 2.75 6.64 13.24 

tpZH 
GZ y RL = 1 kn to GND 2.75 7.26 16.09 2.93 7.26 14.63 

ns 
tpZL RL = 1 kntoVee 2.59 6.66 14.51 2.77 6.66 13.2 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 
PARAM· FROM TO TEST - 55°C to 125°C O°C to 70°C 

ETER (INPUT) (OUTPUT) CONDITIONS MIN TYpt MAX MIN TYpt MAX 
UNIT 

AtPLH 
A Y RL = 00 

20 40 80 20 40 70 
ps/pF 

AtpHL 10 20 40 10 20 40 

AtpZH 
GZ 

RL = 1 kn to GND 20 40 80 20 40 70 
ps/pF y 

AtpZL RL = 1 kn to Vee 10 20 40 10 20 40 

t Typical values are at Vee = 5 V. TA = 25°e. 
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TSC500 
SERIES 

OPKOOLJ 
10-rnA TOTEM-POLE CMOS/TTL OUTPUT BUFFER 

WITH 0.25 di/dl 
D3030, APRIL 1988 

OUTPUT BUFFER CELL 

FUNCTION TABLE logic symbolt 
INPUT 

A 

L 

H 

OUTPUT 
y 

L 

H 

A --{::>--rillJ Y 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A 

description 
The OPKOOLJ cell is a noninverting output buffer that interfaces internal cells with TIL or 
CMOS external loads. The buffer incorporates di/dt circuitry designed to reduce the effects 
of impedance mismatch, When the output buffer is called from the engineering workstation 
input, the following label format is developed and will be captured in the design netlist: 

Label: OPKOOLJ A,Y; 

A pull-up or pull-down terminator can be connected to the Y node. 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

TEST - 55°C to 125°C O°C to 70°C 
PARAMETER 

TYp:j: TYp:j: 
UNIT 

CONDITIONS MIN MAX MIN MAX 

VT Input threshold voltage 2.2 2.2 V 

IOH = -10 mA 3.7 
VOH High-level output voltage V 

IOH = -8.5 mA 3.7 

VOL Low-level output voltage 
IOL = 10 mA 0.5 

V 
IOL = 8.5 mA 0.5 

ICC Supply current VI = VIH or VIL 1.68 0.2 mA 

Ci Input capacitance 0.35 0.35 pF 

Cpd 
Equivalent power tr = tf = 1 ns 10.8 10.8 pF dissipation capacitance 

:j: Typical values are at VCC = 5 V, TA = 25°C. 
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OPKOOLJ 
10-mA TOTEM-POLE CMOSmL OUTPUT BUFFER 
WITH 0.25 di/dt 
D3030, APRIL 1988 

TSC500 
SERIES 

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

TTL loads, RL = 00 

FROM TO TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

(INPUT) (OUTPUT) CONDITIONS 

tpLH 
Y CL = 15 pF 

1.41 4.03 9.35 1.51 4.03 8.48 
A ns 

tpHL 2.35 6.06 12.84 2.53 6.06 11.72 

tpLH 
A Y CL = 50 pF 

1.86 5.24 12.06 1.99 5.24 10.94 
ns 

tPHL 3.5 8.51 17.55 3.77 8.51 15.99 

~tpLH 
A Y 

10 30 80 10 30 70 
ps/pF 

~tpHL 30 70 130 40 70 120 

CMOS loads, RL = 00 

FROM TO TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

(INPUT) (OUTPUT) CONDITIONS 

tpLH 
A CL = 15 pF 

1.8 4.91 10.96 1.93 4.91 9.95 
Y ns 

tpHL 2 5.3 11.46 2.15 5.3 10.46 

tpLH 
A Y CL = 50 pF 

2.53 6.71 14.72 2.72 6.71 13.37 
ns 

tpHL 2.86 7.19 15.21 3.08 7.19 13.87 

~tpLH 
A 

20 50 110 20 50 100 
ps/pF y 

~tpHL 20 50 110 30 50 100 

t Typical values are at VCC = 5 V, TA = 25°C. 
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TSC500 
SERIES 

OPK01LJ 
10-rnA N-CHANNEL OPEN-DRAIN OUTPUT BUFFER 

WITH 0.25 di/dt 

FUNCTION TABLE 

INPUT OUTPUT 

A Y 

L L 

H H 

APRIL 1988 

OUTPUT BUFFER CELL 

logic symbolt 

A~Y 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: V = A 

description 
The OPK01 LJ cell is a noninverting output buffer that interfaces internal cells with TIL or 
CMOS external loads. The buffer incorporates di/dt circuitry designed to reduce the effects 
of impedance mismatch. When the output buffer is called from the engineering workstation 
input, the following label format is developed and will be captured in the design netlist: 

Label: OPK01 LJ A,V; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

TYp:j: TYp:j: 
UNIT 

CONDITIONS MIN MAX MIN MAX 

VT Input threshold voltage 2.2 2.2 V 

IOL=10mA 0.5 
V VOL LOW-level output voltage 

10L = 8.5 mA 0.5 

10Z Off-state output current Vo = VCC orO ±10 ±5 IJA 

ICC Supply current VI = VIH or VIL 0.73 0.2 mA 

Ci Input capacitance 0.13 0.13 pF 

Cpd 
Equivalent power 
dissipation capacitance tr = tf = 1 ns 1.26 1.26 pF 

:j: Typical values are at VCC = 5 V, TA = 25°C. 
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OPK01LJ 
10-mA N-CHANNEL OPEN-DRAIN OUTPUT BUFFER 
WITH 0.25 di/dt 
D3030, APRIL 1988 

TSC500 
SERIES 

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

TIL loads, RL = 1 kG to Vee 
FROM TO TEST -55°C to 125°C O°C to 70°C 

PARAMETER 
MIN TVPt MAX MIN TVPt MAX 

UNIT 
(INPUT) (OUTPUT) CONDITIONS 

tpZL 
A Y 

CL = 15 pF 2.18 5.78 12.58 2.35 5.78 11.4 
ns 

tpZL CL = 50 pF 3.32 8.23 17.37 3.57 8.23 15.73 

tpLZ A Y 7.78 7.78 ns 

AtpZL A Y 30 70 140 30 70 120 ps/pF 

eMOS loads, RL = 1 kG to Vee 
FROM TO TEST -55°C to 125°C O°C to 70°C 

PARAMETER 
MIN TVPt MAX MIN TVPt MAX 

UNIT 
(INPUT) (OUTPUT) CONDITIONS 

tpZL 
A Y 

CL = 15 pF 1.84 5 11.09 1.98 5 10.07 
ns 

tpZL CL = 50 pF 2.69 6.89 14.89 2.9 6.89 13.51 

AtpZL A Y 20 50 110 30 50 100 ps/pF 

t Typical values are at VCC = 5 V. T A = 25°C. 
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TSC500 
SERIES 

OPK03LJ 
10-rnA 3-STATE CMOS/TTL OUTPUT BUFFER 

WITH 0.25 di/dt AND ACTIVE-LOW ENABLE 
D3030, APRIL 1988 

OUTPUT BUFFER CELL 

FUNCTION TABLE logic symbolt 

A~Y 
GZ ----.1J 

INPUTS 

GZ A 

L H 

L L 

H X 

OUTPUT 

Y 

H 

L 

Z t This symbol is in accordance with ANSlflEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A (if GZ is L) 

description 
The OPK03LJ is a noninverting 3-state output buffer that interfaces internal cells with TTL or 
CMOS external loads. The buffer incorporates di/dt circuitry designed to reduce the effects 
of impedance mismatch. When the output buffer is called from the engineering workstation 
input, the following label format is developed and will be captured in the design netlist: 

Label: OPK03LJ A,GZ,Y; 

A pull-up or pull-down terminator can be connected to the Y node. 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

TEST - 55°C to 125°C O°C to 70°C 
PARAMETER 

TYP; TYP; 
UNIT 

CONDITIONS MIN MAX MIN MAX 

VT Input threshold voltage 2.2 2.2 V 

VOH High-level output voltage 
IOH = -10mA 3.7 

V 
10H = -8.5 mA 3.7 

VOL Low-level output voltage 
10L = 10 mA 0.5 

V 
10L = 8.5 mA 0.5 

10Z Off-state output current Vo = VCC or 0 ±10 ±5 J,lA 

ICC Supply current VI = VIH or VIL 1.04 0.27 mA 

Ci 
. IA 0.18 0.18 

Input capacitance I GZ 
0.15 0.15 

pF 

Cpd 
Equivalent power 

tr = tf = 1 ns 14.9 14.9 pF dissipation capacitance 

; Typical values are at VCC = 5 V, TA = 25°C. 
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OPK03LJ 
10-mA 3-STATE CMOSmL OUTPUT BUFFER 
WITH 0.25 di/dt AND ACTIVE-LOW ENABLE 
03030, APRIL 1988 

TSC500 
SERIES 

TTL SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PARAM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

ETER (INPUT) (OUTPUT) CONDITIONS MIN TYpt MAX MIN TYpt MAX 
UNIT 

tpLH 
A y RL = co 

1.76 4.95 11.31 1.87 4.95 10.32 
ns 

tpHL 2.86 7.17 15.22 3.06 7.17 13.87 

tpZH 
GZ y RL = 1 kfl to GND 1.81 5.26 12.21 1.93 5.26 11.11 

RL = 1 kfl to Vee 
ns 

tpZL 2.87 7.25 15.46 3.08 7.25 14.05 

CL = 50 pF 
PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

(INPUn (OUTPUn CONDITIONS MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER 

tpLH 
A y RL = 00 

2.19 6.11 13.91 2.34 6.11 12;66 

tpHL 3.98 9.56 19.82 4.27 9.56 18.04 
ns 

tpZH 
GZ y RL = 1 kfl to GND 2.24 6.43 14.82 2.4 6.43 13.48 

ns 
tpZL RL = 1 kfl to Vee 3.99 9.65 20.12 4.29 9.65 18.26 

tpHZ 
GZ y RL = 1 kfl to GND 9.68 9.68 

RL = 1 kfl to Vee 
ns 

tpLZ 8.5 8.5 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 
PARAM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

CONDITIONS MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUn 

~tpLH 
A y RL = co 

10 30 70 10 30 70 
ps/pF 

~tpHL 30 70 130 30 70 120 

~tpZH 
GZ y RL = 1 kfl to GND 10 30 70 10 30 70 

ps/pF 
~tpZL RL = 1 kfl to Vee 30 70 130 30 70 120 

t Typical values are at Vee = 5 V, TA = 25°e. 
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TSC500 
SERIES 

OPK03LJ 
10-mA 3-STATE CMOS/TTL OUTPUT BUFFER 

WITH 0.25 di/dt AND ACTIVE-LOW ENABLE 
D3030, APRIL 1988 

CMOS SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PARAM- FROM TO TEST -55°C to 125°C DoC to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
A y 2.17 5.88 13.01 2.32 5.88 11.87 

RL = 00 ns 
tpHL 2.47 6.34 13.74 2.64 6.34 12.52 

tpZH 
GZ Y 

RL = 1 kn to GND 2.34 6.23 13.96 2.5 6.23 12.67 
ns 

tpZL RL = 1 kn to Vee 2.47 6.35 13.78 2.64 6.35 12.54 

CL = 50 pF 
PARAM- FROM TO TEST - 55°C to 125°C DoC to 70°C 

TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN 

tpLH A Y RL = 00 

2.89 7.62 16.65 3.09 7.62 15.16 
ns 

tpHL 3.31 8.19 17.39 3.54 8.19 15.83 

tpZH 
GZ Y 

RL = 1 kn to GND 3.06 7.99 17.64 3.27 7.99 16.02 
ns 

tpZL RL = 1 kn to Vee 3.31 8.21 17.47 3.54 8.21 15.87 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 
PARAM- FROM TO TEST - 55°C to 125°C DoC to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

AtpLH 
A Y RL = 00 

20 50 100 20 50 90 
ps/pF 

AtPHL 20 50 100 30 50 90 

AtpZH 
GZ 

RL = 1 kn to GND 20 50 110 20 50 100 
ps/pF y 

RL = 1 kn to Vee 20 110 30 50 100 AtpZL 50 

t Typical values are at Vee = 5 V, TA = 25°e. 
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TSC500 
SERIES 

OPK20LJ 
2-mA TOTEM-POLE CMosmL OUTPUT BUFFER 

WITH 0.25 di/dt 

FUNCTION TABLE 

INPUT OUTPUT 

A y 

L L 

H H 

D3030, APRIL 1988 

OUTPUT BUFFER CELL 

logic symbolt 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A 

description 
The OPK20LJ cell is a noninverting output buffer that interfaces internal cells with TIL or 
CMOS external loads. The buffer incorporates di/dt circuitry deSigned to reduce the effects 
of impedance mismatch. When the output buffer is called from the engineering workstation 
input, the following label format is developed and will be captured in the deSign netlist: 

Label: OPK20LJ A,Y; 

A pull-up or pull-down terminator can be connected to the Y node. 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

TYp:I: TYp:I: 
UNIT 

CONDITIONS MIN MAX MIN MAX 

VT Input threshold voltage 2.2 2.2 V 

IOH = -2 mA 3.7 
VOH High-level output voltage V 

IOH = -1.6 mA 3.7 

VOL LOW-level Output voltage 
IOL = 2 mA 0.5 

V 
IOL = 1.6 mA 0.5 

ICC Supply current VI = VIH or VIL 0.34 0.04 mA 

Ci Input capacitance 0.09 0.09 pF 

Cpd 
Equivalent power 
dissipation capacitance tr = tf = 1 ns 7.68 7.68 pF 

:I: Typical values are at VCC = 5 V, TA = 25°C. 
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TSC500 
SERIES 

OPK20LJ 
2-mA TOTEM-POLE CMOSmL OUTPUT BUFFER 

WITH 0.25 di/dt 
D3030. APRIL 1988 

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

TIL loads, RL = 00 

FROM TO TEST -55°C to 125°C DoC to 70°C 
PARAMETER 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

(INPUT) (OUTPUT) CONDITIONS 

tpLH 
A Y CL = 15 pF 

2.68 7.36 16.88 2.87 7.36 15.33 
ns 

tpHL 6.43 15 30.66 6.9 15 27.97 

tpLH 
A y CL = 50 pF 

3.98 10.92 24.91 4.26 10.92 22.65 
ns 

tpHL 10.71 23.84 42.61 11.52 23.84 40.08 

LltPLH 
A 

40 100 230 40 100 210 
ps/pF y 

LltpHL 120 250 340 130 250 350 

CMOS loads, RL = 00 

FROM TO TEST -55°C to 125°C DoC to 70°C 
PARAMETER 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

(INPUT) (OUTPUT) CONDITIONS 

tpLH 
A Y CL=15pF 

3.79 9.73 21.17 4.06 9.73 19.24 
ns 

tpHL 5.25 12.64 26.49 5.62 12.64 24.19 

tpLH 
A Y CL = 50 pF 

6.3 15.94 34.06 6.75 15.94 31.03 
ns 

tpHL 8.29 19.01 33.75 8.9 19.01 32.18 

LltpLH 
A Y 

70 180 370 80 180 340 
ps/pF 

LltpHL 90 180 210 90 180 230 

t Typical values are at VCC = 5 V. TA = 25°C. 
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TSC500 
SERIES 

OPK21LJ 
2·mA N·CHANNEL OPEN-DRAIN CMOS/TTL 

OUTPUT BUFFER WITH 0.25 di/dt 

FUNCTION TABLE 

INPUT OUTPUT 

A Y 
L L 

H H 

D3030, APRIL 1988 

OUTPUT BUFFER CELL 

logic symbolt 

A~Y 
t This symbol is in accordar.ce with ANSI/IEEE 

Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A 

description 
The OPK21 LJ cell is a noninverting output buffer that interfaces internal cells with TIL or 
CMOS external loads. The buffer incorporates di/dt circuitry designed to reduce the effects 
of impedance mismatch. When the output buffer is called from the engineering workstation 
input, the following label format is developed and will be captured in the design netlist: 

Label: OPK21 LJ A,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

TYP:!: TYP:!: 
UNIT 

CONDITIONS MIN MAX MIN MAX 

VT Input threshold voltage 2.2 2.2 V 

Val Low-level output voltage 
10L = 2 mA 0.5 

V 
10L = 1.6 mA 0.5 

10Z Off-state output current Va = VCC orO ±10 ±5 IlA 

ICC Supply current VI = VIH or VIL 0.15 0.04 mA 

Ci Input capacitance 0.04 0.04 pF 

Cpd 
Equivalent power 
dissipation capacitance tr = tf = 1 ns 0.35 0.35 pF 

:j: Typical values are at VCC = 5 V, TA = 25°C. 
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TSC500 
SERIES 

OPK21LJ 
2-mA N-CHANNELOPEN-DRAIN CMosmL 

OUTPUT BUFFER WITH 0.25 di/dt 
D3030, APRIL 1988 

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

TTL loads, RL = 1 kO to Vee 
FROM TO TEST -55°C to 125°C O°C to 70°C 

PARAMETER 
MIN TYpt MAX MIN TYpt M.DX 

UNIT 
(INPUT) (OUTPUT) CONDITIONS 

tpZL 
Y 

CL = 15 pF 5.95 14.81 33.24 6.41 14.81 29.58 
A 

CL = 50 pF 
ns 

tpZL 10.31 24.46 53.49 11.13 24.46 47.39 

tpLZ A Y 12.74 12.74 ns 

L\tpZL A Y 120 280 580 130 280 280 ps/pF 

eMOS loads, RL = 1 kO to Vee 
FROM TO TEST -55°C to 125°C O°C to 70°C 

PARAMETER 
MIN TYpt MAX MIN TYPt MAX 

UNIT 
(INPUT) (OUTPUT) CONDITIONS 

tpZL CL = 15 pF 1.88 4.48 9.83 2.02 4.48 8.78 
A Y ns 

tpZL CL = 50 pF 4.37 10.1 21.77 4.71 10.1 19.33 

L\tpZL A Y 90 190 390 90 190 350 ps/pF 

t Typical values are at Vce = 5 V, TA = 25°e. 

PRODUCTIO. DATA doc.ml.tl ••• tli. i.formltio. 
eurr.nt I' Df publicltion dl'l. PrDductl conform t. 
IptCificltlanl per the term. of rllli Instru .. ent. TEXAS ~ 

INSTRUMENTS 

Copyright @ 1988. Texas Instruments Incorporated 

::=~~i~'r::~'i ~!:~:~ti:: :.~-:==:~:~ not 

POST OFFICE BOX 655012 • DALLAS. TEXAS 75265 13-153 



TSC500 
SERIES 

OPK23LJ 
2-mA 3-STATE CMOSmL OUTPUT BUFFER 
WITH 0.25 di/dl AND ACTIVE-LOW ENABLE 

03030, APRIL 1988 

OUTPUT BUFFER CELL 

FUNCTION TABLE logic symbolt 

A~Y 
GZ ---1l 

INPUTS 
GZ A 
L H 
L L 
H X 

OUTPUT 
Y 

H 
L 
Z t This symbol is in accordance with ANSI/IEEE 

Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A (if GZ is L) 

description 
The OPK23W is a noninverting 3-state output buffer that interfaces internal cells with TIL or 
CMOS external loads. The buffer incorporates di/dt circuitry designed to reduce the effects 
of impedance mismatch. When the output buffer is called from the engineering workstation 
input, the following label format is' developed and will be captured in the design netlist: 

Label: OPK23W A,GZ,Y; 

A pull-up or pull-down terminator can be connected to the Y node. 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

TEST - 55°C to 125°C ODC to 70°C 
PARAMETER 

CONDITIONS MIN TYp:j: MAX MIN TYp:j: MAX 
UNIT 

VT Input threshold voltage 2.2 2.2 V 

VOH High level output voltage 
10H = -2mA 3.7 

V 
10H = -1.6 mA 3.7 

VOL Low-level output voltage 
10L = 2 rnA 0.5 

V 
10L = 1.6 mA 0.5 

10Z Off-state output current Vo = VCC orO ±10 ±5 J.lA 
ICC Supply current VI = VIH or VIL 1.04 0.27 mA 

Ci 
. IA 0.18 0.18 

pF Input capacitance I GZ 0.15 0.15 

Cpd 
Equivalent power 
dissipation capacitance tr = tf = 1 ns 11.4 11.4 pF 

:j: Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTION DATA docum.ntl_lIin i.form.tion -I/} 
currant II If publication da.a. Preducts aDnfarm to ~ 
speclli •• tlo •• por th.t ..... of T .... lnotrumoll. TEXA.S 
:'=~I~·[,!:~'l.; ~!::l~:i:; lJl"::::::;~~' not INSTRUMENTS 

Copyright /CI 1988. Texas Instruments Incorporated 

13-154 POST OFFICE BOX 655012 • DALLAS. TEXAS 75265 



TSC500 
SERIES 

OPK23LJ 
2-mA 3-STATE CMOSmL OUTPUT BUFFER 
WITH 0.25 di/dt AND ACTIVE-LOW ENABLE 

03030, APRIL 1988 

TTL SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PARAM· FROM TO TEST - SsoC to 12SoC O°C to 70°C 

TVPt MAX TVPt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN MIN 

tpLH 
A Y RL = 00 

3.05 8.29 18.91 3.25 8.29 17.19 
ns 

tpHL 7.14 16.6 34.13 7.66 16.6 31.06 

tpZH 
GZ y RL = 1 k.!1 to GND 3.1 8.8 20.74 3.32 8.8 18.77 

RL = 1 k.!1 to Vcc 
ns 

tpZL 7.38 18.05 40.14 7.94 18.05 35.8 

CL = 50 pF 
PARAM· FROM TO TEST - SsoC to 12SoC O°C to 70°C 

MIN TVPt MAX MIN TVPt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
A Y RL = 00 

4.31 11.77 26.72 4.6 11.77 24.33 
ns 

tpHL 11.36 25.41 50.96 12.22 25.41 46.24 

tpZH 
GZ y RL = 1 k.!1 to GND 4.35 12.37 29.08 4.66 12.37 26.35 

ns 
tpZL RL = 1 k.!1 to VCC 11.73 27.72 60.58 12.65 27.72 53.76 

tpHZ 
GZ y RL = 1 k.!1 to GND 15.35 15.35 

RL = 1 k.!1 to VCC 
ns 

tpLZ 11.93 11.93 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free·air temperature (unless otherwise noted) 
PARAM· FROM TO TEST -SS·C to 12S·C O·C to 70°C 

MIN TVPt MAX MIN TVPt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX 

dtpLH 
A Y RL = 00 

40 100 220 40 100 200 
ps/pF 

dtpHL 120 2S0 480 130 250 430 

dtpZH 
GZ y RL = 1 k.!1 to GND 40 100 240 40 100 220 

ps/pF 
dtpZL RL = 1 k.!1 to V CC 120 280 580 130 280 510 

t Typical values are at VCC = 5 V, TA = 25·C. 
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OPK23LJ. .. . 
2-mA 3-STATE CMOSmL OUTPUT BUFFER 
WITH 0.25 di/dt AND ACTIVE-LOW ENABLE 
D3030. APRIL1988. 

TSC500 
SERIES 

CMOS SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PAR AM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

MIN TYpt MAX TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN 

tpLH 
A Y RL = 00 

4.25 10.87 23.57 4.55 10.87 21.44 
5.83 14.01 29.56 

ns 
tpHL 6.25 14.01 26.93 

tpZH 
GZ y RL = 1 kOto GND 4.45 11.78 27.04 4.77 11.78 24.33 

RL = 1 kfl. to Vee 
ns 

tPZL 5.95 14.74 32.58 6.39 14.74 29.34 

CL = 50 pF 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

(INPUT) MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (OUTPUT) CONDITIONS 

tpLH 6.74 17.01 36.29 7.21 17.01 33.1 
A Y RL = 00 ns 

tpHL 8.8 20.35 42.04 9.45 20.35 38.2 

tpZH 
GZ y RL = 1 kfl. to GND 6.95 18.4 42.02 7.44 18.4 37.82 

RL = 1 kfl.to Vee 
ns 

tpZL 8.97 21.37 46.24 9.64 21.37 41.54 

change in propagation delay time with load capaCitance over recommended ranges of 
supply voltage al1d operating free-air temperature (unless otherwise noted) 
PARAM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX 

AtpLH 70 180 360 80 180 330 
ps/pF A Y RL = 00 

AtpHL 80 180 360 90 180 320 

AtpZH 
GZ y RL = 1 kfl. to GND 70 190 430 80 190 390 

ps/pF 
AtpZL RL = 1 kfl. to Vee 90 190 390 90 190 350 

t Typical values are at Vee = 5 V, TA = 25°e. 
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TSC500 
SERIES 

OPK40LJ 
4-mA TOTEM-POLE CMOSmL OUTPUT BUFFER 

WITH 0.25 di/dt 
03030. APRIL 1988 

OUTPUT BUFFER CELL 

FUNCTION TABLE logic symbolt 

A~Y 
INPUT 

A 

L 

H 

OUTPUT 

V 

L 

H t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: V = A 

description 
The OPK40LJ cell is a noninverting output buffer that interfaces internal cells with TTL or 
CMOS external loads. The buffer incorporates di/dt circuitry designed to reduce the effects 
of impedance mismatch. When the output buffer is called from the engineering workstation 
input, the following label format is developed and will be captured in the design netlist: 

Label: OPK40LJ A,V; 

A pull-up or pull-down terminator can be connected to the Y node. 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

TVP:j: TVP:j: 
UNIT 

CONDITIONS MIN MAX MIN MAX 

VT Input threshold voltage 2.2 2.2 V 

VOH High-level output voltage 
IOH = -4 mA 3.7 

V 
IOH = -3.4 mA 3.7 

VOL Low-level output voltage 
IOL = 4 mA 0.5 

V 
IOL = 3.4 mA 0.4 

ICC Supply current VI = VIH or VIL 0.68 0.08 mA 

Ci Input capacitance 0.17 0.17 pF 

Cpd 
Equivalent power 
dissipation capacitance tr=tt=1ns 8.5 8.5 pF 

:j: Typical values are at VCC = 5 V, TA = 25°C. 
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OPK40LJ 
4-mA TOTEM-POLE CMOSmL OUTPUT BUFFER 
WITH 0.25 di/dt 
03030, APRIL 1988 

TSC500 
SERIES 

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

TTL loads, RL = 00 

FROM TO TEST -55°C to 125°C DoC to 70°C 
PARAMETER UNIT 

(INPUT) (OUTPUT) CONDITIONS MIN TYpt MAX MIN TYpt MAX 

tpLH 
A Y CL=15pF 

1.92 5.35 12.29 2.05 5.35 11.16 
ns 

tpHL 3.94 9.49 19.58 4.23 9.49 17.87 

tpLH A Y CL = 50 pF 
2.71 7.48 17.05 2.9 7.48 15.49 

ns 
tpHL 6.26 14.38 28.84 6.73 14.38 26.27 

~tpLH 
A Y 

20 60 140 20 60 120 
ps/pF 

~tpHL 70 140 260 70 140 240 

CMOS loads, RL = 00 

FROM TO TEST -55°C to 125°C DoC to 70°C 
PARAMETER 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

(INPUT) (OUTPUT) CONDITIONS 

tpLH 
A y CL = 15 pF 

2.59 6.81 14.94 2.78 6.81 13.58 
ns 

tpHL 3.26 8.12 17.14 3.5 8.12 15.66 

tpLH 
A Y CL=50pF 

4 10.26 22.09 4.28 10.26 20.1 
ns 

tpHL 4.94 11.75 24.19 5.3 11.75 22.07 

~tpLH 
A Y 

40 100 200 40 100 190 
ps/pF 

~tpHL 50 100 200 50 100 180 

t Typical values are at VCC = 5 V, TA = 25°C. 
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TSC500 
SERIES 

FUNCTION TABLE 

INPUT OUTPUT 

A y 

L L 

H H 

OPK41LJ 
4-mA N-CHANNEL OPEN-DRAIN CMOSmL 

OUTPUT BUFFER WITH 0.25 di/dt 
D3030, APRIL 1988 

OUTPUT BUFFER CELL 

logic symbolt 

A~Y 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A 

description 
The OPK41 LJ cell is a noninverting output buffer that interfaces internal cells with TIL or 
CMOS external loads. The buffer incorporates di/dt circuitry designed to reduce the effects 
of impedance mismatch. When the output buffer is called from the engineering workstation 
input, the following label format is developed and will be captured in the design netlist: 

Label: OPK41 LJ A,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

TYP* TYP* 
UNIT 

CONDITIONS MIN MAX MIN MAX 

VT Input threshold voltage 2.2 2.2 V 

VOL Low-level output voltage 
10L = 4 mA 0.5 

V 
10L = 3.4 mA 0.5 

102 Off-state output current Va = VCC or 0 :!:10 :!:5 J.lA 

ICC Supply current VI = VIH or VIL 0.29 0.08 mA 

Ci Input capacitance 0.07 0.07 pF 

Cpd 
Equivalent power 
dissipation capacitance tr = tf = 1 ns 0.58 0.58 pF 

:j: Typical values are at VCC = 5 V. TA = 25°C. 
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OPK41LJ 
4-mA N-CHANNEL OPEN-DRAIN CMOS/TTL 
OUTPUT BUFFER WITH 0.25 di/dt 
D3030, APRIL 1988 

TSC500 
SERIES 

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

TIL loads, RL = 1 kD. to Vee 
FROM TO TEST -55°C to 125°C DOC to 7DoC 

PARAMETER 
MIN TYpt MAX MIN TYpt MAX 

UNIT 
(INPUT) (OUTPUT) CONDITIONS 

tpZL 
A Y 

CL = 15 pF 3.63 9.11 19.74 3.91 9.11 17.79 

CL = 50 pF 
ns 

tpZL 5.96 14.13 29.64 6.42 14.13 26.67 

tPLz A y 9.5 9.5 ns 

~tpZL A Y 70 140 280 70 140 250 ps/pF 

eMOS loads, RL = 1 kD. to Vee 
FROM TO TEST -55°C to 125°C DOC to 7DoC 

PARAMETER 
MIN TYpt MAX MIN TYpt MAX 

UNIT 
(INPUT) (OUTPUT) CONDITIONS 

tpZL 
A Y 

CL = 15 pF 2.97 7.64 16.8 3.19 7.64 15.2 

CL = 50 pF 
ns 

tpZL 4.65 11.31 24.12 5 11.31 21.8 

~tpZL A Y 50 100 210 50 100 190 ps/pF 

t Typical values are at VCC = 5 V, TA = 25°C. 
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TSC500 
SERIES 

.. . OPK43LJ 
4-mA 3-STATE CMOSmL OUTPUT BUFFER 
WITH 0.25 di/dt AND ACTIVE-LOW ENABLE 

03030, APRIL 1988 

OUTPUT BUFFER CELL 

FUNCTION TABLE logic symbolt 
INPUTS 

GZ A 

L H 

L L 

H X 

OUTPUT 

Y 

H 

L 

Z 

A~Y 
GZ -----.:?J 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A (if GZ is L) 

description 
The OPK43LJ is a noninverting 3-state output buffer that interfaces internal cells with TIL or 
CMOS external loads. The buffer incorporates di/dt circuitry designed to reduce the effects 
of impedance mismatch. When the output buffer is called from the engineering workstation 
input, the following label format is developed and will be captured in the design netlist: 

Label: OPK43LJ A,GZ,Y; 

A pull-up or pull-down terminator can be connected to the Y node. 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics over recommended ranges of supply voltage alid operating free
air tempereture (unless otherwise noted) 

TEST - 55°C to 125°C O°C to 70°C 
UNIT PARAMETER 

TYp:I: MIN TYp:I: CONDITIONS MIN MAX MAX 

VT Input threshold voltage 2.2 2.2 V 

10H = -4 rnA 3.7 
V VOH High-level output voltage 

10H = -3.4 rnA 3.7 

LOW-level output voltage 
10L = 4 rnA 0.5 

V VOL 
10L = 3.4 rnA 0.5 

10Z Off-state output current Vo = Vce or 0 ±10 ±5 f,1A 

ICC Supply current VI = VIH or VIL 1.04 0.27 rnA 

Input capacitance 1 ~z 0.18 0.18 
pF Ci 

0.15 0.15 

Cpd 
Equivalent power tr =tf",lns 12.4 12.4 pF dissipation capacitance 

:I: Typical values are at VCC = 5 V, T A = 25°C. 
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OPK43LJ 
4-mA3~STATE CMosmL OUTPUT BUFFER 
WITH 0.25 di.dl AND ACTIVE-LOW ENABLE 
D3030, APRIL 1988 

TSC500 
SERIES 

TTL SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PAR AM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

MIN TVPt MAX MIN TVPt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
A Y RL = 00 

2.25 6.2 14.10 2.4 6.2 12.83 
ns 

tpHL 4.49 10.77 22.3 4.82 10.77 20.31 

tpZH 
GZ y RL = 1 kO to GND 2.3 6.58 15.27 2.46 6.58 13.86 

RL = 1 kO to Vee 
ns 

tpZL 4.56 11.16 23.82 4.9 11.1621.53 

CL = 50 pF 
PARAM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

(INPUT) CONDITIONS MIN TVPt MAX MIN TVPt MAX 
UNIT 

ETER (OUTPUT) 

tpLH 
A Y RL = 00 

3.01 8.26 18.68 3.21 8.26 17.02 
6.77 15.56 31.48 7.28 15.56 28.58 

ns 
tpHL 

tpZH 
GZ y RL = 1 kO to GND 3.06 8.66 19.98 3.27 8.66 18.14 

RL = 1 kO to Vee 
ns 

tpZL 6.88 16.13 33.63 7.4 16.13 30.3 

tPHZ 
GZ Y 

RL = 1 kO to GND 11.38 11.38 
ns 

tpLZ RL = 1 kO to Vee 9.72 9.72 

change In propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 
PARAM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

UNIT 
ETER (INPUT) (OUTPUT) CONDITIONS MIN TVPt MAX MIN TVPt MAX 

AtpLH 
A Y RL = 00 

20 60 130 20 60 120 
ps/pF 

AtpHL 70 140 260 70 140 240 

AtpZH 
GZ y RL = 1 kO to GND 20 60 130 20 60 120 

ps/pF 
AtpZL RL = 1 kO to Vee 70 140 280 70 140 250 

t Typical values are at Vee = 5 V, TA = 25°e. 
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TSC500 
SERIES 

OPK43LJ 
4-mA 3-STATE CMOSmL OUTPUT BUFFER 
WITH 0.25 di/dt AND ACTIVE-LOW ENABLE 

D3030. APRIL 1988 

CMOS SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PARAM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

MIN TYpt MAX TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN 

tpLH 2.98 7.77 16.94 3.18 7.77 15.42 
A Y RL = 00 ns 

,tPHL 3.75 9.26 19.64 4.02 9.26 17.9 

tpZH 
GZ Y 

RL = 1 kn to GND 3,16 8.27 18.5 3.37 8.27 16.75 
ns 

tpZL RL = 1 kn to Vee 3.78 9.45 20.43 4.05 9.45 18.53 

CL = 50 pF 
PARAM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

TYpt MAX TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN MIN 

tpLH 
A Y RL = 00 

4.35 11.15 23.93 4.66 11.15 21.81 
ns 

tpHL 5.4 12.81 26.64 5.79 12.81 24.21 

tpZH 
GZ 

RL = 1 kn to GND 4.54 11.75 25.92 4.85 11.75 23.49 
Y ns 

tpZL RL = 1 kntoVee 5.44 13.07 27.65 5.84 13.07 25.02 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 

PARAM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

AtpLH 40 100 200 40 100 180 
ps/pF A Y RL = 00 

AtpHL 50 100 200 50 100 180 

AtpZH 
GZ 

RL = 1 kn to GND 40 100 210 40 100 190 
ps/pF y 

AtpZL RL = 1 kn to Vce 50 100 210 50 100 190 

t Typical values are at Vee = 5 V. TA = 25°C. 
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TSC500 
SERIES 

OPK60LJ 
6-mA TOTEM-POLE CMOSmL OUTPUT BUFFER 

WITH 0.25 di/dt 

FUNCTION TABLE 

INPUT OUTPUT 

A Y 

L L 

H H 

03030, APRIL 1988 

OUTPUT BUFFER CELL 

logic symbolt 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A 

description 
The OPK60LJ cell is a noninverting output buffer that interfaces internal cells with TIL or 
CMOS external loads. The buffer incorporates di/dt circuitry designed to reduce the effects 
of impedance mismatch. When the output buffer is called from the engineering workstation 
input, the following label format is developed and will be captured in the design netlist: 

Label: OPK60LJ A,Y; 

A pull-up or pull-down terminator can be connected to the Y node. 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

TYp:j: TYp:j: 
UNIT 

CONDITIONS MIN MAX MIN MAX 

VT Input threshold voltage 2.2 2.2 V 

High-level output voltage 
IOH = -6 mA 3.7 

V VOH 
IOH == -5.1 mA 3.7 

IOL = 6 mA 0.5 
VOL Low-level output voltage V 

IOL = 5.1 mA 0.5 

ICC Supply current VI = VIH or VIL 1.01 0.12 mA 

Ci Input capacitance 0.24 0.24 pF 

Cpd 
Equivalent power 

tr = tf = 1 ns 9.3 9.3 pF dissipation capacitance 

:j: Typical values are at Vce = 5 V, T A = 25°e. 
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TSC500 
SERIES 

OPK60LJ 
6-mA TOTEM-POLE CMOS/TTL OUTPUT BUFFER 

WITH 0.25 di/dt 
D3030, APRIL 1988 

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

TIL loads, RL = 00 

FROM TO TEST -55°C to 125°C QOC to 7QoC 
PARAMETER 

MIN TYpt MAX MIN Typt MAX 
UNIT 

(INPUT) (OUTPUT) CONDITIONS 

tpLH 1.66 4.68 10.8 1.78 4.68 9.8 
A Y CL = 15 pF ns 

tpHL 3.08 7.64 15.94 3.31 7.64 14.54 

tpLH 2.27 6.31 14.45 2.43 6.31 13.12 
A Y CL = 50 pF ns 

tpHL 4.76 11.1822.74 5.12 11.1820.68 

AtpLH 20 50 100 20 50 90 
ps/pF A Y 

AtpHL 50 100 190 50 100 180 

CMOS loads, RL = 00 

FROM TO TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

(INPUT) (OUTPUT) CONDITIONS 

tpLH 
CL = 15 pF 

2.18 5.83 12.91 2.34 5.83 11.72 
A Y ns 

tpHL 2.58 6.59 14.08 2.76 6.59 12.84 

tpLH A CL = 50 pF 
3.22 8.37 18.18 3.46 8.37 16.53 

Y ns 
tpHL 3.82 9.28 19.37 4.1 9.28 17.64 

AtpLH 30 70 150 30 70 140 
ps/pF A y 

AtpHL 40 80 150 40 80 140 

t Typical values are at VCC = 5 V, TA = 25°C. 
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TSC500 
SERIES 

OPK61LJ 
6-mA N-CHANNEL OPEN-DRAIN CMOS/TTL 

OUTPUT BUFFER WITH 0.25 di/dt 

FUNCTION TABLE 

INPUT OUTPUT 

A Y 

L L 

H H 

APRIL 1988 

OUTPUT BUFFER CELL 

logic symbolt 

A~Y 
t This symbol is in accordance witn ANSI/IEEE 

Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A 

description 
The OPK61 LJ cell is a noninverting output buffer that interfaces internal cells with TIL or 
CMOS external loads. The buffer incorporates di/dt circuitry designed to reduce the effects 
of impedance mismatch. When the output buffer is called from the engineering workstation 
input, the following label format is developed and will be captured in the design netlist: 

Label: OPK61 LJ A,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

TYp:J: TYp:J: 
UNIT 

CONDITIONS MIN MAX MIN MAX 

VT Input threshold voltage 2.2 2.2 V 

10L = 6 mA 0.5 
V VOL Low-level output voltage 

10L = 5.1 mA 0.5 

10Z Off-state output current Vo = VCC or a ±10 ±5 J,lA 

ICC Supply current VI = VIH or VIL 0.44 0.12 mA 

Ci Input capacitance 0.09 0.09 pF 

Cpd 
Equivalent power 

tr = tf = 1 ns 0.82 0.82 pF dissipation capacitance 

:J: Typical values are at VCC = 5 V, TA = 25°C. 
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TSC500 
SERIES 

OPK61LJ 
6-mA N-CHANNEL OPEN-DRAIN CMOS/TTL 

OUTPUT BUFFER WITH 0.25 di/dt 
D3030, APRIL 1988 

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

TTL loads, RL = 1 kn to Vee 
FROM TO TEST -55°C to 125°C O°C to 70°C 

PARAMETER 
MIN TYpt MAX MIN TYpt MAX 

UNIT 
(INPUT) (OUTPUT) CONDITIONS 

tpZL CL = 15 pF 2.85 7.3 15.78 3.07 7.3 14.28 
A Y 

CL = 50 pF 
ns 

tpZL 4.52 10.9 22.81 4.87 10.9 20.6 

tpLZ A Y 9.17 9.17 ns 

~tpZL A Y 50 100 200 50 100 180 ps/pF 

eMOS loads, RL = 1 kn to Vee 
FROM TO TEST -55°C to 125°C O°C to 70°C 

PARAMETER 
MIN TYpt MAX MIN TYpt MAX 

UNIT 
(INPUT) (OUTPUT) CONDITIONS 

tpZL 
Y 

CL = 15 pF 2.36 6.21 13.68 2.54 6.21 12.4 
A 

8.92 17.27 
ns 

tpZL CL = 50 pF 3.59 8.92 19.07 3.86 

~tpZL A Y 40 80 150 40 80 140 ps/pF 

t Typical values are at VCC = 5 V, TA = 25°C. 
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TSC500 
SERIES 

OPK63LJ 
6-mA 3-STATE CMOSmL OUTPUT BUFFER 
WITH 0.25 di/dt AND ACTIVE-LOW ENABLE 

APRIL 1988 

OUTPUT BUFFER CELL 

FUNCTION TABLE logic symbolt 
INPUTS 

GZ A 

L H 

L L 

H X 

OUTPUT 
y 

H 

L 

Z 

A~y 

GZ --11 
t This symbol is in accordance with ANSIIIEEE 

Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A (if GZ is L) 

description 
The OPK63LJ is a noninverting 3-state output buffer that interfaces internal cells with TIL or 
CMOS external loads. The buffer incorporates di/dt circuitry designed to reduce the effects 
of impedance mismatch. When the output buffer is called from the engineering workstation 
input, the following label format is developed and will be captured in the design netlist: 

Label: OPK63LJ A,GZ,Y; 

A pull-up or pull-down terminator can be connected to the Y node. 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

TEST - 55°C to 125°C QOC to 7QoC 
PARAMETER 

TYp:j: TYp:j: 
UNIT 

CONDITIONS MIN MAX MIN MAX 

VT Input threshold voltage 2.2 2.2 V 

IOH = -6mA 3.7 
V VOH High-level output voltage 

IOH = -5.1 mA 3.7 

IOL = 6 mA 0.5 
V VOL LOW-level output voltage 

IOL = 5.1 mA 0.5 

IOZ Off-state output current Vo = VCC or 0 ±10 ±5 IJA 

ICC Supply current VI = VIH or VIL 1.04 0.27 mA 

Ci 
. IA 0.18 0.18 

pF Input capacitance I GZ 
0.15 0.15 

Cpd 
Equivalent power 

tr = tf = 1 ns 13.2 13.2 pF dissipation capacitance 

:j: Typical values are at VCC = 5 V, T A = 25°C. 
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TSC500 
SERIES 

OPK63LJ 
6-mA 3-STATE CMOSmL OUTPUT BUFFER 
WITH 0.25 di/dt AND ACTIVE-LOW ENABLE 

03030, APRIL 1988 

TTL SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PARAM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
A Y RL = 00 

1.99 5.54 12.65 2.13 5.54 11.51 
ns 

tpHL 3.59 8.79 18.38 3.86 8.79 16.74 

tpZH RL = 1 kO to GND 2.04 5.88 13.65 2.18 5.88 12.4 
GZ Y 

RL = 1 kO to Vee 
ns 

tpZL 3.62 8.98 19.08 3.89 8.98 17.31 

CL = 50 pF 
PARAM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

MIN TYpt MAX IVIIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 2.58 7.12 16.18 2.75 7.12 14.73 
A y RL = 00 ns 

tpHL 5.24 12.26 25.04 5.63 12.26 22.75 

tpZH 
GZ 

RL = 1 kO to GND 2.62 7.47 17.22 2.8 7.47 15.65 
Y ns 

tpZL RL = 1 kOtoVee 5.28 12.52 26.01 5.68 12.52 23.52 

tpHZ 
GZ y RL = 1 kO to GND 9.86 9.86 

ns 
tpLZ RL = 1 kO to Vee 9.06 9.06 

change In propagation delay time with load capaCitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otheiwlse noted) 
PARAM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

UNIT 
ETER (INPUT) (OUTPUT) CONDITIONS MIN TYpt MAX MIN TYpt MAX 

AtPLH 20 50 100 20 50 90 
ps/pF A Y RL = 00 

AtpHL 50 100 190 50 100 170 

AtpZH RL = 1 kO to GND 20 50 100 20 50 90 
ps/pF GZ Y 

AtpZL RL = 1 kO to Vee 50 100 200 50 100 180 

t Typical values are at Vee = 5 V, TA = 25°e. 
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OPK63LJ 
6-mA 3-STATE CMOSmL OUTPUT BUFFER 
WITH 0.25 di/dt AND ACTIVE-LOW ENABLE 
D3030, APRIL 1988 

TSC500 
SERIES 

CMOS SWITCHING CHARACTERISTICS 

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

CL = 15pF 
PARAM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

TYpt MAX TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN MIN 

tpLH 2.56 6.77 14.89 2.73 6.77 13.56 
A Y RL = 00 ns 

tpHL 3.04 7.65 16.36 3.26 7.65 14.91 

tpZH RL = 1 kD to GND 2.72 7.19 16.06 2.91 7.19 14.56 
GZ y ns 

tpZL RL = 1 kDtoVee 3.05 7.73 16.69 3.27 7.73 15.16 

CL = 50 pF 
PARAM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

TYpt MAX TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN MIN 

tpLH 3.57 9.26 20.04 3.82 9.26 18.26 
A Y RL = 00 ns 

tpHL 4.25 10.27 21.53 4.56 10.27 19.58 

tpZH RL = 1 kD to GND 3.74 9.71 21.37 4 9.71 19.4 
GZ y ns 

tpZL RL = 1 kD to Vee 4.26 10.38 21.97 4.58 10.38 19.92 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 

PARAM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

LltpLH 30 70 150 30 70 130 
ps/pF A Y RL = 00 

130 LltpHL 30 70 150 40 70 

LltpZH RL = 1 kD to GND 30 70 150 30 70 140 
GZ y ps/pF 

LltpZL RL = 1 kD to Vee 30 80 150 40 80 140 

t Typical values are at Vee = 5 V, T A = 25°e. 
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TSC500 
SERIES 

OPHAOLJ 
16-mA TOTEM-POLE CMOSmL OUTPUT BUFFER 

WITH 0.125 di/dt 

FUNCTION TABLE 

INPUT OUTPUT 

A Y 

l l 

H H 

APRIL 1988 

OUTPUT BUFFER CELL 

logic symbolt 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A 

description 
The OPHAOLJ cell is a noninverting output buffer that interfaces internal cells with TIL or 
CMOS external loads. The buffer incorporates di/dt circuitry designed to reduce the effects 
of impedance mismatch. When the output buffer is called from the engineering workstation 
input, the following label format is developed and will be captured in the design netlist: 

Label: OPHAOLJ A,Y; 

A pull-up or pull-down terminator can be connected to the Y node. 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

TYp:l: TYp:l: 
UNIT 

CONDITIONS MIN MAX MIN MAX 

VT Input threshold voltage 2.2 2.2 V 

VOH High-level output voltage 
IOH = -16mA 3.7 

V 
IOH = -13.6 mA 3.7 

VOL Low-level output voltage 
IOl = 16 mA 0.5 

V 
IOl = 13.6 mA 0.5 

ICC Supply current VI = VIH or Vil 2.68 0.32 mA 

Ci Input capacitance 0.53 0.53 pF 

Cpd 
Equivalent power 

tr = tf = 1 ns 13.3 13.3 pF dissipation capacitance 

:I: Typical values are at VCC = 5 V, TA = 25°C. 
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OPHAOLJ 
16-mA TOTEM-POLE CMOS/TTL OUTPUT BUFFER 
WITH 0.125 di/dt 
03030, APRIL 1988 

TSC500 
SERIES 

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

TIL loads, RL = 00 

FROM TO TEST -55°C to 125°C DOC to 70°C 
PARAMETER 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

(INPUT) (OUTPUT) CONDITIONS 

tPLH 
A y CL = 15 pF 

1.65 4.88 11.43 1.77 4.88 10.36 
ns 

tpHL 2.62 6.86 14.62 2.82 6.86 13.35 

tpLH 
A Y CL = 50 pF 

2.08 6.02 13.99 2.23 6.02 12.68 
ns 

tpHL 3.59 8.98 18.72 3.86 8.98 17.07 

~tpLH 
A y 10 30 70 10 30 70 

ps/pF 
ntpHL 30 60 120 30 60 110 

CMOS loads, RL = 00 

FROM TO TEST -55°C to 125°C DOC to 70°C 
PARAMETER 

MIN TYpt MAX rvrt MAX 
UNIT 

(INPUT) (OUTPUT) CONDITIONS M!N 

tpLH 
CL = 15 pF 

2.05 5.76 13.05 2.2 5.76 11.83 
A Y ns 

tpHL 2.28 6.13 13.31 2.46 6.13 12.15 

tpLH 
A y CL = 50 pF 

2.71 7.39 16.46 2.91 7.39 14.94 
ns 

tpHL 3.02 7.81 16.tl5 3.25 7.81 15.19 

~tpLH 20 50 100 20 50 90 
ps/pF A y 

~tpHL 20 50 100 20 50 90 

t Typical values are at VCC = 5 V, TA = 25°C. 
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TSC500 
SERIES 

OPHA1LJ 
16-mA N-CHANNEL OPEN-DRAIN CMOS/TTL 

OUTPUT BUFFER WITH 0.125 di/dt 

FUNCTION TABLE 

INPUT OUTPUT 

A Y 
L L 

H H 

APRIL 1988 

OUTPUT BUFFER CELL 

logic symbolt 

A~Y 
t This symbol is in accordance with ANSI/IEEE 

Std 91-1984. 

POSITIVE LOGIC EQUATION: Y 0= A 

description 
The OPHA1 LJ cell is a non inverting output buffer that interfaces internal cells with TIL or 
CMOS external loads. The buffer incorporates di/dt circuitry designed to reduce the effects 
of impedance mismatch. When the output buffer is called from the engineering workstation 
input, the following label format is developed and will be captured in the design netlist: 

Label: OPHA1LJ A,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

TYp:j: TYp:j: 
UNIT 

CONDITIONS MIN MAX MIN MAX 

VT Input threshold voltage 2.2 2.2 V 

IOL = 16 mA 0.5 
VOL Low-level output voltage V 

IOL = 13.6 mA 0.5 

IOZ Off-state output current Vo = Vce or 0 ±10 ±5 IJA 

ICC Supply current VI = VIH or VIL 1.03 0.29 mA 

Ci Input capacitance 0.19 0.19 pF 

Cpd 
Equivalent power 
dissipation capacitance tr = tf = 1 ns 1.96 1.96 pF 

:j: Typical valiJes are at Vec = 5 V, TA = 25°e. 
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OPHA1LJ 
16-mA N-CHANNEL OPEN-DRAIN CMOSmL 
OUTPUT BUFFER WITH 0.125 di/dt 
D3030, APRIL 1988 

TSC500 
SERIES 

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

TTL loads, RL = 1 k!l to Vee 
FROM TO TEST -55°C to 125°C O°C to 70°C 

PARAMETER 
MIN TYpt MAX MIN TYpt MAX 

UNIT 
(INPUT) (OUTPUT) CONDITIONS 

tpZL 
A y CL = 15 pF 2.47 6.64 14.51 2.67 6.64 13.17 

CL = 50 pF 
ns 

tpZL 3.43 8.74 18.66 3.69 8.74 16.91 

tpLZ A y 7.52 7.52 ns 

AtpZL A Y 30 60 120 30 60 110 ps/pF 

eMOS loads, RL = 1 k!l to Vee 
FROM TO TEST -55°C to 125°C O°C to 70°C 

PARAMETER 
MIN TYpt MAX MIN TYpt MAX 

UNIT 
(INPUT) (OUTPUT) CONDITIONS 

tPZL A y CL=15pF 2.15 5.89 13.1 2.31 5.89 11.89 

CL = 50 pF 7.57 16.51 3.1 
ns 

tpZL 2.88 7.57 14.97 

AtpZL A Y 20 50 100 20 50 90 ps/pF 

t Typical values are at VCC = 5 V, T A = 25°C. 
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TSC500 
SERIES 

OPHA3LJ 
16-mA 3-STATE CMOS/TTL OUTPUT BUFFER 
WITH 0.125 di/dt AND ACTIVE-LOW ENABLE 

D3030, APRIL 1988 

OUTPUT BUFFER CELL 

FUNCTION TABLE logic symbolt 
INPUTS 

GZ A 

L H 

L L 

H X 

OUTPUT 

Y 

H 

L 

Z 

A~Y 
GZ~ 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A (if GZ is L) 

description 
The OPHA3W is a noninverting 3-state output buffer that interfaces internal cells with TIL or 
CMOS external loads. The buffer incorporates di/dt circuitry designed to reduce the effects 
of impedance mismatch. When the output buffer is called from the engineering workstation 
input, the following label format is developed and will be captured in the design netlist: 

Label: OPHA3W A,GZ,Y; 

A pull-up or pull-down terminator can be connected to the Y node. 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

TEST - 55°C to 125°C QOC to 70°C 
PARAMETER 

TYp:f: TYp:f: 
UNIT 

CONDITIONS MIN MAX MIN MAX 

VT Input threshold voltage 2.2 2.2 V 

VOH High-level output voltage 
10H = -16 mA 3.7 

V 
10H = -13.6 mA 3.7 

VOL Low-level output voltage 
10L = 16 mA 0.5 

V 
10L = 13.6 mA 0.5 

loz Off-state output current Vo = VCC or 0 ±10 ±5 IlA 

ICC Supply current VI = VIH or VIL 1.04 0.27 mA 

Ci 
. IA 0.18 0.18 

Input capacitance I GZ 
0.15 0.15 

pF 

Cpd 
Equivalent power 

tr = tf = 1 ns 17.3 17.3 pF 
dissipation capacitance 

:j: Typical values are at VCC = 5 V, T A = 25°C. 
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OPHA3LJ 
16-mA 3-STATE CMosmL OUTPUT BUFFER 
WITH 0.125 di/dt AND ACTIVE-LOW ENABLE 
D3030, APRIL 1988 

TSC500 
SERIES 

TTL SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PARAM- FROM TO :rEST - 55·C to 125·C O·C to 70·C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
Y RL = 00 

2.1 5.91 13.47 2.24 5.91 12.27 
A ns 

tpHL 3.24 8.11 17.31 3.47 8.11 15.77 

tpZH 
GZ 

RL = 1 kll to GND 2.16 6.24 14.43 2.31 6.24 13.12 
Y 

RL = 1 kll to Vee 
ns 

tpZL 3.25 8.16 17.49 3.49 8.16 15.9 

CL = 50 pF 
PARAM- FROM TO TEST - 55·C to 125·C O·C to 70·C 

MIN TYpt MAX TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN 

tpLH 2.51 7.01 15.95 2.68 7.01 14.51 
A Y RL = 00 ns 

tpHL 4.18 10.15 21.3 4.48 10.15 19.39 

tpZH RL = 1 kll to GND 2.56 7.33 16.88 2.74 7.33 15.35 
GZ Y ns 

tpZL RL = 1 kll to Vee 4.19 10.21 21.46 4.5 10.21 19.51 

tpHZ RL = 1 kll to GND 9.23 9.23 
GZ Y ns 

tpLZ RL = 1 kll to Vee 9.02 9.02 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 

PARAM- FROM TO TEST - 55·C to 125·C O·C to 70·C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

~tpLH 10 30 70 10 30 60 
ps/pF A Y RL = 00 

60 110 30 60 100 ~tpHL 30 

~tpZH RL = 1 kll to GND 10 30 70 10 30 60 
ps/pF GZ y 

~tpZL RL = 1 kll to Vee 30 60 110 30 60 100 

t Typical values are at Vee = 5 V, TA = 25·C. 
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TSC500 
SERIES 

OPHA3LJ 
16-mA 3-STATE CMOS/TTL OUTPUT BUFFER 
WITH 0.125 di/dt AND ACTIVE-LOW ENABLE 

D3030, APRIL 1988 

CMOS SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PARAM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

TYpt MAX Typt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN MIN 

tpLH A y 2.52 6.84 15.17 2.69 6.84 13.82 
RL = 00 ns 

tpHL 2.87 7.32 15.9 3.07 7.32 14.48 

tpZH 
GZ y RL = 1 kn to GND 2.7 7.21 16.17 2.88 7.21 14.68 

RL = 1 kntoVee 
ns 

tpZL· 2.87 7.32 15.91 3.07 7.32 14.48 

CL = 50 pF 
PARAM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

TYpt MAX TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN MIN 

tpLH 3.16 8.41 18.49 3.38 8.41 16.83 
A Y RL = 00 ns 

tpHL 3.59 8.94 19.17 3.84 8.94 17.45 

tpZH 
GZ 

RL = 1 kn to GND 3.34 8.78 19.45 3.57 8.78 17.67 
Y 

RL = 1 kn to Vee 
ns 

tpZL 3.59 8.94 19.16 3.84 8.94 17.43 

change in propagation delay timli! with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 
PARAM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

atpLH 20 40 90 20 40 90 
ps/pF A Y RL = 00 

atpHL 20 50 90 20 50 80 

atpZH 
GZ 

RL = 1 kn to GND 20 40 90 20 40 90 
ps/pF y 

atpZL RL = 1 kntoVee 20 50 90 20 50 80 

t Typical values are at Vee = 5 V, TA = 25°e. 
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TSC500 
SERIES 

OPHBOLJ 
24-mA TOTEM-POLE CMosmL OUTPUT BUFFER 

WITH 0.125 di/dt 

FUNCTION TABLE 

INPUT OUTPUT 

A y 

L L 

H H 

D3030, APRIL 1988 

OUTPUT BUFFER CELL 

logic symbolt 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: V = A 

description 
The OPHBOLJ cell is a noninverting output buffer that interfaces internal cells with TIL or 
CMOS external loads. The buffer incorporates di/dt circuitry designed to reduce the effects 
of impedance mismatch. When the output buffer is called from the engineering workstation 
input, the following label format is developed and will be captured in the design netlist: 

Label: OPHBOLJ A,V; 

A pull-up or pull-down terminator can be connected to the V node. 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

TYp:j: TYp:j: 
UNIT 

CONDITIONS MIN MAX MIN MAX 

VT Input threshold voltage 2.2 2.2 V 

VOH High-level output voltage 
IOH = -16mA 3.7 

V 
IOH = -13.6 mA 3.7 

VOL LOW-level output voltage 
IOL = 24 mA 0.5 

V 
IOL = 20.4 mA 0.5 

ICC Supply current VI = VIH or VIL 2.18 0.39 mA 

Ci Input capacitance 0.63 0.63 pF 

Cpd 
Equivalent power 

tr = tf = 1 ns 14.8 14.8 pF dissipation capacitance 

:j: Typical values are at VCC = 5 V, TA = 25°C. 
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TSC500 
SERIES 

OPHBOLJ 
24-mA TOTEM-POLE CMOSmL OUTPUT BUFFER 

WITH 0.125 di/dt 
D3030, APRIL 1988 

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

TTL loads, RL = 00 

FROM TO TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

(INPUT) (OUTPUT) CONDITIONS 

tpLH 
A Y CL = 15 pF 

1.64 4.85 11.38 1.76 4.85 10.32 
ns 

tpHL 3.34 8.22 16.96 3.58 8.22 15.55 

tpLH 
CL = 50 pF 

2.07 6 13.95 2.22 6 12.65 
A Y ns 

tpHL 4.22 10.17 20.81 4.53 10.17 19.04 

iltpLH 
A Y 

10 30 70 10 30 70 
ps/pF 

iltpHL 30 60 110 30 60 100 

CMOS loads, RL = 00 

FROM TO TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

(INPUT) (OUTPUT) CONDITIONS 

tpLH 
Y CL = 15 pF 

2.04 5.74 13 2.19 5.74 11.79 
A ns 

tpHL 2.97 7.46 15.63 3.18 7.46 14.33 

tpLH 
CL = 50 pF 

2.7 7.37 16.42 2.9 7.37 14.9 
A Y ns 

tpHL 3.66 9.04 18.83 3.93 9.04 17.23 

iltpLH 20 50 100 20 50 90 
ps/pF A Y 

iltpHL 20 50 90 20 50 80 

t Typical values are at VCC = 5 V, TA = 25°C. 
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TSC500 
SERIES 24-mA N-CHANNEL OPEN-DRAINC2ro~mt 

OUTPUT BUFFER WITH 0.125 di/dt 

FUNCTION TABLE 

INPUT OUTPUT 

A V 
L L 
H H 

OUTPUT BUFFER CELL 

logic symbolt 

A~V 
+ This symbol is in accordance with ANSI/IEEE 

Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A 

description . 
The OPHB1 LJ cell is a noninverting output buffer that interfaces internal cells with TTL or 
CMOS external loads. The buffer incorporates di/dt circuitry designed to reduce the effects 
of impedance mismatch, When the output buffer is called from the engineering workstation 
input, the following label format is developed and will be captured in the design netlist: 

Label: OPHB1 LJ A,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

TYp:j: TYp:j: 
UNIT 

CONDITIONS MIN MAX MIN MAX 

VT Input threshold voltage 2.2 2.2 V 

VOL Low-level output voltage 
IOL = 24 mA 0.5 

V 
IOL = 20.4 mA 0.5 

10Z Off-state output current Vo = VCC or 0 ±10 ±5 J.lA 

ICC Supply current VI = VIH or VIL 1.31 0.39 mA 

Ci Input capacitance 0.27 0.27 pF 

Cpd 
Equivalent power 

tr = tf = 1 ns 3.2 3.2 pF dissipation capacitance 

:j: Typical values are at VCC = 5 V, TA = 25°C. 
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TSC500 
SERIES 

OPHB1LJ 
24-mA N-CHANNEL OPEN-DRAIN CMOSmL 

OUTPUT BUFFER WITH 0.125 di/dt 
D3030, APRIL 1966 

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

TTL loads, RL = 1 kfl to Vee 
FROM TO TEST -55°C to 125°C O°C to 70°C 

PARAMETER 
MIN TYpt MAX MIN TYpt MAX 

UNIT 
(INPUT) (OUTPUT) CONDITIONS 

tpZL CL = 15 pF 3.08 7.84 16.76 3.31 7.84 1S.23 
A Y ns 

tpZL CL = 50 pF 3.93 9.71 20.46 4.22 9.71 18.57 

tpLZ A Y 6.53 6.S3 ns 

t.tPZL A y 20 SO 110 30 SO 100 ps/pF 

eMOS loads, RL = 1 k to Vee 
FROM TO TEST -55°C to 125°C O°C to 70°C 

PARAMETER 
MIN TYpt MAX MIN TYpt MAX 

UNIT 
(INPUT) (OUTPUT) CONDITIONS 

tpZL CL = 1S pF 2.74 7.1 1S.4 2.94 7.1 14 
A Y ns 

tpZL CL = SO pF 3.41 8.62 18.49 3.66 8.62 16.79 

t.tpZL A y 20 40 90 20 40 80 ps/pF 

t Typical values are at VCC = S V, TA = 2SoC. 
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TSC500 
SERIES 

OPHB3LJ 
24-mA 3-STATE CMOS/TTL OUTPUT BUFFER 
WITH 0.125 di/dt AND ACTIVE-LOW ENABLE 

APRIL 1988 

OUTPUT BUFFER CELL 

FUNCTION TABLE logic symbolt 
INPUTS 

GZ A 

L H 

L L 

H X 

OUTPUT 

Y 

H 

L 

Z 

A~Y 
GZ ----.11 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A (if GZ is L) 

description 
The OPHB3LJ is a noninverting 3-state output buffer that interfaces internal cells with TTL or 
CMOS external loads. The buffer incorporates di/dt circuitry designed to reduce the effects 
of impedance mismatch. When the output buffer is called from the engineering workstation 
input, the following label format is developed and will be captured in the design netlist: 

Label: OPHB3LJ A,GZ,Y; 

A pull-up or pull-down terminator can be connected to the Y node. 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

TEST - 55°C to 125°C O°C to 70°C 
PARAMETER 

TYp:J: TYp:J: 
UNIT 

CONDITIONS MIN MAX MIN MAX 

VT Input threshold voltage 2.2 2.2 V 

VOH High-level output voltage 
IOH = -16mA 3.7 

V 
IOH = -13.6 mA 3.7 

IOL = 24 mA 0.5 
VOL LOW-level output voltage V 

IOL = 20.4 mA 0.5 

10Z Off-state output current Vo = VCC orO ±10 ±5 IlA 

ICC Supply current VI = VIH or VIL 1.04 0.27 mA 

Ci 
. IA 0.18 0.18 

Input capacitance I GZ 
0.15 0.15 

pF 

Cpd 
Equivalent power 
dissipation capacitance tr = tf = 1 ns 19.2 19.2 pF 

:J: Typical values are at VCC = 5 V, T A = 25°C. 
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TSC500 
SERIES 

OPHB3LJ 
24-mA 3-STATE CMOS/TTL OUTPUT BUFFER 
WITH 0.125 di/dt AND ACTIVE-LOW ENABLE 

D3030, APRIL 1988 

TTL SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PARAM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

TYpt MAX TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN MIN 

tpLH 
A Y 

2.09 5.9 13.46 2.22 5.9 12.26 
RL = 00 ns 

tpHL 4.03 9.73 20.35 4.31 9.73 18.58 

tpZH 
GZ y RL = 1 kD. to GND 2.17 6.25 14.46 2.31 6.25 13.15 

ns 
tpZL RL = 1 kHto Vce 4.09 9.87 20.7 4.38 9.87 18.87 

CL = 50 pF 
PAR AM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

TYpt MAX TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN MIN 

tpLH 
A Y RL = 00 

2.5 7 15.92 2.67 7 14.49 
ns 

tpHL 4.9 11 .61 24.06 5.24 11.61 21.94 

tpZH 
GZ y RL = 1 kD. to GND 2.57 7.35 16.91 2.75 7.35 15.38 

RL = 1 kD. to Vee 
ns 

tpZL 4.95 11.75 24.36 5.3 11.75 22.19 

tpHZ 
GZ Y 

RL = 1 kD. to GND 9.23 9.23 
ns 

tpLZ RL = 1 kD. to VCC 7.98 7.98 

change In propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 
PARAM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

MIN TYpt MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX 

AtpLH 
Y 

10 30 70 10 30 60 
ps/pF A RL = 00 

AtpHL 20 50 110 30 50 100 

AtpZH 
GZ Y 

RL = 1 kD. to GND 10 30 70 10 30 60 
ps/pF 

AtpZL RL = 1 kD. to Vee 20 50 100 30 50 90 

t Typical values are at Vee = 5 V, TA = 25°e. 
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OPHB3LJ 
24-mA 3-STATE CMOS/TTL OUTPUT BUFFER 
WITH 0.125 di/dt AND ACTIVE-LOW ENABLE 
D3030, APRIL 1988 

TSC500 
SERIES 

CMOS SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PARAM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
Y RL = 00 

2.5 6.83 15.16 2.68 6.83 13.81 
A ns 

tpHL 3.64 8.91 18.93 3.88 8.91 17.28 

tpZH 
GZ 

RL = 1 kn to GND 2.7 7.22 16.2 2.89 7.22 14.71 
Y ns 

tpZL RL = 1 kn to Vee 3.68 9 19.13 3.93 9 17.44 

CL = 50 pF 
PARAM· FROM TO TEST - 55°C to 125°C O°C to 70°C 

TYpt MAX TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN MIN 

tpLH 
A Y RL = 00 

3.15 8.4 18.45 3.37 8.4 16.8 
4.32 10.44 22.01 4.61 10.44 20.08 

ns 
tpHL 

tpZH RL = 1 kn to GND 3.34 8.79 19.49 3.57 8.79 17.7 
GZ Y 

RL = 1 kn to Vee 4.36 10.53 22.17 4.65 10.53 20.21 
ns 

tpZL 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 

PARAM· FROM TO TEST - 55°C to 125°C O°C to 70°C 

MIN TYpt MIN TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX MAX 

~tpLH 20 .40 90 20 40 90 
ps/pF A Y RL = 00 

~tpHL 20 40 90 20 40 80 

~tpZH 
GZ 

RL = 1 kn to GND 20 40 90 20 40 90 
ps/pF y 

~tpZL RL = 1 kn to Vee 20 40 90 20 40 80 

t Typical values are at Vee = 5 V, TA = 25°e. 
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TSC500 
SERIES 

OPHEOLJ 
48-mA TOTEM-POLE CMOSmL OUTPUT BUFFER 

WITH 0.125 di/dl 
D3030. APRIL 1988 

OUTPUT BUFFER CELL 

FUNCTION TABLE logic symbolt 

A~Y INPUT 

A 
L 

H 

OUTPUT 
y 

L 
H t This symbol is in accordance with ANSI/IEEE 

Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A 

description 
The OPHEOLJ cell is a noninverting output buffer that interfaces internal cells with TTL or 
CMOS external loads. The buffer incorporates di/dt circuitry designed to reduce the effects 
of impedance mismatch. When the output buffer is called from the engineering workstation 
input, the following label format is developed and will be captured in the design netlist: 

Label: OPHEOLJ A,Y; 

A pull-up or pull-down terminator can be connected to the Y node. 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

TEST -55°C to 125°C DOC to 7DoC 
UNIT PARAMETER 

TYp:j: TYp:j: CONDITIONS MIN MAX MIN MAX 

VT Input threshold voltage 2.2 2.2 V 

VOH High-level output voltage 
IOH = -16 mA 3.7 

V 
IOH = -13.6mA 3.7 

IOL = 48 mA 0.5 
V VOL Low-level output voltage 

IOL = 40.8 mA 0.5 

ICC Supply current VI = VIH or VIL 2.61 0.78 mA 

Ci Input capacitance 0.92 0.92 pF 

Cpd 
Equivalent power 
dissipation capacitance tr = tf = 1 ns 21.4 21.4 pF 

:t: Typical values are at VCC = 5 V, TA = 25°C. 
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OPHEOLJ 
48-mA TOTEM-POLE CMOSmL OUTPUT BUFFER 
WITH 0.125 di/dt 
03030, APRIL 1988 

TSC500 
SERIES 

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

TTL loads, RL = 00 

FROM TO TEST -55°C to 125°C O°C to '70°C 
PARAMETER 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

(INPUT) (OUTPUT) CONDITIONS 

tpLH 
A Y CL = 15 pF 

1.69 5.01 11.73 1.82 5.01 10.63 
ns 

tpHL 2.93 7.33 15.16 3.15 7.33 13.91 

tpLH 2.1 6.1 14.19 2.25 6.1 12.86 
A Y CL = 50 pF ns 

tpHL 3.47 8.59 17.71 3.73 8.59 16.22 

~tpLH 10 30 70 10 30 60 
A Y ps/pF 

~tpHL 20 40 70 20 40 70 

CMOS loads, RL = 00 

FROM TO TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

(INPUT) (OUTPUT) CONDITIONS 

tPLH A Y CL = 15 pF 
2.11 5.92 13.41 2.27 5.92 12.16 

ns 
tpHL 2.64 6.72 14.11 2.83 6.72 12.94 

tpLH 
A Y CL = 50 pF 

2.75 7.49 16.7 2.95 7.49 15.16 
7.76 1'4.89' 

ns 
tpHL 3.08 7.76 16.26 3.3 

~tpLH 20 40 90 20 40 90 
ps/pF A Y 

~tpHL 10 30 60 10 30 60 

t Typical values are at VCC = 5 V, TA = 25°C. 
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TSC500 
SERIES 

OPHE1LJ 
48-mA N-CHANNEL OPEN-DRAIN CMOS/TTL 

OUTPUT BUFFER WITH 0.125 di/dl 

FUNCTION TABLE 

INPUT OUTPUT 

A V 

L L 

H H 

03030, APRIL 1988 

OUTPUT BUFFER CELL 

logic symbolt 

A~Y 
t This symbol is in accordance with ANSI/IEEE 

Std 91-1984. 

POSITIVE LOGIC EQUATION: V = A 

description 
The OPHE1 LJ cell is a noninverting output buffer that interfaces internal cells with TIL or 
CMOS external loads. The buffer incorporates di/dt circuitry designed to reduce the effects 
of impedance mismatch. When the output buffer is called from the engineering workstation 
input, the following label format is developed and will be captured in the design netlist: 

Label: OPHE1 LJ A,V; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

TYP; TYP; 
UNIT 

CONDITIONS MIN MAX MIN MAX 

VT Input threshold voltage 2.2 2.2 V 

VOL Low-level output voltage 
10L = 48 mA 0.5 

V 
10L = 40.8 mA 0.5 

10Z Off-state output current Va = VCC or 0 ±10 ±5 J.1A 

ICC Supply current VI = VIH or VIL 2.61 0.78 mA 

Ci Input capacitance 0.55 0.55 pF 

Cpd 
Equivalent power tr =tf=1ns 6.61 6.61 pF dissipation capacitance 

; Typical values are at VCC = 5 V, T A = 25°C. 
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OPHE1LJ . . '. 
48;.mA N-CHANNEL OPEN-DRAINCMOS/TTL 
OUTPUT BUFFER WITH 0.125 di/dt 
D3030, APRIL 1988 

TSC500 
SERIES 

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

TIL loads, RL = 1 kn td Vee 

PARAMETER 
FROM TO TEST -55°C to 125°C O°C to 70°C 

CONDITIONS MIN TYpt MAX MIN TYpt MAX 
UNIT 

(INPUT) (OUTPUT) 

tpZL 
A Y 

CL =0 15 pF 2.89 7.42 15.88 3.11 7.42 14.44 

CL = 50 pF 
ns 

tpZL 3.46 8.72 18.51 3.72 8.72 16.81 

tpLZ A Y 6.95 6.95 ns 

AtpZL A Y 20 40 80 20 40 70 ps/pF 

eMOS loads, RL = 1 kn to Vee 
FROM TO TEST -55°C to 125°C O°C to 70°C 

PARAMETER 
(INPUT) MIN TYpt MAX MIN TYpt MAX 

UNIT 
(OUTPUT) .CONDITIONS 

tpZL CL = 15 pF 2.62 6.82 14.81 2.81 6.82 13.47 
A Y 

CL =0 50 pF 7.91 17.05 3.31 7.91 15.49 
ns 

tpZL 3.08 

AtpZL A Y 10 30 60 10 30 60 ps/pF -
t Typical values are at VCC = 5 V, TA = 25°C. 
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TSC500 
SERIES 

OPHE3LJ 
48-mA 3-STATE CMOS/TTL OUTPUT BUFFER 
WITH 0.125 di/dt AND ACTIVE-LOW ENABLE 

03030. APRIL 1988 

OUTPUT BUFFER CELL 

FUNCTION TABLE logic symbolt 
INPUTS 

GZ A 

L H 

L L 

H X 

OUTPUT 

Y 

H 

L 

Z 

A~Y 
GZ ---.11 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A (if GZ is L) 

description 
The OPHE3LJ is a noninverting 3-state output buffer that interfaces internal cells with TIL or 
CMOS external loads. The buffer incorporates di/dt circuitry designed to reduce the effects 
of impedance mismatch. When the output buffer is called from the engineering workstation 
input, the following label format is developed and will be captured in the design netlist: 

Label: OPHE3LJ A,GZ,Y; 

A pull-up or pull-down terminator can be connected to the Y node. 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

TYp:t TYp:t 
UNIT 

CONDITIONS MIN MAX MIN MAX 

VT Input threshold voltage 2.2 2.2 V 

High-level output voltage 
IOH = -16 mA 3.7 

V VOH 
10H = -13.6 mA 3.7 

Low-level output voltage 
10L = 48 mA 0.5 

V VOL 
10L = 40.8 mA 0.5 

10Z Off-state output current Va = VCC orO ±10 ±5 JJ.A 

ICC Supply current VI = VIH or VIL 1.04 0.27 mA 

Ci Input capacitance I ~z 0.18 0.18 

0.15 0.15 
pF 

Cpd 
Equivalent power 

tr = tf = 1 ns 24.3 24.3 pF dissipation capacitance 

:j: Typical values are at VCC = 5 V, T A = 25°C. 
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OPHE3LJ 
48-mA 3-STATE CMOSmL OUTPUT BUFFER 
WITH 0.125 di/dt AND ACTIVE-LOW ENABLE 
D3030, APRIL 1988 

TSC500 
SERIES 

TTL SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PARAM· FROM TO TEST - SS·C to 12S·C O·C to 70·C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
Y 

2.11 5.97 13.63 2.25 5.97 12.42 
A RL = 00 ns 

tpHL 3.64 8.88 18.8 3.9 8.88 17.15 

tpZH 
GZ 

RL = 1 k!1 to GND 2.19 6.31 14.61 2.34 6.31 13.29 
Y ns 

tpZL RL = 1 k!1 to Vcc 3.67 8.96 18.93 3.93 8.96 17.26 

CL = 50 pF 
PARAM· FROM TO TEST - SS·C to 12S·C O·C to 70·C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
A Y RL = 00 

2.52 7.06 16.06 2.69 7.06 14.61 
ns 

tpHL 4.18 10.12 21.3 4.48 10.12 19.4 

tpZH RL = 1 k!1to GND 2.59 7.39 17.02 2.77 7.39 15.48 
GZ y ns 

tpZL RL = 1 k!1 to Vce 4.21 10.19 21.41 4.51 10.19 19.49 

tpHZ 
GZ y RL = 1 k!1 to GND 9.36 9.36 

RL = 1 k!1 to Vec 
ns 

tpLZ 8.91 8.91 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 
PARAM· FROM TO TEST - SS·C to 12S·C O·C to 70·C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

AtpLH 
A Y 

10 30 70 10 30 60 
ps/pF 

AtPHL 
RL = 00 

20 40 70 20 40 60 

AtpZH 
GZ 

RL = 1 k!1 to GND 10 30 70 10 30 60 
ps/pF y 

AtpZL RL = 1 k!1toVcC 20 40 70 20 40 60 

t Typical values are at VCC = 5 V, TA = 25·C. 
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TSC500 
SERIES 

OPHE3LJ 
48-mA 3-STATE CMOS/TTL OUTPUT BUFFER 
WITH 0.125 di/dt AND ACTIVE-LOW ENABLE 

D3030, APRIL 1988 

CMOS SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PARAM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
A Y RL = 00 

2.53 6.91 15.35 2.71 6.91 13.98 

tpHL 3.33 8.26 17.72 3.56 8.26 16.15 
ns 

tpZH 
GZ 

RL = 1 kn to GND 2.74 7.3 16.38 2.92 7.3 14.87 
Y ns 

tpZL RL = 1 kn to Vee 3.36 8.31 17.76 3.59 8.31 16.19 

CL = 50 pF 
PARAM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

MIN TYpt MAX TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN 

tpLH 
A Y RL = 00 

3.17 8.47 18.6 3.39 8.47 16.93 
ns 

tpHL 3.77 9.28 19.82 4.03 9.28 18.05 

tpZH 
GZ Y 

RL = 1 kn to GND 3.37 8.85 19.62 3.6 8.85 17.82 

RL = 1 kn to Vee 
ns 

tpZL 3.79 9.32 19.86 4.06 9.32 18.08 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 
PARAM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

LltpLH 20 40 90 20 40 80 
ps/pF A Y RL = 00 

LltpHL 10 30 60 10 30 50 

LltpZH 
GZ 

RL = 1 kn to GND 20 40 90 20 40 80 
ps/pF y 

LltPZL RL = 1 kntoVee 10 30 60 10 30 50 

t Typical values are at Vee = 5 V, TA = 25°e. 
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TSC500 
SERIES 

OPHGOLJ 
54-rnA TOTEM-POLE CMOS/TTL OUTPUT BUFFER 

WITH 0.125 di/dt 
D3030, APRIL 1988 

OUTPUT BUFFER CELL 

FUNCTION TABLE logic symbolt 
INPUT OUTPUT 

A Y 
I L L. 

A~Y 

H H t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A 

description . 
The OPHGOLJ cell is a noninverting output buffer that interfaces internal cells with TTL or 
CMOS external loads. The buffer incorporates di/dt circuitry designed to reduce the effects 
of impedance mismatch. When the output buffer is called from the engineering workstation 
input, the following label format is developed and will be captured in the design netlist: 

Label: OPHGOLJ A,Y; 

A pull-up or pull-down terminator can be connected to the Y node. 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

TEST -55°C to 125°C O°C to 70°C 
PARAMETER TYpf TYpf UNIT 

CONDITIONS MIN MAX MIN MAX 

VT Input threshold voltage 2.2 2.2 V 

IOH = -16 mA 3.7 
VOH High-level output voltage V 

IOH = -13.6 mA 3.7 

Low-level output voltage 
IOL = 64 mA 0.5 

V VOL 
IOL = 54.4 mA 0.5 

ICC Supply current VI = VIH or VIL 3.5 1.04 mA 

Ci Input capacitance 1 .1 1.1 pF 

Cpd 
Equivalent power tr = tf = 1 ns 24.2 24.2 pF dissipation capacitance 

'".--,---

f Typical values are at VCC = 5 V, TA = 25°C. 
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TSC500 
SERIES 

, , , , ' , OPHGOLJ 
64-rnA TOTEM-POLE CMOSmL OUTPUT BUFFER 

WITH 0.125 di/dt 
D3030, APRIL 1988 

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

TTL loads, RL = 00 

FROM TO TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

(INPUT) (OUTPUT) CONDITIONS 

tpLH 
A Y CL = 15 pF 

1.72 5.08 11.91 1.84 5.08 10.79 
ns 

tpHL 2.73 6.91 14.32 2.94 6.91 13.15 

tpLH A Y CL = 50 pF 
2.12 6.17 14.33 2.28 6.17 12.99 

ns 
tPHL 3.17 7.93 16.48 3.41 7.93 15.06 

~tpLH 10 30 70 10 30 60 
ps/pF A Y 

~tpHL 10 30 60 10 30 50 

CMOS loads, RL = 00 

FROM TO TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

(INPUT) (OUTPUT) CONDITIONS 

tpLH 
CL = 15 pF 

2.13 6.01 13.6 2.3 6.01 12.33 
A Y 

6.36 13.37 
ns 

tpHL 2.47 2.65 6.36 12.28 

tpLH 
CL = 50 pF 

2.77 7.56 16.85 2.98 7.56 15,29 
A Y ns 

tpHL 2.83 7.21 15.21 3.04 7.21 13.9 

~tpLH 
Y 

20 40 90 20 40 80 
ps/pF A 

50 ~tpHL 10 20 50 10 20 

tTypical values are at VCC = 5 V, TA = 25°C. 

PROOUCTIO_ DATA d •• um ..... "'Ii. i.f.rmlli •• 
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TSC500 
SERIES 

OPHG1LJ 
64-rnA N.;CHANNEL OPEN-DRAIN CMosmL 

OUTPUT BUFFER WITH 0.125 di/dt 

FUNCTION TABLE 

INPUT OUTPUT 

A Y 

L L 

H H 

D3030, APRIL 1988 

OUTPUT BUFFER CELL 

logic symbolt 

A~Y 
t This symbol is in accordance with ANSI/IEEE 

Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A 

description 
The OPHG1 W cell is a noninverting output buffer that interfaces internal cells with TIL or 
CMOS external loads. The buffer incorporates di/dt circuitry designed to reduce the effects 
of impedance mismatch. When the output buffer is called from the engineering workstation 
input, the following label format is developed and will be captured in the design netlist: 

Label: OPHG1LJ A,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

TEST - 55°C to 125°C O°C to 70°C 
PARAMETER 

TYP* TYP* 
UNIT 

CONDITIONS MIN MAX MIN MAX 

VT Input threshold voltage 2.2 2.2 V 

VOL LOW-level output voltage 
10L = 64 mA 0.5 

V 
IOL = 54.4 mA 0.5 

10Z Off-state output current Va = VCC orO ±10 ±5 IJA 

ICC Supply current VI = VIH or VIL 3.5 1.04 mA 

Ci Input capacitance 0.71 0.71 pF 

Cpd 
Equivalent power 
dissipation capacitance tr =tf=1ns 8.63 8.63 pF 

:j: Typical values are at VCC = 5 V, TA = 25°C. 
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TSC500 
SERIES 

OPHG1LJ 
64-mA N-CHANNEL OPEN-DRAIN CMOSmL 

OUTPUT BUFFER WITH 0.125 di/dt 
03030, APRIL 1988 

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

TTL loads, RL = 1 kO to Vee 
FROM TO TEST -55·C to 125·C O·C to 70·C 

PARAMETER 
MIN TYpt MAX MIN TYpt MAX 

UNIT 
(INPUT) (OUTPUT) CONDITIONS 

tPZL A y CL=15pF 2.76 7.13 15.33 2.97 7.13 13.94 

CL = 50 pF 
ns 

tpZL 3.21 8.19 17.49 3.46 8.19 15.88 

tpLZ A y 7.34 7.34 ns 

AtpZL A Y 10 30 60 10 30 60 ps/pF 

eMOS loads, RL = 1 kO to Vee 
FROM TO TEST -55·C to 125·C O·C to 70·C 

PARAMETER 
MIN TYpt MAX MIN TYpt MAX 

UNIT 
(INPUT) (OUTPUT) CONDITIONS 

tpZL 
A y CL = 15 pF 2.5 6.59 14.36 2.69 6.59 13.05 

CL = 50 pF 
ns 

tpZL 2.88 7.47 16.2 3.09 7.47 14.71 

AtpZL A y 10 30 50 10 30 50 ps/pF 

t Typical values are at VCC = 5 V, TA = 25·C. 

PRDDUCTIDI DATA documlnt •••• tai. i.,., .. oti •• 
CUrrlnt I." of publicltion dI'l. Productl c'lfonn ,. 
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TSC500 
SE~IES 

OPHG3LJ 
64-rnA 3-STATE CMosmL OUTPUT BUFFER 
WITH 0.125 di/dl ~ND ACTIVE-LOW ENABLE 

D3030, APRIL 1988 

OUTPUT BUFFER CELL 

FUNCTION TABLE logic symbolt .. 
INPUTS 

GZ A 

L H 

L L 

H X 

OUTPUT 

Y 

H 

L 

Z 

A~Y 
GZ ---.11 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A (if GZ is L) 

description 
. The. OPHG3LJ is a noninverting 3-state output buffer that interfaces internal cells with TIL or 
CMOS external loads. The buffer incorporates di/dt circuitry designed to reduce the effects 
of impedance mismatch. When the output buffer is called from the engineering workstation 
input, the following label format is developed and will be captured in the design netlist: 

Label: OPHG3LJ A,GZ,Y; 

A pull-up or pull-down terminator can be connected to the Y node. 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical j::haracteristics over recommended ranges of supply voltage and operating free-
air temperature '(unless otherwise noted) . . . 

PARAMETER 
TEST - 55°C to 125°C O·C to 70·~ 

TYp:j: TYp:j: 
UNIT 

CONDITIONS MIN MAX MIN MAX 

VT Input threshold voltage 2.2 2.2 V 

VOH High-level output voltage 
IOH = -16mA 3.7 

V 
IOH = -13.4 rnA 3.7 

VOL Low-level output voltage 
10L = 64 rnA 0.5 

V 
10L = 54.4 rnA 0.5 

10Z Off-state output current Va = Vec orO ±10 ±5 fJA 

ICC Supply current VI = VIH or VIL 1.04 0.27 rnA 

Ci Input capacitance : ~z 0.18 0.18 
pF 

0.15 0.15 

Cpd 
Equivalent power 
dissipation capacitance tr = tf = 1 ns 27 27 pF 

:I: Typical values are at VCC = 5 V, TA = 25°C. 

PIIODUCTio. DAtA ilaCu",," ... t.l. Info,m.il ••. 
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TSC500 
SERIES 

OPHG3LJ 
54-rnA 3-STATE CMOS/TTL OUTPUT BUFFER 
WITH 0.125 di/dt AND ACTIVE-LOW ENABLE 

D3030, APRIL 1988 

TTL SWITCHING CHARACTERISTICS 

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

CL = 15 pF 

PARAM· FROM TO TEST - 55°C to 125°C O°C to 70°C 

TYpt MAX TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN MIN 

tpLH 2.14 6.05 13.81 2.29 6.05 12.58 
A Y RL = 00 ns 

tpHL 3.49 8.55 18.24 3.73 8.55 16.61 

tpZH 
GZ 

RL = 1 kfl to GND 2.2 6.35 14.71 2.35 6.35 13.38 
Y ns 

tpZL RL = 1 kfl to Vee 3.5 8.59 18.25 3.75 8.59 16.62 

CL = 50 pF 
PARAM· FROM TO TEST - 55°e to 125°C O°C to 70°C 

TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN 

tpLH 2.54 7.12 16.2 2.71 7.12 14.75 
A Y RL = 00 ns 

tpHL 3.92 9.57 20.3 4.19 9.57 18.47 

tpZH 
GZ 

RL = 1 kfl to GND 2.6 7.42 17.11 2.78 7.42 15.55 
Y ns 

tPZL RL = 1 kfl to Vee 3.93 9.59 20.29 4.21 9.59 18.47 

tpHZ 
GZ 

RL = 1 kfl to GND 9.43 9.43 
Y 

RL = 1 kfl to Vee 
ns 

tpLZ 9.38 9.38 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 

PARAM· FROM TO TEST - 55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX 

~tpLH 
RL = 00 

10 30 70 10 30 60 
ps/pF A Y 

~tpHL 10 30 60 10 30 50 

~tpZH RL = 1 kfl to GND 10 30 70 10 30 60 
ps/pF GZ Y 

~tpZL RL = 1 kfl to Vee 10 30 60 10 30 50 

t Typical values are at Vee = 5 V, TA = 25°e. 

PRODUCTION DATA d ...... nt. conllin informlli.n 
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OPHG3LJ 
54-rnA 3-STATE CMOS/TTL OUTPUT BUFFER 
WITH 0.125 di/dt AND ACTIVE-LOW ENABLE 
D3030, APRIL 1988 

TSC500 
SERIES 

CMOS SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PARAMo FROM TO TEST - 55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN Typt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
A Y RL = 00 

2.57 7 15.54 2.75 7 14.15 
ns 

tpHL 3.21 7.99 17.26 3.43 7.99 15.72 

tpZH 
GZ y RL = 1 k!1 to GND 2.76 7.35 16.5 2.94 7.35 14.98 

RL = 1 k!1to Vee 
ns 

tpZL 3.22 8 17.21 3.44 8 15.67 

CL = 50 pF 
PARAM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 3.2 8.53 18.75 3.43 8.53 17.08 
A Y RL = 00 

8.83 19.01 8.83 17.29 
ns 

tpHL 3.56 3.81 

tpZH 
GZ y RL = 1 k!1 to GND 3.38 8.89 19.72 3.61 8.89 17.91 

RL = 1 kO to Vee 
ns 

tpZL 3.57 8.84 18.95 3.82 8.84 17.25 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 
PARAM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

MIN TYpt MIN TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX MAX 

IltPLH 
A Y RL = 00 

20 40 90 20 40 80 
ps/pF 

IltpHL 10 20 50 10 20 40 

IltpZH 
GZ 

RL = 1 kO to GND 20 40 90 20 40 80 
ps/pF y 

IltpZL RL = 1 kOtoVee 10 20 50 10 20 50 

t Typical values are at Vee = 5 V, TA = 25°e. 
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TSC500 
SERIES 

OPHOOLJ 
10-rnA TOTEM-POLE CMOS/TTL OUTPUT BUFFER 

WITH 0.125 di/dl 

FUNCTION TABLE 

INPUT OUTPUT 

A Y 

L L 

H H 

D3030, APRIL 1988 

OUTPUT BUFFER CELL 

logic symbolt 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A 

description 
The OPHOOLJ cell is a non inverting output buffer that interfaces internal cells with TIL or 
CMOS external loads. The buffer incorporates di/dt circuitry designed to reduce the effects 
of impedance mismatch. When the output buffer is called from the engineering workstation 
input, the following label format is developed and will be captured in the design netiist: 

Label: OPHOOLJ A,Y; 

A pull-up or pull-down terminator can be connected to the Y node. 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

TYp:I: TYp:l: 
UNIT 

CONDITIONS MIN MAX MIN MAX 

VT Input threshold voltage 2.2 2.2 V 

VOH High-level output voltage 
IOH = -10 mA 3.7 

V 
IOH = -8.5 mA 3.7 

IOL = 10 mA 0.5 
VOL Low-level output voltage V 

IOL = 8.5 mA 0.5 

ICC Supply current VI = VIH or VIL 1.34 0.18 mA 

Ci Input capacitance 0.35 0.35 pF 

Cpd 
Equivalent power tr = tf = 1 ns 10.8 10.8 pF dissipation capacitance 

:I: Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTION DATA documents contlin informltion ." 
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OPHOOLJ 
10-rnA TOTEM-POLE CMosmL OUTPUT BUFFER 
WITH 0.125 di/dt 
D3030, APRIL 1988 

TSC500 
SERIES 

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

TIL loads, RL = co 

FROM TO TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

MIN Typt MAX TYpt MAX 
UNIT 

(INPUT) (OUTPUT) CONDITIONS MIN 

tPLH 
CL = 15 pF 

1.81 5.27 12.34 1.94 5.27 11.17 
A Y ns 

tpHL 3.17 8.07 17.01 3.41 8.07 15.54 

tPLH 
CL = 50 pF 

2.34 6.72 15.57 2.51 6.72 14.11 
A Y ns 

tpHL 4.5 10.93 22.57 4.84 10.93 20.56 

IltpLH 20 40 90 20 40 80 
ps/pF A Y 

IltpHL 40 80 160 40 80 140 

CMOS loads, RL = co 

FROM TO TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

(INPUT) (OUTPUT) CONDITIONS 

tpLH 2.29 6.34 14.3 2.46 6.34 12.96 
A Y CL = 15 pF ns 

tpHL. 2.73 7.13 15.34 2.93 7.13 14.01 

tPLH 
CL = 50 pF 

3.16 8.46 18.71 3.39 8.46 16.97 
A y ns 

tPHL 3.73 9.38 19.84 4.01 9.38 18.08 

IltpLH 20 60 130 30 60 110 
ps/pF A y 

IltPHL 30 60 130 30 60 120 

t Typical values are at VCC = 5 V, TA = 25°C. 
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TSC500 
SERIES 

OPH01LJ 
10-rnA N-CHANNEL OPEN-DRAIN OUTPUT BUFFER 

WITH 0.125 di/dl 

FUNCTION TABLE 

INPUT OUTPUT 

A Y 
l l 

H H 

03030, APRIL 1988 

OUTPUT BUFFER CELL 

logic symbolt 

A~Y 
t This symbol is in accordance with ANSI/IEEE 

Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A 

description 
The OPH01 LJ cell is a noninverting output buffer that interfaces internal cells with TTL or 
CMOS external loads. The buffer incorporates di/dt circuitry designed to reduce the effects 
of impedance mismatch. When the output buffer is called from the erigineering workstation 
input, the following label format is developed and will be captured in the design netlist: 

Label: OPH01 LJ A,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

·TYpt TYp:j: 
UNIT 

CONDITIONS MIN MAX MIN MAX 

VT Input threshold voltage 2.2 2.2 V 

IOl=10mA 0.5 
VOL lOW-level output voltage V 

10l = 8.5 mA 0.5 

10Z Off-state output current Va = VCC orO ±10 ±S IlA 

ICC Supply current VI= VIH Or VIL 0.64 0.18 mA 

Ci Input capacitance 0.13 0.13 pF 

Cpd 
Equivalent power tr = tf = 1 ns 1.26 1.26 pF dissipation capacitance 

t Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTION DATA d •• um,.t ••• ntlin inf.imlti.n 
current II at publication dill. Products can'orm to 
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OPH01LJ 
1 O-mA N-CHANNEL OPEN-DRAIN OUTPUT BUFFER 
WITH 0.125 di/dt 
D3030, APRIL 1988 

TSC500 
SERIES 

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

TTL loads, RL = 1 kfl to Vee 
FROM TO TEST -55·C to 125·C Q·C to 70·C 

PARAMETER 
MIN TYpt MAX MIN TYpt MAX 

UNIT 
(INPUT) (OUTPUT) CONDITIONS 

IPZL Y 
CL = 15 pF 2.97 7.78 16.93 3.2 7.78 15.34 

A ns 
tpZL CL = 50 pF 4.29 10.63 22.49 4.63 10.63 20.37 

tpLZ A Y 7.78 7.78 ns 

atpZL A y 40 80 160 40 80 140 ps/pF 

eMOS loads, RL = 1 kfl to Vee 
FROM TO TEST -55·C to 125·C Q·C to 7Q·C 

UNIT PARAMETER 
MIN TYpt MAX MIN TYpt MAX (INPUT) (OUTPUT) CONDITIONS 

tpZL CL = 15 pF 2.54 6.82 15.09 2.73 6.82 13.69 
A Y ns 

tpZL CL = 50 pF 3.54 9.05 19.58 3.81 9.05 17.76 

atpZL A y 30 60 130 30 60 120 ps/pF 

t Typical values are at Vee = 5 V, TA = 25°e. 
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TSC500 
SERIES 

OPH03LJ 
10-rnA 3-STATE CMOSmL OUTPUT BUFFER 
WITH 0.125 di/dt AND ACTIVE-LOW ENABLE 

D3030. APRIL 1988 

OUTPUT BUFFER CELL 

FUNCTION TABLE logic symbolt 
INPUTS 

GZ A 

L H 

L L 

H X 

OUTPUT 

Y 

H 

L 

Z 

A~Y 
GZ -.11 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A (if GZ is L) 

description 
The OPH03LJ is a noninverting 3-state output buffer that interfaces internal cells with TTL or 
CMOS external loads. The buffer incorporates di/dt circuitry designed to reduce the effects 
of impedance mismatch. When the output buffer is called from the engineering workstation 
input, the following label format is developed and will be captured in the design netlist: 

Label: OPH03LJ A,GZ,Y; 

A pull-up or pull-down terminator can be connected to the Y node. 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

TEST - 55°C to 125°C O°C to 70°C 
PARAMETER 

TYp:I: TYp:I: 
UNIT 

CONDITIONS MIN MAX MIN MAX 

VT Input threshold voltage 2.2 2.2 V 

High-level output voltage 
IOH = -10 rnA 3.7 

V VOH 
10H = -8.5 rnA 3.7 

VOL LOW-level output voltage 
10L= 10mA 0.5 

V 
10L = 8.5 rnA 0.5 

10Z Off-state output current Vo = VCC or 0 ±10 ±S IlA 
ICC Supply current V, = V,H or V,L 1.04 0.27 rnA 

Ci Input capacitance : ~z 0.18 0.18 
pF 

0.15 0.15 

Cpd 
Equivalent power 

tr=tf=1ns 14.9 14.9 pF dissipation capacitance 

:I: Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTIOI DATA documl.ts co.'li. i.'ormalio. ." 
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OPH03LJ 
1 O-rnA 3~STATE CMOSmL OUTPUT BUFFER 
WITH 0.125 di/dt AND ACTIVE-LOW ENABLE 
03030. APRIL 1988 

TSC500 
SERIES 

TIL SWITCHING CHARACTERI'STICS 

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

CL = 15 pF 
PARAM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
A V RL = ex> 

2.24 6.23 14.2 2.39 6.23 12.93 
ns 

tpHL 3.79 9.35 19.71 4.06 9.35 17.98 

tpZH 
GZ V 

RL = 1 kfl to GND 2.27 6.57 15.23 2.43 6.57 13.84 

RL = 1 kfl to Vee 
ns 

tpZL 3.81 9.49 20.19 4.08 9.49 18.34 

CL = 50 pF 
PARAM· FROM TO TEST - 55°C to 125°C O°C to 70°C 

ETER (INPUT) (OUTPUT) CONDITIONS MIN TYpt MAX MIN TYpt MAX 
UNIT 

tpLH 
A V RL = 00 

2.75 7.62 17.32 2.94 7.62 15.75 
ns 

tpHL 5.09 12.13 25.1 5.46 12.13' 22.84 

tpZH 
GZ V 

RL = 1 kfl to GND 2.79 7.96 18.34 2.99 7.96 16.66 

RL = 1 kfl to Vee 
ns 

tpZL 5.11 12.28 25.59 5.48 12.28 23.23 

tpHZ 
GZ V 

RL = 1 kfl to GND 9.68 9.68 

RL = 1 kflto Vee 8.5 8.5 
ns 

tpLZ 

change In propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) . 

PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MI~ TYpt MAX MIN TVPt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

~tpLH 
A V RL = ex> 

10 40 90 20 40 80 
ps/pF 

4tPHL 40 80 150 40 80 140 

~tpZH 
GZ V 

RL = 1 kfl to GND 10 40 90 20 40 80 
ps/pF 

~tpZL RL = 1 kfl to Vee 40 80 150 40 80 140 

t Typical values are at Vee = 5 V. TA = 25°e. 

PRODUCTION DATA documents contain h.formation ~ Copyright Cl1988, Te~ instruments Incorporated 
current 8S of publication date. Products conform to , 
.poeili.ati ••• pit thl terms .1 TI.'. I.strum •• ts TEXA.S ' . 
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necessarily incl~de testing of all parameters. n.: 
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TSC500 
SERIES 

OPH03LJ 
10-mA 3-STATE CMOS/TTL OUTPUT BUFFER 
WITH 0.125 di/dt AND ACTIVE-LOW ENABLE 

D3030, APRIL 1988 

CMOS SWITCHING CHARACTERISTICS 

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

CL=15pF 
PARAM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

ETER (INPUT) (OUTPUT) CONDITIONS MIN TYpt MAX TYpt MAX 
UNIT 

MIN 

tpLH 
A Y RL = co 

2.76 7.37 16.27 2.95 7.37 14.81 
ns 

tpHL 3.3 8.34 17.92 3.54 8.34 16.34 

tpZH 
GZ y RL = 1 kD. to GND 2.92 7.76 17.41 3.12 7.76 15.79 

ns 
tpZL RL = 1 kD. to Vee 3.3 8.39 18.12 3.53 8.39 16.47 

CL = 50 pF 
PARAM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

MIN Typt MAX TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN 

tpLH 
A Y RL = co 

3.59 9.41 20.54 3.85 9.41 18.69 
ns 

tpHL 4.29 10.52 22.27 4.59 10.52 20.28 

tpZH 
GZ Y 

RL = 1 kD. to GND 3.76 9.82 21.69 4.02 9.82 19.68 
ns 

tpZL RL = 1 kD. to Vee 4.29 10.58 22.46 4.59 10.58 20.41 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 

PARAM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

iltPLH 
A y RL = co 

20 60 120 30 60 110 
ps/pF 

iltpHL 30 60 120 30 60 110 

iltpZH 
GZ 

RL = 1 kD. to GND 20 60 120 30 60 110 
ps/pF y 

iltpZL RL = 1 kD. to Vee 30 60 120 30 60 110 

t Typical values are at Vee = 5 V, TA = 25°e. 

PRODUCTION DATA documl.ts c •• teio i.'ormltio. 
current I. of publication dltl. Products confarm to 
specific.tianl per til. tarml .f rill. III.trumalitl TEXAS ." 

Copyright @ 1988. Taxas Instruments Incorporated 
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TSC500 
SERIES 

OPH20LJ 
2-mA TOTEM-POLE CMOSmL OUTPUT BUFFER 

WITH 0.125 di/dt 

FUNCTION TABLE 

INPUT OUTPUT 

A y 

L L 

H H 

03030, APRIL 1988 

OUTPUT BUFFER CELL 

logic symbolt 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A 

description 
The OPH20LJ cell is a noninverting output buffer that interfaces internal cells with TTL or 
CMOS external loads. The buffer incorporates di/dt circuitry designed to reduce the effects 
of impedance mismatch. When the output buffer is called from the engineering workstation 
input, the following label format is developed and will be captured in the design netlist: 

Label: OPH20LJ A,Y; 

A pull-up or pull-down terminator can be connected to the Y node. 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

TEST -55·C to 125·C O·Cto 70·C 
PARAMETER 

TYp:j: TYp:j: 
UNIT 

CONDITIONS MIN MAX MIN MAX 

VT Input threshold voltage 2.2 2.2 V 

VOH High-level output voltage 
IOH = -2mA 3.7 

V 
IOH = -1.6mA 3.7 

VOL Low-level output voltage 
IOL = 2 mA 0.5 

V 
IOL = 1.6 mA 0.5 

ICC Supply current VI = VIH or VIL 0.28 0.04 mA 

Ci Input capacitance 0.09 0.09 pF 

Cpd 
Equivalent power tr = tf = 1 ns 7.68 7.68 pF dissipation capacitance 

:j: Typical values are at VCC = 5 V, TA = 25·C. 

PROOUeTiO. DATA d ••• ments.ontlin inf.rmltion 
cllrrnt I •• f public.tion dltl. Products conform to 
specificlti, •• p. the terms .f TIXI. Instruments TEXAS ,If 
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TSC500 
SERIES 

OPH20LJ 
2-mA TOTEM-POLE CMOS/TTL OUTPUT BUFFER 

WITH 0.125 di/dt 
D3030, APRIL 1988 

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

TIL loads, RL = 00 

FROM TO TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

(INPUT) (OUTPUT) CONDITIONS 

tpLH 3.39 9.42 21.73 3.63 9.42 19.7 
A Y CL = 15 pF ns 

tpHL 8.14 19 38.81 8.72 19 35.48 

tpLH 4.88 13.4430.78 5.24 13.44 27.92 
A Y CL = 50 pF ns 

tpHL 12.85 28.69 49 13.81 28.69 46.95 

dtpLH 40 110 260 50 110 230 
ps/pF A Y 

dtpHL 130 280 290 150 280 330 

CMOS loads, RL = 00 

FROM TO TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

MIN Typt MAX 
-- UNIT 

(INPUT) (OUTPUT) CONDITIONS MIN TYpt MAX 

tpLH 4.69 12.1426.65 5.04 12.14 24.18 
A Y CL = 15 pF ns 

tpHL 6.74 16.26 33.97 7.21 16.2631.11 

tpLH 7.42 18.79 40.48 7.96 18.79 36.79 
A Y CL = 50 pF ns 

tpHL 10.18 23.43 38.77 10.93 23.43 38 

dtpLH 80 190 400 80 190 360 
ps/pF 'A y 

200 dtpHL 100 200 140 110 200 

t Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTION DATA documents contlin information 
current .s of publiCition date. Productl conform to 
specifications per the terms of T.XI. Instruments TEXAS .., 

INSTRUMENTS 
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TSC500 
SERIES 

OPH21LJ 
2-mA N-CHANNEL OPEN-DRAIN CMOSmL 

OUTPUT BUFFER WITH 0.125 di/dt 

FUNCTION TABLE 
INPUT OUTPUT 

A Y 

L L 

H H 

03030, APRIL 1988 

OUTPUT BUFFER CELL 

logic syinbolt 

A~Y 
t This symbol is in accordance with ANSI/IEEE 

Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A 

description 
The OPH21 LJ cell is a noninverting output buffer that interfaces internal cells with TTL or 
CMOS external loads. The buffer incorporates di/dt circuitry designed to reduce the effects 
of impedance mismatch. When the output buffer is called from the engineering workstation 
input, the following label format is developed and will be captured in the design netlist: 

Label: OPH21 LJ A,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

TYP:!: TYP:!: 
UNIT 

CONDITIONS MIN MAX MIN MAX 

VT Input threshold voltage 2.2 2.2 V 

VOL LOW-level output voltage 
10L = 2 mA 0.5 

V 
10L = 1.6 mA 0.5 

10Z Off-state output current Vo = VCC orO ±10 ±5 IlA 

ICC Supply current V ~ VIH orVIL 0.13 0.04 mA 

Ci Input capacitance 0.04 0.04 pF 

Cpd 
Equivalent power 
dissipation capacitance tr = tf = 1 ns 0.35 0.35 pF 

:!: Typical values are at VCC = 5 V, T A = 25°C. 

PRODUCTIDI DATA d ... mlnl ••• nllin informllio. 
elllrriftt I. at ,.IIUCltiDIl dltl. Products conform to 
.plCifiCitionl per the terms of TI.I. Instrumants TEXAS ." 

Copyright @ 1988. Texas Instruments Incorporated 
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TSC500 
SERIES 

OPH21LJ 
2-mA N-CHANNEL OPEN-DRAIN CMOS/Til 

04TPUT BUFFER WITH 0.125 di/dt 
D3030, APRIL 1988 

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

TTL loads, RL = 1 kfl to Vee 
FROM TO TEST - 55°C to 125°C O°C to 70°C 

PARAMETER 
MIN TYpt MAX MIN TYpt MAX 

UNIT 
(INPUT) (OUTPUT) CONDITIONS 

tpZL 
A Y 

CL = 15 pF 7.61 18.99 43.07 8.2 18.99 38.3 
ns 

tpZL CL = 50 pF 12.38 29.39 64.43 13.34 29.39 57.21 

tpLZ A Y 12.78 12.78 ns 

dtpZL A y 140 300 610 150 300 540 ps/pF 

eMOS loads, RL = 1 kfl to Vee 
FROM TO TEST -55°C to 125°C O°C to 70°C 

PARAMETER 
MIN TYpt MAX MIN TYpt MAX 

UNIT 
(INPUT) (OUTPUT) CONDITIONS 

tpZL 
A Y 

CL = 15 pF 6.19 15.66 35.33 6.64 15.66 31.73 
ns 

tpZL CL = 50 pF 9.6 23.09 50.33 10.32 23.09 45.18 

dtpZL A y 100 210 430 110 210 380 ps/pF 

t Typical values are at Vce = 5 V, TA = 25°C. 

PRODUCTION DATA ......... 1 •••• 1.1. '.'ormltlo. 
current II ot publicltion dl'l. ProliMeti cln'ann t. 
lpecifications ,., the "'II' af TIXI. Inltrumlnt. 
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TSC500 
SERIES 

OPH23LJ 
2-mA 3-STATE CMOSmL OUTPUT BUFFER 

WITH 0.125 di/dl AND ACTIVE-LOW ENABLE 
03030, APRil 1988 

OUTPUT BUFFER CELL 

FUNCTION TABLE logic symbolt 
INPUTS 

GZ A 

L H 

L L 

H X 

OUTPUT 

Y 

H 

L 

Z 

A~Y 
GZ~ 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A (if GZ is L) 

description 
The OPH23LJ is a noninverting 3-state output buffer that interfaces internal cells with TTL or 
CMOS external loads. The buffer incorporates di/dt circuitry designed to reduce the effects 
of impedance mismatch. When the output buffer is called from the engineering workstation 
input, the following label format is developed and will be captured in the design netlist: 

Label: OPH23LJ A,GZ,Y; 

A pull-up or pull-down terminator can be connected to the Y node. 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

PARAMETER 
TEST - 55°C to 125°C O°C to 70°C 

UNIT 
CONDITIONS MIN TYp:I: MAX MIN TYp:I: MAX 

VT Input threshold voltage 2.2 2.2 V 

VOH High level output voltage 
IOH = -2 mA 3.7 

V 
10H = -1.6 mA 3.7 

VOL Low-level output voltage 
10L = 2 mA 0.5 

V 
10L = 1.6 mA 0.5 

10Z Off-state output current Vo = Vcc orO :!:10 :!:5 J.1A 

ICC Supply current VI = VIH or VIL 1.04 0.27 mA 

Ci Input capacitance I ~z 0.18 0.18 
pF 

0.15 0.15 

Cpd 
Equivalent power 
dissipation capacitance tr = tf = 1 ns 11.4 11.4 pF 

:I: Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTION DATA documents contlin info,mation • 
current I. of publication dltl. Products conform to T. ~ 
specifications per the terms of TIXI. Instruments IEXA.S 
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TSC500 
SERIES 

OPH23LJ 
2-mA 3-STATE CMosmL OUTPUT BUFFER 

WITH 0.125 di/dt AND ACTIVE-LOW ENABLE 
03030, APRIL 1988 

TIL SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PARAM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

ETER (INPUT) (OUTPUT) CONDITIONS MIN TYpt MAX MIN TYpt MAX 
UNIT 

tpLH 
A Y RL = co 

3.85 10.46 23.85 4.12 10.46 21.66 
9.65 20.89 39.17 

ns 
tPHL 9 20.89 42.98 

tpZH 
GZ Y 

RL = 1 kn to GND 3.91 11.07 26.21 4.2 11.07 23.66 
ns 

tpZL RL = 1 kn to Vce 9.32 22.85 51.21 10.02 22.85 45.63 

CL = 50 pF 
PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

ETER (INPUT) (OUTPUT) CONDITIONS MIN TYpt MAX MIN TYpt MAX 
UNIT 

tpLH 
A Y RL = co 

5.3 14.37 32.55 5.68 14.37 29.61 
ns 

tpHL 13.62 30.52 61.4 14.62 30.52 55.82 

tPZH GZ y RL = 1 kn to GND 5.36 15.06 35.4 5.75 15.06 32 
ns 

tpZL RL = 1 kn to Vee 14.07 33.24 72.57 15.15 33.24 64.57 

tpHZ 
GZ y RL = 1 kn to GND 15.34 15.34 

RL = 1 kn to Vee 
ns 

tpLZ 11.94 11.94 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 
PARAM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

AtpLH 
A Y RL =co 

40 110 250 40 110 230 
ps/pF 

AtpHL 130 280 530 140 280 480 

AtpZH 
GZ 

RL = 1 kn to GND 40 110 260 40 110 240 
ps/pF y 

AtpZL RL = 1 kn to Vee 140 300 610 150 300 540 

t Typical values are at Vee = 5 V, TA = 25°e. 

PRODUCTION DATA do.umenls .ontain inform.lion 
current IS of publicltion datI. Products conform to 
specifications per the terms of Te.l. Instruments TEXAS ~ 

INSTRUMENTS 
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OPH23LJ., . _ _. 
2-mA 3-STATe CMOS/TTL OUTPUt BUFFER 
WITH 0.125 di/dt AND ACTIVE-LOW ENABLE 
03030, APRIL 1966. 

TSC500 
SERIES 

CMOS SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PAR AM· FROM TO TEST - 55°C to 125°C QOC to 7QoC 

ETER (iNPUT) (OUTPUT) CO;'IDITIONS MIN TYpt MAX MIN TYpt MAX 
UNIT 

tPLH 
A Y RL = 00 

5.27 13.39 29.14 5.64 13.39 26.48 
ns 

tpHL 7.46 17.89 37.72 7.99 17.89 34.41 

tpZH 
GZ Y 

RL = 1 krlto GND 5.49 14.51 33.5 5.89 14.51 30.07 
ns 

tpZL RL = 1 krltoVee 7.63 18.93 42.1 8.18 18.93 37.89 

CL = 50 pF 
PARAM· FROM TO TEST - 55°C to 125°C DOC to 7QoC 

MIN TYpt MAX TvPt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN 

tpLH 
A Y RL = 00 

7.95 19.94 42.65 8.51 19.94 38.85 

10.82 25.04 51.79 
ns 

tpHL 11.59 25.04 47:14 

tpZH 
GZ Y 

RL = 1 krl to GND 8.18 21.48 49.09 8.77 21.48 44.11 
ns 

tpZL RL = 1 krl to Vee 11.03 26.33 57.04 11.84 26.33 51.32 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free·air temperature (unless otherwise noted) 
PARAM· FROM TO TEST - 55°C to 125°C QOC to 70°C 

UNiT 
ETER (INPUT) (OUTPUT) CONDITIONS MIN TYpt MAX MIN TYpt MAX 

AtPLH 
A Y RL = 00 

80 190 390 80 190 350 
ps/pF 

AtpHL 100 200 400 100 200 360 

AtPZH 
GZ y RL "" 1 krl to GND 80 200 450 80 200 400 

ps/pF 
AtpZL RL = 1 krltoVee 100 210 430 100 210 380 

t Typical values are at Vee = 5 V, TA = 25°e. 

PRDDUCTtOI DATA do •• mi.ls .'.lli. i.Io<\llliio. 
cu",.1 IS 01 pu~'lcllio. -dll •. Prod.oII conlorm 10 
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TSC500 
SERIES 

OPH40LJ 
4-mA TOTEM-POLE CMOSmL OUTPUT BUFFER 

WITH 0.125 di/dt 
APRIL 1988 

OUTPUT BUFFER CELL 

FUNCTION TABLE logic symbolt 
INPUT 

A 

L 

H 

OUTPUT 
A ----{>-rmJ Y y 

L 

H t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: V = A 

description 
The OPH40LJ cell is a noninverting output buffer that interfaces internal cells with TIL or 
CMOS external loads. The buffer incorporates di/dt circuitry designed to reduce the effects 
of impedance mismatch. When the output buffer is called from the engineering workstation 
input, the following label format is developed and will be captured in the design netlist: 

Label: OPH40LJ A,V; 

A pull-up or pull-down terminator can be connected to the V node. 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

TYp:j: TYp:j: 
UNIT 

CONDITIONS MIN MAX MIN MAX 

VT Input threshold voltage 2.2 2.2 V 

VOH High-level output voltage 
IOH = -4 mA 3.7 

V 
IOH = -3.4 mA 3.7 

VOL Low-level output voltage 
IOL = 4 mA 0.5 

V 
IOL = 3.4 mA 0.5 

ICC Supply current VI = VIH or VIL 0.56 0.07 mA 

Ci Input capacitance 0.17 0.17 pF 

Cpd 
Equivalent power 
dissipation capacitance tr =tf=1ns 8.5 8.5 pF 

:j: Typical values are at VCC = 5 V, T A = 25°C. 

PRODUCTION DATA dacum,nts contlin informltion ." 
current IS of publicltion da ••. Products conform to 11 
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OPH40LJ 
4-mA TOTEM-POLE CMOSmL OUTPUT BUFFER 
WITH 0.125 di/dl 
D3030. APRIL 1988 

TSC500 
SERIES 

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

TTL loads, RL = co 

FROM TO TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

(INPUT) (OUTPUT) CONDITIONS 

tPLH A Y CL = 15 pF 
2.44 6.92 16.03 2.61 6.92 14.52 

ns 
tpHL 5.08 12.26 25.3 5.46 12.26 23.09 

tPLH 
A Y CL = 50 pF 

3.36 9.39 21.56 3.61 9.39 19.54 
ns 

tpHL 7.71 17.76 35.56 8.29 17.76 32.48 

~tpLH 
A Y 

30 70 160 30 70 140 
ps/pF 

~tpHL 80 160 290 80 160 270 

CMOS loads, RL = co 

FROM TO TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

(INPUT) (OUTPUT) CONDITIONS 

tpLH 
A y CL = 15 pF 

3.25 8.66 19.18 3.49 8.66 17.39 

4.57 10.62 20.47 
ns 

tpHL 4.27 10.62 22.41 

tpLH 
A Y CL = 50 pF 

4.85 12.5 27.16 5.2 12.5 24.65 
ns 

tPHL 6.22 14.81 30.35 6.67 14.81 27.78 

~tpLH 
A y 50 110 230 50 110 210 

ps/pF 
~tpHL 60 120 230 60 120 210 

t Typical values are at VCC = 5 V. TA = 25°C. 

PRODUCTION DATA d .. umantl contain information ~ 
current .s of publication datI. Products conform to ~ 
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TSC500 
SERIES 

OPH41LJ 
4-mA N-CHANNEL OPEN-DRAIN CMOS/TTL 

OUTPUT BUFFER WITH 0.125 di/dt 

FUNCTION TABLE 

INPUT OUTPUT 

A Y 

L L 

H H 

D3030. APRIL 1988 

OUTPUT BUFFER CELL 

logic symbolt 

A~Y 
t This symbol is in accordance with ANSI/IEEE 

Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A 

description 
The OPH41 LJ cell is a noninverting output buffer that interfaces internal cells with TIL or 
CMOS external loads. The buffer incorporates di/dt circuitry designed to reduce the effects 
of impedance mismatch. When the output buffer is called from the engineering workstation 
input, the following label format is developed and will be captured in the design netlist: 

Label: OPH41 LJ A,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

TEST -55·C to 125·C O·C to 70·C 
PARAMETER 

TYp:r: TYp:r: 
UNIT 

CONDITIONS MIN MAX MIN MAX 

VT Input threshold voltage 2.2 2.2 V 

VOL Low-level output voltage 
10L = 4mA 0.5 

V 
10L = 3.4 mA 0.5 

102 Off-state output current Vo = Vee orO ±10 ±5 j.lA 

lee Supply current VI = VIH or VIL 0.26 0.07 mA 

ei Input capacitance 0.07 0.07 pF 

epd 
Equivalent power 

tr = tf = 1 ns 0.58 0.58 pF dissipation capacitance 

:t: Typical values are at Vee = 5 V. TA = 25·e. 

PRODUCTION DATA documents contlin information ~ 
current I. of publicltion dltl. Products conform ta T. ~ 
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OPH41LJ 
4-mA N-CHANNEL OPEN-DRAIN CMOS/TTL 
OUTPUT BUFFER WITH 0.125 di/dt 
D3030, APRIL 1988 

TSC500 
SERIES 

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

TIL loads, RL = 1 kfl to Vee 
FROM TO TEST -55°C to 125°C O°C to 70°C 

PARAMETER 
MIN TYpt MAX MIN TYpt MAX 

UNIT 
(INPUT) (OUTPUT) CONDITIONS 

tpZL 
A Y 

CL = 15 pF 4.75 11.92 25.94 5,11 11.92 23.37 
ns 

tpZL CL = 50 pF 7.37 17.54 36.97 7.94 17.54 33.28 

tpLz A y 9.5 9.5 ns 

t-tpZL A y 70 160 320 80 160 280 ps/pF 

eMOS loads, RL = 1 kfl to Vee 
FROM TO TEST -55°C to 125°C O°C to 70°C 

PARAMETER 
MIN TYpt MAX MIN TYpt MAX 

UNIT 
(INPUT) (OUTPUT) CONDITIONS 

tpZL 
A y CL = 15 pF 3.94 10.14 22,35 4.24 10.14 20.21 

ns 
tpZL CL = 50 pF 5,88 14.36 30.76 6.32 14.36 27.8 

t-tpZL A y 60 120 240 60 120 220 ps/pF 

t Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTION DATA dac ..... II ... lIi. inlor .. "i •• 
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TSC500 
SERIES 

OPH43LJ 
4-mA 3-STATE CMOStTIL OUTPUt BUFFER 

WITH 0.125 di/dl AND ACTIVE-LOW ENABLE 
D3030, APRIL 1988 

FUNCTION TABLE 

INPUTS OUTPUT 

GZ A V 
L H H 

L L L 

H X Z 

OUTPUT BUFFER CELL 

logic symbolt 

A~Y 
GZ .--1J 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A (if GZ is L) 

description 
The OPH43LJ is a,noninverting 3-state output buffer that interfaces internal cells with TIL or 
CMOS external loads. The buffer incorporates di/dt circuitry designed to reduce the effects 
of impedance mismatch. When the output buffer is called from the engineering workstation 
input, the following label format is developed and will be captured in the design netlist: 

Label: OPH43LJ A,GZ,Y; 

A pull-up or pull-down terminator can be connected to the Y node. 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

TEST - 55°C to 125°C O°C to 70°C 
PARAMETER 

TVP:I: TVP:l: 
UNIT 

CONDITIONS MIN MAX MIN MAX 

VT Input threshold voltage 2.2 2.2 V 

VOH High level output voltage 
10H = -4 mA 3.7 

V 
10H = -3.4 mA 3.7 

VOL Low-level output voltage 
10L = 4 mA 0.5 

V 
10L = 3.4 mA 0.5 

10Z Off-state output current Vo = VCC or 0 ±10 ±5 IJA 

ICC Supply current VI = VIH or VIL 1.04 0.27 mA 

Ci Input capacitance I ~z 0.18 0,18 
pF 

0.15 0.15 

Cpd 
Equivalent power 
dissipation capacitance tr =tf=1ns 12.4 12.4 pF 

:I: Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTION DATA do.ume.ts .o.tai. i.formatio. ." 
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OPH43LJ 
4-mA 3-STATE CMosmL OUTPUT BUFFER 
WITH 0.125 di/dt AND ACTIVE-LOW ENABLE 
03030, APRIL 1988 

TSC500 
SERIES 

TTL SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PARAM- FROM TO TEST - 55°C to 125°C O°C to ,O°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
A Y RL = 00 

2.86 7.85 17.86 3.06 7.85 16.24 
ns 

tpHL 5.76 13.73 28.45 6.19 13.73 25.9 

tpZH 
GZ y RL = 1 kU to GND 2.91 8.28 19.28 3.13 8.28 17.46 

RL = 1 kU to Vee 
ns 

tpZL 5.86 14.31 30.63 6.3 14.31 27.68 

CL = 50 pF 
PARAM· FROM TO TEST - 55°C to 125°C O°C to 70°C 

MIN TYpt JVlAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
A Y RL = 00 

3.75 10.24 22.92 4.01 10.24 20.94 

8.96 19.11 35.25 
ns 

tpHL 8.34 19.11 38.82 

tpZH 
GZ y RL = 1 kU to GND 3.81 10.69 24.71 4.09 10.69 22.38 

ns 
tpZL RL = 1 kUtoVee 8.47 19.84 41.56 9.11 19.84 37.46 

tpHZ 
GZ y RL = 1 kU to GND 11.38 11.38 

ns 
tpLZ RL = 1 kU to Vee 9.71 9.71 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 
PARAM· FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

~tpLH 30 70 140 30 70 130 
ps/pF A Y RL = 00 

~tpHL 70 150 300 80 150 270 

~tpZH 
GZ 

RL = 1 kU to GND 30 70 160 30 70 140 
ps/pF y 

~tpZL RL = 1 kU to Vee 70 160 310 80 160 280 

t Typical values are at Vee = 5 V, TA = 25°C. 

PRODUCTIOI DATA d ............ tli. i.fo, .. lIio. 
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TSC500 
SERIES 

OPH43LJ 
4-mA 3-STATE CMOSmL OUTPUT BUFFER 

WITH 0.125 di/dt AND ACTIVE-LOW ENABLE 
D3030, APRIL 1988 

CMOS SWITCHING CHARACTERISTICS 

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

CL = 15 pF 

PARAM· FROM TO TEST - 55°C to 125°C O°C to 70'C 

ETER (INPUT) (OUTPUT) CONDITIONS MIN TYpt MAX MIN TYpt MAX 
UNIT 

tpLH 3.74 9.71 21.21 4 9.71 19.29 
A y RL = ex> ns 

tpHL 4.87 11.95 25.32 5.22 11.95 23.07 

tpZH 
GZ y RL = 1 kfito GND 3.93 10.31 23.19 4.21 10.31 20.94 

ns 
tpZL RL = 1 kfito Vee 4.91 12.25 26.53 5.27 12.25 24.05 

CL = 50 pF 
PARAM· FROM TO TEST - 55°C to 125°C QOC to 70'C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
A y RL = 00 

5.29 13.46 28.75 5.66 13.46 26.25 

7.27 16.04 30.38 
ns 

tpHL 6.77 16.04 33.43 

tpZH 
GZ y RL = 1 kfi to GND 5.48 14.1531.33 5.88 14.1S 28.32 

ns 
tpZL RL = 1 kfi to Vee 6.83 16.39 34.83 7.34 16.3931.52 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 
PARAM· FROM TO TEST - 55'C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

AtpLH 40 110 220 SO 110 200 
ps/pF A y RL = 00 

L\tpHL SO 120 230 60 120 210 

AtpZH 
GZ 

RL = 1 kfi to GND 40 110 230 SO 110 210 
ps/pF y 

AtpZL RL = 1 kfi to Vee 50 120 240 60 120 210 

t Typical values are at Vee = S V, TA = 2Soe. 

PRODUCTION DATA doc.m ....... ,.i. inlor ... lio. 
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TS0500 
SERIES 

. '. .... ·OPH60lJ 
6-rnA TOTEM-POLE CMOSJlTL OUTPUT BUFFER 

WITH 0.125 di/dt 
03030. APRil. 

OUTPUT BUFFER CELL 

FUNCTION TABLE logic symbolt 
INPUT 

A 

L 

H 

OUTPUT 
A~Y Y 

L 

H t This symbol is in accordance with ANSI/IEEE 
Std 91-1984, 

POSITIVE LOGIC EQUATION: Y = A 

description 
The OPH60LJ cell is a noninverting output buffer that interfaces internal cells with TTL or 
CMOS external loads, The buffer incorporates di/dt circuitry designed to reduce ttie effects 
of impedance mismatch, When the output buffer is called from the engineering workstation 
input, the following label format is developed and will be captured in the design netlist: 

Label: OPH60LJ A,v; 
A pull-up or pull-down terminator can be connected to the V node, 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characterIstics over recommended ranges of supply voltage and operating free
air temperature (unless oihimvlse noted) 

TEST -o5°C to 125°C O°C to 70°C 
UNIT PARAMETER 

CONDITIONS TYP; TYP; MIN MAX MIN MAX 

VT Input threshold voltage 2,2 2,2 V 

VOH High-Ieliel output voltage 
IOH = -6mA 3,7 

V 
IOH = -5,1 mA 3,7 

VOL Low-level output voltage 
IOL= 6mA 0,5 

V 
IOL = 5.1 mA 0,5 

ICC Supply current VI = VIH or VIL 0.82 0,11 mA 

Ci Input capacitance 0,24 0,24 pF 

Cpd 
Equivalent power 
dissipation capacitance tr = tf = 1 ns 9,3 9,3 pF 

; Typical values are at VCC = 5 V, T A = 25°C, 

PRODUCTION DATA docum.nt. contain inform.tion "11 
curr.nt •• of publication dlta, Prod •• t. conform to . 11' EXAS 1, 
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TSC500 
SERIES 

OPH60LJ 
6-mA TOTEM-POLE CMOS/TTL OUTPUT BUFFER 

WITH 0.125 di/dt 
D3030, APRIL 1988 

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

TTL loads, RL = 00 

FROM TO TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

(INPUT) (OUTPUT) CONDITIONS 

tpLH 
CL = 15 pF 

2.11 6.08 14.15 2.27 6.08 12.82 
A Y ns 

tpHL 4.04 9.98 20.75 4.35 9.98 18.96 

tpLH 
A Y CL = 50 pF 

2.84 8.01 18.48 3.05 8.01 16.73 
ns 

tpHL 5.97 14.05 28.59 6.42 14.05 26.04 

.itpLH 20 60 120 20 60 110 
A Y ps/pF 

.itpHL 60 120 220 60 120 200 

CMOS loads, RL = 00 

FROM TO TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

MIN TYpt MAX MIN Typt MAX 
UNIT 

(INPUT) (OUTPUT) CONDITIONS 

tpLH 2.76 7.47 16.68 2.97 7.47 10.12 
A y CL = 15 pF ns 

tpHL 3.43 8.72 18.52 3.68 8.72 16.93 

tpLH 
A CL = 50 pF 

3.96 10.39 22.75 4.26 10.39 20.63 
Y ns 

tpHL 4.87 11 .87 24.75 5.23 11.87 22.56 

.itpLH 
A y 30 80 170 40 80 160 

ps/pF 
~tpHL 40 90 180 40 90 160 

t Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTION DATA dac .... 1111 .ontli. inlo,mltio. 
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TSC500 
SERIES 

OPH61LJ 
6-mA N-CHANNEL OPEN-DRAIN CMOS/TTL 

OUTPUT BUFFER WITH 0.125 di/dt 
03030, APRIL 1988 

OUTPUT BUFFER CELL 

FUNCTION TABLE logic symbolt 
INPUT 

A 

L 

H 

OUTPUT 
A~Y y 

L 

H t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y == A 

description 
The OPH61 LJ cell is a noninverting output buffer that interfaces internal cells with TIL or 
CMOS external loads. The buffer incorporates di/dt circuitry designed to reduce the effects 
of impedance mismatch. When the output buffer is called from the engineering workstation 
input, the following label format is developed and will be captured in the design netlist: 

Label: OPH61 LJ A,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

TEST -55°C to 125°C O°C to 70°C 
PARAMETER 

TYp:j: CONDITIONS MIN 

VT Input threshold voltage 

VOL low-level output voltage 
10l = 6 mA 

10l = 5.1 mA 

102 Off-state output current Vo = VCC or 0 

ICC Supply current VI = VIH or Vil 

Ci Input capacitance 

Cpd 
Equivalent power 

tr = tf = 1 ns dissipation capacitance 

:j: Typical values are at Vee = 5 V, T A = 25°e. 

PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the tarms of Texas Instruments 
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TYp:j: 
UNIT 

MAX MIN MAX 

2.2 V 

0.5 
V 

0.5 

:±:10 :±:5 IJA 

0.39 0.11 mA 

0.09 pF 

0.82 pF 
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TSC500 
SERIES 

OPH61LJ 
6-mA N-CHANNEL OPEN-DRAIN CMOSmL 

OUTPUT BUFFER WITH 0.125 dVdt 
D3030, APRIL 1988 

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

TTL loads, RL = 1 k!1 to Vee 
FROM TO TEST -55°C to 125°C O°C to 70°C 

PARAMETER 
MIN TYpt MAX MIN TYpt MAX 

UNIT 
(INPUT) (OUTPUn CONDITIONS 

tpZL 
A Y 

CL = 15 pF 3.79 9.67 20.99 4.09 9.67 18.97 

CL = 50 pF 
ns 

tpZL 5.71 13.78 28.99 6.15 13.7826.18 

tpLZ A Y 9.17 9.17 ns 

~tpZL A Y 50 120 230 60 120 210 ps/pF 

eM os loads, RL = 1 k!1 to Vee 
FROM TO TEST - 55°C to 125°C O°C to 70°C 

PARAMETER 
MIN TYpt MAX MIN TYpt MAX 

UNIT 
(INPUT) (OUTPUT) CONDITIONS 

tpZL CL = 15 pF 3.19 8.35 18.4 3.43 8.35 16.67 
A Y ns 

tpZL CL = 50 pF 4.62 11.51 24.68 4.97 11.51 22.35 

~tpZL A Y 40 90 180 40 90 160 ps/pF 

t Typical values are at VCC = 5 V, TA = 25°C. 
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TSC500 
SERIES 

OPH63LJ 
6-mA 3-STATE CMOS/TTL OUTPUT BUFFER 

WITH 0.125 di/dt AND ACTIVE-LOW ENABLE 
APRIL 1988 

OUTPUT BUFFER CELL 

FUNCTION TABLE logic symbolt 
INPUTS 

GZ A 

L H 

L ·L 

H X 

OUTPUT 

V 
H 

L 

Z 

A~V 
GZ~ 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984. 

POSITIVE LOGIC EQUATION: Y = A (if GZ is L) 

description 
The OPH63LJ is a noninverting 3-state output buffer that interfaces internal cells with TTL or 
CMOS external loads. The buffer incorporates di/dt circuitry designed to reduce the effects 
of impedance mismatch. When the output buffer is called from the engineering workstation 
input, the following label format is developed and will be captured in the design netlist: 

Label: OPH63LJ A,GZ,Y; 

A pull-up or pull-down terminator can be connected to the Y node. 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

TEST - 55°C to 125°C O°C to 70°C 
PARAMETER 

TVP:t: TVP:t: 
UNIT 

CONDITIONS MIN MAX MIN MAX 

VT Input threshold voltage 2.2 2.2 V 

High-level output voltage 
IOH = -SmA 3.7 

V VOH 
10H = -5.1 mA 3.7 

10L = SmA 0.5 
V VOL Low-level output voltage 

10L = 5.1 mA 0.5 

10Z Off-state output current Vo = VCC or 0 ±10 ±5 J,lA 

ICC Supply current VI = VIH or VIL 1.04 0.27 mA 

Input capacitance : ~z 0.18 0.18 
pF Ci 

0.15 0.15 

Cpd 
Equivalent power 
dissipation capacitance tr = tf = 1 ns 13.2 13.2 pF 

:I: Typical values are at VCC = 5 V, TA = 25°C. 
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TSC500 
SERIES 

OPH63LJ 
.6-mA 3-STATE CMOS/TTL OUTPUT BUFFER 
WITH 0.125 di/dt AND ACTIVE-LOW ENABLE 

D3030, APRIL 1988 

TTL SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

(INPUT) MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (OUTPUT) CONDITIONS 

tpLH 
A Y 

2.54 7.01 15.98 2.17 7.01 14.54 
RL = co ns 

tpHL 4.68 11 .35 23.66 5.03 11.35 21.56 

tpZH 
GZ Y 

RL = 1 kO to GND 2.57 7.39 17.17 2.76 7.39 15.58 

RL = 1 kO to VCC 
ns 

tpZL 4.73 11.64 24.78 5.08 11.64 22.46 

Ci. == 50 pF 
PARAM- FROM TO TEST - 55°C to 125°C ooe to 70°C 

UNIT 
ETER (INPUT) (OUTPUT) CONDITIONS MIN TYpt MAX MIN TYpt MAX 

tpLH 
A Y RL = co 

3.24 8.88 20.15 3.46 8.88 18.31 
ns 

tpHL 6.57 15.31 31.33 7.06 15.31 28.47 

tPZH 
GZ y RL = 1 kO to GND 3.27 9.26 21.36 3.51 9.26 19.37 

RL = 1 kOtoVee 6.63 15.67 32.66 
ns 

tpZL 7.13 15.67 29.52 

tpHZ 
GZ y RL = 1 kO to GND 9.86 9.86 

RL = 1 kO to Vee 
ns 

tpLZ 9.06 9.06 

change in propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 
PARAM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

UNIT 
ETER (INPUT) (OUTPUT) CONDITIONS MIN TYpt MAX MIN TYpt MAX 

AtpLH 
A Y RL = co 

20 50 120 20 50 110 
ps/pF 

AtpHL 50 110 220 60 110 200 

AtpZH 
GZ Y 

RL = 1 kO to GND 20 50 120 20 50 110 
ps/pF 

AtpZL RL = 1 kO to Vee 50 120 230 60 120 200 

t Typical values are at Vee = 5 V, TA = 25°e. 
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OPH63LJ 
6-rnA 3-STATE CMosmL OUTPUT BUFFER 
WITH 0.125 di/dt AND ACTIVE-LOW ENABLE 
D3030, APRIL 1988 

TSC500 
SERIES 

CMOS SWITCHING CHARACTERISTICS 

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

CL = 15 pF 
PAR AM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

ETER (INPUT) (OUTPUT) CONDITIONS MIN TVPt MAX MIN TVPt MAX 
UNIT 

tpLH 
A Y RL = 00 

3.23 8.49 18.67 3.46 8.49 16.99 

9.98 21.25 4.3 9.98 19.37 
ns 

tpHL 4.01 

tpZH 
GZ y RL = 1 kD to GND 3.39 8.98 20.14 3.64 8.98 18.23 

RL = 1 kDto VCC 
ns 

tpZL 4.02 10.1221.85 4.31 10.12 19.84 

CL = 50 pF 
PARAM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

MIN TVPt MAX MIN TVPt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
A Y RL = 00 

4.4 11.33 24.55 4.71 11.33 22.32 
ns 

tpHL 5.42 13.04 27.34 5.82 13.04 24.86 

tpZH 
GZ y RL = 1 kD to GND 4.57 11.84 26.14 4.9 11.84 23.67 

RL = 1 kD to Vee 
ns 

tpZL 5.44 13.2 28.01 5.84 13.2 25.38 

change In propagation delay time with load capacitance over recommended ranges of 
supply voltage and operating free-air temperature (unless otherwise noted) 
PARAM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

MIN TVPt MAX MIN TVPt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX 

AtpLH 
A Y RL = co 

30 80 170 40 80 150 
ps/pF 

AtpHL 40 90 170 40 90 160 

AtpZH 
GZ Y 

RL = 1 kDto GND 30 80 170 40 80 160 
ps/pF 

AtpZL RL = 1 kD to Vee 40 90 180 40 90 160 

t Typical values are at Vee = 5 V, T A = 25°e. 
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TSC500 
SERIES 

ARITHMETIC FUNCTIONS 
FUNCTIONAL INDEX 

03030, APRIL 1988 

MAGNITUDE COMPARATORS AND ARITHMETIC FUNCTIONS (SOFTWARE) 

DESCRIPTION 
CELL OUTPUT 

COMMENTS 
EQUIVALENT 

PAGE 
NAME DRIVE NA210s 

4-Bit Magnitude Comparator S085LJ 2X Expandable to N-bit 50 14-3 (P = Q, P < Q, P > Q) words 

16 arithmetic 
operations with 

4-Bit ALU Uses Either Active- S181 LJ 1X ripple and look- 89 14-8 low or Active-high Data ahead carry, also 
performs 16 logic 
operations 

9-Bit Parity Generator/ S280LJ 2X Odd and even parity 54 14-18 Checker outputs 

4-Bit Binary Full Adder S283LJ 2X With full carry look- 66.25 14-22 ahead 

Expandable to N-bit 

8-Bit Magnitude Comparator S686LJ 2X words, each output 75.25 14-28 (P = Q, P > Q) has an enable input 
(L) 

8-Bit Identi~ Comparator 
(P = ) S688LJ 2X 

Expandable to N-bit 
words, output has 
enable input (L) 

28.25 14-34 
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TSC500 
SERIES 

S085LJ 
4-81T MAGNITUDE COMPARATOR 

D3030. APRIL 198.8 

SOFTWARE MACRO 

• Performs Magnitude Comparison 
of Binary, BCD, and Monotonic 
Codes 

• Weighted Cascading Inputs 
Accomodate Both Serial and 
Parallel Expansion 

description 
The S085LJ software macro imple
ments a 4-bit expandable magnitude 
comparator. The 4-bit magnitude com
parator macro performs comparison of 
straight binary and straight BCD 
(8-4-2-1) codes. Three fully decoded 
decisions about two 4-bit words (P, Q) 
are made and are available at three 
outputs. These devices are fully ex
able to any number of bits without 
additional gates. Words of greater 

logic symbolt 

PO 

P1 

P2 

P3 

PLTOI 

PEOOI 

PGTOI 

00 
01 

02 
03 

P<O PLTOO 
< 

P-O PEOOO 

P>O PGTOO 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984 and IEC Publication 617-12. 

length may be compared by connecting comparators in cascade. The PGTQO, PL TQO, 
and PEQQO outputs of a stage handling less significant bits are connected to the 
corresponding PGTQI, PLTQI, and PEQQI inputs of the next stage handling more
significant bits. The stage handling the least-significant bits must have a high-level voltage 
applied to the PEQQI input. The cascading path of the S085LJ is implemented with only a 
two-gate-Ievel delay to reduce overall comparison times for long words. 

The S085LJ is implemented with the standard cell functions indicated: 

EQUIVALENT TOTAL TOTAL TOTAL 

CELL NAME NUMBER OF NO. EQUIVALENT Cpd 
NA210Ws USED NA210LJs (pF) 

A0221W 1.75 4 7 0.88 

IV120W 1 3 3 0.93 

NA210W 1 6 6 1.14 

NA31 OW 1.25 2 2.5 0.38 

NA410W 1.5 2 3 0.38 

NA51 OW 3 7 21 6.16 

NA81 OW 3.75 2 7.5 1.82 

TOTALS 26 50 11.69 

PROOUCTIOI DATA do.umantl •• nllin inform.tion 
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D3030, APRIL 1988 

TSC500 
SERIES 

When the comparator is called from the engineering workstation input, the following label 
format is developed and will be captured in the design netlist: 

Label: S085W P3,P2,P1,PO,03,02,01,OO,PGTOI,PLTOI,PEOOI,PGTOO,PLTOO,PEOOO; 

FUNCTION TABLE 

COMPARING INPUTS CASCADING INPUTS OUTPUTS 

P3,03 P2,02 P1,01 PO, 00 PGTOI PLTOI PEOOI PGTOO PLTOO PEOOO 

P3 > 03 X X X X X X H L L 
P3 < 03 X X X X X X L H L 
P3 = 03 P2 > 02 X X X X X H L L 

P3 = 03 P2 < 02 X X X X X L H L 

P3 = 03 P2 = 02 P1 > 01 X X X X H L L 

P3 = 03 P2 = 02 P1 < 01 X X X X L H L 

P3 = 03 P2 = 02 P1 = 01 PO> 00 X X X H L L 
P3 = 03 P2 = 02 P1 = 01 PO < 00 X X X L H L 

P3 = 03 P2 = 02 P1 = 01 PO = 00 H L L H L L 

P3 = 03 P2 = 02 P1 = 01 PO = 00 L H L L H L 

P3 = 03 P2 = 02 P1 = 01 PO = 00 X X H L L H 
P3 = 03 P2 = 02 P1 = 01 PO = 00 H H L L L L 

P3 = 03 P2 = 02 P1 = 01 PO = 00 L L L H H L 

PRODUCTION DATA d •• umonts ••• lIi. Informltlo. ." 
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logiC diagram 
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S085LJ 
4·81T MAGNITUDE COMPARATOR 

D3030, APRIL 1988 
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S085LJ 
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03030, APRIL 1988 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, T A = 25°e 

PARAMETER TEST CONDITIONS TYP 

VT Input threshold voltage 2.2 

PEOOI 0.18 

Ci Input capacitance PGTOI, PLTOI 0.06 

All others 0.18 

Cpd Equivalent power dissipation capacitance tr=tf=1ns 11.69 

MAX 

TSC500 
SERIES 

UNIT 

V 

pF 

pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 (see Note .1) 

PARAMETER 
FROM TO -55°C to 125°C O°C to 70°C 

UNIT 
(INPUT) (OUTPUT) MIN TYpt MAX MIN TYpt MAX 

tpLH 
Pn,On PGTOO,PLTOO 

4.6 9.6 4.6 6.8 

5.6 12.2 5.6 
ns 

tpHL 8.6 

tpLH 
Pn, On PEOOO 

4.6 9.8 4.6 7.4 

2.9 2.9 
ns 

tpHL 5.8 4.3 

tpLH 
PLTOI,PEOOI PLTOO 

2.3 5.3 2.3 2.8 
ns 

tpHL 2.4 5 2.4 2.7 

tpLH 
PGTOI,PEOOI PGTOO 

2.3 4.8 2.3 2.6 
ns 

tpHL 2.4 3.8 2.4 2.7 

tpLH 
PEOOI PEOOO 

1.4 2.7 1.4 1.5 

2.3 
ns 

tpHL 1.1 1.1 1.3 

L\tpLH 
Any Any 

0.24 0.52 1.1 0.26 0.52 1 
ns/pF 

L\tpHL 0.28 0.42 0.68 0.28 0.42 0.62 

t Typical values are at VCC = 5 V, TA = 25°C. 
NOTE 1: These switching characteristics are simulations of the software macro using interconnect 

capacitance values for an array design having 4000 gates. Post-layout simulation uses actual 
interconnect capacitance values. 

14-6 
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BLOCK S085W; 

P3 @INPUT; 

P2 @INPUT; 

P1 @INPUT; 

PO @INPUT; 

03 @INPUT; 

02 @INPUT; 

01 @INPUT; 

00 @INPUT; 

PGTOI @INPUT; 

PLTOI @INPUT; 

PEOOI @INPUT; 

PGTOO @OUTPUT; 

PLTOO @OUTPUT; 

PEOOO @OUTPUT; 

STRUCTURE 

A01 

A02 

A03 

A04 

G01 

G02 

G03 

G04 

G17 

G18 

G19 

G20 

G21 

G22 

G23 

G24 

G25 

G26 

G27 

G28 

G29 

G30 

G31 

G32 

G33 

G34 

ENDS085W; 

S085LJ 
4-81T MAGNITUDE COMPARATOR 

D3030, APRIL 1988 

HDL FILEt 

:A0221W P3,G1 O,G1 O,03,A01 0; 

:A0221W P2,G20,G20,02,A020; 

:A0221W P1,G30,G30,01,A030; 

:A0221W PO,G40,G40,OO,A040; 

:NA210W P3,03,G10; 

:NA210W P2,02,G20; 

:NA210W P1,01,G30; 

:NA210W PO,OO,G40; 

:NA210W 03,G10,G170; 

:NA310W 02,G20,A010,G180; 

:NA41OW 01,G30,A010,A020,G190; 

:NA51OW OO,G40,A010,A020,A030,G200; 

:NA51OW A01 O,A020,A030,A040,PL TOI,G21 0; 

:NA51OW A010,A020,A030,A040,PEOOI,G220; 

:NA510W PEOOI,A040,A030,A020,A010,G230; 

:NA51OW A040,A030,A020,A010,PGTOI,G240; 

:NA51OW A030,A020,A010,G40,PO,G250; 

:NA41OW A020,A010,G30,P1,G260; 

:NA310W A010,G20,P2,G270; 

:NA210W G10,P3,G280; 

:NA81OW G170,G170,G180,G180,G190,G200,G210, 

G220,G290; 

:NA51OW A010,A020,A030,A040,PEOOI,G300; 

:NA81OW G230,G240,G250,G260,G270,G270,G280, 

G280,G310; 

:IV120W G290,PGTOO; 

:IV120W G300,PEOOO; 

:IV120W G310,PLTOO; 

t The HDL netlist format requires the "STRUCTURE" program lines to follow the "BLOCK" I/O program lines. 

PRoouello. DATA d ....... ' •• _i. i.form.,io. 
arrent I. at publicltiln dltt. Pradactl cDnfarm t. 
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TSC500 
S~RIES 

S181LJ 
ARITHMETIC LOGIC UNIT/FUNCTION GENERATOR 

SOFTWARE MACRO 

• Performs Full 16·Function 
AritJ'lmetic or Boolean Combinations 
of Two Variables 

• Arithmetic Operating Modes: 
·Addition 
Subtraction 
Shift Operand A One Position 
Magnitude Comparison 
Plus Twelve Other Arithmetic 

Operations 

• Logic Function Modes: 
Excrusive~OR 
Comparator 
AND,NAND,OR,NOR 
Plus Ten Other Logic Operations 

description 

logic symbolt 

80 

}~, 81 

82 

S3 

M 

CN CI 

AOZ 

BOZ 

A1Z 

B1Z 

A2Z 

B2l 

A3l 

B3l 

ALU 

(lJ 

(2J 

(4J 

(BJ 

.13030, APRIL 1988 

PZ 

Gl 

AEQB 

CNPL4 

FOl 

Fll 

F3l 

The 8181 LJ software macro imple
ments a 4-bit arithmetic logic unit. The 
8181 LJ performs 16 arithmetic or 
Boolean operations Qn two 4-bit binary 
words as shovyn in function Tables 1 
and 2. Choice between the two 
operating modes is established by the 
mode control, M, and selection of one
of-sixteen operations is accomplished 
at the select inputs, 83,82,81, and 80. 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984 and lEG Publication 617-12. 
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S181LJ 
ARITHMETIC LOGIC UNIT/FUNCTION GENERATOR 

03030, APRIL 1988 

The S181 LJ is implemented with the standard cell functions indicated: 

EQUIVALENT TOTAL TOTAL TOTAL 

CELL NAME NUMBER OF NO. EQUIVALENT Cpd 
NA210LJs USED NA210Ws (pF) 

AN210LJ 1.5 9 13.5 2.97 

AN310LJ 1.75 9 15.75 3.42 

AN420LJ 2.25 1 2.25 0.6 

EX210LJ 1.75 4 7 1.44 

EX220LJ 2 4 8 2.12 

IV110LJ 0.75 8 6 1.28 

IV120LJ 1 1 1 0.31 

NA210LJ 1 4 4 0.76 

NA220LJ 1.5 1 1.5 0.38 

NA310LJ 1.25 4 5 0.76 

NA410LJ 1.5 6 9 1.14 

NA510LJ 3 2 6 1.76 

N0210LJ 1 5 5 0.6 

N0310LJ 1.25 4 5 0.52 

TOTALS 62 89 18.06 

When the arithmetic logic unit/function generator is called from the engineering workstation 
input, the following label format is developed and will be captured in the design netlist: 

Label: S181 LJ A3Z,A2Z,A1 Z,AOZ,B3Z,B2Z,B1 Z,BOZ,CN,M,S3,S2,S1, 
SO,F3Z, F2Z, F1 Z, FOZ,AEQB,GZ,PZ, CNPL4; 

When the mode control input is low, the 16 arithmetic operations are accessible via the four 
select inputs. The 4-bit full adder incorporates both ripple and look-ahead carry circuitry 
providing the capability to extend either technique across expanded word widths when 
multiple S181 LJs are used in parallel. 

The S181 W accomodates both active-high and active-low data simply by redefining the 
designations used to describe the data inputs and outputs. For use with active-low data, 
use Table 1 and the input/output designations provided for the label developed above. For 
use with active-high data, use Table 2. 

Note that only the relationship of A, B, and F data with respect to the carry and look-ahead 
circuitry are affected. 

Subtraction is accomplished by 1 's complement addition where the 1 's complement of the 
subtrahend is generated internally. The resultant output is A-B-1, which requires an end
around or forced carry to provide A-B. Arithmetic operations with and without carry are 
shown in Tables 1 and 2. 

PRODUCTION DATA do.umlnt •• ontlin informltion 
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TSC500 
SERIES 

D3030, APRIL 1988 

The S181 LJ also performs a comparison of the A and B operands. The AEQB output is 
decoded from the function outputs (F3, F2, F1, and FO) so that when two words of equal 
magnitude are applied at the A and B inputs, it will assume a high level to indicate equality 
(A = B). The ALU must be in the subtract mode with CN = H when performing this 
comparison. The AEQB output can be AND or NAND gated to perform comparisons over 
expanded ALUs. The CNPL4 carry output can also be used to supply relative magnitude 
information. Again, the ALU must be in the subtract mode by having the Soldct inputs S3, 
S2, S1, SO at L, H, H, L, respectively. 

INPUTCN OUTPUT CNPL4 
ACTIVE· LOW DATA ACTlVE·HIGH DATA 

(FIGURE 1) (FIGURE 2) 

H H A>B A<B 

H L A<B A>B 

L H A>B A<B 

L L A<B A>B 

PRODUCTION DATA d ••• m •• " ••• "in inf.rm.,io_ ." 
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S181LJ 
ARITHMETIC LOGIC UNIT/FUNCTION GENERATOR 

logic diagram 
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PRODUCTION DATA documents contlin information 
current I. of publicltion det •. Products conform to 
spacifications par the terms of TIXls Instruments 

::~=~~i~·[::,~7i ~~:~:~ti:r :'~O::~:~~::'s~1 not 
TEXAS ".!I 

INSTRUMENTS 

A E)(22OL. , 

03030, APRIL 1988 

Copyright © 1988, Texas Instruments Incorporated 

POST OFFICE BOX 655012 • CALLAS, TEXAS 75265 14-11 



S181LJ 
ARITHMETIC LOGIC UNIT/FUNCTION GENERATOR 

03030, APRIL 1988 

signal designations 

TSC500 
SERIES 

The polarity indicators (open arrowheads) in both Figures 1 and 2 indicate that the 
associated input or output is active-low with respect to the function shown inside the 
symbol, and the symbols are the same in both figures. The signal designations in Figure 1 
agree with the indicated internal functions based on active-low data and are for use with the 
logic functions and arithmetic operations shown in Table 1. The signal designations used in 
Figure 2 accommodate the logic functions and arithmetic operations for the active-high 
data given in Table 2. 

FIGURE 1 
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ARITHMETIC LOGIC UNIT/FUNCTION GENERATOR 

D3030, APRIL 1988 

TABLE 1 

SELECTION 
ACTIVE· LOW DATA 

M=H M = L; ARITHMETIC OPERATIONS 

S3 S2 S1 
LOGIC CN = L CN = H 

SO 
FUNCTIONS (no carry) (with carry) 

L L L L F=A F = A MINUS 1 F=A 

L L L H F = AS F = AS MINUS 1 F = AS 

L L H L F=A+S F = AS MINUS 1 F = AS 

L L H H F = 1 F = MINUS 1 (2's CaMP) F = ZERO 

L H L L F = A + S F = A PLUS (A + S) F = A PLUS (A + S) PLUS 1 

L H L H F=S F = AS PLUS (A + S) F = AS Pl.:.US (A + S) PLUS 1 

L H H L F=A(t)S F = A MINUS B MINUS 1 F = A MINUS S 

L H 11 H F=A+S F=A+S F = (A + S) PLUS 1 

H L L L F = AS F = A PLUS (A + S) F = A PLUS (A + S) PLUS 1 

H L L H F=A<±>S F = A PLUS S F = A PLUS S PLUS 1 

H L H L F=S F = AS PLUS (A + S) F = AS PLUS (A + S) PLUS 1 

H L H H F=A+S F = (A + S) F = (A + S) PLUS 1 

H H L L F=O F = A PLUS A* F = A PLUS A PLUS 1 

H H L H F =AS F = AS PLUS A F = AS PLUS A PLUS 1 

H H H L F = AS F = AS PLUS A F = AS PLUS A PLUS 1 

H H H H F=A F=A F = A PLUS 1 

*Each bit is shifted to the next more significant position. 

PRODUCTION DATA d ...... nts .onllin informllion 
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TABLE 2 

SELECTION 
ACTIVE-HIGH DATA 

M=H M = Lj ARITHMETIC OPERATIONS 

S3 S2 S1 SO 
LOGIC CNZ= H CNZ = L 

FUNCTIONS (no carry) (with ca rry) 

L L L L F=A F=A F = A PLUS 1 

L L L H F=A+B F=A+B F = (A + B) PLUS 1 

L L H L F = AB F=A+S F = (A + S) PLUS 1 

L L H H F=O F = MINUS 1 (2's COMP) F = ZERO 

L H L L F = AB F = A PLUS AS F = A PLUS AS PLUS 1 

L H L H F=S F = (A + B) PLUS AS F = (A + B) PLUS AS PLUS 1 

L H H L F=A+B F = A MINUS B MINUS 1 F = A MINUS B 

L H H H F =AS F = AS MINUS 1 F =AB 

H L L L F=A+B F = A PLUS AB F = A PLUS AB PLUS 1 

H L L H F=A+B F=APLUSB F = A PLUS B PLUS 1 

H L H L F=B F = (A + B) PLUS AB F = (A + B) PLUS AB PLUS 1 

H L H H F = AB F = AB MINUS 1 F = AB 

H H L L F = 1 F = A PLUS A* F = A PLUS A PLUS 1 

H H L H F=A+B F = (A + B) PLUS A A = (A + B) PLUS A PLUS 1 

H H H L F=A+B F = (A + B) PLUS A F = (A + B) PLUS A PLUS 1 

H H H H F=A F = A MINUS 1 F=A 

"Each bit is shifted to the next more significant position. 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 

PARAMETER TEST CONDITIONS TYP MAX UNIT 

VT Input threshold voltage 2.2 V 

An, Bn 0.16 

Ci Input capacitance 
CN 0.27 

pF 
M 0.05 

Sn 0.2 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 18.1 pF 
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D3030, APRIL 1988 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 (see Note 1) 

PARAMETER 
FROM TO 

(INPUT) (OUTPUT) 

tpLH 
CN CNPL4 

tpHL 

tpLH 
AnZor BnZ CNPL4 SUM 

tpHL 

tpLH 

tpHL 
CN Fn:f: 

tPLH AnZ or BnZ GZSUM 
tpHL 

tPLH 
AnZ or BnZ PZSUM 

tpHL 

tpLH 

tpHL 
AiZor BnZ FiZSUM 

tpLH 

tPHL 
AnZ or BnZ AEQB DIFF 

~tpLH 

~tpHL 
Any CNPL4 

~tpLH 

~tpHL 
AnZ or BnZ GZ 

~tpLH 

~tpHL 
AnZ or BnZ PZ 

~tpLH 

~tpHL 
Any FiZ 

~tpLH 
AEQB 

~tpHL 
Any 

t Typical values are at Vce = 5 V, TA = 25°e. 
:j: The test mode is SUM or DIFF. 

-55°C to 125°C O°C to 70°C 
UNIT 

MIN TYPT MAX MIN TYPT MAX 

1,5 2,8 1,5 2,7 

1,2 2,4 1,2 2,1 
ns 

4,2 8,9 4,2 8.4 

4.3 8,9 4.3 8.1 
ns 

2.8 6.1 2.8 5.4 

2.8 6.4 2.8 5,7 
ns 

4 8,3 4 7.7 

4.5 9.5 4.5 8.9 
ns 

2.5 5 2.5 4.6 

3.5 7.4 3.5 6.8 
ns 

4.5 9.9 4,5 9.1 

4.8 10.8 4,8 9.8 
ns 

5.3 11.3 5.3 10.3 

4.6 10.9 4,6 10 
ns 

0.22 0.5 1.08 0.24 0.5 1 
ns/pF 

0.28 0.48 1.02 0.28 0.48 0.9 

0.24 0.52 1.1 0.26 0.52 1 
ns/pF 

0.28 0.42 0.68 0.28 0.42 0.62 

0.4 1.88 3.96 0.44 1.88 3.64 
ns/pF 

0.52 1.64 3.84 0.56 1.64 3.46 

0.2 0.52 1.14 0.22 0.52 1.04 
ns/pF 

0.2 0.6 1.36 0.24 0.6 1.24 

0.18 0.58 1.26 0.2 0.58 1.16 
ns/pF 

0.16 0.38 0.78 0.18 0.38 0,7 

NOTE 1: These switching characteristics are simulations of the software macro using interconnect 
capacitance values for an array design having 4000 gates. Post-layout simulation uses actual 
interconnect capacitance values. 
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S181LJ .". .' . . 
ARITHMETIC LOGIC UNIT/FUNCtiON GENERATOR 

D30~O, APRIL 1988. 

HOL FILEt 

BLOCK S181 W; STRUCTURE 

A3Z @INPUT; AN1 :AN310LJ B3Z,S3,A3Z,AN10; 

A2Z @INPUT; AN10 :AN310W A1Z,S2,INV30,AN100; 

A1Z @INPUT; AN11 :AN210W INV30,S1 ,AN11 0; 

AOZ @iNPUT; AN12 :AN210W SO,B1 Z,AN120; 

B3Z @INPUT; AN13 :AN310W BOZ,S3,AOZ,AN130; 

B2Z @INPUT; AN14 :AN310W AOZ,S2,INV40,AN140; 

B1Z @INPUT; AN15 :AN210W INV40,S1,AN150; 

BOZ @INPUT; AN16 :AN210W SO,BOZ,AN160; 

CN @INPUT; AN17 :AN310W CN,N070,INV50,AN170; 

M @INPUT; AN18 :AN21OW N080,INV50,AN180; 

S3 @INPUT; AN19 :AN420W F=3Z,F2Z,F1 Z,FOZ,AEQB; 

S2 @INPUT; AN2 :AN310LJ A3Z,S2,INV10,AN20; 

S1 @INPUT; AN3 :AN210W INV1 0,S1 ,AN30; 

SO @INPUT; AN4 :AN210W SO;B3Z,AN40; 

F3Z @OUTPUT; AN5 :AN310W B2Z,S3,A2Z,AN50; 

F2Z @OUTPUT; AN6 :AN310W A2Z,S2,INV20,AN60; 

F1Z @OUTPUT; AN7 :AN210W INV20,S1,AN70; 

FOZ @OUTPUT; AN8 :AN210W SO,B2Z,AN80; 

AEQB @OUTPUT; AN9 :AN310LJ B1Z,S3,A1Z,AN90; 

GZ @OUTPUT; EX1 :EX210LJ N01 0,N020,eX1 0; 

PZ @OUTPUT; EX2 : EX220W EX10,INV70,F3Z; 

CNPL4 @OUTPUT; EX3 :EX210LJ N030,N040,EX30; 

EX4 :EX220W EX30;INV80,F2Z; 

EX5 :EX210W N050,N060,EX50; 

EX6 : EX220LJ EX50,N090,F1Z; 

EX7 :EX210LJ N080,N070,EX70; 

EX8 :EX220LJ EX70,NA170,FOZ; 

INV1 :IV110W B3Z,INV10; 

INV2 :IV110W B2Z,INV20; 

INV3 :IV110W B1Z,INV30; 

INV4 :IV110LJ BOZ,INV40; 

INV5 :IV110W M,INV50; 
INV6 :IV120W NA40,GZ; 

TSC500 
SERIES 

t The HDL netlist format requires the "STRUCTURE" program lines to follow the "BLOCK" i/o program lines. 
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TSC500 
SERIES 

S181LJ 
ARITHMETIC LOGIC UNIT/FUNCTION GENERATOR 

D3030, APRIL 1988 

HDL FILEt (Continued) 

INV7 :IV110LJ NA120,INV70; 

INV8 :IV110LJ NA160,INV80; 
INV9 :IV110LJ N020,INV90; 

NA1 :NA210LJ N010,N040,NA10; 

NA10 :NA310LJ N030,N060,INV50,NA 10O; 

NA11 :NA210LJ N040,INV50,NA110; 

NA12 :NA410LJ NA80,NA90,NA100,NA110,NA120; 

NA13 :NA410LJ CN,N070,N050,INV50,NA 130; 

NA14 :NA310LJ N050,N080,INV50,NA 140; 

NA15 :NA210LJ N060,INV50,NA 150; 

NA16 :NA310LJ NA 130,NA 140,NA 150,NA 160; 

NA17 :NA210LJ CN,INV50,NA 170; 

NA2 :NA310LJ N010,N030,N060,NA20; 

NA3 :NA410LJ N010,N030,N050,N080,NA30; 

NA4 :NA410LJ INV90,NA 1 0,NA20,NA30,NA40; 

NA5 :NA510LJ N010,N030,N050,N070,CN,NA50; 

NA6 :NA220LJ GZ, NA50,CNPL4; 

NA7 :NA410LJ N010,N030,N050,N070,PZ; 

NA8 :NA510LJ CN,N070,N050,N030,INV50,NA80; 

NA9 :NA410LJ N050,N030,N080,INV50,NA90; 

N01 :N0210LJ AN1 0,AN20,N01 0; 

N02 :N0310LJ AN30,AN40,A3Z,N020; 

N03 :N0210LJ AN50,AN60,N030; 

N04 :N0310LJ AN70,AN80,A2Z,N040; 

NOS :N0210LJ AN90,AN100,N050; 

N06 :N0310LJ AN110,AN120,A1Z,N06O; 

N07 :N0210LJ AN130,AN140,N070; 

N08 :N0310LJ AN150,AN160,AOZ,N080; 

N09 :N0210LJ AN170,AN180,N090; 

END S181LJ; 

t The HDL netlist format requires the "STRUCTURE" program lines to follow the "BLOCK" I/O program lines. 
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TSC500 
SERIES 

S280LJ 
9·81T ODD/EVEN PARITY GENERATOR/CHECKER 

SOFTWARE MACRO 

• Generates Either Odd or Even Parity 
for Nine Data Lines 

• Cascadable for n-Blts 

description 

logic symbolt 

A 

B 

C 

o 
E 
F 

G 

H 

03030, APRIL 1988 

2k 

EVEN 

........ ODD 

The S280LJ software macro imple
ments a parallel 9-bit parity generator. 
The 9-bit configuration simplifies con
struction of large parity generators. 
These universal 9-bit parity generator/ 
checker macros feature odd and even 
outputs to facilitate operation in either 
odd- or even-parity applications. The 
word-length capability is easily ex
panded by cascading. The S280LJ is 
implemented with the standard cell 
functions indicated: 

t This symbol is in accordance with ANSI/lEEE 
Std 91-1984 and lEG Publication 617-12. 

FUNCTION TABLE 

NUMBER OF INPUTS A OUTPUTS 

THRU I THAT ARE HIGH EVEN ODD 

0,2,4,6,8 H L 

1,3,5,7,9 L H 

EQUIVALENT TOTAL TOTAL TOTAL 

CELL NAME NUMBER OF NO. EQUIVALENT Cpd 
NA210Ws USED NA210Ws (pF) 

IV110LJ 0.75 18 13.5 2.88 

IV120LJ 1 5 5 1.55 

NA310LJ 1.25 20 25 3.8 

NA410LJ 1.5 2 3 0.38 

NA420LJ 2.5 3 7.5 1.17 

TOTALS 48 54 9.78 

When the parity generator/checker is called from the engineering workstation input, the 
following label format is developed and will be captured in the design netlist: 

Label: S280LJ A,B,C,D,E,G,H,I,EVEN,ODD; 

PRODUCTION DATA documonls .ontain information ~ 
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TSC500 
SERIES 

S280LJ 
9·81T ODD/EVEN PARITY GENERATOR/CHECKER 

logic diagram 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vce = 5 V, TA = 25°e 

PARAMETER TEST CONDITIONS TYP 

VT Input threshold voltage 2.2 

Ci Input capacitance I Any input 0.05 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 9.8 

03030. APRIL 1988 

000 

MAX UNIT 

V 

pF 

pF 

PRODUCTION DATA d.c.mantscontoin inf., .. ation ." 
cu,ront a •• f publication data. P,oducts confo ... t. liEXAS 1, 
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S280LJ 
9-81T ODD/EVEN PARITY GENERATOR/CHECKER 

D3030, APRIL 1988 

TSC500 
SERIES 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 (see Note 1) 

FROM TO -55°C to 125°C O°C to 70°C 
PARAMETER 

TVPt TVPt 
UNIT 

(INPUT) (OUTPUT) MIN MAX MIN MAX 

tpLH 
Any EVEN 

4.5 8.8 4.5 8.2 

4.3 8.7 4.3 
ns 

tpHL 7.8 

tpLH 
Any ODD 

4.8 9.4 4.8 8.7 
ns 

tpHL 4.8 9.8 4.8 9.2 

IltpLH 
Any Any 

0.24 0.52 1.1 0.26 0.52 1 
ns/pF 

IltpHL 0.28 0.42 0.68 0.28 0.42 0.62 

t Typical values are at V CC = 5 V, T A = 25°C. 
NOTE 1: These switching characteristics are simulations of the software macro using interconnect 

capacitance values for an array design having 4000 gates. Post-layout simulation uses actual 
interconnect capacitance values. 

HOL FILE:!: 
BLOCK S280W; STRUCTURE 

A @INPUT; INV1 :IV110W A,INV10; 

B @INPUT; INV10 :IV110W INV90,INV100; 

C @INPUT; INV11 :IV110W F,INV110; 

D @INPUT; INV12 :IV110W INV110,INV120; 

E @INPUT; INV13 :IV110W G,INV130; 

F @INPUT; INV14 :IV110W INV130,INV140; 

G @INPUT; INV15 :IV110W H,INV150; 

H @INPUT; INV16 :IV110W INV150,INV160; 

@INPUT; INV17 :IV110W 1,INV170; 

EVEN @OUTPUT; INV18 :IV110W INV170,INV180; 

ODD @OUTPUT; INV19 :IV120W SNA13,SIV19; 

INV2 :IV110W INV10,INV20; 

INV20 :IV120W SNA 14,SIV20; 

INV21 :IV120W SNA 15,SIV21 ; 

I NV22 :IV120W SNA24,EVEN; 

I NV23 :IV120W SNA25,ODD; 

INV3 :IV110W B,INV30; 

INV4 :IV110W INV30,INV40; 

INV5 :IV110W C,INV50; 

INV6 :IV110W INV50,INV60; 

INV7 :IV110W D,INV70; 

:j: The HDL netlist format requires the "STRUCTURE" program lines to follow the"BLOCK" I/O program lines. 

14-20 
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TSC500 
SERIES 

S280LJ 
9·81T ODD/EVEN PARITY GENERATOR/CHECKER 

D3030, APRIL 1988 

i-tDL FILEt (Continued) 

INV8 :IV110W INV70,INV80; 

INV9 :IV110LJ E,INV90; 

NA1 :NA31OW INV30,INV50,INV20,SNA 1; 

NA10 :NA310W INV130,INV170,INV160,SNA 10; 

NA11 :NA310LJ INV150,INV130,INV180,SNA11 ; 

NA12 :NA310W INV180,INV160,INV1.40,SNA12; 

NA13 :NA420LJ SNA l,SNA2,SNA3,SNA4,SNA 13; 

NA14 :NA420LJ SNA5,SNA6,SNA7,SNA8,SNA 14; 

NA15 :NA420LJ SNA9,SNA10,SNA11,SNA12,SNA15; 

NA16 :NA31OW SNA 13,SIV20,SIV21,SNA 16; 

NA17 :NA310W SIV19,SNA 14,SIV21,SNA 17; 

NA18 :NA310W SIV19,SNA 15,SIV20,SNA 18; 

NA19 :NA310W SNA13,SNA14,SNA15,SNA19; 

NA2 :NA310W INV10,INV50,INV40,SNA2; 

NA20 :NA310LJ SNA 15,SNA 14,SIV19,SNA20; 

NA21 :NA31OW SIV20,SNA 13,SNA 15,SNA21 ; 

NA22 :NA31OW SNA 13,SNA 14,SIV21,8NA22; 

NA23 :NA310W SIV19,SIV20,SIV21,SNA23; 

NA24 :NA410W SNA 16,SNA17,SNA 18,SNA19,SNA24; 

NA25 :NA410W SNA20,SNA21,SNA22,SNA23,SNA25; 

NA3 :NA310W INV30,INV10,INV60,SNA3; 

NA4 :NA310W INV60,INV40,INV20,SNA4; 

NA5 :NA310W INV90,INV110,INV80,SNA5; 

NA6 :NA31OW INV70,INV11 O,INV1 OO,SNA6; 

NA7 :NA310W INV90,INV70,INV120,SNA7; 

NA8 :NA31OW INV120,INV100,INV80,SNA8; 

NA9 :NA310W INV150,INV170,INV140,SNA9; 

END S280W; 

t The HDL netlist format requires the "STRUCTURE" program lines to follow the "BLOCK" 1/0 program lines. 
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TSC500 
SERIES 

S283LJ 
4-BIT BINARY FULL ADDER 

WITH FAST CARRY 
03030, APRIL 1988 

SOFTWARE MACRO 

• Full-Carry Look-Ahead Across the 
Four Bits 

• Systems Achieve Partial Look
Ahead Performance with the 
Economy of Ripple Carry 

description 
The S283W software macro imple
ments a parallel 4-bit binary full adder. 
The 4-bit configuration provides a fully 
designed, fast-carry adder and 
simplifies construction of large adders. 
These full adders perform the addition 
of two 4-bit binary words. The sum 
outputs are provided for each bit and 
the resultant carry (C4) is generated in 
parallel from the four bits. These adders 

logic symbolt 

A1 

A2 

A3 

A4 

B1 

B2 

B3 

B4 

co CI 

SUM1 

SUM2 

SUM3 

SUM4 

C4 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984 and lEO Publication 617-12. 

feature full-carry look-ahead across all four bits, providing the system designer with built-in 
partial look-ahead. The adder logic, including the carry, is implemented in its true form. End 
around carry can be accomplished without the need for logic or level inversion. The S283LJ 
is implemented with the standard cell functions indicated: 

EQUIVALENT TOTAL TOTAL TOTAL 

CELL NAME NUMBER OF NO. EQUIVALENT Cpd 
NA210LJs USED NA210Ws (pF) 

AN220LJ 1.75 5 8.75 2.35 

EX220LJ 2 4 8 2.12 

IV110LJ 0.75 10 7.5 1.6 

IV120LJ 1 2 2 0.62 

NA220LJ 1.5 7 10.5 2.66 

NA320LJ 2 4 8 1.48 

NA420LJ 2.5 3 7.5 1.17 

NA520LJ 3.25 2 6.5 2.1 

N0220LJ 1.5 5 7.5 1.15 

TOTALS 42 66.25 15.25 

When the full adder is called from the engineering workstation input, the following label 
format is developed and will be captured in the design netlist: 

Label: S283LJ A4,A3,A2,A1,B4,B3,B2,B1,CO,SUM4,SUM3,SUM2,SUM1,C4; 
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TSC500 
SERIES 

H 

L H 

H H 

L L 

H L 

L H 

H H 

L L 

H L 

L H 

H H 

L L 
H L 

L H 

H H 

L L 

L L H 

L L L 

H L L 

H L H 

H L H 
H L L 

L H L 

L H H 

L H H 

L H L 

H H L 

H H H 

H H H 

H H L 

S283LJ 
4-BIT BINARY FULL ADDER 

WITH FAST CARRY 
03030, APRIL 1988 

FUNCTION TABLE 

L L L 

L L L H L 

H L H H L 

H L H H L 

H L L L H 

H L L L H 
L H H L H 

H L H H L 

H L L L H 

H L L L H 

L H H L H 

L H H L H 

L H L H H 

L H L H H 

H H H H H 

NOTE: Input conditions at A1, 91, A2, 92, and CO are used to determine outputs SUM1 and SUM2 and the 
value of the internal carry C2. The values at C2, A3, 63. A4. and 64 are then used to determine 
outputs SUM3, SUM4, and C4. 
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S283LJ 
4·BIT BINARY FULL ADDER 
WITH FAST CARRY 
D3030, APRIL 191313. 

logic diagram 1V12OLx 
r-__________________ ~A~ Y 

B1 

INV6 
A NA220Lx 

~----------~B~ 

y 

y 

y 
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y 
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TSC500 
SERIES 

S283LJ 
4-BIT BINARY FULL ADDER 

WITH FAST CARRY 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, T A = 25°e 
PARAMETER TEST CONDITIONS TYP 

VT Input threshold voltage 2.2 

Ci Input capacitance 
IAn, Bn 0.23 

I CO 0.05 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 15.3 

D3030, APRIL 1988 

MAX UNIT 

V 

pF 

pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 (see Note 1) 

PARAMETER 
FROM TO -55°C to 125°C DOC to 7DoC 

UNIT 
(INPUT) (OUTPUT) MIN TYpt MAX MIN TYpt MAX 

tpLH 2.7 6 2.7 3.4 
CO SUMn ns 

tpHL 2.8 5.9 2.8 3.4 

tpLH 2.2 5.7 2.2 4.1 
An, Bn SUMn ns 

tpHL 2.8 5.7 2.8 5.2 

tPLH 3 5.9 3 5.5 
CO C4 ns 

tpHL 3.1 6.6 3.1 6.2 

tpLH 3.1 6 3.1 5.4 
An,Bn C4 ns 

tpHL 3 5 3 4.7 

AtpLH 0.24 0.52 1.1 0.26 0.52 1 
ns/pF Any C4 

AtpHL 0.28 0.42 0.68 0.28 0.42 0.62 

AtpLH 
SUMn 

0.2 0.52 1.14 0.22 0.52 1.04 
ns/pF 

AtpHL 
Any 

0.2 0.6 1.36 0.24 0.6 1.24 

t Typical values are at VCC = 5 V, TA = 25°C. 
NOTE 1: These switching characteristics are simulations of the software macro using interconnect 

capacitance values for an array design having 4000 gates. Post-layout simulation uses actual 
interconnect capacitance values. 
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S283LJ TSC500 
4-BIT BINARY FULL ADDER SERIES 
WITH FAST CARRY 
03030, APRIL 1988 

HDL FILEt 
BLOCK S283W; STRUCTURE 

A4 @INPUT; EX1 : EX220LJ AN100,INV120,SUM4; 

A3 @INPUT; EX2 :EX220LJ AN150,INV130,SUM3; 

A2 @INPUT; EX3 : EX220LJ AN190,N050,SUM2; 

A1 @INPUT; EX4 :EX220LJ AN21 0,INV1 00,SUM1; 

B4 @INPUT; INV1 :IV110W CO,INV10; 

B3 @INPUT; INV10 :IV110W INV1 0,INV1 00; 

B2 @INPUT; INV11 :IV120W NA90,C4; 

81 @INPUT; INV12 :IV110W NA140,INV120; 

CO @INPUT; INV13 :IV110W NA180,INV130; 

SUM4 @OUTPUT; INV2 :IV110W N010,INV20; 

SUM3 @OUTPUT; INV3 :IV110LJ N020,INV30; 

SUM2 @OUTPUT; INV4 :IV110LJ N030,INV40; 

SUM1 @OUTPUT; INV5 :IV110W N040,INV50; 

C4 @OUTPUT; INV6 :IV120W N010,INV60; 

INV7 :IV110W N020,INV70; 

INV8 :IV110LJ N030,INV80; 

NA1 :NA220LJ B4,A4,NA10; 

AN10 :AN220W NA1 0,INV20,AN1 00; 

NA11 :NA220LJ N030,NA20,NA110; 

NA12 :NA320W N040,NA20,NA30,NA 120; 

NA13 :NA420W NA20,NA30,NA40,INV1 O,NA 130; 

NA14 :NA420W INV70,NA 11 O,NA 120,NA"l30,NA 140; 

AN15 :AN220W NA20,INV30,AN150; 

NA16 :NA220W N040,NA30,NA160; 

NA17 :NA320W NA30,NA40,INV1 O,NA 170; 

NA18 :NA320W INV80,NA 160,NA 170,NA 180; 

t The HDL netlist format requires the "STRUCTURE" program lines to follow the "BLOCK" I{O program lines. 

PROOUCTION OATA docume.11 .0.lli. i.formalio. ." 
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SERIES 

AN19 

NA2 

AN20 

AN21 

NA3 

NA4 

NAS 

NA6 

NA7 

NA8 

NA9 

N01 

N02 

N03 

N04 

NOS 

S283LJ 
4-BIT BINARY FULL ADDER 

WITH FAST CARRY 
03030, APRIL 1988 

HDL FILEt (Continued) 

:AN220LJ NA30,INV40,AN190; 

:NA220LJ B3,A3,NA20; 

:AN220LJ NA40,INV10,AN200; 

:AN220LJ NA40,INVSO,AN210; 

:NA220LJ B2,A2,NA30; 

:NA220LJ B1,A1,NA40; 

:NA220LJ N020,NA10,NASO; 

:NA320LJ N030,NA 1 0,NA20,NA60; 

:NA420LJ N040,NA 1 0,NA20,NA30,NA7O; 

:NAS20LJ NA 1 0,NA20,NA30,NA40,INV1 0,NA80; 

:NAS20LJ INV60,NASO,NA60,NA7O,NA80,NA90; 

:N0220LJ B4,A4,N010; 

:N0220LJ B3,A3,N020; 

:N0220LJ B2,A2,N030; 

:N0220LJ B1,A1,N040; 

:N0220LJ N040,AN200,NOSO; 

END S283LJ; 

t The HDL netlist format requires the "STRUCTURE" program lines to follow the "BLOCK" I/O program lines. 

PRODUCTION DATA do •• monll .onllin informalion 
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SERIES 

S686LJ 
8-BIT MAGNITUDE COMPARATOR 

SOFTWARE MACRO 

• Performs Magnitude Comparison 
of Binary, BCD, and Monotonic 
Codes 

logic symbolt 

• Weighted Cascading Inputs 
Accomodate Both Serial and 
Parallel Expansion 

description 

G1Z 

G2Z 

PO 

P1 

P2 

P3 

P4 

P5 

P6 

P7 

00 

01 

02 

03 

04 

05 

06 

07 

0 

7 

0 

7 

03030, APRIL 1988 

COMP 

P 

1P-0 PEOOZ 

PGTOZ 

0 

The S686LJ software macro imple
ments an 8-bit expandable magnitude 
comparator. The 8-bit configuration 
simplifies construction of wider 
comparators. These 8-bit magnitude 
comparators perform comparison of 
straight binary and straight BCD 
(8-4-2-1) codes. Two fully decoded 
decisions, P> Q or P = Q, about two 
eight-bit words (P,Q) are made and are 
externally available at two outputs that 
can be decoded with a NAND gate to 
provide the P < Q decision. These 
devices are fully expandable to any 
number of bits. Words of greater length 
may be compared by. connecting 
comparators in cascade. The PEQQZ 
and PGTQZ outputs of a stage handling 
less-significant bits are connected to 
the corresponding G1 Z and G2Z inputs 
of the next stage handling more
significant bits. 

t This symbol is in" accordance with ANSI/IEEE 
Std 91-1984 and lEG Publication 617-12. 

PRODUCTION DATA documa.ls conllin informalio. ." 
curr,nt u of publicltian dltl. Products cDnform to . T.EXAS 
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TSC500 
SERIES 

S686LJ 
8-BIT MAGNITUDE COMPARATOR 

D3030, APRIL 1988 

The S686LJ is implemented with the standard cell functions indicated: 

EQUIVALENT TOTAL TOTAL TOTAL 

CELL NAME NUMBER OF NO. EQUIVALENT Cpd 
NA210LJs USED NA210LJs (pF) 

AN210LJ 1.5 4 6 1.32 

AN310LJ 1.75 7 12.25 2.66 

AN410LJ 2 6 12 2.52 

EX210LJ 1.75 8 14 2.88 

IV110LJ 0.75 13 9.75 2.08 

IV120LJ 1 5 5 1.55 

NA210LJ 1 4 4 0.76 

NA310LJ 1.25 3 3.75 0.57 

NA410LJ 1.5 3 4.5 0.57 

NA420LJ 2.5 1 2.5 0.39 

N0220LJ 1.5 1 1.5 0.23 

TOTALS 55 75.25 15.53 

When the magnitude comparator is called from the engineering workstation input, the 
following label format is developed and will be captured in the design netlist: 

Label: S686LJ PO,P1 ,P2,P3,P4,PS,P6,P7,QO,Q1 ,Q2,Q3,Q4,QS,Q6,Q7,G1 Z,G2Z,PEQQZ, 
PGTQZ; 

FUNCTION TABLE 

INPUts OUTPUTS:l: 

DATA ENABLESt 
PEOQZ PGTQZ 

Pn,Qn G1Z G2Z 

P=Q L X L H 

P>Q X L H L 

P<Q X X H H 

P=Q H X H H 

P>Q X H H H 

X H H H H 

t G1 Z enables PEQQZ, and G2Z enables PGTQZ. 
:I: The P < Q function can be generated by applying the 

PEQQZ and PGTQZ outputs to a 2-input NAND gate. 

PRODUCTION DATA dOC~"'.11 c .. lili. i.fo, .. ilio. 
•• 'IIntll of p."iCllio. dill. Pred •• li co.fo,m 10 
IplCitiCllio", PI' I" !lfml of·TI.11 1.11' ... 1.11 
1llldI,d WIIIIII,. P,od.clio. p' .... I.' don .01 
... nu,ll, I.cludl IIllil, of III plllmlll,.. 
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S686LJ 
8-BIT MAGNITUDE COMPARATOR 

03030, APRIL 1988 

logic diagram 
P7 EX2101..x IV12OL.)( - A ,-,,-,-,; v A ~ .... 
~ Xl 

INYl 

!t 
A EX210Lx 

A
IV12OL

:..V v 

~ 
EX2 INV2 

A~E~II V 1V12OLlC 
A .... V 

'" X, 
INV3 

A E~I( y IVl2OL)( 

iJ!..., • V 
EX4 

INV4 
P4 A~E~)( Y IVllOLx 

• .... v 
04 )(5 

A EX2101.x IvnolN)(W 
P' v • .~ ........ XB oI."V6 
03 

~' Y A .r-...Y 
P2 

y;'f INV7 

~' Q2 y A ~,..:t 

P' 
X8 INVa 

0' 

~ ....... 
l!!!.. ~ ........ 

IN\19 

iV110Lx 

A ."" 

G'Z VlNYlO 

2!!.. ~ INVll 

A 1V1'~)(r-.Y 

ViNV1' 

.~ 
INYl' 

A~ 
INV14 

A~ 
INv'6 

A1V',OL:N 

V INYl8 

.~ 
1NV1? 

IVllOllC 
A • ..::1 

VlNV18 

P-B V 
cANt 

A AN310Lx A NA420Lx 

B V • v 
C AN' e 

NA' 
D 

~ A V 

B AN3 

~ 
B V 
e AN4 

~ 
A AN410lx A NA3tOLx 

S Y B Y 
C AN6 C NAl 

~x 

• v S~ 

~AN410llC 

t-~y 
AN8 

D 
3101..x A NA310Lx 

B V B 
C AN. e NA3 

• AN210Lx 
V 

B ANtO A NA410Lx 
B 

L- ~AN41OL)( C NAlO 

~ t"t-1 AN12 y 
0 

A 
NA210Lx 

A AN410L,IC 8 NA4 
B V 

~ 
A AN410Lx 

P-~ ANt6 NA2101..x 

A AN310lx B NAS 
8 V 
C ANte 

A AN310lx 

~ ~:J< C ANti 0 NAn 

A AN3101..x 

8 y NA210Lx 
AN21 

A ~lCy B NA7 

B AN22 

A N.A.410lx 

• e NAB 

~Ol)( 

~ 

A 

B 

TSC500 
SERIES 

::22.QZ 
~ 

N0220Lx 

~ 
NO ~ 

currant I •• f publication date. Products conform to ~ 
PRODUCTION DATA d •• uments .ontain information • Copyright (tl1968, Texas Instruments Incorporated 

spa.ifi •• tio.s per the tarms of T ax.s Instrum8nts T EMS 
~~:=~~i~·r~:1~1i ~:~:~ti:r :1;·:=:~:t:~~S not INSTRUM ENTS 

14-30 POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 



TSC500 
SERIES 

S686LJ 
8-BIT MAGNITUDE COMPARATOR 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, VCC = 5 V, T A = 25Q C 

PARAMETER TEST CONDITIONS TYP 

VT Input threshold voltage 2.2 

G1Z 0.05 

Ci Input capacitance G2Z 0.11 

Any P or 0 0.13 

Cpd Equivalent power dissipation capacitance tr =tf=1ns 15 

03030, APRIL 1988 

MAX UNIT 

V 

pF 

pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 (see Note 1) 

FROM TO -55°C to 125°C O°C to 70°C 
PARAMETER 

TYpt TYpt 
UNIT 

(INPUT) (OUTPUT) MIN MAX MIN MAX 

tpLH 
Pn, On 

2.6 6 2.6 5.6 
Any ns 

tpHL 2.9 8.2 2.9 7.6 

tpLH 2 5.9 2 5.5 
G1Z,G2Z Any 

2.1 
ns 

tpHL 2.1 6.3 5.9 

AtpLH 
Any 

0.22 0.98 2.22 0.24 0.98 2.04 
ns/pF 

AtpHL 
Any 

0.26 0.78 1.82 0.28 0.78 1.62 

t Typical values are at VCC = 5 V, TA = 25°C. 
NOTE 1: These switching characteristics are simulations of the software macro using interconnect 

capacitance values for an array design having 4000 gates. Post-layout simulation uses actual 
interconnect capacitance values. 

PROOUeTlO. DATA docum .. ts contlin inlor ... li •• 
current n af publicltiaR dl1l. Pralll.eta clafarm to 
splcificltionl per the tll'ml at Tlxo I •• tnllllints 
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S686LJ TSC50Q 
a-Bll MAGNITUDE COMPARATOR SERIES 

03030, APRIL 1988 

HOL FILEt 

BLOCK S686LJ; STRUCTURE 

PO @INPUT; AN1 :AN310LJ INV1 O,INV20,INV30,AN1 0; 

P1 @INPUT; AN10 :AN210LJ P1,INV11 O,AN 1 00; 

P2 @INPUT; AN12 :AN410LJ INV50,INV40,INV30,INV20,AN120; 

P3 @INPUT; AN13 :AN410LJ INV1 O,INV130,P2,INV11 O,AN130; 

P4 @INPUT; AN15 :AN410LJ INV40,INV30,INV20,INV10,ANl50; 

P5 @INPUT; AN16 :AN310LJ INV140,P3,INV110,AN160; 

P6 @INPUT; AN18 :AN310LJ INV30,INV20,INV10,AN180; 

P7 @INPUT; AN19 :AN310LJ INV150,P4,I!'lV110,AN190; 

QO @INPUT; AN2 :AN310LJ INV40,INV50,INV60,AN20; 

Q1 @INPUT; AN21 :AN310LJ INV20,INV1 O,INV160,AN21 0; 

Q2 @INPUT; AN22 :AN210LJ P5,INV11O,AN220; 

Q3 @INPUT; AN3 :AN210LJ INV70,INV80,AN30; 

Q4 @INPUT; AN4 :AN410LJ INV70,INV60,INVSO,INV40,AN40; 

Q5 @INPUT; AN5 :AN410LJ INV30,INV20,INV1 O,INV1 00,AN50; 

Q6 @INPUT; AN6 :AN210LJ PO,INV110,AN60; 

Q7 @!NPUT; AN8 :AN410LJ INV60,INV50,INV40,INV30,AN80; 

G1Z @INPUT; AN9 :AN310LJ INV20,INV10,INV120,AN90; 

G2Z @INPUT; EX1 :EX210LJ P7,07,EXlO; 

PEQQZ @OUTPUT; EX2 :EX210LJ P6,Q6,EX20; 

PGTQZ @OUTPUT; EX3 :EX210LJ P5,Q5,EX30; 

EX4 :EX210LJ P4,Q4,EX40; 

EX5 :EX21QLJ P3,Q3,EX50; 

EX6 :EX210LJ P2,Q2,EX60; 

EX7 :EX210LJ P1,Q1,EX70; 

EX8 :EX210LJ PO,QO,EX80; 

INV1 :IV120LJ EX10,INV10; 

INV10 :IV110LJ QO,INV100; 

INV11 :IV120LJ G2Z,INV110; 

IV12 :IV110LJ Q1,INV120; 

INV13 :IV110LJ Q2,INV130; 

INV14 :IV110LJ Q3,INV140; 

INV15 :IV110LJ Q4,INV150; 

INV16 :IV110LJ Q5,INV160; 

INV17 :IV110LJ Q6,INV170; 

t The HDL netlist format requires the "STRUCTURE" program lines to follow the "BLOCK" I/O program lines. 
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S686LJ 
8-BIT MAGNITUDE COMPARATOR 

D3030, APRIL 1988 

HDL FILEt (Continued) 

:IV110LJ 07,INV180; 

:IV120LJ EX20,INV20; 

:IV120LJ EX30,INV30; 

:IV120LJ EX40,INV40; 

:IV110LJ EX50,INV50; 

:IV110LJ EX60,INV60; 

:IV110LJ EX70,INV70; 

:IV110LJ EX80,INV80; 

:IV110LJ G1Z,INV90; 

:NA420LJ AN10,AN20,AN30,INV90,PEOOZ; 

:NA410LJ NA20,NA30,NA40,NA50,NA 10O; 

:NA410LJ NA60,NA70,NA80,NA90,NA110; 

:NA310LJ AN40,AN50,AN60,NA20; 

:NA310LJ AN80,AN90,AN100,NA30; 

:NA210LJ AN120,AN130,NA40; 

:NA210LJ AN150,AN160,NA50; 

:NA210LJ AN180,AN190,NA60; 

:NA210LJ AN210,AN220,NA70; 

:NA410LJ INV1 0,INV170,P6,INV11 0,NA80; 

:NA310LJ INV180,P7,INV110,NA90; 

:N0220LJ NA 1 OO,NA 11 O,PGTOZ; 

END S686LJ; 

t The HDL netlist format requires the "STRUCTURE" program lines to follow the "BLOCK" I/O program lines. 
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TSC500 
SERIES 

S688LJ 
8-BIT IDENTITY COMPARATOR 

D3030, APRIL 1988 

SOFTWARE MACRO 

• Performs Identity Comparison of 
Binary, BCD, and Monotonic 
Codes 

• Cascading Input Accomodates 
Expansion 

description 

logic symbolt 

G1Z-

P1-~-

P2 

P3 

P5 

P6 

P7~-~ 

00-

01 

02 

03 

04 

05-
06-

07 

COMP 
EN 

} 
PEGal 

J 
The S688LJ software macro imple
ments an 8-bit expandable identity 
comparator. The 8-bit configuration 
simplifies construction of wider com
parators. These 8-bit identity 
comparators perform bit-by-bit compar
ison of binary, straight BCD (8-4-2-1), 
or random codes. The fully decoded 
equality decision (P = Q?) on 8-bit 
words (P,Q) is made. These devices 
are expandable to any number of bits. 
Words of greater length may be 
compared by connecting comparators 
in cascade. The PEQQZ output of a 
stage handling less significant bits is 
connected to the corresponding G1Z 
input of the next stage handling more
significant bits. 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984 and lEG Publication 617-12. 

FUNCTION TABLE 

INPUTS 

The S688LJ is implemented with the 
standard cell functions indicated: 

EOUIVALENT 

CELL NAME NUMBER OF 

NA210LJs 

AN210LJ 1.5 

AN310LJ 1.75 

EX210LJ 1.75 

IV110LJ 0.75 

NA420LJ 2.5 

TOTALS 

TOTAL 

NO. 

USED 

1 

2 

8 

9 

1 

21 

DATA ENABLE OUTPUT 

Pn, an G1Z PEOOZ 

P=Q L L 

P>Q X H 

P<Q X H 

X H H 

TOTAL TOTAL 

EOUIVALENT Cpd 
NA210Ws (pF) 

1.5 0.33 

3.5 0.76 

14 2.88 

6.75 1.44 

2.5 0.39 

28.25 5.8 

When the identity comparator is called from the engineering workstation input, the following 
label format is developed and will be captured in the design netlist: 

Label: S688LJ PO,P1 ,P2,P3,P4,PS,P6,P7,QO,Q1 ,Q2,Q3,Q4,QS,Q6, Q7,G1 Z,PEQQZ; 

Copyright © 1988, Texas Instruments Incorporated PRODUCTION DATA documents contain information "I} 
current 8S of publication date. Products conform to l 
.pacilications per tha terms 01 rex •• InSlrumanu TEXA.S 
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TSC500 
SERIES 

S688LJ 
8-BIT IDENTITY COMPARATOR 

logic diagram 

07 

D--~~========~~ QI 

PO .. 
P4 

04 

P3 

Q3 

P2 

Q2 

PI 

01 

PO 

QO 

GIZ 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, T A = 25°e 

PARAMETER TEST CONDITIONS TYP 

Vr Input threshold voltage 2.2 

Ci Input capacitance 
IG1Z 0.05 

IAnyPorQ 0.08 

Cpd Equivalent power dissipation capacitance tr = tl = 1 ns 5.8 

D3030, APRIL 1988 

PEOQZ 
P"------C> 

MAX UNIT 

V 

pF 

pF 

PRODUCTION DATA docUllonts .ontoi. informotio. 
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S688LJ 
8-BIT IDENTITY COMPARATOR 

D3030, APRIL 1988 

TSC500 
SERIES 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 (see Note 1) 

FROM TO -55·e to 125·e o·e to 7o·e 
PARAMETER 

TYpt TYpt UNIT 
(INPUT) (OUTPUT) MIN MAX MIN MAX 

tpLH 
Pn, Qn PEQQZ 

2.4 4.3 2.4 3.9 
ns 

tpHL 2.S S.1 2.S 4.8 

tpLH 
G1Z PEQQZ 

0.9 1.S 0.9 1.4 
ns 

tpHL 0.9 1.8 0.9 1.6 

~tpLH 
Any PEQQZ 

0.22 0.68 1.46 0.24 0.68 1.34 
ns/pF 

~tpHL 0.26 0.78 1.82 0.28 0.78 1.62 

t Typical values are at Vce = S V, TA = 2S·e. 
NOTE 1: These switching characteristics are simulations of the software macro using interconnect 

capacitance values for an array design having 4000 gates. Post-layout simulation uses actual 
interconnect capacitance values. 

HDL FILE* 
BLOCK S688LJ; STRUCTURE 

PO @INPUT; AN1 :AN310LJ INV1 O,INV20,INV30,AN1 0; 

P1 @INPUT; AN2 :AN310LJ INV40,INVSO,INV60,AN20; 

P2 @INPUT; AN3 :AN210LJ INV70,INV80,AN30; 

P3 @INPUT; EX1 :EX210LJ P7,Q7,EXlO; 

P4 @INPUT; EX2 :EX210LJ P6,Q6,EX20; 

PS @INPUT EX3 :EX210LJ PS,QS,EX30; 

P6 @INPUT; EX4 :EX210LJ P4,Q4,EX40; 

P7 @INPUT; EXS :EX210LJ P3,Q3,EXSO; 

QO @INPUT; EX6 :EX210LJ P2,Q2,EX60; 

Q1 @INPUT; EX7 :EX210LJ P1,Q1,EX70; 

Q2 @INPUT; EX8 :EX210LJ PO,QO,EX80; 

Q3 @INPUT; INV1 :IV110LJ EX1 O,INV1 0; 

Q4 @INPUT; INV2 :IV110LJ EX20,INV20; 

QS @INPUT; INV3 :IV110LJ EX30,INV30; 

Q6 @INPUT; INV4 :IV110LJ EX40,INV40; 

Q7 @INPUT; INVS :IV110LJ EXSO,INVSO; 

G1Z @INPUT; INV6 :IV110LJ EX60,INV60; 

PEQQZ @OUTPUT; INV7 :IV110LJ EX70,INV70; 

INV8 :IV110LJ EX80,INV80; 

INV9 :IV110LJ G1Z,INV90; 

NA1 :NA420LJ AN10,AN20,AN30,INV90,PEQQZ; 

END S688LJ; 

:j: The HDL netlist format requires the "STRUCTURE" program lines to follow the "BLOCK" I/O program lines. 
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TSC500 
SERIES 

COUNTERS 
FUNCTIONAL INDEX 

D3030, APRIL 1988 

COUNTERS - POSITIVE-EDGE-TRIGGERED 

DESCRIPTION fclock CELL OUTPUT COMMENTS EQUIVALENT PAGE 
(MHz) NAME DRIVE NA210s 

4-Bit Ripple Binary 185 R2408LJ 1X Async clear (L) 23.5 15-3 

COUNTERS (SOFTWARE) - POSITIVE-EDGE-TRIGGERED 

DESCRIPTION CELL LOAD OUTPUT COMMENTS EQUIVALENT PAGE 
NAME DRIVE NA210s 

4-Bit Binary S161ALJ Sync 1X Async clear (l) 63 15-5 

4-Bit Binary S163ALJ Sync 1X Sync clear (l) 65.25 15-11 

4-Bit Ripple Binary S177LJ 1X Async clear (l) 47.5 15-17 

4-Bit Up/Down S191LJ Async 
Binary 

1X No clear (use load) 80.5 15-22 

. 4-Bit Up/Down S193LJ Async 1X Async clear (H) 
dual clock 73 15-30 

Dual 4-Bit Ripple 
Binary 

S393LJ 1X Async clear (H) 50 15-36 

8-Bit Binary S590LJ None 1X Async clear (l) 130 15-40 
3-state outputs 

8-Bit Binary S593XLJ Sync 1X Async clear (l) 
3-state outputs 

179 15-46 

4-Bit Up/Down S669LJ Sync 
Binary 

1X No clear (use load) 69 15-53 

PRODUCTION DATA d •• am.ot.c •• tlio iolormati.. ." 
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TSC500 
SERIES 

INPUTS 

CLRZ A 

L X 
H t 
H t 
H t 
H t 
H t 
H t 
H t 
H t 
H t 
H t 
H t 
H t 
H t 
H t 
H t 
H t 

description 

R2408LJ 
4-81T RIPPLE COUNTER 

03030. APRIL 1988 

INTERNAL CELL 

FUNCTION TABLE 

OUTPUTS 

QD QC QB 

L L L 
L L L 
L L H 

L L H 

L H L 
L H L 
L H H 

L H H 

H L L 
H L L 
H L H 

H L H 

H H L 
H H L 
H H H 

H H H 

L L L 

QA 

L 
H 

H 

L 
L 
H 

L 
H 

L 
H 

L 
H 

L 
H 

L 
H 

L 

logic symbolt 

CTRDIV16 

crt 
QA 

CLRZ CT-O 
Qo 

QC 
A + 

aD 

t This symbol is in accordance with ANSI/IEEE 
SId 91-1984 and lEG Publication 617-12. 

The R2408LJ cell implements a 4-bit binary counter. The 4-bit length means that larger 
blocks of custom logic can be handled efficiently to construct large counters. The clock 
input, A, triggers on the positive-going edge, and the clear input is active low. 

The counter contains an embedded clock driver that buffers the clock input to a single 2-line 
input. This further simplifies implementation of longer counters, as standard library buffers 
can be used to drive multiple clock inputs that are used in the longer counters. When the 
counter is called from the engineering workstation input, the following label format is 
developed and will be captured in the design netlist: 

Label: R2408LJ CLRZ,A,OA,OB,OC,OO; 

Copyright Cl 1988, Texas Instruments Incorporated PRODUCTION DATA d •• umonts contoi. i.formoti.. -'!1 
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R2408LJ 
4-BIT RIPPLE COUNTER 

D3030, APRIL 1988 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

TSC500 
SERIES 

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

MIN MAX UNIT 

fclock Clock frequency 0 185 MHz 

Pulse duration 
CLRZ low 3 

tw 
A high or low 2.7 

ns 

tsu Setup time before clock CLRZ inactive 0 ns 

electrical characteristics, Vee = 5 V, T A = 25°e 

PARAMETER TEST CONDITIONS TYP MAX UNIT 

VT Input threshold voltage 2.2 V 

Ci 
Input ICLRZ 0.47 

capacitance IA 0.11 
pF 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 2.62 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 

PARAM- FROM TO 

ETER (INPUT) (OUTPUT) 

tpLH 
OA A 

tpHL 

tpLH 

tpHL 
A OS 

tpLH 

tpHL 
A OC 

tpLH 

tpHL 
A OD 

tpHL CLRZ On 

IltPLH 

IltpHL 
A On 

IltpHL CLRZ On 

t Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTION DATA doc.m .. tlco.t.i. informltio. 
currant I. If pu.Ucltian dltl. Products canform ta 
'plCificltiDnl per thl terms af Ta.l. Instruments 

- 55°C to 125°C 

MIN TYpt MAX 

0.5 1.43 3.24 

0.5 1.42 3.23 

0.87 2.62 6.21 

0.73 2.32 5.5 

1.09 3.56 8.48 

0.96 3.25 7.77 

1.25 4.34 10.42 

1.12 4.05 9.75 

0.29 0.91 2 

0.2 0.62 1.34 

0.16 0.46 0.98 

0.18 0.46 0.98 

::=:~~i;lt::1~7i ~~::i:; :.~a::;::~~~ not 
TEXAS ." 

INSTRUMENTS 

O°C to 70°C 

MIN TYpt MAX 
UNIT 

0.52 1.43 2.95 

0.52 1.42 2.97 
ns 

0.92 2.62 5.66 

0.77 2.32 5.04 
ns 

1.18 3.56 7.73 

1.04 3.25 7.08 
ns 

1.34 4.34 9.49 

1.21 4.05 8.89 
ns 

0.32 0.91 1.84 ns 

0.2 0.62 1.24 
ns/pF 

0.16 0.46 0.88 

0.18 0.46 0.88 ns/pF 

Copyright @ 1988, Texas Instruments Incorporated 
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TSC500 
SERIES 

S161ALJ 
SYNCHRONOUS 4-BIT BINARY COUNTER 

WITH DIRECT CLEAR 
APRIL 1988 

SOFTWARE MACRO 

description 
The S161ALJ software macro 
implements a synchronous 4-bit binary 
counter. Synchronous operation is 
provided by having all flip-flops clocked 
simultaneously so that the outputs 
change coincidentally with each other 
when so instructed by the count-enable 

RCO 

~~=:::r-aA 

B B==aB [41 ac 
[8J aD 

c 
o 

t This symbol IS In accordance with ANSI/IEEE 
Std 91-1984 and IEC Publication 617-12. 

inputs and other gating. This mode of operation eliminates output counting spikes 
associated with asynchronous (ripple) counters. The clear and load inputs are buffered to 
enhance performance. Clocking of the register occurs on the rising (positive-going) edge of 
the clock waveform. The S161ALJ is implemented with the standard cell functions 
indicated: 

EQUIVALENT TOTAL TOTAL TOTAL 

CELL NAME NUMBER OF NO. EQUIVALENT Cpd 
NA210LJs USED NA210LJs (pF) 

AN320W 2 1 2 0.55 

IVll0W 0.75 4 3 0.64 

IV120W 1 4 4 1.24 

IV140W 1.5 2 3 1.26 

NA210LJ 1 6 6 1.14 

NA310W 1.25 10 12.5 1.9 

NA410W 1.5 2 3 0.38 

NA510W 3 2 6 1.76 

R2406W 23.5 1 23.5 5.16 

TOTALS 32 63 14.03 

PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
spacificatians per the terms of Texas Instruments TEXAS ." 
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S161ALJ TSC500 
SERIES SYNCHRONOUS 4-BIT BINARY COUNTER 

WITH DIRECT CLEAR 
D3030, APRIL 1988 

15-6 

When the counter is called from the engineering workstation input, the following label 
format is developed and will be captured in the design netlist: 

Label: S161ALJ D,C,B,A,CLK,CLRZ,ENP,ENT,LOADZ,QD,QC,QB,QA,RCO; 

These counters are fully programmable; that is, they may be preset to any number between 
o and 15. Since presetting is synchronous, setting up a low level at the load input disables 
the counter and causes the outputs to agree with the setup data after the next clock pulse, 
regardless of the levels of the enable inputs. 

Clearing is asynChronous. A low level at the clear input sets all outputs low regardless of the 
levels of the clock, load, or enable. 

The carry look-ahead Circuitry provides for cascading counters in n-bit synchronous 
applications without additional gating. Instrumental in achieving this are two count-enable 
inputs and a ripple-carry output. Both count-enable inputs (ENP and ENT) must be high to 
count. ENP enables the local 4-bits and the ENT is fed forward to globally extend the 
enable/disable of previous/next 4-bit cascaded counters. The ripple-carry out (RCO), when 
locally anp globally enabled, will output a high-level pulse at maximum count that is used to 
enable successive stages. 

These counters feature a fully independent clock. Changes at control inputs other than the 
clear will have no effect on the counter until clocking occurs. The functions of the counter 
are dictated solely by conditions meeting setup, hold, and duration recommendations. 

PRODUCTION DATA do.umont •• ontain information 
current IS of publication date. Products conform tD 
spacifications par the terms of Texi. Instruments 
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TSC500 
SERIES 

S161ALJ 
SYNCHRONOUS 4-BIT BINARY COUNTER 

WITH DIRECT CLEAR 

S161ALJ output sequence 
Illustrated below is the following sequence: 

DATA 
INPUTS 

OUTPUTS 

1. Asynchronously clear outputs to zero 
2. Preset to binary twelve 
3. Count to thirteen, fourteen, fifteen, zero, one, and two 
4. Inhibit. 

CiJi~ , 
1 

lOAD I U I 
1 I--

A I 1_-

B 
I--

I 

C .J I 
1_-

D--.J 
I 
1_-

ClK 

I 

ENP : I 
ENT 

QA 
-, 
--l 

-, 
QB --l 

QC 
-, 
-~ ..-l , 

I 

QD 
-, 
-~ I -, 

I 

RCO 
I 
I :12 13 , 

I I I· 
PRESET 

ASYNC 
CLEAR 

14 

~ __ -,I: 

n 
15 0 

COUNT 

I 
I 

2' , 
+ 

D3030. P..PRIL 1988 

INHIBIT 

PRDDUCTIDI DATA ~ ••• m.nia co ... in informltion 
curreit u af pI.die.tiDn "t •. Products c •• farm ta 
opiclflcatit .. per the Ienn. of T •••• Inll'."'''' TEXAS ." 
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S161ALJ 
SYNCHRONOUS 4-BIT BINARY COUNTER 
WITH DIRECT CLEAR 
03030, APRIL 1988 

logic diagram 

1V110l.x IV140LJC 

CLAZ ~ 
A ..... V A ..... V - INVl INV2 

Ct.K .......... 
~ 

~ 
.......... IV120Lx M10l.x INV1 V 

LOADZ tt;,-.... V 
A • .... V NA' 

D INVO I I/"'NII5 
1 x A NA310Lx 

A A V B y 
B NAB C NA4 

ENP .......... 32(Il, 

A~X ~ 

~AN' 
V 

.......... V 
ENT r- NAZ 

43.' ~V 

~ 
A Jo.,V a NAi NA3 

INVO .......... 
A 1 x A NA310Lx 

D 
I---::- v B y 

B NAg C NA7 

A NA310Lx 
a v 

..E... NAB 

~ 

V Lts.' 
• v 

• V A ",V C HA11 C NA10 

INV. A NA21OL.x A NA310Lx 

D 
v a v 

B NA13 C NA14 

A NAmx 

a ~ y 
g NA12 

fIE; 

~ ~ 
• y a y 

A Y 
g HA16 C NA17 

A HA2l)C A NA310lx 

r> 
INVlO yay 

8 NA16 C NA19 

A NA610Uc 

• 
C 
o NA20 

rLI 

~ 
A NA610Lx 

A y • IV1201..x 

INV11 C A Y 
0 NA2l 

INVl2 
E 

TSC500 
SERIES 

~ 
~ !-..!iQ!!., ---I~~~C-:> QA 

~ p..o"'Q21Z"'-+-I--' 

---Ia. ~ 
~==:jD2~ Q3Z r 03 Q4 

~ ~ 

-Dna 
~QC 

-......... 00 

FF'4 '---

-D RCa 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data . 

. timlng requirements 
Specific timing data regarding pulse duration, setup time, and hold time models are 
incorporated in most engineering workstation libraries. These models are for the clocked 
cells embedded in the software macros. Evaluations of timing requirements made during 
pre-layout simulation produce workstation output used to identify and resolve each specific 
timing need. 
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TSC500 
SERIES 

S161ALJ 
SYNCHRONOUS 4-BIT BINARY COUNTER 

WITH DIRECT CLEAR 
[)3030, APRil 1988 

electrical characteristics, Vec = 5 V, T A = 25°C 
PARAMETER TEST CONDITIONS TYP MAX UNIT 

VT Input threshold voltage 2.2 V 

A,B,C,D 0.06 

ClK 0.11 

Ci Input capacitance 
CLRZ 0.05 

pF 
ENP 0.05 

ENT 0.05 

LOADZ 0.16 

Cpd Equivalent power dissipation capacitance tr =tf = 1 ns 14.1 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 

PARAM· FROM TO - 55°C to 125°C O°C to 70°C 

TYpt TYpt 
UNIT 

ETER (INPUT) (OUTPUT) MIN MAX MIN MAX 

tpLH 3.7 8 3.7 7.4 
CLK RCO ns 

tpHL 3.7 7.9 3.7 7 

tpLH 
CLK AnyQ 

1.5 3.2 1.5 3 
ns 

tpHL 1.6 3.7 1.6 3.4 

tpLH 
ENT RCO 

1.4 2.7 1.4 2.6 
ns 

tpHL 1.1 2.3 1.1 2.1 

tpHL CLRZ AnyQ 1.6 3.2 1.6 3 

CLRZ 
ns 

tpLH RCO 3 5.8 3 5.2 

~tpLH 
Any AnyQ 

0.42 1.12 2.32 0.44 1.12 2.12 
ns/pF 

~tpHL 0.34 0.76 1.54 0.36 0.76 1.4 

~tpLH 
RCO 

0.24 0.52 1.1 0.26 0.52 1 
ns/pF 

~tpHL 
Any 

0.28 0.42 0.68 0.28 0.42 0.62 

t Typical values are at VCC = 5 V, TA = 25°C. 
NOTE 1; These switching characteristics are simulations of the software macro cell using interconnect 

capacitance values for an array design having 4000 gates. Post-layout simulation uses actual 
interconnect capacitance values. 
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WITH DIRECT CLEAR 

TSC500 
SERIES 

03030, APRIL 1985 

BLOCK S161ALJ; 

0 @INPUT; 

C @INPUT; 

B @INPUT; 

A @INPUT; 

CLK @INPUT; 

CLRZ @INPUT; 

ENP @INPUT; 

ENT @INPUT; 

LOADZ @INPUT; 

QD @OUTPUT; 

QC @OUTPUT; 

QB @OUTPUT; 

QA @OUTPUT; 

RCO @OUTPUT; 

HDL FILEt 

STRUCTURE 

ANi :AN320LJ LOADZ,ENP,ENT,AN10; 

FF14 :R2406LJ INV20,NA40,NA70,NA140, 

INVl :IVll0LJ 

INV10 :IV120LJ 

INV11 :IVll0LJ 

INV12 :IV120LJ 

INV2 :IV140LJ 

INV5 :IVll0LJ 

INV6 :IV120LJ 

INV7 :IVll0LJ 

INV8 :IV140LJ 

INV9 :IV120LJ 

NAl :NA310LJ 

NA10 :NA310LJ 

NAil :NA310LJ 

NA12 :NA410LJ 

NA13 :NA210LJ 

NA14 :NA310Li 

NA15 :NA210LJ 

NA16 :NA410LJ 

NA17 :NA310LJ 

NA19 :NA310LJ 

NA2 :NA210LJ 

NA20 :NA510LJ 

NA21 :NA510LJ 

NA3 :NA310LJ 

NA4 :NA310LJ 

NA5 :NA210LJ 

NA6 :NA310LJ 

NA7 :NA310LJ 

NA8 :NA210LJ 

NA9 :NA210LJ 

END S161ALJ; 

NA190,CLK,QA,FFA_QZ,QB, 

FFB_QZ,QC,FFC_QZ,QD, 

FFD_QZ; 

CLRZ,INV10; 

FFC_QZ,INVioO; 

FFD_QZ,INV110; 

NA210,RCO; 

INV10,INV20; 

INV60,INV50; 

LQADZ,INV60; 

ANlO,INV70; 

FFA_QZ,INV80; 

FFB_QZ,INV90; 

QA,INV70,INV50,NA 10; 

QC,NA 11 0,INV50,NA 100; 

ANi 0,INV80,INV90,NA 110; 

INV80,INV90,ANl O,FFC_ QZ,NA 120; 

INV60,C,NA130; 

NA100,NA130,NA120,NA140; 

INV60,b,NA 150; 

ANi 0,INV80,INV90,INVl 00,NA16D; 

QD,NA 160,INV50,NA 170; 

NA170,NA150,NA200,NA190; 

AN10,FFA_QZ,NA20; 

ANi 0,INV80,INV90,INV1 OO,FFD _ QZ,NA200; 

INV80,INV90,INVl OO,INV11 0,ENT,NA21 0; 

QB,NA50,INV50,NA30; 

NA10,NA80,NA20,NA40; 

ANi 0,INV80,NA50; 

INV80,AN10,FFB_QZ,NA60; 

NA30,NA90,NA60,NA70; 

INV60,A,NA80; 

INV60,B,NA90; 

t The HDL netlist format requires the '~STRUCTURE" program lines to follow the "BLOCK" I/O p~ograrri lines. 

15-10 
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TSC500 
SERIES 

S163ALJ 
SYNCHRONOUS 4-BIT BINARY COUNTER 

03030. APRIL 1988 

SOFTWARE MACRO 

• Internal Look-Ahead Enhances 
Performance of Cascaded 
Counters 

logic symbolt 

• Synchronous Clear Initializes 
Sequence Regardless of Mode 

• Parallel Synchronously Presettable 
for Full-Cycle Modulo-N 
Sequences 

CLRZ 

LOADZ 

CTRDIV16 

3CT=1S 1--- RCO 
ENT 
ENP 
CLK --~ CS/2,3.4 + 

• Gated Enables and RCO 
Implement Local and Global Carry 
Status 

description 
The S163ALJ software macro imple
ments a synchronous 4-bit binary 
counter. Synchronous operation is 
provided by having all flip-flops clocked 
simultaneously so that the outputs 

A 

B 

C 

o 

~~~I~1t)====~===== QA ~ 12) QS 

141 QC 

18) QD 

t This symbol IS In accordance with ANSI/IEEE 
Std 91-1984 and lEG Publication 617-12, 

change coincidentally with each other when so instructed by the count-enable inputs and' 
other gating. This mode of operation eliminates output counting spikes associated with 
asynchronous (ripple) counters. The clear and load inputs are buffered to enhance 
performance, and clocking of the register occurs on the rising (positive-going) edge of the 
clock waveform. 

Copyright @ 1988, Texas Instruments Incorporated PRODUCTION DATA do.umlnts .onllin inf.rmilion T1EXAS '111 
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15·12 

The S163ALJ is implemented with the standard cell functions indicated: 

EaUIVALENT TOTAL TOTAL TOTAL 

CELL NAME NUMBER OF NO. EaUIVALENT Cpd 
NA210LJs USED NA210LJs (pF) 

AN410W 2 1 2 0.42 

IVll0LJ 0.75 3 2.25 0.48 

IV120LJ 1 3 3 0.93 

IV140LJ 1.5 1 1.5 0.63 

NA210LJ 1 6 6 1.14 

NA310LJ 1.25 10 12.5 1.9 

NA410LJ 1.5 2 3 0.38 

NA510LJ 3 2 6 2.64 

N0220LJ 1.5 1 1.5 0.23 

N0240LJ 2.5 1 2.5 0.44 

R2406LJ 23.5 1 23.5 5.16 

T0010LJ 1.5 1 1.5 Nil 

TOTALS 32 65.25 14.35 

When the counter is called from the engineering workstation input, the following label 
format is developed and will be captured in the design netlist: 

Label: S163ALJ D,C,B,A,CLK,CLRZ,ENP,ENT,LOADZ,OD,OC,OB,OA,RCO; 

These counters are fully programmable; that is, they may be preset to any number between 
o and 15. Since presetting is synchronous, setting up a low level at the load input disables 
the counter and causes the outputs to agree with the setup data after th0 r:ext clock pulse, 
regardless of the levels of the enable inputs. 

Clearing is synchronous. A low level at the clear input will set all outputs low on the next 
positive transition of the clock. 

The carry look-ahead circuitry provides for cascading counters in n-bit synchronous 
applications without additional gating. Instrumental in achieving this are two count-enable 
inputs and a ripple-carry output. Both count-enable inputs (ENP and ENT) must be high to 
count. ENP enables the local 4-bits and the ENT is fed forward to globally extend the 
enable/disable of previous/next 4-bit cascaded counters. The ripple-carry out (RCO), when 
locally and globally enabled, will output a high-level pulse that is used to enable successive 
stages. 

These counters feature a fully independent clock. Changes at control inputs, including 
clear, will have no effect on the counter until clocking occurs. The functions of the counter 
are dictated solely by conditions meeting setup, hold, and duration recommendations. 
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TSC500 
SERIES 

S163ALJ 
SYNCHRONOUS 4-BIT BINARY COUNTER 

logic diagram 

TOO10lx ... \ICC 
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H\1~ 

~~. LOADZ A." V . A NO.2O(lL, V NO! B NAI Y 

A 1NV3 N02 I A NA2 x y A NA310Lx y 
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-I ~ N, ~ ~ VA V A Y 

ENT D :!'OLII INV4 I r-tNA3 
;=.. 

~ 

~ -

D 

D 

l{),' ~ ~N~Ob 
A ...... V B NAI .. ~ NA1 

INW"""-' l( A NA310Lx '~ 
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A ~ B bV 

lNVI 
C NAll 

~' ~ A ...... V B V 
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S163ALJ 
SYNCHRONOUS 4-BIT BINARY COUNTER 

D3030. APRIL 1988 

S163AW output sequence 
Illustrated below is the following sequence: 

DATA 

INPUTS 

OUTPUTS 

1. Synchronously clear outputs to zero 
2. Preset to binary twelve 
3. Count to thirteen, fourteen, fifteen, zero, one, and two 
4. Inhibit. 

CLRZ~ 

lOADZ 

A 

8 

u 
,-_______ --JI __ 

1--_______ --JI __ 

C.J 
,....------.,,- -

1_-

D.J 
,....-------,,- -

1_-

ClK 

ENP 

ENT 

QA 

Q8 

QC 

QD 

RCO 

I ...., 
_1 __ "-_ ..... 

...., 
I 

...., I 
_1----1 

I I 

TSC500 
SERIES 

:: !l 
:12 13 14 150 1.-----2+--------------

15-14 

I "14--- COUNT ----i+*----
SYNC PRESET 
CLEAR 

INHIBIT ---...... 
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TSC500 
SERIES 

S163ALJ 
SYNCHRONOUS 4-BIT BINARY COUNTER 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

timing requirements 

P3030. APRIL 1988 

Specific timing data regarding pulse duration, setup time, and hold time models are 
incorporated in most engineering workstation libraries. These models are for the clocked 
cells embedded in the software macros. Evaluations of timing requirements made during 
pre-layout simulation produce workstation output used to identify and resolve each specific 
timing need. 

electrical characteristics, Vee = 5 V, T A = 25°C 
PARAMETER TEST CONDITIONS TVP MAX UNIT 

VT Input threshold voltage 2.2 V 

A,B,C,D 0.06 

CLK 0.11 

Ci Input capacitance 
CLRZ 0.1 

pF 
ENP 0.05 

ENT 0.11 

LOADZ 0.27 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 14.35 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 (see Note 1) 

PARAM- FROM TO - 55°C to 125°C O°C to 70°C 

TVPt TVPt 
UNIT 

ETER (INPUT) (OUTPUT) MIN MAX MIN MAX 

tpLH 
CLK RCO 

3.7 8 3.7 7.4 

3.7 
ns 

tpHL 3.7 7.9 7 

tpLH 
ClK AnyQ 

1.5 3.2 1.5 3 
ns 

tpHL 1.6 3.7 1.6 3.4 

tpLH 
RCO 

1.4 2.7 1.4 2.6 
ENT ns 

tpHL 1.1 2.3 1.1 2.1 

AtpLH 
Any AnyQ 

0.42 1.12 2.32 0.44 1.12 2.12 
ns/pF 

AtpHL 0.34 0.76 1.54 0.36 0.76 1.4 

AtpLH 
Any RCO 

0.24 0.52 1.1 0.26 0.52 1 
ns/pF 

AtPHL 0.28 0.42 0.68 0.28 0.42 0.62 

t Typical values are at VCC '" 5 V, TA = 25°C. 
NOTE 1,: These switching characteristics are simulations of the software macro using interconnect 

capacitance values for an array design having 4000 gates. Post-layout simulation uses actual 
interconnect capacitance- values. 
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S163ALJ TSC500 
SYNCHRONOUS 4-BIT BINARY COUNTER SERIES 

03030, APRIL 1988 

HOL FILEt 
BLOCK S163ALJ; STRUCTURE 

D @INPUT; AN1 :AN410LJ CLRZ,LOADZ,ENP,ENT,AN10; 

C @INPUT; FF14 :R2406LJ ICLRZ,NA20,NA80,NA 130,NA200, 

B @INPUT; CLK,QA,QAZ,QB,QBZ,QC,QCZ,QD, 

A @INPUT; QDZ; 

CLK @INPUT; INV1 :TOO10LJ DUM,CLRZ; 

CLRZ @INPUT; INV3 :IV110LJ CLRZ,INV30; 

ENP @INPUT; INV4 :IV110LJ AN10,INV40; 

ENT @INPUT; INV5 :IV140LJ QAZ,INV50; 

LOADZ @INPUT; INV6 :IV120LJ QBZ,INV60; 

QD @OUTPUT; INV7 :IV120LJ QCZ,INV70; 

QC @OUTPUT; INV8 :IV110LJ QDZ,INV80; 

QB @OUTPUT; INV9 :IV120LJ NA220,RCO; 

QA @OUTPUT; NA1 :NA310LJ QA,N01 0,INV40,NA 10; 

RCO @OUTPUT; NA10 :NA210LJ N020,B,NA100; 

NA11 :NA310LJ AN1 0,INV60,INV50,NA11 0; 

NA12 :NA310LJ QC,NA 11O,N01 O,NA 120; 

NA13 :NA310LJ NA120,NA150,NA140,NA130; 

NA14 :NA410LJ AN1 0,INV50,INV60,QCZ,NA 140; 

NA15 :NA210LJ N020,C,NA150; 

NA16 :NA210LJ N020,D,NA160; 

NA17 :NA410LJ AN1 0,INV70,INV50,INV60,NA 170; 

NA18 :NA310LJ QD,NA170,N010,NA180; 

NA2 :NA310LJ NA 1 0,NA50,NA30,NA20; 

NA20 :NA310LJ NA180,NA160,NA210,NA200; 

NA21 :NA510LJ AN1 0,INV50,INV60,INV70,QDZ,NA21 0; 

NA22 :NA510LJ INV50,INV60,INV70,INV80,ENT,NA220; 

NA3 :NA210LJ AN10,QAZ,NA30; 

NA5 :NA210LJ N020,A,NA50; 

NA6 :NA210LJ AN10,INV50,NA60; 

NA7 :NA310LJ QB,NA60,N010,NA70; 

NA8 :NA310LJ NA70,NA 1 OO,NA90,NA80; 

NAg :NA310LJ AN10,INV50,QBZ,NA90; 

N01 :N0220LJ INV30,N020,N010; 

N02 :N0240LJ INV30,LOADZ,N020; 

END S163ALJ; 

t The HDL netlist format requires the "STRUCTURE" program lines to follow the "BLOCK" I/O program lines. 

15-16 
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TSC500 
SERIES 

S177LJ 
1-BI1 AND 3-BIT BINARY RIPPLE COUNTER 

03030, APRIL 1966 

SOFTWARE MACRO 

• Individual 1-Bit and 3-Bit Counters 
for Implementing Custom Count 
Sequences 

• Asynchronous Clear Initializes 
Sequence Regardless of Mode 

• Parallel Asynchronously 
Presettable for Modulo-N 
Sequences 

• Performs Ripple-Count or Simple 
Latching Functions 

description 
The S177LJ software macro imple
ments a 1-bit and 3-bit ripple counter 
element. The overall 4-bit configuration 
provides a multifunction counter/latch 
whose 4-bit length simplifies 
construction of large counters. These 
ripple counters consist of four D-type 
flip-flops that are interconnected to 
provide a divide-by-two and a divide
by-eight counter. A divide-by-16 
sequence is obtained by connecting 
the QA output to the CLK2Z 
input. During the count operation, 

logic symbolt 

LOADZ ,....." 
CTR 

C1 

CLRZ r--... CT=O .., C 
CLK1Z 

A 

CLK2Z 

8 

C 

o 

r--... 

r--... 

DIV2 
+ 

10 

Diva 
+ 

}CT CTt 

'--- OA 

08 

OC 

00 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984 and lEG Publication 617-12. 

transfer of information to the outputs occur on the negative-going edge of the clock pulse. 
The S177LJ implements the standard cell functions indicated: 

EQUIVALENT TOTAL TOTAL TOTAL 

CELL NAME NUMBER OF NO. EQUIVALENT Cpd 
NA210LJs USED NA210LJs (pF) 

DFB20W 7.25 4 29 7.12 

IV110W 0.75 2 1.5 0.32 

IV120W 1 4 4 1.24 

NA310W 1.25 4 5 0.76 

N0210W 1 8 8 0.96 

TOTALS 22 47.5 10.4 

When the macro is called from the engineering workstation input, the following label format 
is developed and will be captured in the design netlist: 

Label: S177LJ A,B,C,D, LOADZ,CLRZ,CLK1 Z,CLK2Z,QA,QB,QC,QD; 
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S177LJ . TSC500 
SERIES 1·BIT AND 3·BIT BINARY RIPPLE COUNTER 

D3030, APRIL 1988 

The counter is fully programmable; that is; it may .be preset to any number between 0 
and 15. As presetting is asynchronous, a low level at the load input disables the counter and 
causes the outputs to agree with the setup data independent of the level of t~eClock input. 
These counters may be used as 4-bit latches by using the LOADZ input as the strobe and 
entering data at the data inputs. The outputs will directly follow the data inputs when LOADZ 
is low, but will remain unchanged when LOADZ is high and the clock inputs are inactive. 

Clearing is asynchronous. A low level at the clear input sets all outputs low regardless of the 
levels of the clocks or LOADZ. 

INPUTS 

FUNCTION TABLE 
(See Note 1) 

OUTPUTS 

CLRZ LOADZ D C 8 A CLK1Z QD QC Q8 QA 

L H X X X X X L L L L 
H L d c b a X d c b a 
H H X X X X J. L L L H 

H H X X X X J. L L H L 
H H X X X X J. L L H H 

H H X X X X J. L H L L 
H H X X X X J. L H L H 

H H X X X X J. L H H L 
H H X X X X J. L H H H 

H H X X X X J. H L L L 
H H X X X X J. H L L H 

H H X X X X J. H L H L 
H H X X X X J. H L H H 

H H X X X X J. H H L L 
H H X X X X J. H H L H 

H H X X X X J. H H H L 
H H X X X X J. H H H H 

H H X X X X J. L L L L 
H H X X X X J. 00 00 00 00 

See Explanation of Function Tables in Section 1. 
NOTE 1: Table applies with output OA connected to CLK2Z input. 
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TSC500 
SERIES 

logic diagram 

1V120Lx 1V120Lx 

A Y Y 
LOAOZ 

CLK1Z 

A 

CLRZ 

B 

Y 
CLK2Z 

C 

0 
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1V110Lx 

A Y 

INVS OFB20Lx 
A A310lx 

B NAl Y 
S 

Q 
QA 

C1 

10 
az 

A 
FFA 

B 

A NA310Lx 
DFB20Lx 

B NA2 Y 5 
Q 

QB 
C 

C1 

10 
az 

R 
FFB 

OFB2DLx 

5 
a 

ac 

C1 

10 
QZ 

R 
A F'FC 

B 

A NA31DLx OFB20Lx 
Y 

BNA4 a 
aD 

C1 

az 
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B 
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S177LJ 
1-BIT AND 3-BIT BINARY RIPPLE COUNTER 

03030, APRIL 1988 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

timing requirements 

TSC500 
SERIES 

Specific timing data regarding pulse duration, setup time, and hold time models are 
incorporated in most engineering workstation libraries. These models are for the clocked 
cells embedded in the software macros. Evaluations of timing requirements made during 
pre-layout simulation produce workstation output used to identify and resolve each specific 
timing need. 

electrical characteristics, Vee = 5 V, T A = 25°e 
PARAMETER TEST CONDITIONS TYP MAX UNIT 

VT Input threshold voltage 2.2 V 

CLRZ 0.06 

Ci Input capacitance LOADZ 0.11 pF 

All other inputs 0.05 

Cpd Equivalent power dissipation capacitance tr =tf=1ns 10.4 pF 

switching characteristics over recommended ranges of supply voltage and operating free· 
air temperature (unless otherwise noted), eL = 0 (See Note 1) 

PARAM· FROM TO - 55·C to 125·C O·C to 70°C 

TYpt TYpt 
UNIT 

ETER (INPUT) (OUTPUT) MIN MAX MIN MAX 

tpLH 
CLK1Z QA 

2.4 5.6 2.4 5.1 

1.8 
ns 

tpHL 1.8 4.1 3.7 

tpLH 
QS 

2.4 5.6 2.4 5.1 
ns 

tpHL 1.8 4.1 1.8 3.7 

tpLH 
CLK2Z QC 

4.5 10.5 4.5 9.6 
ns 

tpHL 3.9 9 3.9 8.2 

tpLH 
QD 

6.6 15.4 6.6 14.1 

6 14 6 12.8 
ns 

tpHL 

tpLH 
A,S,C,D Any 

1.5 3.1 1.5 2.8 
ns 

tpHL 2.2 4.6 2.2 4.3 

tpLH 
LOADZ Any 

2.4 5.4 2.4 5 
ns 

tpHL 2.5 5 2.5 4.8 

tpHL CLRZ AnyQ 4.1 8.5 4.1 8 ns 

4tpLH 
Any 

0.16 0.56 1.18 0.2 0.56 1.1 
ns/pF 

4tpHL 
Any 

0.14 0.36 0.78 0.16 0.36 0.7 

t Typical values are at VCC = 5 V, TA = 25·C. 
NOTE 1: These switching characteristics are simulations of the software macro using interconnect 

capacitance values for an array design having 4000 gates. Post-layout simulation uses actual 
interconnect capacitance values. 
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TSC500 
SERIES 

S177LJ 
1-BIT AND 3-BIT BINARY RIPPLE COUNTER 

D3030, APRIL 1988 

HDL FILEt 
BLOCK S177W; STRUCTURE 

A @INPUT; INV1 :IV120LJ LOADZ,LO; 

B @INPUT; INV2 :IV120W LD,LDZ; 

C @INPUT; INV3 :IV120W CLRZ,CLEAR; 

D @INPUT; INV4 :IV120W CLEAR,CLEARZ; 

LOADZ @INPUT; FFA :DFB20W N020,NA 1 0,FFAQZ,CLK1 ,QA,FFAQZ; 

CLRZ @INPUT; FFB :DFB20W N040,NA20,FFBQZ,CLK2,QB,FFBQZ; 

CLK1Z @INPUT; FFC :DFB20W N060,NA30,FFCQZ,FFBQZ,QC,FFCQZ; 

CLK2Z @INPUT; FFD :DFB20LJ N080,NA40,FFDQZ,FFCQZ,QD,FFDQZ; 

QA @OUTPUT; INV5 :IV110W CLK1Z,CLK1 ; 

QB @OUTPUT; INV6 :IV110W CLK2Z,CLK2; 

QC @OUTPUT; NA1 :NA310LJ A,CLEARZ,LD,NA 10; 

QD @OUTPUT; N01 :N0210W A,LDZ,N010; 

N02 :N0210LJ CLEAR,N010,N020; 

NA2 :NA310LJ B,CLEARZ,LD,NA20; 

N03 :N0210LJ B,LDZ,N030; 

N04 :N0210W CLEAR,N030,N040; 

NA3 :NA31OW C,CLEARZ,LD,NA30; 

N05 :N0210LJ C,LDZ,N050; 

N06 :N0210W CLEAR,N050,N060; 

NA4 :NA31OW D,CLEARZ,LD,NA40; 

N07 :N0210W D,LDZ,N070; 

N08 :N0210W CLEAR,N070,N080; 

END S177LJ; 

t The HDL netlist format requires the "STRUCTURE" program lines to follow the "BLOCK" I/O program lines, 
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TSC500 
SERIES 

S191LJ 
SYNCHRONOUS UP/DOWN BINARY COUNTER 

WITH DOWN/UP MODE CONTROL 
03030. APRIL 1988 

SOFTWARE MACRO 
• Single Down/Up Control Une 

• Look-Ahead Circuitry Enhances 
Performance of Cascaded 
Counters 

• Fully Synchronous In Count Mode 

• Parallel Asynchronous Load for 
Modulo-N Count Sequences 

• Count Enable Input for Setting 
Sequence Start and Stop 

description 
The S191 W software macro imple
ments a synchronous, reversible up/ 
down 4-bit binary counter. A 

logic symbolt 

CTRDlVI6 

M21DOWNI 2ICT-Oll6 

eLK 

LOADl 

A 

B 
C 

o 

31CT-161l6 

III 

121 

141 

IBI 

MAX._MIN 

RCOl 

OA 

OB 

OC 

GO 

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

synchronous counting operation is provided by having all flip-flops clocked simultaneously 
so that the outputs change coincidentally with each other when so instructed by the 
steering logic. This mode of operation eliminates output counting spikes normally 
associated with asynchronous (ripple clock) counters. 

The S191W is implemented with the standard cell functions indicated: 

EQUIVALENT TOTAL TOTAL TOTAL 

CELL NAME NUMBER OF NO. EQUIVALENT Cpd 
NA210LJs USED NA210LJs (pF) 

DFB20W 7.25 4 29 7.12 

IV110LJ 0.75 13 9.75 2.08 

IV120LJ 1 1 1 0.31 

NA210LJ 1 26 26 4.94 

NA310LJ 1.25 3 3.75 0.57 

NA410LJ 1.5 2 3 0.38 

NA510LJ 3 2 6 1.76 

N0210LJ 1 2 2 0.24 

TOTALS 53 80.5 17.4 

When the counter is called from the engineering workstation input, the following label 
format is developed and will be captured in the design netlist: 

Label: S191 W D,C,B,A,CLK,D_UZ,CTENZ,LOADZ,QD,QC,QB,QA,RCOZ,MAX_MIN; 
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TSC500 
SERIES 

'. . .' S191LJ 
SYNCHRONOUS UP/DOWN BINARY COUNTER 

WITH DOWN/UP MODE CONtROL 
03030, APRIL 1988 

The outputs of the four flip-flops are triggered on alow-to-high-Ievel transition of the clock 
input if the enable input (CTENZ) is low. A high at CTEN2; inhibits counting. The direction of 
the count is determined by the level ofthe down/up (D_UZ) input. When D_UZ is low, the 
counter counts up and when the D_UZ is high, it counts down. 

These counters feature a fully independent clock cirquit. Changes at the control inputs 
(CTENZ and D_UZ) that will modify the operating mode have no effect on the contents of 
the counter until clocking occurs. The function of the counter will be dictated solely by the 
condition meeting the stable setup and hold times. 

These counters are fully programmable; that is, they may be preset to any number between 
o and 15 by placing a low on the load input and entering the desired data at the data inputs. 
The outputs will change to agree with the data inputs independently of the level of the clock 
input. This feature allows the counters to be used as modulo-N dividers by simply modifying 
the count length with the preset inputs. 

Two outputs have been made available to perform the cascading fuhction: ripple and 
maximum/minimum count. The latter output (MAX_MIN) produces a high-level output 
pulse with a duration approximately equal to one complete cycle of the clock while the 
count is zero (all outputs low) counting down or maximum (all outputs high) counting up. 
The ripple clock output (RCOZ) produces a low-level output pulse under those same 
conditions but only while the clock input is low. The counters can be easily cascaded by 
feeding the ripple-clock output to the enable input of the succeeding counter if parallel 
clocking is used, or to the clock input if parallel enabling is used. The maximum/minimum 
count output can be used to accomplish look~ahead for high-speed operation. 
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S191LJ 
SYNCHRONOUS UP/DOWN BINARY COUNTER 
WITH DOWN/UP MODE CONTROL 
D3030, APRIL 1988 

logic diagram 
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TSC500 
SERIES 

S191LJ 
SYNCHRONOUS UP/DOWN BINARY COUNTER 

WITH DOWN/UP MODE CONTROL 

typical load, count, and inhibit sequences 
Illustrated below is the following sequence: 

1. Load (preset) to binary thirteen 
2. Count up to fourteen, fifteen (maximum), zero, one, and two 
3. Inhibit 
4. Count down to one, zero (minimum), fifteen, fourteen, and thirteen. 

DATA 
INPUTS 

lOADZ-U 

A.J 
1 --
L..._ 

B 
r-
1 --

C.J 
1 --
L..._ 

D-.J 
1 --
L..._ 

ClK 

CTENZ --, I I 

I 
I 
I' 

QB = = LlJr-' -----, , ~---~ 

QC - --I __ ....J 
I 

I 
---, ,--, 

MAX_MIN ___ ... 1 _--,,--_ ... 1 1 .. _____ -:-____ --:-_-:-_---' II 
RC02 = =J U U 

: 13 I 14 15 0 2 2 2 0 15 

D3030, APRIL 1988 

L 

14 13 , 
I I~ .. ~---COUNTUP------.w~ ~ .. INHIBIT -+I I---COUNT DOWN ~I 
'-..-' 

lOAD 
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S191LJ 
SYNCHRONOUS UP/POWN BINARY CQUNTER 
WITH DOWN/UP MODE CONT~OL ' 
03030, APRIL 19.88 

absolute maximum ratings and recommended operating c()nditions 
. These are specified as a part of the TSC560 Series Data, . 

timing requirements 

TSC500 
SERIES 

Specific timing data regarding pulse duration, setup time, and hold time models are 
incorporated· in most engineering workstation libraries, These models are for the clocked 
cells embedded in the software macros, Evaluations of timing requirements made during 
pre' layout simulation produce workstation output used to identify and resolve each specific 
timing need,· . . 

electr!cal characteristics, Vee = 5 V, T A = 25°e 
PARAMETER TEST CONDITIONS TYP MAX UNIT 

VT Input threshold voltage. 2.2 V 

Ci Input capacitance 
ICTENZ 0.15 

pF 
I All other inputs 0.05 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 16.8 pF 
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TSC500 
SERIES 

S191LJ 
SYNCHRONOUS UP/DOWN BINARY COUNTER 

WITH DOWN/UP MODE CONTROL 
D3030, APRIL 1988 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 (see Note 1) 

PARAM- FROM TO - 55°C to 125°C O°C to 70°C 

TYpt TYpt 
UNIT 

ETER (INPUT) (OUTPUT) MIN MAX MIN MAX 

tplH 
lOADZ AnyQ 

2.6 5.2 2.6 4.9 
ns 

tpHl 2.6 5.2 2.6 5 

tplH 1.5 3 1.5 2.7 
A,B,e,D AnyQ ns 

tpHl 2.3 4.5 2.3 4.2 

tplH 0.9 1.4 0.9 1.4 
elK Reoz ns 

tPHl 0.9 1.7 0.9 1.6 

tplH 
elK AnyQ 

3.2 6.9 3.2 6.4 
ns 

tpHl 2.6 5.3 2.6 4.9 

tplH 4.9 10.4 4.9 9.4 
elK MAX ._MIN ns 

tpHL 3.7 7.5 3.7 7.1 

tPlH 
RCOZ 

2.7 5.3 2.7 4.8 
D UZ ns 

tpHl - 2.4 4.9 2.4 3.9 

tPlH 2.1 4.3 2.1 4.5 
D UZ MAX ._MIN ns 

tpHl - 2.4 4.7 2.4 4.2 

tpLH 1 1.7 1 1.5 
eTENZ ReOZ ns 

tpHL 1 1.9 1 1.7 

AtplH 
AnyQ 

0.2 0.56 1.18 0.2 0.56 1.1 
ns/pF 

AtpHl 
Any 

0.18 0.36 0.78 0.18 0.36 0.7 

AtplH 
RCOZ 

0.42 1.29 3.26 0.44 1.29 3 
ns/pF 

AtpHl 
Any 

0.46 1.32 3.04 0.48 1.32 2.74 

AtplH 
MAX._MIN 

0.38 1.14 2.66 0.4 1.14 2.46 
ns/pF 

AtpHl 
Any 

0.4 0.99 2.2 0.42 0.99 1.98 

t Typical values are at Vce = 5 V, TA = 25°C. 
NOTE 1: These switching characteristics are simulations of the software macro using interconnect 

capacitance values for an array design having 4000 gates. Post-layout simulation uses actual 
interconnect capacitance values. 
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S191LJ TSC500 
SYNCHRONOUS UP/DOWN BINARY COUNTER SERIES 
WITH DOWN/UP MODE CONTROL 
D3030, APRIL 1988 

HDl FilEt 
BLOCK S191W; TRUCTURE 

D @INPUT; FF1 :DFB20W G150,G090,G140,G440,QA,FF1 QZ; 

C @INPUT; FF2 :DFB20W G240,G160,G230,G440,QB,FF2QZ; 

B @INPUT; FF3 :DFB20W G330,G250,G320,G440,QC,FF3QZ; 

A @INPUT; FF4 :DFB20lJ G420,G340,G410,G440,QD,FF4QZ; 

ClK @INPUT; G01 :IV110W D~UZ,G010; 

D - UZ @INPUT; G02 :IV110W G010,G020; 

CTENZ @INPUT; G03 :N0210W G020,CTENZ,G030; 

lOADZ @INPUT; G04 :N0210lJ G010,CTENZ,G040; 

QD @OUTPUT; G05 :NA51OW G010,QA,QB,QC,QD,G050; 

QC @OUTPUT; G06 :NA51OW G020,FF1 QZ,FF2QZ,FF3QZ,FF4QZ,G060; 

QB @OUTPUT; G07 :NA210W G050,G060,MNCMIN; 

QA @OUTPUT; G08 :NA310W G430,MAX_MIN,G100,RCOZ; 

RCOZ @OUTPUT; G09 :NA210W A,G450,G090; 

MAX - MIN @OUTPUT; G10 :IV110W CTENZ,G100; 

G11 :IV110W G100,G110; 

G12 :NA210LJ QA,G110,G120; 

G13 :NA210W G1 OO,FF1 QZ,G130; 

G14 :NA210W G120,G130,G140; 

G15 :NA210W G460,G450,G150; 

G16 :NA21OW B,G450,G160; 

G17 :NA210W G040,FF1QZ,G170; 

G18 :NA21OW QA,G030,G180; 

G19 :NA210W G170,G180,G190; 

G20 :IV110W G190,G200; 

G21 :NA210W QB,G200,G210; 

G22 :NA210W G190,FF2QZ,G220; 

G23 :NA210W G210,G220,G230; 

G24 :NA210W G470,G450,G240; 

G25 :NA210W C,G450,G250; 

G26 :NA310W G040,FF1 QZ,FF2QZ,G260; 

G27 :NA310lJ QA,QB,G030,G270; 

G28 :NA210W G260,G270,G280; 

G29 :IV110W G280,G290; 

G30 :NA210W QC,G290,G300; 

G31 :NA210W G280,FF3QZ,G310; 

G32 :NA210W G300,G310,G320; 

t The HDl netlist format requires the "STRUCTURE" program lines to follow the "BLOCK" I/O program lines. 
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TSC500 
SERIES 

S191LJ 
SYNCHRONOUS UP/DOWN BINARY COUNTER 

WITH DOWN/UP MODE CONTROL 
D3030, APRIL 1988 

HDL FILEt. Continued 

G33 :NA210LJ G480,G450,G330; 

G34 :NA210LJ D,G450,G340; 

G35 :NA410LJ G040,FF1 QZ,FF2QZ,FF3QZ,G350; 

G36 :NA410LJ QA,QB,QC,G030,G360; 

G37 :NA210LJ G350,G360,G370; 

G38 :IV110LJ G370,G380; 

G39 :NA210LJ QD,G380,G390; 

G40 :NA210LJ G370,FF4QZ,G400; 

G41 :NA210LJ G390,G400,G410; 

G42 :NA210LJ G490,G450,G420; 

G43 :IV110LJ CLK,G430; 

G44 :IV120LJ G430,G440; 

G45 :IV110LJ LOADZ,G450; 

G46 :IV110LJ A,G460; 

G47 :IV110LJ B,G470; 

G48 :IV110LJ C,G480; 

G49 :IV110LJ D,G490; 

END S191LJ; 

t The HDL netlist format requires the "STRUCTURE" program lines to follow the "BLOCK" I/O program lines. 
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TSC500 
SERIES 

S193LJ 
SYNCHRONOUS 4-81T UP/DOWN COUNTER 

WITH DUAL CLOCK AND CLEAR 
D3030, APRIL 1988 

SOFTWARE MACRO 
• Dual Clock Inputs for Sourcing 

Count Direction 

• Fully Synchronous in Count 
Modes 

• Parallel Asynchronous Load for 
Modulo-N Count Sequences 

• Asynchronous Clear 

• Look-Ahead Circuitry Enhances 
Performance of Cascaded 
Counters 

description 
The S193W software macro imple
ments a synchronous, reversible up/ 
down, 4-bit binary counter with dual 
clock inputs and a separate clear input. 
Its 4-bit length means that testability
is simplified when constructing large 
counters. Synchronous operation is 

logic symbolt 

CLR 

UP 

DOWN 

LOADZ 

A 

B 

C 

o 

-
L 

L 
,........ 

CT-O 

2+ 
G1 
1-

G2 
C3 ., 
3D 

CTRDIV 16 

1CT-15 

2CT-O 

r 
[1] 

[2] 

[4] 

[8] 

....... COZ 

BOZ 

OA 

OB 

OC 

00 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984 and lEG Publication 617-12. 

provided by having all flip-flops clocked simultaneously so that the outputs change 
coincidentally with each other when so instructed by the steering logic. This mode of 
operation eliminates the output counting spikes normally associated with asynchronous 
(ripple clock) counters. The S193LJ is implemented with the standard cell functions 
indicated: 

EQUIVALENT TOTAL TOTAL TOTAL 

CELL NAME NUMBER OF NO. EQUIVALENT Cpd 
NA210LJs USED NA210LJs (pF) 

AN210LJ 1.5 6 9 1.98 

AN310LJ 1.75 2 3.5 0.76 

AN410LJ 2 2 4 0.84 

IV110LJ 0.75 4 3 0.64 

IV120LJ 1 4 4 1.24 

NA210LJ 1 4 4 0.76 

NA310LJ 1.25 4 5 0.76 

NA520LJ 3.25 2 6.5 2.1 

N0210LJ 1 4 4 0.48 

TAB20LJ 7.S 4 30 6.44 

TOTALS 36 73 16 
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TSC500 
SERIES 

S193LJ 
SYNCHRONOUS 4·81T UP/DOWN COUNTER 

WITH DUAL CLOCK AND CLEAR 
03030. APRIL 1988 

When the counter is called from the engineering workstation input, the following label 
format is developed and will be captured in the design netlist: 

Label: S193LJ A,B,C,D,UP,DOWN,LOADZ,CLR,BOZ,COZ,QA,QB,QC,QD; 

The outputs of the four flip-flops are triggered by a low-to-high-Ievel transition of either count 
(clock) input (UP or DOWN). The direction of counting is determined by which count input is 
pulsed while the other count input is high. These counters are fully programmable; that is, 
they may be preset to any number between 0 and 15 by placing a low on the load input and 
entering the desired data atthe data inputs. The outputs will change to agree with the data 
inputs independently of the level of the clock input. This feature allows the counters to be 
used as modulo-N dividers by simply modifying the count length with the preset inputs. 

A clear input has been provided that forces all outputs to the low level when a high level is 
applied. The clear function is independent of the count and the load inputs. 

These counters are designed to be cascaded without the need for additional circuitry. The 
borrow output (BOl) produces a low-level pulse while the count is zero (all outputs low) and 
the count-down is low. Similarly, the carry output (Cal) produces a lOW-level pulse while 
the count is maximum (all outputs high) and the count-up input is low. The counters are 
cascaded by feeding the borrow and carry outputs to the count-down and count-up inputs, 
respectively, of the succeeding counter. 
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S193LJ 
SYNCHRONOUS 4-81T UP/DOWN COUNTER 
WITH DUAL CLOCK AND CLEAR 
03030, APRIL 1988 

logic diagram 

A -
IV120lK 

DOWN 
A Y 

INV! 

IV120Ll! 
UP 

A Y 

INV2 

8 

)i.... -

II-.. 
IV120LI( 

ClR 
A Y 

INV3 

IV120Lx 
LOAQ2 

A Y 

INV4 
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8 NOI Y 

~ A Y 

V1NVS 

A NA310Lx 

~ 
Y 

A 
ANZ10lll 

8 AN! Y A N0210lx 

8 N02 
Y 

A ~OLx 

8 AN2 Y 

~ - A Y 

INV6 I 

A NAJ10LK 
8 

~ 
Y 

A AN310Lx 

8 
C 

AN3 Y A N0210Lx 

A AN310LK B N03 
Y 

8 AN4 y 

~ C 
A Y 

__ ~NV7 I 

A NA310Lx 
8 

~ 
Y 

A 
B~OLX 
CANS Y /II. N021QlK 
0 Y 

8 NO' 
L.- ~N410L)[ 

C AN6 Y 

~ 
D r-

A Y 
I 

INV8 
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B NA520LII 

C NA;"r- Y 
0 , 

A 
8 NA520LX 
C NA2b Y 
0 , 

TSC500 
SERIES 

!aZ -
~ 

REZ a QA I" ClK SCI >----5 

~ CLAZ az 
A FFI 

A NA210Lx A AN210~l( 
B NA7 Y B AN7 

REZ~I( 
S f--9...-, ~ 

r ~Cl 

~ AAN~ 
A~OLx 
B1NA8 'b. y 

B AN8 Y 

~~ :: '" ~ ~ 

I e 02 

~ A NA210ll( 

a]NA9 '):.,.v 
8 AN9 Y 

b~ 

r~: 
il2.. 

R FF4~ 
~ 

A~OlX 
A AN210Lx 

B AN10 y 
sJNA1Ob. y 
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TSC500 
SERIES 

S193LJ 
SYNCHRONOUS 4-81T UP/DOWN COUNTER 

WITH DUAL CLOCK AND CLEAR 
D3030. APRIL 1988 

typical clear, load, and count sequences (see Notes A and B) 
Illustrated below is the following sequence: 

1. Clear outputs to zero 
2. Load (preset) to binary thirteen 
3. Count up to fourteen, fifteen (carry), zero, one, and two 
4. Count down to one, zero (borrow), fifteen, fourteen and thirteen. 

CLR 
--1l~ ______________________________ __ 

DATA 

I I 
LOAOZ 

, I U 
I' I I 

A - -,-1--("""1-____ -J L...-

I' " B - -,-1- -, r-_____ L-J _ 

" " -----("""1 -
C __ 1_'_....1 L..-

I, I' 
D - -1-1--("""1-____ ....I L...-

I I I' 
UP - -1-1- -1-1-

- -1-1--1-,--
DOWN - - - - - - --....... __________ ;,....---, 

OUTPUTS 

__ 1_1 __ 1_'_.1 
, I 

QA ~--., 

1 

QB :.J 
I'----:---~-'---'-... 

QC =~L-_--J , 
QD =IL-_-' , 

COZ ------:---:------,U 
BOZ 

I 

SEQUENCE 
ILLUSTRATED 

10 1131 
~~ 

I 

1 14 15 0 1 21 r-- COUNT UP ---, 

CLEAR PRESET 

NOTES: A. Clear overrides load, data and count inputs. 

I 
I 

1 

~ 

I U ' I 1 0 15 14 131 r--COUNT DOWN---, 

B. When counting up. count-down input must be high; when counting down, count-up input must be 
high. 
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S193LJ 
SYNCHRONOUS 4-BIT UP/DOWN COUNTER 
WITH DUAL CLOCK AND CLEAR 
D3030, APRIL 1988 

absolute maximum ratings and recommended operating conditions 
These are specified. as a part of the TSC500 Series Data. . 

timing requirements 

TSC500 
SERIES 

Specific timing data regarding pulse duration, setup time, and hOld time models are 
incorporated in most engineering workstation libraries. These models are for the clocked 
cells embedded in the software macros. Evaluations of timing requirements made during 
pre-layout simulation produce workstation output used to identify and resolve each specific 
timing need. . 

electrical characteristics, Vee = 5 V, T A = 25°e 

PARAMETER TEST CONDITIONS TYP MAX UNIT 

VT Input threshold voltage 2.2 V 

Ci Input capacitance 
IA,B,C,D 0.05 

pF 
I All other inputs 0.11 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 15.4 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 (see Note 1) 

PARAM· FROM TO - 55°C to 125°C O°C to 70°C 

ETER (INPUT) (OUTPUT) MIN TYpt MAX MIN TYpt MAX UNIT 

tpLH 
COZ 

1.1 2.2 1.1 2.1 
UP ns 

tpHL 1.6 3.3 1.6 3.1 

tpLH 1.1 2.4 1.1 2.1 
DOWN BOZ ns 

tpHL 1.6 3.5 1.6 3.2 

tpLH 
DOWN,UP 

4.2 9.5 4.2 8.7 
AnyQ ns 

tpHL 3.5 7.8 3.5 7.1 

tpLH 
LOADZ 

3 6 3 5.5 
AnyQ ns 

tpHL 2.7 5.7 2.7 5.3 

tpHL CLR AnyQ 2.1 4.3 2.1 4 ns 

AtpLH 0.2 0.56 1.24 0.22 0.56 1.14 

AtpHL 
Any AnyQ 

0.16 0.38 0.82 0.16 0.38 0.74 
ns/pF 

AtpLH 
Any BOZ,COZ 

0.16 0.46 0.96 0.18 0.46 0.88 
ns/pF 

AtpHL 0.14 0.36 0.76 0.16 0.36 0.68 

t Typical values are at VCC = 5 V, TA = 25°C. 
NOTE 1: These switching characteristics are simulations of the software macro using interconnect 

capacitance values for an array design having 4000 gates. Post-layout simulation uses actual 

15-34 

interconnect capacitance values. . . 

PRODUCTION DATA do.umants .onllin information 
cu.rrant I. of publication dlte. Products conform to 
.pacifications paf the tarms of Texal Instruments 

::-:!:=i~ai~:I~~i ~~3:~ti:p :,~O:::=:':fl~ not . TEXAS'" 
INSTRUMENlS 

Copyright @ 198~,' Te~as Instruments Incorporated 

POST OFFice· BOX 655012 • DALLAS·, TEXAS 75265 



TSC500 S193LJ 
SERIES SYNCHRONOUS 4-81T UP/DOWN COUNTER 

WITH DUAL CLOCK AND CLEAR 
D3030, APRIL 1988 

HDL FILEt 
BLOCK S193LJ; STRUCTURE 

A @INPUT; AN1 :AN210W INV1 S,FF1 S,AN1 S; 

B @INPUT; AN10 :AN210LJ INV3S,NA1 OS,AN1 OS; 

C @INPUT; AN2 :AN210W QA,INV2S,AN2S; 

D @INPUT; AN3 :AN310LJ INV1 S,FF1 S,FF2S,AN3S; 

UP @INPUT; AN4 :AN310LJ QA,QB,INV2S,AN4S; 

DOWN @INPUT; AN5 :AN41OW INV1 S,FF1 S,FF2S,FF3S,AN5S; 

LOADZ @INPUT; AN6 :AN41OW QA,QB,QC,INV2S,AN6S; 

CLR @INPUT; AN7 :AN210LJ INV3S,NA7S,AN7S; 

BOZ @OUTPUT; AN8 :AN21OW INV3S,NA8S,AN8S; 

COZ @OUTPUT; AN9 :AN210LJ INV3S,NA9S,AN9S; 

QA @OUTPUT; FF1 :TAB20LJ AN7S,NA3S,N01 S,QA,FF1 S; 

QB @OUTPUT; FF2 :TAB20W AN8S,NA4S,N02S,QB,FF2S; 

QC @OUTPUT; FF3 :TAB20W AN9S,NA5S,N03S,QC,FF3S; 

QD @OUTPUT; FF4 :TAB20W AN10S,NA6S,N04S,QD,FF4S; 

INV1 :IV120W DOWN,INV1 S; 

INV2 :IV120W UP,INV2S; 

INV3 :IV120W CLR,INV3S; 

INV4 :IV120W LOADZ,INV4S; 

INV5 :IV110W A,INV5S; 

INV6 :IV110W B,INV6S; 

INV7 :IV110W C,INV7S; 

INVB :IV110W D,INV8S; 

NA1 :NA520LJ INV1 S,FF1 S,FF2S,FF3S,FF4S,BOZ; 

NA10 :NA210W INV8S,INV4S,NA10S; 

NA2 :NA520LJ QA,QB,QC,QO,INV2S,COZ; 

NA3 :NA310W A,INV4S,INV3S,NA3S; 

NA4 :NA310LJ B,INV4S,INV3S,NA4S; 

NA5 :NA310W C,INV4S,INV3S,NA5S; 

NA6 :NA310W D,INV4S,INV3S,NA6S; 

NA7 :NA210LJ INV5S,INV4S,NA7S; 

NAB ;NA210LJ INV6S,INV4S,NA8S; 

NA9 :NA210LJ INV7S,INV4S,NA9S; 

N01 :N0210W INV1 S,INV2S,N01 S; 

N02 :N0210W AN1 S,AN2S,N02S; 

N03 :N0210W AN3S,AN4S,N03S; 

N04 :N0210LJ AN5S,AN6S,N04S; 

END S193W; 

t The HDL netiist format requires the "STRUCTURE" program lines to follow the "BLOCK" I/O program lines. 
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TSC500 
SERIES 

S393lJ 
DUAL FOUR-BIT RIPPLE COUNTER 

APRIL 1988 

SOFTWARE MACRO 

• Software Dual Four-Bit Counter for 
Custom IC Applications 

• Direct Clear Input Simplifies 
Initialization or Cycle Length 

• Embedded Clock Drivers Provide 
Symmetrical Performance Across 
Long Counters 

• Cascadable and Expandable for 
Full Customization 

description 

logic symbolt 

CTROIV16 

CLR1 CT-O c{ .... + A1 

CLR2 

A2 
,...., 

OA1 

OB1 

OC1 

001 

OA2 

OB2 

OC2 

002 

The S393LJ software macro imple
ments dual 4-bit binary counter 
elements. The dual 4-bit configuration 
simplifies construction of large 
counters. This software macro reduces 
input loading for implementation of 
larger counters, when standard library 
buffer cells are used to buffer each 
clock and clear input to further enhance 
the performance across long counters. 
The S393LJ is implemented with the 
standard cell functions indicated: 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984 and lEG Publication 617-12. 
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EQUIVALENT TOTAL TOTAL TOTAL 

CELL NAME NUMBER OF NO. EQUIVALENT Cpd 
NA210Ws USED NA210LJs (pF) 

IV110W 0.75 4 3 0.64 

R2408W 23.5· 2 47 5.24 

TOTALS 6 50 5.88 

When the macro is called from the engineering workstation input, the following label format 
is developed and will be captured in the design netlist: 

Label: S393LJ A1,CLR1,A2,CLR2,QA1,QB1,QC1,QD1,QA2,QB2,QC2,QD2; 

PRODUCTION DATA documents contain information 
currant as of publication d8tl. Products conform to 
spacifications per the terms of Tlxas Instruments 

::~~:~~i~·t::1~1i ~!::i~~i:r :.~o::;:::~::s~ not TEXAS ." 
INSTRUMENTS 

Copyright @ 1988, Texas Instruments Incorporated 
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TSC500 
SERIES 

Sa9aLJ 
DUAL FOUR·BIT RIPPLE COUNTER 

FUNCTION TABLE 
(EACH COUNTER) 

INPUTS OUTPUTS 

CLRn An aDn aCn aBn 

H X L L L 

L + L L L 

L + L L H 
L + L L H 
L + L H L 

L + L H L 

L + L H H 
L + L H H 
L + H L L 

L + H L L 

L + H L H 
L + H L H 

L + H H L 

L + H H L 

L + H H H 
L + H H H 

L + L L L 

logic diagram 

y 
R24081x 

CLK 01 
Al 

ClRl ClRZ 
02 

INV2 Q3 

Q4 

FF14 

y 
R2408lx 

CLK 01 A2 

ClRZ 
02 ClR2 

Q3 

Q4 

FF58 

PRODUCTION DATA do.umonts .ontain informllion ~ 
cumnt II at pu .. licatian data. Products conform to ~ 
spoeili.llio.s par Ih. lerm. 01 T .... Instrumonll TEXAS 
::::~i~"i~':1~7i ~!::I::i:; :'Io:=:~~~~, .01 INSTRUMENTS 

POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 

D3030, APRIL 1988 

aAn 

L 

H 

L 

H 

L 

H 

L 

H 

L 

H 

L 

H 
L 

H 
L 

H 

L 

QAl 

asl 

OCl 

aol 

0A2 

as2 

OC2 

ao2 

Copyright © 1988, Texas Instruments Incorporated 
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S393LJ 
DUAL FOUR-BIT RIPPLE COUNTER 

D3030, APRIL 1988 

absolute maximum ratings and recommended operating conditions 
These aare specified as a part of the TSC500 Series Data. 

timing requirements 

TSC500 
SERIES 

Specific timing data regarding pulse duration, setup time, and hold time models are 
incorporated in most engineering workstation libraries. These models are for the clocked 
cells embedded in the software macros. Evaluations of timing requirements made during 
pre-layout simulation produce workstation output used to identify and resolve each specific 
timing need. 

electrical characteristics, Vee = 5 V, T A = 25°e 

PARAMETER TEST CONDITIONS TYP MAX UNIT 

VT Input threshold voltage 2.2 V 

Ci Input capacitance 
IAn 0.05 

pF 
ICLRn 0.05 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 5.9 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 (see Note 1) 

PARAM- FROM TO - 55°C to 125°C oDe to 70De 
TYpt TYpt 

UNIT 
ETER (INPUT) (OUTPUT) MIN MAX MIN MAX 

tpLH 
QAn 

1.9 4.2 1.9 3.8 
An ns 

tPHL 1.9 4.2 1.9 3.9 

tPLH 4.8 11.4 4.8 8.6 
An QOn ns 

tpHL 4.5 10.7 4.5 9.8 

tpHL CLRn AnyQ 1.7 3.4 1.7 3.1 ns 

atpLH 0.2 0.62 1.34 0.2 0.62 1.24 
ns/pF 

atpHL 
An AnyQ 

0.98 0.16 0.46 0.88 0.16 0.46 

atpHL CLRn AnyQ 0.18 0.46 0.98 0.18 0.46 0.88 ns/pF 

t Typical values are at VCC = 5 V. T A = 25°C. 
NOTE 1. These switching characteristics are simulations of the software macro using interconnect 

capacitance values for an array design having 4000 gates. Post-layout simulation uses actual 
interconnect capacitance values. 
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TSC500 
SERIES 

BLOCK S393W; 

A1 @INPUT; 

CLR1 @INPUT; 

A2 @INPUT; 

CLR2 @INPUT; 

QA1 @OUTPUT; 

QB1 @OUTPUT; 

QC1 @OUTPUT; 

QD1 @OUTPUT; 

QA2 @OUTPUT; 

QB2 @OUTPUT; 

QC2 @OUTPUT; 

QD2 @OUTPUT; 

STRUCTURE 

INV1 

INV2 

INV3 

INV4 

FF14 

FF58 

END S393W; 

Sa9aLJ 
DUAL FOUR-BIT RIPPLE COUNTER 

03030, APRIL 1988 

HDL FILEt 

:IV110W A1,INV10; 

:IV110W CLR1,INV20; 

:IV110LJ A2,INV30; 

:IV110W CLR2,INV40; 

:R2408W INV10,INV20,QA1,QB1,QC1,QD1 ; 

:R2408W INV30,INV40,QA2,QB2,QC2,QD2; 

t The HDL netlist format requires the "STRUCTURE" program lines to follow the "BLOCK" I/O program lines. 

Copyright @ 1988. Texas Instruments Incorporated 
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TSC500 
SERIES 

S590LJ 
8-BIT BINARY COUNTER 

WITH 3-STATE OUTPUT REGISTERS 
03030. APRIL 1988 

SOFTWARE MACRO 

• 8-Blt Counter with Register 

• Individual Positive-Edge Triggered 
Clocks for Counter and Register 

• 3-State Output Register Provides 
Parallel Bus Interface 

• Counter Has Direct Clear and 
Clock Enable 

• Ripple-Carry Output Simplifies 
Expansion 

description . 
The S590W software macro imple
ments a synchronous a-bit binary 
counter element. The a-bit configu
ration simplifies construction of large 
counters. The S590W a-bit binary 
counter feeds an a-bit storage register. 

logic symbolt 

GZ 

RCK 

CCKeNZ 

CCK 

CCLRZ 

C2 

, + 

CTR8 

RCOZ 

~----------------~~~~----~: 
oc 
00 
oe 
OF 

OG 
OH 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984 and lEG Publication 617-12. 

The storage register has parallel 3-state outputs. Separate clocks are provided for both the 
binary counter and storage register. The binary counter features a direct clear input, 
CCLRZ, and a count enable input, CCKENZ. For cascading, a ripple-carry output, RCaZ, is 
provided. Expansion is easily accomplished by tying RCaZ of the lower stage to CCKENZ 
of the higher stage, etc. 

PRODUCTION DATA ........ nt. canllin infa ... otion ." 
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TSCSOO 
SERIES 

SS90LJ 
8·BIT BINARY COUNTER 

WITH 3·STATE OUTPUT REGISTERS 
D3030. APRIL 1988 

The S590LJ is implemented with the standard cell functions indicated: 

EaUIVALENT TOTAL TOTAL TOTAL 

CELL NAME NUMBER OF NO. EaUIVALENT Cpd 
NA210LJs USED NA210Ws (pF) 

DFC20W 6.75 8 54 15.04 

IV110W 0.75 3 2.25 0.48 

IV120W 1 2 2 0.62 

LAH10W 3.75 1 3.75 0.75 

NA21 OW 1 1 1 0.19 

NA220W 1.5 1 1.5 0.38 

NA31 OW 1.25 2 2.5 0.38 

NA410W 1.5 3 4.5 0.57 

NA420W 2.5 1 2.5 0.39 

NA51 OW 3 1 3 0.88 

N031 OW 1.25 2 2.5 0.26 

R2407W 24.5 2 49 9.92 

T0010W 1.5 1 1.5 NIL 

TOTALS 28 130 29.86 

When the macro is called from the engineering workstation input, the following label format 
is developed and will be captured in the design netlist: 

Label: S590LJ CCK,CCKENZ,RCK,CCLRZ,GZ,QA,QB,QC,QO,QE,QF,QG,QH,RCOZ; 

Both the counter and register clocks are positive-edge triggered. If the user wishes to 
connect both clocks together, the counter state will always be one count ahead of the 
register. Internal circuitry prevents clocking from the clock enable. 

PRODUCTION DATA do •• monls .ontain information 
current as of publication datI. Products conform to 
specifications par the tarms of TaxI. InstrumBnts 
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i~it~L~INARY Ct)lJNT~R " 
WITH 3·STATE OUTPUT REGISTERS 
03030, APRIL 1988 , ' 

logic diagram 

G' 
IVl2Ol.x 

.j>..y 

'CK 
VwVl 

~ 

~ ~~ A V 1NV2~ LAH10Ul 
LAl a > 1NV7 GND ~ 

C ~ 
OFC201., ~ a1 

CCKENZ 
0 

Cl 

~ 
Q I'NA 

10 a, ~ ~ Q2 

o~ 

!~ 
~m 

'I R FF1 QZ 

01 Q8 m 

~ ~ III 

f;{h 
D. Q4 

>~ ex 1 Q 
04 

CCK -
o· 10 

~ 

~ ~ QZ 

~ 
I RFF2 

A Y A v 

II~ fNV5 INV6 

L R ". 

I I OK F2OI.'t Q I 
~RZ'0 l I 

A N0310LII 

~ NQ2, 
Y 

,R FF4J T 

~ R 'FO 
A N0310LK 

~ 
• y 

c 
R2407Lx 

~::::;;':';'::::Ql 
.NA I R FFB 
~ Q2 

exfQ 01 Q8 

~lD .Ol-

02 

D' Q4 

r~ I ~ T 
0FC20I., 

~ I RFF8 
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TSC500 
SERIES 

S590LJ 
8-BIT BINARY COUNTER 

WITH 3-STATE OUTPUT REGISTERS 
D3030. APRIL 1988 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

timing requirements 
Specific timing data regarding pulse duration, setup time, and hold time models are 
incorporated in most engineering workstation libraries. These models are for the clocked 
cells embedded in the software macros. Evaluations of timing requirements made during 
pre-layout simulation produce workstation output used to identify and resolve each specific 
timing need. 

electrical characteristics, Vee = 5 V, TA = 25°e 

PARAMETER TEST CONDITIONS TYP MAX UNIT 

VT Input threshold voltage 2.2 V 

CCK 0.12 

CCKENZ 0.06 

Ci Input capacitance CCLRZ 0.05 pF 

GZ 0.11 

RCK 0.22 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 29.14 pF 

PRODUCTION DATA doc.mants contain Information 
currant as of publication date. Products conform to 
specifications par the tarms of Taxas Instruments TEXAS ." 

Copyright @ , 988. Texas Instruments Incorporated 
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S590LJ 
8-BIT BINARY COUNTER 
WITH 3-STATE OUTPUT REGISTERS 
03030, APRIL 1988 

TSC500 
SERIES 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 (see Notes 1 and 2) 

PARAM· FROM TO - 55°e to 125°e ooe to 700 e 

TYpt TYpt 
UNIT 

ETER (INPUT) (OUTPUT) MIN MAX MIN MAX 

tPLH 
CCK RCOZ 

3 6.1 3 5.6 

8.4 7.6 
ns 

tpHL 4 4 

tpLH CCLRZ RCOZ 4.4 4.7 4.4 4.5 ns 

tpLH RCK an 1.6 3.5 1.6 3.2 ns 

tpHL 1.7 3.9 1.7 3.6 

tpZH GZ an 1 1.9 1 1.9 ns 

tpZL 0.9 1.6 0.9 1.6 

~tpLH 
RCK an 

0.77 2.14 4.64 0.82 2.14 4.27 
ns/pF 

~tpHL 0.51 1.33 2.76 0.55 1.33 2.54 

~tpLH 
ceLRZ RCOZ 

0.22 0.68 1.46 0.24 0.68 1.34 
ns/pF 

~tpHL 0.26 0.78 1.82 0.28 0.78 1.62 

~tpZH 
GZ an 

0.77 2.2 4.93 0.82 2.2 4.51 
ns/pF 

~tpZL 0.54 1.38 3.23 0.57 1.38 2.88 

t Typical values are at VCC = 5 V, TA = 25°C. 

NOTES: 1. These switching characteristics are simulations of the software macro using interconnect 
capacitance values for an array design having 4000 gates. Post-layout simulation uses actual 
interconnect capacitance. 

15-44 

2. Enable and delta-enable times are measured using the conditions specified for the R2407W. 
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TSC500 
SERIES 

BLOCK SS90LJ; 

CCK @INPUT; 

CCKENZ @INPUT; 

RCK @INPUT; 

CCLRZ @INPUT; 

GZ @INPUT; 

QA @OUTPUT; 

QB @OUTPUT; 

QC @OUTPUT; 

QD @OUTPUT; 

QE @OUTPUT; 

QF @OUTPUT; 

QG @OUTPUT; 

QH @OUTPUT; 

RCOZ @OUTPUT; 

STRUCTURE 

FF1 

FF2 

FF3 

FF4 

FFS 

FF6 

FF7 

FF8 

INV1 

INV2 

INVS 

INVS 

INV7 

INV8 

NA1 

LA1 

NA2 

NA3 

NA4 

NAS 

NAS 

NA7 

NA8 

NA9 

N02 

N03 

FFAD 

FFEH 

END SS90LJ; 

S590LJ 
8-BIT BINARY COUNTER 

WITH 3-STATE OUTPUT REGISTERS 
D3030, APRIL 1988 

HDL FILEt 

:DFC20LJ INV60,FF1 QZ,INV70,FF1 Q,FF1 QZ; 

:DFC20LJ INV60,FF2QZ,NA30,FF2Q,FF2QZ; 

:DFC20LJ INV60,FF3QZ,NA40,FF3Q,FF3QZ; 

:DFC20LJ INV60,FF4QZ,NASO,FF4Q,FF4QZ; 

:DFC20LJ INV60,FFSQZ,NA60,FFSQ,FFSQZ; 

:DFC20LJ INV60,FF6QZ,NA70,FF6Q,FF6QZ; 

:DFC20LJ INVSO,FF7QZ,NA80,FF7Q,FF7QZ; 

:DFC20LJ INVSO,FF8QZ,NA90,FF8Q,FF8QZ; 

:IV120LJ GZ,INV10; 

:TOO10LJ TIELO,TIEHI; 

:IV110LJ CCLRZ,INVSO; 

:IV120LJ INVSO,INVSO; 

:IV110LJ NA10,INV70; 

:IV110LJ CCK,INV80; 

:NA220LJ LAlO,CCK,NA10; 

:LAH10LJ CCKENZ,INV80,DUM,LA 1O; 

:NA420LJ FFSQ,N030,N020,FF1 Q,RCOZ; 

:NA210LJ NA10,FF1Q,NA30; 

:NA310LJ NA10,FF1Q,FF2Q,NA40; 

:NA410LJ NA 1 0,FF1 Q,FF2Q,FF3Q,NASO; 

:NA310LJ NA 1 0,N020,FF1 Q,NASO; 

:NA410LJ NA 1 0,FF1 Q,N020,FFSQ,NA70; 

:NAS10LJ NA 1 0,FF1 Q,N020,FFSQ,FFSQ,NA80; 

:NA410LJ NA 1 0,FF1 Q,N020,N030,NA90; 

:N0310LJ FF2QZ,FF3QZ,FF4QZ,N020; 

:N0310LJ FFSQZ,FFSQZ,FF7QZ,N030; 

:R2407LJ TIEHI,FF1 Q,FF2Q,FF3Q,FF4Q,RCK,INV1 O,QA, 
QB,QC,QD; 

:R2407LJ TIEHI,FFSQ,FFSQ,FF7Q,FF8Q,RCK,INV10,QE, 
QF,QG,QH; 

t The HDL netlist format requires the "STRUCTURE" program lines to follow the "BLOCK" I/O program lines. 

PRODUCTION DATA doc.mo.ts ••• tai. i.f.rmatio. 
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TSC500 
SERIES 

S593XLJ 
a-BIT BINARY COUNTER 
WITH INPUT REGISTERS 

SOFTWARE MACRO 

logic symbolt 
• 8-Bit Counter with Input Registers 

• Individual Positive-Edge-Triggered 
CI?CkS for Counter and Register 

• 3-State Counter Outputs Provide 
Parallel Bus Interface 

• Counter Has Direct Clear and 
Clock Enable 

• Ripple-Carry Output Simplifies 
Expansion 

description 

Gl 
Gl 

CCLRl 

CCKEN 

CCKENZ 

CCK---P 
CLOAOZ 

RCKENZ 

RCK---t> 

A 20 

B 
C 
o 
E 

D3030, APRIL 1988 

CTRB 

CT-255 RCOl 

3D 5~ QA 

QB 

QC 
QO 
QE 
QF 
QG 
QH 

The S593XLJ software macro imple
ments a synchronous a-bit binary 
counter element. The a-bit length 
simplifies construction of large 
counters. The common data I/O port 
implemented on the packaged counter 
has been separated to provide 
individual data inputs to the register 
and individual 3-state outputs from the 
S593XLJ counter. The S593XLJ 
implements an a-bit storage register 
that feeds an a-bit binary counter. The 
counter has parallel 3-state outputs. 
Separate clocks are provided for both 
the binary counter and storage register. 

t This symbol IS In accordance with ANSI/IEEE 
Std 91-1984 and IEC Publication 617-12. 

Copyright @ 1988. Texas Instruments Incorporated PRODUCTION DATA d ....... ts •••• oi. i.'.,ma.i.. ~ 
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TSC500 
SERIES 

S593XLJ 
8-BIT BINARY COUNTER 
WITH INPUT REGISTERS 

D3030, APRIL 1988 

The S593XLJ is implemented with the standard cell functions indicated: 

EQUIVALENT TOTAL TOTAL TOTAL 

CELL NAME NUMBER OF NO. EQUIVALENT Cpd 
NA210Ws USED NA210LJs (pF) 

AN210LJ 1.5 8 12 2.64 

DF820LJ 7.25 8 58 14.24 

IV110W 0.75 6 4.5 0.96 

IV120W 1 2 2 0.62 

IV140W 1.5 1 1.5 0.63 

IV212W 1.25 8 10 1.44 

LAH10W 3.75 2 7.5 0.78 

NA210W 1 17 17 3.23 

NA220W 1.5 1 1.5 0.38 

NA31 OW 1.25 2 2.5 0.38 

NA410W 1.5 3 4.5 0.57 

NA420W 2.5 1 2.5 0.39 

NA51 OW 3 1 3 0.88 

N0210W 1 1 1 0.12 

N0310W 1.25 2 2.5 0.26 

OR210W 1.25 1 1.25 0.37 

R2406LJ 23.5 2 47 10.32 

TOOl OW 0.75 1 0.75 NIL 

TOTALS 67 179 38.21 

When the macro is called from the engineering workstation input, the following label format 
is developed and will be captured in the design netlist: 

Label: S593XLJ A,B,C,D,E,F,G,H,CCK,CCKEN,CCKENZ,RCK,RCKENZ, CCLRZ,CLOADZ, 
G1,GZ,QA,QB,QC,QD,QE,QF,QG,QH,RCOZ; 

The binary counter features a direct clear input, CCLRZ, and a count enable input, 
CCKENZ. For cascading, a ripple-carry output, RCOZ, is provided. Expansion is easily 
accomplished by tying RCOZ of the lower stage to CCKENZ of the higher stage, etc. Both 
the counter and register clocks are positive-edge-triggered. If the user wishes to connect 
both clocks together, the counter state will equal the previous register contents plus one. 
Internal circuitry prevents clocking from the clock enable. 

Copyright Cl198a. Texas Instruments Incorporated 
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TSC500 
SERIES 

S593XLJ 
8-BIT BINARY COUNTER 
WITH INPUT REGISTERS 

03030. APRIL 1988 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

timing requirements 
Specific timing data regarding pulse duration, setup time, and hold time models are 
incorporated in most engineering workstation libraries. These models are for the clocked 
cells embedded in the software macros. Evaluations of timing requirements made during 
pre-layout simulation produce workstation output used to identify and resolve each specific 
timing need. 

electrical characteristics, Vee = 5 V, T A = 25°e 

VT 

Ci 

Cpd 

PARAMETER TEST CONDITIONS TVP MAX UNIT 

Input threshold voltage 2.2 V 

A thru H 0.06 

CCK 0.12 

Input capacitance 
CLOADZ 0.23 

pF 
G1 0.05 

Z 0.11 

All other inputs 0.05 
Equivalent power dissipation capacitance tr '" tf '" 1 ns 37.56 pF 

PROOUCTIOI DATA ......... , ... nl.in 1.I .. mlli •• 
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switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 (see Notes 1 and 2) 

PARAM- FROM TO -55°C to 125°C O°C to 70°C 

(OUTPUT) TYpt TYpt 
UNIT 

ETER (INPUT) MIN MAX MIN MAX 

tpLH ccKi RCOZ 
3.2 6.8 3.2 6 

8.7 7.8 
ns 

tpHL 4 4 

tpLH CCLRZ RCOZ 3 5.8 3 5.4 

CCLRZ an 
ns 

tpHL 3.7 7.9 3.7 7.3 

tpLH 
CCK an 

3.4 7.6 3.4 6.3 

8.2 3.9 7.3 
ns 

tpHL 3.9 

tpLH 
CLOADZ 

2.4 5 2.4 4.6 
an 

8.4 3.B 
ns 

tpHL 3.8 7.5 

tpLH 
CLOADZ RCOZ 

5.8 6 5.8 5.7 

4.8 8.9 
ns 

tpHL 4.8 10 

tpZH 
GZ On 

2 4.3 2 3.8 
ris 

tpZL 2 3.6 2 3.6 

tpZH 
G1 an 

1.8 3.8 1.8 3.4 

tpZL 3.6 1.8 3.2 
ns 

1.8 

~tpLH 
Any an 

0.7 2.08 4.52 0.76 2.08 4.16 
ns/pF 

~tpHi.. 0.48 1.22 2.7 0.52 1.22 2.42 

~tpLH 
RCOZ 

0.22 0.68 1.46 0.24 0.68 1.34 
ns/pF 

~tpHL 
Any 

0.26 0.78 1.82 0.28 0.78 1.62 

~tpZH 0.76 2.14 4.8 0.8 2.14 4.38 
ns/pF 

~tpZL 
Any an 

0.52 1.26 2.88 0.56 1.26 2.56 

t Typical values are at VCC = 5 V, TA = 25°C. 
NOTES: 1. These switching characteristics are simulations of the software macro using interconnect 

capacitance values for an array design having 4000 gates. Post-layout simulation uses actual 
interconnect capacitance. 

2. Enable arid delta-enable times are measured using the conditions specified for the IV212LJ. 
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HDL FILEt 

S593XLJ 
8-BIT BINARY COUNTER 
WITH INPUT REGISTERS 

D3030, APRIL 1988 

BLOCK S593XLJ; STRUCTURE 

A @INPUT; AN2 :AN210LJ INV60,NA30,AN20; 

B @INPUT; AN3 :AN210LJ INV60,NA50,AN30; 

C @INPUT; AN4 :AN210LJ INV60,NA70,AN40; 

D @INPUT; AN5 :AN210LJ INV60,NA90,AN50; 

E @INPUT; AN6 :AN210LJ INV60,NA 11 0,AN60; 

F @INPUT; AN7 :AN210LJ INV60,NA 130,AN70; 

G @INPUT; AN8 :AN210LJ INV60,NA 150,AN80; 

H @INPUT; AN9 :AN210LJ INV60,NA 170,AN90; 

CCK @INPUT; FFA :DFB20LJ AN20,NA20,FFAOZ,INV100,FFAO,FFAOZ; 

CCKEN @INPUT; FFB :DFB20LJ AN30,NA40,FFBOZ,NA 190,FFBO,FFBOZ; 

CCKENZ @INPUT; FFC :DFB20LJ AN40, NA60,FFCOZ,NA200, FFCO,FFCOZ; 

RCK @INPUT; FFD :DFB20LJ AN50,NA80, FFDOZ,NA21 O,DUM,FFDOZ; 

RCKENZ @INPUT; FFE :DFB20LJ AN60, NA 1 OO,FFEOZ,NA220,FFEO,FFEOZ; 

CCLRZ @INPUT; FFF :DFB20LJ AN70,NA 120,FFFOZ,NA230,FFFO,FFFOZ; 

CLOADZ @INPUT; FFG :DFB20LJ AN80,NA 140,FFGOZ,NA240,DUM,FFGOZ; 

G1 @INPUT; FFH :DFB20LJ AN90,NA160,FFHOZ,NA250,FFHO,FFHOZ; 

GZ @INPUT; FF14 :R2406LJ TIEHI,A,B,C,D,RCFOZ, F1 Q,F1 OZ, 

OA @OUTPUT; F20,F20Z,F30,F30Z,F04,F40Z; 

OB @OUTPUT; FF58 :R2406LJ TIEHI,E,F,G,H,RCFOZ,F1 Q,F1 OZ, 

OC @OUTPUT; F60,F60Z, F70,F70Z, F80,F80Z; 

OD @OUTPUT; INV1 :IV120LJ GZ,INV10; 

OE @OUTPUT; INV2 :IV110LJ CCKENZ,INV20; 

OF @OUTPUT; INV3 :IV110LJ CCK,INV30; 

OG @OUTPUT; INV4 :IV110LJ RCK,INV40; 

OH @OUTPUT; INV5 :IV110LJ CCLRZ,INV50; 

RCOZ @OUTPUT; INV6 :IV120LJ INV50,INV60; 

INV7 :IV140LJ CLOADZ,INV70; 

INV8 :IV110LJ NA270,RCFOZ; 

INV9 :TOO10LJ TIELO,TIEHI; 

INV10 :IV110LJ NA10,INV100; 

INV11 :IV212LJ FFAOZ,N010,OA; 

INV12 :IV212LJ FFBOZ,N010,OB; 

INV13 :IV212LJ FFCOZ,N010,OC; 

INV14 :IV212LJ FFDOZ,N010,OD; 

INV15 :IV212LJ FFEOZ,N010,OE; 

INV16 :IV212LJ FFFOZ,N010,OF; 

t The HDL netlist format requires the "STRUCTURE" program lines to follow the "BLOCK" I/O program lines. 
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S593XLJ 
a-BIT BINARY COUNTER 
WITH INPUT REGISTERS 
D3030, APRIL 1988 

INV17 

INV18 

LA1 

LA2 

NA1 

NA2 

NA3 

NA4 

NA5 

NA6 

NA7 

NA8 

NA9 

NA10 

NA11 

NA12 

NA13 

NA14 

NA15 

NA16 

NA17 

NA18 

NA19 

NA20 

NA21 

NA22 

NA23 

HDL FILEt - Continued 
:IV212W FFGQZ,N010,QG; 

:IV212W FFHQZ,N010,QH; 

:LAH10LJ RCKENZ,INV40,DUM,LA 10; 

:LAH10LJ N020,INV30,DUM,LA20; 

:NA220LJ LA20,CCK,NA10; 

:NA210W INV70,F1 Q,NA20; 

:NA210W INV70,F1 QZ,NA30; 

:NA210W INV70,F2Q,NA40; 

:NA210LJ INV70,F2QZ,NA50; 

:NA210W INV70,F3Q,NA60; 

:NA210W INV70,F3QZ,NA70; 

:NA210LJ F4Q,INV70,NA80; 

:NA210W INV70,F4QZ,NA90; 

:NA210W INV70,F5Q,NA 10O; 

:NA210W INV70,F5QZ,NA110; 

:NA210W INV70,F6Q,NA 120; 

:NA210W INV70,F6QZ,NA 130; 

:NA210W INV70,F7Q,NA140; 

:NA210LJ INV70,F7QZ,NA 150; 

:NA210W F8Q,INV70,NA160; 

:NA210W INV70,F8QZ,NA 170; 

:NA420LJ FFHQ,N040,N030,FFAQ,RCOZ; 

:NA210LJ NA10,FFAQ,NA190; 

:NA310W NA10,FFAQ,FFBQ,NA200; 

:NA410W NA 1 0,FFAQ,FFBQ,FFCQ,NA21 0; 

:NA310W NA 1 0,FFAQ,N030,NA220; 

:NA410W NA 1 0,FFAQ,N030,FFEQ,NA230; 

TSC500 
SERIES 

NA24 :NA510W NA 1 0,FFAQ,N030,FFEQ,FFFQ,NA240; 

NA25 :NA41OW NA 1 O,FFAQ,N030,N040,NA250; 

NA27 :NA210W RCK,LA10,NA270; 

N01 :OR210W INV1 O,G1 ,N01 0; 

N02 :N0210W CCKEN,INV20,N020; 

N03 :N0310LJ FFBQZ,FFCQZ,FFDQZ,N030; 

N04 :N0310LJ FFEQZ,FFFQZ,FFGQZ,N040; 

END S593XW; 

t The HDL netlist format requires the "STRUCTURE" program lines to follow the "BLOCK" I/O program lines. 
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S669LJ 
SYNCHRONOUS 4·BIT UP/DOWN BINARY COUNTER 

WITH LOOK·AHEAD 
03030, APRIL 1988 

SOFTWARE MACRO 

• Fully Synchronous Operation for 
Counting and Programming 

• Internal Look-Ahead for Fast 
Counting 

• Carry Output for n-Blt Cascading 

• Fully Independent Clock Circuit 

• Buffered Outputs 

description 
The S669LJ software macro imple
ments a synchronous 4-bit up-down 
binary counter. The 4-bit length 
simplifies construction of large 
counters. These synchronous pre
settable counters feature an internal 
carry look-ahead for cascading in high
speed counting applications. 
Synchronous operation is provided by 

logic symbolt 

LOADl 

ENTl 

ENPl 

CTROIV16 

CLK ~~...p. 2.3.5.6+/C7 

2.4.5.6 -

A 1.70 (1) 

B [2) 

C [4) 

o [8) 

RCOl 

QA 

QB 

QC 

QO 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984 and IEC Publication 617-12. 

having all flip-flops clocked simultaneously so that the outputs change coincidentally with 
each other when instructed by the count-enable inputs and internal gating. This mode of 
operation eliminates the output counting spikes that are normally assoicated with 
asynchronous (ripple-clock) counters. A buffered clock input triggers the four master-slave 
flip-flops on the rising (positive-going) edge of the clock waveform. 
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S669LJ 
SYNCHRONOUS 4-BIT UP/DOWN BINARY COUNTER 
WITH LOOK·AHEAD 
D3030. APRIL 1988 

The S669LJ is implemented with the standard cell functions indicated: 

EQUIVALENT TOTAL TOTAL TOTAL 

CELL NAME NUMBER OF NO. EQUIVALENT Cpd 

NA210LJs USED NA210LJs (pF) 

AN320W 2 1 2 0.35 

A0221W 1.75 4 7 0.86 

IV110W 0.75 7 5.25 1.12 

IV120W 1 3 3 0.93 

NA210LJ 1 6 6 1.14 

NA31 OW 1.25 10 12.5 1.9 

NA410W 1.5 2 3 0.38 

NA510W 3 2 6 1.76 

R2406W 23.5 1 23.5 5.16 

T0010W 0.75 1 0.75 NIL 

TOTALS 37 69 13.82 

TSC500 
SERIES 

When the macro is called from the engineering workstation input, the following label format 
is developed and will be captured in the design netlist: 

Label: S669LJ D,C,B,A,CLK,U_DZ,ENPZ,ENTZ,LOADZ,QD,QC,QB,QA,RCOZ; 

These counters are fully programmable; that is, they may be preset to any number between 
o and 15. As loading is synchronous, setting up a low level at the load input disables the 
counter and causes the output to agree with the data inputs after the next clock pulse. 

The carry look-ahead circuitry provides for cascading counters in n-bit synchronous 
applications without additional gating. Instrumental in achieving this are two count-enable 
inputs and a ripple carry output. Both count-enable inputs (ENPZ arid ENTZ) must be low to 
count. ENPZ enables the local 4-bits and the ENTZ is fed forward to globally extend the 
enable/disable of previous/next 4-bit cascaded counters. The ripple-carry out RCOZ, when 
locally and globally enabled, will output a low-level pulse that is used to enable successive 
stages. Transitions at the ENPZ and ENTZ inputs are allowed regardless of the level of the 
clock input. 

These counters feature a fully independent clock circuit. Changes at control inputs (ENPZ, 
ENTZ, LOADZ, U-DZ) that will modify the operating mode have no effect until clocking 
occurs. The function of the counter (whether enable, disable, load, or count) will be dictated 
solely by the conditions meeting the setup and hold times. 
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S669Lj 
SYNCHRONOUS 4-BIT UP/DOWN BINARY COUNTER 

WITH LOOK-AHEAD 
03030, APRil 1988 

typical load, count, and Inhibit sequences 
This sequence shows the following characteristics: 

1, Load (preset) to binary thirteen 
2. Count up to fourteen, fifteen (maximum), zero, one, two, and 
3. Inhibit 
4. Count down to one, zero (minimum), fifteen, fourteen, and thirteen. 

LOADZL-.-J 

DATA 
INPUTS 

, 
A 1 .... --:....'. - -

---l I L..._ 
I 1,-

B ___ -..::.J' __ 
, ,,-
, L..._ 
I ,,-
I L..._ 

CLOCK 

U DZ --, - __ J 

II 
ENABLE -, I I 

PZ AND TZ IL.-!..~':'" .:..' ________ .J 

I 
I 
I' 

aB = = lJjr-' -----. I', , , L-______ .J 

ac - --I __ -J 

aD - --I 
- --J 

I I 

II 
I I 
, I 

I' 
I I 

II 
RCOZ--] ,I U 

- - 113:: 14 15 0 1 2, 2 2 

I II4--COUNT UP~INHIBIT.,j 
~ 
LOAD 

L 

LJ 
I 1 0 15 14 13 

Ic--CQUNT DOWN~ 
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SYNCHRONOUS 4-BIT UP/DOWN BINARY COUNTER 
WITH LOOK-AHEAD 
D3030 APRIL 1988 

logic diagram 

L-__ -+-__ ~~ 

a)~h 
~~z .... u 

> 

d .,:) d 
r;; ~~F:. : (OJ ~ 
c( Z Z c( Z 
Z Z 
0( m U 0:( co c( Gl U 

.. 01) 
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S669LJ 
SYNCHRONOUS 4-BIT UP/DOWN BINARY COUNTER 

WITH LOOK-AHEAD 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

timing requirements 

03030, APRIL 1988 

Specific timing data regarding pulse duration, setup time, and hold time models are 
incorporated in most engineering workstation libraries. These models are for the clocked 
cells embedded in the software macros. Evaluations of timing requirements made during 
pre-layout simulation produce workstation output used to identify and resolve each specific 
timing need. 

electrical characteristics, Vee = 5 V, T A = 25°e 

PARAMETER TEST CONDITIONS TYP MAX UNIT 

VT Input threshold voltage 2.2 V 

ClK, U_DZ 0.11 

Ci Input capacitance lOADZ 0.16 pF 

All other inputs 0.06 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 13.82 pF 

t Typical values are at VCC = 5 V, TA = 25°C. 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 (see Notes 1 and 2) 

PARAM- FROM TO - 55°C to 125°C O°C to 70°C 

TYpt TYpt 
UNIT 

ETER (INPUT) (OUTPUT) MIN MAX MIN MAX 

tplH 
ClK 

2.7 5.9 2.7 5.4 
RCOZ ns 

tpHl 4.5 10.2 4.5 9.4 

tplH 
ClK an 

1.5 3.4 1.5 3 
ns 

tpHl 1.7 3.8 1.7 3.5 

tplH 
ENTZ RCOZ 

1.1 2.2 1.1 2 
ns 

tpHl 1.5 3.1 1.5 ~ 
tplH 

U DZ RCOZ 
1.8 3.7 1.8 3.4 

- ns 
tpHl 3.8 8.1 3.8 7.1 

.MplH 0.42 1.12 2.32 0.44 1.12 2.12 
ns/pF 

AtpHl 
Any an 

0.34 0.76 1.54 0.36 0.76 1.4 

AtplH 
Any RCOZ 

0.36 0.92 1.92 0.38 0.92 1.76 
ns/pF 

AtPHl 0.24 0.56 1.14 0.24 0.56 1.02 

t Typical values are at VCC = 5 V, TA = 25°C. 
NOTE 1: These sWitcing characteristics are simullations of the software macro using interconnect 

capacitance values for an array design having 4000 gates. Post-layout simulation uses actual 
interconnect capacitance values. 
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WITH 'LOOK-AHEAD' .."" 
DS030, APRIL 1988 

HDLFILEt 
BLOCK S669LJ; STRUCTURE 

0 @INPUT; ANi :AN320LJ LOADZ,INV20,INV10,AN10; 

C @INPUT; A012 :A0221LJ QA,INV120,INV80,FFAQZ,A010; 

B @INPUT; A02 :A0221LJ QB,INV120,INV90,FFBQZ,A020; 

A @INPUT; A03 :A0221LJ QC,INV120,INV100,FFCQZ,A030; 

CLK @INPUT; A04 :A0221LJ QD,INV120,INV110,FFDOZ,A040; 

U _DZ @INPUT; !NV1 :IV110LJ ENTZ,INV10; 

ENPZ @INPUT; INV10 :IV110W INV120,INV100; 

ENTZ @INPUT; INV11 :IV110LJ INV120,INV110; 

LOADZ @INPUT; INV12 :IV120LJ U_DZ,INV120; 

QD @OUTPUT; INV13 :"i0010LJ DUM,CLRZ; 

QC @OUTPUT; INV2 :IV110LJ ENPZ,INV20; 

QB @OUTPUT; INV5 :IV120LJ LOADZ,INV50; 

OA @OUTPUT; INV6 :IV120LJ INV50,INV60; 

Reoz @OUTPUT; INV7 :IV110LJ ANlO,INV70; 

INV8 :IV110LJ INV120,INV80; 

INV9 :IV110LJ INV120,INV90; 

NA1 :NA310LJ QA,INV70,INV60,NA10; 

NA10 :NA31OW OC,NA110,INV60,NA100; 

Nf>,11 :NA31OW ANi 0,A020,A01 O,NA 11O; 

NA12 :NM10LJ A()1 0,A020,AN1 0,FFCQZ,NA120; 

NA13 :NA210LJ INV50,C,NA 130; 

f\lA14 :NA310LJ NA100,NA130,NA120,NA140; 

NA15 :NA210LJ INV50,D,NA 150; 

NA16 :NA410LJ ANi O,A01 0,A020,A030,NA 160; 

NA17 :NA310LJ QD,NA 160,INV60,NA 170; 

NA19 :NA310LJ NA170,NA150,NA200,NA190; 

NA2 :NA210LJ ANi O,FFAQZ,NA20; 

NA20 :NA510LJ ANi O,A01 0,A020,A030,FFDQZ,NA200; 

NA21 :NA510LJ A01 0,A020,A030,A040,INV1 O,RCOZ; 

NA3 :NA310LJ QB,NA50,INV60,NA30; 

NA4 :NA310LJ NA 1 0,NA80,NA20,NA40; 

NA5 :NA210LJ ANi O,A01 0,NA50; 

NA6 :NA310LJ ANi O,A01 0,FFBQZ,NA60; 

NA7 :NA310W NA30,NA90,NA60,NA70; 

NA8 :NA210LJ INV50,A,NA80; 

NA9 ;NA210LJ INV50,B,NA90; 

t The HDL netlist format requires the "STRUCTURE" program lines to follow the "BLOCK" I/O program lines. 
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S669LJ 
SYNCHRONOUS 4-BIT UP/DOWN BINARY COUNTER 

WITH LOOK-AHEAD 
D3030, APRIL 1988 

HDL FILEt - Continued 

FF14 

END S669LJ; 

:R2406LJ CLRZ,NA40,NA70,NA140,NA 190,CLK,QA, 
FFAQZ,QB,FFBQZ,QC,FFCQZ,QD,FFDQZ; 

t The HDL netiist format requires the "STRUCTURE" program lines to follow the "BLOCK" I/O program lines. 
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DEMULTIPLEXERS 
FUNCTIONAL INDEX 

D3030. APRIL 1988 

DECODERS/DEMULTIPLEXERS (HARDWIRED) 

DESCRIPTION 
CELL OUTPUT 

COMMENTS 
EQUIVALENT 

NAME DRIVE NA210s 
PAGE 

2-to-4 DE210LJ 1X 4 16-3 

2-to-4 DE212LJ 1X Active H output enable 4 16-4 

DECODERS/DEMULTIPLEXERS (SOFTWARE) 

DESCRIPTION 
MACRO OUTPUT EQUIVALENT 

NAME DRIVE 
COMMENTS PAGE 

NA210s 

Transparent or latched select 
3-to-8 S137LJ 1X inputs, active H or L enables for 40.25 16-6 

cascading 

3-to-8 S138LJ 1X Active L,L, or H cascading 
enables 

29.5 16-11 

DuaI2-to-4 S139LJ 1X Separate active L output enables 24 16-15 

DuaI2-to-4 S155LJ 1X Separate data and enable inputs 23.75 16-19 
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DE210LJ 
2-LlNE TO 4-LlNE DECODER/DEMULTIPLEXER 

03030, APRIL 1988 

INTERNAL CELL 

FUNCTION TABLE 

INPUTS OUTPUTS 

A B VO V1 V2 V3 
L L L H H H 

H L H L H H 

L H H H L H 

H H H H H L 

description 
The DE21 OW cell is an internal 2-line to 
4-line decoder/demultiplexer. When 
the decoder is called from the 
engineering workstation input, the 

logic symbolt 

XIV 

A---IO} 0 G-
B 1 3 

VO 

V1 

V2 

V3 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984 and IEC Publication 617-12. 

following label format is developed and will be captured in the design netlist: 

Label: DE210W A,B,YO,Y1 ,Y2,Y3; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, T A = 25°e 

PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 

TVP MAX UNIT 

2.2 V 
0.18 pF 

1.13 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 

PARAM· FROM TO - 55°C to 125°C 

ETER (INPUT) (OUTPUT) MIN TVP:j: MAX 

tpLH 0.2 0.41 
A,B Any 

tpHL 0.2 0.46 

atpLH 0.36 1.08 

atpHL 
A,B Any 

0.36 0.94 

:j: Typical values are at VCC = 5 V, T A = 25°C. 

PRODUCTION DATA documenls contain informetion 
current as of publicatioR data. Products conform to 
spacifications per the terms of Taxa. Instruments 

=~~::i;ai~:1~7i ~!~~:~ti:r :1~o;:;:::::t:::S not 
TEXAS .., 

INSTRUMENlS 

1.1 

1.26 

2.62 

2.18 

O°C to 70°C 

TVP:j: 
UNIT 

MIN MAX 

0.2 0.41 1.03 

0.21 0.46 
ns 

1.15 

0.4 1.08 2.42 
ns/pF 

0.38 0.94 1.98 

Copyright @ 1988. Texas Instruments Incorporated 
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TSC500 
SERIES 

FUNCTION TABLE 

DE212LJ 
2-LlNE TO 4-LINE DECODER/DEMULTIPLEXER 

. W·ITH ACTIVE-HIGH ENABLE 
1988 

INTERNAL CELL 

logic symbolt 
INPUTS OUTPUTS 

A B G YO Y1 
X X L H H 

L L H L H 

H L H H L 

L H H H H 

H H H H H 

Y2 Y3 

H H 

H H 

H H 

L H 

H L 

A 

B 

G 

2 

EN 

X/Y 
t-'~-YO 

1--"~-Y1 

1--"~-Y2 

t-'--Y3 

t This symbol is in accordance with ANSI/IEEE 
description Std 91-1984 and IEC Publication 617-12. 

The DE212LJ cell is an internal 2-line to 
4-line decoder/demultiplexer featuring 
active-high enable for expandability. When the decoder is called from the engineering 
workstation input, the following label format is developed and will be captured in the design 
netlist: 

Label: DE212LJ A,B,G,YO,Y1 ,Y2,Y3; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical chilracteristics, Vee = 5 V, T A = 25°e 

PARAMETER TEST CONDITIONS TYP MAX UNIT 

VT Input threshold voltage 2.2 V 

Ci Input capacitance 
IA,B 0.18 

pF 
IG 0.23 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 1.12 pF 

PRDDueTIO. DATA d.cuml.ts co.lli. informllio. ~ 
cltrrlnt II .f publication uti. Preducts conform 10 1i 
.,leificltiDill per· the terms af TI"I Instrumantl E.XAS 
=~~:~i;'{::I:ri ~~:~=ti:: :I~O::~::~::~ not INSTRUM ENTS 

Copvri~ht @ 1986. Texas lnstrum~nt$ Incorporated 
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TSC500 
SERIES 

DE212LJ 
2·LlNE TO 4·LlNE DECODER/DEMULTIPLEXER 

WITH ACTIVE·HIGH ENABLE 
D3030, APRIL 1988 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 

PARAM- FROM TO - 55°e to 125°e 

ETER (INPUT) (OUTPUT) MIN TYpt MAX 

tpLH 0.22 0.45 
A,B Y 

tPHL 0.22 0.52 

tpLH 0.21 0.36 
G Y 

tpHL 0.21 0.37 

AtpLH 0.42 1.22 
A,B Y 

AtpHL 0.44 1.31 

AtpLH 
G 

0.38 1.06 
Y 

1.31 AtpHL 0.44 

t Typical values are at Vee = 5 V, T A = 25°e. 

PRDDUCTIO. DATA document •• '.llin i.I .... lli •• 
Cu",nt I. of ,.lIljeltion at •. PrlMluctl c •• flrm to 
.... ificltian .... thl tlrms af TI'" Instru •• nts 

~::-:::=i~'r:::li ~=::i:r :.-::::It.~ not 
TEXAS ..If 

INSTRUMENTS 

1.13 

1.45 

0.68 

0.73 

3.06 

3.08 

2.3 

3.1 

ooe to 700 e 

TYpt UNIT 
MIN MAX 

0.22 0.45 1.05 

0.23 0.52 1.34 
ns 

0.21 0.36 0.63 

0.2 0.37 0.67 
ns 

0.44 1.22 2.82 
ns/pF 

0.48 1.31 2.78 

0.44 1.06 2.12 

0.48 1.31 2.78 
ns/pF 

Copyright C> 1988. Texas Instrumants Incorporated 
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TSC500 
SERIES 

S137LJ 
3-LlNE TO 8-LlNE DECODER/DEMULTIPLEXER 

WITH ADDRESS LATCHES 

SOFTWARE MACRO 

• Latched Address Lines Ensure 
Stable Bus Interface 

• Expandable Select Width 

• Parallel Decoders for Multiple-Bit 
Words 

logic symbolt 

GLZ 

A 

DMUX 

D3030, APRIL 1988 

YO 

Y1 
description B 

Y2 

16-6 

The S137LJ software macro imple
ments a 3-line to B-line decoder/ 
demultiplexer. The S137LJ incor
porates a 3-bit latch on the three 
address inputs to simplify system 
design, as the data selected is stored 
and is available until replaced by 
another selection. When the latch
enable input (GLZ) is low, the S137LJ 
acts as a decoder/demultiplexer. When 
GLZ goes from low to high, the address 
present at the select inputs (A, B, and 

c 
Y3 

Y4 

G1 Y5 

G2Z Y6 

Y7 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984 and IEC Publication 617-12. 

C) is stored in the latches. Further address changes are ignored as long as GLZ remains 
high. This latching capability makes the S137LJ ideally suited for implementing stable 
decoders for strobed (stored-address) applications in bus-oriented systems. 

Also provided in the macro are output controls, G1 and G2Z, that enable and disable the 
outputs. When enabled (G1 is high and G2Z is low), the selected output is low. When 
disabled (G1 is low or G2Z is high), all outputs are high. These controls permit the macro to 
be cascaded to accommodate wider multiplexers, as only the an bled 8-bit field will contain 
an active-low data bit. The S137LJ is implemented with standard cell functions indicated: 

EQUIVALENT TOTAL TOTAL TOTAL 

CELL NAME NUMBER OF NO. EQUIVALENT Cpd 
NA210LJs USED NA210Ws (pF) 

AN210W 1.5 6 9 1.98 

IV110LJ 0.75 5 3.75 0.8 

NA420W 2.5 8 20 3.12 

N0210W 1 6 6 0.72 

N0220W 1.5 1 1.5 0.23. 

TOTALS 26 40.25 6.85 

When the macro is called from the engineering workstation input, the following label format 
is developed and will be captured in the design netlist: 

Label: S137LJ C,B,A,GLZ,G2Z,G1 ,YO,Y1 ,Y2,Y3,Y4,Y5,Y6,Y7; 

PROOUCTIO. DATA doc.mlnt, contain information 
curnnt II at puillicitian dltl. Productl canform to 
specifiCitilnl plr the terms of Tlx., Instruments 

::~=~~i~'{::I:ri ~!=:~ti:r :'~':=:::':~~I nat TEXAS " INSTRUMENlS 

Copyright @ 1988, Texas Instruments Incorporated 
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TSC500 
SERIES 

S137LJ 
3-LlNE TO a-LINE DECODER/DEMULTIPLEXER 

WITH ADDRESS LATCHES 

INPUTS 

ENABLE SELECT 

GLZ G1 G2Z C B 

X 

X 

L 

L 

L 

L 

L 

L 

L 

L 

H 

X H X X 

L X X X 

H L L L 

H L L L 

H L L H 

H L L H 

H L H L 

H L H L 

H L H H 

H L H H 

H L X X 

PRODUCTION DATA d ..... om ... toi. i.I., .. lIi •• 
Cllmtllt II If publicltion dl'l. Products conform to 
specifiCitianl Pif .11. ttrml of T •••• ' ... r ••• nts 

==~~ir,·[::~7i ~:::~ti:r :Ii':.-:::::~:I~ nat 

A 

X 

X 

L 

H 

L 

H 

L 

H 

L 

H 

X 

03030, APRIL 1988 

FUNCTION TABLE 

OUTPUTS 

YO Y1 Y2 Y3 Y4 Y5 Y6 Y7 
H H H H H H H H 

H H H H H H H H 

L H H H H H H H 

H L H H H H H H 

H H L H H H H H 

H H H L H H H H 

H H H H L H H H 

H H H H H L H H 

H H H H H H L H 

H H H H H H H L 

Output corresponding to stored address = L 

All others = H 

TEXAS ." 
INSTRUMENTS 

Copyright @ 1988. TaXI. Instruments Incorporated 
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S137LJ 
3-L1NE TO a-LINE DECODER/DEMULTIPLEXER 
WITH ADDRESS LATCHES 
03030, APRIL 1988 

logic diagram 

A 

B 

c 

GlZ 

G2Z 

G1 

TSC500 
SERIES 

YO 

Y1 

--L .. , Y2 

Y3 

Y4 

Y6 

Y6 

Y7 

PRODUCTION DATA documents contlin information 
current IS of publicltion dlte. Products conform to 
splcifiCitionl per the terms of TI.IS Instruments TEXAS • 

INSTRUMENlS 

Copyright © 1988. Texas Instruments Incorporated 

~::~~:~~i~·t::1~1i ~!:~:~ti:r :'~O::~:::::t:~s~S nol 
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TSC500 
SERIES 

S137LJ 
3-LlNE TO 8-LlNE DECODER/DEMULTIPLEXER 

WITH ADDRESS LATCHES 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data, 

electrical characteristics, Vee = 5 V, TA = 25°e 
PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 
IA,B,C 

I GLZ, G1Z, G2Z 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 

D3030, APRIL 1988 

TYP MAX UNIT 

2,2 V 

0.1 

0.05 
pF 

6.85 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 (See Note 1) 

PARAM- FROM TO - 55°C to 125°C O°C to 70°C 

TYpt TYpt 
UNIT 

ETER (INPUT) (OUTPUT) MIN MAX MIN MAX 

tpLH 
A, B, C, GLZ Any 

2.9 6.2 2.9 5.9 
ns 

tpHL 4.9 10.6 4,9 9.9 

tpLH 2.4 5.1 2.4 4.7 
G1 or G2Z Any ns 

tpHL 3.7 8 3.7 7.3 

AtpLH 
Any Any 

0.22 0.68 1.46 0,24 0.68 1.34 
ns/pF 

AtpHL 0.26 0.78 1.82 0.28 0.78 1.62 

t Typical values are at VCC = 5 V, TA = 25°C. 
NOTE 1: These switching characteristics are simulations of the software macro using interconnect 

capacitance values for an array design having 4000 gates. Post-layout simulation uses actual 
interconnect capacitance values. 

PRODUCTION DATA doc.mUII.O.hli. info/lilltio. 
cYnlnt '. of publicltil. dl ... Products conform ta 
_iflcoiio., pIf the hi ... , of rln, 1.11 ...... 11 
Itlnd.ttl wlrr •• '" ProduCti.n proehlin, .... not 
.~.riIY in~hnll. tnti"l of .U "rim., •. 

TEXAS .., 
INSfR'-1MENTS 

Copyright @ 1988. Texas Instruments IncorpC?rated 
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S137LJ TSC500 
3-LlNE TO 8-LlNE DECODER/DEMULTIPLEXER SERIES 
WITH ADDRESS LATCHES 
D3030, APRIL 1966 

HDL FILEt 

BLOCK S137LJ; STRUCTURE 

C @INPUT; AN1 :AN210LJ AN,GLP,LlAP; 

B @INPUT; AN2 :AN210LJ A,GLP,LlAN; 

A @INPUT; AN3 :AN210LJ BN,GLP,LlBP; 

GLZ @INPUT; AN4 :AN210LJ B,GLP,LlBN; 

G2Z @INPUT; AN5 :AN210LJ CN,GLP,LlCP; 

G1 @INPUT; AN6 :AN210LJ C,GLP,LlCN; 

YO @OUTPUT; INV1 :IV110LJ A,AN; 

Y1 @OUTPUT; INV2 :IV110LJ B,BN; 

Y2 @OUTPUT; INV3 :IV110LJ C,CN; 

Y3 @OUTPUT; INV4 :IV110LJ GLZ,GLP; 

Y4 @OUTPUT; INV5 :IV110LJ G1,IV50; 

Y5 @OUTPUT; NA1 :NA420LJ LOAN,LOBN,LOCN,OC,YO; 

Y6 @OUTPUT; NA2 :NA420LJ LOAP,LOBN,LOCN,OC,Y1 ; 

Y7 @OUTPUT; NA3 :NA420LJ LOAN,LOBP,LOCN,OC,Y2; 

NA4 :NA420LJ LOAP,LOBP,LOCN,OC,Y3; 

NA5 :NA420LJ LOAN,LOBN,LOCP,OC,Y4; 

NA6 :NA420LJ LOAP,LOBN,LOCP,OC,Y5; 

NA7 :NA420LJ LOAN,LOBP,LOCP,OC,Y6; 

NAB :NA420LJ LOAP,LOBP,LOCP,OC,Y7; 

N01 :N0210LJ LlAP,LOAN,LOAP; 

N02 :N0210LJ LOAP,LlAN,LOAN; 

N03 :N0210LJ LlBP,LOBN,LOBP; 

N04 :N0210LJ LOBP,LlBN,LOBN; 

N05. :N0210LJ LlCP,LOCN,LOCP; 

N06 :N0210LJ LOCP,LlCN,LOCN; 

N07 :N0220LJ G2Z,IV50,OC; 

END S137LJ; 

t The HDL netlist format requires the "STRUCTURE" program lines to follow the "BLOCK" I/O program lines. 

16-10 

PRODUCTIO. DATA ................ i. inlarmllion 
eMrr •• ' I. of p.b'iClti'. dlte. Pr .... cts collfor. to ' 
'plCificDtionl ..... thl tum •• f ' ••• 1 Instr ..... ntl 

::=~I~.t::I~7e ~:~::~; :.~.:::::~::.. not 

TEXAS .., 
INSTRUMENTS 
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TSC500 
SERIES 

S138LJ 
3-LlNE TO 8-LlNE DECODER/DEMULTIPLEXER 

• Three Enable Inputs for 
Expandability 

SOFTWARE MACRO 
logic symbolt 

• Choice of an Active-High or Two 
Active-Low Enables 

• Parallel Decoders for Multiple Bit 
Words 

description 

A 

B 

C 

G1 

G2AZ 

G2BZ 

..... 

..... 

DMUX 

}~ 
I--

& 

D3030, APRIL 1988 

01'-.. 

1r-.. 

2 

3~ 

41'-.. 

5~ 

6r-.. 

7r-.. 

VO 

V1 

V2 

V3 

V4 

V5 

V6 

V7 

The S138LJ software macro imple
ments a 3-line to 8-line decoder/ 
demultiplexer, Also provided in the 
macro are strobe inputs, G1, G2AZ, 
and G2BZ, which enable and disable 
the outputs. All of the outputs are high 
when disabled. They are enabled when 
G1 is high and both G2AZ and G2BZ 
are low. This condition enables the 
selected output and it goes to a low 
logic level. These enables also permit 
the S138LJ to be cascaded to 
accommodate wider multiplexers, 
because only the enabled 8-bit field will 
contain an active data bit. The S138LJ 
is implemented with the standard cell 
functions indicated: 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984 and lEG Publication 617-12. 

EQUIVALENT TOTAL TOTAL TOTAL 
CELL NAME NUMBER OF NO. EQUIVALENT Cpd 

NA210Ws USED NA210Ws (pF) 
IVll0W 0.75 1 0.75 0.16 
IV120W 1 6 6 1.86 
NA420W 2.5 8 20 3.12 
N0330W 2.75 1 2.75 0.35 

TOTALS 16 29.5 5.49 

When the decoder/demultiplexer is called from the engineering workstation input, the 
following label format is developed and will be captured in the design netlist 

Label: S138LJ G1 ,G2AZ,G2BZ,A,B,C,YO,Y1,Y2,Y3,Y4,Y5,Y6,Y7; 

PRODUCTION DATA doc.mlnto .ontlin informltion .., 
currlnt I. of publication dltl. Products ca.-fonn to 1i 
.pecificltionl PI' th. tMm. of Till. Instruments E.XAS 
::::~~i~'i~:I~7e ~~:~:~ti:; :'~O::~:=::'~I not INSTRUMENTS 

Copyright C> 1988. rexas Instruments Incorporated 

POST OFFICE BOX &55012 • DALL.AS. TEXAS 75265 16·11 



S138LJ 
3-LlNE TO a-LINE DECODER/DEMULTIPLEXER 

03030, APRIL 1988 

FUNCTION TABLE 

INPUTS 
OUTPUTS 

ENABLE SELECT 

G1 G2AZ G2BZ C B A YO Y1 Y2 Y3 Y4 
X X H X X X H H H H H 
X H X X X X H H H H H 
L X X X X X H H H H H 
H L L L L L L H H H H 
H L L L L H H L H H H 
H L L L H L H H L H H 

H L L L H H H H H L H 

H L L H L L H H H H L 

H L L H L H H H H H H 

H L L H H L H H H H H 
H L L H H H H H H H H 

logic diagram 
A 

G' 
B 
C 

G2AZ 
C 

G2BZ 

A 
A 

c 
G15 G'6 

Lx = LH for 2-fLm standard cells. 

Y5 
H 
H 

H 
H 
H 

H 
H 

H 
L 

H 
H 

NA420Lx 

Y 

GO' 

NA42OL1C 

Y 

Y 

Y 

Y 

Y 

TSC500 
SERIES 

Y6 Y7 
H H 
H H 

H H 

H H 
H H 

H H 

H H 

H H 

H H 
L H 
H L 

YO 

Y' 

Y2 

Y3 

Y4 

Y5 

Y6 

V7 

P80DUCTIOI DATA docu .... II ... taii in,., ... ,i •• 
c." .. , •• of pubUclli .. doll. P,odU.1I oiInfar .. ,. 
i'-iflDtilnl pe' the tlrll. If T •••• I ... ru .... rits 
Itand.,d wlrr.nt,. P"ductian ,flclai •• dHl lot ...... .,i" i .. ' .... ''''i., ., III p.,. .. II., •. 

TEXAS ." 
Copy,igh, C> 1988, T •••• 'nstrument. 'ncorpo,.ted 

INSTRUMENts 
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TSC500 
SERIES 

S138LJ 
3-LlNE TO 8-LlNE DECODER/DEMULTIPLEXER 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data, 

electrical characteristics, Vee = 5 V, TA = 25°e 
PARAMETER TEST CONDITIONS TYP 

VT Input threshold voltage 2.2 

Ci Input capacitance 
IA,B,C 0.11 

I G2AZ, G2BZ 0.05 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 5.49 

D3030, APRIL 1988 

MAX UNIT 

V 

pF 

pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 (see Note 1) 

PARAM· FROM TO -55°C to 125°C O°C to 70°C 

TYpt TYpt 
UNIT 

ETER (INPUT) (OUTPUT) MIN MAX MIN MAX 

tpLH 
A, B,C 

1.1 2.9 1.1 2.6 
Any ns 

tpHL 1.6 2.9 1,6 2.6 

tpLH G1, G2AZ, or Any 
1.6 3.5 1.6 3.2 

G2BZ 2.3 
ns 

tpHL 2.3 5.4 5 

~tpLH 
Any Any 

0.22 0.63 1.46 0.24 0.63 1.34 
ns/pF 

~tpHL 0.26 0.77 1.82 0.28 0.77 1,62 

t Typical values are at VCC = 5 V, TA = 25°C. 
NOTE 1: These switching characteristics are simulations of the software macro using interconnect 

capacitance values for a gate array design having 4000 gates. Post-layout simulation uses actual 
interconnect capacitance values. 

PRODUCTION DATA d ••• mo.ta ••• tli. i.f .... ti •• 
currlllt I' It public.tian dltl. Pr .... etl cDlfarm to 
specificltionl p. the terlRa If T .... Instrum"" 

::''"!:~~i~I{::1~1i ~!.~~:i:r :'i,:::::r::.' .ot 
TEXAS ." 

INSTRUMENTS 
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POST OFFICE BOX 855012 • DALLAS, TEXAS 75265 16·13 



S138LJ 
3-LlNE TO 8-LlNE DECODER/DEMULTIPLEXER 

03030, APRIL 1988 

HDL FILEt 

BLOCK S138W; STRUCTURE 

Gl @INPUT; GOl :NA420W Gll O,G130,G150,Gl OO,YO; 

G2AZ @INPUT; G02 :NA420W G120,G130,G150,Gl OO,Yl; 

G2BZ @INPUT; G03 :NA420W Gll O,G140,G150,Gl 00,Y2; 

A @INPUT; G04 :NA420W G120,G140,G150,Gl00,Y3; 

B @INPUT; G05 :NA420W Gll O,G130,G160,Gl 00,Y4; 

C @INPUT; G86 :NA420W G130,G160,G120,Gl00,Y5; 

YO @OUTPUT; G07 :NA420W Gll O,G160,G140,Gl 00,Y6; 

Yl @OUTPUT; G08 :NA420LJ Gl00,G120,G140,G160,Y7; 

Y2 @OUTPUT; G09 :IVll0W Gl,G090; 

Y3 @OUTPUT; Gl0 :N0330LJ G090,G2AZ,G2BZ,Gl00; 

Y4 @OUTPUT; Gll :IV120W A,Gll0; 

Y5 @OUTPUT; G12 :IV120LJ GllO,G120; 

Y6 @OUTPUT; G13 :IV120LJ B,G130; 

Y7 @OUTPUT; G14 :IV120W G130,G140; 

G15 :IV120W C,G150; 

G16 :IV120LJ G150,G160; 

END S138W; 

TSC500 
SERIES 

t The HDL nellisl formal requires the "STRUCTURE" program lines 10 follow the "BLOCK" I/O program lines. 

16-14 

PRODUCTION DATA d ....... II ... lIi. i.fo, ... tio. 
currlnt I •• f p •• ,icltil .. dlte. Predleta: conform t. 
specificlti.l. PII' the tlnnl of TIXII Inltrlml .. tl 
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TEXAS ..If 

INSTRUMENlS 
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TSC500 
SERIES 

S139LJ 
DUAL 2-UNE TO 4-LINE DECODER/DEMULTIPLEXER 

D3030, APRIL 1988 

SOFTWARE MACRO 
• Enable Input Permits Expansion of 

Each Decoder 

• Parallel Decoders for Multiple Bit 
Words 

description 
The S139LJ software macro imple
ments a dual 2-line to 4-line decoder/ 
demultiplexer. Also provided in the 
macro are two strobe inputs G1Z and 
G2Z that enable and disable the 
outputs. The four outputs of a decoder 
are high when its corresponding strobe 
is high. When the strobe is low, the 
selected output is low. These strobes, 
G1 Z for decoder 1 and G2Z for decoder 
2, permit the S139LJ decoders to be 

logic symbolt 
~----, 

A1 

81 

G1Z 

A2 

82 

G2Z 

DMUX 

o} 0 G-
1 3 

..,..--Y10 

Y11 

Y12 

Y13 

Y20 

Y21 

Y22 

Y23 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984 and lEG Publication 617-12. 

cascaded to accommodate wider multiplexers, since only the enabled 4-bit field will contain 
an active-low data bit. The S139LJ is implemented with the standard cell functions 
indicated: 

EQUIVALENT TOTAL TOTAL TOTAL 

CELL NAME NUMBER OF NO. EQUIVALENT Cpd 
NA210Ws USED NA210LJs (pF) 

IV110LJ 0.75 8 6 1.28 

IV120LJ 1 2 2 0.62 

NA320LJ 2 8 16 2.96 

TOTALS 18 24 4.86 

When the decoder/demultiplexer is called from the engineering workstation input, the 
following label format is developed and will be captured in the design netiist: 

Label: S139LJ A1,B1,G1 Z,A2,B2,G2Z,Y1 O,Y11 ,Y12,Y13,Y20,Y21 ,Y22,Y23; 

PRODUCTIOM DATA documents cantain information 
currlnt .s af publicltion dlte. Products conform to 
sptIcificltions per the t,rlM af TIXIS Instruments 
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S139LJ 
DUAL 2-LlNE TO 4-LlNE DECODER/DEMULTIPLEXER 

D3030, APRIL 1988 

FUNCTION TABLE 

INPUTS 
OUTPUTS 

ENABLE SELECT 

GnZ Bn An YnO Yn1 Yn2 Yn3 

H X X H H H H 

L L L L H H H 

L L H H L H H 

L H L H H L H 

L H H H H H L 

logic diagram 

IV120lx Y 

G1Z A Y 

Gll 

Y 

Y 

Al 
Y 

I Y 

81 A Y 

1V120lx Y 

G2Z 
A Y C 

A 

8 Y 

C 

Y 

A2 Y 

A 

8 Y 

82 Y C 

TSC500 
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Yl0 

Yll 

Y12 

Y13 

Y20 

Y21 

Y22 

Y23 
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TSC500 
SERIES 

S139LJ 
DUAL 2-LlNE TO 4-LlNE DECODER/DEMULTIPLEXER 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, T A = 25°e 

PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

IAn, Bn 
Ci Input capacitance 

IGnZ 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 

D303Q, APRIL 1988 

TYP MAX UNIT 

2.2 V 

0.05 

0.11 
pF 

4.9 pF 

switching characteriStics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 (see Note 1) 

PARAM- FROM TO - 55°C to 125°C ooe to 700e 
TYpt TYpt 

UNIT 
ETER (INPUT) (OUTPUT) MIN MAX MIN MAX 

tpLH 1.7 3 1.7 2.9 
An or Bn Any ns 

tpHL 1.7 3 1.7 2.8 

tpLH 0.8 1.4 0.8 1.4 
GnZ Any ns 

tpHL 0.9 1.7 0.9 1.5 

~tpLH 0.22 0.58 1.24 0.24 0.58 1.14 

~tpHL 
Any Any 

0.26 0.62 1.42 0.26 0.62 1.28 
ns/pF 

t Typical values are at VCC = 5 V, T A = 25°C. 
NOTE 1: These switching characteristics are simulations of the software macro using interconnect 

capacitance values for an array design having 4000 gates. Post-layout simulation uses actual 
interconnect capacitance values. 

PRODUCTION DATA docum.ntl.tontl!i~ information 
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S139LJ 
DUAL 2-UNE TO 4-UNE DECODER/DEMULTIPLEXER 

03030, APRIL 1988 

HDL FILEt 
BLOCK S139LJ; STRUCTURE 

A1 @INPUT; G11 :IV120LJ G1Z,G110; 

B1 @INPUT; G12 :IV110LJ A1,G120; 

G1Z @INPUT; G13 :IV110LJ B1,G130; 

A2 @INPUT; G14 :IV110LJ G120,G140; 

B2 @INPUT; G15 :IV110LJ G130,G150; 

G2Z @INPUT; G16 :NA320LJ G120,G130,G11 0,Y1 0; 

Y10 @OUTPUT; G17 :NA320LJ G11 0,G130,G140,Y11; 

Y11 @OUTPUT; G18 :NA320LJ G110,G120,G150,Y12; 

Y12 @OUTPUT; G19 :NA320LJ G110,G140,G150,Y13; 

Y13 @OUTPUT; G21 :IV120LJ G2Z,G210; 

Y20 @OUTPUT; G22 :IV110LJ A2,G220; 

Y21 @OUTPUT; G23 :IV110LJ B2,G230; 

Y22 @OUTPUT; G24 :IV110LJ G220,G240; 

Y23 @OUTPUT; G25 :IV110LJ G230,G250; 

G26 :NA320LJ G220,G230,G210,Y20; 

G27 :NA320LJ G21 0,G230,G240,Y21; 

G28 :NA320LJ G210,G220,G250,Y22; 

G29 :NA320LJ G210,G240,G250,Y23; 

END S139LJ; 

TSC500 
SERIES 

t The HDL nellist format requires the "STRUCTURE" program lines to follow the "BLOCK" I/O program lines. 
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TSC500 
SERIES 

S155LJ 
DUAL 2-LlNE TO 4-LlNE DECODER/DEMULTIPLEXER 

WITH DATA AND ENABLE LINES 
D3030, APRIL 1988 

SOFTWARE MACRO 

• Enable Input Permits Expansion of 
Each Decoder 

• Individual Data Input to Each 4· 
Line Decoder 

• Parallel Decoders for Multiple Bit 
Words 

description 
The S155W software macro imple
ments an 8-line or dual 4-line decoder! 
demultiplexer. The A and B inputs are 
common to the two sections of the 
macro and select one of the four 
outputs in each section. Each section 
has a C input ANDed with a G input and 
for 4-line demultiplexer applications, a 
choice can be made in the use of these 
inputs as strobe and data inputs. In 
section 1, when C1 is high, the selected 

logic symbolt 

A 

B 

G1Z 

C1 

G2Z 

C2Z 

r-.... 

,.... 

....... 

O} 0 G -
1 3 , 

DMUX 

G4 

4 

r 

0 ....... 
1 ....... 

2 

3 

r-.. 
r-.. 

Y10 

Y11 

Y12 

Y13 

Y20 

Y21 \ 

Y22 

Y23 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984 and lEG Publication 617-12. 

output assumes the level of G1 Z, or to view this another way, when G1 Z is low the selected 
output assumes the complement of the level of C1. In section 2, C2Z and G2Z are 
interchangeable. When both are low, the selected output is low. When one of them is high, 
all outputs are high. When a 3-line to 8-line decoder or a i-line to 8-line demultiplexer is 
required, Ci and C2Z are connected together to act as a third select line (Cn) with lines A 
and B. G 1 Z and G2Z are also connected together to act as an active-low strobe or data line 
for this application. The S155W is implemented with standard cell functions indicated: 

EQUIVALENT TOTAL TOTAL TOTAL 

CELL NAME NUMBER OF NO. EQUIVALENT Cpd 
NA210Ws USED NA210LJs (pF) 

IV110LJ 0.75 1 0.75 0.16 

IV120LJ 1 4 4 1.24 

NA320LJ 2 8 16 2.96 

N0220LJ 1.5 2 3 0.46 

TOTALS 15 23.75 4.82 

When the macro is called from the engineering workstation input, the following label format 
is developed and will be captured in the design netlist: 

Label: Si55LJ Ci,G1 Z,C2Z,G2Z.A,B,Y1 O,Y11,Y12,Y13,Y20,Y21,Y22,Y23; 

PRODUCTION DATA documents cantlin informltion 
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S155LJ . 
DUAL 2-lINE TO 4-lINEDECODER/DEMULTIPLEXER 
WITH DATA AND ENABLE LINES 
D3030, APRIL 1~88 

SELECT 

B A 

X X 
L L 

L H 

H L 

H H 

X X 

SELECt 

B A 

X X 
L L 

L H 

H L 
H H 

X X 

INPUTS 

. FUNCTION TABLE 
2-LINE-TO-4-LlNE DECODER 

OR 1-I..INE-TO-4-LlNE DEMULTIPLEXER 

INPUTS 
OUTPUTS 

STROBE DATA 

G1Z C1 Y10 Y11 Y12 

H X H H H 

L H L H H 

L H H L H 

L H H H L 

L H H H H 

X L H H. H 

INPUTS 
OUTPUTS 

STROBE DATA 

G2Z C2Z Y20 Y21 

H X H 

L L L 

L L H 

L L H 

L L H 

X H H 

FUNCTION TABLE 
3-LINE-TO-8-LlNE DECODER 

H 

H 

L 

H 

H 

H 

OR 1-LlNE-TO-8-LlNE DEMULTIPLEXER 

Y22 

H 

H 

H 

L 

H 

H 

OUTPUTS 

Y13 

H 

H 

H 

H 

L 

H 

Y23 

H 

H 

H 

H 

L 

H 

SELECT 
STROBE 

(0) (1 ) (2) (3) (4) (5) (6) 
OR DATA 

Y20 Y21 
Cnt GnZ:j: 

Y22 Y23 Y10 Y11 Y12 
B A 

X X X H H H 

L L L L L H 

L L H L H L 

L H L L H H 

L H H L H H 

H L L L H H 

H L H L H H 

H H L L H H 

H H H L H H 

t C = inputs C1 and C2Z connected together 
:j: G = inputs G1Z and G2Z connected together 

H H H H H 

H H H H H 

H H H H H 

L H H H H 

H L H H H 

H H L H H 

H H H L H 

H H H H L 

H H H H H 
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TSC500 
SERIES 

S155LJ 
DUAL 2-LlNE TO 4-LlNE DECODER/DEMULTIPLEXER 

WITH DATA AND ENABLE LINES 

logic diagram 

G1Z 

Cl 

A 

B 

G2Z 

C2Z 
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S155LJ 
DUAL 2-LlNE TO 4-LlNE DECODER/DEMULTIPLEXER 
WITH DATA AND ENABLE LINES 
D3030, APRIL 1988 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, T A = 25°e 
PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

CLRZ 

Ci Input capacitance PREZ 

0 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 

TYP MAX 

2.2 

0.11 

0.05 

0.11 

4.9 

TSC500 
SERIES 

UNIT 

V 

pF 

pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 (See Note 1) 

PARAM- FROM TO - 55°C to 125°C O°C to 70°C 

TYpt TYpt 
UNIT 

ETER (INPUT) (OUTPUT) MIN MAX MIN MAX 

tpLH 
A or B Any 

0.9 1.5 0.9 1.4 

2.4 
ns 

tpHL 1.5 2.7 1.5 

tpLH 1.1 2.7 1.1 2.5 
G1Z or C1 Y1n ns 

tpHL 1.5 3.5 1.5 3.3 

tpLH 1.1 2.7 1.1 2.5 
G2Z or C2Z Y2n ns 

tpHL 1.5 3.5 1.5 3.3 

~tpLH 0.22 0.58 1.24 0.24 0.58 1.14 
ns/pF 

~tpHL 
Any Any 

0.26 0.62 1.42 0.26 0.62 1.28 

t Typical values are at VCC = 5 V, T A = 25°C. 
NOTE 1: These switching characteristics are simulations of the software macro using interconnect 

capacitance values for a gate array design having 4000 gates. Post·layout simulation uses actual 
interconnect capacitance values. 
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TSC500 
SERIES 

BLOCK S155LJ; 

C1 @INPUT; 

G2Z @INPUT; 

A @INPUT; 

B @INPUT; 

Y10 @OUTPUT; 

Y11 @OUTPUT; 

Y12 @OUTPUT; 

Y13 @OUTPUT; 

Y20 @OUTPUT; 

Y21 @OUTPUT; 

Y22 @OUTPUT; 

Y23 @OUTPUT; 

S155LJ 
DUAL 2-L1NE TO 4-L1NE DECODER/DEMULTIPLEXER 

WITH DATA AND ENABLE LINES 
03030, APRIL 1988 

HDL FILEt 

STRUCTURE 

INV1 :IV110LJ C1,INVlO; 

INV2 :IV120LJ A,INV20; 

INV3 :IV120LJ INV20,INV30; 

INV4 :IV120LJ B,INV40; 

INV5 :IV120LJ INV40,INV50; 

NA1 :NA320LJ N01 O,INV20,INV40,Y1 0; 

NA2 :NA320LJ N01 O,INV30,INV40,Y11; 

NA3 :NA320LJ N010,INV20,INV50,Y12; 

NA4 :NA320LJ N010,INV30,INV50,Y13; 

NA5 :NA320LJ N020,INV20,INV40,Y20; 

NAB :NA320LJ N020,INV30,INV40,Y21 ; 

NA7 :NA320LJ N020,INV20,INV50,Y22; 

NA8 :NA320LJ N020,INV30,INV50,Y23; 

N01 :N0220LJ G1Z,INV1 O,N01 0; 

N02 :N0220LJ G2Z,C2Z,N020; 

END S155LJ; 

t The HDL nellist format requires the "STRUCTURE" program lines to follow the "BLOCK" I/O program lines. 
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TSC500 
SERIES 

MULTIPLEXERS 
FUNCTIONAL INDEX 

D:i030, APRIL 1988 

MULTIPLEXERS (HARDWIRED) 

DESCRIPTION 
CELL OUTPUT 

COMMENTS 
EQUIVALENT 

PAGE 
NAME DRIVE NA21 Os 

2-to-1 with 3-State MU110W 1X Active L enable 3.5 17-3 Output 

2-to-1 MU111W 1X 2.25 17-5 

4-to-1 MU21 OW 1X 5 17-6 

8-to-1 with 3-State MU310W 1X Active L enable 14.75 17-7 Output 

8-to-1 MU320W 2X 11.25 17-9 

MULTIPLEXERS (SOFTWARE) 

DESCRIPTION 
MACRO OUTPUT 

COMMENTS 
EQUIVALENT 

PAGE 
NAME DRIVE NA210s 

8-to-1 with S151W 1X Active L enable 35 17-11 Complementary Outputs 

DuaI4-to-1 S153W 1X Separate active L 
enables 21.5 17-15 

Quad 2-to-1 Noninverting S157W 1X Active L enable 17 17-19 

Quad 2-to-1 Inverting S158W 1X Active L enable 20 17-23 

8-to-1 3-State S251W 1X Active L enable 24.5 17-27 Complementary Outputs 

Quad 2-to-1 Noninverting 
3-State Outputs S257AW 1X Active L enable 21 17-31 

Quad 2-to-1 Inverting 3-
State Outputs S258AW 1X Active L enable 15 17-35 

Quad 2-to-1 Storage S298W 1X Negative edge-triggered 37 17-39 register 

Quad 2-to-1 Storage, 
Complementary Outputs S398W 1X Positive edge-triggered 39 17-43 register 

Quad 2-to-1 Storage S399W 1X Positive edge-triggered 
register 36 17-47 

PRODUCTION DATA d .. u .. lnls .onllin informallon 
currenl II at publinlion dl'l. Praductl centunn to 
.pacificationl plr the term. of TI .. I Inslrumlnts TEXAS ~ 
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TSC500 
SERIES 

FUNCTION TABLE 

INPUTS OUTPUT 

S GZ Y 

X H Z 

L L A 
H L B 

MU110LJ 
2-LINE TO 1-LlNE MULTIPLEXER 

WITH 3-STATE OUTPUT 

INTERNAL CELL 

logic symbolt 

GZ 

S 

A 

APRIL 1988 

y 
description B 

The MU11 OW cell is an internal2-line to 
1-line multiplexer that interfaces directly 
with internal three-state bus lines. 
When the multiplexer is called from 
the engineering workstation input, the 

t This symbol IS In accordance with ANSI/IEEE 
Std 91-1984 and IEC Publication 617-12. 

following label format is developed and will be captured in the design netlist: 

Label: MU11 OLJ A,B,S,GZ,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, T A = 25°e 
PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

A 

Ci Input capacitance S 
GZ 

Co Output capacitance 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 

TYP MAX 

2.2 

0.08 

0.09 

0.1 

0.06 

0.38 

UNIT 

V 

pF 

pF 

pF 

PRODUCTION DATA d •• umonts.ontain inlormation 
currant I. of publication datI. Products conform to 
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MU110LJ 
2-UNE TO 1-LINE MULTIPLEXER 
WITH 3-STATE OUTPUT 
D3030, APRIL 1988 

TSC500 
SERIES 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 
PARAM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

TYpt MAX MIN TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN MAX 

tpLH 
RL = 00 

0,23 0,7 1,62 0,23 0,7 1.49 
Aor B Y ns 

tpHL 0,23 0,6 1.32 0.26 0.6 1.2 

tpLH 
S y 0.32 0.94 2.04 0.37 0.94 1.88 

ns 
tPHL 0.37 0.87 1.79 0.37 0.87 1.66 

tpZH 
GZ y RL = 40 k!1 to GND 0.07 0.18 0.33 0.06 0.18 0.32 

ns 
tpZL RL = 20 k!1 to Vee 0.2 0.39 0.69 0.19 0.39 0.64 

tpHZ 
GZ y RL = 40 k!1 to GND 3.51 3.51 

RL = 20 k!1 to Vee 
-- ns 

tpLZ 2.1 2.1 

LltpLH 0.7 2 4.36 0.74 2 4 
ns/pF A or B y 

LltpHL 0.36 0.86 1.88 0.36 0.86 1.7 

LltpLH 0.7 2 4.34 0.74 2 4 
ns/pF S y 

LltpHL 0.32 0.86 1.9 0.36 0.86 1.7 

LltpZH 
GZ y 0.74 2.04 4.6 0.78 2.04 4.2 

ns/pF 
LltpZL 0.24 0.86 2.3 0.28 0.86 2.08 

t Typical values are at Vee = 5 V, TA = 25°e. 

PRODUCTION DATA d.cuments .ontii. info,metion 
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TSC500 
SERIES 

FUNCTION TABLE 

INPUT OUTPUT 

S V 

L A 

H B 

MU111LJ 
2-UNE TO 1-UNE MULTIPLEXER 

03030, APRIL 1988 

INTERNAL CELL 

logic symbolt 

;~L.~_1_M_U_X __ ,J..,j~ y 

description t This symbol is in accordance with ANSI/IEEE 
Std 91-1984 and IEC Publication 617-12. 

The MU111 LJ cell is an internal2-line to 
1-line multiplexer. When the multiplexer 
is called from the engineering work-
station input, the following label format is developed and will be captured in the design 
netlist: 

Label: MU111 LJ A,B,S,V; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, T A = 25°e 
PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 
IA,B 

IS 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 

TVP MAX UNIT 

2.2 V 

0.05 
pF 

0.11 

0.41 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature, (unless otherwise noted), CL = 0 

PARAM· FROM TO - 55°C to 125°C O°C to 70°C 

TVP:I: TVP:I: 
UNIT 

ETER (INPUT) (OUTPUT) MIN MAX MIN MAX 

tpLH 0.27 0.65 1.37 0.29 0.65 1.23 
Aor B Y ns 

tpHL 0.27 0.77 1.82 0.28 0.77 1.67 

tpLH 0.26 0.62 1.22 0.28 0.62 1.12 
S y ns 

tpHL 0.27 0.63 1.33 0.28 0.63 1.25 

~tpLH 0.42 1.07 2.26 0.44 1.07 2.1 
Aor B Y ns/pF 

~tpHL 0.3 0.65 1.34 0.32 0.65 1.2 

~tpLH 
S V 

0.42 1.08 2.26 0.44 1.08 2.08 
ns/pF 

~tpHL 0.3 0.66 1.34 0.32 0.66 1.18 

:I: Typical values are at VCC = 5 V, TA = 25°C. 

PROOUCTION DATA documants contain information 
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TSC500 
SERIES 

MU210LJ 
4-UNE TO 1-UNE MULTIPLEXER 

FUNCTION TABLE 

INPUTS OUTPUT 

B A Y 

L L CO 

L H C1 

H L C2 

H H C3 

description 

INTERNAL CELL 

logic symbolt 

A 

B 

co 0 

C1 

C2 
C3 

1 

2 

3 

APRIL 1988 

MUX 

y 

The MU21 OLJ cell is an internal4-line to 
1-line multiplexer. When the multiplexer 
is called from the engineering 
workstation input, the following label 
format is developed and will be 
captured in the design netlist: 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984 and IEC Publication 617-12. 

Label: MU210LJ CO,C1 ,C2,C3,A,B,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, T A = 25°e 
PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 
IA,B 

IAnyC 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 

TYP MAX UNIT 

2.2 V 

0.13 
pF 

0.08 

0.52 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 

PARAM- FROM TO - 55°C to 125°C O°C to 70°C 

ETER (INPUT) (OUTPUT) MIN TYp:j: MAX MIN TYp:j: 
UNIT 

MAX 

tpLH 0.15 0.71 2.02 0.17 0.71 1.86 
A,B y ns 

tpHL 0.27 0.87 2.46 0.28 0.87 2.28 

tpLH 
Anye y 0.29 0.73 1.56 0.31 0.73 1.43 

ns 
tpHL 0.33 0.83 1.84 0.34 0.83 1.7 

.MpLH 
A, B 

0.42 1.08 2.26 0.44 1.08 2.08 
ns/pF y 

,ltpHL 0.28 0.65 1.36 0.3 0.65 1.22 

,ltPLH 0.4 1.07 2.28 0.44 1.07 2.08 
Any C y ns/pF 

,l!PHL 0.28 0.67 1.38 0.32 0.67 1.24 

:j: Typical values are at Vce = 5 V, TA = 25°C. 
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TSC500 
SERIES 

MU310LJ 
8-LlNE TO 1-LlNE MULTIPLEXER 

WITH 3-STATE OUTPUT 
03030. APRIL 1988 

INTERNAL CELL 

FUNCTION TABLE logic symbolt 
INPUTS OUTPUT 

C B A GZ y 

X X X H Z 

L L L L 00 

GZ EN MUX 

A O} 0 B G-
C 2 7 

L L H L 01 DO 0 
L H L L 02 01 1 

'V y 
02 2 

L H H L 03 03 3 
H L L L 04 04 4 

H L H L 05 05 5 

H H L L 06 
06 6 
07 7 

H H H L 07 
t This symbol is in accordance with ANSI/IEEE 

description Std 91-1984 and IEC Publication 617-12. 
The MU31 OW cell is an internal 8-line to 
1-line multiplexer that interfaces directly 
with internal three-state bus lines. When the multiplexer is called from the engineering 
workstation input, the following label format is developed and will be captured in the design 
netlist: . 

Label: MU310W 00,01 ,D2,D3,D4,D5,D6,D7,A,B,C,GZ,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vce = 5 V, T A = 25°e 
PARAMETER TEST CONDITIONS TYP MAX UNIT 

VT Input threshold voltage 2.2 V 

00 thru 07 0.08 

Ci Input capacitance 
AorC 0.12 

pF 
B 0.06 
GZ 0.1 

Co Output capacitance 0.07 pF 

Cpd dissipation capacitance tr = tf = 1 ns 0.66 pF 

PRODUCTION DAiA documents contain information 
current II of publicatioR date. Products conform to 
specificatioris par the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily includ~ tasling of all parameters. 
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MU310LJ 
a-LINE TO 1-LlNE MULTIPLEXER 
WITH 3-STATE OUTPUT 
D3030, APRIL 1988 

TSC500 
SERIES 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 
PARAM· FROM TO TEST - 55°C to 125°C O°C to 70°C 

MIN TYpt MIN TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX MAX 

tpLH 00 thru 0.44 1.13 2.54 0.46 1.13 2.31 
Y RL = 00 ns 

tpHL D7 0.43 1.26 3 0.45 1.26 2.74 

tpLH A, S, or 0.19 1.15 3.45 0.21 1.15 3.16 y ns 
tpHL e 0.31 1.3 3.99 0.33 1.3 3.63 

tpZH 
GZ y RL = 40 knto GNO ,0.03 0.23 0.6 0.04 0.23 0.55 

ns 
tpZL RL = 20 kn to Vee 0.2 0.37 0.72 0.21 0.37 0.67 

tpHZ 
GZ y RL = 40 kn to GNO 3.86 3.86 

RL = 20 kn to Vee 
ns 

tpLZ 2.2 ~.2 

t.tpLH 00 thru 0.7 2.06 4.48 0.76 2.06 4.12 
ns/pF y 

t.tpHL 07 0.4 1.08 2.4 0.42 1.08 2.18 

t.tpLH A, S, or y 0.72 2.06 4.48 0.76 2.06 4.12 
ns/pF 

t.tpHL e 0.4 1.07 2.38 0.42 1.07 2.16 

t.tpZH 
GZ y 0.74 2.12 4.72 0.78 2.12 4.32 

ns/pF 
t.tpZL 0.26 0.96 2.46 0.28 0.96 2.22 

t Typical values are at Vee = 5 V, TA = 25°e. 

PRODUCTION DATA documonts contain information 
curnnt I' of publicltion date. Products conform to 
specifications per the terms of raxas Instruments TEXAS ~ 

Copyright @ 1988, Texas Instruments Incorporated 

:~~::~~i~.i~:I:ri ~=:~i:r :'~D::~::::~:~~S not INSTRUMENTS 
17-8 POST OFfiCE BOX 855012. OALLAS, TexAS 75265 



TSC500 
SERIES 

FUNCTION TABLE 

INPUTS OUTPUT 

C B A Y 

X X X L 

L L L 00 
L L H 01 
L H L 02 
L H H 03 
H L L 04 
H L H 05 
H H L 06 
H H H 07 

MU320LJ 
8·L1NE TO 1·L1NE MULTIPLEXER 

WITH 2X OUTPUT 
D3030, APRIL 1988 

INTERNAL CELL 

logic symboit 

MUX 

A O} 0 B G-
C 2 7 

DO 0 
01 1 

Y D2 2 
03 3 
04 4 
05 5 
06 6 
07 7 

t This symbol is in accordance with ANSI/IEEE 
description SId 91-1984 and IEC Publication 617-12. 

The MU320LJ cell is an internal S-line to 
1-line multiplexer with a 2X output to 
enhance capacitive drive capability and fanout. When the multiplexer is called from the 
engineering workstation input, the following label format is developed and will be captured 
in the design netlist: 

Label: MU320LJ DO,D1 ,D2,D3,D4,D5,D6,D7,A,B,C,Y; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, T A = 25°e 
PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 
I DO thru 07 
IA,B,orC 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 

TYP 

2.2 
0.05 
0.11 
1.28 

MAX UNIT 

V 

pF 

pF 
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MU320LJ 
8-LlNE TO 1-LIN~ MULTIPLEXER 
WIT~ ~X OUTPUT 
03030. APRIL 1988 

TSC500 
SERI~S 

switching characteristics over recommended ranges of supply voltage and operating free-
air temperature. (unle$s ptherwise noted), CL:::; O· . 

pAR~M- FROM TO TEST - 55°C to 125°C O·C to 70°C 

TYpt MAX TYpt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN MIN MAX 

tPLH 0.53 1.62 3.9 0.56 1.62 3.54 
DO thru 07 y RL = 00 

0.57 
ns 

tpHL 1.89 4.71 0.61 1.89 4.29 

tpLH 
A, B, ore y 0.25 1.42 5.03 0.28 1.42 4.59 

ns 
tPHL 0.33 1.61 5.74 0.35 1.61 5.24 

.ltpLH 0.2 0.55 1.18 0.2 0.55 1.1 
ns/pF DO thru 07 y 

.ltpHL 0.14 0.44 0.92 0.16 O.M 0.B4 

.ltpLH 
A, B, or e 

0.18 0.55 1.18 0.2 0.55 LOB 
ns/pF y 

.ltpHL 0.16 0.44 0.92 0.16 0.44 0.B4 

t Typical values are at Vee = 5 V, TA = 25°C. 

PROOUCTION OATAdocumenls conllin inforination· 
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TSC500 
SERIES 

S151LJ 
8·LlNE TO 1·LlNE MULTIPLEXER 

• Active-Low Strobe for 
Expandablllty 

SOFTWARE MACRO 
logic symbolt 

• Use Parallel Multiplexers for 
Multiple-Bit Words 

description 

GZ 
A 

B 

C 

DO 

01 

02 

03 

04 

05 

06 

07 

,..., MUX 

EN 

: } G ~ 
0 

1 

2 

3 

4 

5 

6 

7 

D3030. APRIL 1988 

...... 
y 

w 

The 8151 LJ software macro imple
ments an 8-line to i-line multiplexer. 
The macro has a strobe input, GZ, that 
enables and disables the inputs. The Y 
output is low and the W output is high 
when GZ is high. When GZ is low, the Y 
output assumes the level of the 
selected input and the W output 
assumes the complement of that level. 
This strobe permits the macro to be 
employed for designing wider mUlti
plexers, since only the enabled 8-bit 
field will output an active data bit. The 
8151 LJ is implemented with the 
standard cell functions indicated: 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984 and lEG Publication 617-12. 

EQUIVALENT TOTAL TOTAL TOTAL 

CELL NAME NUMBER OF NO. EQUIVALENT Cpd 
NA210Ws USED NA210LJs (pF) 

IV110LJ 0.75 3 2.25 0.48 

IV120LJ 1 5 5 1.55 

NA510LJ 3 8 24 7.04 

NA810LJ 3.75 1 3.75 0.91 

TOTALS 17 35 9.98 

When the multiplexer is called from the engineering workstation input, the following label 
format is developed and will be captured in the design netlist: 

Label: 8151 LJ GZ,A,B,C,DO,D1 ,D2,D3,D4,D5,D6,D7,Y,W; 

PRODUCTION DATA documents contlin information 
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S151LJ 
8-LlNE TO 1-UNE MULTIPLEXER 

03030, APRIL 1988 

logic diagram 

07 

06 

06 

04 

03 

02 

01 

00 

GZ 

FUNCTION TABLE 

INPUTS OUTPUTS 

C B A GZ Y W 
X X X H L H 

L L L L DO DO 

L L H L D1 01 

L H L L D2 02 

L H H L D3 03 

H L L L D4 04 

H L H L D5 D5 

H H L L D6 D6 

H H H L D7 D7 

DO, D1 ... D7 = the level of the respective 
D input. 

NA610LlC 

TSC500 
SERIES 

W 
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TSC500 
SERIES 

S151LJ 
a-LINE TO 1-LlNE MULTIPLEXER 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, T A = 25°e 
PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci 
IGZ 

Input capacitance 
I All other inputs 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 

D3030, APRIL 1988 

TYP MAX UNIT 

2.2 V 

0.11 
pF 

0.06 

10 pF 

switching characteristics over recommended ranges of supply voltage and operating free· 
air temperature (unless otherwise noted), eL = 0 (see Note 1) 

PARAM· FROM TO - 55°C to 125°C O°C to 70°C 

TYpt TYpt 
UNIT 

ETER (INPUT) (OUTPUT) MIN MAX MIN MAX 

tpLH 2.9 6.3 2.9 5.7 
Y ns 

tpHL 
A,B,orC 

2.9 5.8 2.9 5.4 

tpLH 3.1 6.1 3.1 5.7 
W ns 

tpHL 3.1 6.7 3.1 6.1 

tPLH 2 4.3 2 3.9 
Y ns 

tpHL 2.1 4.7 2.1 4.3 

tpLH 
Any 0 

2.3 5 2.3 4.6 
W ns 

tpHL 2.2 4.7 2.2 4.3 

tpLH Y 
2.6 5.5 2.6 5.1 

ns 
tPHL GZ 

2.7 5.7 2.7 5.1 

tpLH 2.9 6 2.9 5.4 
W ns 

tpHL 2.8 5.9 2.8 5.5 

dtPLH 0.34 0.92 1.92 0.36 0.92 1.76 
ns/pF Any Y 

dtpHL 0.24 0.56 1.14 0.26 0.56 1.02 

dtpLH 0.24 0.52 1.1 0.26 0.52 1 
ns/pF Any W 

dtpHL 0.28 0.42 0.68 0.28 0.42 0.62 

t Typical values are at VCC = 5 V, TA = 25°C. 
NOTE 1: These switching characteristics are simulations of the software macro using interconnect 

capacitance values for an array design having 4000 gates. Post-layout simulation uses actual 
interconnect capacitance values. 
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S151LJ TSC500 
a-LINE TO 1-LlNE. MULTIPLEXER SERIES 

D3030, APRIL 1988 

HDl FilEt 
BLOCK S151 W; TRUCTURE 
GZ @INPUT; GOl :NA510LJ CZ,BZ,AZ,DO,INV70,UO; 
A @INPUT; G02 :NA510LJ CZ,BZ,AT,Dl ,INV70,Ul; 
B @INPUT; G03 :NA510LJ CZ,BT,AZ,D2,INV70,U2; 

C @INPUT; G04 :NA510LJ CZ,BT,AT,D3,INV70,U3; 
DO @INPUT; G05 :NA510LJ CT,BZ,AZ,D4,INV70,U4; 
Dl @INPUT; G06 :NA510LJ CT,BZ,AT,D5,INV70,U5; 
D2 @INPUT; G07 :NA510LJ CT,BT,AZ,D6,INV70,U6; 
D3 @INPUT; G08 :NA510LJ CT,BT,AT,D7,INV70,U7; 

D4 @INPUT; GOg :NA810LJ U7,U6,U5,U4,U3,U2,U1,UO,Y; 

D5 @INPUT; INVl :IVll0W A,AZ; 

D6 @INPUT; INV2 :IVll0LJ B,BZ; 

D7 @INPUT; INV3 :IVll0W C,CZ; 
Y @OUTPUT; INV4 :IV120W AZ,AT; 

w @OUTPUT; INV5 :IV120LJ BZ,BT; 

INV6 :IV120W CZ,CT; 

INV7 :IV120LJ GZ,INV70; 

INV8 :IV120LJ Y,W; 

END S151LJ; 

t The HDL netlist format requires the "STRUCTURE" program lines to follow the "BLOCK" I/O program lines. 

17·14 
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TSC500 
SERIES 

S153LJ 
DUAL 4-UNE TO 1-UNE MULTIPLEXER 

• Active-Low Strobe for 
E;.xpandability 

SOFTWARE MACRO 
logic symbolt 

• Use Parallel Multiplexers for 
Mu!tiple-Bit Words 

description 

A 

B 

G1Z 

C10 

C11 

C12 

C13 

G2Z 

C20 

C21 

C22 

C23 

D3030, APRIL 1988 

o} G~ 
1 3 

Y1 

Y2 

The S153LJ software macro imple
ments a dua/4-line to 1-line multiplexer. 
Each 4-bit half of the macro has a 
strobe input that enables and disables 
its associated outputs. The Yn output is 
low when GnZ is high. When GnZ is 
low, the output assumes the level of the 
selected input. These strobes permit 
the macro to be employed for 
designing wider multiplexers, since 
Clnly the enabled 4-bit field will output 
an active data bit. The S153LJ is 
implemented with the standard cell 
functions indicated: 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984 and lEG Publication 617-12. 

EQlJlVALENT TOTAL TOTAL TOTAL 

CELL NAME NUMBER OF NO. EQUIVALENT Cpd 
NA210Ws USED NA210Ws (pF) 

IV110W 0.75 6 4.5 0.96 

NA410W 1.5 8 12 1.52 

NA420W 2.5 2 5 0.78 

TOTALS 16 21.5 3.26 

When the multiplexer is called from the engineering workstation input, the following label 
format is developed and will be captured in the design netlist: 

Label: S 153LJ G1 Z,G2Z,A,B,C1 O,C11 ,C12,C13,C20,C21 ,C22,C23,Y1 ,Y2; 
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S153LJ 
DUAL 4-LINE TO 1-LlNE MULTIPLEXER 

D3030, APRIL 1988 

FUNCTION TABLE 

INPUTS 

SELECT DATA STROBE 

B A CnO Cn1 Cn2 Cn3 
GnZ 

X X X X X X H 
L L L X X X L 

L L H X X X L 

L H X L X X L 
L H X H X X L 
H L X X L X L 
H L X X H X L 
H H X X X L L 
H H X X X H L 

logic diagram IVllOLx 

G1Z 
L-)-________________ ~A~ Y A NA410Lx 

INV7 

C10 

ell 

Cl2 

Cl3 

B 

A Y 

INV4 

C20 c=~--------------------------~+_t_r_~,NA~OLx 

C2l 

C22 

C23 

IVllOLx 

G2Z 
c=)-________________ ~A~ Y o 

INV8 

OUTPUT 
y 

L 

L 

H 

L 

H 
L 

H 

L 
H 

TSC500 
SERIES 

poy'---------£....=> Yl 

Y 
Y2 
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TSC500 
SERIES 

S153LJ 
DUAL 4-LlNE TO 1-LlNE MULTIPLEXER 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, T A = 25°e 
PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 

03030, APRIL 1988 

TVP MAX UNIT 

2.2 V 

0.05 pF 

3.3 pF 

switching characteristics over recommended ranges of supply voltage and operating free· 
air temperature (unless otherwise noted), eL = 0 (see Note 1) 

PARAM· FROM TO - 55°C to 125C O°C to 70°C 

TVPt TVPt 
UNIT 

ETER (INPUT) (OUTPUT) MIN MAX MIN MAX 

tpLH 
A or B Y 

2.7 5.2 2.7 4.8 
ns 

tpHL 1.9 5.4 1.9 3.6 

tpLH 
AnyC 

1.3 2.7 1.3 2.5 
Y ns 

tpHL 1.2 2.6 1.2 2.5 

tpLH 
G1Z or G2Z y 2 4.1 2 3.8 

ns 
tpHL 1.8 3.7 1.8 3.5 

dtPLH 
Any 

0.22 0.68 1.46 0.24 0.68 1.34 
ns/pF y 

dtPHL 0.26 0.78 1.82 0.28 0.78 1.62 

t Typical values are at VCC = 5 V. TA = 25°C. 
NOTE 1: These switching characteristics are simulations of the software macro using interconnect 

capacitance values for an array design having 4000 gates. Post-layout simulation uses actual 
interconnect capacitance values. 
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$153LJ '.. '. . TSC500 
DUAL 4-LlNE TO 1-LlNE MULTIPLEXER SERIES 

D3Q30, APRIL 1988 

HDL FllI:t 
BLOCK Si53LJ; STRUCTURE 

G1Z @INPUT; G01 :NA410LJ STB1Z,BZ,AZ,C10,U10; 

G2Z @INPUT; G02 :NA410LJ STB1Z,BZ,AT,C11 ,U11; 

A @INPUT; G03 :NA410LJ STB1 Z,BT,AZ,C12,U12; 

B @INPUT; G04 :NA410LJ STB1 Z,BT,AT,C13,Ui3; 

Ci0 @INPUT; G05 :NA410LJ C20, BZ,AZ,STB2Z, U20; 

C11 @INPUT; GOS :NA410LJ C21 ,BZ,AT,STB2Z,U21; 

C12 @INPUT; G07 :NA410LJ C22,BT,AZ,STB2Z,U22; 

C13 @INPUT; Goa :NA410LJ C23,BT,AT,STB2Z,U23; 

C20 @INPUT; GOg :NA420LJ U1 O,U11 ,U12,U13,Y1; 

C21 @INPUT; G10 :NA420W U20,U21,U22,U23,Y2; 

C22 @INPUT; INVi :IV110LJ A,AZ; 

C23 @INPUT; INV2 :IV110LJ B,SZ; 

Y1 @OUTPUT; INV4 :IV110Lj AZ,AT; 

Y2 @OUTPUT; INV5 :IV1i0U BZ,BT; 

INV7 :IV110LJ GiZ,STBiZ; 

INva :IV110LJ G2Z,STB2Z; 

END S153LJ; 

t The HDL netlist format requires the "STRUCTURE" program lines to follow the "BLOCK" I/O program lines. 
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TSC500 
SERIES 

S157LJ 
QUADRUPLE 2-LlNE TO 1-LlNE 
NONINVERTING MULTIPLEXER 

• Active-Low Strobe for 
Expandability 

SOFTWARE MACRO 

logic symbolt 

• Use Parallel Multiplexers for 
Multiple-Bit Words 

description 
A1 

B1 

A~ 

B~ 

A3 

B3 

A4 

B4 

r---... EN 
G1 ., 
1 

1 

APRIL 1988 

r 
MUX Y1 

Y2 

Y3 

Y4 

The S157LJ software macro imple
ments four 2-line to 1-line non inverting 
multiplexers. The macro has a strobe 
input, GZ, that enables and disables 
the outputs. The Y outputs are forced 
low when GZ is high. When GZ is low, 
the outputs assume the level of the 
selected inputs. This strobe permits the 
macro to be employed for designing 
wider multiplexers, since only the 
enabled 4-bit field will output an active 
data bit. The S157LJ is implemented 
with the standard cell functions 
indicated: 

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

EQUIVALENT TOTAL TOTAL TOTAL 

CELL NAME NUMBER OF NO. EQUIVALENT Cpd 
NA210LJs USED NA210LJs (pF) 

AN220LJ 1.75 2 3.5 0.94 

IV110LJ 0.75 2 1.5 0.32 

NA210LJ 1 12 12 2.28 

TOTALS 16 17 3.54 

When the macro is called from the engineering workstation input, the following label format 
is developed and will be captured in the design netiist: 

Label: S157LJ A 1 ,A2,A3,A4,81 ,82,83,84,AZ,_8,GZ,Y1 ,Y2,Y3,Y4; 
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S157LJ 
QUADRUPLE 2-LlNE TO 1-LlNE 
NONINVERTING MULTIPLEXER 
D3030, APRIL 1988 

STROBE 

GZ 
H 

L 

L 

L 

L 

logic diagram 

A1 

81 

A2 

B2 

A3 

83 

A4 

84 

AZ.B 

GZ 

1V11OLx 
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FUNCTION TABLE 

INPUTS 

SELECT DATA 

AZ B A B 

X X X 

L L X 

L H X 

H X L 

H X H 

NA210Lx 
A 

B 

TEXAS ." 
INSTRUMENTS 

OUTPUT 
y 

L 

L 

H 

L 

H 

Y 

Y 

Y 

Y 
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S157LJ 
QUADRUPLE 2-LlNE TO 1-LlNE 
NONINVERTING MULTIPLEXER 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, T A = 25°e 
PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 
IAZ_B 

I All other inputs 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 

D3030, APRIL 1988 

TYP MAX UNIT 

2.2 V 

0.11 

O.OS 
pF 

3.6 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 (see Note 1) 

PAR AM· FROM TO - 55°C to 125°C O°C to 70°C 

TYpt TYpt 
UNIT 

ETER (INPUT) (OUTPUT) MIN MAX MIN MAX 

tpLH 
Any A or B 

0.8 1.S 0.8 1.3 
Y ns 

tpHL 0.9 1.S 0.9 1.S 

tpLH 
GZorAZ_ 

2.2 4.2 2.2 3.9 
B y ns 

tpHL 2.2 4.1 2.2 3.7 

AtPLH 0.38 1.26 2.66 0.4 1.26 2.46 
ns/pF Any Y 

AtpHL 0.4 1 2.2 0.42 1 1.98 

t Typical values are at VCC = S V, TA = 2SoC. 
NOTE 1: These switching characteristics are simulations of the software macro using interconnect 

capacitance values for an array design having 4000 gates. Post-layout simulation uses actual 
interconnect capacitance values. 
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S157LJ TSC500 
QUADRUPLE 2-LlNE TO 1-LlNE SERIES 
NONINVERTING MULTIPLEXER 
D3030, APRIL 1988 

HDL FILEt 

BLOCK S157LJ; STRUCTURE 

A1 @INPUT; G01 :NA210LJ G050,G060,Y1 ; 

A2 @INPUT; G02 :NA210LJ G070,GOBO,Y2; 

A3 @INPUT; G03 :NA210LJ G090,G100,Y3; 

A4 @INPUT; G04 :NA210LJ G110,G120,Y4; 

B1 @INPUT; G05 :NA210LJ A1,G130,G050; 

B2 @INPUT; G06 :NA210LJ B1,G140,G060; 

B3 @INPUT; G07 :NA210LJ A2,G130,G070; 

B4 @INPUT; GOB :NA210LJ B2,G140,GOBO; 

AZ_ B @INPUT; G09 :NA210LJ A3,G130,G090; 

GZ @INPUT; G10 :NA210LJ B3,G140,G100; 

Y1 @OUTPUT; G11 :NA210LJ A4,G130,G110; 

Y2 @OUTPUT; G12 :NA210LJ B4,G140,G120; 

Y3 @OUTPUT; G13 :AN220LJ G150,G160,G130; 

Y4 @OUTPUT; G14 :AN220LJ AZ_B,G160,G140; 

G15 :IV110LJ AZ_B,G150; 

G16 :IV110LJ GZ,G160; 

END S157LJ; 

t The HDL netlist format requires the "STRUCTURE" program lines to follow the "BLOCK" I/O program lines. 
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TSC500 
SERIES 

., S158LJ 
QUADRUPLE 2-UNE TO 1-LlNE 

INVERTiNG MULTIPLEXER 
03030 APRIL 1988 

SOFTWARE MACRO 
• Active-Low Strobe for 

Expandability 

• Use Parallel Multiplexers for 
Multiple-Bit Words 

description 

logic symbolt 

A1 

81 

A2 

82 

A3 

83 

A4 

84 

-""- EN 
G1 

'"1 
1 

1 

[" 

MUX ..... 
Y1 

....... Y2 

r..... Y3 

r..... Y4 

The S158LJ software macro imple
ments four 2-line to 1-line multiplexers. 
The macro has a strobe input, GZ, that 
enables and disables the outputs. The 
Y outputs are forced high when GZ is 
high. When GZ is low, the outputs 
assume the complement of the level of 
the selected bit. This strobe permits the 
macro to be employed for deSigning 
wider multiplexers because only the 
enabled 4-bit field will output an active 
data bit. The S158LJ is implemented 
with the standard cell functions 
indicated: 

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

EQUIVALENT TOTAL TOTAL TOTAL 

CELL NAME NUMBER OF NO. EQUIVALENT Cpd 
NA210LJs USED NA210LJs (pF) 

AN220LJ 1.75 6 10.5 2.82 

IV110LJ 0.75 2 1.5 0.32 

NA210LJ 1 8 8 1.52 

TOTALS 16 20 4.66 

When the macro is called from the engineering workstation input, the following label format 
is developed and will be captured in the design netlist: 

Label: S158LJ A1,A2,A3,A4,B1,B2,B3,B4,AZ_B,GZ,Y1,Y2,Y3,Y4; 
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S158LJ 
QUADRUPLE 2 .. LlNE TO 1-LlNE 
INVERTING MULTIPLEXER 
D3030, APRIL 1988 

FUNCTION TABLE 

INPUTS 

STROBE SELECT DATA 

GZ AZ __ B A B 

H X X X 
L L L X 
L L H X 
L H X L 

L H X H 

logic diagram 
A1 

81 

A2 

52 

A3 

83 

A4 

1V11OLx 
y AN220Lx 

~~------~~.. ~y------~ 

GZ 

G15 

1V11OLx 
>-________ ~A~ Y 

me 
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TSC500 
SERIES 

S158LJ 
QUADRUPLE 2·LlNE TO 1·LlNE 

INVERTING MULTIPLEXER 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 
PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Ci Input capacitance 
IAZ_B 

I All other inputs 

Cpd dissipation capacitance tr = tf = 1 ns 

D3030, APRIL 1988 

TYP MAX UNIT 

2.2 V 

0.11 
pF 

0.05 

4.7 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 (See Note 1) 

PARA- FROM TO - 55°C to 125°C DoC to 70°C 

TYpt TYpt 
UNIT 

METER (INPUT) (OUTPUT) MIN MAX MIN MAX 

tpLH 
AnyZorB Y 

1.2 2.1 1.2 2 
ns 

tpHL 1.1 2.2 1.1 2 

tpLH 
GZorAZ_ B y 2.5 4.7 2.5 4.2 

ns 
tpHL 2.5 4.9 2.5 4.6 

AtpLH 0.2 0.56 1.16 0.2 0.56 1.06 
ns/pF Any Y 

AtPHL 0.14 0.36 0.72 0.16 0.36 0.64 

t Typical values are at VCC = 5 V, TA = 25°C. 
NOTE 1: These switching characteristics are simulations of the software macro using interconnect 

capacitance values for an array design having 4000 gates. Post-layout simulation uses actual 
interconnect capacitance values. 
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S158LJ TSC500 
QUADRUPLE 2-LlNE. to 1-LlNE SERIES 
INVERTING MULTIPLEXER 
D3030, APR.I!.. 1988 

HDL FILEt 

BLOCK S158LJ; STRUCTURE 

A1 @INPLiT; G01 :AN220LJ G050,G060,Y1 ; 

A2 @INPUT; G02 :AN220LJ G070,G080,V2; 

A3 @INPUT; G03 :AN220LJ G090,G100,Y3; 

A4 @INPUT; (304 :AN220LJ G110,G120,Y4; 

B1 @INPUT; GOS :NA210LJ A1,G130,G050; 

B2 @INPUT; GOa :NA210LJ B1,G140,G060; 

B3 @INPUT; G07 :NA210LJ A2,G130,G070; 

B4 @INPUT; G08 :NA210W B2,G140,G080; 

AZ._ B @INPUT; G09 :NA210LJ A3,G130,G090; 

GZ @INPUT; G10 :NA210LJ B3,G140,G100; 

Y1 @OUTPUT; G11 :NA210LJ A4,G130,G110; 

Y2 @OUTPUT; G12 :NA210LJ B4,G140,G120; 

Y3 @OUTPUT; G13 :AN220LJ G150,G160,G130; 

Y4 @OUTPUT; G14 :AN220LJ AZ_B,G160,G140; 

G15 :IV110LJ AZ_B,G150; 

G16 :IV110LJ GZ,G160; 

END S158LJ; 

t The HDL netlist format requires the "STRUCtURE" program lines to follow the "BLOCK" I/O program lines. 
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TSC500 
SERIES 

S251 LJ 
a-LINE TO 1-LlNE MULTIPLEXER 

WITH 3-STATE OUTPUTS 
APRIL 1988 

SOFTWARE MACRO 

• 3-State Outputs Interface Internal 
Data Buses Directly 

• Active-Low Strobe for 
Expandability 

• Use Para"el Multiplexers for 
Multiple-Bit Words 

description 

logic symbolt 

GZ 
A 

B 

C 

DO 
01 

02 

03 

04 

05 

06 
07 

..... 
MUX 

EN 

:}G* 
0 

1 

2 

3 

4 

5 

6 

7 

\l 
\l 
~ 

y 

WZ 

The 8251 LJ software macro imple
ments an B-line to 1-line multiplexer. 
The macro has a strobe input GZ, that 
enables and disables the 3-state 
outputs to facilitate interfacing the 
multiplexer directly with internal control 
or data buses. The Y output and the WZ 
output are in a high-impedance state 
when GZ is high. When GZ is low, the Y 
output assumes the level of the 
selected input and the WZ output is the 
complement of that level. This strobe 
permits the macro to also be employed 
for designing wider multiplexers, 
because only the enabled B-bit field will 
output an active data bit. The 8251 LJ is 
implemented with the standard cell 
functions indicated: 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984 and lEG Publication 617-12. 

EQUIVALENT TOTAL TOTAL TOTAL 

CELL NAME NUMBER OF NO. EQUIVALENT Cpd 
NA210LJs USED NA210LJs (pF) 

IV110LJ 0.75 3 2.25 0.48 

IV120LJ 1 4 4 1.24 

IV212LJ 1.25 2 2.5 0.36 

NA410LJ 1.5 8 12 1.52 

NA810LJ 3.75 1 3.75 0.91 

TOTALS 18 24.5 4.51 

When the macro is called from the engineering workstation input, the following label format 
is developed and will be captured in the design netlist: 

Label: 8251 LJ GZ,A,B,C,DO,D1 ,D2,D3,D4,D5,D6,D7,Y,WZ; 
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S251 LJ 
8-LlNE TO 1-LlNE MULTIPLEXER 
WITH 3-STATE OUTPUTS 
D3030, APRIL 1988 

FUNCTION TABLE 

INPUTS 

SELECT STROBE 

C B A GZ 
X X X H 

L L L L 

L L H L 

L H L L 

L H H L 

H L L L 

H L H L 
H H L L 

H H H L 

OUTPUTS 

Y WZ 

Z Z 
DO DO 

D1 D1 

D2 D2 

D3 D3 

D4 D4 

D5 D5 

D6 D6 

D7 D7 

DO,D1 ... D7 = the level of the respective D 
input. 

logic diagram 

I 
A 

D7c:>-----------------------+_~+_~~~ 

A NA410Lx 

• ... 
DO 

04 

D' 

D' 
NA410Lx 

GO> 
D1 

DO 

1V12OLIr 

GZ A 

INV7 
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TSC500 
SERIES 

8251 LJ 
8·LlNE TO 1·LlNE MULTIPLEXER 

WITH 3·STATE OUTPUTS 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, TA = 25°e 
PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Cj Input capacitance 
IGZ 
I All other inputs 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 

D3030, APRIL 1988 

TYP MAX UNIT 

2.2 V 

0.11 
pF 

0.05 

4.6 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 (See Notes 1 and 2) 

PARAM· FROM TO - 55°C to 125°C O°C to 70°C 

TYpt TYpt 
UNIT 

ETER (INPUT) (OUTPUT) MIN MAX MIN MAX 

tpLH 3.5 7.8 3.5 6.9 
Y ns 

tpHL 
A, B,orC 

3.6 8.9 3.6 8.2 

tpLH 3.2 8.2 3.2 7.6 
WZ ns 

tpHL 3.2 6.8 3.2 6.2 

tpLH 
Y 

2.5 5.6 2.5 5.1 
ns 

tpHL 
Any 0 

2.6 6.2 2.6 5.6 

tpLH 2.2 5.6 2.2 5 
WZ ns 

tpHL .,2.3 4.8 2.3 4.4 

tpZH 1.1 2.2 1.1 1.9 
Y ns 

tpZL 0.7 1.2 0.7 1 
GZ 

tpZH 
WZ 

0.8 1.7 0.8 1.5 
ns 

tpZL 0.8 1.4 0.8 1.2 

.itPLH 
Any Y,WZ 

0.7 2.08 4.52 0.76 2.08 4.16 
ns/pF 

.itpHL 0.48 1.22 2.7 0.52 1.22 2.42 

atpZH 
Any Y,WZ 

0.76 2.14 4.8 0.8 2.14 4.38 
ns/pF 

atpZL 0.52 1.26 2.88 0.56 1.26 2,56 

t Typical values are at VCC = 5 V, TA = 25°C. 

NOTES: 1. These switching characteristics are simulations of the software macro using interconnect 
capacitance values for an array design having 4000 gates. Post-layout simulation uses actual 
interconnect capacitance values. 

2. Enable and delta-enable times are measured using the conditions specified for the IV212LJ. 
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S251LJ 
8-LlNE TO 1-LlNE MULTIPLEXER 
WITH 3-STATE OUTPUTS 
D3030, APRIL 1988 

HDL FILEt 

BLOCK S251W; STRUCTURE 

GZ @INPUT; G01 :NA410W 

A @INPUT; G02 :NA410W 

B @INPUT; G03 :NA410W 

C @INPUT; G04 :NA410W 

DO @INPUT; GOS :NA410W 

01 @INPUT; G06 :NA410LJ 

02 @INPUT; G07 :NA410W 

03 @INPUT; G08 :NA410W 

04 @INPUT; G09 :NA810LJ 

05 @INPUT; INV1 :IV110W 

06 @INPUT; INV2 :IV110W 

07 @INPUT; INV3 :IV110LJ 

Y @OUTPUT; INV4 :IV120LJ 

WZ @OUTPUT; INV5 :IV120W 

INV6 :IV120LJ 

INV7 :IV120LJ 

INV8 :IV212W 

INV9 :IV212W 

END S251LJ; 

CZ,BZ,AZ,OO,UO; 

CZ,BZ,AT,01 ,U1; 

CZ,BT,AZ,02,U2; 

CZ,BT,AT,03,U3; 

CT,BZ,AZ,04,U4; 

CT,BZ,AT,OS,U5; 

CT,BT,AZ,06,U6; 

CT,BT,AT,07,U7; 

U7,U6,U5,U4,U3,U2,U1,UO,YINT; 

A,AZ; 

B,BZ; 

C,CZ; 

AZ,AT; 

BZ,BT; 

CZ,CT; 

GZ,INV70; 

YINT,INV70,WZ; 

WZ,INV70,Y; 

TSC500 
SERIES 

t The HOL netiist format requires the "STRUCTURE" program lines to follow the "BLOCK" I/O program lines. 
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TSC500 
SERIES 

S257ALJ 
QUADRUPLE 2-LlNE TO 1-LlNE MULTIPLEXER 

WITH 3-STATE OUTPUTS 

SOFTWARE MACRO 

• 3-State Outputs Interface with 
Internal Data Buses Directly 

• Active-Low Enable for Expandability 

• Use Parallel Multiplexers for 
Multipie-Bit Words 

description 

logic symbolt 

A1 

81 

A2 

82 

A3 

83 

A4 

84 

r-.... EN 

G1 , 
., 
1 

D3030 APRIL 1988 

r 
MUX 

'\J Y1 

Y2 

r-- Y3 

I--- Y4 

The S257ALJ software macro imple
ments four 2-line to i-line multiplexers. 
The macro has an enable input, GZ, 
that enables and disables the 3-state 
outputs to facilitate interfacing the 
multiplexers directly with internal 
control or data buses. The Y outputs 
are in a high-impedance state when GZ 
is high. When GZ is low, the outputs 
assume the levels of the selected 
inputs. This enable permits the macro 
to also be employed for designing 
wider multiplexers, because only the 
enabled 4-bit field will output an active 
data bit. The S257ALJ is implemented 
with the standard cell functions 
indicated: 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984 and lEG Publication 617-12. 

EQUIVALENT TOTAL TOTAL TOTAL 

CELL NAME NUMBER OF NO. EQUIVALENi Cpd 
NA210LJs USED NA210LJs (pF) 

AN220LJ 1.75 2 3.5 0.94 

IV110LJ 0.75 10 7.5 1.6 

IV212LJ 1.25 8 10 1.44 

TOTALS 20 21 3.98 

When the macro is called from the engineering workstation input, the following label format 
is developed and will be captured in the design netlist: 

Label: S257ALJ Ai ,A2,A3,A4,Bi ,B2,B3,B4,GZ,AZ_B,Yi ,Y2,Y3,Y4; 
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S257ALJ 
QUADRUPLE 2-LlNE TO 1-LlNE MULTIPLEXER 
WITH 3-STATE OUTPUTS 
D3030. APRIL 1988 

FUNCTION TABLE 

INPUTS 

ENABLE SELECT DATA OUTPUT 

GZ AZ_B A 

H X X 
L L L 
L L H 

L H X 
L H X 

logic diagram 

Al 

Bl 

A2 

82 

AS 

63 

A4 

V A AN220Lx 
AZ..B 

B 
G09 

GZ 

B4 

B 

X 
X 
X 
L 

H 

1V11OLx 

A V 

G13 

1V110Lx 

A V 

G14 

1V11OLx 

A V 

GIS 

1V11OLx 

A V 

G18 

1V11OLx 
A y 

G17 

1V11OLx 
A y 

GIS 

1V11OLx 
A V 

G19 

V 

1V11OLx 

A 

Y 

Z 

L 

H 

L 

H 

1V212Lx 
A 

1V212Lx 

A V 

G02 

1V212Lx 
A 

1V212Lx 
A 

1V212Lx 
A 

1V212Lx 
A 

G08 

1V212Lx 
A 

V 

y 

V 

V 

V 

v 

TSC500 
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TSC500 
SERIES 

S257ALJ 
QUADRUPLE 2·LlNE TO 1·LlNE MULTIPLEXER 

WITH 3·STATE OUTPUTS 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, T A = 25°e 
PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

ej Input capacitance 
IAZ_B 
I All other inputs 

epd Equivalent power dissipation capacitance tr = tf = 1 ns 

03030. APRIL 1988 

TYP MAX UNIT 

2.2 V 

0.11 

0.05 
pF 

4 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted) (see Note 1), eL = 0 

PARAM- FROM TO - 55°C to 125°C ooe to 70°C 

TYpt TYpt 
UNIT 

ETER (INPUT) (OUTPUT) MIN MAX MIN MAX 

tpLH 
Any A or B 

0.9 1.9 0.9 1.7 
Yn ns 

tpHL 0.9 1.7 0.9 1.5 

tpLH 1.9 3 1.9 2.8 AZ_ B Yn ns 
tpHL 2.9 4 2.9 3.7 

tpZH 
GZ 

1.8 3.7 1.8 3.5 
Yn ns 

tpZL 1.8 3.4 1.8 3.2 

AtpLH 0.7 2.08 4.52 0.76 2.08 4.16 
ns/pF Any Yn 

AtpHL 0.48 1.22 2.7 0.52 1.22 2.42 

AtpZH 0.76 2.14 4.8 0.8 2.14 4.38 
Any Yn ns/pF 

atpZL 0.52 1.26 2.88 0.56 1.26 2.56 

t Typical values are at Vee = 5 V. TA = 25°C. 
NOTE 1: These switching characteristics are simulations of the software macro using interconnect 

capacitance values for an array design having 4000 gates. Post-layout simulation uses actual 
interconnect capacitance values. 
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S257ALJ TSC500 
QUADRUPLE 2-LINE TO 1-LlNE MULTIPLEXER SERIES 
WITH 3-STATE OUTPUTS .. 
03030, APRIL 1988 

HDL FILEt 

BLOCK S257ALJ; STRUCTURE 

A1 @INPUT; G01 :IV212LJ G130,G090,Y1 ; 

A2 @INPUT; G02 :IV212LJ G140,G1 00,Y1; 

A3 @INPUT; G03 :IV212LJ G15Q,G090,Y2; 

A4 @INPUT; G04 :IV212LJ G160,G100,Y2; 

B1 @INPUT; G05 :IV212LJ G170,G090,Y3; 

B2 @INPUT; G06 :IV212LJ G180,G100,Y3; 

B3 @INPUT; G07 :IV212LJ G190,G090,Y4; 

B4 @INPUT; G08 :IV212LJ G200,G100,Y4; 

GZ @INPUT; G09 :AN220LJ G110,G120,G090; 

AZ_ B @INPUT; G10 :AN220LJ AZ_B,G120,G100; 

Y1 @OUTPUT; G11 :IV110LJ AZ_B,G110; 

Y2 @OUTPUT; G12 :IV110LJ GZ,G120; 

Y3 @OUTPUT; G13 :IV110LJ A1,G130; 

Y4 @OUTPUT; G14 :IV110LJ B1,G140; 

G15 :IV110LJ A2,G150; 

G16 :IV110LJ B2,G160; 

G17 :IV110LJ A3,G170; 

G18 :IV110LJ B3,G180; 

G19 :IV110LJ A4,G190; 

G20 :IV110LJ B4,G200; 

END S257ALJ; 

t The HDL nellist format requires the "STRUCTURE" program lines to follow the "BLOCK" I/O program lines. 
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TSC500 
SERIES 

S258ALJ 
QUADRUPLE 2·LlNE TO 1·LlNE 

INVERTING MULTIPLEXER WITH 3·STATE OUTPUTS 

SOFTWARE MACRO 

• 3-State Outputs Interface with 
Internal Data Buses Directly 

• Active-Low Enable for Expandability 

• Use Parallel Multiplexers for 
Multiple-Bit Words 

description 

logic symbolt 

A1 

B1 

A2 

B2 

A3 

B3 

A4 

B4 

r--.. EN 

G1 , 
., 
1 

D3030, APRIL 1988 

r 
MUX 

'V ...... 
Y1 

....... Y2 

....... 
Y3 

...... Y4 

The S258ALJ software macro imple
ments four 2-line to 1-line multiplexers. 
The macro has an enable input, GZ, 
that enables and disables the 3-state 
outputs to facilitate interfacing the 
multiplexers directly with internal 
control or data buses. The Y outputs 
are in a high-impedance state when GZ 
is high. When GZ is low, the outputs 
assume the complement of the level of 
the selected input. This enable permits 
the macro to also be employed for 
designing wider multiplexers, because 
only the enabled 4-bit field will output 
an active data bit. The S258ALJ is 
implemented with the standard cell 
functions indicated: 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984 and lEG Publication 617-12. 

EQUIVALENT TOTAL TOTAL TOTAL 
CELL NAME NUMBER OF NO. EQUIVALENT Cpd 

NA210LJs USED NA210Ws (pF) 
AN220W 1.75 2 3.5 0.94 

IV110W 0.75 2 1.5 0.32 

IV212W 1.25 8 10 1.44 

TOTALS 12 15 2.7 

When the macro is called from the ehgineerlng workstation input, the following label format 
is developed and will be captured in the design netlist: 

Label: S258ALJ A1 ,A2,A3,A4,B1 ,B2,B3,B4,GZ,AZ_B,Y1 ,Y2,Y3,Y4; 
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S258ALJ 
QUADRUPLE 2-LlNE TO 1 .. LlNE 
INVERTING MULTIPLEXER WITH 3-STATE OUTPUTS 
D3030, APRIL 1988 

FUNCTION TABLE 

INPUTS 

ENABLE SELECT DATA OUTPUT 

GZ AZ_B A B Y 

H X X X Z 
L I L X H ... 
L L H X L 

L H X L H 

L H X H L 

logic diagram 

Al 

Bl 

A2 

B2 

A3 

B3 

A4 

B4 

1V110lx 

AZ.B Y 

Y 
GZ 

TSC500 
SERIES 

Yl 

Y2 

Y3 

Y4 
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TSC500 
SERIES 

S258ALJ 
QUADRUPLE 2-LlNE TO 1-LlNE 

INVERTING MULTIPLEXER WITH 3-STATE OUTPUTS 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, T A = 25°e 
PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

AZ_B 

Ci Input capacitance GZ 

All other inputs 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 

D3030, APRIL 1988 

TYP MAX UNIT 

2.2 V 

0.11 

O.OS 
pF 

0.11 

2.7 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 (see Notes 1 and 2) 

PARAM- FROM TO - 55°C to 125°C O°C to 70°C 

TYpt TYpt 
UNIT 

ETER (INPUT) (OUTPUT) MIN MAX MIN MAX 

tpLH 0.8 1.9 0.8 1.7 
Any A or B Yn ns 

tpHL 0.6 1.2 0.6 1.2 

tpLH 1.9 3.6 1.9 3.3 
AZ_B Yn ns 

tpHL 2.9 4 2.9 3.7 

tpZH 2.2 4.6 2.2 4.3 
GZ Yn ns 

tpZL 2 3.9 2 3.6 

8tpLH 0.7 2.08 4.S2 0.76 2.08 4.16 
ns/pF Any Yn 

8tpHL 0.48 1.22 2.7 0.S2 1.22 2.42 

8tpZH 0.76 2.14 4.8 0.8 2.14 4.38 
ns/pF Any Yn 

8tpZL 0.S2 1.26 2.88 0.S6 1.26 2.S6 

t Typical values are at VCC = S V. TA = 2SoC. 
NOTES: 1. These switching characteristics are simulations of the software macro using interconnect 

capacitance values for an array design having 4000 gates. Post-layout simulation uses actual 
interconnect capacitance values. 

2. Enable and delta-enable times are measured using the conditions specified for the IV212LH. 
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S258ALJ TS,C5f:)O 
QUADRUPLE 2-LlNE TO 1-LlNE SERIES 
INVERTING MULTIPLEXER WITH 3-STATE OUTPUTS 
03030, APRIL 1988 

HDL FILEt 

BLOCK S25BALJ; STRUCTURE 

A1 @INPUT; G01 :IV212W A1,G090,Y1; 

A2 @INPUT; G02 :IV212W B1,G1 00,Y1; 

A3 @INPUT; G03 :IV212LJ A2,G090,Y2; 

A4 @INPUT; G04 :IV212LJ B2,G100,Y2; 

B1 @INPUT; G05 :IV212LJ A3,G090,Y3; 

B2 @INPUT; G06 :IV212LJ B3,G100,Y3; 

B3 @INPUT; G07 :IV212W A4,G090,Y4; 

B4 @INPUT; GOB :IV212LJ B4,G100,Y4; 

GZ @INPUT; G09 :AN220LJ G110,G120,G090; 

AZ_ B @INPUT; G10 :AN220LJ AZ_B,G120,G100; 

Y1 @OUTPUT; G11 :IV110LJ AZ_B,G110; 

Y2 @OUTPUT; G12 :IV110W GZ,G120; 

Y3 @OUTPUT; END S258ALJ; 

Y4 @OUTPUT; 

t The HDL netlist format requires the "STRUCTURE" program lines to follow the "BLOCK" I/O program lines. 
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TSC500 
SERIES 

S298LJ 
QUADRUPLE 2·INPUT MULTIPLEXER 

WITH NEGATIVE·EDG,E· TRIGGERED REGISTER 

SOFTWARE MACRO 

• Selects One of Two 4-Blt Data 
Sources and Stores Data 
Synchronously with System Clock 

• Storage Register Loads New Data 
on Negative-Going Transition 

• Impl~ments Hexadecimal/BCD 
Shifter· 

• Para!lel Multiplexers for Wider 
Words 

description 

logic symbolt 

ws 
CLKZ 

A1 

A2 
81 

82 

C1 
C2 

D1 

D2 

03030. APRIL 1988 

MUX 

G1 

OA 
1.20 

08 

OC 

OD 

The S298LJ software macro imple
ments a 4-bit 2-line to 1-line multiplexer 
with storage. When the Word-Select 
0NS) input is low, word one (A 1, B1, 
C1, D1) is applied to the flip-flops. A 
high WS input causes word two (A2, 
B2, C?, D2) to be selected. The 
selected word is clocked to the outputs 
on the negative-going edge of the clock 
pulse. The S298LJ is implemented with 
the standard cell functions indicated: 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984 and lEG Publication 617-12. 

EQUIVALENT TOTAL TOTAL TOTAL 

CELL NAME NUMBER OF NO. EQUIVALENT Cpd 
NA210LJs USED NA210LJs (pF) 

IV120LJ 1 3 3 0.93 

NA210LJ 1 12 12 2.28 

R2405LJ 20.5 1 20.5 4.62 

T0010LJ 1.5 1 1.5 NIL 

TOTALS 17 37 7.83 

When the macro is called from the engineering workstation input, the following label format 
is developed and will be captured in the design netlist: 

Label: S298LJ A1,A2,B1,B2,C1,C2,D1,D2,CLKZ,WS,QA,QB,QC,QD; 
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S29SLJ 
QUADRUPLE 2-INPUT MULTIPLEXER 
WITH NEGATIVE-EDGE-TRIGGERED REGISTER 
D3030, APRIL 1988 

FUNCTION TABLE 

INPUTS OUTPUTS 

WS 

L 

H 

X 

logic diagram 

CLKZ 

A1 

ws 

A2 

81 

B2 

C1 

C2 

D1 

D2 

IV120lx 
A y 

INV4 

PRODUCTIOI DATA documtnts conllin inform.tion 
current IS of publication dltl. Products conform to 
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CLKZ QA QB QC 

+ a1 b1 c1 

+ a2 b2 c2 
H aAo aBo aco 

TOO10lx 
vcc 

INV1 

GND 

NA210lx 

y 

NA210lx 

NA210lx 

y 

TEXAS ~ 
INSTRUMENTS 

QD 

d1 
d2 

aDo 

CLK 

ClRZ 

D1 
D2 
D3 
D4 

R2406lx 

01 

Q2 

Q3 

04 

FF14 

TSC500 
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QA 

as 

QC 

Q[) 
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TSC500 
SERIES 

S298LJ 
QUADRUPLE 2-INPUT MULTIPLEXER 

WITH NEGATIVE-EDGE-TRIGGERED REGISTER 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

timing requirements 

D3030. APRIL 1988 

Specific timing data regarding pulse duration, setup time, and hold time models are 
incorporated in most engineering workstation libraries. These models are for the clocked 
cells embedded in the software macros. Evaluations of timing requirements made during 
pre-layout simulation produce workstation output used to identify and resolve each specific 
timing need. 

electrical characteristics, Vee = 5 V, T A = 25°e 

PARAMETER TEST CONDITIONS TYP MAX UNIT 

VT Input threshold voltage 2.2 V 

CLRZ 0.11 

Ci Input capacitance WS 0.11 pF 

All other inputs 0.05 

Cpd Equivalent power dissipation capacitance tr = tl = 1 ns 7.83 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 (see Note 1) 

PAR AM- FROM TO - 55°C to 125°C O°C to 70°C 

TYpt TYpt 
UNIT 

ETER (INPUT) (OUTPUT) MIN MAX MIN MAX 

tpLH 
CLKZ 

1.8 3.7 1.8 3.5 
an ns 

tpHL 2 4.2 2 3.9 

iltpLH 0.42 1.06 2.24 0.44 1.06 2.04 
ns/pF 

iltpHL 
Any an 

0.34 0.78 1.58 0.36 0.78 1.4 

t Typical values are at Vce = 5 V, T A = 25°e. 
NOTE 1: These switching characteristics are simulations of the software macro using interconnect 

capacitance values for an array design having 4000 gates. Post-layout simulation uses actual 
interconnect capacitance values. 
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S298LJ TSC500 
QUADRUPLE 2-INPUT MULTIP~EXER SERIES 
WITH NEGATIVE-EDGE-TRIGGERED REGISTER 
D3030, APRIL 1988 

HDL FILEt 
BLOCK S298LJ; STRUCTURE 

A1 @INPUT; FF14 :R2405LJ INV10,NA30,NA60,NA90, 

A2 @INPUT; NA 120,INV40,OA,OB,OC,OD; 

B1 @INPUT; INV1 :TOO10LJ DUM,INV10; 

B2 @INPUT; INV2 :IV120LJ WS,INV20; 

C1 @INPUT; INV3 :IV120LJ INV20,INV30; 

C2 @INPUT; INV4 :IV120LJ CLKZ,INV40; 

01 @INPUT; NA1 :NA210LJ A1,INV20,NA10; 

02 @INPUT; NA10 :NA210LJ INV20,D1,NA100; 

CLKZ @INPUT; NA11 :NA210LJ INV30,D2,NA 11O; 

WS @INPUT; NA12 :NA210LJ NA100,NA110,NA120; 

OA @OUTPUT; NA2 :NA210LJ A2,INV30,NA20; 

OB @OUTPUT; NA3 :NA210LJ NA10,NA20,NA30; 

OC @OUTPUT; NA4 :NA210LJ B1,INV20,NA40; 

00 @OUTPUT; NA5 :NA210LJ INV30,B2,NA50; 

NA6 :NA210LJ NA40,NA50,NA60; 

NA7 :NA210LJ C1,INV20,NA70; 

NA8 :NA210LJ INV30,C2,NA80; 

NA9 :NA210LJ NA70,NA80,NA90; 

END S298LJ; 

t The HDL netlist format requires the "STRUCTURE" program lines to follow the "BLOCK" I/O program lines. 
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TSC500 
SERIES 

S398LJ 
QUADRUPLE 2·INPUT MULTIPLEXER WITH POSITIVE· 

EDGE·TRIGGERED COMPLEMENTARY OUTPUT REGISTER 
D3030, APRil 1988 

SOFTWARE MACRO 

• Selects One of Two 4-Bit Data 
Sources and Stores Data 
Synchronously with System Clock 

• Storage Register Loads New Data 
on Positive-Going Transition 

• Implements Hexadecimal/BCD 
Shifter 

• Use Parallel Multiplexers for 
Multiple-Bit Words 

description 
The S398LJ software macro imple
ments four 2-line to 1-line multiplexers 
with storage. When the world-select 
(WS) input is low, word 1 (A1, 81, C1, 
D1) is applied to the flip-flops. A high 
WS input causes word 2 (A2, 82, C2, 
D2) to be selected. The selected word 
is clocked to the outputs on the 
positive-going edge of the clock pulse. 
The S398LJ is implemented with the 
standard cell functions indicated: 

EQUIVALENT 

CELL NAME NUMBER OF 

NA210LJs 

IV120LJ 1 

NA210LJ 1 

R2406LJ 23.5 

T0010LJ 1.5 

TOTALS 

logic symbolt 

G1 ws 
ClK ,C2 

A1 

A2 

B1 

B2 

C1 

C2 

01 

02 

1,20 

1,20 

MUX 

r" 

....... 

....... 

....... 

aA 

aAZ 

aB 

aBZ 

ac 
acz 
ao 
aDz 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984 and IEC Publication 617-12. 

FUNCTION TABLE 

INPUTS 
OUTPUTS:!: 

WORD 
CLK 

SELECT QA QB QC QD 

L t a1 b1 c1 d1 

H t a2 b2 c2 d2 

X L QAO QBO QCO QDO 

:!: Corresponding QnZ output is the complement of 
(shown). 

TOTAL TOTAL TOTAL 

NO. EQUIVALENT Cpd 
USED NA210LJs (pF) 

2 2 0.62 

12 12 2.28 

1 23.5 5.16 

1 1.5 NIL 

16 39 8.06 

When the macro is called from the engineering workstation input, the following label format 
is developed and will be captured in the design netlist: 

Label: S398LJ A1 ,A2,81 ,82,C1 ,C2,D1 ,D2,CLK,WS,QA,QAZ,Q8,Q8Z,QC,QCZ,QD,QDZ; 
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S398LJ 
QUADRUPLE 2-INPUT MULTIPLEXER WITH POSITIVE
EDGE-TRIGGERED COMPLEMENTARY OUTPUT REGISTER 
D3030, APRIL 1988 

logic diagram 

TOO10Lx 
VCC 

,NV1 

CLK 
GNO 

A1 

ws 

1>2 

B1 

CLK 

B2 CLAZ 

C1 
D1 
02 
03 
04 

FF14 
C2 

01 

02 

TSC500 
SERIES 

CA 

CAZ 

QB 

QBZ 

QC 

QCZ 

aD 

aDZ 
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TSC500 
SERIES 

S398LJ 
QUADRUPLE 2-INPUT MULTIPLEXER WITH POSITIVE

EDGE-TRIGGERED COMPLEMENTARY OUTPUT REGISTER 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

timing requirements 

03030. APRIL 1988 

Specific timing data regarding pulse duration, setup time, and hold time models are 
incorporated in most engineering workstation libraries. These models are for the clocked 
cells embedded in the software macros. Evaluations of timing requirements made during 
pre-layout simulation produce workstation output used to identify and resolve each specific 
timing need. 

electrical characteristics, Vee = 5 V, TA = 25°e 
PARAMETER TEST CONDITIONS TYP MAX UNIT 

VT Input threshold voltage 2.2 V 

ClK 0.11 

Ci Input capacitance WS 0.11 pF 

All other inputs 0.06 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 8.06 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted)(see Note 1), eL = 0 

PARAM· FROM TO - 55°C to 125°C DOC to 7DoC 

TYpt TYpt 
UNIT 

ETER (INPUT) (OUTPUT) MIN MAX MIN MAX 

tplH 
ClK an 

1.4 3.1 1.4 2.8 
ns 

tpHl 1.6 3.6 1.6 3.3 

tplH 
ClK OnZ 

1.8 3.9 1.8 3.5 
ns 

tpHl 1.7 3.8 1.7 3.5 

~tplH 
an 

0.42 1.12 2.32 0.44 1.12 2.12 
ns/pF 

~tpHl 
Any 

0.26 0.76 1.54 0.28 0.76 1.4 

t Typical values are at VCC = 5 V, TA = 25°C. 
NOTE 1: These switching characteristics are simulations of the software macro using interconnect 

capacitance values for an array design having 4000 gates. Post-layout simulation uses actual 
interconnect capacitance values. 
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S39SLJ TSC500 
QUADRUPLE 2-INPUT MULTIPLEXER WITH POSITIVE- SERIES 
EDGE-TRIGGERED COMPLEMENTARY OUTPUT REGISTER 
D3030, APRIL 1988 

HDL FILEt 
BLOCK S398LJ; STRUCTURE 

A1 @INPUT; FF14 :R2406LJ INV10,NA30,NA60,NA90, 

A2 @INPUT; NA 120,CLK,QA,QAZ, 

B1 @INPUT; QB,QBZ,QC,QCZ,QD,QDZ; 

B2 @INPUT; INV1 :TOO10LJ DUM,INV10; 

C1 @INPUT; INV2 :IV120LJ WS,INV20; 

C2 @INPUT; INV3 :IV120LJ INV20,INV30; 

D1 @INPUT; NA1 :NA210LJ A1,INV20,NA10; 

D2 @INPUT; NA10 :NA210LJ INV20,D1,NA100; 

CLK @INPUT; NA11 :NA210LJ INV30,D2,NA 110; 

WS @INPUT; NA12 :NA210LJ NA100,NA11O,NA120; 

QA @OUTPUT; NA2 :NA210LJ A2,INV30,NA20; 

QAZ @OUTPUT; NA3 :NA210LJ NA10,NA20,NA30; 

QB @OUTPUT; NA4 :NA210LJ B1,INV20,NA40; 

QBZ @OUTPUT; NA5 :NA210LJ INV30,B2,NA50; 

QC @OUTPUT; NA6 :NA210LJ NA40,NA50,NA60; 

QCZ @OUTPUT; NA7 :NA210LJ C1,INV20,NA70; 

QD @OUTPUT; NAB :NA210LJ INV30,C2,NA80; 

QDZ @OUTPUT; NA9 :NA210LJ NA70,NA80,NA90; 

END S398LJ; 

t The HDL netlist format requires the "STRUCTURE" program lines to follow the "BLOCK" I/O program lines. 
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TSC500 
SERIES 

S399LJ 
QUADRUPLE 2-INPUT MULTIPLEXER 

WITH POSITIVE-EDGE-TRIGGERED REGISTER 

SOFTWARE MACRO 

• Selects One of Two 4-Bit Data 
Sources and Stores Data 
Synchronously with System Clock 

• Storage Register loads New Data 
on Positive-Going Transition 

• Implements Hexadecimal/BCD 
Shifter . 

• Use Parallel Multiplexers for 
Multiple-Bit Words 

description 

logic symbolt 

ws 
ClK 

A1 

A2 

81 

82 

C1 

C2 

01 

02 

03030, APRil 1988 

MUX 
G1 

C2 ., r 
1.20 
1,20 QA 

Q8 

QC 

QO 

The S399LJ software macro imple
ments four 2-line to 1-line multiplexers 
with storage. When the word-select 
(WS) input is low, word one (A1, B1, 
C1, 01) is applied to the flip-flops. A 
high WS input causes word two (A2, 
B2, C2, 02) to be selected. The 
selected word is clocked to the outputs 
on the positive-going edge of the clock 
pulse. The S399LJ is implemented with 
the standard cell functions indicated: 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984 and IEC Publication 617-12. 

EQUIVALENT TOTAL TOTAL TOTAL 

C!=LL NAME NUMBER OF NO. EQUIVALENT Cpd 
NA210LJs USED NA210LJs (pF) 

IV120LJ 1 2 2 0.62 

NA210LJ 1 12 12 2.28 

R240SLJ 20.S 1 20.S 4.62 

T0010LJ 1.S 1 1.S NIL 

TOTALS 16 36 7.S2 

When the macro is called from the engineering workstation input, the following label format 
is developed and will be captured in the design netlist: 

Label: S399LJ A1 ,A2,B1 ,B2,C1 ,C2,01 ,02,CLK,WS,QA,QB,QC,QO; 

PRODUCTION DATA do •• menu .onllin informalio. • 
curr ... t I. of publication dlte. PrOducts conform to 1. 
specifications per the tarms of Tlx •• Instruments TEXAS . 
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S399LJ 
QUADRUPLE 2-INPUT MULTIPLEXER 
WITH POSITIVE-EDGE-TRIGGERED REGISTER 
03030, APRIL 1988 

logic diagram 

ClK 

A2 

B1 

B2 

C1 

C2 

01 

02 

FUNCTION TABLE 

INPUTS 

WORD 
ClK 

SELECT 

L t 
H t 
X l 

INV1 

NA210lx 

QA 

a1 
a2 

aAo 

T0010('x 
vcc 

GNO 

OUTPUTS 

QB QC 

b1 c1 
b2 c2 

aBo aco 

QD 

d1 
d2 

aDo 

ClK 

ClRZ 

01 
02 
03 
04 

R2406Lx 

Q2 

03 

04 

FF14 

TSC500 
SERIES 

QA 

OB 

QC 

QD 
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TSC500 
SERIES 

S399LJ 
QUADRUPLE 2-INPUT MULTIPLEXER 

WITH POSITIVE-EDGE-TRIGGERED REGISTER 

absolute maximum ratings and recommended operating conditions 
These specified as a part of the TSC500 Series Data. 

timing requirements 

D3030. APRIL 1988 

Specific timing data regarding pulse duration, setup time, and hold time models are 
incorporated in most engineering workstation libraries. These models are for the clocked 
cells embedded in the software macros. Evaluations of timing requirements made during 
pre-layout simulation produce workstation output used to identify and resolve each specific 
timing need. 

electrical characteristics, Vee = 5 V, T A = 25°e 

PARAMETER TEST CONDITIONS TYP MAX UNIT 

VT Input threshold voltage 2.2 V 

ClK 0.11 

Ci Input capacitance; WS 0.11 pF 

All other inputs 0.06 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 7.52 pF 

switching characteristics over recommended ranges of supply voltage and operating free· 
air temperature (unless otherwise noted), eL = 0 (see Note 1) 

PARAM· FROM TO - 55°C to 125°C O°C to 70°C 

TYpt TYpt 
UNIT 

ETER (INPUT) (OUTPUT) MIN MAX MIN MAX 

tplH 
ClK an 

1.4 3.1 1.4 2.9 
ns 

tpHl 1.6 3.6 1.6 3.3 

IltplH 
ClK 

0.42 1.06 2.24 0.44 1.06 2.04 
ns/pF an 

IltpHl 0.34 0.78 1.58 0.36 0.78 1.4 

t Typical values are at VCC = 5 V, TA = 25°C. 
NOTE1:These switching characteristics are simulations of the software macro using interconnect 

capacitance values for an array design having 4000 gates. Post-layout simulation uses actual 
interconnect capacitance values. 

PRODUCTION DATA do •• ments .ontlin informetion 
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S399LJ TSC500 
QUADRUPLE 2-INPUT MULTIPLEXER SERIES 
WITH POSITIVE-EDGE-TRIGG~RED REGISTER 
D3030, APRIL 1988 

HOL FILEt 

BLOCK S399W; STRUCTURE 

A1 @INPUT; FF14 :R240SlJ INV10,NA30,NA60,NA90, 

A2 @INPUT; NA120,ClK,OA,OB, 

B1 @INPUT; OC,OD; 

B2 @INPUT; INV1 :TOO10W DUM,INV1O; 

C1 @INPUT; INV2 :IV120W WS,INV20; 

C2 @INPUT; INV3 :IV120W INV20,INV30; 

D1 @INPUT; NA1 :NA210W A1,INV20,NA10; 

02 @INPUT; NA10 :NA210W INV20,D1,NA100; 

ClK @INPUT; NA11 :NA210W INV30,D2,NA 110; 

WS @INPUT; NA12 :NA210LJ NA100,NA110,NA120; 

OA @OUTPUT; NA2 :NA210W A2,INV30,NA20; 

OB @OUTPUT; NA3 :NA210W NA 1 O,NA20,NA30; 

OC @OUTPUT; NA4 :NA210W B1,INV20,NA40; 

00 @OUTPUT; NAS :NA210lJ INV30,B2,NASO; 

NAB :NA210W NA40,NASO,NA60; 

NA7 :NA210lJ C1,INV20,NA70; 

NAB :NA210W INV30,C2,NABO; 

NA9 :NA210lJ NA70,NABO,NA90; 

END S399lJ; 

t The HDl nellisl format requires the "STRUCTURE" program lines to follow the "BLOCK" I/O program lines. 
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TSC500 
SERIES 

REGISTERS 
FUNCTIONAL INDEX 

03030, APRIL 1988 

REGISTERS - POSITIVE·EDGE·TRIGGERED 

DESCRIPTION fclock 
(MHz) 

4-Bit SIPO 175 

4-Bit SIPO Comp Outputs 175 

4-Bit SIPO/PIPO 170 

4-Bit SIPO/PIPO Comp 
Outputs 170 

4-Bit PIPO 150 

4-Bit PIPO Comp Outputs 150 

4-Bit PIPO 3-State Outputs 150 

DESCRIPTION 
CELL 

NAME 

8-Bit SIPO with AND S164W Gate Input 

8-Bit PI SO and 
Complementary MSB 
Outputs 

S165AW 

8-Bit SISO/PISO S166lJ 

4-Bit PIPO Bidirectional 
Shift S194AW 

4-Bit PIPO with J-KZ 
Serial Inputs and 
Complementary MSB 
Outputs 

S195AW 

8-Bit PIPO Bidirectional 
Shift with 3-State S299W 
Inputs/Outputs 

8-Bit PIPO Bidirectional 
Shift S299XW 

8-Bit SIPO with 3-State 
Outputs S595W 

PRODUCTION DATA d.cumenls c.nllin informalion 
current IS of publicltion d.t •. Products conform 10 
specificatians per the terms af Till' Instrumant. 

:~~~::~~i~·i~:,~7i ~~:~~~ti:; ~~"::~::::~:r~~1 not 

CELL OUTPUT 
COMMENTS 

EQUIVALENT 
PAGE 

NAME DRIVE NA21 Os 

R2401W 1X Async clear (L) 23.5 18-3 

R2402W 1X Async clear (l) 25.5 18-5 

R2403W 1X Parallel load (l) 29.5 18-7 

R2404W 1X Parallel load (l) 31.5 18-9 

R2405W 1X Async clear (l) 20.5 18-11 

R2406W 1X Async clear (l) 23.5 18-13 

R2407W 1X Async clear (l) 24.5 18-15 

REGISTERS (SOFTWARE) 

OUTPUT 
COMMENTS 

EQUIVALENT 
PAGE 

DRIVE NA210s 

2X Async clear (L) 50.75 18-17 

Parallel load (l) and clock 1X 85.5 18-22 inhibit input 

1X Parallel load (l), Clock 66.5 18-28 inhibit, and async clear (l) 

Parallel load, shift right, 
1X shift left, do nothing, and 

async clear (l) 
52.75 18-34 

1X Parallel, load, serial shift, 41.5 18-40 and async clear (l) 

Parallel load, shift right, 
1X shift left, do nothing, and 127 18-46 

async clear (l) 

Parallel load, shift right, 
1X shift left, do nothing, and 

async clear (l) 
101.25 18-53 

1X 
Separate clocks for shift 
and output register, and 
async SIR clear (l) 

99.5 18-59 

TEXAS ." 
INSTRUMENTS 

Copyright @ 1988, Texas Instruments Incorporated 
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REGISTERS 
FUNCTIONAL INDEX 

D3030, APRIL 1988 

REGISTERS (SOFTWARE) (Continued) 

DESCRIPTION 
CELL OUTPUT 

COMMENTS 
NAME DRIVE 

Parallel load from input 
8-Bit SIPO with PI Input registers, multiplexed dual 

Register and 3-State S598XW 1X serial inputs, separate reg 
SIR Outputs and SIR clocks, and async 

SIR clear (L) 

8-Bit PIPO Bidirectional Sources real time or stored 

Transceiver S651LJ 1X data, ind~endent clocks, 
inverting ata paths 

8-Bit PI PO Bidirectional Sources real time or stored 

Transcseiver S652LJ 1X data, independent clocks, 
non inverting data paths 

TSC500 
SERIES 

EQUIVALENT 
PAGE 

NA210s 

160.25 18-63 

172.5 18-69 

196.5 18-77 

PRODUCTION DATA document. contain information 
currant I. of publication dat •. Products conform to 
spacifications per the tarms of Tlxas Instruments TEXAS. 
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TSC500 
SERIES 

R2401LJ 
4-81T REGISTER 

WITH SERIAL INPUT AND ASYNCHRONOUS CLEAR 
D3030, APRIL 1988 

INTERNAL CELL 

FUNCTION TABLE logic symbolt 
INPUTS OUTPUTS 

CLRZ CLK SERIN OA OB OC OD CLRZ 

CLK--~ L X X L L L L 

H t H H OAn OBn OCn 
H t L L OAn OBn OCn SERIN 10 QA 

H L X 00 00 00 00 

description 

QB 

QC 

QO 

The R2401 LJ cell implements a 4-bit 
serial-input shift register with true 
outputs. Its four-bit length simplifies 
design of large registers. 

+ This symbol is in accordance with ANSI/IEEE 
Std 91-1984 and IEC Publication 617-12. 

The register contains an embedded clock driver that buffers the clock input to a single 2-line 
input. This feature simplifies implementing longer registers because standard library buffers 
can be used to drive multiple clock inputs, which are used in the longer registers. When the 
register is called from the engineering workstation input, the following label format is 
developed and will be captured in the design netlist: 

Label: R2401 LJ CLRZ,SERIN,CLK,QA,OB,OC,OD; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

fclock Clock frequency 

tw Pulse duration 

tsu Setup time before clock 

th Hold time after clock 

PRODUCTION DATA documents contain information 
currant as of publication date. Products conform to 
specifications par the terms of TeXIS Instruments 

~~~:~:~~i~'{::1~1e ~!:~~~ti:f' :I~o::::~:t::s~s not 

CLRZ low 

CLK high 

CLKlow 

SERIN (H or L) 

CLRZ inactive (H) 

SERIN (H or L) 

TEXAS -1.11 
INSTRUMENTS 

POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 

MIN MAX UNIT 

0 175 MHz 

2 

2.9 ns 

2.9 

2 
ns 

0 
0 ns 

Copyright ICl 1988, Texas Instruments Incorporated 
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R2401LJ 
4-81T SHIFT REGISTER 

TSC500 
SERIES 

WITH SERIAL INPUT AND ASYNCHRONOUS CLEAR 
D3030, APRIL 1988 

electrical characteristics, VCC = S V, T A = 2SoC 

PARAMETER TEST CONDITIONS TYP MAX UNIT 

VT Input threshold voltage 2.2 V 

ClK 0.11 

Ci Input capacitance ClRZ 0.47 pF 

SERIN 0.06 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 4.53 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 

FROM TO -55°C to 125°C QOC to 7QoC 
PARAMETER 

TYpt TYpt 
UNIT 

(INPUT) (OUTPUT) MIN MAX MIN MAX 

tplH 
ClK Q 

0.55 1.51 3.25 0.60 1.51 2.97 

0.54 0.57 1.64 3.31 
ns 

tpHl 1.64 3.59 

tpHl ClRZ Q 0.27 0.67 1.36 0.29 0.67 1.25 ns 

~tplH 
ClK Q 

0.22 0.62 1.32 0.24 0.62 1.22 
ns/pF 

~tpHl 0.18 0.42 0.88 0.2 0.42 0.78 

~tpHl ClRZ Q 0.18 0.4 0.86 0.2 0.4 0.78 
.----:-=-
ns/pF 

t Typical values are at VCC = 5 V, TA = 25°C. 

PROOUCTIOI DATA doc.mlntl •• nllin inf.rmeti.n 
curranl I. of publication dati. Productl conform tD 
specificationl p. the terms of TIXII Instrumlnts TEXAS .., 
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TSC500 
SERIES 

R2402LJ 
4-81T SHIFT REGISTER 

WITH SERIAL INPUT AND COMPLEMENTARY OUTPUTS 
03030, APRIL 1988 

INTERNAL CELL 

FUNCTION TABLE logic symbolt 
INPUTS OUTPUTS 

ClRZ ClK SERIN aA* aB* ac* ao* ClRZ 

L X X L L L L ClK ---I> 

H t H H OAn OBn OCn 
H t L L OAn OBn OCn SERIN 

H L X 00 00 00 00 
*The axz output IS the complement of ax. 

QA 

QAZ 

QB 

QBZ 

QC 

QCZ 

QD 

QDZ 

description 
The R2402LJ cell implements a 4-bit 
serial-input shift register with comple
mentary outputs. Its four-bit length 
simplifies design of large registers. 

The register contains an embedded 
clock driver that buffers the clock input 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984 and IEC Publication 617-12. 

to a single 2-line input. This feature simplifies implementing longer registers because 
standard library buffers can be used to drive multiple clock inputs, which are used in the 
longer registers. When the register is called from the engineering workstation input, the 
following label format is developed and will be captured in the design netlist: 

Label: R2402LJ CLRZ,SERIN,CLK,OA,OAZ,OB,OBZ,OC,OCZ,OD,ODZ; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

MIN MAX UNIT 

fclock Clock frequency 0 175 MHz 

CLRZlow 2 

tw Pulse duration CLK high 2.9 ns 

CLKlow 2.9 

Setup time before clock 
SERIN (H or L) 2 

tsu 
CLRZ inactive (H) 0 

ns 

th Hold time after clock SERIN (H or L) 0 ns 

PRODUCTION DATA do •• ma.ts .o.t.i. i.formatio. ." 
.... e.t as of p.bli •• tio. data. Prod •• ts .o.form to liEXAS ~ 
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R2402LJ TS"C&OO 
SERIES 4~BIT SHIFT REGISTER" . . . 

WITH SERIAL INPUT AND COMPLEMENTARY OUTPUTS 
03030, APRIL19.88 . 

electrical characteristics, Vec = 5 V, T A = 2!)OC 

PARAMETER TEST CONDITIONS TVP MAX UNIT 

VT Input threshold voltage 2.2 V 

ClK 0.11 

Ci Input capacitance ClRZ 0.47 pF 

SERIN 0.06 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 5.08 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 

FROM TO -55°e to 125°e ooe to 700 e 
PARAMETER 

(OUTPUn TVPt TVPt 
UNIT 

(INPUn MIN MAX MIN MAX 

tplH 
ClK Q 

0.58 1.62 3.5 0.63 1.62 3.21 

1.71 
ns 

tpHl 0.55 1.71 3.79 0.6 3.46 

tplH 
ClK QZ 

0.63 1.83 4.04 0.68 1.83 3.71 
ns 

tpHl 0.59 1.7 3.74 0.63 1.7 3.41 

tplH ClRZ QZ 0.33 0.85 1.8 0.36 0.85 1.65 

ClRZ Q 
ns 

tpHL 0.29 0.74 1.53 0.3 0.74 1.4 

AtPlH ClK Q 
0.24 0.6 1.28 0.24 0.6 1.18 

ns/pF 
AtpHl 0.2 0.4 0.8 0.2 0.4 0.74 

AtPLl4 
ClK QZ 

0.38 1.02 2.16 0.42 1.02 1.98 
ns/pF 

AtpHl 0.46 1.2 2.58 0.5 1.2 2.38 

AtplH ClRZ QZ 0.42 1.02 2.14 0.44 1.02 1.96 ns/pF 

AtpHl ClRZ Q 0.16 0.38 0.78 0.18 0.38 0.7 ns/pF 

t Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTION DATA docum.nts contain inlormation "!1 
current I. of publh:ition dite. Products 'conform tD ~ . 
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TSC500 
SERIES 

R2403LJ 
4-BIT SHIFT REGISTER 

WITH SERIAL AND PARALLEL INPUTS 
D3030, APRil 1988 

INTERNAL CELL 

FUNCTION TABLE logic symbolt 
INPUTS 

DATA 
OUTPUTS 

LZ_S ClK SERIN A B C D QA QB QC QD 
l t X a b c d 
H t H X X X X 
H t l X X X X 
X l X X X X X 

a b c 
H OAn OSn 
l OAn OSn 

00 00 00 

d 

OCn 
OCn 

00 

SERIN 20 

A 10 

B 

C 

1------1 
10 

OA 

OB 

oc 
description o 00 

The R2403LJ cell implements a 4·bit 
serial·input or parallel·input shift 
register with true outputs. The four·bit 
length simplifies design of large 
registers. 

t This symbol is in accordE,nce with 
ANSI/IEEE Std 91 ·1984 and IEC 
Publication 617· 12. 

The register contains an embedded clock driver that buffers the clock input to a single 2·line 
input. This feature simplifies implementing longer registers because standard library 
buffers can be used to drive multiple clock inputs, which are used in the longer registers. 
When the register is called from the engineering workstation input, the following label 
format is developed and will be captured in the design netlist: 

Label: R2403LJ SERIN,LZ S,CLK,A,B,C,D,QA,QB,QC,QD; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

MIN MAX UNIT 

fclock Clock frequency 0 170 MHz 

ClK high 2.9 
tw Pulse duration ns 

ClK low 2.9 

SERIN (H or l) 2 

tsu Setup time before clock lZ_S (H or l) 0 ns 

A .. D (H or l) 2 

SERIN (H or l) 0 

th Hold time after clock LZ_S (H or l) 0 ns 

A .. D (H or l) 0 

PAODUCTION DATA documents contain information 
currant lIS of publication date. Products conform to 
specifications per the terms of TexIS Instruments TEXAS • 

INSTRUMENTS 
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R2403LJ 
4-BIT SHIFT REGISTER 
WITH SERIAL AND PARALLEL INPUTS 
03030, APRIL 1988 

electrical characteristics, Vee = 5 V, T A = 25°e 

PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

CLK 

Cj Input capacitance 
On 

LZ_S 

SERIN 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 

TYP MAX 

2.2 

0.11 

0.07 

0.35 

0.07 

5.18 

TSC500 
SERIES 

UNIT 

V 

pF 

pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 

FROM TO -55°C to 125°C O°C to 70°C 
PARAMETER 

TYpt TYpt 
UNIT 

(INPUT) (OUTPUT) MIN MAX MIN MAX 

tpLH 
CLK a 0.53 1.38 2.94 0.57 1.38 2.69 

3.22 
ns 

tpHL 0.55 1.6 3.53 0.6 1.6 

~tpLH 
CLK a 0.2 0.6 1.28 0.22 0.6 1.16 

ns/pF 
~tpHL 0.2 0.42 0.82 0.18 0.42 0.76 

t Typical values are at V CC = 5 V, T A = 25°C. 

PRODUCTION DATA documents contain information 
current I' of publication dat •. Products conform to 
spacifications per the terms of Texi. Instruments TEXAS ..If 
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TSC500 
SERIES 

LZ_S ClK 

L t 
H t 
H t 
X L 

R2404LJ 
4-81T SHIFT REGISTER WITH SERIAL/ 

PARALLEL INPUTS AND COMPLEMENTARY OUTPUTS 
D3030, APRIL 1988 

INTERNAL CELL 

FUNCTION TABLE loglct 

OUTPUTS 
LZ_S DATA 

INPUTS 

SERIN ABC D OA* OB* OC* OD* CLK 

x 
H 

L 

X 

abc d 

X X X X 

X X X X 

X X X X 

a b 

H OAn 

L OAn 

00 00 

c d 

OSn OCn SERIN OA 

OSn OCn A OAZ 

OB 
B 

00 00 
*The OXZ output is the complement of OX. OBZ 

OC 
C 

OCZ descrIption 
The R2404LJ cell implements a 4-bit 
serial-input or parallel-input shift 
register with complementary outputs. 
The four-bit length simplifies design of 
large registers. 

The register contains an embedded 
clock driver that buffers the clock input 
to a single 2-line input. This feature 

OD 
D 

ODZ 

t This symbol is in accordance with 
ANSI/IEEE Std 91-1984 and IEC 
Publication 617-12. 

simplifies implementing longer registers because standard library buffers can be used to 
drive multiple clock inputs, which are used in the longer registers. When the register is 
called from the engineering workstation input, the following label format is developed and 
will be captured in the design netlist: 

Label: R2404LJ SERIN,LZ_ S,CLK,A,B,C,D,QA,QAZ,QB,QBZ,QC,QCZ,QD,QDZ; 

absolute maxImum ratings and recommended operatIng conditIons 
These are specified as a part of the TSC500 Series Data. 

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

MIN MAX UNIT 

fclock Clock frequency 0 170 MHz 

ClK high 
tw Pulse duration 

ClKlow 

2.9 
ns 

2.9 

SERIN (H or l) 2 

tsu Setup time before clock LZ_S (H or l) 0 ns 

A .. D (H or L) 2 

SERIN (H or l) 0 

th Hold time after clock LZ_S (H or l) 0 ns 

A .. D (H or l) 0 

PRODUCTION DATA do.um.ntl .ont.in information -111 
currant IS of publication data. Products conform to 11 1, 
specifi.ations per th8terml of T .... Inltrum.nts EXAS 
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R2404LJ 
4-BIT SHIFT REGISTER WITH SERIAL/ 

TSC500 
SERIES 

PARALLEL INPUTS AND COMPLEMENTARY OUTPUTS 
D3030, APRIL 1988 

electrical characteristics, Vee = 5 V, T A = 25°e 

PARAMETER TEST CONDITIONS TYP MAX UNIT 

VT Input threshold voltage 2.2 V 

ClK 0.11 

Ci Input capacitance 
Dn 0.07 

pF 
LZ_S 0.34 

SERIN 0.07 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 4.92 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 

FROM TO -55°C to 125°C O°C to 70°C 
PARAMETER 

TYpt TYpt 
UNIT 

(INPUT) (OUTPUT) MIN MAX MIN MAX 

tplH 
ClK Q 

0.56 1.47 3.16 0.59 1.47 2.88 

0.56 1.68 3.68 0.61 1.68 
ns 

tpHl 3.37 

tplH 
ClK 

0.64 1.78 3.92 0.67 1.78 3.6 
QZ 

3.38 1.55 
ns 

tpHl 0.59 1.55 0.62 3.1 

.MplH 
ClK Q 

0.22 0.6 1.26 0.22 0.6 1.16 
ns/pF 

~tpHl 0.2 0.38 0.78 0.2 0.38 0.7 

~tplH 
ClK QZ 

0.36 1.02 2.16 0.4 1.02 1.96 
ns/pF 

~tpHl 0.46 1.22 2.56 0.48 1.22 2.34 

t Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTION DATA documents contain information 
current IS of publication date. Products conform to 
specifications plf the terms of TellS Instruments TEXAS ." 
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TSC500 
SERIES 

FUNCTION TABLE 

(EACH FLlP·FlOP) 

R2405LJ 
4-81T FLIP-FLOPS/REGISTER 

WITH ASYNCHRONOUS CLEAR 
D3030, APRIL 1966 

INTERNAL CELL 

logic symbolt 

INPUTS OUTPUT CLRZ 

ClRZ ClK On 

l X X 

H t H 

H t l 

H l X 

Qn 

l 

H 

l 

00 

CLK 

D1 01 
D2 02 

D3 03 
D4 04 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984 and IEC Publication 617-12. 

description 
The R2405W cell implements four D-type flip-flops or 4-bit parallel-input register element 
with true outputs. Its four-bit length simplifies design of large registers. 

The flip-flops/register contains an embedded clock driver that buffers the clock input. This 
feature simplifies implementing longer registers because standard library buffers can be 
used to drive multiple clock inputs that are used in the longer registers. When the flip-flops/ 
register is called from the engineering workstation input, the following label format is 
developed and will be captured in the design netlist: 

Label: R2405LJ CLRZ,D1 ,D2,D3,D4,CLK,01 ,02,03,04; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

MIN MAX UNIT 

fclock Clock frequency 0 150 MHz 

ClRZlow 2 
tw Pulse duration 

ClK high or low 
ns 

3.3 
Dn (high or low) 2 

ns tsu Setup time before clock 
ClRZ inactive (high) 0 

th Hold time after clock 

PRODUCTION DATA d.cum •• tl c •• tli. i.f.rmlli •• 
currant I. Df publicltian da'i. Productl conform to 
specific,tions par the terms of TexIs Instruments 
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R2405LJ 
4-BIT FLIP-FLOPS/REGISTER 
WITH ASYNCHRONOUS CLEAR 
03030, APRIL 1988 

electrical characteristics, Vee = 5 V, T A = 25°e 

PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

ClK 

Ci Input capacitance ClRZ 

Dn 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 

TYP MAX 

2.2 

0.11 

0.47 

0.06 

4.62 

TSC500 
SERIES 

UNIT 

V 

pF 

pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 

FROM TO -55°C to 125°C O°C to 70°C 
PARAMETER 

TYp"t TYpt 
UNIT 

(INPUT) (OUTPUT) MIN MAX MIN MAX 

tplH 
ClK an 

0.55 1.45 3.14 0.59 1.45 2.88 
ns 

tPHl 0.53 1.62 3.61 0.58 1.62 3.31 

tplH ClRZ an 0.28 0.66 1.35 0.28 0.66 1.23 ns 

IltplH ClK an 0.42 1.06 2.24 0.44 1.06 2.04 ns/pF 

IltpHl 
ClRZ an 

0.34 0.78 1.58 0.36 0.78 0.7 

IltpHl 0.34 0.76 1.54 0.36 0.76 1.4 
ns/pF 

t Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTION DATA documents contain information 
current as of publication dlte. Products conform to 
specifications per the terms of Texas Instruments TEXAS ~ 
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TSC500 
SERIES 

FUNCTION TABLE 

(EACH FLIP-FLOP) 

R2406LJ 
4-81T FLIP-FLOPS/REGISTER 

WITH COMPLEMENTARY OUTPUTS 
03030, APRIL 1988 

INTERNAL CELL 

logic symbolt 

INPUTS OUTPUTS CLRZ 

CLK· 
ClRZ ClK On Qn QZn 

L X X L H 
01 

01 
01Z 

H t H H L 

H t L L H 
02 

02 
02l 

H L X 00 00 03 
03 

03Z 

04 

description 04 
04Z 

The R2406LJ cell implements a 4-bit 
D-type flip-flop/register element with 
asynchronous clear and comple
mentary outputs. Its four-bit length 
simplifies design of large registers. 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984 and lEG Publication 617-12. 

The flip-flops/register contains an embedded clock driver that buffers the clock input. This 
feature simplifies implementing longer registers because standard library buffers can be 
used to drive multiple clock inputs that are used in the longer registers. When the flip-flops/ 
register is called from the engineering workstation input, the following label format is 
developed and will be captured in the design netlist: 

Label: R2406LJ CLRZ,D1,D2,D3,D4,CLK,Q1,Q1 Z,Q2,Q2Z,Q3,Q3Z,Q4,Q4Z; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

MIN MAX UNIT 

fclock Clock frequency 0 150 MHz 

Pulse duration 
CLRZlow 2 

tw ns 
CLK high or low 3.3 

Setup time before clock 
On (high or low) 2 

tsu ns 
CLRZ inactive (high) 0 

th Hold time after clock On (high or low) 0 ns 

Copyright Cl 1988, Texas Instruments Incorporated PRODUCTION DATA documenls •• ntain informalio. ." 
currant 8S of publication dati. Products conform to T.EXAS t. 
specifications par the terms of TaxI. Instruments I J 
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R2406LJ 
4~BIT FLIP-FLOPS/REGISTER 
WITH COMPLEMENTARY OUTPUTS 
D:j030, APRIL 1988 

electrical characterIstics, VCC = 5 V, TA = 25°C 

PARAMETER TEST CONDITIONS 

VT Input threshold vOltage 

CLK 

Ci Input capacitance CLRZ 

Dn 

Cpd Equivalent power dissipation capacitance tr =tf=1ns 

TYP MAX 

2.2 

0.11 

0.47 

0.06 

5.16 

TSC500 
SERIES 

UNIT 

V 

pF 

pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 

FROM TO -55°C to 125°C O°C to 70°C 
PARAMETER 

TYpt TYpt 
UNIT 

(INPUT) (OUTPUT) MI~ MAX MIN MAX 

tpLH 
CLK On 

0.57 1.43 3.13 0.59 1.43 2.87 

0.56 3.63 0.59 1.64 3.33 
ns 

tpHL 1.64 

tpLH 
CLK OZn 

0.61 1.76 3.89 0.65 1.76 3.54 
ns 

tpHL 0.68 1.16 3.84 0.71 1.76 3.51 

tpLH CLRZ OZn 0.39 0.9 1.89 0.41 0.9 1.72 

CLRZ On 
ns 

tpHL 0.28 0.65 1.33 0.29 0.65 1.22 

~tpLH 0.42 1.12 2.32 0.44 1.12 2.12 
ns/pF CLK On 

~tpHL 0.34 0.76 1.54 0.36 0.76 1.4 

~tpLH 
CLK OZn 

0.42 1.08 2.26 0.44 1.08 2.08 
ns/pF 

~tpHL 0.26 0.6 1.18 0.28 0.6 1.06 

~tpLH OZn 0.4 1.08 2.26 0.42 1.08 2.08 
ns/pF CLRZ 

On 0.34 0.76 1.54 0.36 0.76 1.4 ~tpHL 

t Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTION DATA documonts conteln informotion ~ 
current IS of publicatian dlte. Products conform to Tt j 
specifications per the terms of T lxeS Instruments EXAS 
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TSC500 
SERIES 

R2407LJ 
4-81T FLIP-FLOPS/REGISTER 

WITH 3-STATE OUTPUTS 
D3030, APRIL 1988 

INTERNAL CELL 

G 

H 

H 

H 

H 

L 

FUNCTION TABLE 

(EACH FLIP-FLOP) (see Note 1) 

INPUTS OUTPUT 

ClRZ ClK On Qn 

L X X L 

H t H H 

H t L L 

H L X 00 
X X X Z 

logic symbolt 

ClR2 

G 

elK 

01 

02 

03 

04-

01 

02 

03 

04 

00 = level of 0 before the indicated steady-state 
input conditions were established. 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984 and IEC Publication 617-12. 

NOTE 1: When G is low, the output is disabled to 
the high-impedance state; however, 
sequential operation of the flip-flops is 
not affected. 

description 
The R2407LJ cell implements a four D-type flip-flops or a 4-bit parallel-input register 
element with three-state outputs. Its four-bit length simplifies design of large registers. 

The flip-flops/register contains an embedded clock driver that buffers the clock input. This 
feature simplifies implementing longer registers because standard library buffers can be 
used to drive multiple clock inputs that are used in the longer registers. When the flip-flops/ 
register is called from the engineering workstation input, the following label format is 
developed and will be captured in the design netlist: 

Label: R2407LJ CLRZ,D1 ,D2,D3,D4,CLK,G,01 ,02,03,04; 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

MIN MAX UNIT 

fclock Clock frequency 0 150 MHz 

Pulse duration 
CLRZ low 2 

tw 
CLK high or low 

ns 
3.3 

On (high or low) 2 
tsu Setup time before clock 

CLRZ inactive (high) 0 
ns 

th Hold time after clock 

PRODUCTION DATA do •• montl contoin informotion 
currlnt I. of publicatioR dltl. Products conform to 
specifications per the tlrml of TIXI. Instruments 
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R2407LJ 
4-81T FLIP-FLOPS/REGISTER 
WITH 3-STATE OUTPUTS 
D3030. APRIL 1988 

electrical characteristics, Vee = 5 V, T A = 25°e 

PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

ClK 

Ci Input capacitance 
ClRZ 

Dn 

G 

Co Output capacitance 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 

TYpt MAX 

2.2 

0.11 

0.46 

0.06 

0.32 

0.06 

4.96 

TSC500 
SERIES 

UNIT 

V 

pF 

pF 

pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 
PARAM- FROM TO TEST -55°C to 125°C O°C to 70°C 

MIN TYpt MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MAX 

tplH 
ClK an 

0.59 1.59 3.52 0.62 1.59 3.22 
ns 

tpHl 0.59 1.72 3.94 0.64 1.72 3.57 

tpHl ClRZ an 0.33 0.79 2.7 0.34 0.79 2.25 ns 

tpZH 
G y Rl = 40 k!l to GND 0.11 0.35 0.73 0.12 0.35 0.67 

Rl = 20 k!l to VCC 0.29 
ns 

tpZl 0.16 0.29 0.44 0.17 0.42 

tpHZ 
G Y 

Rl = 40 k!lto GND 1.96 2.1 2.36 1.9 2.1 2.4 

Rl = 20 k!l to VCC 
ns 

tpLZ 0.8 0.91 1.06 0.77 0.91 1.08 

iltplH 
ClK an 

0.77 2.14 4.64 0.82 2.14 4.27 
ns/pF 

iltpHl 0.51 1.33 2.76 0.55 1.33 2.54 

iltpHl ClRZ an 0.53 1.25 0.47 0.58 1.25 0.9 ns/pF 

iltpZH 
G an 

0.77 2.2 4.93 0.82 2.2 4.51 
ns/pF 

iltPZl 0.54 1.38 3.23 0.57 1.38 2.88 

t Typical values are at VCC = 5 V. TA = 25°C. 

PRODUCTION DATA d •• umonts contlin informltion 
currant I. of publication dati. Products canform to 
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TSC500 
SERIES 

S164LJ 
8·BIT PARALLEL·OUT SERIAL SHIFT REGISTER 

D3030, APRIL 1988 

SOFTWARE MACRO 

• AND-Gated (Enable/Disable) Serial 
Inputs 

• Buffered Clear and Serial Inputs 

• Direct Clear 

• Embedded Clock Drivers Provide 
Clock Buffering 

logic symbolt 

ClRZ 

ClK 

A 

B 
QA 

QB 

QC 

QD 

description QE 

The S164LJ software macro imple- QF 

ments an 8-bit parallel-out shift register, QG 

These 8-bit shift registers feature QH 

AND-gated serial inputs and an asyn
chronous clear, The gated serial inputs t This symbol is in accordance with ANSI/IEEE 
(A and B) permit complete control over Std 91-1984 and lEG Publication 617-12. 
incoming data. Low level inputs inhibit entry of new data and reset the first flip-flop to a low 
level at the next clock pulse. A high level input enables the other input, which then 
determines the state of the first flip-flop. Data at the serial inputs may be changed while the 
clock is high or low, provided the minimum setup time requirements are met. Clocking 
occurs on the low-to-high-Ievel transition of the clock input. 

The S164LJ is implemented with the standard cell functions indicated: 

EQUIVALENT TOTAL TOTAL TOTAL 

CELL NAME NUMBER OF NO. EQUIVALENT Cpd 
NA210LJs USED NA210Ws (pF) 

AN210W 1.5 1 1.5 0.33 

IV110W 0.75 1 0.75 0.16 

IV140W 1.5 1 1.5 0.63 

R2401W 23.5 2 47 9.06 

TOTALS 5 50.75 10.18 

When the register is called from the engineering workstation input, the following label 
format is developed and will be captured in the design netlist: 

Label: S164LJ A,B,CLK,CLRZ,QA,QB,QC,QD,QE,QF,QG,QH; 

PRODUCTION DATA d ••• mants •• ntain informati.n 
current I. of publication data. Products conform to 
specifications per the terms of rexas Instruments 
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S164LJ 
8·BIT PARALLEL·OUT SERIAL SHIFT REGISTER 

03030, APRIL 1988 

FUNCTION TABLE 

INPUTS OUTPUTS 

ClR ClK A B QA QB ..• QH 

l X X X L L L 
H L X X QAo QBO QHO 
H t H H H QAn QGn 
H t L X L QAn QGn 
H t X L L QAn QGn 

logic diagram 

ClK 

A R2401LK 

L-_.:::CL='~ 0' 

Q3 

04 

QA QB ac QQ 

PRODUCTION DATA documentlcontain information ~ 
currant .1 of publication dati. Products conform to / T.EXAS '1 
.pacifications per the terms of rax •• Instruments I J 
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TSC500 
SERIES 

S164LJ 
8-BIT PARALLEL-OUT SERIAL SHIFT REGISTER 

D3030. APRIL 1988 

typical clear, shift, and clear sequences 

ClRZ ---u 
I 
I 

W 
I 

SERIAL { A 

INPUTS 

~--------------~: ------------
B--+-----! 

ClK ---'-1--..... 
1 

---i QA ___ ~I ________ ~ ~~------~---------
---, QB ___ ~I __________ ~ ~L-____ ~ ______ _ 
---, QC ___ ~I ____________ ~ ~L-~~ ______ _ 

QD==-~l ______________ -! LflL---.!.. ________ _ 
OUTPUTS I ---, QE ___ ~I _________________ ~ LnL-______ _ 

QF=--l~ _________________ ~ 
QG===~ __________________________ J 

QH===~l ____________________ ~r-l~: ______ _ 

CLEAR 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

timing requirements 

CLEAR 

Specific timing data regarding pulse duration, setup time, and hold time models are 
incorporated in most engineering workstation libraries. These models are for the clocked 
cells embedded in the software macros. Evaluations of timing requirements made during 
pre-layout simulation produce workstation output used to identify and resolve each specific 
timing need. . 

PROOUCTIOI OATA doc.monts contlin inlormltion ..If 
current I. of public.tian dlte. Products cGnfarm to oj 
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S164LJ 
8-BIT PARALLEL-OUT SERIAL SHIFT REGISTER 

D3030, APRIL 1988 

electrical characteristics, Vee = 5 V, 'fA = 25°e 

PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

GZ 

Ci Input capacitance ClK 

ClRZ 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 

TYP MAX 

2.2 

0.06 

0.22 

O.OS 

10.2 

TSC500 
SERIES 

UNIT 

V 

pF 

pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 (see Note 1) 

FROM TO -55°C to 125°C O·C to 70·C 
PARAMETER 

TYpt TYpt 
UNIT 

(INPUT) (OUTPUT) MIN MAX MIN MAX 

tplH 
ClK an 

1.S 3.3 l.S 3 
ns 

tpHl 1.6 3.7 1.6 3.3 

tpHl ClRZ an 1.S 3.3 1.S 3.1 ns 

L\tplH 
ClK an 

0.22 0.62 1.32 0.24 0.62 1.22 
ns/pF 

L\tpHl 0.18 0.42 0.88 0.2 0.42 0.78 

L\tpHl ClRZ an 0.18 0.4 0.86 0.2 0.4 0.78 ns/pF 

t Typical values are at VCC = 5 V, TA = 25°C. 
NOTE 1: These switching characteristics are simulations of the software macro using interconnect 

capacitance values for an array design having 4000 gates. Post-layout simulation uses actual 
interconnect capacitance values. 

'RooueTIO. DATA documlnts .ontlin informltion ." 
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TSC500 
SERIES 

BLOCK S164LJ; 

A @INPUT; 

B @INPUT; 

ClK @INPUT; 

ClRZ @INPUT; 

QA @OUTPUT; 

QB @OUTPUT; 

QC @OUTPUT; 

QD @OUTPUT; 

QE @OUTPUT; 

QF @OUTPUT; 

QG @OUTPUT; 

QH @OUTPUT; 

S164LJ 
8-BIT PARALLEL-OUT SERIAL SHIFT REGISTER 

STRUCTURE 

AN1 

INV1 

INV2 

FF14 

FF58 

END S164lJ; 

D3030, APRIL 1988 

HDL FILEt 

:AN210LJ 

:IV110lJ 

:IV140LJ 

:R2401LJ 

:R2401LJ 

A,B,AN10; 

ClRZ,INV10; 

INV10,INV20; 

INV20,AN1 O,ClK,QA,QB,QC,Q[; 

INV20,QD,CLK,QE,QF,QG,QH; 

t The HDl netlist format requires the "STRUCTURE" program lines to follow the "BLOCK" I/O program lines. 

PRDDUCT.D. DATA document. contain inform.tion 
current I. of publication d., •. Product. cen'orm to 
specific.tiolll per .he terms of TIXII Instruments 
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TSC500 
SERIES 

S165ALJ 
PARALLEL-LOAD 8-BIT SHIFT REGISTER 

SOFTWARE MACRO 

• Gated (Enable/Inhibit) Clock 
Inputs 

• Complementary Outputs 

• Direct Overriding Load (Data) 
Inputs 

• Clock Driver Provides Clock 
Buffering 

description 

logic symbolt 

SH_LOZ 

ClKINH 

ClK 

SER 

A 

B 

C 

o 

F 

G 

H 

SRGB 

10 

10 

03030. APRIL 1988 

QH 

QHZ 

The S165ALJ software macro imple
ments an a-bit parallel~in shift register. 
The S165ALJ is an a-bit serial shift 
register that, when clocked, shifts the 
data tQward serial output QH. Parallel
in access to each stage is provided by 
eight individual direct data inputs that 
are enabled by a low level at the 
SH _ LDZ input. The S165ALJ also 
features a clock inhibit function· and a 
complementary serial output QHZ. The 
S165ALJ is implemented with the 
standard cell functions indicated: 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984 and IEC Publication 617-12. 

18·22 

EQUIVALENT TOTAL TOTAL TOTAL 

CELL NAME NUMBER OF NO. EQUIVALENT Cpd 
NA219LJs USED NA210LJs (pF) 

DFB20W 7:25 8 58 14.24 

IV110LJ 1 8 6 1.68 

IV140LJ 1.5 1 1.5 0.63 

NA21 OW 1 16 16 3.04 

OR240W 4 1 4 1.16 

TOTALS 34 85.5 20.75 

When the register is called from the engineering workstation input. the following label 
format is developed and will be captured in the design netlist: 

Label: S165ALJ A,B,C,D,E,F,G,H,CLK,CLKINH,~H _ LDZ,SER,QH,QHZ; 

PRO·OUCTION OATA documenl. conl.in informalion 
current I' of publicltion dltl. Products 'conform to 
specificatians par the lenni of T.IIS Instruments TEXAS ,., 
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TSC500 
SERIES 

S165ALJ 
PARALLEL· LOAD 8·BIT SHIFT REGISTER 

D3030, APRIL 1988 

Clocking is accomplished by a low-to-high transition of the ClK input while SH _ lDZ is held 
high and ClKINH is held low. The functions of the ClK and ClKINH (clock inhibit) inputs are 
interchangeable. Since a low ClK input and a low-to-high transition of ClKINH will also 
accomplish clocking, ClKINH should be changed to the high level only while the ClK input 
is high. Parallel loading is inhibited when SH _ lDZ is held high. The parallel inputs to the 
register are enabled while SH _ lDZ is low independently of the levels of ClK, ClKINH, or 
SER inputs. 

FUNCTION TABLE 

INPUTS 
FUNCTION 

SH_lDZ ClK ClKINH 

l X X Parallel load A thru H 

H H X No change 

H X H No change 

H l t Shift 

H t l Shift 

Shift = Content of each Internal register shifts toward 
serial output QH. Data at serial input is shifted into first 
register. 
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S165ALJ 
PARALLEL·LOAD 8·BIT SHIFT REGISTER 

D3030. APRIL 1988 

logic diagram 
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TSC500 
SERIES 

S165ALJ 
PARALLEL-LOAD 8-BIT SHIFT REGISTER 

D3030, APRil 1988 

typical shift, load, and inhibit sequences 

DATA 

ClK 

ClKINH 

SER L 

SH/LD~ 
I 
I 

A~ 
B I L ~----~---------------------------------------

i 
I 

C ~~ ______ ~ ____________________________________________ __ 

D I L 
i 
I 

E~~ ______ ~ ____________________________________________ __ 

F i L 
i 
i 

G~~ ____ ~ ____________________________ ___ 

H~~ ______ ~ ________________________________________ _ 

I 

QH H H 

L L 

I4-'NHIBIT -t ..... I4.-------SERIAL SHIFT ----------.. 

LOAD 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

timing requirements 
Specific timing data regarding pulse duration, setup time, and hold time models are 
incorporated in most engineering workstation libraries. These models are for the clocked 
cells embedded in the software macros. Evaluations of timing requirements made during 
pre-layout simulation produce workstation output used to identify and resolve each specific 
timing need. 
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S165ALJ 
PARALLEL-LOAD 8-BIT SHIFT REGISTER 

D3030, APRIL 1988 

electrical characteristics, Vee = 5 V, TA = 25°e 

PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

A thru H 

Ci Input capacitance 
CLK, CLKINH 

SER 

SH_LDZ 

Cod Equivalent power dissipation capacitance tr = tf = 1 ns 

TYP MAX 

2.2 

0.05 

0.06 

0.05 

0.35 

18.8 

TSC500 
SERIES 

UNIT 

V 

pF 

pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 (see Note 1) 

FROM TO -55°C to 125°C DOC to 7DoC 
PARAMETER 

TYpt TYpt 
UNIT 

(INPUT) (OUTPUT) MIN MAX MIN MAX 

tpLH 
OH,OHZ 

2.5 5.8 2.5 5.4 
SH_LDZ ns 

tpHL 2.1 3.9 2.1 3.7 

tpLH 
CLK OH,QHZ 

2.7 6.3 2.7 5.8 
ns 

tpHL 2.1 4.8 2.1 4.4 

tpLH 1.5 3 1.5 2.7 
H OH,OHZ ns 

tPHL 1.5 3 1.5 2.7 

dtpLH 0.16 0.56 1.18 0.2 0.56 1.1 
ns/pF 

dtPHL 
Any On 

0.14 0.36 0.78 0.16 0.36 0.7 

t Typical values are at VCC = 5 V, TA = 25°C. 
NOTE 1: These switching characteristics are simulations of the software macro using interconnect 

capacitance values for an array design having 4000 gates. Post-layout simulation uses actual 
interconnect capacitance values. 

18-26 
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TSC500 
SERIES 

BLOCK S165ALJ; 

A @INPUT; 

B @INPUT; 

G @INPUT; 

D @INPUT; 

E @INPUT; 

F @INPUT; 

G @INPUT; 

H @INPUT; 

CLK @INPUT; 

CLKINH @INPUT; 

SH_LDZ @INPUT; 

SER @INPUT; 

QH @OUTPUT; 

QHZ @OUTPUT; 

STRUCTURE 

FFA 

FFB 

FFC 

FFD 

FFE 

FFF 

FFG 

FFH 

INV1 

INv2 

INV3 

INV4 

INV5 

INV6 

INV7 

INV8 

INV9 

NA01 

NA02 

NA03 

NA04 

NA05 

NA06 

NA07 

NA08 

NA09 

NA10 

NA11 

NA12 

NA13 

NA14 

NA15 

NA16 

OR1 

S165ALJ 
PARALLEL-LOAD 8-BIT SHIFT REGISTER . . 

D3030, APRIL 1988 

HDL FILEt 

:DFB20W NA020,NA01 0,SER,OR1 O,FFAQ,DUM; 

:DFB20W NA040,NA030,FFAQ,OR10,FFBQ,DUM; 

:DFB20W NA060,NA050,FFBQ,OR10,FFCQ,DUM; 

:DFB20W NA080,NA070,FFCQ,OR10,FFDQ,DUM; 

:DFB20LJ NA 1 OO,NA090,FFDQ,OR1 O,FFEQ,DUM; 

:DFB20W NA120,NA110,FFEQ,OR10,FFFQ,DUM; 

:DFB20W NA 140,NA 130,FFFQ,OR1 O,FFGQ,DUM; 

:DFB20W NA 160,NA 150,FFGQ,OR1 O,QH,QHZ; 

:IV140W SH_LDZ,INV10; 

:IV110W; A,INV20; 

:IV110LJ B,INV30; 

:IV110W C,INV40; 

:IV110LJ D,INV50; 

:IV110W E,INV60; 

:IV11QW F,INV70; 

:IV110LJ G,INV80; 

:IV110LJ H,INV90; 

:NA210W A,INV1 0,NA01 0; 

:NA21OW INV20,INV10,NA020; 

:NA210LJ B,INV10,NA030; 

:NA210W INV30,INV10,NA040; 

:NA210W C,INV10,NA050; 

:NA210W INV40,INV10,NA060; 

NA21 OW D,INV10,NA070; 

:NA210W INV50,INV10,NA080; 

:NA210W E,INV10,NA090; 

:NA210W INV60,INV1 0,NA1 00; 

:NA210W F,INV10,NA110; 

:NA210W INV70,INV10,NA120; 

:NA21OW G,INV1 O,NA 130; 

:NA210W INV80,INV10,NA140; 

:NA210W H,INV10,NA150; 

:NA210W INV90,INV1 O,NA 160; 

:OR240W CLK,CLKINH,OR10: 

END S165AW; 

t The HDL netlist format requires the "STRUCTURE" program lines to follow the "BLOCK" I/O program lines. 
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TSC500 
SERIES 

S166LJ 
PARALLEL-LOAD 8-BIT SHIFT REGISTER 

WITH DIRECT CLEAR 

SOFTWARE MACRO 

• Synchronous Parallel Load 

• Direct Overriding Clear 

• Parallel·to·Serial Conversion 

• Direct Clear 

• Embedded Clock Drivers Provide 
Clock Buffering 

description 

logic symbolt 

ClRZ 
SH_lOZ 

ClKINH 

ClK 

SER 

A 2.30 

B .. 2;;;,.3;;,:0 __ -1 
C 

o 

G 

H 

D3030, APRIL 1988 

QH 

The S166LJ software macro imple
ments an 8-bit parallel-in shift register. 
The S 166LJ is an 8-bit seri.al shift 
register that, when clocked, shifts the 
data toward serial output QH. Parallel
in access to each stage is provided by 
eight individual direct data inputs that 
are enabled by a low level at the 
SH _ LDZ input. The S166LJ also 
features a clock inhibit function and a 
direct clear input. The S166LJ is 
implemented with the standard cell 
functions indicated: 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984 and IEC Publication 617-12. 

18-28 

EQUIVALENT TOTAL TOTAL TOTAL 

CELL NAME NUMBER OF NO. EQUIVALENT Cpd 
NA210Ws USED NA210LJs (pF) 

A0221W 1.75 8 14 1.76 

IV110W 0.75 9 6.75 1.44 

IV120W 1 2 2 0.62 

IV140W 1.5 1 1.5 0.63 

OR210W 1.25 1 1.25 0.37 

R2405W 20.5 2 41 9.24 

TOTALS 23 66.5 14.06 

When the register is called· from the engineering workstation input, the following label 
format is developed and will be captured in the design netlist: 

Label: S166LJ A,B,C,D,E,F,G,H,CLK,CLKINH,SER,SH _ LDZ,CLRZ,QH; 
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TSC500 
SERIES 

S166LJ 
PARALLEL-LOAD a-BIT SHIFT REGISTER 

WITH DIRECT CLEAR 
D3030, ARPIL 1988 

The parallel-in or serial-in modes are established by the shift/load input. When high, this 
input enables the serial data input and couples the eight flip-flops for serial shifting with 
each clock pulse input. When the shift-load input is low, the parallel data inputs are enabled 
and synchronous loading occurs on the next clock pulse input. During parallel loading, 
serial data flow is inhibited. Clocking is accomplished on the low-to-high-Ievel edge of the 
clock pulse through a two-input positive NOR gate that permits one input to perform as a 
clock-enable or clock-inhibit function. Holding either of the clock inputs high inhibits 
clocking; holding either low enables the other clock input. This allows the system clock to 
be free-running and the register can be stopped on command with the other clock input. 
The clock-inhibit input should be changed to the high level only when the clock input is 
high. A direct clear input, when taken low, overrides all other inputs, including the clock, and 
resets all flip-flops to zero. 

FUNCTION TABLE 

INPUTS INTERNAL 

ClRZ SH_lDZ ClKINH ClK SER A ••• H 
OUTPUTS 

OA OB 

L X X X X X L L 

H X L L X x OAe OBo 
H L L t x 8 ... h 8 b 
H H L t H X H OAn 
H H L t L X L OAn 
H X H t x x OAe OBO 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

timing requirements 

OUTPUT 

OH 

L 

OHO 
h 

OGn 
OGn 
aHo 

Specific timing data regarding pulse duration, setup time, and hold time models are 
incorporated in most engineering workstation libraries. These models are for the clocked 
cells embedded in the software macros. Evaluations of timing requirements made during 
pre-layout simulation produce workstation output used to identify and resolve each speCific 
timing need. 
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S166LJ . . .' 
PARALLEL·tOA08-BIT SHIFT REGISTER 
WITH DIRECT CLEAR 
03030, APRIL 1988 

logic diagram 

CLRZ 

l"l101..x 
A 

IV1401.x 
.y 

INV2 

TSC500 
SERIES 

CLK 

CLKINH 

~ ________________ ~A~~~ .. _1~"X>~y_. ______________________ ~~ 
B ORl 

SER 

A 

C 

D 

G 

H 
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Q2 

as 

04 

y 
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TSC500 
SERIES 

S166LJ 
PARALLEL-LOAD 8-BIT SHIFT REGISTER 

WITH DIRECT CLEAR 
D3030, APRIL 1988 

typical shift, load, and inhibit sequences 

CLOCK 
I 

CLOCK INHIBIT 2ui ,--, 
I 

CLEAR I 
I I I 

SERIAL INPUT ......!...JT1 I 
I I 

SHIFT/LOAD I WJ 
I I 

A I IHi1 
I 

B LI 
I 

C IHi1 
I 

PARALLEL D LI 

INPUTS I 
E fHTI 

I 
F LI 

I 
G IHi1 

I 
H IHi1 

I 

OUTPUT QH ::.' 
INHIBIT 

H H 

~ SERIAL SHIFT ~ j4---tf 14 
CLEAR LOAD 
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S166LJ 
PARALLEL-LOAD 8-BIT SHIFT REGISTER 
WITH DIRECT CLEAR 
D3030, APRIL 1988 

electrical characateristics, Vee = 5 V, TA = 25°e 

PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

A thru H 

CLK, CLKINH 

Ci Input capacitance SER 

SH_LDZ 

CLRZ 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 

TYP MAX 

2.2 

0.06 

0.06 

0.06 

0.11 

0.05 

14.1 

TSC500 
SERIES 

UNIT 

V 

pF 

pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), el = 0 (see Note 1) 

FROM TO -55°C to 125°C O°C to 70°C 
PARAMETER 

TYpt TYpt 
UNIT 

(INPUT) (OUTPUn MIN MAX MIN MAX 

tpLH 
CLK QH 

2.3 5 2.3 4.6 
ns 

tpHL 2.5 5.5 2.5 5 

tpHL CLRZ QH 1.7 3.2 1.7 3.1 ns 

iltpLH 
QH 

0.42 1.06 2.24 0.44 1.06 2.04 
ns/pF 

iltPHL 
Any 

0.34 0.78 1.58 0.36 0.78 1.4 

iltpHL CLRZ QH 0.34 0.76 1.54 0.36 0.76 1.4 ns/pF 

t Typical values are at Vec = 5 V, TA = 25°C. 
NOTE 1: These switching characteristics are simulations of the software macro using interconnect 

capacitance values for an array design having 4000 gates. Post-layout simulation uses actual 
interconnect capacitance values. 
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TSC500 
SERIES 

BLOCK S166LJ; 

A @INPUT; 

B @INPUT; 

C @INPUT; 

D @INPUT; 

E @INPUT; 

F @INPUT; 

G @INPUT; 

H @INPUT; 

CLK @INPUT; 

CLKINH @INPUT; 

SER @INPUT; 

SH_LDZ @INPUT; 

CLRZ @INPUT; 

OH @OUTPUT; 

STRUCTURE 

A01 

A02 

A03 

A04 

A05 

A06 

A07 

A08 

FF14 

FF58 

INV1 

INV10 

INV11 

INV12 

INV2 

INV3 

INV4 

INV5 

INV6 

INV7 

INV8 

INV9 

OR1 

END S166LJ; 

S166LJ 
PARALLEL-LOAD 8-BIT SHIFT REGISTER 

WITH DIRECT CLEAR 
03030, APRIL 1988 

HDL FILEt 

:A0221LJ SER,INV40,INV30,A,A010; 

:A0221LJ OA,INV40,INV30,B,A020; 

:A0221LJ OB,INV40,INV30,C,A030; 

:A0221LJ OC,INV40,INV30,D,A040; 

:A0221LJ OD,INV40,INV30,E,A050; 

:A0221LJ OE,INV40,INV30,F,A060; 

:A0221LJ OF,INV40,INV30,G,A070; 

:A0221LJ OG,INV40,INV30,H,A080; 

:R2405LJ INV20,INV50,INV60,INV70, 

INV80,OR10,OA,OB,OC,OD; 

:R2405LJ INV20,INV90,INV1 OO,INV11 0, 

INV120,OR10,OE,OF,OG,OH; 

:IV110LJ CLRZ,INV10; 

:IV110LJ A060,INV100; 

:IV110LJ A070,INV11O; 

:IV110LJ A080,INV120; 

:IV140LJ INV10,INV20; 

:IV120LJ SH _ LDZ,INV30; 

:IV120LJ INV30,INV40; 

:IV110LJ A010,INV50; 

:IV110LJ A020,INV60; 

:IV110LJ A030,INV70; 

:IV110LJ A040,INV80; 

:IV110LJ A050,INV90; 

:OR210LJ CLK,CLKINH,OR10; 

t The HDL netlist format requires the "STRUCTURE" program lines to follow the "BLOCK" I/O program lines. 
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TSC500 
SERIES 

S194ALJ 
BIDIRECTIONAL UNIVERSAL SHIFT REGISTER 

SOFTWARE MACRO 

• Parallel Inputs and Outputs logic symbolt 

• Four Operating Modes: 
Synchronous Parallel Load CLRZ 

Right Shift 50 

Left Shift 51 

Do Nothing 
CLK 

• Positive Edge·Triggered Clocking 5R5ER 

A 

• Embedded Clock Drivers Provide B 

Clock Buffering C 

0 

• Direct Overriding Clear SL5ER 

3,40 
3.40 

3.40 

3.40 

2.40 

D3030, APRIL 1988 

QA 

QB 

QC 

QO 

description t This symbol is in accordance with ANSI/IEEE 
Std 91-1984 and lEG Publication 617-12. 

18-34 

The 8194AW software macro imple
ments a 4-bit parallel-in/parallel-out 
bidirectional, universal shift register. 
The 4-bit length simplifies construction 
of large registers. These bidirectional 
shift registers are designed to in-
corporate virtually all of the features a 
system designer may want in a shift 
register. The circuit features parallel inputs, parallel outputs, right-shift and left-shift inputs, 
operating-mode-control inputs, and a direct overriding clear line. The register has four 
distinct modes of operation: 

Inhibit clocking (do nothing) 
Shift right (in the direction QA toward QD) 
Shift left (in the direction QD toward QA) 
Parallel loading 

Synchronous parallel loading is accomplished by applying the four bits of data and taking 
both mode control inputs, SO and S1, high. The data are loaded into the associated flip
flops and appear at the outputs after the positive transition of the clock input. During 
loading, serial data flow is inhibited. 

Shift right is accomplished synchronously with the rising edge of the clock pulse when SO is 
high and 81 is low. Serial data for this mode is entered at the shift-right data input. When SO 
is low and S1 is high, data shifts left synchronously and new data is entered at the shift-left 
serial input. When both mode control inputs are low, a free-running clock will reload the 
present state of each flip-flop on each clock transition to implement the do-nothing mode. 
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TSC500 
SERIES 

S194ALJ 
BIDIRECTIONAL UNIVERSAL SHIFT REGISTER 

D3030, APRIL 1988 

The S194ALJ is implemented with the standard cell functions indicated: 

EQUIVALENT TOTAL TOTAL TOTAL 
CELL NAME NUMBER OF NO. EQUIVALENT Cpd 

NA210Ws USED NA210Ws (pF) 
IV110W 0.75 1 0.75 0.16 

IV120LJ 1 4 4 1.24 

IV140LJ 1.5 1 1.5 0.63 

NA31 OW 1.25 16 20 3.04 

NA41 OW 1.5 4 6 0.76 

R2405W 20.5 1 20.5 4.62 

TOTALS 27 52.75 10.45 

When the register is called from the engineering workstation input, the following label 
format is developed and will be captured in the design netiist: 

Label: S194ALJ A,B,C,D,SRSER,SLSER,CLK,CLRZ,S1,SO,OA,OB,OC,OD; 

FUNCTION TABLE 
INPUTS OUTPUTS 

MODE SERIAL PARALLEL 
CLRZ S1 SO CLK SLSER SRSER A B C D QA QB QC QD 

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

H X X L X X X X X X aAo aso aco aDo 
H H H t X X a b c d a b c d 
H L H t X H X X X X H aAn aSn aCn 
H L H t X L X X X X L aAn aSn aCn 
H H L t H X X X X X aSn aCn aDn H 
H H L t L X X X X X aBn aCn aDn L 

H L L X X X X X X X aAo aBO aco aDo 
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S194ALJ 
BIDIRECTIONAL UNIVERSAL SHIFT REGISTER 

03030, APRIL 1988 

logic diagram 

......... -ClK 

IV1,Olx IV140lx 
~ A -r-::! A J-...V - INV1 INV2 

IV12OL.x IV120lx 

so A ..r-.,V A _",V 

INV7 r V,NV8 

'~ ......... A YAY - INV6 I INVI 
A NA310lx 

B V 

s, 

C NA, 
~R A NA3'(ll, - B V A NA4101...x 

C NA2 B V 
o ......... A NA310Lx C NA17 - B V 0 

C NA3 

A NA31C1lx 

B V 

C NA4 

A NA310Lx 
B 

~ 
C NA& 

A NA310LII 

B y A NA410Lx 

C NAB B V 
......... A 

~tr - B 
C NA7 

A NA310lx y 
B 
C NA8 

C 

A NA310Lx 
B V 
C NAO 

A NA3101..x 
B V A NA410l.)C 

C NA'O B V 

0 A NA310Lx C NA'9 
B V 0 
C NA', 

A NA310lx 
B V 

C NA12 

A NA310Lx 

B V 

C NA13 

A NA31(ll, 

B V A NA41OL.x 
C NA14 B V 

C> A NA310lx C NA20 
B V 0 

A 

C NA'& 
A NA3101..x 
B V 

D C NA1B 

~FO' 
Cl~ 102 

0' Q3 

02 
03 04 

04 

~ 

TSC500 
SERIES 

......... ........ QO 

C> QC 

C> QB 

C> QA 
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typical clear, load, right-shift, left-shift, Inhibit, and clear sequences 
ClK 

CONTROL -- I 
MODE {SO --J i 

INPUTS S1 ::r-hL__:---------..;-!~-------!_---------
CLRZLJ I 

I I 

{

I r----t 'I ........, r---: 
SERIAL SRSE;;;R,;"...!.I_;-_;....I! IL. -------'-,,;,..-------~i I '---' I 
DATA : 

INPUTS SlSE~R~~:-~-~---------+__+-J 

J.S 
I 
I 

A--1JHfl~--------------~~------------~------------~-I 

PARAllEL 
DATA 

INPUTS 

I B _~I~L~_~--------__:-4_-------+_-------~--I 

C ~~~---------~~--------~--------~--I i 
D : l I 

I I I 

~::~~------~~--------~ ~ : I I 
--, I r-'1 ,--, ,.--, I 

QB __ : I r ~ ,~ ______ ~ __ ~----------JI IL~----------------+I---
OUTPUTS I I I ..!-____________ -.I 

QC::' 
I 

QD - - .. '_.;-......1 I 
-- I I I I 

I I I+---SHIFT RIGHT---+! I4--SHIFT LEFT-~~~141----INHIBIT---.I 
CLEAR LOAD CLEAR 
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absolute maximum ratings and rEicommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

timing requirements 

TSC500 
SERIES 

Specific timing data regarding pulse duration, setup time, and hold time models are 
incorporated in most engineering workstation libraries. These models are for the clocked 
cells embedded in the software macros. Evaluations of timing requirements made durirg 
pre-layout simulation produce workstation output used to identify and resolve each specific 
timing need. 

electrical characteristics, Vee = 5 V, T A = 25°e 

PARAMETER TEST CONDITIONS TYP MAX UNIT 

VT Input threshold voltage 2.2 V 

Ci Input capacitance 
I CLK, SO, S1 0.11 

pF I All other inputs O.OS 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 10.S pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 (see Note 1) 

FROM TO -55°C to 125°C DOC to 7DoC 
PARAMETER 

TYpt TYpt 
UNIT 

(INPUT) (OUTPUT) MIN MAX MIN M~. 

tpLH 
CLK an 

1.6 3.4 1.6 3.2 

tpHL 
ns 

1.7 3.8 1.7 3.S 

tpHL CLRZ an 1.8 3.3 1.8 3.1 ns 

~tpLH 
CLK an 

0.42 1.06 2.24 0.44 1.06 2.04 
ns/pF 

~tpHL 0.34 0.78 1.S8 0.36 0.78 1.4 

~tpHL CLRZ an 0.34 0.76 1.S4 0.36 0.76 1.4 ns/pF 

t Typical values are at VCC = S V, TA = 2SoC. 
NOTE 1: These switching characteristics are simulations of the software macro using interconnect 

capacitance values for an array design having 4000 gates. Post-layout simulation uses actual 
interconnect capacitance values. 
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BLOCK S194ALJ; 

A @INPUT; 

B @INPUT; 

C @INPUT;· 

D @INPUT; 

SRSER @INPUT; 

SLSER @INPUT; 

CLK @INPUT; 

CLRZ @INPUT; 

S1 @INPUT; 

SO @INPUT; 

QA @OUTPUT; 

QB @OUTPUT; 

QC @OUTPUT; 

QD @OUTPUT; 

S194ALJ 
BIDIRECTIONAL UNIVERSAL SHIFT REGISTER 

03030, APRIL 1988 

HDL FILEt 

STRUCTURE 

FF14 :R2405LJ INV20,NA 170,NA 180,NA 190, 

NA200,CLK,QD,QC,QB,QA; 

INV1 :IV110LJ CLRZ,INVlO; 

INV2 :IV140LJ INV10,INV20; 

INV5 :IV120LJ S1,INV50; 

INV6 :IV120LJ INV50,INV60; 

INV7 :IV120LJ SO,INV70; 

INV8 :IV120LJ INV70,INV80; 

NA1 :NA310LJ QD,INV50,INV70,NA 1O; 

NA10 :NA310LJ QC,INV60,INV70,NA 10O; 

NA11 :NA310LJ B,INV60,INV80,NA110; 

NA12 :NA310LJ INV80,INV50,QA,NA120; 

NA13 :NA310LJ QA,INV50,INV70,NA 130; 

NA14 :NA310LJ QB,INV60,INV70,NA 140; 

NA15 :NA310LJ A,INV60,INV80,NA150; 

NA16 :NA310LJ INV80,INV50,SRSER,NA 160: 

NA17 :NA410LJ NA1 0,NA20,NA30,NA40,NA ~ ;'0; 

NA18 :NA410LJ NA50,NA60,NA70,NA80,NA180; 

NA19 :NA410LJ NA90,NA100,NA110,NA120,NA190; 

NA2 :NA310LJ SLSER,INV60,INV70,NA20; 

NA20 :NA410LJ NA 130,NA 140,NA 150,NA 160,NA200; 

NA3 :NA310LJ D,INV60,INV80,NA30; 

NA4 :NA310LJ INV80,INV50,QC,NA40; 

NA5 :NA310LJ QC,INV50,INV70,NA50; 

NA6 :NA310LJ QD,INV60,INV70,NA60; 

NA7 :NA310LJ C,INV60,INV80,NA70; 

NA8 :NA310LJ INV80,INV50,QB,NA80; 

NA9 :NA310LJ QB,INV50,INV70,NA90; 

End S194ALJ; 

t The HDL nellist format requires the "STRUCTURE" program lines to follow the "BLOCK" I/O program lines. 
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S195ALJ 
4-81T PARALLEL-ACCESS SHIFT REGISTER 

SOFTWARE MACRO 

• Synchronous Parallel Load 

• Positive-Edge-Triggered Clocking 

• J and KZ Inputs to First Stage 

• Complementary Outputs from Last 
Stage 

• Embedded Clock Drivers Provide 
Clock Buffering 

description 

logic symbolt 

ClRZ 

SM _ LDZ 

ClK 

KZ 

A 

c 
o 

2,30 

2,30 

2,30 

2,30 

D3030, APRIL 1988 

DA 

DB 

DC 

00 

DOZ 

The S195ALJ software macro imple
ments a 4-bit parallel-out shift register. 
These 4-bit registers feature parallel 
inputs, parallel outputs, J-KZ serial 
inputs, shift-load control input, and a 
direct overriding clear. The registers 
have two modes of operation: parallel 
load and shift (in the direction OA 
toward 00). The S195AW is imple
mented with the standard cell functions 
indicated: 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984 and lEG Publication 617-12, 

EQUIVALENT TOTAL TOTAL TOTAL 

CELL NAME NUMBER OF NO. EQUIVALENT Cpd 
NA210Ws USED NA210LJs (pF) 

IV110LJ 0.75 1 0.75 0.16 

IV120LJ 1 2 2 0,62 

IV140LJ 1,5 1 1.5 0,63 

NA210LJ 1 10 10 1.9 

NA310LJ 1.25 3 3.75 0,57 

R2406LJ 23,5 1 23,5 5,16 

TOTALS 18 41.5 9,04 

Copyright@ 1988, Texas Instruments Incorporated PRODUCTION DATA documents contain information -I/} 
current as of publication date. Products conform to " 
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When the register is called from the engineering workstation input, the following label 
format is developed and will be captured in the design netlist: 

label: S195ALJ ClRZ,ClK,SH _ lDZ,J,KZ,A,B,C,D,QA,QB,QC,QD,QDZ; 

Parallel loading is accomplished by applying the four bits of data and taking the shift-load 
control (SH _ lDZ) input low. The data is loaded into the associated flip-flop and appears at 
the outputs after the positive transition of the clock (ClK) input. During loading, serial data 
flow is inhibited. Shifting is accomplished synchronously when the shift-load control input is 
high. Serial data for this mode is entered at the J-KZ inputs. These inputs permit the first 
stage to perform as a J-K, D-, or T-type flip-flop as shown in the function table. 
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logic diagram 

IV140Lx 

ClAZ C:>------------.-::;:..j 
ClK 

BH.LDZ 

KZ 

A 

C 

NA210Lx 

0 
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ClA 

as 

QC 

ao 

aoz 
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TSC500 
SERIES 

S195ALJ 
4-BIT PARALLEL-ACCESS SHIFT REGISTER 

FUNCTION TABLE 

INPUTS 

SERIAL 
ClRZ SH_lOZ ClK J KZ 

l X X X X 
H L t X X 
H H L X X 
H H t L H 
H H t L L 
H H t H H 
H H t H L 

typical clear, shift, and load sequences 

CLK 

I 
I 

PARAllEL 

A B C 0 

X X X X 

a b C d 

X X X X 
X X X X 
X X X X 

X X X X 

X X X X 

D3030, ARPIL 1988 

OUTPUTS 

aA aB ac ao aDz 

L L L L H 

a b C d d 

OAO OBo OCo 000 000 
OAO OAo oSn oCn oCn 

L OAn OBn oCn oCn 
H OAn oSn oCn oCn 

OAn OAn OBn oCn oCn 

SERIAL { J --:....--... r--r'--------------+�--....:..-----------
INPUTS KZ ~'--___________ _+'--~-----------

SH_LOZ--+-----~: -------------,~r-~-----------
1 1 

{ 

A----:------:I ___ ---'f"H"'iI~--_ 

PARALLEL B L : 
DATA I 

INPUTS C r;;r--"l,--~----~------
I 1 

o I' L 1 
I 

{

OA ---'1 II 
---~,------!, 

08---1 I II 
OUTPUTS :::~ '---------~-~ 

OC ---~;-----7,-----... 
OO:::'~-----~I----------' 

I I 1 
I "I'iIf----- SERIAL SHIFT ----~ ~ SERIAL SHIFT ~ 

CLEAR LOAD 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 
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timing requirements 

TSC500 
SERIES 

Specific timing data regarding pulse duration, setup time, and hold time models are 
incorporated in most engineering workstation libraries. These models are for the clocked 
cells embedded in the software macros. Evaluations of timing requirements made during 
pre-layout simulation produce workstation output used to identify and resolve each specific 
timing need. 

electrical characteristics, Vee = 5 V, TA = 25°e 

PARAMETER TEST CONDITIONS TYP MAX UNIT 

VT Input threshold voltage 2.2 V 

Ci Input capacitance 
I ClK, SH _ lDZ 0.11 

I All other inputs O.OS 
pF 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 9.04 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 (see Note 1) 

FROM TO -55°C to 125°C O°C to 70°C 
PARAMETER 

TYpt TYpt 
UNIT 

(INPUT) (OUTPUT) MIN MAX MIN MAX 

tplH 
ClK 

1.S 3.3 1.S 3 
On ns 

tpHl 1.7 3.S 1.7 3.4 

tplH 
ClK aDZ 

1.8 3.9 1.8 3.S 
ns 

tpHl 1.7 3.8 1.7 3.S 

tpHl ClRZ On 1.7 3.3 1.7 3 ns 

tplH ClRZ aDZ 1 1.8 1 1.7 ns 

D.tplH 
On,ODZ 

0.4 1.12 2.32 0.42 1.12 2.12 
ns/pF 

D.tpHl 
Any 

0.28 0.76 1.S4 0.3 0.76 1.4 

t Typical values are at VCC = S V, TA = 2SoC. 
NOTE 1: These switching characteristics are simulations of the software macro using interconnect 

capacitance values for an array design having 4000 gates. Post-layout simulation uses actual 
interconnect capacitance values. 
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HDL FILEt 

BLOCK S195ALJ; STRUCTURE 

CLRZ @INPUT; INV1 :IV110LJ CLRZ,CLR; 

CLK @INPUT; INV2 :IV140LJ CLR,CLRZ1; 

SH_LDZ @INPUT; INV3 :IV120LJ SH _ LDZ,SHLDZ; 

J @INPUT; INV4 :IV120LJ SHLDZ,SHLD1 ; 

KZ @INPUT; NA1 :NA310LJ QAZ,SHLD1 ,J,Sl; 

A @INPUT; NA10 :NA210LJ S8,S9,S10; 

B @INPUT; NA1l :NA2l0LJ SHLDZ,D,S11 ; 

C @INPUT; NA12 :NA210LJ SHLD1,QC,S12; 

D @INPUT; NA13 :NA210LJ S11,S12,S13; 

QA @OUTPUT; NA2 :NA3l0LJ SHLD1,KZ,QA,S2; 

QB @OUTPUT; NA3 :NA210LJ SHLDZ,A,S3; 

QC @OUTPUT; NA4 :NA310LJ Sl,S2,S3,S4; 

QD @OUTPUT; NA5 :NA210LJ QA,SHLD1,S5; 

QDZ @OUTPUT; NA6 :NA210LJ SHLDZ,B,S6; 

NA7 :NA210LJ S5,S6,S7; 

NA8 :NA210LJ SHLDZ,C,S8; 

NA9 :NA2l0LJ SHLD1,QB,S9; 

GOl :R2406LJ CLRZl ,S4,S7,Sl 0,S13,CLK,QA,QAZ,QB,DUM, 

QC,DUM,QD,QDZ; 
END S195ALJ; 

t The HDL netlist format requires the "STRUCTURE" program lines to follow the "BLOCK" I/O program lines. 
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8-BIT BIDIRECTIONAL UNIVERSAL 

. . SHifT/STORAGE REGISTER 
"., ' .. , 

D3030; APRIL 1988 

SOFTWARE MACRO 

• Ported 3-State Inputs/Outputs 
Simplify Implementation of: 

Single/Multiple Push/Pop Stack 
Multiple/Supplementary 

Accumulator 
Bus Storage/Shift Register 

• Four Operating Modes: 
Synchronous Parallel Load 
Right Shift . 
Left Shift 
Do Nothing 

• Positive Eqge-Trig~ered Clocking 

• Embedded Clock Drivers Provide 
Clock Buffering . 

description 
The S299LJ software macro imple
ments an a-bit parallel-in/parallel-out 
bidirectional, universal shift/storage 
register. The a-bit length simplifies 
construction of large registers. These 
bidirectional shift registers are de
signed to incorporate virtually all of the 
features a system designer may want in 
a shift register. The circuit features 
parallel inputs, parallel output$, right
shift and left-shift inputs, operating
mode-control inputs, and a direct 
overriding clear line. 

logic syml)olt 

SRGS 

CLRZ 

G12 3ENS 

G2Z --, I 

so ., 
eLK 

SL 2.40 

QAP 

QHP 

t This symbol is in accordance with ANSI/IEEE 

Std 91-1984 and IEC Publication 617-12. 
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The S299LJ is implemented with the standard cell functions indicated: 

EQUIVALENT TOTAL TOTAL TOTAL 

CELL NAME NUMBER OF NO. EQUIVALENT Cpd 
NA210LJs USED NA210LJs (pF) 

AN210W 1.5 1 1.5 0.33 

IV110LJ 0.75 2 1.5 0.32 

IV140W 1.5 4 6 2.52 

IV222W 2 8 16 3.04 

NA310LJ 1.25 32 40 6.08 

NA410W 1.5 8 12 1.52 

N0330W 3 1 3 0.35 

R2406W 24.5 2 47 10.32 

TOTALS 58 127 24.48 

When the macro is called from the engineering workstation input, the following label format 
is developed and will be captured in the design netlist: 

Label: S299LJ SO,S1 ,G1 Z,G2Z,SL,SR,CLK,CLRZ,QAP,QHP, 
A_QA,8_Q8,C_QC,D_QD,E_QE,F _QF,G_QG,H_QH; 

The S299LJ register has four distinct modes of operation; 

Parallel loading 
Shift right (in the direction QA toward QH) 
Shift left (in the direction QH toward QA) 
Inhibit clocking (do nothing) 

Synchronous parallel loading is accomplished by taking either output control input, G1 Z or 
G2Z, high and applying the eight bits of data while both mode-control inputs, SO and S1, are 
high. The data are loaded into the associated flip-flops on the positive transition of the clock 
input. During loading, serial data flow is inhibited. 

Shift right is accomplished synchronously with the rising edge of the clock pulse when SO is 
high and S1 is low. Serial data for this mode is entered at the right-shift data input. When SO 
is low and S1 is high, data shifts left synchronously and new data is entered at the shift-left 
serial input. When both mode-control inputs are low, a free-running clock will reload the 
present state of each flip-flop on each clock transition to implement the do-nothing mode. 
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FUNCTION TABLE 

INPUTS 
I/O PORTS 

OUTPUT 

MODE CONTROLS SERIAL 

CLRZ S1 SO G1zt G2zt CLK SL SR AaA BaB cac DaD EaE FaF GaG HaH 

L v L L I X V X L L L L L L L L 1\ L. 1\ 

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

L H H X X X X X X X X X X X X X 
H L L L L X X x OAo OBO OCo 000 OEO OFO OGo OHO 
H X X L L L X X OAO OBo OCo 000 OEO OFO OGo OHO 
H L H L L t x H H OAn OBn OCn OOn OEn OFn QGn 
H L H L L t x L L OAn OBn OCn OOn OEn OFn OGn 
H H L L L t H X OBn OCn OOn OEn OFn OGn OHn H 

H H L L L t L X OBn OCn OOn OEn OFn OGn OHn L 

H H H X x t x x a b c d e f g h 

TSC500 
SERIES 

OUTPUTS 

QAP aHP 

L L 

L L 

L L 

OAO OHO 

OAO OHO 

H OGn 
L OGn 

OBn H 

OBn L 

a h 

t When one or both output controls are high, the eight input/output terminals are disabled to the high
impedance state; however, sequential operation or clearing of the register is not affected. a ... h = the 
level of the steady-state input at inputs A through H, respectively. These data are loaded into the flip-flops 
while the flip-flop outputs are isolated from the input/output terminals. 
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logic diagram 
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NVS-~ 

1L©l 

S299LJ 
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ff 

1F L...t' ~'y ANA41OL. 

· ''1' : HAl 'I'r-

· , · ... "" II? · , ... 
l~NASKIlXy ANAA1(llx , . , ----+ . Y I) HAID f--

~~. '. ' "-'" · ... 
~~~J · , .1'NVI. = lV22lLo I. '. ' '"'" 
K ~ '1'NVI4 I .. " 

lFr L--4-N!:!!!x y A NA41OL. H ~di] ,'b' ,... 
~ t '.' 12 • y ~ I.1.NV13 

~='y D NAI. 

" ~. ,-'" · . '. ' , INV1~ .. " 
14-~Y 
""~ L-.t-~ ANM1II.. 

~~r-" .. ....... , 
-""." 

I~ · , .... , 
L+~ :w..1OLX 

~~r-
...£."'" 

1...:iJ ...... b.... 

~~ ~~ D .... r- !V222Lx 
D.a> '. ' . 

::;~t~ 1'OVl1 · . · ..... ~~2L' ,-'" 

~~ 
.. 

I~~ ~ 
V['NV10 

L...t-~ A NMll1Lx =11 ~ AV Y~ 
~ 

rNV9 
. , 

~ "v ~ NAa ~LX ..... .... - . ' 
A NAl!GLx 11NV8 I · , ..... 

'" 

I~ ... · ....... ~ :NM1C1.X 

,q~' ....... · , 
NA3t~ A YAY 

"'" .'" 
~ . , 
c ... 
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absolute maximum ratings and recommended conditions 
These are specified as a part of the TSC500 Series Data. 

timing requirements 

TSC500 
SERIES 

Specific timing data regarding pulse duration, setup time, and hold time models are 
incorporated in most engineering workstation libraries. These models are for the clocked 
cells embedded in the software macros. Evaluations of timing requirements made during 
pre-layout simulation produce workstation output used to identify and resolve each specific 
timing need. 

electrical characteristics, Vee = 5 V, T A = 25°e 

PARAMETER TEST CONDITIONS TYP MAX UNIT 

VT Input threshold voltage 2.2 V 

ClK 0.22 

G1Z,G2Z 0.11 

Ci Input capacitance SO, S1 0.28 pF 

A_OA. .H_OH 0.05 

All other inputs 0.05 

Cod Equivalent power dissipation capacitance tr = tf = 1 ns 24.48 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 (see Notes 1 and 2) 

FROM TO -55°C to 125°C QOC to 7QoC 
PARAMETER 

TYpt TYpt 
UNIT 

(INPUT) (OUTPUT) MIN MAX MIN MAX 

tplH 
ClK an 

2.3 5 2.3 4.6 
ns 

tpHl 2.4 5.3 2.4 4.7 

tpHl ClRZ an 2.4 4.3 2.4 3.9 ns 

tplH 
ClK OAP,OHP 

1.5 3.3 1.5 3 
ns 

tpHl 1.7 3.8 1.7 3.4 

tpHl ClRZ OAP,OHP 2.3 4.3 2.3 4 ns 

tpZH 3.3 5.3 3.3 4.9 
GnZ an ns 

tpZl 3.1 5 3.1 4.6 

AtplH 0.34 1 2.22 0.34 1 2.06 
ns/pF 

AtpHl 
Any Any 

0.26 0.6 1.34 0.28 0.6 1.2 

AtpZH 
an 

0.34 1.02 2.26 0.38 1.02 2.08 
ns/pF GnZ 

AtpZl 0.38 0.64 1.36 0.38 0.64 1.2 

t Typical values are at VCC = 5 V, TA = 25°C. 
NOTES: 1. These switching characteristics are simulations of the software macro using interconnect 

capacitance values for an array design having 4000 gates. Post-layout 'simulation uses actual 
interconnect capacitance values. 
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2. Enable and delta-enable times are measured using the conditions specified for the S2406W. 

PRODUCTION DATA documl.ts ,0.lIi. i.formetio. 
current II of publicltion dltl. Products conform to 
specific,tions per the terms af te.l. Instruments 

::~::~~i~'i~:1~1i ~~::i:~ti:r :1~o::~:::::'::'s~1 not 
TEXAS .., 

INSTRUMENlS 

Copyright @ 1988, Texas Instruments Incorporated 

POST OFFICE BOX 855012. DALLAS, TEXAS 75265 



TSC500 
SERIES 

S299LJ 
8-BIT BIDIRECTIONAL UNIVERSAL 

SHIFT/STORAGE .REGISTER 
D3030, APRIL 1988 

HDL FILEt 

BLOCK S299LJ; STRUCTURE 

SO @INPUT; AN1 :AN210LJ SO,S1,AN1O; 

S1 @INPUT; INV1 :IV140LJ SO,INV1O; 

G1Z @INPUT; INV10 :IV222LJ CN,N01O,C_QC; 

G2Z @INPUT; INV11 :IV222LJ DN,N01O,D _ QD; 

SL @INPUT; INV12 :IV222LJ EN,N010,E_QE; 

SR @INPUT; INV13 :IV222LJ FN,N01 O,F _ QF; 

CLK @INPUT; INV14 :IV222LJ GN,N01O,G_QG; 

CLRZ @INPUT; INV15 :IV222LJ HN,N01 O,H _ QH; 

QAP @OUTPUT; INV2 :IV140LJ INV10,INV20; 

QHP @OUTPUT; INV3 :IV140LJ S1,INV3O; 
A_QA @INOUT; INV4 :IV140LJ INV3O,INV40; 

B_QB @INOUT; INV6 :IV110LJ INV70,INV60; 
C_QC @INOUT; INV7 :IV110LJ CLRZ,INV70; 
D_QD @INOUT; INV8 :IV222LJ AN,N01 O,A_ QA; 

E_QE @INOUT; INV9 :IV222LJ BN,N01 O,B _ QB; 

F_QF @INOUT; NA1 :NA310LJ QHP,INV1 0,INV30,NA1 0; 

G_QG @INOUT; NA10 :NA410LJ NA60,NA70,NA80,NA90,NA100; 
H_QH @INOUT; NA11 :NA310LJ FP,INV10,INV3O,NA110; 

NA12 :NA310LJ F _ QF,INV20,INV40,NA 120; 

NA13 :NA310LJ GP,INV10,INV40,NA130; 

NA14 :NA310LJ INV30,INV20,EP,NA 140; 

NA15 :NA410LJ NA110,NA120,NA130,NA140,NA150; 

NA16 :NA310LJ EP,INV1 0,INV30,NA 160; 

NA17 :NA310LJ E_QE,INV20,INV40,NA170; 

NA18 :NA310LJ FP,INV10,INV40,NA180; 

NA19 :NA310LJ INV30,INV20,DP,NA190; 

NA2 :NA310LJ H _ QH ,INV20,INV40,NA20; 

NA20 :NA410LJ NA 160,NA 170,NA 180,NA 19CJ,f'.JA200; 

NA21 :NA310LJ DP,INV1 0,INV30,NA21 0; 

NA22 :NA310LJ D _ QD,INV20,INV40,NA220; 

NA23 :NA310LJ EP,INV10,INV40,NA230; 

NA24 :NA310LJ INV3O,INV20,CP,NA240; 

NA25 :NA410LJ NA210,NA220,NA230,NA240,NA250; 

NA26 :NA310LJ CP,INV10,INV30,NA260; 

NA27 :NA310LJ C _ QC,INV20,INV40,NA270; 

NA28 :NA310LJ DP,INV10,INV40,NA280; 

t The HDL netlist format requires the "STRUCTURE" program lines to follow the "BLOCK" I/O program lines. 
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TSC500 
SERIES 

HDL FILEt. Continued 
NA29 :NA310W INV30,INV20,BP,NA290; 

NA3 :NA310W SL,INV10,INV40,NA30; 

NA30 :NA41OW NA260,NA270,NA280,NA290,NA300; 

NA31 :NA310W BP,INVl 0,INV30,NA31 0; 

NA32 :NA310W B _ QB,INV20,INV40,NA320; 

NA33 :NA310W CP,INV10,INV40,NA330; 

NA34 :NA31OW INV30,INV20,QAP,NA340; 

NA35 :NA41OW NA310,NA320,NA330,NA340,NA350; 

NA36 :NA31OW QAP,INV10,INV30,NA360; 

NA37 :NA310LJ A_ QA,INV20,INV40,NA370; 

NA38 :NA31OW BP,INV10,INV40,NA380; 

NA39 :NA31OW INV30,INV20,SR,NA390; 

NA4 :NA31OW INV30,INV20,GP,NA40; 

NA40 :NA410LJ NA360,NA370,NA380,NA390,NA400; 

NA5 :NA410W NA 1 O,NA20,NA30,NA40,NA50; 

NA6 :NA31OW GP,INV10,INV30,NA60; 

NA7 :NA310W G _ QG,INV20,INV40,NA70; 

NA8 :NA310W QHP,INV10,INV40,NA80; 

NA9 :NA310W INV30,INV20,FP,NA90; 

N01 :N0330W AN1 0,G1 Z,G2Z,N01 0; 

FF14 :R2406W INV60,NA250,NA300,NA350,NA400,CLK, 

DP,DN,CP,CN,BP,BN,QAP,AN; 

FF58 :R2406W INV60,NA50,NA100,NA150,NA200, 

CLK,QHP,HN,GP,GN,FP,FN,EP,EN; 

END S299W; 

t The HDL netlist format requires the "STRUCTURE" program lines to follow the "BLOCK" I/O program lines. 
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TSC500 
SERIES 

S299XLJ 
8-BIT BIDIRECTIONAL UNIVERSAL SHIFT REGISTER 

SOFTWARE MACRO 

• Parallel Inputs and Outputs logic symbolt 

• Four Operating Modes: 
Synchronous Parallel Load ClRZ 
Right Shift so 
Left Shift Sl 

Do Nothing ClK 

• Positive Edge-Triggered Clocking SR 

A 

• Embedded Clock Drivers Provide 8 

Clock Buffering C 

0 

3.40 

D3030, APRIL 1988 

QA 

Q8 

QC 

QO 

description 
F 

G 

QE 

QF 

QG The S299XLJ software macroimple
ments an a-bit parallel-in/parallel-out 
bidirectional, universal shift register. 
The a-bit length simplifies construction 
of large registers. The common data I/O 
port implemented in the packaged shift 
register has been separated to provide 

H 3.40 
Sl 2.40 

QH 

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

individual data inputs to the register and individual bistate outputs from the S299XLJ 
register. These bidirectional shift registers are designed to incorporate virtually all of the 
features a system designer may want in a shift register. The circuit features parallel inputs, 
parallel outputs, right-shift and left-shift inputs, operating-mode-control inputs; and a direct 
overriding clear line. The register has four distinct modes of operation: 

Parallel loading 
Shift right (in the direction QA toward QH) 
Shift left (in the direction QH toward QA) 
Inhibit clocking (do nothing) 
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The S299XLJ is implemented with the standard cell functions indicated: 

EQUIVALENT TOTAL TOTAL TOTAL 

CELL NAME NUMBER OF NO. EQUIVALENT Cpd 
NA210LJs USED NA210LJs (pF) 

IV110LJ 0.75 1 0.75 0.16 

IV140LJ 1.5 5 7.5 3.15 

NA310LJ 1.25 32 40 6.08 

NA410LJ 1.5 8 12 1.52 

R2405LJ 20.5 2 41 9.24 

TOTALS 48 101.25 20.15 

When the macro is called from the engineering workstation input, the following label format 
is developed and will be captured in the design netlist: 

Label: S299XLJ A,B,C,D,E,F,G,H,SO,S1 ,SL,SR,CLK,CLRZ, 
QA,QB,QC,QD,QE,QF,QG,QH; 

Synchronous parallel loading is accomplished by applying the eight bits of data and taking 
both mode-control inputs, SO and S1, high. The data are loaded into the associated flip
flops and appear at the outputs after the positive transition of the Clock input. During 
loading, serial data flow is inhibited. 

Shift right is accomplished synchronously with the rising edge of the clock pulse when SO is 
high and S1 is low. Serial data for this mode is entered at the shift-righ(data input. When SO 
is low and S1 is high, data shifts left synchronously and new data is entered at the shift-left 
serial input. When both mode-control inputs are low, a free-running clock will reload the 
present state of each flip-flop on each clock transition to implement the do-nothing mode. 

FUNCTION TABLE 

INPUTS 
OUTPUTS 

MODE SERIAL PARALLEL 

CLRZ S1 SO CLK SL SR A B C D E F G H QA QB QC QD QE QFQG QH 

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

H X X L X X X X X X X X X x OAo OBo OCo ODo OEO OFO OGo OHo 

H H H t x x a b c d e f 9 h a b c d e f 9 h 

H L H t X H X X X X X X X X H OAn OBn OCn ODn OEn OFn OGn 
H L H t X L X X X X X X X X L OAn OBn OCn ODn OEn OFn OGn 
H H L t !-I X X X X X X X X X OBn OCn ODn OE~ OFn OGn OHn H 

H H L t L X X X X X X X X X OBn OCn ODn OEn OFn OGn OHn L 

H L L X X X X X X X X X X X OAo OBO OCo ODo OEo OFO OGo OHO 

typical clear, load, right-shift, left-shift, inhibit, and clear sequences 

18-54 

The 4-bit sequences illustrated on the S194LJ data sheet are applicable for similar S-bit 
functions performed by the S299XLJ. 
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SERIES 

S299XLJ 
8-BIT BIDIRECTIONAL UNIVERSAL SHIFT REGISTER 

logic diagram 

~, 
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S299XLJ 
8-BIT BIDIRECTIONAL UNIVERSAL SHIFT REGISTER 

D3030, APRIL 1988 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

timing requirements 

TSC500 
SERIES 

Specific timing data regarding pulse duration, setup time, and hold time models are 
incorporated in most engineering workstation libraries. These models are for the clocked 
cells embedded in the software macros. Evaluations of timing requirements made during 
pre-layout simulation produce workstation output used to identify and resolve each specific 
timing need. 

electrical characteristics, Vee = 5 V, T A = 25°e 

PARAMETER TEST CONDITIONS TYP MAX UNIT 

VT Input threshold voltage 2.2 V 

ClK 0.16 

Ci Input capacitance SO, S1 0.15 pF 
All other inputs 0.05 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 20.2 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = o (see Note 1) 

FROM TO -55°C to 125°C O°C to 70°C 
PARAMETER 

TYpt TYpt 
UNIT 

(INPUT) (OUTPUT) MIN MAX MIN MAX 

tplH 1.6 3.4 1.6 3.2 
ClK an ns 

tpHl 1.7 3.8 1.7 3.5 

tpHl ClRZ an 1.9 3.4 1.9 3.3 ns 

~tplH 0.42 1.06 2.24 0.44 1.06 2.04 

~tpHl 
ClK an 

0.34 0.78 0.78 
ns/pF 

1.58 0.36 1.4 

~tpHl ClRZ an 0.34 0.76 1.54 0.36 0.76 1.4 ns/pF 

t Typical values are at VCC = 5 V, TA = 25°C. 
NOTE 1: These switching characteristics are simulations of the software macro using interconnect 

capacitance values for an array design having 4000 gates. Post-layout simulation uses actual 
interconnect capacitance values. 
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8-BIT BIDIRECTIONAL UNIVERSAL SHIFT REGISTER 

D3030. APRIL 1988 

HDL FILEt 

BLOCK S299XLJ; STRUCTURE 

A @INPUT; INV1 :IV140W SO,INV10; 

B @INPUT; INV2 :IV140W INV10,INV20; 

C @INPUT; INV3 :IV140W S1,INV30; 

D @INPUT; INV4 :IV140W INV30,INV40; 

E @INPUT; INV5 :IV110W CLRZ,INV50; 

F @INPUT; INV6 :IV140W INV50,INV60; 

G @INPUT; NA1 :NA310LJ QH,INV1 0,INV30,NA 1O; 

H @INPUT; NA10 :NA410W NA60,NA70,NA80,NA90,NA 10O; 

SO @INPUT; NA11 :NA310W QF,INV1 0,INV30,NA 11O; 

S1 @INPUT; NA12 :NA31OW F,INV20,INV40,NA120; 

SL @INPUT; NA13 :NA310LJ QG,INV1 O,INV40,NA 130; 

SR @INPUT; NA14 :NA31OW INV30,INV20,QE,NA 140; 

CLK @INPUT; NA15 :NA410W NA110,NA120,NA130,NA140,NA150; 

CLRZ @INPUT; NA16 :NA310LJ QE,INV10,INV30,NA160; 

QA @OUTPUT; NA171 :NA310LJ E,INV20,INV40,NA170; 

QB @OUTPUT; NA18 :NA31OW QF,INV1 O,INV40,NA 180; 

QC @OUTPUT; NA19 :NA310W INV30,INV20,QD,NA 190; 

QD @OUTPUT; NA2 :NA310W H,INV20,INV40,NA20; 

QE @OUTPUT; NA20 :NA410W NA 160,NA 170,NA180,NA 190,f'"A200; 

QF @OUTPUT; NA21 :NA310LJ QD,INV1 0,INV30,NA21 0; 

QG @OUTPUT; NA22 :NA310W D,INV20,INV40,NA220; 

QH @OUTPUT; NA23 :NA310W QE,INV10,INV40,NA230; 

NA24 :NA310W INV30,INV20,QC,NA240; 

NA25 :NA410W NA210,NA220,NA230,NA240,NA250; 

NA26 :NA310W QC,INV10,INV30,NA260; 

NA27 :NA310W C,INV20,INV40,NA270; 

NA28 :NA310W QD,INV10,INV40,NA280; 

NA29 :NA31OW INV30,INV20,QB,NA290; 

NA3 :NA310W SL,INV10,INV40,NA30; 

NA30 :NA410LJ NA260,NA270,NA280, NA290,NA300; 

NA31 :NA310W QB,INV1 0,INV30,NA31 0; 

NA32 :NA310W B,INV20,INV40,NA320; 

NA33 :NA310LJ QC,INV10,INV40,NA330; 

NA34 :NA310LJ INV30,INV20,QA,NA340; 

NA35 :NA410W NA310,NA320,NA330,NA340,NA350; 

NA36 :NA310LJ QA,INV10,INV30,NA360; 

t The HDL netiist format requires the "STRUCTURE" program lines to follow the "BLOCK" I/O program lines. 
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S299XLJ 
a-BIT BIDIRECTIONAL UNIVERSAL SHIFT REGISTER 

03030, APRIL 1988 

HDL FILEt. Continued 
NA37 :NA310LJ A,INV20,INV40,NA370; 

NA38 :NA310LJ QB,INV10,INV40,NA380; 

NA39 :NA310LJ INV30,INV20,SR,NA390; 

NA4 :NA310LJ INV30,INV20,QG,NA40; 

TSC500 
SERIES 

NA40 :NA410LJ NA360,NA370,NA380,NA390,NA400; 

NA5 :NA410LJ NA10,NA20,NA30,NA40,NA50; 

NA6 :NA310LJ QG,INV10,INV30,NA60; 

NA7 :NA310LJ G,INV20,INV40,NA70; 

NA8 :NA310LJ QH,INV10,INV40,NA80; 

NA9 :NA310LJ INV30,INV20,QF,NA90; 

FF14 :R2405LJ INV60,NA250,NA300,NA350,NP,400, 

CLK,QD,QC,QB,QA; 

FF58 :R2405LJ INV60,NA50,NA1 OO,NA 150,NA2(JO, 

CLK,QH,QG,QF,QE; 

END S299XLJ; 

t The HDL netlist format requires the "STRUCTURE" program lines to follow the "BLOCK" I/O program lines. 
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TSC500 
SERIE~ 

S595LJ 
8-BIT SHIFT REGISTER 

WITH 3-STATE OUTPUT REGISTERS 
APRIL 1988 

SOFTWARE MACRO 

• 8-Bit Serial-In, Parallel-Out Shift 
Registers with Output Storage 

• Buffered Clear and Output-Enable 
Inputs 

• Shift Register has Direct Clear 

• Embedded Clock Drivers Provide 
Clock Buffering 

• Dependable Texas Instruments 
Quality and Reliability 

description 
The S595LJ software macro imple
ments an S-bit parallel-out shift register 
with output storage registers. The S-bit 
length simplifies construction of large 
registers. These macros each contain 

logic symbolt 

GZ 
RCK 

SRCLRZ 

SRCK 

SER 

2D 3\7 

QA 

QB 

QC 

QD 

QE 

QF 

QG 

ClH 
QHP 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984 and lEG Publication 617-12. 

an S-uit serial-in, parallel-out shift register that feeds an S-bit D-type storage register. The 
storage register has parallel 3-state outputs. Separate clocks are provided for both the shift 
register and the storage register. The shift register has a direct-overriding clear, serial input, 
and serial outputs for cascading. 80th the shift register and storage register clocks are 
positive-edge triggered. Ifthe user wishes to connect both clocks together, the shift-register 
state will always be one clock pulse ahead of the storage register. The S595LJ is 
implemented with the standard cell functions indicated: 

EQUIVALENT TOTAL TOTAL TOTAL 

CELL NAME NUMBER OF NO. EQUIVALENT Cpd 
NA210LJs USED NA210LJs (pF) 

IV110LJ 0.75 1 0.75 0.16 

IV120LJ 1 2 2 0.62 

R2401LJ 23.5 2 47 9.06 

R2407LJ 24.5 2 49 9.92 

T0010LJ 0.75 1 0.75 NIL 

TOTALS 8 99.5 19.76 

When the macro is called from the engineering workstation input, the following label format 
is developed and will be captured in the design netlist: 

Label: S595LJ SER,SRCK,SRCLRZ,RCK,GZ,QA,QS,QC,QD,QE,QF,QG,QH,QHP; 

PRODUCTION DATA doc.monu •• nllin inf.rmotion 
current I. of publicltion d"I.e Products conform to 
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S595LJ 
8-BIT SHIFT REGISTER 
WITH 3-STATE OUTPUT REGISTERS 
03030, APRIL 1988 

FUNCTION TABLE 

SHIFT REGISTER 

INPUTS OUTPUTS 

SRCLRZ SRCK SER sOA 

X X X X 
X X X X 

L X X L 

H t H H 

H t L L 
H t H H 

H t L L 

H L X sQAo 

H = high level(steady state) 
L = low level (steady state) 
sQ = shift register output 

sOB . . 
X 
X 

L 

sOAn 

SOAn 

sQAn 

sQAn 

sQBO 

X = irrelevant(any input, including transitions) 
Z = high impedance (off state) 
t = transition from low to high level 

sOH 

X 
X 

L 

sOGn 
sOGn 
sQGn 
sQGn 

sQHo 

sOHP 

X 
X 

L 

sOGn 
sOGn 
sQGn 
sOGn 

sQHo 

TSC500 
SERIES 

OUTPUT REGISTER 

INPUTS OUTPUTS 

RCK GZ OA OB ... OH 

X H Z Z Z 

L L OAO OBO OHo 

t L L L L 

L L rOAO rOBa rOHo 

L L rOAO rOBO rQHo 

t L sQA sQB sQH 

t L sQA sQB sQH 

t L sQA sQB sQH 

QAo, OBO, QHo = the level of QA, QB, or QH, respectively, before the indicated steady-state input conditions 
were established. 
QAn, OGn = the level of QA or QG before the most-recent t transition of the clock; indicates a one-bit shift. 
NOTE: When GZ is high, the output is disabled to the high-impedance state. 

logic diagram 
ACK 

GZ 

SACK 

IlEA 

IIAClN 

1V12OLJI 
A 

INV2 
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OB 

01 
02 

QC 

Q4 
QD 

Ff14 

R2407Lx 
ClK 01 QE 

02 Of 

01 
02 

Q3 
QG 

03 04 QH 
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FF1i8 

L-------------------~c:>QHP 
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TSC500 
SERIES 

S595LJ 
8-BIT SHIFT REGISTER 

WITH 3-STATE OUTPUT REGISTERS 
03030, APRIL 1988 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

timing requirements 
Specific timing data regarding pulse duration, setup time, and hold time models are 
incorporated in most engineering workstation libraries. These models are for the clocked 
cells embedded in the software macros. Evaluations of timing requirements made during 
pre-layout simulation produce workstation output used to identify and resolve each specific 
timing need. 

electrical characteristics, Vee = 5 V, TA = 25°e 
PARAMETER TEST CONDITIONS TYP MAX UNIT 

VT Input threshold voltage 2.2 V 

GZ 0.11 

Ci Input capacitance 
RCK,SRCK 0.22 

pF 
SER 0.06 

SRCLRZ 0.05 

Cod Equivalent power dissipation capacitance tr = tf = 1 ns 19.76 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 (see Notes 1 and 2) 

FROM TO -55°C to 125°C O°C to 70°C 
PARAMETER 

TYpt TYpt 
UNIT 

(INPUT) (OUTPUT) MIN MAX MIN MAX 

tpLH 
SRCK OHP 

1.5 3.3 1.5 3 
ns 

tpHL 1.6 3.7 1.6 3.3 

tpLH 
RCK On 

1.6 3.5 1.6 3.2 
ns 

tpHL 1.7 3.9 1.7 3.6 

tpHL SRCLRZ OHP 1.9 3.8 1.9 3.2 ns 

tpZH 
GZ On 

1.1 1.9 1.1 1.9 
ns 

tpZL 1 1.6 1 1.6 

AtpLH 
RCK On 

0.77 2.14 4.64 0.82 2.14 4.27 
ns/pF 

AtpHL 0.51 1.33 2.76 0.55 1.33 2.54 

AtpZH 
On 

0.77 2.2 4.93 0.82 2.2 4.51 
ns/pF 

AtpZL 
GZ 

1.38 3.23 0.57 1.38 2.88 0.54 

t Typical values are at VCC = 5 V, TA = 25°C. 
NOTES: 1. These switching characteristics are simulations of the software macro using interconnect 

capacitance values for an array design having 4000 gates. Post-layout simulation uses actual 
interconnect capacitance. 

2. Enable and delta-enable times are measured using the conditions specified for the S2407LJ. 
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S59SLJ . 
8.-BIT SHIFT REGISTER 
WITH 3-STATE OUTPUT REGISTERS 
03030, APRIL 1988 

HOLt 
BLOCK S595W; STRUCTURE 

SER @INPUT; INV1 :TOOi6w 

SRCK @INPUT; INV2 :IV120W 

SRCLRZ @INPUT; INV3 :IV110W 

RCK @INPUT; INV4 :IV120W 

GZ @INPUT; FF14 :R2407W 

OA @OUTPUT; 

OB @OUTPUT; FF58 :R2407W 

OC @OUTPUT; 

00 @OUTPUT; FFAD :R2401W 

DUM,INV10; 

GZ,INV20; 

SRCLRZ,INV30; 

INV30,INV40; 

INV10,FFAO,FFBO,FFCO,FFDO, 

RCK,INV20,OA,OB,OC,OO; 

t8CSOO 
SERIES 

INV1 O,FFEO,FFFO,FFGO,OHP, 

RCK,INV20,OE,OF,OG,OH; 

INV40,SER,SRCK,FFAO,FFBO,FFCO,FFDO; 

OE @OUTPUT; FFEH :R2401 W INV40,FFDO,SRCK,FFEO,FFFO,FFGO,OHP; 

OF @OUTPUT; END S595W; 

OG @OUTPUT; 

OH @OUTPUT; 

OHP @OUTPUT; 

t The HDL netlist format requires the "STRUCTURE" program lines to follow the "BLOCK" I/O program lines. 
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TSC500 
SERIES 

S598XLJ 
8-BIT SHIFT REGISTER WITH INPUT REGISTERS 

SOFTWARE MACRO 

• a-Bit Serial-In, Parallel-Out Shift 
Registers with Output Storage 

• Buffered Clear and Output-Enable 
Inputs 

• Shift Register has Direct Clear 

• Embedded Clock Drivers Provide 
Clock Buffering 

description 

logic symbolt 

SRG8 

GZ 

SCLRZ 

SCKENZ 

SCK--;:> 

SLOZ 

RCK--S<:2"1 

os 

SERO 

SERl 

OA 

DB 

DC 
DO 
DE 

OF 

OG 

OH 

1.50 

1.50 

20 

20 

20 

3D 

3D 

3D 

D3030, APRIL 1988 

QA 

QS 

QC 

QO 

QE 

QF 

QG 

QH 

QHP 

The S598XLJ software macro imple
ments an 8-bit parallel-out shift register 
with input storage registers, The 8-bit 
length simplifies construction of large 
registers. The common data I/O port 
implemented on the packaged shift 
register has been separated to provide 
individual data inputs to the register 
and individual 3-state outputs from the 
S598XLJ counter. The S598XLJ is 
implemented with the standard cell 
functions indicated: 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984 and lEG Publication 617-12. 

EQUIVALENT TOTAL TOTAL TOTAL 

CELL NAME NUMBER OF NO. EQUIVALENT Cpd 
NA210LJs USED NA210LJs (pF) 

AN210LJ 1.5 10 15 3.3 

DFB20LJ 7.25 8 58 14.24 

IV110LJ 0.75 4 3 0.64 

IV120LJ 1 4 4 1.24 

IV140LJ 1.5 1 1.5 0.63 

IV212LJ 1.25 8 10 1.44 

LAH10LJ 3.75 1 3.75 0.78 

NA210LJ 1 16 16 3.04 

OR210LJ 1.25 1 1.25 0.37 

R2406LJ 23.5 2 47 10.32 

T0010LJ 0.75 1 0.75 NIL 

TOTALS 56 160.25 36 
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S598XLJ TSC500 
SERIES 8-BIT SHIFT REGISTER WITH INPUT REGISTERS 

D3030, APRIL 1988 

When the macro is called from the engineering workstation input, the following label format 
is developed and will be captured in the design netlist: 

Label: S598XLJ DA,DB,DC,DD,DE,DF,DG,DH,RCK,SCK,SCKENZ,SLDZ,SCLRZ, 
SERO,SER1,DS,GZ,QA,QB,QC,QD,QE,QF,QG,QH,QHP; 

These macros each contain an 8-bit serial-in, parallel-out shift register fed by an 8-bit D-type 
input register. The shift register has parallel 3-state outputs. Separate clocks are provided 
for the shift register and the input register. The shift register has a direct-overriding clear, 
multiplexed dual serial inputs, and dual serial outputs to simplify cascading. Both the shift
register and input-register clocks are positive-edge triggered. If the user wishes to connect 
both clocks together, the shift-register output will be equal to one-half or double the 
previous value of the storage register. The shift-register clock is implemented with an 
associated clock enable that contains internal circuitry to prevent it from triggering the 
clock. 

FUNCTION TABLE 

INPUT REGISTER SHIFT REGISTER 

INPUTS 
INPUTS OUTPUTS OUTPUTS 

RCK 
SCLRZ GZ 

CLOCK LOAD SERIAL 

DA ••• DH RA ••• RH SCKENZ SCK SLDZ OS SERO SER1 OA OB ••• OH OHP 

X X X X X X H X X X X X X Z Z Z QH 

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

t a h a h H L H X X X X X QAo QBO QHO QHO 
L X X RAO RHO H L L t L X X X RA RB RH RH 

t a h a h H L L t H L H X H QAn QGn QGn 
X X X X X H L L t H L H X H QAn QGn QGn 
X X X X X H L L t H L L X L QAn QGn QGn 
X X X X X H L L t H H X H H QAn QGn QGn 
X X X X X H L L t H H X L L QAn QGn QGn 
X X. X X X H L X L X X X X QAO QBO QHO QHO 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

timing requirements 
Specific timing data regarding pulse duration, setup time, and hold time models are 
incorporated in most engineering workstation libraries. These models are for the clocked 
cells embedded in the software macros. Evaluations of timing requirements made during 
pre-layout simulation produce workstation output used to identify and resolve each specific 
timing need. 
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TSC500 
SERIES 

S598XLJ 
8-BIT SHIFT REGISTER WITH INPUT REGISTERS 

logic diagram 

GZ 

SERe 

os 

SEAl 

seLRZ 

INV4 

SLDZ 

IN"" 

Ret<. R24Oe1..x 

c:>--------------~~~e~~ct al 
alZ 

CLRZ 

01 
02 
03 

FFl' 

R2408L, 
eLK al 

eLRZ 

DE 
01 
02 
03 

D< 
FF .. 

LAHlOLx 
LA1 Q 

SCKENZ 

SCK 
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DA''''L, PREZ 

QA 

"'l1li 

QB 

INV10 

ac 

lNV1l 

DO 

1NV12 

QE 

1NV13 

Qf 

INV14 

QG 

1NV16 

QH 

"Me 

DHP 
A NA210Lx y IV120Lx 

~ __ -,-A'-i y 

NA2 INva 
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S598XLJ 
8-BIT SHIFT REGISTER WITH INPUT REGISTERS 

03030, APRIL 1988 

electrical characteristics, Vee = 5 V, TA = 25°e 

PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

Dn SEAn 

Cj Input capacitance 
GZ 

ADK,SLDZ 

Any other input 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 

TYP MAX 

2.2 

0.06 

0.11 

0.23 

0.06 

36 

TSC500 
SERIES 

UNIT 

V 

pF 

pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 (see Notes 1 and 2) 

FROM TO -55°C to 125°C ooe to 700e 
PARAMETER 

TYpt TYpt 
UNIT 

(INPUT) (OUTPUT) MIN MAX MIN MAX 

tPLH 2.3 6.5 2.3 6 
SCK OHP ns 

tpHL 3.7 8.1 3.7 7.5 

tpHL SCLAZ OHP 3.7 6.1 3.7 5.7 ns 

tpHL SCLAZ an 3.1 7.9 3.1 7.3 ns 

tpLH 
SCK an 

3.1 6.9 3.1 6.4 

3.7 8.3 3.7 7.6 
ns 

tpHL 

tpLH 2.3 4.8 2.3 4.3 
SLDZ OHP ns 

tpHL 3.1 6.1 3.1 5.7 

tpLH 
SSLDZ an 

2.4 5 2.4 4.7 
ns 

tpHL 3.7 7.9 3.7 7.3 

tpZH 1 2 1 1.8 
GZ an 

1.8 
ns 

tpZL 1 1 1.6 

LltPLH 
Any an 

0.7 2.08 4.52 0.76 2.08 4.16 
ns/pF 

LltpHL 0.48 1.22 2.7 0.52 1.22 2.42 

LltpZH 
GZ an 

0.76 2.14 4.8 0.8 2.14 4.38 
ns/pF 

LltpZL 0.52 1.26 2.88 0.56 1.26 2.56 

LltpLH 0.24 0.52 1.1 0.26 0.52 1 
Any OHP 

0.28 0.42 0.68 0.28 0.42 0.62 
ns/pF 

LltpHL 

t Typical values are at VCC = 5 V, T A = 25°C. 
NOTES: 1. These switching characteristics are simulations of the software macro using interconnect 

capacitance values for an array design having 4000 gates. Actual performance can be evaluated 
at post-layout simulation. 
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TSC500 
SERIES 

S598XLJ 
8-BIT SHIFT REGISTER WITH INPUT REGISTERS 

03030, APRIL 1988 

HDL FILEt 

BLOCK S59SXLJ; STRUCTURE 

DA @INPUT; AN1 :AN210LJ SERO,INV20,AN10; 

DB @INPUT; AN2 :AN210LJ INV30,SER1,AN20; 

DC @INPUT; AN3 :AN210LJ NA40,INV40,AN30; 

DO @INPUT; AN4 :AN210LJ NASO,INV40,AN40; 

DE @INPUT; AN5 :AN210LJ NASO,INV40,AN50; 

OF @INPUT; ANS :AN210LJ NA 1 00,INV40,ANSO; 

DG @INPUT; AN7 :AN210LJ NA 120,INV40,AN70; 

DH @INPUT; ANS :AN210LJ NA 140,INV40,ANSO; 

RCK @INPUT; AN9 :AN210LJ NA 1S0,INV40,AN90; 

SCK @INPUT; AN10 :AN210LJ NA 1S0,INV40,AN1 00; 

SCKENZ @INPUT; FFA :DFB20LJ AN30,NA30,OR10,INVSO,FFAQ,FFAQZ; 

SLDZ @INPUT; FFB :DFB20LJ AN40,NA50,FFAQ,INVSO,FFBQ,FFBQZ; 

SCLRZ @INPUT; FFC :DFB20LJ AN50,NA70,FFBQ,INVSO,FFCQ,FFCQZ; 

SERO @INPUT; FFD :DFB20LJ ANSO,NA90,FFCQ,INVSO,FFDQ,FFDQZ; 

SER1 @INPUT; FFE :DFB20LJ AN70,NA110,FFDQ,INVSO,FFEQ,FFEQZ; 

OS @INPUT; FFF :DFB20LJ ANSO,NA 130,FFEQ,INVSO,FFFQ,FFFQZ; 

GZ @INPUT; FFG :DFB20LJ AN90,NA 150,FFFQ,INVSO,FFGQ,FFGQZ; 

QA @OUTPUT; FFH :DFB20LJ AN1 OO,NA 170,FFGQ,INVSO,DUM,FFHQZ; 

QB @OUTPUT; FF14 :R240SLJ TIEHI,DA,DB,DC,DD,RCK,FF1 Q,FF1 az, 
QC @OUTPUT; FF2Q,FF2QZ,FF3Q,FF3QZ,FF4Q,FF4QZ; 

QD @OUTPUT; F5S :R240SLJ TIEHI,DE,DF.,DG,DH,RCK,FF5Q,FF5QZ, 

QE @OUTPUT; FF6Q,FF6QZ,FF7Q,FF7QZ,FFSQ,FFSQZ; 

QF @OUTPUT; INV1 :IV120LJ GZ,INV10; 

QG @OUTPUT; INV2 :IV110LJ DS,INV20; 

QH @OUTPUT; INV3 :IV110LJ INV20,INV30; 

QHP @OUTPUT; INV4 :IV120LJ INV1S0,INV40; 

INV5 :IV140LJ SLDZ, INV50; 

INV6 :T0010LJ TIELO,TIEHI; 

INV7 :IV110LJ SCK,INV70; 

INVS :IV120LJ NA20,INVSO; 

INV9 :IV212LJ FFAQZ,INV10,QA; 

INV10 :IV212LJ FFBQZ,INV10,QB; 

INV11 :IV212LJ FFCQZ,INV10,QC; 

INV12 :IV212LJ FFDQZ,INV10,QD; 

INV13 :IV212LJ FFEQZ,INV10,QE; 

INV14 :IV212LJ FFFQZ,INV10,QF; 

t The HDL netiist format requires the "STRUCTURE" program line sto follow the "BLOCK" I/O program lines. 
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S598XLJ 
8-BIT SHIFT REGISTER WITH INPUT REGISTERS 

03030, APRIL 1988 

HDL FILEt. Continued 

INV15 :IV212W FFGOZ,INV10,OG; 

INV16 :IV212W FFHOZ,INV10,OH; 

INV17 :IV120W FFHOZ,QHP; 

INV1S :IV110W SCLRZ,INV1S0; 

LA1 :LAH10W SCI$ENZ,INV70,DUM1,LA10; 

NA2 :NA210W LA10,SCK,NA20; 

NA3 :NA210W FF1 Q,INV50,NA30; 

NA4 :NA210W INV50,FF10Z,NA40; 

NA5 :NA210W FF20,INV50,NA50; 

NA6 :NA21OW INV50,FF20Z,NA60; 

NA7 :NA21OW FF30,INV50,NA70; 

NAS :NA210W INV50,FF3QZ,NASO; 

NA9 :NA210W FF40,INV50,NA90; 

NA10 :NA210W INV50,FF4QZ,NA 100; 

NA11 :NA210W FF50,INV50,NA110; 

NA12 :NA210W INV50,FF50Z,NA 120; 

NA13 :NA210W FFSQ,INV50,NA 130; 

NA14 :NA210W INV50, FFSOZ, NA 140; 

NA15 :NA210W FF7Q,INV50,NA150; 

NA1S :NA210W INV50,FF7QZ,NA 160; 

NA17 :NA210W FFSO,INV50,NA170; 

NA1S :NA210W INV50,FFSQZ,NA 1S0; 

OR1 :OR210W ANi O,AN20,OR1 0; 

END S59SXW; 

TSC500 
SERIES 

t The HDL netlist format requires the "STRUCTURE" program line sto follow the "BLOCK" I/O program lines. 
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TSC500 
SERIES 

S651LJ 
8·BIT BIDIRECTIONAL UNIVERSAL TRANSCEIVER 

REGISTER WITH INVERTING DATA PATHS 
03030, APRIL 1988 

SOFTWARE MACRO 

• Independent Registers and Enables 
for A and B Buses 

• Multiplexed Real-Time and Stored 
Data 

• Inverting Data Paths 

• Positive Edge-Triggered Clocking 

• Embedded Clock Drivers Provide 
Clock Buffering 

description 
The S651 W software macro imple
ments an 8-bit parallel-in/parallel-out 
bidirectional, universal transceiver 
register. The 8-bit length simplifies 
construction of large registers. These 
bidirectional transceivers are designed 
to incorporate virtually all of the features 
a system designer may want in a 
transceiver. The circuit features parallel 
inputs, parallel outputs, direction 
control, and source-control inputs. The 
S651 W is implemented with the 
standard cell functions indicated: 

EQUIVALENT 

CELL NAME NUMBER OF 

NA210Ws 

IV110LJ 0.75 

IV140LJ 1.5 

IV222LJ 2 

NA210LJ 1 

R2405LJ 20.5 

T0010LJ 0.75 

TOTALS 

logic symbolt 

GBAZ ----"""IENlI8AI 

GAB EN2 IABi 

eRA C4 

S.A--...,GS 

CA.--~CS 

SA.----IG7 

1<12'<1 
1 7 

A2 -...,....~-"---""---h...,.... .... 2 

A3 r-----t:: ........... 3 

A4_ ....... ....t-----t-. .............. 
As_...,........t------h...,.... ..... 
As_...,........t-----h ........... s 
A7 [-----"1-_ ...... 7 

A. ,----1-....... - .. 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984 and IEC Publication 617-12. 

TOTAL TOTAL TOTAL 

NO. EQUIVALENT Cpd 
USED NA210LJs (pF) 

1 0.75 0.16 

6 9 3.78 

16 32 6.08 

48 48 9.12 

4 82 18.48 

1 0.75 NIL 

76 172.5 37.62 
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8-BIT BIDIRECTIONAL UNIVERSAL TRANSCEIVER 
REGISTER WITH INVERTING DATA PATHS 

TSC500 
SERIES 

D3030. APRIL .1988 

When the macro is called from the engineering workstation input, the following label format 
is developed and will be captured in the design netlist: 

Label: 8651 LJ GBAZ,GAB,8BA,8AB,CBA,CAB,A1 ,A2,A3,M, 
A5,A6,A7,A8,B1,B2,B3,B4,B5,B6,B7,B8; 

The 8651 LJ consists of bus interface circuits, D-type registers, and control circuitry 
arranged for multiplexed transmission of data directly to or from an internal data bus or from 
the embedded storage registers. Enable GAB and GBAZ are provided to control the 
transceiver functions. 8AB and 8BA control inputs are provided to select whether real-time 
or stored data are transferred. A low input level selects real-time data, and a high selects 
stored data. The examples on the following page demonstrate the four fundamental bus
management functions that can be performed with the 8651 LJ. 

Data on the A or B data bus, or bbth, can be stored in the internal D registers by low-to-high 
transitions at the appropriate clock inputs (CAB and CBA) regardless of the select or enable 
control inputs. When 8AB and 8BA are in the real-time transfer mode, it is also possible to 
store data without using the internal D-type registers by simultaneously enabling GAB and 
GBAZ. In this configuration, each output reinforces its input. Thus, when all other data 
sources to the two sets of bus lines are at a high impedance, each set of bus lines will 
remain at its last state. 

FUNCTION tABLE 

.INPUTS DATAI/Ot OPERATION OR 
GAB GBAZ CAB CBA SAB SBA A1 THRUA8 B1 THRU B8 FUNCTION 

L H H or L H or L X X Input Input Isolation 

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

X H t H or L X X Input see Note 1 Store A, Hold B 

H H t t X X Input Output Store A ii, both registers 

L X H or L t X X see Note 1 Input Hold A, Store B 

L L t t X X Output Input Store B in both registers 

L L X X X L Output Input Real-Time B Data to A Bus 

L L X H or L X H Stored B Data to A Bus 

H H X X L X Input Output Real-Time A Data to B Bus 

H H H or L X H X Stored A Data to B Bus 

H L H or L H or L H H Output Output 
Sotred A Data to B Bus and 

Stored A Data to A Bus 

t The data output functions may be enabled or disabled by various Signals at the GAB and GBAZ inputs. Data 
input functions are always enabled. i.e., data at the bus inputs will be stored on every low-to- high transition 
on the clock inputs. 

NOTE 1: This input combination is not specified. 
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typical bus management functions 

GAB GBAZ CAB CBA SAB SBA GAB GBAZ CAB CBA SAB SBA 

L L X X X L H H X X L X 

REAL·TIME TRANSFER REAL·TIME TRANSFER 

BUS B TO BUS A BUS A TO BUS B 

~ 

GAB GBAZ CAB CBA SAB SBA GAB GBAZ CAB CBA SAB SBA 

X H X X 

L X X X 

L H X 

STORAGE FROM 

A ANDIOR B 
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logic diagram 

INV2&li~ 
1V2~ 

INV26li~ , . 
''''''"' 
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TSC500 
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S651LJ 
a-BIT BIDIRECTIONAL UNIVERSAL TRANSCEIVER 

REGISTER WITH INVERTING DATA PATHS 
D3030. APRIL 1966 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

timing requirements 
Specific timing data regarding pulse duration, setup time, and hold time models are 
incorporated in most engineering workstation libraries. These models are for the clocked 
cells embedded in the software macros. Evaluations of timing requirements made during 
pre-layout simulation produce workstation output used to identify and resolve each specific 
timing need. 

electrical characteristics, Vee = 5 V, TA = 25°e 

PARAMETER TEST CONDITIONS TVP MAX UNIT 

VT Input threshold voltage 2.2 V 

An or Bn 0.12 

CAB,CBA 0.22 
pF Ci Input capacitance 

GAB 0.05 

GBAZ,SAB,SSA 0.23 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 37.62 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 (see Notes 1 and 2) 

FROM TO -55·C to 125·C O·C to 70·C 
PARAMETER 

TVPt TVPt 
UNIT 

(INPUT) (OUTPUT) MIN MAX MIN MAX 

tpLH 3.5 7.3 3.5 6.5 
CAB,CBA A,S ns 

tpHL 3.2 6.6 3.2 6.1 

tPLH 1.7 3.3 1.7 3 
A,S B,A ns 

tpHL 1.5 3.9 1.5 2.7 

tpLH 2.2 3.9 2.2 3.7 
SAB,SSA A,B ns 

tpHL 2.2 3.9 2.2 3.4 

tpZH 1.4 2.9 1.4 2.8 
GAB,GBAZ A,B ns 

tpZL 1.3 2.5 1.3 2.3 

~tpLH 0.34 1 2.22 0.34 1 2.06 
ns/pF 

~tpHL 
Any Any 

0.26 0.6 1.34 0.28 0.6 1.2 

~tpZH 0.34 .1.02 2.26 0.38 1.02 2.08 
ns/pF 

~tpZL 
GAS,GBAZ Any 

0.38 0.64 1.36 0.38 0.64 1.2 

t Typical values are at VCC = 5 V, TA = 25·C. 
NOTES: 1. These switching characteristics are simulations of the software macro using interconnect 

capacitance values for an array design having 4000 gates. Post-layout simulation uses actual 
interconnect capacitance values. 

2. Enable and delta-enable times are measured using the conditions specified for the IV222W. 
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D3030, APRIL 1988 

HDL FILEt 
BLOCK S651 LJ; STRUCTURE 
GBAZ @INPUT; INVl :IV140LJ SSA,SBAZ; 
GAB @INPUT; INV10 :IV222LJ SNA9,GSA,A3; 
SBA @INPUT; INV11 :IV222LJ SNA 12,GBA,A4; 
SAB @INPUT; INV2 :IV140LJ SBAZ,SBA1; 
CSA @INPUT; INV20 :IV222LJ SNA15,GABl ,Bl; 
CAS @INPUT; INV21 :IV222LJ SNA18,GAB1,B2; 
Al @INOUT; INV22 :IV222LJ SNA21 ,GABl ,B3; 
A2 @INOUT; INV23 :IV222LJ SNA24,GAB1,B4; 
A3 @INOUT; INV24 :IV222LJ SNA27,GBA,A5; 
A4 @INOUT; INV25 :IV222LJ SNA30,GBA,A6; 
AS @INOUT; INV26 :IV222LJ SNA33,GBA,A7; 
A6 @INOUT; INV27 :IV222LJ SNA36,GBA,A8; 
A7 @INOUT; INV3 :IV140LJ SAB,SABZ; 
A8 @INOUT; INV36 :IV222LJ SNA39,GAB1,B5; 
Bl @INOUT; INV37 :IV222LJ SNA42,GAS1,B6; 
B2 @INOUT; INV38 :IV222LJ SNA45,GAS1,B7; 
B3 @INOUT; INV39 :IV222LJ SNA48,GAB1,B8; 
B4 @INOUT; INV4 :IV140LJ SABZ,SAB1; 

B5 @INOUT; INV5 :IVll0LJ GAB,GABZ; 
B6 @INOUT; INV6 :IV140LJ GASZ,GAB1; 
B7 @INOUT; INV7 :IV140LJ GBAZ,GBA; 
B8 @INOUT; INV8 :IV222LJ SNA3,GBA,A1 ; 

INV9 :IV222LJ SNA6,GBA,A2; 

NAl :NA210LJ SBAl ,FF1A,SNA1; 

NA10 :NA210LJ SBA1,FF1D,SNA10; 

NA11 :NA210LJ SBAZ,B4,SNA 11; 

NA12 :NA210LJ SNA 1 O,SNA 11 ,SNA 12; 

NA13 :NA210LJ SAB1,FF2A,SNA13; 

NA14 :NA210LJ SABZ,Al,SNA14; 

NA15 :NA210LJ SNA 13,SNA 14,SNA 15; 

NA16 :NA210LJ SAS1,FF2B,SNA16; 
NA17 :NA210LJ SABZ,A2,SNA 17; 

NA18 :NA210LJ SNA 16,SNA 17 ,SNA 18; 
NA19 :NA210LJ SAB1,FF2C,SNA19; 

NA2 :NA210LJ SBAZ,Bl,SNA2; 

NA20 :NA210LJ SABZ,A3,SNA2O; 

t The HDL netiist format requires the "STRUCTURE" program lines to follow the "BLOCK" I/O program lines. 
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TSC500 S651 LJ 
SERIES 8-BIT BIDIRECTIONAL UNIVERSAL TRANSCEIVER 

REGISTER WITH INVERTING DATA PATHS 
D3030, APRIL 1988 

HDL FILEt - Continued 

NA21 :NA210LJ SNA 19,5NA20,SNA21; 

NA22 :NA210LJ SAB1,FF2D,SNA22; 

NA23 :NA210LJ SABZ,A4,SNA23; 

NA24 :NA210LJ SNA22,SNA23,SNA24; 

NA25 :NA210LJ SBA 1 ,FF3A,SNA25; 

NA26 :NA210LJ SBAZ,B5,SNA26; 

NA27 :NA210LJ SNA25,SNA26,SNA27; 

NA2B :NA210LJ SBA 1 ,FF3B,SNA2B; 

NA29 :NA210LJ SBAZ, B6,SNA29; 

NA3 :NA210LJ SNA1,SNA2,SNA3; 

NA30 :NA210LJ SNA2B,SNA29,SNA30; 

NA31 :NA210LJ SBA1 ,FF3C,SNA31; 

NA32 :NA210LJ SBAZ,B7,SNA32; 

NA33 :NA210LJ SNA31,SNA32,SNA33; 

NA34 :NA210LJ SBA 1 ,FF3D,SNA34; 

NA35 :NA210LJ SBAZ,BB,SNA35; 

NA36 :NA210LJ SNA34,SNA35,SNA36; 

NA37 :NA210LJ SAB1,FF4A,SNA37; 

NA38 :NA210LJ SABZ,A5,SNA3B; 

NA39 :NA210LJ SNA37,SNA3B,SNA39; 

NA4 :NA210LJ SBA 1 ,FF1 B,SNA4; 

NA40 :NA210LJ SAB1,FF4B,SNA40; 

NA41 :NA210LJ SABZ,A6,SNA41 ; 

NA42 :NA210LJ SNA40,SNA41,SNA42; 

NA43 :NA210LJ SAB1,FF4C,SNA43; 

NA44 :NA210LJ SABZ,A7,SNA44; 

NA45 :NA210LJ SNA43,SNA44,SNA45; 

NA46 :NA210LJ SAB1,FF4D,SNA46; 

NA47 :NA210LJ SABZ,AB,SNA47; 

NA48 :NA210LJ SNA46,SNA47,SNA48; 

NA5 :NA210LJ SBAZ,B2,SNA5; 

NA6 :NA210LJ SNA4,SNA5,SNA6; 

NA7 :NA210LJ SBA1,FF1C,SNA7; 

NAB :NA210LJ SBAZ,B3,SNAB; 

NA9 :NA210LJ SNA7,SNA8,SNA9; 

T01 :TOO10LJ DUM,ST01: 

t The HDL netlist format requires the "STRUCTURE" program lines to follow the "BLOC!(" 110 program lines. 
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HDL FILEt. Continued 
FF1 :R2405LJ ST01 ,B1 ,B2,B3,B4,CBA,FF1 A, 

FF1 B,FF1 C,FF1 D; 

FF2 :R2405LJ ST01 ,A 1 ,A2,A3,M,CAB,FF2A, 

FF2B,FF2C,FF2D; 

FF3 :R2405LJ ST01,B5,B6,B7,B8,CBA, 

FF3A,FF3B,FF3C,FF3D; 

FF4 :R2405W ST01,A5,A6,A7,A8,CAB,FF4A, 

FF4B,FF4C,FF4D; 

END S651LJ; 

TSC500 
SERIES 

t The HDL netiist format requires the "STRUCTURE" program lines to follow the "BLOCK" I/O program lines. 
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SERIES 

S652LJ 
8-BIT BIDIRECTIONAL UNIVERSAL TRANSCEIVER 

REGISTER WITH NONINVERTING DATA PATHS 

SOFTWARE MACRO 

• Independent Registers and 
Enables for A and B Buses 

• Multiplexed Real-Time and Stored 
Data 

• Noninverting Data Paths 

• Edge-Triggered Clocking 

• Embedded Clock Drivers Provide 
Clock Buffering 

description 

logic symbolt 

GBAZ 

SBA 

CAB 

SAB 

A' 

A2 

A3 

A4 

AS 

A6 

A7 

AB 

03030, APRIL 1988 

EN11BAI 

C4 

C6 

B' 

, '7 
B2 

B3 

B4 

B5 

B6 

B7 

B8 

The S652LJ software macro imple
ments an 8-bit parallel-in/parallel-out 
bidirectional, universal transceiver 
register. The 8-bit length simplifies 
construction of large registers. These 
bidirectional transceivers are designed 
to incorporate virtually all of the features 
a system designer may want in a 
transceiver. The circuit features parallel 
inputs, parallel outputs, direction 
control, and source-control inputs. The 
S652LJ is implemented with the 
standard cell functions indicated: 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984 and IEC Publication 617-12. 

EQUIVALENT TOTAL TOTAL TOTAL 

CELL NAME NUMBER OF NO. EQUIVALENT Cpd 
NA210LJs USED NA210LJs (pF) 

IV110LJ 0.75 17 12.75 2.72 

IV140LJ 1.5 6 9 3.78 

IV222W 2 16 32 6.08 

NA210LJ 1 48 48 9.12 

R2406LJ 23.5 4 94 20.64 

T0010LJ 0.75 1 0.75 NIL 

TOTALS 92 196.5 42.34 
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GAB 

L 

L 

X 

H 

L 

L 

L 
L 

H 

H 

H 

When the macro is called from the engineering ~orkstation input, the following label format· 
is developed and will be captured in the design netlist: 

Label: 8651 LJ GBAZ,GAB,8BA,8AB,CBA,CAB,A1 ,A2,A3,A4, 
A5,A6,A7,A8,B1,B2,B3,B4,B5,B6,B7,B8; 

The S652LJ consists of bus interface circuits, D-type registers, and control circuitry 
arranged for multiplexed transmission of data directly to or from an internal data bus or from 
the embedded storage registers. Enable GAB and GBAZ are provided to control the 
transceiver functions. SABand SBA control inputs are provided to select whether real-time 
or stored data are transferred. A low input level selects real-time data,. and a high selects 
stored data. rhe examples on the following page demonstrate the four fundamental bus
management functions that can be performed with the S652LJ. 

Data on the A or B data bus, or both, can be stored in the internal D registers by low-to-high 
transitions at the appropriate clock inputs (CAB and CSA) regardless of the select or enable 
control inputs. When SAB and SBA are in the real-time transfer mode, it is alsa possible to 
store data without using the internal D-type registers by simultaneously enabling GAB arid 
GBAZ. In this configuration, each output reinforces its input. Thus, when all other data 
sources to the two sets of bus lines are at a high impedance, each set of bus lines will 
remain at its last state. . . 

FUNCTION TABLE 

INPUTS DATA I/ot OPERATION OR 
GBAZ CAB CBA SAB SBA A1 THRUA8 B1 THRU B8 FUNCTION 

Ii . H or L H or L X X Input Input Isolation 

H t t X X Store A and B Data 

H t H or L X X Input Not specified Store A, Hold B 

H t t X X Input Output Store A in both registers 

X H or L t X X Not specified Input Hold A, Store B 

L t t X X Output Input Stor~B in both registers 

L X X X L Output Input Real-Time B Data to A Bus 

L X H or L X H Stored B Data to A Bus 

H X X L X Input Output Real-Time A Data to B Bus 

H H or L X H X Stored A Data to B Bus 

L H or L H or L H H Output Output 
Sotred A Data to B Bus and 

Stored B Data to A Bus 

t The data output functions may be enabled or disabled by various signals at the GAB and GBAZ inputs. Data 
input functions are always enabled, Le., data at the bus inputs will be stored on every low-to- high transition 
on the clock inputs. 
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typical bus management functions 

GAB GBAZ CAB CBA SAB SBA 

L 

GAB 

X 

L 

L 

L x x x 
REAL-TIME TRANSFER 

BUS B TO BUS A 

GBAZ CAB CBA SAB 

H I X X 
X X I X 
H I X 

STORAGE FROM 

A ANDIOR B 
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GAB GBAZ CAB CBA SAB SBA 

H H X X L X 

REAL-TIME TRANSFER 

BUS A TO BUS B 

~ 

GAB GBAZ CAB CBA SAB SBA 

H L HorL H or L H H 

TRANSFER 

STORED DATA 

TO A ANDIOR B 
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logic diagram 

TOO1OL. 

"" TO'~ 

Y''''~A 
INV.!l~ 
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8-BIT BIDIRECTIONAL UNIVERSAL TRANSCEIVER 

REGISTER WITH NONINVERTING DATA PATHS 
D3030, APRIL 1988 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

timing requirements 
Specific timing data regarding pulse duration, setup time, and hold time models are 
incorporated in most engineering workstation libraries. These models are for the clocked 
cells embedded in the software macros. Evaluations of timing requirements made during 
pre-layout simulation produce workstation output used to identify and resolve each specific 
timing need. 

electrical characteristics, Vee = 5 V, TA = 25°e 

PARAMETER TEST CONDITIONS TYP MAX UNIT 

VT Input threshold voltage 2.2 V 

An or Bn 0.11 

Ci Input capacitance 
CAB,CBA 0.22 

GAB 0.05 
pF 

GBAZ, SAB, SBA 0.23 

Cod Equivalent power dissipation capacitance tr =tf=lns 42.34 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), eL = 0 (see Notes 1 and 2) 

FROM TO -55°C to 125°C O°C to 70°C 
PARAMETER 

TYpt TYpt 
UNIT 

(INPUT) (OUTPUT) MIN MAX MIN MAX 

tpLH 
CAB,CBA A,B 

3.5 7.3 3.5 6.7 
ns 

tpHL 3.6 7.3 3.6 6.7 

tpLH 2.2 4 2.2 3.7 
A,B B,A ns 

tpHL 2 3.9 2 3.5 

tpLH 
SAB,SBA A,B 

2.2 4.5 2.2 4.3 
ns 

tpHL 2.1 3.9 2.1 4 

tpZH 
GAB,GBAZ 

1.5 2.9 1.5 2.7 
A,B ns 

tpZL 1.4 2.5 1.4 2.3 

.6.tpLH 0.34 1 2.22 0.34 1 2.06 
ns/pF 

.6.tpHL 
Any Any 

0.26 0.6 1.34 0.28 0.6 1.2 

.6.tpZH 
GAB,GBAZ 

0.34 1.02 2.26 0.38 1.02 2.08 

.6.tpZL 
Any 

0.38 0.64 1.36 0.38 0.64 1.2 
ns/pF 

t Typical values are at VCC = 5 V, T A = 25°C. 
NOTES: 1. These switching characteristics are simulations of the software macro using interconnect 

capacitance values for an array design having 4000 gates. Post-layout simulation uses actual 
interconnect capacitance values. 

2. Enable and delta-enable times are measured using the conditions specified for the IV222LJ. 
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D3030, APRIL 1988 

HDL FILEt 

BLOCK S652LJ; STRUCTURE 
GBAZ @INPUT; INV1 :IV140LJ SBA,SBAZ; 
GAB @INPUT; INV10 :IV222LJ SNA9,GBA,A3; 
SBA @INPUT; INV11 :IV222LJ SNA 12,GBA,A4; 
SAB @INPUT; INV12 :IV110LJ B1,SIV12; 
CBA @INPUT; INV13 :IV110LJ B2,SIV13; 
CAB @INPUT; INV14 :IV110LJ B3,SIV14; 
A1 @INOUT; INV15 :IV110LJ B4,SIV15; 
A2 @INOUT; INV16 :IV110LJ A1,SIV16; 
A3 @INOUT; INV17 :IV110LJ A2,SIV17; 
A4 @INOUT; INV18 :IV110LJ A3,SIV18; 
A5 @INOUT; INV19 :IV110LJ A4,SIV19; 
A6 @INOUT; INV2 :IV140LJ SBAZ,SBA1; 
A7 @INOUT; INV20 :IV222LJ SNA15,GAB1 ,B1; 
A8 @INOUT; INV21 :IV222LJ SNA18,GAB1,B2; 
B1 @INOUT; INV22 :IV222LJ SNA21 ,GAB1 ,B3; 
B2 @INOUT; INV23 :IV222LJ SNA24,GAB1,B4; 
B3 @INOUT; INV24 :IV222LJ SNA27,GBA,A5; 
B4 @INOUT; INV25 :IV222LJ SNA30,GBA,A6; 
B5 @INOUT; INV26 :IV222LJ SNA33,GBA,A7; 
B6 @INOUT; INV27 :IV222LJ SNA36,GBA,A8; 
B7 @INOUT; INV28 :IV110LJ B5,SIV28; 
B8 @INOUT; INV29 :IV110LJ B6,SIV29; 

INV3 :IV140LJ SAB,SABZ; 

INV30 :IV110LJ B7,SIV30; 

INV31 :IV110LJ 88,SIV31; 

INV32 :IV110LJ A5,SIV32; 
INV33 :IV110LJ A6,SIV33; 

INV34 :IV110LJ A7,SIV34; 

INV35 :IV110LJ A8,SIV35; 

INV36 :IV222LJ SNA39,GA81 ,85; 
INV37 :IV222LJ SNA42,GA81 ,86; 

INV38 :IV222LJ SNA45,GA81 ,87; 

INV39 :IV222LJ SNA48,GA81 ,88; 

INV4 :IV140LJ SA8Z,SA81; 

INV5 :IV110LJ GA8,GA8Z; 

INV6 :IV140LJ GA8Z,GA81; 

t The HDL netlist format requires the "STRUCTURE" program lines to follow the BLOCK" I/O program lines. 
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HDL FILEt - Continued 

INV7 :IV140W GBAZ,GBA; 
INV8 :IV222W SNA3,GBA,A1; 
INV9 :IV222W SNA6,GBA,A2; 
NA1 :NA210W SBA1 ,FF1AZ,SNA1; 

NA10 :NA210W SBA1 ,FF1 DZ,SNA10; 

NA11 :NA210W SBAZ,SIV15,SNA 11 ; 

NA12 :NA210W SNA 1 O,SNA 11 ,SNA 12; 

NA13 :NA210W SAB1,FF2AZ,SNA13; 

NA14 :NA210W SABZ,SIV16,SNA 14; 
NA15 :NA210W SNA 13,SNA 14,SNA 15; 
NA16 :NA210W SAB1,FF2BZ,SNA16; 

NA17 :NA210W SABZ,SIV17 ,SNA 17; 

NA18 :NA210W SNA16,SNA17,SNA18; 

NA19 :NA210W SAB1 ,FF2CZ,SNA 19; 

NA2 :NA210W SBAZ,SIV12,SNA2; 

NA20 :NA210W SABZ,SIV18,SNA20; 

NA21 :NA210W SNA 19,5NA20,SNA21; 
NA22 :NA210W SAB1,FF2DZ,SNA22; 

NA23 :NA210W SABZ,SIV19,SNA23; 

NA24 :NA210W SNA22,SNA23,SNA24; 

NA25 :NA210W SBA1,FF3AZ,SNA25; 

NA26 :NA210W SBAZ,SIV28,SNA26; 
NA27 :NA210W SNA25,SNA26,SNA27; 

NA28 :NA210W SBA1,FF3BZ,SNA28; 

NA29 :NA210L.l SBAZ,SIV29,SNA29; 

NA3 :NA210W SNA1,SNA2,SNA3; 

NA30 :NA210W SNA28,SNA29,SNA30; 

NA31 :NA210W SBA1 ,FF3CZ,SNA31; 

NA32 :NA210W SBAZ,SIV30,SNA32; 

NA33 :NA210W SNA31,SNA32,SNA33; 

NA34 :NA210W SBA1,FF3DZ,SNA34; 

NA35 :NA210W SBAZ,SIV31,SNA35; 

NA36 :NA210W SNA34,SNA35,SNA36; 

NA37 :NA210W SAB1,FF4AZ,SNA37; 
NA38 :NA210W SABZ,SIV32,SNA38; 

NA39 :NA210W SNA37,SNA38,SNA39; 

NA4 :NA210W SBA 1 ,FF1 BZ,SNA4; 

t The HDL netlist format requires the "STRUCTURE" program lines to follow the BLOCK" I/O program lines. 

PRODUCTION DATA documentl contain information -1!1 
curr.nt I' of publication dale. Products conform to 1i 1. specific.tio.s plf the terms of T IXI. I.strumants EXAS. 
~=::~~i~"r::1~1i ~~:t;~~ti:r :'l·::~:~:t::s~·not INSTRUMENTS 

Copyright © 1988, Texas Instruments Incorporated 
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S652LJ 
8-BIT BIDIRECTIONAL UNIVERSAL TRANSCEIVER 
REGISTER WITH NONINVERTING DATA PATHS 
03030, APRIL 1988 

HDL FILEt - Continued 
NA40 :NA210W SAB1,FF4BZ,SNA40; 
:NA41 :NA210W SABZ,SIV33,SNA41 ; 

NA42 :NA210W SNA40,SNA41,SNA42; 
NA43 :NA21OW SAB1,FF4CZ,SNA43; 
NA44 :NA210W SABZ,SIV34,SNA44; 
NA45 :NA210W SNA43,SNA44,SNA45; 
NA46 :NA210W SAB1,FF4DZ,SNA46; 
NA47 :NA210W SABZ,SIV35,SNA47; 
NA48 :NA210W SNA46,SNA47,SNA48; 

NA5 :NA210W SBAZ,SIV13,SNA5; 
NA6 :NA210W SNA4,SNA5,SNA6; 
NA7 :NA210W SBA 1,FF1 CZ,SNA7; 

NA8 :NA210W SBAZ,SIV14,SNA8; 
NA9 :NA21OW SNA7,SNA8,SNA9; 
T01 :TOO10W DUM,ST01; 
FF1 :R2406W ST01,B1,B2,B3,B4,CBA,DUM, 

FF1AZ,DUM,FF1 BZ,DUM, 
FF1 CZ,DUM,FF1 DZ; 

FF2 :R2406LJ ST01,A1,A2,A3,A4,CAB,DUM, 

FF2AZ,DUM,FF2BZ,DUM, 

FF2CZ,DUM,FF2DZ; 
FF3 :R2406W ST01,B5,B6,B7,B8,CBA,DUM, 

FF3AZ,DUM,FF3BZ,DUM, 
FF3CZ,DUM,FF3DZ; 

FF4 :R2406W ST01,A5,A6,A7,A8,CAB,DUM, 
FF4AZ,DUM,FF4BZ,DUM, 

FF4CZ,DUM,FF4DZ; 
END S652W; 

TSC500 
SERIES 

t The HDL netlist format requires the "STRUCTURE" program lines to follow the BLOCK" I/O program lines. 

PRODUCTION DATA d.c.mlnllc.ntlin inf.rmlli~n 
currlll' I. of pa.lleltian dat •. Products conf.rm to 
specifications plf the terms of TI.I. Instrumen •• 

:=~:=i~·t::I~~i ~:~:~ti:r :'~O::~::A::'S no. 
TEXAS • 

INSTRUMENTS 

Copyright @ 1988, Texas Instruments Incorporated 
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TSC500 
SERIES 

DESCRIPTION 

Parallel Test Port Controller 

Global Enable and Clock 
Controller 

Inverting Parallel Module Test 
Output Buffer 

Inverting Parallel Module Test 
Input Buffer 

Inverting Parallel Module Test 
Output Buffer 

PROOUCTION OATA documlnts contlin informltion 
currlnt II at publicltion ute. Products cDnt"1II to 
specific'liGna per th. terti. of t •• 11 Instru •• nts 

::=:~i~'i~:I~~i ~!:~::i:: :'~D:::::::~:~~ nDt 

TESTABILITY FUNCTIONS 
FUNCTIONAL INDEX 

D3030, JANUARY 1989 

TEST PORT CONTROLLERS 

CELL OUTPUT 

NAME DRIVE 
COMMENTS PAGE 

TPOOOLJ 1X Implements module selection 19-3 

TPOO6LJ 4X Implements global and latch 
enable 19-6 

TPOO8LJ 4X Implements a test-mode output 
selector using two output buffers 19-9 

TPOO9LJ 4X Implements a test-mode input 19-12 selector using two input buffers 

TP010LJ 4X Implements a test-mode output 19-15 selector 

TEXAS ~ 
INSTRUMENTS 

Copyright @ 1989, Texas Instruments Incorporated 

POST OFFICE BOX 855012 • DALLAS. TEXAS 75265 19-1 
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TSC500 
SERIES 

TPOOOLJ 
PARALLEL TEST PORT CONTROLLER 

WITH 1 X OUTPUTS 
03030, JANUARY 1989 

INTERNAL CONTROLLER CELL 

• Implements Module Selection in 
Parallel MegaModule™ Testing 
(PMT) Scheme 

• PMT Requires One Dedicated 
Test·Mode External Package Pin 

• Full Parallel Input/Output PMT 
Ports Overlay Normal Inputs/ 
Outputs 

• All PMT Inputs, Outputs, and 
Module Selected are Latched 
During Test 

• A Single, Cascadable Parallel Test 
Port Controller is Required for 
Each MegaModule ™ in the 
Package 

description 

logic symbolt 

[MASTER[ [SLAVE) 

GTT C1 
SCANIN 

(0) 20 SCANOUT 
10 

GST C2 
GTSTEN G3 

3.4 MSEL 

GBUSENZ 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984 and lEG Publication 617-12. 

The TPOOOLJ cell contains a master/slave shift register latch, a 3-input NOR gate, and 
2 inverters. It implements a test-port controller for use in parallel module test (PMT) 
schemes. The parallel module test scheme is used on TSC500 Series MegaModule ™ 
functions to provide complete testability for all MegaModules ™ used in an ASIC design. The 
PMT scheme enables each MegaModule TM, individually, and ports its inputs and outputs 
directly to existing package pins for testing purposes. Receiving test-mode enable signals 
(GTSTEN and GBUSENZ) from the package-test controller and test-sequence instructions 
at the SCANIN, the TPOOOLJ shift register latch output in combination with the NOR gate 
asserts the module select (MSEL) command for the MegaModule ™ that it controls. Upon 
completion of module select, the shift register latch transfers control to the next module 
controller. When the controller is called from the engineering workstation input, the 
following label format is developed and will be captured in the design netlist: 

Label: TPOOOLJ SCANIN,GTT,GST,GTSTEN,GBUSENZ,SCANOUT,MSEL; 

MegaModule is a trademark of Texas Instruments Incorporated. 

PRODUCTION DATA dotuments contain information 
current .s of publication date. Products conform to 
specifications per the terms of Teus Instruments TEXAS ." 

Copyright © '989, Texas Instruments Incorporated 

~~~~~:~~i~a{::1~1~ ~~::i~~ti:t ~~O;:;:~:t:~~S not INSTRUMENTS 
POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 19-3 



TPOOOLJ 
PARALLEL TEST PORT CONTROLLER 
WITH 1X OUTPUTS 
D3030, JANUARY 1989 

FUNCTION TABLE 

INPUTS OUTPUTS 

MASTER SLAVE 
GBUSENZ GTSTEN 

GTTt SCANIN OUT Q Gsrt SCANOUT MSEL 

H X H d d L SCANOUTo L 

H X L X 0 0 H 0 0 L 

X L H d d L SCANOUTo L 

X L L X 0 0 H 0 0 L 

X X H H H L SCANOUTo X 
H X L X H H H L 

L H X X X L H H 

t GTT and GST must not be high simultaneously. 

SIGNAL DESCRIPTIONS 

NAME TITLE 

TSC500 
SERIES 

FUNCTION 

Load master latch and 
disable module test mode 

Load slave latch and 
disable module test mode 

Load master latch disable 
module test mode 

Load slave latch disable 
module test mode 

Load H into master latch 

Load H into slave latch 

Enable module test mode 

GBUSENZ Global bus enable. Active when low. When high, forces MSEL low. This is done while 
shifting data from the master to the slave latch. 

GST Slave latch enable. When high, data is entered into the slave from the master. 

GTSTEN Global test enable. Active when high. When low, forces MSEL low. 

GTT Global test true (master latch enable). When high, data is entered into the master from 
SCANIN. 

MSEL Module select output. Active when high. 

SCANIN Master latch data input 

SCANOUT Slave latch output 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

tw 

tsu 

th 

19-4 

MIN MAX UNIT 

Pulse duration 
GST high 2.25 

ns 
GTT high 2 

GTT low before GSTt 1.3 
Setup time ns 

SCANIN before GTT,l 2.5 

Hold time SCANIN after GTT low 0 ns 

PROOUCTIO. DATA doc.ml.t.c .. tli. informltion 
currlnt I. If publication dltl. Product. clnform to 
.pecificationl per the terml of TI.I. Instrumlnt. TEXAS . .Jf 

INSTRUMENTS 

Copyright Cl 1989, Texas Instruments Incorporated 

:~~~:~~i~'i~:I~7i ~::.:~ti:r ~~:::::'::'I lIot 

POST OFFICE BOX 655012 • DALLAS, TEXAS 76265 



TSC500 
SERIES 

TPOOOLJ 
PARALLEL TEST PORT CONTROLLER 

WITH 1X OUTPUTS 
D3030, JANUARY 1989 

electrical characteristics, Vee = 5 V, TA = 25°e 
PARAMETER TEST CONDITIONS TYP MAX UNIT 

VT Input threshold voltage 2.2 V 

GBUSENZ 0.04 

GST 0.03 

Ci Input capacitance GTSTEN 0.05 pF 

GTI 0.04 

SCANIN 0.05 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 0.7 pF 

switching characteristics over recommended ranges of supply voltage and operating free· 
air temperature (unless otherwise noted), eL = 0 

PARAM· FROM TO 

ETER (INPUT) (OUTPUT) 

tpLH 
GBUSENZ MSEL 

tpHL 

tPLH 
GST SCANOUT 

tPHL 

tpLH 
GTSTEN MSEL 

tpHL 

tpLH 
GST MSEL 

tpHL 

~tpLH 
GBUSENZ MSEL 

AtpHL 

~tpLH 

~tpHL 
GST SCAN OUT 

~tpLH 
GTSTEN MSEL 

~tpHL 

AtpLH 
GST MSEL 

AtpHL 

t Typical values are at VCC = 5 V, T A = 25°C. 

PRODUCTION DATA documents contlin informltion 
currlnt I. of publication d~t •. Products conform to 
specifications per the terms of T.xlS Instruments 

- 55°C to 125°C 

MIN TYpt MAX 

0.18 0.27 0.48 

0.3 0.41 0.6 

0.46 1 2.09 

0.16 0.79 1.91 

0.2 0.68 1.54 

0.25 0.54 1.08 

0.52 1.24 2.67 

0.22 0.95 2.28 

1.03 3.08 6.84 

0.72 1.62 3.28 

0.43 1.1 2.29 

0.35 0.76 1.51 

1.08 3.11 6.85 

0.48 1.04 2.08 

1.08 3.11 6.79 

0.57 1.23 2.46 

~:~~:~~i~'r::1~1~ ~~::i:~ti:: :'~O::::::::t::s~S not 
TEXAS ." 

INSTRUMENTS 

O°C to 70°C 

TYpt 
UNIT 

MIN MAX 

0.18 0.27 0.45 
ns 

0.3 0.41 0.57 

0.46 1 1.95 
ns 

0.18 0.79 1.75 

0.21 0.68 1.41 
ns 

0.26 0.54 1 

0.54 1.24 2.48 

0.24 0.95 2.09 
ns 

1.1 3.08 6.29 
ns/pF 

0.78 1.62 2.96 

0.46 1.1 2.11 
ns/pF 

0.37 0.76 1.36 

1.16 3.11 6.29 
ns/pF 

0.51 1.04 1.87 

1.16 3.11 6.27 
ns/pF 

0.62 1.23 2.22 

Copyright © 1989, Texas Instruments Incorporated 

POST OFFICE BOX 655012 • DAiLAS. TEXAS 75265 19-5 



TSC500 
SERIES 

. TP006LJ 
GLOBAL ENABLE AND TEST PORT CLOCK CONTROLLER 

WITH 4X OUTPUTS 
03030, JANUARY 1989 

INTERNAL CONTROLLER CELL 

• Implements Global Test Bus and 
Latch Enable In Parallel 
MegaModule ™ Testing (PMT) 
Scheme 

• PMT Scheme Requires One 
Dedicated Test-Mode External 
Package Pin 

logic symbolt 

SCAN 

GTSTEN 
MCLK 
SCLK 

G1 
G2 

G3 

~ 
GBUSEN 

1,2 GTT 
1,3 GST 

• Full Parallel Input/Output PMT 
Ports Overlay Normal Inputs/ 
Outputs t This symbol is in accordance with ANSI/IEEE 

Std 91-1984 and IECPublication 617-12. 

description 
The TP006LJ cell contains a buffer with 4X output drive and two 3-input AND gates with 
4X output drive. It implements a global bus enable and test-port latch controller for use in 
parallel module test (PMn schemes. The parallel module test scheme is used on TSCSOO 
Series MegaModule ™ functions to provide complete testability for all MegaModules TM used 
in an ASIC design. The PMT scheme enables each MegaModule TM, individually, and ports 
its inputs and outputs directly to existing package pins for testing purposes. When an off
chip test-mode enable signal (SCAN) is received, the on-chip global bus enable (GBUSEN) 
output is asserted. After this, an off-chip global test enable (GTSTEN) signal will condition 
the two AND gates to pass both off-chip master clock (MCll<) and slave clock (SCll<) to all 
on-chip parallel test port controller (TPOOOLJ) latches. Each MegaModule TM is then 
sequentially selected and enabled for test through its associated parallel test port controller. 
The off-chip test-mode enable and global test enable signals are normally generated by the 
device test program. When the controller is called from the engineering workstation input, 
the following label format is developed and will be captured in the design netlist: 

label: TP006LJ SCAN,MClK,SClK,GTSTEN,GBUSEN,GTT,GST; 

MegaModule is a trademark of Texas Instruments Incorporated. 

Copyright C 1989, Texas lostruments Incorporated PRODUCTION DATA d.cume.tsc •• tli. i.l.rmati.. -1!1 
current as of publication dltl. Praducts conform to ~ 
specilic.ti ••• p. the t.rms 01 Texa. Instrume.t. TEXA.S 
:~~~:~~i~·i~:1~1i ~!:~:~i:r :'l·::;:::~:~~· •• t INSTRUMENTS 

19-6 POST OFFICE BOX 655012 • DAllAS, TEXAS 75265 



TSC500 
SERIES 

TP006LJ 
GLOBAL ENABLE AND TEST PORT CLOCK CONTROLLER 

WITH 4X OUTPUTS 
03030. JANUARY 1989 

FUNCTION TABLE 

INPUTS OUTPUTS 

Grrt GSTt 
FUNCTION 

SCAN GTSTEN MCLK SCLK GBUSEN 

L X X X L L L Disable test mode 

H L X X H L L Disable global latch strobes GTI and GST 

H H H. L H H L Enable global test bus and nonoverlapping 
H H L H H L H latch strobes GTI and GST 

t GTI and GST must not be high simultaneously. 

SIGNAL DESCRIPTIONS 

NAME TITLE 

SCAN Test mode select input 

GTSTEN Global latch strobe enable output. Active when high. 

MCLK Master latch strobe input 

SCLK Slave latch strobe input 

GBUSEN Global bus enable output. Active when high. 

GTI Master latch strobe output (global test true). Active when high. 

GST Slave latch strobe output. Active when high. 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

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

MIN MAX UNIT 

Pulse duration 
SCLK high 2.25 

tw 
MCLK high 2 

ns 

Setup time 
MCLK low before SCLKt 1.3 

tsu ns 
SCAN high before MCLK~ 4.5 

electrical characteristics, Vee = 5 V, T A = 25°e 
PARAMETER TEST CONDITIONS TVP MAX UNIT 

VT Input threshold voltage 2.2 V 

GTSTEN 0.12 

Ci Input capacitance 
MCLK 0.05 

pF 
SCAN " 0.06 

SCLK 0.05 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 3.28 pF 

PROOUCTIOI OATA d .......... o.t.i. inlor ... tio. 
currlnt I. of pubIiClti ... date. Pradlctl conform to 
specificatianl per tbe term. of TI.I. I.,tramentl 

:~~~~:~~i~'i~:~'i ~::~:i:r :I~a:::.::~::.' not TEXAS ." 
INSTRUMENTS 

Copyright @ 1989, Texas Instruments Incorporated 
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TP006LJ . 
~LOBAL ENABLE AND TEST PORT CLOCK CONTROLLER 
WITH 4X OUTPUTS 
03030, JANUARY 19139 

TSC500 
SERIES 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 

PARAM· FROM TO - 55·C to 125·C 

ETER (iNPUT) (OUTPUT) MIN TYpt MAX 

tpLH 
GTSTEN GTI 

0.32 0.86 1.95 

tpHL 0.29 0.8 1.73 

tpLH 
GTSTEN GST 

0.32 0.86 1.95 

tpHL 0.29 0;8 1.73 

tpLH 
MCLK GTI 

0.31 0.85 1.89 

tpHL 0.31 0.81 1.8 

tpLH 
SCLK GST 

0.31 0.85 1.89 

tpHL 0.31 0.81 1.8 

tpLH 
SCAN 

0.26 0.6 1.14 
GBUSEN 

tpHL 0.3 0.72 1.49 

tpLH 
SCAN GTT 

0.47 1.32 2.92 

tpHL 0.5 1.49 3.37 

tpLH 
SCAN GST 

0.47 1.32 2.92 

tpHL 0.5 1.49 3.37 

L\tpLH 
GTSTEN GTT 

0.12 0.3 0.69 

L\tpHL 0.13 0.24 0.52 

L\tpLH 
GTSTEN GST 

0.12 0.3 0.69 

AtpHL 0.13 0.24 0.52 

L\tPLH 
GTT 

0.13 .0.3 0.69 
MCLK 

0.26 L\tpHL 0.13 0.53 

AtpLH 
SCLK GST 

0.13 0.3 0.69 

L\tPHL 0.13 0.26 0.53 

L\tpLH 
SCAN GBUSEN 

0.1 0.27 0.56 

L\tpHL 0.11 0.24 0.5 

L\tpLH 0.24 0.69 1.56 
SCAN GTT 

0.25 L\tpHL 0.54 1.16 

L\tpLH 
SCAN GST 

0.24 0.69 1.56 

L\tpHL 0.25 0.54 1.16 

t Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTIOI DATA doc ..... ' ....... i. i.III ... lli •• 
curr •• t I. af pMllllelti •• dltl. Prallueta confDrm t • 
• pecificationl p. the 'Irllli Df T •••• InltraJlllntl 

:~~~::~~i~.t::I~'i ~:g::i:; :~':::~::.' 1101 
I TEXAs,~ 
NSfRUMENlS 

O·C to 70·C 

TYpt UNIT 
MIN MAX 

0.34 0.86 1.76 

0.3 0.8 
ns 

1.59 

0.34 0.86 1.76 

0.3 0 .. 8 1.59 
ns 

0.33 0.85 1.72 

0.33 0.81 1.64 
ns 

0.33 0.85 1.72 

0.33 0.81 1.64 
ns 

0.29 0.6 1.05 

0.32 0.72 1.36 
ns 

0.51 1.32 2.65 

0:54 1.49 3.08 
ns 

0.51 1.32 2.65 

0.54 1.49 3.08 
ns 

0.13 0.3 0.63 
ns/pF 

0.14 0.24 0.48 

0.13 0.3 0.63 
ns/pF 

0.14 0.24 0.48 

0.13 0.3 0.63 
ns/pF 

0.13 0.26 0.49 

0.13 0.3 0.63 
ns/pF 

0.13 0.26 0.49 

0.1 0.27 0.52 
ns/pF 

0.11 0.24 0.46 

0.26 0.69 1.43 
ns/pF 

0.25 1.06 0.54 

0.26 0.69 1.43 
ns/pF 

0.25 0.54 1.06 

Copyright @ 1989, Te.a. Instruments Incorporated 
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TSC500 
SERIES 

TP008LJ 
INVERTING PARALLEL MODULE TEST 
OUTPUT BUFFER WITH 4X OUTPUTS 

INTERNAL BUFFER CELL 

• Implements Output Buffer for Use 
in Parallel MegaModule ™ Testing 
(PMT) Scheme 

• PMT Scheme Requires One 
Dedicated Test-Mode External 
Package Pin 

logic symbolt 

TEST 
TESTZ 

A 

MSEL 
MSELZ 

03030, JANUARY 1989 

Y 

1,2 

2 TO 
• Full Parallel Input/Output PMT 

Ports Overlay Normal Inputs/ 
Outputs t This symbol is in accordance with ANSI/IEEE 

Std 91-1984 and lEG Publication 617-12. 

description 
The TP008LJ cell contains two internal inverting output buffers. It implements a test-mode 
output selector for use in parallel module test (PMT) schemes. The parallel module test 
scheme can be used on TSC500 Series designs to provide increased levels of testability. 
The PMT scheme selectively enables and disables modules used in the design and ports 
inputs and outputs directly to existing package pins for testing purposes. The TP008W 
buffers incorporate two transmission gates that route an internal output from the A input to 
one of two outputs. The data path A to Y is active when TEST and MSEL are low and TESTZ 
and MSELZ are high. The test path A to TO is active when logic levels at TEST/TESTZ and 
MSELIMSELZ are reversed. The test output buffer is designed for TEST/TESTZ and MSELI 
MSELZ pairs to be driven with complementary logic levels. When the buffer is called from 
the engineering workstation input, the following label format is developed and will be 
captured in the design netlist: 

Label: TP008W A,TEST,TESTZ,MSEL,MSELZ,TO,Y; 

MegaModule is a trademark of Texas Instruments Incorporated. 

PRODUCTION DATA documen •• contlin information ,., Copyright @ 1989. Texas Instruments Incorporated 
curr~,~t I~ of public.htion dlte. ,"roduels, conform '0 T.EXAS ~ 
SpeCI leltlonl per t • t,rms 0 1.1' R.truments II 

::~~:~~i~'r::I~'i ~~::i~~ti:; :1~D:=:::::t:is~1 not INSTRUMENTS 
POST OFFICE BOX 655012· OALLAS, TEXAS 75265 19-9 



TP008LJ 
INVERTING PARALLEL MODULE TEST 
OUTPUT BUFFER WITH 4X OUTPUTS 
D3030, JANUARY 1989 

FUNCTION TABLE 

INPUTS 

A TEST TESTZ MSEL MSELZ 

at L L L L 

at L H L H 

at H L H L 

at H H H H 

t a = Logic level H or L. 

OUTPUTS 

Y TO 

(ari: (arl: 

at Z 

Z a 

(ari: (a)* 

TSC500 
SERIES 

FUNCTION 

Not recommended 

Normal mode 

Test mode 

Not recommended 

* (a) = Weak logic level H or L resulting from activation of only one half of a CMOS transmission gate. 

SIGNAL DESCRIPTIONS 

NAME TITLE 

A Data input 

TEST,TESTZ Complementary data-path select inputs 

MSEL, MSELZ Complementary test-path select inputs 

TO Test internal output 
y Data internal output 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, T A = 25°e 
PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

A 
TEST 

Ci Input capacitance TESTZ 

MSEL 

MSELZ 

Co Output capacitance 
y 

TO 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 

TYP MAX UNIT 

2.2 V 

0.23 

0.09 

0.05 pF 

0.07 

0.06 

0.11 

0.07 
pF 

1.08 pF 

PRODUCTION OA TA d ....... 11 ••• t.i. 1.1 ..... ti •• 
current II of publication dltl. P"dllctl conform to 
.pacificatianl pe' the '.rml If TIXII I.a'rllments TEXAS ." 

Copyright @ 1989" Texas Instruments Incorporated 

:~~~~:~~i;.{::1~7i ~~~:ti:r ~-=:~::.- nat INSTRUMENTS 
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TSC500 
SERIES 

TP008LJ 
INVERTING PARALLEL MODULE TEST 
OUTPUT BUFFER WITH 4X OUTPUTS 

03030, JANUARY 1989 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 
PARAM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

TVPt MAX TVPt 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN MIN MAX 

IpLH 
A Y RL = 00 

0.19 0.33 0.58 0.2 0.33 0.55 
ns 

tpHL 0.13 0.33 0.59 0.14 0.33 0.57 

tpLH 
A TO 

0.19 0.33 0.58 0.2 0.33 0.55 
RL = 00 ns 

tpHL 0.13 0.33 0.59 0.14 0.33 0.57 

tpZH 
TEST 

RL = 40 kU to GND 0 0.15 0.28 0 0.15 0.29 
Y ns 

tpZL RL = 20 kU 10 Vee 0 0.03 0.25 0 0.03 0.24 

tpHZ 
TEST y RL = 40 kU 10 GND 4.42 4.42 

ns 
IpLZ RL = 20 kU 10 Vee 2.26 2.26 

IPZH TESTZ y RL = 40 kU 10 GND 0 0.15 0.28 0 0.15 0.29 

RL = 20 kU 10 Vee 
ns 

tpZL 0 0.03 0.25 0 0.03 0.24 

IpHZ 
TESTZ y RL = 40 kU 10 GND 4.42 4.42 

RL = 20 kU 10 Vee 
ns 

IpLZ 2.26 2.26 

IPZH MSEL TO 
RL = 40 kU 10 GND 0.08 0.3 0.42 0.09 0.3 0.44 

RL = 20 kUlo Vee 
ns 

IpZL 0 0.18 0.4 0 0.18 0.39 

IpHZ 
MSEL TO 

RL = 40 kU 10 GND 4.28 4.28 

RL = 20 kUlo Vee 2.11 2.11 
ns 

IpLZ 

IpZH 
MSELZ TO 

RL = 40 kU 10 GND 0.08 0.3 0.42 0.09 0.3 0.44 

RL = 20 kU to Vee 0 0.18 0.4 0 0.18 0.39 
ns 

tpZL 

tpHZ 
MSELZ TO 

RL = 40 kUlo GND 4.28 4.28 

RL = 20 kU to Vee 
ns 

IpLZ 2.11 2.11 

~lpLH 
Y 

0.14 0.37 0.81 0.15 0.37 0.74 
ns/pF A RL = 00 

~lpHL 0.2 0.34 0.68 0.2 0.34 0.61 

~lpLH 
TO 

0.14 0.37 0.81 0.15 0.37 0.74 
ns/pF A RL = 00 

~lpHL 0.2 0.34 0.68 0.2 0.34 0.61 

~lpZH 
TEST Y 

RL = 40 kU 10 GND 0.27 0.35 0.67 0.27 0.35 0.6 
ns/pF 

~lpZL RL = 20 kUIOVee 0.32 0.42 0.65 0.32 0.42 0.59 

~lpZH 
TESTZ y RL = 40 kU 10 GND 0.27 0.35 0.67 0.27 0.35 0.6 

ns/pF 
~lpZL RL = 20 kU to Vee 0.32 0.42 0.65 0.32 0.42 0.59 

~lpZH 
MSEL TO 

RL = 40 kU 10 GND 0.27 0.35 0.66 0.27 0.35 0.59 
ns/pF 

~lpZL RL = 20 kUIOVee 0.32 0.42 0.65 0.33 0.42 0.59 

~lpZH 
MSELZ TO 

RL = 40 kU 10 GND 0.27 0.35 0.66 0.27 0.35 0.59 
ns/pF 

~lpZL RL = 20 kU 10 Vee 0.32 0.42 0.65 0.33 0.42 0.59 

t Typical values are at Vee = 5 V, TA = 25°e. 
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TSC500 
SER1ES 

TP009LJ 
INVERTING PARALLEL MODULE TEST INPUT BUFFER 

WITH 4X OUTPUTS 
JANUARY 1989 

INTERNAL BUFFER CELL 

• Implements Input Buffer for Use in 
Parallel MegaModule ™ Testing 
(PMT) Scheme 

• PMT Scheme Requires One 
Dedicated Test-Mode External 
Package Pin 

• Full Parallel Input/Output PMT 
Ports Overlay Normal Inputs! 
Outputs 

logic symbolt 

TEST 

TESTZ 

01 

TI 

MSEL 

MSELZ 

y 

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

description 
The TP009LJ cell contains two internal inverting input buffers. It implements a test-mode 
input selector for use in parallel module test (PMT) schemes. The test input buffer is 
designed for TEST/TESTZ and MSEL/MSELZ pairs to be driven with complementary logic 
levels. The parallel module test scheme can be used on TSC500 Series designs to provide 
increased levels of testability. The PMT scheme selectively enables and disables modules 
used in the design and ports inputs and outputs directly to existing package pins for testing 
purposes. The TP009LJ buffers incorporate two transmission gates that select activation of 
a data input, DI, or test input, TI, that is then latched into a bus holder. The data path DI to Y 
is active when TEST and MSEL are low and TESTZ and MSELZ are high. The test input is 
active when logic levels at TEST/TESTZ and MSEL/MSELZ are reversed. The test input 
buffer is designed for TEST/TESTZ and MSEL/MSELZ pairs to be driven with 
complementary logic levels. When the buffer is called from the engineering workstation 
input, the following label format is developed and will be captured in the design netlist: 

Label: TP009LJ DI,TI,TEST,TESTZ,MSEL,MSELZ,Y; 

MegaModule is a trademark of Texas Instruments Incorporated. 
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... TP009LJ TSC500 
SERIES INVERTING PARALLEL MODULE TEST INPUT BUFFER 

FUNCTION TABLE 

INPUTSt 

DI TEST TESTZ TI MSEL MSELZ 

X L L X L L 

a:j: L H X L H 

X H L a:j: H L 

X H L X L H 

X H H X H H 

t Input combinations not shown are not recommended. 
:j: a = Logic level H or L at input. 

SIGNAL DESCRIPTIONS 

NAME TITLE 

01 Data input 

TI Test input 

TEST,TESTZ Complementary data-path select inputs 

MSEL, MSELZ Complementary test-path select inputs 
y Data/test internal output 

OUTPUT 

Y 

? 

a 

a 

Yo 
? 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, T A = 25°e 
PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

01 
TI 

Ci Input capacitance 
TEST 

TESTZ 

MSEL 

MSELZ 

Co Output capacitance y 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 

03030, JANUARY 1989 

FUNCTION 

Not recommended 

Normal mode 

Test mode 

Not selected (hold) 

Not recommended 

TYP MAX UNIT 

2.2 V 

0.11 

0.1 

0.08 
pF 

0.05 

0.07 

0.05 

0.23 pF 

0.8 pF 

PRODUCTION DATA ............ toi. i., .. .,lIi.i 
curr.nt I. of ,.IIUntion dltl. Praductl ClRfarm t • 
...-:ciliatiil., PM ••• ttnnl It T •• I. 1.ltrulI.nh 
....... rd .I",ntv. Prlilucli •• ~c"lin ..... nit 
ntcnu,ily inclun tu,ing Df ,II p.'lmltar •• 

TEXAS .., 
INstRUMENTS 

Copyright @ 1988. Texas Instruments Incorporated 

POST OFFICE BOX &56012 • DALLAS. TEXAS 7526& 19-13 



TP009LJ 
INVERTING PARALLEL MODULE TEST INPUT BUFFER 

D3030, JANUARY 1989 

TSC500 
SERIES 

switching characteristics over recommended ranges of supply voltage and operating free· 
air temperature (unless otherwise noted), CL = 0 . 

PARAM· FROM TO - 55°e to 125°e ooe to 700 e 

TYpt TYpt 
UNIT 

ETER (INPUT) (OUTPUT) MIN MAX MIN MAX 

tpLH 
01 Y 

0:26 0.47 0.85 0.27 0.47 0.79 
ns 

tpHL 0.25 0.46 0.76 0.26 0.46 0.71 

tpLH 
TI Y 

0.29 0.51 0.95 0.3 0.51 0.89 
ns 

tpHL 0.22 0.44 0.73 0.24 0.44 0.69 

tpLH MSEL, 
Y 

0.24 0.37 0.35 0.25 0.37 0.36 
MSELZ ns 

tPLH 0.02 0.3 0.49 0.04 0.3 0.48 

tpLH 
TEST,TESTZ 

0.05 0.22 0.24 0.05 0.22 0.25 
Y 

0.31 
ns 

tpHL 0 0.13 0.32 0 0.13 

IltpLH 0.22 0.59 1.31 0.23 0.59 1.2 
ns/pF 01 Y 

IltpHL 0.23 0.45 0.96 0.24 0.45 0.86 

IltpLH 0.26 0.73 1.59 0.28 0.73 1.46 
ns/pF TI Y 

IltpHL 0.24 0.47 1.01 0.24 0.47 0.9 

IltpLH MSEL, 0.22 0.58 1.56 0.22 0.58 1.41 
ns/pF y 

IltPHL MSELZ 0.34 0.47 0.98 0.34 0.47 0.88 

IltpLH 
TEST,TESTZ 

0.22 0.45 1.21 0.23 0.45 1.09 
ns/pF y 

0.33 0.94 0.33 0.46 0.84 IltpHL 0.46 

t Typical values are at Vee = 5 V, TA = 25°e. 
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TSC500 
SERIES 

TP010LJ 
INVERTING PARALLEL MODULE TEST 
OUTPUT BUFFER WITH 4X OUTPUTS 

03030. JANUARY 1989 

INTERNAL BUFFER CELL 

• Implements Internal Output Buffer 
for Use in Parallel MegaModule T. 

Testing (PMT) Scheme 

• PMT Scheme Requires One 
Dedicated Test·Mode External 
Package Pin 

logic symbolt 

MSELZ 

MSEL 

A 

I> 

TO 

/1 y 

• Full Parallel Input/Output PMT 
Ports Overlay Normal Inputs/ 
Outputs 

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

description 
The TP01 OLJ cell contains an inverting buffer with 4X output drive. It implements an internal 
test-mode output selector for use in parallel module test (PMT} schemes. The parallel 
module test scheme can be used on TSC500Series designs to provide increased levels of 
testability. The PMT scheme selectively enables and disables modules used in the design 
and ports inputs and outputs directly to existing package pins for testing. purposes. The 
TP010LJ buffer incorporates a transmission gate to select activation of the test output. The 
inverting data path, A to Y, is active continuously while the test output is active only when 
MSEL is high and MSELZ is low. The test output buffer is designed for MSEL and MSELZ to 
be driven with complementary logic levels. When the buffer is called from the engineering 
workstation input, the following label format is developed and will be captured in the design 
netlist: 

Label: TP010LJ A,MSEL,MSELZ,TO,Y; 

MegaModule is a trademark of Texas Instruments Incorporated. 
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TP010LJ .. 
INVERTING PARALLEL MODULE TEST 
OUTPUT BUFFER WITH 4X OUTPUTS 

TSC500 
SERIES 

D3030, JANUARY 1989 

FUNCTION TABLE 

INPUTS OUTPUTS 
FUNCTION 

A MSEL MSELZ y TO 
.; 

at L L a (a)* Not recommended 

at L H a z Normal mode 

t I - -a H a a Test mode 

I Not recommended at H H (a)* 

t a = Logic level H or L. 
* (a) = Weak logic level H or L resulting from activation of only one half of a CMOS transmission gate. 

SIGNAL DESCRIPTIONS 

NAME TITLE 

A Data path input 

MSEL, MSELZ Complementary mode-select inputs 
y Data path output 

TO Test output 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

electrical characteristics, Vee = 5 V, T A = 25°e 

PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

A 

Ci Input capacitance MSEL 

MSELZ 

Co Output capacitance TO 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 

TYP MAX UNIT 

2.2 V 

0.23 

0.09 pF 

0.06 

0.07 pF 

1 pF 
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TSC500 
SERIES 

TP010LJ 
INVERTING PARALLEL MODULE TEST 
OUTPUT BUFFER WITH 4X OUTPUTS 

D3030, JANUARY 1989 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 

PARAM- FROM TO TEST - 55°C to 125°C O°C to 70°C 

TYpt MAX TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) CONDITIONS MIN MIN 

tpLH 0.14 0.23 0.39 0.14 0.23 0.38 
A Y RL = 00 ns 

tpHL 0.08 0.22 0.42 0.08 0.22 0.41 

tpLH A TO 
0.23 0.46 0.84 0.25 0.46 0.78 

RL = 00 
ns 

tpHL 0.2 0.46 0.77 0.22 0.46 0.73 

tpZH 
MSEL TO 

RL = 40 kO to GND 0.05 0.28 0.44 0.07 0.28 0.44 
ns 

tpZL RL = 20 kO to Vce 0 0.13 0.38 0 0.13 0.37 

tpHZ 
MSEL TO 

RL = 40 kO to GND 4.46 4.46 

RL = 20 kO to Vee 
ns 

tpLZ 2.18 2.18 

tpZH 
MSELZ TO 

RL = 40 kO to GND 0.05 0.28 0.44 0.07 0.28 0.44 
ns 

tpZL RL = 20 kOto Vee 0 0.13 0.38 0 0.13 0.37 

tpHZ 
MSELZ TO 

RL = 40 kO to GND 4.46 4.46 
ns 

tpLZ RL = 20 kO to Vee 2.18 2.18 

.:ltpLH 
A Y RL = 00 

0.13 0.29 0.52 0.14 0.29 0.47 
ns/pF 

.:ltpHL 0.14 0.25 0.35 0.17 0.25 0.32 

.:ltpLH 
TO 

0.15 0.35 0.76 0.15 0.35 0.7 
ns/pF A RL = 00 

0.18 0.29 0.62 0.56 .:ltPHL 0.18 0.29 

.:ltpZH 
MSEL 

RL = 40 kO to GND 0.26 0.32 0.55 0.26 0.32 0.49 
ns/pF TO 

.:ltpZL RL = 20 kO to Vee 0.3 0.41 0.57 0.31 0.41 0.52 

.:ltpZH 
MSELZ TO 

RL = 40 kO to GND 0.26 0.32 0.55 0.26 0.32 0.49 
ns/pF 

.:ltpZL RL = 20 kO to Vee 0.3 0.41 0.57 0.31 0.41 0.52 

t Typical values are at Vee = 5 V, TA = 25°e. 
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TSC500 
SERIES 

STATIC RANDOM-ACCES.S MEMORIES 
GENERAL INFORMATION 

D3030, APRIL 1988 

The static random-access memory (RAM) is implemented in TI's 1-lJ.m CMOS technology 
and is intended for use in designs using the TSC500 Series standard cell library. Full 
parallel access with separate inputs and 3-state outputs is provided. Power is reduced to a 
standby level in the power-down mode. A parallel testability scheme is included in the RAM 
with test mode selection for accessing inputs and outputs through use of the parallel test
port controller cell, TPOOOLJ, and the global-test enable/controller cell, TP006LJ. Write cycle 
times of 25,27,30, and 31 ns are available in this RAM series. 

An independant output enable, GZ, is provided for the 3-state outputs to interface the 
memory directly with internal data buses. A separate enable input, EZ, is provided for 
enabling or disabling the entire memory. When disabled, the memory assumes a powered
down state. An individual write input, WZ, enters new data into the addressed word location 
when taken low. The memory contains embedded buffers to reduce input loading. 

Common characteristics for all RAM types in this series are included in the following tables. 
Logic symbols and unique electrical and switching characteristics for individual RAM cells 
are provided on subsequent pages. Twelve different RAM cells are provided and structured 
as shown in the table below: 

RAM CELL FUNCTIONAL INDEX 

CELL ORGANIZATION RELATIVE CELL 
PAGE 

NAME WORDS WORD LENGTH AREA TO NA210LJ 

RHOOOW 64 4 3866 20-9 

RH001W 64 8 3866 20-11 

RH002W 128 4 5855 20-13 

RHOOqW 128 8 5855 20-15 

RH004W 256 4 9834 20-17 

RH005W 256 8 9834 20-19 

RH006W 512 4 6526 20-21 

RH007W 512 8 6526 20-23 

RH008W 1024 4 5564 20-25 

RH009W 1024 8 8209 20-27 

RH010W 2048 4 12114 20-29 

RH011W 2048 8 12114 20-31 
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STATIC RANDOM-ACCESS MEMORIES 
GENERAL INFORMATION 

03030, APRIL 1988 . 

FUNCTION TABLES 

TSC500 
SERIES 

TABLE 1. NORMAL-MODE FUNCTION TABLE (ALL RAM TYPES) 

INPUTS OUTPUTS 
ENABLE ADDRESS DATA DATA MEMORY 

TEST EZ GZ WZ AOTHRUAn DOTHRU On aOTHRU an 
MODE 

L H X X X X Hi-Z Power-down 
L L L H Valid address X Data out Read 
L L L L Valid address Valid data Hi-Z Write 
L L H L Valid address Valid data Hi-Z Write 
L L H H X X Hi-Z -

H X X X X X Hi-Z Test 
(See Note 1) 

NOTE 1: Data written In the normal mode is retained when the RAM module is placed in the test mode. 

TABLE 2. TEST-MODE FUNCTION TABLE (ALL RAM TYPES) 

INPUTS OUTPUTS 
ADDRESS DATA DATA MEMORY 

TEST MSEL Tin TlnTHRUTln TIOTHRUTln TOOTHRUTOn 
MODE 

H L X X X Hi-Z Power-down 
H H H Valid address X Data out Test read 
H H L Valid address Valid data H Test write 

L X X X X Hi-Z Normal 
(See Note 2) 

NOTE 2: Data written in the test mode is retained when the RAM module is returned to the normal mode, 
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TSC500 
SERIES 

NAME(S) 

TEST 

AD -An 

00- On 

EZ 

GZ 

00- an 

WZ 

TITLE 

Test Enable 

Address 

Data In 

Memory Enable 

Output Enable 

Data Out 

Read/Write 

STATIC RANDOM·ACCESS MEMORIES 
GENERAL INFORMATION 

D3030, APRIL 1988 

NORMAL·MODE SIGNAL DESCRIPTIONS 

FUNCTION 

When low, the normal mode is enabled and the signals in this table are 
used. When hi~h, the test mode is enabled and the other signals in this 
table are disab ed. See Note 1. 

Address inputs 

Data inputs 

When low, the memory is enabled. When high, the memory is disabled to a 
power-down mode and the a outputs are in a high-impedance state. Data 
IS retained during power-down. 

When low, data appears at the memory output. When high, the a outputs 
are in a high-impedance state (data is retained). 

Data outputs 

When low, data is written into the addressed locations and the a outputs 
are in a high-impedance state. When high, writing is inhibited and data 
from the addressed word is present at the a outputs. See Note 3. 

NOTES: 1. Data written In the normal mode IS retained when the RAM module IS placed In the test mode. 
3. WZ or EZ must be high while changing addresses to prevent erroneously writing data into a 

memory location. 

TEST·MODE SIGNAL DESCRIPTIONS 

NAME(S) TITLE FUNCTION 

TEST Test Enable When high, the test mode is enabled. When 
described in this table are disabled. 

low, the other signals 

When high, the memory module is enabled for testing. When low, the 

MSEL Memory Select memory is disabled to a ¥owered-down mode and the test outputs are in a 
high-impedance state. est data is retained during power-down. See 
Note 4. 

Tin - Tin Test Address Test address inputs 

TID - Tin Test Data In Test data inputs 

TOO-TOn Test Data Out Test data outputs 

When low, data is written into the test-address locations and the test 

Tin Test Write ou:ruts are in a high-impedance state. When high, test-writing is inhibited 
an data from the addressed word is present at the TO outputs. See 
Note 4. 

NOTE 4: MSEL must be low or Tin must be high while changing test addresses to prevent erroneously writing 
data into a memory test location. 
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STATIC RANDOM-ACCESS MEMORIES 
GENERAL INFORMATION 

D3030, APRIL 1988 

absolute maximum ratings and recommended operating conditions 
These are speCified as a part of the TSC50Q Series Data. . 

TSC500 
SERIES 

timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted)(see Note 5) 

RHOnnLJ 

PARAMETER 00 THRU 08 09 10 11 UNIT FIG 07 

MIN 

tsu(AE) Address setup time before enable 0 0 0 0 0 ns 2 

th(EA) Address hold time after enable 5 5 5 5 5 ns 2 

tsu(AW) Address setup time before write 0 0 0 0 0 ns 1 

th(WA) Address hold time after write 5 5 5 5 5 ns 1 

tsu(E) 
Memory enable setup time 
(See Note 6) 25 27 27 30 31 ns 1,2 

tsu(D)· Data setup time (See Note 6) 10 10 10 10 10 ns 1,2 

th(D) Data hold time (See Note 6) 5 5 5 5 5 ns 1,2 

tsu(WL) Write-low setup time (See Note 6) 15 15 15 15 15 ns 1,2 

tsu(wH) Write-high setup time before read 3 
0 0 0 0 0 ns 

th(WH) Write-high hold time after read 3 

tc(W) Write cycle time 30 32 32 35 36 ns 1,2 

NOTES: 5. Timing requirements for the test-mode input!;> and outputs are generally the same as the normal 
mode. The requirements are not specified because the test mode normally operates at speeds 
less than 1 MHz. 

20-4 

6. Memory enable setup time tsu(E), data setup time tsu(D), data hold time th(D), and write-low 
setup time tsu(WL) are all with respect to the rise of EZ or WZ, whichever occurs first. 

PROOUCTION OATAdocuments contain information 
current IS of publication date. Products conform to 
"'I;ifications par the terms of Texi. Instruments 

~:~~:~~i~8{::1~1i ~!~:~ti:r l!~O::~:::~~~~S not 
TEXAS ." 

INSTRUMENTS 

Copyright @ 1988, Texas Instruments fncorpora~ed 

POST OFFICE BOX 655Q12 • DALLAS, TEXAS 75265 



TSC500 
SERIES 

STATIC RANDOM·ACCESS MEMORIES 
GENERAL INFORMATION 

D3030, APRIL 1988 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 

PARAM- FROM TO 

ETERt (INPUT) (OUTPUT) 

tdis(E) EZ AnyQ 

ten (G) 
GZ AnyQ 

tdis(G) 

ten(W) 
WZ AnyQ 

tdis(W) 

Ata(A) Any A AnyQ 

Ata(E) EZ AnyQ 

Aten(G) GZ AnyQ 

Aten(W) WZ AnyQ 

t For ta(A) and ta(E) see individual data sheet. 
:I: Typical values are at Vee = 5 V, TA = 25°e. 

- 55°C to 125°C O°C to 70°C 
UNIT 

MIN TYp:I: MAX MIN TYp:I: MAX 

6.7 6.7 ns 

0.7 1.3 3 0.8 1.3 2.8 

5.9 5.9 
ns 

0.8 2.5 5 0.8 2.5 5 

6.3 6.3 
ns 

0.2 1 2.3 0.2 1 2.1 ns/pF 

0.2 1 2.3 0.2 1 2.1 ns/pF 

0.2 1 2.3 0.2 1 2.1 ns/pF 

0.2 1 2.3 0.2 1 2.1 ns/pF 

PRODUCTION DATA d ••• mo.II ••• toin inf.rmatio. 
current IS of publicltion datI. Products conform to 
specifications per the terms of T •• I. Instruments TEXAS .., 

Copyright @ 1988, Texas Instruments Incorporated 
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STATIC RANDOM·ACCESS MEMORIES 
GENERAL INFORMATION 

TSC500 
SERIES 

03030, APRIL 1988 

PARAMETER MEASUREMENT INFORMATION 

14!41--------- t c(W) 

ADDRESS ),( E VCC 
AO-An 44% I 44% ~v 

(See Note Al -' ! "' __________________ , 

I II1II tsu(E) ~ I 

MEMORY ENABLE _--!-ol ~ i I I VCC 

: \44% 44%,( __ ~ ___ 0 

I I lie tsu(WL) .,.. ~ th(WA) '* tsu(AW)~ 
------"""\ I VCC t 44% 1~4~ ____ 0 

EZ 
(See Note B) 

READ/WRITE 
WZ 

(See Note A) 

I I ~ tsU(D)~th(D) 

D~~_~~N '7~.,...,"'T":'1""'7"7"7'.,..,...,..,D7.~~r?\ I 44% 440/~ vocc 

(See Note B) ~ 
---.a.! I 14 ~ tdis(W) 

ta(E)'''''''- I :-- ]1 90% ------------ VOH -------c( READ I Hi-Z 
44% . 10% _____________ VOL 

DATA OUT 
QO-Qn 

(See Note C) 

NOTES: A EZ or WZ must be high during address transitions. 

20-6 

B, Memory enable setup time tsu(E), data setup time tsu(O), data hold time th(O), and write-low 
setup time tsu(WL) are all with respect to the rise of EZ or WZ, whichever occurs first. 

C. This write cycle is used if output enable (GZ) is low. 

FIGURE 1. WRITE CYCLE 1 

PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 

~~~~~:~~i~ar::,~~~ ~!~:i~~ti:f l!~o::i:~:t:~~s not TEXAS ." 
INSfRUMENlS 

Copyright © 1988, Texas Instruments Incorporated 

POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 



TSC500 
SERIES 

STATIC RANDOM·ACCESS MEMORIES 
GENERAL INFORMATION 

D3030, APRIL 1988 

PARAMETER MEASUREMENT INFORMATION 

14,.-.------tc(W)--------.t~ 

ADDRESS =>k EI Vee 
AO-An 4 .... 4_0_Yo _______________ 144% 0 

(See Note A) I -

MEMORY ENABLE 
J4--tsu(AE) ~ ___ -I~~ Wt___t~.r__th(EA) 

1IIII .. 1----tsu(E) .. ~ 
--------,. I~ I ,-____ Vee 

~~4_4_% __________ J~~4~---- 0 
EZ 

(See Notes A and e) 
1llil1llil1-----tsu(WL) ----.. "'1 

___ -.....1 1 
REA~~RITE \44% j44% 

Vee 

(See Note A) =.;[ - - - - - - 0 
III!I------ tsu(D) iIIII ~ th(D) 

D~~_~~Nr44-0-YO-----44-0"""YO~ Vee 

(SeeNoteB)- - - - . - - 0 

DATA OUT ________________________ Hi-Z 

QO-Qn 

NOTES: A. EZ or WZ must be high during address transitions. 
B. Memory enable setup time tsu(E). data setup time tsu(D).data hold time th(D). and write-low setup 

time tsu(WL) are all with respect to the rise of EZ or WZ. whichever occurs first. 
C. This write cycle is used if output enable (GZ) is high. 

FIGURE 2. WRITE CYCLE 2 

MEMORY ENABLE -------""\. i Vee 
EZ l\ 44% 44% ______ 0 

READ/WRITE 
WZ 

tsu(WH) --tI4 ___ ~~ I4---Jt-th(WH) 

44%1"-"": --------:r---., 4-';; - - Vee 

1 I 0 
I4--ta(E)-+! ~tdis(E) 

DATA OUT I '-.1 ____ VOH 
~ 90% 

QO-Qn -------------~ 44% Hi-Z 10% 
(See Note A) ...... ---.,;,,;;.;.;;.;lI - - - - - .- VOL 

NOTE A: GZ is low and address is valid. 

FIGURE 3. MEMORY·ENABLE ACCESS TIME 

PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments TEXAS ." 

Copyright © '988, Texas Instruments Incorporated 

:~~~~:~~i~a{::1~1~ ~!~~~~ti:r ~~O::::~:t:r~~S not INSTRUMENTS 
POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 20-7 



STATIC RANDOM-ACCESS MEMORIES 
GENERAL INFORMATION 

TSC500 
SERIES 

03030, APRIL 1988 

PARAMETER MEASUREMENT INFORMATION 

ADDRESS V'44% N V~4-4-%---N-+-1---- Vee 

AO-An -.ll\--------.J!i' 0 

I4-ta(A)~ !4- ta(A)+i 
DATA OUT \!t: \11,..------ VOH 

aO-an N-1 DATA 1'\44% N DATA 1'\.44% N+1 DATA 
(See Note A) . - . . VOL 

NOTE A: EZ and GZ are low and WZ is high. 

FIGURE 4. ADDRESS ACCESS TIME 

REA~~RITE __ --'1(44% 44% \ - - - - - - - - - :ee 

ten(W)~ r4 ., tdis(W) 
DATA OUT I, ,.------~~'-rr -------VOH 

ao-an -----""iVIf-44% 90% - Hi-Z 
" 10% (See Note A) - - - - - - - VOL 

NOTE A: EZ and GZ are low and address is valid. 

FIGURE 5. OUTPUT ENABLE AND DISABLE FROM READ/WRITE 

OUTPUT ENABLE ~ % / Vee 
GZ l\ 44 44% J; 1----------+--------- 0 

ten(G) ~ ., 14 ~ tdis(G) 

DATA OUT ',.--------:9:-:0~%~~------- V?H 

(se~~~: A) ------I(1-'"4_4_% _______ 1.:.;O~%:.::.:II:i _______ ~~~ 
NOTE A: EZ is low, WZ is high and address is valid. 

20-8 

FIGURE 6. OUTPUT ENABLE AND DISABLE FROM OUTPUT ENABLE 

PRODUCTION DATA documents contein information 
currant 81 of publication data. Products conform to 
specifications per the terms of texas Instrumants 
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TSC500 
SERIES 

RHOOOLJ 
64-WORD BY 4-BIT STATIC RANDOM-ACCESS MEMORY 

WITH 3-STATE OUTPUTS 
D3030, APRIL 1988 

RANDOM-ACCESS MEMORY CELL 

description 
The RHOOOLJ cell is a dedicated 
64-word by 4-bit static random-access 
memory (RAM). A parallel testability 
scheme is implemented in the RAM 
with test-mode selection for accessing 
inputs and outputs through use of the 
parallel test-port controller cell, 
TPOOOLJ, and the global test enable/ 
controller cell, TP006LJ. 

When the RAM is called from the 
engineering workstation input, the 
following label format is developed and 
will be captured in the design netlist: . 

Label: RHOOOLJ 00,01 ,02,03,TI0,TI1, 
TI2,TI3,AO,A 1.A2,A3,M,A5,T14,TI5, 
TI6,TI7,TI8,TI9,TI10,TEST,EZ,WZ, 
GZ,MSEL,QO,Q1 ,Q2,Q3,TOO,T01 , 
T02,T03; . 

logic symbolt 

RAM 64x4 

TEST M1[NORMAL: 

M2[TEST] 

A(O)--~O 

• • .5) 

T1(4) 

• • -.9) 

WZ 

TI10 

5 

1A ~ 
63 

01 2A ~ 
63 

5 

1C3[WRITE] 

1EN4[READ] 

EZ 1 [PWR DOWN] 

MSEL---1~::.j2[PWR DOWNI 

GZ 

0(0) 

• • • 
0(3) 

TIIO) 

• • • 
T1(3) 

0 

1A.3D 1AA.7'\7 

3 

0 

2A.5D 2A.6.8'\7 

3 

0 Q(O) 

• • • 
3 Q(3) 

0 TO(O) 

• • • 
3 TO(3) 

t This symbol is in accordance with ANSI/IEEE 

Std 91-1984 and lEG Publication 617-12. 

PRODUCTION DATA do •• menls .onlein informalio. 
current IS of publication date. Products conform to 
spacifications per the terms of TexI' Instruments 
standard warranty. Production processing does not 
necessarily inclu~e tasting of all parameters. 

TEXAS ." 
INSfRUMENTS 

Copyright © 1988. Texas Instrumer'!ts Incorporated 

POST OFFICE BOX 655012· DALLAS. TEXAS 75265 20-9 



RHOOOLJ 
64-WORD BY 4-BIT STATIC RANDOM-ACCESS MEMORY 
WITH 3-STATE OUTPUTS 
03030. APRIL 1988 

TSC500 
SERIES 

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

PARAMETER TEST CONDITIONS TYpt MAX UNIT 

VT Input threshold voltage 2.2 V 

EZ = H 10 lolA 
ICC Supply current EZ = L I-55°C to 125°C VI = VccorO 22.5 

rnA 
10°C to 70°C 21 

Any A, GZ, WZ 0.11 

Ci Input capacitance Any 0 0.1 pF 

EZ 0.18 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 120 pF 

switching characteristics over recommended ranges of supply voltage and operating free· 
air temperature (unless otherwise noted), CL = 0 

PARAM· FROM TO - 55°C to 125°C O°C to 70°C 

TYpt TYpt 
UNIT 

ETER (INPUT) (OUTPUT) MIN MAX MIN MAX 

talA) Any A AnyQ 2.6 7.6 20 2.9 7.6 18.2 ns 

talE) EZ AnyQ 2.6 7.6 20 2.9 7.6 18.2 ns 

t Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTION DATA d ....... I. 'ontli. information ." 
Cllrrent II It publicltiDR hte. P ...... cts confDrlll to 
..... lfi •• IIo .. ,., I'" larml III T,II.I_str.ma_11 TEXAS 
::~:~i~"r::~'li ~~~~Ii:r :.:o:::~,:~. nol INSTRUMENTS 

Copyright @ 1988, Texas Instruments Incorporated 
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TSC500 
SERIES 

RH001LJ 
54-WORD BY 8-BIT STATIC RANDOM-ACCESS MEMORY 

WITH 3-STATE OUTPUTS 
D3030, APRIL 1988 

RANDOM-ACCESS MEMORY CELL 

description 
The RH001 LJ cell is a dedicated 
64-word by 8-bit static random-access 

. memory (RAM). A parallel testability 
scheme is implemented in the RAM 
with test-mode selection for accessing 
inputs and outputs through use of the 
parallel test-port controller cell, 
TPOOOW, and the global test enable/ 
controller cell, TP006W. 

When the RAM is called from the 
engineering workstation input, the 
following label format is developed and 
will be captured in the design netlist: 

Label: RH001 W 00,01,02,03,03,04, 
05,06,07,TI0,TI1,TI2,TI3,TI4,TI5,TI6, 
TI7,AO A 1 ,A2,A3,A4,A5,TI8,TI9,TI1 0, 
TI11,TI12,TI13,TI14,TEST,EZ,WZ, 
GZ,MSEL,QO,Q1,Q2,Q3,Q4,Q5,Q6, 
Q7,TOO,T01,T02,T03,T04,T05, 
T06,T07; 

logic symbolt 

RAM 64)(8 

TEST M1[NORMAL] 

M2[TEST] 

A(O]---fO 

• • • 
A(5) 

T1(8) 

• • • 
T1(13) 

wz 

TI14 

EZ 

MSEL~""''''I 

GZ 

0(01 

• • • 
0\71 

TIIOI 

• • • 
TII71 

5 

0 

7 

0 

7 

1A ~ 
63 

1A.30 

2A.50 

1AA.7'\7 

2A.6.8'\7 

0(0) 

• • • 
0\71 

0 TO(OI 

• • • 
7 TO\71 

t Th's syr.lbol is in accordance with ANSI/IEEE 
Std 91-1984 and IEC Publication 617-12. 

PRODUCTION DATA documonts contain information 
currant IS of -publicatian date. Products conform to 
specifications per the terms of TIXIS Instruments 

:'~~~:~~i~ai:I~7i ~!:~:~i:; :'~D::~:::::~~~S not TEXAS ~ 
INSTRUMENlS 

Copyright @ , 988. Texas Instruments Incorporated 
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RH001LJ 
64-WORD BY 8-BIT STATIC RANDOM-ACCESS MEMORY 
WITH 3"STATE OUTPUTS· .. . 
03030, APRIL 1988 

TSC500 
SERIES 

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

PARAMETER TEST CONDITlqNS TYpt MAX UNIT 

VT Input threshold voltage 2.2 V 

EZ = H 10 lolA 
ICC Supply current EZ = L '-SsoC to 12SoC VI = VCCoro 45.1 

rnA 
·'O·C to 70·C 42 

Any A, GZ, 'ilz 0.11 

Ci Input capacitance Any 0 0.1 pF 

EZ 0.18 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 240 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 . 

PARAM· FROM TO - SS·C to 125°C O°C t070·C 

TYpt TYpt UNIT 
ETER (INPUT) (OUTPUT) MIN MAX MIN MAX 

talA) Any A AnyQ 2.7 7.7 20.1 2.9 7.7 18.3 ns 

tate) EZ AnyQ 2.7 7.7 20.1 2.9 7.7 18.3 ns 

t Typical values are at VCC = 5 V, TA = 25·C. 

PRODUCTION DATA documents contain information ." 
current as af publication dlte. Products conform to T. oj 
specifications PeJ: the lerms of Texas Instruments I EXAS 
:~~~:~~i~·[::1~1i ~!:~:~ti:r :I~D:=:~!;~S not INSTRUMENTS 
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TSC500 
SERIES 

RH002LJ 
128-WORD BY 4-BIT STATIC RANDOM-ACCESS 

MEMORY WITH 3-STATE OUTPUTS 
D3030, APRIL 1988 

RANDOM·ACCESS MEMORY CELL 

description 
The RH002LJ cell is a dedicated 128-
word by 4-bit static random-access 
memory (RAM). A parallel testability 
scheme is implemented in the RAM 
with test-mode selection for accessing 
inputs and outputs through use of the 
parallel test-port controller cell, 
TPOOOW, and the global test enable/ 
controller cell, TP006W. 

When the RAM is called from the 
engineering workstation input, the 
following label format is developed and 
will be captured in the design netlist: 

Label: RH002W DO,D1,D2,D3,TIO,TI1, 
TI2,TI3,AO,A1,A2,A3,A4,A5,A6,TI4, 
TI5, TI6, TI7, T18,T19, TI1 O,TEST,EZ, 
WZ,GZ,MSEL,TI11 ,00,01 ,02,03, 
TOO,T01,T02,T03; 

logic symbolt 

TEST 

A(OI 

• • • 
A(6) 

TI(41 

• • • 
TI(101 

WZ 

TI11 

RAM 128)(4 

M1[NORMAL] 

M2[TEST] 

O! 1A ~ 
127 

6 

o 

2A~ 
127 

6 

1C3[WRITE] 

1EN4[READ) 

EZ 1[PWR DOWN) 

MSEL~~""I2[PWR DOWN] 

GZ 

0(01 

• • • 
0(31 

TI(OI 

• • • 
TI(31 

0 

1A,30 1AA.7"iJ 

3 

0 

2A.50 2A.6.8"iJ 

3 

0 Q(OI 

• • • 
3 Q(31 

0 TO(OI 

• • • 
3 TO(31 

t This symbol is in accordance with ANSI/IEEE 

Std 91-1984 and lEG Publication 617-12. 

Copyright C 1988. Texas Instruments Incorporated PRODUCTION DATA documentl contoin inlormlti.n -1!1 
current IS of publication date. Praducli conform to T. ~ 
spocilicotions por the t~rms .1 TOIlS Inltrument. I EMS 
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RH002LJ 
128-WORD BY 4-BIT STATIC RANDOM-ACCESS 
MEMORY WITH 3-STATE OUTPUTS 
D3030. APRIL 1988 

TSC500 
SERIES 

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

PARAMETER TEST CONDITIONS TYpt MAX UNIT 

VT Input threshold voltage 2.2 V 

EZ = H 10 I-lA 
ICC Supply current EZ = L I-55°C to 125°C VI = VCC or 0 22.5 

rnA 
'IO°C to 70°C 21 

AnyA. GZ. WZ 0.11 

Ci Input capacitance Any 0 0.1 pF 

EZ 0.18 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 120 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 

PARAM- FROM TO - 55°C to 125°C O°C to 70°C 

TYpt TYpt 
UNIT 

ETER (INPUT) (OUTPUT) MIN MAX MIN MAX 

ta(A) Any A AnyQ 2.8 8.3 21.5 3.1 8.3 19.5 ns 

tatE) EZ AnyQ 2.8 8.3 21.5 3.1 8.3 19.5 ns 

t Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTION DATA documonts contain information ." 
current IS of publication date. Product. conform to 11 
specifications per the terms of rexls Instruments EXAS. 
:~~=~~i~·r::,~1i ~:~~~ti:r :,io::~:::,::s~S not INSTRUMENTS 
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TSC500 
SERIES 

RH003LJ 
128-WORD BY 8-BIT STATIC RANDOM-ACCESS 

MEMORY WITH 3-STATE OUTPUTS 
03030, APRIL 1988 

RANDOM·ACCESS MEMORY CELL 

description 

The RH003LJ cell is a dedicated12B
word by B-bit static random-access 
memory (RAM). A parallel testability 
scheme is implemented in the RAM 
with test-mode selection for accessing 
inputs and outputs through use of the 
parallel test-port controller cell, 
TPOOOLJ, and the global test enable/ 
controller cell, TPOOSLJ. 

When the RAM is called from the 
engineering workstation input, the 
following label format is developed and 
will be captured in the design netlist: 

Label: RHOu3LJ DO,D1,D2,D3,D3,D4, 
D5, DS,D7,TIO,TI1,TI2,TI3,TI4,TI5, TIS, 
TI7,AO,A1,A2,A3,A4,A5,AS,TIB,TI9, 
TI10,TI11,TI12,TI13,TI14,TI15,TEST, 
EZ,WZ,GZ,MSEL,QO,Q1,Q2,Q3,Q4, 
Q5,QS,Q7,TOO,T01,T02,T03,T04, 
TOS,TOS,T07; 

logic symbolt 

TEST 

AIOI 

• • • 
AI61 

T1(8) 

• • • 
T1(14) 

WZ 

TI15 

RAM 128 X 8 

M1[NORMAL] 

M2ITEST] 

o 

6 

o 

6 

1A ~ 
127 

2A~ 
127 

1C3[WRITE] 

1EN4[REAO] 

2C5[WRITEl. 2V6 

[READ] 

EZ 1[PWR DOWN] 

MSEL~.....-:"'t2[PWR DOWN] 

2EN8 

GZ 

0101 

• • • 
0171 

TI(OI 

• • • 
TI(71 

0 

1A.30 1AA.7V' 

7 

0 

2A.50 2A.6,8V' 

7 

0 0101 

• • • 
7 QI7I 

0 TOIO) 

• • • 
7 TO 171 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984 and lEG Publication 617-12. 

PRODUCTION DATA documonts contlin informltion ." 
currlnt I. of publicltion da". P,oducts conform to T. ~ 
spacifications per the terms of raus Instrumants I E.XA.S 
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RH003LJ 
128-WORD BY 8-BIT STATIC RANDOM-ACCESS 
MEMORY WITH 3-STATE OUTPUTS 
D3030. APRIL 1988 

TSC500 
SERIES 

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

PARAMETER TEST CONDITIONS TYpt MAX UNIT 

VT Input threshold voltage 2.2 V 

EZ = H 10 IlA 
ICC Supply current EZ = L I-55°C to 125°C VI = VCCorO 45.1 

mA 
-10°C to 70°C 42 

Any A, GZ, WZ 0.11 

Ci Input capacitance Any 0 0.1 pF 

EZ 0.18 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 240 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 

PARAM- FROM TO 

ETER (INPUT) (OUTPUT) 

tarA) Any A AnyQ 

ta(E) EZ AnyQ 

t Typical values are at VCC = 5 V, TA = 25°C. 

PRDDUCTIDI DATA documents c.ntlln informetion 
current I. of publication dltl. Products conform to 
spacifications par the tarml of Taxas Instruments 

- 55°C to 125°C 

MIN TYpt MAX 

2.8 8.3 21.5 

2.8 8.3 21.5 

:~~~~~i~·i::I~'i ~~::i~~ti:; :1~O::~::::~::s~ not TEXAS ." 
INSTRUMENTS 

O°C to 70°C 

MIN TYpt MAX 
UNIT 

3.1 8.3 19.5 ns 

3.1 8.3 19.5 ns 

Copyright @ 1988, Texas Irtstruments Incorporated 
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TSC500 
SERIES 

RH004LJ 
256-WORD BY 4-BIT STATIC RANDOM-ACCESS 

MEMORY WITH 3-STATE OUTPUTS 
D~030. APRIL 1988 

RANDOM-ACCESS MEMORY CELL 

description 
The RH004LJ cell is a dedicated 
256-word by 4-bit static random-access 
memory (RAM). A parallel testability 
scheme is implemented in the RAM 
with test-mode selection for accessing 
inputs and outputs through use of the 
parallel test-port controller cell, 
TPOOOW, and the global test enable/ 
controller cell, TP006W. 

When the RAM is called from the 
engineering workstation input, the 
following label format is developed and 
will be captured in the design netlist: . 

Label: RH004W DO,D1 ,D2,D3,TlO,TI1, 
TI2,TI3,AO,A 1,A2,A3,A4,A5,A6,A7, 
TI4,TI5,TI6,TI7,TI8,TI9,TI1 0,1111, 
TI12,tEST,E~,WZ,GZ,MSEL,QO,Q1 , 
Q2,Q3,TOO,T01,T02,T03; 

logic symbolt 

RAM 256x4 

TEST Ml[NORMAL] 

M2[TEST] 

A(O)---IO 

• • • 
A(7) 

T1(4) 

• • • 
Tl(ll) 

WZ 

TI12 

EZ 

MSEL~~"'f 

GZ 

0(0) 

• • • 
0(3) 

7 

o 

7 

lA~ 
255 

o 
2A-

255 

l[PWR DOWN] 

0 

lA.3D lA.4.7'\7 

3 

0 

3 

TI(O) 

• • • 
T1(3) 

0 

3 

2A.50 2A •••• { 

0(0) 

• • • 
0(3) 

TO(O) 

• • • 
TO(3) 

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

PRODUCTION DATA documants contain information 
current as of publicltion date. Products canforl!' to 
specifications .per .t~e terms of Tlxn Instruments 

::~~:~~!~'r::IWi ~~:ti~~ti:r :1~O:~:::t::s~ not TEXAS ." 
INSTRUMENTS 
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RH004LJ 
256-WORD BY 4-BIT STATIC RANDOM·ACCESS 
MEMORY WITH 3-STATE OUTPUTS 
D3030, APRIL 1988 

TSC500 
SERIES 

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

PARAMETER TEST CONDITIONS TYpt MAX UNIT 

VT Input threshold voltage 2.2 V 

EZ = H 10 IJA 
ICC Supply current I - 55°C to 125°C VI::: VCcorD 22.5 

rnA EZ= L 'j DOC to 7DoC 21 

Any A, GZ, WZ 0.11 

Ci Input capacitance Any 0 0.1 pF 

EZ 0.18 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 120 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 

PARAM· FROM TO -55°C to 125°C O°C to 70°C 

TYpt TYpt 
UNIT 

ETER (INPUT) (OUTPUT) MIN MAX MIN MAX 

ta(A) Any A AnyQ 3.2 9.3 24 3.5 9.3 21.8 ns 

talE) EZ AnyQ 3.2 9.3 24 3.5 9.3 21.8 ns 

t Typical values are at Vee = 5 V, TA = 25°C. 

PRODUCTION DATA documonts oontlin Information ." 
current IS of publication data. Praducts conform to ~ 
specificltians per the terms af TaxIs Instruments TEXAS 
:~~~~:~~i~"i~:I~'Ji ~!:~:~i:r li\"::~:~:':~ .... not INSTRUMENTS 

Copyright @ 1988, Texas Instruments Incorporated 

20·18 POST OFFICE BOX 6550t 2 • DALLAS, TEXAS 75265 



TSC500 
SERIES 

RH005LJ 
256-WORD BY 8-BIT STATIC RANDOM-ACCESS 

MEMORY WITH 3-STATE OUTPUTS 
D3030, APRIL 1988 

RANDOM-ACCESS MEMORY CELL 

description 
The RH005LJ cell is a dedicated 
256-word by 8-bit static random-access 
memory (RAM). A parallel testability 
scheme is implemented in the RAM 
with test-mode selection for accessing 
inputs and outputs through use of the 
parallel test-port controller cell, 
TPOOOLJ, and the global test enable/ 
controller cell, TP006LJ. 

When the RAM is called from the 
engineering workstation input, the 
following label format is developed and 
will be captured in the design netlist: 

Label: RH005LJ 00,01,02,03,03,04, 
05,06,07,TI0,TI1,TI2,TI3,TI4,TI5,TI6, 
TI7,AO, A1,A2,A3,A4,A5,A6,A7,TI8, 
TI9,TI10,TI11,TI12,TI13,TI14,TI15, 
TI16,TEST,EZ,WZ,GZ,MSEL,QO,Q1, 
Q2,Q3,Q4,Q5,Q6,Q7,TOO,T01,T02, 
T03,T04, T05, T06, T07; 

logic symbolt 

RAM 256)(8 

TEST M1[NORMAL] 

M2[TEST] 

A(OJ---iO 

• • • 
A[7J 

TH8J 

• • • 
TI(15J 

WZ 

TI16 

EZ 

MSEL~~"'I 

GZ 

O(OJ 

• • • 
om 

THO) 

• • • 
TI(7J 

7 

1A~ 
255 

01 2A ~ 
255 

7 

1[PWR DOWN] 

0 

1A,30 1A,4,7'\7 

7 

0 

2A •••• { 2A,50 

7 

O(OJ 

• • • 
am 

TO(oJ 

• • • 
Tom 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984 and IEC Publication 617-12. 

PRODUCTION DATA documents contain Informetion 
current IS of publication data. Products conform to 
specifications per tke terms of TaxI. Instruments 

:~~~:~~i~'i~:I~'i ~!:~~~ti:r :1~O::~:::::t:~~' not 
TEXAS ." 

INSTRUMENTS 

Copyright @ 1988, Texas Instruments Incorporated 

POST OFFICE BOX 655012 • DALL.AS, TEXAS 75285 20·19 



AH005LJ. . . . . 
256-WORD. BY 8-BIT STATIC RANDOM-ACCESS 
MEMORY WITH 3-STATE OUTPUTS 
D3030, APRIL 1988 

TSC50Q 
SERIES 

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

PARAMETER TEST CONDITIONS TYpt MAX UNIT 

VT Input threshold voltage 2.2 V 

EZ = H 10 Io!-A 

ICC Supply current EZ = L 1-55°C to 125°C VI = VCC or 0 45.1 
rnA 

",O°C to 70°C 42 

AnyA. GZ. WZ 0.11 

Ci Input capacitance Any 0 0.1 pF 

EZ 0.18 

Cpd Equivalent power dissipation capacitance tr =tf=lns 240 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 

PARAM- FROM TO - 55°C to 125°C 

ETER (INPUT) (OUTPUT) MIN TYpt MAx 

tarA) Any A AnyQ 3.2 9.4 

talE) EZ AnyQ 3.2 9.4 

t Typical values are at VCC = 5 V. TA = 25°C. 

PRODUCTION DATA d.cumonts c.ntain inf.rmation 
current IS of pUblication date. Products conform to 
.pecificltil;lns par the terms of Taxa. Instruments 

::=:~~i~·[::I~~i ~!::i:~ti:r :'I":=:~:'::.s not 
TEXAS ~ 

INSTRUMENTS 

24.1 

24.1 

O°C to 70°C 

MIN TYpt MAX 
UNIT 

3.5 9.4 21.9 ns 

3.5 9.4 21.9 ns 

Copyright @ 1988, Texas Instruments Incorporated 
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TSC500 
SERIES 

RH006LJ 
512-WORD BY 4-BIT STATIC RANDOM-ACCESS 

MEMORY WITH 3-STATE OUTPUTS 
03030, APRIL 1988 

RANDOM-ACCESS MEMORY CELL 

description 
The RHOOSLJ cell is a dedicated 
512-word by 4-bit static random-access 
memory (RAM). A parallel testability 
scheme is implemented in the RAM 
with test-mode selection for accessing 
inputs and outputs through use of the 
parallel test-port controller cell, 
TPOOOLJ, and the global test enable/ 
controller cell, TPOOSLJ. 

When the RAM is called from the 
engineering workstation input, the 
following label format is developed and 
will be captured in the design netlist: 

Label: RHOOSLJ DO,D1,D2,D3,TIO,TI1, 
TI2,TI3,AO,A1,A2,A3,A4,A5,AS,A7, 
AS,TI4,TI5,TIS,TI7,TIS,TI9,TI10,TI11, 
TI12,TI13,TEST,EZ,WZ,GZ,MSEL, 
QO,Q1,Q2,Q3,TOO,T01,T02,T03; 

logic symbolt 

TEST 

A(O) 

• • • 
A(B) 

T1(4) 

• • • 
T1(12) 

WZ 

TI13 

EZ 

MSEL~~"'I 

GZ 

0(0) 

• • • 
0(3) 

TI(O) 

• • • 
T1(3) 

RAM 512)(4 

M1[NORMAL) 

M2[TEST] 

o 

B 

1A~ 
511 

0!2A ~ 
511 

B 

1C3[WRITE] 

}.3D 
0 

2A.50 

3 

1AA.7V' 

2A,6.BV' 

0 0(0) 

• • • 
3 0(3) 

0 TO(O) 

• • • 
3 TO(3) 

t This symbol is in accordance with ANSI/IEEE 

Std 91-1984 and lEe Publication 617-12. 

PRODUCTION OAT A documants contlin information 
current IS of publication date. Products conform to 
specifications par the terms of TexIs Instruments 

:~~~:~~i~.i~:I~~~ ~!:~~~ti:; ~~O:=::::t:~~S nat 
TEXAS ." 

INSTRUMENTS 

Copyright @ 1988, Texas Instruments Incorporated 

POST OFFICE BOX 655012· DALLAS. TEXAS 75265 20-21 



RH006LJ 
512-WORD BY 4-BIT STATiC RANDOM-ACCESS 
MEMORY WITH 3-STATE OUTPUTS 
D3030. APRIL 1988 

TSC500 
SERIES 

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

PARAMETER TEST CONDITIONS TYpt MAX UNIT 

VT Input threshold voltage 2.2 V 

EZ = H 10 IJA 

ICC Supply current EZ = L 1 - 55°C to 125QC VI = VCC or 0 43.3 
rnA 

'1 DoC to 70°C 40.3 

Any A, GZ, WZ 0.11 

Ci Input capacitance Any 0 0.1 pF 

EZ 0.18 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 120 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 

PARAM- FROM TO - 55°C to 125°C Q·C to 70·C 

TYpt TYpt 
UNIT 

ETER (INPUT) (OUTPUT) MIN MAX MIN MAX 

tarA) Any A AnyQ 3.2 9.2 23.6 3.3 9.2 21.5 ns 

tarE) EZ AnyQ 3.2 9.2 23.6 3.3 9.2 21.5 ns 

t Typical values are at V CC = 5 V, T A = 25°C. 

PRODUCTION DATA do.ume.t. c •• t.i. i.I.,motio. -II 
current .s of publication d.t8. Products conform to ~ 
specifications per the terms Df tllliinstruments TEXAS 
::~~:~I~'r~:1~1~ ~~::i~~i:: :Ilo::~:,::,~ •• t INSTRUMENlS 

Copyright @ '988, Texas Instruments Incorporated 

20-22 POST OFFICE BOX 655012 • DALLAS. TEXAS 75285 



TSC500 
SERIES 

RH007LJ 
512-WORD BY 8-BIT STATIC RANDOM-ACCESS 

MEMORY WITH 3-STATE OUTPUTS 
D3030, APRIL 1988 

RANDOM-ACCESS MEMORY CELL 

description 
The RHOO7LJ cell is a dedicated 
S12-word by B-bit static random-access 
memory (RAM), A parallel testability 
scheme is implemented in the RAM 
with test-mode selection for accessing 
inputs and outputs through use of the 
parallel test-port controller cell, 
TPOOOLJ, and the global test enable/ 
controller cell TPOOSW, 

When the RAM is called from the 
engineering workstation input, the 
following label format is developed and 
will be captured in the design netlist: 

Label: RH007W 00,01,02,03,03,04, 
OS,OS,07,TIO,TI1,TI2,TI3,TI4,TIS,TIS, 
TI7,AO,A1,A2,A3,A4,AS,AS,A7,AB, 
TIB,TI9,TI10,TI11,TI12,TI13,TI14, 
TI1S,TI1S,TI17,TEST,EZ,WZ,GZ, 
MSEL,QO,Q1,Q2,Q3,Q4,QS,QS,Q7, 
TOO,T01,T02,T03,T04,TOS,TOS, 
T07; 

logic symbolt 

RAM 512)(S 

TEST M1[NORMAL) 

M2[TEST) 

A(0)---4°1 
: 1A ~ 
• 511 

A(S) S 

TI(S) 01 
• 2A ~ 
: 511 

T1(16) S 

WZ 1 C3[WRITE) 

1EN4[READ) 

TI17 2C5[WRITE).2V6 

[READ) 

EZ llPWR DOWN) 

MSEL~t-L==-t 2[PWR DOWN) 

2ENS 

GZ 

0(0) 
• • • 

0(7) 

TI(O) 

• • • 
T1(7) 

0 

1A.3D 1AA.7V' 

7 

}.5D 2A.6.SV' 

0 0(0) 

• • • 
7 0(7) 

0 TO(O) 

• • • 
7 TO (7) 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984 and lEG Publication 617-12. 

PRODUCTION DATA doc.monls conliin informolio. 
currant .1 of publication dat •. Products conform to 
specificationl per the terms of Till. Instruments 

~~~::=i~.i~~~1i ~:~;~ti:r :1~D::~::::t:;'~. not 
TEXAS • 

INSTRUMENTS 

Copyright @ 1988. Texas Instruments Incorporated 

POST OFFICE BOX 656012 • DALL.AS, TEXAS 75265 20-23 



RH007LJ 
512-WORD BY 8-BIT STATIC RANDOM-ACCESS 
MEMORY WITH 3-STATE OUTPUTS 
D3030, APRIL 1988 

TSC500 
SERIES 

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

PARAMETER TEST CONDITIONS TVPt MAX UNIT 

VT Input threshold voltage 2,2 V 
EZ;; H 10 IlA 

ICC Supply current EZ ;; L 1-55·C to 125·C Vi;; VCC orO 86,6 
rnA 

, 10°C to 70°C 80.6 

Any A, GZ, WZ 0.11 

Ci Input capacitance Any 0 0.1 pF 

EZ 0.18 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 240 pF 

switching characteristics over recommended ranges of supply voltage and operating free· 
air temperature (unless otherwise noted), CL = 0 

PARAM· FROM TO - 55°C to 125°C O°C to 70"C 

TVPt TVPt 
UNIT 

ETER (INPUT) (OUTPUT) MIN MAX MIN MAX 

tarA) Any A AnyQ 3.3 9.5 24.1 3.5 9.5 22 ns 

talE) EZ AnyQ 3.3 9.5 24.1 3.5 9.5 22 ns 

t Typical values are at Vee = 5 V, T A = 25"e. 

PRODUCTION DATA d ••• ments .ontlin inf.rmltion ." 
currant I. of publication date. Products conform to 11 ~ 
specifications per the terms of Texi. Instruments EXAS 
~:=~~i~"r::1~1i ~!::i~:i:r :'lo::~:~~::,~. not INSTRUMENTS 

Copyright © 1988, Texas Instruments Incorporated 

20-24 POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 



TSC500 
SERIES 

RH008LJ 
1024-WORD BY 4-BIT STATIC RANDOM-ACCESS 

MEMORY WITH 3-STATE OUTPUTS 
D3030, APRIL 1988 

RANDOM-ACCESS MEMORY CELL 

description 
The RH008LJ cell is a dedicated 1024-
word by 4-bit static random-access 
memory (RAM). A parallel testability 
scheme is implemented in the RAM 
with test-mode s~leytion for accessing 
inputs and outputs through use of the 
parallel test-port controller cell, 
TPOOOLJ, and the global test enable! 
controller cell, TP006LJ. 

When the RAM is called from the 
engineering . workstation input, the 
following label format is developed and 
will be captured in the design netlist: 

Label: RH008LJ DO,D1 ,D2,D3,TI0,TI1, 
T12, TI3,AO,A 1 ,A2,A3,A4,AS,A6,A7, 
A8,A9,TI4,TIS,TI6,TI7,TI8,TI9,TI10, 
TI11,TI12,TI13,TI14,TEST,EZ,WZ, 
GZ,MSEL,OO,01 ,02,03,TOO,T01, 
T02,T03; 

logic symbolt 

RAM 1024x4 

TEST M1[NORMAL) 

M2[TEST) 

A(oI---IO 

• • • 
1A _0_ 

1023 

A(91 9 

TI(41---I0 

• • • 
TI(131 

WZ 

TI14 

9 

2A _0_ 
1023 

1C3[WRITE) 

1EN4[READ) 

2C5[WRITE).2V6 

[READ) 

EZ 1[PWR DOWN) 

MSEL~t---'-''''t2[PWR DOWN) 

2EN8 

GZ 

0(01 

• • • 
0(31 

THOI 

• 
• • 

TH31 

0 

1A.3D 1AA.71i7 

3 

0 

2A.5D 2A.6.81i7 

3 

0 0(01 

• • • 
3 0(31 

0 TO(OI 

• • • 
3 TO(31 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984 and lEG Publication 617-12. 

PRooUCTIol DATA d •• um.nt •.•• nt.i. inf.rm.ti.n -I!} 
currant I. of publiCitian de' .•. Products conform to ~ 
~p.cific.tionl per the terms .of ra.ls Instruments TEXAS 
:~~:~~i~·[::I~'li ~!:t;~~ti:r :'I":!~::::t::'~' n.t INSTRUMENTS 

Copyright tC 1988. Texas Instruments Incorporated 
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RH008LJ 
1024-WORD BY 4-BIT STATIC RANDOM-ACCESS 
MEMORY WITH3-STATE OUTPUTS 
03030, APRIL 1988 

TSC500 
SERIES 

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

PARAMETER TEST CONDITIONS TYpt MAX UNIT 

VT Input threshold voltage 2.2 V 

EZ = H 10 I1A 
ICC Supply current EZ = L 1 -55°C to 125°C VI = VCC orO 43.3 

rnA 
'1 O°C to 70°C 40.3 

Any A, GZ, WZ 0.11 

Ci Input capacitance Any 0 0.1 pF 

EZ 0.18 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 120 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 

PARAM- FROM TO 

ETER (INPUT) (OUTPUT) 

talA) Any A AnyQ 

ta(E) EZ AnyQ 

t Typical values are at Vec = 5 V, TA = 2SoC. 

PRODUCTION DATA d.,uml.11 ••• lli. inf.rmali.n 
current IS of publicatiDn dltl. Products conform to 
specifications pe' th. terms of Tax •• Instruments 

-55°C to 125°e 

MIN TYpt MAX 

3.8 10.4 26.6 

3.8 10.4 26.6 

:~:~:~~i~·t::I~1i ~~ti~~ti:r :.~o:::::.::.s not TEXAS ." 
INSTRUMENTS 

ooe to 700 e 

TYpt UNIT 
MIN MAX 

4 10.4 23.9 ns 

4 10.4 23.9 ns 

Copyright @ 1988, Texas Instruments Incorporated 
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TSC500 
SERIES 

RH009LJ 
1024-WORD BY 8-BIT STATIC RANDOM-ACCESS 

MEMORY WITH 3-STATE OUTPUTS 
D3030. APRIL 1988 

RANDOM-ACCESS MEMORY CELL 

description 
The RH009LJ cell is a dedicated 
1024-word by 8-bit static random
access memory (RAM). A parallel 
testability scheme is implemented in 
the RAM with test-mode selection for 
accessing inputs and outputs through 
use of the parallel test-port controller 
cell, TPOOOLJ, and the global test 
enable/controller cell, TP006LJ. 

When the RAM is called from the 
engineering workstation input, the 
following label format is developed and 
will be captured in the design ne.tlist: 

Label: RH009LJ DO,D1,D2,D3,D3,D4, 
D5,D6,D7,TIO,TI1,TI2,TI3,TI4,TI5,TI6, 
TI7,AO,A1,A2,A3,A4,A5,A6,A7,A8,A9, 
TI8,TI9,TI10,TI11,TI12,TI13,TI14, 
TI15,TI16,TI17,TI18,TEST,EZ,WZ, 
GZ,MSEL,OO,01,02,03,04,05,06, 
07,TOO,T01,T02,T03,T04,T05, 
T06,T07; 

logic symbolt 

TEST 

A(OI 

• • • 
A(91 

TI(81 

• • • 
TI(171 

WZ 

TI18 

EZ 

MSEL ----41---'-''''1 

GZ 

0(01 

• • • 
om 

TI(OI 

• • • 
TI(71 

RAM 1024)(8 

M1[NORMAL) 

M2[TEST) 

01 1A _0_ 

9 1023 

01 2A _0_ 

9 1023 

1[PWR DOWN) 

0 

1A.3D 1A.4.7'\7 

7 

}.~ 2A •••• { 

0(01 

• • • 
am 

TO(OI 

• • • 
Tom 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984 and IEC Publication 617-12. 

PRODUCTION DATA docam •• 11 c ••• ai. i.f.rmatio. 
currant I' of publicatian data. Product. conform to 
spacification. per thl terma of TI.I. Inltramenh 

:~~':!:~~i~I{::I~~i ~!:~:~ti:r :'~~:~:~:t::'.~1 nat 

TEXAS .., 
INSTRUMENTS 

Copyright @ 1988, Texas Instruments Incorporated 
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AH009lJ " " " 
1024-WORD BY 8-BITSTATIC RANDOM.;ACCESS 
MEMORY WITH a-STATE OUTPUTS 
D3030, APHIL 1988 

TSC500 
SERIES 

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

PARAMETER TEST CONDITIONS TYpt MAX UNIT 
." 

VT Input threshold voltage 2.2 V 

EZ = L 10 fJA 

ICC Supply current EZ = L 1-55°C to 125°C VI = VCCorO 86.6 
rnA 

"10°C to 70°C 80.6 

Any A, GZ, WZ 0.11 

Ci Input capacitance Any 0 0.1 pF 

EZ 0.18 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 240 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 

PARAM- FROM TO - 55°C to 125°C O°C to 70°C 

(OUTPUT) TYpt TYpt UNIT 
ETER (INPUT) MIN MAX MIN MAX 

tarA) Any A AnyQ 3.9 10.8 27 4.2 10.8 24.4 ns 

talE) EZ AnyQ 3.9 10.8 27 4.2 10.8 24.4 ns 

t Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTION DATA documa.t. co.tll. Inform.tio. ..If 
curr •• t •• of public.tlo. d.ta. Products .• o.form to 'T1EXAS" 
specifications par the ·terms af Tlxas Inst.ruments I J 
:~~~~:~~i~ar::1~1i ~!::i~~I:r :llo::;:~~:~~ •• ot INSTRUMENTS 

Copyright @ 1988. Taxa. Instruments Incorporated 
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TSC500 
SERIES 

RH010LJ 
2048-WORD BY 4-BIT STATIC RANDOM-ACCESS 

MEMORY WITH 3-STATE OUTPUTS 
D3030, APRIL 1988 

RANDOM-ACCESS MEMORY CELL 

description 
The RH010LJ cell is a dedicated 
2048-word by 4-bit static random
access memory (RAM). A parallel 
testability scheme is implemented in 
the RAM with test-mode selection for 
accessing inputs and outputs through 
use of the parallel test-port controller 
cell, TPOOOLJ, and the global test 
enable/controller cell, TPOOSLJ. 

When the RAM is called from the 
engineering workstation input, the 
following label format is developed and 
will be captured in the design netlist: 

Label: RH010LJ DO,D1,D2,D3,TIO,TI1, 
TI2,TI3,AO,A 1,A2,A3,A4,AS,AS,A7, 
A8,A9,A 1 O,TI4,TIS,TI6,TI7,TI8,TI9, 
TI1 O,TI11 ,TI12,TI13,TI14,TI1S,TEST, 
EZ,WZ,GZ,MSEL,QO,Q1,Q2,Q3, 
TOO,T01,T02,T03; 

logic symbolt 

RAM 2048)(4 

TEST M1[NORMAL] 

M2[TEST] 

A(O)---IO 

• • • 
A(10) 

T1(4) 

• • • 
T1(14) 

WZ 

TI15 

10 

1A _0_ 
2047 

o LA 2:', 
1J 
1C3[WRITE] 

1EN4[READ] 

2C5[WRITE].2V6 

EZ 1 [PWR DOWN] 

MSEL--I"""":""I2[PWR DOWN] 

GZ 

0(0) 

• • • 
0(3) 

0 

... 4.7{ 1A,3D 

3 

TI(O) 

• • • 
T1(3) 

a 

3 

a 

2A,5D 2A,6,89 

3 

0(0) 

• • • 
0(3) 

TO(O) 

• • • 
TO(3) 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984 and lEG Publication 617-12. 

PRODUCTION DATA documents contain information • 
currant I. of publication date. Products conform to T. i 
specifications par lh. terms of raxi. Instrumants I EXAS 
~:~::~~i~·i::1~1i ~!::i:~ti:r :I~O:==:~:~~I not INSTRUMENTS 

Copyright © 1988. Texas Instruments Incorporated 
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RH010LJ 
2048-WORD BY 4-BIT STATIC RANDOM-ACCESS 
MEMORY WITH 3-STATE OUTPUTS 
D3030, APRIL 1988 

TSC500 
SERIES 

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

PARAMETER TEST CONDITIONS TYpt MAX UNIT 

VT Input threshold voltage 2.2 V 

EZ = H 10 IJ.A 

ICC Supply current EZ = L I ~ 55°C to 125°C VI = VCC orO 70.9 
rnA 

. WC to 70°C 66 

Any A, GZ, WZ 0.11 

Ci Input capacitance Any 0 0.1 pF 

EZ 0.18 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 120 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), Cl = 0 

PARAM- FROM TO - 55°C to 125°C O°C to 70°C 

TYpt TYpt UNIT 
ETER (INPUT) (OUTPUT) MIN MAX MIN MAX 

tarA) Any A AnyQ 4.5 11.9 29.5 4.9 11.9 26.7 ns 

ta(E) EZ AnyQ 4.5 11.9 29.5 4.9 11.9 26.7 ns 

t Typical values are at VCC = 5 V, TA = 25°C. 

PRODUCTION DATA do.umenl •• ontain informolion ." 
currant .1 of publication dati. Products conform to T. 
specificationl per the terms 0' Tlx •• Instruments I EXAS 
:~~~~:~~i~Oi~:1~1i ~:~:~Ii:;:'l·:~:~~:~· nol INSTRUMENTS 

Copyright @ 1988, Texas Instruments Incorporated 
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TSC500 
SERIES 

RH011LJ 
2048-WORD BY 8-BIT STATIC RANDOM-ACCESS 

MEMORY WITH 3-STATE OUTPUTS 
03030. APRIL 1988 

RANDOM-ACCESS MEMORY CELL 

description 
The RH011 LJ cell is a dedicated 
2048-word by 8-bit static random
access memory (RAM). A parallel 
testability scheme is implemented in 
the RAM with test-mode selection for 
accessing inputs and outputs through 
use of the parallel test-port controller 
cell, TPOOOLJ, and the global test 
enable/controller cell, TP006LJ. 

When the RAM is called from the 
engineering workstation input, the 
following label format is developed and 
will be captured in the design netlist: 

Label: RH011 LJ 00,01,02,03,03,04, 
05,06,07,TI0,TI1,TI2,TI3,TI4,TI5,TI6, 
TI7,AO, A 1 ,A2,A3,A4,A5,A6,A7,A8, 
A9,A10,TI8,TI9,TI10,TI11,TI12,TI13, 
TI14,TI15,TI16,TI17,TI18,TI19,TEST, 
EZ,WZ,GZ,MSEL,QO,Q1,Q2,Q3,Q4, 
Q5,Q6,Q7,TOO,T01,T02,T03,T04, 
T05,T06,T07; 

logic symbolt 

TEST 

RAM 2048><8 

Ml[NORMAL) 

M2[TEST) 

A(O)----tO ! 
: lA _0_ 
• 2047 

A(10) 10 

T1(8) 0 

• • • 
T1(18) 

WZ 

TI19 

EZ 

MSEL--4~"'" 

GZ 

0(0) 

• • • 
0(7) 

10 

2A _0_ 
2047 

1[PWR DOWN) 

}.3D 1 A.4.7 V' 

0 

7 

TIIO) 

• • • 
T1(7) 

0 

2A •••• { 2A.50 

7 

Q(O) 

• • • 
Q(7) 

TO(O) 

• • • 
TO(7) 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984 and IEC Publication 617-12. 
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RH011lJ 
2048-WORD BY 8-BIT STATIC RANDOM-ACCESS 
MEMORY WITH 3-STATE OUTPUTS 
D3030. APRIL 1988 

TSC500 
SERIES 

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

PARAMETER TEST CONDITIONS TYpt MAX UNIT 

VT Input threshold voltage 2.2 V 

EZ = H 10 IlA 
ICC Supply current EZ = L 1-55°C to 125°C VI = Vcc orO 141.9 

rnA 
·'O°C to 70°C 132 

AnyA. GZ. WZ 0.11 

Ci Input capacitance Any 0 0.1 pF 

EZ 0.18 

Cpd Equivalent power dissipation capacitance tr =tf=1ns 240 pF 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 

PARAM- FROM TO - 55°C to 125°C O°C to 70°C 

TYpt TYpt UNIT 
ETER (INPUT) (OUTPUT) MIN MAX MIN MAX 

tarA) Any A AnyQ 4.9 12.6 30.5 5.3 12.6 27.7 ns 

tarE) EZ AnyQ 4.9 12.6 30.5 5.3 12.6 27.7 ns 

t Typical values are at VCC = 5 V, TA = 25°C. 

PRDDUCTIOI DATA documantl contain information ~ 
currant I' of publication data. Products conform to 11 j 
spacificltiDnl par the tarms of Texas Instrumants EXAS 
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TSC500 SERIES 
MegaModule ™ 

GENERAL DATA 
FIFO MEMORIES WITH 

3-STATE OUTPUTS AND ENHANCED STATUS FLAGS 

• Choice of 32-, 64-, or 128-Word 
Depths by 9 Bits Wide CELL WORD 

• "Latch-and-Go" Input Port NAME DEPTH 

FI503W 32 
• Data Retention at VCC > 2 V FI603W 64 

• Status Flags for FI703W 128 

- Full - Almost Full 
(Programmable Assertion Number) 

- Half Full 

03030, DECEMBER 1988 

FIFO SUMMARY 

BIT DATA RATES 
PAGE 

WIDTH READ WRITE 

9 45 MHz 40 MHz 21-13 

9 45 MHz 40 MHz 21-19 

9 40 MHz 39 MHz 21-25 

- Empty - Almost Empty (Programmable Assertion Number) 

• Full Parallel Module Testability (PMT) Incorporated with Parallel Test Inputs and 
Outputs 

description 
The 1-l.lm MegaModule ™ standard cells are dedicated hardwired macros implementing 
first-in first-out (FIFO) memories. Three depths are offered, 32-, 64-, and 128-words, to 
provide buffered data transfer between high-performance systems and peripherals. 
Multiple FIFOs can be paralleled to implement wide-word buffer memories. The 9-bit 
organizations simplify implementation of data paths requiring parity or additional control 
bits. The FIFO macros contain embedded buffers that reduce input loading, which 
simplifies implementing larger FIFOs. 

A parallel testability scheme is included in the FIFOs with test-mode selection for accessing 
inputs and outputs through use of the parallel test-port controller cell, TPOOOLJ, and the 
global-test enable/controller cell, TP006LJ. 

reset input (RSTZ) 
When low, the reset input RSTZ resets the write and read address stack pointers to zero 
count, sets the empty status flag EFZ and the almost-empty status flag AEZ to a low logic 
level, sets the status flags AFZ, HFZ, and FFZ to a high logic level, and inhibits the internal 
effects of the read clock (READCLK) until a write operation is performed. Since the outputs 
are not set to specific logic levels, the data outputs are not valid until a write operation is 
performed. 

data inputs (DO thru 08) 
Data is written into the memory on a low-to-high transition of the write clock input WRCLK 
after a specified setup time. This latches the input data to permit the write data input to 
change without loss of data. The status output EFZ goes high after the first word is stored. 

MegaModule is a trademark of Texas Instruments Incorporated. 
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GENERAL DATA TSC500 SERIES 
. MegaModule T"1 FIFO MEMORIES WITH 

3-STATE OUTPUTS AND ENHANCED STATUS FLAGS .. -
03030, DECEMBER 1988 

data outputs (QO thru Q8) 
After resetting or an empty condition, the first data word written into the memory appears 
(noninverted) at the outputs and output EFZ goes high. When the number of words clocked 
in exceeds the number of words clocked out by 32, 64, or 128 (maximum capacitY), the 
memory is full and FFZ goes low. At this time, write clock WRCLK has no effect on the data 
residing in memory. . 

Each successive memory location written with a data word is accessed by a low-to-high 
transition of the read clock input READCLK. After resetting or when all written locations are 
accessed using the read clock READCLK, the EFZ output goes low indicating the memory 
is empty. Once the last word is read from the FIFO additional read clocks have no effect on 
the data outputs, however a write clock will cause the outputs to reflect the new word 
entered. . 

Each 3-state netlist bus employed in a CMOS design utilizing parallel module testing (PMT) 
should be controlled with a bus-holder latch (LH11 OLJ) to retain high- or low-logic level data 
on the bus. The controlled logic levels prevent ambiguous states from occuring internal to 
the IC. . 

empty flag output (EFZ) . 
The empty flag output EFZ is asserted (low) when the FIFO is empty. The FIFO is empty 
after the reset input RSTZ goes low or after asserting the read clock READCLK when there is 
only one word stored in the FIFO. . 

almost-empty assertion inputs (AEn) 
The almost-empty assertion number AE, determined by the programmable assertion inputs 
AEn, is equal to the number of words above empty contained in the FIFO when the almost
empty flag output AEZ is asserted. A function table, provided on each FIFO data sheet, 
enumerates the AEn input conditions necessary for generating the AE value. 

almost-empty flag output (AEZ) 
The almost-empty flag output AEZ is asserted (low) when the number of words contained in 
the FIFO is less than or equal to the almost-empty assertion number AE determined by the 
AEn inputs. The assertion number is 1 through 4 for FI503LJ and 1 through 8 for FI603LJ 
and F1703LJ. The code is straight positive-logic binary except that the highest assertion 
number (4 or 8) is represented by all AEn inputs being low. 

almost-full assertion inputs (AFn) 
The almost-full assertion number AF, determined by the programmable assertion inputs 
AFn, is equal to the number of words below the full capacity of the FIFO when the almost-full 
flag output AFZ is asserted. A function table, provided on each FIFO data sheet, 
enumerates the AFn input conditions necessary for generating the AF value. 

MegaModule is a trademark of Texas Instruments Incorporated. 
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TSC500 SERIES 
MegaModule ™ 

GENERAL DATA 
FIFO MEMORIES WITH 

3-STATE OUTPUTS AND ENHANCED STATUS FLAGS 
D3030, DECEMBER 1988 

almost-full flag output (AFZ) 
The almost-full flag output AFl is asserted (low) when the number of words contained in the 
FIFO is greater than or equal to the capacity of the FIFO minus the almost-full assertion 
number AF, determined by the AFn inputs. The assertion number is 1 through 4 for FI503LJ 
and 1 through 8 for FI603W and F1703LJ. The code is straight positive-logic binary except 
that the highest assertion number (4 or 8) is represented by all AFn inputs being low. 

full-flag output (FFZ) 
The full-flag output FFl is asserted (low) when the FIFO is full. The FIFO is full after writing 
the 32nd, 64th, or 128th word into the FIFO (depending on the capacity of the FIFO) in 
excess of the number of words read out. Data at the output (first word) is valid. 

half-flag output (HFZ) 
The half-flag output HFl is asserted (low) when the number of words contained in the FIFO 
is greater than or equal to 1/2 the capacity of the FIFO. 

3-state output control (OEZ) 
When output control input OEl is low, stored data appears at the an outputs. When OEl is 
high, the 3-state outputs are in the high-impedance state.The output control does not affect 
the internal operation of the FIFOs. 

parallel module test 
To test the FIFO MegaModule TM, the TEST pin is held high and the FIFO is enabled or 
disabled for test with the module select MSEL pin. Under these conditions the FIFO is 
controlled and written by the test input Tlxx pins and observed at the test output TOxx pins. 
When more than one MegaModule ™ is present in a design, they will share a common test 
bus but only the MSEL pin of the MegaModule ™ currently being tested should be high 
(enabled). 

PARALLEL MODULE TEST MODE SUMMARY TABLE 

INPUTS 
FIFO MODE 

TEST MSEL 

L L NORMAL OPERATION (TEST PINS Txxx DISABLED) 

L H NOT PERMITIED 

H L TEST MODE BUT NOT ACTIVE FOR TEST (DISABLED) 

H H TEST MODE AND ACTIVE FOR TESTING (ENABLED) 

CMOS designs employing parallel module test must have each normal output controlled 
with an LH11 OW bus-holder latch to prevent ambiguous states from occurring internal to 
the IC. 

MegaModule is a trademark of Texas Instruments Incorporated. 
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GENERAL DATA TSC500 SERIES 
MegaModule ™ FIFO MEMORIES WITH 

3·STATE OUTPUTS AND ENHANCED STATUS FLAGS 
03030, DECEMBER 1988 

Timing requirements associated with the test inputs and outputs are generally the same as 
the normal FIFO function. The test requirements are not specified because the test mode 
normally operates at speeds less than 1 MHz. Texas Instruments generates the functional 
FIFO test patterns. 

absolute maximum ratings 
These are specified as a part ofthe applicable cell library. Data and status stored in the FIFO 
are retained if the supply voltage is not permitted to go below 2 V minimum. Functional 
characteristics other than data and status retention are not specified when Vee = 2 V 
to 4.5 V. 

MegaModule is a trademark of Texas Instruments Incorporated. 
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03030, DECEMBER 1988 

NORMAL·MODE SIGNAL DESCRIPTIONS 

NODE 
FUNCTION 

NAME(S) TITLE 

TEST Test Enable 
When low, the normal mode is enabled and the signals in 
this table are used. When high, the test mode is enabled 
and the other signals described in this table are disabled. 

AEZ Almost-Empty Flag Low when the FIFO is within AE words of being empty, 
where AE is the almost-empty assertion number. 

Inputs that set the maximum number of words in the FIFO 
above empty when the almost-empty flag output AEZ is 

AEO, AE1 of FI503LJ Almost-Empty asserted. The assertion number AE is 1 through 4 for 
or AEO, AE1 , AE2 of FI503LJ and 1 through 8 for FI603LJ and F1703LJ. The 
FI603LJ and FI703LJ Assertion Number code is straight positive-logic binary except that the highest 

assertion number (4 or 8) is represented by all AEn inputs 
being low. 

AFZ Almost-Full Flag Low when the FIFO is within AF words of being full, where 
AF is the almost-full assertion number. 

Inputs that set the minimum number of words in the FIFO 
above empty when the almost-full status flag output AFZ is 

AFO, AF1 of FI503LJ Almost-Full Assertion asserted. The assertion number AF is 1 through 4 for 
or AFO, AF1 , AF2 of FI503LJ and 1 through 8 for FI603LJ and F1703LJ. The 
FI603LJ and FI703LJ Number code is straight positive-logic binary except that the highest 

assertion number (4 or 8) is represented by all AFn inputs 
being low. 

DO-D8 Data Input Data inputs 

EFZ Empty Flag Low when FIFO is empty. 

FFZ Full Flag Low when FIFO is full. 

HFZ Half-Full Flag Low when the FIFO contains one-half or more words than 
full capacity. 

OEZ Output Enable 
When low, data appears at the FIFO outputs. When high, 
the 0 outputs are in a high-impedance state (data is 
retained). 

00-08 Data Output Data outputs 

READCLK Read Clock Low-to-high transition 
FIFO. 

reads (unloads) data words from 

RSTZ Reset 
When low, write and read addresses go to zero, EFZ and 
AEZ go low, AFZ, FFZ, and HFZ go high, and READCLK 
effects are inhibited. Data out is not valid. 

WRCLK Write Clock Low-to-high transition latches input data into FIFO. 

MegaModule is a trademark of Texas Instruments Incorporated. 
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TEST·MODE SIGNAL DESCRIPTIONS 

NODE 
FUNCTION 

NAME(S) TITLE 

TEST Test Enable When h~h, the test mode is enabled. When low, the other 
signals escribed in this table are disabled. 

MSEL Module Select for When high, the FIFO module is enabled for testing. When 
Test low, the FIFO module is disabled. 

T010 (AEZ) Almost-Empty Test 
Flag 

Low when the FIFO is within AE words of being empty, 
where AE is the almost-empty assertion number. 

Inputs that set the maximum number of words in the FIFO 
T112,T113 of FI503W above empty when the almost-empty flag output 
orT112, T113, and Almost-Empty Test T010(AEZ) is asserted. The assertion number AE is 1 
TI14 of FI603W and Assertion Number throura 4 for FI503W and 1 through 8 for the FI603W and 
FI703W (AEO, AE1, FI703 . The code is straight positive-109ic binary except 
or AE2) that the highest assertion number (4 or 8) IS represented by 

all AEn inputs being low. 

T011 (AFZ) Almost-Full Test Flag Low when the FIFO is within AF words of being full, where 
AF is the almost-full assertion number. 

T114,T115 of FI503W 
Inputs that set the minimum number of words in the FIFO 
above empty when the almost-full status flag output 

orT115, T116, and Almost-Full Test T011 (AFZ) is asserted. The assertion number AF is 1 
TI17 of FI603W and Assertion Number through 4 for FI503W and 1 throuQh 8 for the FI603W and 
FI703W (AFO, AF1 , F1703W. The code is straight posltive-109ic binary except 
or AF2) that the highest assertion number (4 or 8) IS represented by 

all AFn inputs being low. 

TIO-TI8(DO-D8) Test Data In Data inputs 

T013 (EFZ) Test Empty Flag Low when FIFO is empty. 

T012 (FFZ) Test Full Flag Low when FIFO is full. 

T09 (HFZ) Test Half-Full Flag Low when the FIFO contains one-half or more words than 
full capacity. 

TI16 (FI503W) TI18 When low, data appears at the FIFO outputs. When high, 
(F1603Wand Test Output Enable the Q outputs are in a high-impedance state (data is 
FI703WO (OEZ) retained). 

TOO-T08(QO-Q8) Test Data Out Data outputs 

TI11 (READCLK) Test Read Clock Low-to-high transition reads (unloads) data words from 
FIFO. 

TI10 (RSTZ) Test Reset 

When low, write and read addresses ~o to zero, T013(EFZ) 
and T010(AEZ) go low, T011(A Z), T012(FFZ), and 
T09(HFZ) go high, and READCLK effects are inhibited. 
Data out is not valid. 

TI9 (WRCLK) Test Write Clock Low-to-high transition latches input data into FIFO. 

MegaModule is a trademark of Texas Instruments Incorporated. 
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recpmmended operating conditions 
MIN NOM MAX UNIT 

VCC Supply voltage 4.5 5 5.5 V 

VCC(OR) Supply voltage for data retention 2 V 

Operating free-air temperature 
I Military -55 125 

°c TA I Commercial 0 70 

PARAMETER MEASUREMENT INFORMATION 

------~ ~------------------------------~ r------VCC DATA V V 
INPUTS (On) ______ -'1I\44% 44%11\ ________ 0 

r- tsu---..~-----th ~ 

~~I:i~)LOCK \44% l44% 44%~ - - VCC 
I '-. ________________ --J. I ' I\- 0 

DATA OUTPUTS 
(an) 

... 141-----twL-----1~ ... -----twH -" 

)CVOH 

: 
44% 

------------------------~.------------------~. I VOL 14 tpLH or tpHL ~ 

NOTES: A. After writing (loading) begins, FIFO data output is valid. 
B. After reading (unloading) empties FIFO, additional read clock cycles are inhibited and a write 

loads new data. 
C. After reset, FIFO data output is not valid. 

FIGURE 1. WRITE TIMING DIAGRAM 

FIGURE 2. READ TIMING DIAGRAM 

MegaModule is a trademark of Texas Instruments Incorporated. 
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MegaModule ™ FIFO MEMORIES WITH 

3-STATE OUTPUTS AND ENHANCED STATUS FLAGS 
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PARAMETER MEASUREMENT INFORMATION 

RESET 44~ 44~~ . ~ r----------------VCC 

(RSTZ) I '-. __ 0 __________________ ---I/O~ ________ 0 

l1li twL ~ 
'4~--th-_4~ ... I4f__--tsu--~.1 

WRITE CLOCK fl \. !;-VCC 
(WRCLK) _-+ _________ .J . 44% '-___ 4_4Q.J'I7 __ 0 

--~----------------~ r---------------------VOH 
f~~t OUTPUTS __ -+ __________________ --JX44% 

VOL 

EMPTY (EFZ) \4~ ------------- -::: 
AND ALMOST-EMPTY 
FLAG OUTPUTS 
(AEZ) \4-tPLH/tPHL -.j 

OTHER 
FLAG OUTPUTS 
(AFZ,FFZ,HFZ) 

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

T 44% 
--------------' - - - - - - - - - - - - - - - VOL 

FIGURE 3. RESET TIMING DIAGRAM 

READCLOCKJ: 
(READCLK) 44% 

. I 

WRITE CLOCK 
(WRCLK) 

I : 144% 44%\- - - -:CC 
_~ ____ ....J~ 

1f~--tpHL-----.t .. i--tPLH----.I 

EMPTY (EFZ) \L. fl VOH 
~44% 44% 

OR ALMOST-EMPTY 
FLAG OUTPUT (AEZ) '-. -------------' - - - - - VOL 

FIGURE 4. EMPTY OR ALMOST·EMPTY FLAG TIMING DIAGRAM 

MegaModule is a trademark of Texas Instruments Incorporated. 
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PARAMETER MEASUREMENT INFORMATION 

WRITE CLOCK J~------'""\ - - - - - - - - - - - - -VCC 
(WRCLK) 44% \ 

I ~--------------------O 
I 

READCLOCK __ ~I ________ J~144% 
(READCLK) I To-

\ ----:CC 

FULL (FFZ), 
HALF-FULL (HFZ), OR 
ALMOST-FULL FLAG 
OUTPUT (AFZ) 

.r---tpHL----.I t4r---tPLH-----.I 

I fl~--------VOH 

~4% 44~ -----VOL 

FIGURE 5. FULL, HALF-FULL, ALMOST·FULL FLAG TIMING DIAGRAM 

WRITE CLOCK ,.---------------VCC 

(WRCLK) _______ -'444O/~ _____________ 0 

14~--tsu ~ th ~ 

rREtfDgt~fK __ --L..: ________ -.Jt44% _ ___ 1 _________ :ee 

i4 ___ - tsu ~ th '" I 

ALMOST-EMPTY ~ X' : ASSERTION NUMBER 44% 44% 
INPUTS (AEn) I . ___________ J. I . . 

1IIII~1----tpHL ------.t~ 14 tpLH '" 

Vee 

o 

ALMOST-EMPTY 
FLAG (AEZ) 

y-VOH 
44% 

-VOL 

FIGURE 6. ALMOST·EMPTY ASSERTION NUMBER TIMING DIAGRAM 

MegaModule is a trademark of Texas Instruments Incorporated. 
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TSC500 SERIES 
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03030, DECEMBER 1988 

PARAMETER MEASUREMENT INFORMATION 

WRITE CLOCK VCC 

(WRCLK) _______ -J444% _____________ -0 

~I-II--tsu ~ th ~ 

READ CLOCK I I Vee 
(READCLK) _.-...1 ____ -..J(44% ____ 1. ________ -0 

~I..--tsu ~ th ~ I 
ALMOST-FULL =>k *1 : 
ASSERTION NUMBER 4_4_% __________ 4_4..J% I 
INPUTS (AFn) I . . . . 

ALMOST-FULL 
FLAG (AFZ) 

1IIII1IIII---tpHL--_1Ii II1II tpLH ~ 

FIGURE 7. ALMOST·FULL ASSERTION NUMBER TIMING DIAGRAM 

~~~. ,L ~ 
SELECT ~44% 440/r, 
(MSEL) 1 . .,- - - - - - - - - - - - 0 

j4--tPLZ or tpHZ~ j4--tPZL or tpZH--+I 

ANY TEST 
OUTPUT 
(TOxx) 

~O% _______ Jt.,.44-O/C-o------~~~ __________ 110% '\ VOL 

FIGURE 8. MODULE SELECT TIMING DIAGRAM 

FIGURE 9. TEST TIMING DIAGRAM 

MegaModule is a trademark of Texas Instruments Incorporated. 
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PARAMETER MEASUREMENT INFORMATION 

OUTPUT ----------VCC 
ENABLE 144% 44%~ 
(OEZ) --I'i .~~. ---------0 

j4--tPLZ or tpHZ ~ ~ tPZL or tpZH ~ 

g~~~UTS ~O~o _______ J.:~44-O/C-.-----_-~~~ 
(On) __________ ""'""j10yo '\ VOL 

FIGURE 10. OUTPUT ENABLE TIMING DIAGRAM 

SUPPLY 
VOLTAGE 

~.5 V 4.5/f VCC 

I . .~------2V 
/4- tsu (DR) ~ th (DR) II1II ~ 

ANY INPUT ==>K44% \- - - - - - - - - -k 44%*=====:1: 
14 NO CHANGE IN INPUT STATES ~ 

OUTPUTS ~----------+ DATA >cVOH 00 .. 015______________________________________ VOL 

FIGURE 11. DATA RETENTION VOLTAGE WAVEFORMS 

MegaModule is a trademark of Texas Instruments Incorporated. 
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TSC500 SERIES FI503LJ 
MegaModule ™ 32-WORD BY 9-BIT FIFO MEMORIES WITH 

3-STATE OUTPUTS AND EXPANDED STATUS FLAGS 
DECEMBER 1988 

• 32-Words Deep by 9 Bits Wide 

• Expanded Status Flags: 
- Full - Almost Full 
- Half Full 
- Empty - Almost Empty 

• Data Retention at Vee> 2 V 

• Full Parallel Module Testability (PMT) Incorporated with Parallel Test Inputs and 
Outputs 

description 
This 1-lJ.m MegaModule ™ standard cell is a dedicated hardwired macro implementing a 
32-word by 9-bit first-in first-out memory (FIFO) with 3-state outputs, expanded status 
indicators, and parallel module test control circuitry. When the MegaModule ™ is called from 
the engineering workstation input, the following label format is developed and will be 
captured in the design netlist: 

Label: FI503LJ MSEL,TEST,WRCLK,REAOCLK,RSTZ,TI9,TI11 ,T11 0,OEZ,TI16,AEO,AE1, 
AFO,AF1 ,TI12,TI13,TI14,TI15,00,01 ,02,03,04,05,06,07,08,TIO,TI1 ,TI2,TI3,TI4, 
TI5,TI6,TI7,TI8,AEZ,AFZ,HFZ,FFZ,EFZ,T01 0,T011 ,T09,T012,T013,00,01 ,02, 
03,04,05,06,07,08,TOO,T01 ,T02,T03,T04,T05,T06,T07,T08; 

CMOS designs employing parallel module test must have each normal output controlled 
with an LH 11 OLJ bus-holder latch to prevent ambiguous states from occurring internal to 
the IC during testing. 

almost-empty flag (AEZ) AEZ PROGRAMMING TABLE 
The almost-empty flag (AEZ) is 
asserted (low) when the number of 
words in the FIFO is equal to or less 
than the programmed threshold 
determined by the AEn bits. The 
almost-empty flag thresholds and 
corresponding AEn bit combinations 
are given in the table at the right. 

AE1 AEO 
AEZ FLAG ASSERTED LOW 

(WORDS IN FIFO) 

L H 1 OR LESS 

H L 2 OR LESS 

H H 3 OR LESS 

L L 4 OR LESS 

MegaModule is a trademark of Texas Instruments Incorporated. 
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FI503LJ 
32-WORD BY 9-BIT FIFO MEMORIES WITH 
3 .. STATE OUTPUTS AND EXPANDED STATUS FLAGS 
03030, DECEMBER 1988 

logic symbolt 
FIF032x9 

TEST 

MSEL 

CTR 
WRCLK 1,5(+,C3) FFZ 

Tl9 2.6(+ ,C4) T012 

AFO 10 1,11(CT~31) AFZ 

G1i 1,12(CT:::30) 

AF1 1,13(CT .!29) 

1,10(CT~28) 

TI14 2,21(CT::::31) Tall 
20 

G23 2,22(Ch30) 

TI15 2,23(CT?:! 29) 

2,20(CT..:: 28) 

RSTZ 1CT=O 1(Ch16) HFZ 

Tll0 2CT=O 2(CT;':16) T09 

AEO 1,31(eTs1) AEZ 
30 

G 33 1,32(CTs2) 

AE1 1,33(CTs3) 

1,30(CTs4) 

TI12 0 2,41(CT:s;1) T010 
40 

G43 2,42(CTs2) 

TI13 1 2,43(CTs3) 

2,40(CT:S:4) 

REAOCLK 1,7- 1(CT=0)G7 EFZ 

Till 2,a- T013 

OEZ lEN9 

TI16 2EN14 

DO 1,30 1,9'7 QO 

TIO 2,40 2, 14 V TOO 

01 Q1 

TI1 T01 

02 Q2 

Tl2 T02 

03 Q3 

TI3 T03 

04 Q4 

TI4 T04 

OS Q5 

TIS T05 

06 Q6 

TI6 T06 

07 Q7 

TI7 T07 

08 Q8 

Tl8 T08 

TSC500 SERIES 
MegaModule ™ 

t The logic symbol is in accordance with ANSI/IEEE STD 91-1984 and IEC Publication 617-12. The symbol is 
functionally correct but does not show the details of implementation, This symbol represents the memories 
as if they were controlled by a single counter containing the number of words stored at the time. Output data 
is invalid when the count~r content (CT) is 0, 

MegaModule is a trademark of Texas Instruments Incorporated. 
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TSC500 SERIES 
MegaModule ™ 

FI503LJ 
32-WORD BY 9-BIT FIFO MEMORIES WITH 

3-STATE OUTPUTS AND EXPANDED STATUS FLAGS 
03030, DECEMBER 1988 

almost-full flag (AFZ) AFZ PROGRAMMING TABLE 
The almost-full flag (AFZ) is asserted 
(low) when the number of words in the 
FIFO buffer is equal to or greater than 
the programmed threshold determined 
by the AFn bits. The almost-full flag 
thresholds and corresponding AFn bit 
combinations are given in the table at 
the right. 

AF1 

L 

H 

H 

L 

AFO 
AFZ FLAG ASSERTED 

(WORDS IN FIFO) 

H 31 OR MORE 

L 30 OR MORE 

H 29 OR MORE 

L 28 OR MORE 

Values of the AEn or AFn bits may be applied by tie-off cells, latches, or dynamically during 
operation. 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the applicable cell library. Data and status stored in the FIFO 
are retained if the supply voltage is not permitted to go below 2 V minimum. Functional 
characteristics other than data and status retention are not specified when Vee = 2 V 
to 4.5 V. 

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

FIGUREt MIN MAX UNIT 

fclock Clock frequency 
READCLK 45 

MHz 
WRCLK 40 

READCLK high 2 10 

READCLKlow 2 12 

tw Pulse duration RSTZlow 3 6 ns 

WRCLK high 1 12.5 

WRCLKlow 1 12 

AEn or AFn before READCLKt 6,7 1 

Setup time 
AEn or AFn before WRCLKt 6,6 1 

tsu 
Data before WRCLKt 

ns 
1 4 

RSTZ inactive before WRCLKt 1 3 

tsu(DR) 
Setup time for data All inputs before VCC falls below 4.5 V 11 27.6 ns retention 

AEn or AFn after READCLKt 6,7 4.1 

Hold time 
AEn or AFn after WRCLKt 6,7 4.5 

th 
Data after WRCLKt 

ns 
1 0 

RSTZ active after WRCLKt 3 11 

th(DR) 
Hold time for data All inputs after VCC reaches 4.5 V 11 27.6 ns retention 

t Figures referenced are in the FIFO general data. 

MegaModule is a trademark of Texas Instruments Incorporated. 

PRODUCTIOI DATA d ............ lIi. i.'.,IMlio. 
""Ht I' If ,.bticltien dltl. P, .... cts C •• '1fIII t. 

TEXAS ~ 
INSTRUMENTS 

Copyright @ , 988. Texas Instruments Incorporated 

_iflcotio •• por 1100 lor ... 01 T .... 1.11 ..... 1. 

=~~i~.:::~'1i ":.~:ti~n :.-::::.::.- nDt 

POST OFFICE BOX 655012 ;bA~LAS. TEXAS 75285 21-15 



FI503LJ 
32-WORD BY 9-BIT FIFO MEMORIES WITH 
3-STATE OUTPUTS AND EXPANDED STATUS FLAGS 
03030, DECEMBER 1988 

electrical characteristics, Vee = 5 V, T A = 25°e 
PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

AEO,AE1,AFO,AF1 

On 

MSEL 

Ci Input capacitance 
OEZ 

READCLK 

RSTZ 

TEST 

WRCLK 

TI12toTI15 

TIO to TI8 

Ci Test input capacitance 
TI16 

TI9 

TI10 

TI11 

an 

Co Output capacitance TOO to T08 

T09 TO T013 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 

MegaModule is a trademark of Texas Instruments Incorporated. 

TSC500 SERIES 
MegaModule ™ 

TYP MAX UNIT 

2.2 V 

0.31 

0.35 

0.25 

0.24 

0.26 
pF 

0.48 

0.31 

0.28 

0.38 

0.42 

0.36 
pF 

0.36 

0.36 

0.32 

0.35 

0.39 pF 

0.41 

207 pF 

'RODueTIO. DATA d ....... I. ".hlin inl ..... lio. ." 
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TSC500 SERIES 
MegaModule ™ 

FI503LJ 
32-WORD BY 9-BIT FIFO MEMORIES WITH 

3-STATE OUTPUTS AND EXPANDED STATUS FLAGS 
03030, DECEMBER 1988 

switching characteristics over recommended ranges of supply voltage and operating free· 
air temperature (unless otherwise noted), CL = 0 

PARA· FROM TO 
FIGt 

TEST 

METER (INPUT) (OUTPUT) CONDITIONS 

IpLH 
AEn AEZ 6 

IpHL 

tpLH 
AFn AFZ 7 

IpHL 

IpLH AFZ 5 

IpLH HFZ 5 

tpLH FFZ 5 

tpLH READCLK an 2 

tpHL an 2 

tpHL AEZ 4 

tpHL EFZ 4 

tPLH AFZ 3 

tpLH FFZ 3 

IpLH RSTZ HFZ 3 

IpHL AEZ 3 

tPHL EFZ 3 

tPLH AEZ 4 

tPLH EFZ 4 

tpLH an 1 

tpHL WRCLK an 1 

tpHL AFZ 5 

tPHL FFZ 5 

tpHL HFZ 5 

tpZH 
CL = 1 pF, 
RL = 40 kO to GND 

MSEL Any TOn 8 

tpZL 
CL = 1 pF, 
RL = 20 kO 10 VCC 

tpHZ 
CL = 1 pF, 

MSEL Any TOn 8 
RL = 40 kO to GND 

tpLZ 
CL = 1 pF, 
RL = 20 kO to VCC 

t Figures referenced are in the FIFO general data. 
:j: Typical values are at Vce = 5 V, T A = 25°e. 

-55°C to 125°C 

MIN TYp:j: MAX 

1.6 5.2 12.2 

1.7 4.8 11.1 

1.6 5.2 12.2 

1.7 4.8 11.1 

4 11.7 26.3 

4 11.7 26.3 

1.5 4.5 10.5 

3.7 11 25.8 

3.7 11 25.1 

4.2 12 27.3 

2.6 7.9 18.3 

3.5 10.9 25.5 

1.3 3.9 8.8 

3.5 10.9 25.5 

3.4 10.7 25.2 

1.47 4.6 10.7 

3.9 12 27.1 

1.4 4.5 10.6 

2.2 7.2 17.1 

2.4 7.5 17.5 

4.1 12.2 27.6 

2.8 8.7 20.5 

4.1 12.2 27.6 

0.82 1.9 3.92 

0.72 1.5 3.07 

9 

3.54 

MegaModule is a trademark of Texas Instruments Incorporated. 

O°C to 70°C 

TYp:j: MAX 
UNIT 

MIN 
1.8 5.2 11 

1.8 4.8 
ns 

10.1 

1.8 5.2 11 

1.8 4.8 10.1 
ns 

4.3 11.7 24.2 

4.3 11.7 24.2 

1.6 4.5 9.5 

3.9 11 23.5 ns 

3.9 11 22.9 

4.5 12 24.9 

2.8 7.9 16.6 

3.7 10.9 23.2 

1.4 3.9 8 

3.7 10.9 23.2 ns 

3.7 10.7 22.9 

1.6 4.6 9.7 

4.2 12 24.9 

1.5 4.5 9.6 

2.4 7.2 15.6 

2.5 7.5 16 ns 

4.4 12.2 25.4 

3 8.7 18.6 

4.4 12.2 25.4 

0.86 1.9 3.63 

ns 

0.74 1.5 2.85 

9 

ns 

3.54 
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FI503LJ ... .. 
32-WORD BY 9-BIT FIFO MEMORIES WITH 
3-STATE OUTPUTS AND EXPANDED STATUS FLAGS 

T$C500 SERIES 
MegaModule™ 

D3030. DEC.EMBER 1988 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 (Continued) 

PARA- FROM TO 
FIGt 

TEST 

METER (INPUT) (OUTPUT) CONDITIONS 

tpZH 
CL = 1 pF, 

OEZ an 10 
RL = 40 kO to GND 

tpZL 
CL = 1 pF, 
RL = 20 kO to VCC 

tpHZ 
CL = 1 pF, 

OEZ an 10 
RL = 40 kO to GND 

tpLZ CL = 1 pF, 
RL = 20 kO to VCC 

IpZH 
CL = 1 pF, 
RL = 40 kO 10 GND 

TEST Any 9 

tpZL 
CL = 1 pF, 
RL = 20 kO to VCC 

tpHZ 
CL = 1 pF, 
RL = 40 kO to GND 

TEST Any 9 

tpLZ CL = 1 pF, 
RL = 20 kO to VCC 

~tpZH 

~tpZL 
MSEL Any TOn 8 

~tpZH 

~tpZL 
OEZ an 10 

~lpZH 
TEST 

~tpZL 
an 9 

~tpLH 
Any other Any other 1-7 

~tpHL 

t Figures referenced are in the FIFO general data. 
:j: Typical values are at Vce = 5 V, TA = 25·e. 

-55·C to 125·C 

MIN TYP:!: MAX 

0.99 3.03 7.26 

0.72 2.2 5.31 

16.57 

7.9 

0.98 1.95 3.85 

0.95 2.03 3.98 

7.35 

4.16 

0.33 0.87 1.84 

0.32 0.81 1.79 

0.24 0.69 1.56 

0.18 0.47 1.05 

0.37 1.1 2.34 

0.29 0.67 1.5 

0.2 0.7 1.62 

0.16 0.5 1.08 

MegaModule is a trademark of Texas Instruments Incorporated. 

O·C to 70·C 

MIN TYP:!: MAX 
UNIT 

1.04 3.03 6.54 

ns 
0.76 2.2 4.76 

16.57 
ns 

7.9 

1.01 1.95 3.57 

ns 

1 2.03 3.68 

7.35 

ns 
4.16 

0.36 0.87 1.67 
ns/pF 

0.33 0.81 1.61 

0.26 0.69 1.42 

0.19 0.47 0.95 
ns/pF 

0.41 1.1 2.14 

1.35 
ns/pF 

0.3 0.67 

0.22 0.7 1.46 
ns/pF 

0.17 0.5 0.96 
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TSC500 SERIES FI603LJ 
MegaModule ™ 64·WORD BY 9·BIT FIFO MEMORIES WITH 

3·STATE OUTPUTS AND EXPANDED STATUS FLAGS 
03030. DECEMBER 1988 

• 64·Words Deep by 9 Bits Wide 

• Expanded Status Flags: 
- Full - Almost Full 
- Half Full 
- Empty - Almost Empty 

• Data Retention at Vee > 2 V 

• Full Parallel Module Testability (PMT) Incorporated with Parallel Test Inputs and 
Outputs 

description 
This 1-!lm MegaModule T. standard cell is a dedicated hardwired macro implementing a 
64-word by 9-bit first-in first-out memory (FIFO) with 3-state outputs. expanded status 
indicators, and parallel module test control circuitry. When the MegaModule ™ is called from 
the engineering workstation input. the following label format is developed and will be 
captured in the design netlist: 

Label: FI603LJ MSEL,TEST,wRCLK,REAOCLK,RSTZ,TI9,TI11 ,TI1 0,OEZ,TI18,AEO,AE1, 
AE2,AFO,AF1 ,AF2,TI12,TI13,TI14,TI15,TI16,TI17,00,01 ,02,03,04,05,06,07,08, 
TIO,TI1 ,TI2,TI3,TI4,TI5,TI6,TI7,TI8,AEZ,AFZ,HFZ,FFZ,EFZ,T01 O,T011 ,T09,T012, 
T013,00,01 ,02,03,04,05,06,07,08,TOO,T01 ,T02,T03,T04,T05,T06,T07, 
T08; 

CMOS designs employing parallel module test must have each normal output controlled 
with an LH11 OLJ bus-holder latch to prevent ambiguous states from occurring internal to 
the Ie during testing. 

almost-empty flag (AEZ) AEZ PROGRAMMING TABLE 
The almost-empty flag (AEZ) is 
asserted (low) when the number of 
words in the FIFO is equal to or less 
than the programmed threshold 
determined by the AEn bits. The 
almost-empty flag thresholds and 
corresponding AEn bit combinations 
are given in the table at the right. 

AE2 

L 
L 
L 
H 
H 
H 
H 
L 

AE1 

L 
H 
H 
L 
L 
H 
H 
L 

MegaModule is a trademark of Texas Instruments Incorporated. 

AEO 
AEZ FLAG ASSERTED LOW 

(WORDS IN FIFO) 

H 1 OR LESS 
L 2 OR LESS 
H 3 OR LESS 
L 4 OR LESS 
H 5 OR LESS 
L 6 OR LESS 
H 7 OR LESS 
L 8 OR LESS 

PRODUCTION DATA documlnts contlin information ." Copyright C> '988, Tex •• Instruments Incorporated 
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FI603LJ 
64-WORD BY 9-BIT FIFO MEMORIES WITH 
3-STATE OUTPUTS AND EXPANDED STATUS FLAGS 
03030, DECEMBER 1988 

logic symbolt 

MSEL 

WRCLK 

T"5 

n" 

'E2 

T114 

0"' 
Tit' 

p, 

FIFO"·' 
M1[NORMAll 

M2{TESTI 

2[TESTENA8LE] 

1,5("",C3) 

2,i(+,C4) Ton 

'} " 
: G 11 

'} 20 

: G 27 

2CT .. O 

." 

}. 37 . 

}, " . 
1,7' ..• T01:l 

" .. 
2fN14 

1,3D ',tV _r.:::------~_;!ii __ Q, 

2,4D 2,14'\1 

Q' 

-if--------·L~_TQ' 

_~r--------'-___ :2 
n3-if-_______ -r:-::TD3 

p, 

1-_______ -I--TO' 

-if-_______ L_TO• 

TOT 
_~--------------L_ __ ~ 

TSC500 SERIES 
MegaModule ™ 

t The logic symbol is in accordance with ANSI/IEEE STO 91-1984 and IEC Publication 617-12. The symbol is 
functionally correct but does not show the details of implementation. This symbol represents the memories 
as if they were controlled by a single counter containing the number of words stored at the time. Output data 
is invalid when the counter content (CT) is O. 

MegaModule is a trademark of Texas Instruments Incorporated. 
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TSC500 SERIES 
MegaModule ™ 

FI603LJ 
64-WORD BY 9-BIT FIFO MEMORIES WITH 

3-STATE OUTPUTS AND EXPANDED STATUS FLAGS 
03030, DECEMBER 1988 

almost·full flag (AFZ) AFZ PROGRAMMING TABLE 
The almost-full flag (AFZ) is asserted 
(low) when the number of words in the 
FIFO buffer is equal to or greater than 
the programmed threshold determined 
by the AFn bits, The almost-full flag 
thresholds and corresponding AFn bit 
combinations are given in the table at 
the right. 

Values of the AEn or AFn bits may be 
applied by tie-off cells, latches, or 
dynamically during operation, 

AF2 

L 
L 
L 
H 
H 
H 
H 

L 

AF1 

L 
H 
H 
L 

L 
H 
H 
L 

AFO 
AFZ FLAG ASSERTED LOW 

(WORDS IN FIFO) 

H 63 OR MORE 
L 62 OR MORE 
H 61 OR MORE 
L 60 OR MORE 
H 590R MORE 

L 58 OR MORE 
H 57 OR MORE 

L 56 OR MORE 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the applicable cell library, Data and status stored in the FIFO 
are retained if the supply voltage is not permitted to go below 2 V minimum, Functional 
characteristics other than data and status retention are not specified when Vee = 2 V 
to 4,5 V, 

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

FIGUREt MIN MAX UNIT 

fclock Clock frequency 
READCLK 45 

MHz 
WRCLK 40 

READCLK high 2 12 

READCLKlow 2 10 

tw Pulse duration RSTZlow 3 6 ns 

WRCLKhigh 1 12.5 

WRCLKlow 1 12.5 

AEn or AFn before READCLKt 6,7 7 

AEn or AFn before WRCLKt 6,6 6 
tsu Setup time 

Data before WRCLKt 
ns 

1 4 

RSTZ inactive before WRCLKt 1 3 

tsu(DR) 
Setup time for data 
retention All inputs before VCC falls below 4.5 V 11 39.17 ns 

AEn or AFn after READCLKt 6,7 0 

Hold time 
AEn or AFn after WRCLKt 6,7 0 

th 
Data after WRCLKt 0 

ns 
1 

RSTZ active after WRCLKt 3 13 

th(DR) 
Hold time for data All inputs after VCC reaches 4.5 V 11 39.17 ns retention 

t Figures referenced are in the FIFO general data. 

MegaModule is a trademark of Texas Instruments Incorporated. 
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FI603LJ 
64-WORD BY 9-BIT FIFO MEMORIES WITH 
3-STATE OUTPUTS AND EXPANDED STATUS FLAGS 
03030. DECEMBER 1988 

electrical characteristics, VCC = S V, TA = 2SoC 
PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

AEn,AFn 

On 

MSEL 

Ci Input capacitance 
OEZ 

REAOCLK 

RSTZ 

TEST 

WRCLK 

TI12 to TI17 

TIO to TI8 

Ci Test input capacitance 
TI18 

TI9 

Tll0 

Till 

On 

Co Output capacitance TOO to T08 

T09TO T013 

Cpd Equivalent power dissipation capacitance tr =tf=lns 

MegaModule is a trademark of Texas Instruments Incorporated. 

TSC500 SERIES 
MegaModule ™ 

TYP MAX UNIT 

2.2 V 

0.35 

0.42 

0.21 

0.36 

0.32 
pF 

0.38 

0.43 

0.18 

0.41 

0.34 

0.36 
pF 

0.41 

0.27 

0.37 

0.37 

0.39 pF 

0.22 

194 pF 
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TSC500 SERIES 
MegaModule ™ 

FI603LJ 
64·WORD BY 9·BIT FIFO MEMORIES WITH 

3·STATE OUTPUTS AND EXPANDED STATUS FLAGS 
D3030, DECEMBER 1988 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 

PARA- FROM TO 
FIGt 

TEST 

METER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
AEn AEZ 6 

tpHL 

tpLH 
AFn AFZ 7 

tpHL 

tpLH AFZ 5 

tpLH HFZ 5 

tpLH FFZ 5 

tpLH READCLK Qn 2 

tpHL Qn 2 

tpHL AEZ 4 

tpHL EFZ 4 

tpLH AFZ 3 

tpLH FFZ 3 

tpLH RSTZ HFZ 3 

tpHL AEZ 3 

tpHL EFZ 3 

tpLH AEZ 4 

tpLH EFZ 4 

tpLH Qn 1 

tpHL WRCLK Qn 1 

tpHL AFZ 5 

tpHL FFZ 5 

tpHL HFZ 5 

tpZH 
CL = 1 pF, 
RL = 40 kfl 10 GND 

MSEL Any TOn 8 

IpZL 
CL = 1 pF, 
RL = 20 kfl 10 VCC 

tpHZ 
CL = 1 pF, 
RL = 40 kfl to GND 

MSEL Any TOn 8 

tpLZ 
CL = 1 pF, 
RL = 20 kfl10 VCC 

t Figures referenced are in the FIFO general data. 
:j: Typical values are at Vee = 5 V, T A = 25°e. 

-55°C to 125°C 

MIN TYpt: MAX 
3.11 9.48 22.3 

3.01 8.55 19.49 

3.11 9.48 22.3 

3.01 8.55 19.49 

4.8 13.89 31.56 

4.8 13.89 31.56 

2.05 5.74 12.93 

4.29 12.64 28.98 

4.38 12.62 28.79 

4.76 13.85 31.48 

3.09 9.05 21.03 

5.58 16.39 38.2 

1.69 4.58 10.12 

5.58 16.39 38.2 

5.74 16.79 39.17 

1.66 4.74 10.84 

5.6 17.14 40.15 

1.74 5.17 11.88 

3.41 10.32 23.88 

3.16 9.75 22.71 

5.72 17.57 41.15 

3.61 10.79 25.25 

5.72 17.57 41.15 

0.98 2.19 4.44 

0.86 1.89 3.73 

7.94 

3.86 

MegaModule is a trademark of Texas Instruments Incorporated. 

O°C to 70°C 

TYpt: MAX 
UNIT 

MIN 
3.32 9.48 20.18 

3.21 8.55 
ns 

17.77 

3.32 9.48 20.18 

3.21 8.55 
ns 

17.77 

5.14 13.89 28.75 

5.14 13.89 28.75 

2.19 5.74 11.75 

4.6 12.64 26.4 ns 

4.69 12.62 26.18 

5.11 13.58 28.68 

3.32 9.05 19.03 

5.94 16.39 34.6 

1.81 4.85 9.28 

5.94 16.39 34.6 ns 

6.12 16.79 35.47 

1.76 4.74 9.85 

6 17.14 36.42 

1.87 5.17 10.8 

3.65 10.32 21.76 

3.4 9.75 20.63 ns 

6.13 17.57 37.31 

3.86 10.79 22.82 

6.13 17.57 37.31 

1.02 2.19 4.13 

ns 

0.9 1.89 3.47 

7.94 

ns 

3.86 
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·F1603LJ 
64-WORD BY 9-BIT FIFO MEMORIES WITH 

TSC500 SERIES 
MegaModule ™ 

3-STATE OUTPUTS AND EXPANDED STATUS FLAGS 
D3030, DECEMBER 1988 

switching characteristics over recommended ranges of supply voltage and operating free· 
air temperature (unless otherwise noted), CL = 0 (Continued) 

PARA· FROM TO 
FIGt 

TEST 

METER (INPUT) (OUTPUT) CONDITIONS 

tpZH 
CL = 1 pF, 

DEZ On 10 
RL = 40 kO to GND 

tpZL 
CL = 1 pF, 
RL = 20 kO to VCC 

tpHZ 
CL = 1 pF, 

DEZ On 10 
RL = 40 kO to GND 

tpLZ CL = 1 pF, 
RL = 20 kOto VCC 

tpZH 
CL = 1 pF, 
RL = 40 kO to GND 

TEST Any 9 

tpZL 
CL = 1 pF, 
RL = 20 kO to VCC 

tpHZ 
CL = 1 pF, 
RL = 40 kO to GND 

TEST Any 9 

tpLZ CL = 1 pF, 
RL = 20 kO to VCC 

AtpZH 

AtpZL 
MSEL AnyTDn 8 

AtpZH 

AtpZL 
DEZ On 10 

AtpZH 

AtpZL 
TEST On 9 

AtpLH 
Any other 

AtpHL 
Any other 1-7 

t Figures referenced are in the FIFO general data. 
:I: Typical values are at VCC = 5 V, TA = 25°C. 

-55°C to 125°C 

MIN TYp:I: MAX 

0.99 3.03 7.26 

0.72 2.2 5.31 

16.57 

7.9 

0.98 1.95 3.85 

0.95· 2.03 3.98 

7.35 

4.16 

0.33 0.87 1.84 

0.32 0.81 1.79 

0.24 0.69 1.56 

0.18 0.47 1.05 

0.37 1.1 2.34 

0.29 0.67 1.5 

0.2 0.7 1.62 

0.16 0.5 1.08 

MegaModule is a trademark of Texas Instruments Incorporated. 

O°C to 70°C 

MIN TYp:I: MAX 
UNIT 

1.04 3.03 6.54 

ns 
0.76 2.2 4.76 

16.57 

ns 
7.9 

1.01 1.95 3.57 

ns 

1 2.03 3.68 

7.35 
ns 

4.16 

0.36 0.87 1.67 
ns/pF 

0.33 0.81 1.61 

0.26 0.69 1.42 

0.19 
ns/pF 

0.47 0.95 

0.41 1.1 2.14 
ns/pF 

0.3 0.67 1.35 

0.22 0.7 1.46 
ns/pF 

0.5 0.96 0.17 
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TSC500 SERIES FI703LJ 
MegaModule ™ 128-WORD BY 9-BIT FIFO MEMORIES WITH 

3-STATE OUTPUTS AND EXPANDED STATUS FLAGS 
03030. DECEMBER 1988 

• 128-Words Deep by 9 Bits Wide 

• Expanded Status Flags: 
- Full - Almost Full 
- Half Full 
- Empty - Almost Empty 

• Data Retention at Vee > 2 V 

• Full Parallel Module Testability (PMT) Incorporated with Parallel Test Inputs and 
Outputs 

description 
This 1-J.lm MegaModule ™ standard cell is a dedicated hardwired macro implementing a 
12B-word by 9-bit first-in first-out memory (FIFO) with 3-state outputs, expanded status 
indicators, and parallel module test control circuitry. When the MegaModule ™ is called from 
the engineering workstation input, the following label format is developed and will be 
captured in the design netlist: 

Label: FI703LJ MSEL,TEST,WRCLK,REAOCLK,RSTZ,TI9,TI11,TI1 O,OEZ,TI1B,AEO,AE1, 
AE2,AFO,AF1 ,AF2,TI12,TI13,TI14,TI1S,TI16,TI17,OO,01 ,02 ,03,04,05,06,07,OB, 
TIO,TI1,TI2,TI3,TI4,TI5,TI6,TI7,TIB,AEZ,AFZ,HFZ,FFZ,EFZ,T01 O,T011,T09,T012, 
T013,QO,Q1,Q2,Q3,Q4,Q5,Q6,Q7,QB,TOO,T01,T02,T03,T04,TO5,T06,T07, 
TOB; 

CMOS designs employing parallel module test must have each normal output controlled 
with an LH11 OLJ bus-holder latch to prevent ambiguous states from occurring internal to 
the IC during testing. 

almost-empty flag (AEZ) AEZ PROGRAMMING TABLE 
The almost-empty flag (AEZ) is 
asserted (low) when the number of 
words in the FIFO is equal to or less 
than the programmed threshold 
determined by the AEn bits. The 
almost-empty flag thresholds and 
corresponding AEn bit combinations 
are given in the table at the right. 

AE2 

L 
L 
L 
H 
H 
H 
H 
L 

AE1 

L 
H 
H 
L 
L 
H 
H 
L 

MegaModule is a trademark of Texas Instruments Incorporated. 
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AEO 
AEZ FLAG ASSERTED LOW 

(WORDS IN FIFO) 
H 1 OR LESS 

L 2 OR LESS 
H 3 OR LESS 
L 4 OR LESS 

H 5 OR LESS 

L 6 OR LESS 
H 7 OR LESS 

L 8 OR LESS 

Copyright @ 1988. Texas Instruments Incorporated 
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FI703LJ 
128-WORD BY 9-BIT FIFO MEMORIES WITH 
3-STATE OUTPUTS AND EXPANDED STATUS FLAGS 
03030. DECEMBER 1988 

logic symbolt 

AEO 

READeLl( 

DO 

FIFO 128><9 

Ml(NORMALI 

M2[TESTI 

2[TESTENASlE] 

eTA 

1,5(+.CJ) 

2,6(+,C4) 

}, " , 

}. 
lCT=O 

}. " , 

'} .. 
: G ~ 

1,7' 

2,11. 

lENS 

1,30 

2."0 
1.' " 

2,14'\1 

T010 

03 

_~I-_______ L_'03 

D<-~I--------L __ '0' 

==:JI--------.,-Q. 

TSC500 SERIES 
MegaModule ™ 

t The logic symbol is in accordance with ANSI/IEEE STD 91-1984 and IEC Publication 617-12. The symbol is 
functionally correct but does not show the details of implementation. This symbol represents the memories 
as if they were controlled by a single counter containing the number of words stored at the time. Output data 
is invalid when the counter content (CT) is O. 

MegaModule is a trademark of Texas Instruments Incorporated. 
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TSC500 SERIES 
MegaModule ™ 

FI703LJ 
128-WORD BY 9-BIT FIFO MEMORIES WITH 

3-STATE OUTPUTS AND EXPANDED STATUS FLAGS 
D3030, DECEMBER 1988 

almost-full flag (AFZ) AFZ PROGRAMMING TABLE 
The almost-full flag (AFZ) is asserted 
(low) when the number of words in the 
FIFO buffer is equal to or greater than 
the programmed threshold determined 
by the AFn bits. The almost-full flag 
thresholds and corresponding AFn bit 
combinations are given in the table at 
the right. 

Values of the AEn or AFn bits may be 
applied by tie-off cells, latches, or 
dynamically during operation. 

AF2 

L 
L 
L 
H 
H 
H 
H 
L 

AF1 

L 
H 
H 
L 
L 
H 
H 
L 

AFO 
AFZ FLAG ASSERTED LOW 

(WORDS IN FIFO) 

H 127 OR MORE 
L 126 OR MORE 

H 125 OR MORE 

L 124 OR MORE 

H 123 OR MORE 

L 122 OR MORE 

H 121 OR MORE 
L 120 OR MORE 

absolute maximum ratings and recommended operating conditions 
These are specified as a part ofthe applicable cell library. Data and status stored in the FIFO 
are retained if the supply voltage is not permitted to go below 2 V minimum. Functional 
characteristics other than data and status retention are not specified when Vee = 2 V 
to 4.5 V. 

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

fclock Clock frequency 
READCLK 

WRCLK 

READCLK high 

READCLK low 

tw Pulse duration RSTZ low 

WRCLK high 

WRCLK low 

AEn or AFn before READCLK1 

Setup time 
AEn or AFn before WRCLK1 

tsu 
Data before WRCLKt 

RSTZ inactive before WRCLK1 

tsu(DR) 
Setup time for data All inputs before VCC falls below 4.5 V retention 

AEn or AFn after READCLKt 

Hold time 
AEn or AFn after WRCLKt 

th 
Data after WRCLKt 

RSTZ active after WRCLKt 

th(DR) 
Hold time for data All inputs after VCC reaches 4.5 V retention 

t Figures referenced are in the FIFO general data. 

MegaModule is a trademark of Texas Instruments Incorporated. 

FIGUREt MIN MAX UNIT 

40 
MHz 

39 

2 12.5 

2 12 

3 7 ns 

1 13 

1 12.5 

6,7 6.5 

6,6 5.5 

1 7 
ns 

1 6 

11 34.32 ns 

6,7 0 
6,7 0 

ns 
1 0 

3 12 

11 34.32 ns 
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FI703LJ 
128-WORD BY 9-BIT FIFO MEMORIES WITH 
3-STATE OUTPUTS AND EXPANDED STATUS FLAGS 
D3030, DECEMBER 1988 

electrical characteristics, Vee = 5 V, TA = 25°e 
PARAMETER TEST CONDITIONS 

VT Input threshold voltage 

AEn,AFn 

Dn 

MSEL 

Ci Input capacitance 
OEZ 

READCLK 

RSTZ 

TEST 

WRCLK 

TI12toTI17 

TIO to TI8 

Ci Test input capacitance 
TI18 

TI9 

TI10 

TI11 

an 

Co Output capacitance TOOtoT08 

T09TOT013 

Cpd Equivalent power dissipation capacitance tr=tf=1ns 

MegaModule is a trademark of Texas Instruments Incorporated. 

TSC500 SERIES 
MegaModule ™ 

TVP MAX UNIT 

2.2 V 

0.62 

0.67 

0.51 

0.89 
pF 

0.66 

0.7 

0.54 

0.71 

0.83 

0.97 

0.88 
pF 

0.71 

0.65 

0.65 

1.18 

1.16 pF 

1.03 

268 pF 
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TSC500 SERIES 
MegaModule ™ 

FI703LJ 
128-WORD BY 9-BIT FIFO MEMORIES WITH 

3-STATE OUTPUTS AND EXPANDED STATUS FLAGS 
D3030, DECEMBER 1988 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 

PARA- FROM TO 
FIGt 

TEST 

METER (INPUT) (OUTPUT) CONDITIONS 

tpLH 
AEn AEZ 6 

tpHL 

tpLH 
AFn AFZ 7 

tpHL 

tpLH AFZ 5 

tpLH HFZ 5 

tpLH FFZ 5 

tpLH READCLK an 2 

tpHL an 2 

tpHL AEZ 4 

tpHL EFZ 4 

tpLH AFZ 3 

tpLH FFZ 3 

tpLH RSTZ HFZ 3 

tpHL AEZ 3 

tpHL EFZ 3 

tpLH AEZ 4 

tpLH EFZ 4 

tpLH an 1 

tpHL WRCLK an 1 

tpHL AFZ 5 

tpHL FFZ 5 

tpHL HFZ 5 

tpZH 
CL = 1 pF, 

MSEL Any TOn 8 
RL = 40 kO to GND 

tpZL 
CL = 1 pF, 
RL = 20 kO to Vce 

tpHZ 
CL = 1 pF, 
RL = 40 kO to GND 

MSEL Any TOn 8 

tpLZ CL = 1 pF, 
RL = 20 kO to VCC 

t Figures referenced are in the FIFO general data. 
:I: Typical values are at Vee = 5 V, TA = 25°e. 

-55°C to 125°C 

MIN TYp:I: MAX 

3,07 8.99 20.92 

3.03 8.63 19.67 

3.07 8.99 20.92 

3.03 8.63 19.67 

4.67 12.95 29.11 

4.67 12.95 29.11 

2.21 6.15 13.7 

5.37 14.94 33.67 

5.36 15.08 34.15 

4.63 12.9 29.02 

3.45 9.72 22.66 

6.13 15.21 33.51 

1.81 4.93 10.97 

6.13 15.21 33.51 

6.3 15.64 34.54 

2.08 5.8 13.31 

4.93 14.32 33.29 

2.29 6.08 13.28 

3.83 10.86 24.69 

4.13 11.63 26.4 

5.01 14.75 34.32 

3.7 10.33 23.99 

5.01 14.75 34.32 

2.18 4.14 7.77 

2.19 4.12 7.7 

14.95 

9.79 

MegaModule is a trademark of Texas Instruments Incorporated, 

O°C to 70°C 

MIN TYp:I: MAX 
UNIT 

3.27 8.99 18.92 
ns 

3.21 8.63 17.91 

3.27 8.99 18.92 

3.21 8.63 17.91 
ns 

4.97 12.95 26.57 

4.97 12.95 26.57 

2.37 6.15 12.49 

5.71 14.94 30.65 ns 

5.69 15.08 31.13 

4.93 12.9 26.51 

3.67 9.72 20.4 

6.41 15.21 30.55 

1.93 4.93 10.03 

6.41 15.21 30.55 ns 

6.6 15.64 31.49 

2.21 5.8 12.09 

5.2 14.32 30.22 

2.42 6.08 12.38 

4.06 10.86 22.53 

4.38 11.63 24.07 ns 

5.33 14.75 31.15 

3.91 10.33 21.67 

5.33 14.75 31.15 

2.25 4.14 7.21 

ns 

2.26 4.12 7.14 

14.95 
ns 

9.79 
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FI703LJ 
128-WORD BY 9-BIT FIFO MEMORIES WITH 
3-STATE OUTPUTS AND EXPANDED STATUS FLAGS 
03030, DECEMBER 1988 

TSC500 SERIES 
MegaModule ™ 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 (Continued) 

PARA- FROM TO 
FIGt 

TEST 

METER (INPUT) (OUTPUT) CONDITIONS 

tpzH CL'" 1 pF, 

OEZ an 10 
RL '" 40 kG to GND 

tpZL CL'" 1 pF, 
RL '" 20 kG to VCC 

tpHZ CL'" 1 pF, 

OEZ an 10 
RL '" 40 kG to GND 

tpLZ CL'" 1 pF, 
RL '" 20 kG to VCC 

tpZH CL'" 1 pF, 

TEST Any 9 
RL '" 40 kG to GND 

tpZL 
CL'" 1 pF, 
RL '" 20 kG to VCC 

tpHZ CL'" 1 pF, 

TEST Any 9 
RL ",40 kG to GND 

tpLZ CL'" 1 pF, 
RL '" 20 kG to VCC 

AtpZH 

AtpZL 
MSEL Any TOn 8 

AtpZH 

AtpZL 
OEZ an 10 

AtpZH 

AtpZL 
TEST an 9 

AtpLH 
Any other 

AtpHL 
Any other 1-7 

t Figures referenced are in the FIFO general data. 
:I: Typical values are at Vee = 5 V, TA = 25°e. 

-55°C to 125°C 

MIN TYp:I: MAX 

1.01 2.59 5.73 

1.01 2.55 5.64 

13.03 

7.75 

3.76 6.09 10.57 

3.76 6.05 10.53 

16.42 

11.21 

0.15 0.39 0.85 

0.15 0.35 0.73 

0.14 0.37. 0.82 

0.14 0.34 0.72 

0.05 0.15 0.34 

0.14 0.32 0.68 

0.07 0.36 0.84 

0.11 0.38 0.92 

MegaModule is a trademark of Texas Instruments Incorporated. 

O°C to 70°C 

MIN TYp:I: MAX 
UNIT 

1.04 2.59 5.25 
ns 

1.06 2.55 5.16 

13.03 
ns 

7.75 

3.84 6.09 9.87 

ns 

3.84 6.05 9.75 

16.42 

ns 

11.21 

0.16 0.39 0.78 
ns/pF 

0.16 0.35 0.66 

0.15 0.37 0.75 
ns/pF 

0.15 0.34 0.65 

0.05 0.15 0.32 

0.15 0.32 0.62 
ns/pF 

0.08 0.36 0.76 
ns/pF 

0.12 0.38 0.84 

PRODUCTION DATA d •• um.nts •• ntlin inf.rmati.n ~ 
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TSC500 SERIES 
MegaModule ™ 

GENERAL DATA 
EDGE-TRIGGERED 3-PORT REGISTER FILES 

03030, DECEMBER 1988 

• Full Parallel Access with One 
Independent Write Port and Two 
Independent Read Ports 

• Use Register Files in Parallel for 
Multiple Word Lengths 

• Data Retention at Vee > 2 V 

description 
Each 3-port register file is provided with 
an independently addressed data input 
port and two independently addressed 

3-PORT REGISTER FILE SUMMARY 

AVERAGE 

CELL WORD BIT READ 
PAGE 

NAME DEPTH WIDTH ACCESS 

TIME (ns) 

RF400W 16 8 5.2 22-7 

RF402LJ 16 9 5.2 22-15 

RF403W 16 12 6.6 22-19 

RF600W 64 8 5.5 22-23 

RF602W 64 9 5.6 22-31 

read ports. Because the read mode is asynchronous, data entry and data retrieval can 
occur simultaneously. 

The write enable input, WEZ, provides a simple implementation of the write cycle. When 
high, the write enable input inhibits new data entry; when low, the write function is enabled 
and a positive transition at the clock input will store data present at the data inputs in the 
addressed register word. 

Two output enables provide 3-state control for the data outputs: 

• G1 Z controls output data lines 010 - 01 n, which are addressed by address lines 
RA10 - RA1n. 

• G2Z controls output data lines 020 - 02n, which are addressed by address lines 
RA20 - RA2n. 

When high, an output enable places its associated output lines in a high-impedence state; 
when low, the register word that is addressed is available at the data output port associated 
with the read address port. 

MegaModule is a trademark of Texas Instruments Incorporated. 
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GENERAL DATA TSC500 SERIES 
MegaModule™ EDGE-TRIGGERED 3-PORT REGISTER FILES 

03030. DECEMBER 1988 

PARAMETER i\nEASUREMENT INFORMATION 

WAO-WAn X V--
-----J I'--_____ ~ 

WEZ }'-------J1 
DO-On 

ClK I 
I th _I , 

---I~M--- -.w I 
~ th----.. 

----~~~ th~ 

FIGURE 1. SETUP AND HOLD TIMES 

WEZ \~ __ ---.J/ 
DO-On _____ .JX X'" __ ~ __ _ 

}~----~{ }~--
,. tw(l),----~II--- tw(H)----tIj 

ClK 

tplH or tpHl l1li ~ 

-------------------------,------010-01n V 
------------------------~~~-----

020-02n ________________ ~)(\. __ _ 

NOTE A: Addresses for write and both reads are the same. 

FIGURE 2. CLOCK PULSE DURATION, PROPAGATION DELAY TIMES FROM CLOCK 
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TSC500 SERIES 
MegaModule ™ 

GENERAL DATA 
EDGE-TRIGGERED 3-PORT REGISTER FILES 

D3030, DECEMBER 1988 

PARAMETER MEASUREMENT INFORMATION (Continued) 

RA10-RA1n ~ _____________________________________________________ __ 

j4---------.r- tpLH or tpHL , 

-------------~~-----------------Q10-Q1n 1\._ 

RA20-RA2n~ 
I -------------------------------------------------------

14- --.~~tPLH or tpHL 

---------------~~-----------------------------Q20-Q2n 1\._ 

FIGURE 3. PROPAGATION DELAY TIMES FROM READ ADDRESS LOAD 
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TSC500 SERIES 
MegaModule ™ 

. GENERAL DATA 
EDGE-TRIGGERED 4-PORT REGISTER FILES 

• Full Parallel Access with Two 
Independent Write Ports and Two 
Independent Read Ports 

• Use Register Files in Parallel for 
16-, 32-, or 64-Bit Word Lengths 

• Data Retention at Vee > 2 V 

03030. DECEMBER 1988 

4-PORT REGISTER FILE SUMMARY 

AVERAGE 

CELL WORD BIT READ 
PAGE 

NAME DEPTH WIDTH ACCESS 

TIME (ns) 

RF401W 16 8 5.3 22-11 

RF601W 64 8 5.5 22-27 

description 
Each 4-port register-file is provided with two independently addressed data input ports and 
two independently addressed read ports. Because the read mode is asynchronous, data 
entry and data retrieval can occur simultaneously. 

Two write enables provide control for permitting data to be written into the addressed 
location: 

• WE1Z controls data lines 010 - 017, which are addressed by address lines 
WA10 - WA1n. 

• WE2Z control data lines 020 - 027, which are addressed by address lines 
WA20 - WA2n. 

When high, the write enable input inhibits new data entry; when low, the write function is 
enabled. A positive transition at the clock input, combined with a low write enable, stores 
data applied at the associated data input port; data is stored in the register word that is 
addressed by the associated write-address inputs. If both write ports are attempting a write 
to the same register word, data applied at data lines 010 - 017 has priority. 

Two output enables provide 3-state control for the data outputs: 

• G1Z controls output data lines 010 - 017, which are addressed by address lines 
RA10 - RA1n. 

• G2Z controls output data lines 020 - 027, which are addressed by address lines 
RA20 - RA2n. 

When high, an output enable places its associated output lines in a high-impedence state; 
when low, the register word that is addressed is available at the data output port associated 
with the read-address port. 

MegaModule is a trademark of Texas Instruments Incorporated. 
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TSC500 SERIES 
MegaModule ™ 

GENERAL DATA 
EDGE·TRIGGERED 4·PORT REGISTER FILES 

03030, DECEMBER 1988 

PARAMETER MEASUREMENT INFORMATION 

WA10-WA1n ~44% x= 
I 

\ t 
I 

WE1Z I I 
I I 

010-017 I ix xi I 
I ii I I I 

elK I { I I I 
I I I I 
I I I 

~ 
I I I 

I 
I ~tsu 

~ 
th~ I I 

I 14 tsu th--+t I 
14 tsu ~ th ~ 

NOTE A: One set of ports is shown, the other set functions identically. 

FIGURE 1. SETUP AND HOLD TIMES 
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GENERAL DATA TSC500 SERIES 
MegaModule ™ EDGE-TRIGGERED 4-PORT REGISTER FILES 

03030. DECEMBER 1988 

PARAMETER MEASUREMENT INFORMATION (Continued) 

WE1Z \'---___ 1 
010-017 _____ .JX X"' _____ _ 
020-027 ____ ...JX X'-_____ _ 

elK \~_i \ _____ 
~ twill ~ tw(HI d~ 

tplH or tpHl -i~iI------I .. " 

_________________________ --J)(II~-----
010-017 . . 

-------------------~~---020-027 1'_ 

FIGURE 2. CLOCK PULSE DURATION, PROPAGATION DELAY TIMES FROM CLOCK 

RA10-RA1n ==>!< ________________ _ 
.. j4I------I.,...-tPlH or tPHl 

I 
--------~'j(1 ~-------------------

010-017 . . 

RA20-RA2n~ _________________________________ __ 

... 1.If---~"~tPlH or tpHl 
I 

--------------~~~---------------------
020-027 i\ 

FIGURE 3. PROPAGATION DELAY TIMES FROM READ ADDRESS 

MegaModule is a trademark of Texas Instruments Incorporated. 
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TSC500 SERIES 
MegaModule ™ 

RF400LJ 
16-WORD BY 8-BIT EDGE-TRIGGERED 3-PORT 

REGISTER FILE WITH 3-STATE OUTPUTS 
D3030, DECEMBER 1988 

• Full Parallel Access with One 
Independent Write Port and Two 
Independent Read Ports 

• Use Register Files in Parallel for 
16-Blt, 32-Bit, or 64-Blt Word 
Lengths 

• Data Retention at Vee > 2 V 

description 
The RF400LJ hardwired standard cell 
MegaModule ™ implements a 16-word 
by 8-bit, 3-port, high-speed register file. 
When the macro is called from the 
engineering workstation input, the 
following label format is developed and 
captured in the design netlist: 

Label: RF400LJ CLK,WE2,WAO,WA1, 
WA2,WA3,RA 1 O,RA 11 ,RA 12,RA 13, 
RA20,RA21 ,RA22,RA23,DO,D1 ,D2, 
D3,D4,D5,D6,D7,G1 2,1322,01 0, 
011,012,013,014,015,016,017, 
020,021,022,023,024,025,026, 
027; 

logic symbolt 

RAM 16 x 8 
RA10 O} IREG "'" RA11 

2A ~ RA12 15 
RA13 

3 
G1Z ,..... 

EN6 

RA20 

}.,~ RA21 

RA22 

RA23 

G2Z ,..... 
EN7 

ClK 
C4 

WAO 

WA1 }. ,~ WA2 

WA3 

WEZ r-... 
G5 ., r 

0 
010 

011 

012 

013 

00 
CT,2A,6'i7 014 

0 
015 01 

02 016 

03 7 
017 

04 1A,4,5CT 020 
05 0 

021 
06 022 
07 

7 023 

CT,3A,7'i7 024 

025 

026 

7 
027 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984 and lEG Publication 617-12. 

MegaModule is a trademark of Texas Instruments Incorporated. 
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RF400LJ 
16-WORD BY 8-BIT EDGE-TRIGGERED 3-PORT 
REGISTER FILE WITH 3-STATE OUTPUTS 
D3030,DECEMBER1988 

FUNCTION TABLE 

INPUTS 
FUNCTION 

ClK WEZ G1Z G2Z 

TSC500 SERIES 
MegaModule ™ 

t l X X Store data from 00-07 in location determined by WAO-WA3. 

l X X X No change in stored data 

X H X X No change in stored data 

X X l X Output data through 010-017 from location determined by RA10-RA13. 

X X X l Output data through 020-027 from location determined by RA20-RA23. 

X X H X Outputs 010-017 are in high-impedance state. 

X X X H Outputs 020-027 are in high-impedance state. 

SIGNAL DESCRIPTION 

NAME FUNCTION 

Clock input. When WEZ is low, data present at the data input port is stored in the 
elK addressed location during a low-to-high transition at the clock input. The clock is inactive 

while at the high or low level. 

00-07 a-bit data input port 

G1Z Output enable for output port 010-017; active when low 

G2Z Output enable for output port 020-027; active when low 

010-017 
Two a-bit data output ports 

020-027 

RA10-RA13 Read address for output port 010-017 

RA20-RA23 Read address for output port 020-027 

WAO-WA3 Write address 

WEZ Write enable, active when low 

MegaModule is a trademark of Texas Instruments Incorporated. 
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TSC500 SERIES 
MegaModule ™ 

RF400LJ 
16-WORD BY 8-BIT EDGE-TRIGGERED 3-PORT 

REGISTER FILE WITH 3-STATE OUTPUTS 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

03030, DECEMBER 1988 

Data stored in the register are retained if the supply voltage is not permitted to go below 2 V 
minimum and remains quiescent until power up. Functional characteristics other than data 
retention are not specified when VCC = 2 V to 4.5 V. 

timing requirements over recommended ranges of supply voltage and operating free-air 
temperature 

MIN MAX UNIT 

Clock pulse duration 
High 3 

tw ns 
low 3 
Write address 4 

tsu Setup time before ClKt Data 1 ns 

Write enable 5 
Write address a 

th Hold time after ClKt Data 1 ns 

Write enable a 

electrical characteristics, Vee = 5 V, T A = 25°e 

PARAMETER TEST CONDITIONS TYP MAX UNIT 

VT Input threshold voltage 2.2 V 
ClK 0.09 

Dn 0.07 

Ci Input capacitance 
GnZ 0.09 

pF 
RBn 0.07 

WAn 0.06 

WEZ 0.09 

Co Output capacitance 0.22 pF 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 50 pF 

MegaModule is a trademark of Texas Instruments Incorporated. 
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RF400LJ 
16-WORD BY 8-BIT EDGE-TRIGGERED 3-PORT 
REGISTER FILE WITH 3-STATE OUTPUTS 
03030, DECEMBER 1988 

TSC500 SERIES 
MegaModule ™ 

switching characteristics over recommended ranges of supply voltage and operating free~ 
air temperature (unless otherwise noted), CL = 0 . 

PARAM- FROM TO -55°C to 125°C DOC to 7DoC 
TEST CONDITIONS 

MIN TYpt MAX TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) MIN 

tpLH 
RAn RL = co 

1.72 4.92 11.38 1.82 4.92 10.36 
Any ns 

tpHL 1.95 5.31 11.72 2.09 5.31 10.68 

tpLH 
eLK Any RL = co 

1.32 4.28 10.16 1.42 4.28 9.28 
ns 

tpHL 1.5 4.65 10.91 1.6 4.65 9.95 

tpZH 
GnZ an 

RL = 40 kfl to GND 0.47 1.33 3.14 0.49 1.33 2.85 
ns 

tpZL RL = 20 kflto Vce 0.27 0.76 1.74 0.29 0.76 1.6 

tpHZ 
GnZ an 

RL = 40 kfl to GND 5.74 6.84 8.56 5.77 6.84 8.31 

RL = 20 kfltoVee 
ns 

tpLZ 2.27 2.76 3.38 2.3 2.75 3.29 

dtPLH 
RAn 

0.2 0.6 1.3 0.21 0.6 1.2 
ns/pF 

dtPHL 
Any 

0.14 0.33 0.74 0.15 0.33 0.66 

dtpLH 
eLK 

0.21 0.59 1.28 0.22 0.59 1.18 
ns/pF 

dtpHL 
Any 

0.1 0.33 0.72 0.12 0.33 0.64 

dtpZH 0.23 0.61 1.32 0.24 0.61 1.21 
ns/pF GnZ an 

dtpZL 0.19 0.48 1.06 0.2 0.48 0.96 

t Typical values are at Vee = 5 V, T A = 25°e. 

MegaModule is a trademark of Texas Instruments Incorporated. 
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TSC500 SERIES 
MegaModule ™ 

RF401LJ 
16-WORD BY 8-BIT EDGE-TRIGGERED 4-PORT 

REGISTER FILE WITH 3-STATE OUTPUTS 
03030. DECEMBER 1988 

• Full Parallel Access with Two 
Independent Write Ports and Two 
Independent Read Ports 

logic symbolt 

• Use Register Files in Parallel for 
16-Bit, 32-Bit, or 64-Bit Word 
Lengths 

• Data Retention at Vee > 2 V 

description 
The RF401 W hardwired standard celi 
MegaModule ™ implements a 16-word 
by a-bit, 4-port, high-speed register file. 
When the macro is calied from the 
engineering workstation input, the 
following label format is developed and 
captured in the design netlist: 

Label: RF401W CLK,WE1Z,WA10, 
WA11,WA12,WA13,WE2Z,WA20, 
WA21,WA22,WA23,RA10,RA11, 
RA 12,RA 13,RA20,RA21 ,RA22,RA23, 
010,011,012,013,014,015,016, 
017,020,021,022,023,024,025, 
026,027,G1 Z,G2Z,01 0,011 ,012, 
013,014,015,016,017,020,021, 
022,023,024,025,026,027; 

RA10 

RAll 

RA12 
RA13 

ClK 

WA10 

WAll 

WA12 

WA13 

WA20 

WA21 

WA22 

WA23 

WE2Z 

010 

011 

012 

013 

014 

015 

016 

017 

020 

021 

022 

023 

024 

025 

026 

027 

RAM 16.8 

O} [RE: FilE] 

3A 15 
3 

C5 

}~ 

}u~ 
G7 

0 

lA. 5. 6CT 

CT. 3A. 89 

7 

0 

2A. lA. 5. 7CT 

CT. 4A. 99 

7 

010 
0 

011 

012 

013 

014 

015 

016 

017 
7 

020 
0 

021 

022 

023 

024 

025 

026 

027 
7 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984 and lEG Publication 617-12. 
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RF401LJ 
16-WORD BY 8-BIT EDGE-TRIGGERED 4-PORT 
REGISTER FILE WITH 3-STATE OUTPUTS 

TSC500 SERIES 
MegaModule ™ 

03030, DECEMBER 1988 

FUNCTION TABLE 

INPUTS 
FUNCTION 

ClK WE1Z WE2Z G1Z G2Z 

t l H X X Store data from 010-017 in location determined by WA 1 O-WA 13. 

t H L X X Store data from 020-027 in location determined by WA20-WA23. 

t L L X X 
Store data from 01 0-D17 in location determined by WA 1 O-WA 13 and store 
data from 020-D27 in location determined by WA20-WA23. If the 
addresses are the same, only data from 010-017 is stored. 

l X X X X No change in stored data 

X H H X X No change in stored data 

X X X l X Output data through 010-017 from location determined by RA10-RA13. 

X X X X l Output data through 020-027 from location determined by RA20-RA23. 

X X X H X Outputs 010-017 are in high-impedance state. 

X X X X H Outputs 020-027 are in high-impedance state. 

SIGNAL DESCRIPTION 

NAME FUNCTION 

ClK 
Clock input. When WEZ is low, data present at the enabled data input port is stored in the 
addressed location during a low-to-high transition at the clock input. The clock is inactive 
while at the high or low level. 

D10-017 
Two a-bit data input ports 

020-027 

G1Z Output enable for output port 010-017; active when low 

G2Z Output enable for output port 020-027; active when low 

010-017 
Two a-bit data output ports 

020-027 

RA10-RA13 Read address for output port 010-017 

RA20-RA23 Read address for output port 020-027 

WA10-WA13 Write address for input port 010-017 

WA20-WA23 Write address for input port D20-027 

WE1Z Write enable for input port 01 0-D17; active when low 

WE2Z Write enable for input port 020-027; active when low 

MegaModule is a trademark of Texas Instruments Incorporated. 
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TSC500 SERIES 
MegaModule ™ 

RF401LJ 
16·WORD BY 8·BIT EDGE· TRIGGERED 4·PORT 

REGISTER FILE WITH 3·STATE OUTPUTS 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

03030, DECEMBER 1988 

Data stored in the register are retained if the supply voltage is not permitted to go below 2 V 
minimum and remains quiescent until power up. Functional characteristics other than data 
retention are not specified when VCC = 2 V to 4.5 V. 

timing requirements over recommended ranges of supply voltage and operating free-air 
temperature 

MIN MAX UNIT 

Clock pulse duration 
High 3 

tw 
low 3 

ns 

Write address 6 

tsu Setup time before ClKt Data 2 ns 

Write enable 6 

Write address 0 

th Hold time after ClKt Data 1 ns 

Write enable 0 

electrical characteristics, Vee = 5 V, T A = 25°e 

PARAMETER TEST CONDITIONS TVP MAX UNIT 

VT Input threshold voltage 2.2 V 

ClK 0.12 

On 0.08 

Ci Input capacitance 
GnZ 0.12 

pF 
RAn 0.11 

WAn 0.08 

WEnZ 0.12 

Co Output capacitance 0.22 pF 

Cpd Equivalent power dissipation capacitance tr = tf = 1 ns 71 pF 

MegaModule is a trademark of Texas Instruments Incorporated. 
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RF401LJ 
16-WORD BY 8-BIT EDGE-TRIGGERED4-PORT 
REGISTER FILE WITH 3-STATE OUTPUTS 
03030, DECEMBER 1988 

TSC500 SERIES 
MegaModule ™ 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 
PARAM- FROM TO -55°C to 125°C O°C to 70°C 

TEST CONDITIONS 
TVPt MAX TVPt MAX 

UNIT 
ETER (INPUT) (OUTPUT) MIN MIN 

tpLH 
RAn Any RL = 00 

1.81 5.11 11.74 1.91 5.11 10.7 
ns 

tpHl 2.08 5.48 11.96 2.21 5.48 10.92 

tpLH 
CLK Any 

1.42 4.49 10.67 1.51 4.49 9.73 
Rl = 00 ns 

tpHl 1.5 4.81 11.33 1.61 4.81 10.32 

tpZH 
GnZ an 

RL = 40 k{)' to GND 0.47 1.33 3.14 0.49 1.33 2.85 

tpZL RL = 20 k{)' to Vce 0.27 0.76 1.74 0.29 0.76 1.6 
ns 

tpHZ 
GnZ an 

Rl = 40 k{)' to GND 5.74 6.84 8.56 5.77 6.84 8.31 

RL = 20 kn to Vee 2.3 
ns 

tpLZ 2.27 2.76 3.38 2.76 3.29 

AtpLH 
elK 

0.19 0.6 1.3 0.21 0.6 1.22 
ns/pF 

AtpHL 
Any 

0.15 0.34 0.72 0.15 0.34 0.66 

AtplH 0.18 0.6 1.32 0.2 0.6 1.22 
ns/pF RAn Any 

AtpHL 0.11 0.32 0.74 0.12 0.32 0.66 

AtpZH 
GnZ an 

0.23 0.61 1.32 0.24 0.61 1.21 
ns/pF 

AtpZL 0.19 0.48 1.06 0.2 0.48 0.96 

t Typical values are at Vee = 5 V, TA = 25°C. 

PARAMETER MEASUREMENT INFORMATION 

See general data on 4-port register files. 

MegaModule is a trademark of Texas Instruments Incorporated. 
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TSC500 SERIES 
MegaModule ™ 

RF402LJ 
16-WORD BY 9-BIT EDGE-TRIGGERED 3-PORT 

REGISTER FILE WITH 3-STATE OUTPUTS 
03030, DECEMBER 1988 

• Full Parallel Access with One 
Independent Write Port and Two 
Independent Read Ports 

logic symbolt 

• Use Register Files in Parallel for 
18-Bit, 36-Bit, or 72-Bit Word 
Lengths 

• Data Retention at Vee > 2 V 

description 
The RF402LJ hardwired standard cell 
MegaModule ™ implements a 16-word 
by 9-bit, 3-port, high-speed register file. 
The 9-bit organization simplifies 
implementation of data-paths requiring 
parity or additional control bits. When 
the macro is called from the engi
neering workstation input, the following 
label format is developed and captured 
in the design netlist: 

Label: RF402LJ CLK,WEZ,WAO,WA1, 
WA2,WA3,RA10,RA11,RA12,RA13, 
RA20,RA21 ,RA22,RA23,DO,D1 ,D2, 
D3,D4,D5,D6,D7,G1 Z,G2Z,01 0, 
011,012,013,014,015,016,017, 
018,020,021,022,023,024,025, 
026,027,028; 

RA10 
RA11 

RA12 
RA13 
G1Z ...... 

RA20 

RA21 
RA22 
RA23 

G2Z I"-.. 

ClK 

WAO 

WA1 

WA2 
WA3 

WEZ ...... 

DO 

01 
02 

03 

04 
05 
06 

07 

08 

RAM 16 x 9 '} I",: "c. 
2A 15 

3 
EN6 

]~ ,~ 
EN7 

C4 

}A'~ 
G5 ., r 

0 010 
011 
012 

013 

CT,2A,6\l 
014 

0 015 
016 
017 

8 
018 

1AA,5CT 
020 

0 
021 

022 

023 
8 024 

CT,3A,7 \l 
025 
026 
027 

8 
028 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984 and lEG Publication 617-12. 

MegaModule is a trademark of Texas Instruments Incorporated. 
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RF402LJ 
16-WORD BY 9-BIT EDGE-TRIGGERED 3-PORT 
REGISTER FILE WITH 3-STATE OUTPUTS 
03030, DECEMBER 1988 

FUNCTION TABLE 

INPUTS 
FUNCTION 

ClK WEZ G1Z G2Z 

TSC500 SERIES 
MegaModule ™ 

t l X X Store data from 00-08 in location determined by WAO-WA3. 

L X X X No change in stored data 

X H X X No change in stored data 

X X L X Output data through 010-018 from location determined by RA10-RA13. 

X X X L Output data through 020-028 from location determined by RA20-RA23. 

X X H X Outputs 010-018 are in high-impedance state. 

X X X H Outputs 020-028 are in high-impedance state. 

SIGNAL DESCRIPTION 

NAME FUNCTION 

CLK 
Clock input. When WEZ is low, data present at the enabled data input port is stored in the 
addressed location during a low-to-high transition at the clock input. The clock is inactive 
while at the high or low level. 

00-08 9-bit data input port 

G1Z Output enable for output port 010-018; active when low 

G2Z Output enable for output port 020-028; active when low 

010-018 
Two 9-bit data output ports 

020-028 

RA10-RA13 Read address for output port 010-018 

RA20-RA23 Read address for output port 020-028 

WAO-WA3 Write address 

WEZ Write enable, active when low 

MegaModule is a trademark of Texas Instruments Incorporated. 
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TSC500 SERIES 
MegaModule ™ 

RF402LJ 
16-WORD BY 9-BIT EDGE-TRIGGERED 3-PORT 

REGISTER FILE WITH 3-STATE OUTPUTS 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

03030, DECEMBER 1988 

Data stored in the register are retained if the supply voltage is not permitted to go below 2 V 
minimum and remains quiescent until power up. Functional characteristics other than data 
retention are not specified when VCC = 2 V to 4.5 V. 

timing requirements over recommended ranges of supply voltage and operating free-air 
temperature 

MIN MAX UNIT 

Clock pulse duration 
High 3 

tw 
low 3 

ns 

Write address 5 

tsu Setup time before ClKt Data 1 ns 

Write enable 5 
Write address a 

th Hold time after ClKt Data 1 ns 

Write enable a 

electrical characteristics, Vee = 5 V, T A = 25°e 
PARAMETER TEST CONDITIONS TYP MAX UNIT 

VT Input threshold voltage 2.2 V 
ClK 0.09 
On 0.07 

Ci Input capacitance 
GnZ 0.09 

pF 
RAn 0.07 

WAn 0.06 
WEZ 0.09 

Co Output capacitance 0.22 pF 

Cpd Equivalent power dissipation capacitance tr =tf=1ns 53 pF 

MegaModule is a trademark of Texas Instruments Incorporated. 
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RF402LJ 
16-WORD BY 9-BIT EDGE-TRIGGERED 3;.PORT 
REGISTER FILE WITH 3-STATE OUTPUTS 
03030, DECEMBER 1988 

TSC500 SERIES 
MegaModule ™ 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 
PARAM· FROM TO -55°C to 125°C O°C to 70°C 

TEST CONDITIONS 
TYpt MAX MIN. TYpt MAX 

UNIT 
ETER (INPUT) (OUTPUT) MIN 

tpLH 
RAn Any RL = 00 

1.71 5 11.57 1.82 5 10.53 
ns 

tpHL 1.98 5.39 11.87 2.11 5.39 10.84 

tpLH 
eLK Any RL = 00 

1.38 4.37 10.33 1.47 4.37 9.43 

1.51 4.72 11.07 1.62 4.72 10.12 
ns 

tpHL 

tpZH 
GnZ an 

RL = 40 kO to GND 0.47 1.33 3.14 0.49 1.33 2.85 

RL = 20 kO to Vee 0.29 
ns 

tpZL 0.27 0.76 1.74 0.76 1.6 

tpHZ 
GnZ an 

RL = 40 kO to GND 5.74 6.84 8.56 5.77 6.84 8.31 

RL = 20 kOto Vee 2.27 2.76 3.38 2.3 2.76 3.29 
ns 

tpLZ 

AtPLH 
eLK 

0.18 0.59 1.3 0.2 0.59 1.2 

AtpHL 
Any 

0.11 0.33 0.74 0.13 0.33 0.66 
ns/pF 

AtpLH 0.21 0.6 1.3 0.22 0.6 1.2 
ns/pF RAn Any 

AtpHL 0.13 0.33 0.74 0.13 0.33 0.66 

AtpZH 
GnZ an 

0.23 0.61 1.32 0.24 0.61 1.21 
ns/pF 

AtpZL 0.19 0.48 1.06 0.2 0.48 0.96 

t Typical values are at Vee = 5 V, TA = 25°e. 

PARAMETER MEASUREMENT INFORMATION 

See general data on 3-port register files. 

MegaModule is a trademark of Texas Instruments Incorporated. 

PROOUCTIOI DATA do •• menll .ont_in inform_ti.. ." 
curr.nt I. of publicltiDR dltl. Productl conform, to 1i 1, 
sp~ific.tiDn. per thl terms af TIllllnltrumants EXAS 
:'~:~~ir,IJ::I~1i ~!:~:~ti:r :'~-:::::::t:::S not INSTRUMENTS 

Copyright @ 1988, Texas Instruments Incorporated 

22·18 POST OFFICE aox 655012 • DALLAS, TEXAS 75265 



TSC500 SERIES 
MegaModule ™ 

RF403LJ 
16-WORD BY 12-BIT EDGE-TRIGGERED 3-PORT 

REGISTER FILE WITH 3-STATE OUTPUTS 

• Full Parallel Access with One 
Independent Write Port and Two 
Independent Read Ports 

• Use Register Files in Parallel for 
24-Bit, 48-Bit, or 96-Bit Word 
Lengths 

• Data Retention at Vee> 2 V 

description 
The RF403LJ hardwired standard cell 
MegaModule ™ implements a 16-word 
by 12-bit, 3-port, high-speed register 
file. The 12-bit organization simplifies 
implementation of data-paths requiring 
parity and/or additional control bits. 
When the macro is called from the engi
neering workstation input, the following 
label format is developed and captured 
in the design netlist: 

Label: RF403LJ CLK,WEZ,WAO,WA1, 
WA2,WA3,RA 1 O,RA 11 ,RA 12,RA 13, 
RA20,RA21 ,RA22,RA23,000,001, 
002,003,004,005,006,007,008, 
009,010,011 ,G1 Z,G2Z,01 00,01 01, 
0102,0103,0104,0105,0106,0107, 
0108,0109,0110,0111,0200, 
0201,0202,0203,0204,0205,0206, 
0207,0208,0209,0210,0211 ; 

logic symbolt 

RA10 

RAll 

RA12 

RA13 

ClK 

WAO 

WAl 

WA2 

WA3 

000 

001 

002 

003 

004 

005 

RAM 16x12 

O} IRE: FilE! 
2A 15 

3 

C4 

}~ 

o 
CT, 2A, 6'7 

006 lA, 4, 5CT, 

007 

008 

009 

010 

011 
11 

CT, 3A, 7'7 

0 

11 

o 

11 

DECEMBER 1988 

0100 
Ql0l 

Ql02 

Ql03 

Ql04 

Ql05 

Ql06 

Ql07 

Ql08 

Ql09 

Qll0 

Qlll 

Q200 

Q201 

Q202 

Q203 

Q204 

Q205 

Q206 

Q207 

Q208 

Q209 

Q210 

Q211 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984 and lEG Publication 617-12, 

MegaModule is a trademark of Texas Instruments Incorporated. 
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RF403LJ 
16-WORD BY 12-BIT EDGE-TRIGGERED 3-PORT 
REGISTER FILE WITH 3-STATE OUTPUTS 
03030, DECEMBER 1988 

FUNCTION TABLE 

INPUTS 
FUNCTION 

ClK WEZ G1Z G2Z 

TSC500 SERIES 
MegaModule ™ 

t l X X Store data from 00-011 in location determined by WAO-WA3. 

l X X X No change in stored data 

X H X X No change in stored data 

X X l X Output data through 0100-0111 from .Iocation determined by RA 1 O-RA 13. 

X X X l Output data through 0200-0211 from location determined by RA20-RA23. 

X X H X Outputs 0100-0111 are in high-impedance state. 

X X X H Outputs 0200-0211 are in high-impedance state. 

SIGNAL DESCRIPTION 

NAME FUNCTION 

ClK 
Clock input. When WEZ is low, data present at the enabled data input port is stored in the 
addressed location during a low-to-high transition at the clock input. The clock is inactive 
while at the high or low level. 

000-011 12-bit data input port 

G1Z Output enable for output port 0100-0111; active when low 

G2Z Output enable for output port 0200-0211 active when low 

0100-0111 
Two 9-bit data output ports 

0200-0211 

RA10-RA13 Read address for output port 0100-0111 

RA20-RA23 Read address for output port 0200-0211 

WAO-WA3 Write address 

WEZ Write enable, active when low 

MegaModule is a trademark of Texas Instruments Incorporated. 
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TSC500 SERIES 
MegaModule ™ 

RF403LJ 
16-WORD BY 12-BIT EDGE-TRIGGERED 3-PORT 

REGISTER FILE WITH 3-STATE OUTPUTS 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

03030. DECEMBER 1988 

Data stored in the register are retained if the supply voltage is not permitted to go below 2 V 
minimum and remains quiescent until power up. Functional characteristics other than data 
retention are not specified when VCC = 2 V to 4.5 V. 

timing requirements over recommended ranges of supply voltage and operating free·air 
temperature 

MIN MAX UNIT 

Clock pulse duration 
High 3 

tw ns 
low 3 

Write address 7.4 

tsu Setup time before ClKt Data 2.6 ns 

Write enable 6 

Write address 0 

th Hold time after CLKt Data 1.7 ns 

Write enable 0 

electrical characteristics, Vee = 5 V, TA = 25°e 

PARAMETER TEST CONDITIONS TYP MAX UNIT 

VT Input threshold voltage 2.2 V 
ClK 0.09 

On 0.07 

Ci Input capacitance 
GnZ 0.09 

pF 
RAn 0.07 

WAn 0.06 

WEZ 0.09 

Co Output capacitance 0.22 pF 

Cpd Equivalent power dissipation capacitance tr=tf=1ns 53 pF 

MegaModule is a trademark of Texas Instruments Incorporated. 
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RF403LJ 
16-WORD BY 12-BIT EDGE-TRIGGERED 3-PORT 
REGISTER FILE WITH 3-STATE OUTPUTS 
03030, DECEMBER'1988 

TSC500 SERIES 
MegaModule ™ 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 
PARAM- FROM TO -55·C to 125·C O·C to 70·C 

TEST CONDITIONS UNIT 
ETER (INPUT) (OUTPUT) MIN TYpt MAX MIN TYpt MAX 

tpLH 
RAn Any RL == 00 

2.13 6.3 14.63 2.29 6.3 13,31 

2.59 6.91 6.91 13.54 
ns 

tpHL 14.8 2.78 

tpLH 
CLK Any RL == 00 

1.87 5.86 13.64 2 5.86 12.48 

6.35 13.15 
ns 

tpHL 2.14 6.35 14.4 2.29 

tpZH 
GnZ an 

RL == 40 kG to GND 0.52 1.7 4.14 0.55 1.7 3.77 

RL == 20 kG to Vcc 0.29 0.88 
ns 

tpZL 0.88 2.1 0.3 1.92 

tpHZ 
GnZ an 

RL == 40 kG to GND 5.79 7.24 9.7 5.83 7.24 9.31 

RL == 20 kG to Vcc 
ns 

tpLZ 2.34 2.87 3.67 2.35 2.87 3.57 

AtpLH 
CLK Any 

0.15 0.4 0.92 0.16 0.4 0.84 
ns/pF 

AtPHL 0.07 0.18 0.34 0.08 0.18 0.32 

AtPLH 
RAn Any 

0.16 0.37 0.82 0.15 0.37 0.78 
ns/pF 

AtpHL 0.08 0.14 0.3 0.08 0.14 0.28 

AtpZH 
GnZ an 

0.25 0.65 1.4 0.26 0.65 1.28 
ns/pF 

AtPZL 0.2 0.53 1.2 0.21 0.53 1.09 

t Typical values are at VCC == 5 V, TA == 25·C. 

PARAMETER MEASUREMENT INFORMATION 

See general data on 3-port register files. 

MegaModule is a trademark of Texas Instruments Incorporated. 
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TSC500 SERIES 
MegaModule ™ 

RF600LJ 
64-WORD BY 8-BIT EDGE-TRIGGERED 3-PORT 

REGISTER FILE WITH 3-STATE OUTPUTS 
03030, DECEMBER 1988 

• Full Parallel Access with One 
Independent Write Port and Two 
Independent Read Ports 

logic symbolt 

• Use Register Files in Parallel for 
16-Bit, 32-Bit, or 64-Bit Word 
Lengths 

• Data Retention at Vee > 2 V 

description 
The RF600LJ hardwired standard cell 
MegaModule ™ implements a 64-word 
by 8-bit, 3-port, high-speed register file. 
When the macro is called from the 
engineering workstation input, the 
following label format is developed and 
captured in the design netlist: 

Label: RF600LJ CLK,WEZ,WAO,WA1, 
WA2,WA3,WA4,WA5,RA10,RA11, 
RA12,RA13,RA 14,RA15,RA20,RA21, 
RA22,RA23,RA24,RA25,DO,D1,D2, 
D3,D4,D5,D6,D7,G1 Z,G2Z,01 0, 
011,012,013,014,015,016,017, 
020,021,022,023,024,025,026, 
027; 

RA10 

RAll 

RA12 

RA13 

RA14 

RA15 

RA20 

RA21 

RA22 

RA23 

RA24 

ClK 

WAO 

WAl 

WA2 

WA3 

WA4 

DO 

01 

02 

03 

04 

05 

06 

07 

RAM 64<S 

O} IRE:. FilE] 
2A 63 

.5 

}~ 
C4 

}~ 
0 

010 

all 

012 

013 

0 
CT. 2A. 6\7 014 

015 

016 

7 
017 

lA.4.5CT 

0 
020 

021 

022 

7 023 

CT. 3A. 7\7 024 

025 

026 

7 
027 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984 and lEG Publication 617-12. 
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RF600LJ 
64-WORD BY 8"!BIT EDGE-TRIGGERED 3-PORT 
REGISTER FILE WITH 3-STATE OUTPUTS 
03030, DECEMBER 1988 

FUNCTION TABLE 

INPUTS 
FUNCTION 

ClK WEZ G1Z G2Z 

TSC500 SERIES 
MegaModule ™ 

t l X X Store data from 00-07 in location determined by WAO-WA3. 

l X X X No change In stored data 

X H X X No change in stored data 

X X l X Output data through 010-017 from location determined by RA10-RA1S. 

X X X l Output data through 020-027 from location determined by RA20-RA2S. 

X X H X Outputs 010-017 are in high-impedance state. 

X X X H Outputs 020-027 are in high-impedance state. 

SIGNAL DESCRIPTION 

NAME FUNCTION 

ClK 
Clock input. When WEZ is low, data present at the enabled data input port is stored in the 
addressed location during a low-to-high transition at the clock input. The clock is inactive 
while at the high or low level. 

00-07 a-bit data input port 

G1Z Output enable for output port 010-017; active when low 

G2Z Output enable for output port 020-027; active when low 

010-017 
Two a-bit data output ports 

020-027 

RA10-RA15 Read address for output port 010-017 

RA20-RA2S Read address for output port 020-027 

WAO-WAS Write address 

WEZ Write enable, active when low 

MegaModule is a trademark of Texas Instruments Incorporated. 
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TSC500 SERIES 
MegaModule ™ 

RF600LJ 
64-WORD BY 8-BIT EDGE-TRIGGERED 3-PORT 

REGISTER FILE WITH 3-STATE OUTPUTS 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

03030. DECEMBER 1988 

Data stored in the register are retained if the supply voltage is not permitted to go below 2 V 
minimum and remains quiescent until power up. Functional characteristics other than data 
retention are not specified when VCC = 2 V to 4.5 V. 

timing requirements over recommended ranges of supply voltage and operating free-air 
temperature 

MIN MAX UNIT 

Clock pulse duration 
High 3 

tw 
low 3 

ns 

Write address 5 
tsu Setup time before ClKt Data 2 ns 

Write enable 4 

Write address 0 

th Hold time after ClKt Data 0 ns 

Write enable 0 

electrical characteristics, Vee = 5 V, TA = 25°e 

PARAMETER TEST CONDITIONS TYP MAX UNIT 

VT Input threshold voltage 2.2 V 
ClK 0.38 
On 0.09 

Ci 
GnZ 0.13 

pF Input capacitance 
RAn 0.34 

WAn 0.34 

WEZ 0.13 

Co Output capacitance 0.22 pF 

Cpd Equivalent power dissipation capacitance tr=tf=1ns 60 pF 

MegaModule is a trademark of Texas Instruments Incorporated. 
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RF600LJ " 
64-WORD BY 8-BIT EDGE-TRIGGERED 3-PORT 
REGISTER FILE WITH3-STATE OUTPUTS 
03030, DECEMBER 1988 

TSC500 SERIES 
MegaModule ™ 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 
PARAM- FROM TO -SS·C to 12S·C O·C to 70·C 

TEST CONDITIONS 
MIN TVPt MAX TVPt MAX 

UNIT 
ETER (INPUT) (OUTPUT) MIN 

tpLH 
RAn Any RL = 00 

1.74 4.9S 11.25 1.85 4.95 10.28 
ns 

tpHL 2.21 6 13.43 2.35 6 12.24 

tPLH 
CLK Any RL = 00 

2.23 6.76 15.56 2.38 6.76 14.21 
ns 

tpHL 1.99 6.13 14.19 2.13 6.13 12.93 

tpZH 
GnZ an 

RL = 40 kn to GND 0.56 1.59 3.8 0.58 1.59 3.43 
ns 

tpZL RL = 20 kn to Vcc 0.33 0.89 2.16 0.34 0.89 1.93 

tpHZ 
GnZ an 

RL = 40 kn to GND 6.78 7.91 9.66 6.82 7.91 9.38 

RL = 20 kn to Vcc 3.23 3.23 3.83 
ns 

tpLZ 2.75 3.95 2.77 

AtpLH 
Any Any 

0.2 0.65 1.42 0.22 0.65 1.3 
ns/pF 

AtpHL 0.12 0.31 0.62 0.12 0.31 0.56 

AtpZH 
GnZ an 

0.22 0.59 1.28 0.23 0.59 1.18 
ns/pF 

AtpZL 0.19 0.51 1.08 0.2 0.51 1.01 

t Typical values are at VCC = 5 V, TA = 25·C. 

PARAMETER MEASUREMENT INFORMATION 

See general data on 3-port register files. 

MegaModule is a trademark of Texas Instruments Incorporated. 
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TSC500 SERIES 
MegaModule ™ 

RF601LJ 
64-WORD BY 8-BIT EDGE-TRIGGERED 4-PORT 

REGISTER FILE WITH 3-STATE OUTPUTS 
DECEMBER 1988 

• Full Parallel Access with Two logic symbolt 
Independent Write Ports and Two RAM 64 x 8 

Independent Read Ports RA10 

:F~"~ 
RA11 

• Use Register Files in Parallel for RA12 

16-Bit, 32-Bit, or 64·Bit Word RA13 

RA14 
Lengths RA15 

G1Z 

• Data Retention at Vee > 2 V ENS 

RA20 

RA21 

}~ description RA22 

The RF601 W hardwired standard cell RA23 

MegaModule ™ implements a 64-word RA24 

by a-bit, 4-port, high-speed register file. 
RA25 

When the macro is called from the 
engineering workstation input, the C5 

following label format is developed and WA10 

captured in the design netlist: WA1l 

}~ WA12 

Label: RF601LJ CLK,WE1Z,WA10, WA13 

WA11,wA12,WA13,WA14,WA15, 
WA14 

WA15 
WE2Z,wA20,WA21,WA22,wA23, 
WA24,wA25,RA10,RA11,RA12,RA13, 

WA20 
RA 14,RA 15,RA20,RA21 ,RA22,RA23, WA21 

}~ RA24,RA25,01 0,011,012,013,014, WA22 

015,016,017,020,021,022,023, WA23 

024,025,026,027,G1 Z,G2Z,01 0, WA24 

011,012,013,014,015,016,017, 
WA25 

020,021,022,023,024,; 
010 

011 

012 012 

013 1A. 5. 6CT 013 

014 014 

015 CT. 3A. 8'V 015 

016 016 

017 017 

020 
0 

020 

021 021 

022 022 

023 2A. lA. 5. 7CT 023 

024 024 

02. CT. 4A. 9V 025 

026 026 

027 027 

t This symbol is in accordance with ANSI/IEEE 
Std 91-1984 and lEG Publication 617-12. 
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RF601LJ 
64-WORDBY 8 .. BIT EDGE~TRIGGERED 4 .. PORT 
REGISTER FILE W~TH 3-STATE OUTPUTS 

TSC500 SERIES 
MegaModule ™ 

03030, DECEMBER 1988 

FUNCTION TABLE 

INPUTS 

ClK WE1Z WE2Z G1Z G2Z 
FUNCTION 

t l H X X Store data from 010-017 in location determined by WA10-WA15. 

t H l X X Store data from 020-027 in location determined by WA20-WA25. 

t l l X X 
Store data from 010-017 in location determined by WA10-WA15 and 
store data from 020-027 in location determined by WA20-WA25. If the 
addresses are the same, only data from 010-017 is stored. 

l X X X X No change in stored data 

X H H X X No change in stored data 

X X X l X Output data through 010-017 from location determined by RA10-
RA15. 

X X X X l Output data through 020-027 from location determined by RA20-
RA25. 

X X X H X Outputs 010-017 are in high-impedance state. 

X X X X H Outputs 020-027 are in high-impedance state. 

SIGNAL DESCRIPTION 

NAME FUNCTION 

ClK 
Clock input. When WEZ is low, data present at the enabled data input port is stored in the 
addressed location during a low-to-high transition at the clock input. The clock is inactive 
while at the high or low level. 

010-017 
Two a-bit data input ports 

020-027 

G1Z Output enable for output port 010-017; active when low 

G2Z Output enable for output port 020-027; active when low 

010-017 
Two a-bit data output ports 

020-027 

RA10-RA15 Read address for output port 010-017 

RA20-RA25 Read address for output port 020-027 

WA10-WA15 Write address for input port 010-017 

WA20-WA25 Write address for input port 020-027 

WE1Z Write enable for input port 010-017; active when low 

WE2Z Write enable for input port 020-027; active when low 

MegaModule is a trademark of Texas Instruments Incorporated. 
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TSC500 SERIES 
MegaModule ™ 

RF601LJ 
64-WORD BY 8-BIT EDGE-TRIGGERED 4-PORT 

REGISTER FILE WITH 3-STATE OUTPUTS 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

03030. DECEMBER 1988 

Data stored in the register are retained if the supply voltage is not permitted to go below 2 V 
minimum and remains quiescent until power up. Functional characteristics other than data 
retention are not specified when VCC = 2 V to 4.5 V. 

timing requirements over recommended ranges of supply voltage and operating free·air 
temperature 

MIN MAX UNIT 

Clock pulse duration 
High 3 

tw 
low 3 

ns 

Write address 5 

tsu Setup time before ClKf Data 2 ns 

Write enable 4 

Write address 0 

th Hold time after ClKf Data 0 ns 

Write enable 0 

electrical characteristics, Vee = 5 V, T A = 25°e 

PARAMETER TEST CONDITIONS TYP MAX UNIT 

VT Input threshold voltage 2.2 V 
ClK 0.38 

On 0.09 

Ci Input capacitance 
GnZ 0.13 

pF 
RAn 0.34 

WAn 0.34 

WEnZ 0.13 

Co Output capacitance 0.22 pF 

Cpd Equivalent power dissipation capacitance tr =tf=1ns 101 pF 

MegaModule is a trademark of Texas Instruments Incorporated. 
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RF601LJ 
64 .. WORD BY8 .. BIT EDGE .. TRIGGERED 4-PORT 
REGISTER FILE WITH 3-STATE OUTPUTS 
03030, DECEMBER 1988 

TSC500 SERIES 
MegaModule ™ 

switching characteristics over recommended ranges of supply voltage and operating free· 
air temperature (unless otherwise noted), CL = 0 
PARAM· FROM TO -55°C to 125°C O°Cto 70°C 

TEST CONDITIONS 
MIN TYpt MAX MIN TYpt MAX 

UNIT 
ETER (INPUT) (OUTPUT) 

tpLH 
RAn Any RL = 00 

1.76 4.99 11.35 1.88 4.99 10.36 
ns 

tpHL 2.19 6.06 13.66 2.34 6.06 12.43 

tpLH 
eLK Any RL = 00 

2.41 7.36 16.97 2.58 7.36 15.47 

2.26 6.91 16.03 2.42 6.91 14.59 
ns 

tpHL 

tpZH 
GnZ an 

RL = 40 k!l to GND 0.56 1.59 3.8 0.58 1.59 3.43 

tpZL RL = 20 k!l to Vee 0.33 0.89 2.16 0.34 0.89 1.93 
ns 

tpHZ 
GnZ an 

RL = 40 k!l to GND 6.78 7.91 9.66 6.82 7.91 9.38 

RL = 20 k!l to Vee 
ns 

tpLZ 2.75 3.23 3.95 2.77 3.23 3.83 

dtpLH 
eLK Any 

0.22 0.65 1.42 0.23 0.65 1.32 
ns/pF 

dtPHL 0.12 0.32 0.66 0.13 0.32 0.6 

dtpLH 
RAn Any 

0.25 0.66 1.42 0.26 0.66 1.3 
ns/pF 

dtPHL 0.15 0.3 0.74 0.15 0.3 0.5 

dtpZH 
GnZ an 

0.22 0.59 1.28 0.23 0.59 1.18 
ns/pF 

dtPZL 0.19 0.51 1.08 0.2 0.51 1.01 

t Typical values are at Vee = 5 V, TA = 25°e. 

PARAMETER MEASUREMENT INFORMATION 

See general data on 4-port register files. 

MegaModule is a trademark of Texas Instruments Incorporated. 
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TSC500 SERIES 
MegaModule ™ 

RF602LJ 
64-WORD BY 9-BIT EDGE-TRIGGERED 3-PORT 

REGISTER FILE WITH 3-STATE OUTPUTS 

• Full Parallel Access with One 
Independent Write Port and Two 
Independent Read Ports 

• Use Register Files in Parallel for 
18·Bit, 36·Bit, or 72·Bit Word 
Lengths 

• Data Retention at Vee > 2 V 

description 
The RF602W hardwired standard cell 
MegaModule ™ implements a 64-word 
by 9-bit, 3-port, high-speed register file. 
The 9-bit organization simplifies 
implementation of data-paths requiring 
parity or additional control bits. When 
the macro is called from the engi
neering workstation input, the following 
label format is developed and captured 
in the design netlist: 

Label: RF602LJ CLK,WEZ,WAO,WA1, 
WA2,WA3,WA4,wA5,RA10,RA11, 
RA12,RA13,RA14,RA15,RA20,RA21, 
RA22,RA23,RA24,RA25,DO,D1,D2, 
D3,D4,D5,D6,D7,G1 Z,G2Z,Q1 0, 
Q11,Q12,Q13,Q14,Q15,Q16,Q17, 
Q20,Q21,Q22,Q23,Q24,Q25,Q26, 
Q27,Q28; 

logic symbolt 

RA10 

RAIl 

RA12 

RA13 

RA14 

RAIS 

GIZ 

R210 

R211 

R212 

R213 

R214 

R21S 

ClK 

WAO 

WAI 

WA2 

WA3 

WA4 

wAs 

00 

01 

02 

03 

04 

05 

06 

07 

08 

03030, DECEMBER 1988 

RAM64x9 

'} '~:m' 
2A 63 

5 

EN6 

}!. 
C4 

}A!. 
010 

0 
all 

012 

013 

CT. 2A. 6\7 
014 

015 
0 

016 

017 

018 
8 

lA. 4. SCT 
0 

020 

021 

022 

023 

8 
CT. 3A. 7\7 

024 

025 

026 

027 

8 
028 

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

MegaModule is a trademark of Texas Instruments Incorporated. 
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RF602LJ 
64-WORD BY 9-BIT EDGE-TRIGGERED 3-PORT 
REGISTER FILE WITH 3-STATE OUTPUTS 
03030, DECEMBER 1988 

FUNCTION TABLE 

INPUTS 
FUNCTION 

ClK WEZ G1Z G2Z 

TSC500 SERIES 
MegaModule ™ 

t l X X Store data from 00-08 in location determined by WAO-WA5. 

l X X X No change in stored data 

X H X X No change in stored data 

X X l X Output data through 010-018 from location determined by RA 1 O-RA 15. 

X X X l Output data through 020-028 from location determined by RA20-RA25. 

X X H X Outputs 010-018 are in high-impedance state. 

X X X H Outputs 020-028 are in high-impedance state. 

SIGNAL DESCRIPTION 

NAME FUNCTION 

elK 
Clock input. When WEZ is low, data present at the enabled data Input port is stored in the 
addressed location during a low-to-high transition at the clock input. The clock is inactive 
while at the high or low level. 

00-08 9-bit data input port 

G1Z Output enable for output port 010-018; active when low 

G2Z Output enable for output port 020-028; active when low 

010-018 
Two 9-bit data output ports 

020-028 

RA10-RA15 Read address for output port 010-018 

RA20-RA25 Read address for output port 020-028 

WAO-WA5 Write address 

WEZ Write enable, active when low 

MegaModule is a trademark of Texas Instruments Incorporated. 
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TSC500 SERIES 
MegaModule ™ 

RF602LJ 
64-WORD BY 9-BIT EDGE-TRIGGERED a-PORT 

REGISTER FILE WITH a-STATE OUTPUTS 

absolute maximum ratings and recommended operating conditions 
These are specified as a part of the TSC500 Series Data. 

03030, DECEMBER 1988 

Data stored in the register are retained if the supply voltage is not permitted to go below 2 V 
minimum and remains quiescent until power up. Functional characteristics other than data 
retention are not specified when VCC = 2 V to 4.5 V. 

thning requirements over recommended ranges of supply voltage and operating free-air 
temperature 

MIN MAX UNIT 

High 3 
tw Clock pulse duration 

low 3 
ns 

Write address 5 

tsu Setup time before ClKt Data 2 ns 

Write enable 4 

Write address 0 

th Hold time after ClKt Data 0 ns 

Write enable 0 

electrical characteristics, Vee = 5 V, TA = 25°e 

PARAMETER TEST CONDITIONS TYP MAX UNIT 

VT Input threshold voltage 2.2 V 
ClK 0.38 

On 0.09 

Ci Input capacitance 
GnZ 0.13 

pF 
RAn 0.34 

WAn 0.34 

WEnZ 0.13 

Co Output capacitance 0.22 pF 

Cpd Equivalent power dissipation capacitance tr =tf=1ns 74 pF 

MegaModule is a trademark of Texas Instruments Incorporated. 
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RF602LJ 
64-WORD BY 9-BIT EDGE-TRIGGERED 3-PORT 
REGISTER FILE WITH 3-STATE OUTPUTS 
03030, DECEMBER 1988 

. . . . . . . . 

TSC500 SERIES 
MegaModule ™ 

switching characteristics over recommended ranges of supply voltage and operating free
air temperature (unless otherwise noted), CL = 0 
PARAIVI- FROM TO 

TEST CONDITIONS 
-55°C to 125°C O°C to 70°C 

MIN TYpt MAX MIN TYpt MAX 
UNIT 

ETER (INPUT) (OUTPUT) 

tpLH 
RAn Any RL = "" 

1.81 5.04 11.41 1.92 5.04 10.41 
ns 

tPHL 2.23 6.14 13.71 2.38 6.14 12.5 

tpLH 
eLK Any RL= "" 

2.25 6.83 15.69 2.4 6.83 14.33 

2.01 6.19 14.32 2.16 6.19 13.04 
ns 

tpHL 

tpZH 
GnZ an 

RL = 40 kfi to GND 0.56 1.59 3.8 0.58 1.59 3.43 

RL = 20 kfi to Vee 0.89 2.16 0.34 0.89 
ns 

tpZL 0.33 1.93 

tpHZ 
GnZ an 

RL == 40 kfi to GND 6.78 7.91 9.66 6.82 7.91 9.38 

RL = 20 kfi to Vee 2.75 3.23 3.95 2.77 3.23 3.83 
ns 

tpLZ 

~tpLH 0.2 0.63 1.42 0.22 0.63 1.3 
ns/pF 

AtPHL 
Any Any 

0.11 0.29 0.62 0.13 0.29 0.58 

~tpLH 
GnZ an 

0.22 0.59 1.28 0.23 0.59 1.18 
ns/pF 

~tpHL 0.19 0.51 1.08 0.2 0.51 1.01 

t Typical valuEls are at Vqe == 5 V, TA = 25°e. 

pARAMETER MEASUREMENT INFORMATION 

See general data on 3-port register files. 

MegaModule is a trademark of Texas Instruments Incorporated. 
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TI Sales Offices TI Distributors 
ALABAMA: Huntsville (205) 837·7530. 

ARIZONA: Phoenix (602) 995-1007; 
Tucson (602) 292·2640. 

CALIFORNIA: Irvine (714) 66().1200; 
Roseville (916) 786·9208; 
San Diego (619) 278·9601; 
Santa Clar. (408) 9So-90DO: 

::~~7:~d(2Jl:1s ~1~·~O~8t7759. 
COLORADO: Aurora (303) 368-8000. 

CONNECTICUT: Wallingford (203) 269-0074. 

FLORIDA: Altamonte Springs (305) 260-2116; 
Fl. Lauderda'e (305) 973·8502; 
Tampa (813) aSS-74ft. 

GEORGIA: Norcross (404) 662·7900. 

ILLINOIS: Arlington Heights (312) 640-2925. 

INDIANA: Carmel (317) 573-6400: 
Ft. Wayne (219) 424·5114. 

IOWA: Cedar Rapids (319) 395·9550. 

KANSAS: Overland Park (913) 451-4511. 

MARYLAND; Columbia (301)964-2003. 

MASSACHUSETTS: Waltham (617) 895-9100. 

MICHIGAN: Farmington Hills (313) 553-1569; 
Grand RapidS (616) 957-4200. 

MINNESOTA: Eden Prairie (612) 828-9300. 

MISSOURI: St. louis (314) 569-7600. 

NEW JERSEY: Iselin (201) 750-1050. 

NEW MEXICO: Albuquerque (505) 345-2555. 

NEW YORK: east Syracuse (315) 463-9291; 
Melville (516) 454-6600; 
Pittsford (716) 385-6770; 
Poughkeepsie (914) 473·2900. 

NORTH CAROLINA: Charlotte (704) 521-0933; 
Raleigh (919) 876-2725. 

OHIO: Beachwood (216) 464-6100; 
Beaver Creek (513) 427-6200. 

OREGON: Beaverton (503) 643-6758. 

PENNSYLVANIA: Blue Sell (215) 825-9500. 

PUERTO RICO: Hato Rey (809) 753-8700. 

TENNESSEE: Johnson City (615) 461-2192. 

TEXAS: Austin (512) 250-7655; 
Houston (113) TIS-6592; 

:~c;.h:=::fo (fJ1~) S:::1°N,. 
UTAH: Murray (801) 266-8972. 

WASHINGTON: Redmond (206) 881-3080. 

WISCONSIN: Brookfield (414) 782·2899. 

CANADA: Nepean, Ontario (613) 726-1970j 
Richmond Hili. OntariO (416) 884-9181; 
St. Laurent, Quebec (514) 336-1860. 

TI Regional 
Technology Centers 
CALIFORNIA: Irvine (114) 660-8105; 
Santa Clara (408) 748-2220j 

GEORGIA: Norcross (404) 662-7945. 

ILLINOIS Arlington Heights (312) 640-2909. 

MASSACHUSETTS: Waltham (617) 895-9196. 

TEXAS: Richardson (214) 680-5066. 

CANADA: Nepean, Ontario (613) 726-1970. 

TI AUTHORIZED DISTRIBUTORS 
Arrow/Klerulff Electronics Group 
Arrow (Canada) 
Future Electronics (Canada) 
GRS Electronics Co., Inc. 
Hall·Mark Electronics 
Marshall Industries 
Newark Electronics 
Schweber Electronics 
Time Electronics 
Wyle Laboratories 
Zeus Components 
-OBSOLETE PRODUCT ONLY
Rochester ElectroniCS, Inc. 
Newburyport, Massachusetts 
(508) 462·9332 

ALABAMA: Arrow/Kierulff (205) 837·6955; 
Hall-Mark (205) 831-8700; Marshall (205) 881-9235; 
Schweber (205) 895-0480. 

ARIZONA: ArrowfKierulff (602) 437-0750; 
Hall-Mark (602) 437.1200; Marshall (602) 496-0290; 
Schweber (602) 431-0030; Wyle (602) 866-2888. 

CALIFORNIA: Los Angeles/Orange County: 
Arrow/Klerulff (818) 701-7500, (714) 838·5422; 
Hatl·Mark (818)773-4500, (714) 669--4100; 
Marshall (alS) 407-0101, (818) 459-5500, 
(714) 458-5395; Schweber (818) 880-9686; 
(714) 863·0200, (213) 320-8090j W~le (818) 880-9000, 

~~~a~!~~:~3~~I~.'=a~1~1~~~:!9~8(~;18) 889-3838; 

:~~:t;~6)9~~~~3258roo; Schweber (916) 364-0222; 

San Diego: Arrow/Kierultf ~619~ 565-4800; 

~~~~~~:r \~~W) ~~~--1~~¥; we;,: (~~~~1~5~:t~~OO; 
San Francisco Bay Area: ArrowtKierutff (408) 745-6600, 

~~~:~:r \~~~) ~~-.~~~~;; r:~!h(~~~~~8J7~::~~0; 
Zeus (408) 99&-5121. 

COLORADO: Arrow/Klerulff (303) 790-4444; 
Hall-Mark (303) 790·1662; Marshall (303) 451·8383; 
Schweber (303) 799-0258; Wyle (303) 457-9953. 

CONNETICUT: Arrow/Kierulff (203)265-7741; 
Hall·Mark (203) 271-2844; Marshall (203) 265-3822; 
Schweber (203) 264-4700. 

FLORIDA: Ft. Lauderdale: 
Arrow/Klerulff (305) 429-8200; Hall-Mark (305) 971-9280; 
Marshall (305) 977~4S80: Schweber (305) 977-7511; 
Orlando: Arrow/Kierulff (407) 323-0252; 
Hall-Mark (407) 830-5855; Marshall (407) 767-8585; 

~~~~~~e~~~I~:Ja~~t8~~~5~3~~~J~~7) 365-3GOO: 
Marshall (813) 576-1399; Schweber (813) 541-5100. 

GEORGIA: Arrow/Kierulff (404) 449-8252; 
Hall-Mark (404) 447-8000; Marshall (404) 923-5750: 
Schweber (404) 449-9170. 

ILLINOIS: Arrow/Kierulff (312) 250-0500; 
Hall-Mark (312) 860-3800; Marshall (312) 490·0155; 
Newark (312) 784~5100; Schweber (312) 364-3750. 

INDIANA: Indianapolis: Arrow/Kierulff (317) 243-9353; 
Hall-Mark (317) 872~8875; Marshall (317) 297-0483; 
Schweber (317) 843-1050. 

IOWA: Arrow/Kierulff (319) 395-7230; 
Schweber (319) 373-1417. 

KANSAS: KansasClty: Arrow/Kierulff (913) 541-9542; 
Hall-Mark (913) 888-4741; Marshall (913) 492-3121; 
Schweber (913) 492-2922. 

.IJ} 
TEXAS 

INSTRUMENTS 

MARYLAND: Arrow/Klerulff (301) 995-6002: 
Hall-Mark (301) 988-9800: Marshall (301) 235-9464: 
Schweber (301) 840-5900: Zeus (3D1) 997-1118. 

MASSACHUSETTS Arrow/Klerulff (508) 658-0900: 
Hall-Mark (508) 667·0902: Marshall (508) 658-0810: 
Schweber (617) 275-5100; Time (617) 532-62ooj 
Wyle (617) 273-7300: Zeus (617) 863·8800. 

MICHIGAN: Detrott: Arrow/Kferulff (313) 462-2290; 

~:~~:r~~~1 ~6~~~6~~ic~::~:I(~~\~) 5~5~8~~~~i 
Grand Rapids: Arrow/Klerulff (616) 243-0912. 

~!~~':.~~~7&~~t;~~~J:J~~~~~:~!11 ':~21~~~'2211; 
Schweber (612) 941-5280. 

MISSOURI: St. Louis: Arrow/Klerulff (314) 567·6888j 
Hall-Mark (314) 291-5350; Marshall (314) 291-4650; 
Schweber (314) 739-0526. 

NEW HAMPSHIRE: Arrow/Kierulff (603) 668-6968; 
Schweber (603) 625-2250. 

NEW JERSEY: Arrow/Klerulff (201) 538-0900, 
(609) 596-8000: GRS Electronics (609) 964-8560; 
Hall-Mark (201) 575-4415, (201) 882-9773, 
{609} 235-1900; Marshall (201) 882-0320, 
(609) 234-911)0: Schweber (201) 227-7880. 

NEW MEXICO: Arrow/Kierulff (505) 243-4566. 

:~Wi,g:~'ff (:f~ ~~~~~: Hall-Mark (516) 737-()600; 
Marshall (516) 273-2424; Schweber (516) 334-7414; 
Zeus (914) 937-7400; 

~::_t.,;:::(~,':,r~;~~~~~~~ J~!:~:ln7~~~~35-762D; 
Schweber (716) 424-2222; 
Syracuse: Marshall (607)798-1611. 

NORTH CAROLINA: Arrow/Klerulff (919) 876-3132, 
(919) 725-8711j Hall-Mark (919) 812-0712; 
Marshall (919) 878-9882; Schweber (919) 876-0000. 

OHIO: Cleveland: Arrow/Klerulff (216) 248-3990; 
Hall-Mark (216) 349-4632: Marshall (216) 248-1788; 
Schweber (216) 464-2970; 
Columbus: Hall-Mark (614) 888-3313; 
Dayton: Arrow/Kierulff (513) 435-5563: 
Marshall (513) 898-4480; Schweber (513) 439-1800. 

OKLAHOMA: Arrow/Kleruiff (918) 252-7537j 
Schweber (918) 622-8003. 

3:~~~~(S:;)~~~~£J~ Jiy~:) (~~~~50~~OOO. 

r2~~~:i!r:o~ltG:;r:I~~~~~~!~ ~~~~l :~~~~~: 
Marshall (412) 963-<1441; Schweber (215) 441-0600, 
(412) 963-6804. 

TEXAS: Austin: Arrow/Klerulff (512) 835-4180: 
Hall-Mark (512) 258-8848; Marshall (512) 837-1991; 
Schweber (512) 339-0088; Wyle (512) 834-9951; 
Dallas: Arrow/Klerulff (214) 38Q..6464; 
Hall-Mark (214) 553-4300: Marshall (214) 233-5200j 
Schweber (214) 661-5010; Wyle (214) 235-9953; 
Zeus (214) 783-7010; 

~~~~::~:~~~:!~k\~~lff5~1~r~~b-4700; 
Hall-Mark (713) 781-6100; Marshall (713) 895-9200; 
Schweber (113) 784-3600; Wyle (713) 879-9953. 

UTAH: Arrow/Kierulff (801) 973-6913; 
Hall-Mark (801) 972-1008; Marshall (801) 485-1551; 
Wyle (801) 974·9953. 

WASHINGTON: Arrow/Klerulff (206) 575-4420; 
Marshall (206) 486-5741; Wyle (206) 881-1150. 

WISCONSIN: Arrow/Klerulff (414) 792-0150; 
Hall-Mark (414) 797-7844: Marshall (414) 797-8400: 
Schweber (414) 784·9020. 

CANADA: Calgary: Future (403) 235-5325; 
Edmonton: Future (403) 438·2858; 
Montreal: Arrow Canada (514) 735-5511: 
Future (514) 694-7710; 
Ottawa: Arrow Canada (613) 226-6903; 
Future (613) 820-8313; 
Quebec City: Arrow Canada (418) 871·7500; 
Toronto: Arrow Canada (416) 672.7769; 
Future (416) 638-4771; Marshall (416) 674-2161; 
Vancouver: Arrow Canada (604) 291-2986; 
Future (604) 294-1166. 

Customer 
Response Center 
TOLL FREE: (aOO) 232·3200 

OUTSIDE USA: (214) 995-6611 
(8:00 a.m. - 5:00 p.m. CST) 
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TI Worldwide 
Sales Offices 
AlABAMA: Huntsvlle: 500 Wynn Drive, Suite 514, 
Huntsville, At 35806. (205) 837-7630. 

ARIZONA:' Phoenix: 8825 N. 23rd Ave., Phoenix, 
A2 86021. t6021995-1001;TUCSON: 818 W. Miracle 
Mile. Suite 43. Tucson, AZ 86706. (602) 292-2640. 

CALIfORNIA: Irvine: 17891 Cartwright Dr., Irvine, CA 
92714, 1714) 680-1200; Rose": 1 Sierra Gate 
Plaza, Roseville. CA 95678, (9161 786-9208; 
San DIego: 4333 View Ridge Ave., Suite 100, 
San Dlego. CA 92123, (6191 278·9601; 
San .. e ..... : 5353 Betsv Ross Dr., Santa Clara, CA 
95054, 14081 980-9000; Tornnce: 690 Knox St., 
Torrance, CA 90502. (2131217-7010; 
WoodIInd Hills: 21220 Erwin St .• Woodland Hills, 
CA 91387, (818) 704-7759. 

COLORADO: Autora: 1400 S. Potomac Ave., 
Suite 101, Aurora, CO 80012. (303) 368-8000. 

CONNECTICUT: Wallngforcf: 9 Barnes Industria' Part 
Rd .• Barnes Industrial Park, Wallingford. 
CT 08492, 12031 269-0074. 

FLORIDA: Altamonttl Springl: 370 S. North lake Blvd. 
Altamonte Springs. Fl 32701. (3051 260-2116; 
Ft. LaucN ..... : 2950 N.W. 62nd St .• 
Ft. Lauderdale. FL 33309. (305) 973-8502; 
Tam..-: 4803 George Rd .• Suite 390. 
Tampa. FL 33634.18131 885-7411. 

GEORGIA: Norcron: 5515 Spalding Drive. Norcross. 
GA 30092. (4041662-7900 

~:~~~~ ~=~~~~. ~J~ l:6:~~~~~~~' 
INDIANA: Ft. Wayne: 2020 Inwood Or .• 
Ft. Wayne. IN 48815. (219)424·5174; 
c.rm.t: 560 Congressional Or .• Carmel. IN 46032. 
(317) 573·6400. 

IOWA: Cedar RIipkII: 373 Collins Rd. NE, Suite 201, 
Cedar Rapids. IA 52402. 13191396-9550. 

KANSAS: Owerland Park: 7300 College Blvd .• Li.ghton 
Plaza, Overland Park, KS 66210, (9131451·4611-

MARYLAND: Columbia: 8816 Centre Park Dr .• 
Colun'lbia MD 21045, (301) 964·2003. 

MASSACHUSETTS: Waltham: 950 Winter St .• 
Waltham. MA 02154. {6111896-9100. 

MICHIGAN: Farmington HtII: 33737 W. 12 Mile Rd .• 

="t~~II;o~~ ~~:d (~i~~ ~~.3S~:.~9. 
Grand Rapids. M149506, (616) 957·4200. 

MINNESOTA: Eden PraIM: 11000 W. 78th St .• 
Eden Prairie. MN 56344 1812) 828·9300. 

MISSOURI: St. Louis: 11816 Borman Drive. 
St. louis. MO 83146. (314) 569·7600. 

NEW JERSEY: laefIn: 485E u.s. Route 1 South. 
Parkway Towers, Iselin. NJ 08830 (2011 750-1050. 

NEW MEXtCO: Albuquerque: 2820·0 Broadbent Ptc.wy 
NE. Albuquerque. NM 87107, (605) 346·2666. 

NEW YORk: £II .. Syrecu .. : 6365 Collam~r Or .• 
East Syrscuse. NY 13067, 13161 463·9291; 
MeMIe: 1895 Walt Whitman Rd., P.O. Box 2936. 
Melville. NY 11747. (516) 454-6800; 
Pfnaford: 2861 Clover St .• ·Pittsford. NY 14534. 
(716) 385~6770; 
~,~~~:3~~~.' Poughkeepsie, 

NORTH CAROLINA: Cherfotte: 8 Woodlawn Green. 
Woodlawn Rd., Charlotte. NC 28210, (704) 
527·0933; fill",,: 2809 Highwoods Blvd., Suite 100. 
Rateigh. NC 27625, (919) 876·2726. 

OHiO: Inchwood: 23775 Commerce Park Rd .. 
Beachwood. OH 44122. (2161464·6100; 
Buvercreek: 4200 Colonel Gtenn Hwy .• 
Beavercreek, OH 46431. (513) 427-8200. 

OREGON: .... verton: 8700 SW 105th St .• Suite 110. 
Beaverton. OR 97005, (503) 643-6768. 

PENNSyLVANIA: ...... Bell: 670 Sentry Pkwy. 
Blue 8ell. PA 19422. (215) 825·9500. 

PUERTO RICO: Heto Hey: Mercantfl Plaza Bldg .• 
Suite 505. Hato Rev. PR 00918. (809) 753-8700. 

TENNESSEE: Johnaon City: Erwin Hwy. 
P.O. Drawer 1265. Johnson City. TN 37606 
(61S} 461·2192. 

TEXAS: Austin: 12501 Research Blvd., Austin. TX 
78769. (512) 250-7655; Rlc:hardeon: 1001 E. 
Campbell Rd •• Richardson, TX 75081, 
(214} 680-6082; Houston: 9100 Southwest Frwy .• 
Suite 250. Houston. TX 77074. (713) 778·6592; 
San AntonkJ: 1000 Central Parkway South. 
San Antonio. TX 78232. (512) 496·1779. 

UTAH: Murr-v: 5201 South Green St .• Suite 200. 
Murray. UT 84123. (801) 266·8972. 

ru:~~~T~e~~~'Wn:: 9~J~2~1~)N:81~~88~. 
WISCONSIN: Brookfield: 450 N. Sunny SJope. Suite 
160. Brookfield. WI 53006. (414) 782·2899. 

CANADA: Nepean: 301 Moodie Drive, Maliorn Center, 
Napaan, Ontario. Canada. K2H9C4. 
(813) 726·1970. RIchmond HII: 280 Centre St. E .• 
Rtchmond HiJI L4C1Bl. Ontario. Canada 
(416) 884·9181; 81. lAurent: Ville St. Laurent 
Quebec. 9460 Trans Canada Hwy .• St. laurent, 
Quebec, Canada H4S1R7. (514) 336·1660. 

ARGENTINA: Texas Instruments Argentina Viamonte 
U;~74~~~:9~aPital Federal. Buenos Aires. Argentina. 

AUSTRAUA fa NEW ZEALAND): Texas Instruments 
Australia Ltd.: 6·10 Taleve,. Rd .• North Ryde 
(Sydney). New South Wales. Australia 2113. 
2 + 887-1122; 5th Floor. 418 51. KiJda Road, 
Melbourne. Victoria. Australia 3004. 3 + 267·4677; 
~71 ~~~~2~:;.way, Elizabeth. South Australia 5112. 

AUSTRIA: Texas Instruments Ges.m.b.H.: 
k":j:~:~2~~ Bl16, A·2346 Brunn/Gebirge. 

BELGIUM: Texas Instruments N.V. Belgium S.A.: 11. 
~~~n~:l3~~0~ndetlaan 1" 1140 Brussels. Belgium, 

8RAZIL: Texas Instruments Electronicos do Brasil 
ltda.: Rue Pees leme. 524·7 Ander Pinheiros. 05424 
Sao Paulo. Brazil. 0815-6166. 

DENMARK: Texas Instruments A/S. Mairelundvej 46E. 
2730 Herlev. Denmsrk. 2·91 7400. 

FINLAND: Texas Instruments Finland OY: 
Ahertajantie 3. P.O. Box 81, ESPOO. Finland. (90) 
0-461·422. 

FRANCE: Texas Instruments France: Paris Office, BP 
678·10 Avenue Morana·Saulnier, 78141 Velizy· 
Villacoublay cedex (11 30 70 1003. 

GERMANY (Fed. Repubfic of Gemtllnv): Texes 
Instruments Deutschland GmbH: Haggertysnasse 1. 
8050 Freislng. 8161 +80·4691; Kurfuerstendamm 
195/198.1000 8ertln 15. 30+882·7366; III, Hagen 
43/KibbelstrasS8 •. 19, 4300 Essen. 201-24250; 
Kirchhot"&terstrasse 2. 3000 Hannover 61. 
511 +648021; Maybachstrabe 1" 7302 Ostfildern 
2·Nellngen. 711 + 34030. 
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HONG KONG: Texas Instruments Hong Kong ltd., 8th 
~':;' ~~~ t~~r~~i~r;2~3~anton Rd., Kowloon. 

IRElAND: Texas Instruments flrelandllimited: 
7/8 Harcoun Street. StillOfgefl. County Dublin, Eire. 
1 781677. 

ITALY: Texas Instruments ttalla S.p.A. Divisione 
Semlconduttori: Viele Europa. 40. 20093 Cologne 
Monzese lMilanol, 1021 263001; Via Castello della 
Magllana. 38. 00148 Roma. (06) 522265,.; 
Via Amendola, 17.40100 Bologna. (0511 554004. 

JAPAN: Tokyo Merketing/Sales (Headquartersl: 
Texas Instruments Japan Ltd .. MS Shibaura Bldg .• SF. 
4·13·23 Shibaura, Minato-ku, Tokyo 108. Japan. 
03·769·8700. Texas Instruments Japan Ltd.: Nisaho· 
Iwai Bldg. 5F. 30 Imabashi 3-chome, Hlgashi-ku. 
Osaka 541. Japan, 06·294·1881; Dalni Toyota West 
Bldg. 7F. 10·27 Maieki 4-chome. Nakamura-ku, 
Nagoya 460. 052-583·8691; Oalichi Selme! Bldg. 8F. 
3-10 Oyama-cho. Kanazawa 920. Ishikawa·ken. 
0762-23·5471; Daiichi Olympic Tschlkawa Bldg. 6F. 
'·25·12 Akebono-cho. Tacrnkawa 190. Tokyo. 
0425·27-6426; Matsumoto Show. Bldg. 6F, 2-11 
Fukashi l·choma, Matsumoto 390. Nagaoo·ken. 
0263·33·1080; YDt,ohama Nishiguchi KN Bldg. 6F. 
2·8·4 Klta·Saiwaj·cho. Nishi-ku. Yokohama 220. 
045·322-6741; Nihon Seimei Kyoto Yaseka Bldg. 6F, 
843·2 Higashi Shiokohjidori. Nishinotoh·in Higashi-i1u. 
Shiokouji. Shimogyo-ku. Kyoto 600. 075·341·7713; 
2597·1. Aza Harudai. Oaza Yas8ka. Kitsuki 873. Oita· 
ken. 09786·3·3211; Miho Plant. 2350 Klhara Miho· 
mura. Inashiki·gun 300·04. Ibaragi·«en. 
0298·85·2541. 

KOREA: Texas Instruments Korea ltd .• 28th Fl.. Trade 
Tower, 1159. Samsung·Oong, Kangnam-ku. Seoul. 
Korea 2+551·2810. 

MEXICO: Texas Instruments de Mexico S.A.: Alfonso 
Reyes-115. Col. Hipodromo Condese. MexiCO. O.f:: .• 
Mexico 06120. 525/525·3860. 

MIDDLE EAST: Texas Instruments: No. 13. 1st Floor 
Mannai Bldg .. Diplomatic Area. P.O. Box 26335. 
Manama 8ahrain. Arabian Gulf, 973 + 274681. 

NETHERLANDS: Texas Instruments Holland B.V .• 
19 Hogehllweg. 1100 AZ Amsterdam-Zuidoost. 
Honand 20+5602911. 

NORWAY: Texas Instruments Norway AlS: PB1OS, 
Refstad 0585. Oslo 5, Norway, (2) 155090. 

PEOPLES REPUBLIC OF CHINA: Texas Instruments 
China Inc .• Beijing Representative Office. 7-05 Citic 
~~22~~.J~~~~3j~ti~wai Dajje. Beijing. China. (861) 

PHIUPPINES: Taxas Instruments Asia Ltd.: 14th Fk)or. 
Da· Lepanto Bldg .• Paseo de ROllas. Makati. Metro 
Manila. Philippines, 817·60·31. 

PORTUGAL: TeXIS Instruments Equipamento 
Electronico (Ponugal). lda.: Rua Eng. Frederico Ulrich. 
~~95f8~bd;.a Da Maia. 4470 Maia, Portugal. 

SINGAPORE (+ INDIA, INDONESIA. MALAYSIA. 
THAILAND): Texas Instruments Singapore (PTE) Ltd., 
Asia Pacific Division. 101 Thompson Rd. '23·01. 
United Square. Singapore 1130. 350·8100. 

SPAIN: Texas Instruments Espana. S.A.: C/Jose 
Lazaro Galdiano No.6, Madrid 28036. 1/458.14.58. 

SWEDEN: Texas Instruments International Trade 
Corporation (Sverigelilialen): 5-164·93. Stockholm. 
Sweden. 8 • 752·5800. 

SWITZERLAND: Texas Instruments, Inc., Reidstrass. 
6. CH·8963 Oietikon (Zuerich) SWitzerland, 
1-7402220. 

TAIWAN: Texas Instruments Supply Co., 9th Floor 
Bank Tower. 205 Tun Hws N. Rd .• Taipei. Taiwan. 
Republic of China. 2 + 713·9311. 

UNITED KINGDOM: Texas Instruments limited: 
Manton Lane. Bedford. MK41 7PA. England, 0234 
270111. 
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